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' Department of Energy
Washington, DC 20585

June 10, 2005

Dr. James Alessi

Brookhaven National Laboratory
Building 510F
Upton, NY 11973

Dear Dr. Aiessi:

The Office of Nuclear Physics Facility and Projects Management Division is
organizing a Technical, Cost, Schedule, and Management Review of the proposed
Electron Beam Ion Source (EBIS) Pre-mj ector for the Relativistic Heavy lon Collider
(RHIC). As you are aware, this review will take place at Brookhaven National

Laboratory on July 25-27, 2005. This review is being organized with mput and
participation from the DOE Office of PI‘O_]eCt Assessment.

The purpose of this review is to assess all aspects of the project’s conceptual

design and associated plans -- technical, cost, schedule, management, and ES&H.
The following main tOplCS will be considered at the review:

a. The 51gn1ﬂcance and merit of this proposed accelerator 1mprovement

~ project;

b. The status of the technical ‘design, including completeness of techmcal
design and scope, feasibility and merit of technical approach; ‘

¢. The feasibility and completeness of the proposed budget and schedule,
including availability of manpower;

d. The effectiveness of the proposed management structure; .
e. Other issues relating to the EBIS Pre-injector.

In addition to the above, the committee will be asked to-evaluate drafts of project
documentation that will be considered for Critical Decision 1 (CD-1, Approve,
Alternative Selection and Cost Range), e.g., Conceptual Design Report,

Preliminary Project Execution Plan, Preliminary Hazard Ana1y31s Report, and
Preliminary Risk Assessment Report.

The first day will consist of presentations by the laboratory and executive sessions.
The second day will include presentations and break-out sessions. The third day will
be used for an executive session and preliminary report writing; a brief close-out will
end at 2:00 PM. Preliminary findings, comments and recommendations will be
presented at the close-out.

@ Printed with soy ink on recycled paper



The contact within this office for the review is Dr. Blaine Norum at (301) 903-
4398, or E-mail: Blaine.Norum@science.doe.gov. The panel members have been
instructed to contact Sandy Asselta at BNL at (631)-344-4550 or E-mail;
sandylee@bnl.gov regarding any logistics questions. Word processing and
secretarial assistance should be made available during the review.

I greatly appreciate your efforts in preparing for this review. It is an important process
that allows our office to understand the project and serves as a Readiness Assessment
for CD-1 approval. I look forward to a very informative and stimulating visit.

Sincerely,

Jehanne Simon-Gillo
Actmg Dtvision Director

Facility and Project Management Dmsmn
Office of Nuclear Physics

CC

Gene Henry, DOE

Steve Tkaczyk, DOE

Mike Butler, BNL Site Office
- Derek:Lowenstein, BNL
‘Sam Aromson, BNL -
Frank Sulzman, NASA -
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Agenda (day 1)

ELECTRON BEAM ION SOURCE -

Monday, July 25, 2005 _
10:00 Executive Session— Charge.......c.... SOOOOOTO A UOTUTOYPRON e et esna s eabeiranas
10:30 Welcome/Introduction .........eeeeeeersvesrsrerssnesserees ... P, Chaudhari, D. Lowenstein -

10:45 Project OVEIVIEW ...coveiicicniecsnecsesessssessonmossssssnsrnrsmamtssessssssssasssassessssasssunenas Jo AAlESST

11:45 Technical Design, Feasibility (EBIS).....cccurrerrrcnnierisessesierimrsessssseessnenns L. Beebe
12:30 Lunch 7 ’ .'

13:30  Cost /Schedule/MAanPOWET .........ouvresserrsseressmmssssssssessssssessessens J— K. Mirabella
14:30 Break '

15:00 ESSH ..cvvvcevecenreerenreninereesiansessesensanis verveanees vererereramnanes cuereesns e rraans E. Lessard
15:15 MANAZEMIENL . ..cceiriieiriarsriecseerssrnesnsnrssesssesersnssnassnsnsrasasssssensssesassssesssontass _..J. Alessi

16:00 Executive Session
" 18:00 Homework Assignments
19:00 Dinner

Pray, Office of BRODKALAIEN
>t Science NATIONAL LABORATORY setpana, 2008
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Agenda (day 2 & 3)

Tuesday, July 26, 2005
08:30 Executive Session

. Wednesday, July 27, 2005
09:00 Assignment Reports

09:30 Tour and Break 08:30 Assignment Reports
10:45 Accelerator and THANSPOTE. ecvvvnrerecnrieeseensrseasrsss s ssssseessnsorsrmeasrasssnsansnses D. Raparia 09:30 Report Writing
11:30 1.1 Structural Components — EBIS, LEBT, external SOULCes .......coovmreeeenss A, Pikin 14:00 Closeout
12:00 1.1 Structural Components — RFQ, Linac, BUnchers .......urormeeimreserenns J. Alessi .
12:15 Lunch . . . 14:30 Adjourn
13:15 1.4 Magnet Systems. ..o uensseemssns sersssenesnns . .J. Ritter
13:30 1.5 Power Supplies .uvncmiemmrmnssnisasnenns - e R. Lambiase
14:00 1.6 RF SyslemlA Zaltsman
14:15 1.2 ConIols s s st esssssmse st st s seesines .. Barton
14:30 1.3 Diagnostics SYSteM.....oeoeeceeeececcererecceeseevsnsssacaseansaresererorverasessees M. Wilinski
14:45 Break
15:15 L7 Vacuum SYStemM. ..o reeeoncoreresensesrans e seseegsepeens sessressensanones M. Mapes
15:30 1.8 COOLME SYSEM..rsvrerrrsseeemeesosrscreeeeemssoeesersssessmressmsesssassrenero R Grandiimetti
15:45 1.9 Facility Modifications.......c.eveeeveecsceecenesearens reernemeeneons A Pendzick
16:00 1.10 Installation and Commissioning .. - L. Snydstrup
16:30 Executive Session :
18:00 Homework Assignments
(i L . Eooowfiwmn,
V.8, EPARTMENT OF ENERGY" © . S e e ety e :




ELECTAON BEAM 10N SOURGE

Overview ==t

Presently, one or two ~35-year old Tandem Van de Graaff
accelerators are used for RHIC pre-injection, but the recent
advances in the state of the art in EBIS performance by more
than an order of magnitude now make it possible to meet RHIC
requirements with a modern linac-based preinjector.

BNL now has DOE CDO approval for new pre-injector for RHIC
based on the Laboratory’s development of an advanced
Electron Beam-lon Source (EBIS). ‘

The new preinjector would consist of an EBIS high charge state
ion source, a Radio Frequency Quadrupole (RFQ) accelerator, -
and a short linac. '

VoS office of BRODKAEAEN

. Science NATIONAL LABORATORY

g - ~ July 2827, Y008
.5, DEPARTMENT OF ENERQY

Prés », Office of ' .. BROOKHEAIEN
L4 Scifence . . ) . NATIONAL:LABORATORY

. . o July 26:27, 2005
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Two Tandems presently serve as RHIC preinjectors

7 ‘Office of BROOKHEAEN
_ﬁ Sctence NATIO‘NKL LABORATORY

uly 25-27, 2008
WE DEFARFMENT OF ENERGY

Preinjector Layout
" 4dm > 4—44 m—»
IH LINAC REQ  7oF EBIS
L 4 T LN«
T T TR
HEBT MEBT LEBT
EXTERNAL 1 — q-u
RFQ: 17 - 300 keV/u; sowcE f—— —
100 MH —
z Current ~1.7 emA (for 1 turn inj)
i s R . Pulse Length 10 ps
: I:IP'a'c. 0.3 - 2.0 MeV/u; | Rep. Rate 5 He
1000V HzZ 7 . Duty Factor T0.005%
| 2 %ff.l_"ce of - . - BROOKHIAEN .
cience . o L Ah'lAT‘lO_N-AL LABORATORY R

UL DEFARTRIENT OF ENERAY ' ¢ - ‘!1 B I
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ELEGTRON BEAM 10N SQURGE

Scientific/Technical Motivation

sReplacement of the two Tandems as the Booster preinjector, resulting
in more stable beam intensities

Eliminating the need to use the 860-meter long transport line from

Tandem to Booster, using instead a much simpler and economic 30- .
meter long line from EBIS, which will reduce setup time and allow fast
switching between beams of different rigidities. :

Simplification of Booster injection scheme (few turn vs. present 40 turn).

»Capability to provide ions not presently available for the NASA program,
such as noble gas ions (major components of galactic cosmic rays), as
well as. more massive ions such as uranium, and with addlttonal

" enhancements, polarized 2He, for the RHIC program.

PFZ5S: office of ' BROOKHAZLAEN

Science . NATIONAL LABORATORY ty 25, 2008

LB, DEPARTIIENT OF ENERBY

ELECTRON BEAM 10N SOURTE

Scientific/Technical Motivation (2)

eIncreased flexibility to handle the multiple simultaneous needs of RHIC,
NSRL and AGS. Two Tandems are needed for fast beam switching,
while the EBIS preinjector will be designed to switch between species in
1 second.

sImprovements in reliability, setup time and stability should lead to
increased integrated luminosity in RHIC and increased productivity for
NSRL.

eReduced operating costs. The Tandem facility requires a staff of
approximately 12 FTEs to support maintenance and a 24-hour shift
rotation during operations. The Linac-based pre-injector should be able
to run unattended at most times, as with the present proton Linac, and
will require only a staff of approximately 3 FTEs.

olf the new EBIS preinjector is not built, ~3 M$ in re[lablllty-drwen
investments in the Tandems will be required. :

77 Office of. - : . BROOKHAZAIEN
Science . L - -NATIOMAL 'LABORATORY

. . July 2537, 2005
.8, DEFARTMENT DR ENERAY . -
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Project history

=
ELEGTAON BEAM 1ON SOURCE

+ DOE 2003 RHIC Facility review:

— “The replacement of the Tandems by an EBIS source has merit and the
DOE and BNL are encouraged to implement this.”

+ BNL 2004 Machine Advisory Committee:

— “The committee strongly recommends launching the project as soon as
possible to replace the present Tandem facility by an EBIS source followed
by the RFQ and 2 MeV/u LINAC.”

« August, 2004: CDO Approval — Mission need
+ External technical design review — January, 2005.

— “From the technical point of view the realization of thls project is very
promising and shows very little risk”.

* Internal cost review — February, 2005.

»- June, 2005 — SOW between BNL and NASA — contributing 4.5 M$ to
the EBIS project.

* Pre-baseline cost range is 15.6 M$ - 19.3 M$ (TPC, AYS$),

+ Presently 3 year construction, with some NASA-funded long-lead
procurements in FY'05, FY'06. '

o7  Office of BRO
Science NATION L LABORATO RY Sty 2827, 2008
TS DEPARTISENT. OF ENEROY '
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Example, Au injection ”"
- .
p L u j ELEGTRON BEAM 10N SOURGE
EBIS
A D 17 keViu 3.4 x10° ions (=1e11 charges})
RFQ ’ ’ 90%
Au ﬂ 300 keVia 3.0 %10° lons
LiNAC 80%
A ﬂ 2 MeViy 2.7 x 10° lons (=8.6e10 charges)
BOOSTER - 85%
A ﬂ 70 MeViu 2.3% 10 jons
peiews  STRIPFER FOIL 60%
Ay ﬂ 70 MeViu 1.4 x10%icns
AGS 890%
AT ’ ﬂ 9 GeViu 1.2 x 10%lons
STRIPPER FOIL 100%
AT ﬂ 9 GeVie 1.2x10% lons
RHIC
VG, Yifice of BROOKHEAEN

Science . NATIONAL LABORATORY: Hly8T, 2008
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Beams at Booster input

e AT ST TR
'

" ELECTRON BEAM 10N SOURCE.

Species | User Q Ions/pulse Charges/pulse
Au RHIC [ 32+ 2.7 % 10° 8.6x10°
d RHIC | 1+ 2.5 x 10" 2.5x 10"
Cu RHIC | 11+ 1.0x 10" 1.1x 10"
C NSRL | 5+ 2%10"° 1x 10"
0 NSRL | 8+ 6.7 x 10° 53x 10"
Si NSRL | 13+ 5x10° 6.5x 10"
Ti NSRL | 18+ 1.3x10° 24%x10"
Fe NSRL | 20+ 1.7 x 10° 3.4x 10"

These intensities, with the expected 85% efficiency from
Booster input to extraction (1-4 turn), will match past
runs. '

PrZS, Office of BRODKARVEN
: ] Science NATIONAL LABORATORY Ay 7627, 3008
5. DEPARTAENT OF ERERGY o7 '
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REQUIREMENTS

ELEGTRON BEAM-10: SOUACE

It is desirable for the preinjector to be able to switch both species
and transport line rigidity in ~1 second, so that there are no
restrictions on compatibility between RHIC and NSRL operations.

For example:
Requirement for RHIC : 1.7 emA of Au®**, 10 ps; 5 Hz

plus....NSRL — a second species, 1 second later:
He2+, C5*, 08+, Si13, Tilé+ Fe20*, Cu?2+, at ~2-3 emA, ~ 10 us

» short pulses
+ fast beam changes
* any species

V&), Qifice of BROOKHE(EN
224 Science - NATIONAL.LABORATORY —
t.5. DEPARTMENY OF ENERGY - et Al K ’
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Species switching requirement

ELECTRDN BEAW 10N SB{IRCE

4 Pulses 1 Sec spacing 1 Sec spacing
10 - 500 pS ea To one pulse To four pulses
200 mS apart

= 0.6 Sec

The present control system supports “pulse-to-pulse modulation”
The setpoint of any device can be changed pulse-to-pulse, depending on
the “user”.

So, within 1 second:
the source (EBIS) has to change species,
the RFQ and linac have to change gradient (amplitude)
transport line elements have to switch to new values

Fr&py, Qffice of BROD Mm
s Science NATIDN—AL LABORATORY

' U8 DEPARTAMIENT OF ENSRAY
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Source Options - ECR

EtEcTﬁON EEAM ION SDI.IRCE

ECR

Features, advantages
~ the only choice for high current, high Q, dec applications
Reliable; lots of operating ECRSs, lots of experience

Technologies
SC magnets; At high freq's, need SC sol and SC hexapole
28 GHz VENUS - 4 T injection field, 2 T hexapole at plasma chamber
RF power source - 28 GHz gyrotron 10-15 kW; plus sometimes multiple
frequencies

Questions, issues?
Broad charge state distribution, so one has to extract & transport a high total cutrent
Performance depends on species, favoring gases and low melting point solids

“Memory” effects, slow beam switching times at maximum intensities

P Office of . . BRODKAEATEN

Science - .| MNATIONAL.LABORATORY iy 2537, 2008
U.8. DEPARYMENT OF ENERGY AT . I AL S
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Source Options — Laser lon Source = —

ELECTRON BEAM 10N SOURCE

LIS

Features, advantages
Produces high currents, short pulses

Technologies

High power laser — 100 J, CO,, 15-30 ns
Optics
Targets — 3 x 10'* W/cm? on the target

Questions, issues?
Laser reliability, rep rate _
Pulse-to-pulse current ﬂuctuafions
Target erosion; coating of optics by target material
Species ~ limited to solid targets; high melting point solids are best

V&5, Office of BROOKNARUEN
, Science. ‘ NATIONAL LABORATORY

5 v huly 2537, X006
_U.5. DEPARTMENT OF ENERAY.
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Advantages of an EBIS
vs. ECR, LIS

» AnEBIS can prodljce_ any type ions — from gas, metals, etc., and
is easy to switch species (pulse-to-pulsel)

* One has controi over the charge state produced (easy to get
intermediate charge states, such as Au®** or U¥")

+ One has control over pulse width, extracting a fixed charge —
can better match to synchrotron requirements

¢ EBIS produces a narrow charge state distribution ( 2 20% in the
desired charge state), so there is less of a space charge problem
in the extraction and transport of the total current

* The scaling laws are understood

« The source is reliable, and has excellent pulse-to-pulse stability,

long life
V—Aofﬁce of : . _ .BROOKHRLAEN

Science. - . L . NATIONAL LABORATORY

Juty 2527, 1008
.8, DEFARTMHENT OF ENERGY -




Qualitative comparison

- (LIS, short pulses
ECR ~

\ e, EBIS 2t diferent pulse widths

L EEYTIT

-n,---.--- sesavpranss

AlsesvaysnansEa
CECLTIYTTT T T Y

Sarse Hz : 1
SRR g “s.\

100 .o g

10 =_.”"  termsnnn e sear s s s, meagzene . ) S, g
e 2 Capripe‘M GHz \Serse 18 &k 3
] : ]
[ 2 '
£ 8 : Serse 14 GH'
F 7 :, .. - ]
" AEGRW ]
3 ] Charge State T ro_ﬂ_; GHz. | .
CLUT20 28000 T 730,

'FIG. 14 | Exwracted Intenities of Xenon ions for Serseat diffeient frequencis-and for .

e 7 ofuerECKIS.

: _@"P’ Office of ' * . BROD KHEUEN
‘ A Science . NATIONKL LABORATORY

"ty 2827, 2008
gIrs .nerunnmronzxzndv -

High-level parameters

K EXTERNAL .
; -ION: o

i SOURCE

EBIS - . RFQ o IH LINAGY .-
ERBIS '“ ) - o

Qutput (all charge Sx 10" charges/pulse

states) )

Pulse width 10-40 us

Max rep rate 5 Hz

Qutput energy 17 keV/amu
RFQ '

Q/m ' 0.16 -0.5

Input encrgy 17 keV/amu

Qutput energy 300 keV/amu
Linac

Q/m 0.16 - 0.5

Input energy 300 keV/amu

Qutput energy : 2000 keV/amu
Booster Injection

[ # ofturns injected | 14 [

| 7 Office of ' ) BROOK

RAFEN
4 Science . ) _ . NATIONAL LABORATORY -

: July 2527, 2008
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Placement of EBIS Pre-lnjectbr in lower S
eqUipment bay Of 200 Mev Linac ELECTRON BEAM IGN SOURCE

HEBT Assy dependent
on Booster Shutdown
Schedule —;

Linac extension (not part of project) \

.Y
2]

_.M‘_._
——

SGALE N METERS Beam pOl't
[ LINAC EQUIPMENT RACKS —_—
| INJECTION
LINE
[E ﬂﬂﬂﬂﬂ
ISHIELDING
' /4
|
700 MEV ¥
LINAC ] -

BROOKHPEAEN

NATIONAL LABORATORY ity 2507, 3006
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'WBS Description

« 1.1 Structural Components
— Source components, and accelerators; the EBIS hardware, RFQ, Linac, and bunchers

» 1.2 Control Systems

— All controls for the project. Networked, front-end interfaces will be connected via
Ethernet to control console workstations and central C-AD servers.

- 1.3 Diagnostics
— Faraday cups, current transformers, and profile monitors in LEBT, MEBT, and HEBT

'+« 1.4 Magnet Systems
- EBIS warm solenoids, HEBT dlpoles MEBT and HEBT quads

- 1.5 Power supplies
~ All power supplies for the EBIS, external ion sources, and transport lines.

+ 1.6 RF Systems

— High and low level if systems for operation of the RFQ, Linac, and bunchers

£ Office of . BROOKARUEN
Science | . NATIONKL LABORATORY sty 25am, 2008
.5 DEPARYAMENT OF ERERAY - ° e e e e o
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WBS Descriptions (cont.)

ELECTAON BEAM 10N SOURCE

* 1.7 Vacuum Systems

— Vacuum components for EBIS, external ion sources, all transport lines, and accelerators
Excludes specialized vacuum chambers on EBIS and LEBT, which are in Structural
Components.

1.8 Cooling Systems ’

- All cooling water systems for EBIS RFQ, Linac, transport line magnets, and power
supphes

1.9 FaCIhty Modifications

— Relocation of existing power to disconnect switches and then all equipment, plus a port
allowing the HEBT line fo pass through earth shielding between the Linac and Booster.

1.10 Installation

— Installation in the final location of all structural components, control systems, diagnestic
and instrumentation systems, magnets, power supplies, RF systems, vacuum systems,
and cooling systems.

1.11 Project Services

— Level of effort tasks associated with the daily management, oversight, and statusmg of the
project.

| _@V Office of nmmlm/?ma
N _4@ Sc:ence : NATIONKL LABORATORY

" ! udy 25-27, 2006
LB, DEPARTMENT.OF ENEWY
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Preliminary Cost Estimate

ELECTRON BEAM 10N.SOURG

Strizetural Componentss: ;.
1.1.1 EBIS Hardware 1,300

N 1.1.2 LEBT and Extemal lon [njecltion 560
1.3 RF Structures 1,475

1.10.1 Structural Components
1.10.2 Control Systerns  ~
1.10.3 Diagnostics/Instrumentation
1.10.4 Magnet Systems

1.10.5 Power Supply Systems
1.10.6 RF-Systems
1.10.7 Vacuum Systems
1.10.8 Coalin
Project Services::
Coimmlssloning
currently in¢luded in above WBSs

R&D:

Conceptual Design Report 200
Development 1,000
Subtotal EBIS MIE:: B

Coningency _ 3,675
[Estimated -Total Project-Cos 9300
| Office of - BROODKHFEUVEN
v 4 Science . . . NATIONAL. LABORATORY R
U8, DEPARTMENT OF ENERAY "~ - - ' o T A
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Preliminary Cost Estimate

— u ———
ELEGTRON BEAM 10K SOURGE

Burdened, AY$
WBS Mat'] Labor Cont$ Total
1.1|Structural component 2015 1260 890 4165
1.2|Controls 435 165 135 735
1.3| Diagnostics 380 295 135 810
1.4|Magnets 350 250 130 730
1.5|PS's 1665 310 500 2475
1.6|{RF systems 1670 655 630 2955
1.7|Vacuum 940 510 290 1740
1.8|Cooling 240 G 60 360
1.9|Facility mods 475 225 180 830
1.10|Installation 180 1720 400 2300
1.11|Project Services 0 625 125 750
R&D 415 585 200 1200
CDR 200 200
Totals: 8765 6860 3675 19300
Py, Office of ERODOKHEAEN
=i Science NATIONAL LABORATORY iy 2527, 2008
. U.%, DEFARFMENT OF ENERTY -
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DOE and NASA funding profiles

L . : - ‘ -
T
I R ™)

ELECTRON BEAM-ION SOURCE’

COR ez - - - 02
. Total PEDEDIA: - -0 o2 .7 08 - 26
cons .. 08 . .04 . 60" .. B2 TS ]
(1 9.3 M$) Pre.Ops - - SRR 03,
TEC " - COB. . i24 85 ‘2| -7 s
P, RN ‘6.5 “asl 183
’ “FYDE - quﬁ' -FY 07 EY 08| -Total” |
R&D 05 0.1 : - 0.6
CDR 0.2 - - - 02
DOE Contribution PEDIEOIA . : 200 08 ol
(148 M$) Pro-Ops. - - 03 03
EC - 20 50 67 137
PG 07 2.1 5.0 7.0 14.8

FY 05 FY 06 FY 07 Froa| Total.
. . R&D 08 Y

NASA Confribution  feer

PED/EDIA . ; -
(45 M$) Cons 05 ‘04 15 " 15 a9
Pre-Ops -
TEC 0.5 0.4 1.5 15 29
TPC 0.5 1.0 1.5 15| . 45

WP Z=30 Office of
-@j Science -

U.3. DEFARTMENT OF ENERGY

28
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| FimdinglObligation Profile (preliminary)
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Critical Path (preliminary) el

ELECTRON BEAM ION SOURCE

The procurement and delivery of the structural components drive
installation and testing. Phased funding to the vendors will be
needed.

« Major procurements

— RFQ delivery by 7/07 (18 mo. lead)
— Linac delivery by 7/08 (18 mo. lead)
— EBIS SC solenoid delivery by 2/07 . (14 mo. lead)
- — HEBT dipole delivery by 4/08 (12 mo. lead)

Procurements are staged to fit the present funding profile

« Beneficial occupancy of the extension, and beam port
completed, by 10/07

167, Utice of _ BROOKATUEN
_wmmwsr?:g::d?e NATl‘C’)_NKL LABORATORY ey 2817, 2008
oepaRTIENT 0 KNy N
Functional Requirements e Rt
unc Iona eq u I e . ELEGTRDN BEAM ION SDI.IRGE
Species d to U (assuming appropriate external jon injection)
Intensity in desired charge state | upto 1.1 x 10°" charges/pulse, depending on species
(EBIS beams) :
Charge-to-mass ratio, Q/m > 0.16, depending on jon species
Repetition rate 5Hz
Pulse width 10 — 40 ps
Switching time between species | 1 second
Output energy 2 MeV/amu -
| -Ofﬁce of . BB(II)I{ EN
duly 2527, 1006
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‘Deliverables

ELEGTRON BEAM ION SOURCE

As part of the project, the following items will be fabricated or procured:

a) Electron Beam lon Source

b} RFQ accelerator

¢) Linear Accelerator

d) Beam transport lines for matching the beam from EBIS to RFQ,
RFQ to Linac,
and Linac to Booster

e) Power supphes vacuum systems, diagnostics and controls
required for the operation of all elements

CD4 requirements will be met when:

o Allitems required to meet the functional requirements listed in the previous
table are in place and subsystems are tested.

+ The EBIS-based pre-injector is commissioned with Au and Fe ion beams ~
and has produced, at Booster input,-3 x 10® Au®?* ions/pulse and 4 x 10°
Fe?* jons/pulse (> 10% of design parameters).

¢ Switching between species has been demonstrated.

o, Office of BERDOKALATEN
{ Science NATIONAL LABORATORY iy 2517, 7008
- .8, DEPARTWENT OF ENERGY N
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Summary ' .. - v —

EIECTHDN SEM! IUN SOIJRCE

« The EBIS breinjector is based on a modern technology, which will be
simpler to operate and easier to maintain than the Tandems and will
have the potential for future performance improvements.

« It will provide a robust and stable preinjector, which is important for the
successful operation of the injectors.

'»  The RHIC EBIS design has been verified by the present EBIS
operating at BNL (next talk).

« No significant improvement in EBIS performance is required, other
- than the straightforward scaling of ion output with an increase in trap .
length. The RFQ and linac are very Slmllal' to devices already.
operating at other labs.

» With joint funding from DOE and NASA, some long-lead procurements
should begin in CY 2005, .

* Our present schedule has commlsS|on1ng of the full preinjector in 2009

@ Office of - B Bnnnu EN

Science'. . . ‘ . NAnoNp(L LABORA‘E‘ORY
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EBIS Pre-CD1 Technical, Cost,
Schedule, and Nianagement Review ELECTRON BEAM (0K SOURCE

Accelerator and Transport

D. Raparia

July 25-27, 2005

e -
o . ] -
F"’@“ Office of BROOKHEATEN
e Sefence NATIONAL LABORATORY oty 35T, 3008
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EBIS Pre-CD1 Technical, Cost, Schedule, and
n —_— e
Management ReVIeW ELECTRON BEAM 10K SOURCE

« LEBT

+ RFQ

- MEBT

« LINAC

« HEBT

- Booster Injection

R

PZ#% 7, Office of BRODKHEUEN
At Science NATIONAL LABORATORY [
Lo DEFPARTMONY OF ENSRAY
3
. = .
Requ 1 rements ELEGTRON £EAM 10K SOURGE

+ The EBIS Preinjector should be able to match the performance
for ions species which the Tandem presently provides

z A Q Q/m  Vext(kV) |
| (all ch states

He3* 2 3 > 067 255 10
D 1 2 1 050 340 6
e .6 12 6 0580 34.0 10
o .8 16 . 8 050 340 10
Si 14 28 12 043 39.7 10
Fe 26 56 16 029 = 595 10
Au 79 197 - 32 016 1047 10

. Out of EBIS Liﬁac scdpé
Simulations were carried out for fwo extreme Q/m namely Au*3?
and ,He*2. Only Au’? results will be presented in this talk.

et

; o
Vs, Office of BROOKHAVEN
ol Science NATIONAL LABORATORY iy 1527, 2008
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Proposed Linac — Based RHIC Preinjector

e — — —
ERASIRITE b

_/_‘ lon u-p
| . L Charge 48 - 1 (q/m =.16-0.5)
| o
O c t 1.5 emA (for 1 turn in
RFQ: 17 - 300 keV/u; Sorce | 2 tor's turn Iy
! ulse Leng us
100 MHz Rep. Rate 5Hz |
' Duty Factor 0.0005 % I
IH Linac: 0.3 -2.0 MeV/u; Emittance 0.14 = mm rad (nor, rms) |
100-MHz Energy Spread | 1.8 keViu
e i L
?@T Office of ERDOKRELATEN
i Science NATIONAL LABORATORY oy 1547, 3008
-]
R § gEm—
- et stttz f L]
LEBT Requirements m— = w—

ELECTRON BEAM IOR SOURCE

-Inject into EBIS
-HV acceleration
-Extract from EBIS

-Diagnostics: Emittance Monitor, Current Monitor(2), TOF

-Matching info RFQ

Twiss parameters at beginning and end of the LEBT for Au*3?

Parameters | Beginning of | End of LEBT Units
LEBT (17 keViu)
(2.6 keV/u) Energy = 2.6 keViu
p=0.00236

G« 0 1.057 v=1.0000027
Bx 0.075 0.064 mm/mrad
Ex ( rms.N) 0.035 0.070 7 mm mrad
o, 0 1.057 Energy = 17 keV/u

. p=0.006017
B, | 0.075 0.064 mm/mrad v=1.000018
€y ( ms.N) 0.035 0.07 . mm mrad

Z Office of BRODKHEVEN

,a:.éz.{% Science

.6, DEFARTHENT OF DRERGY
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Charge State Distri bution ELECTAON BEAM !OW 50URCE
o

Computer calculations of successive ionization of Au with a 20keV electron beam:

GOLD AT 20000 EV, ALPHA =0

RELATIVE
AB(L::;\NCE
Q32 18%
Q31 15% &
Q33 15%
Q30 12% 40
Q34 12%

o log{I"TAU)
%~ Office of BROOKHAVEN
i Science NATIONAL LABORATORY T
S DEPARYEIENT OF EmeEndyY
,
S
. IR
e §
Space Charge In LEBT ELECTRON BEA:IDN SOURCE
Current 10 mA ) : o
_Z A Q @m  Vext EPS(un) Pervigen) ET  SCT  Ratlo Debyelen
He3 2 3 2 067 244 326  0.00197 0.0315 0.1314 4.16841 0.002506217
D 1 2 1 0.50 32.5 245 0.001 00177 0.0985 555788 0.002252087
si 14 28 12 0.43 37.9 210 0001 00130 0.0845 6.48419 0.002085861
Au 79 197 22 0.16  100.0 79 0.00048 0.0019 0.0320 17.1078 0.001274568

Measurement for 1.7 mA Au*3% (n,rms) =0.1 » mm mrad @ 20keV
Calculated(n,rms) =0.12 = mm mrad

EPS(n) = 0.16 * r2* Bz * (Q/M) pi m-rad, R=0.002m, Bz=4.6 T

2 Energy = 17 keViu
Envelope equation R' '+k§R — (4—8”§i — £ =0 p=0.006017
R R v=1.000018

R= 15 mm
Gen. Perv. (K)=Ql/{2 = g, m ¢3 $3y%)
Debey Length(Lp) = 2 €2, /K=(1/8)(R/)p)?

e

Vies>, Yfice of BROOKHAUEN
el eoience NATIONAL LABORATORY “uty 2527, 2008
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LEBT Current Limit

ELEGTRON BEAM IOK SOURGE

Distance needed between two lenses for external ion injection (L) ~ 0.67 m.

+ Beam radius (R) ~ 3.4 cm, Lenses (solenoid) aperture radius 4.8 cm
*Maximum beam current for SC dominated drift (L), maximum beam radius (R)
and initial slop R\;=-0.92 given by

| (A)=1.166*(Mc2/30%q)*B2 42 (RIL)2

Imax (mA)
. L
R c__o 92 _.V
—— 2R ;He*2 31.0
Aut32 124.0
o orfice of Bnllﬂl(lﬁﬁiﬁﬂ

,jj Science

5. DEPARTRIZNT OF ENERGY

NATTONAL LABORATCRY July 2527, 1008

Starting Conditions for LEBT (A.Pikin)

o
ELECTRON BEAM !ON SOURCE

Input parameters are generated using formula below for ion extraction/

acceleration for LEBT

eViu
_L = . - =
kT, ' R i q -(U (R; ’ Zo) U(O= 2o )) 5—:2 .'33503327

R,= radius of ion beam in the trap, R:= radius of ion beam
kT;=transverse ion temperature

E (KeV) o B g(rms, norm)
{m) = mm mrad
Au*2 (10 mA) 512 0 0.075 0.035
-He*2 (10 mA) 7.875 0 0.047 0.034
[T office of BROOKHARVEN
&;1‘;“5 Science. NATIONAL LABORATORY i 2827, 2008
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LEBT Layout (A.Pikin)

'K J
ELECTRON BEAM JON SOURCE

Cropump

16" gaas valve !

HY beeak b

o lems :

Flecomn e
wollncion .

Injestion pont
From ezsilHary
ion source

LEBT wsuum chaber

,;;‘;’Q =3

L

Adapir ! Cufrent tramfrmer
dod 1 T
HV foodthrovsh =]
y Cirfrert 4
[ - .
H Injextiug pont fram
12 gata vulve T exlermal jon ourca
]
107 gata velve

Flectrosiatic bends Electrsashe beader
,
]
e, Yice of BRODKHEEN
_’_f_.‘ﬁé Sclence NATIONAL LABORATORY
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ly 26-17, 2068

LEBT: 2-D Simulation with TRAK (A.Pikin)

ELECTRON BEAM 10N SOURCE

-Maximum distance

between lenses to 0.67 m

-Four tuning knobs

This Plot Created On:
July 20, 2005 2t 12:24:40

EOU Filer FAC5-50_+8_22E4.EOU
BOU Fire: FBEC32_22E4 80U
TOU Fill: 3¢s_15mA-50_8_22E4 TOU

lon beam: Au31+.32+334,

|_jon31+ = 5mA, |_ion_32+ =5mA, |_ion33+=5ma
I_ton_total=15 ma

_el=10 A

kTi_jen=20 ey

E_fon_int=16 kev™q

U_platform=84 KV, U_ion lens=-50 kv

U_grid lens=+10 &V, IN_magnet lens=2.2E5 AT

Ex_nmms_n_31+=0.0785 mm*mrad
Ex_rms_n_32+=0.0788 mm*mrad
Ex_mms_n_33+=0.0630 mm*mrad

lon Current 15mA } 15506402 / \ (9424030}
| 8.0E-G1T
Plaiform 84kvV ! - / \
lonLens  -50kV fsmenoid\
Grid Lens  10kV i
i L=383 mrT 5
! s
Solenoid  8kG 7 2
e 59
g5
N
1
_ 218087
GAO0DE+D0 31 ‘ [=7.4E+04V}
1.840E+03 z 4 0C0E+03
NATIONAL LABORATORY ity 2537, 2005
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RFQ Parameters

ELECTAQN BEAM 1ON SOQURCE

Parameters BNL CERN Units
— p— pw— ~Could accelerate d- U
aim 0.16-0.5 0.12 'q’m =.16-0.5
Energy in 17.0 2.5 kaViamu
Energy ot aoo 250 keVamu
Freguency 107,28 10,22 MHz
Max rep rate 5 10 Hz 2.5 1 [ ! i
Lengtt 4.37 25 Metars m_-
8 of tells 277 2.0 - -
Aperture 0.00% 0045 Meters
Voltage 1] 10 v 1.5 B
E {sufface] 20.8 =23 MVim i
RF Pawer <350 <330 W o+—""_ w/ 5
Atceptance 17 >0.3 = mm mrad {nor}
Input Emit. X1 x #im mrad, nor, 50% 054 Radius {cm} i
Qutput Emit. {trans} 0375 = mm mrad, nor, 90%
Cutout Exx, (longit) Py = MeV dog 03 00 200 300 400  5C0
Transmission o1 i ] % RFQ Lengnt (CM)
Bravery factor 1.8 =2 Kilpatrick

al e v f] F ey - ‘
@Jﬁﬁ %C;gﬁcae Ngﬁ)ﬁglsgg.‘%!’!v duly 2827, 2008
13
] . g :
- - ST TR Y
RFQ Beam Dynamics Design, PARMTEQ — n —

ELECTRON BEAM ION SOURCE

DT e e e T T - = - Transmission:
P Au*?  91% (10 mA)
e e o d 91 % (10 mA)
220 .f co.' nGH mu.‘ -&..A' mal .'-'J‘I it 3He+2 88% (2 mA)
Ht s
TS
-0
£33
=35
-1l
Y ass, Office of BROOKHEVEN
e

vl Science

1LY, GEPIRTIHENT DF ENGREY

NATIONAL LABORATORY
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RFQ Transmission

Transmission vs [nput Emittance Long. Emit Growth vs Energy Spread i
! 100
—_— 2 L -
: ? 1:: g 15 ! | £ § y
‘g e & . ! iy
I E 40 3 i E iy
S g0 Eos =k
"2 ok - 0 "
) [\ 100 00 300 402 500 ° 2 4 [ 8 w12 i 0
| emitt unnos, 50% (Pl mm mr} Ha! Energy Spresd {kV] E
RFQ fransmission Long. Emittance Growth RFQ transmission for different
vs. Input Emittance vs. energy spread charge state of gold
L
Transmission vs. Input Energy I i Transmission vs. Input Current
c ! -
2 100 g
2= g
5 % . 2
E o . g
b= '
0 5 10 15 | & . !
input Energy Error (keV) | ° P » % 0 E
i Input Current (mA) :
RFQ transmission vs input voitage error ' . ) :
(Nominal operating voltage 100 kV) RFQ Transmission vs. input current i
ot f
prrse Office of irs ;
L& science OOV, o .
LA DEPFARTZAGMT DF ENEROY
1£ ,
Multi-Component lon Beam Simulation (ANL Code) o 3 — |
ELECTRON BEAM IOR SOURCE I
Suw‘i?gdu‘:m?g Lfgg‘c - g - Yo nte L T :
" I TR T g st o o ot e Transmission:
o — o 7 {10 mA) :
[ B : [ 15 E -{m-,——- L - : (T :: i} P o 030 52% ;
o : &3 H a0% - Q31 80% i
- SN A S T s e - o Q32 96% ?
A ot R * R L1 b2 f:?nﬁ 4580 OO W e Q33 85% .
G WM M = 4T e ;
Vi 223008 b Q34 52% L
l
ol | se, (%) |
i
Q30 7
a3 1
Q32 1
Q33 10
Q34 12
- CoFmy il o - g bo oad raxt. goto naxl noenurher of step lo uo srur T a3
Bt . PODE
BROOKHEAUEN i

FoEsT Office of
&@ Science
LY, OEFARTRENT OF ANENGY
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Requirements for MEBT

L J
ELECTADN BEAM 10N SDURCE

-Matching from FODO (RFQ) to axial symmetric IH structure with quad triplet
-Diagnostics; Current monitors(2) , Emittance

Twiss parameters at beginning and end of the MEBT for Au+32

Parameters End of RFQ Entrance of IH | Units

oy 1.8 1.802

Bx 0.18 1.0% mm/mrad

£x ( rms,norm) 0.11 0.1 x mm mrad

oy -1.39 0.60

By 0.142 0.59

gy ( rms,norm) 0.1 0.11 = mm mrad

0z 0.054 0.59

By 0.0203 0.0009 deg/keV

£z ( rms,norm) 6834 6834 = deg keV

Press, Office of BROOKHAVEN
=L Science NATIONAL LABORATORY iy 3527, 108

B, DEPARTVENT OF ENEADY

£7
Transport from RFQ to Linac u w—
ELECTRON 2EAK QN SOURCE
(\\’xg ju.dd i QN
(4 quads, 1_l?uncher) X B
RFQ Transition cell N
Q2 (EM} 33T/m
Q3 (EM) 38 T/m o
Q4 (EM) 36 T/m m—
Q5 (EM) 38 T/m
B1 150 kV Bp2im o) e 7 e
EM quads same as S
LANL LEDA quads ST R e ¥ R
Au+32 Au+31 Au+33 Au+30 Au+29
Xl=1.8*0.9 + 1.5*0.86 + 1.5*0.58* + 1.2*.55 + 0.8*.24=4.6 mA
]
. . .
K/_‘{; %fggﬁcc; NATIONAL LAH(;RATORY p—
hl:]
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ELECTRON BEAM 10K 50URCE

The IH Linac is very similar to the first tank of the CERN Pb linac, our

baseline:
’ Main parameters of the IH linac
Parameters BNL CERN Tank1 | Units
Qim 0.18-0.5 0.12
Input energy 0.300 0.250 MeV/amu
Qutput Energy 2.0 1.87 MeVi/iamu
Frequency 101.28 101,28 Mhz
Max rep rate 5 10 Hz
length 4.0 3.57 Meters
Input emittamce 0.55 pi mm mrad, norm,20%
Output emittance 0.66 pi mm mrad, norm,20%
Output energy spread 20.0 keV/amu
transmission 100 %
Office of BROOKHAUEN

% Science NATIONAL LABORATORY iy 1827, 2005
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IH linac optics codes LORAS used bl s—
in the preliminary deSign ELECSRON BEAM 10N SOURCE

Au+32

5

Longitudinal profiles in the IH linac

I-E-TAMA e
U O R ET EET

I e dbbare  PE. & DVELOHE

: Z:’[\__—\ —
3 3 f&&
3 3]
::k 0,203 05 0.5 1.8 1.2 £4 1.5 lz.:{“'-‘.ﬁ 1.2 2,4 2. 2.0 5.0 1..?2 ;-
I - zoosate 8. v ONEICRIS
Transverse profiles in the IH linac =
E"
i —
S T
Current = 4.6 mA Eg
E.n 5.2 0.2 0.% 0.9 1.0 3.3 3.4 1.3 1.8 2.6 2.2 2.1 2.5 2.8 3.0 1.2
D EERMANTR /i ‘B
P78, Office of BROOKHRAJEN
=t Science NATIONAL LABORATORY —
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20 0.0 1.0 40

¥ -4,0

3 RII0L00,03.02,03,04.0
X/MM. DIFOT

a:ot.ﬂ}.&z.o:.oﬂ.ﬂ 1.62.63.2 I.DF.'
XrHM. DTT

IH Linac Input and Output Emittances

Au+32

REYSFREAD/EV/U

[
A4,03,02,91.,00.01.92.07.04.8
L ?

ENERGYSERZAD/ KEV/D
«5,0 0.0 §.0 10.80 15,0

0.0 <5,

]r'- 5

UoB. DEPARFAINT OF EXERGY

E 9.8441 Ry A TG Y
K |=4.6 mA
" Input Output As
g N,rms N, rms %
e
"‘T'- KX-XP(z mm mrad) A1 A3 20
i Y-YP (= mm mrad) A1 A3 20
3 &—AE((x nsfkeViu) .18 .26 41
ey e -z.%f'g‘."a“:ﬁ_e 6 6.0
755" Office of P
-@i:;@? Science Nﬁ%ﬂﬂmg‘%’!‘. N

21
. : - +32
; Emittance for Linac (AU ) ELECTROR SEAM 108 SOURCE
I Energy B Accpt. Transverse ¢ Longitudinal
[ (keViu) (N) (N, rms) (= mm mrad}) ( rms)
: (= mm mrad)
Simulation Simulation € AE
[ Input Output r MeV deg | keviu
I
i 1 FES L 2.6-17 0.0060 - 0.125 - -
e 300 0.025 1.7 0.125 0.125 6.5 1.34
P Pt 2000 0.065 43 0.125 0.153 7.0 8.9
H
Hatllctortets 2000 0.065 1.9 0.163 0.153 7.0 0.804"

Measurements: 0.1 x mm mrad (n, rms)

Au*?5 (all charge states) 1.7 mA

‘Booster requirement 0.89 keV/u

Though simulations show only 22% transverse emittance growth,
we have designed for 100% emittance growth from EBIS to Booster.

FELa" Office of
K571 science .

U5, BEPARTAIEMT OF ENERGY
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Phase Space Plots for Different Charge States of Au

- g—
i sumntcsirinrrapm i R
_— m

ELECTRON BEAM 10N SDURGE

(A% DEPARTHENT OF CNERGY
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) X-XP Plane Y-YP Plane . AD-AE Plane
= = durl B0 - —
LEBT e m - au-} _3“;
f End of RFQ. Ag-aF
: E
o 7Y
RFQ S
= L
-3 T T - - 1
- €0 -0 ] il L &
Erd : t::g: AE-24
! B j
i ad 2 e}
R ‘% 14 ',’-"' ,j-i:-"‘\—
. = N 3 20T i 7
IH Linac *~ ™7 ; PN ’
-:oAr e __," . .34 A s
'n;s a4 2 8 1 P [ Ut e Ty " -7 £ n 0
% {mm) » fr) 4 {eug)
Vg" Office of BROOKHRAUEN
roh Science NATIGNAL LABORATORY Ay 1527, 008

Requirements for HEBT

-Transport beam to Booster
-Mismatch beam into Booster to avoid scraping at inflector and to reduce
Incoherent tune spread in the Booster.
-Minimize energy spread at the injection, dp/p = =0.05%,
-Provide ion charge state Discrimination
-Diagnostics: Current Monitors (2), Multiwire/Faraday cups (3}, Fast Faraday cup
Twiss parameters at beginning and end of the HEBT

= eenanll
ELEGTADK BEAM ION SQURCE

Parameters End of IH Linac Entrance of Booster Units

Oy 2.1 -1.87

Bx 3.0 25 mm/mrad

Ex ( rms,norm) 0.153 0.153 7 mm mrad

Oy -1.58 0.8

BY 345 4.8 mm/mrad

£y ( rms,norm) 0.153 0.153 = mm mrad

AE {rms) 1602 +162 keV (Au*3?)

AE(rms ) +16.8 6.6 keV (;He*2)

T

BRODKHEUEN

St T
W;@ ¥ Office of

=t Science

L5 DEFPARTRIENT OF ENERGY

NATIONAL LABORATORY
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Layoutin the Linac Lower Equipment Bay

- N g

EYTRREINATRLROTIN P

~ 25
ELECTRON BEAM 105 SOURCE

N
i il 1} b .
i '
b s - o : Iy oy
MH [ b
s -
Fees,, Office of BROOKHAUEN
vl Sclence NATIONAL LABORATORY iy 257, 2008
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4
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- - ) RIS B
Optics of the Transport line to the Booster o s 1 v
25,195, i, ooty e
S TR A
Quad# G ™ gs%;)_mu:l- w.fﬁ;_s ‘g )
A0 W PR i A
T/m LAV toE o ploodos 2
1 4.0 ARG RTI  - i /“/
2 2.0 A PE Y
3 0.6 SO0 pa 18,000 mrad ; S0 e X LU B3 mran
4 0.6
5 1.0
6 1.0 -
7 0-4 : 3]
i B
8 1-5 85006 teg 005,00 ket TING: 11:03:° 130,009 Dag 1600,50 ket
T =13,
S0 mno it
Buncher V e ]
1 0 L= : 2 i . )y i T
Lz = e~ s o[ a5 fle 2 Jlre e T s ¥ m [l =
2 33 ] R i -
- -~
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Langih= 1011, 34en

Fromist Office of
&3:§ Spience

UL, GEPLRTMENT OF ENERGY

el

oot
ERODHHAYEN

NATIONAL LABORATORY iy 25-27, 2008




Charge-state separation

A beam scraper will be placed at R
the high-dispersion point between N
the two HEBT dipoles, to catch S
neighboring charge states.

» At this location:
- R =1.1mm
- 2r, =2.2mm _ ‘ |
— Resolution =500 @ 2 Mev/u;  lil: | RN

310 @ 0.3 MeV/u

Efficiency = 100%

ey - Frad
WQ > Office of BROOKHIAEN
et Science NATIONAL LABORATORY Jp—
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Tuning procedures with Multiple Charge States

ELECTRON BEAM IDN SQURCE

We have studied the tuning procedure for the linac. Summary as follows:
Set all the quads to calculated values and bunchers off

*LEBT - with TOF maximize beamn current for desired charge state
- maximize beam current after RFQ to find the match into RFQ

*RFQ -since RFQ will be commissioned about 1.5 years earlier than linac,
we will set up analyzing magnet to set the correct amplitude (e. g Au*32)

*lH Linac - to set phase and amplitude of IH Linac, maximize the beam current
to desired charge state using Booster

-MEBT - maximize current after IH Linac, by tuning quads and buncher
*HEBT - minimize the energy spread by tuning buncher amplitude and look at

beam size with profile monitor at high dispersion at the bend
- verify bend magnet setting with Booster

-

V&5 Oifice of BROOKHIAEN
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L

Booster Injection

L
ELECTRON BEAM ION SQURCE

Transverse: -For 1-4 turn injection, the calculated incoherent tune spread
is 0.62 to 0.16 without any emittance dilution.

-Present 40 turn injection from tandem results in
6 and 3 = mm mrad or 8 and 4 times larger

-Mismatch or off center (smoke ring) to dilute the emittance
-Booster acceptance (VXH)=70X 225 » mm mrad, 4.5 X15 (Norm)

Longitudinal: -Simulation results show EBIS injected beam will have emittance
of 0.05 eVs/u or lower (present 0.05 eVs/u)

-Longitudinal microwave instability: Keil-Schnell criteria
requires for trans. emit. of 0.7 = mm mrad and energy

of 2 MeV/u should have dp/p >0.0012% which is satisfied
by EBIS beam (dp/p = £0.05%, )

- F

20V, ¥ tums 0-200V, 3] lwms

-1 45 o 05 1

1

B
Mountain range of 4 EBIS Longitudinal Phase spaces after beam
capture schemes capture for 4 schemes

-Adiabatic capture has low losses and lower emittance

W’; o, Office of BROCGKHAUEN
_,‘,n-k,j Science MATIONAL LABORATORY
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Booster Injection (S. Y. Zhang, T. Roser) o~ 'i
ELECTRON BEAM 10N SOURCE |
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Electron Capture

ELECTRON BEAM JOH SOURCE

Elettron Caplure 2nd jonization Cross Sectiens, Aud2+

T T T i T

At 2 MeV/u, electron
capture cross section
reduced by factor of 40
relative to tandem.

Log of cross seclien, cm?
0 . !

20 _
N I R B I A
5 1 15 2 25 3 35 4
MeViu
hg %5, Qffice of BROOKHAUEN
Science NATIONAL LABORATORY sty 257, 2003
3
Booster Parameters ELEGTRON 3EAM 108 SOURCE
_ —31’VQ1"0
ey =5 = mm mrad Virn= (GIR)*(Mc?/Q)*p2 Avinc " 274B.By ey
Z A - Q ' Ionslpdfse C_hargesipu! d(nu} Brho  Inflector
o - (Bstrinpuy _ . EBIS V(v
He3 2 . 3 2 © 244E+11  4.28E+11 -180 03073  11.53558
D 1 2 1 2.50E+11 2.50E+11 -0.70 0.4097 15.3821
C 8 12 6 2.00E+10 1.20E+11 -0.34 0.4097 15.3821
0 8 16 8 6.70E+09 5.36E+10 -0.15 0.4097 15.3821
Si 14 28 12 5.00E+C9 6.00E+10 -0.14 04780  17.94579
Fe 26 56 16 " 1.70E+09 2.72E+10 -0.04 0.7170 28.91888
Au 79 197 32 2.67E+09 B.55E+10 -0.08 12612 47.34803
U 92 238 45 1.90E+09 8.55E+10 -0.09 1.0835  40.67711

Note — maximum desired Booster emittance ey = 10 = mm mrad

g
M o

g v v Office of BROOKHAVEN
> Science NATIONAL LABORATORY

Sy 1527, 2006
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Emittances

=
ELECTRON 3EAY 10N SOURCE

Vertical Horizontal
= mm mrad (N, 95%) n mun mrad (N, 95%)
i Booéter' 45 10.0
} Linac 1.4 1.4
i Source 0.7 ‘ 0.7

‘mismatch injection

Note: Booster acceptance (VXH) 4.5 X 15 = mm mrad (N,95%)

e

P“:‘f}i“ Office of BRODKHEAYEN
st Science NATIONAL LABORATORY iy 157, 2008
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| Response to January 05 Review

]
ELECTRON BEAM (0N SOURCE

EBIS

«Requires careful measurement of beam parameters
-We will measure the beam parameters after raising the EBIS
platform to 100 kV ( R&D under progress)

*A more gentle extraction scheme, instead of proposed fast extraction,
may result in minimum longitudinal energy spread
-Within the scope of R&D

e T e
Teas s Office of EROCKHAVEN
Pt Sc:ence. NATIONAL LABORATORY

5. DEPARTRERT OF ENERGT

My 1521, 2005
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Response to January 05 Review (cont...) — = d

ELECTROM BEAM i0H SOURCE

LEBT

» Create a 3D computer model of the LEBT
-Completed 2D model under single code. Work in progress for
3D model in collaboration with ANL

*Analyze beam dynamics and compare with beam measurement
-We will measure emittance under several conditions,
comparisons work will begin soon using code from ANL (R&D)

*Use model to minimize emittance growth
-Will do that, once comparison work finishes

*Provide emittance values, energy spread and intensities at RFQ
-Will do this

]

V&>, Yitice of BROOKHEATEN
o Science NATTONAL LABORATORY w2837, 2008
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Response to January 05 Review (cont...)

ELECTRON BEAR 10N SOURCE

A possible alternate design with bend for LEBT: Its benefits are:

(a) Reduce space charge in LEBT and Linac

(b) Reduced rf power to compensate beam loading in RFQ and linac

(c) Beam tuning

-We have studied the achromatic LEBT for charge separation

before RFQ . It could work and have enough dispersion for

charge separation

(a) Simulations show present proposed LEBT and Linac can
handle space charge

(b) rf power to compensate beam loading for additional
charge is small in comparison to total rf power

(c) Studies show that linac can be tuned with multiple
charge states

liore costly; doesn’t seem to be required.

el

%&fy 5, Office of BROOKHLAEN
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Response to January 05 Review (cont...)

R
ELECTRON BEAL! ICN SOURSE

RFQ and Linac

*Use simulation codes that include the simultaneous transport and
acceleration of multi~-component ion beam
-iWe have the codes from ANL, we are starting these simulations

‘Use last cells of RFQ to optimize the beam matching with MEBT
-Done

‘Use electric focusing inside IH linac instead of magnetic triplets. BNL
can make a later decision depending on the progress in this field

-We are looking into electric focusing linacs (ANL,

Linac Systems). There are not yet any experimental results.

et - :
;?Z’ Office of ing |
a |
. ) - N ge— :
B i iRt vk
Conciusions — n — .

ELECTRON BEAM iOH SOURCE

Will use proven technologies for RFQ and iH structure.

Beam dynamics studies show that the RFQ, LINAC, and
matching lines will satisfy all beam requirements.

o
-W -
‘Z@ 3 Qffice of BROOKHLUEN
=Lt Science NATIONAL LABORATORY
U5 DEFARTMEMNY OF ENERGY
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EBIS Pre-CD1 Technical, Cost, e
Schedule, and Management Review ELECTAON BEAW 10N SDURGE

Management

- Jim Alessi

July 25-27, 2005

?Z . Office of BROOKHIAIEN
_A sc“ence NATIONAL LABORATORY July 35-27, 2008
U.8. DESARTMENT. OF ENERAY . -

Outline

— = w—
. FLECTRON BEAM 10N SOURCE'

« Organization chart

« Safety |

» Project Execution Plan

. C‘hange control

* Risk assessment

« Communication and reporting plan
» Cost/Funding/Work

* Summary

” Office of . BROOKHILAEN
_Aﬁ Sclence . NATIO_N—KL LABQRATDRY

Juiy 2527, 2005
.8, DEPARTMENT. OF ENEROY




Management Organization Chart for EBIS —-—-’

Ciiica o Mucleer Physcs
Dennis Kovar "
Acguisilien Executive

Olfice of Nuclear Physics |

NASA | Jahanne Siman-Gile
5 ilion Program Menaqer
Program Manager "> w B
Frank Suizman T BRI, Sita Offic
- Michacl Buller

Fadoral Projec] Director

Integraled Project
Team

DOEMASA
BNLEBIS
BN Gellider-Accelarator Dvision
Detok Lowenslein
Chairtnan
BN, EBIS
Projact Manager
. Alassi
Sowoe & s Faciities &
Elactrical Syslems.
aralor Y . Installalion Supporl
‘Swinl:lmu ). Sandberg J. Tuczzolo L Snydstrup
E. Baabe :
. Puwas y; =|msuppl. ¥ Magnet Syclsma Facllity Modification
R Lamblas - J. Ritter A Pendzick
| Dizgredlo] ‘ “Vacium Syslems Coallng Syslems
nzin M. M3y R
M Wiinsk | pes
RF Systsms Installation
A Zallsman L P
Contsel Systems
D. Sarton
P>, Office of. BRODKHEAUEN
- -4 Science. NATIONAL LABORATORY sty 25,27, 2008
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EBIS Management

Director
I
J, Alessi
Collider-Accelerator Denuty ESH&Q: E. Lessard
Department L. Snydstrup QA R Savage
D. Lowenstein Project Controls: ¥ Mirabelta
L. |Project Secretany: 5. Asselta
- ilith
Components J. Sandberg J. Tuozzolo Svogort
E. Begba L Snydstry,
1.5 Power Syoply 1.4 Magnel Systems fLo_Eecity ModThcaf
. Syslems J. Ritter A Pendzick -
| R. Lambiase .
oo 7Y 7 3 -
Instrumentation M. Mapes R. Grandinglti
M. Wilinski
DT -
A Zaltsman i L. Snydstrup
J. Alduing
Survey & Alignment
D, Barton + F.Kad
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Subsystem responsibilities in C-AD Org Chart — u —

ELECTRON BEAM. ION SOURCE

tmvas
[ i

COLMUER-ACCELEAATOR DEPANTMENT
G L |

Large resource pool.
Each t.ask supported by an [ g
established group. e

il

i

sp e

5
¥

'- (‘i A0 Installati on.-from.many. groups)

L S R S e R
- N . T i e v o e -
A Science NATIOWAL LABORATORY J—
2.5, DEFARFUENY OF ENERAY o

Safety

—_— A
ELECTRON BEAM. 10N SOURCE™.

s

» Lab makes safety a top priority; strong emphasis on working
safely. Safety will not be compromised on this project.

« C-AD ESH&Q Group is very experienced and very helpful. They
work along side those in the field in helping with work planning,
process reviews, procedure writing, etc. We have all become
sensitive to what is required to work safely, are accustomed to
the processes, receive the appropriate training, etc.

+ Safety representation on Integrated Project Team

+ We have a high confidence that this project will be done safely.

75 Office of BROOKHIAJEN
A Science NATIONAL LABORATORY

July 25.27, 2005
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Project Execution Plan o 1 b
\ ' ELECTRGN BEAM ION SOURCE -
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Project Management Responsibilities

+  Within DOE's Office of Science (8C), the Office of Nuclear Physics
(NP) has overall DOE responsibility for the EBIS MIE.

+ Jehanne Simon-Gillo has been assigned the Federal EBIS Program
Manager.

» Michael A. Butler has been assigned as the Federal Project Director at
the Brookhaven Site Office (BHSO). '

« Frank M. Sulzman, Space Radiation Program Manager, NASA
Headquarters will be the NASA representative to the EBIS Project.

* Funding for this project will be directed through BNL’s Collider-
Accelerator Department. Fiscal and management responsibility for the
fabrication of EBIS will reside with the Chairman, Derek Lowenstein.

« The Chairman for the Collider-Accelerator Division, Derek Lowensfein,
has appointed James Alessi as the EBIS Contractor Project Manager.

P> Office of -~ BROOKHEAEN
7 4 Science NATIONAL LABORATORY suly 25,21, 2098
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|ntégrated Project Team —n —

ELEGTRON BEAM JON.SDURCE

DOE Federal Project Director (Chair) Michael A. Butler
DOE Program Manager for EBIS Jehanne Simon-Gillo
NASA. Space Radiation Program Manager | Frank Sulzman '
BNL Project Manager for EBIS James Alessi

BNL ESSH Lead Ed Lessard

C-AD Assistant Chair for Administration Stephanie LaMontagne

P> 6>, Office of BROOKHIATEN
. Science NATIONAL LABORATORY iy 2.2, 2008
4. DrrARTHINT GF ENEROY '
8

Summary of Baseline Change Control Thresholds

Level Cost Schedule Technical Scope
(Table 6-2) - (Table 6-1) (Table 3-2) \

DOE-SAE 25% increase to TEC 6 or more months increase Changes to scope that affect
{Deviation : {cumulative) in a project mission need requirement

Threshold) level milestone date _
DOE-8C-26 Any increase in the TEC or 3-month or more délay ofa Level | Change of any WBS element that

Program cumulative allocation of 1 milestone date could adversely affect
(Level0) - . more than $500k performance specifications

contingency (Table 3-2)

DOE-BHSO "| A cumulative increase of more | > 1-month delay of a Level 1 Any deviation from technical
Federal Project than $250k in WBS Level milestone date or > 3-month deliverables that does not

Director 2 or cumulative allocation delay of a Level 2 milestone affect expected performance
(Level 1) ~ of more than $250k date specifications

contingency

EBIS Contractor Any increase of >350k in the > 1-month delay of a Level 2 Technical design changes that do

Project WBS Level 2 . milestone date not impact technical

Manager i deliverables
(Level 2)

K&, Office of - - BRODKHAUEN
24 Science } NATIONAL LABORATORY J—
U.B, DEFARTMENT OF ENERGY s , ' .
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. ELECTRON 8EAM 10N SQURCE |

Risk Assessment (draft form) o  ?

a) Likelihood of Occurrence )

oVery likely (VL): risk is likely to occur with a probability greater than or equal to 90%
sLikely (L): risk is likely to occur with a probability greater than or equal to 50%
oUnlikely (U): There is a less than 50% chance that this event will occur

Marginal (M) Significant (S) Critical {(C)
b) Consequence |&ost _
Impact on project <$100K $100K - $500K >$500K

contingency is:

%n%g%n roiect impacts project
P . p ) None Impacts milestone dates early finish date
schedule is:
chni

Impact on project
t performance is:

Minor degradation | Significant degradation CD-4 will not be met

Consequence
Likelihood of | Marginal | Significant | Critical
. . . . QOccurrence
C) Risk Categorization Matrix -5 TVegum | Hieh Tieh
Likely Low Medium | High
Unlikely Low Low Medium
P7& >, Office of. BROOKAFATEN

July 25-27, 2008

.Science NATIONAL LABORATORY

"B, DEFARTMINY OF ENBRGY
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Risk Assessment

E'LF.GTH.IIN BE.IM IDN'SOURG .

. Risk'of not proceeding with EBIS:
— significant upgrades to the Tandems will be required
—-some desired beams unavailable to NASA

» Technical risk on EBIS is low due to the successful source
‘development

— Test EBIS ié full electron beam current. Factor of 2 scaling in-
ion output is well understood.

* Technical risk on RFQ and Linac is low

— mature technologies, many similar deVIces in operation at
other facilities.

P'"-A Office of BROOKHFAIEN

Science . . NJSTI?’NEL LABORATORY Juty 2527, 2008
t.8. DEFARTIMENT OF ENERGY - e
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Risk Assessment (cont.) .

ELECTRON BEAM 10N SOURCE

 Costrisk due to fluctuations in the currency exchange rate on
foreign procurements (RFQ and Linac) (medium)

— Have increased contingency on foreign procurements (30-40%)
— Planned early procurement of RFQ '
— Try to make contracts in US$
« Schedule risk due to conflicts with Booster operations schedule
- (medium)
— Most work can proceed in parallel with Booster operations

— Provide plenty of slack in procurement of the Booster-side
components.

— One could reduce time required for installation of Booster-side
of HEBT by working 2 shifts if necessary

P76 ), Office of - BRODKARAEN
: Science NATIONAL LABORATORY

=t . July 2657, 2005
+ W8 DEPARTNENY OF SNSIGY
¢
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Risk Assessment (cont.)

» Delays in major procurements (low)
— Consider vendor history when awarding contract ' '
— Intermediate vendor milestones
— Frequent communications with vendors
— Vendor visits
* Delays in funding - (high)
~ Try to avoid scheduling large procurements in Q1 of any FY
— Work closely with DOE and NASA ‘
* Possible problen'\us in manufacturing of electron collector (low)
— Detailed design, foliowed by engineering review (done)
— Quality assurance provisions in procurement specification
- — Frequent communication with vendor

— Early fabrication and testing to aliow time for a redesign, if
necessary (collector is part of R&D)

@ofﬁce of . ‘ BROOKFARUEN

Science NATIONAL LABORATORY

ety 22T, 2008
U.5, DEPARTMENT OF ENEROY
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ELECTRON BEAM 10N SOURGE,

Communication and Reporting Plan

+ Project Assessment and Reporting System (PARS) will be updated on a
monthly basis by the Federal Project Director.

» Contractor Project Manager will lead monthly cost and schedule reviews and
report the result to the Federal Project Director.

*  Contractor Project Manager will lead quarterly overall cost, schedule and
technical performance reviews and report the results to the BHSO-DOE office.
Federal Project Director will report progress to the DOE Program Manager and
NASA on a quarterly basis.

» Federal Project Director and Contractor PrOJect Manager will participate in
monthly teleconference calls with the DOE Office of Nuclear Physics.

« Office of Nuclear Physics will conduct annual progress reviews with a
committee of experts.

- The standard BNL accounting system will be the basis for collecting cost data.
» Technical performance will be monitored throughout the project to insure
conformance to approved functional requirements. Design reviews and

performance testing of the completed systems will be used to ensure that the
equipment meets the functional requirements.

. r 3 Office of : BRODK EN

Science NATIONAL LAB o RATORY

R 3 July 25-37, 2005
4.5. DEFARTMONT OF ENCRAY
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Preliminary Cost Range

- Deseription AY K$
i [Strictiral Conponentsis ;

~ 60% materials

1.1.1 EBIS Hardware —~ 400/0 labor
11.2 LEBT and External lon ln]ecllnn S00)
1.1.3 RF Structures . 1,475

: Contrals Bystemg:s
Dla fits| Icsllnslmmentatiuh

675 - % Materials by WBS

305 Structural components 62%

RESystem:

Vaciilim Systerm *450) Controls 73%
8|Cooling System: 2300 } Magnets 58%
29 |F acliity Modific Diagnostics 56%

Installation s, g )

1.10.1 En PS's 84%

.10.2 Control Systems RF systems 72%
103 Diagnostics/instrumentation 200, v 65%

1104 |Magnet Systems 25 acuum o

1,10.5 Power Supply Systems 500 Cooling 80%

Hgﬁ s:cﬁﬁ:eén shams Sgg ‘ ’ f—'a“q'l‘ﬁ*ty mods 68%

170; = Installation | 9%

P Project Services . 0%

EBIS, LEBT, external inj 499%

Development

1 0,
B bR FEISTIES RFQ, Linac, Bunchers 76%
Contingency
i |Estimatéed Total Project Costi:
Fe Office of , ' BROOKHEAJEN
224 Science NATIONAL LABORATORY

. " July 28-27, 005
.3, DEFARTMENT OB ERERGY
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Funding/Obligation Profile (preliminary)

20000 T -
—+— Total Obligations
18000 : —Funding
16000
14000
12000
k$
10000
8000
6000
4000
2000
—— - i;.——*.;;‘{.
bfodb & ‘\'\’\‘\‘\%‘b%@: S H O P @
» ) R g 5
QS) F \\\'b ﬁx{s\ '§P & \\(5\ o %eﬂpeo w \\3’ \x@:\ o f ‘\0 « é'b* 6\ s§
Obligations from MS project, excluding 1.4 M$ for R&D and CDR prep.
p==\office of BRO
‘ .Science NATIONAL LABORATORY. J—

U u.osmma'urarsnemv L
17

Work vs. year (preliminary)

i4

12

FY'06 : FY'07 - Year ] FY‘OB | . FY09
Flrst view of resource loading. Total of ~30 FTE's

Still needs to be leveled (does not include ~3 FTE's in R&D)

V67, Office of BROOK

A
Science NATIONAL LABORATORY
U.5. BEPARTMENT OF ENERGY : - .

Jidy 25-27, 2005
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Comments | —

L )
ELECTRON BEAM 0N SDURGE -

» Developing/refining Microsoft Prbject files — becoming an excellent tool
(June, 2005 ~ 15 from C-AD took 3-day MS Project class)

» Very experienced subsystem managers on the project. They are used
‘to interacting daily, over the course of many projects. Good
communication. Agreements on “handoff’ points are almost routine.

» WBS set up so level 2 (subsystem managers) = separate accounts.
Easy to track & control spending.

» Signature approvals = Subsystem manager to me to Thomas to Derek
(standard procedure in C-AD) -

« Tech notes, design reports, design reviews are standard within C-AD

+ At WBS level 2 — weekly group meetings are typical already — good
communication

» Procurement processes, procedure writing, work planning, ESH&Q,
etc. all follow standard C-AD and lab procedures.

PEm= Offica of BROOKHALAIEN

=4 Science . NATIONAL LABORATORY

e July 25-27, 2008
B DEPARTMINT OF EREROY
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Summary

» We feel the design is technicélly sound

— The Test EBIS has demonstrated that an EBIS meeting RHIC
requirements can be built. The RHIC EBIS design incorporates
improvements to make it a more reliable device for routine
operations. ’

— The RFQ and Linac are straightforward, very similar to existing
devices.
* A reasonably advanced cost estimate exists (details in
tomorrow's talks). More detailed engineering will
improve the estimate. (not yet baselined)

* The project team is very experienced. They know how
to build things (Booster, RHIC, NSRL, SNS, ...)

i

Pe Oifice of BRODKHEATEN
A Science NATIONAL LABORATORY

July 2527, 2005
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EBIS Pre-CD1 Technical, Cost, gl
Schedule, and Management Review ELECTRON B2AM (0K SOURCE
#

Environment, Safety, Health,
& Quality

Ed Lessard

July 25-27, 2005

7 . Office of BROOKHEUEN
& Science NATIONAL LABORATORY iy 520 2058 :
I
—l
. g—
s wnasisiassmmncwn ko3
- - g = e
Significant Environmental Aspects e eei on Soonct

« The following Significant Aspects were identified:
'— Sole Source Aquifer

— Excavation Within Building 930

— Chemical Storage/Use

— Liquid Effluent

— Hazardous Waste

— Radioactive Waste

— Radiation Exposures
- National Environmental Policy Act (NEPA)

— Satisfied by Environmental Assessment, DOE/EA #0909
» An ISO 14001 process assessment will be performed

o LT
P, Yifice of BRDOKHAUEN
-2t Science NATIONAL LABORATORY
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Safety and Health Hazards by

* Non-ionizing Radiation

« Hazardous or Toxic Materials Radioactive Materials
* Fire

« Electrical Energy

+  Oxygen Deficiency

+ Kinetic Energy

+ Potential Energy

« Thermal Energy

+ Cryogenic Temperatures

» lonizing Radiation

e, Gffice of BROOKHIUEN
o 1 Science NATIONAL LABORATORY Sty 3517, 2005
W 8. DEPARTIENT CF ENERCY

Preliminary Hazards Analysis (PHA) Ko e

« Based on PHA, the following hazards require further analysis

— lonizing Radiation

- Fire

- Electrical Energy

— Oxygen Deficiency
« OHSAS 18001 Job/Facility Risk Assessments will be performed
» Hazards analyses will be in C-AD Safety Assessment Document

,,,,, o

et = g
52@;& Criice of EROOKHEVEN
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Relevant Requirements rrt

+ DOE Orders
— DOE Order 420.2B, Accelerator Safety
— DOE Order 420.1A, Facility Safety, §§ 4.2 and 4.4
— DOE Order 414.1C, Quality Assurance

+ BNL Regquirements (SBMS)
— Accelerator Safety
-~ Work Planning and Control for Operations
— Construction Safety

- C-AD Management Systems P
— OSH Management System, OHSAS 18001 =&
— Environmental Management System, 1ISO 14001 *
— Conduct of Operations Agreement
— Self-Assessment Program

e
ﬁ?‘: Office of
_,:Eé Science NE%?R'E!!%‘!%’!\' Jp—
AL 8. DEPARVMENT OF ONERQY
5
Plan for Construction rprerbp i

+ All requests for goods or services will be reviewed to
incorporate environmental, safety or health requirements for
contractors or vendors

— C-AD OPM Chapter 13, Quality Assurance
* All work done will meet the DOE ISMS requirements
— C-AD OPM 1.10, C-AD ESH Policy
— C-AD OPM 1.12, Training and Qualification
— C-AD OPM 2.28, Work Planning and Control

PR Office of BROD T
w4 Science NATIONALIS.!III!IO&IHTEDQY
h, PEPARTMERY OF FRERCGY
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Plan for Commissioning bretryrébrrrrd

+ Safety Assessment Document (SAD)

« Commissioning Accelerator Safety Envelope (CASE)
+ Commissioning Plan

+ Accelerator Readiness Review (ARR)

» DOE Approval to Commission

L

b5, Office of BROOKHEAVEN
_,,_.5;@ Science NATIONAL LABORATORY iy 2521, 2005

R DEPARIMENT OF ENTRGY
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Plan for Operations Eeree o T o souncE

+ C-AD Conduct of Operations Procedures

» QOperations Accelerator Safety Envelope (ASE)
* Accelerator Readiness Review (ARR)

+ DOE Approval to Operate

%&f&’j Office of BROOKHAUEN
=Ll Sclence NATIONAL LABORATORY

iy 3537, 2065
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* Target Dates:
— Q1 2008, ISO 14001 Environmental Process Evaluation W p
~ Q1 2008, OHSAS 18001 Job/Facility Risk Assessments 3
— Q1 2008, Obtain BNL Approval of SAD o
— Q2 2008, Obtain DOE Approval of EBIS CASE
— Q2 2008, Complete Commissioning ARR
— Q3 2008, Obtain DOE Approval for Commissioning
— Q4 2008, Obtain DOE Approval of EBIS ASE

- — Q1 2009, Complete Operations ARR

— Q2 2009, Obtain DOE Approval for Operations

e
. . L
Vg@}*‘ Office of BROOKHEAEN
2l Science NATIONAL LABORATORY Loy 1827, 300
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EBIS Pre-CD1 Technical, Cost, Cxm—er—
Schedule, and Management Review LEGTNON BEAM 10IF SOURCE

/

Cost, Schedule, Manpower

Kerry Mirabella

July 25-27, 2005

Py
le Office of | BROOKHPEUEN
Scrence NATIONAL LABORATODRY Juty 2587, 2008
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« Cost and Schedule Chronology
» Work Breakdown Structure (WBS)
» Preliminary cost methodology
- — Cost Basis
— Manpower
— Contingency
— Rates & Overheads:
« Preliminary cost estimate by WBS
+ Procurement Strategy
= Project Controls System
~ — Reporting Milestones
» Configuration management system

. -7
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Cost and Schedule Chronology _
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PO —

— el
L

+ System experts’ bottoms up estimates in '05 $ in Excel.
» Summary schedule developed.
» Microsoft Project 2003 software adopted as the EBIS cost and
scheduling tool. :
+ 3-day Microsoft Project course held onsite in June.
« Tasks entered and resources applied.
+ [dentification of task dependencies in process.
* High level milestones included.
* Next;
— Complete the inter-subsystem logic
— lterate schedule to fit funding profile
— Verify critical path
— Continue adding milestones

PZZES" Office of Bnnnmﬁﬁm
Science NATIONAL LABORATORY) sty 22, 2008
3
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Work Breakdown Structure LecThon eths on sounce

Organized by subsystem, each with WBS Title

its own manager, allowing direct 1; mfw

igﬁggm:bmty for cost and : 13 chf’a'm't"" feoinstrreration
' 1.4{Nagnet Systerms

Cost accounts planned at level 2 or 1.5|Power Supply Systems

lower, as determined by the ::g s:c?u?nmsy;m

subsystem managers. 1.8/ Cooling Systerrs

*Commissioning costs are currently - 1.9| Facility Modifications

estimated within the subsystem 1.10|Installation

WBS's but will be reassigned to 111 Project Services

WBS 1.12 for baselining. . 1:; Rczgmss'mmg

ITE, Ofice of ' inis
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Preliminary Cost Methodology

LECTRON BEAM 104 SOURGE

» Tasks defined and estimated by those who will
manage/perform the effort, using an agreed-to

scope of work

» Basis of estimate for WBS elements identified
CP - Catalog Price

VQ - Vendor Quote
HC - Historical Cost
EJ — Engineering Judgment
P7ES" Office of | : BROOKHEATEN
Science NATIONAL LABORATORY) oty 2027, 2008
: ' 5
Cost Basis
CP - Catalog Price

VQ - Vendor Budgetary Quote

Definitlon - A budgetary estimate from a supplier, service supplier (installation, design, consulting, project management,
testing, etc.), or other Industrial (non-laboratory) source of equipment andfor services. Material, labor, or
service costs from vendor catalogs are constdered vendor estimates.

Backup material - a fax, catalog page, memorandum of a telephone conversation or other indication of the source
of the quote, items [ncluded, and the projected cost.
HC - Historical Costs
Definition - Cost based on actual costs from previous projects.
Backup material - an indication of the previous project and the actual cost.

EJ- énglneertng Judgment

Definltion - Based on techniques such as rules of thumb; taking a percentage of the material, material + Installation or
other cost base; national cost estimating standards/codes ("Means", square footage of sites, etc.)

Backup material - Identify the rule of thumb, actual cost and its source; percentage, base, standard, or code used;
the square footage used and the cost per square foot applied;or other engineering judgment basis.

P2 Office of T
~d Science ‘ VE%93¥H&H5¥Y

LR, DEPARTMENT OF ENERAY uly 1527, 1003




Manpower

Totai BNL hours estimated at

n
LECTRON BEAM JON SDURCE

s2K spproimatol O FUITime [~ Garegory [ FrERy
a y y ) Administrator 0.8
. Scientist 2.9
No resource conflicts are Engineer 9.6
ant|0|pated.. Designer 3.1
Technician 9.6
No new hires are anticipated for Management 0.5
the project. Building Trades 3.0
Total 29.6
No impact on RHIC operations.
P, Office of BROOKAZVEN
-4 Science NATIONAL LABORATORY A
: 7
_—— N ge—
. ! PO S
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Technical Risk Cost Risk Schedule Risk Contingency
Description Description Description Rate
Dired copy of an existing, |Offthe shelf hardware or  |No schedule impact on any
working design purchased from a catalog  Jother WBS item 10%
Based on an existing design |Based on a vendor quote Delays completion of only
but requiring extensive using limited conceptual its own non-critical path
modifications design sketches subsystem item 20%
New design different from Delays completion of other
established designs or Estimate for item with little |non-critical path subsystem
existing technology in-house experience items 30%
New design requiring R&D [Top down estimate derived |Directly delays completion
to develop advanced state-of-from comparable previous |of critical path subsystem
the-art technology programs item 40%

Estimated for each lowest level WBS item/task. An averaged
rate was used when risk levels differed across categories.

= Office of
& Science

U5, DEFARTMENT OF ENEROY
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Rates and overheads

LECTRON BEAM 10H S0URCE

» Departmental Rates and Overheads
— Labor rates based on C-AD average salary by category

— Departmental Fixed Costs distributed as a % direct labor
Chairman’s Office

Administration
ESH&Q
Information Technology
Communications
Space
Building Power

» Laboratory Rates and Overheads

= Extraordinary Construction
— Reduced overheads for high value procurements

- Escalation Rates for DOE Projects (January 2004)

|z Office of BROOKHEOYEN
Science NATIONAL LANDRATORY] —
W.3, DEPARTMENT OF ENERAGY

Preliminary Cost Estimate by WBS

. Direct, 05 K$'s Al Burdened, AY X$'s
[wes| Title Matl | Labor| Cost |Cont%|Cont$|Total cost]:i| Marl | Labor | Cost |Cont%| Cont ${Totaf cost
4 .

1.1_|Structura components 16751 680l 2ass)  oew|  ees sozali| 201s|  4260] a27s| 27%| Bog] 4165

1.2 |Controls Systems 3s0] 100] aso| zewm| 100 ssolf a3s] 5|  eoo] 23] 135 735

1.3 |Diagnesticsiinstrumentation 2g0| 175]  4s65] 2om| s 56004  3e0l 298| 675 20%’ 135] 810

1.4 [Magnet Systems 29s| 18] a4s0[ 21m| o5 545 350] 250] _ ec0| =22%| 120 730

1.5_|Power Supply Systems 13500 195] 1545] oe%| 4op 19asl%]  1ee5|  310] 1975| 25! - so0] 2475

1.6 |RF Systoms 1305 375 1680 28% 470 ' 2180); 1670 655 2325 27% 630 2855

| 1.7 |Vacuum systems - 761 305 1066  20% 215 1281;— 940 510 1450 20% 280 1740
| 1.8 |Cooling Systems 195 _40] 235] 1% 50 285} 240 60| 300] zo%| 60 360
1.8 |Facllity Modifications 20| 18] s8] 2ew] 138 esofil  475]  225]  voo| 2ew| 1a0 88|

1,10 [tnstatlation 145) _940] 1085] 21% 23(3f 1315]; 180 LzT:d 1900] 21| 400l 2300

1.11 [Project Servicas of 370)] a70] z0%] 75 44515 ol e28] &25] 2om| 125 750

1.12 [Commissioning* 0 o;-.jl 0 o
1.3 |R&D/COR 45| 583 g28]  16%| 145 10735} 500 700] 12000 17%| 200 1400

Estimated Totals for Project 7001] 4053] 1114a] 24o6) 26vsl  13stofiil meso]| 7zl 1se2s] 24w ae7s| 19300)

* Commissicning included in above WBSs

. T
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Procurement Strategy Lrron oren ow sounct

« Subcontract/Purchase Order &

« Basic Ordering Agreement (BOA)
» Fixed-Price
+ Incrementally Funded

« Competitive bids planned vs. sole source
» No Cost-reimbursement/Cost-plus contracts are planned

Major procurements (order >$100K) will be tracked in
Microsoft Project with a minimum of the following planned
dates: design package complete, purchase requisition date,
purchase order date, delivery date.

ProT, Office of | BROOKHBATEN
Science NATIONAL LABGRATORY S
U3, DEFARTMENY OF ENERGY -
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Major Procurements

» Procurements > $100K (in FY’'05%)

~ RFQ: $340k
— Linac: $400k
— Superconducting Solenoid: $328k
—~ RFQ Power Amp: " $400k
— Linac Power Amp: . $400k
— Buncher PA’s (3) - $150k
— Electron Collector PS $200k
— HEBT big bend dipole PS - $150k
— HEBT dipole magnets (2) $219k
Vo >, Cffice of BROOKATATEN

4 Science NATIONAL LABORATORY]
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LECTRON BEAM 10H SOURCE

Project Fiscal
»Year
Profile
DOE
Labor Hours —»
PO Payments —| it 7 : iBBrolect ) _’Pﬁﬁd
| Schedules! Nairative'{| DOE &
Commitments — i, i —»N ASA
- 7
V=& >, Office of BROOKHEAUEN
Science NATIONAL LAHORATORY Ay 1827, 3008
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Milestones T
Critical Decision and review da
BT T e oS o PR o
BC:Rka!Declshﬁsmﬁeﬂem ’ wmim rmiét.u
€00 Apgrove ssion esd WedeADl|  Wed B4 {0
O Apgrove Pretinery Beseine Range T ed9nans| Weaandust L
" "co2 Aperove Pericrmence Boselee | rase| rasane 4
003 Approve St of Consiruction FOBADE)  FAgAte) +
T4 Agprove Ster of Opersions Weds| Wetamisl ) )
" E oMk oflixlou Phystes AncualReview | Wed F1NNE|  Wed 45| & 0 o o
" HtunteilyContSchecueTechnicalReviews | RHABE|  WedASI]. P 0000 ODPOOODOO -
@ Ouartesly Repoitto B50 FIARH|  WedTHSM| Qe O0DOOOPOOGDP GO
EMony ContSeheduie Restews. | Men{MIRE| Montdzi] WWW)
 Auomybpetofednthectit [ T 020 T wvR | M ey e
» Milestones will be added for design reviews, design package
completions, purchase requisition dates, purchase order dates,
delivery dates, payment dates, testing of major systems, etc.
— Office of ﬂ
= 4 Science : ﬁﬁﬂﬂ'ﬂf:‘ﬂﬁﬂf\« iptett, 2008

14




_—— e g—
——
——

Configuration Mgmt online system Lrersom eaN 1ok S0URCE

Project Change Request {PCR)

Cost, Schedule, Technical Assessment (CSTA)
Document Change Notice (DCN)

Track Submitted Documents

PCR Status Report

Approvals

Reports

Risk/Contingency List
Implementation Date/Rev. Number

WBS Descriptors
WBS List

Parameters

Confiquration Management Plan

77 Office of BROOKHELUEN
~~4 Science NATIDNAL LABORATORY, Nty 2617, 2008
WA, DEPARTMENT DF ENEROY /‘" ‘

Summary roreon o 1w sooRet

*Scope is defined.

«Costs are understood.

*EBIS Project Team in place.
Integrated Project Tearﬁ defined.
*Project Controls systems set up.

*Ready for Preliminary Baseline Approval.

. 7
| 7 Office of BROOKHEUEN '
Science NATIONAL LARORATORY| PP
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EBIS Pre-CD1 Technical, Cost, o
Schedule, and Management Review ELECTRON BEAW 104 SOURCE
= s e e ]

EBIS Overview

Ed Beebe

July 25-27, 2005

¥
& e L
T, Uficeof BROGKHEAAEN
2l Science NATIONAL LABORATORY iy 3537, 2005

8. DEPARTRIENY Uf BNERGY

Presentation Overview

ELECTAON BEAM [ON SQURCE

Introduction
Test EBIS Results

« R&D Plan
« Status of the RHIC EBIS technical design
TET Yot BROOKHAVEN

Hdy 2837, 1005
.5, GEPARTMEN T OF ENGCRGY
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- Experience with the BNL Test EBIS has shown that an EBIS to supply highly
charged ions to the Relativistic Heavy lon Collider (RHIC) and the NASA
Space Radiation Laboratory (NSRL) can be built.

— Test EBIS operation with 10A electron beams required for RHIC EBIS has
been achieved.

- The ion output scales with length, ion charge state is achieved within
design confinement times, and the ion electron system has been shown to
be stabie for ion trap length up to 107cm.

. Tthghll?i-llo EBIS design will be very similar to the present Test EBIS operating
a :

= No si%niﬁcant improvement in performance is required, other than the
straightforward scaling of ion output with an increase in trap length.

. Beyond this, changes to the Test EBIS design, which was a device built to
demonstrate feasibility, will make the RHIC EBIS an “operational’ device, .e.
simpler to maintain, and more reliable due to increased engineering margins
on components.

Wg ~ Office of BROOKHAVEN
=4 Sciaence NATIONAL LABORATORY A

LS, DEPARTAMLNT OF ENSROY

EBIS principie of operation

ELECTRON BEAM 10N SOURCE

Supeé'cimdl;gting " Blectron xr
oleno " Drift Tubes on Lxtractor
Electron Gun \ Collector
v e = Highly
— Charged
S PTTEN \ Ton Beam
DY 10KV )
S0RV oy
(& mapplng velges) Primary Ton
Beam
Yield of ions in charge state g
I xL
N, =—= K, x K,
gx ¥,
I.=electron beam current V.=electron beam voitage L=trap length
K=ncutralization factor ' K,=fraction in desired charge state

Radial trapping of ions by the space charge of the electron beam.

Axial trapping by applied electrode electrostatic potentials.

Ion output per pulse is proportional to the trap length and electron current.

Ior charge state increases with increasing confinement time.

Charge per pulse (or electrical current) ~ independent of species or charge state!

PR Office of R
L824 science BRODKHEMEN,

O£ DAPARTMENT OF ENERTGY

Sty 25-27, 2008




MITRoer CHALGE STHIY £veruTiad

(rFenee M-u.-lr)

Charge state is selected by choosing the
confinement time of ions in the trap

n/sn

™t e’ e’ TREETE ' 10
Jt (Crcm 23 \
1.7mA x 10 us =17 aC
3
£
L]
lons are extracted from % 1A 500 us = 17 aC
an EBIS in pulses of - Shilaaebt
constant charge; one / 1 \
has control over the Z/\‘»/-— \ 1.7 #A % 10 ms = 17 aC
pulse width
Time
et
FPEas Office of HEA
.ggl‘%:;{ Science N?TE)RRISH;E%;‘!TE:H\'

duly 1527, 2005
5. DIFFARTAYENT OF EMERGY

-
g, =1 £ ke ELEGTAON BEAM ION SQURCE

ion Injection and Extraction from the RHIC EBIS

Injection of “seed ions” from external rj P
sources facilitates rapid switching ELEVAI R
between species and reduces EBIS , 7
maintenance and contamination e POPY [ R
SOURCE S iTHOS!

: fam o - P

) e T — |

i ' ——— AU RF

i — Au32+,Cull+ R Au3t,

. X Cutt+
ToF

EBIS - Electron Beam lon Source

RFG - Radio Frequency Quadrupole lon Accelerator
TOF - Time-of-Flight Spectrometer

LEVA - Low Energy Metal Vapor Vacuum Arc lon Source
HCIS - Holtew Cathode lon Source

=
&, Qifice of BROOKHEUEN
_4_&?? Ecience. MATIONAL LAEORATORY iy 1547, 2003
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ELECTRON BEAM rQN SQURGE
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Test EBIS results and RHIC design parameters

wnnll
ELECTRON BEAU ION SOURGE

Achieved RHIC
Ton A AU
I 10 A 10 A (20)
J. ~575 Alem? 575 Ajem’
teonfinement 35ms 35ms
Lirap 0.7 m 1.5m
Capacity 0.51 x 10" 1.1 x 10"
Au neutralization 70%" 50%
% in desired Q 20% 20%
Extracted charge 55nC 85nC
Tons/pulse | 1.5x10° (Aw*?) 33 x 10° (Au’?)
Pulse width 10-20 ps 10-40 ps

* Estimated resuit for data with BA e-beam

i ﬁ‘f’f" Office of
gﬁﬁ Science

U4, DEFARTAMIENT OF ENZROGY
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ELECTROH BEAM ION SOURCE

Charge extracted from Test EBIS

4.0 ey

3.5

3.0 1
- ‘rgqgrement
© iealéd fo EBTS
» 2.5  »
=
@
3 20 T~ 50% of trap
2 : capacity
P15
-3
£
(5]

1.0 T

0.5

0.0

0 2 4 B 8 10
Electron Current (A)
= - OFfice of , N )
L @ﬁ{s Science N?T!EER'EE?:H%M ity 1527, 2008

5. DEPARTAENT OF ENFRGY

Measured Emittance for a 1.7mA Gold Beam‘

TLECTROK BEAM 10K SOURCE

Emittance of a 1.7 mA
- extracted beam from EBIS,
E with Au injection:
E
—;-;,, T g (n, rms)= 0.1 = mm mrad.
- =
2r All charge states, peaked
paua A s o around AuZ*,
IR MR RTE EEEBAKHAL i AEME a7
MW oMo 3T NGO 0O NS
SN WO O <~ v M~ O % 0N WD
- = NN NN MM M MM T DN W WO W0

Position (min)

The emittance of light ions from EBIS is expected to be less due to less
heating by the electron beam during relatively short confinement times
necessary to reach charge states of interest.

Vgﬁ? Office of BROOKHAVEN
== Science NATIONAL LABORATORY

Juiy 2527, 2005
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Inline Time-of-Flight showing gold charge fraction

Au Yons e Shannet 3
(25+) e e B
1

/A

[Ty |

voltage

N

—

« Full ion beam sampled and collected on Faraday Cup

« | =TA;
+ 10 ms confinement
« Au=83%:; C&0 =15%; H=2%

{500 nset [ div |

timebase

e B el
ELECTRON BEAM IOH SGURCE

BROOKHEAEN
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Test EBIS output after Nitrogen injection from HCIS

N,* injected from HCIS

" “Channel?_ |

3 ms injection, 4 ms confinement

ELECTRON BEAM 10N SOURCE

I(e) ~7A
8 RULULE _narngi1 |
~
el A VL
\ Yo i i 3+
% | }
——— e, i |
_susiia | H+
tmebase
8 mA total current : 4+
5+
2.5 x 10" charges/pulse P
fimahase
L
BROOKHILUEN
NATIONAL LABORATORY sty 28.27, 2005
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(e) =6.6 A,

Test EBIS output after Copper injection from HCIS

ELECTRON BEAM JON S0URCE

1

LA LL

{‘\\ N Cﬁanﬂéi‘.___i

|
|

voilage

voltage

. Zo0mvian |

g

I e
= Channel2 )

1

14+ ot seon |

. 30 pseeaw
timehase timehase
1.8 mA; 2.2x10"1 charges/pulse,
15.3 ms confinement
o
BROOKHEUVEN

% Office of
27« Science
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vollaga
L .
=
-

_Channeit_ |

timabase

6.3 mA peak
2.4 x 10" charges/pulse
18 ms confinement

Test EBIS output after Neon injection from HCIS

ELECTRON DEAM IDN SOURCE

l(e)~6.8A

voltage

g

S e o AN A NN AN ]
k/" (ion injection switched off)

5+
B+
{ T+
8+ 209 nasc /o
timehase

14 ms confinement

= Office of
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R&D

- = el
ELECTRON SEAM IDN SGURCE

We have defined an R&D plan that will aid us in the design of the Low
Energy Beam Transport section and reduce schedule risk during the
RHIC EBIS construction. This plan also addresses some
recommendations from the January technical review.

R&D using the Test EBIS in FY'05/06 :
« Verify Collector design
~ Steps: Build and test RHIC EBIS collector
+ Categorize EBIS emittance at final beam energy
— Steps: Put EBIS on High voltage platform
+ Verify LEBT design
—~ Steps: Build prototype LEBT and measure emittance at RFQ

location
Y
- P P
Z@;‘ - 9 Office of BROOKHEUEN
= Science NATIONAL LABORATORY JO—
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ELECTRON BEAM !ON SOURCE

Additional benefits
— Early test of RFQ on Test EBIS
— Use of collector on the RHIC EBIS
— Gain experience with HV pulsing of platform

Through this R&D, designs will be verified ~ 2 years earlier than with
RHIC EBIS, giving time to make changes if necessary.

ety

bras s, Office of BROOKHEA
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Schematic of EBIS for RHIC

-lectron gun

i lectron gun
magnet coil

Buffer
chamber

insulating
HA platform

Gate valves

HV feedthroughs

Superconducting
sclenoid

Rt
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ELECTADN BEAM ION SOUREE

Electron collector
. magnet coil Electron collector
Drift tubes

Gate valve

o Cryopump HV break

oy
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EBIS Source “requirements” — i —

ELECTRON BEAM ION SOURGE

1. Intensity for 1 x 10° Au ions/bunch in RHIC : ~ 3.4 x 10° Au??*
ions/pulse
from the source

2. No stripping before Booster injection : g¢/m > 0.16 (Au’?, Sil%, Fe?l*)

3. 1-4 turn injection into Booster : pulse width 10-40 ps
(Note - 1 & 3 result in 2 Au’** current of 1.6 - 0.4 mA)

4. Reprate:~5Hz

5. Beam species switching: 1 second

6. Emittance : < 0.2 x mm mrad, normalized, rms
(for low loss at Booster injection)

Fr# ¥, Office of BRODKHELUEN
< Science NATIONAL LABORATORY PR
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WBS Items ) ELECTADN BEAM ION SDURCE

Superconducting Solenoid

Electron Gun {up to 20A)

Electron Collector (300kW peak power)
Drift Tube & Chamber Structures
Stands and Platform Hardware

LEBT

External Injection

T

AR Office of T
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RHIC EBIS Superconducting Solenoid (SCS) mcmm:.my
« Length of the SCS coil: 200 cm Test EBIS: 100cm

»  Magnet field: 6T Test EBIS: 5T
~ provides the same magnetic compression of a 20 A electron beam
as for 10 A beam
— decreased average power on eleciron coliector
— increased magnet field in transport region outside solenoid
— higher ion charge states if necessary

« Warm bore inner diameter: 204 mm (8")  Test EBIS: 155mm (67)
— 1.7 times increased vacuum conductance
— more room for HV leads

» This item will be provided by a vendor

e Ytice of BROOKHELAVEN
o sit Science NATIONAL LABORATORY iy 25-27, 2065
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Gun and gun transition regions i

— n el
ELECTRON SEAM ION SCURCE

« Replaceable electron gun chamber:
— Minimized vacuum disturbance
— Pre-conditioned electron gun
— Fast turn around fimes
— Increased EBIS reliability

_,, \ ’ Gun Transition
Electron Gun Chamber
Chamber with Buffer Chamber

Launching Solenoid with Pump-out port

o LT
5( Wy Office of BRODKHEAUEN
wres il Science NATIONAL LABORATORY

iy 2517, 1005
U4, DEFARTHENT OF INERTY
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Electron Gun

+ The existing 10 A electron gun
with IrCe cathode meets the
RHIC EBIS requirements, with
an estimated fifetime of >20,000
hours.

+ The present cathode is actually
capable of operating at 20 A
with lifetime of 3000-5000
hours.

In order to have a reserve for a possible future increase of the ion
beam intensity, we are building the electron gun electrodes and
collector with the capability of operating up to 20 A.

P Office of BROOKHLVEN
,’-,..ggé Science NATIONAL LABORATORY Jaty 25-27, 2005

U, DEFARTMIENT OF ENERCY
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Electron Gun Design

ELEGTRON BEAM 10N SOURCE

: Electron beam transmission from the electron gun.
Electron gun [el=20.5 A, Ua=38.5 kV

(=T

Perveance controlling spacer

Ceramic standofis

b, Qffice of BROOKHEAEN
i Boience NATIONAL LABORATORY

i 2577, 2088
UL OEPARTMENT OF BNERGY
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Test EBIS 50kW Electron Collector

Electron Collector and Vacuum Housing

View from ion extractor end
(extractor not installed)

Ay

i FFi 1
CE7, Seionca SROmoingEN
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RHIC EBIS electron collector assembly design — = —
ELECTRON BEAM ION SOURCE
Cryopump
Gate valve
HV break + Designed to dissipate P,= 300 kW

Pumping port peak power

Electron repeller ;
P Er=—= + More uniform distribution of
Electron reflector E_ rj] e-beam
Eiectron collector o

» Increased surface area (2300 cm?)

» Calculated max power density on
EC surface (for 300 kW):
Pmax= 485 Wfem?

lon extractor
lon lens

Adaptor elecirode
HV feedthrough

+ Outer surface of collector is at
atmosphere (no internal cooling
lines).

Ay

. .
Fé ¥ Office of BROOKHAVUE
e Sclience NATIONAL LABORATORY
UL DEFARTRIEMT OF ENERUY
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Simulations for 20A, 15keV electron beam

! T He 4 -
N Rl P T R

ANSYS simnlation of temperature disﬁibution
in EC at peak power. 20 A, 15 kV, 50% DC

20A electron beam trajectories in EC

500.0

400.0

L
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0.0 . ! ;
1800 16850 1800 1650 2000 2050 2100 4
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VR TR Ty T T
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Von Mises stress distribution at peak power

Electron beam power density
distribution on EC surface

s

e, el
FZ Office of BROOKHEAUEN
=i Science NATIONAL LABORATORY JU—
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Electron collector simulation resuits and status

ELECTRON BEAM 20N SOURCE

« RHIC EBIS electron collector was designed and simulated for
300 kW electron beam power.

+ After analysis of several EC material we selected Brush
Wellman copper-beryllium alloy Hycon-3, because it has the
largest margin between the yield stress and the resuiting stress.

+ ANSYS stress simulations demonstrate, that for 50% duty cycle
(50 ms ON, 50 ms OFF) and 15% duty cycle (30 ms ON and
170 ms OFF) the average values of stresses and their
amplitudes provide life time before fatigue failure well over
108 cycles.

« The electron collector has had a design review and is expected
to be ordered from Brush Wellman in about a month.

L P
(&, Ynce of BROOKHEUYEN
- Science NATIONAL LABORATORY

U5 DEFARTUENT O# ENERGY
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Central Drift Tube Structure

-.—

- n ‘
ELECTRON SEAM 30N SDUACE

Solid thim-walled outer tube

Perforated thin-walled tnmer by

NEG strips STI72NP in the gap betwsen tubes

Potential lead (0.25" tubx)

Ceramie standofls

T A RN LA T G e R e R ST

ms e
nape

13.24°

Similar to existing Test EBIS drift tube structure.

Sputter shigids

Wall of central
vacutzn chamber

i . Drift tobe

' NEG strips

Design in advanced stage, detail for adjustable mounts needs work.

= Office of
ﬁ:‘! Science

,ﬂ"%’

BROOKHEUEN

NATIONAL LABORATORY

. DEPARFIINT OF ENERAY July 2827, 2005
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Test EBIS Drift Electrode Structure — 5 — |

ELECTROW BEAM 10N SOURGE

+  Drift electrode structure spans the
length of the central vacuum chamber
within the Test EBIS Superconducting
Solenoid bore

Close-up of electrical leads

,%?zf;g, Office of

PR __...mﬁ Science
L%, DEFARTMENT OF ENERGY
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LEBT (hardware view)

ELECTRON BEAM 10N SOURCE

— Deuteron »  Beam switching in the
Cormmic 1oy IRt lens injection line and LEBT is
e l:”;a“ == v made in electrostatic
ectron collector i B0 . I3 H
=5 e Ia bender switchyards

Emittance measurements
will be made in a
removable test chamber

Electrostatic
benders

lon extractor - at the end of the LEBT
cceleraung .
ton tens whe o © before the RFQ arrives
Adaptor Gate valve L External |
elactrode : H jon injection
— pon
HV feedthrough \
Y \
PN
o, B,
et e et | Emittance measurement
il
| ¢hamber
| e (removable for LEBT
Elecrrostatic —~—h’}{2’ TOF port attachment to RFQ)
deflectors ! * '
= Office of "r:ﬁ
87 Sranca BROOKHRUEN

uty 2677, 2005
L & BEPARTRIENY OF ENERGY
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Holiow cathode source pumping and ion optics

u
ELEGTRON BEAM [QN SOURCE

) . '/«9\
s o "J," 4"%) l, it

M

HOLLOE CLTHODE Tl

AROLED .
CIHZEL LETSS

Sopas

P~4x 10-8 mb P~4x10-6mb  P~8x 10-5mb P~0.emB
Pegig~2x10-19 mb for Py g~1mb, 10ms, 1Hz shutter operation

“Seed ions” will be provided from relatively low cost ion sources which
have been tested and developed to meet our needs in our laboratory.

T, - P
% 3 Office of BEDDKHEAYEN
wers et Soience NATIONAL LABORATORY

iy 3537, 2008
LS. DEFKRTAMENT OF ERERQY
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LEBT Layout showing External lon Injectors and

HV Platforms iy by
........ External lon
«—— Source
EBIS HV Platf E
atorm u Platform(s)

{100kV nominal

. 20kV
during extraction) (an 0kV)

I
]
!
|
|
3

EBIS Platform: 0V during lon Injection and confinement;
100KV during ion extraction

ey -

Ve, Yice of BROOKHAVEN
=i Science NATIONAL LABORATORY sy 1537, 2008
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External sources used for primary ion injection at
the Test EBIS

Hollow Cathode lon Source (HCIS), based on
design used on Saclay EBIS.

Discharge current=0.5-4 A
Plasma electrcde diameter = 1 mm
V(extraction) ~ 15 kV

Source has produced:

45 pA of Cu*
e T L 130 pA of Ne”
Low Energy Vacuum Arc Source (l. 27 pA of Ny".
Brown); used very successfully for These currents are sufficient for seeding the
Au injection EBIS trap.
e Yence BROOKHOUEN

duly 1527, 2008
., DEFANTHENT OF ENORGY
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Comments on Schedule —

——
ELECTRON BEAM §ON SOURCE

» Components of the RHIC EBIS will be designed, manufactured
or procured. Assembly in a temporary location will then start in
mid-FY’07.

— This will allow testing of vacuum and high voltage (no beam
testing is planned)

+ The EBIS will be moved to its final location as a unit, in Q1,
FY'08.

T
2 5 Office of BRODKHAVEN
i Seience NATIONAL LABORATORY 2527, 2008

i DEPARTMENT OF ENERGY
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Procurements / fabrication (R&D)

ELECTRON BEAM 10N SOURCE

« Full power electron collector (later used on the final EBIS)

» High voltage isolation transformer (later used on the final EBIS)
« High voltage insulating break

« Controls for the EBIS HV platform ps’s

+ Platform components

+ LEBT chambers, solenoid, components

+ Prototype pulsed HV power supply

e

P Office of
(@2 BROOKHEUEN

# Science NATIONAL LABORATORY

U5, DEMARTMENY OF ENERGY
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EBIS R&D costs

ELECTRCN BEAM ION 50UACE

< Estimated Costs

Description

Direct FY'05K$

Mat'l Labor Contingency Total

R&D

345 383{ $145(20%) |

873

Costs for the EBIS construction and testing will be presented
in the detailed talks tomorrow.

2 Office of
@E‘: Science

GF DEPARTMENT OF ENERGY

ot

NATIONAL LABORATORY
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EBIS Pre-CD1 Technical, Cost, e 1

Schedule, and Management Review ELECTRON BEAW 104 SOURCE

WBS 1.1 Structurai Components
(EBIS, LEBT, External Sources)

Alexander Pikin

July 25-27, 2005
.«"’Aﬂd?
FTaEs, Qtfice of EROOKMEATEN
> Science NATIONAL LABORATORY iy 2877, 2008

. DEPARTIMENT OF EHERGY

1. Superconducting solenoid

ELECTRONR BEAM IDN SOURCE

Will be purchased from the outside vendor, possibly
American Magnetics Inc.

Needs to be done at BNL:

= Finalize requirements,

= Final assessing of magnetic field,

= Inspection, installation, safety review.

Procurement:. $328,299

Base for the cost: 2005 Quote from American Magnetic Inc.

Pres s, Office of BROOKHEAEN
W,,:;_"_"g Sclence NATIONAL LABORATORY

UL OOPARITAENY OF ENEROY

Koty 2527, 2095




2. Electron qun E

ELECTRON BEAM 10N SOURCE

Provides:

*|_el=20 A

= |_emission=35 Alcm?

= QOperation in a wide range of current,voltage and magnetic field

» Versatility (variable electron beam profile and perveance)

Maintainability (robust design, replaceable unit)

=

P57, Qe of BROOKHEAVEN

ol Science NATIONAL LABORATORY
LS. DEFARTMENT OF ENTROY

Sty 28-27, 2005

Degree of readiness of the electron gun:

»
ELECTRON BEAM ION SOURCE

Has been done:

» Simulated electron beam extraction and propagation in anode and
first drift tubes,

» The mechanical design of the gun is nearly complete

Needs to be done:
» Final simulations with final magnetic field,
= Procurements, manufacturing, testing.

Required resources: Base for estimate:
Procurements (‘05%): $53,000 Quote for cathodes from BINP
Manpower: $53,899 (Novosibirsk), catalogs.

i3, Ynenc BROOKHRUEN

July 28-37, 2005
DX, DE=ARTIFENT OF ENINRDY




3. Drift tube structure

Proposed DT structure:

= Larger ID of drift tubes (42 mm instead of
existing 31mm),

» {nternal pumping capability (NEGs) for better
vacuum,

* Design is based on existing design and
experience.

We have conceptual design and assembly drawing

i

. Procurements ('05%):  $80,000
| Base for estimate: cost of existing structure
(Historical cost)

o i
e OFFi F p '
ﬁﬁ Sc:gﬁr.:a Nﬁﬁgﬂlfﬁ%‘g%!v T i
. DEPARTAILNT OF INEASY f
_— . gee—
1 4. Central chamber with its heater e & w—
E ELECTRON BEAM 19N SDURCE
|
; . —-- Inner shell
. Provides. of SCS eryostat
| = Housing for drift tubes and AR ¥, - Thermal shield
| ST NG, - Water-cooling
' HVleads, - o] HESXY, chanuels

- Heating
. elements
b . - Thermal
: insulation
i . “- Drift tube
79— Drifi tube
Ck g support
s '-'---;.._-- Central vacuum
? chamber

= Bakeout and magnetic
steering of the electron beam

i We have: assembly design
. based on EBTS prototype,
| technology “know how".

] - Correcting
[ transverse magnet coils

Procurements ('05%): $20,000

. Base for estimate: catalogs, prototype cost.
P25 Office of i
KL science. MO AT CHEEN,

oty 25-27, 2005
U6 DEFARTAENT OF EXERGY




5. Collector-transition chamber

_— e ge—
P e e o |
—

ELECTRON BEAM ION SGURCE

Provides:

= Part of electro- and magneto-optical structure between central

chamber and electron collector

= Vacuum separation between electron collector and central

chamber

= Vacuum pumping and monitoring
= HV drift tubes connections

= Electron beam loss monitoring

Design is based on using standard elements.

We have: assembly drawing and vacuum separation design,

design & technology of magnet coil, prototype “know how".

Procurements ('05$): $15,442

Base for estimate: MDC, 1S] catalogs, engineering judgment.

FET pffice of
g{-— ! Science

.5 DEPARTAIENT OF UENSEROY

R ]

BROOKHAUEN

NATIONAL LABORATORY

Sty 1527, 3005

6. Stands, Platform hardware

——
ELECTRON BEAM LON SOURCE

Includes:

= Stands,

Manifolds,

Fast ion extraction unit,
Transverse coils.

Provides:

» Support of major EBIS parts,
= HV insulation,

= Cooling water and pressurized air
distribution,

= Conirolled high speed ion extraction,
= Magnetic control of electron beam
propagation

Bt Office of
@:ﬁﬁ Science

L8, DEPARTMENT OF ENCRGY

EROOKHAUEN

NATIONAL LABORATORY

July 2537, 2003
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EBIS Pre-CD1 Technical, Cost, s
Schedule, and Management Review ELECTRON BEAU 10N SOURCE
[ e = e

WBS 1.1 Structural Components
(EBIS, LEBT, External Sources)

Alexander Pikin

July 25-27, 2005

]
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1. Superconducting solenoid — o —

ELECTRON BEAM 10N SOURCE

Will be purchased from the outside vendor, possibly
American Magnetics Inc.

Needs to be done at BNIL:

s Finalize requirements,

= Final assessing of magnetic field,

= |nspection, installation, safety review.

Procurement. $328,299

Base for the cost: 2005 Quote from American Magnetic Inc.

-7

Fras.. Office of BROODKHLATEN
waenry Soience NATIONAL LABORATORY iy 2537, 2008
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2. Electron gun

ELECTRON BEAM LON S50URCE

Provides:

=|_el=20 A
= j_emission=35 A/lcm?

= Qperation in a wide range of current,voltage and magnetic field
= Versatility (variable electron beam profile and perveance)

» Maintainability (robust design, replaceable unit)

e
] e e -
». Office of BROOKHIVEN
el Science NATIONAL LABORATORY
LS. DOPFARTRENT GF ENEROY

o

Aty 25-27, 2005

Degree of readiness of the electron qun:

ELECTROY BEAM ION SOURCE

Has been done:

= Simulated electron beam extraction and propagation in anode and
first drift tubes,

= The mechanical design of the gun is nearly complete

Needs to be done:
» Final simulations with final magnetic field,
= Procurements, manufacturing, testing.

Required resources: Base for estimate:
Procurements (‘05%): $53,000 Quote for cathodes from BINP
Manpower: $53,899 (Novosibirsk), catalogs.

s, Office of BRODKHAVEN

et Sofence NATIGNAL LABORATORY
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Aly 2521, 2005




3. Drift tube structure

Proposed DT structure:

Larger ID of drift tubes (42 mm instead of
existing 31mm),
* Internal pumping capability (NEGs) for better
vacuum,
» Design is based on existing deSIQn and
experience.

We have conceptual design and assembly drawing

| Procurements ('05%):  $80,000
| Base for estimate: cost of existing structure [F=
(Historical cost)

eyt OFfice of
....,“‘::? ?f‘ Science

. DEPARTMEMT GF BNITRGY

B

BRODKHEUEN
NATIONAL LABORATORY

Aoty 2527, 2008

4. Central chamber with its heater

= . -

R b

L4 | ——
ELECTRON SEAM (0N SDURCE

* Housing for drift tubes and
HV leads,

* Bakeout and magnetic
steering of the electron beam

I
|
, Provides:
|
i

. We have: assembly design
based on EBTS prototype,
technology “know how".

Procurements ('05%): $20,000
Base for estimate: catalogs, prototype cost.

—-— Inner shell

of SCS cryostat
- Thermal shield
- Water-cooling

} '} - Thermal
insulation

" -~ Drift tube

support

,,.“ﬁ_ Central vacuum

chamber

- Correcting

transverse magnet coils

Pt Office of
u;gr/,‘_/ﬁ? Science.

U.E. DEPARTMENT OF ENSRGY

BROOKHAUEN

NATIONAL LABORATORY

ety 2527, 2009
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5. Collector-transition chamber — n

ELECTRON BEAM (0N SOURCE

Provides: :

= Part of electro- and magneto-optical structure between central
chamber and electron collector

= Vacuum separation between electron collector and central
chamber

= Vacuum pumping and monitoring

= HV drift tubes connections

= Electron beam loss monitoring

Design is based on using standard elements.

We have: assembly drawing and vacuum separation design,
design & technology of magnet coil, prototype “know how".

Procurements ('053): $15,442
Base for estimate: MDC, 18I catalogs, engineering judgment.

Z" Office of BROOKHAYEN
ot Science NATIONAL LABORATORY ——
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6. Stands. Platform hardware — = —
- ELECTROH BEAM 10K SOURCE
Includes:
= Stands,
» Manifolds,

v Fast ion extraction unit,
s Transverse coils.

Provides:

= Support of major EBIS parts,
= HV insulation,

» Cooling water and pressurized air
distribution,

= Controlled high speed ion extraction,
= Magnetic control of electron beam
propagation

Fe. Office of BROOKHEVEN
; i £)
sg,—_:d Sctence NATIONAL LABORATORY

V.8 PEPARTMEINT OF BREROY

July 1521, 2005
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6. Stands, Platform hardware — & —

ELECTRON BEAM 10N SOURGE

We have: EBTS prototype design of supports, and manifolds,
prototype of fast extraction unit.

Required resources:
Procurements ('05%): $85,000
Manpower: $103,402

Base for estimate: engineering judgment

i -
Vs, Yitice of : BROOKHLAEN
i Selence NATIONAL LABGRATORY ey 2821, 2005
LS. DEFARTUENT OF ENERCGY
9
7. LEBT

. ﬁ
ELECTRON BEAM tON SOURCE

Provides:

= Transport of the beam of hlghly charged ions extracted from
EBIS to the RFQ

= Transport of the primary ion beam from an auxiliary ion source
to EBIS

= Transport of the deuteron beams from additional ion source to
the RFQ

= jon beam diagnostics.

;ﬁ";’{' Office of BROOKHAVEN
Science NATIONAL LABORATORY Aoty 2841, 1004
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EBIS Pre-CD1 Technical, Cost,
Schedule, and Management Review ELECTR

R B G
CETR RN b
L& |

OK BEAM 10N SOURCE

WBS 1.1 Structural Components
(EBIS, LEBT, External Sources)

Alexander Pikin

Y 4

July 25-27, 2005
i
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1. Superconducting solenoid — = w—

ELEGTRON BEAM IDN SOURCE

Will be purchased from the outside vendor, possibly
American Magnetics Inc.

Needs fo be done at BNL:

= Finalize requirements,

= Final assessing of magnetic field,

= |nspection, installation, safety review.

Procurement: $328,299

Base for the cost: 2005 Quote from American Magnetic Inc.

_— .
Fr&s. s, Office of BROOKHELUEN
ey Solence NATIONAL LABORATORY
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2. Electron gun

ELECTRON BEAM ION SOURCE

Provides:

| el=20 A
= j_emission=35 A/cm?

= Qperation in a wide range of current,voltage and magnetic field
= Versatility (variable electron beam profile and perveance)

= Maintainability (robust design, replaceable unit)

]

— _
P75 Office of BEROOMHAVEN
,_‘gﬁ Science NATIONAL LABORATORY oy 2527, 2003

48, DEPARTAIGNT CF DNTRCY

Degree of readiness of the electron gun:

ELECTRON BEAM 10N SOURCE

Has been done:

= Simulated electron beam extraction and propagation in anode and
first drift tubes,

» The mechanical design of the gun is nearly complete

Needs to be done:
* Final simulations with final magnetic field,
= Procurements, manufacturing, testing.

Required resources: Base for estimate:
Procurements ('056%$). $53,000 Quote for cathodes from BINP
Manpower: $53,899 (Novosibirsk), catalogs.

a5, Qfice of BROOKHIY
i ] ATEN
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3. Drift tube structure

Proposed DT structure:

» Larger ID of drift tubes (42 mm instead of
existing 31mm),

* Internal pumping capability (NEGs) for better
vacuum,

= Design is based on existing design and
experience.

k

. Procurements ('05%):  $80,000
| Base for estimate: cost of existing structure [E=)
' (Historical cost)

T i
PSR DT F TP '
F(& 7, Qifice of BROOKHIUEN —_— |
W DEPARTAIENT OF BNERSY 5 j\
_l_
= H ORI B
| 4. Central chamber with its heater — n —
‘ ELECTRON BEAM 10N SOURCE
i
| ; . N Inner shell
i Prowde_s. _ T of SCS cryostat
| - Housing for drift tubes and - ., -~ Thermal shield
) oo - Water-cooling
| HV leads, N\,

» Bakeout and magnetic
steering of the electron beam

i , - Thermal
1

! insulation
. © - Dr
| We have: assembly design .
i based on EBTS prototype, support
| technology “"know how". /o Senn vacuum

) - Correcting
| transverse magnet coils

FProcurements {'05%): $20,000
Base for estimate: catalogs, prototype cost.

e E
F”g =) Office of BROGHHKLAEN
st Science. NATIONAL LABORATORY iy 2517, 2008
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5. Collector-transition chamber

ELECTRON BEAN JON SOUACE

Provides: .

» Part of electro- and magnetfo-optical structure between central
chamber and electron collector

= Vacuum separation between electron collector and central
chamber

= Vacuum pumping and monitoring

= HV drift tubes connections

= Electron beam loss monitoring

Design is based on using standard elements.

We have: assembly drawing and vacuum separation design,
design & technology of magnet coil, prototype “know how",

Procurements ('053%): $15,442
Base for estimate: MDC, IS| catalogs, engineering judgment.

sl |

E_Z” Office of ERDOKHEVEN
Scionce NATIONAL LABORATORY sy 2897, 2008
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6. Stands, Platform hardware e o w—
- ELECTRON BEAM IDN SOURCE
Includes:
= Stands,
= Manifolds,

= Fast jon extraction unit,
» Transverse coils.

Provides:

s Support of major EBIS parts,
= HV insulation,

» Cooling water and pressurized air
distribution,

s Controlled high speed ion extraction,
= Magnetic control of electron beam

propagation
W S8 Office of BROOKHLYEN
wpmeed Science NATIONAL LABORATORY Sty 2327, 1005
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6. Stands, Platform hardware — 0 —

ELECTRON BEAM 10N SOURCE

We have: EBTS prototype design of supports, and manifolds,
prototype of fast extraction unit.

Required resources:
Procurements ('05%): $85,000
Manpower: $103,402

Base for estimate: engineering judgment

(AT BROOKHRVEN
=t Seience NATIONAL LABORATORY PO
W3 DEPARTHEKT OF ENEROY
s
. A B ge—
2 it i sren o
7. LEBT  § el

ELECTRON BEAM (ON SOQURCE

Provides:

= Transport of the beam of highly charged ions extracted from
EBIS to the RFQ ‘

= Transport of the primary ion beam from an auxiliary ion source
to EBIS

= Transport of the deuteron beams from additional ion source to
the RFQ

* lon beam diagnostics.

~ Office of BRODOKHEUEN

.»,.i,(;;,_;;g.«ﬁ Science NATIONAL LABORATORY J—
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7. LEBT

ELECTRON BEAW 'ON SQURCE

We have:

= Preliminary optical simulation of the ion extraction from EBIS and
propagation in LEBT structure,

= A version of mechanical design with assembly drawing.

Required resources:
Procurements ('05%). $82,000
Manpower: $66,237

Base for estimate: Quote for accelerating tube from BINP
(Novosibirsk), catalogs, engineering judgment.

et

P"g Office of ERDDKHIUEN
f_ﬂg} Science NATIONAL LABORATORY Juty 1027, 2008
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8. External ion injection

= b
ELECTRON BEAM ION S0URCE

A External lon
EBIS HV Platiorm : +«—— Source
(100kV nominal . Platform(s)
during extraction) _ (nom. 20kV)

l

3
ﬁf/” %5 Office of _ BROOKHAUVEN
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8. External ion injection

ELECTRON BEAM JON SOURCE

Provides:

* Primary beams of low charged ions for injection into EBIS,

e Transport of primary ions to LEBT,

= Control of used ion source or selection of ion species,

= Vacuum pumping with vacuum separation.

We have:

* Developed versions of hollow cathode ion source and LEVA,
= Developed methods of mass-separation, vacuum separation
and pumping.

Required resources:

Procurements ('05%): $75,554

Manpower: $63,802

Base for estimate: catalogs, engineering judgment.

.@W Office of BREOOKHEUEN
2.5 Science NATIONAL LABORATORY R
UE DEPARVATENT DA EMERSY "

13

9. Electron collector (R&D)

n el
SLECTRON BEAM 10N SOURCE

Provides:

= Controlled dissipation of the electron beam,
» Heat removal from electron beam power,

» |lon beam extraction, transport and injection,
= Vacuum pumping.

We have:

e Optical simulations of electron and ion beam transmission,

= Thermal, hydraulic, stress simulations, critical power density
and fatigue analysis,

» Mechanical design with design review.

This will be procured/fabricated as part of the R&D, but will later
be used on the final EBIS.

ok
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Risk assessment

BTSRRI E B
e 3 e—
ELECTAON BEAK IOK SQUACE

(advanced materials and
technologies)

Components Risk Mitigations
Electron gun Low
Electron collector | Technical Early procurement,

testin R&D

PR Office of
.g,,;{.;’gé Science

.S, DEPARTRIENT OF SNERAY

NATIONAL LABORATORY

Superconducting | Cost 40% contingency
solenoid
LEBT Technical Test in R&D
(still in design & simulation
stage)
EROCKHZATEN

udy 3527, 2005

WBS 1.1 Structural Components E—-
Estimated Cost
Direct FY'05K$
WBS Description Mat'l Labor Contingency Total
1.1|Structural Components 1675| 680| $665 (28%) | 3020
EBIS, LEBT, external inj 770| 480 $320 (26%) 1570
RFQ, Linac, Bunchers 905 200| $345(31%) | 1450
Labor hours/equivalents EBIS, LEBT,
external inj
Rescurce Category es:;rl\lar;ed
Scientist 1,760
Engineer 2,255
Designer 5
Technician 2,540
Management 275
Building Trades 50
“Total| 6885
[Full Time Equivalents | 3.9
. 16
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Conclusion — & en—

ELECTRON BEAL 1N SODURCE

= Design of all components of RHIC EBIS is based on tested
design of similar components of the Test EBIS, with
improvements in reliability, maintainability, vacuum quality.

= Most of RHIC EBIS components are in an advanced design
stage with simulations and calcuiations mostly done.

* For prototypes of the most critical components (electron
collector, LEBT) R&D study is planned in advance of final
manufacturing.

e et - "Mﬂm}.
!“"@ "‘;"“*‘”“; ' Office of BROOKHIAVEN
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EBIS Pre-CD1 Technical, Cost, e
Schedule, and Management Review FLECTROR BEAH 10N SOURCE

WBS 1.1 Structural Components
RFQ, Linac, & Bunchers

Jim Alessi

July 25-27, 2005

o -
b, Yitice of BROOKHAUEN
=l Sclence NATIONAL LABORATDRY Ay 1527, 2008
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ZPreinjector Layout
‘ﬂ

RFQ: 17-300 keV/u; 100 MHz

IH Linac: 0.3-2.0 MeV/u; 100 MHz

L
gz “5 % Office of BROOKHAUEN
remmen st Sefence NATIONAL LABORATORY iy 3527, 3008
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ELECTROH BEAM 10K SOURCE
Parameters BNL CERN Units i
Type A-rod 4-rod ,
Qim 0.16-0.5 0.12
input Energy 16.2 25 keV/amu .
Output Energy 314.72 250 keVfamu i
Frequency 101.28 101.28 MHz
Max rep rate 10 10 Hz i
Length 4.37 25 meters
Number of cells 277
Aperture Radius 0.005 0045 meters I
Voltage 60 70 ¥ f
Efsurface) 208 <3 MVim E
RF Powsr <350 < 350 kW '
Acceptance 1.7 >08 & mm mrad (nor) !
Input Emittance 035 « mm mrad. nor, 90%
Qutput Emittance {trans) 0.375 = mm mrad, nor, 90% i
Output Emittance 336 T MeV deg, 90%
(longit} |
Transmission 2N 93 % |
Bravery factor 18 <2 Kilpatsick '
. (Y
@ . Office of DKHAUEN
=% Science NATIONAL LABORATORY w2627, 2008
B, DEPARYEVANY OF ENEREY
3
!
i
- |
= EETIRRR R '
ELECTRON BEAM [ON SGURCE ‘
|
Parameters BNL CERN Units '
Tank 1
Q/m 0.16-0.5 0.12
Input energy 0.314 0.250 MeV/amu
Output Energy 2.08 1.87 MeV/amu )
Frequency 101.28 101.28 MHz '
Max rep rate 5 10 Hz |
|
Length 4.0 .57 Meters |
Input emittance 0.35 nwmm mrad, norm. 0% :
Output emittance 0.61 7 mm mrad, norm, 90%
Output energy spread 20.0 keV/amu
Transmission 100 %
Two quadrupole triplets inside for focusing. J
The maximum field on the axis will be 13.5 MV/m.
Fixed output velocity, independent of the a/m of the desired beam (cavity gradient is
adjusted for different g/m's, to maintain a fixed velocity profile).
. e
Vs, Office of ERDOKHLAEN
&.j_‘ﬂﬁ Science NATIONAL LABORATORY Ay 2597, 2008
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REX-Isolde RFQ

L
s ] 4

e B
ELECTRON BEAM ION SOURGE

5 keV/u to 300 keV/u
101.28 MHz

Q/m= 1/4.5 (1/6.5 possibie)
L=3m

R=146 kQ/m

P=30 kW

Q=4050

~GSI HLI-Linac and
Heidelberg high-current

injector {
Office of i
L Chenca BROOKHRUEN
A N gae——"
= oAttt e
REX-Isolde IH Linac — & —

ELECTRON BEAM 10N SQURCE

0.3 MeV/u to 1.2 MeV/u
101.28 MHz

L=1.5m

Q/m=1/4.5

R=330 MQ/m

P=65 kW

~GS| HLI-IH and CERN Tank1

[T Office of
ol Science

Y5 DEFRATRENT OF ENERTY

BROOKHEUEN

NATIONAL LABORATORY July IET7, 2008




RIKEN - Okamura

ELECTROX BEAM 10N SQURCE

D‘Z o OfFfice of
wrod Science

G, DEPARTMEXT OF ENEROV

BROOKHEUEN

NATIONAL LABCRATORY

Jodly 15-27, 1008
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REX-Isolde Bunchers (split-ring)

ELECTRON BEAM 10N SQURCE

Q/m=1/4.5
101.28 MHz

L=0.2 m, 3 gaps (70 kV integrated)

P=2 kW

~GS| HLI and CERN Pb linac

e

F”’ggf;?f}?f Office of BRODKHEMEN
s Science NATIONAL LABORATORY dy 1897, 3008 {
s, DRPFARIRLNT OF EMTRAY .
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SCOPE - i
i

ELECTRON BEAM ION SOURCE

Procurement of the following devices:

RFQ:

100 MHz, 4 rod design is conventional. Very similar to GS|, CERN, etc.

Will buy RFQ from Frankfurt.

LINAC:

IH structure chosen, very similar to CERN Pb linac. (conventional baseline

design).

Will probably get IH from GSI / Frankfurt.
Wili still investigate alternatives (electrostatic focusing) in FY'06.

Bunchers — 1 in MEBT, 2 in HEBT (Frankfurt)

Discussions and correspondence with Frankfurt (Schempp, Ratzinger) —
they are ready to build the RFQ and Linac for the project.

F-Z ) Office of
el Sclence

L. DEFARTMENT DF ENERCY
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RFQs and Bunchers supplied by Schempp

e n el
ELECTROK BEAM 10N SOURCE

11.7.05
Frojects : RFQs built for other Institutions
GSI: HLIRFQ EZR 25% df,
HSI * MeVVa,Cordis
SCR He+
Splral Cordis 27MHz U 2+
ESS-prototype Duopl. p
DESY 750keV In).l Magnetron 18keV Inj. 25 mA
DESY 750keV inj.ll Bucket 35keV 50mA
RAL LI Penning 5%df 35mA 1S1S injector
S| Stockholm EBIS
Saclay EBIS
Lyon Cluster m=50
Lyon Cluster m=1000
CERN /Orsay p-bar Lear Decelerator
MPI Heidelberg I,1I* EZR, Cordis
LMU Milnchen/Rex-Isolde* EZR,Isol
HMI-Berlin LIl EZR cw-cyclotron injector
PeBTec volume p,D 20%df
Prema LILI* P++, EZR HE-Implanters
Med-HD EZR p-C Med.Therapy acc.
GSlfHeidelberg
IKF EZR
Riken Laser-IS 60mA C4+
*=collaboration

Besides RFQs, there were appr. 20 Buncher, Rebuncher, Post ace Cavities “exported”
CERN 4, G516, Desy 3, Rex 1, SA 1, MS], Sacl,Pr. 3,IKF 2 resonators,,

-

Wg" %" OTfice of BRODKHEVEN
=2 Science NATIONAL LABORATORY -
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WBS 1 .1 Structural Com Eonents ELECTRON BEAM 10N SOURCE

« Major procurements (direct costs, '053%).
— RFQ: 340 k$; 30% contingency
— Linac: 400 k$; 40% contingency
— Bunchers: 3 @ 33 k$; 30% contingency
* Risks
— Technical risk is low
— Schedule risk — both are on critical path for the project
— Costrisk —$/Euro o — ' S

L2 )

w N *Over past 2 years
LW e e e e

ol - -

3TN A

RAV
b T T Tepot TR T
Copurignt 2007 Yanoo! Tnc. AL 1776 Inande it 0%
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Schedule

ELECTRON BEAM VOK 50URCE

RFQ procurement early in FY’06 with NASA $
~ 18 month delivery; test ~ Q3/4 of FY’07 (on Test

EBIS)

Linac procurement in FY’07; install in Q4, FY’08.

(gives ~ 1 year to investigate alternative linac

options)
Pt Off F in
3 e O
.;Qgg Science uﬁﬁﬁ'ﬁ'fﬂﬁ‘gﬁﬂv U
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WBS 1.1 Structural Components

ELECTRON BEAM 10N SOURLE

+ Estimated Cost

Direct FY'05K$
WBS Description Mat'l Labor Contingency Total
1.1|Structural Components 16756] 680 $665(28%) | 3020
EBIS, LEBT, external inj 770| 480 $320(26%) | 1570
RFQ, Linac, Bunchers 905 200| $345(31%) | 1450
« Labor hours/equivalents RFQ, Linac,
Bunchers
estimated
Resource Category hours
Scientist 865
Engineer 9204
Desligner 120}
Technician 860
Management 0
Building Trades _0
Total 2768
Full Time Equivalents | 1.6
A, Office of BRODKHA(EN

vt Science
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EBIS Pre-CD1 Technical, Cost, o —

Schedule, and Management Review FLECTAO BEAL 10K 5OURCE

WBS 1.4 Magnet Systems

John Ritter

July 25-27, 2005

I
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WBS 1 _4 Ma! I net S){Stems ELECTRON BEAR 10N SGURCE
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1.4.1 EBIS Warm Solenoids

1.4.2 MEBT Quadrupoles

1.4.3 HEBT Dipoles

1.4.4 HEBT Quadrupoles

#5'y Office of BROOKHEUVEN

NATIONAL LABORATORY
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WBS 1.4.1 Warm SOIGI‘]OldS ELECTROK BEAM !0 SOURGE

Length Aperture Gradient Field
Electron Gun Solenoid 15.3cm 254cm 14T/im 22T
Electron Collector Solenoid 12.7cm 25.4cm 1.2T/im 15T

EBIS LEBT Solenoid 2441cm 10.2cm 52T/m 1.25T
. . I
Pres>, Office of BROOKHAUEN
el Scte;:c:e NATIONAL LABORATQRY Sty 2227, 2008
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WBS 1.4.1 Warm Solenoids v n —

ELECTROH BEAM 10 SCURCE

Electron Gun Solenoid and Collector Solenoid similar in
design to existing solenoids installed on Test EBIS.

TS, Qffice of BROOKKAVEN
e v Sc’ence NATIONAL LABORATORY hdy 2527, 2003
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Design of EBIS LEBT Solenoid similar to Existing LEBT Solenoid
(H- LINAC) design.

Material/Procurements (Direct *05$)
Laminations for LEBT Solenoid $10K

Coil Material $9K
Magnet support/mount $12K
Magnet Components $30K

Estimate based on magnets built for EBIS and LINAC.

T
" _"A’WK H ,M f
(Q"‘* Office of BRODKHFUEN
-~ c‘i Science NATIONAL LABORATORY oty 3577, 2005
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WBS 1.4.2 MEBT Quadrupoles —

ELECTRON REAM ION SOQURCE

45 mm-long pole LANL Quads are available at BNL.
Estimate includes support system of magnets and necessary water manifolds.

e
F‘ ““"‘ " Office of BROOKHEAIEN
W‘t___(, .l { Srience. NATIONAL LABORATORY oty 2880, 4005
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WBS 1.4.3 HEBT Dipoles

- ¢ el
ELECTRON BEAM 10K SOURCE

e

Bend Angle 73°

Gap 12,7 cm

Radius 128 cm

Field 11T

Pulse Rate 1 Hz

Turns per coil 20

2 coils/magnet

Current 2780A @ 1.1T
Power 29.6 KWW/magnet
Voltage 10.65 V

Maximum Current
3285@1.3T

Maximum Power 41.4 KW
Maximum Voltage 12.59 V

Pt Office of
é,mjsé Science
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WBS 1.4.3 HEBT Dipoles

e 5 e
ELECTRON BEAM ION SOURCE

Material/Procurements

{Direct '058)
Laminations $126K
Coils 357K
Magnet Stands  $20K
Jacks $3.6K

Bus Terminations $8K

Water Manifolds $4K

1 Major items in estimate are coil

and lamination cost. Cost based
on prior magnet purchases at
BNL.

Steel Laminations $7.98 / Ib.
Wound Coils $17.98/Ib.

s Office of
aﬁi.:ﬁ;f Science
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WBS 1.4.4 HEBT Quadrupoles

Air-Cooled Quads and magnet stands available at BNL

L

ittt et 8

e o el
ELECTAON BEAM 10N SOURGE
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WBS 1.4 Magnet Systems

« Major procurements: (Direct '05 Cost)

1.4.1 Warm Solenoids $61K

1.4.2 MEBT Quads $12K

1.4.3 HEBT Dipoles (2) $219K

1.4.4 HEBT Quads N/A
Risks:

Increase in foreign currency exchange rates
Drastic increase in price of raw materials
Vendor delays affecting schedule

TLECTROK BEAM ION SOURCE

P’Cfa’? Office of
wen il Science
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WBS 1 4 Maﬂ net S!Stems FLECTRON BEAM YON SOURCE

« Estimated Cost

Direct FY'05K$

WBS Description Mat'l Labor Contingency Total
1.4|Magnets 205] 155] $95(21%) | 545

« Labor hours/equivalents Resource Category estimated

hours

Scientist 325

Engineer | 875

Designer 450

Technician ‘_ 600

Building Trades 50

Total 2,300

Full Time Equivalents 1.3

TE, Yhice s BRODKHEVEN,

iy 1517, 2008
LS. DTPARTMLNT OF PNEROY




E . M g—
e PR A R
-y

Platform Power — Isolation Transformers ELECTRON BEAN 10N SOURCE
#

Design Considerations

+ Provides isolated power to the EBIS, Cathode, and Reflector
platforms

- Low inter-winding capacitances minimize current requirements of
offset supplies and improves tracking between platforms

Function Primary Secondary Power isofation Cost

Elactron Gun Piatform 480 VAC, 3¢ | 480 VAC, 3¢ 400 kVA 100 kV -

EBIS Platform 480 VAC, 3¢ | 208 VAC, 3¢ 20 kVA 20 KV $ 150k
Suppressor Platform 4B0VAC, 1@ | 120VAC, 1¢ 1 kVA 20 kV $50k
IF=2% Office of v
{ iy ice o BROODKHEAEN
ot Sejence NATIONAL LABORATORY sy 2587, 2008
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EBIS Platform — PS Operation / Sequence ELECTRGR SEAM 108 SouCE
#

- Fill - The EBIS platform PS is off. This allows the EBIS to be
filled from one of the fwo external ion sources, which are at
ground potential. Having these sources at ground potential
makes their maintenance easier.

- HV Pulse — The EBIS platform is pulsed to 100kV. As alil other
platforms are reference to the EBIS platform, they all rise as
well. Once at full voltage, the flattop will be maintained for a
minimum of 40 usec.

- Extraction — Some of the drift tube power supplies are pulsed by
fast solid state switches to extract the ion beam from the EBIS.

L
i iy s
Vri%. s, Office of BROOKHEMEN
M,:::&mﬁ Scj'ence NATIONAL LABORATORY July 28:31, 2008
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Platform Power — Voltage Offset

Design Considerations

+ EBIS Platform PS: Provides pulses with two levels of amplitude with
flat-tops of 10 — 40 us widths. Either an tetrode or IGBT design could
be used bas}ed on detailed design (see next slide).

« Cathode Platform PS: Static offset to the EBIS platform supply

- Reflector Platform: Static offset to the Cathode platform by the
electron collector power supply, not a separated offset supply

Function Voltage Current Operation Cost
EBIS Platform PS 100 kV 0.2 A Pulsed $78.7k
Cathade Platform PS 20 kv 20 mA DC $13.4k
Przm Office of i
ce O X
é& Science N%E)gﬂlsﬂgl%'g\' s, 2008
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EBIS Platform PS — Design Trade - Offs ELECTROH 8EAM 10K SOURCE
#
THS?US
._M fint ”‘Giﬁem Tetrode
g _L\ + Continuously variable rise & fall times if needed
": to control tracking between platforms
« Modulation by tube in linear operation
F!LAMEH”
r ﬁmm G DR » integrated at BNL
o1
T | 2
IGBT

{ + Fixed rise and fall time

+ Modulation by dual primary windings with
independent DC sources - IGBT in switch mode

+ Purchased part

TETIGT

Vaftac
*dw\h\
3
rrd
..“’——g
FZ53, Office of BROOKHLVEN
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Platform PS - Bias & Magnet Supplies

—-— u e——
ELECTRON BEAM 10N SOURCE

These supplies are all operated as static power sources, except the cathode heater, which

is a ramped, current regulated supply.

Function Volfage Current Power Qty Unit
Cost
Cathode Heater 20V 20 A 400 W 1 $9.0k
Anode 40 kV 20 mA 800 W 1 $26.8k
Reflector 1 kV 10 mA 10 W 1 $2.2k
Repelier 1 kV 10 mA 10 W 1 $22k
Electron Collector 15 kV 15 A 225 kW 1 $200k
lon Extractor 10 kv 20 mA 200 W 1 $5.0k
Gun Solenoid B0V 200 A 10 kw 2 $95k
Collector Solencid 80 Vv 250 A 15 kW 2 $9.5kK
Transverse Magnets 20V 20 A 400 W 8 $25k
Pr7ES" Office of BROOKHEVEN "

S Science
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ey 1527, 2005

Platform Power — Drift Tubes

Design Considerations

N ge—
[osismcumecmsmadiamenin-muisi s ol
- u e

ELECTRON BEAM ION SOURCE

« The power supplies are operated statically. The output waveform is
created by the fast HV switches.

« These waveforms are monitored by the high speed (100 kHz) version

of the Power Supply Interface.

Eﬂ‘-’: Office of
@: Science

UL GEFAIITAMENT OF ENEKGY

Function Type Ratings Qty Unit Cost

Drift Tube PS Trek 20/20 20 kV, 20 mA 7 $134k

Fast HV Switch HTS 20103 GSM 20kV, 30 A 3 $35k
BROGKHIVEN

NATIONAL LABORATORY sty 2527, 2005
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External lon Injectors & LEBT ELECTADK BEAK 104 SOURGE
Ceramic
Break
l ExB Filter
nq‘ﬁ\‘ f—
—— i
o I
LIGHT ARC
CONVECTRON
LINK PULSER , .
GAUGE || RecENERS + +
i
ps s i
29KV @ 20mA | |2 @ BomA
4+
! i I - -
pLaTroRg 3 LU Lo
BlaSPS | b yrceeR |
HBEYEHmL | VT | TRIGGER | .
i : ! I _ 777
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lon Source Power Elements (Two Units) ELECTRON BEAl [OW SOURCE

» Bias for the Pulser Platform
— Bias PS: 20 kV @ 20 mA, DC supply ($ 13.4 k)

~ Isolation Transformer; 120 VAC to supply power to the Arc Pulser and
electronics on the platform ($ 2.5 k)

« Arc Pulser (3 15.0k)
— Storage Capacitors: Provides pulse energy
— Variac & Step-Up Tx: Charging supply for the capacitors
— Heater PS

« RF Trigger Supply ($ 4.0 k)
— Initiates discharge

::_m‘ office of BROOKHAUEN

Science NATIONAL LABORATORY Rty 2527, 7005
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lon Source Transport Power Elements (Two Units)  swmersoatowsoue
#

- Static Supplies
— Extractor PS: 10kV@ 10 mA ($ 4.0 k)
— Lens Supply: 20 kV @ 20 mA (2 units @ $ 26.8 k ea)

- Stieering
— Fast Electrostatic Bend: 4 kV @ 1 mA (2 units @ $ 16.0 k ea)
— ExB Deflector: +/- 750 V @ 60 mA ($ 1.2 k)
— ExB Magnet: 10V@4ADC ($ 0.2k)

8

K5, DEPARTMEINT OF CNERGY
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LEBT Power Elements ELECTRON BEAM 10K SOURCE
'm
+ Steering / Switching :
— Beam Line Steerer: +/-750V @ 60 mA (8 units @ $ 1.2 k ea) !
— Fast Electrostatic Bend: 4 kV @ 1 mA (4 units @ $ 8.0 k ea)
— Electrostatic Lens: 30 kV @ 20 mA (2 units @ $28.0 k ea)
Matching
—~ Pulsed Solenoid: 2,000 A @ 100V ($75.0 k}
— Current Wave Period: 2.6 seconds
P Gence BROOKHEWEN
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Pulsed Operation of Magnet Power Supplies ELECTRON BEAK I0F SOURGE
[ SRR S = e -
4 Pulses 1 Sec spacing 1 Sec spacing
10 -500 S ea To one pulse To four pulses
200 mS apart
=0.6 Sec
e i e i i ,
e
\\ f«f? M&
b, e F Y
‘%% 5 i,
Amkhms"”“-ﬂww f

*The LEBT solenoid, MEBT gquads, LINAC quads, HEBT
quads, and HEBT dipoles are all pulsed with this wave shape.

-The L*di/dt requirements of this current wave shape for the
magnets require higher voltages on the power supplies,
especially the HEBT big bend.

N L
= Office of BROOKHILAUEN
S Science NATIONAL LABORATORY iy 2527, 2008
i3
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Sample PUISed Mag net PS CaICUIatlon ELECTROK BEAM iDN SCURCE

This is an example of how the power supply for the big bend
dipoles at the end of the HEBT were determined to require 250 V
for the pulsed waveform.

- Magnet Parameters: R=7.6 mQ, L = 10 mHy, Imax = 3,285 A

« Inductive Volitage: Maximum slew rate of full currentin 0.5
seconds. Then,V, =10mHy *3,285A/0.5sec=65V.

» Magnet IR Drop: Vg =3,285A*76mHy =25V

« For Two Magnets with 25% overhead:
Vy = 1.25* 2 magnets * (65 V + 25V) =225 V

« Cable Losses: Run from the LINAC to the series connected
magnets. Assume round trip losses of 25 V.

e . A"'-"‘K-':K
gs{éﬁ?"} ' Office of BREODDRKHEUEN
et Socience NATIONAL LABORATORY oy 1077, 2008
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MEBT, IH LINAC, & HEBT E-'

« MEBT
-~ Quads: 450 A @ 20V, Two quadrant in voltage (4 units @ $ 18.4 k ea)
— Steerers: 15 A @ 35V, Four quadrant (4 units @ $ 4.5k ea)

« LINAC
- Quads: 450 A @ 20V, Two quadrant in voltage (6 units @ $ 18.4 k ea)

+ HEBT
— Big Bend Dipoles: 3285 A @ 250 V, Two quadrant in voltage ($ 150.0 k)
— Quads : 25 A @ 35V, Two quadrant in voltage (4 units @ $ 4.5 k ea)
— Steerers: 15 A @ 35V, Four quadrant (12 units @ $ 4.5 k ea)

e

« Major procurements:

— EBIS Electron Collector PS
— Puised High Current PS: LLEBT solenoid & HEBT big bend

+ Deliverables:

— Everything here except Electron Gun Platform isolation

transformer (400kVA).
b, Shcnen BROOKHLAEN, o
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WBS 1.5 Power Supplies — Cost Summary

B L et o e

ELECTRON BEAM 10N SOURCE

/// Engineering ‘
y / Judgement 1 | Cost Distribution
\, /// s 0| Direct FY'05K$
N Material Labor
EBIS Platform $530 $ 80
Ext. Injectors &
5 |LEBT $ 330 $ 50
/ MEBT, IH LINAC &
HEBT $490 $65
Totals $ 1,350 $195
Basis of Material Costs Total Cost $ 1,545K
- i L
s, Yhice st BROOKMRUEN
g )
p— m—  g— |
| b menb ootk seccaars: § o
e u 'l

WBS 1.5 Power Supplies

« Estimated Cost

ELECTRON BEAM 10N SOURCE

WBS Description

Direct FY'05K$

Mat'l Labor Contingency Total

1.5|Power Supply Systems | 1350] 195] $400 (26%) | 1945

+ Labor hours/equivalents

estimated
Resource Category hours
Engineer 1,475
Designer 975
Total 2,450
Full Time Equivalents 1.4
gxﬁ%“f’ﬁ Office of BROOKHBUEN

i Science

ol
U.5. OEPIRTHENT Of ENIRGY

NATIONAL LABORATORY
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EBIS Pre-CD1 Technical, Cost, e
Schedule, and Management Review ELECTADN BEA 10K SOURGE
#

WBS 1.5 Power Supplies

Bob Lambiase

July 25-27, 2005

e
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EBIS Pre-CD1 Technical, Cost, e
SChedUIE, and Management Review ELEGTROK BEAM ION SOURGE

WBS 1.6 RF Systems

Alex Zaitsman

July 25-27, 2005

i d
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e Slensd JBRoowinuen i
|
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1.6 RF SYSTEM for EBIS Ko e 2 st
Five RF systems:
 Radio Frequency Quadrupole (RFQ)
« Inter-digital-H structure (IH) Linac
« Three buncher / debuncher cavities. 7
E
e, Yhenas pROOMRUEN =
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EBIS RF SYSTEMS

The RFQ and IH Linac RF systems will be pulsed systems with the pulse
width of 1 mS running at 5 Hz, 400 kW peak power. Presently, we are
planning to buy commercial type stand-alone FM transmitters. There
are at least two companies that have aiready expressed interest in
building them for BNL.

Each of the three bunchers will use a 4kW water-cooled solid state
amplifier.

RF systems will be built to accommodate PPM with at east seven
independent users, and amplitude and phase controls to compensate
for the beam loading; they will not require beam locking or beam
chopper.

o

s OFfice of |
h@_‘% Science NEF%J?A“L‘E!!&!“A’FO“P;Y ity 2837, 2008 i
3 é
i
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WBS 1-6-1 ngh Level RF Systems ELECTRE’«:IGH SOURCE
EBIS RF i
SYSTEM E
I
i
' F structu ;
PA Circulator REs rucl___re_. '
e —-— Dir.coupler . -,  Dir. coupler | |
o o i | S E ' | i
H —_— ] :
LLRF | ! _J_’ N ! !
i Line stretcher/ T | !
phase shifter i
i

e Office of BROOKHEAEN

el Sejence NATIONAL LABORATORY oty 2837, 200K
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WBS 1.6.1 High Level RF Systems o e o
Bunchers
Frequency 2 MHz
Bandwidth 2 MHz
Average Power 4 kW
R/Q 1.5k
IZET, tice of BROIHEAEN

WBS 1.6.1 High Level RF Systems
RFQ & Linac
Frequency 100 MHz
Bandwidth 2 MHz
Peak power 400 kW
R/Q 108 for RFQ & 30 for Linac
Pulse width 1 mS
Pulse rise time .2 mS max
Duty cycle 1%
T, Yot EROOKHAVEN,

V.5 DEPIRFMENT OF DNORGY
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WBS 1.6.2 Low Level RF Systems e srom o soner

EBIS LLRF System Functionality

Common architecture for all systems, evolving from current RHIC
and AGS upgrade efforts.

Digital 1Q fast feedback to maintain RF amplitude and phase as
specified. Minimum 50d8 dynamic range.

Slow feedback for structure resonance control.

Slow feedback on beam energy if desired.

All systems phase locked to common external master RF
reference.

System configuration and diagnostics via standard C-AD
distributed controls. Rep rate, multiple users, etc. not an issue.

TS Yren st EROOKHRVEN
—I—}
|  WBS 1.6 RF Systems e
|
« Major procurements: FY'05 direct $
'+ 16.1.1.2 RFQ Power Amp -$400k
L. 1.3  Circulator -$17,250
.+ 1.6.1.22 Linac Power Amp -$400k
- 2.3 Circulator -$17,250
'+ 16.1.3.2 Buncher PA's (3ea) -$150k
. 3.3 Circulators (3 ea) -$15k
» Cables/waveguides/couplers for all systems -$100k
« HL instrumentation & controls for all systems - $50k
.+ High Level RF -$1.15M
.+ LowlevelRF -$135k
Vs, Office of BROOKHAUEN

et BSoeience . NATIONAL LABORATORY
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WBS 1.6 RF Systems

+ Estimated Cost

ELECTROWM BEAM 10N SOURCE

WBS Description

Direct FY'05K$

Mat'l | Labor{ Contingency

Total

1.6|RF systems

1305] 375] $470 (28%)

2150

» Labor hours/equivalents

Resource Category hours

estimated

Engineer 3,200

Designer 450

Technician 2425

Total 6,075

Full Time Equivalents

3.5

g Office of
g_‘,_{ﬁé‘i Science

WS DEPARTRIENT OF ENERAY

BROOKHEVEN

NATIONAL LABORATORY
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t - LECTROH BEARS ION SOURCE

WBS 1.2 Controls

Don Barton
July 25-27, 2005
- T
: Offi |
V—-—‘ﬁg Off :—;ﬁcoe . N%%?g'fﬂﬁﬂ%‘:!v July 2527, 2008

WBS 1.2 Controls

v el = NI Ry G D M 8 AR TR S Y

System Overview

RHIC-generation control system hardware and software

Ethernet, VME, VxWorks, Linux

Use existing software for:
— Device control & archiving (Pulse-to-Pulse Modulation)
— Data logging, comfort displays, alarms, e-log ...

Low risk — contingency ~20%

. Y
F’g Office of : BEROOKHIUEN
~2 Science . NATTONAL LABORATORY| [
WLE. DEPANTMENY DF ENERO Y ) B '
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WBS 1.2 Controls : | Zr
1.2.1 Timing & Infrastructure

» Extension of existing f/o for_ network and standard links

» Standard VME chassis for vacuum system interféce'

« EBIS event link will support both stand-alone and

Booster injection scheduling
» Console workstations, alarms monitor and printer
+ SW effort: mainly conﬁgqratibn of existing modules
B, Ytice ot | . |mmomoingew)

WBS 1.2 COI’ItI’OIS " ELTCTRO SEAN 10N SOURCE
122 EBIS |

« PS control for 4 “platforms”
— Quad Function Generator (QFG) in VME
— Power Supply Interface (PSI) on platform
— Function and 2 readbacks at 100kHz, plus Command/Status
- HV isolation via f/o serial lines between QFGs and PSls

- Timing via pulsed f/o links

* Custom console program for coordinated power supply control
— Specifications based on test stand experience
— Built with standard RHIC software tools

y Office of BROOKHEUEN
A4 Science NATIONAL LABORATORY A

.3, DEPARTMENT OF ENERGY
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1.2.3 Accelerators & Beam Transport

MEBT & HEBT power supply interfaces:
— Power Supply Controller (PSC) - PSI interface for dc

magnets
— QFG-PSI for ramped magnets
— Standard VME

. Instrumentation interfaces: Like recent projects (TTB and NSRL)
~ Standard VME — commercial [/O modules

* RF Controls Infrastructure: VMEG4X chassrs and standard
modules

« Software: Minor modifications to existing programs

Office of ' P
g@“ BRODKHEUEN
Sc;ence NATIONAL LABORATORY] Sl 3001, 2008
. DEPARTMENT OF BN -
5
- . ge—
[0 monvaersso st i etiat 4
e ¥ e
WBS 1 l2 Contro Is . LECTRDN BEAM 10N SOURCE
s L B ) N el o R a =~ B P R B 3t En ] 5 dn o oBHA R e Ra AR A B I3 X

« Procurements > $25K: (FY05$)
— PSI modules ($107K)
— VME Chassis ($60K)
— QFG modules ($45K)

» Deliverables:

— VME chassis populated with standard VME interface
modules; remote power supply interfaces; f/o links

— Workstation consoles for commissioning and maintenance
— Standard network and timing infrastructure elements

— Custom and (mostly) standard software and database

= Documentation

. . "
;_A Office of BRODKHIUEN

Sctence . NATIONAL LABORATORY] uly 2837, 2008
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WBS 1.2 Controls

+ Estimated Cost

— x e
LEGTRON BEAM 10N SOURCE

WBS Descript'ig_n_‘_

Direct FY'05K$

Mat'l Labor Contingency Total

r2leentrols: o Tk LA

o -850 400t T$100+(22%): 7 550,

« Labor hourslequivalents

Resource Category

estimated
hours

- |Engineer 1,050
Technician 275
Management 100

Total

1,425

- |Full Time Equivalents

0.8

V': Office of
~.d Science

1.9, OEPARTMENT OF ENERGY

7
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Schedule, and Management Review ELECTADM BEAL 10N SQUACE
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WBS 1.7 Vacuum Systems

Mike Mapes

WBS 1.7.1 Beam Pipes and Chambers

Design, fabrication, procurement, assembly and vacuum processing of chambers/beam
pipes and vacuum fittings/components. Design and procurement of heating blankets.

WEBS 1.7.2 instrumentation& Controls (1&C)

Design, fabrication, procurement, assembly and testing of a PLC based controls system
which monitors and controls pumps, gauges and vaives and provide vacuum interlocks.

WBS 1.7.3 Pumps

Design, specification, procurement, assembly and testing of Cryo, Diffusion, lon, NEG,
Titanium and Turbo molecular vacuum pumps.

WBS 1.7.4 Valves

Design, specification, procurement, assembly and testing of vacuum vaives.

Ve as s Office of BROGKHEUEN
wmte Science - NATIONAL LABORATORY Lty 2527, 2008

U5 DTFINTAIENT OF ENERSY

July 25-27, 2005
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WBS 1.7 Vacuum Systems

ELECTRON BEAM 10N SOURCE

VACUUM SYSTEM SCHEMATIC

2
o =]
e o
N e/
i T e I e CHRN. S D
el TN
(I S
= LEBT é’ é’ MEBT : HEBT LTB LINE
VACUUM DEVICE LEGEND e
(o CoTPIRANI GAVGE 1 TYPICAL SECTOR
[ orvorune | REQ |« *GAUGES- ATM.-10-'' TORR
[1P]- son PUMP
(] rureo Puweaic sramion T ) PUMPS- CRYO, NEG....
TP - mTANIUM SUBLIMATION PUMP : & +GATE VALVES-
Nz - Now-gvaRORASLE GETTER PUMP =1 T] SECTOR/PUMP ISOLATION
@-DIFFUSIDN PUMP — ’
S
PrrEts office of BEROOKHOVEN
'~ Science NATTONAL LABORATORY g 2527, 2008
3. DEPARFATENY OF SNERGY {
2 ;
SRR i
WBS 1.7 Vacuum Systems ELEeTHon PEAR Ion SOURCE |

Vacuum Requirements
*EBIS - 10-1% Torr, in situ baked 250°C

-LEBT, RFQ, MEBT & IH LINAC -Vacuum levels of 108 and 10 Torr are
sufficiently low for the partially stripped low energy ion beams for all these
regions due to the single pass nature.

*HEBT- Vacuum of 10-1® Torr is needed in the last section of HEBT to
minimize the diffusion of residual gas into the 10-11 to 10-'2 Torr Booster
ultrahigh vacuum system. In situ baked 150°C

Vacuum Design Parameters

«Only UHV compatible materials used — stainless steel and ceramics
*No organic materials allowed

+Stainiess steel chambers, Inconel bellows

*Confiat flanges- high reliability — low cost

+All components/chambers cleaned and vacuum fired to UHV standards

brzs" office of BRODKHEVEN
.l Seience NATIOMAL LABORATORY
U5 OEFANTMENT OF ENEROY

July 3527, 1005




WBS 1 .7 Vacuum SYStemS ELECTRON BEAM 10N SOURCE
VACUUM SYSTEMS SUMMARY TABLE
SYSTEM |PUMPS |VALVES |GAUGES | PRESSURE | BAKED
EBIS  |sohone, |l [smm, | 107Tom | 250°C
IS Zzla_lli;:?gON 2-10°CF 4-8"CF :g;im 1 0-8 -1 O-g TOTT NO
LEBT |1, [e” [sf [ 10%710°Tom | No
RFQ 2 CRYD 2.10°CF, 1-6°CF : g;im 1 0-3 _1 0_9 TOIT NO
MEBT 1 ION PUMP 1-6°CF : g;im 1 0_8 _1 0_9 TOTr NO
LI NAC 2CRYC 2-16°CF 1-8"CF : sgim 1 0_3 _1 o-g TO!’I’ NO
HEBT  [sonewwes  Jrocr soce 1070 Torr | 150°0C
— ) o -
7, Yarence JBRoowirdEn
5

WBS 1.7 Vacuum Systems

INSTRUMENTATION & CONTROL SCHEMATIC

n P
ELECTROK BEAM ION SOURCE

UNIZ/LINUX Woerkstation VME
Remete Operator Interface Front-end
|:| computer
= Ethrrnet I Control System
Progranmahle v
. acuum Sy
Logic Controller System
Ethemnet-RS232
Etherost Terminal Servers
Controllie [ _c;da_ -]
i DC Itpuis
= ]
Windows Werkstation RelayOuputs
Locad Operator [nterface E8.232

24 Ve ,

£33 i

RE-23% i

| i

i i

i !

Gauge lonPump Cryo Pump| [Turbo Pmp,
Conteollers| | Centrollers Contraliers| | Cordrallers
24 Vdc
Gauges onPups [Valves] [Cryopumps FMGMmi
P
ki 'y o
e, Yfice of BROOKHEVEN
el Scelence NATIONAL LABORATORY ity 3527, 2008
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WBS 1.7 Vacuum Systems

EBIS Beam line layout

| CrROSS

TITLIT .

! LOCATiON
s 50

EBIS HEBT VACUUM SECTOR
*CROSSES LTB LINE

*CONNECTS TO TTB LINE
*MODIFICATIONS TO BOTH LINES

: OFfi ey
IET, Yo JroowunuEn
Fi
- ge— i
WBS 1.7 Vacuum Systems T |
4 |

ELECTRON BEAM !ON SDURCE

» Historical Cost used throughout vacuum systems estimate since it is
very similar to other vacuum systems recently installed or upgraded.

« Standardization to Existing Vacuum Systems In C-AD Complex
— Inverted magnetron CCG and controllers (RHIC)
~ 20 I/s sputter ion pumps (Booster) and controllers (RHIC)
— NEG cartridge pumps and NEG strip (Booster, NSRL)
~ Turbopump stations with dry backing pumps (RHIC)

— PLC based vacuum monitoring and control (Booster, AGS,
RHIC, NSRL)

— PLC based bakeout system monitors and controls baked
section (RHIC, Booster, NSRL)

— Gate valves and roughing valves (Booster, RHIC, NSRL)

« Use commercially available vacuum fittings, flanges, seals, stc.
wherever possible and avoid custom fabrications.

" e F
Wg" >, Office of BROOKHEUEN
@mﬁ Science NATIONAL LABORATORY sty 3827, 2008
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WBS 1.7 Vacuum Systems

.

Major procurements (in FY05 direct dollars):
= Cryopumps with compressors — $112K

» Turbopumps - $144K

- (Gate Valves (10”,8" and 6") - $104K

Technicai Risk FaCtor:

 LOW RISK — Since designs are based on proven existing
vacuum systems designs in C-AD complex

¥
- 1 ¥ 2
F:/’ }jOff{ce of BRODKHELAMEN
Lt Science NATIONAL LABORATORY iy 5147, 2008

(3. DEPARYIENY OF BMERTY

WBS 1 d vacu um S!Ste ms ELEc'mﬂ BEAM LR SOUACE

+ Estimated Cost

Direct FY'05%
WBS Description Mat'l Labor Contingency Total
1.7|Vacuum Systems 760] 305] $215(20%) | 1280

Resource Category estimated
+ Labor hours/equivalents hours

Scientist 150

Engineer 1,750

Designer 1,200

Technician 1,500

Building Trades 250

' Total 4,850

Full Time Equivalents 2.8

Y
(o7 Soienas JBROOKHAUEN

U.5. SEAARTEENT OF ENERGY
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EBIS Pre-CD1 Technical, Cost, . m——
Schedule, and Management Review FLRCIRON BEAM 18 sounce

WBS 1.3 Diagnostic Systems

Micheile Wilinski

July 25-27, 2005

2

W&, Office of BROOKHEVEN
a2 Science NATIONAL LABORATORY e 1627, 2008

L3 DEFARTAZNY OF ENEROY
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Instrumentation Layout . |
- gx‘lemallon
b :’n'ng‘:‘f?:;;}:\’,, Layout in LEBT & External
b lon Injection Lines
=B

t
MW/ FC TOF & Emittance

CT=Cument Transformer, FC=Faraday Cup
MW=Profite Monitor Multiwire, TOF=Time of
Flight

Layout in MEBT

&HEBT [
LT Diag box
Diag box MW, FC, CT
Diag box MW, FC
Emittange, FFC, CT
W55, Yhice of BROOKHELATEN
- 2% Science NATIONAL LABORATORY —
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Specifications — = —

ELECTAQM BEAM [ON SQURCE

Logation and Quantity

Device EL LEBT WEBV HEBY Totals Dyn.Range Resohtion DatsStructure _ Refto Similar Devise Commen's

Cureat Transfoimer Calibrated measurement

Tenoid 112 21 2 7 H10uA-10mA ||Gfuk Puise waveform j|Similar o TTB Digitized wavaform & avg. curent
Faraday Cup

Fast Faraday Cuy 1 t [HMCuA-10mA i0.1uA Pulse wavelom || Existing to be reused Typical GAD design, clunging

Faraday Qup 2 I O I S T [110uA-10mA |101uA Pulse wavefom ||Simiiar to TTB Digitized waveform & avg. cumrent

3 combinaticns with prole monitors

Profile Menitor

Mulivwire 1 2 1 5Gub-S0mA [ Imm Profie 2fom TTB. 1 purchased 3§ Typical GAD design, plunging
. 32H X 32V wire spacing
Gated integrator slecronits

- Risk => low as diagnostics for EBIS will be similar to those
already installed in TTB (Tandem-to-Booster) line

— Basic designs exist, modify designs for adaptation into
EBIS (physical dimensions, requirements, etc.)

i, Yrice of BRODKNHEAEN
il Science NATIONAL LABORATORY J——
:
- !
. R N g '
. ST T !
— n w—r :
Current Transformer (CT) =

+ Ferrite toroid wound with signal wire to measure ion beam
current characteristics with respect to time in a non-destructive
measurement

« C-AD made TTB style CTs to be used
- At present one spare TTB CT is on the EBIS test stand

o

Vo, Qffice of BROOKHOUEN
el Science NATIONAL LABORATORY oty 1537, 2008
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Faraday Cup (FC)/Fast FC (FFC)

ELECTRON BEAM 10K SOURCE

o FC: Detector head pneumatically plunged into beam path to
collect entire ion beam; captured charge measured as a current in
electronics

« Fully destructive measurement — can also be
used as beamstop

 Provides average current and pulse
waveform data with respect to time

» FFC: Existing coaxial FFC to be reused

» Has bandwidth in GHz, allows observation of 100MHz bunch
structure of beam

it

Pras, Office of BROOKHAUEN
= Science NATIONAL LABORATORY S
L3 DEFARTUINT OF ENERGY
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— o § unaall i
Profile Monitor — Multiwire (PM) |

- Measures transverse beam profiles by plunging 32 x 32 array of
wires into beam path

» Installed in combination with FC on a dual feedthrough at 3
locations

« 2 multiwire heads from TTB will be reused, purchase one new

ot

FEZAS" Office of BROOKHLA
A RUEN
,@%ﬁ Science NATIONAL LAEORATORY

U.5. OLPANTHERT OF ENERTY

July 28-IT, 1008




Major Procurements & Deliverables

« Major procurements (direct '05 $):

— FC/PM mechanical parts (feedthroughs and sensor heads)
=> ~$105k

— 8 Ch. Integrators (PM) => ~$48k

‘¢ Deliverables:
— 7 Faraday Cup systems, 1 Fast Faraday Cup system
— 7 Current Transformer systems
— 3 Profile Monitor systems

s

Ez’ 5 Office of BROOKHELVEN |
- = Science NATIONAL LABORATORY ity 3527, 3002 f
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Cost & FTES ELECTRON BEAM 10N SDURCE

#

+ Estimated Cost

Direct FY'05K$
WBS Description Mat'I Labor Contingency Total
1.3|Diagnostics 290] 175] $95(20%) | 560
» Labor hours/equivalents esfimated
Resource Category
hours |
Scientist 100
Engineer 1,000
Designer 475
Technician 1,050
Management 125
Total 2,750
Full Time Equivalents 1.6
FB, Siance BROOKHAUEN
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EBIS Pre-CD1 Technical, Cost, Sl ’
Schedule, and Management Review ELECTRON BEAM 10K SouRc: ‘
#‘ i
i
WBS 1.8 — Water Cooling System ;
Russ Grandinetti
July 25-27, 2005
ey, Office of BROOKHEUEN
A ?rc‘:gga?e NATIONAL LABORATORY Sty 2837, 3005
WBS 1.8 Cooling Systems E==

« Major procurements; Design and Fabrication

— Components for 3 Pump Skids
= EBIS 1-4 — Collector & LINAC Quad Magnets
= EBIS 2-5 — High Voltage Platform
= EBIS3 - RFQ &LINAC System

— Water Cooling PLC System

— Cost Basis — Similar Items, Engineering Judgment

Deliverables:

— 3 Pump Skids

— Water Cooling PLC System

(nstallation Covered Under WBS 1.10.8

ELECTRON BEAM ION SOURCE

. et

. . il

; 15 5 % Office of BRODKHEUYEN
; .;.g-r_-_:;;fé Science- NATIONAL LABORATORY

L&, DEPARTMENT OF ENSREY
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WBS 1.8 Cooling System Requirements

O g—

favsirastsanratn it e o
4 |

ELECTRON BEAM 10N SOURCE

EBIS 1-4 System Elecrrpn‘r:“: 1l Quads f;llulnr ;.,;na: quads g_(.:_sg
30 HP Supply Pressure 235 psi (roie 1) 375 psi 425 psi
Hexnt Load 200 kW 1 kW 201 kW
Inlet Supplv Tem; T F 21C) a5 F (30C) TOF (21 C)
Water Treatment DI at <10 uSfem or (.1 MepOhms/cm
Req’d Fioor Area 70 i excluding required gisle or wall space for electrical ?tﬂpml
EBIS 2-5 System High Vellage Piatfoma  RF amptfiers / Cirend
15 HP Platform RF Amplifiers Circulator System
Flow G0 gpm ) gpm 5 gom 135 ppm
Pressure 6l) psi (note 2) 8019 100 psi 80 psi 90 psi
Heat Load 60 kW 100 kW 5 kW 165 kW
Inlet Supply Temp FWF (21C) 85 F (30C) 8SF30C)+ -1F | 70F
Water Treatment DI at <)0 uSfemor 0.1 MepObms/em
_Reg'd Floor Area 70 A excluding required aisle or wall space for elect _rical equipment
EBIS 3 System e !
5 HP Fiow 20 ppm
Pressure 100 psi 5 HP estimated
Heat Load TEKW
Inlgt Supply Temp JOF (21C) + - 1F
‘Water Treatment Water additive 4109, iron comoston inhibitor
Req'd Floor Area 507 exeluding requir ed gisle or wall space for electrical squipment

AT Office of PP

(ST Srance BROOKHRUEN

;

|

i
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WBS 1.8 Cooling Systems _ = w— ,

ELECTROR BEAM 10N SOURCE

W;/:' Office of
et Science
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WBS 1.8 Cooling Systems | e
= Estimated Cost
Direct FY'05K$
WBS Description Mat'l Labor Contingency Total
1.8|Coocling Systems 195 40 $50(21%) | 285
» Labor hours/equivalents Fesource Catono estimated
gory hours
Engineer 150
Designer 325
Technician 7 175
Total 650
Full Time Equivalents 0.4

_@F"? , Office of BROOKHEYEN
oot Science NATIONAL LABORATORY

U S, DEPARTHDKRY OF ENEFROY

July 3837, 2005
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EBIS Pre-CD1 Technical, Cost,
Schedule, and Management Review ELEGTRON BEAM ION SOURSE

WBS 1.9 Facility Modifications

Al Pendzick

July 25-27, 2005
T3, 9ihce ot BROGKHEGEN
WBS 1.9 - Facility Modifications e

ELECTROK BEAM IGN SOURCE

« 1.8.1 — Beam access port (L.S. Contract +BNL Labor)

— Provides an access sleeve for the EBIS beam line between
the LINAC building & the Booster injection area.

= |ncludes removal & re-installation of existing utilities &
equipment in the Booster injection area.

Basis of estimate ~-——--- Similar contracts

+ 1.9.2 — Power Modifications (L.S. Contract + BNL Labor)

— Provides AC power from an existing sub-station to
disconnect switches in the area and then to all EBIS

equipment.
= [ncludes all material and labor to accomplish this.
Basis of estimate —--— “Means” construction estimating guide
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1.9.1 Beam access port

E_.—
| et st ko

16” diameter casing
x 25' long

ﬁ'“?m Office of
/_.éﬁ Science

LK BRPARTAENT OF FNSHRY

etz
-

NATIONAL LABORATOGRY uly 1527, 2605




JENR.

1.9.2 Power Modifications e ——

ELECTRON BEAM ION SDURZE

EBIS Power - ~1.5 MVA (2.5 MVA available)
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WBS 1.9 - Facility Modifications
ELECTADH"BEAN 10N SOURCE
.+ Estimated Cost
Direct FY'05K$
WBS Description Mat'l Labor Contingency Total
1.9|Facility modifications 380[ 135 $135 (26%) ] 650
+ Labor hours/equivaients
estimated
Resource Category hours
Scientist 50
|Engineer 425
Designer 500
Technician 100
Building Trades 775
Total 1,850
Full Time Equivalents 1.1
T
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WBS 1.10 Installation

« Scope of Work for WBS 1.10.1 Structural Components

— Pre-survey of facility site and major components.

— Installation of anchor bolts for major components and stands
and base grouting.

— Transport of EBIS to the facility site from pre-assembly area.

— Transport of LEBT components and external ion sources to
facility site from pre-assembly area.

— Linac and RFQ installation.

— MEBT installation, including stand, quadrupoles (4),
buncher, and diagnostic devices.

— HEBT installation, including stands, debunchers (2),
diagnostic devices, and survey and alignment of beam line.

— HV enclosure.

W, Orfice of BROOKHAATEN.
24 Science NATIONAL LABORATORY Ay 7827, 2008
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WBS 1.10 Installation e e e soentt

« Scope of Work for WBS 1.10.2, Control Systems:

— install controls for Timing & infrastructure, EBIS, and
Accelerator & Beam Transport, including:

o Chassis/cables
» |ntegrate/test software
v |ntegrate/test hardware

+ Scope of Work for WBS 1.10.3, Diagnostics:

— Install Faraday cups, beam profile monitors, and current
transformers, including:

= Chassis/cables
» [ntegrate/test electronics
= [ntegrate/test control interface

Science NATIONAL LABORATORY
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WBS 1.10 Installation

Scope of Work for WBS 1.10.4, Magnets:

— Installation of HEBT dipoles (2) and quadrupoles (8),
including rigging/transport of magnets into HEBT line,
anchor bolts, and grouting.

Scope of Work for WBS 1.10.5, Power Supplies:

- Install PS’s and ICT's for all magnets, diagnostic and
electrostatic devices, including: '

» Receipt inspection.
» Cabling/lugs
= Testing and As-built documentation

= Power cables from distribution panels or main
disconnects to power supplies/power supply racks

— Material Cost for Cables

s
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WBS 1.10 Installation

- Scope of Work for WBS 1.10.6, RF Power Supplies:
— Installation of RFQ and Linac power supplies at EBIS site.
— Fabrication of circulator support structure.

Scope of Work for WBS 1.10.7, Vacuum Systems:

— Install beam pipe sections, vacuum chambers, and beam
fine support stands.

— Install vacuum valves and pumps.
— Install power, instrumentation, and control cables.
— install instrumentation and control system.

— Perform test and checkout of instrument system and vacuum
components.

— Bake out beam line, chambers, and beam components.
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WBS 1.10 Installation Ay

- Scope of Work for WBS 1.10.8, Cooling Systems:
- — Assembly labor for closed loop cooling water systems:
= Sys 1: EBIS Electron collector and Linac quadrupoles.

= Sys 2: EBIS HV platform components, RFQ and Linac power
supplies, and RFQ and Linac circulators.
= Sys 3: RFQ and Linac.
— Labor and materials to extend the existing Booster cooling water
system to HEBT dipoles.
— Labor and materials to increase piping size and extend the existing
Linac chilled water system.
— Labor and materials to disconnect and reconnect water cooling
lines to existing equipment that must be relocated.

— PLC instrumentation and control system assembly, installation,
test and checkout, including cables installation.
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WBS 1.10 Insta"at|on : ELECTRON BEAM 10N SOURCE

« Major procurements ('05%):

— Most of the procurements will be made in WBS'’s 1.1 through
1.9, with the following exceptions:

» WBS 1.10.1: High Voltage Enclosure - $13,000
» WBS 1.10.3: Electrical Racks/PS’s - $16,300

» WBS 1.10.5: Cable - $88,490

= WWBS 1.10.8: Piping Materials - $14,000
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Schedule

ELECTRON BEAM ION SOURCE

> |nstallation begins in Q1, FY’08, and is done in stages over ~15
months.

- Procurements will be scheduled so the installation work in the
Booster tunnel is done during the FY’08 summer shutdown
period.
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WBS 1.10 Installation oo e i el
- Estimated Cost
i
Direct FY'05K$ ;
WBS Description Mat'l Labor Contingency Total :
1.10|Installation 145] 940] $230(21%) | 1315
« Labor hours/equivalents sstimated
Resource Category
hours
Scientist 125
|Engineer 1,975
Designer 875
Management 75
Technician Supervision 275
Technician 7,450
Building Trades 4,200
Total 14,975
Full Time Equivalents i 8.5
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Commissioning — o —

ELECTRON BEAM ION SOUACE

*Present estimate for effort is ~1.5 FTEs
*Cost ~ 300 k$ (burdened, AY$)

+Commissioning is presently included within the various WBS
elements, but will be pulled out explicitly for CD2.
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EBIS Pre-CD1 Technical, Cost, Enzm%mm—
Schedule, and Management Review ELECTADN GEAW 0 SOURCE

WBS 1.10 Iinstallation

(& Commissioning)

Lou Snydstrup

July 25-27, 2005
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WBS 1 .1 0 |nSta||atI0n ELECTRON BEAM ION SOURCE

The scope of the installation effort for the individual subsystems is
contained in the following WBS sections:

1.10.1 Structural Components
1.10.2 Control Systems

1.10.3 Diagnostics

1.10.4 Magnet Systems
1.10.5 Power Supply Systems
1.10.6 RF Power Supplies
1.10.7 Vacuum Systems
1.10.8 Cooling Systems
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WBS 1.10 Installation

pvor——— ! -
' EBIS Site | - . HEBT Assy dependent
'Bldg930 | [ £gT |MEBT | T \N on Booster Shutdown -
e e s % Schedule —;
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WBS 1.10 Installation R s o

- The Installation effort is based upon the following pre-existing
conditions:

— Power available from installed distribution panels and
disconnect switches.

— For power and electronic systems (e.g., controls,
diagnostics, power supplies, and vacuum):

s Electronic racks are in place (WBS 1.9).
» Power cable to the electronic racks (WBS 1.9).
» Cable tray is installed (WBS 1.9).

— Electron Beam lon Source pre-assembled and partially
tested in building 930 HV Testing Area prior to installation.

— LEBT pre-assembled prior installation effort, then partially
disassembled, moved, reassembled and aligned at the
facility site.
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WBS 1.10 installation

HV Platform
(Conceptual) for
Test Stand

Pre-assembled EBIS
on HY Platform to be
transported to site.
Some disassembly
may be req'd.

Electron caollector

Supereonducting ﬂ magnit goi}

Gawe valves solenaid =

HV feedthroughs

Electron gun

Eleetron gun

magnet coil
Buffer !
cliamber
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WBS 1.10 Installation

ELECTRON 3EAM 10N SOURCE

EBIS HV Platform

(100kV nominal
during extraction)

C3IS

External lon
Source
Platform(s)
{nom. 20kV)

LEBT Region

Partial disassemble, transport, re-assemble, align
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James Alessi

Project Manager

Dr. James Alessi is Contractor Project Manager for the EBIS Project. He has been the
Group Leader of the Preinjector Group in C-AD since 1999, This group is responsible
for the operation and maintenance of the 200 MeV H- and polarized H- linac, and the two
16 MV HVEC MP Tandem Van de Graaff accelerators. Prior to that, Dr. Alessi was
Linac and Source Development Group Leader since 1986. He was Project Leader for the
replacement of the Cockcroft-Walton preinjector by an RFQ at the Linac in 1989. Since
joining BNL in 1979, he has worked on development of multi-ampere H- sources for
fusion, H- sources for accelerators, polarized H- sources, heavy negative ion sources,
high charge state heavy ion sources, RFQ’s, linacs, and beam transport. He led the
development of BNL’s first polarized H- source, along with many other Linac and
Tandem upgrades. : '

Dr. Alessi received his BS in Physics from the University of Buffalo and his PhD in
Physics from the University of Pittsburgh. He has served on numerous national and
international scientific review committees. He has organized several international
conferences, and served as editor of conference proceedings. He has been a member of
the Linear Accelerator Conference International Organizing Committee since 1990, and
is a member of the International Organizing Committee for the International Conference
on Ion Sources.



Donald S. Barton

Subsystem Manager EBIS Controls

Dr. Barton has been appointed the Subsystem manager for Controls in addition to his
position as the Head of the Controls Division for the Collider-Accelerator Department.
He has been a member of the department scientific staff since 1978. From 1979 to 1982
he was principal physicist in charge of the conversion of the AGS to H- injection. This
work entailed development and construction from the H- ion source to the AGS injection
area. From 1979 to 1981 he also served as physicist in charge of Operations in the
Accelerator Division. From 1983 to 1986 Dr. Barton was in charge of AGS accelerator
modifications in the Heavy Ion Transfer Line project to inject heavy ions into the AGS.
During the same period, he represented the AGS in conceptual design discussions for
RHIC. In 1987, Dr. Barton assumed his current position as head of the Controls
Division. From that year through 1991, he also jointly held a project appointment as
head of the Booster Project Controls effort. During that time he was the principal
architect of pulse-to-pulse modulation in the control system, which permits multiple users
and machine studies to “own” their own virtual machines, scheduled by a master '
supercycle. Since the late “80s, his group has been at the forefront in the development of
distributed, networked controls with modern object-oriented software. In 1991 Dr. -
Barton was assigned to head the RHIC Project Controls effort, which his division
successfully brought into being in an effort strongly matrixed with AGS facility support.
Since RHIC start-up, the Controls Division has strongly supported the evolving demands
of operations and machine development, as well as upgrades of legacy systems at the
AGS. Recent planning efforts have supported ERL, RSVP, and EBIS.

Dr. Barton received an AB degree from Harvard College in Engineering and Applied
Physics and a Ph.D. from Massachusetts Institute of Technology in Experimental High
Energy Physics. He has been a member of the EVA experiment collaboration at the AGS
and of the PHOBOS collaboration at RHIC, serving also as Liaison Physicist and Safety
Officer for the latter.



Edward Beebe

Subsystem Manager for Structural Components

Dr. Beebe is the Structural Components Subsystem manager for the EBIS project. He is a
Physicist in the Preinjector Group in C-AD, reporting to Dr. James Alessi. Since joining
BNL in 1994, he has been primarily responsible for development of the high current
EBIS for RHIC and NSRI. He has also worked on the EBIS control system, power
supply and platform configuration, external ion injection, fast ion extraction, diagnostics
and experimental measurements. He obtained, adapted, and developed the LEVA ion
source from LBNL and the Hollow Cathode Ion Source from Saclay, France to provide a
broad range of primary ion species for injection into the BNL Test EBIS,

Dr. Beebe was co-principle investigator with E.D. Donets (JINR, Dubna, Russia) of two
Civilian Research and Development Foundation grants: “High Pulse String Source Of
Highly Charged Ions: Studies And First Tests On A Synchrotron” (2000-2001) and
“High Intensity Tubular Electron String Source Of Highly Charged Ions: Experimental
Proof And Basic Studies” (2002-2003).

Before coming to BNL, Dr. Beebe was a Research Scientist at the Manne Siegbahn
(CRYRING) Laboratory in Stockholm, Sweden. He worked primarily on the
development of the Stockholm Cryogenic Electron Beam Ion Source, which produces
very highly charged ions (up to Xe52+) both for the Stockholm Yon Storage Ring and for
atomic physics experiments.

Dr. Beebe received a BS (1980) and M. Eng (1984) in Applied and Engineering Physics
and a Ph.D. (1990) in Nuclear Science and Engineering from Comell University with
thesis topic: “An Investigation of Ion Trapping and Heating in the Cornell Electron -
Beam Ion Source™. He is a member of the Advisory Committee of the International
Symposium of Electron Beam Ion Sources and Traps and Their Applications. In 2003,
Drs. Beebe and Pikin received the “Brightness Award”, an Ion Source Prize awarded at
the Tenth International Conference on Ion Sources, held in Dubna, for “innovative and
significant recent achievements in the fields of ion source physics and technology”.



R. A. Grandinetti
Subsystem Manager for Cooling Systems

In addition to his responsibilities on EBIS, Mr. Grandinetti is the Water Systems Group
Leader for the C-A Department. Since joining BNL in 1991, Mr. Grandinetti has held
various positions in the C-AD department. Initially, in the Magnet Division, he was
responsible for the design, installation and operation of the mechanical portion of the
testing facility for the RHIC cryogenic magnets. During the RHIC construction effort, he
was responsible for the design, fabrication and installation of the DX and Triplet
cryostats. Approximately five years ago he assumed responsibility for the C-AD Water
Systems Group. The group is responsible for the design and installation of all new C-AD
water cooling systems and the maintenance of existing systems. Presently the Water
Systems Group has responsibility for 34 cooling towers and 76 different pumping
systems. In addition, his responsibilities include the; estimating, design, fabrication and
installation of all proposed new C-AD water cooling systems.

Mr. Grandinetti received Bachelor of Science degrees in Civil Engineering in 1962 and
Administrative Engineering in 1963, from Tri-State University in Indiana.



Robert Lambiase

| Subsystem Manager for Electrical Systems

Mr. Lambiase is a group leader in the Collider - Accelerator Department at BNL,
currently working on several projects, including the Energy Recovery Linac and upgrades
to the AGS. He was the Power Supply Systems group leader for the SNS Project, and the
Magnet Electrical Systems group leader for the RHIC Project. Prior to that work, he
designed electrical systems for several other BNL projects, including Laser Resonance

. Fluorescence experiment, and the Neutral Beam Test Facility.

Prior to his time at BNL, Mr. Lambiase designed radars for search, tracking, and :
perimeter comntrol (pulse Doppler) applications at AIL Systems (now EDQ Corporation).

Mr. Lambiase has a BS and MS in Electrical Engineering from the Polytechnic Institute
of Brooklyn (now Polytechnic University). He is also a licensed Professional Engineer.
He continues to teach as an Adjunct Professor of Engineering Science and Electrical
Technology at Suffolk Community College.



Edward T. Lessard
Environment, Safety, Health and Quality

Mr. Lessard has worked for BNL for the past 28 years and during that period has written
over 50 scientific publications and reports in the diverse areas of accelerator safety and
internal dosimetry. Currently, he is the Associate Chair for Environment, Safety, Health
and Quality for the Collider-Accelerator Department (C-AD), and has been in this role
for 17 years. The C-AD operates seven accelerators for the Department of Energy
including the Relativistic Heavy Ion Collider (RHIC) and the Alternating Gradient
Synchrotron (AGS). Prior to his present position, he was a Health Physicist for the
Operations Section, and a Group Leader for the Marshall Islands and Internal Dosimetry
Group at BNL’s Safety and Environmental Protection Division. He is the Chair of the
Spallation Neutron Source (SNS) Accelerator Safety Review Committee at ORNL, and
the Team Leader for the Accelerator Readiness Reviews for the SNS. At BNL, heis a
member or chair of several BNL and C-AD standing committees including C-AD
Radiation Safety Committee, C-AD Experimental Safety Review Committee, C-AD
Accelerator Systems Safety Review Committee, C-AD ALARA Committee, BNL
Institutional Review Board, BNL Radioactive Drug Research Committee, BNL
Environment, Safety and Health Committee (Chairman), BNL Cryogenic Safety
Subcommittee (Chairman) and the BNL Radiation Protection Committee. Mr. Lessard
has played the lead ESH role in the commissioning of AGS, AR, RHIC, TTB and NSRL
accelerator facilities at BNL.

Mr. Lessard received a Master of Science Degree in Radiological Sciences and Protection
from the University of Lowell in May 1977. He is a member of the Health Physics
Society and the American Nuclear Society. Among his honors are the Brookhaven
Award from Brookhaven National Laboratory (BNL) and the Elda E. Anderson Award
from the Health Physics Society.



Michael Mapes

Subsystem Manager for Vacuum Systems

In addition to his assignment on EBIS, Mr. Mapes is the Deputy Vacuum Group Leader
for the Collider-Accelerator Department. He has 18 years of experience in design,
fabrication, assembly and installation of beam lines and vacuum systems at BNL. He has
successfully completed many major vacuum projects including REF, NBTF, AGS
Booster, LINAC HEBT, BLIP, NSRL and the SNS Ring and RTBT systems.

Mr, Mapes has been a Professional Engineer since 1993.



Kerry Mirabella
Assistant for Project Controls _

Ms. Mirabella is the assistant fo Project Manager Jim Alessi for Project Controls (PC).
Ms. Mirabella is also the PC Group Leader for the Collider-Accelerator Department at
BNL. She has more than 25 years experience in Program Management, Estimating, and
Manufacturing and Contracts. Prior to EBIS she spent five years managing the Project
Controls and Configuration Management aspects of BNL’s involvement in the Spallation
Neutron Source. Before joining BNL she spent 12 years in various positions at AIL
Systems (now EDO Corporation). Her last position was as Program Manager for
Electronic Warfare and Defense, primarily with the ALQ99 EWS, a radar and tactical -
jamming system employed on the EA-6B aircraft.

Ms. Mirabella is a certified Project Management Professional (PMP) and has both a BBA
and an MBA in management and mathematics. She was an adjunct professor in the Arts
and Science Department at Dowling College, where she taught undergraduate
mathematics,



Alexander Pikin
Lead Physicist for the EBIS, LEBT and External Sources -

Dr. Alexander Pikin is a scientist in the EBIS group of C-AD, currently working on
RHIC EBIS project. His activities include physical analysis, optical simulations, and
design of new units of this ion source (electron gun, electron collector, drift structure,
magnetic structure, LEBT). He is also involved in experimental program on an existing
Test EBIS and its upgrade. )

Prior to BNL he worked at the National Institute of Standards and Technology
(Gaithersburg, MD) on ion extraction from EBIT, at the Manne Siegbahn Institute of
Physics (Stockholm, Sweden) oh the upgrade of CRYSIS electron beam ion source and at
the Joint Institute of Nuclear Research (Dubna, Russia) on developing a study of 2
generations of the electron beam ion sources.

Dr. Alexander Pikin graduated from Leningrad Polytechnic Institute with major
Experimental Nuclear Physics. He received his PHD on “Cryogenic Electron Beam
Source of Highly Charged Ions CRION-1”, has over 40 publications and 3 Russian
invention certificates. In 2003 he, together with Edward Beebe, received the Ion Source
Prize known as the Brightness Award at the Tenth International Conference on Ion
Sources, held in Dubna; for innovative and significant recent achievements in the fields
of ion source physics and technology. :



Al Pendzick

Subsystem Manager for Facility Modifications

In addition to his responsibilities on the EBIS project, Mr. Pendzick is also the Group
Leader for Facilities and Experimental Support of the Collider-Accelerator Department,
He has 33 years of experience in the construction and operation of Experiments and
Accelerator Facilities.



Deepak Raparia

Accelerator Physics Physicist

Dr. Deepak Raparia has been appointed as the lead accelerator physicist for the EBIS
project, reporting to Dr. Jim Alessi; in addition to his position BNL Linac group leader.
Prior to this project, Dr, Raparia served as the group leader of the SNS/BNL accelerator
physics group and as the deputy group leader for the SNS/ORNL accelerator group. Dr.
Raparia has 27 years of experience in accelerators and his prior work includes physics
designs of the following: superconducting linac injector for the VLBNO project at BNL,
the POP H minus laser stripping experiment at 200 MeV BNL Linac, the SNS transfer
lines, the POP experiment for BNCT, the 600 MeV linac for 5 MW Spallation neutron
source at BNL, the SSC 600 MeV linac; as well as pioneering work on helical
electrostatic quadrupoles for low energy beam transport, RFQ physics design for ion
implantation, and the charge exchange injection of 20,000 turns into the TRIUMF Kaon

" factory.

Dr. Raparia received a PhD in accelerator physics from University of Houston, a MS in
accelerator physics from University of Manitoba, and a MS in mathematics from Agra
University. He has coauthored more than 100 papers, and has given invited talks in
several international conferences, participated in numerous seminars.and workshops as
well as national and international scientific collaborations programs. He is a member of
the Linear Accelerator Conference program Committee.



John Ritter
Subsystem Manager for Magnet Systems

Mr. Ritter is a Mechanical Engineer for the EBIS Project. His other responsibilities
include Optically Pumped Polarized Ion Source (OPPIS) and LINAC support. He was
the project engineer for Experiment 968 Laser Stripping Proof of Principle and was
involved with the RHIC Jet Polarimeter.

Prior to joining BNL in 2000, Mr. Ritter designed medical and industrial ultrasonic
devices at MISONIX.

Mr. Ritter has a BE and MS in Mechanical Engineering from the State University of New
York at Stony Brook. He has coauthored several papers on source development since

joining BNL,



Louis Snydstrup

Subsystem Manager for Installation

In addition to Installation responsibilities, Mr. Snydstrup’s scope on the EBIS project
includes reporting to Project Manager Jim Alessi as the Deputy for Engineering. He has
been employed at BNL since 1988 as a project engineer, including one year as the
Cryogenic group leader leading up to the consolidation of AGS and RHIC departments.
He has been involved in the engineering and design of the Muon g-2 Experiment, Phenix
Detector, EBIS Test Stand, NSRL beam line, and is currently supporting Tandem Van De
Graaff accelerator operations. He has worked on the mechanical engineering, design, and
construction of conventional and superconducting coils, flammable gas systems, beam
vacuum chambers, and remotely-operated vacuum components, such as foil strippers,
collimators, beam stops, and slits.

Mr. Snydstrup’s experience prior to BNL includes 12 years with a DOD engineering
contractor as project engineer/manager for DDTE (design, development, test and
evaluation) contracts for piping system components and for A/E
(architectural/engineering) contracts for special test facilities and construction support.

Mr. Snydstrup has a BE in marine engineering from SUNY Maritime College , MS in
mechanical engineering from SUNY at Stony Brook, and holds a PE license in NYS.



Michelle Wilinski

Subsystem Manager for Diagnostics

Michelle Wilinski is a Staff Engineer in the Instrumentation and Beam Components
Group in the Collider-Accelerator Department.  For the past five years she has been
responsible for the upgrade and new design of several systems, specializing in current
transformers, dampers, and tune measurement. In addition to instrumentation hardware
design, she has developed sophisticated software using LabVIEW for Booster Tune
Meter calculations and for sharing control of an oscilloscope among several client -
applications. Ms. Wilinski was responsible for the design of several diagnostic
equipment items for the Spallation Neutron Source accelerator Ring. She is currently
providing instrumentation support for the EBIS prototype.

Ms. Wilinski received a B.S. in Electrical Engineering from Hofstra University. She will
graduate with an M.S. in Electrical Engineering from SUNY Stony Brook in May 2006.



Alex Zaltsman
Subsystem Manager for RF Systems

In addition to his responsibilities on EBIS, Mr. Zaltsman is the RF group leader in the
Collider - Accelerator Department at BNL, currently working on several projects,
including the Energy Recovery Linac and operations and upgrades to the AGS and
Booster. He was the RF Systems group leader for the Spallation Neutron Source project.
Mr. Zaltsman is responsible for operation of RF systems for Booster, AGS and RHIC.

Mr. Zaltsman has a BS in Electrical Engineering from the Polytechnic Institute of
Brooklyn (now Polytechnic University). Over the years he has worked in many areas of
electrical engineering, including high-voltage and high-current; both pulsed and dc to
Controls and diagnostic equipment; and RF, both low level and high power.
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