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PAL D

New generation light source:

“High current & low emittance”

Vacuum system should accommodate:

High gas load

7 Pumping system

High heat load

< Photon absorber

Small aperture

Tight space

High impedance

/ Damage protection

- BPMsupport <

Small beam size
(submicron stability)




hisin o 1. Pumping system

% Conventional pumping with ante-chamber

1.00

PLS-II] NSLS-I1[2] A
e ID operation 10000 NEG PUMP ASSY -, % fe{f gty
L - —_ ' "o dynam;c pressure ‘ —_ ‘;\. . -
< = beam current*lifetime = "
’,.\5033.H’32‘1 ﬁ_ ]U 1{_—1 :E; el « , RF gap voltagk E "*‘; . /
e —— —E 2 S, . /ﬁ*;ﬁ' 100 2 RN
. = . - b g = 010 A
Al Conflat (A2219-T87) % 1E0p (R g T
TiCcoated | L 2 h 4 ‘s = g CREAN
[ ] 2 J10 @ £ TN
T ] 3 1B | g 3 5 5 RECRN ,L(’ge
. £ < " o = P, e |
l- "\ STS bolty @ E = Rt TanN %y,
5TS Conflat Silver co: 2 . . 2 > SRS
T 1 10 100 1000 AP/l vs. \&;\"t}
beam dose (Ah) dosage :
. . . |U.0 0.1 1.0 100 100.0  1,0000
v/ 22 mm V-aperture with ante-chamber v/ 25 mm V-aperture with ante-chamber Beam Dosage [AH)
v Machined & welded Al chamber (or SST chamber) v’ Extruded & bent Al chamber (or SST chamber)
v NEG strip/cartridge + SIP v NEG strip/cartridge + SIP + TSP + NEG coated chamber
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v 13 mm V-aperture with ante-chamber
v’ Deep drawing & welded SST chamber (or Al chamber)

v/ 16 mm V-aperture with ante-chamber
v Roll forming & LBW SST chamber

v’ Thick ante-chamber as a stiffener
v NEG cartridge + SIP

v 100 um copper coated on inner surface
v NEG cartridge + SIP




booe 1. Pumping system

*» NEG coated chamber

SOLEI L[S] v 56% of the ring is NEG coated

NEG activation with a stored e- beam

ﬁ'E L Thickness distribution of NEG coating: 0.5 to 1,5um

TR

Number of activations

Where image current is maximum

= thickness of NEG is the lower to reduce the
« resistive wall effect » impedance

= Resistivity similar to stainless steel. 4

ars of operation :

* The maximum of venting and reactivation of NEG coating : 6 times
including the first testin lab

* Quantities of reactivation after partial saturation : 10 (due
periodical warm-up of a cryogenic in-vacuum undulator closed to
a NEG coated vacuum chamber)

PEEfabiiid

Where the primary photon density is maximum
= Thichness is the larger

+ 7 sections of the ring with NEG coated vacuum chamber have
never been reactivated since the first installation : no difference
with an equivalent section which have been reactivated several
times (not better, not worst)

cathodes

Decision has be taken to re-activate the NEG with a small current beam during a shift for users (10 ma)

Before reactivation of the NEG : high signal on the beam loss monitor indicating the
presence of a pressure bump in the straight section

MAX-lV[6] v/ 100% of the ring is NEG coated

MAXIV Coating non-conformities

Q 1E-09 E Allthe chambers were inspected at site before installation.
(] £ g
= L = Peeling-off P
g r Observed peeling-off: Peeling-offatthe edge -
Z [ At RF fingers Cu-Beinsertand Cu of stainless VC. Chamber
A '<_£' 1E-10 end piece. RF fingersand Cuend ”"taﬂm"ﬁdfﬂf
2 £ . E were notshielded properly installation.
o= E duringcoating.
% o r Solution: new pieces ordered and
= r laced (without coating).
© replaced (wi g .
— £ r Y Severe peeling-off
g \;su 1E-11 _g f Uncoated areas:
o o [« Few cm*2 uncoated, in complex chambers
™ r =
= [ / u d
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Vi 1. Pumping system

“ Conventional pumping + NEG coated chamber
APS-UL]

Vacuum chambers

Aluminum at mutiplets and quad
doublets
22 mm D, ~0.3 to 0.8 m lengths

APS chamber

e
o]

RO

Aluminum bonded to Inconel
segment for fast corrector magnets
22 mm D, ~0.5 m lengths

NEG-coated OFE copper at \
f’\
9

FODO section
22mm D, ~0.8 to 1.6 m lengths

e,

e

APS—U Chamber Extruded aluminum with
antechamber at L-bends,
22 mm |.D. beam aperture
2.1 mlength



Vi 1. Pumping system

“* NEG coated chamber (new technique)

ALS-UEl CERNP!

NEG Coatings in Very Narrow Chambers Procedure: Cu/NEG/Cu/Al sequence

' Use twisted wires Step 1 Step2 Step 3 Sleps CUS ;L):Ed
Aluminium Sputtering Cu-NEG-Cu CuonCu Al dissolution Ammanium persulphate

1.2 meters Iong { coating ~ 1 um thick degreasing onmandrel Electroforming NaOH5M

6 mm ID no adhesion issues on Al
: and Cu chambers
- SS
we find some local ﬂanges
composition variations

Copper tube is EB welded to the SS flanges

3|
g
-

Optimal parameter set:
. IQD_Q V 50 mA
3 pufsed flO us on/ 50 ps off)

‘eanant

* mag. c0|l current 20 Adc

R
.
-

.

Alremoval Curemoval

* original base pressure in
low 108 Torr range

* 0.54 Torr (72 Pa) pure Ar, no
flow to get uniformity

NaQHS5M
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1. Pumping system
» Pill type NEG (low-cost option)

(o)

(200°C, 24 h)

Type NEG Film (~ 1 pm) Pill NEG
Activation 200°C, 1 d 180°C,1~2d
Pumping Speed /
piNg =p Low (< 1/5)
length
Sticking probability 0.015 0.003 ~ 0.0037

(180°C, 48 h)

KEK1

Titanium
rods

Titanium
screws

o (after two

0.015 - 0.008

Substantially

Gasses

H2

GO

co2

Pumping speed(L/s)

140-130

200-140

190-130

additional venting) constant
Capacity(H,) 1000x
Disadvantages Aging after venting Particle

- Vacuum chamber with the pill NEG is being used since 2015
- Do not experience particular issue in a storage ring for a year
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2. Photon absorber

“* Materials for high-heat-load photon absorber

O OFHC Copper (2

a

v

A NEANERN

Glidcop

AN NI NN

ENERN

600
@7 |

500
(73)
400
(58)

300
(44)

Commonly used for photon absorption
(easily available)

Excellent thermal conductivity

Very low outgassing rate

Need bi-metal joint with stainless steel 2
flange (brazing, EBW, ...) (15
Softened after exposure to high 0 om0 4w 60 &0 1000
temperature for brazing 1 Hour at Temperature -°C

Yield Strength - MPa (ksi)

Good thermal conductivity & high strength

Resistance to thermal softening =
UHV Compatible “Glidcop absorbers at ALBA” 12]
Widely used for high-heat-load vacuum

components
Difficult to optimize brazing condition

Limited supplier (cost, delivery)

“Glidcop absorbers at NSLS-11"2]



0 o 74 2. Photon absorber

* Materials for high-heat-load photon absorber

0 Cold forged OFHC Copper e g
v' Excellent thermal conductivity Hot forged (OFHC) 483 1603 424
\/ . . Hot + Cold forged 2444 2491 52
EaS|Iy available HF +200'c Annealed 48.9 1577 439
v' E-beam weld to prevent softening S s
from braZIng (Shorter exposure tO Elevated Temperature Tension Test (200°C) )
. . ol .
high temperature than brazing)
E =T goz _‘;\Ein vacuum)
=" g
Q CuCrzr 1. e e e e o
v' Good thermal conductivity © T swanem )
v' UHV compatible EBW (Cu-SST)
v' Conflat flange integrated to absorber EBW (Cu-Cu) ' 'ﬁ:
v _.

Widely available ~

7 “Cold forged OFHC
absorber at PLS-II”[1]

“CuCrzr flange at NSLS-11"I33]  “CuCrZr absorber at TPS”[14]



Vis o4 3. Damage protection

3.1 Cu/Ni foil damage in IVUs at PLS-II

SR from upstream BM

%+ Possible causes of damage

v"MPS malfunction
v Beam miss-steering
- 28 mW/mm2 = surface
- 28 W/mm? = side clamp
v Local foil bump

SR from v Gap btw foil & magnet
bending magnet )

Poor thermal ] Avalanche
contact meltdown
Image current l
+ SR (BM) )
SR from vertical & Img%e thl;rlrent2
corrector (? = 0.6 m/mm
(?) v SR from vertical corrector

= 2 mW/mm?

Quter side damages (A,B1,C,D) 3 \
~ > .

Wr e IDgap -~ beam current ~ —— pressure 11E-8 - 400
- 350
Py S . 300
£ : g
€  [Abnormal pressure chan [
a st before beam dump | JiE9 @ 200
) ; i %
a i o 150
| 8
i - 100
1 4
‘:. 450
]
6 ; ; . - : 1E-10 do
2% 79 20 A YA
AoAT " AoAT " Ao " AT " AoAT 0
QO\& et O\ a0\Y oO\&
Date-Time
4
] -ssa63- FL9YT g
plm
L

P
2-sin(@/2) Beam divergence (1/y)

~ 0.17 mrad (0.65 mm @2.5 m)

Nearest corrector

~25m
— 'Hslfgép’:’»' ___________ I | B

~3 mm

corrector +—*
Effective

length
=02 m

Side view front view

If 8 = 1.2 mrad (=3/2.5)
= p = 166.6 m, heat flux = 2 mW/mm?, foot print = 0.65 mm wide
= Foot print is sharper than image current effect
= Heat flux is larger than image current effect
= But the power is too low to fuse the foil

beam current (mA)



bis—f 3. Damage protection
3.1 Cu/Ni foil damage in IVUs at PLS-II ' * l ik

s Improvements

1. Hardware
« Removed all side clamps
* Increased the thickness of the Cu/Ni foil from
50/20 uym to 50/50 um

2. Orbit control

* Apply a fast beam orbit interlock
v' 200 ms (already implemented)
v' > 10 ms (goal)

3. Heat load reduction (to be done)

 Bunch length 1
v RF gap voltage | by Ext. Q adjustment
v' 3" harmonic cavity
 Bunch current |: 400 - 430 bunch (10% |)




bis—f 3. Damage protection
3.2 RF-shielding failures

PEP-II

PLS-II

Si'gfLElL Gammagraphy of RF shielded bellow in cell C05

NSLS-I112]




bis—f 3. Damage protection

3.2 Designs for robust RF-shielding

SuperKEK(1!

s
&

v 1.5 mm 1.0 mm

LA
e
* .,

e ‘@ o o
LN "
\ Comb type Mo-type flange
UM St RF-shieding

NSLS-1112] ESRF EBSE!

Vacuum

Cu Gasket Vacuum Cu Gasket

Gate valve with wide fingers

Wide thick fingers Sliding fingers



bis—f 3. Damage protection

3.3 Analyze of failures

U Prp = Prot - Pesp =)  In(Pyy) =A+B(E)* 1/T
. . . = Po exp(-E4/KT)
** Vacuum chamber heating in NSLS-II

TD dominant

e  ® . (C16 G1 CCG2)
 Transition behavior of pressure 5
PSD+TD
[ PSD (Photon Stimulated Desorption) ++ Transient pressure after beam storage -
PPpsp =N X1 Poie = nxl +  Pyexp(-E4/kT) o
o
O TD (Thermal Desorption) o 94
: Pyp = Py exp(-E4/kT) I
:: ;, g] --l:Beamcurrent
2] 24 *] -—T:C16RTDOS
o] =4 .| -—P:C16GIC2 10 ) |
g{ ¥ -] (03/1870320) 00030 00031 00032  0.0033
8, i s R 1T (C16 RTDOS)

PSD dominant (< 30°C)

6.3E-9

TD domina ++ The linear relation between P, (C16G1C2) and 1/T (C16RTDO8)

PSD+TD : ;
fr means that the pressure evolution of C16G1C2 is strongly related to the

4,069
1

=

thermal desorption around C16RTDOS.

2.569
Il

pressure: SR.C16-VA:G1{CCG:2)P-I [Torr]

1
1669
I

[cf. foil damage in PLS-II]

1069
1

20 40 40 8O 100
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beam current (mA)
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]
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3. Damage protection

3.3 Analyze of failures

¢ Vacuum chamber heating in NSLS-II

U Transition behavior of temperature

Heat source

L

;1 ) }2
| S

Simulation

— 1W-1mm@source|
—— TW-1mm@sink

— 1W-2mm@source
—— W-2mm@sink

3::
&5 h=0.1W/mm?2K .
Lo i o s
T
::-;.i Al T e T —_—T
“ 1.0 4
1.0q —=— 1W-1mm@source g o084
o 1W-1mm@sink 8
+— 10W-1mm@source g o6
® 084 |4 10W-1Tmm@sink E
2 —&— TW-2Zmm@source =
g v 1W-2mm@sink & 044
g E
% 2 o024
3
?
N 00+
r_u T
£ 50
[}
c

temperature rise (°C)

T2

/
v

~J'.\,:'

Different transient behavior between T1 & T2? -> Case study is needed

measurement
152 beam current
kicker#2 upstream
——— kicker#2 downstream | 300
- 250
- 200
4 150
- 100
< 50
[2017.02.22]
0+
— 1 1——————1——7—— 0
00 05 10 15 20 25 30 35 40 45 50

time (h)

S **In principle, it is possible to find heat source with transient
data of temperature at several points.

beam current (mA)



PALD

4. BPM support

4.1 Improvement in BPM position stability in PLS-II

s Effect of BPM displacement to photon beam stability
v Orbit feedback system intends that the electron beam pass through the

center of the BPMs

v Position of BPM could be changed by ground motion, thermal load change,
etc., then the electron beam orbit can be changed

Beam dump = Atemperature - Ae-BPM position = Aphoton beam position

** New design of BPM chamber & support

v’ Balance in thermal expansion

v' Enhanced cooling

Beam Current (mA)

Beam Current

e-BPM Position

Photon-Beam Position |

o Chamber Temperature|

T T T T T

2 3 4
Time (h)

5

@ 3 & 8
(wn) uonisod |eoIuB/A

o

e Electron Beam [ BPM t Thermal Expansion

Existing
@) Thermal Load [OTT design
- ° \l
]
Fixed Support Vacuum Reference
Cooling Channel Chamber Plane

(b) Thermal Load Improved

design

T

o o™
7
/ _

]
7 . .
7 .
.

ixed Support

- B



Vi 4. BPM support

4.1 Improvement in BPM position stability in PLS-II

R/

% Improvement of new BPM chamber & support

(a) Reduction of BPM displacement
. 25 um = 5um.

(b) Fast recovery after beam abort & restoration
= 3h->1h

(a) (b)
M 1 v Ll M I N T 5

300 Beam Current ] vy 300

< S | © e-BPM Displacement (Old) | U Py i

& 250  f4 ~ e-BPM Displacement (New) = < 250

—_ 15 =

S 200¢ : 2 E 200 ==

@ | =3 F

5 150} 2 150
i D L

O 3 O

£ 100} 2 c 100

oM 50+ —_ g | PR p— Beam Current -
! = : o e-BPM Displacement (Old)

ol é 0} = = e-BF_’M Dislplacelment (INew) 3

0 0 1 2 3 4

Time (h)

(wnr) yuswaoe|dsi



Water cooling jacket for BPM chambers

Air cooling

4. BPM support

4.2 Improvement in BPM position stability in PLS-II

\/
0’0

Top-up 400 mA, SS section

AT:12.4°C

Water coolin

45

Temperat

ure ('c)

msSsTC11



Vi 4. BPM support

4.2 Improvement in BPM position stability in PLS-II

J/

** Need more careful design of support to keep the center of the BPMs still

25.067
25.803
25.818
25.744
25.660
23.595
25.521
25446
25.372
25.298
25.223
25.143
25.074
23 Min

Center of the BPMs moves vertically



v o Summary

= Pumping system
v Conventional pumping
= Antechamber, NEG strip, NEG cartridge, SIP, TSP, ...

v" NEG coated chamber
v' Combination of conventional pumping and NEG coated chamber

= High heat load photon absorber

v More options in material choice rather than Glidcop
= Cold forged OFHC copper with EBW or LW
= CuCrZr absorber integrated with flange (no bi-metal joint)

= Damage protection
v Need fast orbit interlock (< 10 um) to prevent damage in IVU
v" Various shielding mechanisms are studied

* Need high mechanical stability (< 1 um)

v Water cooling is very effective
v Need careful design of BPM support



| would like to close my talk by introducing a great description

by Ben Stillwell in vacuum group of APS-U N
l | > "/9

APS-U chamber

We need a

Ferrarabu!

High performance modifications to an otherwise conservative design.

Thank you!
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