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What are the goals of the FF region?

 Tag protons and light nuclei from exclusive reactions.
 Tag protons/neutrons from nuclear breakup events.

» Capture hadrons from lambda decay for meson
structure studies.

* Measure low-energy photons from heavy nuclear
reactions.

« Far-backward (electron-going) for tagging low-Q2
electrons.

»Requires coverage in an area with lots of physical
constraints!




EIC Interaction Region layout
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Far forward (hadron going) region

B2pf dipole Dz magnets refers to the magnet setting for the equivalent proton
beam (e.8. P, magners = 275 GeV for all top-energy configurations).
._ For e+p collisions, this is just the definition of x;.
™
/

Roman pots

(inside pipe) %\

Off-Momentum

B1apf dipole
B1pf dipole

Q2pf quadrupole

Detectors Q1bpf quadrupole
. Pz nucleon Q1apf quadrupole
nucleon momentum fraction = BOapf dipole

Pz magnets o BOpf dipole

Angular Accep. Hadron beam
Detector Pt coverage .
[mrad] coming from IP Z T
ZDC @ ~30m 6<5.5(n>6) pT<1.3 GeV BO Silicon '\*

*
Roman Pots 0.0 (TI<>05<) >0 Low pT (t) (*cutoff: beam optics) Detector
Off-Momentum 0.0<0<5.0 Low-rigidity
Detectors (n>6) particles from nuclear breakup
Forward 5.5<60<20.0
High pT (t
spectrometer (4.6 <n<5.9) ghpT (1




How can we classify “alternatives™?

* Detector Technology

* Are there multiple technologies that really provide a
reasonable set of choices, or is one choice obviously best-
suited?

* Detector Layout and Placement

« Can sub-systems be laid out differently to better optimize
acceptance/performance?

« How does this affect other constraints?

* Machine optics

« Can different configurations of beam optics, energy, etc.
have a major impact on different physics channels?

In principle, the answer to each of these questions is yes*, but as the

asterisk implies, there are many caveats to each of these possibilities. | .
(o~ 4 - .’, ( "‘ .' y 5 . .




Detector Technology: Roman Pots

~2m

» Requirements:

» Fast timing (~35ps) to remove
vertex smearing effect from
crab rotation.

» 500um x 500um pixels.

» Radiation hardness (although
not as stringent as LHC).

» Large active area (25cm x
10cm).

» AC-LGADs cover these
requirements in one package.
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Low Gain Avalanche Detectors (LGADs):
Gain 5-100, Large S/N ratio, 30-50 mm thickness
Fast-timing: ~30-50 ps per hit, dominated by Landau fluctuation
AC-coupling allows fine segmentation
100% fill factor
AC-LGAD 2mmx2mm strip sensor.
Strip pitch = 100um

AC-strips
|

r 1
di_eLM

: resistive n*
JTE
high-p epitaxial layer — p-

= Thick CZ substrate — p** j5

DC contact

))

AC-coupled Low Gain Avalanche Detectors (AC-LGADs)



Machine Optics: Roman Pots

~2m

Pl »

. . 0.0* (100 cut) < 0 < 5.0 mrad

o(z) is the Gaussian width of the beam, 8(z) is
the RMS transverse beam size.

o(z) =./€-b6(z
€ is the beam emittance. ( ) \/ ’B( ))

> Low-pT cutoff determined by beam optics.

P -
» The safe distance is 100 from the beam
A
center.
. o . -
» These optics choices change with energy, but can
also be changed within a single energy to v
maximize either acceptance at the RP, or the A

luminosity.
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Machine Optics: Roman Pots

18x275 GeV DVCS Proton Acceptance

pt0
P 3 - Entries 20000
0 Entries 20000 450 Mean  0.388
4501 Mean  0.388 © F RMS _ 0.1802
ok RMS  0.1802 w400
400 2 oo oo 350 E_ —— Monte Carlo
350;— . E —— RP nominal
300E- —— RP nominal 300k
2505 — &0 250 — B0
200F- 200
150 150
100 100F-
50F- 50F
0 E | | JI N R O T N B - | | | | . | L

oo O'Bvc"sapméxqae{/}‘c] L /‘” 08 oroti P,’ 2 oV
e+p Beam Energy Option 1 (high luminosity) | Option 2 (high acceptance)
18x275 GeV pT > 0.35 GeV/c pT > 0.2 GeV/c
10x100 GeV pT > 0.2 GeV/c pT > 0.1 GeV/c (or better)
5x41 GeV pT > 0.1 GeV/c N/A

— T

Option 1: higher lumi., larger beam at RP Option 2: lower lumi., smaller beam at RP




Layout: BO-detectors (s Ilcon traCklng)

(5.5< 60 <20.0 mrad)

» Charged particle reconstruction.

» Precise tracking -> need smaller
pixels (50um) than for the RP.

» Require timing layer for the crab
rotation and background rejection.

» Shape and # of layers of BO
tracker needs to be further
evaluated.

Space for

detectors » Higher granularity detectors needed in

INNER CRYOSTAT this area (MAPS, or something similar)
DIPOLE COIL . .

with layers of fast-timing detectors (e.g.
LGADS), or timepix (provides high
resolution space and timing
information), depending on sensor
layout and size.

QUAD COIL

HADRON
BEAM TUBE

BEAM TUBE




Layout: BO-detectors (calorimetry)

(5.5< 60 <20.0 mrad)

* ~1.2 meters of longitudinal space in bore.

* Could potentially have several layers of
silicon for tracking, and a few layers after
for some EM calorimetry (compact).

» Tagging photons is also important in
differentiating between coherent and
incoherent heavy-nuclear scattering.

» Potential inclusion of small EMCAL or
preshower detector in the BO bore.

» Further study needed to assess.




Layout: Off-Momentum detectors

(0.0 < 0 < 5.0 mrad)

» Off-momentum detectors used

- for tagging protons from nuclear
breakup and decay products
~ < Rroman pots ( ~and
S adil i \aa e.g. ™~ and protons).
. » Placed outside the beam pipe
7DC after the Blapf dipole (last
dipole before long drift section

that leads to the Roman Pots).

Neutron spectator/leading proton case.

10°E

» Acceptance mostly limited by
losses of very off momentum
particles in quadrupoles.

» Can use LGAD technology here
too.

10’k

10’E
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-3 -2 -1 0 1 2 3 0 5 10 15 20 25

Azimuthal angle, ¢ [rad] Polar angle, 6 [mrad]

e+d -> J/Psi +




Technology + Machine: ZDC

For detection of neutrons and » HCAL: ~ 50%/VE & 3 mrad/VE or better
photons » EMCAL: ~ 25%/VEE@ 2% or better (EM)
Acceptance:

EMCAL
0<B<5.5mrad HCAL

(Limited by bore of magnet where
the neutron cone has to exit)

Photons

~2 meters of longitudinal space available, which
will help achieve better HCAL resolution.

10° )
Generated i Note neutrons hit PoW04 before had section
bl —ZDC I
R S—
15 20 GeV neutrons
Spectator Neutrons -
1o e+d collisions EM Had

18x110 GeV/n
102

10 05—

Energy / (5000 20 GeV Neutron)
T

1

10 15 20 25 Y B I E R B
Polar angle, 6 [mrad]
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Far-backward (electron- gomg) reglon

120 —— | T T T T T T T T T T T T T T T T T T l_ 8 | L
-f < : _ This area is designed to 1 5  Qussivaslphorrodenn__|
100 - g prOVidecoverageforIOW- ........ _: § lpyihias “
- 1 <
80 ] - '
n ] 0.8 $
60 = i 1
E s0f- q o :
x H - -
g 20 — B
Q a » 0.4
5 o * -
T 0
—20H- — 0.2}
-40H- — I
-60 E_ ; _: E;10I = I 0 I 2 4
u : : : e’ py bremsstrahlung photoms) ] log, (@)
[ 1 1 1 1 | L L 1 1 I 1 | 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 | | 1 | 1 — . .
805 35 30 25 20 15 210 5 Acceptance up to ~10~* with smearing (not shown).
Length z (m)
- 4 )
Beam dipole > Needs to be fast enough to detect each

Electron beam

bunch crossing (<10 ns).
» High radiation and temperature loads due to
% W beam proximity and synchrotron radiation.
Tagger 1 ™ Tagger 2 > Angular divergence makes the lowest Q2
coverage challenging.
» Various technologies on the table includin
diamond or silicon

Beam quadrupole




Complementarity/Second IR

« Separate group dedicated to complementarity.

« Different location of “gap region” between the BO
and RP/Off-Momentum Detectors (different beam
pipe size in the equivalent BOpf magnet in IR 2, for
example).

« Different crossing angle (will also increase crab-
induced smearing).

‘T{i—'. ."\.
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Summary and Takeaways

* Many issues have been considered during this Yellow
Report effort, but a few things must be included.
e e.g. timing, maximal acceptance, precision.
* Tagging low energy photons is the most demanding task.
* More study is needed with detailed material
considerations and beam backgrounds.
e Alternatives should be considered when:
* required by physics (i.e. technology choice doesn’t meet
requirements) — Reflected in the YR.
* if the cost for a technology is excessive when a final
design materializes.

The Yellow Report serves as a foundational starting point for the collaboration(s).
As the machine design is iterated and refined, and as new R&D is completed, new
alternatives may present themselves that improve on previous work!

W : Electron-lon Colliders/1s




|IR-related physics requirements

Table 2.2: Summary of the requirements from the physics program on the overall IR design.

Hadron Lepton

. . +4.5 m main detector
Machine element free region

beam elements < 1.5° in main detector volume

Beam Pipe Low mass material, i.e. Beryllium
Integration of detectors Local Polarimeter
Zero Degree Calorimeter 60cm x60cm x 2m  @s = 30m

scattered proton/neutron acc.|Proton: 0.18 GeV/c < pr < 1.3GeV/c
all energies for e+p 0.5 < xp < 1(xL = E},/ EBeam)
Neutron: pr < 1.3GeV/c

scattered proton/neutron acc. Proton and Neutron:
all energies for e+A 6 < 6 mrad (for /s = 50GeV)
6 < 4mrad (for /s = 100 GeV)

Relative Luminosity: R = LT+/~=/L*=/~+ < 10~*
Luminosity 7 acceptance: =1 mrad
— 0L/L < 1%

Low Q?-Tagger Acceptance: Q% < 0.1GeV

‘\"(} o 7).
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orward Proton Acceptance — P

B P
5 GeV x41 GeV 10 GeV x 100 GeV 18 GeV x 275 GeV
2 I Emnesp'ozoooo 8] 50: . Enmmzoooo 8] E Emn‘esplozoooo
g0 Iy R e B g
TA00F Sq00c ML : S 400k ‘ .
Lu:5oi_ —— Monte Carlo Lu350 E_ =J 111-} —— Monte Carlo Lu;50§ ‘J‘ ] ?L‘i — Monte Carlo
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DVCS proton Pt [GeV/c] DVCS proton P, [GeV/e] DVCS proton P: [GeV/c]
Need both detector

systems together here!

High Acceptance: larger §* at IP, smaller

High Divergence: smaller 8* at IP, but bigger .
B g8 B(z = 30m) -> lower lumi., smaller beam at

B(z = 30m) -> higher lumi., larger beam at RP

RP —
x_y_image_RP . g 30
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x coordinate [mm] x coordinate [mm]
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» Protons that come from nuclear breakup have S A

X coordinate [mm]

a different magnetic rigidity than their MC._Proton._Phi

respective nuclear beam (x,<1)

» This means the protons experience more
bending in the dipoles.

» As aresult, small angle (6 < 5mrad) protons
from these events will not make it to the

Roman Pots, and will instead exit the beam .
pipe after the last dipole. T T et angie, pld)
- Detecting th;,se off-momentum

v
Yah ’

Neutron spe

n > n'
t'=(n'—d)2—Mp

x_y_image_B0O

Single BO
plane

g
T

y coordinate [mm)
. X

-100 -50 0 50 100
X coordinate [mm)]

MC_Proton_Theta

Lia 1 |
0 5 10 15 20 25
Polar angle, 8 [mrad]




Luminosity monitor

. AY
dipole max|
IP dipole % uP
*—'\ photon { max > | PHOT
exit window {Iengﬁctron ~ DOWN
min T T T AL IR T T T -
V4 % gg: — 18 x 275 GeV
e Similar to ZEUS/HERA concept o Yor 10100 Gey
2 3of —5x41Ge
\ 8 20
» Luminosity measurements via Bethe-Heitler ok .
process f
» Photons from IP collinear to e-beam i
» First dipole bends electrons i
» Photon conversion to e-/e+ pair il
» Pair-spectrometer ) T T TP T PO PO T O B
» Synchrotron photons collimation scheme needs to E, (GeV)
be fu rther reﬁned (a) Bremsstrahlung cross section as a function

of photon energy.

| |
N\ LTSy )
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NG, D,
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Far-forward physms at EIC

e+d exclusive J/Psi events with

lefractlon

e+p DVCS events W|th

proton tagging.

c
c

\ y

Rapidity
gap

J

p ™ N\ r Tz,
NS .

r(
(((“H\\\

proton or neutron tagging

¢

p'.n AL Z I

4 .
Saturation
(coherent/incoherent Meson structure: e+He3 with spectator proton
I/ production) » with neutron tagging tacoi
(ep— (m) —e’ nX). agging.
A » Lambda decays
(A »pm  and A — nn?) e+He4 coherent He4 tagging.
e-/v/
/+ e+Au events with neutron
e/er J'Z°W_ X tagging to veto breakup and
@ , photon acceptance.
N Ko K+ BO




Roman Pots resolution

Angular divergence

» The various contributions add in quadrature (this was checked empirically,

measuring each effect independently). These studies based

A = [(A 24 (A 24 (A 2 on the “ultimate”
Pt,total \/f pt,AD)J f pt,CC)} \( pt,pxl}) machine performance _

i

Y Y Y , with strong hadron
Angular divergence  Primary vertex Smearing from cooling
smearing from crab finite pixel size. ’

cavity rotaﬂbn\ M’

Primary vertex smearing

APt totar [MeVie] - 275 = A 20 6 1 26 from crab cavity rotation
GeV
Apttotar [MeVic] - 100 22 11 9 9 11 16
GeV )
At torar MeVIc] - 41 GeV 14 - 10 9 10 12 \ ’%& y /
W I, e

Bunch

win | > -

* Beam angular divergence

* Beam property, can’t correct for it — sets the lower bound of smearing.

» Subject to change (i.e. get better) — beam parameters not yet set in stone

* *using symmetric divergence parameters in x and y at 100urad.
* Vertex smearing from crab rotation
» Correctable with good timing (~35ps).
* With timing of ~70ps, effective bunch length is 2cm ->.25mm vertex smearing
(~7 MeV/c)

S Ay

Yulia Furletova



:6 Large exit flange for forward spectrometer C
BO integration -

» Beampipe: exit window

» HCAL and vacuum pumps in
front of BO tracker => high
background area T

/-~ $9.843 [$250.00 mm]

— ¢87.087 [$180.00 mm]
(20 mrad)

» Detector integration and 92552 (60,00
maintenance

ELECTRON BEAM —~HADRON BEAM

#5.315 [¢135.00 mm]
(15 mrad)

SECTION A-A
Need an electron beam
pipe break point here? Electron “warm” beam pipe
/ BOPF /  BOAPF Q1PF
L ‘/
b ( I
>
- |
X
N\
N\ .
BOPF Detector Proton cold beam pipe
Package Break point proton beam pipe Warm cryostat boundary

Highly Simplified Machine Detector Interface Schematic

Break point to IP beam pipe so detector can move
out before opening up the cryostat end volume.




ZDC resolution
ep->(mr) >e’+n+X

| X100 GeV | “* e

RO
o: P p'@A’, XX
e : Size of 60x60 cm should be sufficient,
“E ) high granularity is very important for
T8 * ‘10'00' — ‘||I00‘ — 730&70‘ — l7ll)0‘ ! I80'0I = ‘90‘0' — ‘10'00‘ — ‘IIIOO‘ — .1200 0

high-energy operations

[ 18x275 GeV |

Distance from beam Y [mm]

: :.J | Bx100 GeV | *
l M- _m:
Distance from beam X [mm] »

900 1000 1100 1200 7308 L1
00

coe o b L L L a
700 800 900 1000 1100 1200

Neutron samples from Meson L ioxdo0eey [ 18x275 6ev
structure group ( for different : . |
energies and ZDC

granularlty/spaaal resolutlon

1400

1200
1000

ance from beam Y [mm]

o Laaa o L 1
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Lambda decays

ep> (K) >e"+A+X
L, p+m (Br~64%)

L n+ 0 (Br~36%)

off-Moment™ P
petector® /
roman POts

-~

T

N\

» Detecting Lambda’s decays in the target \
fragmentation area is very hard, due to a
very large decay length (meters).

» Would require in addition detection of

negative charged particles (pi-) at the OFF-

momentum detector location

=
eC S /S TS
T

TR

Example (10x100 GeV): ~100% detection for
protons from Lambda. Significant loss m —along
the beam line (FFQs) due to low momentum of

those pions.

8

Total momentum [GeV]

\ h2vtxptot2

NZvDiptot2

T

h2vtxtheta2

Entries TE1
Mean x T.281
Mean y 16 o
Sid Devx B.29
S1d Dev y 5693

Zvix [m]

0

hZvixthetad

Theta [mrad]

Entries TE11
Mean x 7.281
Mean y 26.5
Sid Devx B.29
Std Devy 3.793




Machine Optics: Roman Pots
275 GeV DVCS Proton Acceptance
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g 30r
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2L G

g’ 20 10°
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High Divergence: smaller £ at

IP, but bigger f(z = 30m) ->
higher lumi., larger beam at RP

High Acceptance: larger " at
IP, smaller B(z = 30m) ->
lower lumi., smaller beam at RP




Machine Optics: Roman Pots

100 GeV DVCS Proton Acceptance

x_y_image_RP
t0 x_y_image_RP
..3450:_ Entriesp 20000 gsof En):ries g11743
E . . M 0.3848 = [ . . eanx 2.
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0 02 04 N6 .8 1 1.2 1.4 ‘159;6‘ S R e I -l
V p fOton Pt [ Ge V/C] B h h x coordinate [mm]
Need both detector
systems together here!
v ¥  xy image RP |
(%) = pto E1 50 - ;n{ri;[:ag;:!;
LByenk . Entries 20000 C .
450 High Acceptance |vean ossis s [ High Acceptance |v=x 177
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Improves low p; acceptance.

x coordinate [mm]

proton scattering angle [mrad]

e

30

25

20

15

10

15 GeV on 50 GeV

15 GeV on 100 GeV

200
proton momentum [GeV/c]

15 GeV on 250 GeV

250

10*

10°

10?

10



41 GeV DVCS protons

T 30p
= L
E 250 15Gevon50Gev
2 L
. ® L
x_y_image_RP € 20
x_y_image_RP o L
. — pto &50r Enties 2379| £ 151
- E Entries 20000 E r Meanx 158 = C 15 GeV on 100 GeV
S450F Mean 0.3768 o S et
ot RMS  0.1799 Tl Meany 0.2452| 5 qof
WA00E S AuSx 7es7| @ 15 GeV on 250 GeV
350E- —— Monte Carlo § - y 15.06 g 5;
3002_  REnominal s0r 4 § : N, . o B IR ‘;"?“ i
250E- — ko r a % 50 100 150 200 250
20 05_ o 3 proton momentum [GeV/c]
150 N
100E —50r 2
50F C ~
g | 1 | 100 25 cm 1
%02 04 06 08 T 12 14 —
DVCS proton P, [GeV/c] - ‘ ‘ ‘ | |
t _15q | I | | T - | - | - N - 0
2150 -100 -50 0 50 100 150

x coordinate [mm]

* Only one beam configuration for now.

* Acceptance gap still observed.

* Lower acceptance at high p;.

* BO plays largest role at this beam energy.




