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Far-forward physics at EIC

e+D

« Spectator tagging in e+d/3He =
collisions

e Neutron structure

 Neutron spin structure, S & D e q  Fona Roman pot
po cte
waves oo deced ZDC

* e+A collisions at zero degree e+a
* Breakup determination of the '
excited nucleus

« Veto with evaporated neutrons
and photons from de-excitation

-
-

e pol

High—energy
process

Intra-nuclear cascading
increases with d (forward
? particle production)

Leads to evaporation of
nucleons from excited

- Geometry tagging in e+A y, "uceus very forward)
collisions Nucleon Momentum Distribution
« Event-by-event characterization singl
e gle
of collision geometry Anucleons .
« Study of nuclear medium effects ; +
« Short-range correlation (SRC) g

SRC palrs

: ~1/k?

and EMC effect

 Nuclear PDF significantly
modified by SRC pairs
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Far-forward physics at EIC

 Mass of the proton, pion, kaon

Chiral Quantum
|Relativistic Motion | Symmetry Fluctuations
Breaking
M — Eq _|_ Eg _l_ qu —|— Tg X.Ji, PRL 74 1071 (1995)

Quark Energy | | Gluon Energy | | Quark Mass | | Trace Anomaly

 Proton

« Determination of an important term
contributing to the proton mass, the
so-called “6CD trace anomaly”

« Through dedicated measurements of
exclusive production of J/y andY
close to the production threshold

e Pion and kaon

« Determination of the quark and gluon
contribution to mass with the Sullivan
process

Sullivan process

(&
y DIS event -
e = reconstruct x, Q2,
L Y* W2, also My (W,)

— of undetected
o, recoiling hadronic

Detect scattered electron

Pion/Kaon target

(undetected) TT——x T Bl system
N of
t N Detect “tagged”
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Requirements to ePIC ZDC

« Large acceptance
« Large aperture — large ZDC

 Soft photon detection of O(100) MeV

« Detection efficiency more than 90%

« Neutron measurement
« Energy up to 275 GeV (beam energy)
 Energy resolution 50%/VE(GeV) + 5%
. Position resolution 3 mrad/VE(GeV)

e Photon measurement

« Soft photon with 20-30% energy resolution

« 20-40 GeV photon with 35%/VE(GeV) energy
resolution and 0.5-1 mm position resolution

e Radiation tolerance

» 0(10%2-10%3) n.,/cm? (1MeV neutron eq.) in
several years
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Requirements to ePIC ZDC

EM energy resolution

 Not demanding, but
degradation ma?/
occur for crystals
and/or photon
sensors due to
radiation

EM position 0.bmm

« Fine pitch layer
needed

Neutron position

e 3mrad/~E or 6mm @ 275 GeV

Neutron

Energy range

up to the
beam energy

Energy Position Others
resolution | resolution
50% _, | 3mrad
= + 5%; = Acceptance: 60 cm x
VE VE 60 cm
ideally
‘;:-' = i 7"-'"
Vi -
Note:

The acceptance is required from meson structure mea-
surement,

Pion structure measurement may require a position
resoultion of 1 mm.

PPhoton

0.1 —1GeV

20 —30% | Efficiency: 90 — 99%

Note:
Used as a veto in e+Pb exclusive ] /i production

20 — 40 GeV

32"

e 0.5-1 mm

VE

Note:

u-channel exclusive electromagnetic 71" production
has a milder requirement of “T“T { 7% and 2 cm, re-
spectively. Events will have two photons, but a single-
photon tagging is also useful.

Kaon structure measurement requires to tag a neutron
and 2 or 3 photons, as decay products of A or .

Table 2: Physics requirement for ZDC

« Better resolution is not necessary since energy resolution

also contributes to p,

e Crucial to determine the zero degree: still good position

resolution is useful

Calibration: kinematic end point (275 GeV)
Need dynamic range up to multi TeV for HI
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ePIC-ZDC 15t design

Previous
Current Z/DC design

*note: space for readout may extend the longitudinal length.

Total: 60 cm x 60 cm x 162 cm

Crystal (PbWQO,) W/Si calo. Pb/Si calo. Pb/Sci. calo.

+ Silicon Pixel layer 3 Pixel layers are inserted.
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ZDC updated design

« Cost reduction design
« Smaller EMCAL
 Pb-Siimaging HCAL removed
« By Po-Ju Lin (NCU) and Michael Pitt (Kansas)

Energy Resolution

= 018 \@ "
o s BRI 2 o \ [
‘ ||mmm i WWH"”N m\ﬁl h‘ﬁlll\l ||u|\ﬂ|||m1"|‘||||\||5|||lll||“”' & b\ This study
w — e . ‘ Required
0.14— \
0.12?—
» Use only three Pb/Sci blocks to fit the dimension 041;—
limitation 0.08F
* Overall length approximately 182.7 cm 0.06F-
* Gaps between crystal-W/Si and W/Si-PbSci: 2 cm T F
* Gaps between Pb/Sci blocks: 5 cm 0.04= . 48% 0
* |n Pb/Sci: Lead thickness = 10.0 mm, scintillator 0.02F Resolution: VE +2.8%
thickness = 2.5mm S T T T
00 20 40 60 80 100 120 140 160

Energy (GeV)

Slide by Po-Ju Lin (NCU)
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EM calorimeter

« W-Si imaging calorimeter
« ALICE FoCal-E Pad technology 56cm

« 2nd design
« Lateral dimension based on
FoCal-E Pad sensor size 9cm x
3cm — 6 sensors x 7/ Sensors = A
hdcm x bocm
« Smaller than the 1st design because
EM shower leakage is smaller than
hadron shower leakage
« Numpber of Si readout layers; e.g.
2X,(7.0mm) x 11 W layers + 11°Si
readout layers 54

« Cost reduction option

Total: 60 cm x 60 cm x 162 cm 7

Crystal (PbWQ,) W/Si calo. Pb/Si calo. Pb/Sci. calo.

+ Silicon Pixel layer 3 Pixel layers are inserted.
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FoCal-E design

 Including cooling & support

mover Block type with 5 pad sensors per layer

FP-4003

PAD segment (5x)

FP-4025

4x

Pixel layer (2x)

FP-1025

3kg

FoCal E-module

FP-4029

- Cold plate

12kg P=48W* A FoCal Ecal
3kg P=18W*
* Power outside active area is excluded 66kg P=277W

Temperature stability for PAD is: 25 +/- 5C (between 20C and 30C)
For the pixel this is: 26 +/- 8C (between 18C and 34C)

May 14, 2023 Ton van den Brink

January 30, 2024
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FoCal test beam

e arXiv/2311.07413
e VVarious test beams in 2021-23 at CERN PS and SPS

2
na

IIII|IIII|IIII
ALICE FocCal-E Pad Prototype -

] i
FoCal-E Pixels —~ [
oC FoCal-H &0 CERN SPS H2, 2022 + 2023, electrons |
". s . = N c 01—?{ + Diata wio Layer 7 ]
NN > =¥ S 9 e . i
{ "5’ - :"._ ¢ GEANT4 simulation wio Layer 7 -
] ™y = - ' _
15 ‘ % 0.08/—; — e 855
FoCal-E Pads SRt -
= 18 layers Si pad sensors .; Lo TTTTTET i
« wafers of 9 x 8 em? © . i
- pad size 1 cm? o o —
+ readout with HGCROC v2 L - _
FoCal-E Pixels = - .
Jd + 2 ALPIDE pixel layers O ~ 7
+ Monolithic Active Pixel Sensors o 0.04/— : —
A / = pixel size of ~30 x 30 pm Fo Thee 0 EEIrmeeeeeeel

% | - two tested prototypes (HIC,pCT) - B g
N — DR v I .
c y ) N FoCal-H L B = “eBlas ]
- - A [Negt® : L . \ + 9 Cu-scintillating fiber modules 0'02_ - i
S s N + towers size ~ 6.5 x 6.5 cm2 L |
s / e . , + length ~110 cm i ]

[ Fef o g~ » ! ﬁ + readout with CAEN DT5202 gLt 1| Lo b v b v by by
.~ © 4 b < 0 50 100 150 200 250 300

Electron energy (GeV)

* Test beams in Japan
« FoCal-E Pad test beams at Tohoku Univ. ELPH
« Next: February 2024
 Neutron irradiation test in 2022-23 at RIKEN RANS

« Sensor, photodetectors, chips, cables
January 30, 2024 11



EM calorimeter

« Crystal calorimeter
e 27d design

« Lateral dimension b4cm x b6cm matching
to W-Si imaging calorimeter

« Crystal scintillator choice
« PbWO, vs LYSO
« LYSO crystal by Taiwan group (from CMS)
e Cooperation with BO EMCAL

» Crystal calorimeter should be
removable if possible

 Necessary only in eA collisions
e To reduce radiation

T dep. of LY Decay time

LY (ph/MeV) (%/K) (ns)

Total: 60 cm x 60 cm x 162 cm 7

5 (73%)

0.89 cm 200 1.98 14 (23%) 420
110 (4%)
1.14cm (markifftgﬂ dargy 028 36 420
40.2 cm ﬂin__) (_ﬁg—c—m—)
~2A ~2.5) ~2.5M
STo(e|eCEM 2.4-2.8 cm >100 22-400 440-460

Crystal (PbWQO,4) W/Si calo. Pb/Si calo. Pb/Sci. calo.

+ Silicon Pixel layer 3 Pixel layers are inserted.
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EM calorimeter

« Crystal calorimeter
« LYSO test module design for test beam by Taiwan group
« Lab test with radiation source Co-60 performed in Taiwan

LYSO Calorimeter

one pixel =7.12mm x 7.12 mm x 88.3 mm
8 * 8 pixels = 56.96mm * 56.96mm

Slide by Chia-Yu Hsieh T
January 30, 2024 (Academia Sinica) 13



EM calorimeter

« Test beam at ELPH, Tohoku Univ., Feb. 19-21, 2024

« NCU, Academia Sinica, Sejong Univ., RIKEN, Tsukuba Univ.,
Tsukuba Tech Univ.

« To be continued after the FoCal-E pad test beam (Feb. 13-14)
conducted by Tsukuba group

Beam test : Setup Plan

Data : ADC, time
- AN Control
room

N e
Detector ADC + Gain + Thres.

-
Lyso P2 siem ROCA : 32 ch
8x8 pixels | 8x8 pixels ) - ROCB : 32 ¢ch ['~.
)

Temp.
sensar
/‘ Low Voltage
\\ 5V fixed

N
On top of the platform
e need a metal plate

SpaceWire
MK4

Long cable is prepared, we will leave the
whole board at least 5m away from the beam

Beam height = 160cm
Setup
=150+ 8 +[2.5,9.5]

8cm
=[160.5, 167.5] cm
Platform should be able
to scan the detector
from the top to the
bottom.
2.5-9.5cm

Left-right movement will
be placed by hand/eyes.

2

Slide by Chia-Yu Hsie 1916
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Hadron calorimeter
« 27d design

« No Pb-Siimaging calorimeter
« SiPM-on-tile technology

A possible SiPM-on-tile ZDC design slide by Sebouh J. Paul (UCR)
e SiPMs and bias & readout . 12an———f—f60cm i%fﬁ:?;i:i ;a,,er
(HGROC) and scintillator cells " Shmcanying pQ

- . . . \ i o) with UV LEDs
(injection molding) relatively 60 cm ] i O, (0.08 cm)

inexpensive. de—
e Could work with either Fe or Pb,

. . dowel pin —. — ESR foil
butif we use Fe it could be very |, e — \ (0.015 cm)
inexpensive: T S 30-printed

Absorber block ———— \ . rame

Could reuse 21010 cm’ thickness=2 cm " ESRfoll - scintillator tiles

(0.015 cm) radius=3.1 cm
— cover thickness=0.3 cm

absorber blocks from STAR

Total: 60 cm x 60 cm x 162 cm 7

e Major effort to reduce cost of hadronic
calorimeter

e Moving to Fe/Scintillator with SiPMs on
each tile gives major reduction in cost

402cm  480cm , > e Significant synergies with Forward Hadron

~ 2.5\, .
Calorimeter
Crystal (PbWQO,) W/Si calo. Pb/Si calo. Pb/Sci. calo.

+ Silicon Pixel layer 3 Pixel layers are inserted.
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E/C status

* EIC Resource Review Board Meeting
e 2"d meeting: 2023.12.7-8 in Washington DC

« EIC IKC (in-king contribution) CD-2 expectations

« At DOE CD-2/3 Review, planned for early 2025, scope
without identified IKC partners will be assumed as DOE
scope, and pursued as opportunities

« |KC are expected to be identified and agreed upon at all
stages of the EIC project and the timing of approval
cycles in different countries

e e.g., detector upgrades, accelerator installation and
commissioning, in the detector area such as Canada,
Japan, Korea, Taiwan, etc.

« EIC Far-Forward and Backward Preliminary
Design Review

« 2024.2.11

January 30, 2024 16



Preliminary design

e LYSO crystal calorimeter
« SiPM-on-tile Fe/Sci calorimter

Current Design

— 2.8¢cm ZDC SiPM-on-tile
/ service gap / Fe/Sc calorimeter
/ 162 cm (8.0 A, 75 X0)

ZDCLYSOECAL —
7eam(03),6X0) |

carbon-fiber frame
for LYSO crystals

LYSO crystal

(3x3x7 cm3) — PCB board with APD sockets

for LYSO readout

January 30, 2024



ZDC integration issues

« /DC sits outside of the
beam pipe
« Keeping ZDC clear of

magnet cryostats, crab
CaVIty On eleCtrOn Slde7 3 T TR AT

and hadron beam pipe - Ll i
e Current hadron beam U
pipe cuts acceptance == 4
for photons

e Machine is aware of this
issue

0 degrees
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Summary
« eP|C ZDC updated design

« EM calorimeter
« Dimension
« Crystal scintillator evaluation

« Hadron calorimeter
« No imaging layer
« SiPM-on-tile design
 Position (& timing) layer
* Preliminary design
« LYSO crystal calorimeter
« SiPM-on-tile Fe/Sci calorimeter

e [Integration issues

January 30, 2024
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