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« Zero-Degree Calorimeter (ZDC)
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EIC Detector R&D Proposal

“Developing a High
Resolution ZDC for EIC”

2020.5 2=
« 2020.8 eRD27 & L THIR

EIxILF—HFDIEH
« MHEEE T /LT H VR
DODr=al—vrgv

c BRLB LN FOAHO

) X — X
MmHEgs I 2L —
- BIFAE

o (FB#FIC & AALICE-
FoCal R&D)
K AHLHC-

e (HvHAKIC
/DC R&D)
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Integrated forward system

Off energy

detectors ©

calori
Roman
Ap—

eter
ZDC

60cm

Performance requirements and resources requested

Detector R&D

Physics

Performance

Resource

Support &

Soft photon
detection

e+A nuclear
breakup veto

l‘('quir(‘m('nls r('(luvst('(l collaboration
E, < 300 MeV detector This proposal
simulation Calorimeter consortium
acceptance acceptance This proposal
simulation BeAGLE group

detector

detector R&D

N/A m FY21

structure

acceptance

technology

EM + hadron | e+A collision neutron high resolution BeAGLE group
calorimeter geometry multiplicity not necessary

spectator energy & detector This proposal

tagging position simulation

resolution
meson neutron & A detector This proposal
simulation Meson structure WG

detector

FoCal R&D

RIKEN

Kansas Univ.

technology LHC-ZDC R&D
calibration design & This proposal
scheme simulation

system test

N/A m FY21

Radiation
11&1‘(111(‘55

radiation dose

simulation study

This proposal
Kobe Univ.

detector
technology

radiation test

This proposal
Calorimeter consortium

Table 1:

Table of performance requirements.
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Slide by C. Hyde Wil
‘ZOSPb(e,e’) Fits to data (without error-bars)

ZDC EMCAL: DEEP EXCLUSIVE NUCLE| | s A
_ W — 37 2.615MeV
* Gluon Density from e.g. 2°8Pb(e,e’¢) 2°2Pb —— 5" 3.198 MeV
: _ . 0 — 57 3.709 MeV
* Final state nucleus is lost in beam envelope 5" 3.961 MeV
" — 2" 4.085 MeV,
* Veto breakup of Pb nucleus. 4+ 4.323 MeVl
g ' — 6% 4.424 MeV|
* Thousands of bound states excitable by AN |—8* 4610 M:V

photo-excitation 10

These will wash out diffractive minima. 10

Possible veto by detection of boosted decay 10°
photons

At Py, = 275¢Z GeV, boost y =117

10°*

10 5

Each photon has 32% detection probability ' 1 1

within 4mr cone 0 0.5 1 15 2

e IRFHEEHD L DHXFEBRE L T, MERFZDESR % HER
o BT RILF—FHF~300 MeV
e dmrad 77t 7K A TIEMHEAE L
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o T DFEE
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- 5GEREEMEI(SRC) L EMCRhR mEEE

High—energy
process

Forward
stpecmtor Roman pot
detected ZDC
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Nucleon Momentum Distribution

« Short range correlation (SRC)

single
. ~20% D F 13 SRCH piceons g
e 18%IlEp-nxd Mean 88 .“.
« K& 7'—&:7]‘E§(9LE@J§(> 300 MeV/C) b SRC airs
N 35 P
NERBOREDBES L, 2RI A
{/:i}jj% b, 80%i20% )
. El\/lcf—\jj% 80% kf 20% k
e EMCEESICHE W TEFHDISICH YT PR

CEEIEED T HAERBE X NI EMC and SRC Correlation

o EFHES(PDF)IZSRCHICL > T
KELZEA?

mn_ﬂz'f—.l_g DlS at .Jl_ab —> ElC
e e+D at JLab: Hall B & C
e e+D & e+A at EIC

0.1 | 1
[v] 1 2 3 4 5
{ g' S R C t E | C ea0T1). Hen et PR 88, | SRC pair density (az)
a 047301(2012)
/l\ l:l L\Z; :l ——

EMC slope (-dR/dx)

Hauenstein | 0972472019

slides by Heuenstein
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Spectator DIZ5;

/DC RESOLUTION: T p——
SINGLE NEUTRON EVENTS T Sl o some

+ q=450MeVc (,1.41%

* Measuring the properties of a bound proton: b = 35OMeV (x 14
Spectator tagging: e.g. D(e,e’n)X '
e P, =275 GeV/c = p, =Py(1+a)/2 = 137 GeV/c

* Rest frame neutron momentum = aM

* If ZDC resolution = 50% [GeV/E]"/2
-2 4.5% @ 137 GeV/c

* o(a)=o(p)/p=0.045
=>» Rest-frame o(p,, ) = 40 MeV/c

e Spatial resolution 1 cm ? 030 100 750 200 250 30 30

k (Mevrc)

* o(p;) =(137 GeV/c) (1 cm)/(32m) = 43 MeV/c

Slide by C. Hyde
« E—LDILEAY ERIIRED pr DfEBE ~40-50 MeV/c
. TRANMREE Lom — pr DHREE ~40 MeV/c

. ZDCI?\/I/#\—%\%’@% 50%/\>/E (GeV) —» 4.5% @ 137

GeV/c — pr 73 fEEE ~40 MeV/c
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« /IDCHEITA2EIH DA DFEOAIZ+4 mrad

« /DCOIEAEDY v T —DRNZIMADHKES
« ~2 interaction length
e e.8. 60cm x 60cm

IR 40 m .

10()w

1250 +

1000 < -

750 - Closest Large Aperture,
High Field Quadrupole

E 200 Spectrometer /
H Dipole :""""%
SR e CONPF

ZDC

F aart

— p (275 GeV, reference orbit)
—— e (18 GeV, reference orbit)
: T i — = n (+4 mrad opening angle)
—9250 1 - * QIEF - - 7 (quad. synchrotron radiation)
p (275 GeV, p; = +1.3 GeV/c)
N p (275 GeV, +£100)
- ] . \ ]
~500 Forward Side - (15 GeV, +150)

Detector Region

0 10 20 30 40 50 60
Z |m]

=
2021£E2ﬁ235(7\’) BNL@EIC@IRHXH

23



Mgy Sy 3 t -
ST QR =
5 - 204549 2
BN Fm o, R &5
WO .WV _ ﬁﬁ._#_a /%
A ; PR &
S0 Sy Lsom L0
.mUde %_A %_ﬁbﬁo »m.m
T R - u.ét ©
oy Sl 1 Siig i
S gi%#m%w I
— ™ w
S S e o Bhoe )
%ﬁﬁﬁg,k @Zfﬁ,@m TeEs 2
i MZJ&JE BH< U w/mi%ﬁmﬂy S
Vo thisd shen S Ggl s XAz
QS X NEEELT 13
%h Rk Q MR Bk =N 7 =
._V//A [ @*@ZJ/ HJDA_.mA
ﬁia%iﬂiﬁmﬁ@%ﬁmm%@ e
58 ol bl o Ex Ey E% kRS
EUEF%&%E 75?%%0\% EE2
- o B 2 EHIEE N
S S gw
._AIXZJTZ%EH -

Zﬁ o%; R

24

202128 23H(X)



Backup Slides



7> r0

« T - RFEOBEROZERMEIZQCDAEEIR &
T5HLDTY, EICITZDEZKRIEZEBELT 5
QCD%EEO))K‘ERFrontier Machine T4,

c QCDICED ET - BF D RIED RS

FHEL, AREnBIR LEE (BE ZY
DUREERE) ILHLZOREEERL X7,
T - BFHEOEROSHIMEEBRICHHI

ARIONTWETH, SITRLF— - SHEE -
=IEREDEICIE = NEFCEREINTOANS S
[CE R _”%@U$§ ZIRBERICHT S
;FLF[‘/— 7Ld~IE ﬁz'lj: :E)f\_ i—g_o

+ ZLTEICICE > T oS F - RFEOM
ﬁ@%tﬁﬁﬁ\ﬂﬁu\@w%ﬁw%ﬁﬁg
@%%%éﬂtt SV KEBREED-O

L& Do

20212 H23H(X) 26



=
e HiggstéiE XI5 F D EED1%TEE L A EnAA L 74 Ly
« WHNEDENHAEEZXRIHT S
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s FIECIR F LD D DIETF
e ETZZ M coherent TH B Z & RT3
¢« BeAGLEZ IL—7(eRD17) ¢RI T T aL—> 3 >~
e TZXARY XK= EOABS. HOA
e« ZDCIZH T 2O A D45 mradDigE. 20% D HF
LR TE AN
e Second IRDFZEFTTCKRKELZIDCT 77X v A %15
CENTEHNY
e 2RI A A Y X — &
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ERELONFO>HmAY X—%
e T T R VR
c e+tATEZE TR FDHD B DspectatorPEFEHSR
T A 7-% 60 x 60 cm?
c TxIF—, \LE. priEEE
e N KFAYOITRILE—HFREE <50% /VE (GeV) @
constant term
« +EMEAROKET X, 10 interaction length
e +IREAMROD KT X, 2interaction length
s SWWNFOVDOIRILF—DEZIFHT-DICT ¥ T —
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ALICE FoCal-E
FoCal-E basic design

The design of the detector:

Transverse segmentation TT7

LG colle :iéﬁ e 20 layers: W (3.5mm = 1 Xp) +
i Si-sensors (2 types):

111
I111

» low granularity (LG), Si-pads

1 HG cell
» high granularity (HG), pixels
£ (e.g. CMOS-MAPS)
* Moliere radius ~ 1-2 cm
Longitudinal segmentation
0 ; ) 3 . B 5 ‘ LG HG
plxgl/pad ~1cm2 =~ 30x30 um?2
size
total #0f 5 5x105 ~2.5x109
pixels/pads

absorber LG layer

The surface area of the detector
will be about 1 m?

20212 H23H(X) 30



Beam
line
direction

05/29/2020

20212 H23H(X)

ALICE FoCal-E

11 modules

320 um

Module:
Composed of 18 + 2 MAPS layer

Composed of 5 pads sensors + associated FEE-PCB
1 FEE-PCB linked to readout PCB (Aggregator board)
Si-pad:
Built up from silicon pad sensors with a granularity of 1 x 1 cm?
Sensitive area of g x 8 cm? for each sensor: total of 72 pixels

F.RARBI - Online meeting with RIKEN group 3

New silicon pad
sensor for final
FoCal

31




Calorimeter Consortium (eRD1)
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« PbWO, . LYSOZ% &

e 300 MeVIZEA L DIET R IILF¥F —HFOHH (2kIN?)
-ﬁizvy?p—ﬁ

N/ TE *L %
Crystals in EMCal. PbW04
Slide by
U PbWO, material of choice for many EMCals — high density, fast response, large T. Horn
and granular solid angle, etc., but also limitations, e.g. hadron radiation damage
Z I A TR - R L B e
-9 ]
5 PbWO, light yield
z ": A . temperature
E e dependence: 2%/°C
I 1 1 ' I "
R R BT T
2021428 23H (Q() PbWQ, radiation resistance 11 32
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« RN FAVICKSDISOEEFDFE

« FEHL Y FEIE(e+q — v+q) DIHEEITHER

CEZ

c FEAL Y PERICH L TEoEEZARES <ML

cBIA/NFB AR Y X —X(Idiffractives
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T~ large rapidity gapZ #pld B 7= DEEE
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B/ a0l X —xR&ED
cBIHDY Y bDFHL N EAYDOIRILFE—HAIE,
N A —ICARA X
« UCLAZ'L—7 (STAREERZE) . EICEHEER&D
(eRD1. AOYX—&ayy—T L) &
« /I\RDEREE TR & BREM A A BE
o (EE - BENCWMELEIRZ &/INREICHDH]
S+ FDY Y KA vF (STAR FCSIZ38/E)
« 10cm x 10cm x 90cm®d X Fe+Scintillator

] — Sandwich structure
« 4.5 interaction length

e WLSIZ & BEN
e SIPMIZ L A58~ H L
o TRILF —HRREE

e o/ E=T0%/NE (GeV)

« Constant/noise terms?
20212 H23H(X)
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S JRRHHEE

e Silicon-on-insulator Silicon Hybrid Detector = SOIPIXD + UFSD
monolithic pixel (SOIPIX)
« KEKZIL— 7 H G
. IS FARAE 0.68+0.006pm
(120 GeVTF X b E— L)
« ANLEBNLDFHE[EIRFZEHE & 4n
varvnA7Yy FEESD
RHIROANE & L TIRSE

Coverage: ¢ =2n
In]<5.0

End-Caps

End-Caps

e BN L —/N—0DAEES A IE
L
]

c RFREER DT RILF —18
g WA RFA AL T E
I AEER T L —/N—1{K
FHEEMEST 3 7-OICEER
O
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FeH

e EICIZBNLIZEZR N5 QCDYIE D R HA
Frontier I\Aachlnef%%

« EICDO 38
c FDE=E
« MF DALV
o 7 I)L—F v EIH]

c EICHAZ IL—7 DFE)
- EICO&BI T DYIE
o ETEHARDIE > e+ABERICEL D 7L —F > E8fla &
« Spectatordi&z# — Iii£¥0)7l‘%i%_\ FoEEEEMERES 74 &
(/A FEF - KREFORES)
o (BREIHDNYF 4R
- EICIEH 28
e REIAAAY A —X
(BIANFO>AHO Y X—&)
(v avietHes)
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Physics at zero degree of EIC

« Leading baryons
 Fragmentation

« One pion exchange (OPE)

LN in DIS

pTzdependence in bins of X

d‘ol(dx, dpf) [nb/GeV’] H1 Preliminary

042-% ~05

e
p¥[GeV?

066 <x,< 074

* H1 Data (Prel)
0.65xRAPGAP-r
== 1.21xDJANGO

— 0.65<RAPGAP-r
+ 1.21xDJANGO

20212 H23H(X)

Fragmentation

e

ZEUS

One Pion Exchange (OPE)

. e
e

ATy psnx = Ja/p(XL, 1) X dTyep sy

The distribution of p: (=t) is defined solely
by the pion flux

Sensitivity to the pion flux

FMS-monopele

[ s ZEUS20pb*
2 - o2 Gev’
! p? < 0476 x? GeV®

] systematic uncertainty -

1

0 —I i | 1 L
03 04 05 06 07 08 0.9

%, 14 H1 Preliminary
o) = ’
O 12 t-
2 0
- <t 1%
8 |
wlll ey 5 i * H1 Data (Prel.)
sbE|"..- — KPP
e - == Bishari
aF Holtmann
- --- GKS
2 == FMS-monopole
- = = FMS-dipole
1 0-IIIIIlllllllIlllllllllllllllllll
X, 04 05 06 07 08 0.9

XL

Slope of exponential pTzdependence compated to various pion-flux models

slide by Ciesielski

18
Inconsistency @ HERA

— Need more data to understand

production mechanism .,



 FoCal-E

ALICE FoCal

« High-granularity Si-W
calorimeter for photon

and rt°

e FoCal-H

3.4<n<5.8

« Conventional metal-(baseline design @ 7m)

scintillator sampling
calorimeter for photon
isolation and jets

.— FoCal-E

19 (2020

2021

Q4 |Q1Q2Q3 Q4
LHC LS2
Lol F
R&D
Test beam
TDR
Final design

Production, construction, test of module
Pre-assembly, calibration with test beam
Installation and commissioning

Physics data taking

2022 2023 2024 2025 JZOZG 2027
Q1Q020304Q1Q020304Q1Q20Q304Q01Q020Q3Q04Q1020304Q1Q20304Q1Q2Q30Q
LS3

——_

20212 H23H(X)
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ZDC 31' LHC slides by Longo
« ATLAS & CMS ZDC

 W-quartz sampling calorimeter
ATLAS

EXPERIMENT

» ZDCs located in the TAN
(140 m from IPs)

» W - quartz sampling calorimeters
» ATLAS: EM + 3 Hadronic modules

E. BdRma » CMS: EM + 4 Hadronic modules
° JZCaP Collaboratlon Current ZDC rods (GE 214 fused quartz)
« ATLAS + CMS joint R&D effort ' f_rqa:i:;zd
 Radiation-hard fused silica rods g sl i
* Increasing H, concentration | éﬁ“’.
e Tested at higher doses than we Nen-Gragrny

expect at El

« |LHC group done significant work
on calibrating Fluka dose . o —
» Fused quartz with high level of impurities

Simu latl on inadequate for any pp running and damaged
202152 H23H(X) during PbPb running. 39




EIC - Electron lon Collider

« High-energy QCD frontier to
study nucleon (hadron) and eRHIC at BNL
nucleus (cold nuclear matter) s
from quarks and gluons

« World’s first polarized electron
+ proton / light-ion / heavy-ion
collider

« Wide ((% x) region

 Electron + proton / light-ion

Injector Linac
%

RCS Injector

collision Loomen |
o Polarized beam | | | -
° 3
) Highe,IS,rT?i/nggity JLEIC at Jefferson Lab
o Ly~ 1033-34 cm-25-1 —

« 100-1000 times HERA
« Collision energy
« s =20-100 (140) GeV
« Electron + heavy-ion collision
« Wide range in nuclei

Electron Collider Ring

Electron Source

20212 H23H(X) 40



Physics at EIC

Understanding how the
nucleon structure and
properties emerge from
quarks and gluons and their
interactions from QCD

g
Precision Luminosity

Measurement

How does the spin of

the nucleon arise?
Spin and Flavor Structure of

ow does the mass o

the nucleon arise?

3D Picture of the Nucleons
and Nuclei

* Transverse -Momentum

Distribution and Spatial
Imaging

Orbital Motion of Quarks

and Gluons Inside

Systematic
understanding of the
structure of nucleons
and nuclei covering the
wide kinematic range

New Picture

Discovery

What are the
emergent properties
of dense systems of

Collision
Energy

the Nucleons and Nuclei gluons?
* Gluon Polarization Gluon Saturation at Extreme
* Quarks and Gluons Density

Inside the Nuclei
* Hadronization

* Initial State of the QGP
(Quark-Gluon Plasma)

2021 2H23H(X) 41



3D structure of the nucleon

« How are quarks and gluons
confined inside the nucleon?

« Bag model

« gluon radius > charged radius
e Constituent quark model
e gluon radius ~ charged radius
. Lattice gauge Bheory (with slow

moving quarks

e gluon radius < charged radius

 Need measurement of
transverse images of the
quarks and gluons in the

nucleon

* Proton tomography with GPD

measurement

e R= O.é— 0.7 fm for gluon

EHERA

COMPASS

« Smaller than 0.85 fm with EM

interaction
20212 H23H(X)

and sea quark

Static
Bag model ,,/ AN
|'I ° Bag)
I'.\ ./-;II
Constituent :"';'“jl_"""--
i Ay
quark model = o
WD (o) 4

Lattice gauge
theory

High Energy

)
o +
S - —
v 6
o LV I i
Q |
4_
R HERA —> COMPASS
|__® _this work: COMPASS (@)= 1.8 (GeVie} |
W ZEUS:  JHEP 0905 (2009) 108 (Q% = 3.2 (GeVicy
A HIT: (@)= 4.0(Gevicy —0.
- O i Eur.Phys. C44 2005)1 1 02) = g (Gevief |
07 B H1: Phys. Lett. B881(2000) 391 (Q?) =10.0 (GeV/cy
10 107 1072 107
Xgi /2



Physics at zero degree of EIC

« Very forward proton acceptance for DVCS
exclusive measurement

Measurement

DVCS - 20 GeV x 250 GeV - 10 fb"

Physics observable (cross-section vs impact parameter)

DVCS - 20 GeV x 250 GeV - 10 fb™

g Plots from %; So— ]
5 EIC White Paper: & | i aphsn
3 ouf JL,.=10fb-!
' | f 0.18 <p,(GeV) < 1.3
| :roaunr:::nn s °‘; 0.03 <|t| (GeV2)< |.6
= ' t N\
| oe;— \\
) 02 04 06 08 1 12 “Yl GGe;.: h] nla 1 b{ [f'm]
,_%, limited & Uncertainty in normalization
< lower '?’D:; fL,.=10fb-"
pracsipaiee 0.44 < p(GeV) < 1.3
T
5 ToiZ 14 16 CD R T T ST B B
. Itl Gev? _ b, [fm]
B o 3, Uncertainty in slope and shape
3 limited E _ |
R-2T% higher s I Lil"lt_ I Ofb'
% pr-acceptance 0.18 < pr (GeV) <0.8
o
I)4|t
{ We need a proton spectrometer
F gttt s = with large acceptance!
Itl GeV' b, [fm]
202142 823 () shown by Fazio & Jentsch 13



ALICE FoCal-E

mini-FoCal at PS and SPS (2018) i

=g >l F Y. Minato

€ L %m& 3 | Yoko Minato
I S99 250 GaY Reconstrucied by MisiFotal O 221~ Beam Enargy: 130 GeV
! F ’
} b G | Beam Erergy: 150,350 Ga¥ E.zo:_ particle; o -
mf Dericie: ¢ 8 i -
; PR h A e 532210% s E
[ | B e = 2902 2.0 Ga¥ @ 16
15 Eaen 1508524 Gov | s Ok
[ 1af
! E .
| 12
F \ 10F-
f | - * e
I I 8
F ‘ - ey
8- -
[ l l “ i * .
15 | |
8 J y 8 4? B84 -
'Y PR N | A N AT PSR 2F » .
%% oo 1s0 200 250 300 3 ;
W’Q’Y“WWG’ 0‘tif|||||u|x|||u|J|1|l||1||:1|H!|u|]||
— 0 2 4 6 4 110 12 14 16 1 E{J
AE/E=36% L)

@150 GeV/c, e (SPS)  pags connected to flex PCB

i APVireadduthyhirids

" “mini-FoCal” has been built in
Tsukuba, and shipped to CERN for
test beam and ALICE testin 2018

APV 25 hybrid + SRS for readout Module design approaching final
3 PAD. sensors, 8x8 pads.each

2021F2F23H(X) 44



ALICE FoCal-E

9

mini-FoCal in ALICE (2018)

{ Hit Map of mini-FoCal in ALICE

Layer 2

Taf

Cluster spectrum

Acceptance

' mir!'L-Ji__ al
i

LHC beam pipe

SRS system under the table

= . . Cluster multiplicity: e
Goal: measure/verify backgrounds in situ .

full acceptance

—
Q

w
with p+p @ Vs = 13 TeV collisions in ALICE i i\ g;:: :3-?
ot ag o .
- 102 ¢ N
* Calibration based on test beam S N :-; : n ::-g
» Comparison to MC (cluster spectrum, slid lines) B 0ok S
n? peak E
sl
o N it = :
h \ —— Masd H"M)uﬂGiv o
Y C 0%

envies

% , .L. Jrsh B
all 1% 4§ LY 1 -
o] . Novitzky 10000 20000 30000

-
S
o
o
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ALICE FoCal

1. New silicon pad sensor for final FoCal

aby 10mm PR
Bab J o Baby 2x2
w/o AL - . .
J 4 Baby 10mm
~

Baby 3mm

w/o AL

, v Almost final version
as of Aug. 19, 2020

Baby 2x2

vjo Al

20212 H23H(X)
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ALICE FoCal

« RIKEN participation in FoCal

« FoCal-E pad readout and trigger development
e Test beam

e Participants
 Yuji Goto (scientist): 0.25 FTE
e |taru Nakagawa (scientist): 0.25 FTE
« Minho Kim (new postdoc from Oct. 2020): 1 FTE

« Budgetary contribution
« Additional FoCal-E pad sensors in 2020-2021

« Student support for Japanese & non-Japanese
universities

e Tsukuba U.
* Travel support for visiting staffs

20212 H23H(X)
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ALICE FoCal

« We'd like to build approx. 10cm x 20cm
prototype FoCal-E detector to be used at
RHIC/sPHENIX in 2024

* Approx. size of 10cm x 20cm
* Located at zero degree, in front of ZDC

« Measurement of photon, pi0, and neutron cross
section and left-right asymmetry in polarized p+p
and p+A collisions

« Construction in 2022-2023 by RIKEN budget

« We'll need appropriate contract with FoCal group
for technology transfer and purchase

« In 2023, we may consider prototype test at
RHIC/sPHENIX in A+A collisions

20212 H23H(X) 48



ALICE-FoCal

FoCal - main components 3

o ] FoCal

Hcal

Pads and Pixel Layers

HCal: ~2K channels

Pads

1) Total number of modules: 11 x 2 = 22 modules
2) Total number of Pad layers: 22 x 18 = 396 layers
3) Total number of towers : 22 x 5= 110 towers

4) Total number of silicon sensors: 396 x 5 = 1

,980 sensors

5) Total number of readout ch.: (8 x 9) x 1,980 = 142,560 ch

+396 FEE PCB, 180 aggregator boards, 8 CRU

Timescale till Run-4

Production, construction, test of module
Pre-assembly, calibration with test beam
Installation and commissioning

Physics data taking

2019 (2020 2021 2026
04 |01020304/Q10203040102030401 0203040102 0304010203 0401020304
LHC Ls2
Lol
R&D
Test beam
TDR
Final design

20212 H23H(X)
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ALICE FoCal

ALICE FoCal upgrade for LHC-Run4 (2027-)

FoCal-E (PAD & PIXEL): high-granularity Si-
W sampling calorimeter for photons and

FoCal-H

FoCal-H: conventional Cu-Sc sampling

~_FoCal-E
calorimeter for photon isolation and jets

32<n<5.8

EM aqd PIS measurements > (base“ne deSign @ 7m)

Observables:

* 10 (and other neutral mesons)
* |solated photons

Jets (and di-jets)

J/ (Y) in UPC

W, Z maybe possible

Event plane and centrality

20212 H23H(X) 50



ALICE-FoCal

- 18
4. Timescale and cost
Pad (short term, 2020-2021)
2020 2021

Componen Description Taget [Q1Q2Q3 Q4(/Q1Q2 Q3Q4
Pad 01 Silicon sensor design Q1/20
Pad 01 |New mask for silicon sensor Q2/20
Pad 01 |Test production Q4/20
Pad 02 Prototype board design Qz2/20
Pad 02 Test board production Q3/20
Pad 02 |Test board assembly Q4/20
Pad 02 Firmware for readout Qa/20
Pad 02 | Integration and module test Q4/20 [PM] : Prototype Module
Pad 02 ELPH beam test Q1/21
Pad 03 Conceptual design mechanics and cooling Q1720 | Pad 01 P,
il e G l—— Pad 02 readout board design (and connection)
Pad0n | Wisioiats Tou PR soiistie nae Pad 03 module mechanical design and cooling
Pad 04 LV power infrastructure conceptual design Q3/21 Pad 04 LV power infrastracture
Pad 05 HV prototype qualification for PM Q3/20 Pad 05 o
Pad 05 HV infrastructure conceptual design Qv Pad 06 QA performance, componets and system test
Pad07 |Readout receiver/ FLP prototype Q4/20 Pad 07 FLP/EPN connections and software

CERN test beam Qz/el Pado8 DCS/controls

TDR Q3/21

Final design Q4/21

20212 H23H(X) 51



ALICE-FoCal

« For RHICT upgrade (2022 or 2024)

e Space restriction at RHICf
« FoCal prototype with new readout scheme for RHIC{?

 Readout electronics integration to sPHENIX
electronics & DAQ system

Module: 18 layers of Pad + 2 layers of MAPS

Layer: 5 silicon sensors side by side with PCB

9 cm x 5 sensors = 45 cm (5 tower design)

20212 H23H(X) 52



20212 H23H(X)

ZDC at LHC

Dependence on ATLAS/CMS ZDC

We may incorporate rad hard fused silica
developed for LHC forward detectors.

These fibers are already tested at higher doses
than we expect to see at EIC.

LHC group also has done significant work on

calibrating Fluka dose simulations and we can
benefit from this.

LHC group planning new test beam campaign
when Covid permits. This will help calibrate
simulations.
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Detector requirements

- TOPSIDE / CALICE , ,,,, ......,;af;@;;

* Imaging calorimeter

 Improving e/h with X
software compensation Z,
S

« EIC HCal R&D
e Improving e/h with timing — shown
(dual—gate offline 120 GeV proton in DHCAL by Repond
compensation)
« Energy resolution better
than ~40%/VE (GeV) +
few% is challenging .

] ALlCE Focal :;“71- 1 \\.‘f f o -
::;; 2 ; ™~ neutrons 1

1

)
st i '." = relativistic particles ] Sh own
7§ ST T P W TP IR U ST G [ SR .
0 20 10 7 %0 100 120 by Tsai

ir
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Simulation studies

e Collaboration with BeAGLE group (eRD17) and
calorimeter consortium (eRD1)

« ALICE FoCal geometry included in Geant4 (g4e
framework)

« Soft photon detection
« Acceptance & efficiency
e Detector simulation & evaluation
 Effect for downstream calorimeter (resolution, pID)

e« EM + hadron calorimeter

e Detector simulation
« EM + hadron configuration & evaluation
« Energy & position resolution
« Leakage (size), e/h (technology)
« Calibration system evaluation
e Physics simulation
« Evaluation for spectrum measurement

e Radiation dose

20212 H23H(X)

55



Draft Timeline for Written Instruments

102020

102022

CD-3 Critical
Decision

Quarter and
FY

Project Annex in place, SOl and support letter
as needed
MOUs or Project Planning Document in place

CD-4A 3Q2030 MOUs for operations
CD-4B 4Q2032
Eﬁ’EmREEFY gé?:,?czf EIC User Group User Meeting July 15, 2020 20

202128 23H(X)
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E/IC Schedule

FYI9  FY20  FY2I FY22  FY23  FY24  FY25  FY26  FY27 FY28 @ FY29 FY30  FY3I FY32 [mEdss

S CD-0(A) JECD-I  HECD2XLCD-] JKCD-4a  ZECD-4
r"t"f-‘a " Dec 2019 Mar 2021 Sep 2022 | Sep 2023 Approve start Approve proj.
Decisions of operations completion
Sep 2030 Jun 2032
it it
Accel Early CD-4a Early CD-4
R h & chy‘:;g:g's' Research & Development G B
i T ! Mar 2029 Jun 2031
Development
Detector | Research & Development
I
Concep.
Jan 20 Des Mar 21
Infrastructure  Apr 21 Sep 23
Accelerator A ‘ r 21 ‘
Systems h : : : Sep 24
| ‘ l
Detector Apr 21 Sep 25
T
Infrastructure Conventional Construction
| ! 1 1
Construction | :
. Accelerator | procyrement, Fabrication, Installation & Test [ZZZ 77 7A Full RF Power Buildout
& Installation Systems : ‘ 1 y 7 777]
Detector | Procurement, Fabrication, Installation & Test L 777777
( |
| |
Accelerator | . Full RF Power Buildout
ommiss. & Pre-Ops
Commissioning Systems ’ l 3 :
& Pre-Ops -
Commiss. [/
] ]
Data Level 0 Critical /// Schedule
K. - — -
ey (A) Actual - Completed Planned Date Milestones Path A Contingency
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- A T EFREEYERE (EIC) F1E

@

Tracking Electrons n/Kip HCAL
n Nomenclature = = Mueons
Resolution Allowed X/X0 Si-Vertex Resolution of/E PID p-Range (GeV/c) Separation Resolution of/E
oB/8 <1.5%; 10-6
69t0-5.8 low-Q2 tagger <Q2<10-2 GVl
Augxili
L pIA Dc;-tmc::lory Inst tati
-45t0-40 ectors nstrumentation
to separate
charged particles 2
4010533 from photons 2%/VE
-35t0-30 oplo-
-30to-25 0.1%=p+2.0%
Backward oplp ” I
-25t0-2.0 i T e TBD =7 GeVjc 50%/~E
-20to-15 ;
| T SUPPression up
79 T SUppPression uj
-15t0-10 to 1104
-1.0t0-0.5
Oxyz ~ 20 ym,
-05t0 00 Central Detect ~5%orlessX | dofz) ~do(d) ~ 2
entral Detector S oplp or less 0(z) ~d0(rd) <5 GeVic a 8D
00to 05 ~0.05%x=p+0.5% 20/pTGeV ym + 5
05t010 Hm
10to15 -
< 8 GeV/c
15t02.0 =
~0.05%xp+1.0% (10-12)%/~E :
20t025 TBD ~50%/~E
<20 GeVic
25t03.0 oplp -
30t035 0.1%=p+2.0% < 45 GeVjc
35t040 Instrumentation p/A beam electron beam
to separate
charged particles
401045 from photons
Neutron
& Detection
Tintrinsic(t])/t] <
262 Proton 1%:; Acceptance:
2 Spectrometer 02<pt<ld
GeV/c

Photon Photon
Electron Neutron
Proton
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