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Preliminary detector design at WP
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Beam background estimation is missing, which is critical to detector design.
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EicC IR layout and detector at CDR
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Central Detector

Pixel + MPGD Coil RICH

« Tracking
 PID

« ECal

Compare to the design (WP)

ECal DIRC ToF




Tracking system
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Technology choices

Tracker " The 3¢ generation MAPS

Pixel size: ~20x20 pm
Material budget: 0.05%

MIC7

The 15t generation MAPS
Pixel size : ~30x30 um
Material budget: 0.85%

\Vertex Detector

MPGD

Pitch size: 50X250 pm
Or ~150X150 um
Material budget: 1%

v
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PID detectors
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Low Gain Avalanche Diodes (LGAD)

Low Gain Avalanche Diodes
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*Current configuration fits to the tracker system well
*Timing resolution: 20-30 ps / layer
*Spatial resolution: ~¥30 um
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The detector geometry was
reconfigured.

Ti/K separation of 2-3 GeV/c
achieved.
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DIRC

Sensors
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MRICH

Smaller, but thinner ring improves PID performance and reduces length
Sensor plane

Lens-Based : . focal length 15.24cm (67) - ‘ .
mMRICH Aerogel Air | [ € - ]

Design ! a0 \E/ i L © & ¢ 1mm*imm

: = ;}r’" “‘*--»\ L * . g 2mm*2mm

A | A I )9 : 20; /f ; émi = ¢ 3mm*3mm

eroge - 1M _ R L F; 5 L .
Fresnel - 16 L, { \, g J
resneLiens Incident particle! o 3 o
Mirror set l : k is -f; * ﬁs ’ ﬁ )
! 20 \ -/ = 8 j
Sensor plane : [ \“"-.,,r_h‘. ‘M‘,‘,»f‘ _.30-‘“.]%-
‘Tﬂ ~40— T L ¢ ]
I , L ]
' r Ll it ok 1 | L
%0 —40 —20 0 20 40 60 4 6 8 10
momentum (GeV/c)
f. 7.62cm ~ 15.24cm (3"~6")
Fresnel Lens
® pi/K separation up to 9 GeV/c
Aerogel ® e/pi separation up to 2 GeV/c

® Separation power decrease
with increasing polar angle
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ECal design

SiPM
Gmm = Gmm

16 ©1.2mm WLS fibers
—

240 layers 480mm
One layer: 1.5mm scintillator + 0.35mm lead + 0.06mm ESR = 2

l.._ Wop x Wy _Hll

EicC Shashlik ECal

Csl Crystal
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Enenrgy resolution [%]

n® invariant mass resolution [MeV]

Performance
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Momentum [GeV]
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Central Detector

600
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lon Far-forward detectors
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lon Far-forward detectors

RP

ZDC
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Endcap Dipole Trackers (EDT)

Four silicon trackers (MAPS, AC-LGAD)
Charged particlein 16 mr <8 <60 mr
Full ¢ coverage for 6 <35 mr

gaps for 0 > 35 mrand -30°< ¢ < 30°
to allow electron beam pass through
~ 0.5% resolution

Motivation: many meson decay photons
peak in this range

Compact EM calorimeter (only ~¥30cm
available space in z due to quad. magnets)
Reasonable candidate: PbWO,
Acceptance: 20 mr <0 < 60 mr




Roman Pot Stations (RPS)

Roman pot station: 2 silicon trackers (MAPS +
AC-LGAD) placed inside the ion beam pipe
Small holes in the middie to allow ion beam
passes through

Each tracker made of two movable L-shape
planes, making the hole size tunable

~ 0.3% resolution

RP Momentum resolution

0275
0.250
0.225
_,0.2001

—

0.1754

p[%

dp/|

0.150 1

0.1254

0.1001

0.0751

- n€[4.7,5.0]
~$- n€[5.0,5.3]

- n€E[5.3,5.6]
—- n€([5.6,5.9]
—— n€[5.9,62]

15 16 17 8 19 20

1
P [GeV]

21



Roman Pot Stations (RPS)

High lumi. configuration

e With EicC high luminosity ~4x1033 cm™ st
» larger beam spot size at RPS
» central hole needs minimum (18cm / 10cmin x/y)
» Only cover down to ~10 mrad

e With EicC high luminosity ~1x1033 cm™ st

» smaller beam spot size at RPS

» central hole needs minimum (8cm /4cminx/y)
Low lumi. configuration > Can cover down to 5 mrad

* Possible way to reach ultra-forward angles:
» spend 10~20% of run time to run low-lumi. setting,
reaching angles ~5 mrad
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Off Momentum Detector (OMD)

aof- 1 aof

Purpose of OMD is for charged spectator tagging, which is
essential for studies such as tagged DIS, SIDIS, SRC, etc.
Envisioned technology: MAPS + AC-LGAD or MPGD + AC-
LGAD

Capable of detect charge particles with 0.4 < p;/ p, < 0.75

-0 -5 0 5 10 15 20

x [cm] x [cm]

20-15-10 -5 0 5 10 15 20

100

80

60

ratio [%]

40

20

o 02 04 06 08 1 12
Off-momentum detectors p/p 23



Zero Degree Calorimeter (ZDC)

2 PbSci detectors:

« Energy measurement for neutron

each layer 25.6mm lead + 6.4mm scintillator
15 layers for each detector

in total 60cm x 60cm x 48cm for each detector

WSIi detectors:

* Imaging calo., pos recon., PID
« each layer 3.5mm W + 320um Si

* intotal 42 layers

» Silayer readout 1cm x 1cm for now
« intotal 50.6 cm x 50.6 cm x 22.5cm

/PbWO4 detectors:

For photon detection
 each module 2.2 cm X
2.2cmx10cm <
* intotal 50.6 cm x 50.6

\_  cmx10.0 cm )

24
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EicC detector at CDR

ZDC

RICH

CQiI

Pixel +MPGD

gy

LN

OMD

5;—55//»//1/9////’

RP

EDT

ToF

DIRC

ECaI
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EicC detector at CDR
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Polarimeters and Luminosity Monitors

» Luminosity measurement

High energy polarimeters

« Bremsstrahlung luminosity monitor e

pRing: 20 GeV/c
eRing: 3.5~5 GeV

.................................

» Electron beam polarimetry S~
- Compton polarimeter Aoz [ )
-. ; = —
Pol. e peadllY
source .‘m Ny \,_m_,J
> Proton beam polarimetry Mott polarimeter / -,,

BRing-N: 9.3 GeV/c},
BRing-S: 20 GeV/c |

* pp absolute

Low energy Pol. lon
. . Siberian snakes .‘w - polarimeter source
« pC relative polarimeters Spin navigator e — =
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Luminosity Monitors

- via elastic bremsstrahlung off electrons; large and well-know cross section ~mb

Photon spot at z=30m
- Detect bremsstrahlung photons downstream electron beam

- Direct photon detection for instantaneous luminosity monitoring

50¢ rrreTy
-

y(mm)

- Photon conversion to e+e- for precise luminosity calibration

—50-40-30-20-10 0 10 20 30 40 50
DIPOLE MAGNET FOR MOMENTUM
ANALYSIS OF COMPTON ELECTRONS x (mm)
Measuremen t Of Both Compton

Photons and Electrons SAME POLARIZATION
* Limit Systematic Uncertainties First Two Dipole Magnets

Compensate Each Other

Compton Photon ()
alorimeter

Photon energy Photon angle

e A
~ 10%F . b 10" L -
LaserAnd \\ r Parameterization 1 Parameterization 3
Fabry P; Cavil ] 1
Ap— N ) GETaLM MC - GETaLM MC
10" =
\l Compton Electron
Tracking Detector 10+
. 10°F E
I ep3.5 X 20GeV | [ ]
- - - METES IFETIATS NI AT AT AT ITEN NRTITENS ST o AR A Il FERE FEE PR FEEE FRTE W s
Lum|nos|ty monitor 0 05 1 15 2 25 3 35 0 02040608 1 1.214161.8 2
E, (GeV) 8, (mrad)
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Electron Compton Polarimeter

Quasi-head-on collision with high-power 100% circularly polarized laser

- Independent detectors for electron and photon of ey — ey

Noninvasive and continuous measurement of asymmetries between left and right
handed laser polarization states

DIPOLE MAGNET FOR MOMENTUM

- Geant4 simulation I1s ongoing

unpolarized x-sec (NLO) Analyzing power
Measuremen t Of Both Compton

.
Photons and Electrons

-
— - =
o; ’ 2 SAME POLARIZATION % . Unpolarized = B
* Limit Systematic Uncertainties First Two Dipole Magnets = Left 5 F
Compensate Each Other § i N 2 15 L
Compton Photon (V) = r nght 8, o
Calorimeter ™ 10 'é"’
c 3 L kY,
~ F i~
~ =
Laser And % F =
Fabry Perot Cavity \) L
5+
s e Bea I F
) R S R -3 P T R
0 0.1 0.2 0.3 S

P
0 01 0.2 0.3
Photon energer (GeV)

Luminosity monitor
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Proton polarimetry scheme

The H-Jet polarimeter at RHIC . g The RHIC/AGS p-C polarimeter
Precision: 5% in 1 hour, not fast enough Ay can be self-calibrated with a pol. H target Target box

* Radius: 16 cm
cold head () @ ® @
dissociator Beam T l T l Target frame

Target 1 1 l 1 * ceramicv plate
* metal holders

* 4 holders (3 carbon + 1 empty)

metal

isolation
valve

Identical beam & target particles

]
3
(%]
E 3 * 1 left empty for background check
g l
O
g six-pole magnets Same Ax for ﬁp - pp O+®and @+ ®
< RF transitions N ppoppD+@and @+ @ ceramic
holding field axan
magnet ol FALE
Recoil . Pb — Ebeam _ __ Ebeam P (—) _
g spectrometer eam Ay Etarget target .. / ; m -
§ L A Y *b ./ "&i
s RHIC beam *  Prarget measured with Breit-Rabi polarimeter - I ¢ g ]_ .
o 5 T Ut i~ !
e N | e L . S
3 . Np—Ngr I >
4 * Left-right asymmetry: € = T measured }{I‘ .
= L R (1] L
o detector . . g 5 |
& ~ with symmetrically placed detectors ' -il

Technologies are rather mature in the world. However, critical R&D needs to be
Identified from our side.
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Simulation and Software

EiccRoot Structure

ROOT . G3VMC }—{ Geant3 |
[[‘if.efmetw]gvmal MC%<1( G4VMC ]—{ Geant4 ]
- ' anager :

EiccRoot_3.0.0:

Full magnetic fields (16 field maps) in the IR region
Complete beam pipe design from -40 to 20 meters
Interface to event generators:

EvtGen, Pythia, MILOU, eStarLight...

Tracking, ECal, Forward detector, Polarimetry

packages in good shape

Beam effect simulation: crossing angle, crab cavity,

angular Beam Divergence, bunch length

32



Readout and data acquisition

FEE 1/0O Card Event Builder
(ASIC)
Detector Server/Crate
FEE
(ASIC)

Event Builder
I/O Card
Network
Switch
I/O Card

Event Filter
Detector Server/Crate

: FI;JECE\) [/O Card Storage Buffer

PiDAQ: PCle based hardware VERO: ATCA based hardware

2
ARt T e U Versatile Readout (VERD) system
Plan to integrate with front-ends in this summer. Blade with Mezzanine-_ N
> VABZ3  (Versatile ATCA Blade): to be tested in June i 8,4
Card FPGA x ghp! Server Note . i A L §
PDAOBO KUOBO Gendx8 1x 7.48GB/s CHOU  MKUOBO (Milianke) > VRM24 (VEI"SBtIlE Rear MUdLIlB): to be tested in July ;%QP
PDQRO16 KUSP Gen3x8 1x 7.38GB/s HSIA KCU11B (Xilinx) . c (\'x N
PDQ024/5 KWSP i SxRZO86R HSIA PD@124 (CCNU) > AME Mezzan'ne zl:v“‘ v‘
Gen3x16 1x14.76 GB/s VABZS ol
POQI24/S  KUISP Gendx8 2x14766G8/s HSIA  PDQG124 (CCNU) g o
POGNB KUSP Gendx8 1x1476GB/s HSIA  KCUMB (Xilinx) - b TF‘ .
POQ128 a7p Gendx8 2x1476GB/s HSIA  VCU128 (Xiinx) g b L e oo
PDQ142 :;1402 G:n::ﬂ 1x14.7BGB;: :S:A PD';MZ (c::Nul (| AM[: CBI"dS to IJE SUppr‘tEd -

> LAM24  (Loopback AMC Mezzanine)
» SAM25  (SAMPA AMC Mezzanine)
T p— > TAM24  (Trigger AMC Mezzanine): to be tested in Nov

PDAI25: KUISP, 2x 12-ch module » CAM24 (Converter AMC Mezzanine)
PDOI42: IMI402, 2 OSFR28

Measured with
ATLAS FELIX software




Status of CDR
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Summary

» Big progress in various aspects for the past three years.
» Central detector: tracking, PID, ECal well studied.

» lon forward detectors Is in good shape.

» Electron forward detectors ongoing.

» Beam background need to be studied.

Thank You






PIDAQ: PCle based hardware

R&D is in parallel with STCF & NvDEx.

Plan to integrate with front-ends in this summer.

Card FPGA Generation Endpoint x Throughput Server Note
PDQOB0O KUOB0 Gen3x8 1x 7.48 GB/s CHOU MKUOB0 (Milianke)
PDQO16 KUSP Gen3x8 1x 7.38GB/s HSIA KCU116 (Xilinx)
Gen3x8 2x 7.38GB/s
PDQ024/5 KU15P HSIA PDQ124 (CCNU)
Gen3x16 1x14.76 GB/s
PDQ124/5 KU15P Gen4dx8 2x14.76 GB/s HSIA PDQ124 (CCNU)
PDQ116 KUSP Gen4dx8 1x14.76 GB/s HSIA KCU116 (Xilinx)
PDQ128 VU37P Gen4dx8 2x14.76 GB/s HSIA VCU128 (Xilinx)
PDQ142 VM1402 Gen4dx8 1x14.76 GB/s HSIA PDQ142 (CCNU)
Secs | Recvd[MB/s] | File[MB/s] | Total[(M)B] | Rec[(M)B] | Buf[%] | Wraps
T e T o0 e o T T
### Blocks 14156858 Errors: header=14156858 trailer=0 (trunc=0 err=0 length=0 type=0 crc=0) Measured with
##i Blockslgizggﬁss Errors:052ader*=28222‘2¢259tl‘ailer=0 (?runc:O é?r:() Iei;thﬂ) type=0 crc=0) ATLAS FELIX software
3 14749.6 0.0 44272.5 0 7 41

PDO124. KUIaP, bx OSFPZ8
PDOI25: KUIGP, 2x 12-ch module
PDO142Z: VMI40Z, 2x (ISFP28
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VERO: ATCA based hardware

 Versatile Readout (VERD) system
> VAB23  (Versatile ATCA Blade): to be tested in June
> VRM24  (Versatile Rear Module): to be tested in July
> AMC Mezzanine

g
B s

VAB23 | sy
e —

ol 2 i

4 1

3 AMC cards to be supported
> LAM24  (Loopback AMC Mezzanine)
> oAM2a  (SAMPA AMC Mezzanine)
> TAM24  (Trigger AMC Mezzanine): to be tested in Nov
> LAM24 (Converter AMC Mezzanine)

N |
. Wi

ATLAS GCM & GRM




MAPS readout system: CARO

(1 Control and Readout system (CARD)
> Flexible readout system for pixel chips

 Use the AMD Kria KZ6 SOM card
(3 Board is being deisgned to support MICE & ALPIDE

L
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o ;
i TN < ~73
poonl s g O . |
PR | & LN )
)
my .":; o g
. g i \%‘ o L 1
~
4 I = i
3 '/ —
= ~ Y oy L 0

> May support other types of detectar

(1 Modular design to support telescope readout in the future

4xGTH
f Iic
: MR

3 Prepare for on-stave electronics in the future

O Schedule
> dchematics design (24/03-04)
> PCR design (24/05-06)
> PCB fabrication and assembly  (24/07)
> HW, FW. and SW (24/07-10)

39



Beam effect study

» Accelerator and beam conditions critical for physics and detector

simulations for the Electron-lon Collider

* Document: https://zenodo.org/records/6514605

« Code: https://github.com/eic/afterburner

1.

2.

Crossing angle
Crab Cavity
Angular Beam Divergence

Bunch Length

» Crab cavity will rotate the

» The “kick” is z-dependent, no %

» Effectis at the level of 20

With Bunch Length and Crab Cavity Effect

px [GeV] Hist z vs px: particle = iniproton

bunch, giving it a “kick” in the T
x-direction

kicking in the middle of the
bunch

MeV from head to tail
» Currently, effect in the program
twice larger than expected,
need to find out why




Forward A detection

polar angle of A Energy vs decay z-vertex of A
2000 202 TR I
15005— B
1aoof~ L
1400f- = i
= 12005— (3 16
3 1000 3 15(8
800}~ E 14
aoof— 13
400 12[§
2002— 11
c()'‘l|51““110‘“11[5““21()““2|5l|“310““3|5l“I410““4y15““50 105 ; é ‘ é tJt EI) l(IB‘Ju%HHB
6 [mrad] decay z coordinate [m]
polar angle of p from A polar angle of T from A
Detection of A is essential for measurement of  zof EvE— F EP—
2000 —— EDT detected . - ctocte
the kaon form factor and structure function ™ —FoTaesea |V R
=3 — OMD detected F
] . 14001~ 1200
using the Sullivan process. g f E soonf
© 1000;— © 800;
e+p 96 +K++/\ 222;: 600?
] ) 400F- 4001
Obvious advantage for EicC, compared to EIC 200f
S - R R E— 0F==F6-""20""30 2050 807080 80 700

Efficiency of A ~ 40% (EIC 1% ~ 20%) 0 [mrac] 6 [rad]



Structure of the EicC barrel silicon tracker

* ITS3-based Vertexer (3 IB layers)

Hybrid Integrated

Circuits (HIC) 7th EicC CDR Meeting - Y.P. Wang

> EXJEicC, RIRBEIMAPSERMEFIRITSIHE, F

Stave

FFRSEIMEPCB. RAEN S

BEERab AT EHT
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Central Detector

43



Central Detector

Pixel + MPGD

ECal

Coll

DIRC

RICH

ToF
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EicC Detector

Pixel + MPGD Coll RICH ZDC

ECal DIRC ToF EDT RP OMD
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Proton polarimetry scheme

H-Jet polarimeter 3% in8 h

pC polarimeter 2~3 % in 1 min

H-Jet polarimeter

pC polarimeter

Target Polarized H gas jet Carbon fiber
Target thickness ~10*2atoms/cm? ~ 10'® atoms/cm?
Event rate ~ 60 Hz ~ 2 MHz
Operation continuously ~ 1 min/h
Analyzing power self-calibrated unknown

Role

Absolute, slow
Noninvasive

Fast, relative
Polarization profile

Feedback for machine tuning

46



FDT running at Low luminosity mode

High Lumi. Low Lumi.

Designs HREINe I v Assuming Y4 of data taking time running at low luminosity mode.
Particle e p e p

Circumference(m) 1151.20 1149.07 1151.20 1149.07

Kinetic energy (GeV) 3.5 19.08 3.5 19.08

Momentum (GeV) 3.5 20 3.5 20

Total energy (GeV) 3.5 20.02 3.5 20.02

CM energy (GeV) 16.76

feolision (MHZ) 100

Polarization 80% 70% 80% 70%

Bp (T-m) 1.7 67.2 1.7 67.2

Bunch intensity(x10"1) 1.7 1.05 0.44 0.27

£,/&y, (nm-rad, rms) 50/15 100/50 12.5/3.75 25/12.5

B./B; (cm) 10/4 5/1.2 10/4 5/1.2

RMS divergence (mrad) 1.4/2.0 0.71.0 . . . _

6xRMS size @ BpF2 (cm) 9.3/4.6 4612.3 1 W= e ] 50 fb-! data—>
8xRMS size @ BpF2 (cm) 12.4/6.2 6.213.1 1y il * igtég’ Xg) bins ~1% stat. error
10xRMS size @ BpF2 (cm) 15.5/7.7 7.8/3.9 : 50k . ¥ i on asymmetry
Bunch length (cm, rms) 0.75 8 0.75 8 3 ok | ) 1

BB parameter £, /¢, 0.102/0.118 0.0144/0.01 0.105/0.121 0.015/0.010 1 " 10° 1 1 b .

Laslett tune shift - 0.066/0.105 0.065/0.10 Lo .

Energy loss (MeV/turn) 0.32 - P N i i F bl A e

Total SR power (MW) 0.86 - 5°F o I T #5511 |

Average Current (A) 2.7 1.68 m”;—T i T oA, \

Crossing angle (mrad) 50 — .|(Gevlzé‘ p T _‘(Gev‘zé‘ T > v -l(Ge\/‘Z(;)' 1

Luminosity (cm2-s-) 4.25x10% (H=0.52) 1.13x10% (H=0.52) 47
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MAPS Chip Design - EFERTZHAMICE -- 7B, BER

[T
Plxel Arra

MMR d ut, Contro|

£
0.695 =

2cm

MICE V1 ‘ MICE V2 ; MICE V3

>  455nm CISTZ;:

- =B (B1FF & T 5EMUBHDeep PW)

. BT T —IRimA

- BERETFETEIZEITHIMAPSIFENZEISFefEE, CCE >93.5%, MAPSTZEF
o FRINEGUEIEHZEME AMICE V1, F1.56ns1EH 8 ME = (ALPIDEE25nsiIEEH1IMME R)
> SF0E180nm BCDTZ:

- PUBH. BIE7OV

* %_,klﬁ);'l— iﬂ]l)\h‘_t {%§B$§UIJ~JITIUH_ TL)\}*I)\J |J908r

- BRRA: UL T diode5ty, 21T T MIC6_V2, E',uu,)—*. (2023%F12H)

> 1722 /7130nm LTS :

- =M (BIFFF A TEMUHDeep PW ) . £EEFIE

o FIRMmA: TGRS HAVIZT, Eib (20235108)

- BEIRARA: BIRITMIC6 V3 (2IJEEMAPSIE ) , Eiftb (20245E38) 55



Zero Degree Calorimeter (ZDC)

ZDC is responsible for detecting forward-
going neutrons and photons, essential for
many physics topics, including meson
structure, diffractive measurements, etc.

ZDC coverage: 0-15 mrad

AE/E [%]

16—
L | %2/ ndf 9.709 /4
pO 14.48 = 0.07704
3 pl 3.72e-07 = 6.353e-08
15.5—
_ Energy uniformity
& i
w 15
Ll -
<
14.5«} {- \
N =100 b b b L e L
ST AR R T S AR R SRR S 0 2 4 8 10 12 14 16
30 -20 0 10 20 30 0. ron [Mrad]
x [em]
E 14
241~ -
22 -
- 12~
20 Z
s 3 I 3.1cm
181~ . .
i -y i \E [GeV]
= <] -
16_— -
- 08
14— =
12i— Uﬁ_—
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