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* The EPIC detector is designed compactly with ~1.7 T magnetic field

— Time-of-Flight (ToF) measurement is the main technique for particle identification (PID)

— Excellent timing resolution is necessary for PID over a wide pt and rapidity region

* |t is rumored that barrel (hadron end-cap) ToF requires a spatial resolution of 30 um (30
um) and a timing resolution of 30 ps (25 ps), which covers 10.9 m2 (2.22 m?2)

— Very high spatial resolution is not necessary for EIC due to not high multiplicity environment

* Expected radiation is 1010 neg/cm< at top luminosity ~1034 cm-2s-1

— This is very small compared to HL-LHC environment with 1015~16 neg/cm2 @ luminosity ~103°
cm-2s-1



TOF design suitable for EIC

* Proposed TOF at EPIC
— Barrel type: R~636 mm, -1.4<n<1.4
— Endcap type: z~1915 mm, 1925 mm, 1.8<|n [<3.4 Pixel type

]

— AC-LGAD: ~ 30ps timing resolution, 30um spacial resolution?

* AC-LGAD development status

— Developed by BNL and KEK (with HPK) to use at HL-LHC
ATLAS

— Pixel: 40x40 um? on 1x1 mm?2 chip
— Pad: 500x500 um? on 3x3 mm?2 chip | %
— Strip: 40x1000 um? on 3x10 mm?2 chip - .

Strip type




* Detector response and data reconstruction

— EPIC detector (based on DD4Hep): https://github.com/eic/epic
— EICRecon: https://qithub.com/eic/E|ICrecon

— Pythia8 NC DIS Q2>1GeV2 in ep (18GeV electron + 275GeV proton beam) collisions (HepMC data
archived in S3)

— 10,000 events

 TOF detector in simulation

— Sensor segment size of barrel-TOF: 100um x Tcm
— Sensor segment size of endcap-TOF: 100um x 100um

— Sensor thickness: 300um


https://github.com/eic/epic
https://github.com/eic/EICrecon




N distribution of hits

The number of hits

The number of hits of TOF

barrel and endcap
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The number of mean hits per event of barrel-TOF is about 5.2 hits/event, and of endcap-TOF is about 2.8

(3.0) hits/event on disk1 (disk2)
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100um x 1cm (@ xn)

Segment 0.1x10mm? (AnxA¢ = 0.000157x0.015728)

lcmx 1cm (pxn)

Segment 10x10mm? (AnxA¢ = 0.015728x0.015728)

Barrel-TOF

100um x 2cm (¢ xn)

Segment 0.1x20mm? (AnxA¢ = 0.000157x0.015728)

2cm x 2cm (dpxn)

Segment 20x20mm? (AnxA¢ = 0.015728x0.015728)
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occupancy

*  The maximum multiple-hit segment
— 100um x Tcm (strip-type) : 3x10-4
— 100um x 2cm (strip-type) : 3x10-4
— lcm x lem (pad-type) : 12x104
— 2cm x 2cm (pad-type) : 20x10-4

* The plots are rough approximations

— Chips are distributed in an arrangement with a
certain structure (see next slide)
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Barrel-TOF

Distance between hits

Distance between hits (projection to the x-y plane)

Neighbor chip peak
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Near hit in the x-y plane
but far away in z-axis
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Hit map view from the beam axis

Hit map view from the beam axis (zoomed)
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» Some hits are generated by the same particle on a different chip
* The occupancy Is possibly lower than one shown on the previous page
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The maximum multiple-hit segment

— 100um x 100um (pad-type) : 9x10-4
— Imm x 1mm (pad-type) : 2.5x10-3
— lcm x 1cm (pad-type) : 1.7x10-2

The plots are reasonable approximations

— Chips are distributed in a flat plane

An unexpected gap has been observed

— This is the cause of the smaller endcap
TOF entries (see p.0o)




Summary

« Barrel and endcap TOF performance study has started

- InNC DIS Q2 > 1 GeV2 in ep collisions s ey wnwes) L Segment 10<L0mn'ez=1915mn
— The number of hits on Barrel (Endcap) TOF per event is ~ 5 (~ 3) = : 8001 s
~  35% (28%) of events have no hit on Barrel TOF (End-ap TOF) K 600, e ™
— The number of maximum hits is ~ 80 (~30) on Barrel TOF (Endcap TOF each disk) = ‘ = -y -

* Occupancy of Barrel TOF (the first approximation) ) i S = 6
— 100um x lcm (strip-type) : 3x10-4 ZZZ: ________-;: "
— 100um x 2cm (strip-type) : 3x10-4 i _8005_ 20
- lcmx Tcm (pad-type) @ 12x104 T s R R R R R

n X [mm]

— 2cm x 2cm (pad-type) : 20x104

* Occupancy of Endcap TOF (the first approximation)
— 0.1x0.1mm2 : ~9x10-4
— IxTmm?2 . ~2.5x10-3
— 10x10mm2 : ~1.6x10-2

The segment size of a few cm? is good enough for the barrel-TOF (30x30 um?2 is overqualified)
The endcap TOF is necessary to check the rapidity dependence




