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Time Resolution (ps)

Low-gain avalanche diodes (LGADS)
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R&Ds for EIC aiming to achieve

150 um thick 91~ 20 ps with 20-25 pum sensors
1-35 pm thick
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LGADs at the HL-LHC (2028)

BTL: LYSO bars + SiPM readout:
« TK/ECAL interface: |n| < 1.45
* Inner radius: 1148 mm (40 mm thick)
+ Length: £2.6 m along z
+ Surface ~38 m?; 332k channels
* Fluence at 4 ab™': 2x10™n,,/cm?

ETL: Si with internal gain (LGAD):
* Onthe CE nose: 1.6 <|n|<3.0
+ Radius: 315 <R <1200 mm
+ Position in z: £3.0 m (45 mm thick)
+ Surface ~14 m?; ~8.5M channels
* Fluence at 4 ab™": up to 2x10'%n, /em?

CMS

CMS MTD oy 30-50 ps ]

Lots of synergies to leverage for EIC
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Particle ID in HI

CMS Phase-2 Simulation PbPb (5.5 TeV)
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Position resolution for LGADs

Standard LGADs at HL-LHC
. Pixel: 1.3x1.3 mm? ~ 0um

e ~50umintrapad dead zone

(1) Trench-lIsolated (T1) LGADs

ench top et Eliminate dead zone

f % ~ 50um

resistive
n-cathode

Fine pixelization (~ 100-200 um) achievable for tracker




Performance studies in Fun4All

BNL-eRD29

Silicon tracker Forward LGADs layer(s) farther the better to
(Barrel + FST from LANL) behind dRICH: z=2.8m maximize flight distance



https://github.com/mumuustc/macros/tree/EIC-TOF-Projection
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P1D performance 1/6 vs. p

Pythia6: e (10 GeV) + p (250 GeV)

1.0<n< 3.5
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Two layers: o(py) ~ 20ps/layer

* m/k: 0.1~4-5 GeV; k/p: 0.1~7-8 GeV
 Start-time (T,) contribution being studied

Combining with dRICH, PID
over full p range covered



Tracking performance: p resolution

g 1o=n<20
Z: " Tacoum T Ca 130003 um .--l"” T?? Pitch size:
_ A o
of T200um . 200m2um et e | S 1300 um: CMS/ATLAS
: © 1| a 500 um: optimistically achievable
1"« 200 um: significant R&Ds on ASICs
z Oyy)- (pitch) / V12 per layer
+ + Better than 1/ 12 using AC-LGADs
| OOPUOUOTSUUUUOUOTSSUUUOUBISSSTOOPSUOOTOOeS: |

Improved p resolution with LGADs as outer tracker (after dRICH)
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Future development in progress

Performance and design
- _ Layers between ECal and Hcal?
« Add backward/central coverage

« Test with different tracker design
(e.g., LBNL)

« T, determination strategy

Targeted R&Ds being
planned in the consortium

Silicon tracker Forward LGADs layer(s)
(Barrel + FST from LANL) behind dRICH: z=2.8m




Backups




Performance for PID with CMS-MTD

CMS Phase-2 CMS Phase-2 CERN-LHCC-2017-027
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* pgcoverage comparable to STAR/ALICE
« Unique wide n coverage

A large coverage, LGAD-based TOF(-track) at EIC

 Significant synergies to leverage with the HL-LHC upgrade
« Advantage of no radiation constraints at the EIC


https://cds.cern.ch/record/2296612?ln=en

EIC: the next QCD frontier

Radiation fluence

HL-LHC

BTLIntegrated Neutron Equivalent fluence by end of LHC
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Up to 10" n,,/cm? over 10 yrs

Synergies between LHC and EIC but also different challenges:

No radiation constraints for EIC — good for the entire lifetime
Optimize for better time and position resolutions

12



1019230p DI uv v 40f spuawiaiinbal sasfyd :z ajqv],

-6.9 —-5.8

-45—-40

-40 —-35

1 p/A

Auxiliary
Detectors

EIC Detector Requirements

=3.5—-3.0

-3.0 —-25

-2.5—-20

72{1) = 1D

=1.5— -1.0

-1.0 —-0.5

-0.5—-0.0

0.0—-05

05—-1.0

1.0-15

1.5—-20

20—-25

25—-30

30—-35

Central
Detector

35—-40

40—45

> 6.2

te

Auxiliary
Detectors

Tracking nK/p PID
Resolution Allowed X/Xo  Si-Vertex p-Range (GeV/c) Separation Resolution og/E
56/6 <1.5%; 106 < Q2
<102 GeV2
2%HE
op/p ~ 0.1%xp+2.0%
TBD <7 GeV/c ~50%AE
0p/p ~ 0.05%xp+1.0%
P Pt 7%ME msuppression
up to
1:104
Oxyz ~ 20 llm,
Gvlp ~ 0.05%xp+0.5% | ~5% or less 5’3}3 aé"\’/"ﬂ’%l <5GeVic >30 TBD TBD
5um
<8 GeVic
0p/p ~ 0.05%xp+1.0% (10-12)%HE
TBD ~50%AE
<20 GeV/c
op/p ~ 0.1%xp+2.0%
<45 GeV/c
Oininsic(18)/1tl < 1%);
Acceptance: 0.2 <pr <
1.2 GeVic

Electron-lon Collider Detector Requirements and R&D Handbook

13


http://www.eicug.org/web/sites/default/files/EIC_HANDBOOK_v1.1.pdf

VS.

Pythiab: e (10 GeV) + p (250 GeV)

1/B

10*

»Velocity with ONLY pathlength uncertainty

* non-negligible effect from tracking
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Track p; resolution with pion guns
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Track p; resolution with pion guns
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Particle identification (PID) at EIC

Physics:
« SIDIS 10
« Heavy flavor
« Collectivity

p (GeV/c)

EIC Handbook; PID YR WG;

R&Ds at eRD6 and 14

PYTHIA e (18) + p(275)

llI‘I| ) IIII Il I

(aerogel)

TOF

DIRC

'| |
'!\. i

i

l. lIIII 1

TPC dE/dx

Backward
( -4<n<-1.5)
Low p (<3 GeV) TO

Intermediate p (3-8 GeV) TOF, RICH
High p (8-50 GeV)

Central Forward
(In|<1.5) (1.5<n<4)
TOF, TPC, DIRC TOF

TOF, DIRC TOF, RICH
RICH
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http://www.eicug.org/web/sites/default/files/EIC_HANDBOOK_v1.1.pdf

Particle identification (PID) at EIC — TOF

(b) Complementarity of different TOF technologies

R e LAPPD

Time resolution 20ps 20 ps S5ps
Spatial resolution a few to hundreds pm afewmmtolcm 1 mm
Overall thickness 2cm 10cm 2cm

High B field tolerant Yes Yes No
Cost High Low High

LGADs silicon sensor: low gain avalanche diodes
» Potential to combine TOF and (partially) tracker in one system
> Lots of R&Ds at the HL-LHC to synergize
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