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Specifications of ePIC AC-LLGAD ToF detectors in EIC:
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e Tol": PID capabilities below the threshold of Cherenkov PID detectors

- Angular accept. Channel size (mm?) Timing Resolution Spatial resolution Material budget

Barrel ToF —-14<n<14 0.5*%10

35 ps 30 um in @ 0.01 X0
Forward ToF 1.5<n <35 0.5*0.5

25 ps 30 ym in x and y 0.05 X0




Fermilab test beam setup for AG-LGADs: FNAL 16 Ch Board
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Large area ACG-LGAD sensors 1n test beam campaign 2023:

HPK strip sensor

HPK 4 >< 4 p1xel sensor

10 mm length, 500 pm pitch, 50 pm
metal width, 50 pm thickness, 1600
(/0 resistivity, and 240 pF/mm?
capacitance

500 X 500 pm pitch, 20 pm thickness,
150 pm metal width, 400 }/0
resistivity, and 600 pF/mm?
capacitance




Large area AC-LGAD strip sensor :

10 mm length, 500 pm pitch, 50 pm metal width, 50 pm thickness, 1600 €2/0 resistivity, and 240
pF/mm? capacitance
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* Signal sharing between strips enables the X’ position (perpendicular to the strip direction) reconstruction

* Unable to perform the ‘y’ position (along the strip direction) reconstruction in strip sensor



Spatial resolution 1n large area AC-LGAD strip sensor :

10 mm length, 500 pm pitch, 50 pm metal width, 50 pm thickness, 1600 /0 resistivity, and 240 pF/mm? capacitance
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Efficiency reaches ~100%

Position resolution ~ 12 — 15 pm
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* Amplitude fraction f = al / (al + a2) where al and a2 are the leading

and sub-leading strip amplitudes

‘Two-strip reconstruction at gap and one-strip reconstruction on metal
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Time delay 1n large area AC-LGAD strip sensor :

10 mm length, 500 pm pitch, 50 pm metal width, 50 pm thickness, 1600 (/0 resistivity, and 240 pF/mm? capacitance

wire bond
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* Due to larger electrodes, distant signals arrival with delays O(100 ps) can be achieved by

the sensor 1tself

* Position-dependent time delay correction 1s essential

* Delay map use the resolution of @for X position nd@ fory p@, from external tracker




Time resolution 1n large area ACG-LGAD strip sensor :

10 mm length, 500 pm pitch, 50 pm metal width, 50 pm thickness, 1600 (/0 resistivity, and 240 pF/mm? capacitance
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*  Without delay correction, the time resolution ~ 45 — 55 ps

* Adding the tracker-based delay corrections improves the resolution to ~ 35 — 42 ps
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* Using multi-channel timestamp with delay correction, time resolution ~ 34 ps (almost uniform across surface)



Impact of delay map resolution on time resolution 1n large area AG-LGAD strip sensor :

10 mm length, 500 pm pitch, 50 pm metal width, 50 pm thickness, 1600 /0 resistivity, and 240 pF/mm? capacitance
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* Delay contribution in the time resolution increases with increasing yBinwidth in delay map along the direction of
the strips

* Negligible change in time resolution until yBinwidth = 1.5 mm, and a change of ~ 2ps at yBinwidth = 5 mm (half
of the strip length)



Large area AC-LGAD pixel sensor :

500 X 500 pm pitch, 20 pm thickness, 150 pm metal width, 400 (/0 resistivity, and 600 pF/mm? capacitance
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* Signal sharing between pads enables the position reconstruction in both direction (x and y)

* Significantly smaller charge sharing in the metal pad limits the two-channel reconstruction

* Threshold of 15 mV on amplitude for leading and sub-leading channels to qualify for two-channel reconstruction

(*) the gray box only represents the location of metal pad; it also contain the gap region between metal pads in same column
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Spatial resolution 1n large area AG-LGAD pixel sensor :

500 X 500 pm pitch, 20 pum thickness, 150 pm metal width, 400 ()/0 resistivity, and 600 pF/mm? capacitance
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* For each event, the amplitude from two channels in column has been added to enhance the charge sharing in gap regions
* 'Two-channel efficiency ~ | in mid gap region and sufters in and near metal pad region
* Two-channel position resolution ~ 20 pm

* Position resolution in metal pads (~ 60 pm) can be improved by further reducing the metal pad width
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Time resolution 1n large area ACG-LGAD pixel sensor :

500 X 500 pm pitch, 20 pm thickness, 150 pm metal width, 400 (/0 resistivity, and 600 pF/mm? capacitance
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* Delay map use the resolution of{30 pm for x position and 50 pmfor y position

*  Without delay correction, the time resolution ~ 30 ps the sensor itself

Track x position [mm]

can be achieved by

* Adding the tracker-based delay corrections improves the resolution to ~ 20 ps

* Using multi-channel timestamp with delay correction, time resolution ~ 20 ps
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Summary :

* In strip sensor,

o x resolution (perpendicular to the strip direction - ¢ direction in lab frame) of delay map for correction be achieved
by the sensor itself

o For y resolution (along the strip direction - z direction in lab frame) of delay map, need to rely on external tracker
with a reasonable resolution

- negligible change in time resolution until yBinwidth = 1.5 mm, and an increase of ~ 2.5 ps from 34.5 to 37 ps
with yBinwidth = 5 mm

* In pixel sensor (metal width of 150 pm),

o x and y resolution (along x and y direction in lab frame) of delay map for correction be achieved by the sensor itself
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Extra shides:
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Large area ACG-LGAD sensors 1n test beam campaign 2023:

HPK strip sensor

HPK 4 X 4 plxel Sensor
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10 mm length, 500 pm pitch, 50 pm
metal width, 50 pm thickness, 1600
(2/0 resistivity, and 240 pF/mm?
capacitance

500 X 500 pm pitch, 20 pm thickness,

150 pm metal width, 400 }/0
resistivity, and 600 pF/mm?

capacitance

500 X 500 pm pitch, 20 pm thickness,
450 pm metal width, 1600 €2/0
resistivity, and 600 pF/mm?
capacitance




Time resolution in large area AC-LGAD (2 x 2) pixel sensor :

500 X 500 pm pitch, 20 pm thickness, 450 pm metal width, 1600 ()/0 resistivity,

and 600 pF/mm? capacitance
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* Mean arrival time for the signal is significantly small O(10 ps)

* Delay map use the resolution of 50 pm for x position and 50 pm for y position
* No significant improvement using the delay map correction

* Time resolution ~ 20 ps (almost uniform across surface)
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X position reconstruction 1n pixel sensor:

-06 04 02 0

X [mm]

_WE 22 3 20T _500x500_150M_C600, 116V 100 E
. T I T 1 7T l 1T I T 17T | T I 1T | L | T TWOGOOdHit Eﬁicienc
EF y g
£ E Amphtude [mV] FNAL 120 GeV proton beam Amp10verAmp1and2_vs_deltaXmaxPad_OnlyXReco ~
,| ' — E, 1 - 1 33 Amp10verAmpiand2_vs_deltaXmaxPad_OnlyXReco
- (&) E 3 Amp1OverAmp1and2_vs_deliaXmax_profile
> 0 3:_ k= 04— 0.9 qc_) 0.9 E‘: 0 Entries 5936
~r > L ‘© E © Mean 06666
- ?) 2 1 L 08 £ 0.8— U 0.25 Std Dev. 0.1
0.2F L L E 10 — ’ Prob 0.1793
rC 0.2 0.7 0.7 oé ~0.3902 + 0.0084
= L E ’ r 0.04079 £ 0.07148
0.1 - 0.6 ~ 06 . g 02 26610268
= - 0 < E o = 1333+ 0.89
C o 5 05— ' It e 191221,
o L .i E Entries 5835 ; % 0151 AL
F - 0.4 < 04 Meanx 01850 =
- L had E eany 0.6559
0.1 02— 0.3 > oat Std Dev x 0.05049 i 0.1
- 4 - < F StdDevy 0.1025 o C
_ - o 2 0.2 L
0'2: 0al 0 E g 0.051-
- - 0.1 01 o = :
_0-3: Lo Ll 0 o 1 v ...|....|....|‘. 8 gt gl bl e L
o 06 04 04 06 55" =) & 055 08 065 0.7 0.7 08 065 06 096 1
-0.41 X [mm] dx from maxAmpChannel Center [mm] 5 al/(al+a2)
05:| ! I [ R B
-0.6 —0 4 —0 2 0 0.2 04 0.6
X [mm]
(W11 22 3 20T_500x500_150M_C600, 1 16V
—BE e A P T 100
- [ e
Egal TwoGoodHit Efficiency g
;-0 E ENAL 120 GeV proton beam 1 Amp10OverAmpiand2_vs_deltaXmaxPad_OnlyXReco é Amp1OverAmp1and?_ vs, delteXmaxPad_OniyXReco
- — > 1= n Amp1OverAmp1and2_vs_dellaXmax_profile
0.3 £ i o = =08 Entries 10235
- E ,[  morearea coverage for x 09 5 0sE- ;Lé Ene Joeas
02F 3(+ 2(+)5 +)6 > T reconstruction 08 = 0sE- T oash sooe 0
0. 15 1 | 02; 0.7 w 0 757 10 9 L p1 -0.3529 +0.0078
— - : - e 5} C p2 -3.398 + 0.060
- | n i 0.6 E Entries 10134 g o p3 33.43+0.22
o ] i : o~ 06 IMeanx  0.1551 = pa 64507
n | E Meany  0.7012 5 RESN
u 0 I °r 05 S 05| sid Devx 0.06508 5 015 . e
_0_1__ -. . 0.4 i G4i StdDevy 0.1103 1 <y C
- i s E g o
- 0.2 NG s 2
02 4(+) 5(+)2 +)1 . vy S Feooo)
E . 0.2 < 0.2 4] -
= - = 005 <
—0.3 o4 0.1 = g e
o b g 107 g C T S Tm o o o T
-041 B T R v PR T 0 o e S Y YT 2 R T
R RN B BN IR U PR I X [mm] L;
-0.5 02 04 06 dx from maxAmpChannel Center [mm] R al/(al+a2)



Time resolution 1n large area ACG-LGAD pixel sensor :

500 X 500 pm pitch, 20 pm thickness, 150 pm metal width, 400 (/0 resistivity, and 600 pF/mm? capacitance
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* Delay map use the resolution of{30 pm for x position and 50 pmfor y position
_, can be achieved by

*  Without delay correction, the time resolution ~ 30 ps the sensor itself

* Adding the tracker-based delay corrections improves the resolution to ~ 20 ps

* Using multi-channel timestamp with delay correction, time resolution ~ 20 ps
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