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/The ePIC detector

° 4D tracking is a necessity to reach ePIC’s physics goals

e Particle identification with time of ﬂight (TOF)

® For e/T/K/p at low/intermediate momentum

* Require good time resolution and meaningful ﬂight distance

* ATOF layer is foreseen for both barrel and end-cap in EPIC
® Barrel (BTOF) ith 1cm-long strip
® End-cap (FTOF) with 500 x 500 um pixels
* Off-momentum detector (OMD) with same design as FTOF

® For more details see Satoshi’s talk tomorrow

https:// indico.phy. ornl.gov/ event/ 677/ contributions/ 2742 /

e TOF layers based on AC-LGAD technology

Area dimension| channel timing spatial material
Subsystem (m2) (mm?) count o (ps) 75 () budget
g (X / Xqo)
Barrel TOF 12 0.5%10 2.4M 35 30(r-¢) | 3%
Forward TOF | 1.1 0.5%0.5 3.2M 25 30 (x,y) | 5%
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AC-LGADs

‘Standard’ LGADs has granularity limited to ~mm scale due to

the high field on the surface

Most advanced high—granularity prototype AC-Coupled LGAD

* Continuous multiplication layer coupled with resistive (low doping)

N+ layer after the gain layer
® Readout pads are AC-coupled with insulator (oxide) layer
® Any surface metal geometry is possible
AC-LGAD has intrinsic charge sharing
® Gain increases the S/N and allows for smaller metal pads

® Using information from multiple pixels/ strips for hit
reconstruction

Reduce channel density and power dissipation
while maintaining good resolution

® Many parameter to optimize: oxide thickness, N+ resistivity...
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2023 HPK production
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e
2023 HPK production

® 'Test beam and laboratory campaign to
characterize HPK sample
® Matrix of different pitch/size metal, different
N+ resistivity and oxide thicknesses
e ENAL test beam results from HPK 2023
production, most ePIC requirements are met
® Time resolution ~35ps for 1cm x 500um strips

and ~20ps for 500um pitch pixels
* Pixel position resolution under metal
sub-par, 2024 production with different pixel
geometry might solve it
° Laboratory studies done with TCT laser

® Type E strips (more resistive) have better
performance for strips

* (Type C better for pixels)

® lcm strip length is the best compromise

Dr. Simone M. Mazza - University of California Santa Cruz

@ References: https: / /arxi\:org/abs/24()7.()9928 https: / /doi.org/ 10.1016/7.nima.2024.169478
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e
Irradiation effects on AC-LGADs

® Neutron (I]S) and proton (FNAL) irradiation on

2023 HPK production

® Thanks to I. Mandic and S. Seidel for the irradiation
campaign!

Up to 1el3 Neq, no significant change in sensor IV

properties and gain layer doping

® Leakage current scales with bulk volume

® Current and breakdown Voltage increases with fluence
(as expected)

® Gain layer doping proportional to Vgl (gain layer depletion
Voltage) or ‘foot’ (star in the plot)

® Degradation parameter, ‘c’ factor, from fit on the distribution vs
fluence

® Behavior across wafers is consistent

® Comparable results for protons and neutrons, degradation
similar to “standard” DC-LGADs

® See: https://arxiv.org/abs/2503.16658
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https://arxiv.org/abs/2503.16658

"TCT laser studies - Neutrons  mn m

® Using laser TCT setup with cooling plate and FNAL 16ch board

® Direct AC-LGAD strips comparison non-irradiated and irradiated sensors

® Two sensors types at two neutron fluence points 1el4—Neq and 5614—Neq

® Jrradiated sensor was biased to higher Voltages

* At first order, the charge sharing distribution is unchanged

° Signal propagation in resistive N+ 1s the same
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g
TCT laser studies - Protons

® Graded irradiation on an HPK 2cm strip sensor (500um pitch, 50um)

* Fluence parallel to the strip each ~0.5cm: 4.4E+14Neq, 3.5E+14Neq,
1.8E+14Neq, 7.8E+13Neq

® (Circle in image and plot indicates the beam position

e Effect of the irradiation clear in the gain layer signal degradation

® However, the charge sharing profile doesn’t change > good!
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2024 HPK production
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/Strip production

* ¢ePIC full-size production of HPK strip AC-LGADs with
devices up to 3.2x4.2 cm

® Nominal size 3.2x2.2 cm with 1cm strip ‘segments’

® Strip width: 40-50um, strip pitch 500, 750, 1000 um
® 8 wafers in hand, four 50um thick and four 30um thick
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4 . .
HPK strip production results — IV/CV  wcaiw e e 0 oz i

3x1, Chip 1)
3E-08

=p=W11, 3x1, Chip 2

* Yield is not optimal, better for 30um wafer

2.5E-08

e HPK confirmed that 50um low yield was resolved in next production

= 2E-08 3 —e—W22, 3x1, Chip 1
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"HPK production testing

e Check gain and N+ homogeneity across the wafer and between the wafers

e Wafer edge is usually the most sensible

* Using test structures at the edge of the wafer to test gain and N+ resistivity

® Measure Vgl of the LGAD test structure

® Measure current vs Voltage for N+ test
® Gain layer variation across wafer <1%

° Resistivity variation across wafer <10%

12
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e
HPK production results - TCT

e Full size sensors tested on a large board with laser TCT

Position [um]

® Both 50um and 30um thicknesses, show similar performance

® Sensor works well, some gain variation across strip but it’s unclear
if due to laser reflections, will verity at test beam

® Pulse as expected with rise-time 600-700 ps for 50um and 400ps

for 30um

® Time of arrival variation delay ~2ps/um (250ps for 500um)
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e
HPK production results - TCT

. S
® Measuring the Jitter as o1 = Riser/ (ﬁ)
o Only measured in-between strips

® Assuming 60mV signal under strip for 50um sensor (input from Jlab testbeam), adjusted

for thickness for 30um
® 500ps rise for 50um and 300ps rise for 30um

TOF requirement

i i / litter [ps
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e
HPK production results - TCT

® Measuring the position resolution as position Jitter

e ;(pos) = ﬁ(ﬂ) o L

dFrac S/N

® Assuming 60mV signal under strip for 50um sensor (input from Jlab testbeam)

Pos. Jitter [um] 500um Pos. Jitter [um] 750um Pos. Jitter [um] 1000um
70 120 200
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60 \_/—\/ 100 160
50 140
g0
- \/\/\/_/ - \,\/\/\/
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Method explained in https: //doi.org/ 10.1016/j.nima.2024.169478
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https://doi.org/10.1016/j.nima.2024.169478

/Pixel production - Q1
* ¢PIC full-size production of pixel AC-LGADs from HPK =
with devices up to 1.6x1.6 cm =
® Pixel pitch and width: 50,100,150um, pitch 500, 750, 1000 um
® 4 wafers in hand, two 30um thick and two 20um thick cofl B F |
e All devices tested with IV HPK Sensor production for pixel
ongoing, first trials with EICROC1
® Yield >80% for all wafers when available (Q4 2025)
* CV and pixel capacitance still to be measured | T .
Detector type | Thickness Pitch-width 1 | Pitch-width 2 | Pitch-width 3 | Pitch-width 4 e |
“Legacy” -
W3 pixBIG 20um 500-150 500-100 750-100 1000-100 oo - Heee
W3 pixSmol 20um 500-150 500-50 750-50 1000-50 b -
W7 pixBIG 30um 500-150 500-100 750-100 1000-100 . Ny HEHEE
W7 pixSmol  30um 500-150 500-50 750-50 1000-50 T
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g
Pixel results - TCT

e Full size sensors tested on a large board with laser TCT
® Sensor: W7 (30um) — big pixels
® 500-150 (“legacy™) vs 1000-100

® Large loss of S/N if distance is increased and pixel size is
decreased

* Rise time ~300ps for both thicknesses
° Signal propagation 1s similar for all geometries

Position [um]

X-Y response of a single pixel 500-150

CH3, max -
180
140

100

1000 1200
Position fuml
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HPK pixel production results - TCT “
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4 |
Conclusions

® Sensors for the ePICTOF layers are reaching maturity

SANTA CRUZ INSTITUTE
FOR PARTICLE PHYSICS

UESANTAACRUZA

® Tested effect of radiation damage on AC-LGADs, no unforeseen effect
observed (especially for low radiation level at ePIC)

® Received first large-scale AC-LGAD production from HPK, first results
are good —> still a lot to test!

® Test beam just completed at Jlab for first few tull size strip detectors
® Expect results for CPAD

® Another test beam planned this year at DESY and Tohoku
University for full-size sensor testing and readout electronic testing

® Can only do so much with laser in the lab...

® An additional HPK production is ongoing, will receive devices soon

® Another FBK production is ongoing9 allow for another vendor
characterization
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Backup
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" TOF layout in ePIC

(a)

(b)

(c)

(d)
Front-side

Back-side

(e)
Sensors: strips

Readout: FCFD

Sensors: pixels
Readout: EICROC

Sensors: pixels

Readout: EICROC

(a)

(c)

Sensor

Bonding ball ‘
e

(b)

Base plate

Thermal adhesive film
Wire-bonding

Glue

4 x Sensor-ASIC Hybrids
Module board

(d)

Off-Momentum Detectors (OMD)

Dr. Simone M. Mazza - University of California Santa Cruz

Sensor R&D is mostly in
common and shared

between subsystems
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Why TOF?

® Heavy flavor (HF) measurement is
the most important subject at EIC
® Identification of HF hadrons decay

products with TOF PID

® BOTF default performance: 35ps
® ¢/Pl separation up to 0.4 GeV
® Pi/K separation up to 1.35 GeV
® K/P separation up to 2.25 GeV

* Improves the hpDIRC particle ID
by over 0.5 GeV

e Better time resolution increases
the range of separation

© Study in progress to understand
exact requirements

Lo
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3o TOF Separation Regions (combined g; = 35 ps) 15
: : —e— Barrel TOF
3.0 =«— Endcap TOF
25
E |
; E e -~
i : 2 e
i i RELS] S
: : o L S 4
: : g, P
5 . - -
2E + e
W tw Vv
(0w P
o 0.5
. ey B2 E ™~ A
. . : . . e -1 ]
05 10 I5 20 2.5 kX 3.5
Momentum [GeVjc]
30 TOF Separation Cutoff vs Sensor Time Resolution
— MVs K
— Kvsp

Parameter Ranges Used:
Oelec: 5-15 ps

Org: 5-15 ps

AL: 5-10 mm

I Ap=10.5GeV/c

l Ap = 0.5 GeV/c

— n/K 0y=25ps ePIC Simulation
..... /K o, = 35ps Single Particle
niK o, = 50ps
L |
[ T
L}
» B T (R ——
o
_,-f':'." L]
.i':_J' -
.:' p

-—

10

15 20 25 30 35 40 45 50 S5 60 65 70 75 80 85 90 95 100

Sensor Time Resolution o [ps]

Full simulation w/
U SEF‘ISDI’:SSDS

1 2 3

hpDIRC limit for K/p sep.

hpDIRC limit for /K sep.
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Time resolution

Edge
Threshold
Discriminator

Time Walk

[Landau variations

T Jitter —

Time
Time given by the
CFD 50%. no time
walk .

Noise on top
of the signal.

Noise
dV/dt[CFD%] =~ SNR

Dr. Simone M. Mazza - University of California Santa Cruz

~ Tm’se dt

Sensor time resolution main terms

2 2 2 2 2
Ttiming — 9time walk + O Landau noise + T Jitter + dTpC

e Time walk:

® Minimized by correcting the time of arrival using pulse

width or pulse height (e.g., use 50% of the pulse as ToF)

® Jitter: from electronics

® Proportional to 1 /dV
dt
® Reduced by increasing S/N ratio with gain

* TDC term: from digitization clock (electronics)

e Landau term: proportional to silicon sensor
thickness

® Reduced for thinner sensors

® Dominant term at high gain

e Bottom line: thin detectors with high S/N

26—Aug—25
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Radiation levels at ePIC

CMS
* Relatively large-pad, conventional (DC-coupled) LGADs

2

cm™“ over their lifetime)

neutrons at |SI/Ljubljana and at FNAL ITA

envisioned at the EIC over the full time of life

e Funded by EUROLABS

@ Dr. Simone M. Mazza - University of California Santa Cruz

EUR®-LAB

uuuuuuuuuuuuuuuuu
FOR ACCELSRATOR
[ BASEDSCIENCES

by changes in the n " /n™ electrode and the coupling dielectric

e Radiation hardness of LGADs has been studied and optimized
extensively for the HL-LHC timing end cap upgrades in ATLAS and

® At the EIC radiation levels will be much lower than at the LHC (< 5e12

* AC-LGADs with resistive n™ layer, which may be susceptible to radiation damage

* HPK (and BNL) strip and pixel sensors were irradiated with reactor

* Total fluences between 1e12 and 1e15 Neq — some much higher than

® Thanks to G. Kranberger and I. Mandic for the [SI irradiation

® Thanks to S. Seidel and J. SI (UNM) for the proton irradiation

R (em)

300
250

200

-‘luo =200

200

RAW fluence

System Min Max
Barrel 3.4 %100 | 59 x 10!
End-cap 5.1 % 10" | 1.6 x 10"
BO trackers 3.3 %10 | 1.8 x 1012
NEQ fluence

System Min Max
Barrel 1.1 x 10 | 1.3 x 1012
End-cap 3.2x 10" | 84 x 10"
BO trackers 2.7 x 10" | 42 x 1012

Table 8.2: RAW and NEQ fluence per system for the lifetime of the ePIC experiment, assum-

ing 10 years of data taking at 50% time.

10"

10’

10°

|Fluence V(GL)
W2 w4 ‘W38 W9 W11
Thickness 50 pm 50 um 50 um 20 pm 20 pm
Capacitance 240 240 600 600 600
N+ resistivity 2 0 0.5 2 0.5 .
54.5 52 52 53 Pixels
1.00E+13 54.5 )
1.00E+14 51 0
5.00E+14] 8
34 31]
Strips Strips
w2 w5
Fluence 0.5 cm [1 cm Fluence 0.5 cm ‘1 cm
1.00E+14| 52 52 54
5.00E+14 a4
38
26-Aug-25




"HPK production testing

e Check gain and N+ homogeneity across the wafer and
between the wafers

® Wafer edge is usually the most sensible

* Using test structures at the edge of the wafer to test gain and N+
resistivity
® Measure Vgl of the LGAD test structure

® Measure current vs Voltage for N+ test

W22 3-2
12
— fitting
—— fitting
101 & mtersection
—_— C"2
0.8 4
iy .
- Measure gain
=
ﬁ .
§ o layer depletlon
3 from Vgl
0.2
0.0 —
=0.2 T T T T T T T
40 45 50 55 60 65 T 75 B0
violtage [V]

Dr. Simone M. Mazza - University of California Santa Cruz

Student: M. Davis, S. Beringer

0E 1

PRI

voltage [V]
=1
'

0Z1

0.0 1

Test structures

W6 resistor plots sensor 2-2

— fitting
& data

T T T T T T
-1.5 =1.0 =0.5 K] 0.5 L
Capacitance [F] le-5

V(l) = 22504*] + 0.341

26—Aug—25
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Gain layer test ..

HPK $16694 ePIC sensor toot values Tor varying waters

50um wafer = { : =

s :
0.4% variation u ; 1
Minor change across | : I
wafer that is consistent  _. )
on all wafer ST T

ook Hikogar
Slight mis-alignment of  * : i
implanter beam and 5
wafer? -
Similar variation for 2
30um wafer 1 /,/" - N
%i‘.o = o = \;\Tﬁu
diia

@ Dr. Simone M. Mazza - University of California Santa Cruz

11 — =7 [F= 1-2
on: N
.-ff | ‘\\
-1 —¢ 8 35— 2-2
II II
3-1 L 7 ,.r"" -2
b 4
= | - r__i] j - .--L____.- =
4-1 T T~ 42

Student: M. Davis, S. Beringer

Mean = 55.26
Sigma = 0.23
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intersection [V]

n
-
B

55.3 4

X.2 4

55.1 4

55.0 1

Gain test

HFK 516694 ePIC sensor feot values tor varying waters

o & W2
y 8 we
2 'Wll
i
L]
™ [ ]
L ]
L}
L]
o L1
]
L
n [ ]
k4] 1]
a
v a
J
'|.-I'|. E'-I'I. ?-IJ 3-I1 3-:2 -ﬂ-ll -ﬂ-ll 'l-l..?

sensor orientation

Max variation ~ 1%

Very likely not an issue across the sensor

Might be valuable input to HPK

@ Dr. Simone M. Mazza - University of California Santa Cruz

1-1

Orientation:

Lowest

1-2

Highest

IMPLANTER BEAM

3-2
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. HPK S16694 ePIC sensor foot values for varying wafers
Gain test — T
¢ wis 11 — e — 12
L ] @ W22 : . ﬁ] @ - H“H_\
508 | r | | =1 lon: -
¢ 30um wafers 5 ? _ / |
g 507 s ’ 2-1 — (9 & . 9.9
® (0.2% variation P o / \
50.6 [ ||
® Similar consistent S : |
. . 50.5 4 | . . | |
inhomogeneity * 8 \ /
¥ > 22 3 3 41 42 12 %1 53 Il'h 9 ) i
f Sensor orientaion 3-1 _":,\ / 3-2
ACIrossS walers \ 4
Foot Histogram |
10 1 { 1 Data \ /
| = Fitting !
| ~L__ 8 [ 6.
: ; Jf e TR
E_-
Mean = 50.72
. | | Sigma = 0.13
2 /’/’F— K\ {
.
50,4 50.5 50.6 anfﬂ‘.;:luﬁ 50.8 50.9 51.00
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° Measuring resistivity

squares in the line so

W6 resistor plots sensor 2-2

/N+ resistivity test

for all 50um wafers

® Linear fit on the IV in the connection, 10

divide by 10

® Results in line with HPK specs (~2kOhm)

® Variation on the wafer and across wafers is
more prominent than with gain layer

® Max variation ~10-20%

e Similar variation for 30um wafers

— fitting

& data
oe+

06 7

voltage [V]
&
e

0.2 1

001

& & & @&

: ! ! ! :
=15 =10 =05 ol 0.5
Capacitance [F]

V(l) = 22504*| + 0.341

@ Dr. Simone M. Mazza -

10
1a—5

m=) R =2250()

University of California Santa Cruz

Resistance [Q]

Resistance Values 50um Sensors HPK S16694

2500
® W6, mean = 1996.58 £ 108.340)
® WI11l, mean = 2110.21 £ 138.490Q
24001 o W12, mean = 2011.71 + 115.620
® W2 mean = 1938.98 + 58.540
2300 - R "
7\ |
o ,. |
2200 -1 - -
2100 - ya it »-
i e« // | /1 -9
2000 - o ‘
1900 - L —
IEDG L Li L ] L L] L i
1-1 1-2 2-1 2-2 31 32 41 4-2
Sensor
Student: M. Davis, S. Beringer 26-Aug-25
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* 11 Channel Device
St rl p C Ca pa C Ita n Ce « Substrate Thickness: 50 um Final capacitance vs frequency (W11, 500um

* Channel Pitch: 500 um grounded neightbours)
. . * Channel Metal Width: 50 um 350E-11
® Strip AC capacitance measured from N+ to metal, * Channel Length: 1 cm .
* Oxide Thickness: 172.66 nm
. . . . (600 pF/mm?2) 2.50E-11
groundlng nelghborlng Strlps . Singl(Fal B;T::Tside (Anode) electrode 2 00E-11
. * Dual collecti Cathod [t d ]
® Large change from 0.05pF to 30pF (max is 2MHz) hosides ) OIS g
* CVSweep Frequencies: 1e3, 1e4, 1e5, 1.00E-11 L]
1e6, 1e9 Hz 5 00E-12
» Middle Channel: 50 Ohm terminated Data
. . . . * Other Channels: GND or Floating 0'005001(;)0 1():00 100000 1000000 10000000
* Simulated the strip capacitance using TCAD Sentaurus * Mixed Mode Simulation for AC Sweep
* Using probing frequency but there’s no assumption on the Capacitance vs. AC Frequency
. - Strip: GND, NCh: 11, ChannelLen: 10000um
circuit (CpRp €tC) Thickness: 50um, OxThickness: 173nm
° 1
Can test up to 1Ghz 10%4 —« Channel 1 9pF @1GHz
. . —— Channel 2
® Value changes a lot with frequency, in general much smaller e Channel 3
(factor ~10) values than data 1o | ¢ Channel 4
1 —¢« Channel 5
. 1 —¢ Channel 6 .
z :
® Theoretic max capacitance assuming 50um thickness, S 10 5
500um width and 1cm length is around 10pF ‘% ]
. . . . o
® Final value at 1GHz for TCAD might be realistic 8 2l :
* - “real” value should be around 10pF, | 1.6fF @1KHz
e That’s FCFD target as well .
10~ TCAD

10° 104 10° 10° 107 108 107

@ Dr. Simone M. Mazza - University of California Santa Cruz Credits:T. Shin AC Frequency (Hz) /
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e W3 - 20um thick

e W4 - 20um thick

® More data here (almost complete)

8 8glab9uHFaDUo3HoOE 1o /edit?usp:sharing

° https:/ /docs.google.com/spreadsheets/d/ 1]7luZuRaYmpDjl fzsFhHAh

Abs(Current) [A]

Abs(Current) [a]

Pixel sensors - 20um wafers

Overlay of Pixel Data: W3
Color: green=close, yellow=mid, red=far from -110V at le-6A

3.2e-08 9

7.2e-08 1

1.6e-07 1

3.7e-07 4

8.3e-07 3§

1.9e-06 5

4.3e-06 ]

9.7e-06 7

2.2e-051

5.0e-05

T T T T T T
-5 =25 —45 —65 —85 —105 —125 —145 —165
Voltage[V] — W3pes31

Overlay of Pixel Data: W4
Color: green=close, yellow=mid, red=far from -112V at le-6A

3.5e-08

7.9e-08

1.Be-07

4.0e-07

8.9e-07

E

4.5e-06

1.0e-05

2.2e-05

5.0e-05

AN

Dr. Simone M. Mazza - University of California Santa Cruz

T T T T T T
=20 -40 =60 -80 =100 =120 =140

Voltage[V]
= Wapos1] == Wlpos2? = Wlpos3] === Wipos3 6 = Wlposd3 = Wipos3] = Wipm8l = Wipost$
= Wiparl) == Wiposl) = Wipos1} == Wiposd ] = Wiposd§ == Wipoz5] = Wipo§2 Wi pos 71
— Wiposl3 — Wipsid — Wipos33d — Wiposd? — Wilposd] — Wipsid — Wipssd — Wipss??
WApO1d o WEPORZS o WSS T4 = WEpoRd ] e Wl por 4 W g5 Wipo:§4 == Wipos 73
WAPOSZ ) e WAPOEZS o WAPOS IS o WEDOSE 4  wmm Wl pos 3l Wipos3 8 = Wipms 83 = WiposT 4

™

Color Table for W3 (centered rows)

column

Loior 1apie ror w4



https://docs.google.com/spreadsheets/d/1J7IuZuRaYmpDjLfzsFhHAh88glab9uHFaDUo3HoOE1o/edit?usp=sharing

-
Pixel sensors - 30um wafers

Overlay of Pixel Data: W7
Color: green=close, yellow=mid, red=far from -175V at 1le-6A

2.0e-08 1
4.8-08 1
e W7 - 30um thick v
2.7e-07
z
T 6.5¢-07 §
£
=
S 15e-06
2
3.7e-06
8.8e-06 4
2.1e-05 4
5.0e-05 4
-15 -35 -55 -75 -85 -115 -135 ~-155 ~-175 -195 -215
Voltage[V]
— Wlposll =—— Wipasld =—— Wipss23 = Wipoal =—— Wipmi5 = Wipm6l =—— Wipmf5 =—— WIposl2 column
—Wiposl]l = Wipos2] = Wipssld = Wipsl% == Wipxif = Wipoc# ] = Wipmé8 = WTpos?l3
— WTpos] 2 = WTposd] = Wipeel5 o= Wiponlf === Wipot6]l === WiposSd === Wipos7 ]l === WTpoe7d
— Wipos1d = WIpos22 = WIpsl$
) Color Table for W8
. Overlay of Pixel Data: W8
o \/ \/ 8 - 3 OU[ l l t lc Color: green=close, yellow=mid, red=far from -175V at le-6A
2.7e-08 4
6.2-08
1.4e-07 +
3.3e-07 1
z
T 7.66-07 3
£
=
G 1.8¢-06
® More data here (almost complete) i
. 1@ 1
° https://docs.google.com/spreadsheets/d/1]7luZuRaYmpDjLfzsFhHAh  9.4e-061
88glab9uHFaDUo3HoOE1o/edit?usp=sharing p— K
5.0e-05 4 \_
-15 35 55 -75 -95  -115  -135  -155  -175  -195
Voltage[V]
Dr. Simone M. Mazza - University of California S [ el PeEl AL TSl ML s o e A

— WEpos2] = WEpos2 6 = WEpos1S = Wlposdd —— WHpoSS] = WHpos3f ~—— WEpmSS —— WEpesld

— Wlpos13 =—— Woposdd =—— WBpos33d =—— WBposd}? =—— WOposd] =—— WhposSd =— Wipsdl — Wopus?2
m— WBpoeld = Wipeel5 = Wipeld = Wipoed] = Wipoud§ = Wipn3§ = Wipmid = Wipm7]
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HPK production results - TCT

® Signal for 1000um, 750um and 500um pitch is similar near the strip

o Signal propagation and rise time is the same for all pitches

w 0757 L I B L S B e 7] 'Bl 14_47| [TT T[T T[T [T [T [ T[T T1 T T T ] ; 1207 LI L L R L L L L R L I L B
£, [ HPK_S16694_W15_3X1_5-1_1000um_185V_ldc100_CH2 7 £, | HPK_S16694_W15_3X1_5-1_185V_Idc100_CHO 4 E | HPK_S16694_W15_3X1_5-1_185V_Idc100 _
[0} — 500um, Ch2, 1Y 750um, Ch2, 1Y — o 1 4 2 ; —— 500um, Ch1, 1Y 750um, Ch1, 1Y ; ; L — 500um, Ch2, 1Y F— 750um, Ch2, 1Y _|
£ 0.7 [ 1000um, Ch2, 1Y ] 8 | —— 1000um, Cho, 1Y 1 ® 100— —— 1000um, Ch2, 1Y -
= - 1 o - LLL - E - i
L 0.65— ] O 14— __|J — L |
v V.0or | ] L _

— fes 80— —]
o B ] B ] ] B i
0.6] - 13.8— 7 |3 E :
L ] 1 B § ] 60— _
0.55[ = i B B |
B ] 13.4— _] 40— —
0.5 3 AL ] B -
C 7 13.2 L o _] ~ .
- E - o 1 2 g
E : 1 3 B 1 I L Ll b b b by [ 1 | ] [ N
O 4 TR TR T N R [ AT PR T A TN TN T N T Tl 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 0 P, D™ 4w o p ol s e oy | . i _._7‘4_:7_____“;_

0 00 1eag 10 2000 2 =00 0 500 1000 1500 2000 2500 3000

Positi
Position [um] osfianlum] Position [um]
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Pmax [mV]

e
HPK production results - TCT

® Signal for 1000um, 750um and 500um pitch is similar near the strip

[ L ‘ LI ‘ T 177 ‘ T 177 ‘ T T ‘ 1T 17T ‘ T 17T 1T 17T ] ? [ T T T | T T T | T T T | T T T | T T T | T T T | T T T T T T T ] —
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120~ —— s00um, ch2, 1Y —— 750um, Ch2, 1Y — o 0.95 500um, Ch2, 1Y 750um, Ch2, 1Y — = 15.00 o, G0 ——— Smmom,w ]
| — 1000um, Ch2, 1Y ] IS - 1000um, Ch2, 1Y 7 = - To00un, o, ¥ —edy 1
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100 g = 09 = Q 14.4r .
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/Angled charge injection

® Strip modules in ePIC barrel-TOF are layered with a 18-degree tilt angle in the design baseline,
forward disk region also get tracks with large incident angle (up to 30-degree)

° Laboratory characterization and beam tests so far have been conducted at normal incidence
e Addeda angular stage to our TCT laser setup to study the effects of angle of incidence

* Tested a strip AC-LGAD with the new setup (Pixel next)

* At larger angles, signal profile in neighboring strips also shows shift with rotational
angle, but effect is small and can be corrected if angle is known

e [aser light is shone under strips

* Differences in time-of-arrival and rise time are minimal for the angles measured
; 1 60 N L L L L L L L L | 7)1 09 T T T T T T T T T T T T T T T T T T
e C HPK E600 W9 Pmax Comparison at Different Angles n .E. HPK E600 W9 Rise Time Comparisons at Different Angles ) 64 [
';' 140— —— 0,Ch1,1X 18, Ch1, 1X — o 0, Cht, 1X 18, Cht, 1X =) HPK E600 W9 Tmax Comparisons at Different Angles
© C ——— 30,Ch1,1X —— 45,Ch1,1X J £ 0.8 30, Ch1, 1X 45, Ch1, 1X x 63.8 —— 0,Cht,1X 18, Ch1, 1X
< 120 ] = g | —— 30,ch1, 1 — 45,Ch1, 1X
o L _l o =
C ] Q
100E- E 2 07 63.6 |
C ] B |
80— = 0.6 63.4 -
60 — 63.2 -
= ] 05 - .
40— - : 63— —
- E 0.4] - -
20 : ' ] 62.8— ]
Os00 3000 3500 4000 0300 200 00 200 s00 3200 -\ T O S S .
-@00 2400 2600 2800 3000 3200

Position [um] Position [um] Position [um]
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Pixel results - TCT

* Full size sensors tested on a large board with laser TCT

® Sensor: W7 (30um) — pix BIG — 500/150um

* Large signal (~250mV) no S/N loss in the center

* Always same laser power (ldc 100) and same Voltage (185V)

* Focused around the 150um pads, might be sub-optimal for other corners

CHall, max

CHY, max B

Position [um]

< 1~

S50
SSs s s st s nnas 200—;
e e 150~
Ll BT B R 1

100"

50 =yl
AL RO R 0—: IIIIIIIIIIIIII
"ll-....:: % 1200
R N - :i 1000 Positior‘;llzl.?nqﬂ POSr'tiOn {Jrg?O 80

Dr. Simone M. Mazza - University of California Santa Cruz .
k Students: N. Lynch, A. Drumm,Y. Spinos, O. Khandelwal

h2d_max_all

Entries 2500
Mean x 510.5
| Meany 597.6
Std Devx 278.1
.| Std Devy 2942
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Pixel results - TCT

e [ull size sensors tested on a large board with laser TCT
® Sensor: W7 (30um) — pix BIG — 500/100um
® Smaller signal (~160mV) no S/N loss in the center

.r . s L O T e
- A 5.0 7

CHall, max

h2d_max_all
Entries 2500
Mean x 603.8
“1Meany  613.3
“-| Std Dev x 306
.|StdDevy 2948

CHO0, max

h2d_max_0
Entries 2500
Mean x 746.1
Mean y 754.7
Std Devx 260.9
StdDevy 247.6

;\_\j"ﬂ.lx_—‘

600

Positign [im) 800 400

800 1000 1200 400 200
Position [um] 200 0 0

26—Aug—25
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g
Pixel results - TCT

e Full size sensors tested on a large board with laser TCT

® Sensor: W7 (30um) — pix BIG —750/100um
® Smaller signal (~80mV) with S/N loss in the center

wrdil, HidA

h2d_max_all
\\ Entries 160!

ol Mean x 865.1
. |Meany 840.!

| |stdpevx 472
“. | StdDevy 470.

— max,
n
(=}

o
o

CH2, max

h2d _max_2
Entries 1600
Mean x 1106
Mean y 1105
Std Dev x  372.4
Std Devy 379.7

o]
o

Position [um]

D
o

S
o

lLIlIII!IIIl\ILIIIIIIIIJ

400 600 800 1000 1200 1400 1600 1800 2000
Position [um]

0
200
Position [um]
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Pixel results - TCT
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HPK pixel production results - TCT

* W7 (30um) small pixels
* Comparing S/N loss for the different configurations

e Absolute signal and normalized
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CHO, max \

h2d_max_0

4 . .
HPK pixel production results - TCT

Std Devx  260.9
StdDevy 247.6

* W7 (30um) small pixels

® Measuring the Jitter and position [itter as before

° Only measured in-between pixels
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HPK pixel production results - TCT

* W7 (30um) large pixels

* Comparing S/N loss for the different configurations

e Absolute signal and normalized
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e
HPK pixel production results - TCT
* W7 (30um) large pixels

® Measuring the Jitter and position [itter as before

° Only measured in-between pixels

® Assuming 100mV signal near pixel for 500-150um configuration

@ Dr. Simone M. Mazza - University of California Santa Cruz

50 . 200 _
Jitter [ps] Pos. Jitter [um]
45 180
40 160
35 140
30 ——1000-100 120
25 =—750-100 100
500-150
20 —— 80
/ ——500-100
15 60
~/
10 40
5 20 \’\-v/_’
0 0
0 200 400 600 800 1000 0 200 400 600 800 1000

CHO, max

—1000-100

—750-100
500-150

=—500-100

h2d_max_0
Entries 2500
Mean x 746.1
Meany 754.7

Std Devx  260.9

StdDevy 247.6

1000 1200
Position [um]

26—Aug—25




g
HPK pixel production results - TCT

®* W3 (20um) small pixels

* Comparing S/N loss for the different configurations

e Absolute signal and normalized

S/N sum (mV)
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HPK pixel production results - TCT
®* W3 (20um) small pixels

® Measuring the Jitter and position [itter as before

° Only measured in-between pixels
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® Assuming 100mV signal near pixel for 500-150um configuration
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CHO, max \

4 . .
HPK pixel production results - TCT = 2

evx 260.9
StdDevy 247.6

* W3 (20um) big pixels
* Comparing S/N loss for the different configurations

e Absolute signal and normalized
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HPK pixel production results - TCT
* W3 (20um) big pixels

Ay

30

10

10 0

@ Dr. Simone M. Mazza - University of California Santa Cruz

200

400

600

® Assuming 100mV signal near pixel for 500-150um configuration

800

CHO, max

h2d_max_0

1000 1200
Position [um]

Pos. Jitter [um]

—1000-100

—750-100
500-150

—500-100

1000

1200

26—Aug—25

/




( W7 (30um) pixSmol W7 (30um) pixBIG W3 (20um) pixSmol W3 (20um) pixBIG
140
120
S/N sum (mV) 120
120
100 140 100
100 120
80 80
80 / 100 / \ ——1000-100
A / 50 50 60 ——750-100
60 \,_f/ \ 500-150
: 1 60 40 ‘ \ ——500-100
40 N / 40 \/ \
M ~— 40 u W
20
20 20
20
0 0 0
0 500 1000 1500
0 500 1000 150 0 0 500 1000 1500 0 500 1000 1500
12 12 S/N sum (normalized) 12
1.2
1 1
0.8 / / 0.8
A/\\J 0.8 4 —1000-100
0.6 a 06 0.6 =—T750-100
y : \/ \ 500-150
/ \ =——500-100
0.2
0.2 02 u
0 0 l_
0 500 1000 1500 0 0 500 1000 1500 1000 1500
0 500 1000 1500
26-Aug-25

@ Dr. Simone M. Mazza - University of California Santa Cruz

/




e

W7 (30um) pixSmol
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