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PID and timing resolution

PID at ILD

 dE/dx at TPC
« ~30 for K/n
¢ <2c for p/K

m/K, dEdx
m/K, TOF20
7/ K, combined

K/p, dEdx

m/K, dEdx
m/K, TOF50
7/ K, combined |
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Separation Power

+ Ineffective range L T o aned |
at 1-3 GeV/c i
« ToF at Calo
« ECAL: ~100 ps
with standard Si |
(with ASIC upg) | ® Momentum (GeV) | ® Momentum (GeV)
* Powerful up to 2-3 GeV ILD simulation with simple method
« LGAD: 20-30 ps? To be improved for higher timing resolution
. 5-10 GeV in target > M. Kuhara'’s talk tomorrow (for status)  (@2m\

« HCAL: 50-100 ps?
« “Good averaging method” necessary
(with pattern recognition (DNN?) ).

5GeV 09996  0.9951 0.9822 30 ps 88 ps

10 GeV 0.9999 0.9988 0.9956 7 ps 21 ps
aikan Suehara, CALICE collaboration meeting, 24 Mar. 2021 page 2



LGAD typ esS Doping from surface

P* Strip P* Strip P* Strip P* Strip P* Strip

S a— =
| Multiolication ]

&
P-implant

N’ strip P- Substrate

P Multiplication Bulk (inactive)

P Multiplication
N®
Reach-through type: Inverse type: (Europe) Inverse type: (Hamamatsu)
intensively studied better gain flatness expected Multiplication by deep injection
for ATLAS HGTD Double-sided process Single-sided process (cheaper)

Thinner active layer
—> Better timing resolution??
58664 Inverse 400 30, 5 - More Landau fractuation

S5344/5345 Inverse 150 30, 5¢ -

$2384/2385 RS 150 3¢, 5 ‘3?"'_-'_ff =) 38664-50K

S6045 RS 200 30, 5¢ CAN package (5¢)
S8550-02 Inverse 400 Array (32ch, 1.6x1.6/cell)

Taikan Suehara, CALICE collaboration meeting, 24 Mar. 2021 page 3
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Sensor assembly

=1 E;;gfj (Skiroc2-CMS) A ) 3 APD
- (5 IHEEHEERE : S are
A ]

H'. - b — -
| ﬁﬂwf_ z T R stacked for the
. concurrent signal
at beam 2 X testboards

(for timing study) with sensor stacks

SKIROC2 testboard inside the boxes
with a Skiroc2-CMS soldered Individual bias voltage set on the beam

Sensor adapter board attached Taikan Suehara, CALICE collaboration meeting, 24 Mar. 2021 page 4



Test beam at ELPH, Tohoku University

~ e+ 16-19Feb. 2021
9am —9pm, 48 h in total

e Positron, ~770 MeV
(possible up to 1 GeV)

e Rate: ~1 kHz
with spot of a few cm

#2 E:-:JF:r'irT'||1t-3| Room B I .::‘“ " L‘ 3 | ) 1 ' - , & 5 ® QuaSi_CW (NSO% duty)

[HH__H 1]
\" ';!:!,;

R e i e Beam time shared with
| 3% )2 )i Sgzs . Tsukuba group (ALICE
¢ e p iy FOoCAL pad detector

— 2 beam lines

— Priority on one group,
parasitic for another
(2 days each)

Gamma-ray Irradiation Room

Taikan Suehara, CALICE collaboration meeting, 24 Mar. 2021 page 5



Test beam photos

an earthquake

(M7.1)

just before TB. ‘

It's said to be  [jEsugEe— - = ¥

an afterShOCk Local-date 13 February 2021 X —t— < f - 18 { ’
3 members from left: ) -- oA

Of 2011 great Depth 51.9 km (USGS) Tower Of
Y. Kato (Tokyo) Tohoka carthouake SN

ohoku earthquake . Bt picoammeters

; hara (Kyush :
T — I/I SKueh — (Kyush u) Railways damaged. (survived)
A morning at ELPH - Kuhara (Kyushu) Taikan Suehara, CALICE collaboration meeting, 24 Mar. 2021 page 6




beam III

Position
layers
1x1 mm
cell pads
& 100 um
pitch strips

(x-y)

Readout by
FEV13

Setup & readout

Single-cell
APDs

3 identical
sensors
readout
with a

Skiroc2-CMS
testboard

4 types of
APDs are
measured with
replacement
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Multi-cell
APDs

2 identical
sensors
readout
with a

Skiroc2-CMS
testboard

Skiroc2- CMS
testboard

32chx?2
sensors

FEV13 with adapter
board and cables

Taikan Suehara, CALICE collaboration meeting, 24 Mar. 2021 page 7/



Calibration of TOA

Taikan Suehara, CALICE collaboration meeting, 24 Mar. 2021 page 8



Measurement with Skiroc2-CMS

ADC:
125{F. 250fF, 500fF_1pF 1 3 CeII ( 1 1 in eﬁeCt)
Ve waveform digitizer
Slow Sh. G1 AAVS
READ at 50 MHz
10k, 20k, 40k, 80k, 160k, 320k, 640k. 1.28M * * "
R;dd 250fF500fF. 1pF. 2pF YWV >/ T i>_/ bout__af rlng bUﬁer

vref_ssl lpF;I; Depth=13 0
l(Zintrack,ﬁinhold) X1O / X1 galn

Cf 125€F. 250fF. 500fF, 1pF
u/ |

out_ssh_G1
out_ssh_G10

conversion

62.5fF. IZSfF_{;OfFASOOfF. 1pF| 2 Slow Sh. G10 /yI . M TOT, Trlgge r:

40k L] TOA,

> o A ‘ ssh_GL. Fast shaper
2.5p{{5pF.ll]pF_2(ipF LA ¥ M ssh_G10
s »D "] =i (tc: 0.625 — 5 ns)

(2in track, 11 in hold) Th. tunable with DAC

out TOT

vint ot | T ToT Fast TOA: (toa _rise, toa_fall)

50fF, L0OfF, zooﬂ?l/ / ToT Slow

Fast Shaper | 7' I S\weeping voltage

e . . to be clipped
o A . o || at trigger
' (TOT: not used)
Global _ts:
clock count (26 bit)
can count up to 1.3 sec

10-bit DAC 10-bit DAC

Taikan Suehara, CALICE collaboration meeting, 24 Mar. 2021 page 9



TOA vs timing with charge injection

Plot TOA Rising
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1,03u 1,04u 1,05u
Delay (s)

Lt

Provided from Omega Black: toa_rise
White: toa_fall

Circle: 36 fC (ADC(HG) ~ 100 Dynamic range is
Triangle: 72 fC (ADC(LG) ~ 1800) wider in toa_rise

TOA vs delay with charge injection
Timewalk needs to be corrected
~100 / ns seen below TOA < 2400 (lower in TDC > 2400)

Taikan Suehara, CALICE collaboration meeting, 24 Mar. 2021 page 10



Timewalk

adc_hg:charge

]
thn
=
-

TOA count

Injection charge vs adc_hg Black: 0 ns delay

White: 10 ns delay
Circle: toa_rise
Square: toa_fall

10 20 30 40 50

]

Timewalk by injection
temporal fit with pol3

Taikan Suehara, CALICE collaboration meeting, 24 Mar. 2021 page 11




Quick look of the data
(S8664-50K x 3, 60 minutes run)

Taikan Suehara, CALICE collaboration meeting, 24 Mar. 2021 page 12



ADC spectrum

MaxF(adc_hg[39][) {Sumitrig_hg[36][))==134&5um3(trig_hg[42][])==13&4&5um3(trig_hg}==35}

Max$({adc _hg[36][]) {Sum${trig_hg[36][])==13&&Sum$(trig_hg)<=39}

h36

h39_trig

Entries
Mean

Std Dev

8441
913.9
385.6

Ch36
Ch39
Ch42

Vgp — 10 V bias
(~410 V)

A
e

1 1 | | | I | |
500 1000 1500 2000 2500 3000 3500

L)

4000
ADC count

;

Ch39
Ch39
Ch39
Ch39

’IH\'I\H\/\\,__L_J._L_"J |

Entries 2206
Mean 602.6
Std Dev 326.1

Ch36&42 triggered)
Ch36&39&42 triggered)
Ch39 triggered, scaled)
no hit, pedestal)

500

1000 1500 2000 2500 3000 3500 4000

« TOAthreshold is high; causing low efficiency
36. 39, 42 -  To lower threshold, have to reduce shot noise

S8664-50K x 3

* Pedestal and signal well separated (red - black)

- Reaction efficiency is near 100%
Taikan Suehara, CALICE collaboration meeting, 24 Mar. 2021 page 13




ADC 2D distribution

200 400 600 800 1000 1200 1400 1600 1800 2000

Ch 36 and 39 Ch 36 and 42 Ch 39 and 42

200 400 600 800 1000 1200 1400 1600 1800 2000 200 400 600 800 1000 1200 1400 1600 1800 2000

No strong correlation on hits
-> signal-like distribution (Landau fluctuation or APD gain variation)

Taikan Suehara, CALICE collaboration meeting, 24 Mar. 2021 page 14
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OA without timewalk correction (ch36-39)
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1200 1200

1Dq%00 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 1Dq%00 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 10q%00 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

800 < ADC <900 900 < ADC <1000 ADC > 900
ADC difference < 50

TOA difference
StDev = 17.88 count ~ 180 psec

If remove a hit at -35,
StDev = 12.26 count ~ 120 psec

Promising! (?)

Taikan Suehara, CALICE collaboration meeting, 24 Mar. 2021 page 15



TOA with timewalk correction (preliminary)

ADC > 800, ADC difference < 100 ADC > 900, ADC difference < 100

2600|-

2400

A No big improvements
e § L (looser condition)

1800

1600

o AT SR Shift at ADC > 800:

- . . 3 . . .
T imperfect timewalk
1000I I ‘1200| I I1400I I I1l:‘>i2)0I I I18[)0I I I2000I I I2200I I I2400‘ I

TOA_corrected [Ch36] corre Ctl on ?

h1_rise h1_rise
Entries 77 oL Entries 27
Mean C Mean 15.74

Still need to be

16

iInvestigated

1.2

Ci1 | 1 1 1 1 L1 1 1 1 1 1 1 1 11 1 11 11 1 1
1000 1200 1400 1600 1800 2000 2200 2400 2600

h1_rise

1

0.8F

0.6F

0.4F

0.2F

0:|\|||||||| T B W 1 1 i 1l 0_||||||||||||||||||||||||||||||| 1
-50 -40 -30 -20 - 10 20 30 40 50 =50 -40 -30 -20 - 10 20 30 40 50

tion meeting, 24 Mar. 2021 page 16



Summary and plans

Summary

e Test beam has been conducted. Data integrity of S8664-50K is OK.

e Efficiency of the amplification is high if we set the threshold low enough.
e 100-200 ps resolution is about to be seen.

e More effort needed for correction.

e Dependence on bias voltage and fast shaper time constant

e Cosmic test (have taken multi-cell sensors, singles ongoing but low stat)
e Lowering threshold (noise reduction...)
e Reach-through sensors (data probably bad due to misconfiguration...)

e Position dependence (using position-sensitive sensors (cell/strip) )
Taikan Suehara, CALICE collaboration meeting, 24 Mar. 2021 page 17
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