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IInternatlonal Large Detector (ILD)

One of the detectors placed at the collision point of ILC

* Mainly charged particles are detected by tracking detectors,
and neutral particles are detected by calorimeters

* Inthe TPC, dE /dx is calculated by the collected charge to
identify the particles
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IIdentification of particles

. . “Particle ID Performance with dE/dx and TOF”
° TI me Of ﬂ Ight Uli Einhaus, ILD Benchmarking Days 2018
Particles have differences of flight time 14.0- ILD preliminary o /K dide N
depending on their mass " ¢ /K TORO
12.0; ' * % 7/K, combined |7
. -~ Z = ® K/p, dEdx

K /p, combined

g
K 494 MeV/c? 0.9951 g sor *
m 139 MeV/c? 0.9996 = 60
In order to identify K and i, we need to have 40 .
time resolution less than 50 psec 20
» LGAD (Low Gain Avalanche Diode) 00 LI )
— The time resolution : ~30 psec (in ATLAS study)
B Reach-through type B Inverse type

e Fast charge collection speed * Multiplication layer covered bottom layer

iti SueW - pstop * Less variation in gain
» o — — —
285 ym ; P-implant N’ strip
B P Multiplication P(z) X P Substrate
p
L —— " —— ]
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IAvalanche Photo Diode

LGADs have same structure as APDs » We study APDs for LGAD development

poamctsy | wee s [ s

S$12023-10A Reach-through 139V ¢ 1 mm
S8664-10K Inverse 417 V ¢ 1 mm
pkg-10 Reach-through about 250V ¢ 1 mm
pkg-20 Reach-through about 120V ¢ 1 mm
S2384 Reach-through 159V ¢ 2 mm
S3884 Reach-through 189 V ¢ 1.5 mm
S8664-20K Inverse 425V ¢ 2 mm
S8664-55 Inverse 433V 5 X 5 mm?

LGAD prototype (for LHC)

-l

$12023-10A $8664-10K  pkg-10, pkg-20 S8664-55
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connector

ASIC
(SKIROC2cms) £

.
v ""'."
SRESRasanin

400 X 55 X 250 mm?3

into the Al box

collimator source

(brass 5mm)
m top of Al box
=

sensor
ﬁ connector board

testboard

Sources
y source : 133Ba, 81 keV + 356 keV

(compton edge : 207 keV)
B source : ?%Sr, 2.2 MeV (Max)

connector board (with S8664-10K)
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SKIROC2cms

e SKIROC2cms is an ASIC to readout |* Time over threshold and Time of arrival
signals from sensors can be acquired

* Preamp polarity can be changed

12-bit
. ADC_test p— ADC Ramp
[T Low Gain 1y SO es -
Ch63 .-~
o 125£F, 250fF, 500fF, | pF Sel_ADC test?
. | (slow control)
. /I O WLIXXoa
X 10 times | e
CI an READ
10k. 20k. 40k. 80k, 160k. 320k. 640k. 1.28M
N A —_
Rf 250fF, 500fF. 1pF. 2pF WL >'/ l I out_adc
% vref_ssl 1pF : Depl'1=13
: (2in track , §1 in hold)
Cf | / 125£F. 250fF. 500(F, 1pF : out_ssh_G1 onversion
. . H 3 out_ssh_G10
2.5¢F, lzafF.{SrofF, S00fF. 1pH 2pF Slow Sh. G10 Sto p S|gna I > " TOT,
b Pa " 40k U TOA,
>— _ W - CLK40 READ X ssh_G1,
/- v ssh_G10
OR 2.5pF. 5pF. 10pF. 20pF JYK\NT|>_/
PAC vref_ssl0 + i lpj;
(2 in track, 18in hold)

High Gain

-
ToT Fast
> SOTF. 100(F, 200(F, / TAC ToT Slow g :
Ctest f i . T
- Fast Shaper 4 : e
Ik 2k I ;TDC ramp
current I/ | CLK40 E 1 signal
DAC V% - y ? :
625(F.1.25pF. 2.5pF t o ToA (1)
vref_fs + VthO toa R TAC ToA (2)
S—
Fast shaper (trigger)
Trig_Ext 'J
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I Measurement using y source

APD : S12023-10A Low gain histogram

hist_Ig_file1

HV:129V 3001 Entries 15256

B ; ; . Mean 246.5

ok Fit function : Stubev 1142
~ 2a ® _¢2
u f(x)=\/—_-x”e dt + bx + ¢
I 71' -

200 — o
- U ... mean of error function

1501 o ... width of error function

o :_ \

o u 207 keV Compton edge of 133Ba
B 1 1 dF\ManLLM_L-_AL‘-_Lnﬂ_E-_I
% 200 400 600 800 1000

ADC
Calibration with 207 keV compton edge to convert from ADC value to Gain value

a = ADC output / Charge [/C]
Gain = £. av A2 = 2.25 x1015
a Comptonedge e . = Elementary charge [C]
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ISet up of DAQ

» Measurement : v ve G )
S$12023-10A Reach-through 129V | 520 (Measured value) :: .
S8664-10K Inverse 407 V about 500~1000 || seof .
pkg-10 Reach-through 240V about 1000 || “°F o .
pkg-20 Reach-through 110V about 1000 ::: .

52384 Reach-through 149V about1000 | ® T m wmow
S3884 Reach-through 179V about 1000
58664-20K Inverse 415V about 50071000 | = [~ S T
S8664-55 Inverse 415V about 500~1000 || :1eos 100
Hamamatsu datasheets | é:: 1 0§
* S512023-10 : The Gain value is measured by DAQ = “:j*"m“"— .
with the y source - N
o s 100 10 200 250 300
VRW)

* Other APDs : The Gain value is referenced by datasheet
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I Result

High gain histogram

hist_hg_fileO

threshold Entries 45528
Mean 1784
Std Dev 343.3

500

400

ADC value overflows for all reach-through types []S12023-10A
[1S8664-10K
[ ]pkg-10

[ ]pkg-20

[ ]S8664-20K
[ 1S8664-55
[ 1S2384
[]S3884

300

200
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I Result

Low gain histogram

threshold hist_Ig_fileO
- _ : : — : Entries 45528
700 — * Large size APDs —> Signal height is slightly big || Mean 283.8
— . . . Std D 159.3
- * Inverse type’s signal height is smaller than &
600 — reach-through type
500 —
_ [ ]S12023-10A
— [ ]S8664-10K
400 — [ ]pkg-10
- [_]pkg-20
= [ ]58664-20K
300 - [ 1S8664-55
— [ 152384
200 153884
100{—
: | 1 L 1 l L | |
0 1000 1200
ADC
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I Result
Low gain histogram

_ hist_Ig_file0
| Entries 45528
1000 — Mean 283.8
- Std Dev 159.3
800—
600 —
- This type APD has a “shoulder” ... ?
400 —
i S12023-10A
200—
i ] ] - l L 1 L
0 200 400 600 800 1000 1200

ADC
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I Result

Due to the gain variation inside the APD,
signals by 9Sr will be landau distribution
for each gain (such as black lines), and the
total distribution can be like red line

.

The “shoulder” will be made by the landau
distribution of the maximum gain

"shoulder”

2600
2400 r

The active thickness can be oo |
calculated using the “shoulder” 2000 |

3 1800 |
The relation between Charge and ADC 31600

output of SKIROC2cms are known < :x

(such as right figure) 1000
800
600

—=20 ns
—=30ns

=40 ns
4 [—7m=50ns
—7=60 ns

0 100 200 300 400 500 600
Charge (fC)

Figure 19: Low-gain transfer function for different shaper settings.

2019/10/31 LCWS2019 in Sendai



I Result

» 512023-10A (reach-through)

Low gain histogram

350 hist_Ig_fileO
B F|t fu nction . Entries 45528
— Mean 283.8
300 — 2a (® _., Std Dev {593 | S$12023-10A
- flx) =—- e dt+bx+c | o) a4
u N Ll x2/n 73.99/79
50— o Prob 0.6385
n U ... mean of error function pO=a —12.84 +28.20
- , _ p1=p 535.7 £ 6.9
200 o ... width of error function p2=o0 _84.09 + 97.13
u p3=1>b —0.03317 £ 0.20392
n pd=c 59.65 + 80.71
150 —
100 —
50—
O : | l L 1 L
0 200 400 600 800 1000 1200
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I Result

> Active thickness Low gain histogram

hist_Ig_file0

. Entries 45528
A MIP particle makes 76 electron and 1000 vean 288
ev .

hole pairs per 1 um in a silicon sensor

800

‘ 600

Active thickness =
u 1 1
— - [pm]

a Gain 76-e 200

400

[ ]s12023-10A

F T |

200 400 600 800 1000 1200
ADC

OrT T

a = ADC output / Charge [/C]
= 2.25 x 10%°

1 = mean of fit function

e = Elementary charge [C]

Active thickness of $12023-10A : ~40 um
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IPreparation of Test Beam

v’ Place : ELPH (Tohoku University)

>

>

>

Basic characteristics

e Active thickness

 Comparison between Reach-through

type and Inverse type

Time resolution

* Measurement time resolution using the

three identical type APDs

Position dependence in sensor

 ADC measurement at several points in

d Sensor

Compare the characteristics
at the center and corner

2019/10/31

-

PMT

Scintillator

PSD

APD

Alminium frames

ww §

LCWS2019 in Sendai




Preparation of Test Beam

> Active collimator

Scintillators will be used as collimator Scintillator with holes
(for VETO)

hit not hit (through the hole) ><
I—{ Scintillator }—1 I

. D t . oto Beam
ignore ata acquisition 560 MeV positron

J The signal of scintillator is read out by PMT
| ummammmEohotomultiplier E ?%
’ Tube E gg

[3=

connector boards and sensors

b

E% Testboard

tH
E
H

EH "

-------------

PMT Scintillator stacking connector boards
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I Summary

* Signal heights are measured with 8 types of APDs for
development of LGADs

 SKIROC2cms was used to take data

* Differences between reach-through type and inverse type
were obtained

* In S12023-10A (reach-through), the active thickness was
estimated

* Test Beam preparation is ongoing
» Next step

* Analysis of the Test Beam data

* Producing the LGAD prototype for ILC
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Back up
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IInternational Linear Collider (IL.C)

> What is the ILC ?

e Electron and positron collider

e Site : Mt. Kitakami, Japan

* /s =250 GeV
- Up to 1 TeVin the future

 Length : about 20 km

e Search for new physics with precise X g | Model Depondent Fx om0 10 aom. KZZMWW cpl)_
) HL. ico.cern.chievent?
measurement of Higgs and other particles £ | B HLLC o C2s0

a 5 v ] [l HL-LHC @ ILC250 & ILC500
3 i dark/light: $1/52
c 4L .. numbers PRELIMINARY, fnal version in ESU |
g !

mmmm  HL-LHC only 5 Clnnnt B B B -

s HL-LHC + ILC250 z 2H4+4-F1— =
c -

mmms  H|L-LHC+ILC250 + ILC500 § 40 0 & W -
(&)
&l

Z W b = g ¢ v w2 t2 120
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IInternatlonal Large Detector (ILD)

One of the detectors placed at the collision point of ILC

* Mainly charged particles are detected by tracking detectors,
and neutral particles are detected by calorimeters

* Inthe TPC, dE /dx is calculated by the collected charge to
identify the particles

- Calorimeter

Tracking
detector

International Large Detector (ILD)
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IMeasurement using [5 source

High gain histogram

hist_hg_file0
Entries 45528
Mean 1784
Std Dev 343.3

107

[ ]1S12023-10A
[ ]1S8664-10K
[ lpkg-10

[ ]pkg-20

[ ]S8664-20K
| 1S8664-55

| 1S2384

[ ]1S3884

10

0 500 1000 1500 2000 2500 3000
ADC
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IMeasurement using [5 source

Low gain histogram

hist_Ig_fileO
Entries 45528
Mean 283.8
Std Dev 159.3

iRy
| i
102 . vl ‘Iul' I
— 1

[ ]S12023-10A
[ ]S8664-10K
[ ]pkg-10
[ ]pkg-20
[ 158664-20K
10 |- | 158664-55

— | [ ]1S2384
[ 153884

‘\'\'UM | %H" jud il | )

800 1000 1200
ADC
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ITest Beam Overview

UsB
port

Testboard

Active collimator
(scintillator)

Beam

560 MeV positron

PSD
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