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ILD and ECAL

ILD (International Large Detector) Yoke & muon detector
» Detector to be placed at the collision point of the ILC Coil

» Main components:Vertex, TPC, ECAL, HCAL, Caoil
HCAL & ECAL

TPC
SiW-ECAL Vertex

» Sandwich calorimeter (30 layers)

» Absorption layers : Tungsten

Detection layers = Si (Pixel size: 5 X 5 mm? ) ECAL

Alveolar
structure

or Scintillator Fastening

5.5 mm x 256 pixels
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Particle ID of hadrons and timing resolution

Particle ID of hadrons %
[

» Only measurement of dE /dx and momentum =

« IDofKim ~36 1D of K/p < 20 H

* There exists momentum ranges where we can’t identify: |-3 GeV

» Better separation power can be obtained by adding Time-of-Fright (ToF)

> Possible to separate (50) n/K up to 4 GeV by 20 ps ToF with dE /dx

Timing resolution and momentum range
» ECAL with standard Si: ~100 ps upto 3 GeV (3 0)
» LGAD: 20-30 ps upto 5 GeV (3 0)

Separation Powe

—Wwe are planning to use LGAD to replace sensor of a part of ECAL
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Type of LGAD

LGAD (Low Gain Avalanche Detector)

» Silicon sensor with internal avalanche multiplication mechanism

» Studies of LGAD in ATLAS group have achieved timing resolution of about 26 ps
Reach-through type Inverse type

Multiplication area

» Multiplication area is not uniformly formed » Multiplication area is uniformly formed
» Amplification ratio depends on the hit position » Uniform response is expected regardless of the hit position
of the particle

Multiplication area
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Test beam with Skirok2-CMS
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Test beam with Skirok2-CMS

Test beam 16-19 Feb. 2021 at ELPH, Tohoku University
* Positron beam, ~700 MeV

* Main purpose : Study of timing measurement of Avalanche photo diode (APD has the same structure as LGAD)

APD: S8664-50K

- s

( ¥ - Inverse type - single cell - Hamamatsu
= - Size: ® 5 mm - breakdown voltage V},,: 430V
* Setup
Skiroc2-CMS
testboard
4 X plad
beam l'i‘i Skiroc2-CMS
36 39 42 .
x| mm cell channel Multi-cell
sensor Single-cell APDs
& 100 pm APDs 2 identical
pitch strips | 3 identical sensors

(x-y) sensor | sensors
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Result : ADC distribution

h36 h39_trig
- Entries 8441| 350 Entries 2206
1400— Mean 913.9 - Mean 692.6
— Ch36 Std Dev  385.6 300 - Std Dev 326.1
12001 Ch39 - Ch39 (Ch36&42 triggered)
1000 Cha? 2501 _ Ch39 (Ch36&39&42 triggered)
- 200F- Ch39 (Ch39 triggered, scaled)
800F Vgp — 10 V bias - Ch39 (no hit, pedestal) ey
600:_ (""41 0 V) 150;_ channel
- 100F- Single-cell
400§ kL charge:~30 fC =L APDs
200 ' ~~ (when ADC is 700) 50 3 identical
- ﬂ B | “J sensors
o S o o R T I B P | - A IR
00 500 10|00 1500 2000 2500 30|00 35;{)0% coﬁgOO 00 500 1000 1500 2000 2500 3000 35%%% coﬁgOO
Each channel Channel 39 for various selection

red is clearly separated from the pedestal (black) > ~100% of the signal hits cause detectable signal
* trigger threshold is higher than average signal > need to reduce the noise to lower the threshold
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Result: timing resolution

Timing correlation of two APDs (channel 36 and 39)

800<ADC<900 900<ADC<1200 1200>ADC
£ auf £ »F £ =F
5 24; 5 242_ EI 20_*
8 T g F £
o 220 2 2 r
& 200 E 200 £ 15
F- 18 C 36 39 42
= 165 » 10— channel
16— E r
1 “E & - Single-cell
3 ‘1: T APDs
10}~ = C . .
R i o= melE T g pgey) | 3 identical
x _( ime_: _correction[ns] = ¢ 5 ens ors
Timing resolution : 750.2ps 266.7 ps 242.6 ps

 Jitters of Skiroc2-CMS are large in the lower signal strength
(jitter is ~200 ps with 75 fC charge of signal)

* to achieve timing resolution 30 ps by noise reduction is difficult... > need another reading system
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Test beam with discrete amplifier

6-8 Oct. 2021 at ELPH, Tohoku University :’r:/:‘;eriopmgoz:;PUt from

Tkhn e Ao

* 3 days X 12 hours positron beam: ~770 MeV

 Rising time
s el i . ~| nsec
Setup Discrete Skiroc2-CMS N VAL )
aml(Pllf“ er board testboard DOEATLE |
beam I"l \ e
.Zﬂo.mvz—)[:omwm fusknﬁs’s r?n v znnzloéuzlJ
Single-cell Single-cell Multi-cell . .
APDs APDs APDs Amplifier chip
2 identical Jidentical 2 identical I , +  GALI-S66+
sensors sensors Sensors stages (Mini-circuit)
e Gain:20 dB
APD *  Wide bandwidth 3GHz
APD No. | Type of APD | Vp, [V] m capacity [pF]
S8664-50K Inverse 416 55 pF
S2385 Reach through 160 5¢ 95 pF
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Analysis method

Set up
* The signals from the two APDs (APD| and APD2) amplified by

the amp. board are directly acquired and analyzed by an oscilloscope. AFD2 |

Analysis method
signal from APDI1 — ch (20 mV/div) and ch2(2 mV/div)
signal from APD2 — ch3(20 mV/div) and ch4(2 mV/div)
* Chl and ch3: obtain waveform height and timing information
for large signals
* Ch2 and ch4: Obtain more detailed timing information

for small signals

mtey e

.....
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o' "To00 200 3000 4000 B000 BGG0 7000 8300 9000 10000 a6 20603000 4000 B0t 7000 8000 B00G 1
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APD1 |

Okcilloscop

» Chl
Ch2
» Ch3

Ch4

Aux «

PM AMP

Oscilloscope

Coincidence

—Estimate the timing resolution from
the time difference between the two APDs.

wave height

50% of the
wave height

Time difference

MSO 4104 (Tektronix)
*  1GHz 5GS/s

Obtain the timing at the point where the voltage is 50 % of the wave height

7 W I T T Y W S A I Wt T T T [ T i (0
30 40 50 60 70 80

Wave height

T No effect of Timewalk



Result of timing resolution

Result

APD sensor Cut of charge Timing Time difference between the two APDs (charge > |8 fC)

resolution [y 5?;:,:”—"_’:0;23 o a':;*:g"'"';_1;i:
$8664-50K > |8 fC 123ps e esolution | £ iming resolution
(Inverse t)’pe) > 36 fC 63 PS : : |23_Psec(/| sensor) E 1178 psec(/l sensor)
52385 > 18 fC 178 ps  ©-
(reach through type) o o ﬂ”"
> 361C 89ps L. AL, Ennonl o 10nh g

Time difference Time difference

* Timing resolution of S8664-50K is better
—> Difference in capacitance related to signal rising time (58664-50K:55 pF $2385:95 pF)
Relation between Charge of signal and

: o : Timing jitter due to noise
Evaluation of timing jitter due to noise

1000

e Pedestal variation as a noise effect,

@
o
=]

50% of the

expected timing jitter [ps)

add this effect to the pedestal, wave height, and 50% of wave height points
* Events with charge > 18 fC S8664-50K: 120 ps, S2385: 200 ps
* Events with charge > 36 fC S8664-50K: 62 ps, S2385:106 ps wave height

_——¥ e e ————

&

8
=1
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200

* Most of the time resolution is affected by noise caused by sensors and readout circuits X

— = 140 160
charge [fC]
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For achieve high timing resolution

2 _

Timing resolution factors: 6,2 = 0.* + 0,,*

* 0.”:Uncertainty in the timing response of the sensor itself
» Landau noise: waveform changes depending on whether energy deposit occurs more on the upper side or lower side of the sensor.
—> Making the sensitivity layer thinner decrease Landau noise, but the signal becomes smaller, so the S/N ratio becomes worse.
(It seem that the thickness of sensitive layer of S8664-50K is 5 um )

» Avalanche amplification fluctuation: Uncertainty in time for accelerated electrons to knock out surrounding electrons

* 0,,”:Uncertainty caused by noise
» Capacitance of sensor:The smaller the capacitance of the sensor, the smaller the rise time of the waveform.
—> Capacitance is proportional to the size of the sensor = Smaller sensors are less affected by noise.
» Thermal noise: caused by high temperatures in amplifiers and sensor = need cooling
» Noise due to disturbance to the conduction path between the sensor and the amplifier or due to HV

—> devise wiring, Stabilization of supply voltage, etc...
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Summary

* LGAD have high timing resolution = Introduction of LGAD is expected to improve the timing resolution of ECAL

* Test beam with Skiroc2-CMS to measure the performance of APD
» Obtained timing resolution of inverse type APD (58664-50K): 242 ps

» Jitter of Skiroc2-CMS are large in the lower signal strength

* Test beam with discrete amplifier to measure the performance of APD
» Achieved 63 ps timing resolution with inverse S8664-50K using only large signals
» Improved timing resolution by increasing the statistics of the large signal.
» Increase the amount of charge by using an APD with a thicker sensitivity layer — Decrease the Jitter
» Use an oscilloscope with good performance

» Device to reduce noise...cooling of amplifier board, wiring etc...
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Timing resolution of Skiroc2-CMS

* Timing resolution = (rising time)/(S/N ratio) + digitization jitter + Landau noise + timewalk
» noise of Skirock2-CMS is large
» rising time of Skiroc2-CMS fast shaper is large: 5 nsec
* Value of S/N ratio ~250 required for 20 ps timing resolution equivalent to 600e- noise = too difficult
* Fast shaper can be faster but S/N degraded (need detailed study)
» Digitization jitter of Skiroc2-CMS: ~30 ps
» Landau noise: waveform changes depending on whether energy deposit occurs

more on the upper side or lower side of the sensor.

» Timewalk can be corrected (S.Tsumura’s talk)

* Noise reduction by better HV treatment

* However, to achieve timing resolution 30 ps by noise reduction is difficult... > need another reading system
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Measurement with Skiroc2-CMS

ASIC for reading signals of silicon sensor

TOA (Time Of Arrival) JSRIN S0\ shaper N ) ”C”"-

. . . . . 125(F, 250(F, 50«5~1pr Sel ADC test 7
» Timing information between the triggered ) (slow coniro)
3 Pre AMP Slowsh. 61
N ik
time and the next internal clock T [ > o READ o
¢ Rf 2500F, S00(F, 1pF. 2pF s“k"' V=T J- i
. A vref_ssl IpF 3 Depth=13 j.
cwo | | | : cfz s s l - | (2in track, 11 in hold)
Gobal 7 N N+ Y : i P | out_ssh_G1 conversion
© r ‘ 1 62 56F, |25rF,4;urF, S00fF, 1pH 2pF 4'“, M_M_GTO TOT,
Trig I_l ‘ H T 40k a ' g TUA..
TOA output T E n_PA S u‘,‘N\ l/ ( ']*I\' 40 READ X ss]l:_gll;}
| ' D |: v ssh_i
Rarnp s ‘ '»p 5pF. 10pF, 20pF A
_/ E . PAC >O-R U 5 Ipi m-fa
N y {Zln track, 11 in hold)
E == 3pF JUI'
ADC Vith1_tot rorFasd
E [ SOFF, 100FF, 2000F ./ ToT Slow . s
: e Fast Shaper ﬁw |
o« e, 1 ] 2k i E— L TDC ramp
» |3 cells waveform digitizer at 50 MHz : current . 5 CLK40 C
| :.2er.|/;spF. 2.5pF : ToA (1)
ring buffer ’—J Viho toa |, : e

Fast shaper

Trig_Ext P
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Timewalk measurement

Timewalk -
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