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Challenges:
» Momentum:
> Impact parameter: o,, =5®10/(p-sin’6) zm

> Jet energy: % ~ 3 4%

0,,<5x10" GeV™
3

The Particle Flow Algorithm (PFA) [ .« = .0 & PFA ECAL

R e
% aa - a =E a . B
R T a e a =

oooooooo

calorimeter concept was proposed i et o Tungsten
é XY /o N\ |
[ } !

Silicon Scintillator MAPS

e High granularity
* Good track finding

 Good energy resolution




Calo Sampling | Sensitive Absorber | Granularit | Electroni | Absorb | Energy weight
No. detector y cs length Resolution
Sci-W 32 PSD+SiPM W-Cu 5mmx5m | SP-2E 22 X, 16%@ 1 GeV 03T
ECAL m
AHCAL |40 PSD+SiPM Fe 40mmx4 | SP-2E 4.7NIL | 60%@ 1 GeV 50T
Omm

H%ES
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53 B AR ST

® ETMCIERIUML IR ME R TR~ WEIELISSEE
® FERLAUR{IER~T: 40 mmX40 mmX3 mm
® SiPM: {RER~TH15 um, H~73001%%
® HTIiH: SPIROC, 36 channels/chip, 30fC - 300 pC

SiPM (1.3mmx1.3mm) SPIROC chip
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@ All packaged scintillator tiles were tested for quality control. A batch test

system was developed for this purpose.
€ The average light yield was about 13 pe/MIPs. Only tiles with light yield within
an acceptance region were used for the prototype: acceptance ratio ~ 92%

o fLYAI
c ! i Entries 15524
?09:_ Fly peaKD ADC: 683.0 1500_' Mean 1299
s peaki ADC: 741.0 ook o len 850
600 . -
E peak2 ADC: 797.0 _t
a . § 1200
500/ peak3 ADC: 853.0 Sl LY<IL7 p.e. LY>14.3 p.e.
oy peakd ADC: 907.0 § 1000}~
400 . . T
- } le photon calibration Faof  gs4 pieces 451 pieces
300 U s f
C E b
200~ h 6 ADC b 14,219 piec
= —”(JJJ within +10%
100 20} ]_LIL
C_ .] PRI N U R TR NS S SR T SRS a i [ A 1 M 1 1
Q(JEI 1000 1500 2000 2500 3000 L] [ 10 1 12 13 14 15 16
ADC Light Yield (p.e.)
Y E’ \Y — s AN —
PIKRE - ab ENit 5 BN EBTTMIPIE PIKRBERTTHE =83 TR
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€ Two types of SiPMs were selected for this prototype
€ NDL for 2 layers
€ HAMAMATSU for 38 layers

Company  NDL WK
o JErFEET

Type

Sensitive area (mm?)
PDE (%)

Gain (*10°)

Pixel No.

Breakdown Voltage (V)
OverVoltage (V)

Dark Count (kHz)

.z Cross Talk (%)

_--n 4

22-15
1.6*4
40

2.4
7400*4
19

4
330*4
8.5

S14160-1315PS . @%’éﬁ/@ﬁ@

— . ERHTERIRE

32 - RN FBTFAHCALEEHBI3SE
3.6 EQR15-22-1313D-S

=S - HEES

38 - BEREED

4 - BHERS

120 o NATAHCALEN&RE2E

BRERSIPMEMFE R TiE
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SiM'l‘E ﬁl:/}r"] ﬁt

« Two SiPM batch test devices were developed for NDL SiPM and HPK SiPM
 Arandom sample of SIPMs was tested and found to be to specifications

chip0 channel11 HV41.4 multi peak

Pedestal, DCR=1.6e+06 120
L Y peak0 ADC: 378.5
~ I T peak1 ADC: 409.5
e peak2 ADC: 438.5
0.5p.e., DCR=1.9e+05 L peak3 ADC: 467.5
i peakd ADC: 497 5
B0~ peakd ADC: 528.5
i peak6 ADC: 558.5
@ peak? ADC: 586.5
E 60|
w -
1.5p.e., DCR=8.2e+03 r
wof- r
20/~
L Bﬂﬁ 3(;0 d-CIID 5(;0 B(I)D 7{50 Eﬂﬂh a0d
240 250 Sgnal (ADC)

Threshoid DAC (Channel 13)

HHHR SR T il
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e SPIROCTA H

36 & [E] & +1 ADC
S

- I#E: 6 mW/channel

Low gain
Preamplifier

0.1pF-1.5pF

IN High gain
( Preamplifier

BJEES: 4 us

!SIW Shaperinalog memoi
i Depth T f

pt
HOLD

Fast Shaper
Varigble delay

Trigger
Depth 16
4-bit threshold | SR
DAC output adjustment SR e
mEnEn s
— oo Analog
T T T T T T T T Y ——— 7] Time
| output
Commontotheds | | 10-0it DAC ;gcﬁls’?;“l’s I measurement P
channels : & |

 HCAL Board Unit(HBU)

/
T 5 T B 2 )

==

S51EH

e 9 SPIROC + 324 REEHTT
o WENZIE
e 324 LED + 48 BB

8] -

Distribution of Measurements chn 9 chip 2 hit 1

ADC code

Moan of baseline n high-gain in channols and chips
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@ Fitting a HBU into a cassette

€ Scintillation titles facing down and electronic components facing up
€ Rubber strips were used to support the two large plates of the cassette to prevent the
plates from contacting the readout chips
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e DAQ system for ECAL and AHCAL Prototypes

— ECAL has 32 DIFs, AHCAL has 40 DIFs

— Using TLU to SVnCh ronize two systems = ":'7; =

=3
TLU

Clock&Trigger&Trigger ID _ Clock&Trigger&Trigger ID

e T—_—I '—At"_""" |
: F DAQ Busy | : Busy DAQ | Data ) - |
| S I
: E-Link + Trigger + Busy J I I L E-Link + Trigger + Busy : : E-Link + Trigger + Busy J I I L E-Link + Trigger + Busy :
L ) L ) |
X30 X40
: DIF DIF g DIF | : DIF DIF e h 8 DIF |
| I
| Contm'[\'ﬁ [Clock | Data cnnmﬂ?li [Clock | Data ﬁlm‘mlplql Clock | Data I I Control IP'4| [Clock | Data cmmlpli [Clock | Data c"mml}lql Clock |Data I
I Signal Iml Signal |7'\I signal |7’\| I I signal ;\I Signal I7|\| Signal |7'\| I
' || - |
ExBE:E  B:H EB.HE.H , B!
l Detector Array Calib. Detector Array 3 e Detector Array Gib I Detector Array i Detector Array CalE & LER Detector Array alit I
I 2 = si::l:% Temp. Syster'n I l ey Svste;n — Sy:ter.n e Systel‘n l
I EBU |womer]| | EBU v || | | |HBU [montec]| || [HBU [semr HBU [weme ||| |
' | |
' ECAL Prototype || AHCAL Prototype | 21




¢ Muon Test
— Momentum: 100 GeV/c, 10 GeV/c

Y cm)

— 11 million

e Pion- test
— 1 —120 GeV/c, 350 GeV/c

— 50 million

e Electron Test
— 1-250 GeV/c

— 10 million
e Proton, 350 GeV/c

— 1 million

22
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Event Number
Event Number

uﬂ' 5 10 15 u"' LIL\

Reconstructed E(GeV) Reconstructed E(GeV)

10 GeV pion 80 GeV pion
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0.14 _ .............. _

fit resolution 59.9%

VE

0.12f

Reconstructed E(MeV)

Resolution
o

P S A , ______ L S _ 0.08}

Linearity[%]

_1 _ .............................. _ 0.06 _...I...I...Il..l._
] 20 40 60 80 20 40 60 80

Beam E(GeV)

Beam E(GeV)
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REESREE N UHTF . fiaBT IR
® SR ISR ERasNERRIFC—
« BESII 2 REE * BELLE =&k
* CsI(TI) & IR Y  Csl(TI) &R Ug B
e AEX: 20 MeV -2 GeV « AEX: 20 MeV -8 GeV

I>

o BEEDHE F2.5% @ 1 GeV .
« NBSPE 6mm@ 1GeV .

BEENHE £TF2% @ 1 GeV
KRB HE: 6 mm @ 1GeV

= A O

* Babar =8¢

CsI(TI) & Bk i 2

BEX: 15 MeV -8 GeV
REDH LT3% @ 1GeV
A9PE. 4.16 mrad @ 1 GeV
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Crystal Pure Csl LYSO GSO YAP PWO BaF:Y
Density (g/cm?) 4,51 7.40 6.71 5.37 8.30 4.89
Melting Point (°C) 621 2050 | 1950 | 1872 1123 1280
Radiation Length (cm) 1.86 1.14 1.38 2.70 0.89 2.03
Moliere Radius (cm) 3.57 2.07 2.23 4.50 2.00 3.10
Refractive index 1.95 1.82 1.85 1.95 2.20 1.50
Hygroscopicity Slight No No No No No
Luminescence (nm) 310 402 430 370 425 300
420 220
Decay time (ns) 30 40 60 30 30 600
6 10 1.2

D(LY)/dT (%/°C) -1.4 -0.2 -0.4 TBA -2.5 TBA
Experiment KTeV CMS
MuZ2e ALICE
PANDA

Eh o Jos a4 - 1613
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Super Tau-Charm Facility
& SRRBIN AT HEH . SENEE~3005K, XHiEFEIF~800K
& FULEEE: 2-7 GeV,

=E: > 0.5X10% cm2s™' @ 4 GeV
¢ EFH—PIRASEMSSIMRURRAE T

> High Event Rate: ~ MHZ background event rate

> Precise Energy Resolution: < 2.5% @ 1GeV

R axis (cm)

» Good Position Resolution: ~5 mm @ 1GeV

Z axis (cm)

» Good Time Resolution: 300 ps @ 1 GeV |SSSar=—"———1E RN SRS SE2 B¢

R oE

------_ %
: 29
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o SB{RZEL: 8670
C EEHARE
o RETRFES P
 BERETE, SRR

10cm




AY

s EE D HFER~2.5% @ 1 GeV

<

s NE D5 mm @ 1 GeV
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pCs | SEH AL

oCs | I Z=RETE]: 6ns (f), 30ns (s)
(f) , 3.6 (s)

KICKERTE310 nmffliE, S5 EINAPDEIQE
QE~40%@310 nm

RICFEER: 1.1

UN RN

e
é,
e

(Typ. Ta=25 “C)

1 1
58664-55/-1010

]
[=]
o
(=]

Transmission
-
w
o
o

Quantum efficiency (%)

wavelegth/nm

T —
‘_ﬁ
{ —
VA i ™
yd SB664-02K/-05K/-10K/
—20K/-30K/-50K
o
300 400 500 600 700 800 900 1000




pCs IERE I

YRR S ML A 1, NOL-9

BELLE |132354R 013 7 — T 2

o AILLINT310 nmPyTe it HaFl)58
TIRIFHIER
o HFEIRSEI~100 pe/MeV

NOL 9

—— Absorption spectra
——— Luminescence spectra

MNommalized Intensity (a.u.)

8nm, SAPDEYFILEC, Bl

WLS sPlate
e e o moL-) 4 APDs
b) \ // Hamamatsu

S8664—55

/ |
Csl (pure)
crystal
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pCslaa iRyt ia th /= 30

LY (pe/MeV)
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[« o#Crystal |5

-« 1#Crystal | $

-« 2#Crystal

= é | | | | 0'5 | | | | 1 | | | | 15 | | | | 2
Crystal ID

TR WLSH]

O#FY S BRI =50 108.2 pe/MeV
1#BY S BRI =5 92.4 pe/MeV
2#BY = BRI F=Fn. 98.7 pe/MeV

=
48]
s
2
>

=+

=

7

Bl 5

—)

340

320

300

280

260

240

220

200

- .

- s B

- » 8

“| «  O#Crystal| ° :.

E » 1# Crystal »

e 2# Crystal | ¢

B | 0|5 N N ] N N 15 IR N B >
Crystal ID

FRWLSfE

O#EY S BRI =50 302.8 pe/MeV
1#B = BRI E =8 265.7 pe/MeV
2#TY S BRI F=FN. 256.7 pe/MeV
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® TR

» CERN PS T09 beam line
Multi-system beam test

« TO Detector

Track Detector

. PID Detector——DTOF
. ECAL

A\

» Beam particle and momentum

ut ~ 5 GeV/c
et 0.5-5 GeV/c
hardon* 1-5 GeV/c
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SNIER ~25% @ 1 GeV
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® FMRZ FMTORM=s (ATE2##45 ps) #HITHEINE
® Muon (~180 MeVgE=1%5), 0,~390 ps
® 1 GeV B, 0,~290 ps
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