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Parallel summing
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e-room tech Summing Board A [
i i ' Gl
Tl
« Hybrid summing :
ff(f i D ® \'l D S ‘_;7\‘01‘% - PO V¥ ¥ > ¥ (e vl s " e - UL 7
- w/o op amp, w/ op amp (Board #1, LMH6629) Hybrid summing Parallel summing Individual
- w/o op amp, w/ op amp (Board #2, LMH6723)
« Parallel summing it may
- w/o op amp, w/ op amp (Board #3, LMH6629) summing e | == N Y
- w/o op amp, w/ op amp (Board #4, LMH6723) HY AR
HV module > H2GCROC

* Individual
e-room tech board

* HV supplied by H2GCROC
* Requires 16 H2GCROC channel per a 16-ch SiPM array

*  Outputs with and without op amp

- SiPM 16c¢ch individual readout (Board #5, #6)

+ LMHG6629 exhibit significant heating and oscillation
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e-room tech Summing Board

T

* Hybrid summing

ey L
= ) G

- w/o op amp, w/ op amp (Board #1, LMH6629) Hybrid summing Parallel summing Individual

- w/o op amp, w/ op amp (Board #2, LMH6723)

* Parallel summing ——]

—f o Output 2
swa-2 (wlo op amp)
/D o

- w/o op amp, w/ op amp (Board #3, LMH6629) —«— - Output 3

[ S— £z o o !?u
o it - o .
— o > (w/ op amp) 7 X
—f— sw2 g ;

- w/o op amp, w/ op amp (Board #4, LMH6723) —+— \Y Todule

%
/

* Individual
e-room tech board

* HV supplied by H2GCROC
* Requires 16 H2GCROC channel per a 16-ch SiPM array

*  Outputs with and without op amp

- SiPM 16c¢ch individual readout (Board #5, #6)

+ LMHG6629 exhibit significant heating and oscillation
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NOTICE Summing Board
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LR

e er Bor

* Hybrid summing Hybrid summing
- w/o op amp, w/ op amp (Board #7, #8) 16-ch
SiPM Arra
HV + AV [0, 10V] ’
summing
: circuit
« Parallel summing
Summing signal
| (SMA cable)
- w/o op amp, w/ op amp (Board #9, #10)
SMA to H2GCROC
adapter board

Notice H2GCROC
power module

« SMAto H2GCROC (Board #11, #12)
NOTICE Board
* Independent HV control via NOTICE power module
+ 12-bit DAC per-channel AV adjustment [0,10 V]
* Requires only 1 H2GCROC channel per a 16-ch SiPM array

*  Outputs with and without op amp
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Test Setup at KEK PF-AR

SiPM
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Beam (GeV/c) |Trigger rate (Hz)
1 60
2 203
3 206
4 100
5 41
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< Top view >

3ecmx3cmx2mm | T1

e beam
(1-5 GeV/c)

8cm:

T2 | 3ecmx3cmx2mm

5mmx5mm

o
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< Front view >

summing board

(3cm x 3 cm x 32 cm)

7.5¢cm :
e o e e e e o e o e - -
Hodoscope
28.5 ch
16-ch SiPM 16-ch SiPM
+ LG+cookie 1st module LG+cookie +

summing board

- 1-5 GeV/c e” beams

- Readout from 1st, 3rd modules

2nd module

3rd module

Jun Hyung Park

SMA cable

H2GCROC




Dynamic Range Estimation

Simulated Edep, measured N, (2507 CERN TB) & expected charge

Energy deposit (MeV, mean) N, per SiPM (9cm?) Charge (pC, 16¢ch summing)

Beam (GeV/c) 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd

0.5 77 140 92 600 1100 700 192 352 224

1 98 246 208 700 1800 1500 224 576 480

2 129 417 435 1000 2800 3000 320 896 960

3 149 542 645 1100 3800 4500 352 1216 1440

4 165 655 845 1150 4500 6000 368 1440 1920

5 178 765 1042 1300 5500 7500 416 1760 2400
6 x 105 , =250 o &
» Conversion from N, to Charge | e . g
1. Npe x Gain = Number of electrons (V,,=38.5V, V,,=40.7 V) . o é
2. Multiply the number of electrons by 1.6 x 10-1® C to obtain the charge 5300 // o g
» Blue cells indicate the KEK beam test data 1 % 106 = - 10 g
+  H2GCROC dynamic range in KEK beam test: 224 pC — 2400 pC : el | o

Qvervoltage (V)
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Electron Beam Test at KEK PF-AR

Current T

C; & C;camp

Conveyor
SiPM

gain conveyor .

8 L « ADC(BX) H2GCROCS3 internal injection test
o < 1000 — o ADC(BX-1) Channel 36
1} B . Rff100K;.Cf:.50fF . F{fE1OUK;.Cf:.2DOfF .
i | Riso-OlsiE . RiS0.GiZ00E * Ry lower Value — gain
‘ " L . RfEZSK; .Cf:S'OfF . F{f525K; pf:?UOfF
e - - . RIG686, CLIOOF . 6666, 0400 « C; lower Value — gain|, width|
LU L0 «  Rf:50; Cf-100fF + Rf:50; C-400fF f ’
j}_ wi]  [MRaned - 500 — . Rf25K; CI100fF . Ri-25K; Cf400fF _ _
. * il i W, » Gain conveyor: lower Value — gain |
S - R :
C ) ﬁ”mme= « C; comp: lower Value — gain |
WLttt Rt e NI NI
TOT DISCRIMINATOR & OO q - 100 150
= Timestamp [ns]
Vref_sk
summing momentum position parameter (Rf-Cf-Gain conveyor-Cf comp)
8-10-12-10 (default param)
e-room (#5,6) Individual 1-5GeV/c 1st, 3rd 4-15-15-15
15-4-15-15
8-10-12-10 (default param)
Notice (#7,8) . 4-1-1-15 -
: ) ainl
e-room (#1.2) Hybrid 1-5GeV/c 1st, 3rd 15-1-1-15 g
15-1-1-1 (gain min)
. 8-10-12-10 (default param)
Notice (#9,10) Parallel 1-5GeV/c 1st, 3rd 4-1-1-15

Same injection in the same channel

e-room (#3,4)

15-1-1-15 (gain min)
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Individual Readout
« Setup

ADC CH 19 ADC Count CH 19 Peak
oo "“;” ! ol '”"""“gf - 1GeV, 3rd, Edep: 149 MeV
ok ottt - param: 8-10-12-10 (default param)
fm— m;_ - 3cm x 3cm x 32cm calorimeter module
mf_ 1:: - 5¢cm length Lightguide
ol = + HV:40.7V
o :_ « H2GCROC parameter: 3 sets

B e e - ADC, Peak ADC, TOT, TOA data acquired

Count CH18TOT Count
[ETRE] [(EE
4000 — Entias 36893 E 1000 — Enries  3£8931
L Mean « 1 3 3 Mean & 10
o . J
500 Moan y 03631 Meany Z7.18
F i Do % 5477 Sid Dow x 5.477
o Sid Dowy 1411 800 5id Do y 133.2
3000 - -
= &0
2000
o 400
1500 — —_ |
tooo |- _— L
E m= 200
soof- E- [
Cooa v bo v byvn b b wnedwabvnnbovnlonn
oﬂ 2 4 [} a 10 12 14 16 18 20 Qﬂ' 2 4 [} a 1w 12 14 16 18 20

TOT TOA
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Hybrid Summing

Hybrid, 1st, param: 8-10-12-10 (default)

CH 19 ADC

Setup

DC

- 3cm x 3cm x 32cm calorimeter module
- 5¢cm length Lightguide

HV : Per-channel HV control (16-ch, ~40.7 V)
H2GCROC parameter: 4 sets
F——m ADC, Peak ADC, TOT, TOA data acquired

|||||||||
..........

s
aaaaaa

1 GeVic (Edep: 98 MeV) 2 GeV/c (Edep: 129 MeV) 3 GeVic (Edep: 149 MeV) 4 GeV/c (Edep: 165 MeV) 5 GeV/c (Edep: 178 MeV)

Hybrid, 1st, 3GeVi/c (Edep: 149 MeV)

ADC CH 19 ADC

CH 18 ADC

ADC
1000]

lllllllll
ssssssssssss

8-10-12-10 (default) 4-1-1-15 15-1-1-15 15-1-1-1

—f¢—— Hybrid
—fe—— sum

—{€——— Hybrid
—je—— sum Output 1, J9
< SWi-1 /3 (w/o op amp)

=0
R L —
—t¢——— Hybrid Output 2, J8
¥ (w/ op amp)
—f—— sum swi2 o >

L E— swi

—t——— Hybrid Op Amp gain =1
—j¢—— sum . Iy .
——] (No signal amplification)
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Parallel Summing

CH 18 ADC

CH 19 ADC

Setup
-1 GeV/c, 3rd, Edep: 149 MeV

- param: 8-10-12-10 (default param)
- 3cm x 3cm x 32cm calorimeter module
- 5¢cm length Lightguide

HV : Per-channel HV control (16-ch, ~40.7 V)
H2GCROC parameter: 3 sets
ADC, Peak ADC, TOT, TOA data acquired

CH 19 ADT —_ LXX
T 1000 e

Delay 20 sample Delay 20 sample

— c Output 2
sw2-2 /D (w/o op amp)
— o

— Output 3
< /’G swz-T/0 o > (w/ op amp)

< swz

Op Amp gain =1
(No signal amplification)
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Parallel Summing

i —— . CH 19 Posk » Setup
i 2 -1 GeV/c, 3rd, Edep: 149 MeV
- - param: 8-10-12-10 (default param)
- - 3cm x 3cm x 32cm calorimeter module
Run 210NoOpAmpﬁ WrReSTEREs N - 5¢cm length Lightguide
el .- I il T * HV : Per-channel HV control (16-ch, ~40.7 V)
{ : | T « H2GCROC parameter: 3 sets

ADC, Peak ADC, TOT, TOA data acquired

Run 258 : Op Amp Run 259 : 20 delay

c Output 2
—te—] swe-2 /O (w/o op amp)
— o

— Output 3
< /’G swz-T/0 o > (w/ op amp)

< swz

Op Amp gain =1
(No signal amplification)

Jul 14, 2026 Jun Hyung Park 10



Hybrid summing with ac coupling

/)

Bias ~40V
SiPM channel g
HV — 0
2- 2R L
C R

T
A

/

HV

o,

2.36 V

Output 1
(w/o op amp)

I

SWA1

Output 2
(w/ op amp)

Effective applied voltage: HV — 2.36 V

SiPM

Jul 14, 2026
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Current conveyor

Jun Hyung Park

Pre-amp

H2GCROC

H2GCROC
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Hybrid summing with ac coupling

Bias ~40V

SiPM channel g /O
HV < . 236V
— 4 o S H2GCROC
~2V 2R _h Output 1
C i (w/o op amp)
— O
R
~2V —0
C R
) «——
2.36' V
7 = H2GCROC
R
~2V 0 SW1 C R
C 2R S Output 2
(w/ op amp)
Effective applied voltage: HV — 2.36 V
2.36'V /
HV

o
=

SiPM Current conveyor Pre-amp
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Hybrid summing with ac coupling

}

SiPM channel
HV 0
2R
~2V —0
C

Q

Different signal amplitudes despite applying an

additional +2.36 V to the non-op-amp channel
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Bias ~40V

) A 236 V

. 5 2V H2GCROC
Output 1
(w/o op amp)
-

2.36 'V

7 = H2GCROC
SW1 C R

Output 2
(w/ op amp)

Jun Hyung Park

common voltage: 35+2.36V
(w/o op amp)

common voltage: 35V
(w/ op amp)

Counts.
BRI

. 8 B EE LG
S L L R ALk LA AR AR |




Hybrid summing with ac coupling

SiPM channel

S

)

Bias ~40V

/)

L
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O—

Output 1
(w/o op amp)

SWA1

Added a resistor and AC coupling to block reverse DC current flow (red box)

H2GCROC

Output 2
(w/ op amp)

Jun Hyung Park

H2GCROC
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Hybrid summing resistor selection

Bias ~40V
SiPM qhannel g
T 2.36V
- e o- - H2GCROC
2R
—O R C R
C R
) —
R
—0
)
2.36 V
7 = H2GCROC
O SW1 C R
OUtpUt 2 CH 19 ADC CH19ADC T
(w/ op amp) = s 1000 == ,
* Lower R improves tolerance to high beam rates but reduces gain (x 0.4) mop -
« Expected maximum NPE for the August CERN beam test: ~21,000 m
« Also consider the resolution at low energy deposition 1 GeV, 1st 5Gev 3¢

Jul 14, 2026 Jun Hyung Park

(98 MeV, 700 N, x 0.025)

(1042 MeV, 7500 N, x 0.025)
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Hybrid summing resistor selection

SiPM channel

)

\

Bias ~40V

« Lower R improves tolerance to high beam rates but reduces gain (x 0.4)

2.36V
- 5V | Hascroc
C R

2.36 V
I H2GCROC

SWA1

Output 2
(w/ op amp)

« Expected maximum NPE for the August CERN beam test: ~21,000

* Also consider the resolution at low energy deposition

Jul 14, 2026

Jun Hyung Park

Voltage Drop vs. Beam Rate for R = 100 Q and 1 kQ

Voltage drop Max rate @100Q | Max rate @ 1kQ
10 mV 91 kHz 9.1 kHz
100 mV 550 kHz 55 kHz

Calculated based on an Edep of 900 MeV ( ~6000 N, 2000 pC)
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August CERN Setup

window board

13mm

13mm

mini SiPM board
Jul 14, 2026

window board

Ineeneenve

Addddddddddd 48888888

3x6 module

Jun Hyung Park

A 4

hybrid FEE board

BIC FEE board

SMA to H2GCROC SMA to H2GCROC
adapter board (64ch) adapter board (64ch)
H2GCROC
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August CERN Setup

window board

13mm

mini SiPM board
Jul 14, 2026

window board

BIC 81PH
NOTICEy,,

Gy e e e
o g e e

CRRR

G

SiPM board

3x6 module

Jun Hyung Park

A 4

hybrid FEE board
BIC FEE board

SMA to H2GCROC
adapter board (64ch)

SMA to H2GCROC
adapter board (64ch)

H2GCROC
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August CERN Setup

hybrid FEE board
SiPM board BIC FEE board
Beam '

\ 4

PMT FEE board
(attenuation & amplification)

l

PMT FEE board
(attenuation & amplification)

3x6 module

window board

NOTICE BIC DAQ

13mm

mini SiPM board
Jul 14, 2026

window board
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Backup

Jun Hyung Park
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