Jun 9 2026

KEK Beam test

Jun Hyung Park, Shin Hyung Kim
Department of Physics, Kyungpook National University




Setup

SiPM g -
& 4 as

Summing board  11199eg 137

H2GCROC

= \ e 3 -
IO imeter module

e beam
(1-5 GeV/c)

T1

8cm 1
v

T2

7.5cm j:

Hodoscope

28.5 ch

SiPM &
summing board

LG,
cookie

module (1st)

LG,
cookie

SiPM &
summing board

module (2nd)

module (3rd)

SMA cable

SMA cable

H2GCROC

Jun 9, 2026

Jun Hyung Park



Setup
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e-room tech board type

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

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

* Parallel summing

- w/o op amp, w/ op amp (Board #3, LMH6629) v HV, ﬁodule

- w/o op amp, w/ op amp (Board #4, LMHG6723)

e-room Board
* Individual - HV supplied by H2GCROC

- SiPM 16c¢h individual readout (Board #5, #6) - output directly connected to H2ZGCROC
- outputs with and without Op Amp

4 c g ) ) » .
i “1'4" 3 j{"r s DA W )

Individual

Jun 9, 2026 Jun Hyung Park 3



e-room tech board type

* Hybrid summing

- w/o op amp, w/ op amp (Board #1, LMH6629)

- w/o op amp, w/ op amp (Board #2, LMH6723)
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sum
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sum Output 1, J9
SW1-1 /0 (w/o op amp)

[op
Hybrid Output 2, J8
sum swi-2 o > (w/ op amp)
o ]
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Hybrid
sum

* Parallel summing

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

TR TR A AR

- w/o op amp, w/ op amp (Board #4, LMHG6723)

[72]
e
=

e-room Board
* Individual - HV supplied by H2GCROC

- SiPM 16c¢h individual readout (Board #5, #6) - output directly connected to H2ZGCROC
- outputs with and without Op Amp

Individual
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NOTICE board type

* Hybrid summing

- w/o op amp, w/ op amp (Board #7, #8)

« Parallel summing

- w/o op amp, w/ op amp, 4ch summing (Board #9, #10)

« SMAto H2GCROC (Board #11, #12) NOTICE Board

- Independent HV control via NOTICE power module
- transmit output via cable
- outputs with and without Op Amp

- Added 4ch summing to parallel board
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Parameter scan

7 _S:MAcarbIe /

e-room Board NOTICE Board

- HV supplied by H2GCROC - Independent HV control via NOTICE power module
- output directly connected to H2ZGCROC - transmit output via cable
- outputs with and without Op Amp - outputs with and without Op Amp

- Added 4ch summing to parallel board

summing momentum position parameter (Rf-Cf-Gain conveyor-Cf comp)
4-15-15-15
e-room (#5,6) Individual 1-5GeV/c 1st, 3rd Default
15-4-15-15
4-1-1-15
_ Default
:‘r’g';’ri ((’:Z’g)) Hybrid 1-5GeV/c 1st, 3rd 15-15-1-15 gain!
’ 15'1'1'15
15-1-1-1 (gain min)
. 4-1-1-15
Notice (#9,10) Parallel
e-room (#3.4) +4ch 1-5GeV/c 1st, 3rd Default

15-1-1-15 (gain min)
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Parameter scan

3rd, 3GeV/c (Further details by Bo Gyeong)

(E T

CH 19 ADC

CH T8 AN

Parallel summing

Individual Hybrid summing
(default) (15-1-15-15) (15-1-15-15)
summing momentum position parameter (Rf-Cf-Gain conveyor-Cf comp)
4-15-15-15
e-room (#5,6) Individual 1-5GeV/c 1st, 3rd Default
15-4-15-15
4-1-1-15
_ Default
:‘r’g'c‘)’ri ((’:Z’g)) Hybrid 1-5GeV/c 1st, 3rd 15-15-1-15 gain!
’ 15'1'1'15
15-1-1-1 (gain min)
. 4-1-1-15
Notice (#9,10) Parallel
e-room (#3.4) +4ch 1-5GeV/c 1st, 3rd Default

15-1-1-15 (gain min)
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Paramete r Scan 3rd. Preamp default, Parallel sum
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sum
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+  Without an op amp, the signal is lost due to cable attenuation

*  Op amp performance < Power dissipation (trade-off) o ffeotoododied it
« Study cable attenuation and compare op amps Run 258 - Op Amp Run 259 : 20 delay
summing momentum position parameter (Rf-Cf-Gain conveyor-Cf comp)
4-15-15-15
e-room (#5,6) Individual 1-5GeV/c 1st, 3rd Default
15-4-15-15
4-1-1-15
_ Default
:‘r’g'c‘)’ri ((’:Z’g)) Hybrid 1-5GeV/c 1st, 3rd 15-15-1-15 gain!
’ 15'1'1'15
15-1-1-1 (gain min)
. 4-1-1-15
Notice (#9,10) Parallel
e-room (#3.4) +4ch 1-5GeV/c 1st, 3rd Default

15-1-1-15 (gain min)
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Backup
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Hybrid summing
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(w/ op amp)




BIASTY EaASE EaAg1s

Hybrid summing o
[ 0

<>E
<

oum
{ |:=l| T
L = 'I [ Lk 1] .
fn o o =i o
H I_ H2 MPTIBE
<1 2
0.%eF/1808 beFIBcE Rt
% g - " s
;Iu ?
e
BIGNALA GHALD !I'
L=y
Yrri E¥- L
SN 12 G_ =
3 o, | MHEIREENO HYBRD SUM_CPAMP
v 2 < : == <>
w2 4 = -
- s s
a2 {__‘: KHES-23C
ENAL W ::f‘

rvia 2 < ':':E;.m“, :;{,,“ fmem

e 2 <

w2 7 Raom

s s Es] ﬂbﬂ 5 550
SMGNALD
B e
T 3
L
M
DlNALL C_

(LR
LOE L it
e 2

Jun 9, 2026 Jun Hyung Park



Parallel summing
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Parallel summing
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Parallel summing (16ch)
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Parallel summing (4ch)
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Individual
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Op-amp comparison

SiPM
1<
<
summing signal (current |, rising time 1)
Coaxial cable 1
Outside i]nsumion —— Insulation H j___
1 z ”“n\&\ \ 1 w/o op amp B
| 1<
Copper mesh Copper wire
H I summing signal (current 1, rising time | )
L] L] L] L] L
Cable capacitance may increase the rise time < T
! =
w/ op amp
Product Small signal Bandwidth Noise level Slew rate Power Price Remark
(MHz) (nVI\/Hz) (VIps) (W/cm?) (USD)
LMHG6714 400 @ gain =2 3.4 1800 1.21 2.87 CFA, Vop =10V
LMHG6723MF 290 @ gain = 1 4.3 400 0.124 3.5 CFA, VOp =5V
OPA 656 550 @ gain =1 6 400 3.23 12.7 VFA, Vop =10V
LMH6629MFE 950 @ gain =10 0.69 1100 1.005 6.5 VFA, Vop = 3.3V
Jun 9, 2026 Jun Hyung Park
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0 p 'a m p co m pa rl SO n 3. Preamp default, Parallel sum

CH 18 ADC CH 189 Poak

Hybrid
sum

Hybrid
sum

SW1-1 /O ”

Output 1, J9
(w/o op amp)
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sum SW12 /o
o,

Output 2, J8
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>

SW1
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sum

TRER THMR FAfh YA

SiPM

— ]
3 et

Without an op amp, the signal is lost due to cable attenuation

Op amp performance < Power dissipation (trade-off)

Study cable attenuation and compare op amps

3000 |-
000 -
1000 |-

PP PP P | Losaladalaiallsenloral
B 20 48 60 B5 10 120 140 16D 1M
Paak ADC

Run 210 : No Op Amp >

CH 19 ADC

D
a1 0

|||||||||
T 4 & @& 10 13 4 M6 I8 &
AT

Run 259 : 20 delay

Run 258 : Op Amp

Small signal Bandwidth Noise level

Slew rate Power

Price

Product (MHz) ("VAHz)  (Vips) (Wicm?)  (USD) Remark
LMH6714 400 @ gain = 2 3.4 1800 1.21 2.87 CFA, V,, = 10V
LMH6723MF 290 @ gain = 1 4.3 400 0.124 35 CFA, V,, = 5V
OPA 656 550 @ gain = 1 6 400 3.23 12.7 VFA, V,, = 10V
LMHE629MFE 950 @ gain = 10 0.69 1100 1.005 6.5 VFA, V,,= 3.3V
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Trapezoidal board

Trapezoidal Trapezoidal
- summing Bulk board
board
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H2GCROC

Summing circuit

Fabricate a bulk mounted trapezoidal board after the circuit is determined

Trapezoidal board mounted on the bulk
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Trapezoidal board
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