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Introduction

Belle I

K-long & Muon Detector upgrades

» Replace remaining RPCs in barrel with scintillator strips.

» Re-design electronics layout, high-resolution timing for K, momentum via time of flight.
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Structure of current KLM design

» CR testing with two strips

» High efficiency

> Time resolution: < 1.5ns

WLS  fiber limits  the
improvement of time resolution

Scintillator + WLS fiber + SiPM
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K-long & Muon Detector upgrades

Solid scintillator (no WLS fiber) Multiple SIPMs
4 HAMAMATSU

PHOTON IS OUR BUSINESS

SAINT-GOBAIN

4xSIPM 12xSIPM

» Thicker scintillators with longer attenuation lengths and large areas of SiPM can improve photon collection.



Design of preamplifier
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Pole-zero Cancellation ( PZC )
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Rs ——

Vnut

T (N-1)Cq

SiPM equivalent circuit model

Trise = Rg(Cq + Cq)
Trast(fall) = Ripaa X Ctot
Tsiow(fall) = Rq(Cd + Cq)

Cd: diode capacitance Rd: diode resistor
Rq: quenching resistor

Cq: parasitic capacitance of Rq

Cg: lumped contributions of the parasitics

» This long tail will cause pile up in the case of high luminosity
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SIPM time resolution test
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Time resolution test setup

Small area: (1x1 mm?/1.3x1.3 mm?)
Photons > 5 |, Time resolution < 50ps
Photons > 40 , Time resolution < 25ps

Large area: (6x6 mm?)
Photons > 20 , Time resolution < 50ps
Photons > 70 , Time resolution < 25ps

Time resolution varies with the number of photons




Plastic scintillator test using cosmic rays
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SIPM time resolution test

Belle I

In parallel (P) |
NSiPM 1T Cd 1 Trise | Onoise T Gain 1

In series (S)
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Scintillator time resolution test (single-ended)

Belle I
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» Change the location of the trigger,
we can get the time resolution of different position.
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> Less light collection at the far end makes the SNR smaller, resulting in worse time resolution. y



Scintillator + WLS fiber + SIPM

Belle I
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Prototype Test

Belle I

AND

DT5742

DRS4 chip

16 + 1 channel
12 bit @ 5 GS/s
BW: 500 MHz

-1.5V ~ +1.5V

Prototype test setup Time Calibration of prototype DT5742 signal waveform 13



Prototype Test (\VVelocity of CR Muon)

Belle I
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Summary

Belle I

» Good performance of the current KLM design for efficiency.

> A preamplifier with time resolution of 20ps is designed.

» The combination of series and parallel can improve the time resolution of multiple SiPM arrays.
» The GNKD plastic scintillator (1m) achieves a time resolution of 80ps.

> The prototype of scintillator realizes the energy measurement of cosmic ray Muon (3.1+£0.4 GeV/c?).

15
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Time resolution upgrade

Scintillator for detection

Precise measurement of the four-momentum of neutral hadrons
» Uncharged
« Complex hadron shower
Scintillator detector
« High time resolution
 Fast time response components in hadron showers
» Flight velocity: from the collision point to the KLM detector
& solid angle and particle identification information

L
p=mv = if L= 2 =3 p=15GeV/
Vit2e2 — L2 ifL=2m, y=3, p=15GeV/c
st mil  m’Lu 0t=100ps sodp=0.19 GeV/c
op tp? p’ Relative error ~ 13%

innermost layer » outermost layer

tracking electromagnetic hadronic muon
system  calorimeter calorimeter system

photons
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muons
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pions
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neutrons
0
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PULSE(0 1.14m 50n 0 0 100p 1 1)
.param N=57600 Rq=750k Cd=20.6f Cq=1.6f Rd=1k Cg=41.1p
-tran 0 60n 40n 0.5n

l SiPM_P
{Rq} -~ {ca} l 1y l
é{nq/mn} {(N-1)*Cq) .
{Rd}
FCEV)S
5l T{Cd}
HV . SiPM_N
Q

= 8 W SiPM_P
> =
RS
\'! v2 v2 -
60 1 1 Lz

50 1000

[1] Bretz, T., Hebbeker, T., & Kemp, J. (2020). Extending the dynamic range of SiPMs by understanding their non-linear behavior. arXiv preprint arXiv:2010.14886

Amplitude (mV)

—— S$13360-1375CS
—— EQR10-11-1010CS

Time (ns)

—— Measured Single Pulse - averaged
—— Measured Single Pulse

—— Simulated Pulse with LMH6629

—— Simulated Pulse with an Ideal Amplifier

% Gain: 20

5 —_
—— Measured Single Pulse - averaged 5
4 —— Measured Single Pulse T
—— Simulated Pulse with LMH6629
—— Simulated Pulse with an Ideal Amplifier 4 4
z |
= < 31
L) £
g 2 . £
= Gain: 20 3 2]
£ 2
< 1 g
<< 14
0
-1 T T T T T T T
=50 0 50 100 150 200 250 300 -1 10
Time (ns)
—— S13360-1325CS 14
25 —— S13360-1350CS

Amplitude (mV)
) S
1 1

[e)]
1

] —— EQR10-11-3030CS
12 4 ::
4 4

Time (ns)

—— EQR10-11-1010CS
—— EQR15-11-3030CS

T T T T T T T T T 1
-2 0 2 4 6 8 10 12 14 16 18 20
Time (ns)

19




 PDE=55%, LTE=68%
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D

SIPM readout electronics performance test Do

Belle I
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Prototype Test

Prototype test setup
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Trigger signal waveform

DT5742 signal waveform
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