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Structure of current KLM design

Scintillator shape is flexible, easy to get good @ °=| e
spatial resolution: ol e

. 0 = Width/V12 ol N

* Wave length shift (WLS) fiber inside T e |

scintillator to collect photons and guide them
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Use SiPM at one or both ends, small size, low
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Figure 4: Muon identification efficiency after the requirement muonlD > 0.9 in the three considered scenarios
for tracks with 0.8 < p < 1.5 GeV /e (on the left) and for tracks with 1.5 < p < 4.9 GeV /e (on the right).




Set up of scintillation detector

scintillator + WLS fiber + SiPM

Hamamatsu S11360-1325/50/75cs NDL SiPMs Preamplifier



Using new NDL SiPM

Specifications
Type EQR10 11-1010C-S EQR10 11-3030D-S
Effective Pitch 10 pm
Element Number 1X1 1X1
Active Area 1.0x1.0 mm*
Micro-cell Number 10000 90000
Breakdown Voltage (Vg) 264+04V 285+05V
Temperature Coefficient for Vg 2l mV /°C 19 mV /°C
Recommended Operation Voltage Vg+oV Vg+12V
Peak PDE @420nm 32% 36 %
Gain 2.0 x 10° 1.7 % 10°
Dark Count Rate (DCR) 500 kHz / mm® 400 kHz / mm®
Terminal Capacitance 7 pF 31 pF

Above parameters are measured at their recommended operation voltage and 20 °C.

The EQR10 11-1010C-S can operate at 77 K.
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Test of NDL & MPPC SiPM

~ MPPC
_ . . s | NDL
i | PR AT S N AT SN O NN N ST AN SN T

4 6 8 10 12 14

Overvoltage(V)
x10°
|-~ MPPC
- —— NDL .
- | | | i | | |
3 4 5 6 7 8 9

Overvoltage(V)

Optical Talk

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

— |-~ MPPC
= |~ NDL
;._I .I ..I. .I .I ..I.....I
3 4 5 6 7 9 10
Overvoltage(V)
NDL:

higher dark count rate
Higher optical cross talk
Lower Gain

Much more cheaper

On developing:



Efficiency measurement

1 pe.: 2.7mV
1.5m scintillation detector



Light collection of scintillation detector
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Light collection of scintillation detector
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Optical glue : dowcorning 184
(Corrosion-free and light-transparent)

Covered with Teflon coating

Completely wraps the scintillator to
reduce light leakage

48h room temperature curing

iImprove the optical coupling efficiency
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Efficiency measurement

Optical glue and Teflon covering
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Efficiency measurement
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Time resolution: Scintillator + SMD SiPM

Voltage (mV)

Two new strips: 4 cm x 1 cm x 10 cmb. ..
From Gaonengkedi company
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Santi-Gobain scintillators

A combination of 4 pieces of 6mmx6mm SiPMs as the photon sensor.
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Time resolution of scintillator + SiPM

Time resolution:
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Time resolution of scintillator + SiPM
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Design and test for good timing at far position

To improve time resolution at far end
Improve photon collection

» thicker scintillator (need light guide)
> more SiPMs (2 * 4. 3 *4 array)
» Readout from both two ends 3.2%4*150 cm
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Readout at both ends
10cm trigger at middle
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Summary

* Good performance of the current design for efficiency.
* Time resolution of about 100 ps has been obtained at near end.
* Time resolution of about 360 ps has been obtained at 75cm.

* Try better light collection to improve time resolution.

Thank youl!
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For reference
Scinti + SiPM

* MUTHUSLA experiment

* Large size detector based on
scintillator to search for long-live
particle

e Institutions: SLAC, Fermilab...

* Belle II experiment: L = 10%¢ cms"!

* Belle II started physics running on
11/3/2019

* Endcap and inner 2 barrel layers:
RPC - Scintillator

* Good performance achieved

* Belle II is considering the upgrade:
all the barrel RPC -5 scintillator;
new readout system

* Institutions: Fudan U., U of Hawaii,
Virginia Tech, ...

* Helpful for R&D, testing, production,
price...

* SiPM is becoming popular
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BEAST (Background
commissioning detector)

KL and muon detector: (KLM)

Resistive Plate Counter (barrel outer layers)

Scintillator + WLSF + MPPC (end-caps , inner 2 barrel layers)
'

EM Calorimeter: (ECLJ\
Csl(Tl), waveform sampling \\\\\\\\\\\‘

Pure Csl + waveform samplir \\\\\\‘:‘:‘
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electrons (76\7 — gation counter (barrel): (TOP) ]
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~ .
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3

Belle I
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How about implementing timing?

* Two options of scintillator detector:
A. Cheap scintillator+WLS fibre+small SiPM, low cost for large size
B. Excellent scintillator+large SiPMs, reasonable cost with good timing

* We can combine them for LLP search, to extend the study area of CEPC
* One sector far away from IP,
* Measure the tracks with good spatial resolution,
* Measure the TOF of tracks (and charge?) for velocity (and dEdx?).

* The distance between layers can be tuned.
MATHUSLA

ccccccccccc ¥ hadrenic decay
|||||| layer
tracker in roof 3
)
Scintillator e - . 8 %"
surrounds | ¢ . Air 3
Surfac detectar Jie —
- _—
. -
. -

E .
’ .= neutral
8 ué‘s e LLP
-
[ P | LMC beam pipe

100m 200m

Fig. 1: Simplified detector layout showing the position of the 200 m x 200m x 20m LLP decay volume used
for physics studies. The tracking planes in the roof detect charged particles, allowing for the reconstruction of dis-
placed vertices in the air-filled decay volume. The scintillator surrounding the volume provides vetoing capability
against charged particles entering the detector.
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Two kinds of WLS fiber

Emission

» Wavelength-shifting fibers g

600
Wavelength [nm]

650

Saint-Gobain WLS Fiber
1.0mm Dia.

* 1000 grit sandpaper

KURARAY WLS Fiber
Y-11(200)MSJ
1.2mm Dia.

* 1500 grit sandpaper « 2000 grit sandpaper




Comparison of two WLS fibers

Choosing better fiber
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New design on the FE and NDL SiPM

Register with high frequency amplifier
*Suitable for MPPC
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Rising time: ~3.5 ns! for different kinds of SIPMs. 27



Resistor sampling and negative
feedback amplifier circuit

NDL-EQR10
1*1

LFtetiE

Rise time : 1-2ns
HWHM : 3-4ns

Design of fast preamplifier

Register with high frequency amplifier

*Suitable for MPPC

A

RIGOL

H 10.0ns

RIGOL H 50.0ns

NDL-EQR10
3*3

S13360
6*6

LEFtadian
2.9000ns

ol &
Rise time : 2-4ns Rise time : 5-10ns
HWHM : 6-8ns HWHM : 40-60ns
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long Santi-Gobain scintillators

Two long strips from IHEP
with excellent time
resolution:

3cmX5ecmXx1m

Two MCP-PMT Trigger strips at near

end: : .
Time resolution: < 130ps
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