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Students will work in smaller groups (4 people) on hands-on laboratory 
exercises. 
There are 6 exercises in total.

Each exercise is a half day exercise. you will be able to do 4 of them.

1. Time of Flight measurement
2. Pulse shape discrimination

3. Timepix detector

4. EasyPET
5. Image reconstruction

6. Photon Counting



Light	/	Photon
• Light	is	electro-magnetic	wave.	
• Intensity	of	light	

• Intensity	of	wave	is	determined	by	Amplitude	
• Amplitude	can	be	infinitely	small.	

• Energy	density	of	light	can	be	infinitely	small	
• How	can	we	see	the	light	of	star	at	far	distance?	

• Energy	is	quantized.		
• Single	photon	can	excite	

• Intensity	of	light	is	the	number	of	photon.
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Exercise - Photon Counting 
• Photon counting using MPPC(SiPM).  

• Learn Histogram 
• Learn Poisson distribution. 
• Practice of MPPC bias control 

  

Two sets for 4 students. Half day exercise. 
Setup for two group. 

1. WaveCatcher   2 from Osaka (LAL, France product.) 
2. LED driver   2 from Osaka (Developed in Osaka U) 
3. Pulser    2 from Osaka (Philips pocket pulser) 
4. Light pulser   1 from Osaka 
5. MPPC module   2 from Osaka (HAMAMATSU, S10362-11-050C) 
6. 6V / -4V ~ -9V power 2 from UM 
7. PC     2 form UM (Windows or Linux) 
8. Mini USB Cables  4 from Osaka 
9. Coax. cable   4 from Osaka (LEMO) 
10.LEMO T     2 from Osaka 
11.Coax. cable   2 from Osaka (LEMO-SMB) 
12.LED Mount plate  2 from Osaka 
13.Dark Box   2 carton box  

LED	
driver

MPPC	(SiPM)
WaveCatcher

PC

trigger Pulser

-6V,	
-4	~	-9V

USB	
+5V	power

USB

6.	Photon	Counting

•Photon counting using MPPC(SiPM).  
•Learn MPPC(SiPM) 
•Learn Histogram 
•Learn Poisson distribution
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光を数える

M. Nomachi

21, August, 2012

1 イントロダクション
光の強さはどうやって決まるでしょうか？ 波の強度は振動の振幅で決まり、いくらでも弱くす
ることができます。しかし、光の場合、光量を減らしていくと、ついには光子１つ１つが来たり
来なかったりするようになります。この様子を高感度の光センサーを用いて調べます。
光をどんどん弱くしていくと、光センサーからの信号は小さくなっていきますが、あるところ
からは小さくならず、信号が出たり出なかったりします。これは光が粒子で、１個分よりも小さ
な信号が出ないからです。演習では測定のための簡単な回路を制作します。また、センサーから
の信号をコンピューターで読み取り、信号の大きさの分布を求めるためのデータ処理の実習を行
います。さらに、得られた結果の統計処理について学びます。

2 光パルサー
光パルサーは外部からのトリガー信号が来るとキャパシターにためた電荷を LEDに一気に流し

LEDを光らせます。

!"#

!"##

$%#

$#

%&&'(#

図 1: LEDドライバーの動作原理

これはバケツ（キャパシター）にためた水（電荷）を流すことと同じです。水位（加える電圧）
が高いと水（電荷）が多くたまり流した時の水量（電流）が大きくなります。なお、使用する青色
LED[1]は電位差が約 3.2 V以上無いと電流は流れません。

• （課題）青色の光子 (波長 465 nm)のエネルギーを求めてみよう。青色の光子を放出するに
は電子はそれ以上のエネルギーを持っていなければならない。これと光パルサーに加える電
圧とを比較してみよう。

1

LED	driver

Pulser	switch	ON	to	discharge.	
Discharge	can	be	an	order	of	nano	
second.	

The	number	of	photon	is	controlled	by	
the	amount	of	charge.	

Charge	is	proportional	to	Voltage.
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https://www.electronics-tutorials.ws/diode/diode_8.html

Do	you	know	why	Blue	needs	higher	voltage?	
Do	you	know	the	energy	of	“blue”	ph

https://www.electronics-tutorials.ws/diode/diode_8.html


• Three	exercises	use	MPPC.	
• MPPC	is	short	for	Multi-Pixel	Photon	Counter,	and	this	detector	is	
also	known	as	silicon	photomultiplier	(SiPM).	It	is	a	solid	state	
photodetector	that	uses	multiple	avalanche	photodiode	(APD)	
pixels	operating	in	Geiger	mode.
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MPPC iV VhRUW fRU MXlWi-Pi[el PhRWRn CRXnWeU, and WhiV deWecWRU iV alVR knRZn aV VilicRn

ShRWRmXlWiSlieU (SiPM). IW iV a VRlid VWaWe ShRWRdeWecWRU WhaW XVeV mXlWiSle aYalanche ShRWRdiRde

(APD) Si[elV RSeUaWing in GeigeU mRde. MRUe deWailV and a cRmSaUiVRn Rf diffeUenW

ShRWRdeWecWRUV aUe belRZ.

 

The baVic elemenW (Rne Si[el) Rf an MPPC iV a cRmbinaWiRn Rf Whe GeigeU mRde APD and TXenching UeViVWRU, and a laUge nXmbeU Rf WheVe Si[elV aUe

elecWUicall\ cRnnecWed and aUUanged in WZR dimenViRnV.

SWUXcWXUe

 

Image Rf MPPC'V ShRWRQ cRXQWiQg

Each Si[el in Whe MPPC RXWSXWV a SXlVe aW Whe Vame amSliWXde Zhen iW deWecWV a ShRWRn. PXlVeV geneUaWed b\ mXlWiSle Si[elV aUe RXWSXW Zhile

VXSeUimSRVed RnWR each RWheU. FRU e[amSle, if WhUee ShRWRnV aUe incidenW Rn diffeUenW Si[elV and deWecWed aW Whe Vame Wime, When Whe MPPC

RXWSXWV a Vignal ZhRVe amSliWXde eTXalV Whe heighW Rf Whe WhUee VXSeUimSRVed SXlVeV. Each Si[el RXWSXWV Rnl\ Rne SXlVe and WhiV dReV nRW YaU\

ZiWh Whe nXmbeU Rf incidenW ShRWRnV. SR Whe nXmbeU Rf RXWSXW SXlVeV iV alZa\V Rne UegaUdleVV Rf ZheWheU Rne ShRWRn RU WZR RU mRUe ShRWRnV

enWeU a Si[el aW Whe Vame Wime. ThiV meanV WhaW MPPC RXWSXW lineaUiW\ geWV ZRUVe aV mRUe ShRWRnV aUe incidenW Rn Whe MPPC VXch aV Zhen WZR RU

mRUe ShRWRnV enWeU Rne Si[el. ThiV makeV iW eVVenWial WR VelecW an MPPC haYing enRXgh Si[elV WR maWch Whe nXmbeU Rf incidenW ShRWRnV. The

fRllRZing WZR meWhRdV aUe XVed WR eVWimaWe Whe nXmbeU Rf ShRWRnV deWecWed b\ Whe MPPC. 

 

      
SaYe WR ZiVhliVWPURdXcW RYeUYieZ WhaW iV MPPC (SiPM)? ASSlicaWiRQV RelaWed dRcXmeQWV FAQV DiVclaimeU

WhaW iV MPPC (SiPM)?

SWUXcWXUe

BaVic RSeUaWiRQ

(1) ObVeUYiQg SXlVeV

WhaW iV MPPC (SiPM)?

MXlWi-Pi[el PhRWRQ CRXQWeUV
(MPPCV/SiPM)

HRme  PURdXcWV  OSWical VenVRUV  

https://www.hamamatsu-news.de/hamamatsu_optosemiconductor_handbook/

https://www.hamamatsu-news.de/hamamatsu_optosemiconductor_handbook/
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Each	pixel	is	a	photo	sensor	(Geiger	
mod).	
Geiger	mode	is	high	gain	but	cannot	
distinguish	the	number	of	photon.	
Just	ON	or	OFF.	
Since	each	pixel	is	small,	the	
probability	of	multi	photon	is	small.	
Increasing	the	number	of	incoming	
photon,	linearity	can	be	worse.
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4.3 Poisson分布
LEDを流れる電子から発せられた光子がMPPCで信号として観測される確率は非常に小さな確
率です。電子の数をN、観測される確率を pとすると、n個の光子を観測する確率 Pnは２項分布

Pn = NCnpn(1 − p)N−n (1)

で、与えられる。N は非常に大きな数字であり、pは非常に小さな数字ですが、その積N ·p = λ

は有限の値（数個）です。N → ∞の極限を取ると、分布は λによってのみ決まります。

Pn = lim
N→∞

NCnpn(1 − p)N−n = lim
N→∞

N !
n!(N − n)!

(
λ

N

)n(
1 − λ

N

)N−n

(2)

=
λn

n!
lim

N→∞

N !
(N − n)!

1
Nn

(
1 − λ

N

)−n(
1 − λ

N

)N

(3)

ここで

lim
N→∞

N !
(N − n)!

1
Nn

(1 − λ

N
)−n = lim

N→∞
N(N − 1) · · · (N − n + 1)

1
Nn

(1 − λ

N
)−n (4)

= lim
N→∞

1(1 − 1
N

) · · · (1 − n + 1
N

)(1 − λ

N
)−n (5)

= 1 (6)

に収束する。また、

lim
N→∞

(1 − λ

N
)N = e−λ (7)

が成り立つ事から、

Pn =
λn

n!
e−λ (8)

を得る。これを Poisson分布という。

4.4 Poisson分布の母関数
Poisson分布の性質を母関数を用いて調べてみよう。Poisson分布の母関数は

G(x) =
∞∑

n=0

Pnxn =
∞∑

n=0

(λx)n

n!
e−λ = eλ(x−1) (9)

と定義されます。x = 1とすると、

G(1) =
∞∑

n=0

Pn = 1 (10)

となります。母関数の微分を考えると

G′(x) =
∞∑

n=0

nPnxn−1 = λeλ(x−1) (11)
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N	photon	is	emitted.	Probability	to	be	observed	is	p	for	each	photon.	
Probability	of	finding	n	is	binomial	distribution.	

N	is	large	but	p	is	small.	Average	Np	=				is	finite.
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N
)−n (5)

= 1 (6)

に収束する。また、

lim
N→∞

(1 − λ

N
)N = e−λ (7)

が成り立つ事から、

Pn =
λn

n!
e−λ (8)

を得る。これを Poisson分布という。

4.4 Poisson分布の母関数
Poisson分布の性質を母関数を用いて調べてみよう。Poisson分布の母関数は

G(x) =
∞∑

n=0

Pnxn =
∞∑

n=0

(λx)n

n!
e−λ = eλ(x−1) (9)

と定義されます。x = 1とすると、

G(1) =
∞∑

n=0

Pn = 1 (10)

となります。母関数の微分を考えると

G′(x) =
∞∑

n=0

nPnxn−1 = λeλ(x−1) (11)

5

Consequently
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WheQ lighW eQWeUV aQ MPPC aW a SaUWicXlaU WiPiQg, iWV RXWSXW SXlVe

heighW YaUieV deSeQdiQg RQ Whe QXPbeU Rf ShRWRQV deWecWed. FigXUe

VhRZV RXWSXW SXlVeV fURP Whe MPPC RbWaiQed ZheQ iW ZaV illXPiQaWed

ZiWh Whe SXlVed lighW aW ShRWRQ cRXQWiQg leYelV aQd WheQ aPSlified ZiWh

a liQeaU aPSlifieU aQd RbVeUYed RQ aQ RVcillRVcRSe. AV caQ be VeeQ

fURP Whe figXUe, Whe SXlVeV aUe VeSaUaWed fURP each RWheU accRUdiQg WR

Whe QXPbeU Rf deWecWed ShRWRQV VXch aV RQe, WZR, WhUee ShRWRQV aQd

VR RQ. MeaVXUiQg Whe heighW Rf each SXlVe allRZV eVWiPaWiQg Whe

QXPbeU Rf deWecWed ShRWRQV.

PXlVe ZaYefRUPV ZheQ XViQg a liQeaU aPSlifeU

The diVWUibXWiRQ Rf Whe QXPbeU Rf ShRWRQV deWecWed dXUiQg a SaUWicXlaU

SeUiRd caQ be eVWiPaWed b\ PeaVXUiQg Whe MPPC RXWSXW chaUge XViQg

a chaUge aPSlifieU RU ViPilaU deYice. FigXUe VhRZV a diVWUibXWiRQ

RbWaiQed b\ diVcUiPiQaWiQg Whe accXPXlaWed chaUge aPRXQW. Each

Seak fURP Whe lefW cRUUeVSRQdV WR Whe SedeVWal, RQe ShRWRQ, WZR

ShRWRQV, WhUee ShRWRQV aQd VR RQ. SiQce Whe MPPC gaiQ iV high

eQRXgh WR SURdXce a laUge aPRXQW Rf RXWSXW chaUge, Whe diVWUibXWiRQ

caQ VhRZ diVcUeWe SeakV accRUdiQg WR Whe QXPbeU Rf deWecWed

ShRWRQV.

 

PXlVe heighW VSecWUXP ZheQ XViQg chaQge aPSlifieU

The MPPC chaUacWeUiVWicV gUeaWl\ YaU\ deSeQdiQg RQ Whe RSeUaWiQg

YRlWage aQd aPbieQW WePSeUaWXUe. IQ geQeUal, UaiViQg Whe RSeUaWiQg

YRlWage iQcUeaVeV Whe elecWUic field iQVide Whe MPPC aQd VR iPSURYeV

Whe gaiQ, ShRWRQ deWecWiRQ efficieQc\, aQd WiPe UeVRlXWiRQ. OQ Whe RWheU

haQd, WhiV alVR iQcUeaVeV XQZaQWed cRPSRQeQWV VXch aV daUk cRXQW,

afWeUSXlVeV, aQd cURVVWalk Zhich lRZeU Whe S/N. The RSeUaWiQg YRlWage

PXVW be caUefXll\ VeW iQ RUdeU WR RbWaiQ Whe deViUed chaUacWeUiVWicV.

The MPPC caQ be XVed b\ YaUiRXV PeWhRdV accRUdiQg WR Whe

aSSlicaWiRQ. HeUe Ze iQWURdXce a W\Sical PeWhRd fRU RbVeUYiQg lighW

SXlVeV. UViQg a Zide-baQd aPSlifieU aQd RVcillRVcRSe PakeV WhiV

PeaVXUePeQW eaV\. FigXUe VhRZV RQe e[aPSle Rf a cRQQecWiRQ WR a

Zide-baQd aPSlifieU. The 1 kÖ UeViVWRU aQd 0.1 ×F caSaciWRU RQ Whe

SRZeU VXSSl\ SRUWiRQ VeUYe aV a lRZ-SaVV filWeU WhaW eliPiQaWeV high-

fUeTXeQc\ QRiVe Rf Whe SRZeU VXSSl\. The 1 kÖ UeViVWRU iV alVR a

SURWecWiYe UeViVWRU agaiQVW e[ceVViYe cXUUeQW.

The MPPC iWVelf iV a lRZ-lighW-leYel deWecWRU, hRZeYeU, iQ caVeV ZheUe

a laUge aPRXQW Rf lighW eQWeUV Whe MPPC, fRU e[aPSle, ZheQ iW iV

cRXSled WR a VciQWillaWRU WR deWecW UadiaWiRQ, a laUge cXUUeQW flRZV iQWR

Whe MPPC. ThiV Pa\ caXVe a VigQificaQW YRlWage dURS acURVV Whe

SURWecWiYe UeViVWRU, VR Whe SURWecWiYe UeViVWRU YalXe PXVW be caUefXll\

VelecWed accRUdiQg WR Whe aSSlicaWiRQ. The aPSlifieU VhRXld be

cRQQecWed aV clRVe WR Whe MPPC aV SRVVible.

 

(2) IQWegUaWiQg Whe RXWSXW chaUge

HRZ WR XVe

ChaUacWeUiVWicV

MPPC	signal	has	a	rich	of	information	

1) Pulse	height	or	Charge	integration	tells	the	number	of	photon.	
2) Signal	timing	 2019/11/9 MXOWL-PL[HO PKRWRQ CRXQWHUV (MPPCV/6LPM) _ HDPDPDWVX PKRWRQLFV
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MPPC iV VhRUW fRU MXlWi-Pi[el PhRWRn CRXnWeU, and WhiV deWecWRU iV alVR knRZn aV VilicRn

ShRWRmXlWiSlieU (SiPM). IW iV a VRlid VWaWe ShRWRdeWecWRU WhaW XVeV mXlWiSle aYalanche ShRWRdiRde

(APD) Si[elV RSeUaWing in GeigeU mRde. MRUe deWailV and a cRmSaUiVRn Rf diffeUenW

ShRWRdeWecWRUV aUe belRZ.

 

The baVic elemenW (Rne Si[el) Rf an MPPC iV a cRmbinaWiRn Rf Whe GeigeU mRde APD and TXenching UeViVWRU, and a laUge nXmbeU Rf WheVe Si[elV aUe

elecWUicall\ cRnnecWed and aUUanged in WZR dimenViRnV.

SWUXcWXUe

 

Image Rf MPPC'V ShRWRQ cRXQWiQg

Each Si[el in Whe MPPC RXWSXWV a SXlVe aW Whe Vame amSliWXde Zhen iW deWecWV a ShRWRn. PXlVeV geneUaWed b\ mXlWiSle Si[elV aUe RXWSXW Zhile

VXSeUimSRVed RnWR each RWheU. FRU e[amSle, if WhUee ShRWRnV aUe incidenW Rn diffeUenW Si[elV and deWecWed aW Whe Vame Wime, When Whe MPPC

RXWSXWV a Vignal ZhRVe amSliWXde eTXalV Whe heighW Rf Whe WhUee VXSeUimSRVed SXlVeV. Each Si[el RXWSXWV Rnl\ Rne SXlVe and WhiV dReV nRW YaU\

ZiWh Whe nXmbeU Rf incidenW ShRWRnV. SR Whe nXmbeU Rf RXWSXW SXlVeV iV alZa\V Rne UegaUdleVV Rf ZheWheU Rne ShRWRn RU WZR RU mRUe ShRWRnV

enWeU a Si[el aW Whe Vame Wime. ThiV meanV WhaW MPPC RXWSXW lineaUiW\ geWV ZRUVe aV mRUe ShRWRnV aUe incidenW Rn Whe MPPC VXch aV Zhen WZR RU

mRUe ShRWRnV enWeU Rne Si[el. ThiV makeV iW eVVenWial WR VelecW an MPPC haYing enRXgh Si[elV WR maWch Whe nXmbeU Rf incidenW ShRWRnV. The

fRllRZing WZR meWhRdV aUe XVed WR eVWimaWe Whe nXmbeU Rf ShRWRnV deWecWed b\ Whe MPPC. 

 

      
SaYe WR ZiVhliVWPURdXcW RYeUYieZ WhaW iV MPPC (SiPM)? ASSlicaWiRQV RelaWed dRcXmeQWV FAQV DiVclaimeU

WhaW iV MPPC (SiPM)?

SWUXcWXUe

BaVic RSeUaWiRQ

(1) ObVeUYiQg SXlVeV

WhaW iV MPPC (SiPM)?

MXlWi-Pi[el PhRWRQ CRXQWeUV
(MPPCV/SiPM)

HRme  PURdXcWV  OSWical VenVRUV  



Exercise - Time Of Flight 
• Position	measurement	by	time	difference.		

– Propagation	time	is	proportional	to	the	distance	
– Position	is	measured	by	the	arrival	time	difference.	
– Propagation	speed	is	also	measured.	

 

 

Two sets for 4 students. Half day exercise (Can be one day). 
Setup for two group. 

1. DRS-4  2 from Osaka  
2. scintillator bar 2 from Osaka (20mm x 20mm x 600 mm)) 
3. MPPC module 4 from Osaka (HAMAMATSU,C12332-01) 
4. +5V,-5V power 2 from UM 
5. PC   2 form UM (Windows or Linux) 
6. USB Cables  2 from Osaka 
7. Coax. cable  4 from Osaka (SMA SMB) 
8. 90Sr   2 from UM 

Pl
as
tic
	B
ar

MPPC	(SiPM)

DRS-4

PC

USB

MPPC	
(SiPM)

+5V,-5V

90Sr

	1.	Time	of	Flight	measurement
• Position measurement by time difference.  

– Propagation time is proportional to the distance 
– Position is measured by the arrival time difference. 
– Propagation speed is also measured.
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•Practice of MPPC bias control
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MPPC iV VhRUW fRU MXlWi-Pi[el PhRWRn CRXnWeU, and WhiV deWecWRU iV alVR knRZn aV VilicRn

ShRWRmXlWiSlieU (SiPM). IW iV a VRlid VWaWe ShRWRdeWecWRU WhaW XVeV mXlWiSle aYalanche ShRWRdiRde

(APD) Si[elV RSeUaWing in GeigeU mRde. MRUe deWailV and a cRmSaUiVRn Rf diffeUenW

ShRWRdeWecWRUV aUe belRZ.

 

The baVic elemenW (Rne Si[el) Rf an MPPC iV a cRmbinaWiRn Rf Whe GeigeU mRde APD and TXenching UeViVWRU, and a laUge nXmbeU Rf WheVe Si[elV aUe

elecWUicall\ cRnnecWed and aUUanged in WZR dimenViRnV.

SWUXcWXUe

 

Image Rf MPPC'V ShRWRQ cRXQWiQg

Each Si[el in Whe MPPC RXWSXWV a SXlVe aW Whe Vame amSliWXde Zhen iW deWecWV a ShRWRn. PXlVeV geneUaWed b\ mXlWiSle Si[elV aUe RXWSXW Zhile

VXSeUimSRVed RnWR each RWheU. FRU e[amSle, if WhUee ShRWRnV aUe incidenW Rn diffeUenW Si[elV and deWecWed aW Whe Vame Wime, When Whe MPPC

RXWSXWV a Vignal ZhRVe amSliWXde eTXalV Whe heighW Rf Whe WhUee VXSeUimSRVed SXlVeV. Each Si[el RXWSXWV Rnl\ Rne SXlVe and WhiV dReV nRW YaU\

ZiWh Whe nXmbeU Rf incidenW ShRWRnV. SR Whe nXmbeU Rf RXWSXW SXlVeV iV alZa\V Rne UegaUdleVV Rf ZheWheU Rne ShRWRn RU WZR RU mRUe ShRWRnV

enWeU a Si[el aW Whe Vame Wime. ThiV meanV WhaW MPPC RXWSXW lineaUiW\ geWV ZRUVe aV mRUe ShRWRnV aUe incidenW Rn Whe MPPC VXch aV Zhen WZR RU

mRUe ShRWRnV enWeU Rne Si[el. ThiV makeV iW eVVenWial WR VelecW an MPPC haYing enRXgh Si[elV WR maWch Whe nXmbeU Rf incidenW ShRWRnV. The

fRllRZing WZR meWhRdV aUe XVed WR eVWimaWe Whe nXmbeU Rf ShRWRnV deWecWed b\ Whe MPPC. 

 

      
SaYe WR ZiVhliVWPURdXcW RYeUYieZ WhaW iV MPPC (SiPM)? ASSlicaWiRQV RelaWed dRcXmeQWV FAQV DiVclaimeU

WhaW iV MPPC (SiPM)?

SWUXcWXUe

BaVic RSeUaWiRQ

(1) ObVeUYiQg SXlVeV

WhaW iV MPPC (SiPM)?

MXlWi-Pi[el PhRWRQ CRXQWeUV
(MPPCV/SiPM)

HRme  PURdXcWV  OSWical VenVRUV  



Exercise - Pulse shape analysis 

• Particle	discrimination	by	pulse	shape.		
– Accumulate	Radon	daughters	in	the	air.	
– 	(Vacuum	cleaner	+	Filter	paper)	
– Select	alpha	events	from	gamma	background	

	

Two sets for 4 students. Half day exercise (Can be one day). 
Setup for two group. 

1. DRS-4  1 from Vietnam, 1 from Christian  
2. scintillator  2 from Osaka (EJ-276 Plastic scintillator, 10x15x15) 
3. MPPC module 2 from Osaka (HAMAMATSU,C12332-01) 
4. +5V,-5V power 2 from UM 
5. PC   2 form UM (Windows or Linux) 
6. USB Cables  2 from Osaka 
7. Coax. cable  2 from Osaka (SMA - SMB) 
8. Vacuum cleaner 1 from UM 
9. Filter paper  From Osaka  
10.Alpha source From Osaka (Lantern mantle) 

EJ-276

MPPC	(SiPM) DRS-4

PC+5V,-5V

USB

	2.Pulse	shape	discrimination

• Particle discrimination by pulse shape.  
– Accumulate Radon daughters in the air. 
–  (Vacuum cleaner + Filter paper) 
– Select alpha events from gamma background

14
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4.2. FOM optimization

Figure 4.3: Pulse shapes (amplitude normalized to 1) of ↵ and � from 5 MPPCs
(left) and from PMT (right).

Figure 4.4: Ratio vs. Energy of �, p, d, and ↵ from Ref. [16]. PSD Parameter is
similar to the Ratio defined in Section 3.2 with Long Gate ⇠ 4 s and Short Gate
⇠ 2 s.

Since optimize integration length is based on the pulse shape of scintillation
light emitted from CsI(Tl), we first discuss the waveform of emitted light without
consider photodetector response time. In this thesis, the term waveform is used as
a function described the pulse shape.

Theoretical calculation for simple case of two decay components

Waveform for two decay components (not consider photodetector response time)
is

w(t) = A1e
�t/⌧1 + A2e

�t/⌧2 (4.1)

where ⌧1, ⌧2 are two decay components (⌧2 > ⌧1) and A1, A2 are their contribution
to the total waveform.

Assume Long Gate can be from 0 to 1 (all charges are collected) and Short
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Alpha	particle	and	beta	ray	excite	different	state.	

Pulse	shape	is	different.	

3.3. Evaluate PSD performance

Figure 3.1: Scintillation light pulse as a combination of fast and slow components
[14].

Figure 3.2: Long Gate, Short Gate, and Ratio description.

3.3 Evaluate PSD performance

As mention in Section 2.3, since PMT is vulnerable in He gas, we decide to use
MPPCs as the photodetector for muon capture on

3
He experiment. As a preparation

for this experiment, we test the PSD performance of CsI(Tl) with both PMT and
MPPCs using ↵�� and p�d source. We compare the PSD performance of MPPCs
with that of PMT since PMT is widely used with CsI(Tl) for PSD. As in Figure
3.4, PSD performance is evaluated by the Figure of Merit (FOM):

FOM = |µ2 � µ1|
FWHM2 + FWHM1

(3.1)
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Chapter 3. Pulse Shape Discrimination

Figure 3.3: Ratio vs. Charge of ↵ and �.

where µ and FWHM are the peak position and the full width at half maximum of
the Ratio peak. The indices 1 and 2 refer to two types of particle. The higher FOM
means the better PSD performance.

Figure 3.4: Figure of Merit (FOM) definition.
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