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PMT signals

R7600Base

( PMT-R8700
Base circuit )




«51mV
Rerag Ve could reproduce the small T by Spice.

Charge amp : Observed T = 1/10 of design value
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Cf=470pF, Rf=200kQ,[R19=150
Test pulse PMT signal
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PMT signals of 241Am in 1.4 atm Xe gas, Cf=470pF, Rf=0.2MQ

PMT(R8700) HV = +850V (nominal setting voltage)

Daughter Card with Cf=470pF.RIz02M0  1BK kS R Heady M Pos: —400.0ns DISPLAY

CH2 S00mY M 250us | CHZ & G.00mm
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2014.11.21

Spectrum of 22Na (100kBq) + 24TAm (200Bq) by PMT (R7600)
A250 preamplifier with Cf=470pF,Rf=0.2MQ
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511 keV peak of 22Na (100kBqg) by PMT (R7600) 2014.11.21
A250 preamplifier with Cf=470pF,Rf=0.2MQ
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Spectrum of 22Na (100kBq) by PMT (R7600)
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2014.8.24
Spectrum of 22Na (100kBqg) by PMT (R7600)

ORTEC 142PC
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former proposed model last proposed model

PET camera + LXe TPC Full LXe camera (2TPCs)
low sensitivity ~ 0.2% Best sensitivity ™ 5%
(C. Grignon PhD) Study of sensibility from Gate hits

3.2 XEMIS2 ®IHEFNV(E) EHHOETFT L)



XEMIS2

XEMIS2
Full liquid xenon cylindrical camera for small
animal imaging (~ 130 kg LXe)
- radial 7<r<19cm
axial (z) Length 2 x 12 cm
Electric Field in z direction 2 kV/cm
‘PMT system 4 x 24 (R10551)
or 8 x 48 (R7600)

‘Micromegas ionization read-out
‘FEE Idef-X, pixels 3.175x3.175 mm?2

(~25k channels)
Electronic noise ~100 e-
*Source 445c (20kBq)

R. Hamanishi (YNU), 2015. 3. 27 @KEK
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lonization Signal

Simulation

R7600-06-AL R10551-06-M64MOD
Quantum efficiency(@178nm) 30 % 34.82 %
Read out 1 4(u)x2(v) ;upto8x 8
Number 8 x 48 (384) 4 x 24 (96)
Size of photo cathode 1.8 x 1.8 cm2 4.6 x 4.6 cm?

First proposal

New development

R. Hamanishi (YNU), 2015. 3. 27 @KEK




lonization Signal

Simulation

 PMT (PhotoMultiplier Tube)

R7600-06-AL R10551-06-M64MOQOD
Quantum efficiency(@178nm) 30 % Compare R10551 with R7600 34 82 94
Total coverage : x 1.65
Read out 1 Quantum efficiency : x 1.16 v);upto 8 x 8
x 1.92 ’
Number 8 x 48 (384) 4 x 24 (96)
Size of photo cathode 1.8 x 1.8 cm2 4.6 x 4.6 cm?

First proposal New development

R. Hamanishi (YNU), 2015. 3. 27 @KEK




Simulation

* Number of photoelectrons

— GATE can not stmulate the electric field and the material of
2” PMT photocathode 1s not known in detail.

(Patent of HAMAMATSU)

— Scintillation yield includes these effect to simulate how
many number of photoelectrons are detected by PMTs

(It does not include some fluctuation, e.g. electric noise.)

2” PMT (1”7 PMT)

1.0x10°
g’l‘ 60 x0.3482(0.3)x 0.3 = 4836(4167)[/ MeV]
Scintillatio;l yield of Xe Q.E. Electric field  Scintillation yield for simulation

R. Hamanishi (YNU), 2015. 3. 27 @KEK



Simulation

e Parameter of reflection

— Tetlon
e Reflectance : 95 [%]
* Component : Diffuse

— SUS304
o . 0
RefgelctalmcS 6.5 [%] n,=n,\ n,=2.36 (RINDEX of SUS304)
— Calculate n +n, | n,=1.615(RINDEX of LXe)
« Component : Specular lobe ’
— Copper

* Reflectance : 23 [%]

— reference : http://www-sk.icrr.u-tokyo.ac.jp/xmass/prelist/2004 AutumnTomita.pdf

* Component : Specular lobe

R. Hamanishi (YNU), 2015. 3. 27 @KEK



Simulation : uniform incident angles

35<@<«85°

 Evaluate the resolution of reconstruction of the interaction

point with scintillation signal

— Get the detection position based on the IDs
assigned to each photocathode o

— Express 2-D coordinate (u, v)

— Calculate the mean of distribution
by center of gravity method

E 44 E qj vf i,j :ID of photocathode ~
<y >=—1 <y>=-! q;; - Number of

E qd; E q; ~ photoelectron

— Compare the mean with real interaction
point per event
(<Z/t> = Ureals <V> - Vreal)

Number of pRotoelectror

u [mﬁl]_

R. Hamanishi (YNU), 2015. 3. 27 @KEK



Simulation : uniform incident angles

35<@<«85°

e Evaluate the resolution of reconstruction of the interaction
point with scintillation signal

Condition of stmulation

Y Only two gammas, 20kBq

Time 5.0s

Only photoelectric was occured

.........
S S TN

R. Hamanishi (YNU), 2015. 3. 27 @KEK



Simulation : uniform incident angles
35<0<85°

 Evaluate the resolution of reconstruction of the interaction
point with scintillation signal

R. Hamanishi (YNU), 2015. 3. 27 @KEK



Simulation : uniform incident angles

35<@<«85°

 Evaluate the resolution of reconstruction of the interaction
point with scintillation signal

R. Hamanishi (YNU), 2015. 3. 27 @KEK



Simulation : uniform incident angles

35<@<«85°

e Evaluate the resolution of reconstruction of the interaction
point with scintillation signal

<u>'ureal =0 <u>'ureal =0 <U>'ureal =0

iR B
e .

R. Hamanishi (YNU), 2015. 3. 27 @KEK



Simulation : uniform incident angles

35<@<«85°

 Evaluate the resolution of reconstruction of the interaction
point with scintillation signal

R. Hamanishi (YNU), 2015. 3. 27 @KEK
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Simulation : uniform incident angles

35<@<«85°

 Evaluate the resolution of reconstruction of the y‘ —

interaction point with scintillation signal
— Evaluate each area

"1

P

<u>-u Resolution(c,) [mm |

real|

184
16—

» 28

14
12—
104

o w o a3

Resolution(csv) [mm] _ R10551 R7600

Average o, 8.32+0.26mm 8.12+0.26mm

Average o, 14.24+0.42mm 18.89+0.58mm

O, X O, 118.5+5.09mm?2 153.3+6.81mm?2

R. Hamanishi (YNU), 2015. 3. 27 @KEK




Simulation - mesh cathode

 Evaluate the resolution of reconstruction of the

interaction point with scintillation signal

— Evaluate mesh cathode
* Aperture ratio (A.R.) :

19% and 57%
Example
W 0.31
P, SP 1 0.41
' o R 0.41
[%] SPiXSP: P, ?
AR. 57.2

R. Hamanishi (YNU), 2015. 3. 27 @KEK
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Simulation - mesh cathode

as a function of ©

 Evaluate the resolution of reconstruction of the

interaction point with scintillation signal
— Evaluate the u resolution per angle of gamma

Ou

Bl |
H 6.38 .
=
21) /7 - " AR:OO
2 475 i AR. =057
° ‘/// & AR.=0.19
=Y |}
(o
S 313
z 7 } | i

1.5

35 60 85 85 60 35  Theta [degree]

R. Hamanishi (YNU), 2015. 3. 27 @KEK



Simulation - mesh cathode

as a function of ©

 Evaluate the resolution of reconstruction of the

interaction point with scintillation signal
— Evaluate the v resolution per angle of gamma

18.5

17.44

16.38

U
N
(OS]
[E—

[E—
e
[\
()

13.19
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12.13

11.06

10
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R. Hamanishi (YNU), 2015. 3. 27 @KEK



Simulation - mesh cathode

as a function of ©

 Evaluate the resolution of reconstruction of the

interaction point with scintillation signal
— Evaluate the energy resolution per angle
of gamma

Energy resolution (o)
22.85

23

17.25

16.37 10.5 LrJ.7 LI JU.UU

U
[
D

5.75

Energy resolition '@511keV) [%]

0

35 60 85 Theta [degree]

R. Hamanishi (YNU), 2015. 3. 27 @KEK



511[keV] peak
£
.é" - Entries 8509
= 1200+ / Mean 461.5
@ ~ M 184
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1000[—
800 /
Example
P 600— O
400
200 :—
0 i 1 1 1 l [l 1 l 1 1 1
0 200 400 600 800 1000 1200
Number of photoelectron (Energy) [-]

Number of photoelectron
detected by PMT in one event




Conclusion

* We have developed a small animal PET which has full cylindrical LXe-
TPC.
 In order to operate the XEMIS2 at higher count rate, I studied the photon
collection system.
* Simulate the trigger

— I could increase the number of photoelectron by using the 2’PMT
system up to1.92 fold.

 Evaluation of position resolution for the interaction points by using
scintillation signals

— 6,~8.32mm, ¢,=14.24mm (2’PMT system)

— the position shifts were observed 1n u-direction near the anode, which
can be corrected

— Better resolutions of the energy and the position with mesh cathode

2015. 3. 27 @KEK
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