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Motivation

= RF DD H LAY (LLFP)
5 wEANGY AHE
@There is a problem with how to handle BHE | B | svieo | sty
radioactive waste generated from nuclear Se-79 2975F%F| 2.9 6g
power plants 1, Sr-90 | 28.84F 28 0.6kg
@ One of the candidates is transmutation =N _ NFI1FE
processing using muon % 65075 £
o L 1075 4
@However, for heavy nuclei, which are the (FP) rpm—
main fission products, there are not yet 2307 &
theoretical models and sufficient data e ——
Cs-137 30.1%F | 13 1.5kg

- Major Long-lived nuclides in spent fuel
Fr29F8A3H  EEHINFEK

SEHTTRFERMEE ' O 7 F L(ImPACT)
. . (AL B L NIVIREEREY O
Need more basic data for realization B AR - B
EW KRS L Y IEK
(https://www8.cao.go.jp/cstp/sentan/kakushi
ntekikenkyu/yusikisha_29/siryol.pdf)
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Previous Research

(ONuclear Physics A294 (1974) 278-292 (OarXiv:1908.06902v1 19 Aug 2019

A. Wyttenbach, P. Baertschi, S. Bajo, J. A. Gaponenko, A. Grossheim, A.
Hadermann, K. Junker, S. Katcoff, E. A. Hillaiet, G.M. Marshall, R.E. Mischke
Hermes and H. S. Pruys and A. Olin
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Active target

@ Test experiment we did

Attach PMT to the target Csl(Tl) crystal.
By stopping the negative muon in the crystal
and measuring the waveform and charge directly, we can

I ) detect low energy particle released after nuclear transmutation
II ) identify particles and obtain energy distribution by waveform analysis

IIT) measure prompt y-ray and characteristic X-ray simultaneously by
using a Ge detector

We can analyze events from more diversified data

»{ Identify particles and find their emission probability and enrgy distibution
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Setup @ RCNP MuSIC

@®View from above 10mm  12mm  12mm

St e o
10mm | ‘ —— X 12mm
Beam duct f- \ u : ‘

» -
20mm\. '

u | 60mev/c | CsI(TI) crystal

Ge detector3
chO

trigger counter
chl

CsI(TI) crystal X 3

10cm
—>

Ge detectorl  Csl(TI)+PMT  Ge detector2 .
Photomultiplier tube

2019/12/23 Year-end Presentation



/

Setup @ RCNP MuSIC

Detector Measurement data
Csl scintillator Waveform
I DRS4
veto counter
Wave height
Time data
decay electron counter - A3400
Ge detectorl —
Wave height
Vil . 5 Ge detector2 Time data
"f_".f'._; \ : A3400
- Ge detector3
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Waveform Analysis

waveform of Csl(Tl) scintillator

Voltage[V]

Waveform when one muon stops
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Waveform when releasing second particle

Time[ns]

The waveform is different due to the difference in dE/dx of each particles

Create and fit template waveform of muons, electrons and protons

2019/12/23

* Determine the protons emission rate and energy distribution
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Making Template

template waveform

I ) Fit the 400-1500ns range of each waveform = s 369649
t H T T Mean 765
with  f(t) = Nexp (— —) + B.G. @ Subor 4056
T ‘S 0.8— Std Devy 0.2919
. 2 ) :
II ) Select waveforms with good x?/ndf and % f
0.6—
superimposed them normalized by wave height % -
H : 0.4/— »\“\\\
IT)Profile the 2D histgram - ~_
IV) Do the same for each particle T
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Template Waveform
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Muon and electron waveforms are almost the same in this energy region

The waveform of particles with large dE/dx is
significantly different from the muon electron waveform

2019/12/23
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Acquisition of secondary particle waveform

Remove the incident muon waveform from the double-pulse event
and make it a secondary particle-only waveform

Double-pulse event After muon removal
g o secondaly particle T T secondaly particle
& [ incident muon yp 2 008
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Particle Identification by Waveform Analysis

Voltage[V]

Residual waveform Template waveform of Muon
. Ql ' | ; Enos 7023
RSO VU0 N AR : Sibev 3022
B A 1
0.06{— !ﬂl,yil !
B : ”l‘ I |
- / 2 -
i adcpeak /
o.oz:— %
O_ | < /§|
L 1 , B .
S % 50500 To0o 200460 1600 Oo" T RTR - e B 5050350 —T455"
Time[ns]

Time[ns]

Define R=0Q1/Q2
Roc adcpeak if the template and waveform are the same

Check the correction between pulse height and R
by fitting all residual waveforms with muon template
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Particle Identification by Waveform Analysis

Scatter Plot of Pulse height and R
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Particle Identification by Waveform Analysis

Scatter Plot of Pulse height and R

1.6 ¢ .
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This method makes it difficult to distiguish between proton and muon(also e,y)
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Particle Identification by Waveform Analysis
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This waveform has a sharper rise than the proton waveform and decays faster

2019/12/23
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(OPhys. Rev. Applied 7,014007(2017)
X. Lu, S. Gridin, and R. T. Williams

When dE/dx is small

—y

o
-
)

Rate of R3 (s cm™)

10'" e-hlcm®

Total R3 rate
———— Exponential,r1 =0.73 us

==== Exponential, 7, = 3.1 us
==== Exponential,z, = 16 us
Sum
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Rate of R3 (s cm™)

Particle with larger dE/dx than proton

The relationship between dE/dx and waveform

When dE/dx is large
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Deuteron??

Pulse height distribution of

deuteron-like waveform _
Entries 423 The number of events is

Mean 0.1648 . oge .
savev o0se01| Ot significantly different from expected

Number of muon capture events 1627479

Emission probability of deuteron ~ 6x107%

60

50

40
Time cut correction ~0.4

30
Expected number of events 390

20

10

o | will identify from the relationship
B R KR X T R LK VRRT Y 1 between waveform and dE/dx
Pulse Height[V]
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Summary

* Muon transmutation is considered as one of the new disposal methods of
radioactive waste, and collection of basic data is urgently required for its
realization.

* As anew approach to nuclear reaction research, we are considering a
research method using active target that can also observe low energy
emission particles directly.

* A test experiment using Csl(Tl) crystal as an active target was performed
with RCNP MuSIC M1 beamline.

e As aresult of waveform analysis, deuteron-like particle can be separated.

* In the future, we will investigate the usefulness of the active target by
conducting waveform analysis and wave height analysis and
comprehensively comparing with results of Ge detector.
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BRI & 2 RLF50R

u+ 60MeV/c - 60MeV/c
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REEN E — L & {F - 7-BIE

calibration

12
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Energy[MeV]

4
v2 / ndf 5.735e-10/0
Prob 0
2 pO 0.8029 + 0.06286
p1 83.73 + 0.6519
0O — IO.}J2I | I0.(|)4I | I0.(|)6I | IO.(|)8I | IO|.1I | IO.‘|I2I | I0.44I
fit_Amp
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Bz L 7-

Main Ring

Specifications of

the H- Linac
Particle H-
H = oA,
Injection Energy 30 keV d \EEH:J’L%
Extraction 11 MeV — o N
e g g XN - FHRERB - BelT1E R
Beam Current 5 mA (peak) o = Sl ,,\ ) . Efﬁé\\;%: . %;\L%/::QZ
Bewdliﬁlse 100 ps (max) / * J:j‘; %%ﬁ ) I%ﬁ\i_
+ A . e
Repetition Rate 1 - 200 Hz * % IJ-I ﬁﬁ f&& E}%‘SEE
- = t=—HB
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chir2/ndf 4
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