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-— M Negative muon beamline is in trouble.
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Cosmic-ray Muons %%

Primary Cosmic-ray -Features of the CR muons
(proton 90 %, E~10 TeV)

‘pros
— Interact with Air @ 10~30km altitude - Anytime, anywhere on the earth!
-Ccons
-Low rate
-~ 1 [60cm—2-sec]

.cf. Tk~1M [60cm-2-sec]
@muon facility

-Mostly high energy
-Typical E = a few GeV

.cf. ~ b5 MeV
@muon facility

- Typical applications
-Muon radiography
-pyramids
-volcanos
-Fukushima nuclear plants
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Cosmic-ray Muons: Flux and Energy

("7, 10 =
& =
7)) 1 = —
N —
EF @ S
= Q O O
x 107" = = ) ‘E‘m‘ 7p
> = ®
™ — C O O
8 10—2 - E 1"-.1 (40
-— — © 1 ®)
© — = 10
S o - a =
2 107° =
= = O
— [ C i
S 107 e =
’g — =

1 0_5 = Cosmic-ray mu+ Flux, 0 <9< 10 °

— The low energy muon rate is very small.
-6 |
10 = ~0.001 [60cm—2-sec] Cosmic-ray mu- Flux, 0<6<10°
— — Need month-order measurements
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-Calculated by the PARMA model
—



P ARAF

OSAKA UNIVERSITY

Concept of the system

Trigger counter

Sh0\1vcase
Object .

Trigger counter

\
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Demonstrator: Setup ¥**

Trigger counter l

Trigger counter

Samples x4

Trigger counter
X-ray detector

-We built a demonstrator to show feasibility of the
system and to list up issues for further optimization.
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Demonstrator: SetUp

Trigger counter |1
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Demonstrator: Samples
-Four plates: 290mm x 140mm X t20mm
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Demonstrator: Results ~
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Number of Entries
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Measurement time: 120 days (4 months)
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slice_px_of_h_GeTimeVsGeEnergy2
Entries 19910
Mean 428.6
Std Dev 388.1
Underflow 0
| Overflow 0
Integral 1.991e+04
1600 1800
Energy (keV)
I | 22 |
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Simulation of the system

- The measurement result was compared by an energy spectrum
generated by a Monte Carlo simulation (Geant4).

htemp
M ‘|" ' u l,- fE £ 60 — _ _ Entries 006
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OQutcomes from the demonstrator

AAAAAAAAAAA

-High energy peaks can be clearly observed.
-Good to identify High-Z elements;

.Cu, Fe, Sn,

Db

-Need more statistics.
-optimize geometry,
-improve solid angle of the X-ray detector.
-For low energy region, need to suppress

backgrounds.

.caused by to ut, e*, and neutron?
-Important for Low-Z elements;

- C, O, N, Al -



Simulation Study 2: Model

ARAKF

OSAKA UNIVERSITY

Plastic scinti

Slde VoW

Ge detector Bronze disk

Top view

-Improve statistics

.20 X-ray detectors
-Compact system

-Sample

-Bronze disk
.Cu:7b, Sn:20, Pb:5 (wt%)
D 150mm, tbmm

-Measurement time

WY G
,x\ L,
Y

- 12 days
- 120 days
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Simulation Study 2: Result ¥ >

Simulation for 12 days, only py-

hAll
120 — Entries 7183
- Mean 490.1
B Std Dev  505.3
100
80
60
40
20 ¢
i -Cu:TH, Snc2d. Po & ivt%)
ol 1 '] .Mth|“J‘hmthHihnHuW WM Jill M A [ @S0,

0 2000 400 o600 800 1000 1200 1400 1600 1800 2000
E [keV]
-We can see peaks clearly!



Simulation Study 2: Result

Simulation for 120 days, only py-
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hAll
800 25 Entries 68451
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-Background effects from p+, e*, and neutron must be studied.
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