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.Background:
Nondestructive elemental analysis by muon X-ray

B Munonic X-ray

Particle kinetic energy of atomic orbitals

In Bohr's equation
Characteristic X-ray

2 4 —|dentify elements from
E = Z=me energy
n =

8607?/2 h? \
mu N
m—e 200 °

Muonic X-ray has 200 times the energy of electron
fluorescent X-rays




.Background:
Nondestructive elemental analysis by muon X-ray

B Munonic X-ray

Has 200 times the energy of electron fluorescent X-rays

» Analyze light elements that could not be analyzed using
electrons

> electron fluorescent X-rays
> : Can analyze up to 100 um depth
Muonic X-ray: Can analyze up to 10 mm depth

Used for nondestructive analysis of samples with
unknown compositions such as meteorites and
archaeological materials.
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. Background:
Two-dimensional elemental mapping

Two-dimensional elemental mapping using
synchrotron radiation(SPring8)

/n Cd

ARZIULEBERENOE T RILF—EHAXEAST
http://www.spring8.or.jp/wkg/BL37XU/sol
ution/lang/SOL-0000001575

Mapping using synchrotron radiation
Scan with beam size reduced to 10um order

Radiation range Sample

¢~ 10um O —

Scan
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. Background:
Two-dimensional elemental mapping

Mapping using muon beam
The beam size is ~ becm (bottom right image)

Synchrotron radiation Muon beam
Radiation range -
¢~ 10um H Radiation range
Scan
— b~5cm

Sample

=) Mapping where each muon stops in the sample




. Purpose of research

Realization of muon two-dimensional mapping with
position accuracy of 100um

Method

Measure muons
one by one

Sample
(Rocks)

@ Record position
information

Ge Detector

@ Identify elements
from X-ray energy

Get 2D element information
in the material from @@




. Gas, cell and layer specifications
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. 1 cell position resolution
>Incident 30MeV/c u-

»Assume that the threshold is exceeded by one electron
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B Picture of drift chamber

Wire frame

Beam window
(2um Aluminized

mylar) Gas tube

i
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. Readout circuit

Number of sense wires to read: 60
— Use Hayashi Repic 64ch READOUT BOARD

For the detector
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Sampling frequency

31.25MHz
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Power Trigger input SiTCP Setup | | Test pulse
+5.5V, +3.8V, +2V, +1.8V (NIM) jumper input




. Gas system
= Q’ 3{

F '\. Pressu re

*5, Gauge
& , , Mass flow controller
Adjust flow rate to
He:iC4H10 =90:10




. Proton beam test in Kumatori (2019 12/16~20)
Evaluate chamber performance before elemental mapping

W Drift
O2mm e " chamber




. Proton beam test in Kumatori Cross
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. Proton beam test in Kumatori

Tracking event by event
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. sSummary

»We are investigating the establishment of a two-
dimensional element mapping method by nondestructive
analysis using muon X-rays, and this is realized by
detecting the tracks of each muon using a DC beam.

» According to simulation, the position resolution of one
cell is about 50 um.

» The other day, we conducted a beam test in Kumatori.

Future prospects

»2020 3/3~
Beam test at RAL muon beam in UK
->2D elemental mapping test with Ge detectors







. Request of drift chamber

B Assumed
> Sample is rock such as meteorites
(Main component: SiO5)
» The size of the material is a few cm, analysis of
about 1 mm depth
— DC muon p~30MeV/c
» Beam rate : ~10kHz, Beam size: ¢ ~bcm

B Determining factor of position resolution

1.Multiple scattering inside the sample

Z2.Multiple scattering inside the detector

3.Performance of the position resolution of the
chamber itself

B Request to drift chamber
» Multiple scattering inside the sample
=inside the sample
->Evaluation by simulation




Multiple scattering
inside the sample

Setting

B beam : u- pencil beam(Ap/p=0)
B Sample :

Momentum
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True hit

. Tracking accuracy evaluation Xorio

Fitting hit

Xfit \

Make between
the two points

True track

—

B Each layers Residual
Flttlng track — distribution
= 800C _ (Xfit—Xtrue)
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200E - Standard deviation o is used as
1005 tracking accuracy
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. Optimization of distance between layers by simulation

Distance between layers
= distance between sense wires in the same direction
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> Position accuracy on the material surface 2mm
downstream of the chamber
> Decided to be 16mm between sense wires




. Expected accuracy of muon stop position

count

» Place material (Si02) 2mm downstream of the chamber
» p=30MeV /cup-incident
» Assuming muon stop position depth is 0.81mm
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The muon stop position can be measured with
position accuracy of about 100 um




. Future plans

» Check chamber operation with cosmic rays
>12/16~

Beam test at proton linear accelerator in Kumatori
»2020 3/3~

Beam test at RAL muon beam in UK




. Current status
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. Current status

Gas system
™ \ =




For the Kumatori beam test




30MeV/c Muon




. 1 cell spatial resolution (p=30MeV/c Muon)
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Beam spread by multiple scattering True hit
. (p=30MeV/c Muon) Xirue
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. Tracking accuracy (p=30MeV/c Muon)

trackhist_y trackhist_x
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/MeV proton




. 1 cell spatial resolution (E=/MeV proton)
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count

Beam spread by multiple scattering

(/MeV proton)

scattering_x
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. Tracking accuracy (/MeV Proton)

trackhist_x trackhist_y
.~ 800 h1 = 500 h2
5 L Entries 55574 5 S0 Entries 55574
© 700~ Mean —0.003082 °© O Mean —0.001383
- Std Dev 0.2367 L Std Dev 0.3033
C x2 / ndf 116.3/112 400— %2 / ndf 239/179
600 Constant 7252 + 4.4 - Constant 436.7 +2.7
- Sigma 0.1123 + 0.0006 = Sigma 0.1865 + 0.0010
s00F— -
0oF 300
400{— B
300{— 200—
200[— i
- 100{—
100{— i
O;ALLJ o I I LM—“ e 11 1 I 11 | ool LLJ L. ] W O P | J O_I dimud lausle " I 11 1 1 I 11 1 1 I 1 Ly Ly, I\ I-“-4~—~‘ V|
-2 1.5 -1 05 0 05 1 1.5 2 2 -1.5 -1 05 0 05 1 15 2

x (mm) y [mm]




11MeV proton




. 1 cell spatial resolution (E=11MeV proton)
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. Beam spread by multiple scattering
(1 TMeV proton)

scattering_x scattering_y
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. Tracking accuracy (/MeV Proton)
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1800

1600

1400

1200

1000

800

600

400

200

trackhist_x
h1

:— Entries 91603
- Mean —-0.001985
— Std Dev 0.3103
- ¥2 I ndf 1.018e+04 / 498
— Constant 1525+ 7.8
C Sigma 0.08335 + 0.00031
- Iﬁé §&51.||1|||||111||]||||
5 -4 -3 -2 -1 0 1 2 3 4 5

X (mm)

count

trackhist_y
h2
1200[— Entries 91603
L Mean -0.002554
- Std Dev 0.437
1000 — x2 / ndf 1.225e+04 / 498
- Constant 981.7 £5.3
800I— Sigma 0.1228 + 0.0005
600 L
400 L
200 L
_I L1l LI 1.1l I Ll .l I A L Ll I I | I L1 1 | I Il 1 1
-5 -4 -3 -2 -1 0 2 3 4 5

y [mm]




[V/cm]

. 35000

30000

y [cm]

25000

p ! 20000

_0.08 15000

10000

-0.15 5000

x [cm]

efield[V/cm]

10°

10*

10°

I IIIIIIII I IIIIIIII

I IIIIIII

-0.2

39




 IREPLE!

hist1
_ hist1
50 Entries 1031
— Mean 7.962e+05
B Std Dev 6.718e+05
40
30
20—
10—
O_IIII|IIII|IIII|IIII|IIII|III |||J_l|'||FII_I||||l_||I"I||| ><103

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000




L
-
o

X[mm]

1.6

1.4

1.2

0.8

0.6

0.4

0.2

\d

%




. rSwx U OKEE

FSYyX U TBES
RFOMUE EDIEEEFEIZIERTEANDIEED ST
BHTOEDEY MIBEE FSYXTUINMLENWETFEEY MIBEEDEDHT

®

7

X or Y ;BI5E 2
33

UTDAETER TS LEER

O EBTEY MIBIEHRZRLE (>
Tal—i3y)

@ 1 I ORBAREEEIZHVLE Y ~
NEBEFEREZHSED

QN3 H%F 1M THitL., &H
DHNETHOFEEY MIEZEL

@D EHTOEDEY MIBEQ®D
Ey FMIBEEDEZERX NI T LA

[ZEEDH S




B rsoxomEstors
FS YR ITRES
HIFORIE EDREEMRICHERTESHOEEDHH
EHTOEDEY MIBEE FSYFUIMLEWNZFEEY MIBEEDEDHT

@

UTDAETER TS LEER

O EBTEY MIBIEHRZRLE (>
Tal—i3y)

@ 1 I ORBAREEEIZHVLE Y ~
NEBEFEREZHSED

QN3 H%F 1M THitL., &H
DHNETHOFEEY MIEZEL

@D EHTOEDEY MIBEQ®D
Ey FMIBEEDEZERX NI T LA

[ZEEDH S




B rsoxomEstors
FS YR ITRES
HIFORIE EDREEMRICHERTESHOEEDHH
EHTOEDEY MIBEE FSYFUIMLEWNZFEEY MIBEEDEDHT

©),

UFTDAETER M S LEER
zx@ QO%&BTEyY MIBRHEER (O
Tal—i3y)
@ 1 I ORBAREEEIZHVLE Y ~
MNEFHRZHOED
B Q03 A% 1% THitL, &H
DHUETHDFEEY FIEZTEL
@D EHTOEDEY MIBEQ®D
Ey MIBEEDEFER NS L

[ZEEDH S

FitlI2 k5
Fré B




B rsoxomEstors
FS YR ITRES
HIFORIE EDREEMRICHERTESHOEEDHH
EHTOEDEY MIBEE FSYFUIMLEWNZFEEY MIBEEDEDHT

@

I=K0))
oy k LFOABRTER TS LEEHR

zx@ QO%&BTEyY MIBRHEER (O

Evk S2L—ay)

@ 1 I ORBAREEEIZHVLE Y ~
MNEFHRZHOED

B Q03 A% 1% THitL, &H
DHUETHDFEEY FIEZTEL

@D EHTOEDEY MIBEQ®D
Ev FMIBEEDEFXFER NS LA

[ZEEDH S

FitlI2 k5
Fré B




EEDX

Ey72.0

O 0|®

i ) [ 5] [5) o) [

FNEFAXRTAS—ED4 IKDTL—ATOUDADAG

o /J_/_LZ]MAEHZI

— — =
TR i et I g 3 7
) = az] g
e ® e ] o) o o z e
e R i o @
R i @
-;:D - - . E:E S
° ]
= te]
E—4afE
= tel
Vs [ e A lol 5|
JHH AR AR H AR »
Gwem L S °© ©
-k i | )
le]
\
i o) o
| beovoosco0nene e O @
! boooocebo000000lg! G
| 0 S o
| | 1 ooooononboonsonool® = =&
E A @@@@@@@@@@@@@@@@00
o i
nnoh 1 1 @ b=
I R e b g pu—
i Q
o 0y L1 *
Gy & e ©®] b= ©
ECR ol st affy o ]
() @ =
o pr? S o] ©
o] [p3> o=l o ©
1 @ e @ @ 0@ b=
A Ao fhone f A sz orp- ] A =)
Sy B iy y
AT,
i
j=(i]

o [ [I\FPYLEY I lkRAR BARED
T = E2i
B N DC-760 ver. 07110940

TR 01

il

Wi




. AR, EILDOEHR

AR

ERTHHR : He:iCH,p=90:10

> ABFHEECOMETERD Y I FFzUN—THFERAIATWLWBEEDERLEAR

>»FIUN—RAETOZEREDEZEZ/NSCTHAIZ. MEED/PNE L HeNR—
ADHA%EFEH

)L
IR - EAFEIL
>R TA NIRRT EZ TR

YA X 4mm \
> DiffusionMIBEE/NE K THF=0HIT, BMIZE s—nroqy  Z7A7TT

IHA[sE 7L e /N ZERE 80um 20um
Al ge s /N4 XIZERTE \' ‘/‘
T RTAN—1F : 20um ® ® 0
> INGWEETEWW A UZH L, DS EREL 00
DHEHFFHOIT-H, MOIZHTE —_—
YA X
24—ILF74 ¥ : 80um 4mm

> SEHEOLBERDT 5. BEBEEA20KY
L ke T




B c—Ls5BcosRERES %

XYEIBZEFE > TRKENGEREZIRTE

2BETHRIMZSIE., &Y 1B =1l




B samumacnace

> BB A RV E—L, 7MeV,11MeVEFE S T=-EZED RS Y XU T BEEDRE

it

> COMETDT—AR ZxIZ L=~ o 0 OER

> 1GeVDFEBE S 2 —F VASHBEO Sy XU TREDHEE
> FHES A —A>H, 30MeV/cDIa—F 2D L— DIEHE

> US4 VEZFDERK




