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A
b

stract:
W

e report the sim
ple X

-ray polarim
eter, using one dim

ensional po
sition sensitive proportional counter (1D

P
S

P
C

)  w
ith a thin anode w

ire. O
ne of the m

eth
ods to detect the X

-ra
y polarization is m

easuring the distribution size of photo-
electrons in gas. T

o observe the expansion of photo-electron cloud, a gas cham
ber needs to have an enough position resolution. T

he position resolution of 1D
P

S
P

C
 depends on the resistance noise of anode w

ire. T
o im

prove the position 
resolution, w

e selected carbon fiber of 7um
 diam

eter for anode. In this poster, w
e present a successful form

ula of position resolution for the obtained the data, and the perform
ance of the detector as an X

-ray polarim
eter.

1
. Im

p
ro

ve
m

e
n

t o
f P

o
sitio

n
 R

e
s

o
lu

tio
n

 o
f P

S
P

C
 w

ith
 a T

h
in

 C
arb

o
n

F
ib

er
T

he position resolution of P
S

P
C

 is better w
ith a higher resistance anode. W

e com
pared the perform

ance of 2 carbon 
fibers w

ith different w
idth.   T

he fundam
ental properties are show

n in T
able 1.   B

oth carbon fibers are m
anufactured by 

Japan G
raphite.   F

igure 1 show
s the configuration of our experim

ent.   W
e used the gas of A

rgon and M
ethane(10%

)  
m

ixture, and operated the P
S

P
C

 w
ith gas gain of 10

3
to 5x10

4.   W
e irradiated the m

onochrom
atic X

-ray beam
 to the 

P
S

P
C

 and obtained good energy resolutions as show
n in F

igure2.
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T
able 1.  W

e selected 2 thin carbon fibers.  T
his table show

 
the diam

eter, resistance and strength.   T
he 10u fiber w

as 
used for H

E
T

E
-2 W

X
M

[1] and M
A

X
I G

S
C

[2].
F

igure 1. C
onfiguration of our experim

ent at 
R
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T
he position resolution (Δ

P
res) w

as different even at the sam
e 

gas gain as show
n in F

igure3.   W
e try to describe a form

ula of 
Δ

P
res.   T

he Δ
P

res
depends on the resistance noise (Johnson 

noise) and the size of photo-electron cloud.   W
e take these factors 

into the form
ula as,

Δ
P

res
=

 2.35(σ
j 2+

σ
e 2+

σ
c 2) 1/2

+
 W

                  (1
)

w
here σ

j is the resistance noise factor, σ
e

is the P
oisson noise 

fa
cto

r, σ
c

is the size of photo-electron cloud[3] and W
 is the X

-ray 
beam

 w
idth.

2. A
p

p
licatio

n
 fo

r an
 X

-ray P
o

larim
eter

o
f 7

μ
m
φ

carb
o

n
-fib

er P
S

P
C

T
he P

S
P

C
 w

ith 7
μ

m
φ

fiber
show

ed good position resolution.   W
e test this P

S
P

C
 to detect the X

-ray polarization.   A
 sim

ple 
m

ethod to detect the X
-ray polarization is to m

easure the precise size of ejected photoelectron in the perpendicular plane to 
incom

ing X
-ray.    In case the anode is set parallel to the electric vector

of X
-ray, the 1dim

entional distribution of the electrons in 
P

S
P

C
 is expected to have 2 bum

ps (F
igure4).   W

hereas, 1 bum
p distribution is to be observed w

hen the anode is perpendicular 
to the electric vector.   T

o confirm
 this prediction, w

e irradiated the >
70%

 polarized X
-ray beam

 to
 the 7u P

S
P

C
 at K

E
K

 photon 
factory B

L14A
.   T

he experim
ental set up is show

n in F
igure5.

F
igure3. T

he m
arks show

 our 
experim

ental results and lines present 
calculation by form

ula (1).
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F
igure2. 

T
he C

u-K
α

spectrum
 at the 

sam
e gas gain.

F
igure5.   O

ur e
xperim

ental set up at K
E

K
 

photon factory B
L14A

.   T
he electric field  of 

irradiated X
-ray is vertical direction.   O

ur P
S

P
C

 
rotates in the perpendicular plane to X

-ra
y beam

.
T

he irradiated X
-ray energy is 30-80keV
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F
igure4.   P

hotoelectron tends to be ejected at the sam
e direction of 

electric vector of incom
ing photon.   W

e set the detector in X
-Y

 plane to 
m

easure the size of photoelectrons.   W
hen w

e set the anodes along X
-

axis w
e expect tw

o bum
ps in position distribution.   O

n the other hand, 
w

hen w
e set it along Y

-a
xis w

e expect one bum
p. T

hus w
e can m

easure 
X

-ray polarization from
 the position distribution.

3. R
esu

lts
W

e obtained the photoelectron distribution and spectra as show
n in F

igure6.   T
he photoelectron 

distribution w
as extracted from

 photoelectric absorption events except C
om

pton scattering events.   W
e 

could observe the different distribution at P P
〃 〃

and P P
⊥ ⊥

position.   T
his difference is caused by X

-ray 
polarization.   O

ur P
S

P
C

 could detect the X
-ray polarization w

ith sim
ple m

ethod.   In addition, the 
electron range could be derived from

 1dim
entional distribution. 

W
e com

pared the m
easurem

ent value 
and calculation value as show

n in F
igure7.   
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