
1)

2)

-

- , 

3)

-

-

4) 

-

-

-

-

-
N

xII
1

)/exp(0

:
:
:
:

N

x

E <100 

E 1 

E > 1 

http://www.nist.gov/pml/data/xray_gammaray.cfm

=1/



-

2
eW hv m c

5 2~ /     eZ E hv m c

- W(K
-

v
c

-

~

.

-

Ee( )=EK-EL1-EL2 KL1L2
Ee( )=50-3000 ~E ) 

1) 

2) -
(-

hv1=E1-E2

-

'E h hv
hc
E

2       ~1 2eE m c k

2 ln( )      ~e
kE m c Z
k

-

-



Ee

max
1

1 2
E h E h

k

-

i -

2 2
1 31

3

~ cZ c ln c
Z

-

22 eE hv m c E E



~Z5

~Z 
~Z2

Z

Z

Z !

Si:

Si:

f

Ge ( Z)

1) : 

- - (20-40

- / (1-

~20

(~ ): 

-



I. (n, p), (n, )   1/v

1)     3He + n p (573 ) + T (

2) 6Li +n +

3)    10B +n 7Li* + 7Li + + (93%)
7Li + ( 7%)

=38

II. n, )

4) 155Gd +n 156Gd* 156Gd + * . - : 39-
~

5)  157Gd +n 158Gd* 158Gd + * . - : 29-
~254000

III.  (n, f)

6)  235U + n + 80 

7) 239Pu +n + 80

n

http://www.nndc.bnl.gov/exfor/endf00.jsp
http://www.kayelaby.npl.co.uk/atomic_and_n
uclear_physics/4_7/4_7_2.html

- : ..

- : , p, 



- - :

0',v m

21/ 1

dE/dx

- - MIP)

- -

M>> me

Z/A ( . .
)

dE/dx)

http://www.nist.gov/pml/data/star/index.cfm/

1) : 

2) 

Pb
~10 

me
2 -

I - c : I=13.5*

me
2

me
2 <<137/Z1/3

me
2 >>137/Z1/3

0



E = E0exp(-x/Lr), 
Lr

, 
:

Ec, 
Lr

2

H 340 63.1 5

C 103 42.7 19.4

83 36.2 4

Al 47 24 8.9

Fe 24 13.8 1.77

Cu 21.5 12.9 1.4

Pb 6.9 6.4 0.5

c

Z E

-Z

-

R 

R
x

-

4.0 5.0 6.0 7.0 8.0 9.0 10.0

2.5 3.5 4.6 5.9 7.4 8.9 10.6

Al, 16 23 30 38 48 58 69

31 43 56 72 91 110 130

R



-

x

Re ( 2) :
R (Al) = 0.4E1.4

R (Al - .

Re
R (A, Z) = R (Al)(Z/A)Al/(Z/A).

0.05 0.5 5 50 500

4.1 160 3 4 4

0.19 2.6 19 78

0.056 0.95 4.3 8.6

0.026 0.30 1.25 2.5

-

-

on-line 

- )

-

n, 
-

- - ) 

-

- /



: 
(CCD, Image Plates 

-

- -
-

CCD

4-105.

MWPC, MSGC

. 

-
-

6. 

t
:

t ~  
t ~  

1. - ~ 

r 
Q =Eq/W 

E 

W
-

q=1.6*10-19

2.

R 
=RC 

<<tc - V(t)

>>tc -
tc Umax=q/C



-
-

-
-

-
-
-

-

-60
NaI: R=8-9% - Z

Ge: R=0.1% -

-

:

-
-
-

H0=NK
N
K

0 0

2.35 2.35 2.35FWHM K NR
H H KN N N             R      

R 

Observed statistics (N)
Poisson statistics (N)

Fano

0 0

2.35 2.35 2.35real
FWHM K N F F FwR
H KN N H



K- 109Cd, 

1) NaI(Tl)
Xe

Si(Li)

(N (N0) :
=N/N0 < 1

1)
2)
3)
4)
5)

:
= /4

:
=

( )
-

)

.

m 
n 

m1=n*exp(-n )
(2):  m2=n/(1+n )

n<<1/ :  m1=m2 n(1-n )

DQE) 

2

2

( / )
( / )

out

in

S N
DQE

S N

SNRin ( .) 

SNRout

/ /S N SNR M
- -

N



5 2

=0.8 (

D
2 =0.1 ~ 

2) R
2 =10 ( )

DQE F = 5 / 2/ T=1 .

-

DQE 

inS q FAT

inN q

15in
in

in

S
SRN

N

-

outS q

2 2 2 2180 +0.1*60+10 =286out D RN q T

outN

10.64out
out

out

S
SRN

N

2 210.64 0.5
15

out

in

SRN
DQE

SRN

DQE

dead

meas

t
t

noiseN



SNR)

SNR

bg =0

sig

-

- -

m 
n
aj

xi

fi

<Sig>= sig - bkg

sig 

bkg
n 
Xi i

S N 
(
D=(S/N)  -

CCD charge coupled device:

S~3*105

N~10 => D=S/D=3*104

CCD 

1) -
~3000

=> D=3*105 / 3*103 = 100

2)
1 ~ 1 =>   D=3*105 / 1 = 3*104

HDR-



-

2

/
-

103 2

- 106 2

-
- RC-/LC-

D-
.

1)
2)
3)
4)
5)

FWHM) -

FWHM 
f(x, )

.
.

3He 5330 p: 573 T:191 3.8 3 8
6Li . 940 230 T: 2727 130 
10B 3840 7Li: 840 3 

10BF3 3840 7Li: 840 4.2 .
155Gd 49000

39 199
12 

157Gd 254000
29 182

12 

/ ~103

- E< 100 -

- , ,



1)
- /
-
- : 

GEM)
COMPASS, LHCb, TOTEM, PHENIX

- ( )

- email + ( )


