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INTERACTIONS OF RADIATION WITH MATTER
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CHARGED PARTICLES INTERACTIONS WITH MATTER 2 - 2/31

PROBABILITY OF PRIMARY ELECTROMAGNETIC INTERACTION WITH MATTER
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DIFFERENTIAL ENERGY LOSS INTERACTIONS WITH MATTER 2 - 3/31

BETHE-BLOCH EXPRESSION

2 2.2
_9E_ 275Narezmec2p§ < [ln(zmey Y Wisnx ) -2p° —6—2%

dx 2 I’
r, : classic electron radius 2.817 10-1*cm z: particle charge in units of e
m_: electron mass B :v/c of particle
N, : Avogadro number 6.022 10?* mol-! v: 1N (1-B?)
I :average ionization potential d : density correction
Z, A : atomic number and mass of target C: shell correction
p : target density W, 4x: Maximum energy transfer in a collision
2
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DIFFERENTIAL ENERGY LOSS INTERACTIONS WITH MATTER 2 - 4/31

z=1 particles
Reduced units:

dE 1 dE densit
—=—— : densi
— dy  p dx P y
S P S
L, x(gem™) = p(gem™) i(cm)
?2
é;: In composite materials:
x
N
N E _v |9E
b. dx Epi dx

i

p;: fraction of material i

l 1 1 Il!llll i1 lllllll 1 1 lllllll i1 1|||ul 1 11 13111
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0.1 1.0 10 100 1000 Review of Particle Physics,
Pion momentum (GeV/q) Physics Letters B667 (2008) 1
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PRIMARY AND TOTAL IONIZATION

CREATION OF ELECTRON-ION PAIRS

........ 35‘3 d-ray
Pairs Cluster .2 ................................... >
Primary ionization probability:
P = %]:e_" k: actual number

n: average

Total ionization probability (Landau expression):

fy =)
= e
V21
_ AE -AE,,, £ g % .
8 AB
Average total 1onization:
N AE AE: energy loss
A W,: average energy per ion pair

1
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COUNTS PER PULSE-HEIGHT INTERVAL

INTERACTIONS WITH MATTER 2 - 5/31

TOTAL IONIZATION ENERGY LOSS
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G. Igo et al, Phys. Rev. 89(1953)879



SLOW ELECTRONS RANGE INTERACTIONS WITH MATTER 2 - 6/31

PATH IN MATERIALS OF DELTA ELECTRONS
Dispersed by multiple scattering

PRACTICAL RANGE

40} 80 80 100
v ' Penetration
PRACTICAL RANGE
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Critical energy E, (keV)

H. Kanter, Phys. Rev. 121(1961)461
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ENERGY LOSS INTERACTIONS WITH MATTER 2 - 7/31

ENERGY LOSS IN SEMICONDUCTORS (MINIMUM IONIZING PARTCLES)

MATERIAL Z p (g cm™) W, (eV) dE/dx (MeV g! cm?) dE/dx (MeV cm™)
Silicon 14 2.34 3.6 1.6 3.7
Germanium 32 5,32 2.96 1.4 7.5

Z :charge p :density W.average ionization energy

Average number of ion pairs: most probable
[ | average
_AE _dE[dx L

w. W.

l l

Measured Landau distnbution

infa 300 um thick Si detector

200 ~ {WWood ot al., Unvv. Okiahoma)

For silicon, 300 um thick:

n ~ 30,000 electron-hole pairs
or

Ag=nx16x10""C=48 fC

150

vs= 1.5 Mav/c elactran Vanliov
theory calcutatan

numbor ol events

100 ~

50 4

T Y T T T T T T Y
20 30 40 SO0 60 70 80 9SG 100
charge deposiied (femto-couombs)
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ENERGY LOSS INTERACTIONS WITH MATTER 2 - 8/31

DELTA ELECTRON PRODUCTION
PROBABILITY AND RANGE IN SILICON

POSITION ERROR AS A FUNCTION OF

THICKNESS IN SILICON DETECTORS
100 | —
(PERPENDICULAR MIPS)
T - s
1 b) RANGE (pm) o 20 : — —
© FOR ENERGY T ) T
3 1 _ . o /
// =~ -4
@ / < 1pm l
ool /S - & < 151 L
m 10 / — o
< o> |
- w
w o 3 | TYPICAL |
510_2 ’ ) ELECTRONS/ ] g = cCh I
z a pm = |
cor >ENERGY T 5 8 10 | DETECTOR S“m
© 103 . © ' '
w 9 I I
>a ; |
0 _ E A gl | TYPICAL t—J
@ | MICROSTRIP
< TECT
10° l \ \ D DETECTOR
lev 100eV 10 keV 1MeV & !
o 0 I | -
EJECTED ELECTRON ENERGY T 0 00 200 300

DETECTOR THICKNESS (pum)

C. Damerell, RAL 86-77(1986)
C. Damerell, Nucl. Instr. and Meth. 226(1984)26
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ENERGY LOSS IN GASES INTERACTIONS WITH MATTER 2 - 9/31

MAIN PARAMETERS:
Gas Density, E; Ep Wi dFE /dz|min Np Nt
mg cm 3 eV eV eV keV cm~1 em~! em~ !
C. Amsler et al,
Review ofParticle Physics Ne 0.839 16.7 21.6 30 1.45 13 50
PhySiCS Letters B667 (2008) 1 Ar 1.66 1_1.6 15.7 25 2.53 25 106
Xe 5.495 8.4 12.1 22 6.87 41 312
CHy 0.667 8.8 12.6 30 1.61 37 54
CoHg 1.26 8.2 11.5 26 291 48 112
. 1C4Hqo 2.49 6.5 10.6 26 5.67 90 220
PRIMARY IONIZATION: COq 1.84 7.0 13.8 34 3.35 35 100
CFy 3.78 10.0 16.0 54 6.38 63 120
Minimum ionizing particles in Argon NTP:
" dE/dx: 2.4 keV/cm n,: 25 ion pairs/cm
Detection efficiency: e=1-Pj =1-¢" Thickness: _s (mm)| & (%)
3 1 91.8
’ 2 99.3
TOTAL IONIZATION:
: : AE
Total number of ion pairs:  n, = —
% W,
%. AE=24keV/iecm w.=26eV n. =90 ip/cm
7 o®,
8
o ‘g‘ nr _ 3
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CLUSTERS

PROGRAM HEED:
NUMBER OF PRIMARY INTERACTIONS
(CLUSTERS) IN GASES AT STP

N(cm™)
N W S N OO W
o O O o O O O

m

(%)

o
IR L L R L R Ly
| KRR L LAALE RLLL) LAY RLLL) RLLE) LA

-
o

Illllllllllllllllllllllllll

o
O T

(b)

5 10 15 20 25 30
Zm/2%

1. B. Smirnov, Nucl. Instr. and Meth. A554(2005)474

http://consult.cern.ch/writeup/heed/

INTERACTIONS WITH MATTER 2 - 10/31

EXPERIMENTAL CLUSTER SIZE

PROBABILITY:

SR | I I I T _

N J

3 -

Y Ar
107! | \
; . |
X ]
l\

i x”i, i

0 ﬁ 3

10" 5 v_ _____ 1 - | L1 ‘_‘_‘l
1 10 n 100

H. Fischle et al, Nucl. Instr. and Meth. A301 (1991) 202
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DELTA ELECTRONS
APPROXIMATE EXPRESSIONS

Number of electrons with energy larger than E:

(first term of Bethe-Block)

NE=E )._,E 7 K=0.154 MeV cm?/g
U E, W =szx p: density (g/cm?)
x: material thickness (cm)
IOO:\J ALY v 1xun—r¥ T lrnl'r] T ‘l'rvlv" Y .””"I T T T v'yvn-rj
AN b
1 cm ARGON STP
[o] -
dE 5
: (— ~2keV
i | dx ) yp
§ i
h‘i I0'r =
w T 3
z
0% -
0% —
t Eyy for | Gevic ]
o protons b
10°L =
|05.r A wd vd I
10

L ddddt il P LLatity WS EI o faf
| 10 10 10 10 10 10

INTERACTIONS WITH MATTER 2 - 11/31

ELECTRON RANGE IN GASES AT STP:

RzlmElﬂ R : range in cm

o E : electron energy in keV
p : density in ug cm-3

electron range in gases

e 1 A
e ///
yavd
a4
S
y4 //;/
/ / /
Hi
0.1 /%e /é/
y, Ar 2/ y,
4 T 4 /
yd v
V4 // 'C4H1o
i /// ///
/ I// Xe
180 ym7-7‘/ /
0.01 M [
//// [} //
A4 i
(/7 .
Vd //:
it
é I
[
0.001 :
1 2 keV 10 E (keV)

F. Sauli, Nucl. Instr. and Meth. 156 (1978) 147
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DELTA ELECTRONS

CONSEQUENCES OF DELTA ELECTRON STATISTICS

DIFFERENTIAL ENERGY LOSS RESOLUTION:

C
ounts | 4 cm Ar-CH4 (95-5)
6000
5 bars
N =460 i.p.
4000 f :
FWHM~250 i.p. |
or ~ 50%
2000 T
0 T T - p— - * r
0 500 1000 ‘
N (i.p.)

1. Lehraus et al, Phys. Scripta 23(1981)727

POSITION ACCURACY (pm)

(1] JAEASEEERRESEREREEREREEREEEINEERENESERRESSERLRS
250 |
200 |

150 |

50

INTERACTIONS WITH MATTER 2 - 12/31

POSITION ACCURACY
(CENTER OF GRAVITY):

track angle COG errors

Vi

100

//

5 10 15 20 25 30 35 40
ANGLE TO NORMAL (°)

G. Charpak et al, Nucl. Instr. and Meth. 167 (1979) 455
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DETECTION OF PHOTONS INTERACTIONS WITH MATTER 2 - 13/31

PHOTON ABSORPTION

Iy I I=Ie!=1Ie"

x : material thickness (cm)

[ : linear absorption length (cm)
X=XpP :reduced thickness (g cm?)
u=1/(lp) : mass absorption coefficient (cm? g

’ l 1 O : cross section (cm?)
; " No N : molecules cm™
N = NOE N,= 6.0247 10?3 molecules/gmole
A A : atomic or molecular mass
o : density (g cm3)
INTERACTION PROCESSES
Ex-E;
PHOTOELECTRIC: Interaction with an electronic shell with E,
emission of a photoelectron. The excited atom/molecule E,- Ly

returns to ground state through fluorescence or radiation-less

(Auger) process. E
C
E, M Oc
COMPTON: Scattering of the photon by quasi-free ’VWWW\MMNN\LQ
electrons; can be coherent or incoherent E ¢
e+
PAIR PRODUCTION: Conversion in a ¢"¢” pair in the E,

field of the atom/molecule. Possible for E.> 2 m, = 1.022 —

MeV
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PHOTON DETECTION INTERACTIONS WITH MATTER 2 - 14/31

PHOTON ABSORPTION CROSS SECTION FOR TUNGSTEN

107 e T N e
L
f=
s 10°¢ E
g TUNGSTEN
5 107F
kS
®
w 1072 F 3
w0 3
© e
O
S 10°F
= Compton coherent .,
o
-g 10-4 L
<« PR e
1()'5 3 = e _,.—-"'Pé;';})roduction
i *.Photoelectric ) ;
:",,-Compton incoherent \\\\\ )
10°F A
F R M | PRI S S | A S S ~.| P 0 4 8
10° 10 10° 10° 10* 10°
Photon energy (keV)
A. Thompson et al, X-RAY DATA BOOKLET (2001)
http://xdb.lbl.gov/
Absorption tables for atoms and molecules: http://henke.lbl.gov/optical constants/

http://physics.nist.gov/PhysRefData/F Fast/html/form. html
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PHOTON DETECTION: VISIBLE AND NEAR UV INTERACTIONS WITH MATTER 2 - 15/31

PHOTOELECTRIC EFFECT

WORK FUNCTION:
Minimum photon energy required to remove an electron
from a solid (lower than the first ionization potential)

ELECTRON EMISSION FROM
PHOTOCATHODES (IN VACUUM)

Element W (eV) [(eV)
Ag 452474 | 7.57 SEMITRANSPARENT:
Au 5.1-5.47 9.22
Al 4.06-426 | 5.99 e
F 4.67-481 | 7.87
- Tyax ~ A \
Na 2.36 5.14
Li 2.93 5.39
Cs 2.14 3.89 REFLECTIVE: ;
PHOTOIONIZATION THRESHOLD AND S

QUANTUM EFFICIENCY OF MULTIALKALI

N

Compound W (eV) Max QE (%)
SbCs 1.8 16
SbNaKCs 1.45 20
SbKCs 1.98 26
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PHOTON DETECTION- VISIBLE AND NEAR UV

BIALKALI PHOTOCATHODES (VISIBLE LIGHT)

QUANTUM EFFICIENCY OF Cs;Sb

INTERACTIONS WITH MATTER 2 - 16/31

UV PHOTONS
: CAESIUM IODIDE QUANTUM EFFICIENCY
E CSSSb Csl quantum efficiency
N 50
16" — W
g : " £
= a & 40 o
e jf EXPERIMENTAL POINTS /
T E d o — 300°K
z [ “ r —77°K /
g S N 30
§'° E ! soLio curve - THEORETICAL /
N 2 R i /
= & . B+ .8 20
Wight— /
> = X
o Csl
uZJ B ks /
(‘2’ -s_ 10
=0 /
(1 E o
S E
o [o
E .‘ 0
10— 5.5 6.5 7 75 8
= Photon energy (eV)
-
r—
167 L 1 ) 'L 1 l oo l ]
1.8 20 2.4 2.5 3.2 3.6 4.0

PHOTON ENERGY(eV)

W. E. Spicer, Phys. Rev. 112(1958)114
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INTERACTIONS WITH MATTER 2 - 17/31
MOLECULAR GASES:

140
J.W. Au et al, Chem. :Phys. 173(1993)209
///\j—\€4/-[10

PHOTON ABSORPTION IN GASES

abs cross sect hydrocarbons

. 120
ATOMIC GASES: iy
e il i

140

(2]
o

120 |

Photoabsorption cross section (Mb)

CH
. \_.\\
////\—— —\b&\ \\\.
/ .
| % sl
100 /\_"\\k CH«' —

L ——cross sect Ar /1

I ——cross sect Kr ///f\/é‘//f-
80 I “ | ——cross sect Xe /

[ O j /""

20 24

N

/
/

N
o

Absorption cross section (Mb)

60 Lt LM o 8 12 16
L Photon energy (eV)
: e e s e e
[ ~— a i
I o — s [
L — [
20 |- I =) /
I T 10 | ey
[ A o, W
0 4
12 14 16 18 20 2 5 P
Photon energy (eV) S ; i
- 1 : L
5 ,
2 2
< [ {
H. S. W. Massey, Electronic and Ionic impact
Phenomena (Oxford Press 1969) 0.1 f
G. Marr, Photoionization Processes in Gases

(Academic Press NY 1967) 0.01
4 5 6 7 8 9 10 11 12

Photon energy (eV)
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PHOTON DETECTION INTERACTIONS WITH MATTER 2 - 18/31

PHOTOIONIZATION IN GASES TOTAL AND PHOTOIONIZATION CROSS SECTIONS:
120 hydroc total-ioniz xsect
For a photon energy E, above the
photoionization threshold £, the absorption can 100 //\a\%\
result in the emission of a photoelectron with g I‘L:_L/ e i )
energy equal to the difference: 5 / // /,7‘\\_“ \\
B I.’ ;N CH 3
E,=E;E & o0 /J i 2 “\\
o} /i f
5 0 /[ ///N T’\} <gh
,.' )' ff’ * “‘\-.\
The quantum efficiency (QE) is the ratio between 20 n\,){ 1 ,/ o
the probability of photoelectron emission and total s
absorption. Ce 0 1z 14 16 18 20 22 2
PHOTON ENERGY (eV)
EI(eV) 0.7 /
CHg | 9.3 08 A
>
TEA 7.45 S 0s . //\\v/
TMAE' 5.6 2 Ah
L 0.4
. . > /»ﬁ/ ) \ TEA
TEA: Triethylamine  (C,H;);N z 03 \
TMAE: Tetrakis-dimethylamino ethylene Bl o / } - !
[(CH;),N],C g / / ]
———"> CHERENKOV RING IMAGING 05—/6 e js B e e
E (eV)
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PHOTON DETECTION INTERACTIONS WITH MATTER 2 - 19/31

PHOTOIONIZATION CROSS SECTION IN XENON

Xe ph-ion X-sect compil

2 10°
—
3 BN
2 10" L]\
c X 3
O 1
o — 1
O b S,
v 34 RN
4 : X,
S . N, 213V M T 1akev
© M0 N 147eV.. ' NN
< 10 Ny 147V iiM 1.0 kev s
= Ny 1468V oM 0.94kev &
.g 102 ijoeg "eV _L,5.45 keV \‘x‘
2 U, 088key , 8T8V S P
g 3 Lm 4.78 keV \\
o 10 :
K 34,58 keV
b
10 LUV SOFT X-RAYS HARD X-RAYS SAMMA
\\\
5 -
L r 5 - 6
10 100 1000 10 10 10
Photon energy (eV)
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PHOTON DETECTION INTERACTIONS WITH MATTER 2 - 20/31

ABSORPTION LENGTH FOR GASES AT NTP

For gases at STP (0°C, 1 Atm):

N=2.687 10! ¢cm™ 10° absorption length gases bis
- T T T T T T T T I T T T T T T T T4

Absorption length: /

Mcem) = ! 1000 |
26.87o(MBarns) i

The mass absorption coefficient
for molecules:

My = %Einiai

—_
o
o

M: molecular weight
n, O;:atoms, cross section type i

Absorption Length {cm)
=

e
TTT

0.01 I R

1 10 E (keV) 100
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PHOTON DETECTION INTERACTIONS WITH MATTER 2 - 21/31

PHOTOELECTRIC FLUORESCENCE YIELD

An excited atom returns to the ground state with 1.0 1 T 1 7 !
a cascade of internal transitions that can be :

radiative (with the emission of photons) or non- 0.9 L n
radiative: K-shell
08 j -
RADIATIVE: Xe

- 90%

0 . ri
m“ﬁ Ny, (

o
q
'vwvwxM/ww\ z o8k B
Q0
3]
NON-RADIATIVE (AUGER): § 051 -
Reb]
9 04| -
-
WMM/\MN\< Nir ™ Ar
0.3 —

The fluorescence yield is the ratio of radiative to . ,L-bh,b,nl '
(average)

total transitions, and increases with the atomic 02 —
number:
Ngp a1+ AXe i
FLUORESCENCE YIELD = 8%
N FL +N NR 0.0 : | y [ y | ]
0 20 40 B0 80 100 120

Atomic number

M. O. Krause, J. Phys. Chem. Ref. Data 8 (1979) 307
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PHOTON DETECTION INTERACTIONS WITH MATTER 2 - 22/31

FLUORESCENCE PHOTONS FATE

Fluorescence photons can convert far from the
primary interaction, or escape from the

sensitive volume (escape peak): X-RAY ABSORPTION SPECTRUM

>Fe X-Rays (5.9 keV) in Argon:

250 . o . o Foﬁ? PHlin ar9011
L") AWM " 3 b
2 | |
3 I |
o | 5.9 kelV -
200
10 . , , absor;')tion Ivcnglfw argon .._. '.
ABSORPTION LENGTH IN ARGON NTP 150 I _" i
I R
............. { R
T I y
SN SO S [ PO S | 100 B
= : A
(=] : r >
il ‘ Yool
E 50 ~ 3 kel o )
g - : 3 :
) o *
0 b agaliod | gl =
0 2 4 8 10
0.1 : : E (keV)
1 E (keV) i ESCAPE
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PHOTON DETECTION INTERACTIONS WITH MATTER 2 - 23/31

COMPTON EFFECT

Scattering of the photon on a quasi-free
electron of electronic shells

Ee:EO_El
1 1
COSQ=1—m€C2 E——E—
I 0 DIFFERENTIAL CROSS SECTION FOR SCATTERING AT
E 0 AN ANGLE 6 FOR SEVERAL PHOTON ENERGIES:
0
cotgp=|1+ 5 tana b g8
m,c 100 00 80 70

. b N [PV
Yo @ W w0 2w W & &
Arthur Holly Compton Collision diferenti/ cross section
Nobel Laureate in Physics 1927 %,%2/)7 0~4"cm steradion - electon
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PHOTON DETECTION INTERACTIONS WITH MATTER 2 - 24/31

COMPTON SCATTERING: ANGLE-ENERGY CORRELATIONS

compton energy-angle 100 compton angle-energy
T ~ O° fun
3 B I Sk T
80 - 2 Ay
R ~ N
= [ =z =~ 10° 7.
@ S I = — = |
% = \\ \\ \ w //
3 — N 10
3 =
BN 2 N \ 5
D
S 60 — \ \ N \\ - = 300
& Ww s 10 » i
é \ ° s
5 T ol
E T 300f 1 60° =
3 — \ \
S 40
& 45 \ Z a0 s = 90
| i 120° £
60° \ \ AT IS NSRS 180° ++
h-——.______\\ %i/”d—
Iy 90 N\ 0.1 —
i 120°
B el N
1507 4 ~ ~J NN
. Ny ST
0 _— === 0.01 =
0.01 0.1 1 10 100 0.01 0.1 1 10 100
E, (MeV) E, (MeV)

R. D. Evans, Compton Effect
Handbuch der Physik 34 p. 218 (Springer Verlag 1958)
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PHOTON DETECTION INTERACTIONS WITH MATTER 2 - 25/31
DOUBLE COMPTON SCATTERING

Measurement of recoil electrons energy and position in two cascades detectors allows to define a circle
of origin for the source; intersection of many events provides the source position:

: mye®  myc’
@ =arcsin| 1 — +
E, E+E

LAY
.
‘‘‘‘‘‘
o
.
.
0

2

............

P OoCLRL LT L ET P

.....
.

.
.
0

wasn

.......

-----
.
ot
o

g

\
XpyVpE; A
DETECTOR 1

XpypkE,

: ASTROPHYSICS
DETECTOR 2 MEDICAL IMAGING
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PHOTON DETECTION INTERACTIONS WITH MATTER 2 - 26/31
HIGH ENERGY: PAIR PRODUCTION

For E, > 2 m, the photon can create an electron-positron ABSORPTION COEFFICIENT:
pair; the cross section increases very fast with energy. A | T
e+
Y
E e 10" = —]
Y C ]
C D :
ENERGY SHARING BETWEEN e" and e i i
(Photon energy in terms of electron rest energy 0.511 MeV) i }
g T T T T T T T g — ) Y
T 107 @ -
£ - e
© r -
- - h
- =
P 3
07— 3
A ]
- e 3 e -4
0 01 02 03 04 0.5 06 07 08 05 1.0 10 el ]
T, /(hv = 2mc?) | 10 100
C.M. Davisson and R.D. Evans,Rev. Modern Phys. 20(1948)305 E)’ (MeV)
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PHOTON DETECTION INTERACTIONS WITH MATTER 2 - 27/31

ELECTROMAGNETIC SHOWERS
HOMOGENEOUS CALORIMETERS:

-l e e - - - e en o e e

1
i
)
'
'
'
|
i
'
'
i
1
1
i
)
|
|
'
1
'
'

0

SAMPLING CALORIMETERS:

e
e
o e —

=
==
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PHOTON DETECTION INTERACTIONS WITH MATTER 2 - 28/31

HARD X-RAYS: CONVERTERS AND DETECTION IN GASES

THICK FOIL:
« HIGHER CONVERSION EFFICIENCY
* LOWER PHOTOELECTRON EXTRACTION EFFICIENCY

tungsten abs range

10" SRR AT ——————————3 10"
TUNGSTEN :

Z=74 p=19.3gcm”

2
~
Q
3

converter is around 100 pm, ~
1/100 of the absorption length, so ; 571
the theoretical detections 107 & Photoelectron range el

efficiency 1s ~ 1%.

i ' )

§ {1000 &

T ] ~

=

For 511 keV photons the 441 keV 4 107 | 1100 Q
photoelectron (511-70) has a 3 : 3
range in Tungsten of 150 um. The E - < §
optimum thickness of the S 107 L 10 3
3 m

< =

3

10™ S N AR
10 100 1000
PHOTON ENERGY (keV)
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PHOTON DETECTION INTERACTIONS WITH MATTER 2 - 29/31

DETECTION AND LOCALIZATION OF 511 keV PHOTONS

Lead
1 .

> N plateg
i 21
MULTILAYER CONVERTERS- S 41
GAS DETECTORS m 61
81
101

=X

10 10° 10
THICKNESS (um)

GEANT4 Calculation by P. Fonte (Imaging 2006)
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NEUTRON DETECTION

INTERACTIONS WITH MATTER 2 - 30/31

DETECTION OF NEUTRONS WITH GAS DETECTORS

Neutrons are detected through the
products of their nuclear interaction
with matter. Interaction cross sections
depend on energy and material; possible
reaction products are:

( recoil nucleus
proton

alpha particle
triton

\ fission fragments
TYPES OF DETECTORS:

» With thin converter foil, exploiting
the reactions:

®
x

1 x 108
5.1

1 x 10?

n + nucleus --> )

Crosssection {barns}

1x 10!

12 B+n—]Li+a
67 - 3
sLi+n— H+«a
 With direct reaction on the gas (*He):

3 3
sHe+n—H +p

The charged prongs are then detected
by their ionization in the medium.

5

NEUTRON CROSS SECTIONS:

P | PPN ] dbeirbi il '3

0

AT .. 4 5 § Sttt
i 1 1 1 ] i |
J 3Heinpl

pa—". -5

<& SLifn, alpha}

[T Bin, sipha]

PO | Py
5
1 x 9

=..=.‘.£
5 |

1 X W 1x i

tx 1? ix ¢
Energy {eV)

1 x 16°

G. Knoll, Radiation Detection and Measurements
(Wiley, New York 2000)
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OPTICAL IMAGING CHAMBER FOR NEUTRON DETECTION

[ e—— N |
oo — T
_IH.V. .
2 ‘ Proton and Trltoa trd!';ks T

3.f p)q n,eutrops In 3Hg

". . T-..

xom

CCD

F.A.F. Fraga et al, Nucl. Instr. and Meth. A478 (2002) 357
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