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Signal Generation in Ionization Counters

Primary ionization: Gases I ~ 20-30 eV/IP, Si: I ~ 3.6 eV/IP Ge: I ~ 3.0 eV/IP
Band gaps (300K) 1.11 eV 0.67 eV

Energy loss As: n= n; =n_= As/I number
of n primary ion pairs (I*,e") at x,, t,

Electrostatic force: F, = -eU,/d = -F;

Energy content of detector capacitance C:

Capacitance C

1) W(t) = %[ug ~U?(t)] = cu au(t)
AU(t)

2) W(t)=n_,F t)- n.F £) —
C. [ Signal AU() ) W(t) = neFe | Xe (t) = Xo |+ niFy | X; (£) = Xo |

R
neU
Bi - > =7 d ° [XI (t) — Xe (t)}
i1as t v\
}Uo w' () (t-¢,)

SU(E) =g = o[ (6)-w (0)](¢ )

w* Drift Velocities



Time-Dependent Signal Shape
Total signal: e & I components

Drift velocities
(wt>0, w<0)

Both components
measure Ac and
depend on position

of primary ion pairs

Xo = W_(te_to)

For fast
counting use
only electron
component.
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Gas Amplification, Avalanche Formation

Incident radiation: ny ocAE primary IP  Strong E field: secondary
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Electrons in outer shells are more
readily removed, ionization energies
are smaller for heavier elements.

electron-ion pairs through
gas ionization - larger signal

0 no ocAE primary IP

X

vy

dn=a-n-dx secondary ion pairs
For a =const

n(x)=n,-e* =n, - [I+a-x+..]
n(x) =n, -exp{joxa(x’)dx’}

Eventually Spark n — o« — GM counter



Sparking and Spark Counters

Impact ionization
Probability y

Hydrogen gas

Y(Na) — i

Different cathode ® d
materials

N L e

Amplification by
Impact ionization

a-d
n e
v e | . ) ! 2 M = =
0 100 £ s 200 3C0 n, 1_7/.|:ea-d _1}
P\ cm mm Hg)
Prevent spark by reducing A for ions: Sparking :y-e*¢ =1
collisions with large organic molecules > 0~ (10 ~10")Torr

quenching additives, self-quenching gases



Gas Counters
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Proportional Counter

Anode wire: small radius
R4 % B0 um or less

Voltage U, # (300-500) V

Field at r from wire

U, 1
LGN

Avalanche R;> R,, several mean
free paths needed

Pulse height mainly due to
positive ions (q*)




Practical RC-Signal Shape
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IC signal shape

AU ()= o[ (1) -w (6] (t-t)

oln\u 'F t

=1AYA}

Two sections of signal contain
same information Ag =2

Long decay time of pulse >
pulse pile up, summary
information

Reduce info to what is necessary

differentiate electronically,
RC-circuitry in shaping amplifier,
individual information

for each event (= incoming
particle/photon)
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Gas Counters
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Absorption of X Rays in Gases
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Relative absorption of various proportional

counter gases for low energy x-rays (Taken from Reference

1.

counter gas: Kr@lat

Low-energy X and y-
ray photons interact
with matter
dominantly via photo
effect (ionization),
mostly with K-shell
(1s) electrons.

- Modssbauer expt.
oc Z?

GPE absorber

—->High-Z counting gas



X Ray Energies

b\~

Photon

Conrad Rontgen
Discovered X rays:

Electron Transitions

22001 HowStulfWorks

. A collision with a Photon
excites the atom.

. This causes an electron to jump to
a higher energy level.

. The electron falls back to its
original energy level, releasing the
exfra energy in the form of a light

photon.

Energy of

X-Rays and Energy of

Low-Energy | High-Energy

Gamma Gamma Intensity Ratio
Nuclide (keV) (keV) xly
**Mn 5.414 (Ka) 834.8 0.2514 (£0.5%)

Ka + KB

5.946 (KB)
*Co 6.40 (Ka) 122.1 0.5727 (+2.0%)

7.06 (KB) 0.7861 (£2.9%)

14.43 (y) 0.112 ({£1.8%)
%5Zn 8.04 (Ka) 1115.5 0.6596 (+0.8%)

8.9 (KB) 0.0911 (£2.0%)
*Am | 11.89 Nl 59.5 0.022

13.90 NoLa 0.375

17.8 Nolp 0.512

20.8 NplLy 0.138

26.35 y 0.07
83gr 13.38 (Ka) 514.0 0.5020 (+0.65%)

15.0 (KB) 0.0880 (+1.4%)
Py 14.12 (Ka) 898.0 0.5491 (£1.2%)

15.85 (KB) 0.0989 (£1.9%)
9%Cd | 22.10 (Ka) 88.0 22.02 (+4.9%)

250 (KB) 4.68 (+5.0%)
"¥gn | 24.14 (Ka) 391.7 1.219 (+3.5%)

274 (KB) 0.267 (43.6%)




Example: >’Co y-Rays

INTENSITY

PROPORTIONAL GOUNTER X-RAY SPECTRUM FROM *"Co
EC: Electron capture B decay

*“Co (270 d)

14.4 KeV
EC (100%)
— __ .136 MeV

Y .01439 MeV

Y
5TFg

FWHM = 1.50 keV — -

6.4 keV

ENERGY

counter gas: Kr@lat

Low-energy X rays:
interact with matter
dominantly via photo
effect, mostly with K
shell (1s 2> ).

K-hole migrates to
higher atomic levels in
cascade of additional
electronic X ray
transitions



Complex PC Response to he Photons

Recombination Auger Cascade
INITIAL FINAL High-energy:
| _ low-energy 2p-1s, 3d-2p
Energy | Continuum transitions E1l transitions
* “ absorbed
. K-X ray energy
\ in PC AT
missing from
photon in i B photon out

.\N\N\N\l\' full-energy peak
high-energy
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core level

X ray photons from
recombination or Auger cascade
can escape a “thin” detector »>
escape lines

(remember escape lines for
scintillation/SSD gamma detectors)
Also: Wall effects.

Kr: IE(K)=14.263 keV
2p-1s 12.6 keV
3d-2p 1.64 keV

transition
escape
Incident _
photon Kenon-filled proportional tube
hv nAnAnInAAANA s,
el ”14

7

. . Escape
photoelectric absorption P

Xenon characteristic
X-ray (30 keV)

dN
dH

Full-energy
peak

Escape peak /\

Char. X-ray energy
(30 keV for Xe)




Solid-State Gamma Detectors
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