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lonising radiation detectors

All types of detectors are based on the same fundamental
principle: the transfer of part or all of the radiation energy to
the detector mass where it is converted into some other form
more accessible to human perception (W.R. Leo).

One is typically interested in extracting the:
Energy deposition (of ionising particle)

Timing (of interaction)

Position (of interaction within the detector)

Type of particle (PID)

Incident rate or dose




The basic ingredients for detection

Interactions of ionizing radiation with matter

Detection technology

Electronic readout and signal processing

Data analysis




The basic ingredients ferdetection
of this Lecture

Background and motivation

Interactions of ionizing radiation with matter JAeVE

Detection technology Semiconductors, HPGe arrays

Electronic readout and signal processing [l IR IOYE

Data analysis for g-ray tracking

“:| ADVANCED GAMMA TRACKING ARRAY




RESOLVING POWER or “finding a needle in the haystack”
The elevator Speech

https://www.triz.co.uk/problem-solving---facilitation-
workshops
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Development of new detectors and techniques have always

led to discoveries of new and unexpected phenomena.

108
3
109 ¢ g i
Yrast Sequence v “
2104 in 156Dy (5]
e (Intensity 2% 0% = 1) " =l 06 g
%’ 103 8 o
£ 3 ) c>
3 © | Euroball 2
e 102 o 3 g
2 g > E {104 3
2 401 (o)) 9
° i / o
T 10 e 5040 50 60 Ssgggts‘;?(;n >
i & HPGe —102 &
Discovery of / g
Radioactivity X . =
~_ Small Arrays =
i Q)
Geiger-Muller Nal Ge(Li) —100
Absorbers I I I

1900 1925 1950 1975 2000 2025
Year




Interactions of ionizing radiation with matter fAEVE

Detection technology

Electronic readout and signal processing

Data analysis




Interaction of y rays with matter

Photo effect

incident
gamma

A photoelectron 1s ejected
carrying the complete  Photoelectron
gamma-ray energy (- binding)

Pair production

Nucleus

E

Elastic scattering of a

gamma ray off a free electron. Scattered
A fraction of the gamma-ray gamma
energy i1s transferred to the Compton electron

If gamma-ray energy is >>2 m_c?
(electron rest mass 511 keV), a
Positron- POSItron-electron can be formed 1n
"':ga'f’" the strong Coulomb field of a nucleus.
This pair carries the gamma-ray

energy minus 2 m,c?.




Exercise 1:
Anatomy of a high resolution gamma-ray spectrum

10E06E“ T I T l = . .
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1.0E05 - = features?
— 1oooo: | 7 — ’-? -
é ? / 3
o 1000} — . .
& E 1 Think of the origin of all
E .
3 B _|
8 100k ~ characteristic peaks and
ol structures, all based on
; | the previous slide!
0.00 | 400.00 80(2!.00 1 ZOL. 00 : 1600.00
: Energy (keV)
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Analysing a high resolution gamma-ray spectrum

Full energy peak (photo-peak)

dN
dE

g

dN
dE

hy
6=m
- 0 * hV
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e— Compton continuum —>
““Compton ¥
edge”’
N

Compton scattering formula

N ==

Compton scattered tail

3

h

MeC

(1 — cosf),
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The concept of Compton Suppression

Photopeak event

Background from Full energy
Compton scattering photopeak
' |
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I v 1 v | v 1 ’ I v ! v 1 v
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Energy (keV)
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The concept of Compton Suppression

Background event

Background from Full energy
Compton scattering photopeak
' |
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The concept of Compton Suppression

Suppress background

Background from Full energy
Compton scattering photopeak

Il
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0 200 400 600  BOO 1000 1200
Energy (keV)

Improves peak-to-total ratio considerably!
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The concept of Compton Suppression

Compton suppressed arrays:
Excellent peak-to-total ratio but limited efficiency
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http://euroball.hiskp.uni-bonn.de/publications_en.html

Widely used quantities for high res. gamma-ray detectors

Height of photopeak

Peak to Compton = :
Aver. counts in Compt. plateau

Counts in the peak area

P/T = Peak to Total =

Total counts in the spectrum

Resolution (SE) Suppress background
average spacing between gammas (SE
§€ 5P 5 & ( V) Background from Full energy
Compton scattering photopeak
and resolving power (RP) N S— — '
. . 6000~ unsuppressed
Efficiency £ i i o ]
(often relative to a 3”x3” Nal (cylinder)) S 40
2000F suppressed 1 4 1
NP V. VA L

=
Ui v I v ! I i
0 200 400 600 800 1000 1200 E—
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2. R =(SE,/§E,) PT
Array Capabilities and Future Arrays

R o average improvement in peak-to-background as a
. . . . l :
D.C. Radford function of increased coincidence fold

SE, = average spacing between gammas in cascade

Physics Opportunities with Larg.e Ge Detector Arrays: (= 60 keV for (HI,xn) reactions)
Present and Future
§E, = luti FWHM
Asilomar, October 1993 bt ecing )

(typically 4 - 6 keV at E, = 1 MeV)

PT = photopeak-to-total ratio for the
Compton-suppressed HPGe detectors
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Evolution of gamma-ray detection technology
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Evolution of gamma-ray detection technology
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Evolution of gamma-ray detection technology
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Evolution of gamma-ray detection technology
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Gamma-ray tracking:
Principle of operation

The idea is: Do not to reject but track instead!

...........
s . PRS0 bt St

Gamma-ray Gamma-ray .
source source - '
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Gamma-ray tracking:
Principle of operation

(X, y, z, e) + Compton formula - Tracking

needs a 3D position sensitive Ge detector

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

Gamma-ray
source 5
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Gamma-ray tracking:
Principle of operation

To proceed from here
we should look back
(x v,z e)+ Comptorn @t the basics

needs a 3D position sensitive Ge G

Gamma-ray
source
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The basic ingredients fer-detection

of this Lecture

Interactions of ionizing radiation with matter

Detection technology Semiconductors

Electronic readout and signal processing

Data analysis



Ge crystal

Fig. 5.14 Germanium ingot
and Ge detector elements.
Figure by courtesy of

CANBERRA - an AREVA
company
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Semiconductor Detectors

1
1A

These are predominantly group IV elements; C, Si and|Ge|based.
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Taken from the Particle Data Group review

of particle properties: http://pdg.lbl.gov
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Crystal

Figure 2.2.5.: The diamond lattice of silicon and germanium ]
Figure 1. Covalent bonds of silicon

Each Si atom forms four covalent bonds with
four neighbouring silicon atoms. These four
neighbours are located at the corners of a
regular tetrahedron surrounding the atom.
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Crystal

~valence electron

T>0K
®

R

:::

A_

free electron

—e
| o
P
|
—e
—e
|

6. —6

neighbours are located at the corners of a

four neighbouring silicon atoms. These four
regular tetrahedron surrounding the atom.

Each Si atom forms four covalent bonds with
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Energy Band Structure

|

electron energy

{

Conduction Free
4+ band \\ electrons
E
1 Band N\ .../ -
6eV  «— gap _Eg:ﬂev
| E” RN
Valence \
4 band
Holes

Insulator

Semiconductor

!

Conduction
band

l

Metal

Fig. 5.2 Energy band structure of conductors, insulators and semiconductors. The vertical axis

represents the electron energy, the horizontal axis the position in the lattice

Si

Ge

Energy gap [eV]

~1.2

~0.75
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SD detector characteristics

Average energy per electron-hole creation in Si & Ge

Si Ge
300 K 3.62 eV -
77 K 3.81 eV 2.96 eV

In principle, using these numbers we can estimate the number

of electron-hole pairs per incident gamma-ray (e.g. for 1 MeV energy
deposition) which dictates also the statistical variation often dominates
the resolution (but note the need for the Fano Factor!)

Stefanos Paschalis |



Exercise 2: Fano Factor

Fano factor is introduced as a factor to relate the observed variation
(c%xp) to that predicated by the Poisson distribution ( 6% = no)

Assume a detector measures a 60 keV gamma ray with a 1 keV
FHWM resolution
and a 662 keV gamma ray with a 2.3 keV resolution.

- Estimate the Fano Factor.
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Charge carriers

o ::::::::: ::: :::g.:::::: e
::::::::ﬁ:: ::::::‘.' ;- yaienoe electron
::::::::: ::: ::::'::::::

At T=0 K, all electrons in the valence band participate in covalent bonding between the lattice atoms.
Si & Ge have four valence electrons, four covalent bonds are formed.

At T > 0 K (normal temperatures) electrons thermally excite to the conduction band.

The hole can be filled by neighboring valence electrons and so on.

The electric current in a semiconductor arises from:

 Movement of free electrons in conduction band Probability (Fermi-Dirac) that an
 Movement of holes in valence band energy level |
f(E) — E-Ep

IS occupied: e HE 4 1
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Drift and Mobility

The mobility of electrons and holes is defined as :

Vo= uE E — magnitude of Electrical Field applied
Vh= unE v — drift velocity

e.g. in SI@300K n.=1350 cm2 V-1 -
un= 480 cm? V-1 s

@77K p.= 21400 cm2 V-1 -
up= 11000 cm? V-1 s

Compare with electron-ion mobilities in gas detectors
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Drift and Mobility

108
GaAs |(ELECTRONS)
:g 7 // L\i\\\
s 10 Z— (ELECTRONS) EEE—
> : -~ = ¥ 1 -
= . 8 _=T5FSi (HOLES)
8 // 7 L ol
d // /] ,/// i
= | A V|
= 108 L g
z AHH—~24"1~GaAs (HOLES)
9% T=300K
4 5%
/ ///
Y/
105 /5’
102 103 104 105

ELECTRIC FIELD (V/cm)
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Drift and Mobility

Chapter 11 Semiconductor Properties 357

Table 11.1 Properties of Intrinsic Silicon and Germanium

Si Ge

Atomic number 1 » *Saturation velocity (velocity
Atomic weight 28.09 72.60
Stablf: isotope mass numbers 28-29-30 70-72-73-74-76 b ecomes IN d e p en d e nt Of fu rt h er
Density (300 K); g/cm? 233 532
Atoms/cm? 4.96 x 1022 4.41 x 102 . . . .
Dielectric constant (relative to vacuum) 12 16 I n Crease I n th e e I eCt” Ca I fl e I d )
Forbidden energy gap (300 K); eV 1.115 0.665
Forbidden energy gap (0 K); eV 1.165 0.746
Intrinsic carrier density (300 K); cm™ 1.5 x 1010 2.4 % 108
Intrinsic resistivity (300 K); {1 - cm 2.3 X 10° 47 . .
Elcqron mobility (300 K); cmz/V S 1350 3900 I n S D th e tl m e req U I red tO COI IeCt
Hole mobility (300 K); cm?/V - s 480 1900
El bili K);em?/V - s : A 3.6 x 104 I H

ectronrr.lf) ility (77 )cm/V s 2.1 X 10 X 10 Charge Carrlers Over typlcal
Hole mobility (77 K); cm?/V - s 1.1 x 104 4.2 x 104
Energy per electron-hole pair (300 K); eV 3.62 . . .
Energy per electron-hole pair (77 K); eV 3.76 2.96 dlmenSIOn Of O- 1 Cm Or IeSS IS < 1 O nS,
Fano factor (77 K) 0.143 (Ref. 7) 0.129 (Ref. 9)

0.084 (Ref. 8 0.08 (Ref. 10 I I i
IR (Ret 8 s (10 l.e. thin semiconductor detectors can
0.085 < 0.11 (Ref. 11)
to ¢(Ref. 12) 0.057 . .
0157 0.064}<Ref- 2 be used for fast timing purposes
0.16 (Ref. 13) 0.058 (Ref. 14)

Source: G. Bertolini and A. Coche (eds.), Semiconductor Detectors, Elsevier-North Holland, Amsterdam, 1968,
except where noted.

Stefanos Paschalis |



Doped Semiconductors
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n-type Semiconductors

P C
Vece bt
>22c2 5
D' G S C Do
S 0cfl o n_rud
mn QO © O e
1] A
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n-type Semiconductors:
Energy Band Structure

Electron energy

&
Ec Conduction band Ee Conduction band
\ ® & @ ® @ o ® ® & @
—i— 53 —i— ED -i- 5 _i_}::0.0056V. o e e e _e_}:o.005ev
£ ™\ occupied £ »‘ilomsed donor
& donor ¢ _ (perturbed Fermi)
e state R T Er
Ey
N
Valence band Valence band
...unoccupied states e ...electron
B ... occupied states °...hole
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p-type Semiconductors

1-fach
negatives
lon
frei beweg-
liches Loch
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p-type Semiconductors:
Energy Band Structure

A

Ec Conduction band

N
>
[®))
| -
c empty acceptor
[e)
S £ /state
D NT T ¥ )}=0.005ev
LL

Valence band

...unoccupied states
M - occupied states

Ec Conduction band
N e o o
Eri |
N = (perturbed Fermi)
__________ E
/ ionised
5., =mmmmmmmmmmmmmmmm e s~ acceptor
\‘: —— 00— 96— 90— 9 0 —.—}: 0.005 eV

Valence band

® ... electron
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Semiconductor junctions

* The functioning of a SD is based on the formation of a SD “junction”
e Junctions can be formed in several ways

* pn junction (simple configuration)
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pn junction

* pnjunction is formed by between a p-type material with an n-type material (in practice from a
single crystal)

* Because of the difference in the concentration of electrons and holes, there is an initial diffusion
of holes towards the n-region and electrons towards the p-region

* Holes capture electrons on the n-side

* Electrons fill up holes on the p-side

e Charge build up on either side of the junction
* p-region becomes negative
* n-region becomes positive

* electric field across the junction which eventually halts the diffusion process = region of

immobile space charge

See schematic plot of pn junction in the next slide
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pn junction (no bias)

carrier concentration
[log scale]

>

depletion region

neutral region

space
charge
region

neutral region

| |
gl

A
y
A

.

holes

p-doped

electrons

n-doped
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Depletion region of pn junctions and its electrical properties (no
bias)

depletion region

space
charge

region over which the charge imbalance exist & region

neutral region neutral region

extends into both the p & n side of the junction \

>

holes

electrons

low concentration of electrons and holes

in the depletion region the net charge is o-doped n-doped

carrier concentration
[log scale]

provided by the fixed ions (donors or

acceptors) that have been left uncovered by

majority carrier diffusion.
QT Charge

The electric field across the depletion region

5 Y

causes any electrons created in the region to be

swept back towards the n-type material and ET e ol

S Y

any holes towards the p-type. Their motion

constitutes a basic electric signal.

AV built-in
voltage

V T Voltage

>
>

____________ Y. T
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Depletion region of pn junctions and its electrical properties (no
bias)

depletion region
space

* When equilibrium is reached, the charge et region region ol vegion
density is approximated by the displayed step | A
function. - R = \§< : ectro
= 1 S}
* Potential difference across the junction is called “3 — i n-doped
“contact potential” or “build in potential” and = ;Z
has values ~ 1V ) °
: E-field
QT Charge i ®
This is already a detector but... - §
» very small active area (depletion region) ET Electric field R
» Inefficient collection of electron and holes \/ '
not a good one! ? : il
VT Voltage ! / ! A7 Bl
AN e '} g
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Depletion region of pn junctions and its electrical properties
(reverse bias)

depletion region

Solution: Apply reversed-bias voltage spece

(negative voltage to the p-region and positive to the neutral region regen neutral region

n-region) } v

* holes will move towards the p-contact and away A == o | —
from the junction %_ kﬁ

e Electrons will move towards the n-contact and §§ p-doped :2 n-doped
away from the junction i ;Z

E Vo o
increased depletion region + Erield
faster and efficient charge collection QT e -

.

ET Electric field

5 Y

— :I _ VT Voltage / AN i
v . B x
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Planar HPGe detectors

yray

electron-
hole pairs
excited

Excited

p* contact

T holes

electrons J

n+ contact ‘

electron-hole pairs
separated by electrlc fiel
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Coaxial HPGe Detectors

True coaxial Closed-ended coaxial Closed-ended coaxial
(bulletized)

———— represents electrical contact surface

n* contact p* contact

p* contact

n* contact

Electrons Electrons

_ M/«*“‘

p-type coaxial n-type coaxial
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Depletion volume in a Coaxial Ge crystal (AGATA type)

Remaining non-depleted volume

T

0V 100V 1000V 2000V 3000V

>

Increasing applied reverse bias
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The basic ingredients fer-detection

of this Lecture

Interactions of ionizing radiation with matter

Detection technology

Electronic readout and signal processing [l IR IOYE

Data analysis



The Shockley-Ramo theorem

The Shockley—Ramo theorem states: s
The charge Q and current i on an

k Anode
electrode induced by a moving point  Cathode B e &

charge q are given by: —

— Semiconductor

Q = —qpy(x)
¢y and E are called the weighting potential and
i = qv- Ey(x) the weighting field, respectively.

where v is the instantaneous velocity of charge g. Remember
¢o(x) and E((x) are the electric potential and field Drift and Mobility
that would exist at ¢’s instantaneous position x slide
under the following circumstances: the selected

~electrode at unit potential, all other electrodes at

zero potential and all charges removed.



Shockley-Ramo theorem

Prescription :
1. Apply V (Volts) to the electrode

in consideration and ground

(OV) to all the other electrodes. Cathode

2. The induced charge due to |
travel of a charge q over
distance is

_ 40 [ electron drift | hole drift
o0 = d ( distance distance)

o
]
|}
1
]
1
I
]
]
]
]
1
1

3. Repeat this exercise with all

the electrodes.

Note:
Both electron and hole movement

o

o
(Induced charge)

Weiighting Potential

4 Anode
h+ e-
-——— P

Semiconductor

d : detector thickness

h+ component

e
-

contributes to the signal!! 0
The charge induced/generated does not 0
depend on the high voltage applied on the Cathode

detector !

7 1.0 z (Depth)

lnterac;non Anode
location



Planar detector:
position sensitivity from pulse shape

Q)
Jo
n' layer
\ ( : ). S — —0 |
I
Electrons
X 9 collected
Holes collected
€ 0
Of ® £€gi0| 90
T
() e 0
p Holes
collected
‘\ Electrons
collected
Jo~
o L —
| Time
(4
P’ layer



Time evolution of signal

pn*-junction
d : detector thickness
Depletion zone

>

ya TN o
O
=
eo— o
—— () =
| @©
'y | |
eN_d 3 | ! _EXO 1-— i
Ll T T T T oS d Xo
Eotr | | |
i 13] : i gx0
| | : I
0 Xo d
lv| ,
1 | 0 time
0 Xo d
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Coaxial detector:
position sensitivity from pulse shape

n* layer

Active volume

p” core

Time
Q=0 ()+0" (1) Knoll ch. 12
i doX [ > 2 qoﬁ Fo
— 2. w2 ) N=—"—Ir-—r-(t) |+
M Ve 0" (1 g b - ol

1() q()ﬁ ln re ([)

NA (the acceptor concentration) Q“(;): v v [ (1) = Vo] ” .
0 0 0 0



Coaxial detector with electrical segmentation:
HPGe position sensitivity

36 segmented HPGe detector

interaction occurred

segment 4 where the y-ray

neighbouring segment

Seg 3

Seg 4

Net charge\

N\

Seg 5

0004

-400 0 400

2000

1Net charge
in central contact

Seg 1

Amplitudel ADC-units]




Digital signal processing:
to fully exploit the signal variety

700
600
500
400
300

Amplitude (ch)

200

100

o el rd
Rostf Aol o

20 40 60 80 100 120 140 160 180 200
Time (10 ns)

o
Om

A digitised signal pulse
100 MHz - signal is sampled every 10 ns

Q O camn
~  ————— Desktopoigitizer (&)

& & L 2 > e
000 oo
Yo 29 @
QOO ., o
0 un GKIN Gr0 o oy ¥ CeSess

CAEN desktop digitiser
DT5730 - 8 Ch. 14 bit 500 MS/s

GRETINA Digitiser module
(designed & produced LBNL)
14bit, 100 MHz, Pulse shape



Pulse Shape Analysis for position
reconstruction of y-ray interaction

From F. Recchia, PSD8 conference



Pulse shape analysis concept

—_— measured
- Calculated

Wl
|

791 keV deposited in segment B4

From F. Recchia, PSD8 conference



Pulse shape analysis concept

|

)
.
E

R

A
. ?"' = y
- Calculated m ‘ %
AL
had i E4 Fa4
791 keV deposited in segment B4
z=46 mm

From F. Recchia, PSD8 conference



Pulse shape analysis concept

N ——

A
——— o y
j-m = measured ’
= Calculated 3 v
~ Y x
~/
had i E4 Fa4
791 keV deposited in segment B4
z=46 mm

From F. Recchia, PSD8 conference



Pulse shape analysis concept

|

= B85
=2 = C5
eonas B =

—_— measured
- Calculated

791 keV deposited in segment B4

From F. Recchia, PSD8 conference



Pulse shape analysis concept

—_— measured
- Calculated

791 keV deposited in segment B4

From F. Recchia, PSD8 conference



Pulse shape analysis concept

Result of
Grid Search
B5 algorithm
-y, ]
— measured
- Calculated
791 keV deposited in segment B4

From F. Recchia, PSD8 conference



Exercise 3: Pulse-shape analysis
(using chi2 minimisation)

The text file contains:

 in the 2" column the
recorded waveforms in
9 neighboring segments
and the CC for a single
measured event

* in columns 3 - 11t j
has the same
information for 9 pre-
calculated basis points

Compare the traces and extract the x, y, z interaction position
(from the corresponding basis points) that gives the best-fit to
the recorded data

Prepared by Sidon Chen
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Charge Signal

realistic position reconstruction

T T T T T T T 177

Red: Measured

Blue: Fit from
decomposition algorithm

D6 E1 E2 E3 E4 E5 E6 F1 F2 V5 F4 F5 Fé6

Al|A2| A3|A4 |AS |A6| B1| B2| B3|B4 | E5|B6| C1| €2| c3|c4|Cc5|C6| D1| D2| D3| D4 | D5 |D6| E1| E2| E3|E4| ES|E6| F1| F2| W3| F4| F5 | F6

Segment ID; Time

Collimated source of 13’Cs 662 keV

Gamma ray
beam




Position resolution

* Collimated beam of '3’Cs 663 keV
* Highest energy point from signal decomposition

Gamma ray

beam .
,) singles




Gamma-Ray Tracking

|dentified

: interaction points
Highly segmented Reconstruction of tracks
HPGe detectors (X,y,z,E1), evaluating permutations

of interaction points

Pulse Shape Analysis
to decompose
recorded waves

Digital electronics
to record and

g

1T

=

process segment
signals

AEE
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Gamma-ray tracking:
Principle of operation

A 3D position sensitive Ge detector
* Electrically segmented

* Pulse shape analysis

of position sensitive signals

Pulse-shape analysis .
Determine

interaction
points

o)
Y
B 9cm
a
1
2

y-ray

i<}
@
N
£
o
&
)
o
-
@
£
&)

Determine
scattering
sequence




Tracking: clustering

First step in tracking is to find clusters of interaction points which likely belong to a single y-
ray scattering in the detector — based on opening angle into the Ge shell

"World Map" showing interaction pts. in Ge shell

(25 coincident y-rays, E = 1.33 MeV) Ge Shell
200.0
- ®
%
150.0 '/ -
100.0 v
v Origin

Any two points with
AB< B, are grouped
into the same

0.0 ~_
2000 -100.0 0.0 100.0 200.0 cluster

0-sin®
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1

E.=E |1-

E
(1
1+ 0.511(1 cos@)]

Assume:
* E\/:Eel'I'EeZ'I'Ee_%
e y-ray from the source

8 angle of next point

8¢ angle calculated fromE y andE .

X>=) (8-8c)°

Sequence with the minimum x?

—> correct scattering sequence
@&” — rejects escaped (Compton) and wrong

— — direction S
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Exercise 4: y-ray tracking

A Geant4 simulation assumes a 2MeV gamma-rays emitted from 0.5¢ moving
particles, and detected by 4Pai-AGATA array.

1,000,000 events are simulated.
The analysis is performed with OFT tracking and the Doppler correction is applied.

The branches in the tree are:
EntrylD: event id in simulation
Energy: gamma energy without Doppler correction
EDopp: gamma energy with Doppler correction
FOM: in the OFT tracking, the FOM is calculated as the probability, so large
FOM means tracking
ninter: number of interactions in one event

Stefanos Paschalis | Prepared by Sidon Chen



Doppler shift and broadening

v+ Av

v

A0,

E, _ \/1_ﬁ2

Eo 1—pcosy,

Broadening of detected gamma-ray energy due to:
e velocity change in target (unknown interaction depth), momentum spread

A6 due to opening angle detector and trajectory of nucleus



Doppler Broadening  ze-24
Energy resolution ﬁg;o;%?ooz

——(dE/E) Total
——dtheta
——dbeta
——(dE/E) Intr.

20 40 60 80 100 120 140 160 180 200
Theta (degrees)



Doppler Broadening

v

} Moving nucleus v+ Av

Magic Numbers Off Stability
Gamma-ray detector

Broadening of detected gamma-ray energy due to:
* velocity change in target (unknown interaction depth), momentum spread
— E.g. thin target (or MINQS)
 AB due to opening angle detector and trajectory of nucleus

— E.g. position resolution of gamma-ray detector and Spectrometer/detector



Doppler correction using position
information

29 x10°
B Doppler corrected using:
= centre of detector
15—
10° ‘
207
i 10_—
15— B
I 5;ﬂ32 keV
10— | TN o e S0 B s Wi S B D trr
- 1%00 1350 1400 1450 1500 1550 1600 1650 1700
- energy [keV]
5_
- Full statistics used
0 i 1 1 I 1 1 1 1 [ 1 1 1 1 l 1 1 1 1 1
0 500 1000 1500 2000 2500
energy [keV]

From F. Recchia, PSD8 conference



Doppler correction using position
information

20:10°
= Doppler corrected using:
— centre of segment
= = centre of detector
15—
10° -
201
15—
10— P S D e ErirSri i Drrarar e B e
- 1%00 1350 1400 1450 1500 1550 1600 1650 1700
- energy [keV]
5_
- Full statistics used
0 i 1 1 I 1 1 1 1 | 1 1 1 1 l 1 1 1 1
0 500 1000 1500 2000 2500
energy [keV]

From F. Recchia, PSD8 conference



Doppler correction using position
information

20 x10°
- Doppler corrected using:
4.8 keV [immiatoniin
- — centre of detector
15—
10° .
207
15—
10— N Y e FERrrerl e i vl e ot vyt v o
- 1%00 1350 1400 1450 1500 1550 1600 1650 1700
- energy [keV]
5_
- Full statistics used
B PSA algorithm:
0 i 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 Grid searCh
0 500 1000 1500 2000 2500
energy [keV]

From F. Recchia, PSD8 conference



Advantages of Tracking

Advantages of Tracking

Efficiency No solid angle lost to suppressors

Peak-to-background Reject Compton events
Doppler correction Position of 15t interaction

Polarization Angular distribution of the 1%t scattering

bonus

Counting rate Many segments

Particularly important for experiments with fast secondary beams
delivered by the fragmentation facilities



Summary

In this Lecture we discussed:

Background and motivation

Interactions of ionizing radiation with matter fAEVE

Detection technology Semiconductors, HPGe arrays

Electronic readout and signal processing [l IR IOYE

Data analysis for g-ray tracking




