Position sensitive y-ray

detection with AGATA

Group Report - DPG, Darmstadt Mar. 2008

Qintroducing AGATA
= Why AGATA?
» Ingredients of y-tracking
» CAT — Characterization — assembly
ULatest news on front end electronics:
» Enhanced dynamic range with T.O.T. technique

» Cross talk correction for segmented detectors

dSummary / Outlook




’*Rela'nws-hc exo‘nc beams

Low beam m‘rensn“y
Hrglr‘i" ‘backgrounds
Large ‘Doppler' broadening
High y-ray multiplicities

High counting rates

Need

ngh efflaency
High sensitivity
High position resolution
High Peqk/ Total

High throughput



Idea of y-ray tracking
Compton Shielded Ge

large opening angle

Eon  ~10% means poor energy
Ngee — ~ 100 0 ~ 80 resolution at high
Q ~40% - recoil velocity.

Previously we had to waste scattered gammas.
Technology is available now to track them.

Ge TraCkinq Array ﬁ Combination of:

Enh ~ 50% T esegmented detectors
Nyer ~ 100 edigital electronics

0O ~80% spulse processing

stracking the y-rays
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**’Y"'; (Design and characteristics)

*

LI

MM 41 y-array for Nuclear Physics Experiments at European accelerators

AGATA providing radioactive and stable beams

ADVANCED GAMMA
TRACKING ARRAY

Main features of AGATA
Efficiency: 43% (M =1) 28% (M, =30)
today's arrays ~10% (gain ~4) 5% (gain ~1000)
Peak/Total: 58% (M.=1) 49% (M =30)
today ~55% 40%

Angular Resolution: ~1° >
FWHM (1 MeV, v/c=50%) ~ 6 keV lll

Tl

today ~ 40 keV
Rates: 3 MHz (M =1) 300 kHz (M =30)
today 1 MHz 20 kHz

|2 el

- 180 large volume 36-fold segmented Ge crystals in 60 triple-clusters
- Digital electronics and sophisticated Pulse Shape Analysis algorithms allow
* Operation of Ge detectors in position sensitive mode - y-ray tracking


http://www.crwflags.com/fotw/images/t/tr.gif
http://www.crwflags.com/fotw/images/h/hu.gif

Ingredients of y-Tracking

Reconstruction of tracks

Highly segmented Identified e.g. by evaluation of
HPGe detectors interactions ] permutations
of interaction points
(xly:zlElt)i p
—

Pulse Shape Analysis
to decompose
recorded waves

Ede Conpl Sop  Moeswe Lkbies belp

Digital electronics
to record and

process segment
signals

reconstructed y-rays



Test Cryostat Asymmetric
] Triple Cryostat

'z ATCII

1 detector
e

(3 det: A,B,C)

Acceptance test (CAT)
IKP / Saclay

L

Characterization

Liverpool / GSI / Orsay

!

Assembly in ATC

... See talk H. Hess




Comcudence measur'emerrr Posmon selection

of LIVERPOOL

THE URSITY _ Py o scan Se.rup

*3 sym. detectors scanned

*]st asym. det. being scanned

°Un£or"rung’rely very slow...
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Pr'eampllfler's (Milano, GANIL, Kéln) Dlgmser's (IReS, CCLRC, U-Liv.)

36+1 channels, 100 MhZ, 14 bits—
Preprocessing (Or'say)

A comple’re new development...

AGATA



AGATA

core preamplifier and features

Cold part

|}F

preamplifier

1st stage . 2nd stage 3rd stage
P 11omey) {S | (i >
—> (¢ L[>

( p‘ Ki df—ftrgcTor - | Charge loop Passive P/Z Amplification ) /

~10-100 —_—
MeV) |
[ o De-saturation
1. 8Q§ Pulser | | Disc h_él'@t?l Schmitt trigger circuitry

L S|gnal current comparator )

Background radioactivity:

Individual highly energetic events

introduce a significant
SYSTEM DEAD TIME

Requirement core preamp:

‘low noise (energy + PSA)
‘large bandwidth (PSA)
‘WIDE DYNAMIC RANGE

built-in

preamliieh -

pulser

Development of IKP, cologne

Output

[Output



Mixed reset technique: continuous + pulsed

Ideal non-saturated

output without
pulsed-reset

ADC overflow voltage level

N output without

I\ Saturated
: N pulsed-reset

TT~—— L_ """ -

— 1

Preamplifier output with

!

continuous-reset (50us
decay time constant)

Output with
pulsed-reset

An ADC overflow condition ‘ Pulsed-reset mechanism allows

would saturate the system
for a long while

fast recovery of the output



Time-Over-Threshold (TOT) technique

— second-order time-energy

sl ~ ~ ADC saturation | r'elaTion
> 4L A
® £ 2\
£l k(v -V,)
U — —_ —_
8 1 L J
2 Y
e S contribution of the tail
> ] due to previous events
3 o4r | ]
ER resettmeT | Calibration using built-in pulser:
5 2t 1A :
. E = energy of the large signal
2 0
E 1 L 1 L 1 L 1 L 1 — 1
S . ; ” . P T = reset time
Time (us)

V., V, = pre-pulse and post-pulse baselines

b,,b,, k;, E,= fitting parameters

Within ADC range =) standard “pulse-height mode" spectroscopy
Beyond ADC range == new "reset mode" spectroscopy



241l Am+Be spectrum

15000

3000

2000

-

“reset” mode

10000 -
E 0 (by TOT technique)
© 50008 TTO 7.5 8_IO 8.5 QTU 9.5
I Ener Resolution (fwhm) Resolution (fwhm)
". 2 N 9y in pulse-height mode in reset mode
[
L’/ Reset threshold 56MeV | 10.5keV | 0.14% | 188keV | 0.34%
s 4 5 & 7 9 6.1MeV | 151keV | 017% | 17.1keV | 0.28%
Energy ( MeV/) 7.6 MeV 11keV | 0.14% | 188keV | 0.25%
' 9.0 MeV 15keV | 017% | 189keV | 0.21%
3000 - T . .
At high energies (> 10 MeV)
g 2000f 207 .
: of, wetol ] || TOT mode ~ pulse-height mode
© 7.0 7.5 8.0 8.5 9.0 95
1000 . “w .
F [ ]
* . {[<—"pulse-height” mode
0
s 4 5 6 7 0
Energy ( MeV)




The ideal acquisition chain:
"dual-channel” core preamplifier

~5 MeV lRese‘r threshold ~ 10 MeV
Ist channel € — PP - ——"—"~"F - """ -- - - - - - oS- -- - m-m——m—m—m -
2nd channel |« ~ 20 MeV }{
Result : }4?’4 l ;’4 l -
Pulse-height mode Pulse-height mode Reset mode
(ADC ~ 5 MeV) (ADC ~ 20 MeV) (from ~ 20 MeV on)

Optimum energy resolution at all ranges

A prototype of the dual core board has already been
realized and tests with the AGATA capsule ongoing.




Cross talk correction: Motivation

* Crosstalk is present in any segmented detector
* Creates strong energy shifts proportional to fold

* Tracking needs segment energies !

counts

1-fold 20 % Sum of segment Energies vs fold
2-fold 38 %
1335 — ._ ; ; ; ._ ; ; ; .. |

1
care
sum of segments

- 2folds : Core and Segnﬁent sum centroids vs hitpattern

1332 o0

1331 | .
1330 |-
| ' | ! | ! I ' | ' |
: 1326 1328 1330 1332 1334 1336
1329 |- : : - - - keV
1328 L I i i i i | i 1

A1-A2 A3-F6 B1-A1 B3-F6 C1-A1 C3-F6 D1-A1 D3-F6 E1-A1 E3-F6 F1-A1 F3-F6 F6-F5

...All possible 2fold combinations




A model to describe crosstalk

AC equivalent detector model:

X , : av,
=2 qivi(t;) Fip(t;)— Y Cu £
Y

Ramo theoreme - Extension

B. Pellegrini - Phys Rev B 34,8 (86) p. 5921
E. Gatti et al - NIM 193 (82) p. 651

Crosstalk is intrinsic property of
segmented detectors !

A Miller
Equivalent




A model to describe crosstalk

Segment-to-Core

1 )(~Cu/AC, —Cy/AC,)

1
'Eﬁ _C01/ Cac [ 1 _C12/ Acﬂ

_Coz/ Cac C12/ ACfb 1 R .
C to-S S t-to-S t ; Miller
ore-to-Seg egment-lo-segmen Equivalent
~ 1pF/1000pF ~1pF/(10000 - 1pF)

B. Bruyneel et al - to be submitted to NIM




—_

Segment 2

Core to segment crosstalk in 2folds

Measured (S001)

Simulation

20

’ Segment 1 "

Core to segment
crosstalk is understood

—_
=)

- Segment 2

30

Meas. xxx -0.001
Theory —

* Segment 1"

20

30

~0.002

Comparison of row averages

Segment 1



Cross talk correction: strategy

*Without cross talk:

—Imeas

1 1 1]~ £ ]
1 . O 0 segl
- /OC') ) Esegz
’ %‘Z)’O Ese 3
0O 0 1L 9 Jtrue

*With cross talk + Conservation of calibration :

*TO DO: Inverting non-square matrix = fitting (on event by event basis)

—imeas

1+6, 1+6, 1+6,
— 1 51*2 51*3
& 1 oy
& Gy ]

OLS = Orinary Least Square fitting

GLS = Generalized Least Square fitting

*Fitting combines core + segment energies : increased resolution

true



L 1+, 144,
Measuring the cross talk parameters g 8 -

é;
1

5,

.

a) From singles: T
3




Measuring the cross talk parameters
b) From doubles:

1+, 1+0, 1+8, -

L4
& 1
& 0,




Position 1332keV line

FWHM 1332keV line

Results in values

1334
1332 e —a— —0— —— —4 £
y = -0.0725x + 1332.6
1330
1328 -
y = -2.3239x + 1335.2
1326 -
1324 + A uncorr. Segsum
1320 | ¢ uncorr. Core \
1320 A OLS corrected \\
¢ GLS corrected \
1318 ‘ ‘ ‘ ‘ ‘ ‘ |
0 1 2 3 A 5 6 !
fold
5
45 | 4 uncorr. Segsum T
= uncorr. Core /
44 4 2
OLS corrected / y=0.46x+ 1.64
35 | * GLS corrected A
3
y=-0.04x+ 2.55
2® P S ———
| A o A
2 — y=0.06x+1.91
15 ‘ ‘ T T I I I
0 1 2 3 4 5 6 !
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Results in pictures
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Results In pictures
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Summary

Time over Threshold technique

*A resolution of 0.21% was obtained at 9.0 MeV.

*TOT is to be applied BEYOND the range of the ADC in order to extend
the energy measurement range (10MeV — 200MeV).

Crosstalk in Segmented Detectors

*The intrinsic cross talk limit in AGATA is reached
*A practical method for cross talk correction was presented

*Combination of Core + Segment = increased resolution.

Outlook

«Start assembly AGATA DEMONSTRATOR (5ATC) @ Legnaro (2008)
... First AGATA-like operation

* X %
* *
* *

* *

* 4 *

AGATA

ADVANCED GAMMA
TRACKING ARRAY

AGATA Homepage : http://www-win.gsi.de/agata/
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Schematic of the Digital Electronics and Data Acquisition System
for AGATA
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Peak shift at increasing count rates

Preamp output ( ADC code )

Counts
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The baseline shifts downwards due to AC-coupled preamplifier
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