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-“RelanvuShc exo‘l'ic beams

- Low beam m‘fensu’ry - PHigh efficiency

- ngPf’ bqglggrounds :  *High sensitivity

+ Large Doppler broadening -High position resolution
- High y-ray multiplicities ‘High Peak/T tal
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Idea of y-ray tracking
Compton Shielded Ge

large opening angle

Eo ~10% means poor energy
Now — ~100 0 resolution at high
Q ~40% 6~8 recoil velocity.

~ 0

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

Ge Tracking Array ﬁ Combination of:
€.on ~ 50% 1 segmented detectors
N, ~ 100 digital electroqics
*pulse processing
Q ~80% ‘tracking the y-rays



* X &

AGATA .k

(Design and characteristics) *
41ty-array for Nuclear Physics Experiments at European accelerators
providing radioactive and stable beams

ADVANCED GAMMA
TRACKING ARRAY

Main features of AGATA
Efficiency: 43% (M,=1) 287% (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 Ill

lml = l=THl

today ~ 40 keV
Rates: 3 MHz (M~1) 300 kHz (M,=30) ——
today 1 MHz 20 kHz 2z [N

- 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 ftracking


http://www.crwflags.com/fotw/images/t/tr.gif
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Ingredients of y-Tracking

Reconstruction of tracks

Highly segmented Identified e.g. by evaluation of
HPGe detectors interactions permutations
of interaction points
(XIYIZIElt)i i

I
Pulse Shape Analysis
to decompose
recorded waves

Digital electronics
to record and

process segment
signals

:::::

reconstructed y-rays



* AGATA Triple cluster
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Tripel Cluster: Energies of 111 channels

C002 — FWHM [keV] B002 — FWHM [keV]  A001 — FWHM [keV]
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L[]
L]
L[]

igitiser's (IReS, CCLRC, U-Liv.)

- R
36+1 channels, 100 MhZ, 14 bits—
Global Trigger and Synchronization (PCldOVO) Pr'epr'ocessing (Or'say
— — e =

A complete new development

AGATA



* Core preamp & pulser



AGATA DUAL core preamplifier

Cold part of Warm part of
preamplifier preamplifier
1st stage 2nd stage 3rd stage
7 (5 1-10Mey) b >
\\>> | vz
S | i 1
pi Ki H deFtrgcTor - | Charge loop J Passive P/7 — | Amplification } [ /
(2 10—100 MeV) . L . _/\428_ 1T
. ooy De-saturation
BaCkground r‘adIOGCT“/'TY' 1'893 Pulser Dischargel Schmitt trigger circuitry
I d : d | h h | : L signal current comparator
ndividual highly energetic events = /

introduce a significant
SYSTEM DEAD TIME

Requirement core preamp:
‘low noise (energy + PSA)
‘large bandwidth (PSA)
-WIDE DYNAMIC RANGE

Output

[Output

“Low noise, dual gain preamplifier with built in spectroscopic pulser for highly segmented high-purity germanium detectors”

G. PASCOVICI et al. - WSEAS Conference, Bucharest, Romania, June 24-26, 2008



New reset technique

Tdeal rurated \ Saturated
eaTno;\-S?ﬂ:Jr'aTe B N N output without
output withou I N pulsed-reset
pulsed-reset I S
I S
L =l ~ = ~<_
—————————————————————————— -.-—————————————-——5—:—"&—_-
ADC overflow voltage level = -
—~—— salng At

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 ‘ -high countrates (throughput x 5)
for a long while *high energy detection (upto 200MeV)

“Time Over Threshold” (T.O.T) : At L E




24lAm+Be spectrum

15000
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| <«— reset” mode

10000 1600
(by TOT technique)
5] 0
50001
I Ener Resolution (fwhm) Resolution (fwhm)
". Fe N 4 in pulse-height mode in reset mode
|
PR 5 . 5 6.1MeV | 151keV | 017% | 17.1keV | 028%
Energy (MeV') 7.6 MeV 11 keV 0.14 % 18.8 keV 0.25 %
' ' ' ' ' ' 9.0 MeV 15 keV 0.17 % 18.9 keV 0.21 %
3000 o0 . “ . ’"
| «——"pulse-height” mode
@ 2000 ol .
[
3 0
O

1000

Energy (MeV)

Universal instrument

Energy range 20keV-200MeV

Optimum resolution




 Characterization & PSA



Weighting potentials

Weighting potential
for this segment

Weighting potential:

eReveals amount of
induced charge

eOne for each electrode

o| aplace solution

Observables:

oCurrents towards
electrodes

*Depend on motion




Mobilities : Intro

eMonocrystalline Ge

ePeriodic potential

U

Bloch electrons:

eWave vector K in

first Brillouin zone
eBand index n

L ongitudinal anisotropy
|v,| angle dependent

sTangential anisotropy

/ﬁ crystal symmetry:
[100], [110], [111]

[001] o




Electron and Hole Mobility in Ge
z

Electrons

Electrons

a
—=[111] ®[111]
T

0

% [010]

x UK
[010] [110]

53
1{110]

*Phys.Rev. 130(6):2201-
2204,1963

edistributed over 4
ellipsoidal valleys

eeach valley is Maxwell-
Boltzmann distributed

eintervalley scattering
defines valley population

[k )ocexp

[001]

(L1100

FERERRIN

eno applicable model
available. — own model:

eonly “"warped” heavy
hole band is important

«"Streaming motion” —
drifted Maxwell-
Boltzmann distribution:

1tk —ky)* [2mk,T,




The anisotropic Hole mobility model

Anisotropy: Radial velocity T'angential velocity

92
S
.
S
0
P
L

Electrons v, mainly
slower near [111], Holes
v, mainly faster near
[100]

»Tangential components
0 along symmetry axes
and largest near
directions of strongest
longitudinal anisotropy

T
nr".fl{r'.'ilnﬂ'u"“"




Comcudence measurement Posrl'lon selection

THE UNIVERSITY : ﬁk\ A
of LIVERPOOL

Nal energy (keV)

B

374keV _,288kev

230

Scdn setup
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Scanning - examples
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Scanning - examples
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Scanning - examples
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* Crosstalk studies



Cross talk correction: Motivation

* Crosstalk 1s present in any segmented detector
* Creates strong energy shifts proportional to fold

* Tracking needs segment energies !

1-fold 20 % Sum of segment Energies vs fold
2—fold 38 %

(el I — I ! j ! ! T '

counts

T
core
“sum of segments

Energy [keV]

2f01§ds : Core and Segment sum centroids vs Ehitpa‘ictern
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1
sC

A model to describe cross talk

Segment-to-Core

] 1 )[-G/4C, -G, Ac)

O— }c;,l/ [ 1 -G,/ Acﬂ

g-qn/ C,J\|—GjAC, 1

Core-to-Seg Segment-to-Segment
~ 1pF/1000pF ~1pF/(10000 - 1pF)

Crosstalk is intrinsic property of
segmented detectors !

B. Bruyneel et al - NIM A 599 (2009) 196-208
E. Gatti et al - NIM 193 (82) p. 651

Miller
Equivalent

Do




Cross talk correction: Strategy

*Without cross talk:

*With cross talk: (E,.0 O+9, 1+9, 1+9,0
2 O

All matrix elements measured



2° AGATA triple cluster detector

Energy dependence of xtalk-effects on ATC2

ﬂﬂ 20 40 Elﬁ S;D 1?0 xle-3
0.8
20 1 0.4
Crosstalk analysis of ATC2 o0
40 |« .
cross talk contributions g’]
o 1-0.4
~ 103 (blue areas) m
within the detectors E 50
A --0.8
cross talk level between
Different detectors o} | 1.2
<10° (yellow areas).
-1.86
100 -
-2.0

Hit Segment



Cross talk correction: Results

FWHM 60keV: 1.20 - 1.02!

?5#0 ?EFD ?EFO ?EPD ?EFD ?Eﬁﬂ ?EFD ?EFG ??PD ??FD ??ﬁﬂ ??FD ??FD ?EPD ?BFD

5 Details: 1.3MeV line l Corrected |
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* AGATA — present status



Schematic of the Digital Electronics and Data Acquisition System
for AGATA

Pulse Shape
Analysis

All other

detectors
e s Data
\ Digitiser Readout

Pre-Processing

036+ lt Digitiser
Htpurs for core

Pre-processing
plus control,
Clock, trigger
interfaces

Trackmg
Event
Building

Global trlg ger and e Data format
| clock system . Online §
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Segment level processing. energy, time
Detector level processing: trigger, time, PSA
Global level processing: event building, tracking, software trigger, data storage



Six digitizers are placed in the structure and water cooled
(power supply available for three of them only).



GTS and pre-processing

6 carrier boards, 21 segment mezzanines, 5 6GTS mezzanines
available and working with preliminary version of slow control.
Data from digitizers transmitted via optical fibres.



Computlng farm

Disk server

PSA farm
(CMS/ALICE TIER-2)

with PCIe readout

P
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Computing farm ("pizza boxes") for data acquisition with
online (in real time) application of pulse shape analysis and
y-ray tracking.

Several TBs of disk space available at the LNL TIER-2 site.
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Cross talk : intro

Baseline Shift in A1 (keV)

For any 1406keV single event in the detector: Segment Iabeling:
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Measuring the cross talk parameters

a) From singles:




Position 1332keV line

FWHM 1332keV line

Results in values
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Core to segment crosstalk in 2folds

Simulation

Measured (S001)

o
5
£
3
Segment 1 Segment 1
\ \
‘Highly Quantitative agreement  weas. Comparison of row averages
between theory and observation  Theory X7
X X
‘Fundamental cross talk limit reached | | | MAESal |

Segment 1



A001

Cross talk in Triple Cryostat
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+ Measured Cross talk

B0O02 in Triple Cryostat @ 5000 V - Core to Seg Xtalk (theory)
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Developed preamplifiers

PACAGA5A
(GANIL)

PB-B1- Ml
(Milano)

AGATA _
core-pulser
(Koeln)

1 Channel
version

Bottom view

Triple segment preamp on
FR4 substrate
Mod. “PACAGA5A” — GANIL
B. Cahan et al.

Triple segment preamp on

alumina substrate
Mod. “PB-B1 MI” — Milano
A. Pullia et al.

Core preamplifier & built-in pulser

on FR4 substrate

Mod. “AGATA core-pulser” — Koeln

G. Pascovici et al.

A. Pullia, G. Pascovici, B. Cahan, D. Weisshaar, C. Boiano, R. Bassini, M. Petcu, F. Zocca, “The AGATA charge-sensitive
preamplifiers with built-in pulser and active-reset device”, Proc. Nucl. Sci. Symp., October 16-22, 2004, Rome, Italy




B C: HV = 10V D: HV = 100V

Depletion of a HPGe detector

A: Bare HPGe germanium crystal
symmetric AGATA detector

B: Geometry in simulation
The HV contact is colored yellow

C-G: Undepleted volume
as function of HV.

(assumption: 1010 impurities / cm?)

E: HV = 1kV F: HV = 2kV G: HV = 3kV



