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Triple Detectors

« Common development with DEGAS (NuStar@FAIR)
Details on the detectors by lvan next week!

Pre amplifiers Veto detectors  petector head

Cold head

Support electronics Veto electronics

H I HELMHOLTZ
Helmholtz-Institut Mainz

www.hi-mainz.de



* Integration into PANDA
» Detector control system

» Digital DAQ system
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« Study of =~ hyperatoms and A\ hypernuclei

o 5
— Energy range <1 (10) MeV \
- PANGEA integrated into PANDA b
— Limited space
— Strong magnetic field . N
— High hadron '

PANGEA
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Integration - Optimization

Ge detectors ~

* Fixed target experiment %/ A O")
— Background peaking forward @\e :
- Hyperatoms/-nuclei at rest: 7 \
Isotropic distribution of y %lmwm .
- Shifted spherical geometry isometric view Frontal view

to even out background
(R=40 cm, O =20 cm)

« Placement options:
— Tilted detectors (18 x 3)
— Straight detectors (20 x 3)

H I M HELMHOLTZ
Helmholtz-Institut Mainz



Integration - Efficienc

Top view Frontal view
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Absorption in target system included!
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Mechanical Integration

1160 mm

Base support

Level adjuster
\

Conical support

Precision rails

PWO crystals

\ Base support

Level adjuster

PANGEA

Target system
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Mechanical Inteqgration

« Stability tested in simulations

* Flexible setup allows
modifications of geometries

Connection rod Module frame

Support frame _ Triple detector

e

LI
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Transformation of setup

* Quick transformation of setups
required

* Modules simplify accessibility
and maintainability of the
germanium detectors

Malntenance position

Process Time requirement

Move PANDA to maintenance position 1 week

Remove EMC endcap 1-2 weeks

Detach STT and remove MVD and beam pipe (central frame) 2-3 weeks

Install target system and beam pipe (central frame), reattach STT 1 week

Build up PANGEA 1 week

Move and calibrate hyperatomic/hypernuclear setup into target spectrometer 1 week

Move PANDA to beam position 1 week

‘ Cool down magnet, pumping, final calibration and commissioning 2 weeks

Total 10-12 weeks

Q!Q'
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DCS - PANDA

e PANDA uses EPICS EPICS

 Distributed control system %

WAN Client LAN Client Databases
H i annel ACCess Eplcs
. Gigabit Ethernet ;; [ﬁ [% th 1A [ m] Supel’visory Layer

C ] C] [ ] =) Control Layer

[QEN [%] [@J ----------- T
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DCS - PANGEA

* DCS subnet for PANGEA
- ¢ |OC for each individual triple detector

Supervisory layer EPICS
- . -
Channel Access T Ethernet .
4 l N
PANGEA control layer
G y PV Gateway
Server
Client
Channel Access Ethernet/Optical fiber
DCS board DCS board DCS board
Triple detector Triple detector Triple detector
\. /
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DCS - PANGEA detectors

12V On

° <12V Status voltage
DCS Board . . DCS board gene?ation _‘ 'SZU%DIy
— Control and monitoring
— Prototyping with BBB
— Common FAIR TR o

development of T
radiation hard board NERE T/
(RISC_V under EQEZT?;D Iseg BPO60674n12

investigation) swsson |, |

Preamplifier and HV board

Y

Yy

~ Check BSD module
Temperature
Sensors
BCEnable |  Backcatcher
- CT Status
<« CT Water Status Cooler

H I HELMHOLTZ

Helmholtz-Institut Mainz

www.hi-mainz.de



DAQ of PANGEA

Counting room

Auxiliary platform

PANGEA

¢ D ig ita I re a d O ut i Compute node i I Data concentrator |—  Digitizer

1Optical fiber Optical fiber

« EMC digitizers suitable: —
— 14 bit | '
— 80 MSa/s

— 64 channels
ADC ADC_64K ADC_64K
L A 1 EMC-FE SHASHLYK
64

Analog (differential)
60 Channels

Compute node : Panda
1

-> single module for  IMMLLE =S
full PANGEA

AC, DC, positive, negative, diff
14-bit (dual range) 11.5-bit
ov

Noise (rms) | 100uV
Data retention/ch. 25us

Active-filter/Amplifier
Optical, SFP, LC-type, 2 Gbit/s

— Adjustable firmware =

- Energy extraction
iImplementable in
firmware

e

» K
-+

Pawel Marciniewski, TWEPP-2017
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Moving window deconvolution

1500

* Original signal with exp.
Aesp(-L) t> o
Decay £lt) = {D Sl |
« Deconvolution AN
Aln] —;r[n}Jri _Z x[k] :2:::

= x[n] — (1 — 1) zn —1]+ A[n — 1] 5°°§ ‘, :

T

» Shortening of the signal :
(highrate) 00w £ oo :

= A[n] — A[n — M] 5001 =

 Low pass (trapezoidal) filter ., S
MAp[n] = % nf MW D[] 1::: E

=MAy[n—1]+ %[A-II-VD,.UIH-] — MW Da[n — LJ) 0 N - N

Applicable in FPGA i s
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Pulse shape analvsis

* More information entangled in signal
 Digitization allows to analysis the full signal
- Study of the rising edge

EERE L I I R
1500 MM:_
1000 — -
: 3 :
500 -
0 - T ! _f

B | | | | | | | B

L [ | [ [ [ [ [ ]

- Recover effects of magnetic fields
- Recover radiation damage
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HPGe in Magnetic field

 Increased rise time by curling of charge carriers within

the crystal :
: : fADC: Struck SIS3300, 8 chan.,
* Broadened and shifted Co-60 line 100 MSa/s. 12 bit
= 700r
21-:!!:*:— - VEGA channel B
2000F 60 | —B =0T
E-ﬁ'ﬂl}_ 500; ....... B=16T
@ 1800[ - o~
> 24000 i
£ 1700 E
$ 1600 83002_ |
g 1600; 200- ,
1400F - e
: 100 -
1300F - i .
Of= pan I"A ----- epemees
5

| 1 | | | | | | | | | | | | | 1 | | | | |
0 2060 2070 2080 2090 2100
ADC energy spectra (ch.)

20

A. Sanchez Lorente et al. , NIM A 573.3 (2007)
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ime dependance
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A. Sanchez Lorente et al. , NIM A 573.3 (2007)
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Rise time correction

o 120

Fit of data and
event-wise correction

VEGA channel B at mag.field=16T

100

— not corrected

0
o

— corrected

Counts/0.64 keV
o
=

: !
520911:— 7
Ba0s0F- - 1.6 Tesla e i
L] o —|5 -
c —
W 2070 ., . _
& 2060 - 10.15 1.2 1.25 1.3 1.35
E r s Gamma-ray Energy (MeV)
£ 2050
1
Q n
2040y G T G 0 0 08 0. 0B 08 1 ©
Rise time (us) A. Sanchez Lorente et al., NIM A 573.3 (2007)

H I HELMHOLTZ
Helmholtz-Institut Mainz

www.hi-mainz.de



=--208Pp - Online calibration

T R
Trigger: 36.3 kHz

=--208Pph Hyperatom :

0.8
i 10
(11,10) 0.6
E,, =411.5keV oal ‘
i 1

h 0.2 7

(10,9) : | .
0 _—c. ;i 10—1
0 0.2 0.4 0.6 0.8 1
E, =558.6 keV Ey, [Mat]
Y2
(9 8) 0+ Ru-106 373.594d o
’ - (100%) 39.4 keV =
I3 ( o) \]+ Rh 106‘ 298s 0.0
51207 B (1.77%) 1.9788 MeV~__ 2+ 15623 MeV
8 % (EC) B (10.0%) 24072 MeV|_ 0+ [v LOSMMeY | 558 ppey
e v 621.93 keV
T o iEC}%r]?T[]. 1440 B (8.1%) 3.0292 MeV —__ 2+ 511.85 keV
keV | keV B (78.6%) 3.541 MeV ~__ 0+ IY 511.86 keV l, ;
1060 *
5 % I:EC]\ kel |§ i Pd-106
~ [
i 800 M.C: Fuss et al. Applied Radiation and Isotopes 69 (2011)
70 ke Py

X Pp 207
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Magnetic fields results

6 6r
- VEGA r EUROBALL |
55:_ ‘ channel B 55:_ -
- B channelC B
- n
_ 5__ “ channelD % _ 5__ - -
:’; C & channel B after caorrection % - *
= | = |
::4.5_ :4.5_
L | o I
E L A E i A
o 4r ] o 4r
g f : o I A
53.55 E 53504 A A,
:::j : - x :‘:j A G AN VAN h
3:_: * 3:— ‘ channel C
:/\ ﬁ B Y channel D
25:_ & 25:— B channelF
L B /\ channel C after correction
2_||||||||||||||||||||||||||||||||||||||| 2_|||||||||||||||||||||||||||||||||||||||
0 02040608 1 1.21.4161.8 0 02040608 1 1.21.4161.8
Magnetic field (T) Magnetic field (T)

« Correction allows recovery

A. Sanchez Lorente et al. , NIM A 573.3 (2007)
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Radiation damage

n-Type @ 110K

16 -

 Neutron irradiation: L

— Decrease of HPGe
performance ;

— Trapping of charge iw

carriers (holes) Cweco s aees  ooocos

Neutrons/cm? on detector face

Width (keV)
=
o

E. H. Seabury et al. 2013 IEEE Nuclear Science Symposium and
Medical Imaging Conference (2013 NSS/MIC), Seoul, 2013,

-> n-type more resistant

Frenkel pair

Primary
knock on
atom ;
Vacancy ———

\ Transport /
Electrons ofenergy (%"

by focusing
impact

Defect

cluster
~ 200A

Electrork

Damaged zone Interstitial atoms

o
i

VWA

p-type coaxial n-type coaxial
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PANGEA - radiation damaqge

« PANDA: crystals with up to
1*1 010 nlcm2 W|th|n JESSICA tank

experiment (180 days) % L. et
7 / =
+ Test beam @ COSY %/

(FZ Julich, Germany ) o

« E.-m.-cooled prototype with \\ ]
1 EUROBALL crystal (n-Type) f:

— Neutrons produced in
p(2.78 GeV/c)+C:
similar to p+C @ PANDA

— 5.6*1079 n/cm? in 5.5 days
- 94 days of PANDA

,—r
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vy Spectrum after irradiation

:: Before irradiation |,
S0 L o | o
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AGATA — radiation damage

« Segmented detectors

e Extract interaction position
within the crystal

Before correction After correction

A B C D E F
1000}
A X A A A s
1000 A A
A A { / M
. N A ,/)\\ A —A A
O 000} A i f A A
3 \ '\ u\ '}
£ A A | A LA | A =
Srooo \ ”1 /’ \ A ;\ J\l §
ZA AN A\ A N\ A\
energy
1000+ A ’/\ f\ A f\ f\ 2
I\ 7\ AN = a A A\ E
1000 A A A A A g FWHM 4.14 // A
] A :
1 4’\1 =/ ., 1 —/4/\1 1 -’[\ [ .'/kn 1 -;4’\1 _7 \
1320 1330 1320 1330 1320 1330 1320 1330 1320 1330 1320 1330 7 \
Energy (keV) g

B. Bruyneel et al. Eur. Phys. J. A (2013) 49: 61
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Pulse shape analvsis

‘\\\ Amp N | | 11mn:| k I interaction
« EUROBALL crystals not / d\‘a“*m Pl
segmented! | R R

 PSA allows to extract \
iInteraction depth p*

— Information in rising T e e e
edge

24mm
:J; 30mm |

]

a.u.]

— Rise time not unique i‘5°°_goo/JJ __________________ &20%0g0s; I
— Current signal has 2 puse | 21900 o
. 3 I : | E [ ]
unique r dependence © | | oot ]
500~ ! — i ]
> T(ln) ~T(Go) L =
0 ETs.?' 20 20.2 196, 1éat‘ N 20
10 “Im 90 T|me lLs] 10 Imax T|me lLs]
fADC: CAEN v1724, 8 channel, Small r big r

100 MSa/s, 14 bit
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Data analysis

Pulse height [a.u.]

t'll.'JImml: [].LS] t'll.'JImml: [].LS]

Before irradiation after irradiation
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Application of the correction

5 5 18805 ,
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TRIGA — new tests

More systematic test required

 TRIGA - fission reactor at
Mainz university

— Up to 100 kW
— High flux of neutrons

— Fast neutron spectrum o
poorly known

EJ299-34 plastic
—— neutrons

A
10 —— gamma-rays

* Pre-test with scintillating
detector performed in january 4

_ AnaIySiS OngOing 0 100 200 300 400

time (ns)

103

amplitude (normalized)
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« PANGEA shares its detectors with DEGAS

« PANGEA designed to perform within PANDA
spectrometer

* Distributed DCS system using EPICS

* Digital PSA useful to recover from the effects of the
magnetic field and radiation damage
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