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FAIR - Future Eacility for Antiproton and lon Research near Darmstadt

* FAIR a unique facility: various physics programs can be

operated in parallel ’ e 815100
« APPA, CBM, NUSTAR ... : \“‘\ WC/‘L

RIB Target

* Primary beams:

SUPER-FRS
p-bar
Target

* Protons up to 30 GeV/c
« Heavy ions up to 35 GeV/c (U%?) usTAR
» Secondary beams:

* Radioactive isotopes

* Antiprotons up to 15 GeV/c

« High-energy storage ring (HESR) with stochastic §
cooling

 High resolution down to Ap/p=4x10-°
* High luminosity up to 10%2 cm=2 st

* PANDA @ HESR will be one of the key experiments at
FAIR
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PANDA (Anti-Proton Annihilation at Darmstadt) Experiment

p Momentum [GeV/c]

* Physics program of PANDA: 0 2 4 6 8 1012 15
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PANDA Setup

Cooled antiproton beams between 1.5 GeV/c and 15 GeV/c

Fixed target experiment

GEM Detectors Shashlyk Calorimeter

« Hydrogen and other

Forward Tracking System

53 Muon Range System
High luminosity s 1\1 r ’ II \\\ __d \\IWW
1 32 D1 Barrel TOF | l,l’ —~ //
O em=s Micro Vertex Detector \ "‘\ - - \C E H IJ_V/ l ‘ ’ “_:__"/. ;‘7, ;
Mag hets / ‘“.7 7 . ‘ : , _ A ‘ " 'ﬂ:l. "iH‘\T“l%—‘r—rj ' “f‘ // Nayps "ﬁ:]
» Forward 2 Tm dipole — - =— - ,,”" f,/////////////
* Interaction region 2 T sare oire . TOF Wall

Forward RICH

Endcap Disc DIRC Dipole
Muon Detection

EM Calorimeter

target spectrometer forward spectrometer
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PANDA Target Calorimeter - Main Requirements -

Final states with many e*, e and y are the prime

signals

(with forward spectrometer: 4x )
« Inside 2 T superconducting magnet
‘ Compact B
« High interaction rates up to 107 s!

‘ Fast response

« Annual dose up to 30 Gy

‘ Radiation hard

- Effective background rejection

‘ Good energy resolution over huge dynamic

range from 10 MeV up to 15 GeV )
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PANDA Target Calorimeter - Scintillator Material -

« Target Calorimeter based on 15,740 high quality PWO-II
(PbWO,) crystals

« Small radiation length X,= 0.89 cm

« Short decay time T=6.5 ns
* Physics goals require improved scintillators

PWO-1 (CMS)  PWO-IT (PANDA)

luminescence maxi- 420 420
mum, nm

La, Y concentration 100 40

level, ppm

expected energy range 150MeV - 1TeV  10MeV - 10GeV
of EMC

light yield, phe/MeV at
room temperature

EMC operating tem- _
perature, °C +18 -25 _ increases LY ~4x further

energy resolution of

EMC at 1GeV, %

8-12 17-22

3.4 2,0
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PANDA Target Calorimeter - Scintillator Material -

« Main part produced at BTCP (Bogoroditsk Plant of Technochemical Products,
Russia)

« Missing 41% of the crystals will be produced at Crytur (Czech Republic)

* Up to now: 200 PWO-II crystals in PANDA geometry

 All crystals have been tested at the facilities at Giessen in order to
compare the results to the required specifications for PANDA

« Scintillation yield and kinetics
* Optical transmission

* Radiation hardness
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Scintillator Material - Light Yield & Decay Kinetics -
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light yield at T =+18° C/ phe/MeV

« Almost all preproduction crystals pass
the requested spec. limits :

* LY@18°C > 16 phe/ MeV
« LY(100ns)/LY(1us) > 0.9

counts

89 90 91 92 93 94 95
LY(100ns)/LY(1us) / %

9 October 2018 -Markus Moritz- Justus-Liebig-University Giessen



Scintillator Material - Optical Transmission -
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PANDA specification limits:
*T@ 620 nm >70 %
*T @ 420 nm > 60 %
T @ 360 nm > 35 %

Measured along full length:
* No color centers visible

 Stable absorption edge
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Scintillator Material - Radiation Hardness -

» Set of five ®°Co sources

 Crystals irradiated with a dose of 30 Gy within 26
minutes

* Transmission measurement started 30 minutes
after irradiation

« Absorption coefficient (k) has been calculated to

take crystal dimensions into account I(x) =1, -~

Ak:kafter rad.'kbefore rad.
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Scintillator Material - Radiation Hardness -

PANDA specification:
« Ak=<1.1m1 (roomtemp. & 30 Gy)
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Prototype Tests
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‘ Objectives reached, especially at low energies
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1st Full Barrel EMC Slice - Some Milestones -

Assem b Iy Of: Crystal type

{7.6.5 4¥3 2 141 2 3¥4 5 617 8 9:{l0 11

« 710 Crystals in 11 different geometries =
type 1 \
type 6

« 1420 matched APDs after 1st
screening, gamma irradiation, 2nd
screening.

« 360 left- and 360 right-handed APFEL-
ASIC flex PCBs

« 178x3 Backplanes for

« HV distribution and individual
adjustments

« Connection of signal cables, slow
control...

More than 4500 m of signal cables.
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Assembly Procedure - Detector Preparations

* Cleanroom environment
« Rad. hard optical glue

- Several stations available
for precise and parallel
processing

bonding
inspection

4

I Const. pressure for > 2h

_—
« At the moment:

* 40 crystals per week
(one module block)

« 3 slicesper year
« Reflective foil wrapping

* Precise laser-cut foils

« 3D printed capsules
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Assembly Procedure - Modules & Temperature Monitoring -

Crystals inserted into carbon
fiber alveoles

18 differently shaped alveoli are
necessary from 7(-) to 11 (+)

‘ ~ Temp. sensors distributed
- between crystals
PWO-Il ALY/°C =3 % y

* Precise temperature
monitoring of whole cooled
volume necessary

 TDRAT<0.1 °C

« Special ultrathin temperature
sensors developed

* Thickness < 160 pm
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Assembly Procedure - Modules Readout -

electronic boards

support beam
support feet

ASIC

insert will be glued
to carbon alveole

<—— APD capsule

HEEINS «— crystals
) with APDs
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Assembly Procedure - Supermodules & Slice -

' Thermal insulation feet between
cooled crystal volume and
support beam

i
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Assembly Procedure - Light Pulser Monitoring -

un
o

X
‘\ -
g .5 — typical PbWQ, crystal
= * X
=
20 . <— expected annual dose
30 no thermal annealing at -25°C / -13°F
‘ light yield loss due to rad. damage will be annealed
257 with high power LEDS on every crystal
] | | |
20 ‘ for stable operation during experiments
online monitoring system
15 -
10 . . . . . . . . |
0 25 50 75 100 125 150 175 200
dose/ Gy
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Assembly Procedure - Barrel Backplanes -

. Present design: 3 Layers
. HV distribution & regulation
« Adjust bias voltage of 8 APDs
* 50V from HV input downwards in < 0,1V steps
« All channels fed from the same HV source
* Online measurement of APD voltage and

current

. Connector board for ultrathin custom signal

Vsouce
Poti

cables
. Board for FlexPCBs / ASICS E

N-Mosfet

Y
 Connectors to FEs APD
« 8x2 Diff. Line drivers

« APFEL I/F buffers

*  Temp/Humidity sensors
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Forward Endcap — Mechanics-

« Ready amongst others:

* Support frame,
Mounting plate,
stiffenerring,
Front & back plate

« Chillers, pumps &
pipes

/‘ la.—

* Insulation panels 7 ' ‘I
‘ mr al

—
-

—
’L'M
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Backward Endcap

« 524 PWO-II crystals
- Readout: APD & ASICS

* Prototypes Studies:

f crystal 5 crystal 9
6.0k a=(0.91+0.21)% 1 a=(0.77+0.12)% ]
o b= (2.05 £ 0.09)%vGeV b= (2.08 & 0.04)%/CGeV
- ( ) ( )
X : ¢ = (3.40 + 0.98) MeV e = (2.44 % 0.69) MeV
. 5.0k i xg/ndf = 0.61 A szndf =0.19
g v op/E(1GeV) = 2.26% op /E(1GeV) = 2.23%
1= H H H
g 40p R - RS S—— S R S NS S— — - temperature readout
B 3.0k |
z 5. ——|
] e S B .
' crystal 6 crystal 10
6.0k -\ | e=@1r£0259% L \ | a = (0.90 + 0.46)% _‘ copper cooling shell
—_— b= (2.19 £ 0.12)%GeV b= (2.06 + 0.19)%vGeV
X ¢ = (3.10 + 1.63) MeV ¢ = (2.99 4 2.45) MeV Ahatvasi
50kl xPmdf=062 |\ x?/ndf = 3.73 EANeN
g : or/E(1GeV) = 2.50% ap/E(1GeV) = 2.25%
g 40 ¢ : \ : : : :
- line driver pcb
E X (] E— = R :
; —— .i
2.0 —
200 400 600 800 200 400 600 800
Energy [MeV] Energy [MeV]
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Conclusion & Outlook

» Crystals:
» Crytur produced 200 promising crystals
* In the beginning some rejection mainly due to rad. hardness
 All other: already used to build the PANDA detecto
‘ Mass production of the crystals (for the second slice) has started
« Barrel:
 First slice of the Target Spectrometer Calorimeter is assembled

Mass production of the mechanics will start this year

* Forward Endcap:
» Workspace & Tools for final assembly ready
‘ Mass production of subunits has been started
« Backward Endcap:

* New Prototype is used to temporarily upgrade the MAMI electron scattering facility
with a calorimeter
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-BACKUP SLIDES-
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PANDA Target Calorimeter

—_ 2016 |2017 |2018 |2019 |2020 |2021 |2022 |2023 |2024 in 2025 beyond
panda
Phase-0
Phase-1 |ENCTSTTID
start setup . _
|

PANDA Hall availablet installation

commissioning

i hysics as soon
with protons Py

B as antiprotons

become available

Phase-2 D
full setup
installation
physics >
Phase-3

RESR included
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PANDA Target Calorimeter - Scintillatormaterial -
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Scintillatormaterial — Optical Transmission -
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PANDA Target Calorimeter — Readout-

- Barrel & Backward End Cap: LAAPDs VPTT LAAPD
* Forward End Cap
* QOutside: LAAPDs .
 Inside: VPTTs | e
 Very high count rates o 5 — :
- Only 1.05 T Lo <
QE /% 23 80
active area / mm? 200 95.2
dark current / nA <1 <40
gain 50 150-200
capacity / pF 22 270
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Barrel Routing —Signal Cables-

Special Ultra-thin differential
cables developed in corporation
with company BEDEA (Germany)

Maritel - halogenfreies
flammwidriges Compound

Isolation PE
-Cu Legierung 0,16 mm
>

Wicklung AL-Folie

ol
B
i

0,16mm

0,50mm

3,30mm
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Forward Endcap — Subunits-

 In total: 3856 PWO-II crystals

mountplate

« Each subunit: 16 crystals

interface

Preamps inside shielding

crystals

alveole
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Assembly Procedure - Supermodules & Slice -

Slice test Slice Supermodule
turning device assembly  assembly

transportation & lifting unit
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