JUSTUS-LIEBIG- =
UNIVERSITAT m
ﬁ GIESSEN p — d — .
may AG Duren
| The PANDA Experiment
Ilknur Késeoglu-Sar1

on behalf of the PANDA collaboration

22nd Edition
PANIC Lisbon Portugal
Particles and Nuclei International Conference 2021
2021/09/08
) Rl HGS-HIRe o i TSR, FAIR

und Forschung GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

Helmholtz International Center



; Outline _
/

1. The PANDA Experiment at FAIR

2. The PANDA detector requirements
3. Sub-detectors

4, DAQ system

5. Conclusion




/ The PANDA Experiment at FAIR _

| p-Linac: Facility for Antiproton and lon Research at GSI, Darmstadt, Germany
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PANDA project phases _

Phase-0: Sub-detectors are under construction and they are tested in the
available experimental halls

Phase-1: The first physics experiments with proton will be started as an
initial setup.

Phase-2: Remaining detectors will be installed, full setup will be available.

Phase-3: RESR will be available for high luminosity experiments.




; Phase-1 start setup _
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/ The PANDA Experiment at FAIR _
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; Detector requirements _

e 1.5 GeV/c to 15 GeV/c beam momentum on a fixed target -> asymmetric layout
of the detector.

» 20 MHz average interaction rate

» 47t acceptance

« Efficient online event selection for data reduction - no hardware trigger,
continues data acquisition

« Momentum resolution ~1%

o ¥ detection for 10 MeV - 10 GeV with ECAL

o Particle ID fore, u, K, m,p
e DIRC, dE/dx, ToF, RICH, muon range system

« Precision vertex reconstruction for open charm states, KS
« MVD detector




/ PANDA magnets |

/Combination of solenoid and dipole field, solenoid magnet in
the TS and Dipole magnet in FS.

Solenoid magnet:

 Superconducting coil, 2T magnetic field
e Inner bore: 1.9m/ L=2.7Tm

« Outer yoke: 2.3m/ L=49m

 Total weight = 300t

e Iron yoke is instrumented with muon
chambers.

Dipole magnet:
« Vertical acceptance = 5°

« Horizontal acceptance = 10°
« Total weight 200t
e Field 1T




; PANDA proton targets _

—_— Cluster jet Hz.(15-20bar) Pellet
&N . H
<= o} Fixed target target l “ me target
- w = Ha(liquid)
de Laval nozzle
cluster formation
Cluster
Cooling
system
Skimmer 1
Separationofgas . . Piezo
Beampipe Mo == Nozzle
(gas) o
Triple-point
Chamber
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Cluster Jet target Pellet target
Effective target thickness 1015 atoms/ cm? 5.10'5 atoms/ cm?2
Volume density distribution homogenous Granular
(Primary Vertex)
Size transversal to beam 2-3 mm <3 mm
Size longitudinal to beam 15 mm <3 mm
Target particle size nm scale 20 um

e Pellet tracking system allows to detect the position of individual pellet drop.

e Further target is possible




Tracking - Micro Vertex detector

/Closest detector to the IP
¢ 4-barrels 6 disks

e Innermost layers are hybrid pixel detectors,
outermost layers are double-sided silicon
strip detector.

e Hybrid pixel detector: combination of
semiconductor sensor and CMOS chip

e 100 x 100 pm?
e ToPix ASIC + 0.13 um CMOS tech

e DSSD: Rectangles and trapezoids
e ToASt ASIC 110 nm CMOS

¢ Time resolution: 6 ns

-200 40 100 190

-0 o—++

»

20 70 145  z/mm

e Pixel resolution: 28 um
e Strip resolution: 14 um

¢ Vertex resolution: 50 um (important for D
mesons)

¢ Project Status
e TDR approved arXiv:1207.6581

—e—ASIC prototypes tests & adaptation
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https://arxiv.org/abs/1207.6581
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; Tracking - Straw Tube Tracker _

e Cylindrical shape around MVD

e Layers of 4200 drift tubes with the dimensions Rin =
150 mm, Rout =420 mm, L =1500 mm

® Tubes made of Al-Mylar are self supporting ~1 bar
overpressure (Ar/CO2)

e Resolution ¢ ~ 150 um ,z~1 mm

e Readout ASIC (PASTREC) & TDC FPGA with 0.35um
CMOS

e Project Status
e TDR Approved arXiv:1205.5441

e Readout prototypes & beam tests

®* Ageing tests: up to 1.2 C/cm?
e Straw series production finished

e Module production starting
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/0 Forward tracking inside solenoid
e Three GEM stations are available
e Several layers filled with gas in-between.
e Polar angle range 5° to 22°
e Four projections in radial, concentric, x, v,
e Large area GEM foils from CERN, 50 ym Kapton foil,
2-5 um copper coating.
¢ ADC readout for 35,000 channels
¢ Project status
e TDR accepted
e Advanced mechanical concept

e Readout electronics tests

Beam pipe
hole Window
(sealed) (shielded)

1 x Forward
end cap
EMC

A : L Fotward
Tok Barre s irc
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* Tracking in forward spectrometer
e Six stations are available
e FT1-2: Between solenoid and dipole magnet
e FT3-4: In dipole gap
e FT5-6: Large chambers behind dipole
e Straw-tubes are similar to used in central tracker

e Readout ASIC (PASTREC) & TDC FPGA with 0.35um
CMOS

e Coverage
e +10° in horizontal direction
e +5°in vertical direction
e Position resolution 0.1mm/layer
e Momentum resolution < 1%
¢ Project status

e TDR accepted

® Ageing tests: up to 1 C/cm?

e Readout electronics tests

FT1 FT2

FT5  FT6
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Particle identification - Target Spectrometer
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Detection of Internally Reflected Cherenkov light

Barrel DIR(; Endcap Disc DIRC
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; PID - Barrel DIRC !

/- 48 radiator bars (16 sectors), synthetic fused silica 17
mm (T) x 53 mm (W) x 2400 mm (L)

e Mirror attached to one bar end to reflect photon back Fused Silica Bars

through to readout end. Mirror
e Focusing optics: 3-layer spherical lens
e Compact expansion volume:

30cm deep solid fused silica prisms,

~8200 channels of lifetime-enhanced MCP-PMTs

(Microchannel Plate Photomultiplier Tubes) Focusing

Lens
¢ Fast FPGA-based readout electronics
Fused
~100ps per photon timing resolution il
Prism

e Expected performance (simulation and particle
beams) Photon Sensors

better than 3 s.d. /K separation for entire (MCP-PMT)

acceptance Electronics
¢ Project Status

e TDR published arXiv:1710.00684
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PID - Endcap Disc DIRC (EDD) :

/0 4 independent quadrants Readout electronics Fused silica disc

 high polished fused silica (Quartz), 20 mm
thickness in z direction, 1056 mm outer radius

» Focusing elements convert angle to position
information, fused silica bars and expansion
volume

 Sensors: 96 MCP-PMT sensors with highly
segmented anode

» TofPET2 ASIC readout:
e 24 (ROM)s per quadrant , ~28,800 pixel

Yy - L
A e
Y " " u'u!h, \ " \

 Project Status:
» TDR approved arXiv:1912.12638

ol

 Prototype device is tested in Giessen
Cosmic Stations by using cosmic muons.

Holding frame
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/ PID - Barrel TOF \

/- PID of low momentum particles <1 GeV/c

e Scintillator Tile hodoscope

87 x29.4 x5 mm’
e Readout based on Hamamatsu SiPM
e Time resolution is better than 100 ps

e Frontend electronics PETsys TOFPET ASICs

Project status
e TDR approved
e Study of scintillator thickness (3-6 mm)

e SiPM radiation hardness studies planned

17



/- Focusing aerogel RICH
e Two layers of aerogel with refractive index n1
=1.050 and n2 =1.047
e Flat mirrors
e 7/ K separation up to 10 GeV/c
e i1/ K separation up to 10 GeV/c

e Coverage
e =10° in horizontal direction
e +5°in vertical direction
e Readout with Hamamatsu MaPMTs

e 8x8 anode structure with 6 mm pixel size

e Robust and long-life time

4
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/ Energy measurement - ECAL _

/ ¢ Photons up to 15 GeV/c, good energy and spatial resolution
e Energy threshold: 10 MeV
| I| e Spatial coverage: 98%

l , ® Single crystal rate: up to 100571
-‘:- T C : T = "',?.u‘
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Barrel Forward Forward
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/ Energy measurement - ECAL _

/ Forward Endcap
o 2nd generation of PbWOg crystals (lead tunstate) Barrel EMC EMC

e improved photon yield and radiation hardness

-

e In total 15744 crystals in target region

® Operation temperature: =25 + 0.1 °C multiplies
photon yield x4

2%
=
-
-
-
—
-
e
-
)

e Radiation length: 0.9 cm

|

¢ Moliere radius: 2.1 cm

e Typical crystal dimensions: 20cm x 2.5cm x 2.5 cm

T

¢ Time resolution:
<1ns (=100 MeV)

e Energy resolution: 1% @ 2 %/\/ZE/GeV)

. '.
|/

e Spatial resolution £ 1.5 mm
® 75% of crystals in phase 1

¢ ASIC based readout system (ASIC for PANDA
Frontend Electronics -> APFEL ASIC)

e Project Status
e TDR approved arXiv:0810.1216
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; Energy measurement - Forward ECAL _

/- Shaslyk type calorimeter

e Interleaved scintillator and lead absorber
¢ 380 layers of lead and scintillator

e Active area size 297x154 cm?

e PMTs for photon readout

e FADCs for digitization

e Time resolution 100 ps

e Energy resolution where b =~ (2..3)% and ¢ =~ 1%:

g b
—E:—@C
E VE/GeV

Project Status
e TDR approved arXiv:1704.02713

* Module design 2 x 2 cells of 5.5 x 5.5 cm2 verified

e Tests with electrons and tagged photons
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Muon detector system :

/- Muon range system is required

M - Filter FRS

. i 700 MDTs 900 MDT
* Barrel : 12+2 layers in yoke Target Spectrometer Dipole  RICH geaL :

2600 MDTs

e Endcap : 5+2 layers
e In forward RS: 16+2 layers

e Drift tubes with wire + cathode strip
readout

¢ Project status

e TDR approved

TOTAL : about 4200 MDTs

e Testbeams at CERN, cosmics

® Aging tests up to 3C/cm?2

e Digital FEE (Artix-7) development
Al profile, 0.6 mm

12.3

| Anode wire (Gold plated tungsten, 0.05 mm )

834

o

22



/- Positioned in 11 m downstream of IP

e Goal: to measure elastically scattered
antiprotons in the forward region in the
range of 3 mrad to 8 mrad.

e Roman Pot system
e Silicon Pixel detector
e 4 layers of HV-MAPS 50 um thickness

e Radiation hard and provide high
spatial res.

e Pixel size 80 um X 80 um
¢ Project Status
e TDR approved
e CVD diamond supports available

e Mechanical vessel, vacuum, cooling
ready

oninteracting

transition region
aluminum coated polymide foil
RF-shielding
accelerator-detector

vacuum separation

UHV chamber

One half of a detector plane
liquid cooled down to -20°C

5 CVD diamond wafers 200 pum thick
equipped with 10 HV-MAPS each

HV-MAPS

(High Voltage Monolythic Active Pixel Sensa

multiple scattering ir
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/ Data acquisition \

/- Self-triggered readout

e Intelligent frontends

Physics-event

Intelligent Intelligent Burst-building network with data tructi
e Powerful compute nodes Front-end Front-end pre-processing rec$qi ruction,
(Front-end) (Data Concentrators) (Burst building) 1iering

(Compute nodes)

e Synchronization protocol
SODANET

e High Speed network

¢ Project status
e DAQ TDR is accepted

Single Clock-source
for complete detector

24



; Conclusion )

e Detector designs for PANDA is planned as 2 phases.

e HESR and PANDA detectors are well in time

e Development and construction ongoing

e Installation at FAIR planning 2024

e Studies of physics experiments for Day-1 and phase 1 & 2 still ongoing

e Addressing large amount of physics questions with full setup after 2026
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