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Facility for Antiproton and lon
Research (FAIR) @ GSI, near Darmstadt

SIS100 can accelerate:
- proton: up to 30 GeV ~

- heavy ion: up to 2.7 GeV/u ﬁ
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Facility for Antiproton and lon
Research (FAIR) @ GSI, near Darmstadt

HESR:
- Accelerate antiprotons in [1.5, 15] GeV ~

- Accumulate up to intensity of 10! (in 1000s) Q.
- Design luminosity: 2x103%2cm-—2st ﬁ »
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- Accumulate 101%-10* anti-proton (in 1000s) P



Ty,

FAIR

FAIR — Facility for Antiproton and lon
Research in Europe
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FAIR —— Facility for Antiproton and lon Research in Europe FAIR Site in Aprél 2021

“Report from the Technical Coordinator” Lars Schmitt, PANDA Collab Meeting 21/2




PANDA Day-1/Phase 1/Phase 2

PANDA = antiProton ANihilation at DArmstadt

Cluster Solenoid Muon Dipole Dipole Muon Luminosity
& Pellet Det Magnet ToF Range Detector
Target System

Not shown:
Hypernuclear
Setup




PANDA Schedule

Current Status

* Construction of many Phase 1 systems has started

* Integration and infrastructure planning progressing

+ Delays in several parts due to delayed funding or contracting

* Covid-19 needs to be accounted still

Installation periods according to present plans
* Installation period 1: solenoid, dipole, supports etc. in parallel with installation of technical building infrastructure

* Installation period 2: all other systems after building completed.

Boundary conditions for plan revision
+ Completion of PANDA hall 2 years later than initially planned
+ Start of installation period 1 on June 6 2024

» Mitigation: testing and pre-assembly of parts at other sites, storage

Ready for beam end 2026



Electromagnetic Calorimetry

 PANDA physics: Complete reconstruction of multi-photon and lepton-
pair channels of importance

 Good energy and spatial resolution for photons up to 15 GeV

* High yield and background rejection

« Target spectrometer: Homogenous barrel part plus two endcaps
 Forward spectrometer. Sample calorimeter




Electromagnetic Calorimetry

2"d generation PbWO, (PWO-II), improved « Shashlik type sampling calorimeter:

light yield, radiation hardness, 15744 crystals Lead absorbers, plastic scintillators, light

Operating at -25°C (x4 light yield) collection by wavelength shifting fibers,
Read out: Large area APDs (2 per crystal), PMT readout
vacuum photo tetrodes (inner forward endcap)

wi 4}5_§ ® Experimental data
Radiation |ength 09 cm Co o ——— Experimental data fit
===+ MC data fit
Moliére radius 2.1 cm A
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Time resolution | < 1 ns (> 100 MeV)
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Structure of Code

G3VMC |—{ Geant3 J

G4VMC |—{ Geant4 |
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PANDA Data Flow

Event
Generator

U

Transport

o

Digitizer
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Tracking
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Particle
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Analysis

* Dual parton Model
™ Ultra Relativistic Quantum
Molecular Dynamics

EvtGen| |DPM’| |Pythia6/8| |[UrQMD ™[ |FTF
—— CGEANTS/GEANTA L
MVDI|[STT||FTSJGEM| TOF||DIRC|[MUON|{EMC
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Analysis
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Roadmap of EMC Software Work
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Barrel EMC Geometry Description
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Digitization

— Digitization Rootification

EVTGEN HITS DIGITS SHOWERS TTree/THist

\
PndEmcPoint—
Signal Generator (SG)
Preamplifier * Analog waveforms creation
APFEL ASIC/ > * Noises generation
Basel LN PulseShape » Digitization
) * Pile-up waveforms creation
I
1 I _ Time-
creA Feature Extraction (FE) based
* Hit detection ased
simulation

« Amplitude/time extraction

CPrdEmeDIgD * Pile-up recovery /

Hr: RUESFFVFINEFEREIMERNEPER
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Backward EC / Barrel EMC Digitization

detector

scintillation
light

EMainz&1E

« Large area APD (7x14 mm?)

« Capacitance: 270 pF (full depletion)
« Operated at gain ~200

« Two APD per crystal

« Charge sensitive preamplifier: APFEL

(ASIC for the PANDA Frontend ELectronics)

., * Reads out two APD (one crystal)
« Low noise input stage
« Shaper (~1 ps shaping time)
« Two main amplifier (gain 1 and 10)
= 4 output signals (2 APD x 2 gains)
« Low power consumption (~100 mW)

W 1S

L33l charge shaped
il -—g> APFEL | 212PeC I
APD signal
line driver
10 m cable =
| SADC board
digitised hit °
> FPGA
signal mformatlon =
,I»Q\J

(14 bit, K
80 MS/s) 2

Programmi ng  Optical Link

* Developed at
University of Uppsala
by Pawel Marciniewski

* 64 ADC channel

* 14 bit

* 80 MHz

* Two FPGA's

+ Two optical links

logue Input ~ ADC (8 Channel)

PP+ FFERER

Duo APD
readout

readout*4
Two-gain
amplifier -
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channel
FPGA*2
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Backward EC / Barrel EMC
Digitization

APFEL Pulse (SADC)
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Digitization of Shashlyk

Calorimeter
.

=90 em

Signal Generator (SG)

| Eam + Analog waveforms creation
>— * Noises generation
| E— + Digitization
sAD c * Pile-up waveforms creation
\\ T \ Time-based

Feature Extraction (FE) . .
Wavelength-shifting fibre PndEchaveform . Hit detection simulation

* Amplitude/time extraction
¢ Pile-up recovery

PndEmchgl

Signal Generator ({§274%)

|Idea pulse shape: 200 | * Generated signil
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Noise and diqitizing:
- Adding electronics noise: 1 ADC 7
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Digitization of Shashlyk
Calorimeter

Feature Extraction (4¥{E3ZEY)
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MC Truth Match

overlap

Reconstruction
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Study of Energy Splitting
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Study of Energy Splitting
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Calibration Algorithm

Based on 7° mass

Ereignisse Akkumulierung Fitten Korrektur
Ereignis 1 = > N > [[AIc)> €}

3 95%
£

B> Cq

miyy Gi> Ce

iy B> Co
>

mnn

w speichern

Abbildung 6.1: Schematische Darstellung des iterativen Verfahrens zur Kalibrierung des elek-
tromagnetischen Kalorimeters.

Ereignis 3




Calibration Algorithm

Initialize

Update

Data Buffer

== Il

Yes._ t\
" No -

™o candlda.ltes lteration? ———  Finalize =
<crylD, entries> : ; G>J
i . A L
L—Jﬁ/ myA,B
l Calib consts
Calibrate ——» <crylD, value>

* Input / Output check: output consistent with input gain

fluctuations

* Multi-threads implementation

m(n?) corrected

x1 0°
N —— m(n°) corrected
: Graw - 0-067 — m{zn" raw
200+ O-CI‘W — 0 _038 —— m(n’) before smear
L --m-: TLine
|6, =0.040
| |My,, = 0.13465
100 Mgy = 0.13490
i m.;= 0.13558
(P 08

e
0.1 0.12
m(yy) (GeV/c?)
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Summary and Plan

 Geometry / Digitization /
Reconstruction / Calibration

« Extend the energy splitting algorithm
from barrel to whole EMC

 Boundary effect is close to be solved

of calibration algorithm for barrel part,

and calibration algorithms for two
Endcaps and Shashlyk

« Update and optimize reconstruction
algorithm

« Time-based simulation

=
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On behalf of the PANDA Collaboration, we award the

PANDA
Outstanding Achievement
Award 2020

Tothe Chinese PANDA-EMC groups lec by Sun Shengsen
for their PANDA Achievements Concerning “"Software”
ndl chnolagy of

spdating the
a zh dxnza o
\

0 the test beam data and firmware
reconstruction software and the calbrati
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