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Bound States of QCD

spectroscopy and scaJering

- quark model states and their interaction

 - exotic states

 - glueballs
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Partonic Nature of Hadrons

scattering and spectroscopy

- parton distribuOons

 - generaOon of mass

 - quantum number decomposiOon
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Overview

• AMBER has been approved as NA66 
experiment in December 2020

• AMBER inherited, extended and modernized the 2-stage spectrometer of the COMPASS collaboraTon

• at the M2 beamline at SPS  muon and 
hadron beams 60 – 250 GeV

• the CollaboraTon consists of ~200 
physicists from 34 insTtutes

• Approved Phase I physics: 
• �̅� production cross-sections
• proton radius
• pion/kaon structure functions

• Intended Phase II physics (>LS4): 
• strange-meson spectroscopy
• kaon polarizability
• prompt-photon producTon

• two new groups in 2022
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• Pion and kaon partonic structure via Drell-Yan 
processes: separate valence and sea contributions in 
unprecedented precision

• Proton radius via muon-proton scacering, 
recoiling proton and scacered muon are 
measured in coincidence: unique in terms of 
systemaTcs control

Mass budgets: emergence of the 
light-hadron masses is linked to both 
the QCD partonic structure and to 
confinement

• An4-proton produc4on cross sec4ons in p-He and p-p collisions 
to constrain cosmic dark-macer search data: unique data sets in 
unexplored beam momentum range 60-250 GeV/c, successful p-
He data taking in 2023

RICH PID: Cerenkov angle vs. momentum

𝝅! 𝑲!
𝒑

𝝅" 𝑲"
#𝒑

𝝁′ 𝒑 𝝁 

beam tracking 𝜇′ tracking 

• early-career DOE fund for 
the Los Alamos group 
(vertex detector)

Physics Program



The engagement of the German groups focuses on the parts of the program where long-term 
experOse is proven, concerning hardware and analysis (proton radius, in phase 2: meson 
spectroscopy, low-energy constants, meson radii).

Most new detector developments have been successfully tested as prototypes.
Many of the BMBF investments into COMPASS in the past two decades will be uOlized.

WP’s and responsibili5es
• Triggerless DAQ and HLT (Freiburg, Mainz, Munich, Prague, Warsaw)
• High-pressure hydrogen TPC (GSI, PNPI, Glasgow) 
• C/W, LH2, LHe target (Lisbon, CERN, Prague, Virginia, Yamagata) 
• SciFi/Silicon Pixel tracking staOons (Freiburg, Munich, Giessen, Torino) 
• DY vertex detector (Illinois, Los Alamos, Torino) 
• Large-area MPGD detectors with self-triggering readout (Bonn, CERN EP-DT, Torino, JINR) 
• Self-triggered electronics for ECAL (Munich, Giessen, Trieste, Warsaw) 
• Upgrade CEDAR electronics for high rates (CERN, Warsaw) 

Deutschland
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Current Status: TPC 
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• Last FAIR review: physics reach and program rated world-class and unique

• Yet, severe impact of FAIR delay and cost hike, world poliOcs etc.

• Detector construcOon progressing well unOl recently (large Russian 
contribuOon missing!)
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COSY Campaign

BeamTmes - 2740 MeV/c protons (Aug 7 – 11, Sep 11 – 15, 2023)

 25

Energy calibration

Calibration can be done via cosmic tracks or via minimum ionizing particles from beam data.

Examples for single crystal cluster energy distribution
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COSY Campaign

BeamTmes - 2740 MeV/c protons (Aug 7 – 11, Sep 11 – 15, 2023)
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First quick analysis - pandaroot

Faint line visible 

Invariant mass of 2 particles vs photon energy (one run of 2nd beamtime ~20min):

preliminary

 28

First quick analysis - pandaroot

preliminary

 → first quick analysis looks promising!

Invariant mass of 2 particles (one run of 2nd beamtime ~20min):

preliminary

preliminary
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COSY Campaign
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COSY Campaign

In parallel:

Successful test of hardware and readout for 
the luminosity detector (based on HV-Maps, 
Bochum, Mainz)
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Detector Component Status

J. Schwiening, GSI

PANDA Barrel DIRC

§ German In-Kind contribution, 100% project funding for construction via GSI
Close cooperation between GSI, FAU Erlangen, GU Frankfurt, JGU Mainz, HI Mainz

§ Key component of the PANDA PID system, innovative design

§ Series production of MCP-PMT DIRC photon sensors underway
(Photonis Netherlands BV), QA measurements performed at FAU Erlangen
(A. Lehmann et al., supported by BMBF and GSI)

§ Preparation of fused silica DIRC bar assembly at HI Mainz near 
completion, tooling and gluing procedure documented, review pending

§ Long-term study of impact of material candidates considered for 
construction of DIRC bar boxes on bar surface reflectivity started at GSI

§ Preparation of first-item vertical slice “sector #0” for detector tests 
starting in 2026

2D quantum efficiency scan
at FAU Erlangen

Photonis MCP-PMT

Bar gluing fixture
in DIRC lab at HIM
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PANDA Component Use

Cluster jet target (Münster) Backward EMC (Mainz)

Measurement of the electromagneTc
transiTon form factor of the π0 in the
space-like region via Primakoff
electroproducTon at MAMI in the A1
experimental hall



Commissioning of and Physics with the PANDA-FW-EMC at ELSA

Non-strange baryon spectroscopy:

Gain a complete picture of the light-
quark 𝐍∗, 𝚫∗- baryon spectrum:

▪ Polarized photoproduction off the 
polarized proton and neutron!

 unambiguous PWA not possible without the 
measurement of polarization observables

▪ Multi-meson photoproduction

Strange baryon spectroscopy (𝚲∗, 𝚺∗):

More states expected than in the 
u, d-sector but much less states found so far!
 Do they exist ?
 Are they consistent with SU(6)xO(3)- symmetry?
 Nature of the observed states=?

e.g. Ʌ(1405), 2-pole structures / multiquark-states?

PDG’2022: “.., the field is starved for data” 

4𝝅 measurement of photons and 
detection of charged particles
smax = 2.6 GeV

+ polarisation measurements

preliminary

Λ(1405)
Λ(1520)

background sum

Use of PANDA equipment and
know-how in co-operaOons:

BWEMC: MAMI, Mainz
MAPS:  Mainz
Tracking (Straw detectors): 
   HADES
FWEMC: ELSA

Barrel EMC ?



Barrel EMC

1st slice of 16

cooling tests
@Giessen

2,8 m

Tilt of 4º

Tilt of 4º downstrem
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Status

PANDA is outcropping into hadron physics in a variety of sedngs, contribuOng 
equipment and expert know-how.

PANDA is exploring opOons and scenarios in discussions and simulaOons, e.g. usage 
of available equipment, ramp-up scenarios with reduced set-ups.
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Summary

• German hadron physics is very much alive.

• New exciOng developments.

• AMBER is taking data and gearing up for more.

• PANDA is commissioning and using equipment for physics even without 
anOprotons, while preparing for FAIR operaOon.


