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The PANDA experiment at FAIR
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* Antiproton beams (1.5 — 15 GeV/c)
* Antiproton-proton and antiproton-
nucleus interactions

o Ap/p<5x107° Phase 1+2

o L~103cm?2s! ¥4

Cluster & Solenoid  Muon Dipole Dipole Muon Range Luminosity

Pellet Target Magnet Chambers Magnet ToF System Detector .
production target

Phase 3 (+tRESR)
High Luminosity (HL) Mode

o L=2x10%2cm?s!
o Ap/p<2x10*

MVD STT Barrel GEM FE Disk FwdTrk Fwd Fwd Fwd
DIRC & ToF EMC 1&II EMC DIRC 1&1 RICH ToF Shashlyk

Sub-systems not available in Phase 1 2



Study of the nucleon structure at PANDA f
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Time-like electromagnetic form factors p —Imm d
Transition distribution amplitudes (TDAs)

Generalized parton distributions (GPDs)
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Proton electromagnetic form factors G and G,
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* Precise measurements of the time-like proton form factors over large 2 range
* Electron and muon final states: consistency check of the results and study of
systematics (from radiative corrections, event selection,....)

* Study of the proton factors in the unphysical region (M. P. Rekalo, Sov. J. Nucl. Phys. 1
(1965) 760; C. Adamuscin et al. Phys. Rev. C 75, 045205 (2007))



Feasibility studies: time-like proton form factors @ PANDA

Simulation & Analysis with PANDAROoot

Signal processes pp—=1U"l" (I=e,u)

Event selection:

» Cuts on kinematical variables: Production angles (back-
to-back in CM system), & Invariant Mass.

» Signal/Background separation based on:
» For ete : Different sub-detector information like
EMC, STT etc. contribute to PID

» For nu'p : Boosted Decision trees + cuts
Detector information MAINLY from Muon System
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Proton electromagnetic form factors at PANDA

PANDA, L=2 fb! PANDA Phase 1, L= 0.1 fb!
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|Ggl, |Gyl and their ratio (R) are determined from the measurement

of the angular distributions of the final state proton
PANDA Collaboration

« EPJA 52 (2016) 325
« EPJAS57(2021) 30
EPJA 57 (2021) 184

Precise measurements of the lepton angular distribution over a
wide range of g2

Data with muon channel will be provided by PANDA



Proton electromagnetic form factors at PANDA
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* Low statistics data samples: measurement of the integrated cross

section and an effective form factor G ¢ (|Gg|=|Gy)

Oscillations in proton-antiproton annihilations? PRC 103 (2021) 3,

035203; PRD 92, 034018 (20135)

* A (G.)/G.p) ~3% at Phasel (electrons and muons)
G, up to ~ 28 (GeV/c)? at PANDA Phase 3

PANDA Collaboration
e EPJA 52 (2016) 325
e EPJA 57 (2021) 30
EPJA 57 (2021) 184



Nucleon to meson TDAS
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J.P. Lansberg et al. (2012), B. Pire, L. Szymanowski,
K. Semenov-Tian-Shansky (2013)

Experimental checks of the collinear factorization regime in

. . B ) ]
hard exclusive reactions: Bp —> 12— ete n’
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Nucleon to meson TDAs at PANDA

_ Feasibility studies t 1s small uis small
(near forward regime)  (near backward regime)

=5 GeV2, ?=[3, 4.3] GeV?, |c0s0,,[>0.5 [ 1 i
5=10 GeV2, =[5, 9] GeV2, [cos,[>0.5 | & v &
Main Background: o(r*nn’)/o(e*en’)~10° SY/ r v/ -
Signal reconstruction efficiency ~ 40 % \\ #7752 \ o TDD
EPJA 51(2015) 8, 107 — e
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p(p1)
> Jlyn'->een’ Hard scale: arge g~

High signal cross section
Large fixed q* ~ 9.6 GeV? \g@

Complementary measurements: test of the
universality of TDAs
P=5.5, 8.0, 12.0 GeV/c
Background studies and subtraction
methods J. P. Lansberg et al., Phys Rev D 76, 111502(R) (2007)
Signal reconstruction efficiency ~ 7 - 11% B. Pire et al., Phys. Lett. B. 724 99-107 (2013)

PRD 95, 032003 (2017)




Nucleon to meson TDAs at PANDA

> Test QCD factorization

EPJA 51 (2015) 8,
107

Ao(t,u)/ o(t,u) ~5%—-10%

Fit function: Bx (1 + Acos’ ;/w)

PRD 95, 032003 (2017)
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TDASs — experimental studies

ep—>e'nm’

Oy » Opy » Oy (nb/st)

Backward m-production at
JLAB —CLAS Collaboration 4

K. Park et al. PLB 780, 340 (2018) 2

CLAS Collaboration
PRL 125, 182001 (2020)

1.5 2 25 3 35 4
Q*(GeV?)

W. B. Li, G. Huber et al.(Jefferson Lab Frn collaboration)
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TDAs at PANDA

* Nucleon-to-light meson TDAs:

(Vector mesons p, w, $(1020) and Scalar
mesons f, )

o=y M=>e'e M » Large input fc?r understanding nucleon structure and
non perturbative QCD
pp—=>JIyYyM->e'e M » Complementary measurements with y* and J/y
* Nucleon-to-photon TDA: PR

pp—yy->e'ey
pp—=J/yy->eey

* Deuteron-to-baryon TDAs:
pd—y A, pd = J | WA

pd =y n,pd —J | W¥n

B. Pire, K. Semenov-Tian-Shansky and L.
Szymanowski, [arXiv:2103.01079 [hep-ph]].
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Summary

High precision measurements of the proton time-like form factors are planned at PANDA

in large g? range

Electron and muon final states: consistency check of the results and study of systematics

(from radiative corrections, event selection,....)

PANDA i1s well suited to verify basic characteristics of the TDA models

Feasibility studies for nucleon-to-pion TDAs have been considered in two channels

(virtual photon and J/Psi1 intermediate states)

Hard exclusive and inclusive electromagnetic processes can be measured at PANDA and
will provide valuable information on the nucleon structure

Thank you for your attention
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