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High-Energy Storage Ring for Antiprotons HESR
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C \ RF f stochastic cooling
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10" stored antiprotons

momentumrange 1.5 to 15 GeV/c

internal targets:
cluster jet and pellet (pp)

foils (pA)

luminosity at peak intensity:
£=2-1032cm2s!

(Phase One: £= 1-103! cm2s!)
op/p < 2-10-4(stochastic cooling)
interaction rate 2-107 s-!

luminosity for highest resolution:
£=2-1031 cm-2s-1
op/p < 4-10-5 (electron cooling)



==lml=f= Proton-Antiproton Annihilations at Darmstadt
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==lml=f= Proton-Antiproton Annihilations at Darmstadt
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Detector Features

PANDA isa modular multipurpose device:

» Excellent forward acceptance and resolution

* (Moderate) backward acceptance

 Wide dynamic range: particle momenta from 0.1 to8 GeV/c

* Momentum measurements in magnetic fields (Ap/p = 1%)

 Particle ID in wide momentum range (e, oct, t#, K*, p, ...)

 Electromagnetic calorimeter: vy, 9% n ... (e%)

 High-resolution vertex detection: D+, D%/ K, A, X, Q ...

 Highinteraction rate beyond 2:107 s

* Intelligent trigger design for parallel data acquisition at high rates
and small branching fractions

July 14, 2022 KTB, APCTP Jeju 2022 8
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Detector Features

PANDA is a modular multi-purpose device:

July 14, 2022

Excellent forward acceptance and resolution

(Moderate) backward acceptance

Wide dynamic range: particle momenta from 0.1 to 8 GeV/c

Momentum measurements in magnetic fields (Ap/p better than 1%)

Particle ID in wide momentum range (e%, p%, %, K%, p, ...)

Electromagnetic calorimeter: vy, %, n... (&%)

High-resolution vertex detection: D*, D%/ Kg, A, Z, Q ...

High interaction rate beyond 2:-107 s

Intelligent trigger design for parallel data acquisition at high rates
and small branching fractions
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Physics Objectives

e Confinement of g in hadrons charming and exotic states
« (Generation of mass

« Exotic bound states of QCD
« Matter-antimatter (a)symmetry -
« Structure of hadrons from g

nucleon structure
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Hadron Spectroscopy

p momentum [GeV/c]
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Hadron Spectroscopy
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Hadron Spectroscopy: Lineshape of x.,(3872)

Strikingly narrow:

}‘ < 1.2MeV

recent LHCb observation:
width=1.4 MeV assuming BW

Energy scan with ete™: energy resolution 1-2 MeV (primarily JPC=1--)
Energy scan with pp: energy resolution _ 240 keV (E760/835@Fermilab
” - ~50 keV (PANDAQFAIR)

C. Hanhart et al.,
PRD 76 (2007) 034007
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Fit to measured data:

- Information on line-shape
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PANDA perspectives:
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Hadron Spectroscopy: Hyperons

PANDA: Pa
Strangeness and spin in strong interaction e Y 5
Multi-strange spectra ol
. . . A '
CP violation in the baryon sector A, o
7
i 7’
: pp<_
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- Self-analyzing weak decays o T )
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Hadron Spectroscopy: Hyperon Factory

] " T EPJAST. 184 (2021) arXiv:2101.11877
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Nucleon Structure

el

Timelike electromagnetic formfactors via lepton pair production
(arXiv:1606:01118)

Transition distribution amplitudes (TDAs) through meson production
(arXiv:1409:0865)

Generalized distribution amplitudes (GDAs) by time-like Compton
scattering and hard exclusive processes

Generalized parton distributions (GPDs) via antiproton scattering

Transverse parton distribution functions in Drell-Yan

e.u
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Hyperons N Ay

(anti)hyperon

hypernuclei
scattering L

Pochodzalla: PLB 669, 306 (2008)
- _ EPJ A 57, 184 (2021)
=" production NP A 954, 323 (2016)

—
—_—
—

PN— = =

rescattering in
primary target nucleus

deceleration in ; :

secondary target Y nyperatoms
capture of =

atomic cascade of =

= p—>AA conversion Y hypemuciel
fragmentation

— excited AA-nucleus

y-decay of AA hypernuclei

weak pionic decay

Josef Pochodzalla
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Nucleon Structure: Form Factors

EPJ A 57:30 (2021)
EPJ A 57:184 (2021)
EPJ A 52:10 (2016)

e, 1

Stage 2 e*e”, Stage3 e*e”,Stagez utu”

14
L e PANDAMC study €e v CMD-3
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pp — YM Form factors in the unphysical
P N\ region accessible P

Low ete” mass: o - e

MWW 7Y (Guttmann& Vanderhaeghen, PL B
719 (2013))

G
2 g—O.M —>Phase between proton Gg e
and Gy

1)

4o (pp — v 7°)
s =20 GeV?

Js =45 GeV

prediction for

(Handa

0.7 05 -03 01 01 0.3 05 0.7

cos

High ete~ mass:
TransitionDistribution

Amplitudes(TDAs)
(PRD 51 (2015), PRD95 (2017))

P. Kroll, A. Schifer, EPJ
A 26, 89-98 (2005)
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Summary

PANDA ...
* isaunique facility featuring a broad physics program employing antiprotons.
* istherefore complementary to running and future experiments.

* enlists modern detector technologies. Pang,
a A phy
aI;j(IV.OI‘g/pd;;ZI; bOO](
: D Phase I-A94.8 (20; 205
The experimental program at PANDA ... Xiv219,993

* covers aspects of nuclear, hadron and particle physics across the transition
from elementary nucleons to elementary quarks.
* puts precision spectroscopy alongside high discovery potential.
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Facility for Antiproton and lon Research

hadrons: structure and dynamics <:]

nuclear- and quark matter

G
nuclear astrophysics and <:] F A I F{

exotic nuclei

atomic physics, plasma physics,
applications EEER
|

accelerator technology & high performance computing
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Nucleon Structure: GPDs

EPJ A 57:30 (2021)
EPJ A 57:184 (2021)
EPJ A 52:10 (2016)

«% 4

)

?g S. V. Goloskokov, P.
‘“/o; Kroll, O. Teryaeyv,
5 arXiv:2008.13594v1
5
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