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Strong Interaction Parnda
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Questions PANDA will address Parnda

Nucleon Structure
Why are quarks

confined in
hadrons?

How is the
mass of matter
generated?
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What is the inner
structure of matter?

Do exotic
hadrons exist?
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matter-antimatter _,<—< Hadrons
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Cross Section Barnda
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Location of the PANDA experiment panda

e Extension of the heavy ion research center GSI| in Darmstadt (Germany)
to the Facility for Antiproton and lon Research (FAIR)
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Construction of FAIR
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High Energy Storage Ring Ppanda
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e Circumference: 574 m Mode High High Phase 1
e Momentum range: Luminosity Resolution
1.5-15 GeV/c Ap/p 1.10-4 2.10-° 5.105
e Stochastic cooling Stored p 10" 107 107
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e Quasi continuous beam
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PANDA detector - Full Setup
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PANDA detector - Day-1 Setup Barnda
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Proton Structure Barnda

I
e Accessible at PANDA:
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e Time-like Electromagnetic Form Factors
(lepton pair production) arXiv:1606.01118

ol
..<
*

¢ Transition Distribution Amplitudes o
(meson production) arXiv:1409.0865 |

e Generalized Distribution Amplitudes @.
(time-like Compton, hard exclusive processes)
P

e . e,u
e Transverse Parton Distribution Functions

(Drell-Yan production) el
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Proton Structure Panda

e Time-like Electromagnetic Form Factors (lepton pair production)
e Phase-1:
pp — ete- @ 1.5 GeV/c: ~220/day
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Proton Structure Barnda

e Even unphysical region of form factors accessible at PANDA via pp — e*e-m0

Space-like
e B—->e B

e Day-1:

e Demonstrate feasibility to identify
di-lepton (+110) events

¢ Build database on multi-pion

. H — H L——b— —pd——b— L——P—
production in pp as input for QCD ) A o >o<
calculations T w r m o w5 -,
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Hadron Spectroscopy @ PANDA Sarmda
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e | arge mass coverage: Ecm = (2 - 5.5) GeV

p momentum [GeV/c]
6
[

0 2 4 8 10 12 15
| g' G o5 'Q%C' o, » Light, strange and charm-rich hadrons
= » From quark/gluon to hadronic degrees of
Haa_; i freedom
Hybrids nn:g,ssg ccg :
ybidssecol | | ngese oy | * High hadronic production rates
Glusbal T » Strange and charm factory:
GlusballRecol g Discovery by statistics
lgntag o » Gluon-rich production:
R o ; Potential for new exotics
| [ ¢ I | [ I
: 2 3 4 5 6 e Access to large spectrum of JPC states

: mass [GeV/c?] _ _
Formation ™ » Formation of all conventional JPC states

. 0 » Large sensitivity for high spin states
— e ¢ Associated hadron-pair production
» Access to open-strange/charm hadrons
o—, _~® » Tagging possibilities
> 0.0 » Near threshold:
T~ Good resolution and low background

Miriam Kimmel (RUB) 14 ICNFP 2020



Exploring Hyperons
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e \What happens when replacing one or two light quarks with a strange quark?
e \What are the relevant degrees of freedom?

e Constituent quark model vs. meson exchange model

U U
@e A Qe

b o= g A &) @: . 107\
QQ # ::] [:\S/ |

1 K¥
o g g

I
3 A AE) pp——4 >0/\

O
QG

e \Which role plays the spin?

r) g ,; “ 5 @4' : T ‘ Ogo ﬁ E, :‘ :‘ E ﬁ- @ —r—r—r Oﬁ_
¢ ¢ U s O

| e o I e

p ; > , : =0 @—1—2—0_0 ; > > z - B

= p |

Miriam Kimmel (RUB) 15

ICNFP 2020



PANDA is a hyperon factory Parnda
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e Lot of data on pp — AA near threshold recorded mainly by PS185 at LEAR
e Nodataonpp — QQor, pp — Nc/Ac
e Only scarce data above 4 GeV/c Phase-1

pp (GeV/c) Reaction o (ub) Eff (%) Decay Rate (s
at 103'em—2s7 !
1.64 Pp — AA 64.0 [94] 15.7 A= pr- 44
1.77 Bp — 5 A 10.9 [94] 5.3 20 5 Ay | =11 (90% C.L) 24
6.0 op— % A 20.0 [104] 6.1 0 5 Ay | 21 5.0
4.6 Pp— = = 1.0 [92] 8.2 == - Ar— | 274 0.3
7.0 Bp — = B 0.3 [92] 7.9 == — Ar— | 165 0.1
16 p— AKTE fcc 1 5.4 == > Ar | > 19 (90% C.L.) 0.2
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Hyperon Production and Spectroscopy
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Walter lkegami Andersson, Karin Schonning

Rich set of polarisation variables

Double strange and charm baryons

Explore hyperon dynamics

above 4 GeV

Day-1:

e Reproduce LEAR studies
at 1.64 GeV/c

e Extend at 4 GeV and for &<p _

IS| = 2 hyperons L<
p _
= p
Phase-1: “
e Spin correlations in |S| =1, 2 g

e Extendto |S| =3 and
charmed hyperons
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Hypernuclel Sanda
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Double Hypernuclear Spectroscopy
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parnda

Alicia Sanchez Lorente, Hyperfine Interact 213, 41 (2012)
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Antihyperons in Nuclel

e Antiprotons sensitive to study antihyperon potential in nuclei

Eﬂsr1cha

e EXxploit abundantly produced hyperon-antihyperon pairs near threshold

e Benchmark data to test theoretical concepts to describe dynamics of

(anti)hyperons in heavy-ion collisions

e |[mportant first step of the |S| = 2 program of PANDA

Josef Pochodzalla
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Charmonium Spectroscopy
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¢ Below the open charm threshold

¢ Potential model description
matches observations

¢ Above the open charm threshold

21

¢ Predicted states not found

but multiple unexpected discovered!
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Charmonium Spectroscopy Parnda
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Line-Scan of X(3872) Barnda

Resonance cross section

C. Hanhart et al.

Fit to measured data:
PRD 76 (2007) 034007

- Information on line-shape
> Extraction of mass and width  J/PT

Measured yield at
different beam energies

Beam resolution £
CM

~

-

* Resolution with e*e: 1 -2 MeV (JPC =1-) peak / k cusp
e Resolution with pp at E760/835@FermilLab: 250 keV

e Resolution with pp at PANDA@FAIR: ~50 keV

e Exact line shape reveal the nature of this strikingly narrow state (I'<1.2 GeV):
Is it a virtual or bound state?

virtual state
binding state

e Simulation study for line scan of the “mysterious” X(3872) has been performed
e Analysis performed for pp — X(3872) — J/pTtr*mr-

» Generated data samples for each scan point

» Extracted X(3872) signal and reconstruct input line shape
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Line-Scan Procedure Barnda

I B
EPJA 55, 42 (2019)
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Line-Scan Performance Barnda

e Extract width I' from fit to energy dependent yield

e Study was performed for various assumptions
(cross section, beam resolution, ...)

» Outcome: Depending on operating mode,
30 significance can be achieved down to I' = 40 - 80 keV

pp — X (3872) — J/ymntn~ EPJA 55, 42 (2019) pp — X (3872) — J/ymtw EPJA 55, 42 (2019)
0 — — -
% 120 IPhase-1 PANDA ® 70 ¢ E PANDA ~-P1 mode
q>) T, =130 keV MC study § : b MC study --HR mode
100 Iy =120 + 20 keV E 60 {| \F = HL mode
ros = 100 nb = 503_1 -
80 i GEJ I l| ;
I — [ v =100 nb
_ < 40 I os
60 i [ “ \Q
: 301 1 i
40 i \\ \‘i ~
- ¢ 200 ¥\
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20% 10 | \'\a\n\ M -
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Glueball Search in pp — @@ Barnda

® pp — Q@ cross section exceeds expectation by two orders of magnitude
e QObservation of multiple f> states with M > 2 GeV in Tp — ¢¢pn and J/y — yp@
e Possible sign of intermediate glueball state?

e | QCD predicts tensor glueball state around ~2.4 GeV!

JETSET, Phys.Rev.D57,5370 BESIII, Phys.Rev.D93,112011
7 NO 2500 e 0" model independent
S C e 0" model dependent
6 | B -, m 0" model independent
% 2000 i §7 é:": === 0" model dependent
5 [ - :+': 2" model independent
- + 8 1 500 [ f}-: :*-:* - - -~ 2" model dependent
f'o\ 4 - + B E :¢§ ,—+
3 - () o '#"#'#..: .
\t-: s | + ¢ 51 OOO - ; ¢ ¢-¢-_,':+.
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> [ 500 N ;t’:. e
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0 AT B — |

222 223 224 225  2.26 (f) M(00) (GeV/c?)
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Glueball Search in pp — @@ Barnda

e Scan above 2.25 GeV: terra incognita
e O+ 2*+ and 4** accessible
e Conventional mesons suppressed due to OZI

e Partial wave analysis to distinguish resonant from non-resonant contributions

® 5x104 reconstructed events/day at L=1031 cm-2s-1

» physics studies at reduced luminosities feasible

Iman Keshk
9 i - o 2200 :
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Physics Prospects of PANDA at FAIR

e Cover particle, hadron and nuclear aspects
4+ Quark degrees of freedom: from light to charm
4+ Gluon degrees of freedom: glueballs, hybrids etc.

4+ Meson/baryon degrees of freedom: B-B interaction

e Complementary and competitive
4+ Unique antiproton facility

4+ Versatile detector

e Follow a staged approach
4+ Driven by stepwise luminosity/detector upgrades

4+ With a broad program at each phase

e QOpen for collaboration and new ideas!
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