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Hadron physics with PANDA:

Study of the strong interaction in the transition region
between perturbative QCD and nuclear phenomena

Particle Hadron Nuclear
physics physics physics
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e Hadron mass? The Higgs mechanism accounts for
some percent of the nucleon mass.
The rest is QCD.

e How are color neutral objects Formed?]

e Does non-standard hadron configurations exis’r?]
e Structure of the nucleon?|
e Spin degrees of Freedom?'
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panda Physics with antiprotons:

Two-body
Thresholds

Molecules

Gluonic
Excitation

qq
Mesons

* hadron spectroscopy
e hadron structure
e interaction of hadrons

P momentum [GeV/c]
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Particle production in pp interaction
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Particle production in pp interaction
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Unconfirmed/unobserved states
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Many new and narrow states recently observed in

Charmonium region above DD threshold (X,Y,Z states)

UPPSALA State | [MeV] |Experiment 1
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Many new and narrow states recently observed in
Charmonium region above DD threshold (X,Y,Z states)
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Particle production in pp interaction
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Production:

JPC not allowed for(qq) possible

» Good hunting ground for exo’rics'
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Production:

JPC not allowed for(qq) possible

» Good hunting ground for exo’rics'

Fluxtube Hybrids

~ = -
qq luon| 17 (TM) 1*- (TE)

1501 O-+ 1+t

1+- Exotic
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Light-quark sector:

UPPSALA :
UNIVERSITET Non-qq candidates

f5(980) 4q state - molecule
f5(1500) 0** glueball candidate
fo(1370) 0** glueball candidate
fo(1710) 0** glueball candidate
h(1410); h(1460) 0~* glueball candidate
f,(1420) hybrid, 4q state
7,(1400) hybrid candidate 1"
n,(1600) hybrid candidate 1"
©(1800) hybrid candidate 0~
7,(1900) hybrid candidate 2~
7,(2000) hybrid candidate 1"
a, (2100) hybrid candidate 1**
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Light-quark sector:

UPPSALA :
UNIVERSITET Non-qq candidates

f,(980) 4q state - molecule
f,(1500) 0** glueball candidate
f(1370) 0** glueball candidate
f(1710) 0** glueball candidate
h(1410); h(1460) 0~* glueball candidate
f,(1420) hybrid, 4q state
7,(1400) hybrid candidaté 1"
n,(1600) hybrid candidate_ 17,
©(1800) hybrid candidate 0~
7,(1900) hybrid candidate 27+
,(2000) hybrid candidate(1 )
a, (2100) hybrid candidate 1\+{

© most candidates observed in pp annihilation
© = equal population as into ordinary states

® broad and overlapping states




Charmed-quark sector:

© hybrid states are expected to be narrow
UPPSALA

UNIVERSITET © less crowded region

© glueballs with exotic quantum numbers (0*-,2+)
“oddballs”, predicted in this region

Hybnds Glueballs

Exotic charm.hybrid OddPalls
Flux-tube model: LatticeQCD:
JPC = 1+ JPC = Ot-, 2+
M= 4.2 - 4.5 GeV M=4 -5 GeV
[ < 50 MeV [ < 50 MeV

2541 s, 3s, Py 3P, %P, %P, 'D, °D, °D; 'y °F; na

12

11 F

10

experiment

DD ——
CP-PACS —=—
Columbia —=— -

glueballs m— 13

JPC ot 47 9t gttt ot ot o 37 3+ gttexotic Bali, EPJ A19 (04) 1
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Statistics is needed for PWA analysis

ST pp — n°n°n’ Crystal Barrel@LEAR

UNIVERSITET

700,000 events




Antibaryon-Baryon Production
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Spin degrees of freedom in ss
production accessible.

Same argument for A_A.
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Antibaryon-Baryon Production

UPPSALA The self—anglysmg weak deFay of
UNIVERSITET hyperons give access to spin
observables.

. The spin of the A/A is primarily
. carried by the s /s quarks
=>
Spin degrees of freedom in ss
production accessible.

Same argument for A_A. '
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Strange Baryon spectroscopy

~ equal ratio between baryonic final states and
annihilation into mesons in pp inteactions

Baryonic final states largely formed via exited states
=> high discovery potential

S=2

=F 0 3 kkkk OF + 1 ook

(4***) (1 ~k~k~k)

- || 912- |[112-
- 1302 || 572- || 72 || 912- || 1222-
G17 G19 Il 11

Lohring, Metsch, Petry EPJ A10 (2001) 395

Many missing states!
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*30 GeV protons 2(4)x1013 s
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g  S— .

. CBM
N %
\ __— Rare Isotope
N Production Target ¥ b
/\‘

Super-FRS

[ Secondary Beams}

Plasma Physics

Atomic Physics | A  Antiproton production target
HESR ~ Ak 2x107 s @ 3.8 GeVic

[ Storage and Cooler Ring ]

* 10" stored and cooled 1.5 - 14.5 GeV/c
antiprotons

[ High resolution mode} [ High luminosity mode}

* 0p/p < 2x107 (electron cooling) * Luminosity =2 x 1032 cm—2 s~!
* Luminosity = 2x1031 cm~ s~! * op/p ~ 10~* (stochastic cooling)
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PANDA physics not covered:

Hadrons in the Nuclear Medium
Hypernuclear Physics

Nucleon Structure from EM processes

Electroweak Physics
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FAIR/PANDA /Physics Book

Physics Performance Report for:

PANDA

(AntiProton Annihilations at Darmstadt)

Strong Interaction Studies with Antiprotons

PANDA Collaboration

To study fundamental questions of hadron and nuclear physics in interactions of antiprotons with nucleons
and nuclei, the universal PANDA detector will be build. Gluonic excitations, the physics of strange and
charm quarks and nucleon structure studies will be performed with unprecedented accuracy thereby
allowing high-precision tests of the strong interaction. The proposed PANDA detector is a state-of-the-
art internal target detector at the HESR at FAIR allowing the detection and identification of neutral and
charged particles generated within the relevant angular and energy range.

This report presents a summary of the physics accessible at PANDA and what performance can be
expected.

p Momentum [GeV/c]
0 2 4 6 8 10 12 15

| I | I I I I I
“Cr YL A
DD, D,B,™

999,99

s2=m [GeV/c?]

arXiv:0903.3905v1
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Si pixel/strip detector
o(vertex) = 50 pym

Pellet/cluster jet target
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GEM trackers

Straw tube tracker
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Target Tracking
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Si pixel/strip detector
o(vertex) = 50 uym dE/dx

Pellet/cluster jet target _

~ 15 2 Tinte \‘"’4-:".1--
4x10'> atoms/cm o Muon chambers ./

=

TT/K/P ’ ! \ 5 ToF
> 1 GeV/c " : m/K/p

< 2.8 GeV/c

< )
‘,_ _... RHIC

GEM trackers Drift chambers ff- % /K/p
: Ap/p=.2 % - > 2.8 GeV/c

Straw ’rube tracker '
g ap/p=1% dE/dx ‘N l \\

Target Tracking
INN\N




. panda : Hadron Physics with antiprotons
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Strong and infternational collaboration:
~ 500 scientists
53 institutions

17 countries




QCD is exciting!
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