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Physics Scope

* One of the open problems in the
Standard Model is a full
understanding of Quantum
Chromodynamics (QCD)

« QCD well tested at high energies
(perturbative regime)

« Atlow energies, QCD becomes a
strongly coupled theory and many
aspects are not understood

« PANDA will study pp and pA
annihilations, providing unique and
decisive measurements on a wide
range of QCD aspects
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PANDA Physics Program

Physics Performance Report for:
 Hadron Spectroscopy

— Charmonium

— Gluonic excitations

— Open charm )

— (Multi-)strange baryons PANOA. Callabocalion
* Nucleon structure oy

Dy :. ¢ wMIT
and mocled, the universal PANDA detector will be bui

PANDA

(ArziProton Annihiations at Darmstadt)

Strong Interaction Studies with Antiprotons

damental questions of hadron

charm quarks and nucleon strocture

— Electromagnetic formfactors

— GPDs, TDAs
 Hadronic interactions

— Hyperons (e.g. spin observables)

— Hypernuclear physics Fande e

00, 0P,
— Hadrons in nuclear medium o o
Vs=2...55GeV

arXiv:0903.3905 [hep-ex]



Advantages of pp Annihilations

 Gluon-rich environment

» Direct formation of resonances with all non-
exotic quantum numbers

— excellent precision for mass and width
measurements with cooled antiprotons

» Access to states with exotic and non-exotic
quantum numbers via production reactions

« Versatility of physics program (if coupled with
universal detector)

« Uniqueness of antiproton probe (no other
facility in the corresponding energy range in
the world)
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PANDA at FAIR

Facility for Antiproton and lon Research
Located at GSI in Darmstadt, Germany
1B Euro invest

Parallel operation of antiproton and heavy ion
beams with unprecedented intensity and precision



High Energy Storage Ring (HESR)

Antiproton momentum range el dpol L Stocasic
magne ICKers
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\' B Dipole magnet
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High luminosity mode
Luminosity: L ~ 1032 cm-2s™
Stochastic cooling: Ap/p ~ 104
High resolution mode, p(p) <9 GeV/c Modularized Start Version of
Luminosity: L ~ 103" cm-2s™" FAIR: L ~ 103" cm2s-"

Additional electron cooling: Ap/p < 5x10°



The PANDA Detector

Target Spectrometer

Forward Spectrometer
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Exclusive measurements Charged particle tracking [p<10 GeV/c]

almost 4t coverage good momentum / vertex resolution
target and forward spectrometer good PID capabilities

High event rates [107/s] Photon detection [E=0.02-10 GeV]
sophisticated online processing excellent energy / angular resolution

detection of rare decay modes detection of low energetic photons



The PANDA Detector (Tracking System)

Solenoid (2T)  straw Tube Tracker (Central Tracker)

GEM Tracker
Straw Tubes (Forward)

i — i
=11l
a1
o
—

== IS\ [2¢24
H = A=

Dipole (up to 2 Tm)
Micro Vertex Detector

(00}



The PANDA Detector (PID Detectors)

DIRC and TOF System
Disc DIRC

Uepl

Aerogel RICH Forward TOF



The PANDA Detector (Em. Calorimetry)

Electromagnetic Calorimeter (Lead Tungstate)

Shashlyk Calorimeter



The PANDA Detector (Muon Detectors)

Muon Detectors

Muon Range System




Hadron Spectroscopy
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Charmonium Spectroscopy

Study of charmonium states plays a crucial role in understanding QCD
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Exotic Charmonium: X, Y, Z

Y(4260)
X@872) \ S 74(3900) at BESIII

] S :

1 S BESIII: 525pb1@4.26 GeV
300:- ’ B%Kyc+n‘J'/xp-: g i p tzg
:1‘) Belle ] g > 3(;; Significance e
zoo? [5 9 L >8c Sideband
L 1 o 60

(3875 2
! E 20 4
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Understanding the nature of these states:
systematic approach
map out completely the spectrum
high precision measurements
consistent experimental tools and methods

PANDA will be unique in achieving this !
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The mysterious X(3872)

Seen by 7 experiments in 6 channels
(Jlwp, Jlyw, J/wy, w'y, DD, D*D)

JPC = 1** — natural candidate for x_,(2P)

Oddities

50 - 100 MeV to light for x.,(2P)
Extremly narrow: I' < 1.2 MeV

Extremly close to D°D%* threshold:
— Molecule ?

[arXiv:0906.5218]

©
>
)
=
wn
N
=
o
[72]
Q«
O
o
T .
| —
®
&) I I B AT ET AT AR A
3.85 386 387 388 389
m(J/PTT1T) [GeV/c?]
[arXiv:hep-ex/0606055]
S | |
a0 Belle gy
T ot LMl s
= I o
8291 S
-+ I ~
| 5
S

O P
0 0.0255 0.051 0.0765
M(D°D%%)-2M(D%-M(r°) GeV/c?

15



X(3872) Lineshape

To clarify nature: line shape + width measurements essential
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binding state

— Lineshape only accessible at PANDA
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Resonance Scans

Cooled antiproton beam measured S
with high momentum rate % | resonance
resolution :

Precise measurement beam
of masses and widths of profile
resonances -
- only dependent on beam
resolution (HESR: <5x10)
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Resonance Scan — An Example:

Production:

e'e =y =y, =yl y)—=pee

* Invariant mass reconstruction depends
on the detector resolution = 10 MeV

Formation:
pp—= x> vl —=yee
* Resonance scan:

- mass resolution depends on the
beam resolution

E760/835@Fermilab = 240 keV
PANDAE@FAIR ~ 50 keV

Cross Section [nbl

0.25 F

(o) — — e e —
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3460 3470/6/3500 3510 3520 3530

Vs [MeV]

Gaiser et al., Phys. Rev. D34 (1986) 711:
CrystalBall (SLAC): 3512.3 + 4 MeV/c?
Andreotti et al., Nucl. Phys. B717 (2005) 34-47:
E835 (Fermilab): 3510.641 + 0.074 MeV/c?



X(3872) Scan at PANDA

PANDA MC simulation study

Input parameters:
m = 3.872 GeV/c?

[ =100 keV
pp—X(3872) (o =50 nb)

X(3872) = Jlytrmr
Background from T
reduction factor >108 achieved

Mass uncertainty ~ 5 keV/c?
Sensitive to widths of ~100 keV

| X(3872) Resonance Scan MC Data |
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Fit with Constant Plus Convolution
of Breit-Wigner and Gaussian

—+— MC Data

—— Global Fit
— — Signal fit

------- Background fit

-
[ Ty vy T, wiill BT R

v?/ndf 30.91/15
Myas72) 3.872 GeV +5.263 keV
MNx(3872) 86.9 +16.8 keV

Background Level 24.51 +1.80
A(vs) fixed @ 33.568 keV

S~
(R B D Ui o 0 ) L0 D, D |

3.8716 3.8718

3.8722 3.8724 3.8726

Vs/ GeV
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Nucleon Structure
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Electromagnetic Formfactors of the Proton

Scattering Internal structure and dynamics
SPACE-LIKE of the proton
Real FFs
q:<0 Parameterization of hadronic vertex

with two form factors

14 14 IK v
\/ I =F(g") 7" +——F,(g") o™q,
2m

p

Sachs form factors:

‘ GE(q2)=Fi(q2)+ 1 5 Fz(qz)a G,(0)=1

p

b p Gu(¢)=F@)+FE(q), Gy0)=y,
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Electromagnetic Formfactors of the Proton

Scattering Annihilation
SPACE-LIKE ) TIME-LIKE q2 >0
Real FFs ”U;I:i‘g':},cal Complex FFs
q2<0

—_ 0
pp—=>me'e |

A

Cross section (lowest order)
A. Zichichi et al. , Nuovo Cimento XXIV, 170 (1962)

do 7Ta2 1 " 9 1 2 o )
dcos6* 25 3 {( + cos? @ ) |G| +;(1—cos 0*)|G
21
= 22 S 1Gml* {7 (14 cos07) + (1 - cost o) 22 )
T:q2/4M2

Scarce data with low statistics for 22

individual measurement of |G¢| and |G|



Timelike Electromagnetic Proton FFs

PANDA MC simulation studies for
pp > e*e-and pp > p*u for R=1
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integrated luminosity: 2/fb

» BaBar

= LEAR

» FENICE+DM2

+ E835
BESIII

= PANDA sim I
PANDA sim II

a PANDA sim muon
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Measurement of effective form
factor over wide g2 range (30 GeV?)

Individual measurement of
|G| and |G,,| and their ratio R

First measurement of form factors
with muons

Measurement of form factors in
unphysical region pp>mlete-

Longer range goal: measurement

of phase of |G;| and |G,,| via
polarisation observables
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ransition Distribution Amplitudes (TDASs)

Y*N — 7N pp — mo~*

Large g2,

Large q?,
small u

smalltoru

pp—eten®etepleten,...

« TDAs occur in factorization description of various interactions
» describe the transition between two particles
» Fourier transforms of non-perturbative hadronic matrix elements
« Explore pionic components in the nucleon wave function
« Universality: The same TDA could be measured in different kinematics / reactions

- Test of factorization TDAs in the timelike region

only accessible at PANDA 24



ransition Distribution Amplitudes (

DAS)

J. P. Lansberg et al., Phys Rev D 76, 111502(R) (2007)

pp > oy
PN
v*(q)
W2 “‘;“C‘
!
nNTDAs
PN - N Y
t N
For large Q2

Backward kinematics (small |u]), T° in direction of nucleon probes TN TDAs
Forward kinematics (small |t|), ¥ in direction of anti-nucleon probes TN TDAs

- Test of matter — antimatter symmetry
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ransition Distribution Amplitudes (TDASs)

PN pp = moJ/y
Q%2=M?=9.6 GeV?
N DA
Dy
B. Pire et al., : :
- p. Phys. Lett. B. 724 99-107 (2013) PANDA MC simulation SFUdy
> 2/fb at each energy point
! - sensitive to TDA model
predictions
p-A® = 5.513 GeV/c p-A® = 8.0 GeV/c p'-AB =12.0 GeV/c
((;3‘300—6— Eff. corrected MC gggg'—e— Eff. corrected MC % 120 [—e— Eff. corrected MC
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Summary / Outlook

PANDA experimental program is covering the three pillars of hadron
physics

— hadron spectroscopy

— hadron structure

— hadron interaction

PANDA is unique in combining the potential for discoveries with the
ability to carry out precise and systematic measurements

The collaboration, detector developments and funding are in good
shape and we are on track to produce excellent physics results at

the beginning of the next decade
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