atic study of the strong interaction |
with PANDA

»



Hadron Physics - QCD at its best!
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Hadron Physics - QCD at its best!

Particle Hadron Nuclear
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Hadron Physics - QCD at its best!

Particle Hadron Nuclear
physics physics physics
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Hadron Physics - QCD at its best!
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PANDA Physics Program

Study of the strong force using anti-protons




PANDA Physics Program

Study of the strong force using anti-protons

Charmonium spectroscopy
- precision spectroscopy
- rigorous study of confinement potential
- extending measurements at e*e- colliders

Search for glueballs and hybrids
- test of QCD: mass & confinement
- inheritance of LEAR and FNAL
- high discovery potential

Charm in-medium
- origin of mass
- (partial) restoration of x-symmetry
- new frontier

Baryon spectroscopy, Hypernuclei,
EM studies, rare decays, ...




e+e" versus pp annihilations

e*e reactions: only 1- states formed directly
pp reactions: all states directly formed



e+e" versus pp annihilations

ete- reactions:
pp reactions:

Example:
e = = — I/ O
pp— x1 — YJ/¥ O

CBALL ~10 MeV
E8B35 ~240 keV

CBall ev./2 MeV

only 1- states formed directly
all states directly formed
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FAIR : the GSI future facility

Facility for Antiproton
and lon Research

[ Key Technical Features]

/!

» Cooled beams
* Rapidly cycling superconducting magnets

y SIS 100/300
UNILAC \@Q \ [ Storage and Cooler RingsJ
S 3\:—‘..;/( 7 \“{
i o fesk / * 5x1010 1.5 -15 GeV/c antiprotons
4 - '/ /  HESR+pellet target:
y @ f = 32 -2e-1 i — -4
‘ / HesR Vi s uper L=2x10%2 cm-2s-" with Ap/p=10
J i, e L=103" cm2s'  with Ap/p=10-
i y

RESR ﬁé”[ rHiqh luminosity mode:

~8 pb-'/day -> ~1.5 fb-l/yr
High resolution mode
mass precision ~100 keV
widths ~10%

\




The PANDA Detector
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The PANDA Detector

Target Spectrometer Forward Spectrometer




The PANDA Detector

Target Spectrometer Forward Spectrometer

Dipole Magnet

Forward RICH

DIRC

Electromagneti
Calorimeter

Superconducting
Solenoid

Muon Detectér

12 m




The PANDA Detector

PANDA is a modular multi-purpose device:

» nearly 4m solid angle (partial wave analysis)
* high rate capability (2:107 annihilations/s)
« good PID (v, e, u, @ K, p)

* momentum resolution (~1%)

- vertex info for D, K%, A (c_ = 317 um for D¥)

* e.m. calorimeter (sensitive to low energies)
« efficient trigger (e,u,K,D,A,real-time feature extr.)
* modular design (Hypernuclei experiments)

 panda




Hadron Spectroscopy

p momentum [GeV/c]
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Hadron Spectroscopy

Two-body
Threshold

Molecules

Gluonic
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Mesons

p momentum [GeV/c]
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Charmonium - positronium of QCD

» confinement potential
 narrow states (e.m. decay)
* lots known...

* many open problems left!
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Charmonium - positronium of QCD

» confinement potential
 narrow states (e.m. decay)
* lots known...

* many open problems left!
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Charmonium - h¢(11P1)
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Charmonium - h¢(11P1)
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Charmonium - new frontiers

 data and interpretation

above DD threshold not

clear

* recent discovered narrow

states

« alphabet “XYZ” states
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Charmonium - new frontiers

- data and interpretation
above DD threshold not

Mass _ p momentum
clear [MeV/c] [GeVic]
4100 8.0

y(4040)

* recent discovered narrow

states
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Charmonium - new frontiers

Counts

- data and interpretation
above DD threshold not
clear

* recent discovered narrow
states

« alphabet “XYZ” states
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Monte-Carlo simulations

PANDA physics performance studies
(arxiv:0903.3905)
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Open Charm Spectroscopy - D,

D., spectroscopy:
The analog of hydrogen atom
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Open Charm Spectroscopy - D,

=4

D., spectroscopy:
The analog of hydrogen atom

A. Drutskoy
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Open Charm Spectroscopy - D,

D., spectroscopy: T
The analog of hydrogen atom
S,
q

Striking discrepancies Bp — D.*D"(2317)
of recently discovered states _ ______ Droom g KK
(B factories, CLEO&BaBar)  Z.u " " lic0sos0s | Do (2317) — anything
Chiral partners? DK threshold effects? 180/ , 86.101 + 25.824 T ;

160F MC simulation E
G SR 140F 126 pb-1 (~14 days) 3
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100F +
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Hadron Spectroscopy
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Hadron Spectroscopy

P momentum [GeV/c]
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Glueballs & Hybrids

Lattice calculations

o e
B [ = ms e —
8 hc XCO xc1 XCZ —
e N —_—
(o] [ |
7 . experiment
|
CP-PACS —=—
5 | Columbia —=— -+
hybrids —e—
4 - glueballs m—

JPC ot 1 qt ottt ot ot o7 3— 3t 3ttexotic

G.S. Bali, Eur. Phys. J. A19 1 (2004)

Glueballs:

rich glueball spectrum
odd-balls ~4-5 GeV

the ultimate evidence
for confinement...
we better find them!

Hybrids:
exotic charm-hybrid
JPC =1-+:4.2-45 GeV

Flux-tube prediction:
[ <50 MeV, 6~100-150 pb

&9




Glueballs & Hybrids

Glueballs:

rich glueball spectrum
odd-balls ~4-5 GeV

Lattice calculations

28+1LJ 1So 331 1P1 3P0 3P1 3P2 1D2 3D2 3D3 1F3 3F3 n.a. 5
ol panda . the ultimate evidence
S — 0*'If+- 45 for confinement...
L | we better find them!
10 - — ¢ ; i + N | ot-mmm - 4
M =5 e —— | |
9" mmm . — E — 135 - .
. » _).((; Te, Le, — g HYbI'IdS.
81 = T — 5 &  exotic charm-hybrid
rr ° _. experiment JPC =1+:4.2-4.5 GeV
S — _ 2B 25 Flux-tube prediction:
CP-PACS —=— ~
5 | Columbia —e— 2 r < 50 MeV, G 100'150 pb
— Ihy%ri(ljls —e—i
]
4 i 1 1 1 1 1 1 1 1 glue |a ° 1 1 15
JFC ot 4 1t ottt 2t 2t 2~ 3 3™ 3texotic

G.S. Bali, Eur. Phys. J. A19 1 (2004)




Glueballs & Hybrids

Lattice calculations

Glueballs:

rich glueball spectrum
odd-balls ~4-5 GeV

2541, 18, s, Py 3P, %P4 %P, D, °D, °D; 'F; *Fynia
o panda [ & ° the ultimate evidence
L — 2 145 for confinement...
| - t we better find them!
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Anti-protons as tool to study...

QCD with Nuclei

Hyperon interactions in A A hypernuclei

Mass modification of mesons - direct and indirect in-
medium mass measurements of charmed mesons

Structure of the Proton

GPDs via reversed Deeply Virtual Compton Scattering &
Drell-Yan

“Spin” Structure using polarized anti-protons (PAX)

EM Form Factors of the Proton - time-like region up to
Q2=25 GeV?

Beyond the Standard Model

CP-violation in D/A - sector - DDO mixing and in AA
decay asymmetries

Rare decays : D*->u*v , D—>u+u-




analysis

Collaboration with theory

Development of event
generators

Partial Wave Analysis

achievements:

*Physics benchmark report
(arxiv:0903.3905)

Simulation&analysis
framework

Physics benchmark &
detector design

Large-scale comp. (GRID)

achievements:

eComputing model
eDetailed simulation
framework

Detector & target
developments

Prototype testing
FEE, Trigger & DAQ

*TDRs: EMC, Magnets,...

eFunding: EMC, Dipole
magnet, Cerenkov
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The PANDAsCollaboration

>400 physicists from53\

tions of 16 countries
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The PANDACollaboration

tions of 16 countries

Austria - Belaruz - China - France - Germany -India - Italy - Netherlands
Poland - Romania - Russia - Spain - Sweden - Switzerland - U.K. - U.S.A..




The PAN

>400 physicists from 5

ollaboration

tions of 16 countries

Austria - Belaruz - China - France - Germany -India - Italy - Netherlands
Poland - Romania - Russia - Spain - Sweden - Switzerland - U.K. - U.S.A..

Basel, Beijing, Bochum, IIT Bombay, Bonn, Brescia,
IFIN Bucharest, Catania, Chicago, Cracow,
IFJ PAN Cracow, Cracow UT, Dresden, Edinburg, Erlangen,
Ferrara, Frankfurt, Genova, Giessen, Glasgow, GSI,
FZ Julich, JINR Dubna, Katowice, KVI Groningen, Lanzhou,

LNF, Lund, Mainz, Minsk, ITEP Moscow, MPEI Moscow,
TU Munchen, Minster, Northwestern, BINP Novosibirsk,
IPN Orsay, Pavia, Piemonte Orientale, IHEP Protvino,
PNPI St. Petersburg, KTH Stockholm, Stockholm, U Torino,
INFN Torino, Torino Politecnico, Trieste, TSL Uppsala,
Tubingen, Uppsala, Valencia, SINS Warsaw, TU Warsaw,
SMI Wien
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News for the critics
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1? ' New optimism for panda survival

The giant panda has a better
chance of survival than
previously thought,
scientists have discovered.

Africa
Americas
Asia-Pacific
Europe
Middle East The fear had been that their
South Asia pamboo diet, slow reproduction
UK rate and isolated habitat made
England them unable to adapt as a
dorthern Ireland species in the modern world., E== — - —
Scotiand o Tl
wales| But research by Cardiff S e o
UK Politics University and scientists in Beijing shows they are more

A capable of evolving than believed.
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