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Panda Physics Program
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Panda Physi

Hypernuclei

e 3rd dimension in nuclear chart
S=-2 Nuclei

e PANDA: Double Hypernuclei
production via =- capture
~50,000 stopped =Z- per day

e A A\ interaction in nucleus

Electromagnetic formfactors
e timelike and spacelike region
*pp—ee
e see talk by Frank Maas,

June 7, 09:00

Generalized Parton Distributions
e handbag diagrams
epp—yy®

Transverse nucleon spin
e chiral-odd

e Drell Yan

*p p— ptu (X)

e proton tensor charge
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Panda Physics Program

pAnti-Proton / Gev
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light Pybrids charmed hybrids
| glueballs
light mesons : charmonium states
LEAR
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Mass / GeV
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Outline The High Energy Storage Ring
The Panda Spectrometer
Physics Examples

= Charmonium
— X(3872)

Charmed Mesons
— D¢((2317)

Meson2008




FAIR, Facility for Antiproton and Ion Research
Darmstadt, Germany
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EXxisting

Primary Beams
e 238U28+ : 101%/s @ 1.5-2 AGeV

< SIS 18 o 238U92+: 10!0/s @ <35 AGeV
S e Protons : 2 x1013/s @ 30 GeV
LUNILAC 27N N\ up to 90 GeV

e 100-1000x present intensity

Secondary Beams

e Broad range of radioactive beams
up to 1.5 - 2 AGeV

e intensity up to 10000x over present

e Antiprotons 1 - 15 GeV

NESR

Storage and Cooler Rings
e Radioactive beams

= Cooled beams « 101! stored and cooled Antiprotons
= Parallel Operation 0.8 - 14.5 GeV/c in HESR
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Future facility

GSI today
q A
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Atomic Physics

Plasma Physics
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HESR (High Energy Storage Ring)

o, For Anti-Protons
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High intensity mode
. 10116

HESR * Splp = 10 (stochastic cooling)

High resolution mode

. 109 D

. 5p/p~10~° (e~ cooling)

Internal targets
[ =2-102%cm™s
* Pellets
 Cluster jet

* Nuclei: Be, C, Si, Al




Detector Requirements

e High rates
2-107 interactions / s
» 41 solid angle
 Vertex detection: D, A, K¢°, ...
G,<100pum
« Momentum resolution
op/p ~1%
* Charged particle ID
er, u* K p
» Electromagnetic calorimetry
10 MeV<Ey<5 GeV
» Efficient event selection
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Solenoid

S

The Panda Spectrometer

Generator

Target

--..-:
.

= ey -\
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Muon
Counters

Dipole

RICH

IIIIIIIIIIIIII

Microvertex Central Drift EM Hadron
DIRC Detector Tracker Chambers Calorimeter Calorimeter
~12 m —»
+_

Target Spectrometer

Solenoid B,=2 T
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Forward Spectrometer

Dipole B-L=2 Tm

Meson2008
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The Panda Spectrometer
Implementation in Monte-Carlo Simulation

43,000 geometry volumes > 20 programmers/developers
~400,000 lines of C++ code < 20 Linux platforms

Geant3, Geant4, FLUKA > 1 TB data generated on GRID
digitization, reconstruction, analysis Framework PandaRoot
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B field in kG

== | B mod y=0 plane | B mod
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— beam deflection for p,.,,=15 GeV/c
4.2 cm @ z=6m (end of dipole)
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The Pellet Target

Here: WASA Target
d=25 um
fall speed > 60 m/s

1Tmm
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MVD (Micro Vertex Detector)

4 barrels & 8 disks
= inner layers pixels
= outer layers strips
= forward mixed
Silicon Pixel Detectors
= 120 modules
= 100x100 um? pixel size
= ~10’ readout channels

" maximum rate
<10 MHits s~! per module

= Radiation length
~1% X, per layer

Silicon Strip Detectors
= 400 modules
= ~0.5 m? active area
= 7x10% readout channels

Jens Soren Lange, Univ. Giessen, PANDA Hadron Physics

dE/dx (a.u.)
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STT (Straw Tube Tracker)

~4100 tubes, axial or skewed
(15 double layers)

R=15.5-41.5cm
L=1.5m
(only) m=50 kg

tube diameter 10mm
wall Mylar, 30um

anode wire W/Re, 20um

spatial resolution
o,, 150um (axial layers)
s, 3-10mm (skewed layers)

gas 90%Ar,10%CO,
over-pressure
for stabilization p=2 bar

radiation length ~1-1.3% X,
wire U=2 kV

op+/pr ~1.2%

prototype under investigation

dE/dx [a.u.]
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TPC (Time Projection Chamber)

= R=15.5-41.5cm
= 135 padrows
= 135,169 pads of 2x2 mm?

=  Multi-GEM for amplification
and ion backflow suppression

= Gas: Ne/CO, (+CH,/CF,)

= 50-70 ps drift time
— 700 events pile-up

= gating grid continously open
= Jp/p~1%

= prototype
under
investigation
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DIRC 16 Quartz (n=1.47) Bars

(Detection of Internally Reflected Cerenkov Light) d=1.7 cm, R=48 cm
BaBar design

QDOZ\III TT 1T LU IIII|IIII‘I\II|I\II|I \I\llF:;EI . ;_;f E150_
= [ o [—
~—~ L 6 g (] —
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-§.U C ] E 5
® 700:— E 5 50
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500/ - f ] _50__ -
C ff — K ] E AN
400; D e 100 L
_\ 1 ill\lﬂ}ll I|IIII|IIII‘I\II|I\II|I \I\l Il\ll II: E
3000905 1 15 2 25 3 35 4 45 5 1503 _'1"}0' L I-ELOI L "} - '5'0' L '160' —T
reconstructed momentum [GeV/c] Dirc Point X [cm]
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EMC (Electromagnetic Calorimeter)

~17,200 crystals

PbWO, (radiation hard, fast 1p,.,,~6 ns)
28 X,

dE/dx=13.0 MeV/cm

Jens Soren Lange, Univ. Giessen, PANDA Hadron Physics Meson2008
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EMC (Electromagnetic Calorimeter)

operated at T=—25° C
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R=13-1.8m

tubes (for x coordinate)

gold plated tungsten wire,

d=0.05 mm, L=4 m,

wire U=+3.6 kV, cathode U=-1.2 kV

copper strips (for z coordinate)
U=+1.8 kV

— pad size 1x1 cm?

view from
GeoManager

.
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P
’
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Panda Physics Example #1.:

Charmonium
X(3872)

Jens Soren Lange, Univ. Giessen, PANDA Hadron Physics Meson2008
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X(3872) - a New Charmonium State
m C:+1

— can not be produced s g BaBar
In e*e~ formation ¢ 211 fo
— unique for Panda 1 oy
L 025
= does not fitinto S
potential model s
= mass within 1 MeV : o
of DD* mass o T il
— mOIeCUIe? 3820 3840 M(:*B:?/w) (Me\a/?;c; 3900 08982384386 3.88 39 39;?‘]?‘::;??63‘;?18&2?
m=~ 2mdeuteron
i i >0%%TCoF 11 1400 "o 800-D@ X(3872)
= Dbinding energy small $ %
. . 25004 -
radius estimate . 120 Z ol
E=0.6 MeV — <r> = 2.9 _O_9fm EEOOD' 1000 -:-. i -
Braaten’ QWG 2007 21500‘ gDD’J.au 385 390 3.95 % 400_— Emm
. o = | =
(average, not tail) = * w2 | § e
d © 200 |/ z
Belle, Phys. Rev. Lett.91(2003)262001 EOD-J ’ I BT
CDF-II, Phys. Rev. Lett.93(2004)072001 o M (GeVIe)
DO, Phys. Rev. Lett.93(2004)162002 e o A o6 U-SM 0.7 DR-B (3§Vic2)1
BaBar, Phys. Rev. D71(2005)071103 T r Mass (Gevic) pwen " ey
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50

X(3872) Events in Panda

XYZ coordinates / cm

40
30-
20~
10
403
203
303
403
50

ST

PandaRoot Simulation

.50"';46"lid".'id"l{d"'ﬁ‘"'1'0”';o_'n""g'n"'h'n""gnﬂﬂm

v' = /vyt

X(3872) - I/y x* 2= Mark II Experiment, 1973
TPC digitization, MVD digitization

Jens Soren Lange, Univ. Giessen, PANDA Hadron Physics Meson2008
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X(3872) Events in Panda MVD+TPC
PandaRoot Simulation

XYZ coordinates / cm

T TR - N W b
o © ©o o © o o © ©o
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XYZ coordinates / cm

Beampipe

Meson2008

Interaction
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X(3872) at Panda, Invariant Mass Reconstruction

PandaRoot Simulation 3/Psi Mass Cut 3¢

X(3872) — Iy n* n~ Ip,| < 0.05 GeV/c
TPC digitization, MVD digitization (suppress J/y — e* e”v)
Conformal Map Track Finder
| 2-Particle Invariant Mass | GeV I - :':5’““53 | 4-Particle Invariant Mass | GeV ' ni::':'a““
Mean 1.794 Mean 3.791
RMS  0.7597 100 ~ RMS  0.1494
. X(3872)
1000 — L
800 [ J/\V sl ~5 days
600 |- [
C 40 =
400 [
- 2|
200 — -
D'- 1.5 2 2.5 3 ' 3.5 4 L -Z.E 2.0 3 32 34 36 3.8 4 42 44

2-Particle Invariant Mass / GeV 4-Particle Invariant Mass / GeV

Expected Yield: s-BR ~ 250 pb, N~200 events per day

Jens Soren Lange, Univ. Giessen, PANDA Hadron Physics Meson2008 26



X(3872)— J/v ot =~ Event, Panda Simulation

Main Background: pp— n* 7~ n* n-, 0~0.05 mb
both pions mis-identified and in J/y mass region, S/N~1/24

Jens Soren Lange, Univ. Giessen, PANDA Hadron Physics Meson2008 27



Panda will be able to measure the width
of the X(3872)

/v

5L U S U e T ]
= using cooled p-beam a { :
= Example: Experiment E760, E835 : ., ; E
Phys. Rev. D 47(1993)772 ; 15%_ J/\V _
= Width of JAy measured T :
'=99+12+6 keV :
using beam energy resolution T b i E
AEpeam=20.5 MeV o

;-u -1.4

2'1.2 Li.!

-1
= 0.8
0.6 0.6

0.4

Events / Luminosity (nb)

L0.2

Center of Mass Energy (MeV)
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Kinematic Fit:
Vertex Constraint and Mass Constraint

. [~
Example: 1'3 o]
reference mode 01 Jhy No fit |
v = Jv nt

I Constraint

Ema—f
Current upper limit 80
width of X(3872) B
I' < 2.3 MeV ]
(Belle, /vy n*r~ mode) 40-

Preliminary estimate for Panda %

I >168 keV for 5p/p=104

0-

| pbarp cands (2S) | [—
8 L . . . L . . - L . niegrsl e
LA
=120+ -
L ]
] . i i
100{ No fit |
80 -
60 -
40 L
3.4

305 31 315 36 38
m(e'e) [GeVic) m(pp) [GeVic?)
| fitted J/y cands | e | fitted pbarp cands y(28) |  [ewe
T~ v -+ 1T+ 55 10 v 0 1 o _.IIIIIIIIIIIIIIIW':'I)
24503 -
$400- s
s oy | Rt ¢
3003 -
2507 -
; 2003 -
om~3 MeV ' 3
] 1003 2
50 -

ik : ;

3 305 31 315 3.684 3685 3.686 2.687
mie'e’) [GeVic? mipp) [GeVic?)
Meson2008
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he = ney = Non®y — yyyyyyy
7 photon final state, c = 16.8 + 2.7pb (E835) x BR(n, — n n° n0)

1800 -
1600F- 3001
1400 250
1200 nO -
i 200 nc
10001 -
800 1501
e i 100
400: LMWM’AW 503_ ’l,\’LMN
200 -
e e b e by by by b g Covooeh 1y by by by Ly B —lo
0 01 02 03 04 05 06 0.7 85 1 15 2 2.5 3 35 4
vy Invariant Mass [GeV/c?] n®a%y Invariant Mass [GeV/c?]
200F
180F
160
140F
120E — see talk by
¢ > 40% 100F Aleksandra Biegun,
80F
sob- June 7, 16:50
a0f-
20F
031752 53 54 55 36 87 58 5.9 .4 Note: w/o cuts

n.¥ Invariant Mass [GeV/c?]

7-particle invariant mass

71=5400 combinations
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Panda Physics Example #2:

Charmed Mesons
I:)SJ

Jens Soren Lange, Univ. Giessen, PANDA Hadron Physics Meson2008
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BaBar, Phys. Rev. Lett. 90(2003)242001

D.,(2317) o
A
» found by BaBar, 2003 Dt — +
— A S /K ® 20
= [c s] L=1 meson = Qb\) _ R
. pp K 2 2.2 2.3 2.4 2.5
= Non-understood: \ m(D.x°) GeV/c?
~100 MeV lower mass s 00—
. sO —
than predicted from N Y .
established D; ¢/K
potential models N KT
Godfrey, Isgur, PRD 32(1985)189 T
= Chiral partner to ground state? o 3 t
Nowak, Rho, Zahed S
Acta Phys. Polon. B35(2004)2377 8 1 -
= for Panda: production at threshold T Dyt e |
Vs = 4.306 GeV S T Sy
(Ppbar = 8.8931 GeV/c) J - }_HlDK
= 8 final states 221 <2§*J”|
= Reconstruction full exclusive i -
(for background rejection) S
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400

M

Entries TB302

. 1.06
mass [GeV/c?]

0] ~100

1 days

600-

200-

.28 2.

Integral  1.698e+04 [

3 232 2 2.36

mass [GeV/c?]

Integral 4.847e+04 R

Entries 273a |

D, (2317) D

Fast Simulation

Detector Resolutions parametrized
1-1.5 kHz Simulation & Reconstruction Rate

— I L L = L I L =N
1 ntri [

0.14 0.15
mass [GeV/c?]

[ Ds cands |
%000|||||||||||||
B500
3000
2500

S
1000

500

1
Entries 60673 |
Integral 2.736e+04 _

0 P et
195 196 197 198
mass [GeV/c?]

Meson2008

Yield Estimate

Cross Section c~1 nb
Integrated Luminosity
per day: 8 pb-!
BR(D.,— ¢ ©)=0.044
BR(¢— K+ K-)=0.49
Efficiency ~0.3

— ~60 events/day
Background

= non-resonant D_ D °
S/ N~1/10

» dual parton model
background
negligible <106



entries
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200+
150
100

50

Full Simulation

Geant3.15
<1 Hz Data Simulation & Reconstruction Rate

[0 cands |

250

Entries 9915 [

Integral 3356 [

(K K') [Ge' 1200

10004

2.25 2.3 2.35 24
m(D,n°) [GeV/c’]

Entries 24011 [

Integral 1956 [

1012 014 0.16 0.18

m(yy) [GeVic?]

n0, fast simulation

Entries 8441

Integral 1711

1.95 2
m(or®) [GeVic?]

Measurement of Dg; width:
Preliminary Panda estlmate
AT > 192 keV for dp/p= 104 5
AT > 19 keV for ép/p=10

Predictions:

Lutz, Soyeur,
arXiv:0710.1545[hep-ph]

I' ~ 140 keV

Faessler, Gutsche,
Lyubovitskij, Ma

Phys. Rev. D76 (2007) 014005
I'~ 46.7 keV
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for pp — D* D-, D°D°
See Talk by Rene Jakel,
June 7, 17:10

Jens Soren Lange, Univ. Giessen, PANDA Hadron Physics Meson2008
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Forward Spectrometer:
see Aleksandra Wronska's Talk, June 7, 17:30

Meson2008
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Summary

Panda will offer unique possibilities for QCD studies
= Charmonium Spectroscopy
= all quantum numbers in formation, C=+1 states

= highly excited states (n=3,4,...,L.=2,3,...)
mass>4.75 GeV (not accessible at BES-III or Super-Belle)

= measure the width using cooled antiprotons
= Charmed Mesons D_;
= Double Hypernuclei
= Glueballs, light (u,d,s) Hybrids
= (Unpolarized) Drell-Yan — Transverse Spin Physics
= p p— vy, Generalized Parton Distributions
= Charm in the Nuclear Medium
» G, G,, Formfactors — see talk by Frank Maas, June 7, 09:00
= And maybe more ...

Jens Soren Lange, Univ. Giessen, PANDA Hadron Physics Meson2008
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The PANDA Collaboration

More than 420 physicists from 55 institutions in 17 countries

- AE =11 200
ma Bl 2500 ZRE

U Basel

IHEP Beijing

U Bochum

U Bonn

U & INFN Brescia

U & INFN Catania

Cracow JU,TU, IFJ PAN

GSI| Darmstadt

TU Dresden

JINR Dubna
(LIT,LPP,VBLHE)

U Edinburgh

U Erlangen

NWU Evanston

U & INFN Ferrara

U Frankfurt

LNF-INFN Frascati
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