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Hadronic Structure
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Electromagnetic Processes: |pp — vy

Y Y
p Y
crossed-channel
Compton scattering
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Handbag diagram separates a soft part described by
GPDs from a hard qq annihilation process

Predicted rates™: several thousand / month or above
Exp. problem: Background channels like nt%y or 2%z’ 5x - 100
stronger.

*A. Freund, A. Radyushkin, A. Schifer, and C. Weiss, Phys. Rev. Lett. 90, 092001 (2003).
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forward region

PANDA:

Pert.

From GPDs to TDASs

backward region
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Phys. Rev. D 76 (2007) 111502(R).
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The n° could come from the p or the p

t :
proton Non-pert. object

J.P. Lansberg, B. Pire, L. Szymanowski,
Phys. Rev. D 76 (2007) 111502(R).

J.P. Lansberg, Workshop PANDA
Orsay, France 2011
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Electromagnetic form factors of the proton

... can be extracted from the cross section: p+p — e +e”

Ulrich Wiedner

do _71'06271202 2 2 A 4m,29 201 2 A
d(cose*)_ " {GM (1+cos® 0" )+ p Gyl (1-cos’6)

(first order QED prediction)

Data at high Q? test QCD predictions for the asymptotic
behavior of the form factors and spacelike-timelike equality at
corresponding Q.



; panda MC studies

* Ge=3Gm
4 * Ge=Gm
Ge=0
3 o o ° ® o ¢}
" 2 3k . G
o E30 | —
1 §-§ a8 % n 3] f * ‘ (J |
: 1
OA
-1

0 2 4 6 8 10 12 14 16 18 20
q? [GeVA2]

PANDA will measure the form factors in the biggest Q? range for a
single experiment up to values of ~20 GeV?/c* (beam time
dependent).
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panda MC studies
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Hadronic Interactions
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Adding the third dimension to the nuclear chart

Increasing strangeness

» Present limitations
» only single A-hypernuclei close to valley of stability

» only very few AA-hypernuclei events
» no information on antihyperons in nuclei
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Production of double hypernuclei
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Implant charm 1n nucleil

l—)"\—’ W+ (A I)

. 3.5-4.5GeV
——f

v (cC) decays into DD

D mesons interact
with rest nucleus
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D=dc

quark - nucleus
interaction

d (or d) - nucleus
interaction®

oD = dc

quark — nucleus
mteraction
u (or i) — nucleus
interaction®

W(3770) -

®D"= iic

quark - nucleus
interaction

Y(4160)

s (or 5) — nucleus
interaction®

* 1gnoring ¢ (or T) — nucleus interaction
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Hadron Spectroscopy
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Positronium Charmonium

Dissociation energy
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X and Y mesons

X(3872)

- B>K n*n-J/vy
ks, Y(4260)

v e'e dygnnI/y || BfT
: v' "

(=]
o
N

372)
J @Jw Ay

- M(m* =T/ v)-M(J/v)

Events / 20 MeVie?

Entries/20 MeV/ic?
&
o

0. 20 14
Bell g T VAU
€ v3o40) . PN o
- .Q,z , ;;i—',,_‘- (' x V) (GeVie)
. BoKod/y %0 | coad
; ST ce Sy Y(4350) & Y(4660)
AN S St e 3 Belle
1] . . 4t :_ .' < 3 310'_
e oMb bty 1 g .|
M(0J/y) M(0J/y) o |
-t 0
_ X(3940) X(4160) MEmW) 4 e res) Gevic)
x H o
i [ ee>DD*Iy F. ere>D*D*I/y | Y(4140) Y(4630)
S AR g ' Belle  :: ' e'e ypAcA.
Y

w‘
-

| ‘] B>K 0T /v
e — 4 ‘.Lmdhu.

Ulrich Wiedner o M(DDQ:)' M(D*D*) M(0T/v)



T LI A

Ml ahlaalaill
Nevime dre'ein

S s

LR

e A -

DT et
YT SNy

Ulrich Wiedner



4700

4600

4500

4400

4300

4200

4100

4000

3900

3800

3700

3600

3500

3400

3300

Relative energy (MeV)

3200

3100

i Charmonium
B ,LP *y
I —— e e 11 e Rt
B ’r] s —25'51_ w DD threshold
C
3
Foo he % °F
23Sl e
L Sp
21p, Xl !
: T
- 3_
T]C 1°S4
1°So
L=0 L=1
Singlet Triplet Singlet Triplet

bound states

4700

4600

4500

4400

4300

4200

4100

4000

3900

3800

3700

3600

3500

3400

3300

3200

3100

— Y(4660)
! e Y (4630)

- Y (4350)
- Y (4260)

rX(4160) y(4140)

(X(3940) Y(3940)
=X(3872)

DD#* threshold

Ulrich Wiedner




Z" (4430) - a new state of matter (tetraquark?) decaying into why’

Events/0.01 GeV/c?

3.8 4.05 43 455 48
M(ry') (GeVic?)

M = (4.433 + 0.004 (stat) = 0.001 (syst)) GeV
[ =(0.044+3017 (stat)™3-939 (syst)) GeV
2 (B — KZ(4430) x B(Z — ') = (4.1 # 1.0 (stat) = 1.3 (syst)) x 103

PRL 100, 142001 (2008)
Ulrich Wiedner arXiv:0708.1790 [hep-ex]



NEW results on Z(4430)* from Dalitz plot fit
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PANDA: pp > Z%(4430) + n~
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panda MC studies
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Summary of parameters of charged Z, states

213(10610) [preliminary] Zb(10650
asww | =i b
Y(2S)n'r E —— 3—0— -‘:- —E-O—
Y(3S)n'n +— —°-F "*‘ ""‘
h,(2P)n 1 —0—~ E —e- —“E' ﬂ:
Average -¢- "' * +
11001.0 ..... 1.0 0 ...1.0. ..... 1.001.0 ..... 11(.)“ 0 ...1.0...
AM, MeV AT, MeV AM, MeV Al', MeV
Z,(10610) Z,(10650)

M=10608.412.0 MeV
[=15.612.5 MeV
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M=10653.21t1.5 MeV
[=14.413.2 MeV

Alex Bondar, FPCP 2011, 23.5.2011
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x(3872) molecule C’ Sign in

moutzss 000 esuis 02z seconc) | <= Albout 298000 results (0.22 seconds)

The X(3872) particle - The DZero Experiment - Fermilab
www-d0.fnal.gov/Run2Physics/WWW/results/final/B/.../BO4A.htm

Apr 15, 2004 — The X(3872) particle -- What is it? April 15 ... Some theories have
predicted that the X(3872) is a new type of particle called a meson-molecule.

IPOF1 D (2700), D (2860) and the open-charm system X(3872): molecu...
web.na.infn.it/fileadmin/b-physics-workshop-2/.../colangelo.pdf

File Format: PDF/Adobe Acrobat - Quick View

sJ. (2860) and the open-charm system. X(3872): molecule vs charmonium with Fulvia
De Fazio, Rossella Ferrandes, Floriana Giannuzzi and Stefano Nicotri ...

X (3872) as a DD* molecule bound by quark exchange forces

arxiv.org > hep-ph

by C Pena - 2011 - Related articles

Dec 31, 2011 — Abstract: The Bethe-Salpeter equation for the T-Matrix of D-D* scattering
is solved with a meson-meson potential that results from 2nd order ...

The X (3872) boson: Molecule or charmonium

arxiv.org > hep-ph

by M Suzuki - 2005 - Cited by 103 - Related articles

Aug 24, 2005 — Abstract: It has been argued that the mystery boson X(3872) is a
molecule state consisting of primarily DO-DO*bar + DObar-D*0. In contrast ...

Spin-parity analysis of the X(3872) « A Quantum Diaries Survivor
dorigo.wordpress.com/2006/06/.../spin-parity-analysis-of-the-x3872/

Jun 9, 2006 — Two possible spin-parity assignments of the X(3872) are equally probable:
in particular, the X may be indeed a molecular bound state of two ...

Phys. Rev. D 72, 114013 (2005): X(3872) boson: Molecule or ...
link.aps.org » Journals » Phys. Rev. D > Volume 72> Issue 11

by M Suzuki - 2005 - Cited by 103 - Related articles

Dec 19, 2005 — It has been argued that the mystery boson X(3872) is a molecule state
consisting of primarily DOD *0+D 0D*0. In contrast, apparent puzzles ...

Charm meson molecules and the X(3872)
drc.ohiolink.edu/.../7166?...X(3872)...1...

Title: Charm meson molecules and the X(3872). Author: Kusunoki, Masaoki.
Description: The recently discovered resonance X(3872) is interpreted as a ...

PROPERTIES OF X(3872) AS A HADRONIC MOLECULE WITHA ...
www.worldscinet.com/ijmpcs/02/0201/.../S2010194511000857 .pdf
by M HARADA - Related articles
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X(3872)


keynote:/Volumes/wiedner/Documents/Hadron_physics/Meetings/Spectros_Muc_08/NewHadronsInteractive.key?id=BGSlide-35
keynote:/Volumes/wiedner/Documents/Hadron_physics/Meetings/Spectros_Muc_08/NewHadronsInteractive.key?id=BGSlide-35
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Resonance scan

Mecasured rate

Peam ]'1-,=f'||;- /

Iirme scannms

DI\

Measure rate of final state under study:

R, =L*c(p,)*K (Ap/p, Ip; — pg))

(K takes overlap between beam and resonance into account)
Ulrich Wiedner



panda MC studies

PANDA reconstruction of X(3872) mass and width
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D°-D*° “molecule”

Transition from color forces to colorless nuclear forces ?
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PANDA antiproton physics has advantages:

Production vs. Formation

Produktion experiments: Formation experiments:

all quantum numbers possible 2

identical quantum numbers

Discovery potential

Precision physics

Ulrich Wiedner



Exotics

What we know:
Y (4260)

1, (1400)

Mass: 1400 + 3¢

M.G. Alekseev et al.,
PRL 104 (2010) 241803

JLAB@12 GeV PANDA

Ulrich Wiedner



T
PANDA Collaboration (panda

® At present a group of S00 physicists from
62 institutions and 16 countries

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

AMU Aligarh, Basel, Beijing, BITS Pillani, Bochum, IIT Bombay, Bonn, Brescia,
IFIN Bucharest, IIT Chicago, AGH-UST Cracow, JGU Cracow, IFJ PAN Cracow,
Cracow UT, Edinburgh, Erlangen, Ferrara, Frankfurt, Gauhati, Genova, Giessen,
Glasgow, GSI, FZ Jiilich, JINR Dubna, Katowice, KVI Groningen, Lanzhou, Legnaro,
LNF, Lund, Mainz, Minsk, ITEP Moscow, MPEI Moscow, TU Miinchen, Miinster,
BARC Mumbai, Northwestern, BINP Novosibirsk, IPN Orsay, Pavia, IHEP Protvino,
PNPI St.Petersburg, South Gujarat University, SVNIT Surat, Sadar Patel University,
KTH Stockholm, Stockholm, FH Siidwestfalen, Suranaree University of Technology,

Dep. A. Avogadro Torino, Dep. Fis. Sperimentale Torino, Torino Politecnico, Trieste,
TSL Uppsala, Tiibingen, Uppsala, Valencia, NCBJ Warsaw, TU Warsaw, AAS Wien

Spokesperson: Ulrich Wiedner (Bochum)

http://www.gsi.de/panda



The PANDA Detector




Layout of the detector (top view)

hadron calorimator

TOF stop
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The PANDA Central Tracker




The PANDA MVD

Full-Size Prototypes

ToPix v3 Full-Feature Prototype

o
L0 I [ [ |

Gate

J—
p-well

n-well

ww 0y

p-substrate

4.5 mm




The PANDA Cluster Target

cluster-jet beam
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Topics not mentioned

* study of glueballs

* baryon-antibaryon pair production
 CP violation in the charm sector

* J/y nucleon scattering

 open charm physics

* anti-deuteron production
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