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=== OUTLINE

» Introduction
« PANDA at FAIR

* Antiproton’s Power

» The Physics Programme
e Charmonium and Open Charm Spectroscopy
Exotic Hadrons

Baryon-AntiBaryon Production
Proton Form Factors

Antiproton-Nucleus interactions
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=~ THE FUTURE ANTIPROTON FACILITY @ GSI

Primary Beams

238y28+ 1012/s @ 2.7 AGeV
238Y92+ 1019/s @ 35 AGeV
Protons 2x10"'3/s @ 30 GeV

Secondary Beams

* Radioactive ion beams 2 AGeV

« Antiprotons 0 -15 GeV/c
Antiproton production target

sHADES & CBM

Wi .
/ PANDRE Storage and Cooler Rings

» Rare isotope and stable ion beams

« e — A or pbar-A collider

« 101" stored and cooled pbar 0.8—15 GeV/c
* Low Energy pbar for antiH beyond 2015

* Future: polarized antiprotons ?

Cost 1200 M Euros

L. H|ghI|gths -Atomic, Plasma & Applied Physics
Commissioning 2017 -Nuclear structure & Astrophysics —Antiproton & HI Physics
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HESR PARAMETERS

> Momentum Range 1.5 — 15 GeV/c (2.2 < Vs < 5.5 GeV)
» Storage ring for internal target operation

» Ngtoreq = 5x101° antiprotons

high resolution mode high luminosity mode

Aplp~10° L~103 cm2s- Aplp~104 L~2x10%2cm2s
Electron cooling < 8.9 GeV/c Stochastic cooling 2 3.8 GeV/c
O o 50m Acceleration

StC

@ Dipole magnet
1 Quadrupole magnet
1 Sextupole magnet

®g stc N Injection  stC P
ol e S| TR T ey
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————  ANTIPROTON's POWER

Finite-energy spread of the beam

mm) Measured Cross Section is a convolution of the Breit-Wigner ogy,
and the beam energy distribution function

o(E) = Jf(E,AE,) oy (E) dE

Resonance

Cross Section
Excellent Resonance Scan

* Tune E, to probe resonance

Measured
Rate
Beam profile \
during scanning

= Get precise mass and width
= Energy resolution < 100 keV

CM Energy

Optimization of the scan for every single resonance




. ANTIPROTON's POWER

P p interactions D\FMFO’Z c EMJH c
p T p_/ T

» States with All quantum numbers can be directly formed

Ep > Xc1 -> Y JI\P -> Y ete- Example Of Yot

* very good mass resolution |
<100 keV (p BEAM) H

100 © CBall
® E835

e’ e” interactions 3 Ke1 ++ 1000
5 o6 T4 | g
N & o N
e 3 6 8 2
»Only JF¢ = 1-~ states are formed = 5 8 & 0
Other states only by secondary decays o) Q 8% ¢ | 2
e*e 2V Yc1 2 YYJI¥Y 2 yye'e o, | | ©¢
* moderate mass resolution 300 3510 30NV Ey,
~5 MeV (DET) CBall, PRL 48 (1982) 70

E835, PRD 62 (2000) 05202

Luminosity (x 10)
PANDA vs E835 - Momentum resolution (x 1/10)

Angular coverage and magnetic field ( .




OVERVIEW OF PANDA PHVsICS

Hadron Structure and Quark-Gluon Dynamics

Charmonium (cc) Spectroscopy
* Unprecedented precise measurements of masses, widths and BR

D meson Spectroscopy e talk on Deg’
- Precise measurement of mass and widtH See Me

Exotic states
 Hybrids (qqg) « Glueballs (gg or ggg) « Multi-quark systems

Quark
confinement

QCD prediction
Baryon-AntiBaryon production

» Baryon Spectroscopy « QCD dynamics

Nucleon Structure from Partons to Hadrons

 Time-like form factors. Transverse nucleon spin. Generalised Parton Distributions

Charm in nuclear medium
* In-Medium modifications of the Hadrons

Nuclear Physics: Strangeness Sec
* Double-A hypernuclei (Z- capture) «




=~ THE SPECTROMETER

Target Spectrometer 0 >10°
Forward Spectrometer 6 < 10° horiz., 0 < 5° vert.

fﬁfﬁffﬁ_

\d

Dipole magnet for forward tracks ]

2T Superconducting Solenoid Magnet
for high p; tracks

——

Close interplay between Machine and Detector is fundamental

N = 4 |




= CHARMONIUM SPECTROSCOPY

Spectrum more clear than in the past

New precise measurements Mass _ b momentur
MeV/c? GeVie
of n, Mass 2980.3 + 1.2 MeV 4100 k0
______________________ v DD
n'. unambiguously observed 3900 e L L
Width 14 7 keV I L0k iy e )
3700 i
]
h,. Width not yet measured o 1 i
High L states: accessible inpp ., |
Incomplete picture 3100 /
— ] s : '.: /
above DD threshold i
2000 b= + 0 . = 0127 17 =34
New “X, Y, Z” states W
(Belle, BaBar, CLEO, DO, CDF, ... C ﬁ"'a nd=a



- OPEN CHARM

Mlssmg States and Unexpected States

New narrow states (I" < 3.8 MeV u.l.)
D,, (2317) and D, (2460)

e D_,(3040)
BaBar, CLEO, Belle < 3T —
~ [ s S
N * D,,"(2860) (7
States just below (~ 45 MeV) 3 a “2710) (2) PRD 80(2009)092003 |
- I ® “51 P,
DK and D*K thresholds FT : 1
2.6 _— g __ »
— = < D_.(2460) :
Masses lower (<150 MeV) 2.4 PRD368(2003032002 1 o
than expected by Quark models e D,,*(2317) ]
PRL 90(2003)242001
2.2 _
] - — — Godfrey/Isgur (1985)
Recent discovery of new i - Di Pierro/Eichten (2001) |
® Observed —
charmed-strange D, . . ]
S= 0 1° 0* 1 2* >
Unclear interpretation B. Aubert et al. (BaBar), PR D74 (2006) 032007

molecules, tetraquarks, ... C ﬁ"a ">|;| =

1102 Jequiajdag - Usip) - Oj[e0.Je}\ BlJaUOWIS



=== Exomc STATES

pp annihilation is a gluon rich process

Simple Constituent Quark model
Mesons: qq pairs are the constituents
JFC=0*+0*"*1-1+1*2* allowed > accessible in formation

BUT

Gluons carry colour charge and play an essential dynamical role

Constituents of QCD bound states (exotics)

JPC=0-0*1*2* forbidden = accessible in production
with recoil particle

 Cross sections for glueballs and light hybrids similar to light hadrons

~1-100 pb '

C _:El nd =

—




~  EXOTICS IN THE LIGHT MESON REGION

* More than 10 states classified as exotic candidates
- Most of them observed in pp interactions

Main non-qq candidates

f,(980) 4q state - molecule
%,(1500) 0** glueball candidate
£,(1370) 0** glueball candidate

fo(1710) 0** glueball candidate

n(1410); n(1460) | 0—* glueball candidate

f,(1420) hybrid, 4q state

n,(1400) hybrid candidate 1

n,(1600) hybrid candidate 1

7 (1800) hibrid candidate O~

n,(1900) hybrid candidate 2+

‘ 7,(2000) hybrid candidate 1

Difficult to disentangle from conventional states
The spectrum is populated by several broad states amd =

1102 Jequieldag - USIAL - O||e0Jey BlauoWIS



— GLUEBALLS AND HYBRIDS

Glueballs and Hybrids with exotic quantum numbers
» should be rather narrow (< 50 MeV)

» should be easier to identify

LQCD: heavy glueballs
M ~ 4740 MeV/c?
JPC = O+

* Decay: Flavour blind
charmed final states

Hybrid charmonium
*M~4.2-45 GeV/c?
JPC =0+, 1+, 2*

"

* M ~ 4140 MeV/c? =0
JPC = 2+ j

Barnes and Close, PRD 52 (1995) 5242
Lacock et al. (LQCD)

28+ 1a 8a 1p 35 85 35 1 3 3 1k 3
Ly Sp °Sy Py Py "Py "P, ‘D, "Dy "Dy 'F3 “F n
I 1 I I I 1 1 I 1 1 % 5

13.

13
experiment

(E—] 1 2.
CP-PACS

Columbia 12

glueballs m—

1 1 1 I I 1 1 1 ] 1 |/\_ 1'
0* 17 17 ot ¥t 2t o o7 37 3* 3@

G.Bali, EPJA 1 (2004) 1

5




= Exomic XY Z STATES

X(3872) :
In 2003 Belle first observed the X(3872) N A
as a narrow peak at M ~ 3872 MeV/c? M Belle
in the invariant mass n* n "J/¥ in B- > K- X decays - @sTD)
Molecule or Tetraquark state ? PRL 91 (20081262001 4.t Sraiborizs 0"

M(m*n-T/y)-M(JT /)

Soon after a series of new hadronic structures, like Ys have been
observed by different experiments (Belle, Babar, CDF, DO0)

Y(4260), Y(4360), Y4660) Masses much higher than open charm threshol
Unusual decay patterns - Charmonium Hybrid or Multiquark state ?

o

Heotous

Z*(4430) is unique: non zero electric charge, not possible for
conventional cc or cc-gluon hybrids

-> Prime candidate for a Multiquark meson (molecule or tetraquark ?)

Currently, understanding of these unusual structures is a hot topic
N o




BARYON SPECTROSCOPY

Understanding of the Baryon excitation spectrum is one
of the prime goal of pQCD

» Quark Models, SU(3) symmetry
« Most of data are available in the Nucleon sector

« Some low-lying states are not at the predicted energies
* Predicted higher lying states not seen experimentally

‘

» Possible explanation
» quark-diquark structure - reduced number of internal
degrees of freedom - reduced number of states
* Dinamical generatation ?
Excited Baryon States < Meson-Baryon State ? Mixing of states?

quark-diquark

> Little is known about excited states of A and X, °
and even less about = and Q

C _:EI nd a

—
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BARYON SPECTROSCOPY

A baryon spectroscopy program ranging from N* over multi-strange
to charmed baryon physics is possible in PANDA

> pp > NN or pp— NN': no obvious advantage

» Strange and charmed Baryons Ep SYY:
Production of K and D not required = threshold reduced
Pattern symmetric in baryon and antibaryon channel
> HESR up to Vs = 5.5 GeV
Enough to study Baryons
with |S|=3 and even |C|=1

» Relatively large cross section
for processes with strange

baryon-antibaryon in final state

[10Z Jaquiaidag - USIpL - O[[SdJejy EjJouowWIS



BARYON SPECTROSCOPY

== cross section up to 2ub — Sizeable population of excited states
Yield ~ 107 E /day produced at L = 1032 cm2s-1

Bp — =" + c.c. Bp - 0O + c.c.
= —> ETC, ET], AR, ZR, ETCTC, Q* — ER! Qﬂm! AK—RO!
] ]
Y L
/ n_
71;0 —_ - ’ "/ K ‘p’
—
P
T — —>
\ P \ 9
= - =En%+c.c. § Q" > EKo+c.c. |k s
Characteristic event topology of EE* and QQ* events ( panda

[10Z Joquojdag - USIi - O[[odIE[\ EJJoUOWIS



-~ OCD DYNAMICS IN BARYON SECTOR

Identification of the relevant degrees of freedom is important for an
effective description of reactions in hadron physics

> In the Quark Picture, Hyperon pair production involves the creation
of a qq pair or the knock out of such pairs out of the nucleon sea
Hence, the creation mechanism of qq pair and their arrangement to
hadrons can be studied through pp — YY reactions

IOOOEIIIIIJ|IIIIII|IIi||I|I\‘IIII|I||I§ L B T 1 ||1||\||||\|§
c . ® pp— AA =

100? o .0 ¢,..§¢.a % ’0-*:': =R - s SAZ+c =

_ - # . . :+. + © — T ]
g 105 4° g E ?’ ’ e I I
— & T f § E#. b T e IX -
b 1;_ _; ;_ n _>§050 _;
E E f o _)EE" f
0-1§ Az’ Iz EREES AA, E
001 ||\|||||||#|||||||¢||‘|||||||||_ _ll ||1||1¢|||1¢ IIIJJll_
14 o 1.6 1.7 1.8 1.9 20 21 2 4 10 12 14

Momentum [GeV/c] ‘ Momentum [GeV/c]

pp 2 ?Y Total cross sections in HESR momentum range ( p=a @[I ==

[L0Z JTequeidag - USIp) - Of[odJep\ elouoWIS




BRI OCD DYNAMICS IN BARVON SECTOR

The experimental data set is far from being complete
=Systematic investigation of pp — YY reactions

- new information on single and multiple strangeness production
- its dependence on spin observables

* PANDA: High statistics and large amount of observables

- Partial Wave Analysis =& Relevant quantum numbers, coupling constants
and possibly new resonances

By comparing several reactions involving
different quark flavours OZI rule and its possible
violation can be tested for different levels of
disconnected quark-line diagrams separately@

Identification of channels - secondary vertex reconstruction
for neutral Y decay and ,,kink“ on the track for charged Y decay

ﬁ:a nd a
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= OCD DYNAMICS IN BARYON SECTOR

«Pp—AA

= | |
L _ — 1s=0

-2 1r pp— LA +cec. 1

5 |

2 [

Hiogs PS185

46 !

w0 | } | Stat.

= s+ 4oS=1

m D [ ] ]. " . - ¥ Ve 1
_0'50 50 100 150 200

Excess energy [MeV]

Same spin analysis
for pp 2> A A,
as pp > AA

Charmed YY-pairs
are accessible in PANDA for masses < 2740 MeV/c?
Hyperon Quarks Mass ¢t [em] o Decav B.R.
[Mev/c’] channel [%]
A uds 1116 8.0 +0.64 p 64
z* uus 1189 2.4 -0.98 pr’ 52
3’ uds 1193  2.2x10° - Ay 100
b dds 1197 2.4 -0.07 ar- 100
=0 uss 1315 8.7 -0.41 An® 99
Cn dss 1321 49 -0.46 An 100
Q- 388 1672 2.5 -0.03 AK- 68
A’ ude 2285  6.0x10° -98(19) An’ 1
_E:* uue 2433 ﬂ: o 1ul
3 ude 2455 ATn® 100
3 dde 2452 : “n 100
= usc 2466  1.3x10°
= dsc 2472 29x10° -06(4) ET  seen
Q° ssC 2697  1.9x107°

o~20nb
1 year of data taking
~ 1-2 fb-

~ 107 events into Axn

L

int

C ﬁ:a nd a




» Major progress recently achieved using polarised beam or target

> New data show different electric and magnetic distributions for the p
» uGg/G,, deviates linearly from a constant at least up to g2 ~ 6 (GeV/c)?
» Discrepancy between polarised and unpolarised measurements due to
Space-like radiative correction, as Two Photon Exchange, suppressed by a factor
FF real of a,, it could be important at high g2

» Scarce data and large errors

» Time-like € Analiticity > Space-like continuous transition predicted
and equality at asymptotic |G?|

» Determination of |G¢| and |G| requires angular distributions of

Time-like outgoing leptons o | |

FF complex » R =|Gg| I Gy| sensitivity decreases at increasing q2

pp € e'e

In the approximation of One Photon Exchange

do/dQ < [ |Gy|? (1+c0s?0) + (4m?/q?) |Gg|? sin?0]

G o1 < [ IGul? + (4my?/q?) |Gg|’] g p= @d =




TIME-LIKE FF : WORLD DATA

Sl L (cm2sT) g%GeVic)?

EE ® Babar
_ s || FENICE 1.2x102°  3.6-6
* PS170
v czo | BABAR 3x10%  3.5-20
10t T 5 B
T il & BES BES Il < 1031 4-94
l ] L g_ANDA
.H}-éb}t_._. | m I (cm-Z S-1) qZ(GeV/c)z
-2 ——
e : PS170 3x10%  3.5-4.2
I | 838 2x10%  8.8-18.4
I+ | PANDA 2 x 1032 5_ 28
10_3|_' ' I | B TR A I

1 1 I 1 1 1
5 10 15 20 25 ,90
’[(GeV/c)]
PANDA simulations a

Sudol et al. EPJA4482010) 373

( panda




PROTON TIME-LIKE FF IN PANDA

> Measurement of |GM| up to g% = 28 (GeV/c)? for R~ 1 (QCD)
Large dynamic range allows to study transition from soft
to hard scattering mechanisms (domain of pQCD)
High energy to verify asymptotic behaviour

»Independent measurement of |Gg| and |Gy,| up to g% = 14 (GeV/c)?

» Measurement of R = |G| / |G| up to g% = 14 (GeV/c)?
ForR~1 AR/R <5% up to g?=8 (GeV/c)?
ARIR ~ 50% at g2 ~ 14 (GeV/c)? through ISR reaction

~40% BaBar

» Test of the One Photon Exchange hypothesis

Information fully contained in angular distribution
Sensitivity of ~5% for the Two Photon Exchange

» Measurement of real and imaginary parts of FF and 6

relative phase needs polarised beam or target Sand=

[10Z Joquisjdag - USIAA - O][9oJej eEfouoWIS




In-Medium studies limited to light and strange sector
Extension to the charm sector in p-Nucleus collision

2000 -
D', D' = D® in NUCLEAR MATTER
10} — ~ 50 MeV o
D [ —
= vacuum ‘\* . D
> .
o . ~ 50 MeV
= K, K K N Dt
w 500 = — = i S -
9 | ~100 Mev
L. i
K
+ - T
L | S for N > Z
L o I
o 1 1
0 1

K potential: still controversial

=~ MEDIUM MODIFICATION OF D MESONS

W. Weise,
Proc. Hirschegg 2001

1102 Jequieldag - USIAL - O||e0Jely BlsUOWIS

A. Sibirtsev et al.,
EPJA 6 (1999) 351

D potential: large uncertainties
K, D will have large width

(panda




== HVYPERNUCLEAR PHYSICS

i ?
Double A Hypernuclei Neutron Stars or Hyperon Stars
0 YY Interaction
0 Mesonic and Non Mesonic Weak Decays

h?pemn
star

Knowledge on YN and YY interaction is fundamental
to understand high-density nuclear matter

inside Neutron Stars e
®Kaons
p 2 } | L
B ). v S P trigger op > E_‘r =N Q\\
PO— / Production of *P:L
3 GeV/c ‘o*’Sb\ Z- in Target 1
S Expected

~ 2000 captured =-/day
~ 10 AA-Hyp/day

Capture of =
E-inTarget2 | vy |
and Atomic

transition (%] A

M\ ¥

+28 MeV

1102 Jeqwaidag - UsIp) - O]|90Jej BlSUoWIS

to be compared with
E-p~> A A Conversion

yDecay (28 MeV) and ~ 6000 captured =~/ day
Weak Decay at J-PARC




PANDA TIMESCALE

mmmmmmmmmw

The overall time scale is driven -
by civil construction and infrastructures ommissioning

Installation at FAIR

auowIS

Pre-Assembly
at FZ Juelich
mass production

R&D

Jaqweydag - usip) - Oj|9oJe en

TDR Magnet and EMC TDR’s already approved

F@iﬁ Legal Foundation of FAIR signed in October 2010 gAR!f 4




== Conclusions
PANDA is well equipped to achieve many physics goals

The high intensity and high resolution p beam available

at HESR will

offer unique opportunities, complementary to e+e- machines, to study
* Charmonium and Open Charm Spectroscopy © high resolution

- Exotic non qq states © Production technique
Antiproton-proton interactions

- Spectroscopy of strange Baryons looks promising © high statistics
« Study of QCD dynamics in the Baryon sector with many observables
- Unique possibility to measure Time-like FF up to g2 =28 (GeVI/c) 2

Antiproton-Nucleus interactions

* Extension to the charm sector of Medium modifications of mesons

* Hypernuclear Physics

PANDA looks promising to understand Strong

Interact@

C ﬁ:a nd =
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=—===— _ PANDA COLLABORATION

At present 460 physicists
from 54 institutions of 16 countries

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

Basel, Beijing, Bochum, IIT Bombay, Bonn, Brescia, IFIN Bucharest, Catania,
Cracow, IFJ PAN Cracow, Cracow UT, Dresden, Edinburgh, Erlangen, Ferrara,
Frankfurt, Genova, Giessen, Glasgow, GSI, FZ Julich, JINR Dubna, Katowice, KVI
Groningen, Lanzhou, INFN LNF, Lund, Mainz, Minsk, ITEP Moscow,

MPEI Moscow, TU Minchen, Miunster, Northwestern, BINP Novosibirsk,
IPN Orsay, Pavia, Piemonte Orientale, IHEP Protvino, PNPI St.Petersburg,
KTH Stockholm, Stockholm, INFN Torino, Torino, Torino Politecnico, Trieste, TSL
Uppsala, Tubingen, Uppsala, Valencia, SINS Warsaw, TU Warsaw, SMI Wien

http://www.gsi.de/panda (pands







~ PHYsics PERFORMANCE REPORT

FAIR/PANDA /Physics Book i

Physics Performance Report for:

PANDA

{AntiProton Annihilations at Darmstadt)

Published in March 2009 Strong Interaction Studies with Antiprotons
arXiV:0903.3905V1 FANDA Collaberation

Feas i b i I ity Stu dy fo r th e m aj o r T study fundamental questions of hadron and nuelear physics in interactions of antiprotons with nucleons

and nuelei, the universal PANDA detector will be build. Gluonic excitations, the physics of strange and
charm quarks and micleon structure studies will ba performed with unprecedented aceuracy theraby

h I f H allowing high-precision tests of the strong interaction. The proposed FANDA detector is a state-of-the
c a n n e s o I n e res art. internal target detector at the HESR at FAIR allowing the detection and identification of neutral and
charged particles gonerated within the relevant angular and energy range.

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

1.3x10° Monte Carlo events —

More than 20 Institues contributed
to the simulations




BACKUP SLIDES
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EXOTIC STATES, CHARM HYBRIDS

from LQCD calculations, fc1 with m ~ 4.3GeV/c?, JPC =1+

reconstruction possible in PANDA in exclusive channels like

pp — fic1n— Xc17T07T0’7

/Y
pp\ /"TO’/’}V
N Nno/y
\ Ty

XC].N Y

\ j/(p > e-l-
N

cl

e

requires:

high-resolution electromagnetic calorimeter (y reconstruction)
and excellent charged particle identification

pp — Aic1n — D°D%*n

v
/Y 0 Ly
P Y/ K™
PP 047{Jr Y
r\‘C]. T[O — 7
\DO—HTIO/’Y
\ﬂ'_\y




Mass [ GeV /e®

| | | | |
5 :
25 ——  D(2750) / D*(2760) ? .
264 Y * (AL L
*1 —— De00) Dj(2460) |
1 D(2550) -
2.4 - e L
1 . D1(2430)
25 D5(2400) p, (2420) a
D*x
:: U 1) ......................................................... -_ DT;
LE ] T I ] T _
0 1 0t 1t 2t 3

— [S. Godfrey and N. Isgur PRD 32. 189 (1985)]

New D, states
D(2550), D*(2600),
D(2750), D*(2760)

BaBar, PRD 82 (2010) 111101

Many states need to be confirmed

. OPEN CHARM

D,

- D25(2860) (7)

DZp(2700) (7) D4y (2536) _

Mass / GeV [e*
T
|

] =T AR DK
a o DA [
24 D.1(2460) " DK
j__— D;{.{QRITJ -

= - D5 B

1 D,
1.8 T T T T T

0= 1 0 1t 2t 3,

——- [M. D1 Pierro. E. Eichten, PRD 64. 114004 (2001)]

New D, states
D.,(2317), D.,(2460)
D.,*(2710), D_,*(2860), D_,(3040)

BaBar, PRD 80 (2009) 092003

C _Eln):la

—
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~ OPEN CHARM

IVINIO O \NC Vv

e D_,(3040)

- e D_,*(2860) (?) 3 E.S.Swanson, Physics Reports 429 (2006) 243
5 PRD 80(2009)092003 |
................... e D_,*(2710) (?) i om0 | e
e 4 4 499 T = b= g 2571 :{[2232]
| D'K | D
................. = AL f ————— e | D=
I — e D.,*(2460) i ey _ZH2 b zasTe
£ PRD 68(2003032002 — = _ 2410
o = 'YL Y b = DK 2400 -&_______________________________________ DVES
N ® DsO (2317) i Dis (23177
. PRL 90(2003)242001 - 2300 |
F = = — Godfrey/Isgur (1985) ’ o ) —— e
- T Di Pierro/EiChten (2001) . Fig. 32. oF tetraquark spectrum [45].
— ® Observed —

- " - . - - Tetraquark spectrum

C ﬁ:a nd a




~~—==== OPEN CHARM
=555 BENCHMARK CHANNELS ANALYSIS

Following reactions were chosen to demonstrate the
physics performance of the PANDA detector
Ppovw@B770) >D'D > K 7 7 +CcC.

pp o w(4040) > D' D > D72 D 7,
D >Krx

+

or Krrxan
pp — D; (2317)+ D:, (2317)_ — D3+7Z'0 Ds_ﬂ'o —> K- K+7Z'+77/+C-C-
pp — D.,(2460)" D,,(2460) - D, Dy vy - K K' 7’7 +cc.




M (GeV)

2.8

24

1.6

1.2 |

0.8

==~  DBARYON SPECTROSCOPY
Predictions: Lattice QCD

Recent results - improvements expected

A LU L. M
%2250 7 o i #0 o 0
*2120 7 3 2 e i
L 23
%1950 2
%1690 2 °0 e
[ le]
1620 7 . o0
+ — p—
*1318 " Yo) :1 AA :2
- = .0 Ei" mO E‘;k
H, e
0 0.2 0.4 0.6 0.8
m_ (GeVY)

CSSM: W. Melnitchouk et al.,
Phys. Rev. D 67 (2003) 114506

' Roi)er
¢

et

°
e ¢ Nucleon

" $
o

$ ¢ t sfjl(1535).

e 28 SIEER

Mp/My

¥

N, N* 0 of

0.2

O 01 02 03 04 05 06 0.7 0.8

m2/GeV?

G. Bali, Nucl. Phys. A 755 (2005) 7c




R =|Gg|/|Gul op :

5

lo Le OO Go o)q .
S M A S
CM Angular distributions E e =
® @
from event generator J0F O eeess® O
e R=0 © °1 25 é j
] q2-5 4 (GeV/c) 20 - q2—82(GeV/c)2- qz-?'(;-‘8(6‘&3‘\//0)2
> R_=31 d ] s ]
o R_ i ] 2 og::glém
cos O cos O cos 0

Expected statistical precision
for ratio R

A BABAR
m PS170

0_—.|.H|...|...|L..|...|
4 6 8 10 12 14
& [(GeV/c)’]
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