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PANDA Physics Program

The HESR at the GSI FAIR facility will deliver p beams of unprecedented
quality with momenta up to 15 GeV/c (Vs = 5.5 GeV).

This will allow PANDA to carry out the following measurements:
SPECTROSCOPY

* High-resolution charmonium spectroscopy in formation experiments

« Study of gluonic excitations (hybrids and glueballs) and other exotica
(e.g. multiquark states)

« Study of hadrons in nuclear matter

e Open charm physics

* Hypernuclear physics

NUCLEON STRUCTURE

* Proton Timelike Form Factors
 Crossed-Channel Compton Scattering
e Drell-Yan
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The PANDA Physics Book

First version of Physics Book with the following goals:

« Demonstrate that we can study the physics cases with the PANDA
detector.

« Demonstrate the physics performance of the PANDA detector

 Demonstrate that we can simulate, reconstruct and analyze a very
large amount of data (deliverable of DIRAC EU-project in FP6)

e Studies should be as detalied as possible
e Only one specific detector setup to be studied

The Physics Book will be delivered at the end of the year.
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Physics Performance

QCD BOUND STATES

e CHARMONIUM (D. Bettoni/M. Negrini)
— Jhyrtrt, =0, Jhyy, Jhynm, yy at various CM energies
= he=>mneyme = 69
- DD
e GLUONIC EXCITATIONS (K. Peters)
= PP Mg Mg = Lea ™0, Mg —> DD
- pp — 1,(2000-2500) — oo
- Jyo
— y(2S)n*mt
« HEAVY-LIGHT SYSTEMS (A. Gillitzer)
_ 5[) — D*D_,*(2317) = > En0+ce | T
« STRANGE AND CHARMED BARYONS (A. Gillitzer)
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Physics Performance

NON PERTURBATIVE QCD DYNAMICS (T. Johansson)
- ppo AA
- pp—o> EE
HADRONS IN THE NUCLEAR MEDIUM (A. Gillitzer)
—  p*Ca— Jy+ X, Iy — ete, uty
HYPERNUCLEAR PHYSICS (J. Pochodzalla / A. Feliciello / F. lazzi)
NUCLEON STRUCTURE
« GENERALIZED DISTRIBUTION AMPLITUDES (GDA) (M. Diren)
- PPy, pp—> 7y
e DRELL-YAN ( M.Bussa/ M. Maggiora)

- pp—>ptp X

« ELECTROMAGNETIC FORM FACTORS (F. Maas)
—  ppoete

ELECTROWEAK PHYSICS (L. Schmitt)
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Monte Carlo Simulations

 Event generators with accurate decay models for the individual
physics channels as well as for the relevant background channels
(e.g. Dual Parton Model, UrQMD, ...).

« Particle tracking through the complete PANDA detector by using
the GEANT4 transport code.

« Digitization which models the signals of the individual detectors and
their processing in the frontend electronics.

* Reconstruction and identification of charged and neutral particles,
providing lists of particle candidates for the physics analysis.

Kalman Filter for charged particle tracking.

« High-level analysis tools which allow to make use of vertex and
kinematical fits and to reconstruct decay trees.

D. Bettoni PANDA MC Simulations 11



MC Performance
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Particle ID

Particle 1D VeryLoose | Loose | Tight | VeryTight
odE/dx e 20 % 85% | 99 % 99.8 %
*MVD,STT | P 20% | 45% | 70% | 85%
:g?é%'rgoelji;e'?format'on z| 20% |30% |55% | 70%
Muon detector K 20 % 30% | 55 % 70 %
p 20 % 30% | 55 % 70 %
g g 1
N Ny
o W e ]
10 i 10+, I .
0% 05 1 15 2 25 3 35 4 45 5 1-:-'5.'} D5 1 15 2 25 3 35 4 45 5
plGeVic] plGeVic]
K VeryTight Efficiency and contamination e VeryTight Efficiency and contamination
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Event Mass Production

e Event mass production at GSlI, Lyon, Orsay, Bochum.
 ~1.3 x 10° events available.

— signal events for all benchmark channels

— background events for all channels

o Filter at the generator level to speed up the generation procedure:
require charged tracks to lie within J/\y mass window.

Site GSI Lyon Orsay Bochum
#Hevents/108 3.1 5.5 1.5 3.0
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Charmonium Decays to J/

pp = cc »Jy+ X, Ny >ere, (utw)
 Tagged by lepton pair with invariant mass equal to M(J/y ).
« Main background source: misidentified z*z pairs.

* Electron analysis:
— two electron candidates: one Loose one Tight.

— kinematic fit to J/y hypothesis with vertex constraint.
— P(fit) > 0.001.

« Additional cuts for exclusive £ V'S = 4260 MeV {#PLF}
final states: ek P

- P> Jlyrn 14]0;- E .

—  pp = I yPr° Bl Hf[l f ]

= PP = Xy vy = g H}p‘ E

- pp =y 1un§— mﬂi‘ﬂ i}{# _

— pp = Jlyn o i gy,

b g T

3[.’0'4' 3.075 3.08 3.085 3.00 3,005 3.1 3.105 3.11 3.115 .:_}'.12
Invariant e’e” Mass (GeV/c?)
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pp >y rnr »ete

«J/ y selection E ]
*two pion candidates (VeryLoose) 4325040
svertex fitto J/yxt
dN 2
N PHSP-(m2, - im?) -
dm_, ;
14 1o 13 2
m,,; (Gev/c)
V5 [GeV] Eff [%] RMS [MeV]
3.526 27.52 3.7 Main background process:
3.686 30.90 5.7
3.872 32.07 8.3 pp - Tt T
4.260 32.58 13.4
1600 30.60 18 Estimated background
5.000 29.70 24.3 )
cross section < 10 pb
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op = Ny 270 — ete 070

dipion distribution for 330 pb™ _[_ | |

Main background process:

pp — 7t w70 O

counts
3
IIII|IIII|IIII|IIII|IIII|II

z.r'.’g' | - Estimated S/B 25

|

b [T
[=]
F-N
(=]
[=2]

0.8 1 12
m(z® n%) [GeVic’]

channel assumed o efficiency

pp — Jiym'n? — ete 4y 30 pb 16.9 % nree= 40 events / day
background reactions:

pp — rtr 'z — gta—4y  BOub 1/250M S/B=25

pp — Jimm® — ete 4y <30pb 0/ 20K S/B> 102

pp — Jipwr! — ete 5y <10pb 4 [/ 20K S/B> 103
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he = 1y =3y

E, =503 MeV %
- T
[pB,, =106V = o, =33nb Ta L
150 B s
*Pair 2 ys to form 7, mass () ool S
*4C fit to h, candidate. :
-N,=3. |
.CL (4C flt) > 10-4: DII li.l'l l]I.Z [LIS 1]:4 [I.IS 1]:6 0.7
*0.4 GeV < E, < 0.6 GeV. e
|cosd < 0.6.
*M(7,75),M(7,75) > 1 GeV. Channel o (nb) number of events
pp — h. — 39 20k
pp — woa” 31.4 1.3 M
Dp — T 1.4 100 k
Pp — 70 33.6 1.3 M
Pp — nn 34.0 1.3 M
pp — 71 50.0 100k
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he = 1y =3y

Cut b 0y mV ! mn nn 'n’
preselection 0.70 0.43 0.14 82-107? 4.0-1072 85-1072
3~ 0.47 0.31 1.3-1002 7.5-107% 2.7-107% 8.7.107°
CL > 10~4 0.44 0.30 99.107% 49-107% 72.107* 5.7.107°
E, [0.4;0.6] GeV 0.43 0.12 3.9-107* 20-107* 28.107% 23.107°
|cos(8)| < 0.6 0.22 9.2-1072 27.107* 11-107* 7.0-107° 7.5.1074
miy,m3, > 1.0GeV 8.1.1072 0 0 0 0 0

In high-luminosity mode
(L = 2x1032cm-2s1) expect

20 signal events/day.

D. Bettoni

Channel S/B ratio

pp — = 04
p — T = 164
p — Ty > &8
Pp — 1M = 87
Pp — T > 250
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h, = 1.y = ddy = 4Ky

¢ candidates: K pairs in

E'hmu?ﬂ - 2l c';gfmm appropriate mass window.
pPp — h. — ooy 20k . . i
Pp— K+K-K+K-7°  62M  o~345nb éc f't(t:o beg‘g‘Smome”t“m
Pp — K TK— 7" 200k  ©6~60 nb : *CL (4C) > 0.
! . DPM estimate : :
Pp — b L9M s<3nb 1. invariant mass [2.9, 3.06] GeV .
pp— K"K nt7 a2 B5M+15M o~30ub °E, [0.4, 0.6] GeV
100 k ¢ mass [0.99, 1.05] GeV
*no n0 in event
Selection criteria  signal 4K 7" oK K7 b KtK-ata—a"
pre-selection 051 9.8-107% 13-1002 49-102 9.0.10°°
CL > 0.05 036 15-107* 20-107* 7.0.107° 4.0-1078
m(n.), E- 034 41.100% 52.100% 18.10°° 0
m(o) 031 45-107% 12.-107% 17.107° 0
no (30 MeV) 026 27-100° 45.107° 9.2.107% 0
no m (10 MeV') 024 18-107% 30-107° 7.1-107* 0
In high-luminosity mode channel Signal /Background
— I — o+ o — 0 2
(L = 2x10%2cm-2s1) expect pp — KKK Ko -
_ Pp — oK TK 7" 8
92 signal events/day. Pp — dor” ~ 10
Pp— KTK ntn a" > 12
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Sensitivity to h, Width Measurement

signal efficiency €=0.24

each point corresponds
to 5 days of data taking

D. Bettoni

N events
A
=

N events

'=0.5 MeV

3523 3514 3515 3526 3.527 3528 3.529

V73533 3514 3515 3526 3527 3.528 3520

E, GeY E, GeV
Likelihood function: |
o | [ R nic, MeV rﬁrregg, MeVV Arlg, MeV
& A 1 0.92 0.24
L= pw 0.75 0.72 0.18
=1 0.5 0.52 0.14
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pp — DD

«Charmonium states above open charm threshold

*Charm spectroscopy B

«Search for hybrids decaying to DD

*Rare D decays (and CP violation)

Main issue: separation of charm signal from large hadronic background

pp—>D'D" D' > K z'z* Js - w(3770)
pp—>D"D™ D™ 5D%" D° Kzt +/s—w(4040)

Cross section estimates: Breit-Wigner, with pp BR scaled from y

- 'wiF a +_D— D¢+D¢_
(pp > w(3770)> D*D~)=3.9nb T D
pp l//( ) decay NE - KFqsErE [+ = g+
G(Ep —1(4040)—> DD ‘): 0.9 nb (9.2 %) Eﬂﬂ f,,};.__ )
— K-«
(3.8 %)
R 1 10—1° 1 % 101t
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Event Selection

* Loose mass window cut before vertex fitting 4m = #0.3 GeV/c?.

 Minimum 6 charged tracks.

o All decay particles must form a common vertex.

« 4C kinematic fit to constrain beam energy and momentum:
CL >5x102.

 K/zselection Loose (LH > 0.3).

e Only one combination per event.
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Signal Efficiency

80 _ -

Tygpp. O M2Mevic H%%

-y - }

1400- °
1200 I
1000 [/
800 fi 4
400~ f i
200 Vi T,

P82 184 186 188 1.9 1.92
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Background studies

channel D™D~ D*t*D*~ Ratio to pp
DPM 100 M - -
3t 3 7Y 50 M 43M 2.5 x 1072
337 10M 14 M 5 % 1072
KTK= 2727~ 1M 10 M 5 x 104
‘ Pp — X cross sections ‘

Ema?HIIHIIHlHIiII —-E:k

- | :

10 = | —

= A e

- | =

1;— ‘N 3 —;

= | 3

33

107 | =

- \lr\ﬂ 2K2r*2r ]

10&0 II2|IIltgl-lllﬁlllI|I|3|||1|OIH‘I|2HI1!4HIlllll
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2K4 7 Background

vield

| X
)
50,5}
04" 0. Two-dimensional cut on
0.3 0. DZ momentum reduces
0l s IR - 2K4 7 background by
] factor 26.

0.1
o T R A TR A
p; Vs p, 2K4r background

"2 25 3 35 4 45

I':.l|||1g[];.-'.I

0.1F i
0 ' L
p; Vs p, signal
0.1 S e

T2 25 3 3.5 4 4.5
phlg{D_}

Cut on 4z of D* decay vertex:
Az >0.088 cm S/B =1 &(signal) = 7.8 %

For the D**D™ channel the analysis gives
S/B = 1/3. An additional cut on the Az of

the DO decay vertex gives S/B=3/2, bringing
the signal efficiency from 24 % to 12.7 %.

g L NN N ] 111 1 E
0 0.1 0.2 0.3 0.4 0.5 0.6
A z position [em]
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Non strange background

selection efficiency signal /background
selection DtD~ 3rt3m ) 3nt3n— 70 3? i i—_ g_ﬁg _f__wo
preselection 0.43 5.4-1073 9.6- 104 - -
4C-fit 0.40 1.4-107 42-.107" 0.02 0.015

D#* momentum 040 <1.1-107% < 30 10~Y > 2.7 > 1.8
K LH > 0.3 023 <18-1072 <«1.7-107Y > 6.4 > 2.9

selection efficiency signal /background

* * e — ‘ . _ - - . * 4 * — * - g —

selection D*TD 3nt3n~ 3xt3w—xl gﬁ ?N_ 3?#3;?— 5
preselection 027 5.0-107° 7.5-107° - :
5C-fit 024 5.0-1071  75.10712 > 10 > 14

D. Bettoni
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Measurement of the D",,(2317) Width

inclusive D (2317) reconstruction:
pp — D.*DZ(2317)
D — on*, ¢ — KK
D;"(2317) — anything: —p €

.
‘signal’ E'b-a ckground?

S/B

The production cross section around threshold depends on the total width.

[ro-vepotaecyy  TET U _.
nout ) S/B=1/3 ig_a 86.101 + 25.824 + :
I =1MeV L4op + +
| m=2317.30 MeV /c* 123 il + +
o { I'=(1.16£0.30) MeV fE . ++++ _;
m :(2317'41i0'53) MeV /c? o ::ti —EETTTER e s
V5 [MeV]
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Conclusions

In order to perform the PB studies a number of tools have been
developed which include:

— Generation of signal and background events

— Full simulation of detector response

— Reconstruction and analysis tools (e.g. Kalman Filter, Kinematic fitting)
The performance of the detector and the sensitivity to the various
physics channels have been estimated reliably:

— Acceptance

— Resolution

— Signal/Background

For charmonium the simulations show that the final states of interest

can be detected with good efficiency and that the background
situation is under control.
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