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Physics with antiprotons at Panda:

New Charmonium resonances

X(3872), Belle 09'2003, 1**, x.;" or DOD*
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Why antiprotons?

4 ) 4 - . )
with e*e- collisions with pp collisions

ONLY ALL POSSIBLE
- states are populated
1- states are popula‘redj . pop y
or ISR
ete” — Ef)’ [ p p—>- Xci,2 |
= aly — Y, vete-
— yyete-
Production Formation
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Why antiprotons?

Higher cross sections
(Formation| |[j

No dependency on detector resolution

Resonance scan
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The Panda experiment

Multi purpose detector at FAIR

pp, PA collisions
1.5=15 GeV/c (p momentum)

: i B ietituti — Py Anti-Proton
450 ricercatori— 53 fstltutl 17 nazioni ANnihilation at

. DArmstadt

AntiProton Annihilations at Darmstadt

[Physics progmm]

K Charmonium (cc) spec’rroscopy\

> Open charm spectroscopy

» Search for gluonic excitations
(hybrids - glueballs)

» Charmed hadrons in nuclei

> Drell-Yan

» Single and double Hypernuclei

» Other options (Parton Distrib.,

\ EM Form Fac’rory
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Software activities @ DFG

/> Core Developments \

» Global Tracking Code

> Design of a Muon tracker

> Global Particle Identification framework
> Analysis

QGRID /
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The PandaRoot framework

> Framework for simulation and analysis

» Based on ROOT and Virtual Monte-Carlo

» compiled and running on more than 10
Linux platforms + Mac OS X

strong collaboration
CERN/ALICE
FAIR/HADES-CBM
N /

Event

Generation

ﬂ[

magnetic field,...

detector geometries,

s

e B

EvtGen, Pythiq,

DPM Fluka,UrQmd

Transport
Model

4

Digitization
Reconstruction

= =

Geant3, Geant4,

Analysis

VirtualMC
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MVD: Bonn (D),
DFS, Julich (D)

STT: Frascati, TPC:
Julich (D),Pavia  Munich (DE)

Global Tracking Software

Technical Design Report for:

PANDA
Tracking System

W inohement > ==

Strong Interaction Studies with Antiprotons
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Global Tracking (central tracker)
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Design of Muon Tracker (MDT) Jn\cnopu-a t[)>OL.rtfl;\rcilo(nlaU)

highest efficiency in

muon identification

strong hadronic
background

benchmark channel
Drell-Yan

PP —>u e X

signal-to-noise ~ 106
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[ Pattern Recognition ]

v Number of fired layers
v Maximum fired layer
v Number of hits inside search cone

v tracking y2
v -

~ >

correlation to central tracker

u/n separation

hadronic
shower




Physics with antiprotons at Panda:
software development @ DFG

( pa nda 15042010
i Stefano Spataro

Muon Detection

MUON (barrel) PTON (barrel)
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[Par'ﬁcle Iden’rifica‘rion]

-
different detectors for PID A

covering
different momentum/angle ranges

MVD, TPC/STT, Cherenkov, EMC, MDT...

> handling of different PID signals
» combining several PID info

> Bayesian method (DF6)

two approaches » Multivariate analysis TMVA (DFG+KVI)
under study v Neural network

v’ Genetic algorythm
v
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[ PID: Bayesian Method ] particle flux
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more complicated cases (EMC, MUON) — Multivariate Analysis




Physics with antiprotons at Panda:
software development @ DFG

( pa nda 15042010
i Stefano Spataro

[X(3872) a hew Charmonium S‘ra’re] C=+1

pgp—— ] “s.; BaBar
. P 9.40 - &°F 211 fb!
i BELLE ] §30
[ 525
20_— — %mf

Cannot be produced in
; e‘e” formation more
f

SIPWE SaA A AML »

. i 97, lonlolelI[ e y
3820  3sa0  sseo | 3mm0 3900 8879823543863.88 2.9 392394 1.083.98 4

Events/5 MeVic?

=
o
I
e
*
=
(=]

M(z"n Jy) (MeV/c?) m(Jhymr) (GeVic?)
) Unique for PANDA
COF Il 1400 © 800-D@ X(3872)
1300 1 r
25007 1200 % i
o 1100 S 600
%‘;2000- 1000 — r -
: o0 g ! .
%1500 380 = B 2 X 3872 J/ -
S 400 : —>J/yn'n
= o - L g
E 10004 4 + 8 i %wwu—
Q
200_— &
500—J Y i T
. M .. (GeVic®)
TN T AN T T T T T T O T A Y S O
0 0"~06 07 08 09 1
3.65 3.70 3.75 3.80 3.85 3.90_3.95 4.00 v .=M . (GeVic")
Jiyn n Mass (GeWcz} HpaE HH




Physics with antiprotons at Panda:

( pa nda 15042010
= software development @ DFG

Stefano Spataro

X(3872) > J/yn'n| |z7g I
o 3 6F MonteCarlo
J/y >ee s
g 4f eleg’rrons
Peak cross section 50 nb (E.Braaten) |2 3 :
X > J/yn*n 250 pb e
J/y—>ee b.r. 6% .:':EEE “40 60 80 1Loo.2o 140160 130

50 :/ / '6'1 e
40- g [ S -
0- N £1.05
20- N g

] 0 0.8f i
10—E ] . ] L o

03 -~ - ot ST T T ---: -
o — N %0-6 i, electrons -x* -,
.zo-% "'\,‘x d 04 ) p 0 nS
T x"* g
PE 5 0-2 W~ - PID WITh EMC
_505 M 09 ...... l."\ LR T T N

R M e 0705 1.0 1.5 2.0 2.5 :ﬂgm3eztu4"?[é£mf,]0




B -
( panda 15/04/2010
,x*
i Stefano Spataro

Physics with antiprotons at Panda:
software development @ DFG

1605 pion ID o
ool X(3872) » J/y &' 1
120 missing / .
100 mass J Yy —>e e
80
60
40
20

fani , 1y [P

3 3 1 32 3.3 34 3 5
7 T Missing Mass [GeV/c?]

O
N
(=]
~
P!.
o
N
tD

“electron ID 160F
905 J/\I/ _ i TC+ T e+ e-
B0F ¢e WE X(3872)

= bremsstrahlun : : = : :
70 brem ung invariant 120, Invariant

3 100, mass

3 mass 80

3 60

3 401

- 20

i Mo e e . IR NT T NSRS i NI S0 RRR A SRS M
02 22 24 25 23 3 32 ?34 3.6 33 4 03 3.2 34 36 38 4 42 44

e*e” Invariant Mass [GeV/c?] e* e 1* 1" Invariant Mass [GeV/c?]




Physics with antiprotons at Panda:
software development @ DFG

Average running jobs

( pa nda 15042010
i Stefano Spataro

Grid node in Torino

Bucharest: 23.8%

Data Challenge
23-27 November 2009
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Summary

PANDA has a huge physics program
a lot of things to do for the following years

DFG strongly involved in Panda software activities:
» Core Developments

» Global Tracking

» Muon Detector Design

» Particle Identification

> Analysis

» GRID

a strong international collaboration




