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Outline

* The PANDA Experiment

= Simulations for Experimental Techniques
* Resonance Scan
= Radiative Cascade

= Recoil Mass Technique

= Conclusions and Outlook
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For details see talk by G. Boca:

Th e EAN DA Dete cto r »1he Experiment PANDA: Physics With Antiprotons at FAIR®,

July, 29th @ FAIR workshop

Forward Spectrometer
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Detector Ré__&uirements

» =~ 41 coverage for partial wave analysis » Good PID for v, e*, u*, 7%, K, p
» Momentum resolution of ~ 1% » High rates of up to 2 - 10" annihilations/s
» Vertexing for D, K2, A » High raw data rates in the order of 100 GB/s
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The High Energy Storage Ring (HESR)

Operation Mode

High Resolution Mode

High Luminosity Mode

# stored antiprotons 10 1041
Luminosity Up to 2*10% cm=s?  Up to 2*10%cm=st
AP, /P <5*10° 1*10*

Beam cooling

Electron cooling
+ Stochastic cooling

Stochastic cooling

Helix dipole '"I]

Stochastic
magnet kickers
Circumference | 575 m .‘..-—r-%ﬁ—g—ﬂw— ¢ ", — Sy
” o,
& Electron cooler LY
Momentum | 1.5 - 15 GeV/c '\t g‘
. ’ )
Electron Cooling | up to 9 GeV/c ] [
u |
Stochastic Cooling | Full range !'l .!
Beam life time | > 30 min. "‘ }
®, ¢
s,";. e '\0
For details see talk by D. Prasuhn: o ’?f-.“,. mcanh o i b o o
,HESR@FAIR: The High-Energy Storage Ring®, | P.Pbar injection o :
Ll 28@ g gy g 9 from CR (RESR) RF cavities ! Stochastic
uly, 28th @ FAIR workshop == PANDA pickups
0 50m
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Charmonium(-like) States at PANDA

= High mass and high angular momentum states accessible
Ppo.mn < 15 GeVic — me; < 5.5 GeV for pp—cc
L = 10 possible
cc formation in

= High statistics pp annihilation
Opp-cc=50nb - 4.3 x 10° events per 1 day (high luminosity mode) 2 gluons:
0+, 0%, 2*, ...
= All quantum numbers accessible in production ,
¢
= All non-exotic quantum numbers accessible in formation< D )
Resonance scans P ’
P c
= Excellent E__resolution
FWHM = 160 keV @ m: = 4 GeV (in high resolution mode) 7 c
= Gluon-rich environment \ l?v__gllllgnS:

= High hadronic background
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Resonance Scan

Isolated resonance R of mass Mg, small total width I'g and spin J

Formation in collision of 2 particles (spin Sy, S5, not
= For processes of the form g (5PIn 51, 82, noty)

Initial state — R — final state
o, given by the Breit-Wigner formula:
(2J +1) T Bin(l) - Bout(f) - rR2

Ecm = . .
(TBW( ) (281 +-|).(282+‘|) k2 (Ecm—M,q)2+rF{2/4

= Count rate v:

k center of mass momentum in initial state i

A
v=L- (Ssig. : fU'BW(Ecm) - B(Ecm, Ecmo) dEcm + Ebkg. * O'bkg.) vialB
Resgnance Cross
section o,
= B(E, E_ ): Beam energy distribution
around nominal value £_
Measured rate V
= Measure rate as function of the cm energy £_ . \
B(Ecm, EcmO
~M_, I, and B *B_ . heam profes
during scanning
= Resolution only limited by knowledge of cm energy.
* PID and momentum resolution needed

for background suppression. E
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For an introduction to XYZ states

X(3872) Resonance Scan at PANDA see talk by W, Kihn:

,BESIII Highlights*,
July, 29th @ FAIR workshop

= X(3872) formation in e*e- annihilations suppressed due to J*=1**

-
3 Study with Dual Parton Model (DPM) generator
. Ba(_:kgrourld Study for E_ = m%i Background Rejection O(10°) achieved |
pp inelastic: o, =45 mb

nel.

pp ~ TN 0, = 50 Wb /rlncluded in plotj
=1.2nb

pp - JY T O —

direct

Fit wilh Constan Plus %onvolutionMore details can be found in PoS(Bormio2012)018.
] : of Breit-Wigner and Gaussian : : : : :
2F Work in progress 2 3091 /15 Simulation assumptions are consistent with new data.
2 My(3872) 3.872 GeV + 5.3 keV F nA _ —
St — Ko oo . 160 ey| FOrmation pp - X(3872) (0,,~50 nb)
- ata
- | — Global Fit Background L_evel 2451 +1.80 _
120~ | __ Signal fit A(Vs)  fixed@ 33568 keV|  Raconstruction JP (et e) T
100:_ ....... Background fit Vla (BR = 01 * 006 [pdg])
ol HESR High resolution mode
sof_ Reg. Time 20 * 2 days
b Acc. Duty Factor  50%
L +E ,./ F » PANDA will be able to either measure I, ..
[ - \‘- - - - -
B T TRy TR R 7o or at least significantly improve the current

Eno [GeV/C]  ypper limit of I < 1.2 MeV at 90% C.L.*

X(3872)
* S.-K. Choi et al. (Belle Collaboration)

Phys. Rev. D 84, 052004 (2011).
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Radiative Cascade for 3F, (=25*'L ) cc state

= Formation of high angular momentum resonance °F,.
= Decay to ground state and to open charm suppressed by angular momentum barrier

= Decay via a y cascade (AL=1) with narrow intermediate resonances can be used

to identify the resonance.
lg, 9s, 'py py, P, 9P, Dy D, YD. Dy 'Fy Faaa'Gy Gaas
Predicted mass

m = 4021 — 4095 MeV/c2*

5]

e h:.'3 X_,3,4

Tl X X , T T hey W : .
- Mea. g, M Mi Predicted width

[=8.3 MeV *

Mass / GeV c™*
RS

JPC=4+ n=1,S=1, 1 =3
— Cannot be formed in e*e-

annihilations
— Suppressed in B decays

— Suppressed in radiative

??r.'
’ [=92.9 +2.8 MeV [pdg]
QY decays
\—» Formation in pp not suppressed

e

345 * Mass and width predictions by
Barnes, Godfrey, Swanson

Phys. Rev. D72(2005)054026

8

o-+t 1 1+ ptt 1+t 2+t o=+ 1-- 2-- 3~ 3+- 234"F
4—+
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Search for 3F; at PANDA

Eyresolution in cms 9.2 MeV Work in progress Production Ep L3F (0=10 nb)
(post boost into pp CMS) i 4

10 = [
Reconstruction °F,—°D, Y, (BR=0.1)

via
413 MeV D, - X, Y, (BR=0.1)

E(y,) =
—>

|
T W'
| HHWW | Wi W " | X ~ I Y, BR=0.1)
| ‘| | N | | M | k" JIY - e* e (BR=0.06)
H WW’ N ‘ WW E(y,) = w JIY - y* Y~ (BR=0.06)
105— ‘ I E(y,) = ‘ e HESR High luminosity mode
N 246 MeV . Time Req. 2 weeks
i W|th flnal state radlatlon in J/LP decaY Ev l[GeV]I Acc. Duty Factor 50%
0.05 01 015 0.2 0.25 0.3 0.35I - I0.4I - I0.45
= Branching fractions for radiative decays: More details can be found in

W' = Yoy B=9.84 +0.31% [pdg] arXiv:1311.7597 [hep-ex].

— Assume 3B = 10% for all 3 y transitions.

= Clean signature of J/{ + 3 y with 150 MeV < E_,,. < 450 MeV.
= 4C Fit with cut on x? and on invariant mass to suppress background.

= Background simulation based on dual parton model [dpm] — y from light hadron decays.

Martin J. Galuska (PANDA Collaboration, JLU Giessen)



Recoll (,,Missing“) Mass Technique

Mmiss(X) = \/(E E*) _pgg

detected

reconstructed o

= Select events, reject background.
= Fit and subtract background from data.
= Fit background subtracted data — signal(s).

2 Y(28) z
< 40000 =
- 1 Method was used
E 30000 | Y(1S) hy(2 " for flndlng
- s = || h and h 'at Belle
20000 | L hyap) 7 | b b
10000 | | . = Y(1D)
rm o el bl A B | Belle, 121.4 fb-?
o fpht My TR Pl Phys. Rev. Lett
IR MR el 19_8L R L L & 108(2011)032001

M,,.(GeV/c?)

Martin J. Galuska (PANDA Collaboration, JLU Giessen) Charmonium(-like) (Exotic) States at PANDA 10



h.' (n=2, 5*'L J=1P1, JPC=1+ -, cC state)

Prediction from potential model
m = 3934 — 3956 MeV/c?*

1 3 1 3 3 3 L 3 3 3 1 3 3
Predicted width =87 MeV/c? iy “on BRy SRy, S Shy Sty Mg g Shy ey e
(decay to DD* open)

h.'and h_suppressed at
B-Factories:
0-0"1"(B-Kh))
forbidden in factorisation limit.

(Additional gluon required
between K and h )

Mass / GeV

Yp W3 Dp*
-- DD

n==:3

n=2
h.'and h_suppressed at BESIII:

In 1-~ decays,

1*- can only be produced by
1-—-1"-m°

(isospin-violating - BR < 10%3)

n=1

it v il il Rl s el el Gl el b T
4—+

* Mass & width prediction by Barnes, Godfrey, Swanson
Phys. Rev. D72(2005)054026
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h_' Recoil Mass Search at PANDA

° Work in progress
~E 3hsignal

E + 1s DPM

“E background

0 after cuts

-
[=]
(=]

[o]
[=]

»
[=]

++H

=
(=]

———

Unbinned likelihood fit
- X(3872): m fixed,
I floating

- he'm & T floating

- Comb. background:
Polynomial

N
[=]

(=]

x@872) J |

3.2 3.4 3.6 3.8

4 4z 44 a6
T+7t- Recoil Mass [GeV/c?]

A signal cross section of o = 30 nb for
pp-h'(-D° D) " 1t (+c.c.)

IS required to achieve

SIV(S+B)=5 in 10 weeks of data taking.

Martin J. Galuska (PANDA Collaboration, JLU Giessen)

Process
@ p,.., = 15 GeVic

Subsequent Decays

HESR

Time Requirements
Acc. Duty Factor
Signal Efficiency
Bkg. Suppression

pp—h_ (- D°D%) t* Tt~
(+c.c)

D% - K-Tt* (BR=3.88%) [pdg]

D% — anything

High luminosity mode
10 weeks

50%

8 %

O(10°)

More details can be found in arXiv:1311.7597 [hep-eX].

Fit results Input

m(h_') [MeVic?] 3945
r(h) [MeV] 87

My, 357, [MEV/C?] 3872
[MeV] 1.2

X(3872)

Reconstructed
394045

54.2+40.0
Fixed

40.7+4.5
(detector resolution)
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Conclusions and Outlook

= Simulations were shown for
= X(3872) resonance scan B
= Radiative cascade for high angular momentum cc state °F,

= Recoil mass technique for h '

. 5AN£)A offers a multitude of ways to study charmonium(-like) resonances
with pp annihilations for resonances with m__ < 5.5 GeV/c?.

- Unprecedented antiproton beam momentum resolution.

« PANDA is well suited for
- scans of (narrow) resonances with any non-exotic quantum numbers.
- search for resonances via the recoil method.
- search for high angular momentum states.

- search for glueballs and hybrids. (Not shown in this talk).

Thank you.
Martin J. Galuska (PANDA Collaboration, JLU Giessen) 13




References

[pdg] J. Beringer et al. (Particle Data Group), Phys. Rev. D86, 010001 (2012)
and 2013 partial update for the 2014 edition.

[dpm] Dual Parton Model:

- A. Capella, U. Sukhatme, C.-I. Tan, J. Tran Thanh Van
Phys. Rept. 236, 225 (1994)

- A. B. Kaidalov, P. E. Volkovitsky
Z. Phys. C63, 517 (1994)

- V. V. Uzhinsky and A. S. Galoyan,
hep-ph/0212369

Martin J. Galuska (PANDA Collaboration, JLU Giessen)

14



BACKUP

Martin J. Galuska (PANDA Collaboration, JLU Giessen) Charmonium(-like) (Exotic) States at PANDA



Background Cross Sections for pp

Ecm GeV

[ [ [ T TTTTI [ [T T TTTTI [ [T T TTTTI [ [T T TTTTI [ [ 1
19 2 10 10° 10° 10*

+I IIIIIIIj I IIIIIIII I IIIIIII: IR IIIIIIII I IIIIIIII I IIIIIII[ I IIIIIIII I IIIIIIII [T TTTH

=
= 10°
=
=
o
L)
1 ]
1 3]
1 4]
o
=
&
10
A S S II""""_"_I"""""nu"L""""""_I"""""u""I ---------------- P Qﬂib?b
fab-
| ||II|||| | |I||||I| | I||I|||| | ||I|||II | I||||I|| | ||I|I|II | |I|||||| | I|III||I | |I|||||| | | |1 J11ll
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% o Eom = 387154 Mev| 3871.59MeV 3 3871.64 MeV| af 3B71.69 MeV
o . . ”:
3 3 3
1_1-:_— Ij:— 1;5 E
. - et
= M (| | :
E E _u-
b ] 3 . ] . T s % 3 . 3 . v [ S « & & 7 s % E] . s ® T
JE Erem = 3871.74 MeV | i3 38TL.TIMeV| o 3BT1.84 MeV| 3- 3871.89 MeV
X(3872) - 3 - "
Resonance - P ]
s % 11:
sean & || * o ]
S,
.; ............ e TP Q':'l I.J‘ | & 5 R PSR SRS S| ." e
] . Ecm = 387154 Mev| 3871.99 MeV| o 387204 Mev| 3872.09 MeV
Signal - ‘ > :
= . 1 . )
o-sig — 50 nb ' ﬂz ué |'I
L L, + i + ]
Background #-+ el g Mo o Ml
a Ecm =387214MeV | of 387219 MeV| 4 3872.24 MeV | 3 ABT2.29 MeV
from - -
I i ¥
- NI ,: =
pp - Y TUTC | |
-~ i = s 1!
Oug=12nb : ]ﬁ “ I \
t 1l < .
o TN 3 e . S e TR Emm mmmmr e e e e e e
o Eem=38723aMev | aF 3s7239Mev | 3 3872.44 MeV | 4 3872.49 MeV
u- 28f u "
: : F ?
2at * * 28
j; uf |jE J_
- | + | :
oy I‘ : : .
% 3 O 3 ® 4 LI 3 0 s O ¥ LR S e Saman mas s W 3 . |

L
A-Particls Invarisnt Mass | Gay
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Background Rejection O(10°) for X(3872) Resonance Scan

[ Invariant Mass of J/y Candidates |
ol Event Selection for “EE
ol each scan point e
25(7!g ei B PID 60?
g [ o7t S0
o E../p fore*/m wr
i discrimination s
1501 ) =om GeV/c?
oot -2> 1 J/W¥ cand. via oF ove- | ]
50 CUton me+e— O~ ‘o.‘s‘”';‘ 1‘522|5:‘4j::&5
% T R sy S cutonmm_, oy Mo o e Cocltes |
- =1 X(3872) cand. via 1200 9
cutonm_ . o}
800—
After event selection cuts from 2M inelastic pp DPM events and s
- . . . 400(—
2M pp - mrrtete (filtered DPM) events O(1) remained in the Wf mm__ [GeV/c?]
signal region. N e
g a ego 0DHHOSLHM1 1.5 2‘”'2.‘5””3‘1‘”3‘5
aF Na In:fariant Mass of X(3872) candi ‘
g % g ; 100:—§
1000~ 1200; E
800 ' R 100" — e 80;
- 2Myinelastjc pp we  2M pp -\TUTUTUT e
600— C . L
- = (filtered DPM) events -
“r w0 before Cuts i Moy o e
200; 200% 20;* [G eV/Cz]
0 3 4 s e s ey 7 DS I | P PR I IR S
me+ R [GeV/CZ] me+ N [GeV/CZ] 2 2.5 3 3.5 4 4.5 5 5.5
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X(3872) — pp Data From LHCb

In the Paper “Measurements of the Branching Fractions of Bt — ppK™ Decays”...
@ ...the LHCb Collaboration studied

B(BT - “mode” KT — ppK™)

B(BT - J/UuKT — ppKT)

for several charmonium(-like) states “mode”
@ One of these states is the X(3872)

LHCb Data Sample for Decay Channel B* — ppK™

@ Collected at v/s = 7 TeV with p + p collisions
@ [,;=1.0 fb™' data
® 6951 + 176 BT — ppK™ (+c.c.) decays reconstructed

[lhcb13] R. Aaij et al. (LHCb Collaboration): “Measurements of the Branching Fractions of BT — ppK™ Decays”,
LHCb-PAPER-2012-047, CERN-PH-EP-2013-040, arXiv:1303.7133 [hep-ex], submitted to EPJ C (2013)

Material from M. Galuska, Talk at PANDA CM June 2013

Martin J. Galuska (PANDA Collaboration, JLU Giessen) 19




X(3872) — pp Data From LHCb

The Result for X(3872) from the
@ LHCDb did not see any signal for the X(3872) and obtained an upper limit for
B(BT — X(3872)KT — ppK*T) < (1.7 +£0.1) - 10™® (95% C.L.)
which corresponds to

B(X(3872) — pp)

-107° % C.L.
B(X(3872) — J/untn~) <lzbastlz ol (95% C.L.)

Material from M. Galuska, Talk at PANDA CM June 2013
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X(3872) — pp Data From LHCb

Upper Limit for
The published upper limit [Ihcb13]
B(X(3872) — pp) < 2.0-1073 . B(X(3872) = JjunTn") (95% C.L.)

implies
<2.0-1073.8(X(3872)—J/ynt ™) —1
peak _ (2:J+1)-4r B(X(3872) = pp) - B(X(3872) - all) Tx(ze72)°
.F:}:::—}{ (3872 )] m)({3872]2 _ 4m§ 4(”7}([33?2] . mX{SB?E] )2 +r}((38?2)2
o
J=1 3.4
e ] i .2.0-1073 . B(X(3872) = J/yntn7)

My ag72)2 — 4m3

which depends on
B(X(3872) —» Jynta™) >2.6-1072

for which only a lower limit is published [pdg12]

Material from M. Galuska, Talk at PANDA CM June 2013

Martin J. Galuska (PANDA Collaboration, JLU Giessen)
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X(3872) — pp Data From LHCb

Tightest Upper Limit for

__peak [J:1) 3-4r
[PP—X(3872)] ' Myx(3872)2 — 4m§

using B(B™ — X(3872)K™ — ppK™) the result is 62.0 + 4.0 1h

.20-102.26-102 =66.6 +6.7 nb

Material from M. Galuska, Talk at PANDA CM June 2013

Martin J. Galuska (PANDA Collaboration, JLU Giessen) Charmonium(-like) (Exotic) States at PANDA 22




Radiative Cascade for 3F, (=25*'L ) cc state

Mass and width predictions by
Barnes, Godfrey, Swanson
Phys. Rev. D72(2005)054026

J'Sn. 35]_ J'PJ_ SPD SPJ_ 3P2 LDz SDL 3D2 3D3 J'F3 3F2,3,4LG4 3G3,4,5

. 5
ILJ
%
W)
T )
I A p hla Xb.aa
g T :I_h:f_ Yot X:F,L Xez. . T _hfii_l,“éﬂé
e ﬁrz —ql.r’ '!,l!.fz 11“3
2 h... [
e
N ’!.ﬂ.-hj 1’!’.'3 A \I DD*
Moo
Y

o-+t 1~ 1t ottt 1ttt 2+t o=+ 1-- 92— 3-- 3+- 234Ht 345 -

Martin J. Galuska (PANDA Collaboration, JLU Giessen)

4—+

13F,
JEC=4t++
4095 MeV
['=8.3 MeV
E.=246 MeV

13D;
JPC‘:?)——
3849 MeV
'=0.5 MeV
£.,=338 MeV

Xe2
JPC':2—|——|—
3556 MeV
['=1.97 MeV
E.,=413 MeV

S/

JPC=1"~

23



Background Subtraction for h.' Recoil Mass Study

" Work in progress
0

> 3 h signal

- + 1s DPM
0000 background

5000 before cuts

10000

5000

0 1 1 I 1 1 1 | 1 1 1 I 1 1 1 I
3.2 3.4 3.6 3.8

Work in progress

Events/ (0.016)

Unbinned likelihood fit
- X(3872): m fixed,

3h signal I floating
+ 1s DPM - he' m & T floating
- Comb. background:
Lof. Packground Polynomial
Unbinned || 10, after cuts
likelinood fit
for 80
background || €0
subtraction
:Z 7 +H #
TR xEer) L\
4 4.2 44 3.2 3.4 3.6 3.8 4 4.2 4.4 4.6

T+1- Recoil Mass [GeV/c?]

Applied Cuts:
- PID

-=1D°%cand. via3ccutonm_,

- vertex fit
X*<S
|z] < 0.7 mm
|p] £ 0.1 mm

- Plab(11%)>1.2 GeV

Martin J. Galuska (PANDA Collaboration, JLU Giessen)

T+1- Recoil Mass [GeV/c?]
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Background Rejection O(10°) for h;' Study | ...
. 1800}~
Q1.0E+0
@ Background
':% Signal
W 0E1

1.0E-2

1.0E-3

1.0E-4

£, =1.6¥10°
1.0E-5

a3 ﬁ signal background
’ " Invariant Mass.(GeVIcz). leab(Tli) [G eV/c] pzlab(-r[t) [GeV/c]

Martin J. Galuska (PANDA Collaboration, JLU Giessen) Charmonium(-like) (Exotic) States at PANDA 26




Any additional background for 3F4 ?

Radiative decays of X(3872) ?

X(3872) -» J/Yy seen by Belle and BaBar
E,=772 MeV/c? (high — outside of our range here)

X(3872) —» 'y evidence at BaBar, not confirmed by Belle
X(3872) —» X,y not seen yet

BUT from 3F4 to X(3872)

4+ - 1** forbidden

4+ — 1-- (e.g. ') suppressed by
angular momentum barrier
suppression (2L+1) =7

Martin J. Galuska (PANDA Collaboration, JLU Giessen)
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How Can We Estimate pp Cross Sections @ PANDA ?

Pro_duction
@ Panda

=1

(2 +1)-4r  B(X(3872) — pp) B(X(3872) = f) I 3579

B m?x(ss*rz) —4mg f(mX(SS’??) - mX(3872))i +F}2((3872)
0
- 4
CED 3 dm ~ - B(X(3872) — pp)
M (3872) — 41
Decay

@ Belle, BaBar, Bes3, LHCDb

Martin J. Galuska (PANDA Collaboration, JLU Giessen) Charmonium(-like) (Exotic) States at PANDA 28



Cross Section Estimates from detailed balance

peak

PPA] for pp — R assuming Breit Wigner distributions with constant

Table: Peak cross sections o
small width I g.

Res. R J | Massm[MeV] B(R — pp) cr'[‘:%: o e fr. B(R — pp)+ er. fr. ma
Jw(S) | 1 | 3096.916+0.011 | (217 +0.07) 1077 5.25 +0.17 + 0.00 ub
w(28S) 1 | 3686.1097 g | (276+0.12) 107 402 + 18 + 4nb
1:(18) 0 2981.0 + 1.1 (1.41 +0.17) - 1073 1.29 +0.16 + 0.00 ub
n:(18) 0 2981.0 + 1.1 (1.32+0.19)- 1073 1.21 +0.17 + 0.00 ub
1:(2S) 0 3638.9 + 1.3 (1.85+1.26) - 10~* 93 + 63 + Onb
1:(2S) 0 3638.9 + 1.3 (3.12+1.65)-107* < 157 + 83 + 0nb (95% CL)
xeo(1P) | O 3414.75 + 0.31 (223 +0.13) - 10~* 1341+ 7.8+ 0nb
he(1P) 1 3525.41 + 0.16 (8.95+5.21)-107* 1.47 + 0.86 + 0 ub
he(1P) 1 3525.41 + 0.16 (1.68 £0.05) - 1073 < 2776 + 87 + Onb (95% CL)
X(3872) | 1 3871.68 + 0.17 (5.31 £0.00)-10™* <68.0+4.0+0.0nb (95% CL)
X(3915) | ? 39175+ 2.7 (27 +10)-1073 not isolated

from PDG

from LHCb, arXiv:1303.7133 [hep-ex]
from combination of both (product branching fractions)

Martin J. Galuska (PANDA Collaboration, JLU Giessen)



Check of cross section, derived from detailed balance
(blue line)

with direct measurement of J/y, @'
E760, Phys. Rev. D47(1993)772

Cross Check for J/y from E760 Paper Cross Check for y from E760 Paper
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BACKGROUND
DPM
(Dual Parton Model)

A. Capella, U. Sukhatme, C.-I. Tan, J. Tran Thanh Van
Phys. Rept. 236, 225 (1994)

A. B. Kaidalov, P. E. Volkovitsky

Z. Phys. C63, 517 (1994)

V. V. Uzhinsky and A. S. Galoyan,

hep-ph/0212369

Martin J. Galuska (PANDA Collaboration, JLU Giessen)
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Martin J. Galuska (PANDA Collaboration, JLU Giessen) Charmonium(-like) (Exotic) States at PANDA
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Motivation: the physics case

Understanding confinement
Origin of hadron masses

through the study of

@ Hadron spectroscopy
- Search for gluonic excitations
- Charmonium spectroscopy
- D meson spectroscopy
- Baryon spectroscopy
- QDC dynamics

@ Nucleon structure

- Parton distributions

- Time-like form factors of the proton
- Transition distribution amplitudes

- Generalized distribution amplitudes

@ Hadrons in matter

@ Hypernuclei

Courtesy of E. Prencipe, ICHEP 2014
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acility for / ntiproton and 'on esearch =
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CZECH
REPUBLIC

Ant:proton s

Bern Vaduz!
© SWiTZERLAND

Productxor‘l

Ta rget

3000 Physicists

NUSTAR 50 Countries

ol Sy - o o
Scientific pillars of FAIR: ’ w
1. Atomic, Plasma Physics and Applications — APPA Y

2. Compressed Baryonic Matter — CBM
3. NUclear STructure, Astrophysics and Reactors — NUSTAR
4. antiProtons ANnihilation at DArmstadt - PANDA

Courtesy of E. Prencipe’ ICHEP 2014 Charmonium(-like) (Exotic) States at PANDA 34



A bird view of the site

12 June 2014

Total area > 200 000 m?
Area buildings = 98 000 m?
Usable area = 135 000 m?

Courtesy of E. Prencipe, ICHEP 2014
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The detector PANDA @ FAIR

Magnet system

Courtesy of E. Prencipe, ICHEP 2014 Charmonium(-like) (Exotic) States at PANDA 36



The detector PANDA @ FAIR

Cluster jet | Pellet targetin—

prototype operation at
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Target system: TDR approved for cluster jet
Prototype under construction

Courtesy of E. Prencipe, ICHEP 2014 37



The detector PANDA @ FAIR

(1§
|

Calorimeters:
All endcap crystals produced
TDR approved

— I I 2
a | i i
|| A
[ - t S W (T 7:
|NTILE e :

S

D

Courtesy of E. Prencipe, ICHEP 2014
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The detector PANDA @ FAIR

Muon Detectors
0 RANJE

.~

il

PID system

Courtesy of E. Prencipe, ICHEP 2014




The detector PANDA @ FAIR

-
/ ;Ff f'f/ ¥ /
{
|
h
=i . ;
— Design ongoing

——>TDR approved ____ (&

Tracking system

Courtesy of E. Prencipe, ICHEP 2014 Charmonium(-like) (Exotic) States at PANDA 40



The detector PANDA @ FAIR

» PANDA is a fixed target detector

O High boostp___ > 0.8

O Many tracks and photons in fwd acceptance ( e <30°)
(highp, E) g

@ High background from hadronic reactions

O Expected S/B ~10°° T
O S (signal) and B (background) have same signature

O Hardware trigger not possible

O Self-triggered electronics

O Free streaming data

O 20 MHz interaction rate

O Complete real-time event reconstruction

Courtesy of E. Prencipe, ICHEP 2014 41
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