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The PANDA Detector
For details see talk by G. Boca: 
„The Experiment PANDA: Physics With Antiprotons at FAIR“, 
July, 29th @ FAIR workshop 
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The High Energy Storage Ring (HESR)

Circumference  575 m

Momentum 1.5 – 15 GeV/c

Electron Cooling up to 9 GeV/c

Stochastic Cooling Full range

Beam life time > 30 min.

 Operation Mode High Resolution Mode High Luminosity Mode

# stored antiprotons 1010 1011

Luminosity Up to 2*1031 cm-2 s-1 Up to 2*1032 cm-2 s-1

Δp
beam

/p
beam

 ≤ 5*10-5 1*10-4

Beam cooling Electron cooling
+ Stochastic cooling

Stochastic cooling

For details see talk by D. Prasuhn: 
„HESR@FAIR: The High-Energy Storage Ring“, 
July, 28th @ FAIR workshop 



Charmonium(-like) (Exotic) States at Charmonium(-like) (Exotic) States at PPANDAANDA

 
5Martin J. Galuska (PANDA Collaboration, JLU Giessen)

 High mass and high angular momentum states accessible
  p

beam
 ≤ 15 GeV/c → mcc ≤ 5.5 GeV for pp→cc 

  L ≥ 10 possible

 
 High statistics
  σpp→cc = 50 nb → 4.3 x 105 events per 1 day (high luminosity mode) 

 All quantum numbers accessible in production

 All non-exotic quantum numbers accessible in formation
 Resonance scans

 Excellent E
cm 

resolution 

  FWHM = 160 keV @ mcc = 4 GeV (in high resolution mode)

 Gluon-rich environment 

 High hadronic background

Charmonium(-like) States at PANDA

3 gluons: 
1−−, 1+−, … 

2 gluons: 
0−+, 0++, 2++, …

cc formation in 
pp annihilation
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Resonance Scan

 For processes of the form
   Initial state → R → final state
 σ

R
 given by the Breit-Wigner formula:

 Count rate ν:

 B(E
cm

,E
cm0

): Beam energy distribution 

  around nominal value E
cm0

 Measure rate as function of the cm energy E
cm0

.

  →M
R
, Γ

R
 and B

in
*B

out
. 

 Resolution only limited by knowledge of cm energy.

 PID and momentum resolution needed 
  for background suppression.

ν / σ / B

E
cm

ν

B(Ecm, Ecm0)

σ
R
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X(3872) Resonance Scan at PANDA
 X(3872) formation in e+e– annihilations suppressed due to JPC=1++

 Background Study for E
cm 

= m
X(3872)

  pp inelastic: σ
inel. 

≈ 45 mb

  pp → π+π−π+π−: σ
4π

 ≈ 50 μb

  pp → J/ψ π+π−: σ
direct

 ≈ 1.2 nb
More details can be found in PoS(Bormio2012)018.
 Simulation assumptions are consistent with new data.

Formation pp→X(3872) (σ
BW

=50 nb)

Reconstruction 
via

J/ψ (→e+ e–) π+ π– 
(BR = 0.1 * 0.06 [pdg])

HESR High resolution mode

Req. Time 20 * 2 days

Acc. Duty Factor 50%

Study with Dual Parton Model (DPM) generator
Background Rejection O(106) achieved

* S.-K. Choi et al. (Belle Collaboration)
  Phys. Rev. D 84, 052004 (2011).

Included in plot

 E
cm0

 [GeV/c2]

Work in progress

For an introduction to XYZ states 
see talk by W. Kühn: 
„BESIII Highlights“, 
July, 29th @ FAIR workshop 

 PANDA will be able to either measure Γ
X(3872)

 

  or at least significantly improve the current 
  upper limit of Γ

X(3872)
 < 1.2 MeV at 90% C.L.*
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Radiative Cascade for 3F4 (= 2S+1L
J 
) cc state

▪ Formation of high angular momentum resonance 3F
4
.

▪ Decay to ground state and to open charm suppressed by angular momentum barrier.
▪ Decay via a γ cascade (ΔL=1) with narrow intermediate resonances can be used 
  to identify the resonance.

Predicted mass 
m = 4021 – 4095 MeV/c2 *

Predicted width
Γ = 8.3 MeV *

JPC=4++, n=1, S=1, L=3
→ Cannot be formed in e+e– 

        annihilations 
→ Suppressed in B decays
→ Suppressed in radiative 
     ψ decays 
→ Formation in pp not suppressed

* Mass and width predictions by 
Barnes, Godfrey, Swanson

Phys. Rev. D72(2005)054026

γ1 

γ2 

γ1 

γ3 

Γ = 0.5 MeV *

Γ = 1.97 ± 0.11 MeV [pdg]

Γ = 92.9 ± 2.8 MeV [pdg]
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▪ Branching fractions for radiative decays:
   ψ'  → χc0γ   B = 9.84 ± 0.31% [pdg]
   → Assume B = 10% for all 3 γ transitions.

▪ Clean signature of J/ψ + 3 γ with 150 MeV < E
CMS

 < 450 MeV.

▪ 4C Fit with cut on χ2 and on invariant mass to suppress background.

▪ Background simulation based on dual parton model [dpm] → γ from light hadron decays. 

Search for 3F4 at PANDA

with final state radiation in J/ψ decay
E

γ
cms [GeV]

E(γ
1
) =

246 MeV

E(γ2) = 

338 MeV

E(γ
3
) =

413 MeV

Eγ resolution in cms 9.2 MeV
(post boost into pp CMS)

Work in progress Production pp→3F
4
 (σ=10 nb)

Reconstruction 
via

3F
4
→3D

3
 γ1  

(BR=0.1)

3D
3
→χ

c2
 γ2  

(BR=0.1)

χ
c2 

→J/ψ γ3  
(BR=0.1)

J/ψ→e+ e– (BR=0.06)

J/ψ→μ+ μ– (BR=0.06)

HESR High luminosity mode

Time Req. 2 weeks

Acc. Duty Factor 50%

More details can be found in 
arXiv:1311.7597 [hep-ex].
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π+

π−

detected

reconstructed

Recoil

Recoil („Missing“) Mass Technique

Method was used 
for finding
h

b
 and h

b
' at Belle

Belle, 121.4 fb−1

Phys. Rev. Lett 
108(2011)032001

 Select events, reject background.
 Fit and subtract background from data.
 Fit background subtracted data → signal(s).
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hc' (n=2, 2S+1L
J
=1P1, JPC=1+ –, cc state)

Prediction from potential model
m = 3934 – 3956 MeV/c2 *

Predicted width Г=87 MeV/c2 
(decay to DD* open)

h
c
' and h

c
 suppressed at 

B-Factories: 
0–+→0–+ 1+– (B→K h

c
') 

forbidden in factorisation limit. 
(Additional gluon required 
between K and h

c
')

h
c
' and h

c
 suppressed at BESIII: 

In 1– – decays, 
1+ – can only be produced by 
1– –→1+ –  π0 
(isospin-violating → BR ≤ 10-3) 

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

A signal cross section of σ ≈ 30 nb for 
 pp→h

c
'(→D0 D0*) π+ π– (+ c.c.)

 is required to achieve 
 S/√(S+B)≥5 in 10 weeks of data taking.

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

Fit results Input Reconstructed

m(h
c
') [MeV/c2] 3945 3940±5

Γ(h
c
') [MeV] 87 54.2±40.0

m
X(3872) 

[MeV/c2] 3872 Fixed

Γ
X(3872) 

[MeV] 1.2 40.7±4.5
(detector resolution)

Process
@ p

beam
 = 15 GeV/c

pp→h
c
'(→D0 D0*) π+ π– 

(+ c.c.)

Subsequent Decays D0→K– π+  (BR=3.88%) [pdg]

D0*→anything

HESR High luminosity mode

Time Requirements 10 weeks

Acc. Duty Factor 50%

Signal Efficiency 8 %

Bkg. Suppression O(105)

π+π− Recoil Mass [GeV/c2]

Work in progress

X(3872) h'
c

Unbinned likelihood fit
- X(3872): m fixed,
  Γ floating
- hc' m & Γ floating
- Comb. background:
  Polynomial 

3h signal 
+ 1s DPM

background
after cuts
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 Conclusions and Outlook

  ▪ Simulations were shown for  
    ▪ X(3872) resonance scan
    ▪ Radiative cascade for high angular momentum cc state 3F

4

    ▪ Recoil mass technique for h
c
'

    
  ▪ PANDA offers a multitude of ways to study charmonium(-like) resonances 
    with pp annihilations for resonances with m

cc
 ≤ 5.5 GeV/c2.

    - 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.
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BACKUP
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Background Cross Sections for pp

X
(3

87
2

)

[pdg]
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X(3872) 
Resonance 

Scan

Signal
σ

sig
 = 50 nb

+
Background

from
pp → J/ψ π+π− 

σ
bkg

 ≈ 1.2 nb
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Event Selection for 
each scan point 
- PID
  E

EMC
/p for e± / π± 

    discrimination
- ≥ 1 J/Ψ cand. via

   
cut on m

e+ e–

   
cut on mm

π+ π–

- ≥ 1 X(3872) cand. via
  cut on m

e+ e– π+ π–

Background Rejection O(106) for X(3872) Resonance Scan

e±π±

After event selection cuts from 2M inelastic pp DPM events and
2M pp → π+π−π+π− (filtered DPM) events O(1) remained in the 
signal region.

2M inelastic pp 
DPM events 
before cuts

m
e+ e–

 [GeV/c2]

mm
π+ π–

 [GeV/c2]

m
e+ e– π+ π– 

[GeV/c2]

m
e+ e– π+ π–

 [GeV/c2]

2M pp → π+π−π+π− 

(filtered DPM) events 
before cuts

m
e+ e– π+ π–

 [GeV/c2]
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X(3872) → pp Data From LHCb

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

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

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

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



Charmonium(-like) (Exotic) States at Charmonium(-like) (Exotic) States at PPANDAANDA

 
23Martin J. Galuska (PANDA Collaboration, JLU Giessen)

Radiative Cascade for 3F4 (= 2S+1L
J 
) cc state

Mass and width predictions by 
Barnes, Godfrey, Swanson

Phys. Rev. D72(2005)054026

γ1 

γ2 

γ1 

γ3 
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π+π− Recoil Mass [GeV/c2]

Work in progress

X(3872) h'
c

Unbinned likelihood fit
- X(3872): m fixed,
  Γ floating
- hc' m & Γ floating
- Comb. background:
  Polynomial 

Applied Cuts:
- PID
- ≥ 1 D0 cand. via 3σ cut on m

π+ K–

- vertex fit 
   χ2 < 5
   |z| ≤ 0.7 mm
   |ρ| ≤ 0.1 mm
- plab(π±)>1.2 GeV

Background Subtraction for hc' Recoil Mass Study

3h signal 
+ 1s DPM

background
after cuts

Work in progress

3 h signal 
+ 1s DPM 
background
before cuts

π+π− Recoil Mass [GeV/c2]

Unbinned 
likelihood fit
for 
background 
subtraction
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Background Rejection O(105) for hc' Study

p
z

lab(π±) [GeV/c]

 PID

p
z
lab(π±)

>1.2 GeV/c

 ≥ 1 D0 
cand.
via 

   
3σ cut 

on m
π+ K–

π+π– 
vertex fit

|z|≤0.7 mm

signal background

E
ff

ic
ie

n
cy

Background
Signal

π+π– 
vertex fit

χ2 < 5 π+π– 
vertex fit

|ρ|≤0.1 mm

p
z

lab(π±) [GeV/c]

ε
sig

=8.3%

ε
bkg

=1.6*10-5
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Any additional background for 3F4 ?

Radiative decays of X(3872) ?

X(3872)  J/→ ψ γ  seen by Belle and BaBar 
Eγ=772 MeV/c2 (high  outside of our range here→ )
X(3872)  → ψ'γ  evidence at BaBar, not confirmed by Belle
X(3872)  → χ

cJ
γ not seen yet

BUT from 3F4 to X(3872)
4++  1→ ++   forbidden 
4++  1→ − − (e.g. ψ' ) suppressed by 
angular momentum barrier 
suppression (2L+1) = 7 
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How Can We Estimate pp Cross Sections @ PANDA ?

Production
@ Panda

Decay 
@ Belle, BaBar, Bes3, LHCb
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from PDG
from LHCb, arXiv:1303.7133 [hep-ex]
from combination of both (product branching fractions)

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

with direct measurement of J/ψ, ψ'
E760, Phys. Rev. D47(1993)772
(data points)

J/ψ  ψ '

5250 nb 402 nb
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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

TOTAL

ELASTIC
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V. V. Uzhinsky, A. S. Galoyan
parametrization of 
anti-proton cross sections
for DPM and Geant4 
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