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Heavy Quarkonium Spectroscopy with PANDA 

• Storage ring with antiprotons + cluster-jet/pellet target
• Antiproton momenta (p): 1 - 15 GeV/c
• Stochastic cooling: dp/p~10-4 - 10-5

• Luminosity: 2x1031 (Phase 1+2) - 2x1032 (Phase 3) s-1cm-2

• Detector: 4pi, versatile, high-rate capabilities, …
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14/01/2015 Frank Nerling Charmonium Spectroscopy with PANDA at FAIR 

PANDA Physics Programme 

Anti-Proton ANnihilation in DArmstadt 
 
• Meson spectroscopy 

!  Light mesons 
!  Charmonium 
!  Exotic states: 
     glue-balls, hybrids,  
      molecules / multi-quarks 

•  (Anti-) Baryon production 
• Nucleon structure 
• Charm in nuclei 
• Strangeness physics 

!  hypernuclei, 
!  S = -2 nuclear system  
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  - from quark/gluons to hadronic degrees of freedom
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Large production rates of (exotic) hadrons 
  - charm+strange factory -> charmonium, hyperons! 
  - gluon-rich production -> potential for glueballs!

Access huge spectrum of hadrons 
  - direct formation of all conventional JPC states  
  - large sensitivity to high spin states

Unprecedented tool to rigorously study non-perturbative QCD!

Production of pairs of hadron+antihadrons 
  - matter-antimatter asymmetry studies 
  - excellent experimental conditions
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• Scattering
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• Excitation
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Approaches in hadron physics
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04 June 2013 KVI 30

What is Zc(3900)?

Charged → It is not a conventional cc!

Tetraquark Hadronic molecule

 arXiv:1110.1333, 1303.6857
 arXiv:1304.0345, 1304.1301

 arXiv:1303.6608, 
1304.2882, 1304.1850

Most popular models

04 June 2013 KVI 30

What is Zc(3900)?

Charged → It is not a conventional cc!

Tetraquark Hadronic molecule

 arXiv:1110.1333, 1303.6857
 arXiv:1304.0345, 1304.1301

 arXiv:1303.6608, 
1304.2882, 1304.1850

Most popular models

Are they exotic hadrons?

  Exotic means non qq* or qqq structures ... what else?

  Strongly interacting clusters of hadrons: molecules
     [Voloshin; Tornqvist; Close; Braaten; Swanson...]

  Tetraquark mesons, Pentaquarks, ...
     [Maiani,Piccinini,Polosa,Riquer ...]

  Hybrids
     [Close, Kou&Pene, ...]

  Hadrocharmonium
     [Voloshin]

  Many exotic candidates have been identified among the so-called XYZ 
      particles.

πc c–
uu–

u– cuc–
c c–

g

c c–
π

π

Exotics

Narrow states
Heavy charm quarks
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Antiproton physics at

Charm and Exotics

High-spin states accessible by PANDA

→ goldmine for exotics e.g. glueballs

- Less populated
mass region?

- Less mixing? 

*Huber et al., Eur.Phys.J.C 81 (2021) 12, 1083
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Antiproton physics at

Charm and Exotics
What kind of hadrons can be formed by quarks and gluons?
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High-spin states accessible by PANDA
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- Less populated
mass region?
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pentaquark candidates

• Close to DD* threshold 
• Isospin breaking? 
• Strikingly narrow 
• Remains mysterious after decades 
➡Alternative insight needed!

Citation: J. Beringer et al. (Particle Data Group), PR D86, 010001 (2012) and 2013 partial update for the 2014 edition (URL: http://pdg.lbl.gov)

K∗0K−π++ c.c. < 9.7 × 10−3 CL=90% 1722

ppπ0 < 1.2 × 10−3 1595

ppπ+π− < 5.8 × 10−4 CL=90% 1544

ΛΛ < 1.2 × 10−4 CL=90% 1521

ppπ+π−π0 < 1.85 × 10−3 CL=90% 1490

ωpp < 2.9 × 10−4 CL=90% 1309

ΛΛπ0 < 1.2 × 10−3 CL=90% 1469

pp2(π+π−) < 2.6 × 10−3 CL=90% 1425

ηpp < 5.4 × 10−4 CL=90% 1430

ηppπ+π− < 3.3 × 10−3 CL=90% 1284

ρ0pp < 1.7 × 10−3 CL=90% 1313

ppK+K− < 3.2 × 10−4 CL=90% 1185

ηppK+K− < 6.9 × 10−3 CL=90% 736

π0ppK+K− < 1.2 × 10−3 CL=90% 1093

φpp < 1.3 × 10−4 CL=90% 1178

ΛΛπ+π− < 2.5 × 10−4 CL=90% 1405

ΛpK+ < 2.8 × 10−4 CL=90% 1387

ΛpK+π+π− < 6.3 × 10−4 CL=90% 1234

Radiative decaysRadiative decaysRadiative decaysRadiative decays
γχc2 < 9 × 10−4 CL=90% 211

γχc1 ( 2.9 ±0.6 ) × 10−3 253

γχc0 ( 7.3 ±0.9 ) × 10−3 341

γη′ < 1.8 × 10−4 CL=90% 1765

γη < 1.5 × 10−4 CL=90% 1847

γπ0 < 2 × 10−4 CL=90% 1884

X (3872)X (3872)X (3872)X (3872) IG (JPC ) = 0+(1 + +)

Mass m = 3871.68 ± 0.17 MeV
mX (3872) − mJ/ψ = 775 ± 4 MeV
mX (3872) − mψ(2S)
Full width Γ < 1.2 MeV, CL = 90%

X (3872) DECAY MODESX (3872) DECAY MODESX (3872) DECAY MODESX (3872) DECAY MODES Fraction (Γi /Γ) p (MeV/c)

π+π− J/ψ(1S) > 2.6 % 650

ωJ/ψ(1S) > 1.9 % †
D0D0 π0 >32 % 116

D∗0D0 >24 % †
γ J/ψ > 6 × 10−3 697

γψ(2S) [vvaa] > 3.0 % 181

π+π−ηc (1S) not seen 746

HTTP://PDG.LBL.GOV Page 135 Created: 7/12/2013 14:49

The X(3872)
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Line-shape of the X(3872)

8

• Different internal structure → different production/decay dynamics 
• Idea: Line shape of resonance reveals nature! 
• Challenge: High resolution needed to resolve structures! 
   

 [CDF, PRL 103  (2009) 152001]

χc1(3872) 
@ CDF



Resonance scanning

9

• Production with recoils dominated by detector resolution (~ MeV) 
• Formation reaction → produce χc1(3872) [JPC = 1++] w/o recoils 

 

• Beam energy spread → resolution 
• Measure yield at different Ecms

beam 
profile

measured  
yield

resonance  
cross section

 LHCb Detector Resolution ≈ 2.6   MeV 
 PANDA Beam Resolution ≈ 0.05 MeV

p

p

all qq JPC

χc1

JPC(χc1) = 1++

χc1p

p
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Comprehensive sensitivity study

10

Klaus Goetzen, Frank Nerling, et al.

• Reaction: pp → χc1(3872) → J/ψ (→ e+e– / µ+µ–) ρ0 (→ π+π–) 

• Determine the precision for line-shape measurement at PANDA of 
– Breit-Wigner Width Γ 
– Flatté Energy Ef 

• Investigated Parameter Space: 

Total beam time:  T = 40 × 2d   = 80 d 
Cross section assumption: σpeak(pp → χc1)  = 20 .. 150 nb 
BW Width:      Γ  = [ 50, 70, 100, 180, 250, 500 ] keV 
Flatté energy: Ef = [-10.0, -9.5, -9.0, -8.8, -8.3, -8.0, -7.5, -7.0] MeV

[https://arxiv.org/abs/1812.05132]
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• Line shapes for Flatté model [Hanhart et al, PRD 76 (2007) 034007] 

• Channel: χc1(3872) → J/ψ ρ0  
 
 
 
 
 
 

𝜎(𝐸; 𝐸𝑓) ∼
Γ𝜋+𝜋−𝐽/𝜓 (𝐸 )

|𝐷(𝐸; 𝐸𝑓) | 2 

bound 
Ef = -14.0 MeV

bound 
-10.0 MeV

virtual 
-7.0 MeV

virtual 
-5.0 MeV

Klaus Goetzen, Frank Nerling, et al.

Ef,th = – 8.56 MeV

bound 
(Re(a)>0)

virtual 
(Re(a)<0)

investigated 
range

Re
 a

(E
f) 

[fm
]

Re of scattering length a(Ef) 

differs from zero by more than 5 standard deviations. Fits
were also made fixing ΓBW to zero and allowing sf to float
in each bin without constraint. The value of sf obtained is
between 1.2 and 1.25 depending on the bin, much larger
than can be reasonably explained by differences in the mass
resolution between the data and simulation after the
calibration using the ψð2SÞ data.
Care is needed in the interpretation of the measured ΓBW

andmχc1ð3872Þ parameters since jmD0 þmD̄$0 −mχc1ð3872Þj <
ΓBW. The Breit-Wigner parametrization may not be valid
since it neglects the opening of the D0D̄$0 channel.

VII. FLATTÉ MODEL

A. The Flatté lineshape model

The proximity of the χc1ð3872Þ mass to the D0 D̄$0

threshold distorts the lineshape from the simple Breit-
Wigner form. This has to be taken into account explicitly.
The general solution to this problem requires a full under-
standing of the analytic structure of the coupled-channel
scattering amplitude. However, if the relevant threshold is
close to the resonance, simplified parametrizations are
available and have been used to describe the χc1ð3872Þ
lineshape [16,17].
In the J=ψπþπ− channel the χc1ð3872Þ lineshape as a

function of the energy with respect to the D0D̄$0 threshold,
E≡mJ=ψπþπ− − ðmD0 þmD$0Þ, can be written as

dRðJ=ψπþπ−Þ
dE

∝
ΓρðEÞ
jDðEÞj2

; ð1Þ

where ΓρðEÞ is the contribution of the J=ψπþπ− channel
to the width of the χc1ð3872Þ state. The complex-
valued denominator function, taking into account
the D0D̄$0 and DþD$− two-body thresholds, and the
J=ψπþπ− J=ψπþπ−π0 channels, is given by

DðEÞ ¼ E − Ef þ
i
2
½gðk1 þ k2Þ þ ΓρðEÞ þ ΓωðEÞ þ Γ0':

ð2Þ

The Flatté energy parameter, Ef, is related to a mass
parameter, m0, via the relation Ef ¼ m0 − ðmD0 þmD$0Þ.
The width Γ0 is introduced in Ref. [17] to represent further
open channels, such as radiative decays. The model
assumes an isoscalar assignment of the χc1ð3872Þ state,
using the same effective coupling, g, for both channels. The
relative momenta of the decay products in the rest frame of
the two-body system, k1 for D0D̄$0 and k2 for the DþD$−

channel, are given by

k1 ¼
ffiffiffiffiffiffiffiffiffiffi
2μ1E

p
; k2 ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2μ2ðE − δÞ

p
; ð3Þ

where δ ¼ 8.2 MeV is the isospin splitting between the two
channels. The reduced masses are given by μ1 ¼

mD0mD$0
ðmD0þmD$0 Þ

and μ2 ¼
mDþmD$−

ðmDþþmD$− Þ. For mJ=ψπþπ− masses below the

D0D̄$0 and DþD$− thresholds these momenta become
imaginary and thus their contribution to the denominator
will be real. The energy dependence of the J=ψπþπ− and
J=ψπþπ−π0 partial widths is given by [17]

ΓρðEÞ ¼ fρ

Z
MðEÞ

2mπ

dm0

2π

qðm0; EÞΓρ

ðm0 −mρÞ2 þ Γ2
ρ=4

; ð4Þ

ΓωðEÞ ¼ fω

Z
MðEÞ

3mπ

dm0

2π
qðm0; EÞΓω

ðm0 −mωÞ2 þ Γ2
ω=4

: ð5Þ

The known values for masses mρ, mω and widths Γρ, Γω

[32] are used and the lineshapes are approximated with
fixed-width Breit-Wigner functions. The partial widths are
parametrized by the respective effective couplings fρ and
fω and the phase space of these decays, where intermediate
resonances ρ0 → πþπ− and ω → πþπ−π0 are assumed. The
dependence on E is given by the upper boundary of the
integralsMðEÞ ¼ Eþ ðmD0 þmD$0Þ −mJ=ψ . The momen-
tum of the two- or three-pion system in the rest frame of the
χc1ð3872Þ is given by

qðm0; EÞ

¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
½M2ðEÞ − ðm0 þmJ=ψÞ2'½M2ðEÞ − ðm0 −mJ=ψÞ2'

4M2ðEÞ

s

:

ð6Þ

The model as specified contains five free parameters:
m0; g;Γ0 and the effective couplings fρ and fω. In contrast
to the Breit-Wigner lineshape, the parameters of the Flatté
model cannot be easily interpreted in terms of the mass and
width of the state. Instead it is necessary to determine the
location of the poles of the amplitude. The analysis
proceeds with a fit of the Flatté amplitude to the data
and subsequent search for the poles.
The resulting Flatté lineshape replaces the Breit-Wigner

function and is convolved with the resolution models
described in the first part of the paper. The Flatté param-
eters are estimated from a simultaneous unbinned like-
lihood fit to the J=ψπþπ− mass distribution in the six pπþπ−

data samples. The data points are corrected for the observed
shifts of the reconstructed mass of the ψð2SÞ in each bin.

B. Fits of the Flatté lineshape to the data

In order to obtain stable results when using the coupled-
channel model to describe the J=ψπþπ− mass spectrum, a
relation between the effective couplings fρ and fω is
imposed. This relation requires that the branching fractions
of the χc1ð3872Þ state to J=ψρ0 and J=ψω0 final states are
equal, which is consistent with experimental data [5,15,42],
thus eliminating one free parameter in the fit. Furthermore,

STUDY OF THE LINESHAPE OF THE χc1ð3872Þ … PHYS. REV. D 102, 092005 (2020)
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• Expected sensitivity for BW Width Γ & Flatté Parameter Ef 

• Breit-Wigner: 3σ precision at down to Γ = O(50 − 100) keV! 
• Flatté: Precision in sub-MeV range!

[Eur. Phys. J. A 55 (2019) 3, 42, arXiv:1812.05132]

HL: High Luminosity 
P1: Phase 1  
HR: High Resolution

HL: High Luminosity 
P1: Phase 1  
HR: High Resolution

Breit-Wigner 
Scenario

Flatté-Model 
Scenario

mis-id. bound → virtual state

Sensitivity of PANDA
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[Phys.Rev.D 102 (2020) 9, 092005] 
[https://arxiv.org/abs/2005.13419]
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Line-shape of the X(3872) - LHCb result
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• Breit Wigner fit 
 
 
 
  
    

• Alternative Flatté model fit 
 
 
 
 
 
 

[previous Belle result: Γ < 1.2 MeV (CL90)]

(Flatté energy Ef = -7.2 MeV)

[Phys.Rev.D 102 (2020) 9, 092005] 
[https://arxiv.org/abs/2005.13419]
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Factor 6.3, analysis dependent
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• Breit Wigner fit 
 
 
 
  
    

• Alternative Flatté model fit 
 
 
 
 
 
 

Factor 6.3, analysis dependent

[previous Belle result: Γ < 1.2 MeV (CL90)]

(Flatté energy Ef = -7.2 MeV)

→ Conclusion depends on the model!

[Phys.Rev.D 102 (2020) 9, 092005] 
[https://arxiv.org/abs/2005.13419]

Nev = 15k
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Antiproton physics at

Charm and Exotics

Case study of X(3872) aka χ𝑐1(3872):

• At the 𝐷ഥ𝐷∗ threshold

• 𝐽𝑃𝐶 = 1++

• Nature?
- Compact state (Breit-Wigner)?
- Flatté model:

→Molecular?
→ Virtual?

• Width assuming B-W: 
Γ = 1.39 ∓ 0.24 ∓ 0.10  MeV (LHCb 2020*)

• Width assuming Flatté model:
FWHM = 0.22−0.08−0.17+0.06+0.25 MeV (LHCb 2020*))

→ Not possible to distinguish by LHCb

8
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We use the following approach: 

1. Use key parameters from EPJ A 55 (2019) 42  

2. Generate many spectra for Flatté (BW) model 

3. Fit both BW and Flatté to each generated distribution and 
determine fit probabilities PBW  and PF 

4. Identification considered correct, if PF > PBW (PBW > PF) 

5. Count fraction of incorrect assignments → Pmis 

6. Pmis  measure for separation power 

7. Pmis = 50% means: models indistinguishable

K.Götzen & F.Nerling, for PANDA, XYZ workshop at GSI, April 2021; F.Nerling, for PANDA, PoS(CHARM2020)004, May 2021  



MC simulation - Flatte vs BW
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Performance across Flatté energy Ef range

indistinguishable 

Flatté → BW
HL mode 
P1 mode 
HR mode For Mis-match of Flatté as BW we see 

• for the three beam modes HL, HR, P1 
• the mis-identification probability Pmis 

• across range of input parameters Ef 

• with LHCb best fit Ef = -7.2 MeV 
• and Pmis = 50% for "indistinguishable"LHCb fit

K.Götzen & F.Nerling, for PANDA, XYZ workshop at GSI, April 2021; F.Nerling, for PANDA, PoS(CHARM2020)004, May 2021  



MC simulation - Flatte vs BW
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Performance across Flatté energy Ef / Breit-Wigner Γ range

indistinguishable indistinguishable 

Flatté → BW BW → Flatté
HL mode 
P1 mode 
HR mode

HL mode 
P1 mode 
HR mode

LHCb fit →
LHCb fit

K.Götzen & F.Nerling, for PANDA, XYZ workshop at GSI, April 2021; F.Nerling, for PANDA, PoS(CHARM2020)004, May 2021  
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Performance across Flatté energy Ef / Breit-Wigner Γ range

indistinguishable indistinguishable 

Flatté → BW BW → Flatté
HL mode 
P1 mode 
HR mode

HL mode 
P1 mode 
HR mode

N.B.: For BW Γ = 1.4 MeV we 
find 0% mis-ID in all modes...

HL Mode  : ≳ 98% correct 
HR Mode : ≳ 95% correct      assignments across full range! 
P1 Mode : ≳ 90% correct 

LHCb fit →
LHCb fit

MC simulation - Flatte vs BW



Alfons Khoukaz 

First Cluster Beams (03.12.2015!)  

Erzeugung von h-Mesonen 

skimmer 

Cluster beam 

Skimmer tip 

T = 22 K, p = 17 bar T = 22 K, p = 16 bar 

Prototype Tests: Barrel 
PROTO 120: next test @ MAMI: Dec. 11-13 
•  Two 5x5 matrices 
•  APFEL-ASIC readout 
•  New mechanics, cooling 
•  Monitoring from front 
  

Stefan Diehl, JLU Giessen 

 16 J. Schwiening, December 2015 

2015:    Finalize R&D, validate design in test beam, write TDR draft. 

2016:    Finalize TDR, present at CollabMeet and submit to FAIR. 

2017-2020:  Component Fabrication, Assembly, Installation. 

•  2017:    Finalize definition of production specs, intiate tender. 

•  2017-2020:  Industrial fabrication of fused silica bars and prisms. 
     Industrial production of  photon sensors. 

•  2018-2019:  Production and QA of readout electronics at GSI/Mainz. 

•  2018-2020:  Fabrication of bar containers and mechanical support frame, 
      gluing of bars, construction of complete bar boxes. 
     Detailed scans of all sensors in Erlangen. 
     Assembly of readout modules in Mainz. 

•  2020:  Installation of mechanical support frame in PANDA  
    insert bar boxes, mount readout modules. 
   Ready as “Start Setup / Day One” detector. 

PANDA BARREL DIRC SCHEDULE 

DIRC bar with laser 

Photon sensor 

Thank you for your attention. 

Mechanics Forward Endcap EMC 
•  Backplate &support 
•  Submodules 

(alveoli,insertes, 
interface pcs.) 

•  VIP insulation ordered 

  
j.messchendorp@gsi.de

Heavy Quarkonium Spectroscopy with PANDA 

mailto:j.messchendorp@gsi.de


Alfons Khoukaz 

First Cluster Beams (03.12.2015!)  

Erzeugung von h-Mesonen 

skimmer 

Cluster beam 

Skimmer tip 

T = 22 K, p = 17 bar T = 22 K, p = 16 bar 

Prototype Tests: Barrel 
PROTO 120: next test @ MAMI: Dec. 11-13 
•  Two 5x5 matrices 
•  APFEL-ASIC readout 
•  New mechanics, cooling 
•  Monitoring from front 
  

Stefan Diehl, JLU Giessen 

 16 J. Schwiening, December 2015 

2015:    Finalize R&D, validate design in test beam, write TDR draft. 

2016:    Finalize TDR, present at CollabMeet and submit to FAIR. 

2017-2020:  Component Fabrication, Assembly, Installation. 

•  2017:    Finalize definition of production specs, intiate tender. 

•  2017-2020:  Industrial fabrication of fused silica bars and prisms. 
     Industrial production of  photon sensors. 

•  2018-2019:  Production and QA of readout electronics at GSI/Mainz. 

•  2018-2020:  Fabrication of bar containers and mechanical support frame, 
      gluing of bars, construction of complete bar boxes. 
     Detailed scans of all sensors in Erlangen. 
     Assembly of readout modules in Mainz. 

•  2020:  Installation of mechanical support frame in PANDA  
    insert bar boxes, mount readout modules. 
   Ready as “Start Setup / Day One” detector. 

PANDA BARREL DIRC SCHEDULE 

DIRC bar with laser 

Photon sensor 

Thank you for your attention. 

Mechanics Forward Endcap EMC 
•  Backplate &support 
•  Submodules 

(alveoli,insertes, 
interface pcs.) 

•  VIP insulation ordered 

  
j.messchendorp@gsi.de

Heavy Quarkonium Spectroscopy with PANDA 

 … PANDA remains a key pillar at FAIR 
   - ESFRI landmark, top priority NuPECC  
   - civil construction of FAIR well underway 
   - presently under ‘scientific' review 

 … with a strong spectroscopy program 
   - glueballs, (hidden)charm, strangeness baryons, … 
   - discovery by large coverage in JPC   
   - conclusive via precision, e.g. resonance scanning 

 … is complementary and competitive 
   - unique antiproton facility 

 … remains vigilant (and patient)

mailto:j.messchendorp@gsi.de
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Resolve Nature of χc1(3872) with PANDA

Flatté Model (Hanhart et al.)

J/ψπ+π− lineshape

with

𝐸𝑓,𝑡h𝑟 = − 𝑔 𝜇2𝛿/2

[PRD 76 (2007) 034007]

threshold 
bound/virtual

23K. Götzen

Param. EPJ A 55 42 
(PANDA, 2019)

PRD 102 092005 
(LHCb, 2020)

g 0.137 0.108
Γ0 1.0 MeV 1.4 MeV
fρ 0.007 0.0018
fω 0.036 0.01
Ef study range -7.2 MeV

Ef,thr -8.56 MeV -6.82 MeV

Flatté Energy



Resolve Nature of χc1(3872) with PANDA

Key Parameters from EPJ A 55 (2019) 42

K. Götzen 24

Category Parameter Value

Reco  
Efficiencies

Signal (average J/ψ → e+ e– and J/ψ → µ+ µ–) 13.7 %
Non-resonant background (") 2.9 %
�p → multi-hadron background 2.8 · 10-10

Branching 
fractions

BR(J/ψ → e+e–) 5.97 %
BR(J/ψ → µ+µ–) 5.96 %
BR(ρ0 → π+π–) 100 %
BR(X → J/ψ ρ0) 5 %

Cross  
sections

σpeak(�p → X) [20,30,50,75,100,150] nb
σ(�p → J/ψ π+π–  non-res) 1.2 nb [PRD 77 (2008) 097501]

σ(�p → inelast.) @ 3.872 GeV 46 mb

Luminosity & 
Resolution

HL : LHL  / dEHL 13680 (nb·d)-1 / 168 keV
HR : LHR / dEHR   1370 (nb·d)-1 /   34 keV
P1 : LP1  / dEP1   1170 (nb·d)-1 /   84 keV

Scan time Ttot 40 × 2d = 80d

Model 
Parameters

Breit Wigner Width Γ [ 50, 70, 100, 130, 
      180, 250, 500 ] keV

Flatté Model Energy Ef
- [ 10.0, 9.5, 9.0, 8.8, 
    8.3, 8.0, 7.5, 7.0 ] MeV

Reconstruction of: �p → χc1(3872) → J/ψ (→ e+e– / µ+µ–) ρ0 (→ π+π–)



Resolve Nature of χc1(3872) with PANDA

Production Cross Section Estimate 𝜒𝑐1(3872)

• Cross section  yet unknown 

• Estimate from  via crossing symmetry 

 

• Relevant publications 
a) Eur. Phys. J C73, 2462 (2013): 
Ɓ(X → p�) < 0.002 · Ɓ(X→J/ψ π+π-) with Ɓ(X→J/ψ π+π-) > 3.2% 
→ σ(p� → X) ~ 81.9 nb (< 535 nb*) 

b) Phys. Lett. B 769 (2017) 305-313:     
Ɓ(B+ → XK+ → p�K+) / Ɓ(B+ → J/ψK+→ p� K+) < 0.002  
• with Ɓ(B+ → J/ψK+→ p�K+) = 2.2·10−6 and Ɓ(B+ → XK+) < 2.6·10−4   
→ σ(p� → X) ~ 21.7 nb (< 46.9 nb**) 

• with Ɓ(B+ → XK+→ ppK+) < 5·10−9 

→ σ(p� → X) ~ 24.6 nb (< 53.3 nb**) 
• Using σ(p� → X) = 50 nb (default from our publication)

𝜎(�̄�𝑝 → 𝜒𝑐1(3872))
ℬ(𝜒𝑐1(3872) → �̄�𝑝)

𝜎𝑖→𝑋(𝑀𝑋) =
3 ∙ 4𝜋

𝑀2
𝑋 − 4𝑚2

𝑝
∙ ℬ(𝑋 → 𝑖) = 1.28mb ∙ ℬ(𝑋 → 𝑖)

* using BR(X → J/ψππ) < [100% - sum of all  
other lower limits BR] = 20.9% as UL

** using BR(B+ →XK+) = 1.2·10−4  from  
Belle paper PRD 97 (2018) 1, 012005 

25K. Götzen



Perspectives with resonance scanning at PANDA

26

• Due to precise beam resolution  
→ Breit-Wigner and Flatté-model are distinguishable

PANDA HL PANDA P1 PANDA HR

Flatté (-7.2MeV) 
BW(1.4 MeV)

dEcm = 168 keV  dEcm = 84 keV  dEcm = 34 keV



17.5.2019 - QWG 2019, Torino

Distinction of Line Shapes (Param. Ef)

• Simulation study: Input Ef,0  → output distr. Ef,meas (1000 fits) 
• Idea: Estimate probability to mix up virtual and bound state 
• Quantify by fraction of wrongly identified states

K. Götzen 27

Ef input

E
f o

ut
pu

t

Ef output distribution

Ntot  = 1000mismatch

bound

virtual

mismatch

mismatch



17.5.2019 - QWG 2019, Torino

Distinction of Line Shapes Ef (condensed)

• Again: Condense to cross section dependent result 
• Extract input Ef,0 where Pmis = 10% (90% correct identification) 
• Enter ∆Ef = Ef,0 - Ef,thr in cross section dependent graph

K. Götzen 28

σS = 50nb

mis-id. bound → virtual state

σS = 50nb: ∆Ef,BV ≤ 
0.3 (HL), 0.4(HR), 0.7(P1) MeV



17.5.2019 - QWG 2019, Torino

Distinction of Line Shapes Ef (condensed)

• Again: Condense to cross section dependent result 
• Extract input Ef,0 where Pmis = 10% (90% correct identification) 
• Enter ∆Ef = Ef,0 - Ef,thr in cross section dependent graph

K. Götzen 29

σS = 50nb

mis-id. virtual → bound state

σS = 50nb: ∆Ef,VB ≤ 
0.35 (HL), 0.4(HR) , 0.45(P1) MeV


