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I. Introduction

The 𝑿(𝟑𝟖𝟕𝟐) State

▪ A charmonium(-like) state found in 𝑋(3872) → 𝐽/𝜓𝜋+𝜋− by Belle (2003)

▪ confirmed by experiments of Babar, CDF and D0.

▪ narrow (ΓX(3872) ≤ 1.2 MeV at 90% C.L.) and closed to the 𝐷0ഥ𝐷∗0 threshold (mx = 3871.68 ± 0.17 

MeV)

▪ JPC = 1++ determined by LHCb (2012) 

▪ The structure of X(3872) is still unclear. 

▪ Possible interpretations

▪ a loosely-bound molecule of D-mesons : 𝐷0ഥ𝐷∗0

▪ a 2P charmonium state 𝜒𝑐1 2𝑃

→ a mixed state of molecular state 𝐷0ഥ𝐷∗0 and pure charmonium 𝜒𝑐1 2𝑃
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Belle BaBar CDF II
D0
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Charmonium Production in ഥ𝒑𝒑 collisions

▪ In 𝑒+𝑒− experiments only neutral 𝐽𝑃𝐶 = 1−− resonances can be directly produced, and 

production of exotic charmed states through other mechanisms is suppressed.

▪ In ҧ𝑝𝑝 experiments direct production of exotic resonant states with various quantum numbers, 

including charged ones is possible. 
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𝒆+𝒆− collisions

𝑱𝑷𝑪 = 𝟏−−

J = 0, 2

J = 1

2 gluons : 𝟎−+, 𝟎++, 𝟐++

3 gluons : 𝟏−−, 𝟏+−

ഥ𝒑𝒑 collisions
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ഥ𝐏𝐀𝐍𝐃𝐀 experiment

▪ ത𝑃ANDA (Anti-Proton ANnihilation at DArmstadt)

▪ The future experiment at FAIR (Facility for Antiproton and Iron Research) at GSI in Darmstadt 

(Frankfurt, Germany).

▪ fundamental questions of hadron and nuclear physics in the interactions of antiprotons with 

nucleons and nuclei.

▪ very high intensity antiproton beam with momentum ranging from 1.5 GeV/c to 15 GeV/c on

a fixed proton target (2.2 ≤ 𝑠 ≤ 5.5 GeV)

▪ high reaction rates 2 × 107𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑠/𝑠 and high mass resolution 20 times better compared 

with the B-factories. 

▪ → suited for charmonium studies thanks to the high capability rate and the excellent mass 

resolution

▪ complementary to the studies performed at B-factories.
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ഥ𝐏𝐀𝐍𝐃𝐀 experiment at FAIR
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GSI today Future facility

2πR = 1.084 km
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HESR (High Energy Storage Ring) with ഥ𝐏𝐀𝐍𝐃𝐀

For Antiprotons

▪ Antiprotons are produced by a secondary target and then 

stored and cooled in the HESR (High Energy Storage Ring).

▪ Two HESR operation modes

▪ Three different types of targets under discussion

▪ hydrogen pellets : 

▪ 1015𝑎𝑡𝑜𝑚𝑠/𝑐𝑚3

▪ a peak luminosity of ℒ = 2 × 1032 𝑐𝑚−2 𝑠−1 (≅ 2 ×

109 J/𝜓 per year)

▪ a cluster jet target

▪ fixed nuclear targets : 𝐵𝑒, 𝐶, 𝑆𝑖 𝑜𝑟 𝐴𝑙.
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High intensity mode High resolution mode

1011 antiprotons stored 1010 antiprotons stored

stochastic cooling electron cooling

𝑝 ≥ 1.5 𝐺𝑒𝑉/𝑐 1.5 ≤ 𝑝 ≤ 8.9 𝐺𝑒𝑉/𝑐

𝓛 up to 2 ∙ 1032𝑐𝑚−2𝑠−1 𝓛 up to 2 ∙ 1031𝑐𝑚−2𝑠−1

∆𝒑/𝒑 = 𝟏𝟎−𝟒 ∆𝒑/𝒑 = 𝟏𝟎−𝟓
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ഥ𝐏𝐀𝐍𝐃𝐀 Detector Overview
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𝑝

ҧ𝑝

Target Spectrometer (TS) Forward Spectrometer (FS)

𝟒𝝅 of solid angle

vertex detector : precise vertex 

reconstruction

electromagnetic calorimetry : wide

energy range

muon identification

Dirac detectors : complete PID~ 13 m

PANDA Collaboration, arXiv:0903.3905 [hep-ex]
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Charmonium Width Measurements

▪ The resonance scan with the cooled beam could provide a measurement of the 𝑋(3872) width.

▪ The technique pioneered by the Fermilab experiments E760 and E835. 

▪ Measurement of the 𝐽/ψ and ψ′ resonance parameters in ҧ𝑝𝑝 annihilation

▪ beam momentum resolution ∆𝑝/𝑝 = 2 × 10−4 → 𝑠 FWHM resolution ≅ 0.5 MeV.
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E760 Collaboration, Phys. Rev. D 47 (1993) 772

Γ J/ψ = 99 ± 12 ± 6 keV Γ ψ′ = 306 ± 36 ± 16 keV
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Estimates for the 𝑿(𝟑𝟖𝟕𝟐) Cross Section at ഥ𝐏𝐀𝐍𝐃𝐀

▪ Detailed balance method:

𝜎 ҧ𝑝𝑝 → 𝑅 ∙ 𝐵𝑅 𝑅 → 𝑓 =
(2𝐽 + 1) ∙ 4𝜋

𝑠 − 4𝑚𝑝
2 ∙

𝐵𝑅(𝑅 → ҧ𝑝𝑝) ∙ 𝐵𝑅(𝑅 → 𝑓) ∙ 𝛤𝑅
2

4( 𝑠 − 𝑚𝑅)2+𝛤𝑅
2

▪ resonance 𝑅 = 𝑋 3872 , spin parity 𝐽𝑝 = 1+

𝜎 ҧ𝑝𝑝 → 𝑋(3872) ∙ 𝐵𝑅 𝑋(3872) → 𝑓 =
3 ∙ 4𝜋

𝑠 − 4𝑚𝑝
2 ∙

𝐵𝑅(𝑋(3872) → ҧ𝑝𝑝) ∙ 𝐵𝑅(𝑋(3872) → 𝑓) ∙ 𝛤𝑋(3872)
2

4( 𝑠 − 𝑚𝑋(3872))2+𝛤𝑋(3872)
2

▪ 𝑠 = 𝑚𝑋(3872)= 3.872 GeV/c2

𝜎 ҧ𝑝𝑝 → 𝑋(3872) =
3 ∙ 4𝜋

𝑚𝑋(3872)
2 − 4𝑚𝑝

2 ∙ 𝐵𝑅(𝑋(3872) → ҧ𝑝𝑝)

▪ 𝐵𝑅(𝑋(3872) → ҧ𝑝𝑝) published by LHCb (2013)

𝜎 ҧ𝑝𝑝 → 𝑋 3872 < 68 ± 0.4 𝑛𝑏 95% 𝐶. 𝐿 ; 𝜎 ҧ𝑝𝑝 → 𝑋 3872 = 50 𝑛𝑏

▪ The expected 𝑋(3872) production rates per day 
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high luminosity mode high resolution mode

Resonance 𝓛 = 𝟖. 𝟔𝟒 𝒑𝒃−𝟏/𝒅𝒂𝒚 𝓛 = 𝟎. 𝟖𝟔𝟒 𝒑𝒃−𝟏/𝒅𝒂𝒚 𝓛 = 𝟎. 𝟒𝟑𝟐 𝒑𝒃−𝟏/𝒅𝒂𝒚

𝑋(3872) 432000 43200 21600

E. Prencipe, J. Lange, and A. Blinov, AIP Conference Proceedings 1735 (2016) 060011
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Resonance Scan of 𝑿(𝟑𝟖𝟕𝟐) at ഥ𝐏𝐀𝐍𝐃𝐀
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Resonance Scan of 𝑿(𝟑𝟖𝟕𝟐) at ഥ𝐏𝐀𝐍𝐃𝐀

Signal Simulation for 𝑿(𝟑𝟖𝟕𝟐) Resonance Background Simulation for 𝑿(𝟑𝟖𝟕𝟐) Resonance 

ҧ𝑝𝑝 → 𝑋(3872) → 𝐽/𝜓𝜋+𝜋−



▪ Reconstructed width of 86.9 ± 16.8 keV is consistent with input width of 100 keV.

▪ ഥPANDA is well suited for resonance scan investigations of narrow resonances which can be 

directly formed in ҧ𝑝𝑝 .

▪ ഥPANDA will be able to either measure ΓX(3872) or at least significantly improve the current upper 

limit of ΓX(3872) ≤ 1.2 MeV at 90% C.L.

I. Introduction
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Resonance Scan of 𝑿(𝟑𝟖𝟕𝟐) at ഥ𝐏𝐀𝐍𝐃𝐀


