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Possibility of Charmed Hypernuclei
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Charmed Mesic Nuclei

• Due to mass difference, 
Coulomb force is not enough to 
bind the D- and light nuclei
p-D- è n + D0 strong decay
• There is investigation of heavy 

nuclei with charmed mesons more 
than two decays ago 

24 MeV binding Coulomb energy 
in 208Pb and D-

• However, it is difficult to produce 
and detect heavy charmed 
hypernuclei
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Garcia-Recio, et al., Phys.Rev. C85 (2012) 025203



Lightest Charmed Mesic Nuclei 

• D+- mass: 1869.66+-0.05 MeV
• D0 mass: 1864.84+-0.05  MeV
• Proton mass: 938.27 MeV 
• Neutron mass: 939.56 MeV 
• Deuteron mass: 1875.61
• Triton mass: 2808.92
• He3 mass: 2808.39
• D-+dè n+n+D0

• 3He+D-èt+D0

If pure Coulomb potential: 

D-+t 
stable against strong decay 
B~=3.5MeV

D-+4He: 
stable against strong decay, 
B~=16MeV
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Motivations
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/ 11Motivation
o Goal: search for the new hyper-nucleus or charmed-
nucleus (!"!") in the forward region (2.5 < ( < 4) (first exotic
charm at RHIC)

o Studying the !"!" improves our understanding on strong
interaction within the nucleus

o The forward background is less than the central region

o Newly installed STAR Forward upgrade provides us a good
opportunity to search for new physics

o Using the hydrogen model to estimate the lowest limit of
binding energy and radius

+# = −133 keV
3 ≈ 10.84 fm ≫ :$ = 1.678 fm !!

"
pure EM force
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Rates in a data-driven coalescence model
/ 11Estimate !"!" Invariant Yield

o The idea is to replace a neutron in the #!" nucleus
with D−meson

o Some benefits of this method:
1. Don’t need to calculate how alpha and D− meson coalesce

2. The invariant yield of !!" can be derived directly from the
experimental data
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Estimate Production Rates
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/ 11Estimate !"!" Invariant Yield
o Compare the rapidity range between AGS E864 and
RHIC STAR Forward
• Fixed target v.s. Collider (rapidity shift) and Energy (extended
longitudinal scaling)

• AGS: -2.44 ~ -0.84

• RHIC: -2.86 ~ -1.36

o The relation between invariant

yield and atomic number

0-1-2-3

AGS E864

RHIC STAR Forward

y Rapidity

Phys. Rev. C 61, 064908
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/ 11Estimate !"!" Invariant Yield
o The Invariant Yield

'
!""#
$%&',) = '

!""#
$%&' ) **+ ) *,+

= ' #"#
&-$) ⁄,,$) ,.)

= 5.12×10!/

o The expected yield of signal in STAR Forward without the 
detector’s efficiency

= = >
0
1'(
)*+,,.×10/ @ 3600 @ 24 @ 365 @ 0.5 ~ 8×10"

o Assume a flat tracking efficiency B = 0.85
• The K p p channel (fully reconstructed D meson):

BR(D-àKpp) = 9.38 % and !! ~ 0.52è n ~ 4 x 103

• The electron channel (a and e- correlation):
BR(D- à e- X) = 16.07 % and !" ~ 0.72è n ~ 1 x 104

' #"#
&-$ = 7.85×10!2
,,$) = 8.95×10!3
,.)= 1.373Pythia

collision rate (Hz) half a year (s)
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Event Counts



Detector Simulation of Signals
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/ 11Signal Result

Normalizing the yield to ~ 4000

1. -&%'~5.614 GeV (slightly larger than -' +-& = 5.596 GeV)

2. From 4 tracks (a + k + p +p): 9&%' ~ 0.108 GeV

3. Phase space constraint (a + DPDG): much narrower 9&%'

Ma = 3.73  GeV
MD- = 1.86 GeV
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Detector Simulation of Signals
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Difficult to detect at RHIC, 
likely at LHC or EIC forward:
High charm rate, 
secondary silicon vertex



Charm Quark Oscillation with large mass difference
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Box diagram of D0 and D0bar oscillation, 
LQCD (C.C. Chang, 2017), 
Experimental observation: LHCb

Weak interaction, 
exists only in neutral mesons with small mass difference



Charm Quark Oscillation with large mass difference
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4He (20% wavefunction overlaps)

6 u quarks 

d

CHe

p-D-



What signals are we looking for?

• Shared secondary vertex decay of He4+D-

•Measure lifetime and maybe binding energy? 
• Sequential secondary decays of LcHe4+p- with mass = He4+D-

•Measure conversion rate (CKM, in-medium charm) and 
binding energy
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Search for Stable Charmed Mesic Nucleus 4D-He 
in Heavy-Ion and EIC CBM@FAIR

J. Steinheimer, A. Botvina, M. Bleicher, PRC 95 (2017) 014911
ALICE, JHEP 1207 (2012) 191

FAIR vs RHIC/LHC:

He4: 105—106

Charm: 10-1—10-2

FXT  luminosity: 10-100
Secondary Vertex and boost



Exotics and Interesting
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Carl Dover and I co-authored 10 E864 papers in 90s on 
strangelet searches

My interest: 

He4-D- is stable against strong decay!!! 
p-D- è n + D0 strong decay

Nuclear Lab for charm in-medium effect;
Likely only can be done at CBM EIC and LHC with the nucleus 
in Lorentz Boost and very good forward detector


