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1. Charm nucleus
Booklet: "70 problems in physics" (JPS)
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1. Charm nucleus

Symmetry

Spin of light components (light quarks and gluons) is approximately decoupled from spin of heavy quark.

quark mass
0

Light (N; flavors) Heavy (N, flavors)
u, d, s quarks c, b quarks

SU(N;)gxSU(N;), lSU(2N )1 /snin

Chiral symmetry Heavy quark symmetry (HQS)
Spin symmeiry

to probe interior of hadrons and nuclei
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2. N\, in nuclear matter
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2. N\, in nuclear matter
Early works in 1970's

LETTEND AL XUOVO CINENTO 37 Agowto 1977
On Supernuclei.

5 Iwao
Departoent of Phygvics, Callege of Libernl Arte, Kannsawa Usnicersity « Kowasowa

(ricevute il 2 Dicember 1974)

VorLuME 39, NUMBER 24 PHYSICAL REVIEW LETTERS 12 DECEMBER 1977

Possibility of Charmed Hypernuclei

C. B. Dover and S. H. Kahana

Brookhaven National Labovatovy, Upton, New Yovk 11973
(Received 10 August 1977)

IL XUOVO CIMEXTO Vor. 46 A, N. 3 I Agosto 1938

Stable Charmed Hyperfragments ()

R. Garro asd F. Paccasox: (™)
Départoment de Phyvique Thiorigue, Usérersitd de Gonbee « CITIZNY Gendes 4, Swinee




2. N\, in nuclear matter

Progress of Theoretical Physics, Vol. 69, No. 2, February 1983
Flavor Nuclei and One-Boson-Exchange Potentials

Hiroharu BANDO and Sinobu NAGATA*

Division of Mathematical Physics, Fukui University, Fukui 910
*Department of Applied Physics, Mivazaki University, Miyazaki 880

(Received August 9, 1982)
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1Sy A:N central potential Véoﬂ(r) [MeV]

2. \.in nuclear maftter

Lattice QCD
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3. HQS formalism

N\.-nucleon Lagrangian

¥ :nucleon field (mass m)

\I}v . \. baryon field (mass M)
Heavy quark limit (M—«)

‘ spin non-flip intferaction

Lre o,V -I-i@zw@ U, + cotpyH a0, [ v —igL“—l—iDL” v -I-éiz Hipv, U, B
int VXV M VXV 207y v 7! 2N 2N v M Y u*xv*uv
1

= eaba™ e,y 0P Py ,5°0, 1/M2 ud diquark
+M(03¢0 ¢€u po¥ +cayy 75¢) SU +O(/ )’ spin 0 & isospin 0

spin flip interaction
(S, spin operator)

parameter (a) | (b) | (c)
A (GeV) 0.3 0405
1/N\ ~hadron size
c1 (GeV™?) 16.2 | 14.0 | 12.4
Scattering length a = 0.89 fm /\c bOI’YOﬂ

J. Haidenbauer, G. Krein, Eur. Phys. J. A54 (2018) 199 spin 2 & isospin 0



3. HQS formalism

Effective potential
(binding energy)

Summing up the multiple scattering

dpo 1
o= [ @ &
Z 05 pO—E + 1€

Matsubara sum for p,
(including chemical potential u)




3. HQS formalism

Velocity-dependence of effective potential

@normal nuclear matter
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v The obtained values are consistent with QCDSR (-20 MeV). “four-quark condensate”

v T o approximation: AM() —2rnya lim

K. Ohtani et al., Phys. Rev. C?26, 055208 (2017)
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number density (rafio)

3. HQS formalism

Number density distributions
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5. Conclusion

- We discuss A\ baryon in nuclear matter.

- Binding energy ~ 25 MeV
- Nuclear density ~ (1.5-2.0) X normal density

Future problems:

a) Production of charmed nuclei (proton, antiproton beams)
b) Observables (multiple processes)

c) Continuity/discontinuity to quark matter

d) Analogy to condensed matter systems



