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1. Heavy quark in guark matter

Charm quark in quark matter

Do charm/bottom quarks exist in quark matter ?

Pre-reaction QGP Hadronization

@ Charm quark production at
inifial (gluon) hard scatterings
In relaftivistic heavy ion collisions
(ex. J-PARC).

A as e

LTS L | Iﬂr!
o
T U
- ol T
Yilsa i gt PV P

@ Flavor change (ex. s—c) by ny
high energy neutrinos in




2. "Kondo phase” of heavy quark mo’r’rer
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Lagrangian

Light quark (u,d,s) w and heavy quark (c) W

— i 0 Uil — \ Cf. NJL for light quark
L =iy + pipy o + Vig¥ — mgoUWU L forfight quar

= Z (’l;’)/'uTalb) (\j;fyuTa\I;) , A=0.65 [GeV]

(1 Color-current interaction

el T@ —> CARIE Cf. S.Y., K. Sudoh, PRC88, 015201




2. "Kondo phase” of heavy quark matter

] ; - S.Y., K. Suzuki, K. Itakura,
Mean-field approximation arXiv:1604.09229 [hep-ph

@ Mean-field: mixing between light quark and heavy quark

i=light flavor; a,p,y,6=Dirac indices

@ Gap (color singlet)

@ Mean-field Lagrangian



2. "Kondo phase” of heavy quark matter

- S.Y., K. Suzuki, K. Itakura,
Charm quark density nq (A) arXiv:1604.09229 [hep-ph]

light quark gas charm quark




2. "Kondo phase” of heavy quark matter

. S.Y., K. Suzuki, K. Itakura,
Charm quark density nq (A) arXiv:1604.09229 [hep-ph]

Distributed charm quarks = Color background

light quark gas charm quark
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2. "Kondo phase” of heavy quark matter

Energy-momentum dispersion & thermodynamic potential

Ex(k) Ey(k)
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2. "Kondo phase” of heavy quark matter

. S.Y., K. Suzuki, K. Itakura,
Gap equation @A=0 arxiv:1604.09229 [hep-ph
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@ trivial solution @ non-trivial solution
(A — p) 22
= Al ~ ATy L
Al =0 A oz\/ oN; exP( N 112G,
Q(T,pAA) [GeV fm™] a = exp ((A2+ 2Apu — 6p2)/4p?)
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. "Kondo phase” of heavy quark maftter

“Kondo phase” @T=0
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2. "Kondo phase” of heavy quark matter

- . - S.Y., K. Suzuki, K. Itakura,
Energy-gain “per a heavy quark arxiv:1604.09229 [hep-phl

OUT, p, A A) /g with ST, p, s A) = QT p, A; A) — QT 1, A; 0)

""""""""""""" G 0 T=
T 0.35 0.40 0.45 0.50 y[ eV] @A O,T 0

Binding energy “per a heavy quark”




3. Case of single heavy quark

Energy-gain of a heavy quark

S.Y., arXiv:1608.06450 [hep-ph]

L[ 8N | A |2
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3. Case of single heavy quark

Density of state S.Y., arXiv:1608.06450 [hep-ph]

O singlet

15

triplet

w [GeV]
-0.1 0 0.1 0.2

Phase shift: Ad(w) = 7 [, p1(w)dw’ Amplitude: f(w) = €2°) sinAd(w)/k







Conclusion of Part 1

@) We study the Kondo effect of Ds/Ds* meson



Conclusion of Part 2

@ We study Kondo effect by color exchange
for charm quark in quark matter.

@) The color-current interaction is considered.

@ It leads to a nontrivial ground state with
mixing between light quark and heavy
quark (“*Kondo phase’).
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