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Overview of Our Work

= Subject
D meson I1s modified in dense nuclear matter

& = Pl

- Purpose

- Method
OCD sum rules and MEM
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1. Introduction
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D meson in nuclear medium

vacuum in nuclear medium

—
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D meson properties in nuclear medium

« Mass shift (partial restoration of chiral symmetry etc.)

Mass:1.87GeV different mass?
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Previous work (from QCD sum rules)

There are many theoretical approachs

A.Hayashigaki, Phys.Lett. B487 (2000) 96
=mass shift : (Amy,+Am,_)/2=—50MeV at p,

T. Hilger, R. Thomas, B. Kampfer, Phys. Rev. C79 (2009) 025202
=mass shift : +45MeV and mass splitting : (Mp,—My_)=

—60MeV at p, \

+45MeV

=We need parameter-independent
analysis (—MEM)
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2. Methods
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Theoretical strategy
for hadron in nuclear medium

We study density dependence of spectral function

‘I Spectral function of
hadron State
Non perturbative

QCD approach

OCD sum rule etc.

DE dependence output

S

e vacuum A  finite dens.
B g )
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QCD sum rule

M.A. Shifman, A.l. Vainshtein, and V.l. Zakharov,
e QCD sum rule Nucl. Phys. B147, 385 (1979); B147, 448 (1979)

Relation between of
correlation function and spectral function of hadron

5 j p(t) g
0

= fooK(t,Mz) p(t) dt
0)

' >
v \ t

Output spectral
function . One hadron state
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Setup in QCD sum rules

QCD sum rule

- = fwK(t, s, 7)) p(t)dt
0

| —(t — s%)%
mexp[ T ]

( Output spectral function '\
* maximum entropy
method (MEM)

P. Gubler and M. Oka,
Prog. Theor. Phys.
124, 995 (2010)

ImlIPe™(s) = —3 (
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D meson OPE in vacuum

[Mopg(M?) = perturbative term

mé2 1
2M4 M?2

+prme/ME [y +%(

) meta

1 [ag 16w 1 Lme =~ wlime 3
+_<a_G2> _Z_:W(l b 5713/112 T 713/114) @s(qq)°]

1 _ quark mass
2. Mixed condensat =These terms are enhanced

3. Gluon condensate :I. Other condensates are
4. 4-quark condensate] relatively suppressed

Coefficients are proportional to charm
e}

=We expect that chiral and mixed condensate are dominant
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D meson OPE in nuclear medium

 All of the condensates have

_ G (dgaGd) = 2*(dd)_

* New (Lorentz variant) condensates appear

3 3
(dta), =5n (842 -5) = —3MwALGedm
, 3 s j 0N
(dTlD0d>n & gMNAg(#Z)Tl [(dD§d>n 2 §<d90Gd>n] R 2m, 1

i 1
(dTgoGd) = (=0.33GeV*)n (dTDgd) = i MZATI(uP)n + E(dfgaad)n
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3. Results

3-1. D meson spectral function in vacuum
3-2. D meson spectral function in nuclear matter
3-3. Relation between condensates and hadron
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D meson spectral function (in vacuu

D+(JP=O') (in vacuum)
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Mass : 1.78GeV Exp. :1.87GeV
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vacuum

p [dimensionless]
p [dimensionless]

= Peak position in D* shifts to higher energy side with
Increasing density (D*: ~10MeV D: ~30MeV at p,)
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density [pg]

=D*-D mass splitting is about 20 MeV at p,
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Contribution of vacuum condensates

" in vacuum

D(1.0pp) ——
<qg> at 1.0pg
<fgo/ag> at 1.0pg
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AN Effect by
A all of OPE

=Most dominant contribution of mass shift to higher
energy Is D-dependence of chiral condensate
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Summary

Outlook

We extracted D meson 1
nuclear medium from OCD sum rules and MEM

We obtained mass shift and D-D mass splitting

D* mass shift D~ mass shift D+-D~ splitting
~+10MeV ~+30MeV ~20MeV

Mass shift comes from density dependence of
chiral condensate

B meson, D, meson, D* meson...
Momentum dependence
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Backup
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What is difference between 2 previous
works from QCD sum rules?

A. Hayashigaki, Phys.Lett. B487 (2000) 96
including condensates up to dim.4 (gq). (62, {q%iDoq)_ (%(%Lf—%z»n
=mass shift : (Amy,+Am,_)/2=—50MeV at p,

T. Hilger, R. Thomas, B. Kampfer, Phys. Rev. C79 (2009)
025202

Including condensates up to dim.5 and g,-odd terms
(qgoGq)... (dfd) ...

=mass shift : +45MeV and mass splitting : (Mp,—mp_)=

—60MeV at p,
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Previous work (from QCD sum rules)

T. Hilger, R. Thomas, B. Kampfer, Phys. Rev. C79 (2009) 025202
Mass shift (Amg,+Amy_)/2 mass splitting (mp,—my_)/2

0.05

n [l'm

* These results depend on phenomenological parameter
=We need parameter independent analysis (=MEM)
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How to determine criterion of Borel window ?

DIM3:
DIM4:
DIMb:
DIMG:
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Di(O')(in vacuum)
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Lower energy dimensionless Borel mass M [GeV/m,] Higher en
-

 Dim 6 (4-quark) condensate Is strongly suppressed
=Should we regard the highest term as 4-quark con.?
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Separation of D" and D

* In finite density, we have to construct g, sum rule
instead of g,°

I1(g,) =TI (¢5) + ¢, I1" (¢;)
* Moreover, we separate positive and negative
energy on g, axis o

IT" (q0).= [TT%" (go) + oI 1" (45).

I (q,) = 11 S (qo) qol. 5 (QO)
g p(t

bld

—m
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Separation of D" and D
Heven (qg) L

o(t) P()
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3 possibility of spectral modification

li(t)
’ >
m t
1. Mass shift 2. width broadening 3. residue reduction
p) - o o)
|
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