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Hadron Masses at Finite T in the Strong Coupling QCD
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# Introduction

8 Hadron Mass in a Finite T treatment
of Strong Coupling Limit for Lattice QCD

& Summary
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Hadron Mass in Nuclear Matter

s Medium meson mass modification

@ may be the signal of partial restoration of chiral sym.

Kunihiro,Hatsuda, PRep 247('94),221; Brown, Rho, PRL66('91)2720;
Hatsuda, Lee, PRC46('92)R34.

@ and is suggested experimentally.
CERES Collab., PRL75('95),1272;
KEK-E325 Collab.(Ozawa et al.), PRL86('01),5019.
Also at RHIC (PHENIX Collab.)
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Hadron Mass in Nuclear Matter

s Can we understand it in Lattice QCD ? Asakawa, Nakahara, Hatsuda,
hep-la/0208059.
@ Finite T: It is possible ! N _ s— |
@ Finite p: Difficult due to the sign problem. 3 0 o) v—
s Strong Coupling Limit of Lattice QCD Sl
— We can study finite (T, p) ! J{_/\
@ Hadron masses in the Zero T treatment : a[GeV]
Kluberg-Stern, Morel, Petersson, '83; Kawamoto, Shigemoto, '82. _EEET‘? ?%:/V RTD
@ To dof Finite T,| Baryons with finite T, 1/g* corr., ...
12 o0 cc'::i.l ' \ThlS Talk T
1 22— SCL (no B)

0.5 Lo ] 15
0.6 -~ 1 Ohnishi, Kawamoto, Miura,
14

= 06 | FU L hep-lat/0701024
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Hadron Mass in SCL-LOCD (Zero 1)

s SCL Effective Action (Zero T treatment, staggered fermion)

| _
Seffzzz o (X)Vy I(X,Y)U(Y)—NCZIOg(U(X)+mq) Kawamoto, Smit, '81
X,y X
N

C

| 1 2
T +52kle(k) (50 (k))

Effective Potential Meson Propagation

8 Meson Mass in SCL-LQCD
Kawamoto, Shigemoto, '82; Kluberg-Stern, Morel, Petersson, '83; Fukushima, '04

= LN,

- N log(o+m,)

@ Pole of G(k) at “zero” momentum: k. — 0 or @, ® — i m + “0 or ©”

5°S - N - N
G(k)_IZF.T. eff =2 N, ZCOSku 1-|- — ¢ > = 2NC[KiCOShm} 1—|— ¢
U

so(x)sa(y) (G+m,)

COShm:2(5'+mq)2+K — (d+1>(?\2—1)+K+d+1 Equilibrium ¢

=0

(o+m,)

k=—d,—d+2,..d (diff. meson species), A=nmi + o+, m,=mIN2(d+1) (d=3)

q

‘ Well explains data, Funny o dep., No (T, u) dep., I
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Hadron Mass in SCL-LOCD (Finite T)

s QCD Lattice Action (Finite T treatment)
Damgaard, Kawamoto, Shigemoto, 19584, Bilic et al., 1992,

n
Nishida, 2003; Kawamoto, Miura, Ohnishi, Ohnuma, 2007 ... — U %
g v v
U
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X

Ug (X)X,

=xVvV'Yx — dU
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Fg‘?f(m;T, u):—Tlogf dU ,det(V"+m) ;rlf::glif:ial'hnk
sinh(N +1)E /T) po
=—Tlog _ ——+2cosh(N _u/T) Y
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| Ohnishi, Kawamoto, Miura, JPS@Hokudai, 2007/09/21 6



Hadron Mass in SCL-LOCD (Finite T)
# Meson propagator at Finite T Faldt, Petersson, '86

@ U, integrated quark determinant = Function of X
X, = Functional of m(t)
F(q )

eff(m(x);T)U):_Tlogf dUodetTT,(V(t)—l—m(x, T)):F(eQ)

XnlI|=By(Iy ..., In)+By oIy ... In )

_ I, e 0
(I,=2m(k)=2(o(k)+m,)) e’ I, |é
! By=lo -e* @ e
@ Derivatives :
0 —e " (I
5XN

6B
—N:Bk_1<.[1’_..,Ik_l)BN—I{(Ik-i-]."”’IN)
51,

51y :BN—1<II,. "IIN—l)

@ Equilibrium Value

B, (I, =const.)= C?Sh((N+1)Eq)/COSth (evenN)
sinh((N+1)E )/coshE, (oddN)

~ Division of Physics
Graduate School of Science
1 s
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Hadron Mass in SCL-LOCD (Finite T)

2 Meson Mass

_ 2N. 4N o(oc+m, )
1 k — C C q
Gk, w) K(k)+ d cosw+cosh2E,

d
k(k)=) cosk, — k=—d,-d+2,...d
i=1

_ d+k _ _ : \/ _ d+k _
coshM=2(c+m,) — o+m,|+1 or M=2arcsinhy(o+m,)| = =0 +m,
Meson Mass as a funciton of ¢
@ Meson masses are determined > FoM,) | ZioM,)
by the chiral condensate, o. 4 " P
@ Chiral condensate is determined =3 y
by the equilibrium condition, = s
and given as a function of (T, p). .
— Approximate Brown-Rho scaling 0 == -
is proven in SCL-LQCD 0 1 G 2 3
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Medium Modification of Meson Masses

# Scale fixing o
- e . 1400 | — ,5
@ Search for ¢ _to minimize free E. 1200 | N
= 1000 - ¢
@ Assign k=-3,-1 asm and p Z 800 | 0
[d Ld [ d E-E ﬁl}u I
@ Determine m_ and a' (lattice unit) 400 |
to fit m_/m 200 T
T p 0 . : .
. . . Zero Finite Exp.
8 Medium modification
@ Search for o(T, p) — Meson mass
1400 — g 1200 —_—
1200 L. - -h._1_ u=0, mq=9.5 MeV q 1000 L. __ !-'I- aT=1.0, mq_g.S MeV
el o | = 800 [T T
@ . w . E
= Z 600 P oo
= = p = ‘.I\
= E 400 \"‘T\ |
200 =« N
e T
0 02 04 06 08 1
a L
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Discussion

s SCL TIX/N&7E p T o IXZEIELLLY

s 7, p mass fit DFHER
a' =497 MeV, m =9.5 MeV — T =5/3a= 828 MeV Too large!

(SCL TOEMNCDREIER)
s ARIEEMR 1/ correction) [TEY T, [F/NSK7ED

Bilic, Claymans, '95; AO, Kawamoto, Miura, '07
o FEHO WENED BANY B > o=-gq & 0=[7g9 OHALN LE
— I ﬁ'b\f HATLT ...

AO, Kawamoto,
Miura,

hep-lat/0701024 EW\
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Summary

s Hadron (Meson) masses are evaluated in the Strong Coupling
Limit of Lattice QCD at Finite T and p.

@ Meson masses are determined by the chiral condensate,
and they are approximately linear functions of o,
while m_ is always 0 in the chiral limit.

@ For high T or n, meson masses decrease as ¢ decreases.
— Approximate Brown-Rho(-Hatsuda) scaling is supported.

@ When we fit w and p masses, lattice unit (a') is found to be around
500 MeV, suggesting T_~ 800 MeV in the Strong Coupling Limit.

(Longstanding problem in the strong coupling limit....)

s Finite coupling effects are found to decrease T_(in the lattice unit),
while approximately keeping p .
— Meson mass with 1/g” correction has to be calculated.

s Baryon mass — Miura's talk

Division o_{ Physics
Grad eSckoa_of Scignce
kkaido University
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Backups

" Division of Physics
Graduate School of Science
Hoklkaido University

hitp://phys.sci.hokudai.dc.jp/

Ohnishi, Kawamoto, Miura, JPS@Hokudai, 2007/09/21



Strong Coupling Limit Lattice OCD

8 QCD Lattice Action

N

C

d-+ 1

— 2
O

I: eff

— N log (o +my)

Se=— 3 [Tru, +Tru?,

g XUV
EXZ;‘”"(X) XU (X)X, =X, UT (X)X,
1 - L

S(F”:EZ eX, Uy (X)X ,—e"X U (x)X,

s Strong Coupling Limit: g—oo
@ Ignore S, — Link integral

@ Zero T treatment

Fepp/ by

x Uy x
o—»0
O=w—©0

L U;X

— All Links are integrated first . <70 = Nclog(+m,)
@ Finite T treatment
— Temporal Links are integrated _
later exaCtly. FO (m s T )= NCUZ_Tlog sinh((NC—i—l)Eq/T)
off sinh (E /T
Eq(m):arcsinhm
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Hadron Mass in SCL-LOCD (Zero 1)

8 Meson Mass in SCL-LQCD
Kluberg-Stern, Morel, Petersson, 1982; Kawamoto, Shigemoto, 1982

@ Pole of the propagator at zero momentum — Meson Mass

@ Doubler DOF: kll — 0 or m, Euclidian: ® — im + “0 or n©”

d -1
N
G '(k)=N,| D cosms,£coshm| + —=0
i=1 O"|‘mq>
— 2
— coshm=2(d+m,) +«k 1600
g 1400 |
=(d+1)(A*~1)+2n+1 ~1200 + ——— hy
Equilibrium Condition Elm =
n=0,1,...d (diff. meson species) E 800 | - - P
A=, N+ 1, di,=m2(d+1) < 600 |
400 |
Explains Meson Mass Spectrum || 200} __  _  _
No (T, u) dependence 0
Zero Exp.
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