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1. Introduction

Chiral symmetry of QCD

phase transition

restoration of chiral symmetry

Some guestions

1. Eigenvalue distribution of Dirac operator

related ?

2. Recovery of U(1)_A symmetry at high T ?




Previous studies on 1
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Previous studies on 2 Xuvmy, = [ d*z (o(z)a(0) — (z)5(0))

Cohen(96), Theory  Yes | XU(1)A/V =0, (m—0)

Lee-Hatsuda(96), Theory No | zero mode contributions are important.

XU(1)a — O(mZ) + A A = 0(1) at Ny = 2: contributions from () = %1

Lattice results

Chandrasekharan et al., (98), KS No ! Bernard, et al. (96), KS  No !
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Chiral symmetry is restored. U(T)a is NOT.




Recent lattice results
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Our work

give constraints on eigenvalue densities of 2-flavor overlap fermions, if chiral
symmetry in QCD is restored at finite temperature.
discuss a behavior of singlet susceptibility using the constraints.

Content

1. Introduction

2. Overlap fermions

3. Constraints on eigenvalue densities

4. Discussions: singlet susceptibility




2. Overlap fermions

Action S =9¢[D—-mF(D)ly, F(D)=1- %D

Ginsparg-Wilson relation D5 + 95D = aDRys D

Eigenvalue spectrum

A
zero modes(chiral) / doublers(chiral)

2/Ra

=D  D(A)0 = Mo




Propagator

I f 5D\
Ste) = X [£0A0) | lodelos] 31 o 0

bulk modes(non-chiral) zero modes(chiral) doublers(chiral)

Rma
fm =1+ 9
Measure

# of doublers
A

(Z2 MDA 4+ m?

m® "1 " mn
INL >0

P (A) = e SymA)(_ NyNgp,p [ 2
(4) = =5 () =

# of zero modes

positive definite and even function of m # 0 for even Ny

N f=2 in this talk.




Ward-Takahashi identities under “chiral” rotation ( = i0%(x)T%5(1 — RaD
i&(x)ea(x>Ta’757

Integrated operators

e — d4£IZ So( ’ Pe — d433 P%(r Sa(x) @?(x)Ta ( W(x)
/ @ / @ P (z) ()T F(D)y

scalar

&a:) pseudo-scalar

chiral rotation at N_f=2 548 = 2590 pY sapb = _9590 50

If the chiral symmetry Is restored,

[ lim <5a0n1,n2,n3,n4>m — J WT identities

m—0

Onsmamsms = (PO (872 (P (89 N =3 n;, ny+ns=odd, ny+ng = odd

explicit from
5&

_Onl no,Mn3,Ng _nlonl—l,ng,ng,n4+l _|_ n20n1,n2—1,n3—i—1,n4 T nBOnl,n2+1,n3—1,n4 _|_ n40n1—|—1,n2,n3,n4—1
2




3. Constraints on eigenvalue densities

Assumption 1 non-singlet chiral symmetry is restored:

lim lim (0,0),, = 0 (for a # 0),

m—0V —oco

(O(A)),, = %/DAPm(A)O(A), 7= [DAP,(A)

P,,(A): even in m

Assumption 2| if O(A) is m-independent

f(x) is analytic at x =0

Ex. lim i
V—oo V




Assumption 3| if O(A) is m-independent and positive, and satisfies

lim i(O(A»m =0

m—0 M2k

» (O(A)),, = m2F+TY / DA P(m?, A)O(A)

finite P(0,A) # 0 for 7A

consequence|  for V] integer

(O(A)Y,, = m2F+D) / DAP(m?, A)O(A)! = O(m2*+1)

since O(A) and O(A)! are both positive and share the same support.




Assumption 4 eigenvalues density can be expanded as

00 Evlgnoo_za( - ZpA)\ at A= 0 (A <c)

More precisely, configurations which can not be expanded at the origin
are "‘measure zero” in the configuration space.




4. Constraints on eigenvalue densities

general N(odd)

large volume

O1,0,0,N-1

lim lim (_<OO,O,O,N>m -+ (N — 1)<02,0,O,N—2>m) = 0.

m—0V —oo

\

)
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ey &
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1st constraint

for small but non-zero m




topological charge
Q(A) = Ni — Nj,




WT identities

(O2001)m — 0, (=0Oo201 +201110)m — 0,  (Ooo21 + 201110)m = 0
(—O0003 + 202001)m — 0,  (Ooo21 — Oo201 + O1110)m — 0,




(O1000 — Oo004)m — 0,

(O2020 — Op202

)
(Oo400 — Ooo40)
)
)

0
m — 0,
m — 0,

(201111 — O0202 + Ooo22)m — 0

* BNF((Iz + I /m)(Iy — Iz/m))m + —

~ logm

* lim

3rd constraint




+ result from N=4k (general)

Final results

(

fim (AN = lim (pih ) 2

m—0 m—0 3'

- O\

No constraints to higher (p%'),,

(p3)m # 0 even for ”free” theory.




5. Discussion: Singlet susceptibility

Singlet susceptibility at high T

N2
lim "7 = lim lim !
V—0 m—0V —oo m2V

Both Cohen and Lee-Hatsuda are inaccurate.

This, however, does not mean U(1)_A symmetry is recovered at high T.

li =0
m0 X

Is necessary but NOT “sufficient” for the recovery of U(1)_A .




More general Singlet WT identities

<_JO(9 +50_C9>m = O(m)

anomaly(measure) singlet rotation

We can ShOW for O — Onl,n27n3,n4 — (Pa)nl (Sa)ng (PO)TLS (SO)TL4

1 QAP

lim —-(J°0),, = lim < - O(V0)> =0

Voo VFE V—o0

m

where k is the smallest integer which makes the V' — oo limit finite.

S ~O(V), P*,5* P’ ~ O(V'/?)

. . -
P i i (0}, =

Breaking of U(1)_A symmetry is absent for these "bulk quantities”.




Important consequence

Effect of U(1)_A anomaly is invisible in scalar and pseudo-scalar sector.

* Pisarski-Wilczek argument

Chiral phase transition in 2-flavor QCD is likely to be of first order !?

Final Comments

1. Large volume limit is required for the correct result.

2. If the action breaks the chiral symmetry, the continuum limit is also required.

3. We only use a part of WT identities. Therefore, our constraints are necessary
condition.

4. We can extend our analysis to the eigenvalue density with fractional power.
The conclusion remains the same.




