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Jiopplegical susceptibility and axiallsymm. at FT

Summary:

Motivation

Chiral phase transition at finite temperature and axial symmetry
Simulating dynamical overlap fermions

Topology fixing and friends

Methodology and results (quenched and N =2 )

S X X X X X

Discussion and conclusions

People involved in the project
JLQCD group:S. Hashimoto, S. Aoki, T. Kaneko, H. Matsufuru,
J. Noaki, E. Shintani
See for example POS(Lattice2010)174 (arXiv::1011.0257),
PoS(Lattice 2011)188, article in prep. 2
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Jiopplegical susceptibility and axiallsymm. at FT

Motivation

Pattern of chiral symmetry breaking at low temperature QCD
SU(Nf)V X SU(Nf)A X U(l)v X U(].)A — SU(Nf)V X U(l)v
Well known facts

* Axial anomaly — Non vanishing topological susceptibility
* Mass splitting of the i’ with respect to the lighter mesons

What is the fate of the axial U4(1) symmetry
at finite temperature(T = T.)?

Dirac Overlap operator, retaining the maximal amount of chiral symmetry
on the lattice is, theoretically, the best way to answer this question.
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Jiopplegical susceptibility and axiallsymm. at FT

Goal of the current project

Check restoration of axial U4 (1) symmetry by measuring
(spatial) meson correlators at finite temperature in full QCD with overlap

Degeneracy of correlators is the signal that we are looking for

0.(14 R 12) <C’hl'ra,l sym. 7.‘_(2',}/5 X Ta)

U(l)Ai IU(l)A

77(’&’75 X ]_2) <C’hl'ral Sym. o 5(14 R Ta)

As | will show in this talk,
there are some issues to solve before attacking the real problem... 4



Fixing topology: how to deal with it a

Partition function at fixed topology
1 7T

Zg =5 | doexp(~VE(0)
T‘- — 7T

where the energy can be E(@) —
expanded

N—"

Using saddle point expansion around 6. = %

one obtains the Gaussian distribution

Z ! :
= exp | —
@ V21 x:V P 2x+V
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Jiopplegical susceptibility and axiallsymm. at FT

Fixing topology: how to deal with it ¢

From the previous partition function we can extract the relation betweer
correlators at fixed © and correlators at fixed Q

In particular for the topological susceptibility and using the Axial Ward
Identity we obtain a relation involving fermionic quantities:

2
lim (mP(w)mP(O))%SC =7 (?/ — Xt — Z;jV> + O(e~™~171)

|z|—large

P(x) is the flavor singlet pseudo scalar density operator
Aoki et al. PRD76,054508 (2007)

What is the effect of fixing Q at finite temperature?
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opplegical susceptibility and axiallsymm. at FT

v Simulation details
v Eigenvalues distribution

BG/L
v Finite temperature quenched SU(3) at fixed topology  Hitachi SR16K

v Meson correlators in two flavors QCD
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Jiopplegical susceptibility and axiallsymm. at FT

Simulation details
Pure gauge (16°x6, 24°x6):
Iwasaki action + top. fixing term wasaki + Overlap + top. Fix
---- O(300) trajectories per T

2.35 0.132  249.1  0.86 am=0.05. 0.025. 0.01

2.40 0.122 2681  0.93

R T A TIRT B e T T/

Two flavors QCD (16°x8)

2.44 0.115 2857  0.992 218 01438 1715 035
2 445 0.114 288 1.0 2.20 0.1391 177.3 0.985
2.45 0.1133 2902  1.01 225 012818 1922  1.06
2.46 0.111 295.1 1.02 2.30 0.1183  208.5 1.15
2.48 0.107  305.6 1.06 2.40 0.1013 2435  1.35
il Wb el 245  0.0040 2624 145

2.55 0.094 347.6 1.20
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Topologlcal susceptlblllty in pure ga

200} ° g T
_ o ¥, Topological Susceptibility
_ t o physical units, quenched case
150/ .:
- | ° ¢
Z
Z 100 o "
=2 . . Run II ¢
# Fixed Topology (24"x 6, Q=0, am = 0.01)
©  Iwasaki action (zero mode counting)
ol ? Iwasaki Action Q=0 sector
i Iwasaki Action Q=1 sector (shifted)
®  Gattringer et al. (20°x 6)
®  Gattringer et al. (16°x 6) Ru: |
ol ;
0.8 0.9 1 11 1.2 13 9

T/T.
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Jiopplegical susceptibility and axiallsymm. at FT

Topological susceptibility in pure gauge™

1
I ' I | I ' ' |
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Topologlcal susceptibility and axial symm. at FT

FuII QCD Elgenvalues

Elgenvaluesdlstrlbutlon Nf—2 16°x 8

S 3001 g
2' - T=170 MeV | Effect of axial symmetry on
B { the Dirac sperctrum
E 100 —— 2.18am =0.05

i 1 4m2

X" = [ dpm(A

i X / ,Om( ))\2 —|—m2
:
£ 225 am = 001 If chiral symmetry s
B - 220 am = 0.025

2.20 am = 0.05 restored we can COnCIUde

that
z
2 im _,olim,, ,o—— =0
;:: =+ 230 am = 0.01 A
B - 230am = 0.025
2.30 am = 0.05 11

0 100 200 300 400 500 600
Im A (MeV)
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Jiopplegical susceptibility and axiallsymm. at FT

Full QCD — Meson correlators
15x10°pmMmMmM™—————m——————— 1 ————— T

B = 2.18 (T ~ 170) Q=0, a=0.14

- PS Connected (11)
i ! Connected (6)
10_5-“ \ § E{:%T;Et;d (6) 100 Eigen \

==

Temperature 12
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Topologlcal susceptibility and axial symm. at FT

Full QCD Meson correlators

1.5x107°

-5x10°

10

5x10°°

p =

2.20 (T~177) am = 0.05

PS Conn ()
S Conn ()
PS All (n")
- SAll(o)

0

6 8 10 12 14 1€
Distance

Temperawre R
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Topologlcal susceptibility and axial symm. at FT

Full QCD Meson correlators

5x10 "
B =2.20 (T~1 77) am = 0.025
4 % 1 0—6 L . 3 - PS Com’l(ﬂf) ............................................................... :
S Conn (d)
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2 X 1 0_6 ~ \ \ \\\\\\\ \\ |
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m\w SRLO00
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_1 % 1 0—6 . | . 1 s 1 s | i | i | . 1 .
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Distance
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Jiopplegical susceptibility and axiallsymm. at FT

Full QCD Meson correlators

3.5x107 |
B 2.25 (T ~ 192) am= 0.01
3>(10_ ..........................................................................................................................................................................................................................
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E—
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S Connected (d)
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Jiopplegical susceptibility and axiallsymm. at FT

Full QCD
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Jiopplegical susceptibility and axiallsymm. at FT

PS Connected ()
PS All (n')

S Connected ()
S All (o)

14 16

Distance

Temperature 18
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Jiopplegical susceptibility and axiallsymm. at FT

Full QCD - Meson correlaltors .

2.5x10" - ' '
L P =2.30 (T ~208) am= 0.01
2x107 'L OO\ AN
1.5x107+
107F
E—
5x10 8k e N i
PS Connected () |
PS All (n")
S Connected (8)
i ~¢~  SAll(o)
0 L 1 L i L L " 1 L 1 L Il L L "
0 2 4 6 8 10 12 14 16
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Jiopplegical susceptibility and axiallsymm. at FT

Full QCD — Meson correlators

4x107°

B = 2.40 (T ~ 243) am = 0.05

T e _—--, S

O i I n
0

Temperatwre &

17.5
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Jiopplegical susceptibility and axiallsymm. at FT

Summary

® Qverlap fermions are the best choice to check axial anomaly at finite

temperature
® Current machine and algorithms permit now realistic simulations...
® . .at the cost of fixing topology
® \We checked feasibility by test runs in pure gauge theory
® |n pure gauge systematic errors are under control.

® Results in Full QCD show signal of effective “restoration” of axial
Ua(1) symmetry
® We need chiral limit and check approach to T_(ongoing) (data still to

be analyzed
yzed) )
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LuxRay Artistic Rendering of Lowest Eigenmode
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Backup slides
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Topologlcal susceptibility and axial symm. at FT

Topologlcal susceptlblllty in pure ga

8 = 2.50 Elgenvalues Distribution Companson Q 0 sector
- ¢  2.50 Iwasaki + Top. Fix
500 ¢  2.58 Iwasaki o ' e
@ ®
..
400 - ¢
[ ]
®
L
..
300 - o® .
.. *
$ °®
200
P
o®
oo
o
w0r ® 4 o
U 4 o %
3 Je
o w0 a0 0 0 1000 24

A (MeV)
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Topologlcal susceptibility and axial symm. at FT

Topological susceptibility in pure gauqe™
Inverse Participation Ratio

Definition of the Inverse Participation Ratio

pA(z) = ) (@) ()
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Topologlcal susceptibility and axial symm. at FT

Topological susceptibility in pure ga
Inverse Participation Ratio
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Jiopplegical susceptibility and axiallsymm. at FT

: : ' | ' ' | ' 2

0.1 '1" —— Lowest Overlap Eigenmode

0.01
0.001
0.0001

18-05 ] I | | 1 I 1

Wi |

0.05— _

—— Lowest Wilson EigenMode
0 100 200 300 400 27
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Topologlcal susceptibility and axial symm. at FT

(Mass *Halrpm) correlator - Mass dependence Q= 0

5% 10
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10 15 20 25 0 10 15 20 25
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Topologlcal susceptibility and axial symm. at FT

O 2% % o o9 23 3 3 3% 3% % 3 %% 3% % %% %KX
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Topologlcal susceptibility and axial symm. at FT

History of Topological Charge

_3 ; ; I ; : ; . I . ; . . | . . . | ; . ; .
0 250 500 750 1000 1250 3()
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