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summary of histogram: 1=220 MeV, m=10 MeV

243x12

histogram

histogram

# trajectory:
sample rate:

1000

100

10

1000

100

10

OV index
24°x12, B=4.3, m=0.00375

T

T

T T

I i I i I i I i I

3 OV-DW| 7
C — OV-0V .
E | Il | Il | Il | Il I Il | Il | =
-3 -2 -1 0 1 2 3
Qt
gluonic
2412, B=4.3, m=0.00375
e I
3 — GLDW| 7
C GL-OV ]
E | Il | Il L[ Il I Il | Il | =
-3 -2 -1 0 1 2 3
Q

t

100

~30K

323x12

histogram

histogram

1000

100

10

1000

100

10

\ OV index
327x12, f=4.3, m=0.00375

LR

LR T LB R

T

T

T

T

T

I i I i I i I i I

OV-DW
— OV-0V

Ll ! AR Lol

!

T =
-3 -2 -1 0 1 2 3
Ol
gluonic
32°%12, B=4.3, m=0.00375
T T T T T 1
3 — GLDW| T
C GL-OV ]
R R R N I
-3 -2 -1 0 1 2 3
Qt

©024°

1.5x10°1 B 8 35° -
&0 48°
< 1.0x10° B
Z
5.0x1 07 L . ]
0.0 .,..‘-.-.::Q N..m
0 ‘ ‘5 ‘ 1‘0 ‘ 1‘5 2‘0 2‘5
3 m [MeV]
A83X12 . ovindes
48°x12, B=4.3, m=0.00375
I
1000 OV-DW| 7
8 — OV-0V 1
e 100F 3
E - ]
) [ ]
e L ]
%)
2 | i
10 E
L = 1 1 1 N R
-3 -2 -1 0 1 2 3
Ot
gluonic
48°x12, B=4.3, m=0.00375
I
1000 — GL-DW E
i GL-OV 1
e 100F 3
@ C ]
o)) [ ]
L L ]
)
2 | i
10 E
L = 1 1 I L1
-3 -2 -1 0 1 2 3
Qt



©024°

summary of histogram: 1=220 MeV, m=10 MeV - B

R L

248X1 2 OV index 323)(1 2 OV index 483)(1 2 OV index o H‘W[M;é]‘ T

24°x12, B=4.3, m=0.00375 32°%12, p=4.3, m=0.00375 48°x12, B=4.3, m=0.00375
T T T T T T T T T T T T T S S S B S e —

- ] g OV-DW E 1000 OV-DW E
— OV-0V ] C — OV-0V ] — OV-0V ]

1000

T
T

T
|

histogram
histogram
<
%
-
\\
&
c
/

histogram

1l

N
=

o o | > R
: z z E QTesy o
| | I o] R

3 2 1 0 1 2 3 3 2 1
Q

i

— j—
=
|
—X

0
Q ~~

gluonic gluonic

y
243X12, B=4.3, m=0.00375 32%1 2, p=4.3, m=0.00375 @-— 12, p=4.3, m=0.00375
T T T T T T T T T T T T T T T T \ 4 /

[ [ [ [ [ [ [ [ [ I ] [ T [ T [ T [ T [
1000 — GL-DW E 1000 — GL-DW ,\)(X — GL-DW E
GL-OV : g GL-OV @ GL-OV ;
| \_‘83‘ *
e 100F E e 100¢ E £ N S E
© r ] © r ©
5 5 2 \O -
2 o) o)
2 2 £ -
10 = 10 = 10~ =
L = 1 N . L = N . L = h 1 1 I L1
3 2 -1 1 2 3 3 2 -1 1 2 3 3 -2 -1 1 2 3

Do
Po

# trajectory: ~30k ~30K ~10K
sample rate: 100 20 100



U(1)a XIFNE

=7

~ 7R

S — ESREWVLER



Qu

=9 (E N=2

* Ni=2+1 physical pt. h»53= L) ?

* Mms~100 MeV —
« T=0 Tl s DH B4 U TR R

- boundary DR & U TIXER

* Ni=2

- Wilson, staggered: RHEE

» BRE IR T A T ILFRE

=U(1)a El{E Z <K [ULQCD16]

-— K

in 1% 0D Bl BE 14
[Pisarski&Wilczek]

@

Ms

*

/ physical pt.




Why bother 7

Because it is unsettled problem !
fate of U(1)a - analytic
Gross-Pisarski-Yaffe (1981) restores in high temperature limit
Dilute instanton gas
Cohen (19906)
measure zero instanton effect = restores
Lee-Hatsuda (1996)
zero mode does contributes — broken
Aoki-Fukaya-Tanigchi (2012)

QCD analysis (overlap) — restores w/ assumption (lattice)
Kanazawa-Yamamoto (2015)
EFT case study how restore / break

Azcoiti (2017)
case study how restore / break



Why bother 7

Because it is unsettled problem!
fate of U(1)a lattice

HotQCD (DW, 2012) broken
JLQCD (topology fixed overlap, 2013) restores

- TWQCD (optimal DW, 2013) restores ?
LNL/RBC (DW, 2014) broken
HotQCD (DW, 2014) broken
Dick et al. (overlap on HISQ), 2015) broken
Brandt et al. (O(a) improved Wilson 2016) restores

JLQCD (reweighted overlap from DW, 2016) restores
JLQCD (current: see Suzuki et al Lattice 2017) restores
Ishikawa et al (Wilson, 2017) at least Z4 restores
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