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Two talks for Nyi=24+1 thermo from JLQCD

« Aoki (1)
« Set up: LCP, m,
e Discussion of DWF fermionic measurements and renormalization

« Kanamori (I1)
« Simulations
* Physical Results
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INntro

 Ny=2+1 thermodynamic property
e through chiral symmetric formulation
e Order of the transition
« (pseudo) critical temperature
e Location of the phase boundary
 Near the physical point

e Chiral symmetric formulation
- |deal to treat flavor SU(2) and U(1), properly
« Domain wall fermion (DWF) : practical choice

« DWF and chirality
e Fine lattice needed
« Aiming for a < 0.08 fm (eventually)
e Current search domain: 0.07 <a <0.14 fm
e Current criticality range: 0.08 < a < 0.13 fm
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N=2+1 Mdbius DWF LCP

For the Line of constant physics: amg () with a(B) .

 Step 1: determine a(B) [fm] with t, (BMW) input S | |
. at B =4.1%4.17,4.35,4.47 (ozeen |

* B=4.1 from unpublished pilot data, to add support at small e fzitr"v(;:;:)ncw/ﬁwz/ﬁz

« Step 2: determine Z,,(8)  using NPR results (st 2Oe
e atp = 4.17,4.35,4.47 E

* And use Z,,(B) so obtained for f = 4.0 : B < 4.17 region is extrapolation
1/Z,,(B) will be used to renormalize scalar operator 0o

« Step 3: solve am(B) with input:

R _ latt -1 _ ‘ ‘ ‘ ‘ ‘
¢ mg = Zm amgTea =92 MeV 0.84 2 22 23 27 45

m
« —= =274 (See for example FLAG 2019) 0.08
Mmyd

« See for details in Lattice 2021 proc by S.Aoki et al.

Do simulation
« Step 4: use a(pB) including new data at § = 4.0 (preliminary)

e For dimension-full quantities

& a1 a2 43 44 a5
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Features

 Fine lattice: use of existing results (0.04 < a < 0.08 fm)
« Granted preciseness towards continuum limit
0 ! |

0.02-

|

|

« Coarse lattice parametrization is an extrapolation 4 41
« Preciseness might be deteriorated

4.2

§

4.3

« Newly computing Z,,, e.g. at § = 4.0 (lower edge) might improve, but not done so far

« NPRof Z,, at a™! =1.4 GeV may have sizable error (window problem) anyway

« Smooth connection from fine to coarse should not alter leading 0(a?)
« Difference should be higher order

e Error estimated from Kaon mass
e Amg ~10% atf =40 (a=0.14fm)
e Amy ~ afew % at § =4.17 (a = 0.08 fm)

4.4

4.5



Domain wall fermion !

Mobius DWF — OVF by reweighting

« Successful (w/ error growth) at § = 4.17 (a ~ 0.08 fm)
See Lattice 2021 JLQCD (presenter: K.Suzuki)
e Questionable for

Coarser lattice: rough gauge, DWF chiral symmetry breaking
Finer lattice: larger V (# sites)

Chiral fermion with continuum limit
« A practical choice is to stick on DWF

Controlling chiral symmetry breaking with DWF
« WTI residual mass mys: mz o (my + myes)(1 + h.o.)
« Understanding m,..,(B) with fixed Ly (5-th dim size)
© Myos[MeV] ~ a*X, where X ~ 5
e Vanishes quickly asa - 0
« 1st (dumb) approximation: forget about m,.eg

« Better: m}ont © (my +myes) but, this is not always enough

T
m_ L=
res S
001__ <> mres; S= -
% 0.001f @ .
E - PN
0.0001 3 E
1e-05 | . | | =
3.9 4.1 4.2 4.3 4.4
p
MDWF N,=2+1, L =12
T
0.01F PN -
slope ~-6
Fo
< 0.001 3 -
° o
o L=12
0.0001F s _
[ L =8
B S
- L
1e-05 01

affm]



250

Simulation plan: 1st round
200
L, = 12 fixed throughout this study :
« T1-(a) « T2-(c) ”
.Nt=12 'Nt=16
¢ ml p— Olms i ml — OlmS 1004_/‘/.:"/;1 . 4|2 . 4|3 . ;4
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Simulation plan: 1st rouna
L, = 12 fixed throughout this study

e T1-(a)

* N, =12
*my =O.1m5
e V. =243

« T1-(b)
e N, = 12

‘m=myg —mMm

e V, =243

l

« T2-(c)

¢ Nt — 16

*m; = OlmS

- V, =328
input:O
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Simulation plan: 2" rouna
w/ treatment of m,,¢ effect =
L, = 12 fixed throughout this study =

e T1-(d) « T2-(c)
* N, =12 * N, =16 100
e m; = 0.1mg e m; = 0.1mg
. f]"p“t = MEP — s Mres shift by reweighting
. 1, = 243,323 « 1, =323

* Tl_(p) 2 0.001
¢ Nt — 12
*m; = Mygqg 0.0001
* énput — méCP — Myeg
° I/S — 24‘3 1e-05E
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Results and discussion on
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Light quark £ = —(p)

« Two step UV renormalization necessary (naively)
« Logarithmic divergence (multiplicative): Zs(MS, 2 GeV)

- Power divergence (additive): o my a”?
« Subtracted using (ss)
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Light quark £ = —(yy)

« Two step UV renormalization necessary (naively) =
« Logarithmic divergence (multiplicative): Zs(MS, 2 GeV) » °

« Power divergence (additive):
« Subtracted using (ss)
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Light quark £ = —(p)

« Two step UV renormalization necessary (naively)
« Logarithmic divergence (multiplicative): Zs(MS, 2 GeV)

« Power divergence (additive):
« Subtracted using (ss)
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Light quark £ = —(y): residual power divergence
T Tres 4 ¥ |eoms + -+ S. Sharpe (arXiv: 0706.0218)

° ZlDWFN 2

® Myps F XMyos; X =0(1) #1
« “Since x is not known, this term gives an uncontrolled error in the condensate.

It can be studied and reduced only by increasing Lg - a very expensive
proposition.” — S. Sharpe.

MDWF N=2+1, L =12

0——————————

T
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0.01f

slope ~-3

2 3
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0.001 : —
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“Forget about m,.,."
is dumber for 2, but---



Light quark ¥ = —@1/)): residual power divergence
+ 2| eone. + -+ S. Sharpe (arXiv: 0706.0218)

mf +xmres

° ZlDWFN 2

® Myps F XMyos; X =0(1) #1
« “Since x is not known, this term gives an uncontrolled error in the condensate.

It can be studied and reduced only by increasing Lg - a very expensive
proposition.” — S. Sharpe.

MDWF N=2+1, L =12

0——————————

. . . ,
« There is a way to estimate xm,.,c using m’,...
* |f chiral symmetry is restored — X|.pnt. = 0
« —xm, is a zero of X|pr Which is related with =5 °°
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* Axial WT identity: (mg+myes) Xx (P(x) P(0)) =X “Forget about m....”
is dumber for 2, but---



Light quark ¥ = —@1/)): residual power divergence
+ 2| eone. + -+ S. Sharpe (arXiv: 0706.0218)

mf + xmres

° ZlDWFN 2

® Myps F XMyos; X =0(1) #1
« “Since x is not known, this term gives an uncontrolled error in the condensate.

It can be studied and reduced only by increasing Lg - a very expensive
proposition.” — S. Sharpe.

MDWF N=2+1, L =12

0——————————

. . . ,
« There is a way to estimate xm,.,c using m’,...
* |f chiral symmetry is restored — X|.pnt. = 0
© —XM, IS @ zero of X|pyr Which is related with =5 °°
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is dumber for 2, but---



M,es: €Xample in N=3 case ,, _zoworo

"~ Yx (P(x) P(0))
WTIL (mp+myes) Xy (P(x) P(0)) =X

0.1 0.004 — x x x x w
= \MS m
W)V (1 = 2GeV)[GeV?] 0.0038 | Ny =3, L; =16 .
0.08 - |
0.0036 | .
0.0034 L R T >0,N3 x N, = 243 x 12 6|
0.06 - T 000 @y T =0, N3 x N, = 243 x 48 5~
: - &L (P1h) = 0 k|
0.04 |- . 0.003 | & . |
o 0.0028 - 3 |
' 1 0.0026 - 7 ¢ v |
ol Ng =24, Ny =12, T ~ 131 MeV '—E—'_ 0.0024 - & i
[ﬁzﬁ 0.0022 - ® .
—0.02 ' ' ' ' ' 0.002 ‘ ‘ | | |
0 10 20 30 40 50 60 ~0.02 0 0.02 0.04 0.06 0.08 0.1

(Mg + Myes) ¥ [MeV] am;



MypsanNd m. .o Tor Ne=2+1

| |
0.01F &
: =]
=
=
"8
| =]
0.001§ & .
2 03
®
0.0001F
1e-05F
F | |
4 4.1 4.2



MypsanNd m. .o Tor Ne=2+1
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MypsanNd m. .o Tor Ne=2+1
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MypsanNd m. .o Tor Ne=2+1
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MypsanNd m. .o Tor Ne=2+1
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Subtraction with x = 0.3
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MypsanNd m. .o Tor Ne=2+1
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MypsanNd m. .o Tor Ne=2+1
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MypsanNd m. .o Tor Ne=2+1
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Subtraction with x = 0.3 and x =0

x = 0.3 x = 0 : this should be closer to the truth
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« Note: quark mass tuning w/o caring m,.,.



Round 2 — see next talk



Summary

« Mobius DWF simulation for T>0 with Ny=12, 16
« < N=8 by HotQCD (2012)

« Along the Line of Constant Physics

e Using quark mass input
« Fixed L computation : good chiral symmetry (a > 0) — exact symmetry (a = 0)

« But, requires a delicate treatment depending on quantity of interest
* One of the most difficult quantity may be the chiral condensate
« method to subtract residual power divergence under development
Using m;..¢
S. Sharpe’s x is not 0(1) but seemingly very small (for MDWF)
Residual power “divergence” term («x (1 — x)) is larger than that for x = 0(1)

« First round simulations with m!™** = 0.1 my, (and 0): Ng/N;=2
e using Supercomputer Fugaku
« All results here are still preliminary

« 2" round and further discussion is given by |. Kanamori



packup



N;=2+1 Mobius DWF

*a(b)

« Using
« JLQCD T=0 lattices with ty; meas. k |
« ¢=0.080, 0.055, 0.044 fm (published) T Y
« a=0.095 fm (pilot study) to guide LCP &

« a=0.136 fm added later for precision scale

« Parameterization of Edwards et al (1998)
. a=cof(gP)(1+ c2a(9)” + caa(9)h).

« alg)® = [f(g*)/f(9)),

20 _ 2\—b1 /262 1
fg%) = (bog”) Oexp( 2b092)’

1 2 1 38N -
bp = 11— =N by = 102 — ——
0 (477)2( 3 f)’ ! (477)4( 3 ) 0.06

e Fitto a* works well




T l T
L [0 Z_(2GeV)

Nie=2+1 Mdbius DWF LCP " S

— run: pu=1/a - 2 GeV

e Quark mass as function of A [fixed physics]

« We use quark mass input 03 .
* my, =92 MeV (MSb 2GeV) *
. 7::; =27.4 (See for example FLAG 2019) 08— 27 4z B 7y RV —y
* mg — Zm ) (améatt) ) a_l(,g) 0.08
« Parameterizing Z,,,(8) 008
« Take Z,,(2GeV) w/ NPR Tomii et al 2016 |
e 7,,(2GeV) - Z,,(a”1) NNNLO pert. e
-« No (large) log(au)
 Should behave like 1 + d;g? + d,g* + - 0.02
« FitZy(a™) with 14+, + .72 * *
. m(a‘l) - Zm(ZGBV) NNNLO pert. O a1 4z 43 44 45



