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Quark mass from QCD+QED simulation

[PRD82 (2010) 094508 [47pages]] Blum-Zhou-Doi-Hayakawa-lzubuchi-Uno-Yamada

m, = 2.24+0.10+0.34 MeV
mg = 4.65+0.15+0.32 MeV
ms = 97.6t£29+55 MeV
mg—m, = 24114+0.065=0.476 MeV
mgh | =1113.44 1 012 10,22 MeN
my/mgqg = 0.4818 £+ 0.0096 + 0.0860
ser et b = | | 281 311 | 012 9) e T T

MS at 2 GeV|using NPR/SMOM scheme.

Particular to QCD+QED, finite volume error is large: 14% and 2% for m,, and m.
This would be due to photon’s non-confining feature (vs gluon).
Volume, a?, chiral extrapolation errors are being removed.

Applications for Hadronic contribution to (g — 2),, in progress.



BFQCDEEICKD V7 A— 7V B=FH

1—7 YUy RHETI VYYD - =V DBE Leinweber et al.
GeV] 0.40 | |
0.35 Z(q?) -
300MeV— 030 | D= )
025 - % |
T 0.20 - .
= 015 " -
0.10 = .
0.05 s
000 fack 1L NEE PR —0OMeV
008
g (GeV) T =4k
EIRIL—EE B LRI —EE
RifE S Y SSin = Y

BIXILF—HmETREEZFEEDN]/3NDEEZERLTVWS

AR



& C D = k/‘- o ’ | ] el ——— B e = AN VO
¢ i Q E-l-'j—l—LL— *% 7 T T TTTIT] 1T T 1T
{ EDRATER
_ S 03 W\ running coupling -
I—2 YUy REETIVEY - F—IDBEE \\ :
0.40 Z
[GeV] | = - :
O . 8 5 — S 0.2 F ¢ \\\ﬁ‘f‘\;\‘\:\ _
300MeV—s 030 - r(q) = > |
= S
9.4
0.2 0.1 F | -
| BTRILF— BIRLE— |
T 0.20 : » N
gl - O 1 1 - llll 1 1 | 5o ] P | lll ~
= 015 4 1 19, 10°
0.10 n Ea u GeV
0.05 1 -
= Pz et S LY L - ",rl .| [.- 1 - I_
O . O O %}r;.mhrliﬁshﬂ:ri LR 050 H O M eV
—0.05 | | |
2 2
) ! < 3 4 4 = dg

g (GeV)

ETRILX—eEE
RiE SR

BIRILF—ERTREZFEEDNT/3D

BIRIILX—EE
CEF =g

A

=ExESELTWVWS



BFQCDEEICKD V7 A— 7V B=FH

d1—7Uy REETIVY Y - T—IDIFHE Leinweber et al.
(GeV] 0.40 | |
0.35 Z(q2) -
3 Sr(q) = 2) -
300MeV— o030 |- Y. q* + M(q?)
025 - *. .
i S 020 F ) -
poleBEE s T -
5 5 10 " —
¢ +M(q) =0 _ | )
000 g :}:giﬁ:nt;&w[ e b (_OI\/IeV
—0.05 ' ' | , ,
0 1 2 3 4 —
g (GeV) q 2
ETRILX—FEE BIRILX—EE
B A& HY CEE o=y

BIXILF—EETRERZFEEDN]/3DEEXERLTWVWS



B{FQCD&T

It~
>4

I £B T A—VBE=E

A—J Uy REETIZIVYD - T—IDHE

0.40

Leinweber et al.

[GeV]
0.35

300MeV— 030 |

025 [

i > 0.20
p0|e,é:E )15 |-

).10
>+ M?*(q) =0

.09 -

0.00

[ =]

poleBEDFEHLL
-+ —JFHLCIAH?

—Wick[alEx (FEATHEHD DIEZTE ?

=1 BIRILT—eEE

EEEEry:n

BIXILF—EETREZFEEDN]/3NDEEZERLTWS



HALQCD 7 7 B —F

BOEME  ZABELOFERZA—T - IILAR—2R0E ¢ (X, )

L F S RALF D ¥ A Rl [T 2R

\4

EFNF  ZIFELOEEE ORBEZ ¢ (r)

Hacpy(r) = Ey(r)

F—REHET. BREELERREYIFSHAN=E L TRE

NI EZTUERET S ()



TR

EFNF:

F—IRE

HALQCD 7 7 B —F

 ZIARELDEIRZA—T - FILA—=2IR0E ¢ (X, )

FLF S RLF D = A Bl [

ZIXERELDEXHEB D IR EREE ¥ (r)

Hocpy(r

—>N\I)L =7 %]

HA/{EEL

=]

3]

\4

Phys. Rev.Lett.99 (2007) N. Ishii, S. Aoki, T. Hatsuda
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Novel determination of quark mass

T. Kawanai and SS, PRL 107 (2011) 091601

2
{ v Voo (r) +Sq - SQVspin("“)} ¢r(r) = Er¢r(r) for T'=PS,V

maq
Q. How can we determine a quark mass in the Schrodinger equation?

A. Look into asymptotic behavior of wave functions at long distances

For short range potential problem lim V(r) =0

T— 00

O X !PT
1 V2ons(r ,

mo = lim ngQ( ) Vo, 2
r—oco | ¢QQ(T) ¢

,LL — —— reduced mass

This Is valid even for bound states



Novel determination of quark mass

T. Kawanai and SS, PRL 107 (2011) 091601

2
{ v | VQG(T) -+ SQ . SQ‘/;pin(T)} ¢F(T) m— qubp(’l“) fOl” ' = PS,V

maq
Q. How can we determine a quark mass in the Schrodinger equation?

A. Look into asymptotic behavior of wave functions at long distances

Unfortunately, the QCD potential is not short -ranged,  lim Vi5(r) # 0
rather a long-range confinement potential. T




Novel determination of quark mass
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maq
Q. How can we determine a quark mass in the Schrodinger equation?

A. Look into asymptotic behavior of wave functions at long distances

L (Tul) _ Const)
mq \ ¢v(r) dps(r)

S-wave w.f. for different spin states Vipin (1) — ABLyp =
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A difference does not suffer from the confinement nature.



Novel determination of quark mass

T. Kawanai and SS, PRL 107 (2011) 091601

2
{ v Voo (r) +Sq - SQVspin("")} ¢r(r) = Er¢r(r) for T'=PS,V

maq
Q. How can we determine a quark mass in the Schrodinger equation?
A. Look into asymptotic behavior of wave functions at long distances

Under a simple, but reasonable assumption of lim Vi, (r) =0
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Quark mass obtained from BS amplitude
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Results from charmonium potential given by
matching perturbative and lattice QCD

A. Laschka, N. Kaiser, W. Weise, arXiv:1205.3390

lattice QCD inputs |
Ve(r), Vg(r) for r > 0.14 fm :
with m. = 1.74(3) GeV _ 34
“Constituent quark mass” % 33
pQCD inputs iy
Ve(r), Vs(r) for r < 0.14 fm 30
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“Current quark mass”
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What does "quark mass” correspond to 7

Meff [GeV]

2.4
O quark propagator (Landau gauge)

2.2 -eeeee BS wavefunction (Coulomb gauge) .
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