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Muon magnetic anomaly

~ is generated by quantum loops;
© receives contribution from QED, EW and QCD effects in the SM;

~ is a sensitive probe of new physics & /é& @
PDG 2018
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Phenomenological motivations

The determination of some hadronic
observables in flavor physics has reached such
an accurate degree of experimental
and theoretical precision that

electromagnetic and strong isospin breaking

effects cannot be neglected
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ISOSPIN BREAKING EFFECTS

Isospin symmetry is an almost exact property of 4 e @
the strong interactions

Isospin breaking effects are induced by:

My# My O[(Mg-my)/Agep] ® 1/100 |

Q#Qq:  O(a,,,) % 1/100 "Electromagnetic”

Since electromagnetic interactions renormalise quark masses the
two corrections are intrinsically related

Though small, IB effects can play a very important role
(quark masses, Mn - My, leptonic decay constants, vector form factor)
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Given the present exper. and theor. (LQCD) accuracy, an important source of
uncertainty are long distance electromagnetic and SU(2) breaking correction

estimate in sSQED
=> sa™" ~39(1)-10™"
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Isospin breaking
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A strategy for Lattice QCD:

The isospin breaking part of the Lagrangian

is treated as a perturbation

all
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The (m4-my) expansion

- ldentify the isospin breaking term in the QCD action

Advantage:

- Expand the functional integral in powers of Am factorlsed Ut

Db 06 5™ 1« (D 06 % (1+Am S +Am<OS>
Ch ff&p g 4 :ffDq) e%(1(+Ams)) 1+An;<s§/ Am<OS>

for isospin symmetry
- At leading order in Am the corrections only appear in the

valence quark propagators: u ©

(disconnected contractions of Uu and
dd vanish due to isospin symmetry)

Y & Y




The QED expansion

for the quark propagator

+ Z +[mf —mg'] > + Z myg, — m.(}l]
f1

f1

In the electro-quenc

ned (qQED) approximation:

A > = (efe)2 (S[\:LA +- : — [my — m(}] ) F [mf —mg]




Results for the light quark
VP

contribution to a{f




,,(0)=[d*x 2 (1,(x)7,(0))=[8,,0°~0,0,]11(0*)

a™" = 4afdeQ2 # f(i—z) [H(Qz)—H(O)]

B. E. Lautrup and E. de Rafael, 1969;T. Blum, 2002

Time-Momentum Representation

o =402, [dt F(1) V(1) ~

D. Bernecker and H. B. Meyer, 201 |
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Details of the lattice simulation

We have used the gauge field configurations generated by ETMC,

European Twisted Mass Collaboration, in the pure isosymmetric QCD

theory with Nf=2+1+1 dynamical quarks

ensemble| 2 V/a,4 Ay, d apo aps ch apg M M g
(MeV) | (MeV)
A40.40 |1.90|403 - 80|0.0040| 0.15 0.19 100 [0.02363(317(12)|576(22)
A30.32 323 . 64(0.0030 150 275(10) [ 568(22)
A40.32 0.0040 100 316(12) | 578(22)
A50.32 0.0050 150 350(13) | 586(22)
A40.24 243 . 480.0040 150 322(13) | 582(23)
A60.24 0.0060 150 386(15) | 599(23)
A80.24 0.0080 150 442(17) | 618(14)
A100.24 0.0100 150 495(19) | 639(24)
A40.20 203 . 48|0.0040 150 330(13) | 586(23)
B25.32 |1.95[323 . 64]0.0025| 0.135 | 0.170 | 150 | 0.02094 | 259 (9) [ 546(19)
B35.32 0.0035 150 302(10) | 555(19)
B55.32 0.0055 150 375(13) | 578(20)
B75.32 0.0075 80 436(15) | 599(21)
B85.24 243 . 48|0.0085 150 468(16) | 613(21)
D15.48 [2.10(483 - 96|0.0015|0.1200|0.1385| 100 |0.01612| 223 (6) |529(14)
D20.48 0.0020 100 256 (7) | 535(14)
D30.48 0.0030 100 312 (8) | 550(14)

- Gluon action: Iwasaki
- Quark action: twisted mass at maximal twist
(automatically O(a) improved)

OS for s and c valence quarks

Pion masses in the range 220 - 490 MeV

4 volumes @ M, =320 MeV and a =0.09 fm
M L=30+538




Light quark contribution
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LIB corrections

quark-connected Sa ;IVP 5 HVP (QCD)+5CZHVP (QED)

terms only photon zero-mode: QED,

M. Hayakawa and S. Uno, 2008

oo

Sa."" (OCD)=4 2 £) VO (1 Sa!"" (QED) 4a6m2 ft) Y, sveP (s

= f=ud,sc

RMI23 method
G. M. de Divitiis et al., @

2012;2013

gQED approximation

QCD/QED separation is . MS 2 GeV MS 2 GeV)
scheme and scale dependent J. Gasser et aI 2003
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DG et al,2017




LIB corrections

5/ (QED) =402, Y (1) ¥, V& (1)

=0 f=ud,;s.,c

SV ()+ 8V (t)+ 0V (t)+ V™ (1)+ 6V (¢1)+ V7™ (1)

s % % Q < UV and IR finite

e.m. shift of the critical mass

u-,d-quark contributions G. M. de Divitiis et al., 2013
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LIB corrections

RM123 method lattice data analytic repr.

G. M. de Divitiis et al., 2012; 2013 5V(f) . 5GV - 5MV
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LIB corr.: results

phenomenological
fitting function

B=1.90, L=20
B=1.90, L=24

= = HVP
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systematics

FVE = Fe M
Z — mjd . M2 €_M”L
FVE = F —F— -
l6r”f; (ML)

Z — mud log(mud)

0.02 0.03 FVE = 53
m , (GeV) L

FVEs expected to start at 0(1/ L3)
(neutral mesons with vanishing charge radius)
DG etal,2017

» in the ratio various systematics cancel out
quark-connected
terms only
HVP
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IB corr.: comparison

- HVP 10
quark-connected @Cl l/td 2) 10” ] %
terms only
/ \ u-,d-quark contributions

5a?””(MS.2 GeV)=5.6(2.0)-107" a2 (MS,2 GeV)=13(0.9)-10™"

da,"" (s)=-0.018(11)-10™"

~80% due to strong IB DG et al,, 2017
° 5 6a."" (c)=-0.030(13)-107"

u

negligible s-,c-quark contributions

5615‘/13 (btd) =7.8 (5 .1) 107" Sz.Borsanyi et al, 2018  estimate from 7y,my, p-w mixing, M |

6a,"” (ud)=9.5(10.2)-107" T.Blum et al,, 2018 @ @ m Q

5a5VP (ud;QCD) = 9.0(4.5) 107" B.Chakraborty et al.,, 2018 strong IB only
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Conclusions

The HVP contribution is currently one of the most important sources
of the theoretical uncertainty to the muon (g-2) * LQCD

We have completed our lattice calculation of «, ", by determining the

light quark contribution at O(Odfm) and O(O(jm) (s- and c-quark contributions

already published on JHEP). The results will appear soon on arXiv

a™" =683(18)-107"° 84" =7(2)-107"°

u u

evaluation of the quark-disconnected terms and relaxation of the gQED

approximation g

non-perturbative determinations of the e.m. corrections to the RCs of
bilinear operators

systematic study of FVEs in the strong and QED IB corrections

Future perspectives
use of the @ the point
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IB corr.: s-,c-quark contributions
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Tuning the critical mass

Q The Dashen theorem: in the massless theory, the neutral pion and

kaon are Goldstone bosons

even in the presence of

electromagnetic interactions:

limM0=limMK0=O

m—0 T m,—0

e With twisted mass fermions, one can extend the method used also

in the isosymmetric QCD case, based on a specific Ward-Takahashi

identity: i |
V(V(0R©)=0 ‘@”%“%

More precise: it does not require v, Q
a chiral extrapolation




