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aim of the talk

* to show that the methodology recently proposed in PRD91 (2015) 074506 to

calculate QED corrections to hadronic processes, although very challenging, is
within the reach of present lattice technologies

%k to present the first (preliminary) lattice results on the electromagnetic effects in
the leptonic decay rates n* — pwv[y] and K+ — ptv[y]



basic steps of the procedure [PRD91 (2015) 074506]
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2) the subtraction of the infrared divergence is computed for a point-like meson using the finite lattice volume as the infrared regulator

3) the emission of virtual+real photons from a point-like meson is added using a photon mass for the infrared regularization

L= [04 (L) -T2 (L)]+ [T8 (m, )+ 11 (m, )]
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* 0A,, and o' (AEY ) are separately IR finite and indepedent on the specific IR regularization



calculation of 0I'P((AE,)

or” (AE), ) = 6F§’ + 6Fft (AEy ) the sum is IR finite (Bloch-Nordsieck mechanism)

éﬁz%é and ,%» * virtual photons &I ot
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FIG. 9. Radiative corrections to the pion-lepton vertex. The diagrams represent O(a) contributions to th. The left part of each diagram - 9 1+ Ty lo ( 7,2 ) lo (7"2 )
represents a contribution to the amplitude and the right part the tree-level contribution to the Hermitian conjugate of the amplitude. 1 — 7“2 g\ry &\
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FIG. 10. Diagrams contributing to I'; (AE). For diagrams (c), (d) and (e) the “conjugate” contributions in which the photon vertices on
the left and right of each diagram are interchanged are also to be included. The labels (a)—(f) are introduced to identify the individual for the point_like as Sumption tO be \Y4 alid

diagrams when describing their evaluation in the text.



calculation of 0Aps
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FIG. 5. Connected diagrams contributing at O(a) to the amplitude for the decay #* — £v,. The labels (a)—(f) are introduced to
identify the individual diagrams when describing their evaluation in the text.
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FIG. 6. Disconnected diagrams contributing at O(«) to the amplitude for the decay ™ — #*v,. The curly line represents the photon,
and a sum over quark flavors ¢, ¢, and ¢, is to be performed. The labels (a)—(e) are introduced to identify the individual diagrams when
describing their evaluation in the text.

virtual photons between quarks
and/or lepton

connected diagrams

disconnected diagrams

quenched QED
e =0

adopted in this work



- Wilson twisted-mass action for sea and valence up/down quarks, Osterwalder-Seiler action for valence strange (and charm) quark

- Iwasaki action for the gluons

- maximal twist guarantees an automatic O(a)-improvement for the above non-unitary setup

gauge ensembles from the European Twisted Mass Collaboration (ETMC)

Nf = 2+1+1 dynamical sea quarks

three values of the lattice spacing:
a ~0.0885 (36),0.0815 (30),
0.0619 (18) fm

lattice sizes from 1.8 to 3 fm
3<M;L<6

pion masses from 225 to 500 MeV

the strange quark mass at each f3 is
calculated using the physical m;
mass and Zn, obtained by ETMC in
NPB 887 (2014)

ensemble | Via* | apisea = aie | apio apts | Nepg | aps M, + M+ L | M.L
(MeV) | (MeV) | (fm)

A30.32 1.90 | 323 x 64 0.0030 0.15 0.19 150 | 0.0236 278 564 2.9 4.0
A40.32 0.0040 100 318 573 4.6
A50.32 0.0050 150 351 581 5.1
A40.24 243 x 48 0.0040 150 325 579 2.1 3.5
A60.24 0.0060 150 387 594 4.2
AR0.24 0.0080 150 444 615 4.8
A100.24 0.0100 150 496 636 5.4
A40.20 203 x 48 0.0040 150 331 583 1.8 3.0
B25.32 1.95 | 323 x 64 0.0025 0.135 | 0.170 150 | 0.0209 261 542 2.6 3.5
B35.32 0.0035 150 304 551 4.1
B55.32 0.0055 150 377 574 5.0
B75.32 0.0075 80 438 596 5.8
BR&5.24 243 x 48 0.0085 150 468 609 2.0 4.7
D15.48 2.10 | 483 x 96 0.0015 0.12 | 0.1385 100 | 0.0161 226 526 3.0 3.4
D20.48 0.0020 100 257 529 3.9
D30.48 0.0030 100 313 546 4.8

all the relevant correlation functions calculated thanks to the

PRACE project Pral0_2693: “QED corrections to meson decay rates in LQCD”

18 Mcore-hours on the BG/Q system Fermi at Cineca (Italy), April 2015 - March 2016




* virtual photons between quarks: lattice calculation
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two further e.m. corrections due t 1lson (twisted-mass) fermions
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besides e.m. corrections at leading order in dem , we adopt the RM123 approach to evaluate the slope of
the leading IB corrections due to mg # my, based on the insertion of the (isovector) scalar density in the

isospin symmetric QCD limit
JHEP 04 (2012) 124
- PRD 87 (2013) 114505
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preliminary results for PS meson masses
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* virtual photons between quarks and final lepton: lattice calculation

u g—i— u g—l—
R =
[times the tree-level leptonic part]
d . d .
(f)

(e)
6C(q€)(t) = _qz <O|T{wa(0)jzm (x1)¢;s(5é’_t)}|0> A (xpxz)eEﬂz_iﬁm
.L_t(pV)yp<1_YS)SE(O’xz)yuv(pz) V(pf))’a(l_ys)“(l’v)%

S'(0,x) = free twisted-mass lepton propagator ~ E ,=+/m] +pr, E,+E =M%  p, injected via non-periodic b.c.
(4)
tree-level: C, (t)= Co(t)Tr(pg,Pps)

0 o
Pps Pps

leptonic trace: Tr(pg,pPS)=L_t(pv))/p(l—)/s)V(pg)v(l?g))/a(l—)’s)”(PV)M M
PS PS

* expanding the (V-A) structure of the quark e.w. current:
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depending on the time/spatial components
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chirality mixing
sk e.m. corrections to the four-fermion effective theory generate UV divergencies that can be regularized
by multiplying the photon propagator by Mw?2/(Mw? - k?) (W-regularization)
s on the lattice a perturbative matching has been calculated at LO in Oem [PRD 91 (2015) 074506]

for lattice formulations breaking chiral symmetry
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* Wilson twisted-mass fermions (rotation to the physical basis)
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W-reg
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* the non-perturbative determination of Z;QCP and Z,QCP is in progress

subleading effect (~10-3)
in pion decay and absent
in the decay ratio K/n




subtraction of IR divergence and of universal FSEs
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* chiral extrapolation [Knecht et al., EPJC 12 (2000) 469]
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CONCLUSIONS AND PERSPECTIVES

¢ the methodology proposed in PRD91 (2015) 074506 to calculate QED corrections to hadronic
processes, although very challenging, is within the reach of present lattice technologies

= we have presented the first lattice results on the electromagnetic effects in the leptonic decay rates
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the point-like approximation for real photon emission is reliable
at small values of AE, ~ 10 - 20 MeV

~ OK for the pion case (AEym2x ~ 30 MeV)
NOT for the kaon case (AE,m2x ~ 235 MeV)

exp. cuts in the photon energy should be (re)considered

** improvements may be exﬁected from a better theoretical understanding of structure-dependent FSEs;
% the inclusion of disconnected diagrams is mandatory for removing the quenched QED approximation;
* extensions to leptonic heavy-light meson decays and semileptonic K3 decays are being targeted.
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* computation of Q(x) (via FFT) is expensive as the one of ¢@(X)

* the new procedure requires 1 inversion less

* noise 1s reduced, in particular for the exchange diagram



ensemble B V/a* oy, M M L ML | aéM_+/e? |la dM_4 /e?
(MeV) | (MeV) | (fm) (PsAp) (PsPs)
A30.32 1.90 | 323 x 64 | 0.0030 275 Y 2.84 3.96 0.01835(12) ] 0.01835(09)
A40.32 0.0040 315 o588 4.53 0.01815(18) 1 0.01816(14)
A50.32 0.0050 350 595 5.04 0.01781(11) ]0.01778(09)
A40.24 243 x 48 | 0.0040 || 324 594 | 2.13 | 3.50 || 0.01556(48) |[0.01606(14)
A60.24 0.0060 388 610 4.19 0.01628(28) []10.01617(15)
A80.24 0.0080 438 624 4.73 0.01676(24) ] 0.01665(12)
A100.24 0.0100 497 650 5.37 0.01732(11) {1 0.01730(05)
A40.20 203 x 48 | 0.0040 || 329 587 | 1.77 | 2.95 || 0.01474(42) |[0.01504(29)
B25.32 1.95 | 323 x 64 | 0.0025 259 553 2.61 3.43 0.01538(19) ] 0.01523(18)
B35.32 0.0035 300 562 3.97 0.01521(17) {1 0.01515(08)
B55.32 0.0055 377 587 4.99 0.01532(14) []0.01522(08)
B75.32 0.0075 || 437 608 578 | 0.01546(14) || 0.01544(09)
B85.24 243 x 48 | 0.0085 || 463 617 | 1.96 | 4.60 || 0.01448(18) |[0.01452(13)
D15.48 | 2.10 | 483 x 96 | 0.0015 || 224 538 | 2.97 | 3.37 | 0.01225(21) []0.01192(13)
D20.48 0.0020 || 255 541 3.84 | 0.01162(10) || 0.01129(08)
D30.48 0.0030 310 554 4.67 || 0.01114(06) ] 0.01115(05)

Table 2: Values of the simulated pion and kaon masses, of the lattice size L, of
the product ML and of the e.m. correction to the charged pion mass extracted
from the correlators (15) and (18), respectively, for the gauge ensembles used in
our project. The values of My correspond to a renormalized strange quark mass

equal to the physical value mg = 99.6(4.3) MeV determined in Ref. [2].
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leptonic decay rate: subtraction of universal FSEs
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pion and kaon/pion analyses
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... It includes the universal short-distance electroweak correction obtained by Sirlin [18], the universal long-
distance correction for a point-like meson from Kinoshita [19], and corrections that depend on the hadronic
structure [20]. We evaluate [it] using the latest experimentally-measured meson and lepton masses and coupling
constants from the Particle Data Group [3], and taking the low-energy constants (LECs) that parameterize the
hadronic contributions from Refs. [17], [21], [22]. The finite non-logarithmic parts of the LECs were estimated
within the large-Nc¢ approximation assuming that contributions from the lowest-lying resonances dominate ...

.. The uncertainty is dominated by that from theoretical estimate of the hadronic structure-dependent radiative
corrections, which include next-to-leading order contributions of O(ezp2n,K) in chiral perturbation theory [17] ...
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pion decay rate: dependence on the photon energy
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