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K* — mtvi: Experiment vs Standard model

As FCNC process, K — mviv decay through second-order weak interaction
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Z-exchange

SM effects highly suppressed in the second order — ideal probes for NP J

Past experimental measurement is 2 times larger than SM prediction

Br(K* - m*ub)exp = 1.737152 x 10719 arXiv:0808.2459
Br(K* - ntui)sm =9.11£0.72 x 1071 arXiv:1503.02693

but still consistent with > 60% exp. error
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New experiments

New generation of experiment: NA62 at CERN aims at

@ observation of O(100) events in 2-3 years
@ 10%-precision measurement of Br(K* — n*vi)

Fig: 09/2014, the final
straw-tracker module is
lowered into position in
NAG62

@ even more challenging since 7° decays quickly to two photons
@ only upper bound was set by KEK E391a in 2010
o new KOTO experiment at J-PARC designed to observe K; decays
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Low energy effective field theory

My, My ~ 100 GeV
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Effective Hamiltonian for charm quark contribution
@ SD part: Hes described by a dim-6 operator (5d)y_a(7v)y-a

) _ GF a 0= _
Hyf=—F—m—s5— AXZ (5d)v_a(Pv)y-
et /2 2msin? Oy 4:;‘:77 Xe (Sd)v-alPr)v-s
Xf is the perturbative Inami-Lim function for charm quark loop

@ LD part: bilocal effects from two four-fermion operator O; and O3
GF « 7T2

A (/\//2 f d*x 01(x) 02(0))
w

yBL_SF
eff V2 2msin Oy Z:gm

u—c

@ Define bilocal contribution Xg; as

(7] (A;—W [ d*x 01(x) 02(0)) 1K)

u—c

(mvo|(5d)v-a(Pv)v-alK)

so that Xpg; can be compared to Xf directly

XBL =
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Lattice setup

o 163 x 32, DWF+Iwasaki, m, ~ 420 MeV, mk ~ 540 MeV, a1 =1.73
GeV, m. =860 MeV, 800 configurations

e Construct 4-point correlator (@r(tﬂ)Ol(tl)Og(tz)cb}L((tK))

» wall source for ¢ and ¢, = better overlap with ground state

» O and Oy: point source for one operator, the other is sink

Perform time translation average — statistical error reduced by /T

» low-mode deflation to reduce the time required by light quark CG

@ One can extract the scalar amplitude FéL(pK,p,,,pl;)

f dt (w*vp| T{O1(t) 02(0) }|K™) = Fgy (P, pvs P3) u(py)p, (1 =s)v(ps)
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Preliminary results for W-W diagrams

(Z-exchange similar as y-exchange, see A. Lawson's talk)
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Type 1 diagram

7/
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Double integration

t; Poh ty i ty

@ Perform the double integration to gain a better precision

i i (FIT[0A57 (1) O250(11)]|K) eMKtre=mrty

ti=ta tr=t,
) Z <f|oAS:1|ns><ns|0A5:0|K> (T 1— e(EfEns)Tbox)
T En, — Ey > En, - Er
<f|OA5:O|n>(n|OA5:1|K) - 1- e(EK—En)Tbox
4 Ex — En ( o Ex - Ey )

here Tpox = tp — ta + 1 is defined as size of the integral window

@ Remove the exponential growing contamination, and fit with
a+ bTpox, the slope b is what we want

@ On how to remove exp contamination, see also A. Lawson's talk
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Integrated matrix element

integrated matrix element exp contamination removed
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Right figure: the slope of the curve gives FéL(pK,py,p;)
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Ff, for type 1 diagram

FéL lattice model
e  3.244(90) x 1072  3.352(12) x 1072
o 3.506(77) x 1072 3.511(13) x 1072
T -2.871(70) x 103 -2.836(10) x 1073

@ Vacuum saturation approximation assumes only single-lepton
contribution in the intermediate state

fKPK/lU(py)’Yu(l 75) ¢ zr}/u(l 75)V(pu) P

2

%a(pym,{(l ~25)v(pp)
q my,

:foﬂ'
with g = px = py = pr + Pp
2

o In the above table, model results are given by Z;%f f; 22qm2
14
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Type 2 diagram
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Short-distance divergence

@ By dimensional counting the loop integrals are quadratically divergent
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GIM mechanism reduces the divergence to logarithmic

In the physical world, the SD divergence is cut off by physical My,

@ In the lattice calculation it is cut off by an energy scale Aj; ~ %

o Correction can be made through A - AZE + ALt =
/d4X<f|T{Ol(X)02(0)}|K>—<f|C/at(M)OSD|K>+(f|CC°”t(M)OSD|K)

o C (1) is determined non-perturbatively using RI/SMOM approach
@ C" (1) can be calculated perturbatively, currently in LO
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Rome-Southampton method (RI/SMOM)

o Evaluate off-shell Green's 7(ps) v(ps)
function with p,-2 > /\éCD X (ps) v(pa)

@ Energy scale of internal v

momentum, 2, is forced to be . u=c

I than p? '

arger than pi 5(p1) d(p2)

o At high energy scale p, mainly .
SD contribution to off-shell 7Ags) vipa) 7(pa) vipa)
Green's function N X/

Cluﬂ%\ Clat,%\

@ Correctly represented by a SD 5(h1) d(p2) 5() d(p2)

operator multiplying with

Wilson coefficient C'#( 1)
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Type 2 diagram

integrated matrix element
0 I ' I ' I ' I

-4 10 12 14 16 18 20

o

6

Intermediate state is given by £+ 70, since pion is heavy, we don't observe

significant exponential growing effects
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Preliminary results

@ Type 1 diagram

FéL lattice model
e  3.244(90) x 1072 3.352(12) x 1072
o 3.506(77) x1072  3.511(13) x 1072
T -2.871(70) x 1073 -2.836(10) x 1073

@ Type 2 diagram

FéL lattice
e -2.164(31)x107!
p —2.164(31) x 107!
T -9.03(14) x 1072

@ It seem that type 2 contribution is much larger than type 1, but

type 2 diagram contains large lattice cutoff effects due to SD divergence J
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Short-distance matching and correction

0.001 Physicdl combination of lattice'and perturbation theory

0.0008

0.0006 - LO perturbative of Inami-Lim result with various ug
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SD matching: different loop momentum
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Pauli-Villars method

@ Rome-Southampton (RI/SMOM)

fd4X(f\T{01(X)02(0)}|K)—(f\C""’t(uz)OSDIM+(f|C°°”t(u2)OsolK>

» 12 is the scale of loop momenta
» Clt(1?) contains the lattice cutoff effects, but replaced by C<"(1?)
o Pauli-Villars

¢ M M
Xpr — Xpr + X¢

» we use a heavy lepton M as a regulator
» XX contains the lattice cutoff effects, but replaced by correct SD XM

» we calculated XéL with ¢ = e, u, 7, thus we use M =7 as a regulator
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SD matching: Rome-Southampton vs Pauli-Villars
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Outlook

@ Calculation of the non-local matrix element is highly non-trivial, see
also
» A. Lawson’s talk on K* —» 7+ {7~
» N. Christ’s talk on ex
» C. Sachrajda’s talk on EM correction to hadronic process

» A. Jittner's plenary talk
@ Our exploratory study sheds light on the feasibility of lattice
calculation of K* — wfvi

@ We are starting the calculation at m; = 170 MeV. In the future,
physical charm quark will also be included.

o NAG62 will confront SM soon = It's in a timely fashion for lattice
QCD to make impact on K™ — 7w vi
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