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K+ - ntui: SE5S vs PR
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Br(K* - m*ub)exp = 1.737 1852 x 10710 arXiv:0808.2459
Br(K* - " ui)sm = 9.11+£0.72x 107 arXiv:1503.02693
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Br—A{C525: NA62 at CERN aims at
o 2-3ENIEMME| K » rtvoBEHIH7 MEREE 0(100) 1
o Br(K* - nvo) KK H E]10%

Fig: 09/2014, the final
straw-tracker module is
lowered into position in
NA62

o SEUS FRIPANE: FAWIRSERE TR
o HEMMZEIZEAH], only upper bound set by KEK E391a in 2010
o H—1U J-PARC KOTOESS, WLEN T FHK L MKITiatT
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M% B W HIEFEMZE quadratic GIM mechanism
w w'™z

R~ me =173 GeV, me = 1.3 GeV, m, = 2.3 MeV, ATLA

o top quark TIEk HEF ~ )\t,\,;;_Qt

e short-distance (SD) charm quark TTEAIKZ ~ A\c-rs M2 ,\r,,nzg
w
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Branching ratio

Branching ratio for K* - n* v [Buras et.al. JHEP11(2015)033]

Im A Re )\ Re A

Br =y (1+ Apn) - [( - EX(x))? + ( S ‘P, o+ 5 EX(xe) )?]
———— —_——— ———
0.270x1.481(9) -0.974x0.405(23)  -0.533x1.481(9)

@ X(x:): top quark Tifik; P.: charm #1 LD Tifk

BH P. iX—%R43, branching ratio 28/ 50% ]
FEHISIREERIR

o HEEMIRIERZE CKM factor \;
e —H CKM factor 4A7€, 4 P. i EEANRERIR

» P, BREFEZK Hlong-distance (LD)X—#R 4

TNRTRE 1T Hlong-distance QCDXf P AT RAIE H H 2 J




OPE: integrate out heavy fields Z, W, t, --

\ / Local SD contribution

Bilocal LD contribution T

T Hadronic part known: (7"|V,|K")

(7" vp|Qa(x)Qp(0)|K™): need lattice QCD



Bilocal contribution vs local contribution

Bilocal CY5 (1) CNS (1) A5 (1) vs Local C)'5(11), hep-ph/0603079

NNLO PT NLO PT Inami-Lim function
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At 11 =2.5 GeV, 50% charm quark TTHASK BT bilocal i o



Lattice methodology



R ECHST 25 T f AR 30

28 LS I RE 3 T RERE T

[ dtia A T [Qa(1)Qs(0)] IK7)

_ Z{(7r+w7|QA|n>(n|QBIK+) N (7T+I/17|QB|I7><I7|QA|K+>}(1 B e(MK—E,,)T)
MK—En MK_En

n

o For E, > My, at large T, e(Mk=En) T 328035 il
o For E, < My, eM<=EnT F23es88hn . W HORER
e ¥, branch-cut BRI #H BRARFA T AIASSKAN BT B

» ARESSECRIERATUEIE, JTLHTEE, - My IR i
[N. Christ, XF, G. Martinelli, C. Sachrajda, arXiv:1504.01170]



Short-distance & B

fEbilocal Qa(x)Qp(0)FRLiH, & x -0, SD AHl
o FIHHRIBIL X - Qo SREFRSDAHL

ZEL X A LIAERI/SMOM scheme N5
e Bilocal operator in the MS scheme A] LLFE7RAL

{f d*x T[QY5 (x )QMS(O)]}MS

_ ZAZB{/ d*x T Qlathat]} a (_Xlat—>RI+ YRI—»WS) Qo(0)

+ XWtR TR AR, v RNS A LU iR
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Lattice results
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Scalar amplitude

FrE R B4R S Aliscalar amplitudefiE =

[ d*x(m vAI TIGAG) Qs (OIK") = F(5,8) - () (1= 35)v(p)
where s and A are Lorentz invariant variables

s=(pk-pr)?, A=(pk-p,)-(px-pr)?

T
[ 2, 2
r s:mK+mn
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Summary of diagrams

R THEE
o W-W diagram:
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Type 1 diagram

7/
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Unintegrated scalar amplitude FR [E] K 5¢ 2
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Fww for Type 1 diagram

Fuww Type 1 model
e  -1.685(47)x 1072 -1.740(6) x 1072
~1.818(40) x 1072 -1.822(6) x 1072
T 1.491(36) x 1073 1.471(5) x 1073

o SIRZUMNT H. RALELSH A A R Bl T E A Tk

¢/

—fKU(Pu)PK(l '75) 2P (1 75)V(pu)f

29°  _
= —fKﬁrmU(Pu)PK(l = 5)v(pr)
y4

with g = px = pv = px + Pp
o H& RURIIRAYNT L 45 SR UL BRI A S ST AR/
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Type 2 diagram
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Unintegrated scalar amplitude FR [E] K 5¢ 2
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Summary results for W-W diagram

Scalar amplitude for W-W diagram

Fuww Type 1 model Type 2

e | -1.685(47)x1072 -1.740(6) x 1072 | 1.123(17) x 107!
~1.818(40) x 102 -1.822(6) x 1072 | 1.194(18) x 1071
T 1.491(36) x 1073 1.471(5) x 103 | 4.690(77) x 1072

Type 2 EIFTTRAR KT Type 1, (B2
Type 2 04 T — M AHIR ST, 4 Type 2 FLZ SD KA |
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Contribution from W-W diagram

I I I I
01— —
Type 2 diagram
0051~ Type 2 - X (g, @) 7
O Type ldiagram
AP, =Type2- X(Ugd) + Y (HygHg) - BLo(Hy,d
-0.05— —
o— Hys™ 2GeV
01 \ \ \ \
0 2 4 6 8 10
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Results for charm quark contribution

Charm quark contribution P
P.= PP 1+ 6P,
NNLO PT [Buras et.al, hep-ph/0603079):
PSP = 0.365(12)
Phenomenological ansatz [Isidori et.al, hep-ph/0503107]:
9P, =0.040(20)
Preliminary Lattice results

AP, = ~0.007(2) ( +171 ) ( +251 )
— B RI\ MS
WW:-0.032(1),Z:+0.025(1)

AP, , = Lattice — X(prr, a) + Y (pgpg, pr1) — Bilocalpr (pig5g)
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AT w2 B il A i

WAL AT ESRERN THRE

o HEIZEULRIEYIEN: 16° x 32, my = 420 MeV, m. = 860 MeV
o WFH] pion and charm quark fiE = FKHAHERE SHTITE
o TEAEM pyms 1 pri dependence TR RLTIRE

Rl 1% T HSQCDIIE T, CARBAEHEKED, FTHE
5 R RIORE J

%
o USQCD project: K RA&F 323 x 64 LI m, = 170 MeV
» BIhEIEE] 2700 BGQ core hours, # S 8IE O RE, HMTH

@ Move to 1/a=2.38 GeV, 643 x 128 DL FEH] m, and m.
» currently a USQCD Incite proposal: 353112 BGQ core hours
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e

@ Calculation of the non-local matrix element is highly non-trivial

@ Our exploratory study sheds light on the feasibility of lattice
calculation of K* - 7t v

@ Other interesting bilocal system
» K%-K° and D°-D° mixing
» other rare decays: Ks — 700*¢~, B — K*(*(, -
» electromagnetic correction to hadron mass and leptonic decay width

» nucleon double beta decay: Ovj3S

Bilocal system: an exciting and new area for lattice QCD! )
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Backup slides



Summary of Z-exchange diagrams

Connected diagrams, Jf can be inserted into all the possible quark line

Z Z
JZ o

Disconnected diagrams (difficult since they are noisy)

Z 4
Jp JN

u,Cc

i SEGceTs &
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Z-exchange diagram: unintegrated matrix element

<t(p)[TIQ,(HA(0)]IK(0)> <T(p)[TIQ,(HA(0)]IK(0)>

0 T T g T T T T O-ms\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
0.004 |~ % —
-0.002 - y - T
) i
0.003 -
-0.004 - - i
- 1 0002 -
-0.006 - p=0.H,, :
i =—o P'=0,Hy, o001} =
—o p=0, HW’ disc. diag.
-0.008 ]
0 |-
N T T Y- - Lovelivnndin - AW
-0.01
0
t

L |3
-20 -15 -10 -5 0 5 10 15 20 -20 -15 -10 -5
t

Unintegrated matrix element for Z-exchange diagram
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Contribution from Z-exchange diagram

0.05

0.04 — axial vector current insertion (A)

ul W )

(A) - X(um !a)

ol W )

AP, = (A) - X(Hg @) +Y (HygHg) - BLpr(kye)
o—o M, =2GeV
oot il

disconnected diagram

vector current‘i nsertion (V)
| |

0 2 4 6 8 10
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Dalitz plot

Three Lorentz invariants s, t, t’

s=(pk—pr)’ = (ps+p2)?  t=(pk—pv)* = (ps+pr)’
t'=(pk = pp)° = (py+pr)?, s+t+t =my+m’

Two independent variables: s and A=1t"-t
Dalitz plot for m =140 MeV, m, =490 MeV

T

L ;ml<2+m121 4
0.25- T
0.2 T
‘w b ]

3 0.15 2

ov s=(m,-m,)
" ]
0.1- T
0.051- T
A |
0 -0.2

A [GevY
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Momentum mode under study

Ddlitz plot for m =420 MeV, m, =540 MeV

+ mode under study |
0.15- f
o 0.1- B
“©
0.05 f
vanishes
—%.2 0.2

o Allowed momentum region highly suppressed at m, = 420 MeV

@ On-shell massless neutrinos - modulus of decay amplitude vanishes
at the edge of the Dalitz plot

e Away from edge (A,S) = (070) = Pv=Ps Pr=—Pv—Pp
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Evaluation of non-local matrix element

[ dt (x*vo| T{OAS571(£) 0AS(0)}| K ™)

e Construct 4-point correlator (qﬁﬂ(tﬂ)OAszl(tl)OAszo(to)dJ];((tK))
o Perform time translation average — statistical error reduced by /T

» propagators generated on all time slices, quite a lot of cost
» use low-mode deflation w. 100 low-lying eigenvectors to accelerate CG

» time required to generate light quark propagators is reduced to 10%

@ Use overlap fermion for L — L
lepton propagator
p p p g QCD QCD QCD
» time extent for lepton is .
infinite - T
lepton field
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Evaluation of non-local matrix element

72 = [ dt(n|T{Qua(t) Z(0)}K)
@ Z-exchange diagrams do not require on-shell neutrinos
» we use Pk = pr =0, Jf, pw=t
@ Hadronic current Jf has vector and axial vector component
» for the vector current, according to Ward identity (WI), we have
T2V = FY(6*) (6 (Pk + Pr)p— (M - m2)qu) . q=pk —pr

» with px =p, =0 = qz(pK+p7r)u_ (m%(_mfr)qu =0

» WI suggests T#Z’V =0, this is confirmed by our numerical calculation

@ In the following, | will present the results for axial vector current
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Integrated matrix element for Z-exchange

disc. diag. conn. diag.
; 08
e o dope3615(83) 102 i

07| © dope1.933(73) 10° -
o dope0.018(88) 10°
slope 0.189(90) 10°

0.6 2

0.5

0.4

0.3

0.2

o Typel(Q,), sope-0.230(45) 107
& Typel(Q,), dope-0.009(4) 107 | 01

-0.08 . v
° Type2(Qy). slope 0.005(11) 10° Mﬁw
2 0 = = == >z &5 3 ¢_|
o Type2(Q,), slope 0.013(16) 10 I ]
- PR O O I N N R
0l 8 10 12 14 16 18 20 *'%6 8 10 12 14 16 18 20
Tbox Tbox

Disc. diag. is relatively noisy, but its contribution is small. Adding the

disc. part does not affect the conn. part significantly
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