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Motivation

m Recently, the ratio of the CKM matrix elements |V,4/Vis| has
been extracted from the measured by LHCb collaboration
B — w4~ and B — K{*{~ partial decay widths
[LHCb, JHEP10(2015)034]

m Actually, the ratio of the B — 7/™¢~ and B — K{T{~ partial
decay widths has more complicated dependence on the CKM
matrix elements

m We suggest a new way to constrain the Wolfenstein
parameters of the CKM matrix from the data on the
observables in the flavour changing neutral current (FCNC)
decays B — w/™¢~, B — K{T¢~ and Bs — K{T0~

— One needs to calculate accurately the hadronic input:
* Form factors
* Hadronic amplitudes of nonlocal effects
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Effective Hamiltonian for B — P{™¢~ decays

Effective Hamiltonian
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Operators basis
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Hadronic input

2 2
mg —mp

(P(p)|gy"b|B(p+4)) = far(a”) (20" + a*)+(far(a®) — fer(q?))

(P(p)ao"" 4, biB(p + q)) = —e2L L) [2q2p“ + (q2 — (m3 — m2) ) q“}

Nonlocal effects via correlation functions
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Amplitude

GF Qem

AB— Pt = \ﬁ - )\gq) fgp(q2) l(?w“ﬁ) P (Cg +

2(mb + mQ) Ceff fB7I_3(q2)>
me+mp " fp(0%)

_ B 1672 2@ ) A\@
Iz (M u u) (42 € 9/ (42
+ (5’)’ ’)’56) PuCio — (4" €)py fgp(qz) <)\gq) Hpp(q®) + )\(q)HBP(q )

¢
fap(q%), f4p(q?) — B — P transition form factors
Hgﬁc)(q2) — nonlocal hadronic amplitudes
m B — K{T07: only one amplitude H(C)( 2) ()\(5) neglected)
m B — 7T/ : two amplitudes 7—[(”)( 2) and ’H(C)( 2)
m Bs — K0 : two amplitudes ’HESS)K(q ) and ’HESS)K(q2)
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Nonlocal hadronic amplitudes

m Nonlocal hadronic amplitudes are calculated combining
QCD factorization and light-cone sum rules (LCSR) with the
hadronic dispersion relations

m Use the results:
n 1) (q?) for B — K1~
[A. Khodjamirian, Th. Mannel, Y.M. Wang (2013)]

= 1) (¢%) and Hi)(q?) for B — mlt0:
[Ch. Hambrock, A. Khodjamirian, AR (2015)]

m [New] H$)(6?) and HY () for B — KEHi~
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m LO, factorizable and weak annihilation
[M. Beneke, Th. Feldmann, D. Seidel (2001)]

m NLO, factorizable
[H.H.Asatryan, H.M. Asatrian, C. Greub, M. Walker (2002);
H.M.Asatrian, K. Bieri, C. Greub, M. Walker (2004)]
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Contributions to ”Hg),z(qz)

m NLO, nonfactorizable (hard gluons)

[M. Beneke, Th. Feldmann, D. Seidel (2001)]

m Soft gluons, nonfactorizable
[A. Khodjamirian, Th. Mannel, A.A. Pivovarov, Y.-M. Wang (2010)]
[A. Khodjamirian, Th. Mannel, Y.-M. Wang (2013)]

(a) (b)
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Dispersion relations for nonlocal hadronic amplitudes

Dispersion relations (analytic continuation of #()(g?) to g% > 0):

kvf'vALl,C
H(u,c)(qZ) _ (q2_q2) BVP
B 0 V=p,w§b,w(25) (mi, — gg)(m{, — g% — imy ")

/ds (s —ad) :SC)—(? 2 —ie)

u,c u,c jiswe
m Agyp = [Agypleave
m |AgLyp| are extracted from nonleptonic B — V7 decays

+H) (gd)

m 5yp are extracted from the fit of the dispersion relation to
ng,_l,c)(q2) at ¢> <0
m For p{:9)(s) we apply quark-hadron duality
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Nonlocal hadronic amplitudes

Results for Hg?w /HS;S)K
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Nonlocal hadronic amplitudes

Results for Hg}, Hg?r, 7‘[532
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Form factors from LCSR

Underlying correlation functions:

Fgp(piq) = i/ d*x ¥ (P(p)| T{g1(x)*b(x), msb(0)i752(0)}|0)
_ Fer(q?, (p+ @)?)p" + Fer(d?, (p + q)?)g", TH=#
Fap(a®.(p+q)?) [¢®p" — (g p)g"] . M =—iohq,
BT - K": qi=u, g =s, BT w7t qu=u,qg=d

B = K': q=s,qo=u, B> K': q=s¢g=d
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The current accuracy of the OPE result

{FSD(0P), F5i(a%), FSTk(a%)} = OPE = {3 7(¢?), fai " (d°). f2d ()}

OPE = (T8 + (a/m) T + (ae/n)’ T) @ o)

2
/LP(T@) T(s)) @, O T @
+mb o +(as/m)T] X pp + mbx 0o ®¢p

+(qq) (T8 @ o + T8 0 o)

m LO twist 2, 3, 4 gg and gqG terms

[V.Belyaev, A.Khodjamirian, R.Riickl (1993); V.Braun, V.Belyaev, A.Khodjamirian, R.Riickl (1996)]

m NLO O(as) twist 2 (collinear factorization)
[A.Khodjamirian, R.Riickl, S.Weinzierl, O. Yakovlev (1997); E.Bagan, P.Ball, V.Braun (1997)]

m NLO O(as) twist 3 (coll. factorization for asympt. DA)

[P. Ball, R. Zwicky (2001); G.Duplancic, A.Khodjamirian, B.Melic, Th.Mannel, N.Offen (2007) ]
m Part of NNLO O(a2f3p) twist 2 [A. Bharucha (2012)]

m [New| LO twist 5 and twist 6 in factorization approximation
[AR (2017)]
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Higher twist effects in B — P form factors

m In the framework of the factorization approximation
_ 5 2 6 3
Far (@) ~ (@a) (T8 @ o) + T @ )
m Calculation reveals [AR, ArXiv:1705.01929]:
[f5p(0)]tws,6/f5p(0) < 0.1%

m = Truncation up to twist-4 contributions is reliable
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B — P form factors from LCSR: results

LCSR results are fitted to the z-expansion (BCL parametrization)
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Observables in B — P{™¢~ decays

G>-binned branching fraction

Faem|/\

> + =142 A2
B(B — P [q17q2]) 19271’5

(q))2
i {fsplqiqél 42 Haplah, ]

42k (cos ¢qCerlgs, 5] — sin &q Sep|ds, qg]) }TB

G>-binned direct CP-asymmetry
B(B — Pt (g, ¢3]) — B(B — Pt*("[q3, 43])
B(B — Pt+(—[q?, q2]) + B(B — Pt+4—[q?, ¢2])
_ —2Kgsin &g SBP[q%a q%]

Fopla?, 631 + #3 Herla?, 43l + 2rq cos Eq CoplZ, a3

Agpldi, a3) =

(q) *
)\uq VbV — itq

— = = Kq €
)\E.q) th V* K ’

g=d,s
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Binned parts of the decay width

1
9% —a;

a2
Ferlai, a3] /dqugpvg,,(qz)ﬁ (Icer (@) +Crol?)

a1

2
a2
1 2
Hepld?, 43 ﬁ/dqugplhsp(qz)‘
9> — g1 A
q1

2

< Cerlat, ¢2] > = 1 /dq2P3BP|fgp(q2)CBP(q2)hBP(q2)’ <COS6BP(q ) )

Sepldi, 3] 95 — a3 A sin dep(q?)
a1
(c) (42
2 2(mp + mq) ,ctt fep(q°) 2Hpp(q”)
= G G + 16
ET) = Ot e T ) T o)

hep(a?) = 167° (Hish(a")—HEM(a)),  der(a”) = Arg(her(a®))—Are(cer ()
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Numerical results on observables

m Binned parts of the decay width

Decay mode | Fpp[GeV3] | Dpp[GeV3] | Cpp[GeV3] | Spp[GeVi]
B~ — Kt | 75.008%° — — —
B~ a0t~ | 47.778% 16.1128, 14.3718 —9.877 1
Bs — K°*¢= | 61.0759 78731 —12.9%24 | —-3.47%¢

m Our predictions (CKM matrix elements taken from global fit)

Process Bep[GeV~2] x 1078 Agp
B- — K ¢t— | 438799 +0.28 0
B~ — 70t~ | 01317393 +0.010 | —0.157313
B, — KOt | 0.15479918 £ 0.011 | —0.041%%%
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CKM factors: way of extraction

m Switch to Wolfenstein parameters A, \, p,n
m )\ = 0.22506 £ 0.00050 is fixed from the global CKM fit

1/2 1/2
A (1927°)'/2 1 Bsk[ai, 43
GFaemA? FBK [qf7 q%] B

1 Fexldi, 3] 2 2,Bex[d3, q3]
f— A T 9 b 1.2 o1
! 2A2(1A2/z)<sswqu,q§1 ool %l ot ol
Bex[q3, 43] S 2, 2 2 2

= 1-— + -Fw )
Borlaz. 2] ~ Fanlar.qg] \ (177 + 7] Feslai 2]

[p(l —p)— 7/2]2 +1? A2\? 2 2
T 1-— > Dgr[q1, 92]
\2
+2[p(1—p)— ,’]2] (1 — ?) Cer[at, q%])

m B; — K{T0" provides additional constraints on these parameters

Aleksey Rusov

Hadronic input and observables in By — 7(K)¢T £~ decays at large recoil



Conclusion

% LCSR for B — 7, B — K and Bs — K form factors updated
% Nonlocal hadronic amplitudes in B — P/*/~ calculated

* Predictions for the binned values of observables in B — P¢t¢~
updated (including the new result for B; — K¢T(7)

* A systematic way to extract the CKM matrix elements (in
terms of Wolfenstein parameters) suggested
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Backup
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Theory & Experiment

Decay mode B~ — K (¢~ B~ — w4t Bs — K%t o~
Measurement Bsk[1.0,6.0] Bs~[1.0,6.0] Bs,k[1.0,6.0]
or calculation
Belle 272794 + 0.16 - —
CDF 2.5840.36 +0.16 — —
BaBar 2.7295% +0.06 — —
LHCb 2.42+0.7+0.12 | 0.0917%%% +0.003 —
HPQCD 3.624+1.22 — —
Fermilab/MILC 3.49 + 0.62 0.096 + 0.013 —
| Thiswork | 4.3873% +0.28 | 0.13179% +0.010 | 0.1547%% +0.011

Apx[1.0,6.0] = —0.15"
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Bs — K{lv; at large hadronic recoil

m The integrated over an interval 0 < g° < qZ differential decay width

2

o] -
1 dr(Bs — K™ iy)
ACB,K[ang]E W/dqz ( dq? ) _ = 243 /dq PB, ‘st )‘
0

m [New] Our prediction

Al Kk [0,12GeV?] = 7. 03+% gg DS
m For comparison

Algx 0,12 GeV?] = 5.307387 ps~?

m The ratio B(Bs — Klv,)/B(B — mlvy) = Algr/AlB,k is
independent of V,,
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LCSR: a general scheme

Transform the OPE result to the dispersion form (in (p + q)? variable):

1 ImFSOTE) (g2 s
AP o) = L [ o e ee]

m

Matching to hadronic dispersion relation (isolating ground B-meson state)
Applying the quark hadron duality
Applying the Borel transform

Finally

2
) = /M ds ImFOPE) (2 —s/M?
sp(q7) = fB p sImFgp (q°,s)e

(ms + mp)e™s/M* 1 %
T, 2 mp +— mp)ée T(OPE), 2 —s/M?
for(q") mfg ;/ds ImFga" (g%, s)e ™/

m
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