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Introduction

m b— d¢T{ processes are CKM suppressed vs b — s¢T ¢~
m There is CP-asymmetry violation in SM
m b— d{T{ is a possible source of New physics

m LHCb has measured the branching fraction and CP-asymmetry
of the BY — ntputp~
[LHCb-PAPER-2015-035 ArXiv:1509.00414]:

Br(B* —» 7futp”) = (1.83+0.24+0.05) x 1078
Acp(BT = 7ptp™) = —0.114+0.12+0.01

m We calculate hadronic observables in B — 7w¢*¢~ and predict
CP-asymmetry at 0 < g2 < 8 GeV?
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Effective Weak Hamiltonian

10
HE = 4\% ()\ D GO+ ZC(’)C AtZC(’)>+hc

i=1 i=1 i=3

Ci(p) — Wilson coefficients, O; — dimension-six operators

Ap=VpVog (P=u,c,t)

Ay~ Ae~ A~ A3
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Amplitude of the B — 7¢*{~ decay

A(B = 7t 07) = (=t (7| H5?|B(p + q))

GF Qlem 7 Bm
= 5= )\tf,;r(qz)[(ﬁ’y“@) pM<C9+AC(_§ (e?)

) fT 2 _
n mp ceff 5x(9 )> + (67“755) p,LLC10]7

mg +my " f5(q?)
where determined by nonlocal effects g?-dependent addition to Cg

2 AHO (%) + A\H ) ()
)\thtr(q2)

is the source of the direct CP-asymmetry

ACP(q?) = —16n
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Hadronic input in B — 7/ (~

B — 7 transition form-factors
(m(p)|dy*bIB(p + q)) ~ 3. (q°), (m(p)ldo" q,b|B(p+ q)) ~ fg,.(q°)
We need the ratio rr(q°%) = f4 (¢%)/f5.(9°)

i / d4xe’qX<7r(p)|T{j§m(x), [cloﬁ“‘)w) + C05"(0)

+ Z CkOk(O):| }|B(p + q)> = [(P . q)qH _ quu] H(u,c)(qz)
k=3-6.8
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B — 7 form factors

m We use LCSR results for f§ (¢?) fitted to BCL parametrization:

[I.S. Imsong, A. Khodjamirian, Th. Mannel, D.V. Dyk (2014)]

nle®) = e (1 b [0 )~ 200 8) — § (ed" 0)* — 20,0

+ b {z(q2, to)? — z(q%, to)” + g (2(q® t0)® — 2(0, t0)3)D

fz-(0) =  0.307 £0.02 1.000 0503 —0.391
by = —1.31+0.42 pP =1 0503 1.000 —0.824
b = —0.904 +0.444 —~0.391 —0.824  1.000

m In the large hadronic recoil for fr(g?):
fa (0?) = rr(®) . (6?) ~ rr(0)f.(q%), rr(0) =0.98 +0.02

[G. Duplancic et al. (2008)]
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Calculation of H(")(g?) at ¢> < 0

m LO, factorizable and weak annihilation (QCD factorization)

[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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Calculation of H(")(g?) at ¢> < 0

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)]
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Dispersion Relations

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

kvf‘VAU.CW
H(u,c)(q2) — (qz_qg) e
V=P,w%7w(25) (my — q5)(m}, — g% — imyT'PY)

(u;e)
/ds p (s)
(s — q3)(s — g% — ie)

. AL = |ALS [eH-

m AL | are extracted from nonleptonic B — V' decays

m &g, are extracted from the fit of the dispersion relation to
H(E)(g?) for 7 < 0

m For p(4:€)(s) apply quark-hadron duality

+H)(qh)
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Nonleptonic B — V7 decays

The amplitude of the nonleptonic B — Vx decay takes the form:

AB — Vr) = (V(q)m(p)|He(Nwy|B(P + )

4Gr
= —my(ey - MABy- + AABy,
\@ v(ey P)< BVr c BV >

Ways of the extraction of A%y, :

m Calculation in framework of QCD factorization approach
[M. Beneke, M. Neubert (2003)]

m Experimental data on branching fraction and CP-asymmetry

m Isospin symmetry relations
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The absolute values of the amplitudes in B — V7

Mode |ABv x| |ABv x|

BT — p°xF 20.8727 (QCDF) 1.37%% (QCDF)
BT — wrnT 19.1727 (QCDF) 0.37%4 (QCDF)
BT — J/ymT 0.57% % (Exp. data) || 29.27%% (Exp. data)

BF — (2S)n+

3.57%7 (Exp. data)

32.3739 (Exp. data)

Mode |Akv | |ABv |

B® — p°rn® 9.9713 (Exp. data) 0 (negligible)

B° — wn® 0 (negligible) 0 (negligible)

B® — J/yr° 0.37%% (Isospin rel.) || 20.6%%9 (Isospin rel.)

B® — (25)x°

2.4#;1 (Isospin rel.)

22.871% (Isospin rel.)

m Need more data on NL decays, e.g. B — p%7, B = w'n
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Observables in B — 7w¢t¢~

Dilepton invariant mass spectrum
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Observables in B — 7w¢t¢~

CP and isospin asymmetries
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Observables in B — 7w¢t¢~

Binned values

Bin [GeV?] | [0.05,2.0] [2.0,4.0] [4.0,6.0] 6.0, 8.0] [1.0,6.0]
B(B™) 0.176°9%% | 0.11479%% | 0.11479%° | 0.10779%% | 0.126%%9%
B(BT) 024979930 | 0.15675%%% | 0.13979%1% | 0.1287%93% | 0.1687991%

2x B(B% | 0.14079%% | 0.11779%% | 0.10979%% | 0.099*%%0 | 0.119+%9%

2x B(B%) | 012473355 | 0.124750% | 0.1167500 | 0.10979%G | 0.121735%8
AT | —017179%7 | —0.1567992% | —0.0099%7 | —0.001%99%3 | —0.1431993
ALY 0.0637%%% | —0.0287%9%19 | —0.02879%1> | —0.0477%923 | —0.00879913

A —0.195%%933 | —0.020%%93% | —0.021%%935 | —0.021799%9 | —0.06379%33
dB(B~ — m4ti~
BE o r )= /d2 ).

d2

Aleksey Rusov

B — wete~

at large recoil: theory vs LHCb measurement



Theory vs LHCb measurement

*LHCb APR13 & HKRI15 §

FNAL/MILC15
T — T

LHCDb

NN

NS

/
V%

T 10
o? (GeV?/c?)

from LHCb-PAPER-2015-035 [ArXiv:1509.00414]
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Comment concerning the ratio of branching fractions

dr(B — mt+0~)/dg?

2 pr—
R@)= GrE S Kiri)jdg?
R(¢?) = N(q?) Via | | (@) |* [A7(a) + B7(¢) + 00 C(¢P)[ + | Gl
Vs fJK(cﬂ) [AK () + BK(q?) | + | Crol?

m N(g?) — kinematical factor
Vb Vi
Vs Vig
m A™K(g?) account for short-distance effects

m B™K(g?), C™(g?) account for nonlocal effects

~1

mQ, =
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Conclusion and outlook

m We analyse the nonlocal contributions in B — 7™/~ decays
at large hadronic recoil

m We predict differential decay rate, direct CP-asymmetry and
isospin asymmetry in B — m¢T¢~ for 0 < g% < 8 GeV?
Further improvements possible:
m More elaborated ansatz for hadronic dispersion relations
(including radial excitations of light vector mesons)
m Precise measurements of the nonleptonic B — V7 decays

m Measurement of the binned CP-asymmetry
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Backup
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Operator Basis

Qem 5 4 = Qem /5 4 =
Og = . (diy*br) (Lyul) ,  O10 = 4 (div"br) (Cyuvst)

Or, = fé”z (@0 br) Fur
O = (dyuun) (@rb), 08 = (i ) (b)),
Of = (diyuce) @r"be) . 05 = (divuc] ) (erbi) .
O3 = (dyy,bL) Z (Quyqr), Os = (dL’Y;z ) Z (QJL’Y qL>
q
Os = (divubi) > (GrY"qrR) (dﬂu ) Z (qu’Y Che)
q q

gsmb G auv
Ogg = 16 TAa2 (dl_ NV( )JbJR) G a
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Dispersion Relations, final form

- <(p)

A 5
HO(P) = (¢ — @) Z kyfy — Ayl eXp(/ 2 _
V=p,w,J/99(2S) (m3, — qg)(m3, — g2 — imy YY)

4mD

(p)
s /01_0( )
+ / d (s —q5)(s — g% — i/sTem(s))

50(s0)
2

+ |ap]exp(lc/>a)+\b|exp(1q§b)7n +H(P )( ) p=u,c

D
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