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Outline

e b—~dvsb—s

B — w4~ at large hadronic recoil
> B — 7 form factors

> Non-local hadronic effects

> Observables

> New physics effects

e BY — K%*(¢~ at large hadronic recoil

e Other b — d¢t ¢~ modes
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Anomalies in b — s¢(~
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b—dvsb—s

e Additionally CKM suppressed

‘ VisVia | - 0.22 ‘ Voo Vg |* 0.05
Vin Vig Vin Vi
e b — d transitions induce non-vanishing direct CP-asymmetry
> Inb—s:
[ Vi Vig| ~ [Vep Vis| < [V Vi
> Inb—d:

[Vib Vig| ~ Ve Vigl ~ [Viub Vgl

e Also sensitive to contribution from NP
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B — wl*¢~ decays

e Have been measured by LHCb [JHEP 12 (2012) 125; JHEP 10 (2015) 034]
Hng~—Atzco+A ZCO”+/\ ZCO Ao = Vo Viy
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Oq,10

~ (Cgaclo)thT(q2) ~ C7fB7;r(q2)

® fé;(q2)7 fBT (g?) - form factors

0
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Form factors from LCSR

e Form factors parametrise hadronic matrix element

(n(p)|dy"bIB(p + q)) ~ f5, (a7

e Form factors are calculated from QCD Light Cone Sum Rule (LCSR)
e Starting object — correlation function

Fi (P q)="/d4Xe"”(?f*(P)IT{TI(X)W“b(X), myb(0)isd(0)  }/0)

Quark current B-meson interpolating current

= Fer(d*, (p + @)*)p* + Fe(d*, (p + 9)*)q"
e Region of light-cone dominance (x> ~ 0): ¢> < m?, (p+q)> < m?
(P a1 1500 oo ~ [ a6, (0) + ..

¢ (u) - pion light cone distribution amplitude (LCDA)
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Form factors from LCSR

e Hadronic

b b
dispersion = e 2 @ 2
relation b b
P+q p+q
~ fgfy (q%) quark-hadron duality
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Form factors from LCSR

® The current accuracy of OPE:
OPE = (T8 + (ae/m) T + (as/m T ) @ 7
TP+ (ae/mTP) @ ¥ + T @ o + ag) (T @ o + T @ o)

T hard-scattering kernels, q’)Sf) - pion LCDAs (k = 2,3, ... - twist)
m LO twist 2, 3, 4

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

m NLO O(as) twist 2

[A.Khodjamirian, R.Riickl, S.Weinzierl, O. Yakovlev (1997); E.Bagan, P.Ball, V.Braun (1997)]

= NLO O(as) twist 3

[P. Ball, R. Zwicky (2001); G.Duplancic, A.Khodjamirian, B.Melic, Th.Mannel, N.Offen (2007) ]

m Part of NNLO O(20) twist 2 [A Bharucha (2012)]

m LO twist 5 and twist 6 in factorization approximation [A.V. Rusov (2017)]
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Results for B — 7 form factors

[A. Khodjamirian, A.V. Rusov (2017)]
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Nonlocal effects in B — 7¢*{~ decays

e Additional diagrams give rise to nonlocal hadronic amplitudes

e Their contributions are absorbed in g?-dependent correction to
Wilson coefficient Cg:

u )\C Cc
AG() M) + 1 HEN) )

B 1672 ()\u
@\

. Hgﬁ(&),?—[gﬁ(qz) — nonlocal hadronic amplitudes
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Results for Hg,ﬁ, Hg,
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Theory vs LHCb measurement

e Differential branching fraction in BT — 7% 1™ [Lhcs, JHEP 10 (2015) 034]

*LHCb APR13 # HKR15 & FNAL/MILC15
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M - including non-local effects and resonances contributions
[Ch. Hambrock, A. Khodjamirian, A.V. Rusov (2015)]
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Probing NP in B* — 7¥u* ™ decays

e Consider NP effective operators

O, = (d.PLb)(£y"0) Or0,0 = (. PLb)(E7"50)
Og’R = (d’}/#PRb)(E’yué) OIO,R = (dvuPRb)(h“%é)
o Preliminary results [A.V. Rusov, paper in preparation]
Scenario lo-interval
Only CéVP [-5.2,-2.0] CgNF’ =G+ Gog
Only C/¥P [+1.6,+6.6]
° ClY = CioL + Cor
QP =-clff | [-1.7,-0.8] 10 : :
e For comparison, from global fit of b — s/™¢~ observables (in one of the
scenarios)
CQI\LP = —CII\JJE = —0.62 [B. Capdevila et al., JHEP 1801 (2018) 093]
Cé\LP = — 11\(1)5 = —0.63  [W. Altmannshofer et al., Phys.Rev. D96 (2017), 055008]
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Direct CP asymmetry of B — w/"{~ decays

e Definition of direct CP asymmetry

BR(B- =7 £ ;i <q*<@)—BR(BT =700t < q° < q3)
BR(B~ — mt0~;q} < > < ¢3) + BR(B* — 7 ltl~;q} < ¢* < q3)

ACP [qfv qg] =

e Our prediction (only at low g range)
Acp[1GeV?,6GeV?] = —0.15£0.11

e LHCb measurement of total CP-asymmetry [LHcb, JHEP 10 (2015) 034]
Acp[d2in, 02ax] = —0.11 £ 0.12 £ 0.01

e Looking forward to data by LHCb on binned CP-asymmetry
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BY — KO+ (~ decays

[A. Khodjamirian, A.V. Rusov (2017)]

BY KO

e New results for B — K form factors and corresponding nonlocal hadronic
amplitudes _
e CP-averaged g?-binned branching fraction of BY — K°/*¢~

Bi,k[1.0GeV?, 6.0 GeV?] = (4.3875% +0.28) x 1072 GeV 2
e g*-binned direct CP-asymmetry in BY — K°/*(~ decays
Acp[1.0GeV?, 6.0 GeV?] = —0.0475%%

e Data by LHCb anticipated

Aleksey Rusov Durham

Rare Semileptonic b — /" Processes 14 /16



BY — K*Ou* i~ decay
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[LHCb, JHEPO7 (2018) 020]
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o A related theoretical analysis (incl. non-local effects + resonances) in
progress [A. Lenz, M. Piscopo, A.V. Rusov]
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Conclusion

b — d¢T¢~ processes are potential sources of New Physics
CKM suppressed vs b — s = more statistics needed
More interesting observables (incl. non-vanishing CP-asymmetry)

Not discussed:

> B —» ataput

> A — prptp”

Looking forward to (more) data on

> B — wfutp~ (incl. diff. CP-asymmetry)
> BY — K*Outpu~

> B — KOutpu~

> B — pptu”

Aleksey Rusov Durham

Rare Semileptonic b — de¢T ¢~ Processes 16 /16



Backup
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Effective Hamiltonian

Effective Hamiltonian for b—q [Buchalla Buras, Lautenbacher (1996)]

10
ppoa = A0 ( ALY Z G oY + 2\ Z Gos- A5G (9,-)+h.c.
i=3

)\E,q):V Vogy P=u,ct, q=d,s

m B K A AT a2 )
m Bt AP~

m B, — Kot A 2D o\ L ys

)\(d) ~ )\E}d) ~ )\3

C
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Operators basis

Og = (Z(;Tm (aL’WLbL) (Z’YME) ) O19 = OL/]:-II-H (aL'Y'MbL) (Z%L%f) :

e mp
1672

077 = — (C_!L(TIWbR) Fplla

q

Os = (divubi) Y (Gr7"ar),  O6 = aﬁubi) > (ajéqu;?) ,

q q

8sMp T2 ij 1) auv
0 — ~ 5 (3, (Ti5) G
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Hadronic input

(P 1B (p-+a)) = () 0" + ) (A () — () B g
(m(p)Igo"" qub|B(p + q)) = % {2q2P“ + (q2 - ("”23 - mi) )q“}

Nonlocal effects via correlation functions

HE) =i [dtxe™ woIT{jm00. [ G0t 0) + Gogo)

+) CkOk(O)] }IB(p +a))=[(p- 9)qu — &*pu] HiEX (@)
k=3-6,8g
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Amplitude

N e

GF aem = 2my, ‘ fa, (q2)
A(B — mlte— —mAL N Co cstt Bx
( ™ )= 2. (4 )l( Y )Pu< 9+ me + mp f‘.;T(q2)

_ _ 1672 Auq (), 2 Ac () 2
" n o ey + 2y
(67 756) PHCLO (Ery e)pﬂ férﬂ(qQ) </\t Bw(q ) Ar B‘n'(q )

AGy(q?)

m Wilson coefficients at NLO
m Form factors from LCSR [A. Khodjamirian, A.V. Rusov (2017)]

m Nonlocal hadronic amplitudes via QCDF, LCSR and hadronic
dispersion relations [ch. Hambrock, A. Khodjamirian, A.V. Rusov (2015)]
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m LO, factorizable loop 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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Calculation of H#%9(q?) at ¢2 < 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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Aleksey Rusov

Dispersion relations for H\:(g?)

Dispersion relations:

(u,c)( 2 2 2 kv fvALyp
Hpp '(97) = (¢°—ap) ——
& Vo TR R~ im )

+H4 (a2)

S (u,c)
B Pep (s)
+/d@—%w—¢—@

u,
S0

> Agyp = ‘Agﬁp‘eiégip

> |Agyp| are extracted from nonleptonic B — VP decays
5;&,3 are extracted from the fit of the dispersion relation to

Hg’,;c)(qz) for g> <0

> For pg’,;c)(s) one applies quark-hadron duality

Durham
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Results for the B, — K form factors

A. Khodjamirian, A.V. Rusov, 1703.04765 [hep-ph]
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Lattice QCD results:
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Results for HSSUS)K, ”HSBCS)K
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