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Anomalies in b — s¢(~
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e Additionally CKM suppressed

thv th\/
ViV ~022 = ‘ ViV ~ 0.05
e b — d transitions induce non-vanishing direct CP-asymmetry
> Inb—s:
[Vio Vel ~ [Veo V] ~ N2 > [V Ve ~ X
> Inb—d:

|Vio Veal ~ [Ves Vegl ~ (Vs Vigl ~ N
e Also sensitive to contribution from New Physics (NP)
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e Have been measured by the LHCb collaboration
[JHEP 12 (2012) 125; JHEP 10 (2015) 034]
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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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The amplitude

A(B — mt*07) = AeFi ()| (B0) py (o + 2T o fexl )
V2 m e ! mg+mp | fy (%)

- = 1672 Au (u), 2 Ac (¢)/ .2
H Y/ Cip — H -
+ (éry 5 ) Pup 10 (EFY é)pll f,gtT(QZ) </\t HBﬂ(q ) + )\t 7-LB‘n'(q )

AGy(q?)

m Wilson coefficients C; at NLO

m Form factors f+TT 2 from LCSR [A. Khodjamirian, A.V. Rusov (2017)]
Bm

m Nonlocal hadronic amplitudes 7—[(” »”(g?) via QCDF, LCSR and
hadronic dispersion relations [ch. Hambrock, A. Khodjamirian, A.V. Rusov (2015)]
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Theory vs LHCb measurement

e Differential branching fraction in B* — ﬂiyﬂf [LHCb, JHEP 10 (2015) 034]

*LHCb APR13 # HKR15 # FNAL/MILC15

2.5

LHCb

N

- including non-local effects

and resonances contributions
[Hambrock, Khodjamirian, AR (2015)]
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Probing NP in

e Consider NP effective operators

Oo,1 = (dy, PLb)(in" 1) O10,1 = (dy PLb) (i s 10)
Oo,r = (d7,.Prb) (A" 1) O10.r = (dv,,Prb) (i7" vs11)
e The estimates [A.v. Rusov (2019)]
Scenario lo-interval
C&F only [-5.2,-1.9] CVP = Co+ Cor
CNP only [+1.4,46.8] Gy = G, + CGuor
P =-clP | [-1.8,-071U[-7.0,-5.8]

e For example, from global fit of the b — s/"/~ observables
C(_%\LP = — 11\(1)5 = —0.46 £0.10 M. Alguero et al. (2019)]
Cé\LP = —C}\J)ﬁ = —0.41£0.10 [A Arbey et al. (2019)]
Cé\LP = —C%E = —0.53£0.08 [ Acbischer et al. (2019)]
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Probing NP in
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Impact on the

e The current experimental bounds

BR(B® = ptpu~)<21x107%  95%CL [ATLAS (2019)]
BR(B® = pt =) <3.6x107°  95%CL [CMS (2019)]
BR(B® = utpu~) <26 x107°  95%CL [LHCb (2021)]

e The Standard Model prediction [M. Beneke, C. Bobeth, R. Szafron (2019)]
BRSM(B® — pt ™) = (1.027 £+ 0.051) x 1071°
e The NP estimates

BRY(B® - putp™) ~ (06+02)x10 % if CNF = G
BRY'(B® —» ™) ~ (18+04)x10 "%  if CRF = Cior

e Not yet possible to resolve the left- and right-handed quark operators
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Impact on B® — B%mixing

e Consider as an example the NP model with Z’ boson

1 2 _ _ } )
£ = STy [(gfé) (duy*bu)(diyube) + 2 g3 gk (dir™ ) (evumd) | +- - -

980107
9%:[107%]
9%:[107%]
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The LFU in

i Br(B — mpt 1) [qins Ginad]

The LFU ratio: Rﬂ_ 2 . 2A — min’ Ymax

] e ratio [qmm qmax] BI‘(B We*e*)[qfnin, qrznaX]
e In the SM: RSM ~ 1

® [Bordone et al., arXiv:2101.11626]:
> considering NP effects

Rr=RM 4 b, ACy + (b, — b)) ACyo

> using ACo = —ACyo = —0.43 £0.11 from b — s fit
[J. Fuentes-Martin et al, arXiv:1909.02519]

NP
Rﬂ[l.l, 8.0] =0.79 £ 0.05xp £ 0.021.p
U(2)
e Measurement of BT — 7fete?
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e Similar to B — 7/"(~ up to SU(3)g-breaking
® [A. Khodjamirian, A.V. Rusov (2017)]:

> New results for the B; — K form factors and corresponding
nonlocal hadronic amplitudes

> Predictions for the differential branching fraction and
CP-asymmetry at large hadronic recoil

e No measurement so far
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decay

e Vector final state K%-meson (JF =17)
— 3 helicity amplitudes

e 7 form factors

b 6 nonlocal hadronic amplitudes
— more involved theoretical analysis
B K°
5 s e BR(B? — K*u*p=) ~ 1078

e Richer set of interesting observables
> Differential decay rate
> Nonzero direct CP-asymmetry
> Angular distributions (incl. P%)
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BY — K*Ou* i~ decay

Candidates / ( 10.0 MeV/c?)
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First evidence of the BY — K**;i* i~ decay (with a significance of 3.40)
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Conclusion

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

e Not discussed:
> BY » nta
> A — prptp”
e Looking forward to data on
> BT — 7t~ (incl. diff. CP-asymmetry)
> BY — KOGty
> BY — putu~
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Operators basis

Qem 5 4 = Qem /= —
Og = i (diy"br) (Cyul) . O = . (diy*br) ((yust)

e mp
1672

Of = (duyuuc) (@n"be), OF = (l%U’L
Of = (diyuee) (@y"bL), O5 = (di”/uci

O3 = (divube) Z (Guy"qr), Os= (_hubi) Z (C_Ijﬁ“qi) :
(

077 S (gLUlwbR) Fp,lla

q

Os = (diyubi) Z(EIR’Y“QR), Op =
q q

8sMp T2 i apv
O = —5272 (o, (T)b) 67
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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{ﬁ(X)W“b(X), myb(0)isd(0)  }/0)

Quark current B-meson interpolating current

= Fex(d*, (p + @)*)P* + Fex(d*, (p + 9)*)q"
e Region of light-cone dominance (x> ~0): ¢> < m?, (p+q)> < m?
(5 (P ()1 15(0)0 oo ~ [ a6, () + ..

¢ (u) - pion light cone distribution amplitude (LCDA)
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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+ (aa) (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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Factorizable twist-5 and twist-6 contributions

m In the framework of the factorization approximation
[FBﬂ'(q2)]tw5,6 ~(qq) (Tés) ® ‘Pg) + T(gﬁ) & 80(3))
m Calculation reveals [A.v. Rusov (2017)]
[f5(0)]tws.6/ 5 (0) < 0.1%
® = Truncation up to twist-4 contributions is reliable
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Results for B — 7 form factors

[A. Khodjamirian, A.V. Rusov (2017)]
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LCSR vs Lattice QCD (extrapolations from high g?)

[FermiLab Lattice and MILC (2015)]
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LJ 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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e Soft gluons [A. Khodjamirian, Th. Mannel, A.A. Pivovarov, Y.-M. Wang (2010)]
[A. Khodjamirian, Th. Mannel, Y.-M. Wang (2013)]

(a) (b)

> Need to be updated using new determination of B-meson LCDAs

[see talk by Danny van Dyk]
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Dispersion relations for H\:(g?)

e The dispersion relations:

ky fy AL
/H(ch)(q2) _ (q2 _ q2) BVP__ .
& D, o @, - )

o0 (u,c)
/ s e [+ (@)

(s —45)(s — ¢* — ie)

B

i0gyp

> Agvp = |Agyple
> |ALp| are extracted from nonleptonic B — VP decays
> 54, are extracted from the fit of the DR to %7 (¢?) at g2 < 0

> For pBP )(s) one applies quark-hadron duality
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Results for Hg,ﬁ, Hg,
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Direct CP asymmetry of

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 LHCb measurement of total CP-asymmetry [LHch, JHEP 10 (2015) 034]
Acp[@P i 2] = —0.11 4+ 0.12 4 0.01

e SM prediction (only at low g? range) (a khodjamirian, A V. Rusov (2017)]
Acp[1 GeV?,6GeV?] = —0.15+0.11

e The measurement of the binned CP-asymmetry is anticipated
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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: C.M. Bouchard et al., hep-lat: 1406.2279

Aleksey Rusov

Prob ew Physics in b



Results for HSSUS)K, ”HSBCS)K
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