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B — K*(— Km)vv induced via b — svv FCNC rare transitions, therefore
potentially sensitive to the BSM physics effects

@ not subjected to long-distance effects from charm quarks

@ related to b — s/ transitions via SU(2)r, invariance

@ experimentally challenging, not observed yet. Hope is that Belle-II would manage to

measure observables in B — K*vv

The current best limit from the Belle Collaboration

B(B — K*%9v) < 1.8 x 107°, close to the SM prediction ~ 1075

For new physics searches, important to check the resonant
(B — (scalars)(— Km)vv) and non resonant B — Kwvi backgrounds
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Effective Hamiltonian

_45;)\15% (CL+CR)(§’Yub)+(CR—CL)(@yM'ySb)} Zi:ﬁi'yu(l_’YS)Vi'i‘h-C- 1)

Het =

@ short distance physics within SM known precisely:
o CPM = —X(m2/m2,)/sin? 6, NLO QCD, two-loop EW corrections
[Buchalla, Buras (1993); Misiak, Urban (1999), Brod, Gorbahn, Stamou (2011)],

@ X(m¢)=1.469 4+ 0.017
[Buras, Girrbach-Noe, Niehoff, Straub, (2014)]
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Effects of scalar resonances

Total resonant amplitude for fixed polarization n of the final K7 pair can be written as

43; NS S sl Kres () [(OL + CR){Kres(n)|57ub|B

4 (Cr— cL><Kres(n>|§m5b|B>]z“éeres@?).

A(B = Kres(n)(— Km)v;v;) = —

(2)

’

Transversity amplitudes for B — K*vv [FFs from Bharucha, Straub, Zwicky (2016);
Horgan et al. (2014)]

V2(C + Cr)A/2(m%, 4%, m%.)

H,(¢%) = i V(g?), (3)
Hj(¢®) = V2(CL — Cr)(mp + mik~)A1(q?), (4)
Ho(q?) = —mm —cp) [<mB +mae)mh —mie —P)ALP) ()

)‘(mQ 7q27m2 *
— B K )Az(qZ)] .
mp + mg*
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Transversity amplitudes for B — Kjvv [QCDSR FF's from Aliev, Azizi, Savci (2007)]

A1/2(7”237 q27 m%{g )

ved

Hy(¢*) = (Cr —CL) f(d®). (7)J
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Propagations of K*, K, x parametrized in terms of Breit-Wigner(like) parametrizations

— 1
BW g+ (p?) = ,
K=(p7) p2 — m%{* + im gD pen @®
__ r 1
BW. ?) = — + .
scalar(P) = = e — /D T 22 = (my — s 2
first term in EVVSCMM for k state 0 < |gx| < 0.2, arg(gwx) = (7/2,7) [Becirevic,
Tayduganov (2013)], consistent with measurements in B — K*¢¢ LHCb[1606.04731],
LHCb[arXiv:1609.04736] The transversity amplitudes:
Hy 1 (¢% 0% cosb) = —i— o/ k| sin O BW e+ () H) 1 (¢
I,L(¢”,p", cos ) = lﬁgx*mlp K |sin@x BW g« (p°) Hyj 1 (¢°),
Ho(a?, 9%, €080) = ~gic+ sl | cos Oxc BW i (%) Ho(g?), &

ﬁ(/)(qgap2) = gKngﬁ/scalar(pz) H(/)(qz)a
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K ;0)’ x — K couplings can be extracted from the data:

(K (pr ) (pr)|K* (k1)) = cij(en - pr)gK=Km, (K (0r)7 (pr)|KG () = Cijgics i -

(10)
Three-fold differential decay rate:
N — a(g®,p?) +b(¢*,p*) cos O + c(¢?, p?) cos” Ok (11)
dq?dp?d cos O
with linear term probing interferences
b(q%, p?) cos O ~ —2|pK |R(HoH'y).
Observables:
dr c(q? ))
— =2 A , 12
o ( (@) + (12)
dl'y/d¢?>  dU L 2
Fp=————, —=- , 13
L= g (a(q + ¢(¢?)) (13)
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SM predictions:
Br=(9.49+1.01) x 1076, (FL) = 0.49 4 0.04. (14)

consistent with [Buras, Girrbach-Noe, Niehoff, Straub, (2014)]. We go beyond NWA. In
addition, AF}‘{B’ or AF}‘(BL:

1 d2r 0 d’r
K _ fO dcos eK dq2dcos 0 - ffl dCOS&K dq?d cos O b(q27p2)
App 1) = = , (1)
NG Ly

induced by interference of the K* with intermediate scalar states.

In AI{“{B C, cancels when Cr =0, in App (L) both C, g cancel, assuming Hamiltonian (l)J

Two different integration regions for p?
[(mg+ —0.1GeV)?,(mg+ + 0.1 GeV)?] P-cut (signal region for K*)
[(mx +my)?,1.44 GeV?] (S+P)-cut
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Rp, = FVF#FS as a function of bin size.
Effect of scalars at level of percent in signal region.
Ag p Probes the hadronic model independently of Wilson coefficients, would be

challenging assess experimentally.
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Non-resonant effects

The non-resonant matrix elements of the (axial-) vector currents between the B and the
K7 parametrized in terms of form factors w4, h, functions of p2,¢?,0x. (r drops in limit
my — 0)

(K79 |5y,b| BY = cijh euuapp’s (0% + p2) (0 — p2),

: . A (16)
(Km(57.75b|B) = cij [ = iwt (P + Prp) = W= (Prcp = Prp) — i7qu]-
Leading order Heavy-Hadron-Chiral-Perturbation-Theory (HHXPT) results [Lee, Lu,
Wise (1992)]
wa (g, 0%, 0xc) = £ ZBa B
o 22 U'pﬂ‘f'A’ )
_ 9> Iy, 1

h(q27P2»9K’)

22 (v pr + A) (v pra+ A+ ps)’

HHXPT coupling g related to B* — Bm coupling, evaluated on Lattice, g = 0.569 £ 0.076
[Flynn et al. (2015)], previous evaluations [Abada et al (2002), Becirevic et al (2009)]
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@ Region of validity of HHYPT: soft , K - large ¢2. We take ¢2 > 14 GeV?

The non-resonant B — Knv;v; decay amplitude

4G
A(B — Knvi;) = — \/g At% (CL + Cr)(Kw|5v.b|B) + (Cr — C’L)<K7r|§'yufy5b|B)}£“.
(18)
Non-resonant transversity amplitudes:
N = (Cp + CR)FY, HYY) = (Cp — CR)FT (19)J
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with corresponding transversity FF's

)‘1/2('”7’%(”’ m%(, mi)klm(m%,pQ, q2) h
24/p? ’
AV2(p2 m2 m?
(P, my m-n—)w_’
/p?

— m2)AY2(m2, ¢, p%) — (md — p? — A2 (m, m2, p?) COS@K)

nr .
F|" =sinfg

F‘fr = —sinfOg (20)

nr

= ——|w_ — m
BN AN

+w+>\1/2(m2}3,q2,p2)]

The diff. decay rate includes resonant and non-resonant amplitudes. Interference
important, include unknown relative strong phase §

da3r

5c e—iﬁﬁ +Hnr2+ e—iéﬁ +Hnr2+ e—iéﬁ +Hnr+e—i6ﬁ/ 2 . 1
dqzdpdeOSOK | L Ll I I I | 0 0 OI
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@ NR amplitudes expanded in terms of P™{;(fx), distribution contains terms higher
than quadratic in cos 6.

@ Definition of Fy, and AFB (1) more subtle. Use the projections with
Py =1,PY =cosOk, PY =1/2(3cos? 0k — 1)

dFL / d2r (1 5 )
— = (ZP%+ =P )dcosO, 22
dg?d cos O ot g2 e (22)

d’r 3
, & °PYdcosbx, 23
o, p*) = / dq2dp?dcos O 2~ costr (23)
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The effect up to ©(0.1) in integrated Br (high ¢?), depending on the strong phase. The

effect of F, at a percent level.
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low ¢® € [0 — 14] GeV?

high ¢? € [14 — 19] GeV?

B(B — K*vp)|nwa 6.96 & 0.76 2.50 £ 0.22
B(B = K*(— Km)vD)|p-cut 6.01 + 0.65 2.09 +0.22
B(B — K*(— K7)vp)|s+P-cut 6.80 & 0.73 2.29 £+ 0.23
B(B = (k, K§)(— Km)vd)|p 0 [0.01...0.07] -
B(B — (k, KJ)(— K7r)m7)|s+llcut [0.04...0.30] -

B(B — (K* + nonres)(— Km)vi)|p-cut
B(B — (K™ 4 nonres)(— K7)vi)|s4+p-cut

+0.42
2.09 £ 0.22+9-42

+0.62
2.29 +0.2379:52

Table: SM branching fractions in units of 10— 6
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How to constraint the phase 67

@ Ratios of angular coefficients in B — K*¢/, e.g. I7/Is,I7 /I - sensitive to a phase
above signal region (in p2) [Das, Hiller, Jung (2015)]

@ In B - K*vi:
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@ Process B — K*vv free of charm effects, can be used for checking the FFs in entire
2 .
g“-region

@ However, besides K*, other resonant and non-resonant amplitudes enter B — Knvo
as well

@ We check that scalar resonances result in small impact (percent-level in Br,
negligible in Fr,)

@ NR effects seem more troubling, theoretically accessible in high ¢2-region (HHxPT),
depend on relative phase 4. Small effect on Fy,. Important to constraint this phase.

@ Crosschecks with B — K™*/¢ important.
@ In the future: NR effects at low ¢2?

@ We use a plausible model to estimate the NR effects. Better theoretical
understanding would be welcome.

@ B — K*vv has access to a third generation lepton sector (vr) as well, might shed
some light on Lepton Universality Violation.
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