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Semi-leptonic B decays: Experiment vs. Standard Model
e The BABAR reported values are:

BR(B ~ D)
exp - \Z =7 440 + 0.072
REDP) = BRB S Div) ~ 044000
BR(B — D*rv)
oo(pry — BRB= DY) 0 aan 0030
RE2(D7) BR(B = D*Ir)

Belle collaboration find :
R(D) = 0.375 + 0.069, R(D*) = 0.293 + 0.04

LHCb find R(D*) = 0.336 £ 0.042

Belle collaboration rate for the B — 7v decay is

BR(B —1v) = (1.2540.4)x 107%.
® The expected SM values are:
RSM(D) = 0.297 +0.017
RSM(D*) = 0.252+0.003

. BREB — wiS_M = (0.753+£0.1) x107*



Experimental situation and the future at Belle I1)
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Anomalies in B — K*u™ i~ Decay

e LHCb analysis of 3 fb~! data confirms 3 ¢ anomaly in two
large K*-recoil bins of angular observable Pé.

e The observable Rx = Br(B — Kutu~)/Br(B — Kete™)
measured at LHCb in data in dilepton mass range 1 to 6
GeV2 is 0.7427-0%, + .036 corresponding to 2.60 deviation
from SM value of 1

e Analysis of New Physics requires (based on
Descotes-Genon,Hofer,Matias and Virto arXiv: 1605.06059)
(a) QP = —1.09 or
(b) CVP = —CftP = —0.68 or
(c) QP = —C)P =-1.06
all with almost same pull of 4.2 to 4.8



Charged Higgs Contributions to the Semi-leptonic Decays

t= tg/mH+(GeV_1)
R = Rsm(1 + 1.5m,Re(gs, + &s,)
+m72'|g5R +g5L|2)
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General R-Parity Violating SUSY

o General Superpotential:

1 1
WRPV = /J,'L,'Hu + EAUkLiLJ'Ek + A?jkLinDk + E)‘:'J{kUiDjDk

e Imposing Z3B baryon symmetry leads to a proton stability and
in the physical Hy basis
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/

1o o a oA a
W = Waissm + EAUkLiLj k T A EiQiDic

. / . . .. .
o Keeping only A" term which is sufficient to explain the
anomaly and has the correct structure to explain the g2
distribution :

L= Ny [pidke] + dldsv] + df of o, T, dfu] — w st} — A5 T7 )]



Interactions of squark El;; that lead to Semileptonic Decays

Working in the basis where down quarks are in their mass
eigenstates, QT = (VKMTy;, d}), one replaces u} in the above by
(VEMTy ). The leptons are in the weak basis. We will assume
sfermions are in their mass eigenstate basis.
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. /
We assume flavor hierarchy for A,

e We assume )" for third generation is the largest because
effects are more pronounced for third generation.

! . . .
e We assume smaller A" associated with second generation
smaller because there are anomalies in B decays into muons

/ . . . . . .

e We assume A\ associated with first generation are vanishingly
small because no anomalies are known for particles associated
with first generation

e To explain all anomalies we will be lead to

’ / / /
A333 2= Agzz > Agpz & Agng



lllustration of A and )\’ induced b-quark decays
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A Simple Model
o Keeping only )\/333 for illustration we get

| [ Ni3sAgss ) - _
Lir C —VgM [(33,:‘72333> (A" Prvs)(Umy, PLb) | +h.c.
ds

o Dueto A= Qg |2333| the enhancement to b decays is

4G
Ly = ——f Z v3 KM 11 4 A] (Gmy" PLb) (Fy* PLyy)




Consequences of the simple model

4Ge]7t _ _
- [x/if] Lepr = Vi [1 4 A] (ev*PLb) (77" PLyy)

M1+ A (Gy*PLb)(FA* PLyy)

e r(D,D*) = Br(B — D77)/Br(B — D7) sm
= Br(B — D*17)/Br(B — D*1i)sm ~ 1 + 2A.

r(p,m) = Br(B — /)Tu)/Br(B — PTV) SMm
Br(B — 7nT0)/Br(B — w1i7)spm
Br(B — 10)/Br(B — 1) sy =~ 1 + 2A.

IIA



q° Distribution of B — D*7v Decay(Freytsis et.al)
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Constraints on A
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LHC Prospects and Constraints
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o Large ;33 = R-parity violating decays ¥ — b/ and b — bv
compete with the standard SUSY ones. LHC limits on
b — bxo apply to b — bv decay rate for mass m,, =0




ATLAS 13 TeV limit on bottom squark

Bottom squark pair production, B, -» b 11
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Loop Contributions to b — sy~ From New Physics

New physics contributes to b — s// can be parametrized as
NP _ NP .

Heff - Z Ci Ol'

Some of the most studied operators O; are

o _ _ a _ _
Oy = ES’YMPLbH'YuN ; 0y = ESVHPRWW“ ’
o _ _ o _ —
O10 = ;=59 Prbjivyspe,  Oto = 757" Prbfiv s (1)

where PL,R = (1 F ")/5)/2
The SM predictions are C95M ~ —ClsoM —41.
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oop contribution to b-> s wru”

One needs to include one loop contributions.
At one loop level, exchanging dR in the loop,
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Constraint on X' from D° — 1111 Decay

1, _
Hetr = =55 Coppb yume ULy ce
dg
Ch = Mo Ao Vi Vs
Dup — "\2jk"\2j k V1j' V2j
! ! / ! / /
= (A21k Vo1 + Aok Voo + Aazi Vo3 ) (Ag1k Vain + Ago Via + A5, Vas) -
Xy is only very loosely constrained from DO — p+ p~. If just
Ny1p OF Ay is non-zero, they are constrained as

(1TeV)? . (1Tev)?
,21k /2*1k727 /\/221()\/221(72 < 0.28.
m=, m=,
dg dk



Constraint on \'from K — mvr and B — Kvv Decays

The contribution is given by the interaction:

)\,k)\ */k
% L'Y VLdL %d
M

For K — mvw, the ratio of Rk x5 = Mrpv/Tsm is given by:

1 RPV 2 1 RPV 2
RK s = L =) Y P B
wy I__%ﬂ_ 3 XO(Xt) Vts th 3 ; XO(Xt) VtS V:;!
2
RV TSy | Mo Xo(x) = x(2+x)  3x(x-2) In x

W \2Gra | 2m2, T 8(x—1)  8(x—1)2
R

where x; = m2/m?,.



Constraint on \'from K — mvr and B — Kvv Decays
continued

Using Br(K — mvv) = (1.7 4+ 1.1) x 10710, at 20 level:
we find Ny, X, < 10*3(m3§/(1TeV)2).

We will set A5, =0, so that this process is not affected at tree
level.

The expressions for Rg_, ., ; and :‘?,-3_>K(K*)m7 of B — v and
B — K(K*)vi can be obtained f by replacing Vis Vi to ViV
and Vi, Vi, respectively.

From B — Kvv we find experimentally ['grpy /Tsy < 4.3

we find A3, A3, < 0.07

We will impose this constraint.



Best Fit Values for non vanishing A" and predictions

Assume my = 1TeV
Mo = —1.35 x 1072
My =188, N, = —1.80x 1072, N3, =3.35.

With this set of values, we have

r(B — D®u7),e = 1.265, C)MP = —0.604 ,
r(B — 1) = 1.274 = r(B — p7v)

Re . k(k-ywi = 4238, R;M(c) =1.098 .

Here r(B — D(*)l/f)ave = Br(B — DWur)expr/Br(B — v1)sm
and similarly for r(B — pvT)
REM(C) = Br(B — D™ uv)/Brsy(B — D*uv)



Consequences for B — K*t7~ and B — K*r*pu™

The loops generating b — sp ™~ interaction will also induce
b — stt7=,s7uT interactions.

NP7+
cre _ Co T N A+ Nag N
r = NPt 2 ~1.80,
G [ Aokl 4 [ A3y 2
NPyt 7=
T G " _ 23k 33k T Aok ATk ~1.80
- M
Cévp’#m [Aooil® + [ Aoz 2
NP, 7+7—
JE s G T _ Agail® + [ N3] ~ 3.20
Cé\IP’M+”7 ’)‘ 2k‘2 + M 3k’2

Present experimental upper limit is 2.25 x 1073 for B — Krtr
B — Krt7=, Kr* T will be a spectacular confirmation of this
theory.



Bs — B, mixing and b — sv

C. _ (BIHYIB)
" (Bs|HZ|Bs)
2
—14 Siy miy (/\/23k)‘/2*2k + )‘/33k/\/3*2k> 1077
V2ra GESo(x¢) mgk Vib Vi ’
R

2
)\/ A/* +)\/ )\/*
Coo — CSM v 23k"\22k T 33Kk _ ~SM _ 001
7y 7y T (12m8}‘§ Vi Vi, 7y

The R-parity violating contribution to C7 is small and can be

neglected. The contribution to Cpg, is at a few percent level which
is close to the central value of recent global fit.



CONCLUSIONS

We conclude that by a judicious choice of RPV couplings it is
possible to reconcile both R(D®*)) and b — su™p~ anomalies. In
addition we are lead to unique predictions.

o r(p,m) = Br(B — pri)/Brspm(B — pri) = Br(B —
770)/Brsy(B — wr) = Br(B — 19)/Brsy(B — 1) ~
1.27.

e Anomalies in b — stt7~ and b — st T are large with
CVPTT P 318, CUPTIIT MR~ 178

e The value for RB’—)K(K*)VD is close to its 90% C.L. upper

bound of 4.3. Observation of this process at this level will be
a confirmation of this model.

e The model requires cN!,’{, squark should have a mass not much
larger than 1 TeV. Such a low mass should be able to be




