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Rare decays as indirect probe of NP

» Rare B decays mediated by the flavor-changing neutral (e.g. b — s)
transitions are sensitive probes of parameters of the Standard Model.

SM diagram NP diagram

» SM amplitude is suppressed,

» New heavy particles in extensions of the SM can appear in competing
diagrams and affect the amplitude,

— excellent probes for indirect search of NP.



LFU violation in B decays ?
» In the SM, couplings of the gauge bosons to leptons are independent of
lepton flavor

» A 2.6 o tension in lepton flavor universality ratio in BT — K*T¢T¢~
LHCb, PRL 113 (2014) 151601

BR(B — Ku*u™) +0.090 SM 2
Rk = —=———=—"2>=0.745",7,1+0.036, R =1.00+0O(10
K BR(B - Kete ) 0.074 K ( )
-o-LHCb -mBaBar —Belle
O e N L L B B e
= LHCb ]
1.5_— - —
): | l
r | SM
05F -
00 5 10 15 20

¢ [GeV¥cH



LFU violation in B decays ?

» Very recently, the LHCb Collaboration presented their first results for Ry«
LHCb, JHEP 1708, 055 (2017)

Br(B — K*u"u™)

R, =
K* 7~ Br(B— K¥ete )’
Ri#ie) = 0.69700 £0.05, Rk, 6 =1.00+0(107%)
Rixpo.ossiy = 066705 +0.03, Rid[ooms1 =098+ 0(107)
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Hints of New Physics 7
» Claims of NP are further strengthened by other data on b — syt~

» B — K*u" 117 Measurements of form factor free observables (eg. P%)
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Fig. from T. Gershan's talk, Moriond 2017

» In BR(B; — ¢ut ™), a deviation of 3.5¢ significance with respect to the SM
LHCb, JHEP 09 (2015) 179



Model-independent description in effective theory

» Effective Hamiltonian for b — sé¢:

4G
Hetr = FAtZ o+, AQ—ONP
NP

» In the SM, the significant operators are:
Oy o (5:7"bu)(Pyul),  Oro o (517" be) (Pyuyst)

» The SM Wilson coeffs. Cg ~ —Cig ~ —4.1

SM contributions to b — s#¢



Global analysis to b — sf¢ data

» Current fits to LFNU observables prefers NP over SM ~ 3.50
Hiller et al, arXiv:1704.05444

CgNPu . Cllgl)u —(u—e) ~ =-11403,
G'—Cy—(u—e) ~ 01+04

» Interestingly, the global fits to current b — sf¢ data also prefers a
destructive NP contribution to Co'" . Matias et al, arXiv:1704.05340

1D fit QP =-1100 &7 =-Cc)F =-061
2D fit @ (G, Cy') = (—1.17,0.15)



R-Parity Violating interactions

» The R-parity violating interactions with trilinear couplings are described by
the following superpotential R. Barbier et al. Phys.Rept. 420 (2005)

1 c / c 1 " c C NC
W}é = EAUkL’LJEk + )\,’jkL[QjDk + E)\ ,‘ij,' DJ Dk .

XK N B
» We set \"=0

v

» fermion-fermion-sfermion interaction terms:

ol = Ny (ke + H k] + o7 d] — ko], — kel — AT ) |



Earlier works in RPV

> fo,t contains a term ~ 70{5,@2 which allows for tree level contribution to
b — sl Biswas et al. JHEP 1502, 142 (2015)




Earlier works in RPV

. ~j =k o . . .
> Dﬁit contains a term ~ — i, dg/; which allows for tree level contribution to

b — sl Biswas et al. JHEP 1502, 142 (2015)
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Note that quark current is right-handed!

A suppressed Ry is correlated with enhanced Rj and vice versa



Earlier works in RPV

. ~j =k o . . .
> Dﬁit contains a term ~ — i, dg/; which allows for tree level contribution to

b — sl Biswas et al. JHEP 1502, 142 (2015)
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Note that quark current is right-handed!

A suppressed Ry is correlated with enhanced R and vice versa

Cannot explain Rx and Rj simultaneously.



Earlier works in RPV

v

v

In Deshpandey and He, Eur. Phys. J. C 77, 134, authors suggested that
one can generate the required left-handed operators at one-loop if assumes
k=K. ( N. Deshpande’s talk)

In this scenario tree-level contributions to b — s/ are absent.

The exchange of down type right-handed sbottom coupled to quarks and
leptons produces the right chirality for operators Oy.

But constraints from b — svv data are too severe to accommodate Rk in
their scenario.
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Earlier works in RPV

» In Deshpandey and He, Eur. Phys. J. C 77, 134, authors suggested that
one can generate the required left-handed operators at one-loop if assumes
k=K. ( N. Deshpande’s talk)

» In this scenario tree-level contributions to b — s/ are absent.

The exchange of down type right-handed sbottom coupled to quarks and
leptons produces the right chirality for operators Oy.

v

But constraints from b — svv data are too severe to accommodate Rk in
their scenario.

v

There are additional contributions to b — s processes present in this framework
that could help in explaining Rk and Rjf without being in conflict with other
flavor bounds.
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One-loop contributions to b — s/
Going to lepton chirality basis:

O = (7"br) (Aryapr)
OLr (57" b) (ArYapr)

. NP o uNP uNP uNP uNP uNP
with  Cf[ = G -Gy, R =G + G,

In this set-up, we have G3'F = —CJt = New Contributions to Cﬁ‘}jp are:
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One-loop contributions to b — s/
Going to lepton chirality basis:

O = (&7"b) (ALyapuL)
O = (87%b) (ARYapR)
with ¢ = N -, Rt =t + e’
In this set-up, we have Co'" = —CIA(I)P: New Contributions to Cﬁ‘}jp are:
W — dk exchange gives
T VMANMANANAA m C e 5
_ Aoz Apzi [ M
u v 87rae mg}g
[ & s

This is a positive quantity.
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One-loop contributions to b — s/

dr — dg exchange gives

______ ;i E—

’ Tg N [
_ )‘i3k)‘f2k)‘2jk)‘2jk

v v 3226 Vi ViEmaem?,
R

12



One-loop contributions to b — s/

dr — dg exchange gives

8 & m ’ [N %
Ai3l<)‘/'21<)‘2jk)‘2jk

v v 3226 Vi ViEmaem?,
R

These two diagrams combined can yield a negative contribution for a TeV scale
sbottom

But low-energy constraints spoils the viability of accommodating data.
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One-loop contributions to b — s/
However, there is another diagram which generates additional negative
contribution to CF -
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One-loop contributions to b — s/
However, there is another diagram which generates additional negative
contribution to CF -

H ’ ’ ’ ’ 2 2
* + lo (m, m--)
_ Ak Ak A2jk Agjk g U’L/ oy

i L

X i - _32\/5 G ththﬁae m? — ml27i

~- and Z-penguin diagrams (including
the supersymmetric counterparts) give
a vanishing contribution.

Das et al, Phys.Rev. D94 (2016)
055034
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Flavor constraints: B — B mixing

’ ’
> ﬁp” depends on the product of couplings AiskAis which also contributes

to Bs — Bs at one-loop mixing
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Flavor constraints: B — B mixing

’ ’
> Cﬁp“ depends on the product of couplings AiskAis which also contributes
to Bs — Bs at one-loop mixing

» Defining Cp,e”?8s = (Bs|Hi'|Bs)/{Bs|Hat' | Bs):

miy ( 1 1 ) AN A 3K\ 3
g*So(xt) mf;k méi (Vi Vi£)? ’
r L

Chg, e2i%Bs — 1 +

» The latest UTfit values Cg, = 1.070 + 0.088 and ¢, = (0.054 + 0.951)°
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Flavor constraints: b — svv

» The same set of couplings also induces b — svv at tree-level via
right-handed down-type squarks.

» The latest experimental data from Belle give Rg_, x(xx),5 < 3.9(2.7) at
90% confidence level where Belle Collab. 1702.03224

Ré—k(k#ywo = Trev(B = K(K*)wo) [Tsm(B — K(K*)vir)

» Assuming one set of the product of couplings to be non-zero, the bounds
on these couplings turn out to be

2 - 2
0.038 [ 298} = (g Ay + Mg hsy) = —0.079 [ —ode
1Tev) ~ ~ 1TevV) "’

. 2 . 2
0.055 ([ 23R ) > (g A2y + Mgy ) = —0.055 [ ——dr_ )
1Tev) ~ ~ 1 TeV
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Other flavor constraints

. . . 4 - NP
» There is one more one additional set of couplings AzﬁAij in Gy, .

S )\m)\zzk and M\ Aoz, contribute to D° — ptp”, while Mgk, Agz and
)\23k)\23k can be constrained from data on bb — 77 ().

2
A Mooy < 0.3 (ng/l Tev) 7

2
A b < O(100) (ng /1 Tev) ,

Ag?k)\/33k(/\,2§k/\lz3k) < O(1) (mg, /1 TeV)2,

Faroughy et al, Phys.Lett. B764 (2017) 126
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Parameter space compatible with b — suu data
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Benchmark points: mz ~ 1 TeV, my ~ 600 GeV and m; ~ 1.1 TeV (for left
plot)
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Parameter space compatible with b — suu data
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For the above parameter space we find the range of Ry [0.045-1.1] IS
[0.82-0.87] which is consistent with the LHCb measurement at the edge of"lo.



Comments on Rp#)
» ~ 4 o deviation from the SM in the ratio
BR(B — D™ i)

S —— ! = s
BR(B — D7) s

Rpe =

o T T T T ]
* F BaBar, PRL109,101802(2012) 3
a 05 F Belle, PRD92,072014(2015) Ay = 1.0 contours E
(4 F LHCb, PRL115,111803(2015) . 4
045 Belle, PRD94,072007(2016) m— SM Predictions =
i C Belle, PRL118,211801(2017) R(D)=0.300(8) HPQCD (2015) ]
F LHCb, FPCP2017 R(D)=0.299(11) ENAL/MILC (2015)
04 [ [0 Average R(D*)=0.252(3) S. Fajfer et al. (2012) _]
b 035 e E
03F 3
025F 3
Feynman diag. in E ]
02
the SM EL.
02

Fig. from http://www.slac.stanford.edu/xorg/hfag/

5™ = 0.300 + 0.008, Ry = 0.407 + 0.039 + 0.024,
R = 0.252 4 0.003, RELP = 0.304 £ 0.013 £ 0.007,
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Comments on Rp#)

> fo,t contains ~ di*7f dl — di* 7 u] allowing for tree level contribution to
b — c(u)lv transitions via the exchange of df.

» The minimal setup to explain these excesses is by invoking new physics in
tau mode only (A3 only) and having muon and electron modes SM like.

(N. Deshpande’s and Bhupal Dev's talk)
» In this scenario, for region of the parameter space above consistent with

Rk and Ry we find that ratios Rp and Rpx to be almost SM like, while
being in agreement with other b — c(u)fv data.
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Conclusions

» We have explored the possibility of addressing these anomalies in the
framework of R-parity violating interaction.

» We find that the tree level contributions to b — spu ™ transition are not
enough to simultaneously yield Rk < 1 and Rygx <1

» Beyond tree level, one-loop contributions generated by the exchange of dr
and ., 7, can lead to Rk < 1 and Rkx < 1 simultaneously consistent
with the flavor constraints.

» The lower bin measurement of Ry [0.045—1.1] €an be partially resolved.

» A simultaneous explanation of LFU ratios related to b — s¢7¢~ and
b — clv remains a challenge in this scenario.
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Back-up

For benchmark point:

Mook = —0.05, N3 = 2.49,

Nk = 0.04, Nj3p = 1.42

with m; = 1.1 TeV, mz = 1 TeV and mp = 0.6 TeV

CLl\lPH = —114, RK = 074, RK*,[I.lfﬁ.O] = 073, and RK*,[O.O4571.1] = 084,

r(B— D™ 7v) and r(B — 7v) to be ~ 1.04,

Rs_.i(k#yws = 1.12, R-(c) = 1.08, Ry(c) = 1.09,
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