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Abstract Inrecent years, several deviations from the Stan-
dard Model predictions in semileptonic decays of B-meson
might suggest the existence of new physics which would
break the lepton-flavour universality. In this work, we have
explored the possibility of using muon sneutrinos and right-
handed sbottoms to solve these B-physics anomalies simulta-
neously in R-parity violating minimal supersymmetric stan-
dard model. We find that the photonic penguin induced
by exchanging sneutrino can provide sizable lepton flavour
universal contribution due to the existence of logarithmic
enhancement for the first time. This prompts us to use the
two-parameter scenario (ng , Cg ) to explain b — s£T¢~
anomaly. Finally, the numerical analyses show that the
muon sneutrinos and right-handed sbottoms can explain
b — stt¢~ and R(D™) anomalies simultaneously, and
satisfy the constraints of other related processes, such as
B — K®yp decays, By — BS mixing, Z decays, as well
as D’ - utp=, v — up®, B— v, Dy — v, T — KV,
T — uy,and T — puup decays.

1 Introduction

Recently, several flavour anomalies in semileptonic B-
decays have been reported, which have been attracting great
interest. Among them, the observables Ry« = B(B —
K®utu=)/B(B — K™ete™) in flavour-changing neu-
tral current b — s¢T¢~ (¢ = e, p) transition and the
observables R(D™) = B(B — D™ tv)/B(B — D™¢(v)
in flavour-changing charged current » — ctv transition
are particularly striking. The advantage of considering the
ratios Ry and R(D™) instead of the branching frac-
tions themselves is that, apart from the significant reduction
of the experimental systematic uncertainties, the Cabibbo—
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Kobayashi—-Maskawa (CKM) matrix elements cancel out and
the dependence on the transition form factors become much
weaker. These observables can be good probes to test the
lepton-flavour universality (LFU) held in the Standard Model
(SM).

The latest measurement of Rx by LHCDb collaboration
gives [1,2]

_ +0.060+0.016 2 2
Rg = 0.846T0:000+0.016 11 1 < 42 < 6 GeV?, 1)

but the SM prediction is around 1 with O(1%) uncer-
tainty [3], there is 2.50 discrepancy. Moreover, the measure-
ment of Rg+ by LHCb at low and high ¢2 are [4]

_ fo.661557 £0.03, 0.045 < g% < 1.1GeV?
K* = . (2

0.6970 05 £0.05, 1.1 < ¢? < 6.0GeV?

while the SM predictions are RI:* 1 = 0.906 + 0.028
and R%;}’ﬁo] = 1.00 £ 0.01 [3]. The measurements show
2.10 discrepancy in the low ¢ region and 2.5¢ discrepancy
in the high ¢ region, respectively. The Belle collaboration
also reported their measurements of Ry [5,6], which are
consistent with the SM predictions within their quite large
error bars. In addition to Ry, there are also some other
deviations in b — syt~ transition, such as the angular
observable P! [7-9] of B — K*utu~ decay with 2.60
discrepancy [10-15] and the differential branching fraction
of By — ¢u™ ™ decay with 3.30 discrepancy [16,17].

These deviations indicate the possible existence of new
physics (NP) beyond the SM in b — s£T¢~ transition.
This NP may break LFU. Many recent model-independent
analyses [18—25] show that some scenarios can explain the
b — s€T¢~ anomaly well. To express the fit results, we con-
sider the low-energy effective weak Lagrangian governing
the b — s¢* ¢~ transition
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4G
V2

Lefr = n Y CiOi +He., 3)

where CKM factor n, = V;;,V,5. We mainly concern the
semileptonic operators

2
e _ -

Oy = @(WMPLIJ)(EV“Z), “
er S

O = W(SV;LPLb)(EV ¥s6). &)

where P;, = (1 — y5)/2 is the left-handed chirality projec-
tor. The Wilson coefficients Co 19 = CS’% + Cg{}fo. In this
work, we try to explain the anomaly through a two-parameter
scenario where the total NP effects are given by [26]

cf =cy +cy. o, =-c5, 6)
cf=cg. Y, =0 (7

The global analyses show that this scenario has the largest
pull-value. The best-fit point performed by Ref. [20] is
(Cg’, Cg) = (—0.30, —0.74), with the 20 range being

—0.53 < Gy < —0.10, —1.15 < C§ < —0.25. ®)

As we will see in the following discussion, this scenario can
be implemented naturally in the R-parity violating minimal
supersymmetric standard model (MSSM) [27].

The combined measurements of R(D*) and R(D) are
from BaBar [28,29] and Belle [30,31], and Belle [32,33]
and LHCD [34-36] only give the measurements of R(D*).
After being averaged by the Heavy Flavor Averaging Group
(HFLAV) [37], they give the results as follows [38]

R(D)ayg = 0.340 +0.027 £ 0.013, ©)
R(D*)aye = 0.295 £ 0.011 £ 0.008, (10)

with a correlation of —0.38. Comparing these with the arith-
metic average of the SM predictions [38—42],

R(D)sm = 0.299 +£0.003, R(D*)sm = 0.258 +0.005,

(I

one can see that the difference between experiment and the-
ory is atabout 3.08c, implying the existence of LFU violating
NP in the charged-current B-decays. Global analyses [43—
47] show that the NP contributing to the left-handed operator
(cyu PLb)(Ty" PLv) can solve the R(D™) anomaly. Such
operator can be generated in R-parity violating MSSM by
exchanging the right-handed down type squarks at tree level.

There have been attempts to explain the b — s€1¢~
anomaly [48-52] or R(D™) anomaly [53-57] or both of
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them [58-60] by R-parity violating interactions in the super-
symmetric (SUSY) models. For example, based on the inspi-
ration from the paper by Bauer and Neubert [61], the authors
in Ref. [58] investigated the possibility of using right-handed
down type squarks to explain the b — s¢t¢~ and R(D™)
anomalies simultaneously, and found that this was impossible
due to the severe constraints from B — K *)vi decays. Con-
sidering that the parameter space obtained by using squarks
to explain b — s£* ¢~ anomaly is very small [49,50,58] due
to the strict constraints from other related processes, such as
B — K®vi decays and By — By mixing, the authors in
Ref. [52] used sneutrinos to explain it and found that it is
almost unconstrained by other related processes. Based on
this knowledge, in this work, we will explore the possibility
of using muon sneutrinos v, and right-handed sbottoms b
to explain the b — s€7£~ and R(D™) anomalies simulta-
neously within the context of R-parity violating MSSM.

Our paper is organized as follows. In Sect. 2, we scruti-
nize all the one-loop contributions of terms A}, L; Q j Dy to
b — s€T £~ processes in the framework of R-parity violating
MSSM, and then give our scenario to explain the b — s£+£~
anomaly. Discussions of R(D™)) anomaly and other related
processes are included in Sect. 3. The numerical analyses
and results are shown in Sect. 4. Our conclusions are finally
made in Sect. 5.

2 b — s€*{~ processes in R-parity violating MSSM

The superpotential terms violating R-parity in the MSSM
are [27]

1
Wrpv = w;LiH, + E)»ijkLiLjEli +/\§jkLi Q;D;

1 e
+ SHUE DS D, (12)

where the generation indices are denoted by i, j, k = 1,2, 3
and the colour indices are suppressed. All repeated indices are
assumed to be summed over throughout this paper unless oth-
erwise stated (For example, repeated indices in both numer-
ator and denominator are not automatically summed). H,,
L and Q are SU(2) doublet chiral superfields while E€, D¢
and U¢ are SU (2) singlet chiral superfields.

In this work, we are mainly interested in the terms
A ! «Li Qj D;; which related to both quarks and leptons. This
choice can also alleviate the constraint of sneutrino masses
on the collider, because the lower limit of sneutrino masses
will be as high as TeV scale [62—65] when there are non-zero
A and A" at the same time. The corresponding Lagrangian
can be obtained by the chiral superfields composing of the
fermions and sfermions as follows
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Fig. 1 Box diagrams for b — s wt ™ transition in our scenario. a
Shows an example W — b box diagram, b shows an example W — bg
box diagram, ¢ shows the H + _ bg box diagram, and d shows an

example 42" box diagram
j b R'\MAA<

Fig. 2 Photonic penguin diagrams studied in our scenario

L= )\;jk(DLiC?deLj +dpjdrevei + dy 08 dy

—Ipidgiurj — iirjdrily; — djglsur;) +He.,  (13)

where the sparticles are denoted by “”, and “c” indicates
charge conjugated fields. Working in the mass eigenstates
for the down type quarks and assuming sfermions are in their
mass eigenstates, one replaces uy,; by (VTuL)j in Eq. (13).

These R-parity violating interactions can induce b —
s€1¢~ processes by exchanging left-handed up squarks i,
at tree level, but resulting in the operators with right-handed
quark current, which are unable to explain the b — s¢* £~
anomaly. This unwanted effect can be eliminated by assum-
ing that the masses of iz are very large or/and by assum-
ing that )‘;jZ = 0. Assuming that )‘;j2 = 0 also forbids
the exchange of ] 1; or/and JL j in one loop level to affect
the b — s£7 ¢~ processes.! In the following discussion, we
should assume that 1}, = A;;, = 0.

Next, we will show the contributions of R-parity vio-
lating MSSM to b — s£7¢~ processes. All the Feynman
dlagrams include four W — b box diagrams (Fig. 1a) five
W —b g box diagrams (one of which is Goldstone— bR box
diagram) (Fig. 1b), one H* — bR box diagram (Fig. 1c),
two 41" box diagrams (Fig. 1d) and two y-penguin dia-
grams (Fig. 2). Most of these results can be found in

! In this work, we don’t consider contributions only from R-parity
conserving MSSM, because these contributions can be ignored numer-
ically [66].

Refs. [49,50,52,58], however, to our knowledge, the results
of the diagram induced by exchanging charged Higgs H*
and right-handed sbottom bg in loop are the first to be given
in this paper. The photonic penguin diagrams, which have
been neglected in previous work, play an important role in
our discussion, as we will explain in more detail later. We
do not find sizable Z-penguin contributions to b — s€*£~
processes. In this work, the contributions of y/Z-penguin
diagrams always include their supersymmetric counterparts
unless otherwise specified. For convenience, the following
Passarino—Veltman functions [67] Dy and D, are defined as

Dolm7, m3, m3, mj]
d*k 1
Qm)* (k2 — m?) (k2 — m3) (k2 — m3) (k2 — m?)

B i [ m% log(m%)
672 [ = ) — o = )

+ (my < mp) + (my < m3) + (m; < m4)], (14)
Dz[m%, m% m% mZ]
d*k k2
Q@m)* (k2 — m} (k2 — m3) (k2 —

m3) (k% —m?)
o [ m}log(m?)
— o 16n? [ (m} — m3)(m} — m3)(m3 — m3)

+ (my < mp) + (m < m3) + (m <—>m4)]. (15)

The contributions of box diagram are listed below. We
eliminate the contributions of all box diagrams to b —
sete™ processes by assuming )‘/1]'3 =0.

e The contributions of W — b box diagramtob — st~
processes are given by

V(W) —im?
T V2Grsin? oy
x (MoisAa Vi Do, m2, 2 ]
= Mai3haj3Vin Vi Da[m, ’méu ’ méLj’ my)
+ M33ha Vi Dalmiy, 3 m  mi]
— Myy3hhy Dalm?, m%u, m%ﬂ,mi]), (16)

where the winos engage these interactions with left-hand
up type squarks and muon sneutrinos. The last term plays
an important role in numerical analysis [52].

@ Springer
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e The contributions of W —bg box diagramtob — st~
processes are given by

von ___ —imt
? ﬁGF sin2 ant
X (5‘/21‘3)»/2*23 Visz[ng ,mi ., myy, 0]

35 2 2

+X233A2,3 Dz[m o ﬁ,mW,O]
2.2
Lok Vo, VE “im”j
+ Az VinVig———
m
W
x Dolm2 m?  m?  miy1), (17)

where A k= =1} kV* The right-hand sbottom bg is the
only NP partlcle here In the limit m; b > Mi, One has

2
Cy ™) = |34 [49,50,61] which is obviously
R

positive.
e The contributions of H* — by box diagram to b —
st~ processes are given by
2 2 .2
—in ‘/[;,V]fk 213)‘/2*]3 My My
«/EGF sin2 Oy tan2 Bn: m%v

2 2 2 2
x Dolmys, my,, my . my 1, (18)

+
CV(H )

which should be considered in the following numerical
analysis. The tan 8 = v, /vy where v, and vy are the
vacuum expectation values of two Higgs doublets respec-
tively.

e The contributions of 41" box diagram to b — su™u™
processes are given by

Cv<4x) —imhizshin (I):/ PDy[m2 m2  m2 0]
4v2G pan, 2730 F2 g M My
+ (s PDalmid, ik mE mi]).(19)

The contributions of photonic penguin diagrams are lepton
flavour universal which naturally gives us a nonzero Céj

2
cV — V2 [ 1 _ f—i—log ny
? T 36Grn, Lom? 3 m2

R i

L] (20)
m? |

Vi

As stated in Ref. [52], this result is consistent with that in
Ref. [68], but it has a negative sign different from that in
Ref. [50]. The first term in Eq. (20) comes from the con-
tribution of Fig. 2b, like the photonic penguin induced by

@ Springer

scalar leptoquark. We find this term gives a negligible con-
tribution, which is in agreement with Refs. [61,69]. How-
ever the second term in Eq. (20) has a significant con-
tribution because of the logarithmic enhancement, which
has never been addressed before. These photonic penguins
also contribute new electromagnetic dipole operator O7 =
M (50%P Prb) Fop, which is strictly constrained by B —
X,y decay [9]. Fortunately, we find that the corresponding
contribution can be ignored numerically because there such
logarithmic enhancement is absent [50,52,68].

We will discuss the possibility of using muon sneutrinos
vV, and right-handed sbottoms bg to explain b — stte~
anomaly, for which we set the mass of tau sneutrinos v; and
three left-handed up type squarks #; sufficiently large that
the contributions of the loop diagrams containing them are
ignored.> The contribution from H* — bg box diagram is
usually positive, and we find that it is numerically negligi-
ble when tan § > 2. Thus, the contributions to only muon
channel are

2
oV V2, 223f(xvu) 2233 %5,
? 32G F sin? Owntmﬁ 6o
n
5525 2 5 2
A;33A7§3 [|/\’213| +1Ag03]" = [A33 f(”’%)]
64\/§nGpom,m12; '
R
(21)
where x;, = m%ﬂ/m Xp, = mt/m~ and the loop func-

tion f(x) = —x“a{*;)‘;g").

3 R(D™) anomaly and other constraints

In this section, we discuss the interpretation of R(D®™)
anomaly and consider the constraints imposed by other
related processes from B, D, K, 7, and Z decays.

3.1 R(D™) anomaly

In R-parity violating MSSM, the charged current processes
dj — uylyv; are induced by exchanging b at tree level. The
effective Lagrangian of these processes are given by

F _ -
Vi (81i + Crjii)itnyu Prd;liy" PLv; +Hee.,

4G
Letr = A

(22)

2 In our numerical analysis, we find that the contribution of the loop
diagrams containing V. is numerically negligible when the mass of v; is
a few TeV or larger. The same conclusion is true for i1; where the mass
of ity is a few 10 TeV or larger. Here, we consider that m;, < my,_,
which can be achieved, for example, by setting the hierarchy of neutrino
Yukawas Y,, < Y,, in the uvSSM [70].
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where the Wilson coefficient Cy,j; is

’ 1%
)”1/3)‘ln3

_ (23)
4\/_GF anm%
bg

Cujii =

Because taking A/ 3= = 0 to eliminate the contributions of

box diagrams to b — sete™ processes,’
Cpjin = 0. Itis useful to define the ratio

we have Cyj1; =

3
B(dj — unljv) 2
R, = = S1i + Cuitil”, 24
njl B(d, N unllV)SM ;’ i + njli (24)
and we have
R(D) _ R(DY) _ 2Ry 03)
R(D)sm R(D*sm  Rop+1°

To obtain the allowed parameter region, we use the following
best fit value in the R-parity violating scenario

R(D)
R(D)sm

R(D*)
R(D*)sm

= 1.14 £ 0.04. (26)

3.2 Constraints from the tree-level processes

In the scenario we set up, some other processes receive tree
level R-parity violating contributions. Here we mainly dis-
cuss the constraints from neutral current processes B —
K®vo, B - nvi, K — nvp, D — ptp~ and
v — up®, as well as charged current processes B — tv,
Dy — tvand © — Kv. These decays relate to

)”;j3)“;*m3

2m %
br

’oy
)”113)”11413

dmy" Prd vy, PLvi, (27)

2 Umy PLu]lly/,LPLlls (28)
b

)\’/ A,/*
i3%Im3 - T
- %umy Prd;liy, PLv;. (29)

bR

The effective Lagrangian for B — K®vi, B — mwvb
and K — mvv decays are defined by

Letr = (Co)'81i + C ") (dy" PLd) (Bryu PLvi) + Hee.,
(30)

3 In fact, by combining the assumptions M 3= = 0and A i = =1 i =
0, we can get A}, = 0, which implies that the contribution of box
diagrams of NP to the first generation leptons and sleptons is zero,
because we only consider the terms 4}, L; Q; Dy

where [71]
2GraX
csm _ _Y2GraX () raX )y v (31)
7T 8in“ Ow
is the SM one. The loop function X (x;) = )“8’((;’_*12)) +
3y (X —

8x— 1)2 ) log(x;) with x; = m?/m3,. The R-parity violating
contributions are given by

B )\ )\/*
C;llu, _ ij3 lm3. (32)
4 2m?2
bg
It is useful to define the ratio
RV — Bd; — dyvv)
" B(dj —> di\_J)SM
l | ‘CSM + CV,U, + Z;;&[ ’Cwu,
= . (33)
SM
3 ‘cmj

The upper limit of B — K ® v decay corresponds to R23 <
2.7[71-73] at 90% confidence level (CL), and the upper limit
of B — mvv decay is related to R}’;’ < 830.5[74,75] at 90%
CL. By combining the SM prediction B(K+ — 7 tvd)gmy =
(9.24 +0.83) x 10711 [76] with experimental measurement
B(Kt — mtvb)exp = (1.7 £ 1.1) x 10719 [77], we obtain
a stringent constraint from K — mvv decay that makes

ol < 7.4 x 10740y, /1 TeV)2. (34)

Therefore, we will assume A/, = 0 to satisfy this constraint.
At the same time, under this assumption, B — mvv decay
is unaffected by the NP.

The branching fraction for D° — ™ decay is given
by [58]

2
2 2 |3 3 2

B(D® = utu) = ™o fpmpmy, )‘/223);/2*13 _ dmy Ty
327 2ms m

br D

35)

where decay constant of DY is fp =209.0+2.4 MeV [78].
The mean life Tp = 410.1 £ 1.5 fs [77] and the upper limit
of branching fraction of D — p*u~ decay is 6.2 x 10~
at 90% CL [77]. The corresponding constraint is |)J223|2 <
0.31(mj, /1 TeV)?.

The branching fraction for t — up® decay is given
by [79]

2
)\'/ )\,/*
3137213

Tffpm (l B
br

3

B > wo’) = 1287 | 2m?2

HEKS
S~—

@ Springer
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2 4
x(l—i—m—g— m—f:), (36)
m‘L’ m‘L’
where 7; = 290.3 & 0.5 fs and the decay constant f, =
153 MeV [50]. The current experimental upper limit on
the branching fraction for this process is B(t — up?) <
1.2 x 1078 at 90% CL [77]. The corresponding constraint is

|A5034553] < 0.38(mj;, /1 TeV)?.
The formulas for charged current processes are given,
respectively, by

B(B — 1v) _R 37)
—B(B v 133,
B(D; — 1Vv)
— = Ry3, 38
B(Ds — tv)sm 2 %)
B(t — Kv)
— = Ry23. 39
B(t — Kv)sm 123 (39

The corresponding experimental and theoretical values are
listed, respectively, as follows: B(B — Tv)exp = (1.09 &+
0.24) x 107* [77], B(B — tv)sm = (9.47 + 1.82) x
T 801; B(Dy — tv)exp = (5.4840.23)%[77], B(Dy —
Tv)sm = (5.40£0.30)%; B(t — Kv)exp = (6.96+0.10) x
1073 [77], B(x — Kv)sm = (7.15 £ 0.026) x 1073 [56].

3.3 Constraints from the loop-level processes

First of all, the most important one-loop constraint comes
from By — By mixing, which is governed by

Lot = (C3 + CRV) Gy PLb)y" PLb) + Hec., (40)

where the SM and NP Wilson coefficients are given respec-
tively by

1
M = —mcim%vn,zs(x[), (41)
1 [hgarA3)? (Mhashhhs)?
CNP — i337%i23 2337223 , 42
By 128712[ m% L— (42)
bg Vi

where loop function S (x;) = = (1(; E(i;x )+3x’ log(x’) .At20

level, the UT fit collaboration [81] gives the bound 093 <
11+ CRP/C3M| < 1.29.

Next, we investigate a series of Z decaying to two charged
leptons with the same flavour like Z — pu(rt) and the
different one like Z — ut. The amplitude of these diagrams
isiM = lmB,]G ig; Ya Prve; [50], where Bjj =
B}, + B} and [50,82]

2z 4

@ Springer

2 ..
1 0
x (log £ —im — 2 ) + =0 43)
m2 3 9
br
2
+ 2| (11=10sin2 0y)+(6—8 sin Oy ) log x7
5 W sin” Ow) 0g X,
18 By
1 ) mzz
+ — (=9 + 16sin? ) —Z |1, (44)
10 mt2

here Bilj is the contribution from the diagram induced by
exchanging bg —u —u or bg —c—c in triangular loop and Bl.zj
is the contribution from the diagram induced by exchanging
br — t — t in triangular loop. As shown in Ref. [50], for
Z — uu(rt),demanding the interference term in the partial
width between the SM tree-level contribution and the NP one-
loop level ones is less than twice the experimental uncertainty
on the partial width [77], there are the bounds |R(B22)| <
0.32 and |N(B33)| < 0.39 [50]. And the experimental upper
limit B(Z — pt) < 1.2 x 107> [77] makes the bound
VB3> + | B32|? < 2.1 [50].

Finally, we discuss the lepton-flavour violating decay of
T lepton, including T — wy and T — ppuw. In the limit
mi/m% — 0, the branching fraction for T — uy is given
by [68,83,84]

B(t — py) = (45)

where the effective couplings Aé R
ton penguin diagrams [68],

come from on shell pho-

)\’/ A,/*
237353 AR . (46)

AL = 2P
2 64772m>
bg

[\
|

The current experimental upper limitis B(t — py) < 4.4 x
10~8 at 90% CL [77].

In general, the effective Lagrangian leading to t — uup
decay is given by [83,84]

By _ _ By _ _
Lefr = —7(ry Prp)(ayy PRiY) — 7(17/ Pru)(yy PLiv)

+ C1(TPr) (L Prit) + Co(T PLp) (a PL )
+ G1(Ty" Pri)(iyy Priv) + Go(Ty" PLin)(fLyy PLit)
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_ q" _
— AR(T[Yu, )/u]?PRM)(H«VMM)

v

— ALY, Vu];%PLM)(M“M) +H.c.. 47

This Lagrangian leads to [83,84]

remS
6144m3
C 2 C 2 2
+—| 7+ 1G] +32 4log&—ll
2 leL
N(ALGS + ARG N(ALBT + ArB}
64(L2+R1)+32(L1+R2):|‘

me meq

Bt — 3u) =

[|Bl|2 +1B2* +8(1G1 1> + G2 %)

2
T

) |ARI® + AL

m

(48)

In our scenario, there are three different types of contribu-
tions, the photonic and Z penguins as well as box diagrams
with four A’ couplings, that can contribute to T — puu
decay. The nonzero Wilson coefficients are [50,68]

By = —2(4ma Al +sin’ 0y B'), (49)
Gy =4naAl + (—% + sin? QW)B’ + C., (50)
Ap =2mam, AL, (51)
where

B — _3a)‘,233)"§*33xl;1q(1 + logxI;R) (52)
87 cos? Oy sin? Oym?

i "u

I~ mry o~ o~ 5 ) 5 5
Cr = Z’\/zisf\ztak/zjﬁ»i‘}aDz[ml;R,m};R,m oy 1, (53)

and the off-shell effective coupling A{‘ is [68]

Maris Tl 2[4 m2
AL = 2837383 ) 2 (24 Yy 54
P Terzm? 18 3\3 7 8,2 >4)
bg br

The current experimental upper limit on the branching frac-
tion for this decay is B(t — pup) < 2.1 x 1078 at 90%
CL [77].

4 Numerical results and discussions

In this section, we discuss how to interpret both b — s¢* ¢~
and R(D™) anomalies and satisfy all these potential con-
straints simultaneously. The relevant model parameters in
our scenario are the wino mass my, the mass of muon sneu-
trino g, the mass of right-handed sbottom m bp> 38 well
as four nonzero couplings A}, M35, A5y, and A%, We set
my, = 250 GeV. It can be seen from Ref. [52] that a posi-
tive product Aj;31555 is needed to explain the b — s¢F¢~

anomaly mainly through muon sneutrinos (the C 9V part). Both
A3,5 and )»’331 are positive to help solve R(D™) anomaly by
exchanging bg at tree level [56]. The combination of the
choice of above couplings will naturally produce a negative
Cg , which is in line with the conclusion of the global anal-
ysis [20]. Our numerical results are shown in Fig. 3. These
results show that it is possible to explain b — s€7£~ and
R(D™) anomalies simultaneously at 20" level.* The regions
of NP parameters that can solve B-physics anomalies are
most constrained by B — K™ vi decays, By — Bs mixing
and Z decays. In addition, the T — pupu decay can provide
a weak constraint. We find that other related processes, such
as D’ — utpu~, v — up®, B— v, Dy — v, T > KV,
and T — puy decays, do not provide available constraints.

We show in Fig. 3a, b the allowed regions in the planes of
coupling parameters (A333, A333) and (X)y5, A%,3) respec-
tively when other parameters are fixed. These two subfig-
ures show that in order to explain the B-physics anoma-
lies, the coupling parameters need to satisfy the relation
My > May > A3 = Ay, and the required 1),, and
A,y are very small. Therefore, the next four subfigures in
Fig. 3 mainly discuss the relationships between the coupling
parameters A333 and A)35 and the masses m; and m;, . From
Fig. 3a, we can see that A3, is more constrained by R(D™),
B — K™y and Z decays, but less affected by b — s¢+¢~
processes and Bs — B mixing. On the contrary, A3 1s greatly
constrained by b — sete~ processes and Bs — B, mix-
ing, but has little influence on R(D™), B — K®yvi and Z
decays. As shown in Fig. 3c, after the variable parameter m b
is added, the constraints of 135 from R(D®), B — K®vp
and Z decays will be relaxed a lot. The parameters A5, and
mj are highly correlated. Because we choose a smaller mass
of muon sneutrino, the By — By mixing is more sensitive to
my, than to m e’ which can be seen by comparing Fig. 3d
with Fig. 3f. All subfigures contain parameter spaces (marked
in purple) that can resolve b — s€+£~ and R(D™) anoma-
lies, and satisfy the constraints from other related processes
simultaneously.

5 Conclusions

The recent measurements on semileptonic decays of B-
meson suggest the existence of NP which breaks the LFU.
Among them, the observables Ry and PS/ inb —> stte~
processes and the R(D™) in B — D™ tv decays are more
striking. They are collectively called B-physics anomalies.

4 In order to consider the constraints from B — K®vi, T — uy and
T — pup decays at 2o level, we get the experimental bounds (assum-
ing the uncertainties follow the Gaussian distribution [85]) R‘z’g’ < 3.3,
B(t — py) <54 x 1078 and B(r — pupp) < 2.6 x 1078, respec-
tively.
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Fig. 3 Numerical analysis in which b — s¢*t¢~ and R(D™) anoma-
lies are solved and other constraints are satisfied. The masses m;; = and
mg, are given in units of GeV. The 20 favored regions from the b —

s£1¢~ and R(D™) measurements are shown in blue and green, respec-

In this work, we have explored the possibility of using muon
sneutrinos 7, and right-handed sbottoms b to solve these
B-physics anomalies simultaneously in R-parity violating
MSSM.

To explain the anomalies in b — s£1£~ processes, we
use a two-parameter scenario, where the total Wilson coeffi-
cients of NP are divided into two parts, one is the CS’ (Noting

C %Pu = —Cg’ ) that only contributes the muon channel and

the other is the Cg that contributes both the electron and the
muon channels. First, we scrutinize all the one-loop contri-
butions of the superpotential terms A ] (LiQ;Dj tothe b —
s€T ¢~ processes under the assumptions A = Al j2=0and
)Jl 3= 0. We find that the contribution from the H* — ER
box diagram (Fig. 1¢) is missed in the literature, this contri-
bution is usually positive, and we find that it is numerically
negligible when tan 8 > 2. The photonic penguin induced by
exchanging sneutrino can provide important contribution due
to the existence of logarithmic enhancement, which has never

@ Springer

mg,

R

tively. The hatched areas filled with black-vertical, black-horizontal,
red-horizontal, and red-vertical lines are excluded by B — K ®yp
decays, By — By mixing, Z decays, and T — puu decay, respectively.
The overlaps are marked in purple

been addressed before. This contribution is lepton flavour
universal due to the SM photon, so it is natural to contribute
a nonzero Cg .

Global analyses show that the sizable magnitude of C;’
is needed to explain b — s£7¢~ anomaly. However, Cg’
in the scenario with nonzero Cg is smaller than the one
in the scenario without Cg . With the addition of the latest
measurements from the Belle collaboration, the world aver-
ages of R(D™) are closer to the predicted values of the SM.
These changes make it possible to use v, and b to explain
b — stt¢= and R(D™) anomalies, simultaneously. We
also consider the constraints of other related processes in our
scenario. The strongest constraints come from B — K ®)vi
decays, By — B, mixing, and the processes of Z decays.
Besides, 7 — puu decay can provide a few constraints. The
other decays, such as DY — utp=, r — /1,,00, B — 1v,
Dy — tv, 7 — Kv,and T — uy, do not provide available
constraints.
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