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Introduction

The Standard Model (SM) is
o A gauge theory of 3 interactions excluding gravity.
e Gauge group: SU(3)c x SU(2)r x U(1)y.
o With the Higgs discovery in 2012, it provides a quite successful
theory.
o Despite spectacular success, it fails to explain:
@ Why 3 generations of quarks and leptons.
@ Hierarchy problem.

© Dark matter and dark energy.
© Matter antimatter asymmetry.
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@ Several measurements on b hadron decay observables disagreed
with SM prediction.

@ These deviations have been seen particularly in decay mediated
by b — s¢t¢~, b — svv and b — cT V5.

e Rp, Rp~ and R,y deviates from SM .

o Thus investigating semileptonic b baryon decay modes
By — 2.7 Uy and Xp — E((;*)T_ET is well motivated.

o Motivated by the interplay between the LEFT and SMEFT

operators at the electroweak scale, we study the interrelation
among the transitions b — crv,, b — svv and b — sTH77.
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LEFT description

o For b — clv transition we employ the following weak effective
Hamiltonian:

Hesr

4G
=N 4+ =Ly,

5 Ve Y CiOi+hec
where O are local effective operators, C

il
lepton flavor (I = e, y,7)

are WCs , V,, is the
Oy) = (ELy"br) (Lyum)
ol -

(1)
@
3
CKM matrix element, G is the Fermi constant, and l represents the
T).
) _ (-
(¢rbr)(lrviL)
O(l)

OV = (Ery"or)(IvumL)

oy

R
(cro"br)(IrowiL) -

(2)
(eLbr)(ruiL)

3)
(4)
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4GF
Hepy =

Continued...

o Low energy, effective Hamiltonian governing both b — svv and
b — s{T £~ decays can be written as:

N AGCET 16 5 Zc Oi +he,
The sum ¢ = L, R comprises the operators Oy r with the
corresponding WCs C', p contributing to b — svv decays

(5)

Or = (57 PLb) (77" (1 = 75)v)

Or = (57, Prb) (77" (1 = 75)v). (6)
For i = 9¢),10"), the sum comprises the operators Og) 1o¢) with the
O = (59, PLmb) (Iy"1),

corresponding WCs Cy) 19¢» that contribute to b — s£T £~ decays

ol = (37 Pr(m)b) (17" y51)
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Interplay between b — clvy, b — stt¢~ and b — svw

process in SMEFT

o SMEFT effective Lagrangian at mass dimension six given as
follows:

i ci . cr
Lovprr = Lo+ Y 2@t > (PQi + FQI) ;o (8
Qi=@] Qi#Q]

where,

Q(S) (p’Yuda (@ o), Qlequ(l_f;er)(qutj)
Qlequ = (Uer)ejn(qiue), Qz(z);u = (Bouver)en(@io™ uy)
Q%) = (@D @oar ), QL = (pyule) (@7 ar)
Q%) = (0'iD,40)(G7"0),  Qoua = (811D,u0) (T dy).

2 arXiv:2306.09401
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Analysis in SMEFT formalism

@ In the presence of dimension six SMEFT operators, the WCs get

modified
O _ Va0 [o@] . Vad ¥ o) 0) 1
G =y, A2 [Clq ] Ty, AT [C ] O =gy A2 [C¢“d] > )
2
o _ L v A 0} Vua v?
U5 = Tav, A [Oleq“} ’ Csn = =3y, 77 (Cleaal”
(10)
2
w_ 1 vrae ]t
A (1)
Co = CM +¢ ) 5( —(cz
1
ClO = ClSé\/I _Et(ﬂ) E( ) +CZ
oy = oM yE) - e“+cz
Cp = ¢u+7z. (12)
3
3 Ref. JHEP, vol. 02, p. 184, 2015. o <@ = ® =z 9ace
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SM and experimental value of observables

Observables SM Values Expt. Value
Rp 0.299 + 0.003 0.357 £ 0.029 £ 0.014
Rp- 0.254 + 0.005 0.284 £ 0.010 £ 0.012
P, (D*) —0.497 £0.013 —0.38 £0.5177 75
Fr.(D%) 0.457 £ 0.010 0.60 & 0.08 £ 0.04
R(A.) 0.3328 £ 0.01 0.3379
B(B — KTvu) (4.434+0.31) x 10°© 5.5 x 10~°
B(BY — K*%vp) (9.47 4+ 1.40) x 1076 2.3 x107°
B(Bs — 1F77) (7.73£0.49) x 10~ 7 6.8 x 1073
B(B— K*trtr™) (1.42+0.2) x 10~7 1.31 x 1073

Table: Experimental and SM values of various b — ¢7v,, b — svv and
b — st7T7~ observable.
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Parameter space for SMEFT couplings from
— CTV, process

b
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Figure: Parameter space for different combinations of WCs from b — c1v-
process.
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Complementary constraints

Ical
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Figure: Complementary constraints from b — svv (Left) and b — st 7~
(Right) Process
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1D and 2D Scenarios

12 /20

Constraints b— ety b— st b — sup
o) = - 0.0497 -0.298 -0.149
) -0.0995 -0.456 -0.092
o -0.138 —
D, c) (0.38,0.49) | (-0.49, -0.078) | (0.08, 0.084)
) =-cP.cl) )| (0149, 1.96) —
cD.ci) (-0.11, -0.0019) — —

(-0.0433, -0.21)

3
(CLY, Creaq)

(-0.086, -0.21)

1
(Cl(egu’ CZEdq)

(0.348, -1.819)

Table: Fit parameters corresponding to different 1d and 2d scenarios.
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Interpretation of B, — B

oy decay

@ Two fold angular distribution for B, — Bg*)&/ including NP given as:
_ ) -

d’T m? 2 my 4

o Differential decay rate for B, — B oy given as:
2\ 2 [

() (s gt e Ta] L )

P 3 q i V&

@ Similarly ratio of branching fractions R _.)(¢*), forward-backward

BC
asymmetry A%, (¢®) , polarization fraction of the charged lepton
P,(¢%) defined as follows:

(f_ fo )dcos@m ‘

dr
dg?

(B, — B v

) 1
I'(B, — B iv)’
)
)

FB

(@) =

Ry (¢*) =

dq*
dg?

dl'(+)/dg* — dT'(~

PO = T yag + (15)

/
/

4
4For detailed expression and form factors refer. EPJC/(2023)83:136-
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Interpretation using complementary constraints
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Conclusions

e By, —~ B((;*)él/ decay modes are analyzed within the SM and
SMEFT scenario.

o We employ a least square method to impose constraints. The
numerical results for the SMEFT Wilson coefficients obtained
from x? are given in the table.

o Utilizing these outcomes as input we reevaluate predictions for
the pertinent observables, and visually depict them in various
figures.

@ The presence of o ,C’é?;) and C,gl) WCs modified the SM

Lq equ
prediction significantly.

e b— s7T7~ and b — svi can be act as complementary observable
to constarin b — sTv, process.
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Thank You.
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