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@ Measurements on b hadron decays show an interesting avenue for
the Standard Model and beyond it.

@ The deviations are present in the quark level transitions,
particularly in
o b— sll: BR(Bs — ¢up) ~ 3.30, P5(B — K*up) ~ 3.30
o b— svp: BR (B — Ktvp) ~ 280
o b— clv: Ry ~20, Ry ~20, PP FP ~(1.5—2)0
e Probing the b—baryon decays offers valuable insights into the
weak interaction and the underlying dynamics.
o In this regard, we investigate semileptonic b baryon decay modes
such as =y, — =.7 Uy and Xp — Eg*)T_DT.
e W adopt the SMEFT framework, assuming that the scale of new
physics exceeds the electroweak scale and that no additional light
particles exist below this scale.
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Theoretical Framework
LEFT: Physics below EW scale

e For b — clv transition, we employ the following weak effective
Hamiltonian as

4G
Mo = HIY + —=Var »_ CiOl + hec., (1)

V2 e

where Vi,: CKM matrix element,

Gp: Fermi constant,
I: lepton flavors (I = e, u, 7).
@ The C; and (’)ﬁ are the Wilson coefficients and the local effective
operators, respectively.

@ The relevant 4-fermion operators are as follows,

Oi/L = (ELP)/MbL)(l_LPY,uVlL)y O%/R = (ER’Y”I)R)(ZL’Y#I/ZL), (2)
0%, = (erbr)(lrmr) , 0%, = (@Lbr)(lrviL), (3)
04 = (ero"br)(lrowniL) - (4)
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o Similarly, the effective Hamiltonian governing both b — svv and
b — s{T ¢~ decays can be written as

e,
Hepp = — \/_FthV;‘; T ZC O; +hee. (5)

e b— suu:
The effective operators O; (where i = L, R) are

Or = (37, PLb) (v (1 = 45)v), Ogr = (57, Prb) (77" (1 — 75)v),
(6)
where C, and Cg are the associated Wilson coefficients.
e b— sle:
The relevant effective operators are expressed as follows
0 = (59 Purb) (7)), O = (9 Pumb) (v sl (1)

with C'g(,’) and C:EQ, the vector and axial-vector couplings, respectively.
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SMEFT: Physics above EW scale

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

Ci Ci Ccy
Lsmprr = Lsm+ D 2@t > (F,Qi—i-ré@z)- (8)

Qi=Q] Qi#Q!

@ The relevant operators are provided below,
QLY = Gmoal )@ 0% a),  Quedq = Ther)(dsars)
QY = Feepn@u),  QF, = Bower)esu(@do" )
QG = (@'iDgO)@poar ar),  Qoua = ($1iDud) (apy"dy).

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

modified

Cv, = XZ &S(Cé,‘;’)””—cf;m), Cvp = 2A2V —2__c%,,

Cs, = 2";; “;cs P CSR:_%% iz

Cr = —%CESQZ”. @
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Measurements used in our analysis

Observables Expt. Value Deviation

Rp 0.357 £0.029 £ 0.014 1.98¢0

Rp+ 0.284 £0.010 £ 0.012 2.150

Ry 0.284 £0.010 £ 0.012 ~20

P, (D*) —0.38 £ 0.5170 75 ~1.50

Fr(D*) 0.60 + 0.08 £ 0.04 ~1.60

B(B — Ktvi) (244+0.7) x 107° ~2.80
B(BY - K*%vp) 2.3 x107° —
B(Bs — 7777) 6.8 x 1073 -
B(B— K*trtr7) 1.31 x 1073 —

Table: Experimental results of various b — ¢rv,, b — svv and b — s7T

observables.
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Constraint on SMEFT couplings

2.5
0.6l 200
1.5 -
_ o4 ~ =
0.2}
0.5 -
0.0F - 00f -
-0.2 OO T N o H H H -0.5 : ;
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 -0.5 0.0 0.5 1.0 1.5 -0.10 -0.05 0.00 0.05 0.10
€1 [ci1=-1cga]
2.5 T 2 T T
2,00,

[Ciedql

0.8

1.5f---

1.0f---

0.5

0.0

-0.5 -

.0 i i i
-0.10 -0.05 0.00 0.05 0.10
CH]

-0.04 -0.02 0.00 0.02 0.04
ICid1=-1C0)

[GHW]

[Ceda]

Figure: Allowed region with best-fit value for different combinations of WCs
from b — cTv, process.
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Best-fit values

@ We perform the naive chi-square analysis and is given as

2
(oTh(CNP)_OExP>

2 __
X - 7 (AO?KP)Z—‘,-(AOI.SM)Q .
SMEFT couplings b— crrr b— st b— svv
P,y (0.572, 0.587) | (-0.49, -0.078) | (0.08, 0.084)
D =-c cl)) | (:0.007,-0.004) — —
cD.c) (-0.014, -0.0038) — —

3 3
(Cl(q) = _Oéq) ) Cledq)

(-0.0051, -0.033)

(C, Cleaq)

(-0.0102, -0.033)

1
(C1) ., Creaq)

(1.290, 0.650)

Table: Best-fit values corresponding to different 2D scenarios.

Manas Kum:

ar Mohapatra

Flavour Pt




Analysis of B, — Bé*)ﬁu processes

@ Differential decay rate:
dr _ 8N (, mi\?
dg? 3 7

@ Forward-backward asymmetry:

SO =) )deos 055
A%‘B(q2) = ( )dI‘ ‘1 (11)

dq?

3ml

V&

31+m132+ 33-1-

64] , (10)

@ Longitudinal Polarization of charged lepton:

1, 2y dl"(+)/dq2 - dl"(—)/dqQ
PAT) = G5 Jag = ar (@) fag? (12)

@ Lepton non-universal observable:

dl—\Bb%Bf(:*)‘ru/dq2

R, = o)
dI’Bo— B¢ e/u)r//dq2
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Complete picture of ¢>-dependency of the decay
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Figure: ¢-dependency of differential decay rate and lepton non-universality
of E, — Eclv (left panel), ¥, — X.fv (middle panel) and X, — X} 0v (right
panel)
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Complete picture of ¢>-dependency of the decay

observables
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Figure: ¢*>-dependency of forward-backward asymmetry and polarisation
asymmetry of =, — ZE.lv (left panel), 3, — X.fv (middle panel) and
¥y — Xl (right panel)
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Conclusions

@ Analyzed the baryonic B, — Bé*)&/ decay modes in the SM and
SMEFT formalism.

e Employed the naive x? analysis to constraint the SMEFT Wilson
coefficients.

e Utilizing the best-fit outcomes, we analyzed the decay observables
such as differential decay rate, forward-backward asymmetry,
polarisation asymmetry and the lepton non-universal observables.

@ The presence of (Cz(el q)u, Cleaq) WCs allows significant deviations

in the observables of the decay observables of B, — Bg*)&/
processes.

e b— stt7~ and b — sy can be act as complementary observable
to constrain b — cTv, process.

Manas Kumar Mohapatra Flavour P



Thank You
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