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Flavor Changing Charged Current (b — ¢)

o With no concrete direct evidence for New Physics (NP) in the experimental
sector, indirect channels can be a prominent way to look for NP.

o B sector anomalies have hinted at NP presence.
o Experimental values of R(D) and R(D*) in b — clv, transitions exhibit

discrepancies at 1.50° and 2.50, respectively from Standard Model (SM)
predictions !

| Experimental value SM value

R(D) 0.342+0.026  0.298 & 0.004
R(D*) | 0.287+0.012  0.25440.005

where ( o) )
Br(B— DYryp

DY = T

R(D™) Br(B — D™y

o The b — ¢ sector is a well-explored sector.

Thttps://hflav-eos.web.cern.ch /hflav-eos/semi/moriond24 /html/RDsDsstar/RDRDs.html o ¢



Flavor Changing Charged Current (b — u)

o b — wly, sector is not extensively probed for NP. We examine the decay
channel B, — D/{v, in this work.

o LHCb future upgrade is expected to measure these modes with sufficient
accuracy 2.

o Lattice QCD calculations for form factors 3 pertaining to these modes are
also available.

o For b — u transitions, only two decay channels (for £ = 7) are experimentally

observed.
| Experimental value*  Calculated SM value
B —1U, 1.094+0.24 x 107*  0.89+£0.14 x 10~*
B — wTU, <25x107% 1.144+0.18 x 1074

o Does not have sufficient number of observables to constrain NP. Existing
constraints are also not reliable.

2R. Aaij et al. (LHCb Collaboration), arXiv:1808.08865

3Cooper, Laurence J. and Davies, Christine T. H. and Wingate, Matthew, Phys. Rev. D 105,
014503 (2022)

4S. Navas et al. (Particle Data Group), to be published in Phys. Rev. D 110, 030001 {2024)



Introduction and Motivation

Motivation to correlate

o Unreliability on existing constraints motivates us to correlate Wilson
coefficients of b — u to properly observed b — ¢ transitions.

o Model dependent approach can be used to correlate and analyze.

o Here, we explore B, — DT, channel within two Leptoquark Models (U
and 51)
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Theoretical Framework

Effective Hamiltonian

Including NP contributions, the effective Hamiltonian for b — gfv, transitions can
be written as

Her = “FEVip[(1+ Cv, ) Oy, + Cv; Oy + Cs, Os, + O, Os, + Cr O,

where ¢ = u or ¢; Cy, Cyy,, Cs,, Cg, and Cr are the vector, scalar and tensor
Wilson coefficients, and

Ov, = (@v"br)(7y"ver)
Ove = (qrY"br)(TLY"ver)
Os, = (qrbr)(TrVer)
Os, = (qubr)(Trver)
Or = (qro""br)(Tro" Vi)
are the four-fermion operators.
or <& = E T 9ac
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Observables |
o Differential Branching Fraction

dBr G2 |Vip|? m3
—(B — Ply) = L=t Ap(g?)(1— —£)?
dq2 ( - VK) 1927T3M]?§ P(q )( qg ) X
m2 3m
{|1+CVL+CVR|2|:(]‘ 2qg>H12/,0+2 QeHVt:|
+31Cs, + CoaPHE 4 8iCr (1+

2&) 2
+3Re[( +Cy, + CVR)(CSL + CSR)]

WHSHVt
—12Re[(1 + Cv, + Cv,, )CT]—=

HTHVO}
\/q
=] = - = a



Theoretical Framework

Observables Il

where

o) = 228 (a2,
Hyald?) = M%Jq_zM’%ch(q%
mst?) = BN
Hr(¢?) =

2
Mp + Mp fr(a”)
are helicity amplitudes and fy(¢?), f+(¢?) and fr(q?) are the scalar, vector
and tensor form factors.

Also, Ap(¢%) = (Mg — Mp)? — ¢*)((Mp 4+ Mp)? — ¢2).
o & - = DA



Observables IlI

o Lepton Flavor Universality (LFU) Ratio

_ Br(B. — Dtvy)

~ Br(B.— Dly)
o Forward-Backward Asymmetry (Arp)

Arp

1_ a4°r 0 d’r
_ fO dg?dcos 0 dcost — f,1 dq?d cos 0 dcost o bf)(q2)
dr /dg?

~dl'/dg?
where the angular decay distribution with respect to ¢ and 6 is given by
d’r
dq?d cos 6

(B — Plyy) = ap(q?) + by(q*) cos 0 + co(q?) cos? 0,

and by determines the lepton forward-backward asymmetry.

= = T 9ac
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Up = (3,1)/3 leptoquark model |

o Lagrangian® = £ D :CLL iy, U PLL —I—xRRdR’yNU”PRl%

o Couplings in matrix form

e I T
L(R L(R L(R
R e TP T
T PR P
L(R L(R L(R
M A A

o Expanding in the mass basis and assuming rotation in the up-type quark
sector, we have

L = [(M5Via+ NgVis + MV ayuvs + (Mg Vea + M5 Ves +
)\33VCb)CWMZ/T + /\33bL7MTL + )\33bR’YMTR] ut

5Arvind Bhaskar, Diganta Das, Tanumoy Mandal, Subhadip Mitra, and Cyrin NeeraJ Phys
Rev. D 104, 035016 (2022) o = = = DA



Up = (3,1)/3 leptoquark model |

o Only Cy, and Cg, can be generated in U; leptoquark model

1
CVL (MLQ) =

A (M)
202GV M,

1
Csp(prLg) =

) AL OB
V2G Vg, ML271
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Up = (3,1)/3 leptoquark model |

For b — w transition

For b — ¢ transition
V1i)\f’3>\§’3 >zt VZi)‘iLsA%
Cvy (pLq) = 2fGFV13 MZ Cvilurg) = 2\fGFV23 Mg,
1 S ViiAGBA 1 Vai Az
CSR(ILLLQ) V2GVis Ml-_zf1 CSR(uLQ) V2GFVas MIZJI
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S1 = (3,1)1/3 leptoquark model

o Lagrangian® = £ D [giLij(iTg)Lj —|—g§ﬂf€Rj]SI

o Couplings in matrix form

e N T
L(R) _L(R) L(R)
11 12 913
L(R) _ L(R) L(R) L(R)
95 "= ¢ | 921 2 23
L(R) _L(R) _L(R)

t 931 932 933

o Expanding in the mass basis and assuming rotation in the up-type quark
sector, we have

L = {lgh(Viyas + Vied) + gl (Vias + VEE) + ghy (Vi + Vieo)
—ghsbCup, + [gf (Vi + Ve®) + gf (Vias + Vieo)
+oRs (Vi@ + V3e)| 7R }S]

6Ufuk Aydemir, Tanumoy Mandal and Subhadip Mitra, Phys. Rev. D 101,-015011 (2020)» a
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S1 = (3,1)1/3 leptoquark model
For b — wu transition
Cv, (pr@) =

o Only Cy,, Cs, and Cp can be generated in the Sy leptoquark model

3
2fGFV13
Cs,(1LQ)

_1 Viighals
32,

2i—1 V1i9i5935
2v2GFVis M

Cr(prg)

For b — ¢ transition

2

Cv, (kL) =

S1

Cs, (1Lq)

> Viighhoss
2\/>GFV23 2Mg,
_ 1 i Viighhats
CSL ('ULQ) T 2V2GFVes 2M§1
1
Cr(prq) = — 0. (1Lq)
=] = - = a




Theoretical Framework

Renormalization-Group Equations (RGE)

Wilson coefficients at the Leptoquark scale (1) scale are evolved to the y,
using RGE 7

CVL (Ub) 1.12 0 0 0 0 CVL (MLQ)
CVR (Nb) 0 1.07 0 0 0 CVR(,uLQ)
Co,(mp) | =] 0 0 191 0 -038]||Cs,(uro)
Csp (1) 0 0 0 200 0 Csp(1LQ)
CT(/Lb) 0 0 0 0 0.89 CT(/JLQ)

"Syuhei Iguro, Teppei Kitahara, Ryoutaro Watanabe, arXiv:2210.10751 - - DA
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Constraints for the new couplings C;

We use the following observables to constrain the new couplings :
o b — c sector

= R(D), R(D"), PTD* and Br(B. — Tv,)
o b — u sector

= Br(B — 7v,), Br(B — 71v,) and RL
where

Rl Br(B — Tv;)

- Br(B — wly;)
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Observables | Experimental values |
R(D)! 0.342 4+ 0.026
R(D*)! 0.287 +0.012
P 035,77
Br(B. — Tv;) < 30%
Br(B — tv;)* | 1.09+£0.24 x 10~
Br(B — nrv.)* <25x107%
R 0.727 +0.224
Table: Numerical values of observables

8S. Hirose et al. (Belle Collaboration) Phys. Rev. Lett. 118, 21180L - = T wae



o Predicted range for various couplings :

Table: S; Leptoquark
Table: Uy Leptoquark able: Sy Leptoquarl

Couplings Range COlzpths Range
I — gEgl | [-0.193 — 0.083]
AENL, | [1.341 - 0.231] 1395
T\ = gk gk [0.150 — 0.917]
AL [ [0.271 - 0.833] 2305
L L _ 933933 -1.665 — 1.874
AL [ [-1.001 — 1.642 4304
TR = g gk, ~0.095 — 0.170
AL [ [-0.011 — 0.089 1393
LR _ 923933 -0.776 — 0.438
AL AE [ [:0.261 — 0.059 2305 DI04
AR 0321 - 1.972 923933 - -O —— -152
Cy, 2234 — 0.568 _- [o' 05 -0 046]
Cs 20.131 = 0.039 St [-0.011 — 0.046]
" Cr [-0.005 — 0.0012]

m] = = =
Tarun Kumar ICHEP 2024



SM and LQ predictions for Br. Ratio, Arp and LFU Ratio
| Observables | SM
Br(B. — Dtv,)

Arp
R

| Uy | S
(217£034) x 107 | (2.21 —4.93) x 10 °
0.280 0.281 - 0.288
0.759 0.774 - 1.723

|
(219 —-3.02) x 10 °
0.277 - 0.281
0.766 — 1.054
=] = - = a



Wilson coefficients correlation (U7)

Figure: Correlation between Wilson coefficients of b — w and b — ¢ for U; leptoquark
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Wilson coefficients correlation S

Figure: Correlation between Wilson coefficients of b — w and b — ¢ for Sy leptoquark
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Differential Branching Fraction

Figure: g>-dependence of Differential Branching Fraction
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Lepton Flavor Universality Ratio

Figure: g>-dependence of LFU ratio R
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Forward-Backward Asymmetry

Figure: g?-dependence of App
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B, — D7, decay mode is analysed within the SM and in the U; and S
Leptoquark models.

NP couplings are constrained using available experimental measurements in
the b — ¢ and b — u sectors.

Predictions of various observables, such as dBr(B. — Dtv,), R and App in
SM as well as in Uy and S; Leptoquark models are presented.

The observables are found have more sensitivity in the presence of Uy
leptoquark compared to S7 leptoquark.

The LFU ratio can have large deviations from the SM and can be tested
further to substantiate or rule out NP.

App has less sensitivity to the leptoquarks. Arp in presence of Uy
leptoquark show deviations mainly at high ¢2, where scalar coupling plays a
dominating role.

With future LHCb upgrade and precision measurements, these modes can be
measured and tested for any NP sensitivity or constrain NP.

ICHEP 2024



Conclusion
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Conclusion
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Form factor |
Form factors can be parametrized as
Ny,
f@®)=P)~! Z () 5(n,No)
where

n=0
2
2(q7)
parametrization.
For fo

For f,

V@ =V =

Y

and ¢(™ is defined in reference. We use the Bourreley-Caprini-Lellouch (BCL)

~(M,Np) _ n
25 =z
Np,+1—n
glln) — om —n(—l) ! ZN,+1
+ Nn + 1 n+
=] = = E APRN G4



Conclusion

Form factor Il

P(g?) is given as

2 q2
P(Q)Zl—M—2

TES

and for fo and f, the value of M,.., are

mpo+) 5.627 GeV
mpa-) 5.279 GeV

Results are derived from the Lattice QCD model. Details can be found in ¢

9Cooper, Laurence J. and Davies, Christine T. H. and Wingate, Matthew, Phys. Rev. D 105,
014503 (2022) o = = = = DA



Decay Frame

Figure: Angular convention for the process P — P'rviau
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Figure: Variation of Wilson coefficients Cy, vs Cs,, for Uy leptoquark
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Conclusion

S1

Figure: Variation of Wilson coefficients Cy, vs Cs, for S1 leptoquark
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