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First observed by the CDF Collaboration at Fermilab.

Only known heavy meson consisting of two heavy quarks: bottom (b)
and charm (c) of different flavors and charges.

Accessible kinematic range is broader in the decays of B. meson: decay
viab — (u,d,c,s) and ¢ — (u,d, s) transition decays.
Provide complimentary decay channels to similar decays in the other B

mesons and the possibility to extract the CKM parameter V,; as well.

The lifetime of B. meson put severe constraint on scalar new physics
couplings.
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Effective Hamiltonian

® The most general effective Hamiltonian responsible for b — ur

transition:
Hog = 20y, (61 + VL) O + VRO + 5,05 + SrO%. + TO 1
eff—ﬁcb ir + Vi) Oy, + VROy, + 5105, + SrOs, +TOr|, (1)
where the six-dimensional effective operators are
Oy, = (@) (Fveme) O, = (ErY"br) (FLyumin)
05, = (eubr) (Frvin) O, = (crbr) (Trv) ,
Or = (ero™ br) (FrOwwvL) | )
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Numerical Fit

e With the assumption that the coupling of b — 1 and b — c transitions
are same, we ¥ fit the new coefficients to Ry, Ry, R.,
Br(B.,. — 77-) and Br(B — w70, ) observables, defined as

3= _ONO) - o)’
(A0 + (AOM)

X (C) = ®)

1
where
O™(C): theoretical predictions of observables,
Oprt: respective experimental central values
AOprt (AOM): corresponding experimental (SM) uncertainties.
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Table: Experimental and theoretical values of the observables used in
the fitting

Observables Experimental values SM Predictions
Rp 0.340 4 0.027 +0.013 0.299 + 0.003
Rp~ 0.295 4 0.011 + 0.008 0.258 4+ 0.005
Ry/y 0.71 £ 0.251 0.289 4+ 0.01
Br(B. — Tv) < 30% (3.6 £0.14) x 1072
Rl 0.699 + 0.156 0.583 4 0.055
Br(B, — Tv) (1.09£0.24) x 107* | (8.48£0.5) x 107°
Br(B® — ntrv) <25x107* (9.40 +0.75) x 107°

We consider new coefficients which are classified as
Case A: Existence of only individual new complex coefficient.

Case B: Existence of only two new real coefficients.
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Table: Best-fit, x2 . /d.o.f and pull values of new Wilson coefficients.

’ Cases ‘ New Wilson coefficients ‘ Best-fit values ‘ Xoin/d.0.f ‘ Pull ‘
Case A (Re[V.],Im[Vy)) (—0.9671,1.0723) 0.549 3.171
(Re[Vk], Im[V&]) (—0.0062,0.3815) 0.543 3.1755
(Re[St], Im[S;]) (0.0736, —0.188) 1.749 2.0134
(Re[Sk], Im[Sk]) (0.027,0) 2.1413 1.447
Case B (Vi, Vr) (—0.995, —1.07) 0.5425 3.176
(Vi,SL) (0.072,—-0.011) 0.506 3.205
(V1, Sr) (0.069,0.01) 0.518 3.196
(VR,SL) (—0.052,0.0065) 1.886 1.836
(Vr, Sg) (—0.044, 0.036) 1.409 3.0
(S, Sk) (0.0236, 0.0575) 1.8415 1.9
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® The branching ratio of B — Dliy:

R GHVal o
a2~ Plox 3M3q

m 3 m?
x{]1+vL+VR( [(1+2—q’2> H§+fq—szt2]

+§ IS + Sk|? HE + 3Re [(1 + Vi + VR)(S} + Sp)] —oL HsHt}(4)

Ve

where
Ap = AM(M3, Mp,q%), with A(a,b,c) =a* +b* +c* —2(ab+bc+ca), (5)

and H; \’s (A = 0, &, t) are the heicity amplitudes.

10/24

Suchismita Sahoo SUSY 2021



® The branching ratio of B — D*li;:

BR GVaf ; mi\*
@ e V@ (1)

2
2 2 2 2 2 3m,
{(|1+VL| +|VR|)[(1+2q2> (Hi.s + HY— + Hio) + > 1

m

. 3 mj
—2Re[(1+ V1) V}] Kl 2q2) (HVO +2Hy (Hy,_ ) ﬁHZW]

2q2

3 * *
+5 1S — Sl H} + 3Re (1 + Vi — V) (SI — SR)] il

T

where A\p+ = A\(M%, M3,., %) H; \’s are the helicity amplitudes.

HSHV,t}y
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e 7 forward-backward asymmetry

1 g4r 0 dr

AIE:)I;*) _ Jo dcos dcos — —1 dcos d cos (7)
- 1 dr !
—1 dcos dcos
¢ Lepton non-universality
B, BR(B. — D" r7,)

D(x) — B'R,(Bc N D(*)IDI) 5 =e, . (8)

e 7 polarization asymmetry

) o dT(A\; =1/2)/dg* —dT' (A, = —1/2)/dg*
P ) = I =12 Jaf T dr O = —1/2)Jdg ©)

e D* polarization asymmetry

F?*T(l]z) _ dFL,T (Bc — D*Tf/) /dq2
: dT (B. — D*70) Jdg?

(10)
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o 7 forward and backward fractions

() 1 ()
A2 = 5Roe (1+4%7) - (11

e 7spin1/2and —1/2 fractions

(*) 1 (%)
Bs = 5Roe (14P27) (12)

e D* longitudinal and transverse polarization fractions

X5s = Rp-FL7. (13)
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Forward-Backward Asymmetry
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Lepton Nonuniversality
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7 Polarization Asymmetry
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D* Polarization Asymmetry
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7 Polarization Asymmetry
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X€2,3’4 Observables (Case A)

5 10 15 : - "
q[GeV?] ¢[GeV?]

5 10 15
qP[GeV?] F[GeV?]

20/24 Suchismita Sahoo SUSY 2021



X1D72,374 Observables (Case B)

5 10 15 5 10 15
¢*[GeV?] ¢*[GeV?]
S e Viave rrpp— VidSp =meee L si88n —M e Visva T — VidSp ==een VidS, wemee VeiSs =een Si8Sy
0.7]
0.6,
05
% 0.4
Ros
0.2
0.1
0.0
4 6 8 10 12 14 16 18 5 10 15
¢*[GeV?] ¢*[GeV?]

21/24

Suchismita Sahoo

SUSY 2021



X? ;,3747576 Observables (Case A)
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XT2.3.456 Observables (Case B)
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Conclusion

There exist a few measurements of B, meson from LHCb and Tevatron.
Investigated B, — DW 7, decays in an effective field theory approach.

Case A: Existence of only individual new complex coefficient
Case B: Existence of only two new real coefficients

Chi-square fit to R ), Rj/y, Rk, Br(Buc — 7;) and Br(B — n7,)
observables.

B D) mp*  p(*) D*
per P FLr X123.40 X5.6 Of

B — D™ 71, decay modes for both case A and case B

Estimate the branching ratio, Arg, R

THANK YOU !!!
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