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Introduction

Motivation

@ Flavor anomalies in b-hadron decays - Indications of Beyond SM (BSM)
Physics

o Discrepancies seen in decays: b — st~ b— cT7 i,

@ Lepton flavor universality (LFU) violation

Tensions at the (2 — 3)o level between measured and SM predictions for the

ratios _ _
(B— DWr=1.) (B — KW putp™)

(B—DWI) K77 (B KMete)

Rpy =

@ Probe similar phenomena and possible new physics (NP) sensitivity in the

charm sector. We focus on ¢ — (s, d){v, charge-current transitions here, in

particular D(*;) — n) v, decays.
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Theoretical Framework

o The effective Lagrangian for ¢ — (s, d)Zv; transitions including NP
contributions is !

4G:
V2

with fermionic operators defined as

Lo = ——=Veq [(1+ C{) Oy, + C{, 00, + CE 0L + CE OL + CHO%]+h.c.

0y, = (v Prc)(@evuPLl) , OV, = (G7" Pre) (v, PLL),
05, = (GPLc) (7 PRE) , Of, = (gPrc) (7 PrL),
Og— = (E]O’MVPLC)(ﬁEO'HUPRf)

and Cf(i = Vi, VR, Si, Sr, T) are corresponding Wilson coefficients.

IX. Leng et al., Chin. Phys. C 45 (2021) 063107
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D — Ply, :

Hadronic matrix elements :

]
_ I‘l"l2 — m2
(P2 elD(p1)) = £:(a?) |(pr + pa) — T2
m2 — I'I”I2
4 fb(q2) D > P _u
q
]
o
(P(p>)|Gc|D(pr)) = ———(P(p2)|d " c|D(p1))
me — Mg
m2 — m2
— D be(q2)
me — My
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Form factors:

@ We use form factors obtained from LCSR 2. Parametrisation is given by

,- Fi(0
Fi(q?) (0) ;
l_aqz +b( 2)
D
Decay F(0) a b
D sy | fr [ 0556005 | 125 500 | 042,507
fo 0.55635’_20%23 0.65;3;;%% _0'22_%86‘({)5
D, =+ oo a0,
fo [ 0.611750% | 0.64505, | —0.187503

2Y-L. Wu, M. Zhong, Y-B. Zuo, Int. J. Mod. Phys. A 21 (2006) 6125

Karthik Jain (UoH) FPCP 2022 May 24, 2022 6/27




Helicity Amplitudes :

@ The helicity amplitudes are

Hy 2, (%) = €,(Aw)(P(p2)| 37" c|D(p1))

Ap(q?
H\I;,o = (2 )f+(q2)
q
A42 o A42
HY .= —2—Lf(q%)

\/q7

@ The scalar helicity amplitudes are

A42 _ A42
f{P _ D P £ 2
S me — mg O(q )7

where

Ap(q%) = [(Mp — Mp)? — ¢*][(Mp + Mp)* — ¢°]
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Angular Decay distribution

@ The two-fold differential angular decay distribution is given by

2
SO0 = Pv) | GVl ([ mi\ [ age /i af s il
dg?d cos 0, 25673 M3 q? ! 2 s

where .,
Qs = (Mp + Mp)* — g

and

Af =[Cs, + Csp PIHEP® + 1+ Cy, + CuglIHy oI sin” 6,

AL =2 { Re[(Cs, + Cs)(1 + Cu, + Cup) THEHY

— 2 {Rel(Cs, + Cs)(1+ Cy, + Cug) THEHy o } cos
A = |14 Cy, + CupP(IHy o cos™ 0 — 2HT o HY  cos 0, + |HY [%)
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Differential branching fraction :

Integrating out cos 6, terms, we get the differential decay rate (j—) The
differential branching fraction is

ﬁ _GE‘chFTD\/ QL Q- (1_ l‘fi>

dg® 25673 M3, G2
2 2, 4P 12 P 2 2
5 [+ Qv+ R PUHY of + 31HY )] m}
+ 4[(C5L + Csg)(1 + Cv, + Cvg)
HsHVr}ml\/ +[ C5L+C5R) |H5|

4
+ g'l + Cy, + CVRMHQOV} q2}
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g°-dependent Observables :

@ Forward-backward asymmetry in the lepton-side :

f dcosegm f dCOSG/dq

f d cos 95 dq2d cos 6y + f dcos 96 dqzdcos 0y

2dcos@g

Af’fB(Clz)

@ Lepton polarization asymmetry

dr(Ae=1/2)  dl(A,=—1/2)

07 2\ dq? dq?
Pr(a”) = dr(\=1/2) _ dF(\=—1/2)
dq? dq?

o Tilted parabola
a+ bcosfy + ccos? 6,

2(a+c/3)

where a, b, ¢ are g°-dependent coefficients. Convexity parameter is

W(0,) =

d>W(6,) c
Ci(q?) = =
F(a) d(cosb;)®> a+c/3

FPCP 2022 May 24, 2022

10/27



Constraints on New Couplings

@ The parameter space of new couplings is obtained using available experimental
measurements of semileptonic D meson decays, B(D — 1 (*wy).

@ Semileptonic decay : branching ratios are 3

Decay Experiment
B(DT —nuty,) (1.04+£011)x10°
B(D — nutv,) (24+05)x 107
B(Df —n'pv,)  (11.0+£5.0) x 10°

@ We consider complex couplings in our work.

@ For ¢ — s transitions, the parameter space for the scalar coupling Cs = Cs, + Cs,

is obtained from the observable R defined below

B(D — nltvy)

R= B0 =yt

3P, Zyla et. al. PTEP 2020(8),083C01(2020)
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@ For ¢ — d transitions, the parameter space for the scalar coupling
Cs = Cs, + Cs,, is obtained using B(Dt — nlv,) .

@ For the vector cogpling Cy = Cy, + Cy,, the parameter space is obtained
using B(D" — nlvy) .
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¢ — s transition

Im[Cs]

0.0 0.5 1.0

-1.0 -0.5
Re[Cs]

Figre 1: T he allowed parameter space of the scalar coupling Cs = Cs; + Cs,, using R.
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¢ — s transition

-25 -2.0 -1.5 -1.0 -0.5 0.0 0.5
Re[Cy]

Figure 22 1 he allowed parameter space of the vector coupling Cv = Cy, + Cy;, using

B(DF — 77[71/[).
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¢ — d transition

10 o s

Im[Cs]

40 o5 0.0 05
Re[Cs]

Figure 3: 1 he allowed parameter space of the scalar coupling Cs = Cs, + Cs,, using

B(D* = nlvy).
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¢ — d transition

15/ 4 ¢y
100 * SM

0.5-

25 20 15 ~10 Z05 0.0 05
Re[Cy]

Figure 4: T he a_IIowed parameter space of the vector coupling Cy = Cy, + Cy, using
B(Dt — nlv,).
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NP Sensitivity for D} — nu*v,
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Figwre 5: g>-dependence of various observables for D} — nu*v, in presence of Cs
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Fieure o >-dependence of differential branching fraction for D — nut v, in presence of
Cy.
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NP Sensitivity for D — n'u*v,
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Figure 7. g°~dependence of various observables for D7 — nutv,, in presence of Cs
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NP Sensitivity for D* — nu*v,
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Figure o: q°-dependence of various observables for D™ — nu™ v, in presence of Cs
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Figure 10: g>-dependence of differential branching fraction for D™ — nu™ v, in presence of
Cv.
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Conclusion

@ The decay modes D(t) — n(l)Zw are analyzed within the SM and beyond using an
effective Lagrangian approach.

@ The parameter space for NP couplings are obtained using available experimental
measurements of semileptonic D meson decays.

@ NP sensitivity of various g*>-dependent observables such as g—g(q2), Afs(g?),
CE(g?) and PE(q?) are probed.

@ Deviations from SM predictions are observed in the presence of the new couplings.
For the scalar couplings, the sensitivity is more pronounced in C£(g?) and Pf(q?).
For the vector coupling, except for the differential branching fraction, the
dependence cancels out in the other g>-dependent observables.

@ Studies of charm meson decays as those in this work provide a unique environment
to probe flavor physics beyond SM in the up-sector.

@ Precision future measurements will help in obtaining stronger constraints on
possible NP contributions.
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Thank You
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