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Motivation

B Anomalies for the b — clv; decays

Observable Exp. Result
Rp 0.339 £ 0.026 + 0.014 HFLAG [1]
Rp+ 0.295 + 0.010 + 0.010 HFLAG [1]
Ry 0.71 +0.17 + 0.18 [2]
Py —0.38 £ 0.51%321 [7, 8]
Fpp. 0.60 + 0.08 + 0.035 [9]
Ry, 0.223 + 0.030 [6]
Therefore, there are some

possibilities to exist some NP.
Several theoretical efforts [10,
13, 14] have been done recently
to find the NP contribution in D
meson decays.
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SM Prediction
0.299 + 0.003 [1]

0.254 + 0.005 [1]
0.283 + 0.048 [3]

0.46 + 0.04 [5]
0.216 £+ 0.003 [6]

Decay

B(Ds - nutv,) x 1072

B(D§ - n'utv,) x 1073

B(DF > netv,) x 1072
B(DF - n'etv,)x 1073
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Deviation
l.40

2.80
20

—0.497 4+ 0.013 [4] —

1.70

SM result [10]

1.52 £ 0.31

5.64 +1.10

1.55 + 0.33

591+ 1.26

Is there any possibility to
find such anomalous results
in charm decays?

Experiment [11]

2.4+ 0.5 150

2.215 + 0.051 + 0.052 [12] 2.20

11.0 £ 5.0 1.050

8.01 + 0.55 + 0.31 [12] 1.90
2.29 4+ 0.19 20

7.4+ 1.4 0.80

M} RAL-Workman-et-al{PRarticle-Data-Group)-Prog—Fheor—Exp—Phys.-2022,083C01{2022)

[12] M. Ablikim et. al., (BESIII Collaboration), [arXiv:2307.12852 [hep-ex]] (2023) |



Theoretical Framework

Considering all possible Lorentz structures and assuming only left-handed neutrinos, the
general effective Lagrangian for the ¢ = glv; transitions can be written as [10, 13]

AGF 4
Lesr = =~ Vegl(1+ €y, )0y, + €y Oy + C5, 05, + C5, O, + CrOr]| + hoc, (1)

The two-fold differential angular decay distribution of D — Pl*v, (P =n,n’) decay can be
expressed as

a’r(D-PI*v))  GE|Veql Vs 0o mA\2T , -
dq?dcosf; - 2;661n3m13) 1 _q_Zl [q Al +‘\/ qzmlAZ +mlA3]: (2)

with
AP = |Cs, + Cs, | 1HPSI12 + Re[(Cs, + Cs, )Cy]HPS(HET + HET 1 )cos6, + 4|Co|2|HET +
Hle|2 cos? 6, + |1+CVL+C‘,R|2|H(};V|Zsin2 6, (3)
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Theoretical Framework

AL = 2{Re[(Cs, + Cs,)(1 + Cy, + Cy ) |HPSHEY — 2Re[C7(1 + Cy, +
Cyr) |HEY (HET + HET,)} — 2{Re[(Cs, + Cs,)(1 + Cy, + Cyp,) |HPSHE —
2Re|Cr(1+ Gy, + CVR)*]HEV(H(I;Z + H{T ) }cos0,, (4)

2 . 2 2
AL=4|Cr|2|HET + HPT4| sin? 6, + |1 + Cy, + Cy | (|HEY|  cos? 0, —
2HSVHEY cos,+ |HfV|2), (5)

where 6, is the angle between the charged lepton and opposite direction of the motion of the

final meson in the virtual W** rest frame and My = mj + mp and Q. = M$ — ¢°.
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Theoretical Framework

The D — Pl*v; decays have contributions through only five helicity amplitudes, which are given by

H(];)V _ f+\/Q+Q—’ va _ foMM_ HPS — foM M_

Ja? Jaz ' me—mg’
H(])J%" _ Ty 0Q+0Q- ’ Hle _ _fT\/Q+Q—. (6)
’ M+ ’ M+

In this work, we have used the form factors obtained from light cone sum rules (LCSR) [15], which are
parameterized as

Fi@@)=—"® 7)

2
1-a q22 +b< q22>
™D \"D/ Table: Form factors for D - n, and Dg — n, [15].

Decay D - nq Ds = ns
Form factors i fo [+ fo
F(0) 0.5613:9¢ 0.5613:9¢ 0.6173:9¢ 0.6113:5¢
a 1.2535.08 0.653002 1.2035:03 0.6430:02
b 0.4275:08 —0.223503 0.3830:01 —0.1825:03
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Theoretical Framework

Scalar Leptoquark Model

To describe the ¢ — glv; transitions through LQ as mediator, the Lagrangian can be defined as
[16]

L8 o Qfatit,Lop* + USARIzp* + h.c.. (8)
In terms of Yukawa coupling the NP Wilson coefficients are defined as

L 9Lx

CVL (M(p) = 4\/§GFVCCIM§)’

L 9Rx*
Acvl)lql

CSL(M¢) = _4\/§GFchM§§'

CMS Collaboration [17] has predicted the mass of Leptoquark to be in the range of 0.98 — 1.73
TeV.

[16] X.-L. M, Y. Li, Z.-T. Zou and B. Zhu, Phys. Rev. D 100, 113004 (2019) [arXiv:1909.10769 [hep-ph]].

[17] A. M Sirunyan et at. (CMS Collaboration), Phys. Lett. B 819, 136446 (2021) [arXiv:2012.04178 [hep-ex]].
30-05-2024
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Results

Table: the SM and experimental results of branching

204
fraction of semileptonic and leptonic D meson decays. |
c—sutvy,
Decay SM Result [10] Exp. Result [11] 2 10
D° - K~ptv, (3.40 + 0.22) x 1072 (3.41 + 0.04) x 1072 |
D* - K%u*v, (8.69 + 0.57) x 1072 (8.76 + 0.19) x 102 g3 X
< — _ < )
D° - K*~u*v, (1.81 + 0.16) x 102 (1.89 + 0.24) x 102 o2 . o2 0 E T |
~ ~<
D* - K*uty, (471 £ 0.42) x 1072 (5.27 £ 0.15) x 1072
=20}
D} - putv, (2.33 + 0.40) x 102 (1.90 + 0.50) x 102 -10}
D} - nutv, (1.52 + 0.31) x 1072 (24 +0.5) x 1072
~40}
D » n'utv, (5.64 + 1.10) x 1073 (11.0 + 5.0) x 1073
: s : : . =20F, . - — K
D} — ptv, (528 £0.08) x 1073 (543 £0.15) x 107° -40 -20 0 20 10 -20 -10 0 10 20
c - setv, A%vpaélll Alc’vells“;
Decay SM Result [10] Exp. Result [11] (a) (b)
D° > K~etv, (3.49 + 0.23) x 1072 (3.542 + 0.0035) x 1072
D* - K%y, (8.92 + 0.59) x 102 (8.73 + 0.10) x 1072 . . . L 9L* 9L 3R*
Fig: Allowed parameter space in the (A¢,,A5,4¢y, 45 ) plane for (a)
D° - K*"etv, (1.92 + 0.17) x 1072 (2.15 + 0.16) x 1072 n N . .
_ ) ) c - su™v, and (b) c = se™v, transitions. Here, colour notations are:
D* - K*%*v, (4.98 + 0.45) x 1072 (5.40 + 0.10) x 1072 f‘l_ N , N N
DF - detv, (246 4 042) x 10-2 (2394 0.16) x 10-2 Green (DS — n), Magenta (D;” — '), Yellow (D — ¢), Pink (DT —
17 %0 0 *— 0 - + 170
DF - netv, (1.55 + 0.33) x 1072 (2.29 + 0.19) x 102 K*), Orange (D° - K*7), Grey (D” - K~ and D™ — K") and Blue
DF et (5.91 + 1.26) x 10-3 (7.4 % 14) x 10-3 (DF — I*v;). Black dot represents the fitted point of coupling
DF - etv, (1.24 + 0.02) x 1077 <83x1075 parameters.
30-05-2024
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Results

Table: Values of the scalar LQ Fig: Distribution of branchmg fraction.
. elwo 2.0F - " [ Scalar LQ Model| &l = S l LQMdl !
ks caiar odae
coupling parameters. = - s 5 = s
2 asf X
o Na-
Couplin _ 3 =T
Current piing Mid-value = 10 2
Parameter Ao S,
Aby AL 4.30 = osf j
+ u T
C - Su v“ +uw 'FQU!
AL, AR —0.47 & oof . . . : g 'k — . : :
u = 0.0 0.5 L0 15 30 = 0.0 0.2 0.4 0.6 0.8 1.0
2
AL, AL 1.63 q* (Gev?) TV
c - setv, I (a) . _ __(b)
Aty ASe —0.44 s | =1 Scalar LQ Model o 1} [ Scalar LQ Model
o mE SM < B sM
o i !
s | < 10
< 1of < |
i Z
,Tf- 0.5} =
—E; i +Tua i
& 0.0f . . . . S of . ‘ ‘ . -
= 00 0.5 1.0 15 2.0 8 o0 0.2 0.4 0.6 0.8 1.0
q* (GeV?) q* (GeV?)
(c) (d)
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Results

Table: Values of the branching fractions in scalar LQ model and
their corresponding pull from the experimental results.

Experiment
Decay Scalar LQ pullgy Pullyq
Model [11]

2.4+ 0.5 1.50 1.00

B(D; - nutv,) x 1072 1.73 + 0.41
2.215 + 0.051 + 0.052 [12] 2.20 11c
11.0 + 5.0 1.050 0.90

B(DS - n'utv,) x 1073 6.42 + 1.47
8.01 + 0.55 + 0.31 [12] 1.90 0.80
B(DF - netv,) x 1072 1.62 + 0.38 2.29 + 0.19 20 1.50
B(DF - n'e*v,) x 1073 6.21 + 1.36 7.4+ 1.4 0.80 0.60

30-05-2024

[11] R. L. Workman et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2022, 083C01 (2022).
[12] M. Ablikim et. al., (BESIII Collaboration), [arXiv:2307.12852 [hep-ex]] (2023).
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Results
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Fig: Comparison of the scalar LQ model results with the experiment and SM in 2D (B(DJ —
nl*vy),B(Ds - n'l"vy)) plane.
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Conclusion

d Our predicted branching fraction results are found round 1o range of the experimental
results excluding D — ne*v, decay.

J We have also found good consistency with the BESIII 2023 results.

 The effectiveness of our models is clearly observed through the comparison of our predicted
results with the experimental results and SM predictions in 2D branching fraction plane.

( The scalar LQ model is reliable to study ¢ = SZvl transitions in the framework of NP.

d We will be able to better comprehend the existence of NP with the help of the impending
measurement of D meson decays in the BESIII and Belle Il experiments. We expect that our
predicted values in scalar LQ model will be closer to the outcomes of upcoming experiments.
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