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Introduction

Motivation

e Recent results from the LHCb have provided the limit of the branching ratio of lepton
flavour violating decays D° —» ute* as B(D? - utef) <1.3x1078% at 90%
confidence level [1].

e The SM calculation including the short distance effects for the decays D — (71~ predicts
the branching fractions to be of the order of 10718 [2].

* For the leptonic decays D° — e*e™ and D? — u*tu~, the experimental bounds for the

branching fractions are constrained at 7.9 x 107% [3] and at 3.1 x 1077 [4],
respectively.

e Effective GIM (Glashow-lliopoulos-Maiani) suppression in ¢ = u decays make these

channels sensitive to new physics effects [5].
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Introduction

Motivation

* The rare charm decays DY - K*e~e*, D} - Kte u*,D? > e"e* and D° - e
have been studied in U(1)" model, 2HDM model, and unparticle model where only
Z' model and 2HDM model significantly increased the branching ratios [6].

* The decays D¥(® - gt@y*+y=, DO - pe,te and DT = g+ O y=e* have been
investigated in leptoquark model and Z' model [7].

« Along with D - wl*l~, D¢ — KI"l™ has also been studied in leptoquark model,
SUSY models and flavourful Z' model [8].

[6] Xing-Dao Guo, Xi-Qing Hao, Hong-Wei Ke, Ming-Gang Zhao and Xue-Qian Li, Chinese Phys. C 41 093107 (2017)
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Introduction
Non-universal Z' model
* The gauge group SU(3) X SU(2) X U(1) of SM is extended to SU(3) x SU(2) X
U(l) xU'(1).
* Extending the gauge group introduces a new particle, the Z' boson.

« 7' boson is a massive, charge neutral, colourless, hypothetical particle.

« 7' boson couples to quarks as well as leptons through FCNC (flavour changing neutral
current) transitions.
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Introduction

Search for Z' boson

Experimental searches Theoretical searches
* ATLAS collaboration [9] * EW data of weak * Sahooetal.: M, ~1352 —
1. M,;,~0.5 —2.5TeV neutral current 1665 GeV [13]
2. Myreop > 1.90 TeV processes and mixing
3. M ropy > 1.82 — betweenZ —Z": M, > » Allanach: M, ~0.8 —
2.17 TeV at+/s = 13 TeV 0(500) GeV [11] 1.8 TeV [14]
* CMS collaboration [10] * Tevatron: M, > o Luzioetal.: M, <9 TeV
1. Mgy > 4.50 TeV 0(800) GeV [12] [15]

2. My, >3.90 TeV

[14] B. Allanach, LHC di-lepton searches for Z' bosons which explain measurements of b — sl™ [~ transitions, arXiv:
2404.14748 [hep-ph] (2024) 6
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Theoretical Framework

We have studied the decays D" - ntutu=, D° - nu*u~, D > K*tu*tu=, DT - p*utu~ and D° - putu~ in

non-universal Z' model N
The decay rate for D — pl™[™ is given by [17]

Effective Hamiltonian for ¢ = ul*l™ transition [8, 16] dr
ds
2 GEa?ME (|1A)? 27 (8)?
4Gp a o . q = SA 1+ — |+ |E|*s——
Hopp = o z (C,0; + C',0") + z C,0; + z chquZCiOi 21075 |3 5 3
2 i=7,9,10,S,P i=T,Ty q=d,s i=1 ﬁ(s\,)Z
2 72 ( & )
+4_]\75 |B|“ A — 3 +8Mp(s+2ml)
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+|F|2</1— (3) +8M§(§—4ﬁ112)>]
The differential decay distribution of D — PI*[~ in standard
. . ALA 2
model is given by [8, 16] PN [PPY RO
4M3 3
a)? 2 .
dT +1G|? (/1— - + 4m7 (2 + 2/} —s))]
dq? I,
1 u(s) _ A
_ Gﬁazﬁl 2 Cot C ch fT 2 1+2mlz /1f2 —W Re(BC*) <}L— 3 >(1—M§ —S)
©1024m5M3 |3|7° T T Mp + Mp £, g2 )t & T
u\s =
2 4m? 4m? + Re(FG™) (/1— ) 1— M2 —3§) + 4m2a
+|Cyol? [§<1 _q_21> AfE +q—zl(M[2) - ME)ZfOZH 3 ( 2= l
22 Re(FH*) — Re(GH*)(1 — M? i SA|H|?
T [Re(FH*) — Re(GH™)(1 — p)]"‘WS' |
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Theoretical framework

Effective Hamiltonian for ¢ = ul*l™ transition in Z’' model [7]

— g4 '
HZ, — HZ’ +HZI

Cotio) =~ 7
New Physics (NP) V26ra ( MZ'_I_ »
Wilson coefficients [8] Cél(vl%) ___ T 9729z 12 9z'2
\/EGFC( MZ’
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Estimation of NP couplings in Z’' model

Quark coupling D° — DO mixing
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Fig 1. Determination of quark coupling 9
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Estimation of NP couplings in Z’' model

Leptonic coupling D° - u*u~ process

— fzszD 4ms / /
B(D® —» u*u )z = 1p 52;1\‘/14 Jl — M_lz)l(gzh — gz’z)z(gz'z — gz'z)z [7, 18]
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Estimation of NP couplings in Z’' model

300k """""""""""""""""
[ Dt > mtutus
2501
[ DO _)n.OM+H—
Experimental 2000 ]
Decay mode ; ] DY > K*utu-
upper limit [19] » ] y
,, 150k 4
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_ _ 100}
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gzn
D° > putpu~ 22x107°

Fig. 2: Plot of leptonic coupling géll vs quark coupling g,1. The
blue region shows the allowed region of the couplings,
constrained from DY ->natutu~, D°->nlutu-, DF -
Ktutu=,Dt - ptutu=, D% - p%utyu~ and D° - utu~ decays
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Results

Upper limit
Estimation of branching fraction 7 model
SM
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Fig. 3: Variation of differential branching fractions within allowed kinematic region for (a) D* » wtu*u~
and (b) D° - m°u*u~ (c) D - K putu~
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Estimation of branching fraction
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Results

Upper limit
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Fig. 4: Variation of differential branching fractions within allowed kinematic region for
(a) D* — p*u*uand (b) D° = pu*u”
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Results

Estimation of forward backward asymmetry
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Fig. 5: Variation of normalized forward backward asymmetry for (a) D* - p*u*u~and (b) D° -
p°ut u~in non-universal Z' model.
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Results

Table 1: Branching ratio values integrated in the allowed g? region

Experimental

Decay mode SM Z’ model
upper limit [19]
Dt > wtutu~ 8.29 x 1012 6.33 x 1078 6.7 x 1078
D° - mutpu- 1.62 x 10~12 1.24 x 1078 1.8 x 107*
D} > Ktu*tu 2.56 x 10712 2.00x 1078 1.4 x 1077

Table 2: Branching ratio values integrated in

Table 3: Normalized forward backward asymmetry
the allowed g? region

values integrated in the allowed g? region

Experimental Normalized forward backward
Decay mode SM Z’ model Decay mode
upper limit [19] asymmetry in Z’' model
Dt - ptutu~ 239x1071 1.85 x 1078 5.6 x 1074 DT - ptutu 0.252
D° - p®utpy~ 116x10711 8.92 x 1078 2.2%x 107> D° - putu 0.246
15
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Conclusions

* We have calculated the differential branching ratio and forward backward
asymmetry for the decays D" » ntutu~, D° -> nutu~, Df -» K*u*tu=, D* -
ptutu~and D° - p°u*u~ in non-universal Z’' model.

* The branching fractions for all the decay channels studied here show a significant
enhancement in the Z' model.

* Although forward backward asymmetry is zero for D - Pu*u~,the D — pu*tu~
decays show a variation of the forward backward asymmetry in the Z' model.

* The results in this study indicate that these decays are sensitive to new physics
contributions in the Z' model. We expect that our study will contribute more to
the present understanding of charm decays.
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