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Flavour Anomalies
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- Lepton Flavour Universality (LFU) violated, hint of new physics 7?
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Leptoquarks as a viable solution

K&

- A U; vector LQ with charge 2/3, a proposed model to explain
both the B-anomalies simultaneously.

- It is color triplet, weakly singlet and has non-zero baryon and
lepton numbers.
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U; model

LD X Oy, ULPLL + XBR. dly, Uf Prly + Hec.,

- xit ; and xRR j are 3 x 3 matrices in flavour space.

The couplings are real. We consider those couplings which
contribute to Rp) and Ry(.) anomalies.

0O 0 O 0O 0 O
xit=10 X5, Xy xtF=10 2, 0
0 A5 Mg 0 M5 M

We have considered the above flavor ansatz for simplicity.
Red ones contribute to Ry(.) and black ones to Ry
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Rp-) anomalies
- For the b — crv transitions,

L5 =V [(1+Cy,) Oy, +C5,05)]

- Uy can contribute to b — ¢7v transitions through the modified
Wilson coefficients,

w1 R0 w1 L8
YU My, T VGV M,
Ry scenarios AL, P pY
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Ry anomalies

- For the b — su* ™ transitions,
4GF

LD —VuVs Y (CO;+Cjoj)
V2 i=9,10,S,P

- The U; modified Wilson coefficients are given as,
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Rk Scenarios

Ry scenarios AL, Aby AL, N
RK1A VA 22 - -
RK1B VNS, A5 - -
RK1C - - VesAS, Vo A5,
RK1D - - VisAS, Vio A5,
RK2A A5 AL, — -
RK2B AL - - A5
RK2C - A A -
RK2D - - A5 A5
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LHC phenomenology: Variety of final states

(Scenario RD1A: \5; = 1)

UUy = stst=711+ 2
pp =< VU —wstcv=r+Er+2j
VU s cvev=Er+ 2

(Scenario RD1B: \j; = 1)
UUy = brbr=17+ 2

pp—{ Ul — brtv=1+Er+je+J
UUy — tvty = Er + 2j;

- Considering Rp(.) and Ry(.) scenarios gives us different
signatures to look for at the LHC.
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Different production Modes and Decays

- The non-resonant production interferes with the SM
backgrounds process of pp — v/Z(W) — £

- The interference and t-channel U; exchange are independent of
the branching ratio.

- The non-resonant production methods contribute significantly
for large values of the couplings.
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ATLAS 77 search 139 fb—! and CMS ;.. search
140 fp1
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- All the production modes result in dileptons in the final state.

- The t channel process interferes destructively with the SM
process. This leads to a reduction in the number of events.
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Recasting the LHC data

m Chi-square test is performed, with the test statistic:

Ni_Ni
2 _ T D
X_Z:[ AN/

Events are combined as follows:

2

=N, Mg
. i R
= [Np + NIl L N, — NX] + Nig

using total uncertainity,

. . N2
AN = \/(AN’SM) + (ANISySt>

i NI i S Ni
where, ANg,, = 1/ Np and we assume ANy, = §' x N
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LHC Exclusion Limits
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Bounds from LHC and Rj.) data

77—
thry+try —
FlavDg «

0
L L
’\23 ’\23

Arvind Bhaskar « Flavour anomalies motivated LHC bounds on U, Leptoquark models - July 26,2021 13/19



Bounds from LHC and Ry, data
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A 1.5 TeV U, can explain Rp.) and Ry
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Conclusions

- The Ry and Ry(.) can lead to different signatures at the LHC.
From an EFT approach the new couplings may appear same but
decay modes of the LQ due to the couplings are different.

- At the low mass regions, the contributions from the resonant
production are significant.

- The interference between the t-channel U; process and the SM
is destructive.

- A 1.5 TeV LQ can explain Ry and Ry(.) anomalies.
- For a detailed study, please refer to arxiv: 2101.12069
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Backup Slides

Cross-section Parametrization: Pair Production
Total cross section:
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Backup Slides

Cross-section Parametrization: Single Production

Total cross section:

ZAZ 2 (My,) + Z MM N (My,)
i>j>k

No. of surviving events:
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Backup Slides

Cross-section Parametrization: Non-resonant

Production
Total cross section:
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No. of surviving events:

N =" x ™ (My, ) x L

n
=) Ao (My,) x € (My,) +Z)\2)\2 74 (My,) x € (My,) o xL

i

Arvind Bhaskar « Flavour anomalies motivated LHC bounds on U, Leptoquark models - July 26,2021 19/19



ITY

= N
>— O
o LU
=
D =
= =

—_ =



	Backup Slides

