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Introduction

o Standard Model (SM) of particle physics is successful in describing many of
the natural phenomena including interactions between elementary particles
etc.

o But SM fails to explain some experimentally established phenomena
including presence of dark matter (DM) or tiny neutrino mass.

e The incompleteness of SM motivates us to look beyond SM.

o Today we shall investigate such a BSM theory that respects
SUB)c® SU(2), ® U(1), ® SU(2)r ® U(1)r (32121) local gauge
symmetry.

o It is Left-Right (LR) symmetric.

e Its root can be traced back from E; GUT.
Es —3c®3,®3r —3c®2,®1, Q2rV1g —3cR®2, 1y —>
3C X lem
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32121 Model:

Brief Description

Particle Contents

3Gl 2ml2s i ir
I, i 2 1 — TR

Lgr i 3 2 1/3 1/6

Lg 1 2 2 —1/6 1/6
Fermions 15 1 1 v 1/3 —1/3

Q 3 2 1 1/6 0
Qr 3 1 2 0 —1/6

Qs 3 1 1 —1/3 0

Qrs 3 1 1 0 1/3
g 1 2 2 1/6 == 1V6

Higgs D) 1 2 1 1/4 1/4
Bosons b 1 il 2 —1/4 —1/4

P 1 1 1 3 1/3

e Scalars coming from (1,3, 3) representation of SU(3)3.

e Fermions coming from from full 27-plet of Egs. [Q. Shafi, Phys.

e The above U(1) hypercharge assignments are anomaly free
breaking pattern of SU(3)3 — 32121.
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32121 Model: Particle Sector

Scalar Sector:

. 25 (ki + b + i€9) hf
" B hy ko + 1 +i))
hf L 0 BEE0) 1
G — Dol ,Or = [ V2 R R g = =t h2 + i€
i <k( +h‘2+:£?)> [ < hy > T el )

Fermion Sector:

LR =S (Zt) (= (:g) , QL= (Zt) ; Qr= (Zﬁ)

N E: ~ NS B
Qs gst, Qrs =4sr, Is, Lg = (E; N;) and L= (E% NQIC)

Physical Fields:

Scalars: K0, h3 (€9), hQ (€9), H3. H2, HE, HE. [A® — SM Higgs]
Fermions: v, N, Ls, e, u, d, E, Qs. [v, e, u, d — SM Fermions]
Gauge bosons: 7, v, 7', A", W, W'. [W, Z, v — SM Gauge Bosons]
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32121 Model: Fixing the parameters

« 5 gauge coupling constants, g3, £21, £2r, 811, 81r-

1 1 1l 1
e LR symmetry breaking — — = —

T o
il b kel iEOr e Bl SR
® 2L = 82R: 81L = B1R-
e 5 vacuum expectation values.

ki = 246 GeV (From SM W mass)

vg > 14.7 TeV (From direct bound on W' mass)

vs > 12.61 TeV (From derived lower mass limit of A" (> 3.5 TeV))
e kp =0and v, = 0.

¢ 10 real quartic couplings.

e The potential must be bounded from below.
e Accepted only those values who are allowed by the SM Higgs signal strength
to bb channel.

[SB and A. Datta, Phys. Rev. D 105, 075021]
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32121 Model: Masses of the Exotic Particles

The lower mass limits of the exotic patricles of 32121 as derived from the LHC
data,

° Myx > 720 GeV.

e me+ > 1.089 TeV.
e my > 3.5 TeV.
e With the lower limit on vg, mz > 5.089 TeV.

Throughout our analysis, the masses of the BSM particles have been set at their
lowest limits.
[SB and A. Datta, Phys. Rev. D 105, 075021]

ATLAS Collaboration, Phys. Rev. D 102, 032004 (2020)
ATLAS Collaboration, JHEP 06 (2021) 145
ATLAS Collaboration, Phys. Rev. D 99 (2019) 092007
ATLAS Collaboration, JHEP10 (2017) 182
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Dark Matter in 32121

Consider a similiar variant of the previous set of hypercharge assignments.

a2 W2k 1, 1gr
D | mmw 2 1/4 | 1/4
(OF) 1 1 2 —1/4 —1/4

Dark Matter candidates in 32121 model are fermions

Candidates: Ls (a Majorana fermion constructed out of /s and /§) nd N (a Dirac
fermion constructed out of N; and Ny).

Yukawa Lagrangian

Lys = yg Qu®sQir + Vgi Qr®sQi + yij Li®sLir + 7ij Lr®sli
+  ysij Qus®PsQjrs + yigij Tr {LBZJB} &5 + yegij Tr [ZIBEDB} Is

& 1 - - ) = P
Lys = A [)/LSU lisls®s®s + yssj Tr [Lig®s] lis®s + yqspy Qius T {4’,‘3‘?5} Qsz]

SB and A. Datta, arXiv: [2206.13105]
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Fermion Dark Matter: Direct Detection

e When N is DM candidate
We add a term,

6/

TE Trl(Lgy"7al)] (fiyutafi + L < R)

The effect of interference between two diagrams
may reduce the total scattering cross-section.

Experimental upper limits on
DM-nucleon scattering cross-
section from XENON, LUX
collaborations helps us to find
an allowed range of €'/A”? for
different masses of DM.

LUX (mpy = 1.5 TeV)

WIMP-neutron spin-dependent cross-section [pb]

[XENON collab., PRL. 121, 111302 (2018); LUX Collab., PRL. 118, 251302 (2017)
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Fermion Dark Matter: Relic Density

yBg is important in this context.

@ We consider the case of ygg # 0 with N
and Ls degenerate in mass.

® 0.2 < ygg < 0.236 is allowed by
PLANCK experiment for mas = 3.5 TeV
and mz — 5.89 TeV.
[SB and A. Datta, arXiv: [2206.13105]]
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Direct Detection in Two-comp. DM Scenario

yBg is important in this context.
@ We consider the case of ygg # 0
with N and Ls degenerate in mass.

® 0.2 < ygg < 0.236 is allowed by
PLANCK experiment for my = 3.5
TeV and mz = 5.89 TeV.

[SB and A. Datta, arXiv: [2206.13105]]

ygp = 0.2211, my = 2 TeV

e In case of a two-component DM
model, the direct detection
cross-section,

Qy Q
= (Q—X> on + (Q—;) Ols
o A new wider range of ¢/ /A" we
obtain.

LUX Limit (mpy = 2 TeV)

[LUX Collaboration, PRL. 118, 251302 (2017)]
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Conclusion

e We investigate a LR symmetric gauge model that respects
SUB)c® SU(2), ® U(1), ® SU(2)r @ U(1)g local gauge symmetry.
o A few assumptions we considered to simplify the large parameter space.

e Using the recent LHC results we could derive lower limits on the masses of
some BSM particles.

o Some of them may generate interesting signature at 14 and 27 TeV HL-LHC
run.

¢ 32121 model contains fermion Dark Matter candiates.
e We study a two-component fermion DM scenario.
e We find parameter spaces allowed by PLANCK experiment.

e We also derive limits on the coefficient of effective four-fermi operator from
Direct Detection Experiments.

e We are hopeful to explore more with this model.
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Scalar potential:

V=Vi+W
where,
Vi= = 4T (06'05) — 43 (00101 + 0k 0k) — 105" 0

- [(¢B*¢B)Z] il 5 <Tr {ch*cBB] Tr [é;%])
+ ar(010s)’ + 41 Tr [05106] (910s) + 71 [(@]01) + (P 0r)| (6L0s)
o1 [(¢I¢L)2 it (¢L¢R)2} i +alr [‘DBT‘DB] [(Q’IQ’L) i (‘DLQ’R)]
+ o [(0]0s0L) + (0h0LOs0R)| + ot [(6]BeBLOL) + (2L B Esr)|

and,

Vo Wailr [¢E$B] ®:tih.c

Parameters in V are real.

Sanchari Bhattacharyya Dark Matter Approach of a Left-Right Symmetric Model January 23, 2023 15



	Introduction
	Brief Description of 32121 Model
	Particle Contents

	Dark Matter in 32121
	Direct Detection
	Relic Density
	Direct Detection in Two-component DM Scenario

	Summary

