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Motivation

e Neutrino mass generation and Dark matter are two important unsolved issues
in Particle Physics.

e Cosmological bound of
makes usual seesaw schemes (I & I11) hardly accessible to collider experiments.

e In the case of scotogenic models neutrino masses are generated radiatively and
hence loop-suppressed; additionally, neutrino masses are symmetry-protected.

e Dark mediated neutrino mass generation is a very interesting idea. Imposition
of Z> symmetry stabilizes the DM.

e Singlet-triplet scotogenic model is one such model.
e The DM in this model can be bosonic as well as fermionic.

e The scalar DM for this model has been studied in great detail. It resembles the
inert-2HDM scenario.

e Triplet-like fermionic DM in this model is phenomenologically not very
interesting; one can go up to mass of 2.5 TeV only.

e Singlet-like fermionic DM is more rich in phenomenology.



Singlet-Triplet Model
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Scalar sector
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Scalar sector
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Fermion mixing & Neutrino mass
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Fermion mixing & Neutrino mass
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Fermion mixing & Neutrino mass

Fermion mixing;:
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Constraints

Bounded below: i) \; >0, i) A2 >0, i) A2 >0, iv)A3+vAk >0,

V) A3 + A — [Xs| + 1/ A1d2 >0, vi) ,\f; + /2022 >0, Vi) Ad + /22228 >0,
Vi) /2212022 + A31/222 + A5V + AV AL

+ \/(,\3 + ,\1,\2> (Ag + «/2)\1/\g) (,\;’2 + 4 /2,\2,\3) >0

Perturbativity: \; < 4w and Y; < Var

Z5 symmetry: p) S O(1 TeV)

EWPO: S =—0.0240.10, T =003+0.12, U =0.01+0.11

pexp = 1.00038 £ 0.00020 — p = 1+ (4v3/v3) = vo <4 GeV (30)
Neutrino oscillation:

sin® 12 = 0.30470912 sin? 03 = 05377500 sin” 013 = 0.002219990%2

Am3, = 7.4279% x 1075 &v2, ‘m3; = 251770026 1073 V2, §op = 197727,



Constraints

Direct searches: my > 150 GeV , My >100 GeV (from X T) ,
my+ > 70 GeV
Though there exist some bounds on 772,, from netralino search at LEP,

they are not very constraining.

Bounds from LEP and LHC on charged scalar and neutral leptons are not directly
applicable to H*, n* and X9 ,.

LHC bound on triplet fermion is not directly applicable to ¥.

LHC searches on slepton decaying to lepton and massless neutralino might put some
bound on my+. So, we choose my+ > 400 GeV (conservatively ).

Decay width: B(h — inv) < 13%, 6z <5 MeV (20), oMy < 90 MeV (20)

cLFV: B(u — ey) < 4.2 x 10713 . B(u— 3e) <1.0x 10712
C(u, Au — e, Au) < 7.0 x 1013



DM Constraints

Relic density: Qh%? = 0.120 + 0.001

DM direct detection (Strongest):

0.1 GeV - 4 GeV: DarkSide-50
4 GeV - 10 GeV: XENONLT 8B and PandaX-4T ¢B
10 GeV - 10 TeV: LZ
XENON1T , XENONnT , PandaX-4T

Coherent neutrino-nucleon scattering — Neutrino floor



Parameters

Parameters from Lagrangian:

Complex Yukawa Real Yukawa Scalar mass terms Scalar quartic Fermionic
couplings couplings and trilinear couplings couplings masses
Vi, Y8, Y2 A1, A2 A3, Ag, A
F YE YE v 6 1, A2 A3, A4, As, Me. M.
1 y2 yv3 Q Ko Hny B Hor Ko ¢\ \Q Fr My
Yo, Ys, Y Ag A Ag
Define: Amgp = My — Mg, Am,+f=m,+ — Mg and Amfﬁ)77+ = mf]? - mf7+

After Reduction:

There remain 16 independent parameters (No Majorana phase).

BPO:

M, Am: Am, . Am? 1 vo .

{7 =g G o+ 2 Yo || Re(w) | Im(w) AL X | A3 Xs | AS | A2 | AR
(GeV) (GeV) (Gev) (Gev?) (GeV) | (GeV)
[1, 1000] | 200 500 1000 400 40 |20 || w/4 w/4 || 0.2626 | 0.5 | 0.5 | 1078 | 0.5 | 0.5 | 05




More on cLFV
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More on cLFV
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DM annihilation (No coannihilation)

Processes:
X! Fv X1 W /HO XY W+ /H*
snEmd X2 nE
x4 v xd RO/ H® X1 W/ H*
X4 hO/H® ) HT /W X8 Z0/f*
N L e
X1 ROJH® X} H=/W= VAV A

Dependencies:

Scalar mixing and mygo: {1, /\g, va}
Fermion mixing: {vq, Yo, Amg .}
Couplings of SM and Z-odd leptons through n: Yrs — {Xs5,Im(w), Mr}

Masses of Z>-odd particles: {Mr, Amg(slightly), Amnﬂt(slightly)}
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Relic vs mpy (BPO)
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Fermion-fermion coannihilation
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Fermion-scalar coannihilation
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Direct detection

Yafym,,
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IQO

my,: Nucleon mass
fa: Nucleon form factor ~ 0.3
lred: Reduced mass = (mX? mN)/(erlj +my)

0: Fermion mixing angle — tan(20) = I\ZJQ/S/‘\?F

j,’:/ ’ \\; 4VQV¢(H¢7\[XQVQ)
: Scalar mixing angle — tan23 = 2
B g ang 8= VDIV Al

Dependencies: agM_N — {Al,)\g, va, Yo, Amg -} (but not on mX?)

5



Scanning

2 7
o) Moo | Ao Bmee ) Bl ) | @) | el ae| % g1

(GeV) || (GeV) (GeV) (GeV) (GeV?) | (Gev)

Cases

Scenario-|

BP, [100, 500] | [100, 500] | 1000
[~27,27] | 0.2626 | 0.5 | 0.5 | [10-°,0.5] | 0505 | 0.5

a
S
3

BPfF [3,10000] | [1,50] |[100,500] | 1000 | 400 |[0.1, 3.5]

BPfS [100, 500] | [1,30] |[1, 1000]
Scenario-1l
BP, 100, 500] | [100, 500] | 1000

BP%F [3,10000] | [1,50] |[100, 500] | 1000 400 |[0.1, 3.5] || [—m, ] | [-2m,27] | 0.2626 | 0.5 | 0.5 | [107°,0.5] | 0.5|0.5 [ 0.5

BPSS [100, 500] | [t,30] |[1, 1000]

No Superscript: No coannihilation
Superscript FF: Fermion-fermion coannihilation
Superscript FS: Fermion-Scalar coannihilation

myo = {400 GeV (Scenario-l), 1100 GeV (Scenario-11)}
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Scanning: Relic
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Scanning: Direct detection
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Summary

#> This model cannot accommodate light fermionic dark matter (both singlet-like and
triplet-like) below 62.5 GeV.

# Without any coannihilation feasible parameter-space can be obtained only for
mpym > my (apart from discrete resonance at mpy = my/2)

# Fermion-fermion coannihilation provides feasible parameter-space for mpy; > 100
GeV whereas fermion-scalar coannihilation does the same job from mpy, >62.5 GeV.

# While fermion-scalar coannihilation is the most promising scenario for higher values
of v, fermion-fermion coannihilation is the most promising case for lower values of vq.
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