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@ Introduction and motivation,
@ Effect of scalar in model frameworks,

© Discussion on direct-detection bounds, relic density bound and
indirect Detection,

@ Discussion on the flavor observables bounds
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Introduction

Taken from - A joint Fermilab/SLAC publication
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Evidence of the Dark Matter
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BSM?- Singlet-Doublet fermionic dark matter in
gauge theory of baryons

(i
SUB)c® SU2) @ U(l)y ® U(1)s

Taramati et al., JHEP 01 (2025) 159
A[SU(2)E x U(1)g] = 3/2,  A[U(1)3 x U(1)g] = ~3/2

@ Two non-vanishing anomalies.

@ Adding 6 exotic fermions to cancel them.
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Model Framework

Gauge fields - W, B, Z,
Fermions (Other than SM)

\U+
v, = (w’ﬁ 1 2 1/2 Bi(—1)
L
\U+
Vg = (w?i) 1 2 1/2 B>(2)
& = 2“ 1 1 1 B>
Er=E&h 1 1 1 B
XL = X{ 1 1 0 B,
XR = X% ]. ]. 0 Bl
Scalar fields
H 1 2 1/2 0
S 1 1 0 By — By(—3)
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e Equivalently:

W1 = cosf/r(x°) +sin0 /R (VO)
Yy, = —sin 9L/R(x0) —|—C059L/R(w0)
with the mixing angle tan (20py) = ,\%Jr% (Opm =01 /R)-

@ In the small angle approx. (sinfpy — 0), the masses of Wy
and W, states can be written as:

2
m m
my, = MX — Esln 20DM = MX — (I\/I\I(J—)I\/IX)’
2
m m
my, = M\|}+§S|n29DME M\|J+m

e With m < my,, < my, we get my, < my, and thus, the Dirac
fermion W1 is lightest and a stable dark matter candidate.
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Why Add an extra scalar field

(367 1[_7 _1/3Y7 _5/38)

i\
U1B+
U1B Model _,| uBsew — | Scalar S1
DM Pheno Probe Model
- Relic density Probe by future GW Flavor physics
- Direct detection experiments : obervables and
* In-Direct Detection LISA, DECIGO, some raf dean
; process b->sqq,
+ ATLAS experiment LEJ_II_DECIGO’ CE, B->KJT etc.

Expts. LHCb,
B factories etc.

arXiv no. - 2408.12424, 2508.17476, 2602.11571.
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Effects of an extra scalar and their interaction term:

We have the extra Contribution in the Lagrangian is:

L="Ys,GS1 Vg — 13, S1S1 + s, (S151) + Ans, (S1S1)(HTH)

Yukawa term — Y5, g 51 Vg + h.c.

@ Relic Density

@ Direct Detection

@ Indirect detection

Packeges: SARAH, SPheno, micrOmegas, mathematica.
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Effects in Relic Density

o Qh? varies with:
o Dark Matter mass Mpy

o Mass splitting AM(Sy, V1) and AM(W,, W), VEV
e Extra gauge boson mass Mz and Gauge coupling gg

@ Parameter ranges influence annihilation efficiency and
freeze-out:

o Small AM(S1,V¥1), AM(WV,, W1) enhances coannihilation =
lowers Qh?

o Larger Ys, enhanced coannihilation = Decreasing Qh?

o Higher Mz: suppresses s-channel processes
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Behaviour of Relic Density in Mpy — Ys, Plane

o * 4 °8
.
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Figure 1: Left (a) AM(W2,W;) =1 GeV, Right (b) AM(W,, W) =10 GeV. The
analysis is performed with fixed parameters: Ag = 0.32, Ays = 1.29 x 1072,

As; = 1072, Ays, = 1074, Ags, = 10710, sinpy = 0.001, ms = 800 GeV,

ms, =2 TeV, Mz = 1.5 TeV, vg = 25 TeV and gg = 0.05. All displayed points are
consistent with direct-detection limits from the LZ 2025 data.
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Behaviour of Relic Density in Mz — gg Plane
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Figure 2: Left panel (a): mass splitting AM(W,, W) =1 GeV. Right panel (b): mass
splitting AM(W5, W) = 10 GeV. Other relevant parameters are fixed as A\g = 0.32,

Ans = 1.29 x 1072, A, = 1072, Ays; = 1074, Ags; = 10710, sinfpy = 0.001,
ms = 800 GeV, ms, =2 TeV, and Y5, = 0.1.
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Consequence of Scalar S in

relic density
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Effects in Direct detection

@ Direct detection experiments probe DM via elastic scattering
with nucleons.
@ In our model, DM interacts with nuclear matter through:
e Scalar mediators: h, S
e Vector bosons: Z, Z’
e Scalar §;
o Key parameters influencing osipp:
o Mass splitting: AM(S;, DM)
o Breaking Scale vg

@ We analyze ogipp as a function of Mpy for varying Mz and
Ys,.
@ Constrained by current bounds from:

o XENON1T (2018), LZ (2022)
o Projected: XENONnT (2025)

Taramati, IIT Bhilai 15/22



Effects in Direct detection
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Figure 3: Spin-independent dark matter - nucleon scattering cross section
osipp as a function of the dark matter mass Mpy; for different

benchmark scenarios.
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Effects in In-Direct detection

Indirect detection of dark matter aims to identify astrophysical
signals originating from dark matter annihilation or decay.
Key Points...
@ Focus: Diffuse gamma-ray background from DM annihilation.
e DM type: Dirac fermion = continuous 7-spectrum (no sharp
lines)
e Contrast: Majorana DM can yield monochromatic lines (not
applicable here)
@ Annihilation: W;W; — SM particles — decay — diffuse

.

E'V/A’IDM E—y/l\/IDM
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Observables: b — s¢™¢~ Transitions

Lepton Universality Ratios in b — s(*(~ Observables
Decay Observable| ¢* Interval (GeV?)| SM Prediction Measured Value Significance with SM|
» 0.1, 1.1] 1+0.01 0.994F 000030 -
" (1.1, 6.0) 1£0.01 0.940% 3850038
Ry [1.1, 6.0] 140.01 0.66707] (stat) *003 (syst) 140
B 0.045, 1.1 1+0.01 0.927 057 00 -
" 1.1, 6.0] 14001 1027 QU200 ((at) 40,047 (syst) -
Ry [0.045, 6.0] 1+0.01 0.707015 (stat) 007 (syst) L0
0.1, 1.1] 1.016 1577035 +0.05 -
Ry 1.1, 6.0] 1.003 0,910 £0.05
15, 19] 1.002 0.857033 £0.10 -
Exclusive b — si*ji~ Observables
]’—: 1.0, 6.0] —0.75¢ 0.071 —0.439 £+ 0.111 £ 0.036 3.30
4.3, 6.0] —0.795 + 0.065 —0.96503} (stat) £0.25 (syst) 100
4.0, 8.0] —0.795 £ 0.054 —0.267*03T} (stat) £0.049 (syst) 210
B(BY - K p"u™) (1.1, 6.0 (1.708 £ 0.283) x 1077] (1.186 % 0.034 £ 0.059) x 1077 420
B(B" = K" p”) 1.1, 6.0] (2.323+£0.381) x 1077 (2,018 =0.100 £ 0.053) x 107" -
B(B, — op*p”) 11, 6.0] (2.647 £ 0.319) x 1077|(1.41 £ 0.073 % 0.024 £ 0.068) x 107 3.60
B(B, = p*p”) - (3.672 £ 0.154) x 107 (3.361 £ 0.028) x 107

Figure 4: Status of b — s¢T¢~ decay observables with SM predictions and
experimental results by using the Flavio packages to calculate this observable written
in python.




Flavor-DM consistent region in Mpy — Ys, Plane
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Figure 5: Allowed common parameter space in the plane of Mpy — Ys, from both
DM and flavor phenomenology for Top Panel: AM(W;,W;) =1 GeV and Bottom
Panel: AM(W,, W) =10 GeV, with other are fixed parameters.
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Flavor-DM
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Figure 6: Allowed common parameter space in the plane of Mz — gg from both DM
and flavor phenomenology for Top Panel: AM(W;,W;) =1 GeV and Bottom Panel:
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AM(W,, V1) = 10 GeV, with other are fixed parameters.
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Conclusion....

@ Relic density Qh? is highly sensitive to:
e DM mass MDM
o Scalar mass gap AM(Sy, ;)
e Gauge coupling gg and Mz
e Yukawa coupling Ys,
@ Co-annihilation and resonance effects crucial for achieving
observed relic density (Planck band)

o Lower AM(Sy, V1) enhances co-annihilation, reducing Qh?

@ Future DD and ID experiments can probe significant parts of
this parameter space.

@ Addressed flavor anomalies in b — syt u™ transitions, with
dark matter constraints playing a dominant role in shaping the
viable parameter space.
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