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Bullet cluster 1TE0657-558
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> Bullet cluster is a recent merging of galaxy clusters.

> The gravitational potential is not produced by baryons, but by DM.
> Hot gas is collisional and loses energy, so lags behind DM.

> DM clusters are collisionless and passed through each other




BBN and CMB
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> LSS suggests without DM, density perturbations would start to grow only after recombination, so today

there would not be structures.
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Direct Detection in Present time

Limit Scalar Cross-section cm? [60 GeV WIMP]
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Particle Content & SSB
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Fermionic Dark Matter
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Constraints

Checked gauge anomaly condition -> To keep the symmetry

Perturbativity Bound -> We can ignore higher order terms

Potential Bound from Below -> To make potential bounded for high field value
Direct Detection Bound -> Severe bound from LUX-ZEPLIN

Indirect Detection Bound -> Naturally small in present work

Collider Bound mainly SM Higgs -> Higgs signal strength and Invisible decay
BBN bound -> Decay before BBN time

N ZEE 20 25 2 2 2B

Oblique parameters -> safe for the allowed mixing angle after Higgs data




Allowed

range (w/o using DM bound)
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DM Production Mechanisms
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WIMP DM is easy to detect but no signal puts
bound on its parameter space.

FIMP DM is difficult to probe in different
experiments due to its feeble interaction.

In this work, we focus on production via

freeze-in at low reheating.

In the present work we have FIMP DM
at the strong coupling.

The relic density at strong coupling
makes FIMP DM detectable.




Boltzmann Equations
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Equilibrium vs Nonequilibrium DM distribution
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Thermal and Non-thermal Distribution
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Analytical estimate and range
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DM Production Mechanisms

105+
| | Freeze-out |—>»

[N
(=3
o
=}
T

Super-WIMP

Freeze-in |

i 1
1073 1 1000

z(=M,/T)

g = 1x10712

gm = 3.15x1072 |

gp = 6x1072
Qpyh?=0.12

> LP shows the WIMP and FIMP DM productions by different mechanisms
> RP shows the dependence of DM relic density with the change of the gauge coupling
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DM Variation with M_h2 and M_A
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Direct Detection

WIMP

Target Nucleus

from galactic halo in laboratory Elastic collision I{'&‘}}’
B
Indi t Detecti I —
ndirec etection e )/}'. > demsmssmmns e
‘&/
DM sM 9
= v~220 km/s v~0 km/s R
8 Er~30 keVr
.'Dz
DM sM
Production at Colliders wl /(/}1 /(f//‘l ’(’/)l
1037 > > > >
10738 !
gas 10—39%‘ (czz?;,wr | Z
o oAl BL
5 107405 h1.2.3
S 10414 SMPLE @012 e N | ‘ N N N
fo= \ OUP
810 g pans) " | 5 - >
2 Lo 2 " " " g
= 1074 e DAL
_.3 1045 3 N
o -
Tios N S et
2 107 I . 3 SRS
= =4 L e
10 2 ' 2 2
i o — B | InMN 3 Uiionti | fzp,.981 (3c0s” 0 — 1)
¥ P 12 12
=t 1 10 100 1000 T v i=1,2,3 AIhi 18]\[ZBL
WIMP Mass [GeV/c?]




Direct Detection Prospects
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LP: Variation in the M_ZBL - g_BL plane, some part is close to the BBN time.
RP: We see variation in the M_DM - sigma_SI plane, some part has been explored by LZ.
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Indirect Detection
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Indirect Detection Prospects
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Conclusion

- . S . S

We have studied fermionic dark matter produced from the freeze-out and super WIMP.
Some part of the region has been explored in the direct detection experiments

For fermionic DM, we have indirect detection which is suppressed by velocity

At collider we can expect similar search as WIMP type DM

We have shown for delayed decay it is not necessary to determine the distribution function
which is cumbersome.

By changing the mass ordering we can easily accommodate FIMP type DM with less
detection prospects.
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