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Secluded dark sector
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Secluded dark sector

Dark
Visible Sector,
Sector Contains a DM and a

mediator (D)

® vy —> DO determines the

® Constraints from direct searches can relic density of DM.

be easily evaded.
® The sector can be multi-

® Thermal properties of the dark sector component.
may have different properties. o

# ® Can be thermally-"
"_ decoupled. '

® It is possible that the dark sector

evolves non-adiabatically.
® Can be degenerate.
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Temperature evolution of dark sector
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Temperature evolution of dark sector

dp’
dt

B 4H:0/ = CgSM—>DS

Increase in the energy
density of dark sector
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Temperature evolution of dark sector

dp’
dt

B 4H:0/ = CgSM—>DS

|

Increase in the energy Dilution due to expansion
density of dark sector
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Temperature evolution of dark sector

dp’
dt

- 4Hp' = Gy g

i Energy injection from
s , visible to dark sector
Increase in the energy Dilution due to expansion

density of dark sector
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Temperature evolution of dark sector

dp’
dt

4H,0/ = %SM%DS P

l Energy injection from
s , visible to dark sector
Increase in the energy Dilution due to expansion

density of dark sector

' Assuming the dark sector is internally f
{ thermalised

- n.zgp,T/4
P =73

and defining &=
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Temperature evolution of dark sector

dp’
dt

i Energy injection from
s , visible to dark sector
Increase in the energy Dilution due to expansion

density of dark sector

Assuming the dark sector is internally
[ thermalised
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Temperature evolution of dark sector: Continue......
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Temperature evolution of dark sector: Continue......

Renormalisable Non-Renormalisable
interaction interaction

62

Amplitude square

275
CsM-DS ~ €T affommmmmnen

Collision term

—1/4 T1/4
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Sensitive to IR physics Sensitive to UV physics
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Motivation
® Considered U(l)Lﬂ—L, ® U(1)y extension of SM.

Well motivated in the context of
muon anomalous magnetic moment and

. . . Ma, Roy, and Roy
neutrino mass-mixings Phys.Lett.B 525 (2002)
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® Considered U(l)Lﬂ—L, ® U(1)y extension of SM.

Well motivated in the context of
muon anomalous magnetic moment and

. . . Ma, Roy, and Roy
neutrino mass-mixings Phys.Lett.B 525 (2002)

® Dark sector is charged under U(1), gauge symmetry and Z’ corresponding

to the U(1)y gauge symmetry is Kinetically mixes with Z, at tree level.

Dark sector only couples with the SM fields which are charged under U(I)Lﬂ_LT

gauge symmeitry

Dark matter phenomenology is less constrained since it is not coupled with the
first generation of leptons and quarks at tree level.
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The Model
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The Model

Z = gSM +)((l7/ﬂa,u - WZ))( - ZXP Xpa _ ZFZTF,“TPU _ gx)(}/ﬂ)(zlu

=8,y ,u +v,y,Prv, —7y,7— DTprLﬂ)ZZT \,

Tree level kinetic mixing
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The Model

Z = gSM +)((l7/ﬂa,u - WZ))( - ZXP Xpa _ ZFZTF,“TPU _ gx)(}/ﬂ)(zlu

~8usop + Dur Py = BT = U, Piv) Zys

Kinetic mixing between y and Z’ can be generated at one loop
level which is proportional to €.

w/T )

D iee (! m, g*x(1 - x)
y - iI1(g°) = — 2— x(1 —x)log dx

7 ), m2 — g2x(1 — x)

Sougata Ganguly @ PPC20233 3



Relic density estimation

Using sudden freeze-out approximation

r \
, ) T
thgmz( ; ><Xf><7x1o 15Gev> V &y < 100 >

10-5 ) \ 10 (6V) gs(T)

From S-matrix Unitarity
A [ Xf

<0- V)Max = 2

my

T

Relic density + Unitarity gives

127TeV
m. <

VL

Unitarity limit of DM mass can be relaxed if the dark sector is colder
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Boltzmann equation for DM relic density

dY o . heff(X) s(x) , ) 2N (x)s(x)

=2 ey ez T~ o) 4+ e R,
Dark sector freeze-out, Production of DM from
depends on dark sector SM bath: freeze-in

temperature
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Boltzmann equation for DM relic density

dYy  Mefix) s(x) , 2h(x)s(x)
= = = <GV T [ ecltot(T T,) Yt%t] T - Z< ff_>

7'7
dx 2 xH() xx= xH(x) XX ﬁ“*q
Dark sector freeze-out, Production of DM from
depends on dark sector SM bath: freeze-in
temperature
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DM parameter space in m, — ¢ plane
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Muon (g-2) anomaly

/
BNL g-2 - @ z
FNAL g-2 + —@
< 420 > 7 >
® t @
Standard Model Experiment
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175 180 185 190 195 200 205 210 215
9
a,x10° - 1165900

PRL 126 (2021) 141801

Is it possible to explain (¢ —2), anomaly and DM relic
density even if dark and visible sectors are thermally decoupled ???
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Constraints on the U(1) 1,1, portal

5" force

Relic satisfied
. region

log,,(m,/1GeV)
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Modified cosmology: Effect of a fast expanding component

® Consider a new field ¢ whose energy density redshifts as Py & a= " where n > 0

® We define a temperature 7, at which p,(T,) = p,«(T})

® Using entropy conservation, we can write

&)\ ( gu(T) <T>
T) = T _
Pt) = Pad )<gp<T>)<g*S<Tr>> 7,

® Total energy of the Universe will be

44n

ST\ [ g(T)\ < T )
T) = )11 _
p( ) prad( ) + <gp(T) > (g*S(T,,)> T,,

® For T > T., the Hubble parameter is

HT) T A7 (T)T2 7\"*
~3Mp V5 V& T.
14
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Equilibration floor

Sougata Ganguly @ PPC2023

10°
107"
1077
107°
107
107°
107°
1077
107°
1077

> e e

15



DM number density in modified cosmology
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DM number density in modified cosmology
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DM parameter space in m, — ¢ plane in modified cosmology
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Summary

We have considered a U(l)Lﬂ_LT ® U(1)y extension of the SM where the dark

sector is only charged under U(l)y gauge symmetry.

Due to the presence of tree level kinetic mixing between Z’ and Z,, the dark sector is

only populated through the annihilation of second and third generation of SM leptons.

The parameter space is less constrained as compared to the gauged B — L scenario.

For standard cosmology, we have shown that for a thermally decoupled dark sector,
simultaneous explanations of DM relic and (g — 2)ﬂ anomaly are not possible.

Reconciliation of DM relic and (g — 2), are possible if the total energy of the Universe
in at early epoch is dominated by a fast expanding component.
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Thank You for your attention 20
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