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e Search for beyond Standard model (BSM) particles is one of the main objective
in particle physics.
® BSM particles can have weak coupling, difficult to detect them in terrestrial
experiments.

® Precision cosmology, with various current and upcoming cosmological
experiments, provide excellent opportunity to study BSM physics.

® BSM particles in early universe can leave their signatures.

® These signatures can be detected via cosmological experiments like Cosmic
Microwave Background experiments.

® Dark matter (DM) can be weakly (WIMP) interacting or Feebly interacting (FIMP).

e Nature of neutrino : Dirac or Majorana.
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e |f Dirac, CMB experiment can help in detection prospect due to light nature.
® Define -
7 /4 4/3
pr=pytputpesm=|Ll+g <11> Netr | py- (1)

® N, — effective number of relativistic species.

® |ncorporate all possible light BSM particles.

® Norr = N + ANgs.

® For the Standard Model, Neg = NS¥. = 3.045 [1606.06986].

® Current CMB bound (2¢) from Planck 2018 data,
Nor = 2.997032 — ANgsr = 0.284 [1807.06209].

e Future expected CMB bound (20) from CMB-S4, ANgs = 0.06 [1907.04473].
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® Here origin of DM is related to Dirac nature of neutrino.

Dirac neutrino takes the role of mediating interactions with DM and SM bath.

To realise, we consider a UV complete gauged B-L model.
® SMis extended by - ¢1, ¢2, 1 and vz with B-L charges 1, 3, 0, -1.
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The Model /}&//Z

Scalar part

Ls = (D"®)1Du® + (D" 1) Duepr + (0" ¢2) Dyupa — V(, 61, 62), )
Du® = (au — igTalf}, — i%/Bu) ®;  Dup1 = (8u —igaB)) ¢1;  Dugp2 = (8u — i3gsiB),) P2,

V@, 61,02) = —p2(@1®)+ud(dlen) — nd(9)2) 3)
A@T @)% + A1(8]¢1)2 + A2 (php2)?
Mgy (BT @) (B]61) + Mgy (BT @) ($L02) + Ay 5 (01 01) (01 82).

Yukawa part

—Ly D VuL®ug + y4, bd1vp + mypyp (4)

+
+
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The Model

¢9 accuires vev and give mass to B-L gauge boson.

¢1 does not get vev, remain heavier than ) making v stable.

1 is a fermionic dark matter.

¢1, ¥ and v interact through yukawa coupling y, .

Relevant parameters are Relevant parameters - my,, mz. my,, Ang, . 9oL, Vo, -

Depending on y4,, we can have both FIMP or WIMP type DM.
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FIMP type DM

\

ANerr>0.28 025

® Due to small yukawa, DM and vg
are produced non-thermally.

0.20

® Thermal vy is also possible via

— é:i 015 &
ff <+ vpip (resonant) via Z' gauge g g
boson. ot
— h non—th
° ANEff - ANZH + ANeff ’ never thermalise o
h 7 106.75 e
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Logio(mz/GeV)
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FIMP type DM XN

I m, =1<;oosev
1# T e L o N2 F 0
. i e o =1x10°
® Non - thermal production : ¢, . B 201220.003
decays to DM, ¢ and v;. gm 27______
. ° Yo, 7 Y,
® Solve Boltzmann equation for o \\ yd é _ M
_ Ng,y _ Ny __ Puvs £10° o
Y¢1 =5 Yw =3 and YVR = /3 % o Y-:/—/’//(\
® ¢, freeze-out is determined by : 01079 ) \
)\H¢1 and [o:TI8 /////// \ ‘|
S 1
® Decay width: . -u'// ]
y yd)l e 10* 1000 100 10 1 0.1 0.01
T (GeV)
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FIMP type DM

o 250 GeV < my < 1000 GeV, 107° < Mg, < 5% 1075,
1074 < gg < 1072 10keV < my < 1000 keV.

o’ %y

uau_n.égﬁ @
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FIMP type DM : Structure formation
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® Ability to form structure = Depend on FSL of DM.

® FSL — Distribution function —> Production mechanism.
e Cold Dark Matter (CDM) <= g5, < 0.01Mpc.

e Warm Dark Matter (WDM) <= 0.01Mpc < Ars. < 0.1Mpc.

® Hot Dark Matter (HDM) <= Ags. > 0.1Mpc. [1112.0330]

d
Tea (W(T)) it [ 2 &8 fypr, )
o= f A ) = -
prod CJ( ) f (271_)3 fw(pl, T)
Parameters Qb2 | AN FSL(Mpc)
mg, (GeV) Ao, Yoy my (GeV) gBL m,y, (keV) DI c

BPI 1000 5x10~° | 1010 500 0.001 126 0.12 0.251 3.09
BP Il 500 5x107°% | 1010 500 0.001 233 0.12 0.210 1.32
BP I 1000 2x1074 | 1079 500 0.001 970 0.12 0.184 0.06
BP IV 500 2x10=% | 107° 500 0.001 938 0.12 0.184 0.05
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FIMP type DM : Summary plots
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WIMP type DM

Here interaction between ¢1, ¢ and v is large (large y;, ).

Form a dark sector (DS) among themselves.
DS interact with SM via 1 X — ¢1X, 917 — ¢$1Z' and vgX — vgX.

T4ec Ccan be found -

Tiea 1
% == (%! ((OV)gixmgix + (OV) gy 27— 127) + N5HOV) e sxi] - (5)
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WIMP type DM

e After decoupling, DS evolves and have separate temperature.

® Define ¢ = TLTS.

dy

O e (092 ) ®
d 1 S
d_f( X ( 24aﬂ£3/-/s T (Eov)ers ((Y°9)* = ¥*) — (B — 1)5) '

Y=Yy + V.
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WIMP type DM

¢ \We find increase in Tpg compared
toT.

® Reason : annihilation of heavier
DS particles to lighter DS
particles.

® Gives strong constraint from
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WIMP type DM

® 50GeV < my, < 150GeV, 100GeV < mzy < 500GeV, 10GeV < my < 100GeV
1075 < Apg, < 1072, 1075 < gg < 1073, 0.2 < yg, <0.3.

.rl u-.saﬂ's

-O'ni

ey aaﬁa%ﬂmamaaigamﬁulﬁ--

Vo -||gE %-i!aigiigi-mgkl

m,, (GeV) ) m,, (GeV)

IIT Guwahati 16/20



WIMP type DM : Summary plots é"l
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WIMP type DM : Direct Detection

r/f%ﬁ/l
® No tree level diagram.
® One loop - Higgs mediated and 7/ 10,48

mediated.
® Total DM-nucleon cross-section 10
o _ 1 m’2Vm12P [mN 1 _ f % . 3 .\-o: ."3 ¢t -.
tot — = (mN + m¢)2 v ml27 wah N 3 .-.-." :‘. :‘: .;! j.s .:.;-_:- .
ooo 8°.% s 00 o
ge 1 . 1057 it .pg.f. 'f AL ..
+? m—%gww lejl . . . ‘-o; .' ,{;. h.- -' ..‘.:,..
10 T .
® Out of reach from future DD 01 02 ° 04 05 06
experiment. [1606.07001] 20 10 60 80 100
m,, (GeV)

IT Guwahati 18/20



Conclusion

IT Guwahati



Conclusion % ,
)\\/,’///
/,)/

¢ \We study a possible UV completion of light DNPDM.
® Due to gauge B — L interaction, detectable contribution to AN.
e We study both thermal and non-thermal production of DM.

® \We find that cosmological constraint (from structure formation and CMB) put
stringent bound to the parameter space of the model: stronger than direct
detection bound.
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