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The WIMP paradigm

The endangered WIMP
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Freeze-in Classes

Freeze-in: Thermal Bath \ _ \®

Temp T > My
X is thermally decoupled and we
assume initial abundance negligible

IR freeze-in: UV freeze-in:

e DM-SM renormalizable coupling e Dark sector o g, visible sector.

A~ O(10719),
M e Small coupling is natural when A is
o Yoy ~ )\2% — favoring low T very large.
e Dominant productionat T ~m, T <m M, T2~ .
~ exp(—m/T). e Ypy x plAT if Thyy >> m;.
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Effective theory of freeze-in Set-up

Freeze-in in EFT framework with b & RR, arxiv: 2007.08768)

e The DM Yy is a singlet Majorana fermion.
Vectorcurrent XA ggj anrd d'pele moments X T‘Wf X FHL 5j )

v~ Scalar, pseudoscalar and axial vector DM bilinears.

e DM-SM scalar ops. up to dim.8: L = Loy + Lpom + La>4.

DM AL A2 A3 A4
bilinear
(dim.3)

X, XMV X, XV

i
x| H'H Dt (%) (2h)
it x iLPL,iRPR
LHR,LHR
X yPx me(R) W’YML(R) (HTH)
iHD, H iHDy H (HTH)
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Effective theory of freeze-in DM abundance

Parameter space: {Mpw, A, Tru}
o 47MeV <Tpy < 108 GeVv

BBN (1511.00672) model dependent
T 5, [T 2 PLANCK
o Y, ~ / [IMp—sml| +/ [Mis2252]" = Q% ~ MYy (To)
Tew To
before EWSB after EWSB

o Thy > Tpw = Yield after EWSB is small.

e dim.5 interactions always dominate.

M,=50GeV M,=500GeV
3 - - - -
10 + Before260% 10" « Observed abundance
« After=60%
UV dominant 10761
516 s only uv
8 10 D
i (o)
= IR d?rnlnant = 108l
10'® 10
1000 10° 107 10° 1000 10*  10° 10 107 10®  10°
Tru[GeV
rrlGeV] 5/8

TrulGeV]
Basabendu Barman (IITG)RH[ !



Effective theory of freeze-in Detection

Detectability??  (with DB & RR, arxiv: 2007.087¢68)
o LEM (AL —9) 5 m, ~ % — A, 2101 GeV.
e DM-SM ops. of same dim. can produce right relic.

e Observing 3.5 keV X-ray line (needs UV completion) 907.07973).

Only dim.5 interaction
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Effective theory of freeze-in Radiative inflaton decay

[
T REFU

foeaod : o No direct inflaton-DM
N coupling.

DM from inflaton decay

Loguo e Inflaton decay via 1-loop
B can produce DM
(1709.01549, 1901.04449, 2004.08404).

M=10"2Gev

Qxh2 =f (Br: {Wxa Mnf:TRH);
rioor

Br= -t |
F¢,—>hh+F¢I—>ff+F§?p
> (with DB & RR, arxiv: 2007.08768).

Small branching to avoid
over abundance.

Can account for fotal DM
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Effective theory of freeze-in Remarks

In the end...

» We provide the simplest possible operators connecting DM
and SM relevant for freeze-in scenario up to and including
dim.8.

» {A, TRy} can be simultaneously constrained from DM relic
and neutrino mass generation from operators of the same
dim.

> It is also possible to obtain right DM relic from inflaton decay
even in the absence of DM-inflaton coupling.

» Connection to certain inflationary scenarios could be
interesting to explore.
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Effective theory of freeze-in Remarks

In the end...

» We provide the simplest possible operators connecting DM
and SM relevant for freeze-in scenario up to and including
dim.8.

» {A, TRy} can be simultaneously constrained from DM relic
and neutrino mass generation from operators of the same
dim.

> It is also possible to obtain right DM relic from inflaton decay
even in the absence of DM-inflaton coupling.

» Connection to certain inflationary scenarios could be
interesting to explore.

Thank you!
Questions/comments/critique?
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Backup Slides
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DM production channels

o T'>Trw: 2—2,3—2(2—3),4— 2(2— 4) channels (massless
SM) = UV

o T <Tpw: 1 — 2,2 — 2channels (massive SM) — UV+IR.

£0(© N
SM X 6 SM SM s M f X 5 X
SN s i1 sv X M M X ! x v *
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Scalar kinetic term
Before EWSB:

|D,H|? D (auwa“qr + am“aﬂ@) - “fBMB“ (¢+¢* + ¢0@)
S W (oo 4 09).
i=1,2,3

After EWSB:

21 95 w9
[DuH* 2 50,h"h+ (h+ up)? fw,jw oy STQQZHZ“ .

w
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BEQ for 3 — 2 process

3
. —2
=1

—
= /dLlPSgdH4dH5|M‘123*>45f1f2f37

N |
dLIPSy = d®pyd®ps = (4 |p4l) (47 |p3|) id cos 0.

Chonge Vvariables nucl.physs 360 (1991) 145-179:
Ey =E;+ Es,E_ = Ey — Es,s = 2M} + 2E4E5 — 2 |p3] |p3| cos 0:

E? —s 2
1 AM
dlldIls = - 1 - —2XdE,ds,
4
(2m) 4 s
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Continued...

, T 5 AMZ N
nX + 3an = W 4M2 4 ’M’1234>45K <T> dLIPS3

as B+ B>+ Es = Ey+ Es.

Performing all the integrals for overall rotations:

d823 1 5923 d cos (923 1
dLIPS; = 1- 22 —
/ 3 o 877( s ) 2 87

where
523
x1—1_? Ei=a1Y’, By =Y,
1 2 2
$2:§(2_331+m1005923), Egzﬁ(2_$l_x2)
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BEQ for 4 — 2 process

=1

_ / ALIPS AT dTIgIM gy s f1 fo S5 fi,
Use energy conservation:

\[

ny +3Hn, = ——
X X (27T)4 4M2 4

S
’M|1234—>56K <\7(> dLIPS,,
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Continued...

For massless initial states:

1 Vs
/dLlPS4 = 47‘(2(871')3/(; d812

_ 2
/(\/g v d834\/1 + 5Ty _ 28172;34 + S _ 2 2w
0 S

52
/dC08912 / dcos O34
2 2

BEQ in terms of yield:

dyi—2 1 1 > AWVIE Vs
X X
~ — d 1-— M K| —
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