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[S. Pascoli, et. al., 1208.2732 and C. Yaguna, et.al., 1308.3655]
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[Modified from Celine Boehm'’s slide]

This suppresses matter perturbations and reduces
the amount of small structures today
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[J. A. Schewtschenko,et. al., arXiv: 1404.7012]
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https://www.youtube.com/watch?v=YhJHNG6z_0Oek

[J. A. Schewtschenko,et. al., arXiv: 1404.7012]
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Large Scale Structure

[C.Boehm,R.Wilkinson, arXiv: 1401.7597]

I REQUIRE:

10° | :
. 100} Constant Cross Section
)
S 102 m
- —36 DM 2
< MeV
o 1{]-6 .

108 | T- dependent Cross Section

1010 . , O _48,MDM , 1

10° mf‘ 10° Ol 5 10 48( ) (_)2 Cm2
< Mpe”) MeV '’ Ty



Annihilation
Cross section



Yield

10-10 i

10-12 |

10M ¢

Relic Abundance

Andrés Olivares-Del Campo

X+ X v+

10®
10°

- mDM=10 MeV

— Equilibrium |
- - mDM=10 GeV

~
<ov, >=3-10"% cm?®s™! g

—_— -

102 103
m/T

- Sets the amount
of DM today



Yield

10-10 i

10-12 |

10M ¢

Relic Abundance

Andrés Olivares-Del Campo

X+ X v+

- mDM=10 MeV

— Equilibrium |
- - mDM=10 GeV

~
<ov, >=3-10"% cm?®s™! g

10®
10°

—_— -

102 103
m/T

- Sets the amount
of DM today



Andrés Olivares-Del Campo

Relativistic Neutrino Species

T=2.3 MeV
Neutrino time

Decoupling



Andrés Olivares-Del Campo

Relativistic Neutrino Species

T=2.3 MeV M,,, < MeV
Neutrino Entropy time

Decoupling Injection



Andrés Olivares-Del Campo

Relativistic Neutrino Species

T=2.3 MeV Moy < MeV
Neutrino Entropy ume
Decoupling Injection

v N 4 A3 T, 4
I¥eff — 4V J.J. I-ﬂ, '



Andrés Olivares-Del Campo
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Relativistic Neutrino Species
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Gauge Invariance

e SM: SU(@3)c x SU(2)L xU(1)y e <V>

Can neutrino-DM Interactions be

[A. Merle, et. al.,

The nature of the DM 10053116 and 1
YE " and the mediator 1706.06600]

" Dirac or Majorana neutrinos

[T. Han, et. al.,

* Concrete Model: Dirac Neutrino Portal 74907001
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Particularly relevant for
DM and mediator masses
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Spin 1

Scenario

Uomplex D

Vector medinton

Dhiene DM

Vector Mediator

Majorana DM

Vector Mediator

Vector DM

Vector Mediator

Lagrangian (... )
g™ (3 x)xt = (3.x)"x)
QLY Z
g LT ZXL — S BT ZL YR
— g, -"f;,ffl.

- BV ZL X
— g, 0+ EJ'JI*L

~ g " 0" Z, + h.c.

— gL Z

Wy
i: ' )
Wy & LN T
LD L VT I
Ja | lrrl:'l._[ iy, ] Ol
'J'I g mf
_.|I_ i . LRii ——
2w | 1.IIIE._.,_I H.l}. J*
_I.I;I_I.II_I ‘”IEI:-:'-l. || a
127 (dmgy,, ”I]:‘f': A
.'J;_h'.' Miry g ; rj“'l]
i,

(4 gy .'.'l:lz,.:'

f:rq'-[

2 d ] ]
"I'L"I" "“[J?.j e

M 1]

Fi

|Ji I,II'I. "”r!I:'.J |'.l"I

B ]

;F.I
3 ||I'I ||||'I ”‘|_I|:'|| rlr'l
32n My,

iy e Wipg, W

8 H.Ii.




my (eV)

Andrés Olivares-Del Campo

Complex DM, Dirac Mediator

g=1

1012 10-10
1011 10-15
1010 10-20
10%° 10-25
108 10-30
7 -35
10 Excluded by ] 10 o
106 DM stability —E| 10-20 i
103 _EI 10-45 &
104 E 1 10-50
103 E 1 10-55
o 1]
collisional damping ]
101 [ Borexino —E, 4 10-65
B SK own analysis |]
100 10-70

100 101 102 102 104 105 10f 107 108 109 1010 ]1Q11]Q1z2
mpy (eV)



Andrés Olivares-Del Campo

Complex DM, Majorana Mediator
g=1

1013'@ =TT g T T T 10-10
1012 E [ Thermal relic : 10-15
1011} 4 10-20
1010 | : 10-25
109 1 10-30
108 ]
: 1035
7 -
f‘;‘, 10 lEchude-:_i by J 3 10-40 5
é?' 106 DM stability _EI ».:;
: 1045 ©
105 .
; 4 10-50
104 .
: 11055
103 :
102 Excluded by Borexino . 1 10-60
collisional damping SK own analysis E
101 Beacom et. al. | 4 10-65
SK collaboration |3
100 10-70

T E—rwrerYTn m————re |
100 101 102 102 104 105 10f 107 108 109 1010 ]1Q11]Q1z2
mpy (eV)



mg (eV)

Andrés Olivares-Del Campo

Small coupling (I)

1012 —m 10-10
1011 : 10-15
1010 | 10-20
10° | 10-25
-30
i 10-35
7
10 Excluded by 3 10-40 <
106 DM stability —;| 5
: 10-45
5 ] =
10 ! L0506
1o% 3 11055
103 3 1 10-60
collisional damping EEE SK own analysis
101 Bl Beacom et. al. H 1 10-70
Bl SK collaboration |
10-75

0o J
100 101 102 103 104 105 10f 107 108 109 10101011 ]Q1z
mpy (€V)



mg (eV)

Andrés Olivares-Del Campo

Small coupling (1)
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Galactic Centre GeV Analvsis
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N-effective constraints

From [1] From [2]

Real scalar DM No constraint Mpon < 4 MeV

Complex scalar DM | mippg < 39 MeV No constraint

Dirac DM mpu < 7.9 MeV  mpy < 10 MeW
Majorana DM mpu < 3.0 MeV No constraint

Vector DM No constraint No constraint

[1: C. Boehm, et., al., [2: C. Boehm, et., al.,

arXiv: 1303.6270] arxXiv: 1602.01114]
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