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Why multicomponent dark matter?

@ Single-component WIMP's — perfect in large scales

o Galactical scales problems — possible solution: 2 component DM
(m < my)

e core-cusp problem

Collisionless CDM
© simulations = cuspy decreasing of
DM density with radius

< observations = flat distribution in the Self—interacting DM
core

10° 10! 10?
rlkpc/h]
e too-big-to-fail problem: bigger satellite galaxies around the Milky Way

and other big galaxies predicted by simulations

e Why only one component? (vs. 17 particles of SM)
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Vector-fermion model

e Gauge group: G = SU(3). x SU(2), x U(1)y xU(1)x.
Standard Model gauge group
@ SM not charged under U(1)x

o New fields: S — complex scalar , x — Dirac fermion, X,, — U(1)x
gauge boson

@ Charges:
S (171707 1)7 X (1’ 1’0’1/2)
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The Lagrangian

@ L= Lsm+ Lpm + Lportal
@ The dark sector Lagrangian

1 *
Com =~ SFu + (D) DS + ISP - ol

1
+x(iD —m — —(yxS*xTCx + h.c.
x( D)X ﬂUxx X )
D, = 0, + ig«qx X,
e L invariant under C symmetry:

X, S -X,, $55 xS\ =—iny

Zy symmetry = no U(1)y-U(1)x mixing = no X,, decay into SM
BEFEL
o The Higgs portal Lagrangian — the only DM-SM interaction

»Cportal = *H’S’2|H‘2
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Higgs particles mixing

V(H,8) = —piylH? + Al H|* = p§ISI + As|S|* + s| HI?|S|?
—_———

SM DM portal

@ Spontaneous symmetry breaking

_ (0 TS i
<H>_ <\\//§>7 H_<H> ﬁ<h+lﬂ'o>
_ % ¢+io

o 7, 79, o — the Goldstone bosons

@ h and ¢ mix to mass eigenstates h; and ho:

hy _»-1 h , where R — C.OSOé —sin«
hy 10} sina cosa

@ hp considered to be the known Higgs particle, my, = 125 GeV
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Majorana fermion states

Lpr = X(i) — mp)x — \%(ny*XTCX + h.c.)

o After SSB we diagonalize Lpr with mass eigenstates ¢ :

. C
X+ X
Yy = V2 My = Mp + YxVx
_.C
/l/]—:X. X; m_ = mp — YxVx
/\@
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Feynman rules

@ Interaction Lagrangian of the dark sector:

Lin = = 2 (Pths +P-9-)6 — 28"y — T7"64)X,

2
+ E2XI X0+ EXI X7,

R _ |cosa —sina the only decay possibility
sina cosa m_ < my = 1_ always stable
Py
h, .
R TiyxRai
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ANNIHILATIONS (2DM —> 25M)
/X Iox hi X h X-LH el

!
by JJ_' -LL' hs / M "/ -LL' X; -+ cross term

T N - N

VX 7oX by X 5

P v I P f'l. wf'_\ e
> by ,J'r, \ h / \__itf_.-"’ W | + cross term

""" VSN o

SEMI-ANNIHILATIONS (2DM —> SM + DM)

(2 X X hi X P X . hy X
; - 1'\1 / Y -L"l-"‘ i Y \ JJ'J
X _,-J“' L’-, Vo ‘ | /\é " |

\\I\N\
4/ P / \ Py /.\‘- hi Py N Py /.\\ hy

hy oy W

CONVERSIONS (2DM —> 2DM)

X — Ui X -1
:i‘ll_._j';"-_ < .\:\:|/ + cross terms
- TN

Wy
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The Boltzmann equation for DM — the general form

L= Lsy+ Lpm + Lint

the model n
a c
>__(P__ — < GV >ab-cd
Interactions . .,
3
% +3Hn, = — % < OV >apcd (nanb - ;Z;: ncnd) + decays
Boltzmann '
equation

n/s

DM density time
dependence

Y=

10 20
x=me /T (~t12)

Michat Iglicki Vector-fermion dark matter



The Boltzmann equations for our model

dnx , ~ ‘ __n
dr 3Hnx — (02%%") (ni - ni) — (g X¥r¥-hiy (n)(nw+ — Ax iy, r_]w )
v
pih; ; Ny, n
— (g Xv-vhiy <nxnw — fixfiy_ w*) _ (Ugh,wwf),—,h(_ ("X Aix My 1/)7>
My iy, iy
n
XX 2 XXy [ 2 =2 Mo
— (@0 <"x ”’*) G ( nx — M= )
1/1+ 1[;,
_ nx My
Hioxu- ("“ M i By )
dny_ ! 2 =2 Xh; nx
e L v ("wf - ”wf) = (oy=eh) <"w My — fy_Ry, X)

b X Ny, n
(o=t [y — i 5 ) — (g XV Ry (g — iy T
Ny Ny, Nx
XX P n
— (o¥-- >( g, — 3 _X> (a¥-¥- w+w+>< vf—”w +>

IU+
Ny, nx
- (-
+ru\ — X (nz;‘;‘ — Ny, —— T>
My, NX

7[1/1 A w+] rt,-—»X( (n'z.rv - ﬁz;‘

N—

dnl/hr
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Solving the Boltzmann equations

Experimental constraints — relic density Qpuh?® = 0.12

—a il Myef . d\/, _ mref@
@ Convenient variables: Y = 2, x = xf = BEq.: Gl = et + 3Hn

h250

Per

Q:h% =

miY® = 2.742 x 108 (va) Y

The BEq. solved by micrOMEGAs and a dedicated c++ code

e micrOMEGAs dedicated to 1 or 2 component DM
e our model — 2 or 3 components

o Free parameters: g, sino, mx, my, m_, mp,.
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micrOMEGAs
c++
micrOMEGAs

The results — 2 component DM

o Bigger gx = stronger DM-SM interactions = smaller abundance

@ Good agreement with micrOMEGAs

sina=0.2, ge=0.1, Ay ~0.128, Ag~0.001, r~—4x10"", y~0.05 sina=0.2, gy=5, Ay=~0.128, \s~3.5, k>—0.02, y;~2.6
1074 1074 Y, B
106 1076 —h =% v
10-% 108 - Y- 4
L2 10710 210710 B
nicrONEGAS micrONEGAs
1012 ° N 102k ° —
[ aut-63 N Ok =2x10°° yicronEohs
107" Q_h*=330 \ \\ 4 107" _h?=2x10"*
\
[ \C . 6 \
10716 (m/\:. m_,me, m N (245,200, d555130) [GeV] 4 1016 b, m—,my, ,I”h!) = (245,240, 455, 130) [GeV
10 100 10 100
x=mx/T r=mx/T
(ov) = ag + arx L+ apx 24 ...
process an ant1 N process an an41 N
XX — SM 12-102| -35-10 0 XX — SM 7.68-10% | —2.18-10° | 0
27-107* | —8.2-107* | 1 1.69-10% | —5.19-10° | 1
78-103] -6.2-107% | 1 4.88-10* | —3.86-10° | 1
6.9-10%] 16-103 [0 429-10° | 9.93-10° | 0
6.4-107°| 16-107* |0 4-102 1.03-10° | 0
38-10%] 2:10% |o 239-10% | 1.25-10* | 0
45-10%] 1.8-107° [0 28-10T | 1.11-10% [0
11-107%| 45-107* | 0 6.67-10% | 2.76-10° | 0
23-107*| 42-1073 |0 1.42-10% | 261-10° | 0
56-1073| 9.4.1072 | 0 351-10% | 5.88-10° | 0
2.8-107% | —3.1-107* | 0 1.75-10% | —1.95-10% | 0
6.7-10°% | -7.6-103 | 0 4.19-10* | —4.87-10* | 0
103 2.59 - 10°



micrOMEGAs

The results — 3 component DM

o Disagreement with micrOMEGAs

k=1,

sina = 0.3, gx = 0.05,

A = 2.7, As = 0.1, y = 0.006

/micrOMEGAs |
. ¥

. ymicroMEsis

F Q+h 7800 A \
6L mx m_,mY, \'qu (200, 450, {OU 1860) [GeV] B
10 100
z=my/T
(ov) = ag + a1x~

process ay an+1 N
XX — SM 4-10% [ -19-1002] 0
9.6-107% | -3.1-107% | 1
9.9-107%| -1.1-107%| 1
1.10° [ 1.7-10° [0
1.4-107°| 1.2-1075 | 0
23-10*| 56-10* | 0
1.6-10°[ —26-10°] 0
6.1-1077 | 6.9-107° | 0
7.1-107%| 1.1-107% | 0
16-107°| 1.2-107% | 0
47-1007| 1.1-107% | 0
9.5-107* | —9.7-107° | 0
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XX — SM

k=1, sina=03, gy =08, Ay =029, A\s =17, y=0.1
T
10 Y ]
o — Y — Y, v
. Y -- Ve -V ]
ymicronEchs
= 10-10] o 8
B [ ymicrOMEGhs
107121 -
10~
107161 (m\ m_, m\ ) = (200, 450}?00.480) [GeV] 4
10
z=mx/T
Lpapx 24,
process an an+1
7.82-10° | —2.54-10°

cocoocoococolocoo~rolz

dark matter



micrOMEGAs

The simple U(1) extension of the Standard Model gauge group
New fields: a scalar S, a Dirac fermion x and a gauge boson X,

After SSB: two Majorana fermions 1)+, a gauge boson X, and a
second Higgs particle hy

Convenient framework to analyze various multicomponent (2 or 3)
DM scenarios

Developement of the general multicompDM Boltzmann equation
solving tool

Parameter space scans are performed (problem: time)
Work still in progress...
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The simple U(1) extension of the Standard Model gauge group
New fields: a scalar S, a Dirac fermion x and a gauge boson X,

After SSB: two Majorana fermions 1)+, a gauge boson X, and a
second Higgs particle hy

Convenient framework to analyze various multicomponent (2 or 3)
DM scenarios

Developement of the general multicompDM Boltzmann equation
solving tool

Parameter space scans are performed (problem: time)
Work still in progress...

THANK YOU FOR YOUR ATTENTION
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BACKUP SLIDES



Other parameters expressed in terms of the free ones

free parameters:

8x, sih, mx, My, M—_, Mp,

other parameters:

2 .
L . (m? — m3)sin(2a)gx
x gx 2vvy
m? cos? a + m3 sin® o m? sin o + m3 cos® a
AH = 2 As = 2
2v 2vg
my — m_ my + m_
Yx = mp =

2y

2



Symmetries of the Lagrangian

Lint = — %(IZHM + ot )p — égx(?/_%w?/)— — Py )X,

2
XX+ EEXIX, 2

Symmetry | X, | ¥4 | Y- | ¢
Lo -+ | = |+
Z, - | =+ |+
Zy + |- - |+

@ The lightest odd particle stable
@ No DM—SM decays



2 component DM scan

o Bigger gx = stronger DM-SM interactions = smaller abundance

o Bigger mass = smaller Y ~

(2)*?

@ s-channel resonance effect when my, ~ 2m_

9gx

(mx, Am)=(500,50) GeV
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