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QOutline:

o Two-component DM: scalar + fermion

e relic abundance in two-component DM scenario
(the Boltzmann equation)
o WMAP constraints

e direct detection constraints

@ A. Drozd, B. Grzadkowski, J. Wudka,
Multi-Scalar-Singlet Extension of the Standard Model, arXiv:1112.2582 [hep-ph]

@ S. Bhattacharya, A. Drozd, B. Grzadkowski, J. Wudka,
Two-component Dark Matter Scenarios, arxiv:1309.2986 [hep-ph]
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Scalar + Fermionic Dark Matter - Lagrangian

+®
SYMMETRY: Z, x Z, ™+@®
L = Lsyv + Lou

Lopym = 8ug08“gp + Dial/ + ﬂhiayh

1 A
2 2 ¢ 4 2¢7t
—ghe® — ¥ — A HH
1 T 1 T
+§myu Cr + ithyh Cuy,
+g, Vv, @
scalar ¢ neutrino v neutrino vy,
Zo: ¢ — — Zo: v — +v Zo: vy — —y
S — —p Zy:v— —v Zh: vy — +uy
Aleksandra Drozd e FNP n http://www.fuw.edu.pl/~mpd/




Scalar + Fermionic Dark Matter - Interaction with SM

Line = —Mp*HH + g, 71, 0
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Evaluating DM Relic Abundance

Thermally averaged cross section

for annihillations X +X - Y +Y

(2m)*
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Scalar + Fermionic Dark Matter

case A: m,=100 GeV m,=120 GeV

case B: m,=105 GeV m,=100 GeV
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CASEA,B : o(T) = (0,p—smsmV)/K = const + O(T)
CASEA : 0A(T) = (0uv—pev)/K = aT + O(T?)
CASEB : (TB(T)
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Scalar + Fermionic Dark Matter - solving BEQ

CASE A, m, = 100 GeV, m,=120 GeV

CASE B, m, = 120 GeV, m,=100 GeV/
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CASEA, m, = 100 GeV, m,= 400 GeV

T[GeV]
CASE B, m, = 400 GeV, m,=100 GeV
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Constraining the parameter space

Parameters: m,, m,, Ay, g, Miy
My = my, +m, + 10GeV
4 independent parameters!

Ling = _)\XSOQHTH + g Vh

Scanned parameter space:
my, m,= 10 GeV - 10 TeV
A = 1073 - 10;

g, = 0.1 - 10;

Qtotal =0.114 + 30',
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Direct Detection - DM scattering
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XENON100 (2012)
— observed limit (90% CL)
Espected limit of this run:
B + 1 0 expected
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CRESST-II (2012)
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Points satisfying the WMAP data within 30; other parameters randomly chosen. Green circles

(dark green squares) correspond to case A (case B) solutions.
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What we did:

o We discussed the minimal extension of SM that provides
two-component Cold Dark Matter with Zs x Z, symmetry

o We discussed the DM density using the B. EQs

o We found approximate analytical solutions of the the B.
EQs

o Parameter space was constrained by theoretical
constraints, WMAP and direct detection

Conclusions:

@ Scalars cannot be much heavier than neutrinos (~ 20%)
e We need large values of g, (>1) to satisfy WMAP
e XENON100 bound favours

e points with heavy scalars, m, > 3TeV and m, > m,,

o very small A (resonance region, m, ~ Mpiggs/2)
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Scalar + Fermionic DM - WMAP constraint
CASEB, m, = 150 GeV, m,=145, 130, 120, 110 GeV
109)
m, =110
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RIGHT: Solutions to the BEQs: f, (dashed black line), fij (solid black line) and f, .
Yellow lines: WMAP 30 limit on DM abundance.




Scalar + Fermionic DM - WMAP constraint

CASE A, m, = 150 GeV, m,=175 GeV

10°

5 1 10

T [GeV]
Solutions of the BEQs for my, = 150 GeV, m, = 175 GeV (case A), Ax = 1. Pink, red, dark red
lines: solutions for the neutrino abundance for g,, = 0.1, 1, 5, respectively. Green: equilibrium
distribution for neutrinos at 175 GeV.

Yellow lines: WMAP 30 limit on DM abundance.
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Points satisfying the WMAP data within 30; other parameters randomly chosen. Left panel:

green circles (dark green squares) correspond to case A (case B) solutions. Right panel: orange
circles (dark orange squares) correspond to Qy < Qp ( Qp > Q).



Scalar + Fermionic DM - all constraints satisfied
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Plot of the cross section opp_N = GSM—N + O'EMiN as a function of ¢ for points satisfying

the WMAP data within 30. Green circles (dark green squares) correspond to case A (case B)
solutions. The red line shows the XENON100 data, and the two islands in blue indicate 1 and

20 CRESST-II results.



