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Standard Model + N-component singlet scalar ¢
O(N) symmetry and Zg symmetry: § — —¢

Lscalar =D HTD“H + %au@au@ V(QO)

—pfHTH + A\g(HTH)? +

H - Higgs doublet, (H)
after EWSB

+ L2 3+ I, () + \HHZ
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(0,v/V2), v =246 GeV
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'U‘i + AV
Qoo FNP

o

40> «F» «=Z)»r «=)»

http://phd-mpd.fuw.edu.pl/

DA



Aleksandra Drozd

P

FoundationforPolish Scence

cwnortanumion|
o no|

40> «F» « =>»

4
http://phd-mpd.fuw.edu.pl/

>

DA



Model
Theoretical Constraints
Cosmological Constraints

Unitarity & Stability
Triviality

Theoretical Constraints - Tree Level Vacuum Stability

e quartic couplings are all positive (Am, A, Ax > 0)

or

o )\ is negative and A2 < A\g\,/6
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Model
Theoretical Constraints
Cosmological Constraints

Unitarity & Stability
Triviality

Triviality - constraining couplings and cut-off

m? = 2\gv?

() 1-loop beta functions for the scalar sector
No=1.25 > AH0=1j
50 ‘ 2 d)\H 4 2 2
10 ‘ 167 L = 2474 — 6yt + 12y2Am + 2NAZ 4+ ...
30 dAx
1672 =" = Ae (1221 + Ap + 8Ac + 6y +...)
20 ) du
10 e 167r2ud)‘ = 48\2 4 = (8 +N)A2
S dp 3

5 10 15 20 25 #[TeV]

vyt - top quark Yukawa couplin
Fig. 1: Running of Ay for : &

N=1 po=1 Ao =1,
Aro = 1 (my, = 348GeV) and
Ao = 1.25 (my, = 389GeV). M =Mw) = A0, Aol = Mw) = Ap0

with initial conditions: Ag (¢ = Mw) = Ano,

FNP
ndatonfor m http://phd-mpd.fuw.edu.pl/

Aleksandra Drozd



Model
Theoretical Constraints
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Unitarity & Stability
Triviality

Triviality - constraining couplings and cut-off

Ag(p)

50
40
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mﬁ = 2 V2

A50=2 5 Azo=1 |

10 15 20 25 M

Fig. 1: Running of Ay for
N=1,0=1, Ao =12,
)\HO =1 (mh = 348G6V).
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1-loop beta functions for the scalar sector

dAu
167> p——
W”du

2 d>\x

167y = e (122 + Xy + 8Xx + 6y7 +...)

167@% = 48)\2 + %(8 +N)AZ

vt - top quark Yukawa coupling

FNP

with initial conditions: Ag(x = Mw) = Ano,
Ax(p=Mw) = Ax0, Ap( = Mw) = Apo
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Model
Theoretical Constraints
Cosmological Constraints

Triviality

Unitarity & Stability
Triviality
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Fig. 2: Maximum Ay contour lines
for N =1, \,(Mw) = 0.1.

)\XMAx(mh ~ 125 GeV) = {
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1 10 102 103
A [TeV]
Fig. 3: Maximum and minimum Ay
for mp = 125 GeV, )\(P(Mw) =0.1
for N =1,6,12.
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o Consistency Condition
o Unitarity

o Vacuum Stability
o Triviality

@ 7o implies ¢ stable

Aleksandra Drozd

«0O0)>» «Fr « =>»

<

http://phd-mpd.fuw.edu.pl/

3

DA



Model Thermal Production of Scalars
Theoretical Constraints Direct Detection
Cosmological Constraints Self-Interaction Rate

Dark Matter Candidate

Thermal Production of Dark Matter
the Boltzmann equation (f = n/T3):

_ [4m3g(T)
K = 45mf,1

A =1

Y

thermally averaged cross section for DM + DM — SM + SM:

1 —(Ex+Exs)/T
(ODMADMoX4X'V) = @f Al xre~(Ex+Ex)/T

IMparoyv—x1x2(2m)*0* (ppm + Powr — px — Px)

QDM — _pPDM _ _ mpyn
Pcritical Pcritical
o FNP
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the Boltzmann equation (f; = n;/T?):
dfi _ (@
dT

I‘{’)i (f12 _

2,), K= /s
EQ/» 45my,
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Model Thermal Production of Scalars
Theoretical Constraints Direct Detection
Cosmological Constraints Self-Interaction Rate

Dark Matter Abundance - Cold Dark Matter (CDM)

i 2 9_ my/Te _
a2 M, Nymy,, ) = 1,06 x 1092/ 1o — 0,110 40,018
A,>0 A, <0
10 10 10° 104 10 10 10° 104
my=130 GeV my=130 GeV
10? N=1 P R JN=1 10?
1042 10 1042 — 10
— 1 1 — 1k = 1
S 100 = 10 107!
el
1072 J 102 1072 / 10
e L3
10° § 10° 107 10
e H
10 10° 10° 10* 10 10° 10° 10*
m, [GeV] m, [GeV]

Fig. 4: Ax(my) for N =1,6,12, m, = 130 GeV. Blue regions are allowed.
Thick black line is a unitarity constraint |Ax| < 4.

RIGHT: dashed line is a stability constraint A2 < Ag\,/6 for A, = 8.

LEFT: dashed line is for consistency condition A\« < mi / V2.
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Model Thermal Production of Scalars
Theoretical Constraints Direct Detection
Cosmological Constraints Self-Interaction Rate

Dark Matter Abundance - FIDM

m, =100 MeV
0.01 0.1 1 10 100 001
w2l L1072 ,
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Fig. 5: RIGHT: Thermally averaged cross section and

LEFT: solutions to Boltzman equation with initial condition f(T = c0) =0
for A\, = 10713, 107,107, Splitting comes from my, = 100, 130, 160 GeV.
Green curve is the equilibrium density frq.
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‘Thermal Production of Dark Matter |
the Boltzmann equation (f = n/T?):
df __ 2 2 —
dT — ﬁ%l(f — fEQ)7 K=
for f* < fZq:

4m3g(T)
45mp,
df
dT

_lovig2
~ —120f2

Q@ 1=

m,

(,af<p (T’Y)T13

Pecrit
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Fig. 6: Solutions to Boltzman equation in FIDM case, my = 130 GeV,
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Model

Theoretical Constraints
Cosmological Constraints

Direct Detection

Thermal Production of Scalars
Direct Detection
Self-Interaction Rate

DM+ N — DM+ N

CRESST-II
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DIRECT DETECTION RESULTS
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Model Thermal Production of Scalars
Theoretical Constraints Direct Detection
Cosmological Constraints Self-Interaction Rate

Direct Detection - XENON 100
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Fig. 7: Forbidden parameters (m,, my) for N = 1,6,12 (blue, yellow, red)
in CDM case.
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Model Thermal Production of Scalars
Theoretical Constraints Direct Detection
Cosmological Constraints Self-Interaction Rate

Direct Detection - CRESST
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Model Thermal Production of Scalars

Theoretical Constraints Direct Detection
Cosmological Constraints Self-Interaction Rate
Direct Detection - CRESST
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Model Thermal Production of Scalars
Theoretical Constraints Direct Detection
Cosmological Constraints

Direct Detection - CRESST

consistency constraint:
Ax < m2/v?
stability constraint for negative Ay:

A2 < A,Ap/6
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Steinhardt & Spergel: Phys.Rev.Lett.84:3760-3763, 2000
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Model Thermal Production of Scalars
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Conclusions

1. Strongest theoretical constraints on |Ag|:
o vacuum stability = A2 < AgA,/6
o 42 >0 =X <mZ/v?

2. XENON 100 constraints on CDM:
- my ~ 2my, & |A¢| < 0.1 for large number of scalars.

3. CRESST constraints on CDM:
- agree with predictions within singlet-scalar model
- Higgs not observable in LHC

4. Steinhardt and Spergel bound implies very light
(below 50 MeV) and feebly coupled singlet scalars.
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Model Thermal Production of Scalars

Theoretical Constraints Direct Detection
Cosmological Constraints Self-Interaction Rate
Triviality
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Fig. 2: Maximum Ay contour lines for A =10 TeV, Ap(Mw) = 0.1 for
for N =1, A,(Mw) = 0.1. N=1,6,12.
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Fig. 13. The WIMP parameter space compatible with the
CRESST results discussed here, using the background model
described in the text, together with the exclusion limits from
CDMS-II [12], XENON100 [13], and EDELWEISS-II [14], as
well as the CRESST limit obtained in an earlier run [1]. Ad-
ditionally, we show the 90% confidence regions favored by Co-
GeNT [15] and DAMA/LIBRA [16] (without and with ion
channeling). The CRESST contours have been calculated with
respect to the global likelihood maximum M1.
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