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Motivation
Cold Dark Matter does exist!
Popular example

Cold Dark Matter does exist!

What we know:

> QDM/Qb ~b.
DM should be non relativistic.

What we don't know:
» What is DM?

Neutralino, gravitino, axion, axino, KK state, scalar singlet,
scalar doublet, ...

» Why is it stable?
R-parity, T-parity, ...
(See McCullough, Albornoz, Frandsen, McCabe, Marsh,
Panotopoulos, Weller, Sokolowska .. .)
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Motivation
Cold Dark Matter does exist!
Popular example

Popular example

Inert Scalar Models:
> Inert Singlet Model
» Inert Doublet Model
(See Sokolowska)

Motivated by the Higgs portal paradigm: the Higgs boson is the
only SM particle that couples to hidden sector.

Limits:
» Why singlet/doublet?
» /> symmetry imposed by hand
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Matter Parity Py,
Constrained Scalar Dark Matter Model Scalar Lagrangian

CSDMM

Scalar Mass Spectrum

Matter Parity Py

Gauge group:
» SO(10) - -+ = G x U(l)x = -+ — Gsy X Py
» Py = Z(2)x = (—1)3B-1)

Matter content (NO SUSY):
» SM fermions in 16 of SO(10) — Py odd
» Higgs in 10 of SO(10) — Py even
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Matter Parity Py,
Constrained Scalar Dark Matter Model Scalar Lagrangian

CSDMM

Scalar Mass Spectrum

Matter Parity Py

Gauge group:
» SO(10) - --- = G x U(l)x = -+ — Gsp X Py

Matter content (NO SUSY):
» SM fermions in 16 of SO(10) — Py odd
» Higgs in 10 of SO(10) — Py even

> Dark Matter in 16 of SO(lO). — Py odd . DM is stable
Higgs portal paradigm
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Matter Parity Py,
Constrained Scalar Dark Matter Model Scalar Lagrangian

CSDMM

Scalar Mass Spectrum

SO(10) Lagrangian

Matter content:
» 10 > SM Higgs
» 16 > DM

V =210 10 + A\;(10 10)? + 13 16 16 + \»(16 16)?
+ A3(10 10)(16 16) + \4(16 10)(16 10)

45 (A516* £ he) + 5 (4641610 16 4 hc)
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Matter Parity Py,
Constrained Scalar Dark Matter Model Scalar Lagrangian

CSDMM

Scalar Mass Spectrum

Low energy Lagrangian

Matter content: Hy, = ( H* )
» Hi: Higgs € 10, Py even (Ho + iA0)/V/2
» Hp, S: DM € 16, Py odd S = (Sy+iSa)/V2

V ~ j2HI Hy + M(H Hb)? + 13 H Ha + Ao(HY Ho)?
+ 2SS + As(STS)? + A; [54 + (5*)4}
+ As1(STS)(HIHy) + Asa(STS)(HIHy)
+ A3(H] Hy)(H Ho) + Aa(H] Ho) (H3 Hh)

/
+ HSH [SHHy + H]Hy S']
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Matter Parity Py,
Constrained Scalar Dark Matter Model Scalar Lagrangian

CSDM

Scalar Mass Spectrum

Main Features:

» GUT scale initial conditions — RG evolution down to EW
scale: Constrained Scalar Dark Matter Model

» Natural embedding of Inert Singlet/Doublet Model

» Radiative EWSB induced by DM loops S
(soft portal pi's;)

Hy —-oe| - H
\\y/
H,
Some Constraints:
Perturbativity A\; < 47
Vacuum Stability A; >0, A >0, ...
MDM > Mz/2
» 0.94 < Qpy < 0.129
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Constrained Scalar Dark Matter Model Scalm: gr
CSDMM
Scalar Mass Spectrum

Scalar Mass Spectrum

M%(GeV)
» Physical SM Higgs: H 300 Sii2s
» Charged Inert Higgs: HT
» 4 new neutral scalars: 2501 H
® 54,54, Ho, Ao — Spm, Sni, Sz, Swis S
e Dark Matter: Spy, Sy, usually singlet-like 20024
e (Spm, Sni) and (Sniz, Snis) degenerate
150‘ H
100
50
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LHC signatures
LHC production cross sections

Displaced vertices

> AMpg = Mpyp — Mpp naturally small. Swi____ss
Sne and Spys belong to the same multiplet. z
> T oy somfF ~ 5" !
f
» AMy+ = My+ — Mpy accidentally small. HY ____5/
~ 30% of low mass (My+ < 300 GeV) points. e
> T s ffr ~ S 1
7

s: sin of the mixing angle
s tiny since Sni, Spm usually singlet-like.
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Displaced vertices
SML = SDM ff
LHC signatures mFff’
LHC pmductlon cross sections

5|\||_ —> SDM f?

/ En =1TeV
um
108t
107t \\
108E CMS tracker radius= 1.3 m
10°%
104 Mpm=~205GeV, s~0.09
10% Mpw=286GeV/, s~0.17
102 Mpm~119GeV, s~0.58 AM
0 1 2 3 4 5 6 7 GeV

AMyy as free parameter, £ = vfc/T
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Displaced vertices
Si > SpmfT
LHC signatures — Spmff’
LHC production cross sections

Without radiative EWSB With radiative EWSB

S My Mue
005 w0 150 200 20 300 30Gev %% 50 100 150 200 250 300 30 Gev

Ey+ =1TeV, L =~pc/T

Antonio Racioppi Matter parity, scalar dark matter and LHC




Displaced vertices
SnL — SDM”
LHC signatures H > mff
LHC productlon cross sections

LHC production cross sections

V5 =14 TeV

Without Radiative EWSB With Radiative EWSB

ouc/fb opuc/fb

500 400500600 700"

pp(qg) — HTH™ (red), pp(gg) — HTH™ (magenta),
pp(gg) — SpmNLSpmnL (blue),
pp(qG) — SomnLHT (green), pp(qg) — SnLSom (black)

Antonio Racioppi Matter parity, scalar dark matter and LHC



Conclusions

Conclusions

» Py = (—1)3B=L) from non-SUSY SO(10)

» DM in 16 is scalar analogue of SM fermion

» EWSB can be induced by DM radiative corrections

» DM and H™ can be seen at LHC with displaced vertex
» qg — HTH™ usually dominant

» gg — HTH™, SyLSnL can be dominant in the non-radiative
case for Mpp < 100 GeV
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Conclusions

Thank you!
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Conclusions

Low energy Lagrangian

Matter content:H; (Higgs), H2, S (DM)
V = p3H] Hy + M (H{Hy)? + 13 H Ho + Mo(HL Ho)?
+u2sts + ”—5 52+ (51
+As(STS)2 + AS [54 (5*)4} +2/~4(5T5) [52+(5T)2}
+As1(STS)(H] Hl) + As2(STS)(HiHo)
+ /\/251(H1TH1) [52 + (5*)2} + )‘;52(H§H2) [52 + (5*)2}
Ao ) (S He) + Aa(H] o) H ) + 22 [(HHo)? + (S ]
+ HsH [STHTHQ + HTHls} “SH [SHTH2 + HTHlsT}
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Conclusions

Low energy Lagrangian

W, U2y, A5, Ny, Nso, Nt Planck scale suppressed operators
V = pdH] Hy + M (H{Hy)? + 13 H Ho + Mo (HL Ho)?
+ ugsfsﬁé (52451
t5)2 & >‘5 44 (shyd XS ot 2 )2
+As(S1S)2 + 32 [S*+ (ST +52(519) [$2 + (5
+ >\51(5TS)(H1TH1) + As2(STS)(HIHa)
by Ney .
+ 55 (HIHy) [S7 + (S1)?] + ZE2(H]H) [$7 + (517
2 2
f f f i As Fry 32
+ Na(H] Hy)(H3Hz) + Aa(H] H2) (HE )+ | (] o) 4 (HiHL)?

+“% {S'i'Hj Ho + H;Hls} it Fe [SHTHz + HTHlsq
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Conclusions

Radiative EWSB

pf/GeV

100000 |
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Conclusions

Tree level mass matrices

3
[V LS)
Il

1
2 [2u§ +2u5+2(15)” + v (As + At As + As1HAG)

—\/2(wsH + i)V + (203 — 205 —2(45)7 + v2(As + et hs — Astgl)]z}

1
mif; = 2 [2M§ +2p%—2(ps)? +v2(A3 + A X5 + As1—)\%)

/20015 — W2V + (23 — 202 2(0L) + vB(As + A s — Aswgl)ﬂ

1
mé, = n [2u% + 2u§+2(/1’5)2 + V(A3 + At ds 4+ As1 %)

+\/2(NSH + psy)?V2 + 205 — 205 2(45)7 + vE(A3 + Aat s — wagl)ﬂ

1 ,
m?, = a [zug 4202 —2(ps)? +vP(A3 + Aa—Ds + As1 %)

+\/2(/1SH — Wop)?v2 + [203 — 25— 2(p15)% + v2(A3 + Xa A5 — A51+X51)12}
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Conclusions

DM direct detection:Radiative

Mpm /GeV

1, Aav \2 /My \* 1 , ) )
o~ —fy — AeffV = 7(7\65c,u5,_,+2s (A3+Aa)v+2c“As1v)
g vMpm My, 2
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Conclusions

DM direct detection:Without Radiative EWSB

Mpm/GeV

1 A 2 My \* 1
o~ *fﬁ (Lfv) (#) Aeff V = 5(—\@sc,LL'5H—|-252()\3—i—)\4)v—|-2z:2)\51v)
h
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Conclusions

LHC production. Diagrams

q Sy HY 4
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