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Theoretical setup

Portal Sector

Dark Sector
(Including but not
limited to DM)

Visible Sector
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(Effective) Higgs portal

1 1 1
ALg = _gﬂ,ﬁg? - 1}\534 - EAHSS‘I)T@SE :
ALy = MRV Dy (V)4 i B,
Ly |1Am _
ALy = —511-1’:,{;@( i ﬂxx OTDyy|.

CI):%(v-(l)—h)

Portal interactions induced after EW symmetry breaking.
The effective Higgs portal has only two free parameters.
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LHC DD vs Invisible H width
correlation plot
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See e.g. also ATLAS, JHEP 11 (2015) 206
CMS Eur. Phys. J. C74 (2014) 2980
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Dark Matter from gauge symmetry

Mediator sector

Extended Higgs
sector (SM+dark
sector)

Visible sector Dark sector

New gauge symmetry
spontaneosly broken:
massive vectors and
new higgses.

SM states

T. Hambye and M. Tytgat, PLB683 (2010) 39-41
C. Gross, O. Lebedey, Y. Mambrini, JHEP 08 (2015) 158
G.A., C. Gross, O. Lebedeyv, Y. Mambrini, S. Pokorski, T. Toma, JHEP 12 (2016) 081
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1
Vector DM from U(1) Lyay = —=En F* + (Dﬂqb)T(D”qb) —V(p,H)
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1
Vector DM from U(1) Lyy = _ZF’“’FW + (Dﬂqb)Jr(D”qb) —V (¢, H)

U(1) spontaneosly broken » ResidualZ, symmetry V, = =V,
~2 ~2
Y Y 2 _ 1 ~2 2
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U(1) Vector DM,sin6=0.05,M,=60 GeV
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U(1) Vector DM
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Vector (and Scalar DM) from SU(3)

In a simplified limit we can define the following Lagrangian:

g My ina\” .
L= g 2‘ (—sinfH, + cosH,) (Z L*;ﬂ‘[;rpu + (CDSEE _ 5:1;;’) L;-ﬂ;ma)
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SU(3) Vector DM, Single Component DM
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Scalar Portals from Extended
Higgs Sectors



e
Visible Sector

S~
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2 Higgs Doublet Sector

\J

SM Singlet Mediator

Fermionic DM
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2HDM+a

Lpy = 1y, XVsxag - iy, (acos8 + AsinB)yysy
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= ATLAS
[ Vs=13 TeV, 139 fb™, All limits at 95% CL
102 L Scalar mediator
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¢ h”H o » Displaced Decays for the pseudoscalar
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U. Haisch and L. Schnell JHEP 04 (2023) 134
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2
L=D"$)"(D,¢) + 150 70 — 14 (0T0)" — AnpdTPHTH
_ 1 1
—9x X, fY*(Vy — vs45)f — ZXWXW -5 sin $X#VB,,,,

Mél — m)z( +
(Contributions from mixing with the Z)

my = 2gxw
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B, 1 0 —tand\ /cy —Ssycosé s, siné Ay
w2l=(0 1 0 sw cwcosé —cysiné || Zy,
X, 0 0 1/cosé 0 sin ¢ cosé Z,

Mz = mj (1 + sy tan¢§ tan &)

—2 cos §(6m?* + m3 sy sin8)

2 2 :
, My +&m*(sy sinéd — cos§ tang) tan 2§ = - -
z' cosZ 8(1 + sy tandtand) mg —mZ cos? 8 +mj sy, sin? § + 26m?2sy, sin §
Ay = 4172 [MH1 + MH + (MH — MH )cos 29]

g2
Ap = m—E[Mﬁl + M7, + (ME, — M, ) cos 26|

Aup = —— (MH1 — MHz) sin 26
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1072 107! 1 10
M, A’ [GeV]

M. Bauer et al. JHEP 07 (2018) 094
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Connector
Sector

Hidden Valley:
Confining Dark Sector.
DM made by light stable
mesons

Visible Sector
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Shower of v-hadrons
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Conclusions

LHC is a valid complement to dedicated searches (Direct and
Indirect Detection) of Dark Matter.

Potential for searches of light dark particles can be further exploited.
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Back up



y 1 1 :
Loy = — le/Vl_leNl — 5 9xX¥Nayuyshy + 5 95X, X (0% + 2pw) Majorana DM
YN, Sg mpy,
2V2 X my

Relic density due to:  N;N; - ff, NyN; - pZ',N;N, > Z'Z',N;N; - pp

In presence of h/p, Z/Z' mixing we have N;N, » ZZ,ZZ',Z'Z',N;N; > W*W~,N;N; - H, ,H; ,

4u YN, M
SI _ “PNap ) YN, ™p
2

T

2
Direct Detection > My Ygeuasfy fo T Zq:u,d,s,c,b%mp(CI(z) +q(2)) ( Wy gff)) — STZfTGfG }

o 3N, ) [AZAR 4 AZ (A% + AD)] [AZ AP+ AZ' (AP + A”)]
O-Nlp = T’gX MZ le
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Consistency of the correlation plot for Higgs-to-invisible search

Fermion DM
Vector DM

01 0511 5 10 50 100
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Effective Higgs portal

See also:

S. Baek et al. JHEP 05 (2013) 036
S. Baek et al. Phys. Rev. D90 (2014)
055015

More realistic completion through mixing
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The additional degree of freedom crucially alters the LHC correlation plot.
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Mixing with a Dark Higgs

AH 2 AH A 1 1
V(H, @) = - |HTH|" + ZE 1O IHI + 22 1S|* + S uf HYH + 213|912

0"M?0 = diag(Mg,, Mf;)

. 2
0 _ CcOS 0 Sin 0 MZ _ ZAHU /‘lHqﬁv(l) , tan 20 = AH¢170)
~ \—sinf cosé Apvw 22y Apw = Agv®

H; cos@ + H,sinf _ _
Lpmsmu = ” (CMEWIWH + MZZ,ZF — msff)
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