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Consistent Scalar Models

Higgs Portal Higgs Mixing
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Consistent Scalar Models

Higgs Portal
Yo@Hq + N H H ¢' ¢

e SM mediator
* more economical

e scalar Dark Matter

Higgs Mixing

YqeqH q + MZHTH ¢+ gy XPX

* hew messenger

* more couplings

e also fermionic Dark Matter



Consistent Scalar Models

Higgs Portal and Higgs Mixing models are consistent,
but strongly constrained by Higgs measurements

In both, the Higgs is a messenger...

These models are searched for by the Higgs CS
working group...



Two Higgs Doublet Models

i HH, + o HIHy + (NSHIHQ + h.c.)

+ A (HTH)? + Mo (HYH)? + N3 (HT Hy ) (HIHy) + M (HHy) (H Hy)

+ (Ag,(H}f Hy)? + h.c.) + (HHY) (AGHI Hy + h.c.) + (HIHy) (A7H{f Hy + h.c.)

+ QY Hiur + QY Hidr + LY H\lr + QY2 Hour + QY2 Hodr + LY? Hol R + h.c.
Impose a Z2 symmetry: H, — H,

Hy - —Hs

JrR — —JR



Two Higgs Doublet Models

M1H1H1 +M2H§H2' | |
+ A (HTH)? + Mo (HYH)? + N3 (HT Hy ) (HIHy) + M (HHy) (H Hy)
+ (A5(Hj Hy)? + h.c.)
+ QY  Hidgr + LY, Hilg + QY Houg
Impose a Z2 symmetry: H, — H,
Hy - —Hs
JrR — — /R

+ h.c.



Two Higgs Doublet Models

M1H1H1 +M2H§H2'
+ A (HTH)? + Mo (HYH)? + N3 (HT Hy ) (HIHy) + M (HHy) (H Hy)
-+ ()\5(HIH2)2 -+ hC)

+ QYleldR + Z)/nglgR T Qyz?ﬁQuR

Impose a Z2 symmetry:

H{ — H,
Natural flavour protection Hy — —H>
frR— —Jr

Mimics enhanced symmetries
of possible UV completions

+ h.c.



Inert Two Higgs Doublet Models

w1 HYHy + po HY Ho | see Alexander Belyaev’s talk
+ A (HTH)? + Mo (HYH)? + N3 (HT Hy ) (HIHy) + M (HHy) (H Hy)

-+ ()\5(HIH2)2 -+ hC)

+ QY Hidr + LY, Hi (R + h.c.
Impose a Z2 symmetry: Hy — Hy
Hy — —Hs
Natural flavour protection
(H1) =v1 = The second multiplet H2 contains a DM
(Hs) =0 candidate

Generalization of the Higgs Portal.



Two Higgs Doublet Models & Mediator

,LL1HIH1 —+ ILLQH;-HQ —+ (,LLgHIHQ -+ hC)
+ A (HTH)? + Mo (HYH)? + N3 (HT Hy ) (HIHy) + M (HHy) (H Hy)
-+ ()\5(HIH2)2 -+ hC)

+ QY Hidr + LY}Hlr + QY>Houp + h.c.

Add pseudoscalar mediator & allow for soft breaking

1 .
Vp = 5 m%P? + P (Z.bPHIHQ + h.c.) — Y P X17y5X

with (Hy) =vy, (Hy)=wvy  \/v}+ 0} =246GeV

Generalization of Higgs Mixing.



Two Higgs Doublet Models & Mediator

Parameter Galore!?

mp, p1, f2, i3, bp mp, Mg, Ma, Mg+, M,
A1y A2, A3y, Ag, As v, tan 3, cos(f — a), sin
Ygr YUx mfayX7)\3



Two Higgs Doublet Models & Mediator

Parameter Galore!?

mp , fi1, f2, 43, bp iy, Mg, Ma, Mg+, M,
)\17)\27)\37)\47)\57 7*,tanﬂ,cos(ﬂ—oz),sin6’
Ya> Yx mfay)(?)\B



Two Higgs Doublet Models & Mediator

Constraints from

Higgs Couplings:
cos(f—a) =0
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Two Higgs Doublet Models & Mediator

Constraints from

Higgs Couplings: “)é

cos(B —a) =0 .

Flavour:

b— sv: Mg+ 2 700 GeV

10_15

also disfavours large tanf3
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Two Higgs Doublet Models & Mediator

10’ ——————

Constraints from

Higgs Couplings: 10
cos(f—a) =0 |

Tan S

Flavour:

b— sv: Mg+ 2 700 GeV
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Two Higgs Doublet Models & Mediator

In practice: six free parameters

tanﬁ,sinﬁ,yx,)\g,MaaMA or Mg M s gy, 95

Five spin 0 mass eigenstates (three relevant)

h,a, Hor A, (H™)

Pseudoscalars couple directly to DM,
H and h have aa and aZ couplings



Br (h - X)

The light scalar h (SM Higgs)

m, =1GeV m, =20 GeV
1t 1
0.50¢} | 0.50¢}
o
T
0.10] = 0.10
aa)
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10—2 N A A/ A SN 10—2 ................
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Decays into off-shell mediators important.
Remains SM-like for Ma > | |0 GeV

tan 0 =1

sin ) = 0.5
Az =1
Yy = 1

Mz = 750 GeV



The heavy scalar H

My =750 GeV, sinf = 1/v/2,4p = 1 My =500 GeV, sinf = 1/2, 1p = 2
b * L | tanf =1
050, | ~050] * Az =1
> > —1
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large Branching ratio into aZ : promising Mono-Z signal



Br (4 - X)

The heavy pseudo-scalar A

M, =750 GeV, sind = 1/v/2

0.50,_

XX\\
0.10} y

0.05]
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Br (4 - X)

M, =500 GeV, sinf = 1/2

1t ah ] tanﬁ _ 1
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large Branching ratio into ah : promising Mono-H signal



Br (a » X)

The light mediator a

sinf=1/v2,m, =1GeV sinf = 1/2, m, = 100 GeV
bb
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Mono-Higgs
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In contrast to DMF model resonantly enhanced



Mono-Higgs

In contrast to DMF model resonantly enhanced
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The same resonant enhancement gives

g P a promising mono-Z signal
t
t H&\‘J\r ’
"""" X see Jose No’s talk
¢ a <>Z
g

Mono-Higgs and Mono-Z searches are
potential discovery channels with
indirect information on the mass
hierarchy of the extra scalars.

Mg

vy £
mono-h mono-Z



Mono-jets

Interference effects:
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Not competitive at the moment,
but also not systematically limited

Projected to provide a stronger
constraint than Monojets @ 300
fb/-1

Haisch, Pani, Polesello 1611.09841



tan

Summary Plots

M, =500 GeV, sind = 1/v/2

] S
Higgs invisible
5,
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ditop, 20.3 fbA-1, 8 TeV ,
ATLAS-CONF-2016-073

Higgs invisible < 25 %,
ATLAS-CONF-2015-044



Conclusions

THDM & mediator models provide a consistent simplified
model, reproducing features of DMF models in the appropriate
limit, and with links to well-motivated UV completions

MSSM+S
DMF pseudoscalar Q\ /
NMSSM

- DMF scalar o

Iggs mixing

Multi-HDM




Conclusions

THDM & mediator models provide a consistent simplified
model, reproducing features of DMF models in the appropriate
limit, and with links to well-motivated UV completions

Spectacular Phenomenology with mono-Higgs and mono-Z
potential discovery channels

Underlines complementary approach at run Il between
different MET searches, but also of non-MET searches (di-top

@ large Ma)

Ready-to-go UFO file available



