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The dilaton portal to dark

Bai, Careba, Lykken 09’
Agashe, Blum, Lee, Perez 09’

® Embedding the SM partially or completely in a
composite sector can solve the hierarchy problem,
by making Higgs boson composite.

@ Often such a composite sector arises as the low-
energy limit of an approximately scale invariant
theory, where scale invariance is broken
somewhere above the weak scale.

@ If the breaking of scale invariance is spontaneous,
then it is accompanied by a dilaton (corresponding
GB) that couples to the fields in the composite

sector through — %Tr T
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The dilaton portal to dark m

Dilaton
« ™
f f

SM Dark Matter

In the minimal set-up, basically three parameters determine the dynamics of
thermal freeze-out in the early universe: [, m,, m,

+ mixing angle « between SM higgs and dilaton
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Theoretical framework

Consider a generic Lagrangian

Scale transformation

Lo = Zgi(N)Oi () - ot — erxt,  Oi(x) = Mi0(erx), p—e M.
0L = Z (dz — 4)(’)7; — ,u% =T, d; = [0}]
8” H i = [V

Scale invariance can then be established by introducing a conformal co
mpensator field x(z) — e*x(e*z). 4—d;
And by enforcing the replacement of the coupling %i(») — gz( )( )

d;

7

£=3a(us+o@/n) (1406 /1))

= Lo + Z o(z) [gz(ﬁ‘)(‘l d;)O;(z) + B(g:)O; (m)]
2 i
21(02) Z [(4 d;)(3—d;)gi (1) O; (:c)]
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Theoretical framework

@ After EWSB, the interaction terms of the dilaton with the SM sector are
given (dim 6 or below)

2
£o=5 l2m%VW;W_“+m%ZuZ”—m%h2—Z myp — T2 (1 + hG°GY + 2hG G|
(
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@® The interaction of the dilaton with the dark matter candidates

[2m%VWjW_“+m§ZMZ“—m%h2] ,

— ;m\pﬁ x¥x (Majorana fermion),
DM _ /
o o 0.2 5

(? + ﬁ) my, X, X* (vector boson),

@ The dilaton kinetic term and potential term

1 m2 5 m2 11 m?2
1f o o o 4
s g ——5(9“08“0——2 az—g—f 03——24—f2 & Fuse ;
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Higgs-dilaton mixing

@® \When two physical neutral scalars are present in the theory, they could
in principle mix, unless it is forbidden by some symmetry.

h) [ cosa sina ho _|[ Ca Sa ho
o] \—sinacosal \og) \—=s4 ca/ \ oo

@ After relabel our scalar states, rs = U/f 3

Y= Z % (ho + rfao)t_bw = Z % [(ca +1r¢Sq)h ] V.
LY — [(Ca +7¢5a)h "’a] [273%4/ W;W_“ + mTzzZMZ“] :

£JDM _ _my s hT x Ty — my B (Majorana fermion),

2f 2f

EUDM Tr}V (8ah+ cao) X, XH 4+ —=
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Higgs-dilaton mixing

@ The trilinear couplings are phenomenologically very important, because they allow the
dilaton to decay into a pair of Higgs bosons. Unfortunately, in our model they are not
uniquely defined.

2
1 9 .3 M0 3
£¢3 = — %mh,oho — € g
1 1
_ 2 2 2 2
Lp2 = — §mh,oh0 ~ 50,090
@® However, it is clear that if it is present, then the full Lagrangian of the theory cannot be
written in a gauge-invariant way

@® We must write the SM degrees of freedom in terms of a doublet H

mj, 2 2 1mj, 5 .
LD-— T"J|H| D (—my,  hooo — 5 v"hoao (gauge invariant mixing)

@ This new trilinear coupling has dramatic consequences for the phenomenology: it allows for
unsuppressed decays of the dilaton into two Higgs bosons. Therefore we will investigate bo
th scenarios: the “minimal mixing scenario” and the “gauge invariant mixing scenario”

(minimal mixing)
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DM through the dilaton port

Since our dilaton must be rather heavy and couples to all the SM particles including the
Higgs boson, we could consider it as generating effective Higgs portal interactions.

2
1 - -
Loss= SomE [% myh — my X, XM —my Z, 2" — 2miy, WEW T+ miiﬁ]

_omd mi _mi 4m?,
F<U_>XX)_327Tf2 |:1—4m—3+3m—§:| 1— mg_
3
3 m
— Mo 5 I ~ g
Mo >my 327Tf me>S>my 87-‘-f2
Higgs portal VDM BR(c — XX) =~ 25%

Mme >my

Ao
Lyvappm = g

1 A
X, X" + §m%/X“X“ - Z(X“X“)2

/\%v v%m% 4m%/ m‘%/ 4m%/
F(h—)XX):1287T m%/ 1-— +12W 1-—
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Constraints on Higgs-dilaton mixi

@® Experimental Higgs-boson measurements
@® Heavy scalar searches

@® Peskin-Takeuchi parameters Sand T
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Constraints on Higgs-dilaton mixi

@® Minimal mixing scenario Higgs, S, T

sin a=0.0 sin a=0.04

3000 3000

2500 2500

2000 2000
= =
] )

O, 1500 2, 1500
B O
= s

1000 1000 gii::iii::iiii:ii:::::::
< —-
500 I 500
e
2000 4000 6000 8000 10000 2000 4000 6000 8000 10000
flGeV] flGeVI
sina=0.11 sina=013

3000 3000

2500 2500

2000 2000
3

5

9, 1500 £ 1500
o I3

1000 1000

20bo 4000 6000 3000 10000 2000 4000 6000 8000 10000
f[GeV) flGeV]

Magic window

2021-3-26 r = tana

HPNP 2021



Constraints on Higgs-dilaton mixin

@® Gauge invariant mixing scenario
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Collider constraint

@ ATLAS multijet + MET search @ 140 fb*-1

Fermion DM Vector DM

ATLAS multijet + MET @ 140 fb!

ATLAS multijet + MET @ 140 fb™!
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LHC has no sensitivity for 2mx = m,
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Relic abundance & perturbative unita
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Combined constraints

@ Minimal mixing scenario
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Combined constraints

@ Gauge invariant mixing scenario
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Future collider prospects

@ Monojet and multijet + MET collider probes
at a future 100 TeV collider with 3 ab~! luminosity.
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» We have presented a comprehensive up-to-date set of current and
future constraints on the heavy dilaton-portal dark matter models.

» We paying attention to the Higgs-dilaton mixing with two scenarios;
minimal mixing scenario and gauge invariant scenario.

While heavy scalar and unitarity constraints push the model to large
masses and weak couplings, to the extent that the direct dark matter
production at the LHC can only probe a light dilaton, and not reach a
ny viable parameter above 300 GeV.

»For minimal mixing case, thanks to the magic window, the DM and
dilaton below 1 TeV is allowed.

A future collider would potentially be sensitive. It would be interestin
g to examine future projections for heavy scalar and dark matter sea
rches
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Thank You
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