Higgs-portal Dark Matter:
EFT vs UV-complete models

Abdelhak DJOUADI
Universidad de Granada (soon!)

Higgs-portal Dark Matter
Phenomenology and complementarity

The case of vector DM.: the U(1) x option
Discussion and Conclusion

with Giorgio Arcadi and Marumi Kado, arXiv:2001.10750 and work to appear

Madrid 5/11/2020 Higgs-portal DM: EFT vs UV A. Djouadi — p.1/12



Dark Matter: a crucial hint for physics beyond the SM.

25% of energy budget of Universe
DM makes:

80% of total matter of Universe

e WIMPs are the best candidates and need to be searched for.

e Easiest and most minimal way to implement them in practice:

— a singlet particle but of any spin i.e. a scalar, vector or fermion;
— QED neutral + isosinglet, no SU(2)xU(1) charge: no Z couplings;
— 7,5 parity for stability: no couplings or mixing with fermions.

Content of the Universe

Hence, only couplings with the Higgs bosons = Higgs portal DM:

e annihilates into SM particles via s-channel Higgs exchange;

e interacts with fermionic matter only through Higgs exchange;

e can be produced in pairs via Higgs boson exchange or decays.
Occam razor (again): assume only the SM-like Higgs boson.
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Use a rather simple effective field theory (EFT) approach:
ALs = —3M2s? — 2As? — 2 A PTPS?
AL, = sM2v, v+ 2, (V, V) 2+ 2 Ay BT BV, v
AL, =—3MXx — 3 /\HXX ®TPyx
In principle, the terms )\;s* and )\V(VMV”)Z do not matter to us.

After EWSB, the ® field becomes ® — %(V—l—H) with v=246 GeV,
and the various mass terms in the three spin cases will become:

1
m}zc — M}z( -+ Z)\HXXV2

Two free parameters: DM mass m, and DM-Higgs coupling Ay,

= very simple, model-independent and rather convenient approach,
= often used as a benchmark in theoretical/experimental analyses
(despite that it is effective and even non-renormalisable in some cases).
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Phenomenology and complementarity
Direct Detection:
DM DM Dark MaHer seavch s‘l-mh,gi%
SM >‘< SM Divect Method
scattering on nucl. target: < @
XENON = LZ,DARWIN
Indirect Detection: ’ "

DM>‘ < SM Tndivect Method

DM SM

annihilation products:~, v }\‘

HESS, Fermi—= CTA, ... Milky Wy
Detection at colliders:

SM DM
SM DM ?YoAuaHo'\

missing energy signature okt Large Hadvon Collder
LHC = HL-LHC,e"e ,pp
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» Collider searches in invisible Higgs decays into DM, very simple:

)\2 ssvzﬁs
I (H — ss) = éijH

A2 VEME By aM2 | 12M%
Finv(H — VV) = ‘2,‘567TM§ 1 — M%{V M%_IV

D (H - ) = gy
BR(H—inv) measured through I'yy, gpg +gavv or pp — X+ EXIS,

e Spin-independent direct detection, simple for s, v, f DM states:
2 m .
oS = by b, with & =4, = 1,6 = 7%

Nice complementarlty between collider and direct detection searches:

SI
) o L F(H—>XX) L pr . L Finv .

In principle needs to fit the Planck value: Qpyh?=0.11940.001
e Relic density oc 1/(c(xx — H — ff)v,) annihilation rate.

but maybe no, X not all DM and/or Q2h? obtained via other means...
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Phenomenology and complementarity
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Phenomenology and complementarity

Scalar DM
Fermion DM
Vector DM
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ut there is a problem: EFT approach might break down too early...
AL, = —%Mg 2 — s BT Ps? = OK in principle;
AL, =—iM, Xx — 3 )‘HXX ®Tdyy = nonrenor. A > afew TeV;
AL, = sM2v,vF+ iAva‘I’ ®v,v* = severe pbs with unitarity.

Effective Vector Higgs Portal

Consider processes like vv —H —vv, O
< XENON1T EXCLUDED

in order to maintain unitarity, needs:
MV Z )\HVVV/V 167

= low M, for large \y., forbidden. E o

Needs a more realistic (UV?) theory:

- introduces light degrees of freedom

- affects significantly DM phenomenology o

0.001
10 20 30 50 100 200300 500 1000

- spoils collider/DD complementarity! MyIGeV)

1

0.01}.

) \ PLANCK

Vector DM case removed from recent ATLAS+CMS H;,,, analyses.

Can we circumvent problem? Vector DM UV-complete U(1) theory.
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Simplest UV scenario, introduce new singlet S which mixes with o:

AH AHS Ag 1 1
V = —p* 4+ =2 P%S?% + S4 + — 2 P2 252
_ 2 2 _ 2
Both fields develops vevs: vZ = 2>\4P;SIJ{M>\SS _4;5:1{’ W2 = ZA;\s:;{S —i}iﬂs

There are two Higgs states H;, H, with mixing / and masses:
Mii, 1, = AaV? + Asw? F (Asw? — Agv?)/cos26
Interactions of Higgs, with fermions/bosons and self-interactions:
LM = (Hycy + Hasy) (2M3Z W, W™+ + M2Z,Z" — meff) /v
LM = — (k111 H3 + k112H2Hosg + ko1 HiH2c0sg + Koo H3)v /2
DM introduced as dark gauge boson of U(1) x broken by field S:
Lx = —iv, v + (D*S)"(D,S) - V(H,S) ,D, = d, + igv,
=gM, (Hzcg —H;sg) v, vi'+38% (His3 —2H Hyspco+Hicl) v, vh ...
M, = §gw, the free parameters are: My, g, sinf, My, |; H; =H.
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Phenomenology of DM vector boson in EFT and U(1) x scenario.

Idea in mind: can EFT be good limit of UV model and when/where?

MvvViME

. . . Finv ‘EFT — 1287TM4 H BVH
Invisible Higgs decays @ LHC: 525in20 M,
Finv ’U(l) — 3271 M%/_l BVHl

Solving above, express SI cross section O'\S/Ip in terms of BR(H— inv)

M2, BR(H—VV)Ttet

2
SI _ 2 1 My 2
OVp|EFT — SMVP M3, BvH My, v2 ‘fp‘
tot
551 — 8cos2 0,2 My BRESVVIDG, (1 1 m_f)’f 2
Vp Uu(1) lqu M13—11 BVHl M2H2 M2H1 v2 |I'P

So, when does EFT give the same results as the complete model?
cos?d My (1/ M7, — 1/1\/1%11)2 ~ 1.
To see where/when it happens, full scan in U(1) parameter space:
sinf € [1072,0.3], My € [1072,62.5] GeV, My, € [125,1000] GeV.
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Case of vector DM: the U(1) x option
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Arcadi, AD, Kado
EFT can be recovered as a limit, even when unitarity is enforced if:

Aus < 47/3 = BR(H; — VV) < 0.25(3 TeV /My, )*
A\s < 47/3 = BR(H; — VV) < 0.35(sinf/0.1)2(3 TeV /My, )2
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EFT is indeed a good limit of an UV-complete theory for vector DM,
’light’ degrees of freedom do not spoil LHC and DD complementarity.
This has been proven inthe simplest possible U(1) model of vector DM:
= analyses of vector DM at the LHC are possible and should be back;
= re-implementation discussed by LHC-DM WG and is on the way.

However, requirement that vector DM gives good ©2h? not enforced!
We tried in U(1) and failed: works only if My, ~ %MH Possible cures:
— give up thermal DM paradigm and invoke modified cosmology;

— look at more complicated/enlarged DM sectors and scenarios.
We tried the more involved cases of SU(2) v and SU(3) x DM models
and yes, EFT with good relic can be recovered under some conditions.

In fact, discussion can be generalized to fermionic and scalar cases.
It is under way; I hope to have the chance to tell you about it soon....

Muchas Gracias!
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