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Motivation

]

Higgs portal is very simple model that connects the dark matter sector to
the SM via a SM singlet scalar ¢

@ It is simple and independent of the details of the dark sector.
@ It also very useful for electroweak baryogensis.

@ Being a SM singlet it is very difficult to probe.
°

Need a systematic study to enhance its signal in both higher energy collider
experiments as well as precision measurements and searches.
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Higgs Portal Lagrangian

The scalar potential for the scalar portal is

V = —12H'H + A(HTH)? 4+ 2 (0T0)2 + M20To + )0l oHTH
+ad + fOTOD + iy OHTH + h.c.

where H is the SM Higgs field.
9 rpy will induce a mixing with the Higgs
o If ® picks up a VeV A4y term will also gives rise to mixing with Higgs
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¢ — h mixing

If ® is not Higgssed then the mixing is given by

1 2v2\ "”75 h
E(h ?) (”jg /‘7’¢2> (¢>

where l\7l¢2 = M3 + Agnv? /2. (h, ¢) is related to the mass eigenstates (h', ¢')
by the usual 2 x 2 rotation matrix define by the mixing angle 8 which is given by

V2vky

tan20 = B E—
M¢ —v2\

From Higgs measurement we get sin?0 < .04.
Very small signature in Higgs measurements
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di-Higgs Boson Prouction

Use the process
g+g—¢—h+h

This gives a possible enhancement over SM di-Higgs production for
¢ ~ 300 — 400 GeV. Needs high luminosity LHC.
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Enhance ¢ signature by vectorlike fermions

We need new states that carry SM qauntum numbers and also couple to ¢

[

Fermions are obvious candidates. Due to anomaly cancellations they have
to be vectorlike

Simplest are vectorlike leptons

To go even further in simplicity examine SU(2); singlets.
They need Y > 1 in order not to mix with eg

They narrows to E++

They can couple to ® by EE® coupling.

e & & ¢ ¢ ¢

They can also be searched for in ete™ colliders.
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E*% is not enough

As is written the lepton E** is stable.
We have to make it decay.

E*T o whet, 1= e, i, orT

is allowed by charge and angular momentum conservation.
Forbidden by SU(2)
Simplest solution is to add a SU(2); singlet with Y =1 scalar.
Decay modes are

o If Mg > M, 2-body decay ET+ — S + (T

o If Mg < M, 3-body decay E*T — 4T + 0T + v
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Particle Content of Minimal Model

The quantum numbers of the new particles together with the relevant SM fields
are given in Table (1) below

Table : Quantum numbers of the SM Higgs H, leptons L,/ and E, S, ¢

Field | SU(2) | U(1)y
H | 2 1
L] 2 | -1
lr 1 -1
E 1 -2
S 1
) 1 0

where standard notations are used.
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New Lagrangian

El

= Ein"(8, — 2ig1B,)E +[(0" + ig1B*)S]"(8,, + ig1B,)S
— [feu(VEp — vier) + for (VETL — vEer)

+flﬂ'(’/_ﬁ7—l— — V__,C./LL)] S — yEEECD — MEEE

e,u,T

— Y yaElr,ST— V(H,S,) + h.c.
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The scalar Potential

The scalar potential V(H,S,®) is

V = —pPHTH + M(HTH)? + M25TS 4+ Xs(S7S)?
+ AsuSTSHTH + Xy (@T0)? + MZOTO + Ny 0T OHTH
+ ApsPTOSTS + ad + BOTOD + kydHTH
+ ks®STS
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Constraints from universality

@ Exchange of S in muon decays will modify Gg. It interfers with SM

@ Since new physics in the leptonic sector we assume unitarity of quark
mixing and extract Gr from nuclear, Kaon and B-meson decays and
compare with G,. This gives

L= % (V_MA/“ZVe) (éﬂya Zu)

.2
whereas the SM has —2’,\5;,2 in front of the 4-fermi operator. Here
w

L= (1—1s5)/2.
@ We get

_ Ms
<1. T—= ).
fo, <1502 x 10 <4OOGeV)
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7 leptonic decays

Use the leptonic 7 decays ratio into u, e we get

2 M2\ 2
Nr—p+v's) (1_ ,gZMg) +o
I'(T—>e+u’s)_( nglwgv)z_i_'_'

M2
- 2 2 w
~ 1+ 2(f5 —f5) (gQ—ME)

where - - - denotes terms such as fie f2, which come from diagrams that interfere

incoherently with the SM ones. They are of order f* which we neglect.

Ms \?
2 —f2 <4225x1072(—=>—) .
er = hur £ 322510 <4OOGeV>

Experimental value of {7=%-"22=) = 0.079 4 0.004 has been used

(r—e Vevr
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n—r e+

The diagrams are

Iz I

Figure : Diagrams leading to u — ey. Wavefunction renormalization graphs are not
shown

Note that (a) has different chiral structure than (b) and (c) We get

2 2
YeYuX 2
fez'rf;fr + (m) [(—4 + Ox — 5X3) + 6X(2X — 1) In X}

M 4
<9 —12 s
<2.235x10 <4OOGeV> )
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@ Similar diagrams yields constraint from anomalous magnetic moment of the
muon, a,,.

@ The constraint is not as strong as the above
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How do E** and SPm held with ¢ signals?

Since we do not know the masses and first look at the case My < 2Mg(2M;).
The signature is then the diphoton resonance

The production is via photon fusion.
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Calculation of f,

f;l:
47r/w (QQNyE\/T—EFl(TE) Wﬁﬁ)(rs))

We define 7; = M7 /(4M?) and the 1-loop functions are

Fo(t) = —[r — f(7)]772; Fi (1) = 2[r + (r — 1)f(7)]7 2

with
arcsin? VT T<1
f(r) = 2
™) —7 |log 1*\/7@:_1 ir| T >1.

From the limits of event rates for a 800 GeV ¢ one can deduce that £, ~8 — 9
TeV. The above give strong constraints on the model parameters since the F
functions are known.
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@ ks << v. The E-loop will be the dominant contribution. We obtain

veN <16.8

where N is the number of E.

@ ks >> v the S loop can assist. Then the constraint is
K
NyE\/TEF% (TE) + ﬁ\/T—sFO(Ts) S 34
s

For ks ~ 10 TeV the scalar loop dominates.
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more results

@ di-boson widths

2s2 st

rwiryzirzzzlic—;vic—f
~1:0.54:0.07

M'ww = 0.
@ Limits from h — ~~
ey v2 o7 2
R= |14+ 227 ol7)

2MS Fl(Tw) + §F%(7—t)

where R = ["ew /[SM 7/ — M2 /4M2 and
Fi(t) = —[272 4+ 37 + 3(27 — 1)f(7)]7—2. The current bound on R is
1.17 £ 0.27 This yields the constraint: |Asy| < 8.1.
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Production of E and S

@ At hadron colliders S can be produced via Drell-Yan
q+q—STS =t Ve
The SM background is enormous
@ For E we have
G+ E+E =S+, +ST+0f =0y + 07+ 0 + 05+ Er

where a, b, ¢, d denote the flavors of the charged leptons. Here the signal is
four leptons plus £+ with no associated jets.Furthermore, the charged
leptons do not form invariant mass peaks. Interestingly if the couplings f's
and y's are very small i.e. < O(107°) we will have displaced vertices.

@ ete™ colliders will be better since the signals are cleaner.
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Conclusions

¢ &6 ¢ ¢ ¢

The singlet Higgs portal can have enhanced signals with the aid of
vectorlike E*+

Since E must not be stable a singlet charged scalar must be added
The leading signal for the Higgs portal is ¢ — 7.

E and S will greatly enhanced this signal.

Displayed vertices are important tools for these kind of new states.

LHC can be very effective in probing very small couplings which to date are
restricted to high precision low energy measurements.

The best search for these are a high energy lepton collider

JNN (Triumf) DCL Higgs Portal 29-31 Dec 2016



