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Outline

 Introduction and motivations

Hidden Abelian Higgs model (HAHM) (Wells et al.)

— Higgs and Gauge boson mixings
— Phenomenology
— Possible experimental searches

* Reinterpreting ATLAS/CMS results
— Higgs mixing angle and hidden width
— Higgs mixing angle and new gauge boson mass

e Conclusion and outlook
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* Experimental results
— Discovery

— Mass, spin/CP, signal strength,
couplings

— For now, u is compatible with 1
in the 2 experiments

* Measurement of couplings and
signal rate
— SM Higgs ?
— Other?

— Can the current measured rate
provide some insight already ?
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Hidden Abelian Higgs Model (HAHI) (1) L3

* Hidden sector coupled to the SM through kinetic mixing
* Strength of the coupling : parameter n <<1
* Benchmark point is m ~ 10, consistent with EW precision measurements

Lagrangian in the Higgs sector :

Lo =|D, Psy|* + m%SM|<I>SM\2 — N®gy[* — ~sm

+ ‘DM(I)XP -+ m%x|@x‘2 — p|(I)X|4 —>  Hidden sector

— K‘¢SM’2‘(I)X|2 . —>  Mixing
Higgs mixing : 4 . )
v’ Fairly general process
O [ e sn\ [ Hi v' Exists in other models
oy | \—sy, ¢ Ho v" For small mixing (s,? << 1),
\ . Hiis SM-like )
Mixing angle Mass eigenstates
2 2 2
MHl,HQ — ()\U -+ ;Of ) + \/()\’02 — ,052)2 -+ 520252
Kruger2012 Mathieu Aurousseau - UJ 5
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Hidden Abelian Higos Model (HAHW) (2 <>

* We can now specify what is the Hidden sector and its mixing to the SM
. U(l)X gauge group for the HAHM model proposed by Wells et al.

Gauge boson mixing :

B CW —SWCa SWSa A }
~ SM
W3 | = |sw ceweca —CwSa YA
X 0 Co Sa A Hidden sector

function of : m, hidden sector vev and
coupling constants, Z and Z’ boson masses

M2
Mzz = % (1+siyn’ +Az) £ \/(1 — siyn® — Az)? + 43%V772]

)
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Hidden Abelian Higgs Model (HAHM) (3)

.

Type Notation Status Equation/Value sector (SM/Hidden)
X Internal Eq. 2 Hidden
n Fixed-value n=10"4 Hidden
Lagrangian '3 Fixed-value §E=1TeV Hidden
K Internal Eq. 7 SM /Hidden
p Internal Eq. 8 Hidden
A Internal Eq. 9 SM /Hidden
Mixing angles O Internal Eq. 12 Hidden
) O 1 Free st €[0,1] Hidden
Mz Fixed-value Mz = 91.18GeV SM
Massos Mz Free Mz € [15,80]GeV Hidden
My, Free My, € [110,1000|GeV SM /Hidden
My, Free My, € [110,1000]GeV SM/Hidden

g Higgs sector mixing
— Additional Higgs boson

— Masses depend on free
parameters

\

Gauge boson mixing
— Additional Gauge boson (Z’)

— Mass depend on free
parameters

— Photon and Z boson are mostly
unchanged compared toSM )
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Couplings {3

Higgs couplings :

gg — H (effective), suppressed by a factor c,?

M?2 M?2
hZZ : 2icy, Zo (—Co + NS Wsa)? — 2iShTXSi
v
M2 M?2 ! 7! /
hZ'Z' : 2ic,—22 (sq + nswca)? — 2isthc§ - H = 22,272,272
v
. M7 M3
hZZ' : 2icy, - L(—ca +Nswsa)(Sa + NSwca) — 2zshTsaca
Coupling to SM fermions :
- 1g 1 —tan/sw
W2 L calt — tansw)] [T3 - T
°‘/ A e
~ —1 ta +1/SW
Z':ﬂcata-i— s [TB— 2 ]
Yy cw[ ( nsw)] | Tt Pr— w@
Kruger2012 Mathieu Aurousseau - UJ 8
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Phenomenology (1)

e Calculation of widths and BR

— “analytical” (private program (HDECAY-like), cross-
checked with model authors)

—ina (my,, m,, s,2) parameter space

* Event generation
— Model exists in FeynRules

— We add another FeynRules notebook more usable by
experiments :

* (my, m,, s.?) as free parameters, instead of (x, p, A)
 HEFT to have gg->H production

Kruger2012
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* Possible searches
— In a “standard” H->4/ search to include H->Z’Z’->4l decays :
e event rate changed w.r.t. SM
— Direct search :

 direct production (but very suppressed because of low coupling to
fermions)

e search for a resonance in dilepton mass spectrum in a H->4/ type of
search

e But before that ...

— ... what do current results tell us about this model ?
— Isn’t it already excluded by the observation of H->ZZ->4/ events ?

<>
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ATLAS and CMS results

Signal strength (HCP update) in the 4-lepton channel only

-

ATLAS : u=1.4+/-0.6
CMS :u=0.8%3 ..
. ATLAS/CMS : mass ~ 126 GeV

0
= —

Osm

\

J

Both results are compatible with 1 (SM), within 1 sigma (still large uncertainties ...)
At this stage, we may not expect very large deviations from SM
We will assume in the following that the new particle is a Higgs boson of 126 GeV

" Assumpts

~

e

Two approaches to reinterpret these results
1) Mixing angle and hidden width
2) Mixing angle and Z’ mass

/)

ssumptions :
lepton kinematic in H->Z'Z’->4l events in comparable to that of (SM) H->ZZ->4|

events for m,, > 15 GeV (we will assume same acceptance, efficiencies, etc.)
experimental analyses cut on the dilepton invariant mass :

CMS : my, >40 GeV, my, > 12 GeV
ATLAS : m;, > 50 GeV, m,, > 17.5 GeV (for m, ~ 126 GeV)

)

Kruger2012
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Mixing angle and hidden width approach (1)

* New Higgs decay

— change the Higgs partial width to 4 leptons, and total
width

— depends on the Higgs mixing angle

e Decay of “hidden” particles (e.g. 2’ in HAHM)

— non-detectable

* e.g. very light new boson or some particle that does not decay to
SM particles

* lead to a loss of events or large missing energy
— detectable

* e.g. larger mass new boson (few 10 GeV)
* further decay to SM leptons, can be measured

Kruger2012
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Mixing angle and hidden width approach (2)

“Invisible” hidden sector

m,, = 126 GeV, u
ll"lll"lll

i
:
5
E

W L S B e B bt B = 1

m, = 126 GV, ATLAS =

_u_:uoxaa) g

B e =

—— sg%CL =
0 1 l..l...l-.-l..nlnulllllllllE 0 Lol Ly g a1y
/0 02 04 06 08 1 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18 2
T / TYITS
(a) x 'L'sm (b) x '1'sm

SM limit SM limit

“Invisible” hidden sector (usual approach)
- not very conclusive because of large uncertainties
- expected rate is lower than SM, so “more compatible” with u < 1 (CMS)
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Mixing angle and hidden width approach (3) > o

“Visible” hidden sector

=126 GeV.

= 1.40 £ 0.60 (ATLAS)

w 1 1
0.9 ...................................................... L.; 0.9 {
0.8 = 0.8F
0.75: 3 07E
0.6EE! £ 0.6F
3 D
! = 2 m, = 126 GaV, CMS
0'5 : — kg = 1402060 E 0'5 ;IL _u_.o,ao_’::
0.4E2! B = 0.4F- s
03E e = 0.3F e
0.28 = 0.2F
0.1E: = 0.1
O:illllllllllllllIllllllllllllllllllll l: o:lllllllllllllllllllllllllllllllllllllll
0 02 0.4 06 08 1 02 04 06 08 1 1.2 14 16 1.8 2

o

e
N
e
S
-h
(o2}
e
@
N

) |
X /TSu XITSu

(a) (b)

SM limit SM limit

“Visible” hidden sector : here we assume that the hidden particles can be detected
Two regions are compatible with the measurements :

- large mixing (sh2 ~ 1)

- small hidden width

Note: the relationship between the model parameters (Higgs and Z' masses, mixing angle)
and the hidden width is not straightforward
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Mixing angle and Z’ mass approach (1)

* New Higgs decay

— opens new H->4| events that may be detected as part
of SM H->ZZ*->4| search

— event rate depends on mixing angle and Z' mass

* Decay of “hidden” particles (Z’ leptonic decay)

— non-detectable
e 20<mZ’ <35 GeV

— detectable
e 55<mZ <80 GeV

Kruger2012
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Mixing angle and 2’ mass approach (2) {3
Low mass Z’ (< 35 GeV)

nL 126(3éV u _1.¢01J1600NTLAS)
l T T T

U L] e B L B

m,, = 126 GeV, ATLAS
— By, = 1401080

B e

—— E%CL

22 24 26 28 30 32 34 36

%0 22 24 26 28 30 32 34 36
( a) my [GeV] (b) my [GeV]

Low mass Z’

- H->ZZ’->4l decay not detected

- event rate simply suppressed, proportional to c, >

- exclude most mixing angles, except close to s,2 = 0 (SM limit)
- large uncertainties

Kruger2012
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Mixing angle and 2 mass approach (3) L3

High mass Z’ (> 55 GeV)

,=126 GeV, u__= 1.40 + 0.60 (ATLAS) .= 0.80 2% (cMS)

w 1 % P A
0.9 ..................... . 0-9 ~,
0.8 0.8
0.7 0.7
0.6 0.6 =
m,, = 126 GeV, ATLAS E
0'5 _.;_:1.40:0.8: 0.5 E
0.4 0.4 2
0.3 0.3 =
0.2 _ 0.2 =
Rk SH—— ’ SM limit ©-1 »
%5 60 65 70 75 g0 €<—> %5 60 65 70 75 80
Ge . [Ge
High mass 7’ (a) Mz [GeV] (b) my [GeV]

H->Z"Z"->4| decay can be detected, we assume same acceptance
large part of parameter space compatible with experimental result
transition at mz’ =63 GeV (m,,/2) :
- below: H->Z"Z’ (2-body) is favored compared to H->ZZ* (3-body)
- above: H->Z'Z’ (3-body) is suppressed compared to H->ZZ* (3-body), more SM-like
Low mass Z’ are excluded (< m,/2), except for :
- low mixing (H->Z'Z’ favored by kinematics but compensated by s,2 suppression)
- large mixing (enhancement of H->Z'Z’ compensated by c,? suppression of ggH)
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Conclusion and outlook >

e Conclusion

— Experimentally accessible search
* otherinteresting process involve the heavier Higgs mass eigenstate, cascade decays

— Model not (yet) excluded by compatibility of experimental results with SM
* waiting for uncertainties to shrink !

e Other models can use the same approach
— dark Z (Davoudiasl et al., 2012)

* lower mass, more difficult experimentally

e Further work

— update these results when ATLAS/CMS update their measurements
* |staytuned!

— direct searches (or exclusion) by experiments
* promising complementary search to SM Higgs boson

Kruger2012
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