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EWSB on March 29, 2010 23:59 (Geneva time)

waiting for collisions... and still building models
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EWSB on December 31, 2011 (any time)
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CMS Preliminary
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The Higgs might well not be on the agenda of Heuer's mandate
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Higgs = “raison d'eétre” of LHC

@ =500 physics papers over the last 5 years have an
infroduction starting like

"The main goal of the LHC is to unveil the mechanism of electroweak symmetry breaking”,
"How the electroweak gauge symmetry is spontaneously broken is one of the most urgent and challenging
questions before particle physics.”

@ ~9000 papers in Spires contain "Higgs" in their title
@ ~3x10° references in google

@ ... no Nobel prize (so far)

Reasons of a success

@ last missing piece of the SM?

@ at the origin of the masses of elementary particles?
@ unitarization of WW scattering amplitudes

@ screening of gauge boson self-energies

"Higgs = emergency tire of the SM"
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Beyond the Higgs: The hierarchy problem

need new degrees of freedom to cancel A¢ divergences
and ensure the stability of the weak scale

h W= Z Top
; gt r—_—:/b (11;(;e\/) ( 2 ﬁ
L Ii ! A leO GeV o
h-—— it 5 Jectures

( Godéo/e Ve ok po,éorélé/

£ add a sym. such that a Higgs mass is forbidden until this sym. is broken

@ supersymmetry
@ gauge-Higgs unification
@ Higgs as a pseudo Nambu-Goldstone boson

& lower the UV scale

@ large extra-dimension
@ 10°° species

5 remove the Higgs
@ technicolor
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What is the SM Higgs?

A single scalar degree of freedom with noicharge under SU(2).xSU(2)r/SU(2)y

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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'‘a’, 'b' and 'c’ are arbitrary free couplings
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What is the SM Higgs?

A single scalar degree of freedom with noicharge under SU(2).xSU(2)r/SU(2)y

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
* .
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'‘a’, 'b' and 'c’ are arbitrary free couplings
For a=1: perturbative unitarity in elastic channels WW — WW
For b = @® perturbative unitarity in inelastic channels WW — hh

For ac=1: perturbative unitarity in inelastic WW — % ¢

. *
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

————— a=1', 'b=1' & 'c=1' define the SM Higgs ———-—
Lmass e EEWSB can be rewritten as DMHTDMH

iy, e 0
e Yaat,
= ﬁe ( ., 1 )
h and % (ie WL and Z.) combine to form a linear representation of SU(2).xU(1)y

Ll:liggs properties depend on a single unknown parameter (mH‘);
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What is the SM Higgs?

A single scalar' degree of freedom with no charge under SU(2).xSU(2)r/SU(2)y

—»— qqgH, H-WW—ljj —&— H—ZZ-4l SM
-+¢- H-WW—212y s qgqH, H->tt—I+j CMS

—8— H-y —e— total significance  30fb™
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Deformation of the SM Higgs

MCHM4

160 180 200 : 160 180 200
My [GeV] My [GeV]
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How many parameters for the Higgs?

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LS .

h h
_|_Cg ZG/U/GMV St C'y ;V,UJ/”)/MV

»
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-2 Minimal Flavour Violation setup? cj=c

+® Loop suppressed decays to massless spin-1? ¢, ~ ¢, ~ O (%)
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How to obtain a light composite Higgs?

Higgs=Pseudo-Goldstone boson of the strong sector
MHiggs=0 when gsm=0

to-Yuk
9swm g x oau;eawar > Yp
d%M@ Sﬁr'ong 9|Ob(]| Ok G
ehie ”BSM symmetry / H residual
o Y s o R global symmetry
3 scales: UV completion
47 f -f 10 TeV
/ not directly

1 accessible to LC

M, = g,/ # usual resonances of the strong sector

‘ indirect
v = 246 GeV Higgs = light resonance of the strong sector probes

m p = mass of the resonances
m
0.

9p
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gp := coupling of the s‘rrong sector or decay cst of strong sector | =



Continuous interpolation between SM and TC

k. (weak scale)?

f?  (strong coupling scale)?
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SM limit

all resonances of strong sector, Higgs decouple from SM:

except the Higgs, decouplex",”’ vector resonances like in TC
................... Dilaton
........................... b b=(12
) T on - e
[ (] 1-- 7
Composu‘re nggs Lowen = (a g h +b i h2) e D2 DY)
VS. \
] Composite Higgs
Shhl&tiggs |

,@ universal behavior for large f
1 a=1-v/2f b=1-2v/f
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What distinguishes a composite Higgs?

co> Mo (1HD 8, (1HP) ¢y ~00)

i
Lo ")
R o UO
F2tr (0,UTORU) = |0, H|? + ji (8]}]\2) ]H\ OH | + \HT0H|
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Anomalous Higgs Couplings

2 2% o" (|H|?) 0, (IHI?)  eg ~ O(1)

2

)@ T % <1+6H;2> (O*h)2 +

2

Modified Higgs couplings v

. a2
Higgs propagator rescaled by \/1 tents 2f?
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SILH Effective Lagrangian

(strongly-interacting light Higgs)

@ extra Higgs leg: H/ f @ extra derivative: 9/m,,

i3 G, G
m2 167T gp :

-
N,
“a
e
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Higgs anomalous couplings for large v/f

The SILH Lagrangian is an expansion for small v/f
The 5D MCHMs give a completion for large v/f

1
My = Zg2f2sin2v/f =>  gwww =V1—-Eanww
Fermions embedded in spinorial of SO(5) Fermions embedded in 5+10 of SO(H)
mys = Msin2v/f
()

Surses = ¢ Inff

universal shift of the couplings

no modifications of BRs BRs now depends on v/f

(E=v/1")

Christophe Gl‘od'ean Dec/p/mr/nj EWSB Corfu, Sept. 3" jole,



Higgs BRs

Fermions embedded in 5+10 of SO(5)

ww

My =120 GeV MH =180 GeV

Higgs BRs
Higgs BRs

h—>WW can dominate BRs remain SM like except
even for low Higgs mass for very large values of v/f
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iE (h i ff)SILH =2 (h < by fﬂSM [1 = (20y -|—CH) 02/f2]

I'(h = 99)su =T (h — 99)sm [1 ZF

Higgs anomalous couplmgs @ LHC

observable @ LHC?
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up to0 0.2-0.4
l.e.4nf ~ 5 — 7 TeV
N v
(ILC could go to few % ie

test composite Higgs up to 47 f ~ 30 TeV)
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Composite Higgs couplings @ LHC

The LHC sensitivity on Higgs couplings is improved
if a particular structure of couplings is assumed

Compared to the general analysis the typical error bars on Higgs

couplings are reduced by at least a factor 1/2, now ranging
around 10% for a Higgs mass of 120 GeV with 30/fb at LHC14Tev
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Composite Higgs search @ LHC

Espinosa, Grojean, Muehlleitner 10

the modification of Higgs couplings and BRs affects the Higgs search

—»— qgH, H-WW—ljj —aA— H—ZZ—4l MCHM4
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Composite Higgs search @ LHC

the modification of Higgs couplings and BRs affects the Higgs search

H - WW S22y
MCHMS

. contour lines of

signal significance  IREEEETINTIT
for L=30/fb

in the (¢,MnH) plane

H — ZZ - 2121
MCHM5

H < WW <y
MCHMS

(neglect effects from heavy resonances)
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Chris Zop/}e Gr@'ean

Composite Higgs search @ LHC

Tevatron

Tevatron

Dec/p/mr/ng ELISB
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How to probe the composite nature of Higgs?

Look at pair production of strong states

@ sTr'ong WW scaﬁer'mg
------ -
Higds E2 no exact cancellation
“““ =—(1L-M@ 2—2 :
0 M2, of the growing amplitudes

'
annt®
annt®
anss
-----
-----
.............
-----------
---------------
................
----------------
---------------------------------------------------------
--------------------------------------------------
-----------------------------

Even with a light Higgs, growing amplitudes (at least up tom )
A(WEWP — WEWE) = A(s, t,u)6"°6% + A(t, s,u)5%°6°" + A(u, t, s)§%45"

S
ALgT(S,t,u) = 2 d =& ALET
LET=SM-Higgs
@ strong double Higgs production
CHS

A(Z}Z) — hh) = A (WS W, — hh) = ?
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Strong Higgs production: (3L+jets) analysis

Contino, Grojean, Moretti, Piccinini, Rattazzi 10

strong boson scattering & strong Higgs production

A(Z229 — hh) = A(WFW; — hh) = %
myp = 180 GeV

fermions in spinorial
cH=1

Dominant backgrounds: Wil4j, ttW2j, tt2W(j), 3W4;...

forward jet-tag, back-to-back lepton, central jet-veto

wer 1 R < iy /A5
significance (300 fb=1) | 4.0 | 29 | 1.3 | .
luminosity for 5o 450 | 850 | 3500 = good motivation to SLHC
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Isolating Hard Scattering

isolate events with large mnn

luminosity factor drops out in ratios: extract the growth with mp,

measure measure
H3 b-a?

do /dmpn|vcrMa
da/dnwﬂASM

asymptotic regime

do /dmpp | Mcmma
do /dmpp|McHMS

1000 1500 2000 2500 ' 500 1500 2000
m,,, [GeV] m,,, [GeV]
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Goncl B0

EW interactions need Goldstone bosons to provide mass to W, Z
by il ) U Y 4

EW interactions also need a UV moderator/new physics
to unitarize WW scattering amplitude

We'll need another Gargamelle experiment
to discover the still missing neutral current of the SM: the Higgs
weak NC < gauge principle
Higgs NC < ?

.
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collaboration EXP-TH is important to make sure
e.g. that no unexpected physics (unparticle, hidden valleys) is missed (triggers, cuts...)
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scal 1nq dimension

2 /995' b a . - < \ a/ I‘ ; e f ,;
S ’TI/)(,'” % . »
pseudo—scalar mixing 1 Couplings #ror
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