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Electroweak Symmetry Breaking (EWSB)

LHC Understandthe mechanisnof electroveak symmetrybreaking
Why?  Creationof particle masseswvithout violating the basicsymmetriesof the SM
How? Higgsmechanism [SM, SUSY,...]

Strong EW symmetrybreaking [Composite, LH, \Higgsless", Extra Dims., ...]

Higgs mechanism
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The Higgs particle as UV regulator

Scattering of longitudinally polarized W bosons
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The Higgs particle as UV regulator

Scattering of longitudinally polarized W bosons

W, W, W, W,
W W W, WL ; ) Wi Wi {
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z e A = SpMa
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Higgsbosonguaanteesunitarity of the W scattering (if its massis < 1 TeV.)

Higgs mechanism - model without dynamics: descriptionbut no explanationof the EWSB

Shatcomingsof the SM:

fails at the Planck scale;hierachy problem; massand mixing patterns?;
no DM candidate;baryon asymmetry;gaugecouplinguni cation .
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Hierarchy problem

Quantum corrections to the Higgs boson mass:

Renormalization:

m{ mi o mj
O(10* GeV¥) = O(10*° GeV) mj3 ( = ouTt = 10'° GeV)

) extreme netuning necessy
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Hierarchy problem

Quantum corrections to the Higgs boson mass:

) extreme netuning necessy

} additional symmetry: forbids Higgs massuntil symmetryis broken
supersymmetry
gauge-Higgani cation
Higgsas a pseudoNambu-Goldstondoson! this talk: Composite Higgs

} lower the UV scale
large extra dimension

} removethe Higgs
technicolo
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SM Higgs phenomenology mini-summary
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Composite Higgs boson - Intro duction

Revisit longitudinal W scattering: SM Higgs is peculiar!

Couplings: HWW : a?&  HHww : b

v v2

v W.w I W W, A = FN S a’s SM:a=b=1 A C::QZNQS\PE_. ! T__l_v

Vv
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Composite Higgs boson - Intro duction

Revisit longitudinal W scattering: SM Higgs is peculiar!

Couplings: HWW : a?&  HHww : b

v v2

) WeW, ! W W.: A=2L1 s 2as SM:a= b= 1| ( unitarizeW W, ! HH)

Vv

Continuous interp olation between the SM and Technicolor:

_ . _ V2 _ (weak scale? | _ . -

= 0 SM limit = 7 = (strong couplingscale? . 1 Technicolo limit
strong secta resonances Higgsdeccouplesyecta
decouple,exceptHiggs resonance$ike in TC
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Composite Higgs boson - Intro duction

Revisit longitudinal W scattering: SM Higgs is peculiar!

Couplings: HWW : a?&  HHww : b

v v2

) WeW, ! W W.: A=2L1 s 2as SM:a= b= 1| ( unitarizeW W, ! HH)

Vv

Continuous interp olation between the SM and Technicolor:

_ . _ V2 _ (weak scale? | _ . -

= 0 SM limit = 7 = (strong couplingscale? . 1 Technicolo limit
strong secta resonances Higgsdeccouplesyecta
decouple,exceptHiggs resonance$ike in TC

Composite Higgs models: Higgs= composite object: couplingsdeviatefroma= b= 1

W W W W WL W
B H . unitarity breakdavn postponedto higherenery
smallerobliquecarrections
WL W, W, W, WL W,
light Higgs heary
partial unitarization smaller oblique corrs.
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Composite Higgs boson - Intro duction

Idea: Higgs as composite bound state from a strongly interacting sector

How can we obtain a light composite Higgs?

Higgs: Pseudo-Goldstonbosonof strongly interacting secta

spontaneously

broken atf
Globalsymmetryof strong secta G ! subgroupH

G=H: 4th Nambu-Goldstondoson: Higgsboson
(sm =0 my = 0)

3 scales
It JETTTTRE T - >
v = 246 GeV m =gf
Higgs= light resonance usualresonances 4 f =10TeV UV completion
of strong secta of strong secta
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Composite Higgs boson - Intro duction

How can we obtain a light composite Higgs?

Higgs: Pseudo-Goldstoneosonof strongly interacting secta

spontaneously

broken atf
Globalsymmetryof strong secta G ! subgroupH

G=H: 4th Nambu-GoldstondBoson: Higgsboson

Possible symmetry patterns

H must contain SM gaugegroup
G mustcontainan SU(2) SU(2) SO(4) symmetry PGB is a Higgsdoublet

- SO(5)=S0(4) PGB:onedoublet
- SO(6)=S0O(5) PGB:onedoublet+ singlet
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Composite Higgs boson - Physics

SILH e ective Lagrangian Giudice,Grojean,Bmarol,Rattazzi
(SILH=strongly interacting light Higgs)

Genuine strong operators (sensitiveto the scalef)

$
s (@(HJ?)? + g2 (HY D )2+ SFEjHPf L HfR + hict + S jH®

Form factor operators (sensitiveto the scalem )

. . $ . . $
Cug(HY ID H)YD W ) + S.L(HYD H)(@B )+:

Contribution to Higgs kinetic term: MFNA@Q.I_.N&N

<
N

RescaleHiggs eld Ousf = @I: 1 (¢ +cy umx\lw GHww = GEVw 1  CH

—h
N
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Higgs anomalous couplings

Large v=f ?

SILH: expansiorfor small £

The 5D MCHM providescompletionfor large ¥ (SO(5)=S0(4)) Contino eal; Agasheeal
M P = v

—h
N

OHvVv = @m<< 1

Fermion couplings depend on embeddinginto representationsof the bulk symmetry

spinaial representationsof SO(5) fundamentalrepresentationsof SO(5)
MCHMA4 MCHM5
P— _
OHff = Ontr 1 OH f f |@m_ﬂﬂ\_ﬁmp|h

universalshift of couplings BRsdependon
no modi cations of BRs
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How to test composite nature of the Higgs boson?

Resonances

Production of heavyresonancesn

Coupling modi cations:

modi cation of production and decg rates
LHC/300fb : g 20 40% Dehrsseneal. probed4 f =5 7 TeV
ILC/500 GeV  probe4 f 30TeV, nHnu 10 20% Barger eal
CLIC/3 TeV improve sensitiviy by factor 2

strongWW scattering: W _W_ ! W_W_
di cult: disentanglel from T polarization Giudiceeal

strongHH production: W W, | HH
SLHC/5 ab 1: 3l nal state: rather cleansignal > 0:5 Contino eal

no direct probe of strong secta at origin of EWSB

This talk: Impact on Higgsbosonseachesat the LHC Espinosa,Grojean,Mhlleitner
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Impact on LHC searches

Outline

B Branchingratios and total widths

B Constraintsfrom LEP, Tevatronseachesand EWPT

B Production crosssections

B Higgsbosonseach: signi cances

Reminder
MCHM4 MCHM5
P—— P——
OHvVv = @m_//\_\< 1 OHvV = @m_,/\_\< 1

p___
Oufr = ORYe 1

— ~SM 2)
OHtf = Onf¢ P

In the following: = 0:2;0:5;0:8
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Branching ratios MCHM5
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Espinosa,Grojean,Mhlleitner
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Constraints from EWPT, LEP, Tevatron

EWPT constraints

T = ol\lw ) JCr W\IM_. <2 10°3 removedby custadial symmetry

S=(cw + omvﬂ@ ) m (cg + ow )™ 2:5 TeV
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Constraints from EWPT, LEP, Tevatron

EWPT constraints

T = ol\lw ) JCr W\IM_. <2 10°3 removedby custadial symmetry

My m  (cg + ow)"2 2:5 TeV

S= (cw + Cg)

1-loop IR e ects Barbieri eal

S;f=alnmy+b modi ed Higgscouplingto matter )
S;T=a(@ cy )iInmg+cy In )+b

ch v2=f 2
e ective Higgsmass: my' = my " > my
LEPI, my  115GeV: chir<i 1

IR e ects canbe cancelledby heavyfermions(model-degndent)
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Constraints from EWPT, LEP, Tevatron

EWPT constraints

T = ol\lw ) JCr W\IM_. <2 10°3 removedby custodial symmetry

ﬁ@ ) m  (cg + cw )2 25 TeV

S= (cw + Cg)

1-loop IR e ects Barbieri eal

S;f=alnmy+b modi ed Higgscouplingto matter )
S;T=a(@ cy )iInmg+cy In )+b

ch v2=f 2
e ective Higgsmass: my' = my " > my
LEPI, my  115GeV: chir<i 1

IR e ects canbe cancelledby heavyfermions(model-degndent)
Seachesat LEP e'e ! ZH! Zhb
Tevatron seach  mostrelevantH ! WW

LEP/T evatronexclusionlimits generatedwith Higgsbounds Bechtle eal
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Constraints from EWPT, LEP, Tevatron
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Production Processes

Production cross sections

g b q

9 g

Higgs gauge boson couplings
MCHM4/5: gyvyv = @m_,/\_\<cp|
Higgs fermion couplings
MCHM4:  gq¢s = g2V, P—
MCHMS5:  guir = g5¥; ==  vanishedor = 0:5!!!

NLO QCD corrections: not a ected by modi ed Higgscouplings

nwof(gg! H) = 5, Mo (gg! H) N Lo (H tt) analogous

I
~—~
=
~—

N Lo (qgH) SNV (qgH) n Lo (VH) analogous
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Production cross sections MCHM5 Espinosa,Grojean,Mhlleitner
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SM Higgs discovery potential

s r -~ r— T T T T T 1 T ]
[ —=%— qgH, H5 WWS5 Injj —aA— H5 ZZ5 4l SM ]

50 f ==0--- H5 WWS5 2I12n e *oo qgqH, H5 tt5 1+ CMS
L —8— H5 gg 30fb™* -
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Signi cances: Composite Higgs

Composite Higgs seach:

Composite couplingsa ect signalevents,not backgroundevents
Rescalingfactor

_ woBR(H! X)
SMBRSM (H1 X)

Exp analysegrovide signal& bkg eventsafter cuts, sSM | b°M

signi cancescomposite model froms = s°M andb = b°M

Investigated Channels: CMS analyseqsimilar resultsexpectedfor ATLAS)
Inclusiveproduction with subsequentlecy : H !
H! zZzZ! 2e2; 4e;4
H! WwW! 22
Vecta bosonfusionwith subsequentlecgy: H! WW! | |j
H

! L1+ + Ess

M.M. Muhlleitner, June 8, 2010, Physicsat LHC 2010



Signi cances MCHM4 Espinosa,Grojean,Mhlleitner
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Signi cances MCHMb5
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—¥— qqH, H5 WWS5 Injj —A— H5 ZZ5 4| MCHMS5 ]
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Conclusions

Composite Higgs Mo del Higgsas pseudo-Goldstonbosonof the strong secta
Higgs matter couplings modi ed (Higgsis a bound state)
Discovery prospects at LHC  may be signi cantly changed

After Higgs disovery: Which Higgs havewe discovered?
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Conclusions

Composite Higgs Mo del Higgsas pseudo-Goldstonbosonof the strong secta
Higgs matter couplings modi ed (Higgsis a bound state)

Discovery prospects at LHC  may be signi cantly changed

After Higgs disovery: Which Higgs havewe discovered?
090> L s
Vo Private Higgs %o A,
A0S Q05
SUCh
\ ﬁ/@?ﬁ L ittlest Hi
ggs
938@@@ H NQQW
F at Higgs Hij
K Lonen I9gs

SimplestH iggs P hantomHiggs
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Processesinvolved and signi cance de nitions

H !
Processesgluonfusion,VBF, VH, Htt
Signi cance: cut-basedanalysis,S = P

H! Zz! 4]

Processesgluon fusion, VBF

Signi cance: Poissonsigni cance Sp, neglectingthe (small) systematicuncertaint.
Sp is the solution of the equation

K Lo by Lse o xP=2

.u QxT|
i=0 : 1 2

H! WWI!I 2|2

Processesgluon fusion, VBF
Signi cance: ScP2 w/ systematicuncertainy 10%at 30fb *

r
L P P- b
ScP2[s;b; b 2  s+bDb b Y—
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Processesinvolved and signi cance de nitions

H! WW! | jj
ProcessesVBF

Signi cance: ScL® w/ 16% bkg uncertainy

ScL[s; bl P 2[(s+ b)log(l+ s=h ¢];

ScLYs:b; b ScL[s;b+ I]

H ! LI+ j + EMSS

ProcessesVBF

Signi cance: Poissonsigni cancew/ systematicuncertainy 7.8%.
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Signi cances MCHM4 Espinosa,Grojean,Mhlleitner
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