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Standard Model Higgs
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Can the Higgs be composite!

* [t EWSB Is due to a condensate of strongly-interacting fermions,
one would expect, In general, composite scalar particles

* o not be excluded by experiments, this scalar states shoulad
mimic a SM-like Higgs boson.

* [his could happen It the composite scalar Is a light pseudo-
Goldstone boson of some (higher scale) broken symmetry, e.g:

- approximate scale invariance symmetry (dilaton)

- larger chiral symmetry (composite Goldstone boson Higgs)



Technicolor

S.Welinberg & L. Susskind, /9
Higgs Is the lightest scalar excitation of the condensate

Plus Minus
* Break EW * Fermion masses vs FCNC
Sl eeemplete theories » Electroweak precision data

avallable to explore
» Light Higgs
» Natural
* Higgs couplings



Parameters

BECcRCiroup: SU, SO, SE Exceptional
» Matter Representation

*» # of Flavors per Representation

QCD-like IR fixed point No AF
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SU(N) phase diagram

18
16} SU(N)
Fund
14}
b2y | e )y Pica & Sannino 10
10@. | Latt . Ryttov & Shrock 10
< X . (\\}- T Poppitz & Unsal 9, 10
A_Sym . Ryftov& Sannino 07 |
A Dietrich & Sannino 07
Sannino & Tuominen 04
? © o)
\
2 3 4 5 6 1 %
N

@iRner croups: SO(n), SP(n), excepticneal



Minimal (Walking) Models

» Use the Lattice to investigate quantitatively models which can
feature the right dynamics:

WA= Dirac Adjoint

| EIEEE) Dirac symmetric

@ WEs ) [Dirac Vector

e Dirac Fund. + Ungauged

+ SU(2)

7 Diree  Flialel

(U -MWT)

SU(2). - MWT
SU(3)s - MWT
SO(4)y - MWT
SU(3)s - pMWT

SU(2)t - MWT

Only one doublet gauged = small S parameter



1C Higgs

» [C Higgs Is the lightest 1sospin-0 scalar made of TC-fermions

H ~ c1QQ + c2QQQQ + - -+

» will contain also a TC-glue component

» analogue to QCD lightest scalar:
fo(500) with mass ~ 400-550 MeV

Sannino & Schechter 95 PRD: Harada, Sannino & Schechter 95 PRD, 96PRL;
see also: Pelaez - Confinement X



1C Higgs mass

R. Foadi, M. Frandsen, F. Sannino, Phys.Rev. D 87, 095001

e RN oe lisnt!

* SM radiative corrections shift the TC Higss mass
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1C Higgs mass

R. Foadi, M. Frandsen, F. Sannino, Phys.Rev. D 87, 095001
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* Narrow due to kinematics [Similar to 1o(9380) in QCD]



1C Higgs couplings?

A. Belyaev, M.S. Brown, R. Foadi, M. Frandsen, PhysRevD.90.035012

* The leading order interaction of the TC Higgs with EW
goldstone bosons can be described by:

C .
i —HHG’UHaa’uHa with crp =1
U

» One can estimate the analogue coupling iIn QCD

Crr a a
Lonn = —00,T ot iy (MeV) gomn| GeV][ 2P
T

457415 — 1279151, [35] || 3:59% o] RIROIGIESivG
from elastic pi-pi scattering data |us=2s-iers®), 1351 | 34205 || 1003017
441*16 (2729 ) [36] | 3.31*0% | 1.0035 +0.12
474 + 6 —1(254 + 4) , [37] | 3.58 £ 0.03§1.0264 + 0.024
443 +2 — (216 +4) [38] | 2.97 +£0.04}1.0479 + 0.020
452 + 12 — (260 = 15) [39]| 2.65 + 0.01]0.8026 + 0.053

453 — 1271 , [40] 3.5 1.0255




Composite Goldstone Higgs
D.B. Kaplan & H. Georgl, ‘84
Higgs Is a pseudo Goldstone boson

Plus Minus
* Higgs Is massless » Underlying UV complete
theory
» Gauge boson couplings
* Higgs mass

* Fermion masses/couplings

* EW vacuum alignment



SU(2) Composite Higgs

G. Cacciapaglia & F. Sannino, JHEP04(2014)11 |

* SU(2)1c with N=2 fund

» SO(6)/50O(5) chiral symmetry breaking guElelIs S, O 52

Ryttov, Sannino, 2008

Katz, Nelson Walker, 2005

Gripaios, Pomarol, Riva, Serra, 2009
Galloway, Evans, Luty, Tacchi, 2010

« Common framework for TC and CH

* Fundamental 4D underlying theory,
Spectrum can be obtained via lattice simulations



The SU(2) model

1 — . — .
= —ZFgVF““V UGy D, mU + Dy B s
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D; 0 0 O
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The modael

+ QL = (U, D1): SU(2)L doublet with zero hypercharge
» other two fields: SU(2). singlets with hypercharge +|/2

* two Interesting alignments of the condensate:

] 0
EQ0) ( lgz ; ) =>g does not break EW
—1O09
IR @@ iec— 1 E = ( (z) _Ol ) = X does break EW symmetry

* general superposition: >0 = cosf 2Xp + sin} 2



SO(6)~SU(4) = Sp(4)~SO(5)

» Fundamental 4d underlying dynamics

« 5 Goldstone bosons

» 3 eaten by W/

6~0 0~11/2
e | GB is Higgs-like * GB complex doublet
* other GB is SM neutral * SM neutral

* Natural DM candidate




Generic properties

» [C-Higgs and PGB Higgs mix

» Top reduces [ C-Higgs mass .‘

» lop contributes to PGB Higgs mass [ A

CH .
.

Couplings: for © near zero:

gvgz\v;hl —1+co+00% * Moditfied Higgs phenomenology

SWWh * a new leV scalar lighter than

gtst]@ _ 14+ DO +662) vectors!
Stih




SpIN oNe resonances

« Rescale TC |limit:  fpssinf = 246GeV




| attice results



SU)r N¢=2

Ref:
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| attice conformal window
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Goldstone bosons
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Spin-| Resonances
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Spin-0 Resonances
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Spin-0 Resonances
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Resonances - Summary
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Conclusions

» Lattice simulations yield first principle results for the NP
dynamics and can provide trustable quantitative results on the
spectrum are possible and available

» Several interesting models are being investigated, which
include examples of strongly coupled models with light scalars

» [he study of scalar sector of strongly coupled model Is
challenging, but seems within reach

» SU(2) model viable might be viable as composite goldstone
Higgs model, but spin | and O resonances in the 30-50 TeV
region for sinf = 0.1

Thank you!



