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SM or not?

Main Goal of the LHC:

“Unveil the Nature of EWSB mechanism”
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SM or not?

Good reasons to guess Ayy > TeV (e.g,100GeV):

° idental mmetri
Accidental Sy etries } deviations suppressed by 1/A%v

e Minimal Flavor Violation
e Majorana neutrinos (2) m, ~ v /Ayv

One reason to expect Ayy ~ TeV:

(The Hierarchy Problem J




SM or not?

Realistic Higgs requires tuning :

A > 5m%[ - 125 GeV 2 AUV :
- m%ﬂpole o My 400 GeV

YA 5 100 Auv 5 4TeV New physics in LHC range

Is Hierarchy a problem of Nature or just a problem of theory ?

LHC data will answer !



Composite Higgs

Composite Higgs scenario:

|. Higgs is hadron of new strong force

Corrections to M 7 screened above 1/l
The Hierarchy Problem is solved
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Composite Higgs

Composite Higgs scenario:

|. Higgs is hadron of new strong force @I l
H

Corrections to M 7 screened above 1/l
The Hierarchy Problem is solved

2. Higgs is a Goldstone Boson, this is why it is light

3. SM fermions and gauge coupled linearly to the strong sector

Composite Sector Elementary Sector
Higgs Lint
+ < e W&,2,37 BM fLa fR

resonances
gauge couplings: Lint =gJ ,W"

fermion couplings: Lint =Yr9.OL+YrIrOR
9



Composite Higgs

Composite Higgs scenario:

. Hig > YLYR
Yukawas : yr = --- p H
P

2. Hig
3. SM

small Yukawas —> small mixing: YL,R ~ \/9p¥s

gauge couplings: int —=gJpu

fermion couplings: Lint =Yr9.OL+YrIrOR
10



Composite Higgs

Composite Higgs scenario:

. Hig

2. Hig
3. SM

N YLYR
9o

Yukawas : Yyr = -

small Yukawas —> small mixing: YL,R ~ \/9p¥s

d S

YLYF
suppressed FCNC : ~ LQQR ~ YdYs
= p
d

S

gauge couplings: int —=gJpu

fermion couplings: Lint =Yr9.OL+YrIrOR
1



Higgs Couplings

The Minimal Coset : SO(5) — SO(4)
* delivers one doublet (4 reals)
* has custodial symmetry H € 50(5)/50(4)



Higgs Couplings

The Minimal Coset : SO(5) — SO(4)
* delivers one doublet (4 reals)
* has custodial symmetry H € 50(5)/50(4)

Anomalous couplings from g-model non-linearities :

L. = —Qdi dt' = 1(8h)2+£f2 n2 ! yW\2+iz2
™=y et T g T 22
Higgs-WV couplings: deviations from SM controlled by

EWPT suggest mild deviations: £ ~0.2 or £~0.1.



Higgs Couplings

Higgs-top coupling is more model-dependent

Lint =yrq9r0L+yrqrORr

We have to specify SO(5) representations of O, r

OrL.r €4 MCHM,
OrLrESD MCHM;

OL,R c 10 MCHMlO



Higgs Couplings

Higgs-top coupling is more model-dependent

Lint =yrq9r0L+yrqrORr

We have to specify SO(5) representations of O, r

1 —2
OL,R €4 MCHM,4 C = T _i
OLr €5 MCHM; c=+/1-¢
OL)RE].O MCHMlO o o o
h .M
- - - =i
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Goldstone Boson Higgs

courtesy of G. Panico

Some updated fit:

CMS Preliminary {s=7TeV,L<5.1fb" Vs=8TeV,L<12.2fb"

L 2_O_IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII
7

_ I ]
- 1 L ATLAS Preliminary + S ]
1-oF E of 1s=7TeV,[Ldt=46481" * Bestfi ;
10k E C {s=8TeV, Lot = 13-20.7 " —68%CL i
" ] . ----95% CL i
0.5\ 3 °F -
0.0F E 1:_MCHM4 5-01?/\/_:
'0-5; _f E £o() TTTTTT T E
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Ky
Refs.: Contino et al., Grojean et al. 2012,
see also talks by C.Delaunay and D.Barducci
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Linear interaction is partial compositeness:
Lint =y91O0L+YrqrOR

In the IR, operators correspond to particles:

(0]0]|Q) # 0 Or.r <> QLR



Linear interaction is partial compositeness:
Lint =yrq9r01L+YrIrOR

In the IR, operators correspond to particles:

(0]0]|Q) # 0 Or.r <> QLR

Important Remark:
(@ and () carry color !

Q — “‘vector-like colored fermions”
(partners)




Linear interaction is partial compositeness:
Lint =yrq9r01L+YrIrOR

In the IR, operators correspond to particles:

(0]0]|Q) # 0 Or.r <> QLR

Mass-mixing at low energy:

Lint X Yr.qrLQr + yr.qr@rR

physical particles are partially composite:

[SMy) = cos ¢glq) + sin ¢,|Q)



Elementary/composite mixing breaks Goldstone symmetry.
Thus generates Higgs potential. (like pion mass from QED)

|SMy) = cos ¢qlq) + sin ¢4 |Q)

-

top loops dominate because
the top is largely composite

Expected connection among top partners physics,
Higgs mass and VEV

20



A > 5777%[ 2(125@6\/)2( A\UV )2

— 2

mH |pole mH

4oor<\:

Top partners cancel top quark divergence = Ayy > Mr

v

Light Higgs plus Low Tuning need Light Partners

21



— 2
mHlpole

A > 5777% 2(125@6\/)2( A\UV )2

mp

400Ki\‘/

Top partners cancel top quark divergence = Ayy > Mr

v

Light Higgs plus Low Tuning need Light Partners

Natural SUSY:
light stops

Natural CH:
light top partners

22
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Striking Example:

| S

my € [115,130]

Light Higgs plus Low Tuning need Light Partners

Natural SUSY: Natural CH:

light stops light top partners
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Striking Example:

MCHM4 5 10

¢ = 0.1: (larger tuning)

my € [115,130]

Light Higgs plus Low Tuning need Light Partners

Natural SUSY:
light stops

Natural CH:
light top partners
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LS arXivi1204.6333

S my > 130
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Striking Example:

3
MCHM, 5 10 Q=2/3 |

¢ = 0.1: (larger tuning)

my € [115,130]

Contino et al 2007,

Result confirmed in many ways:  Marzocca-Serone 2012 == (see talk by D.Marzocca)
Pomarol-Riva 2012

We find the same from general analysis (Panico, Redi, Tesi, AW 2012)

e.g. MCHM;4. O, € 14 and composite i

Embedded in promising explicit 5d model (Pappadopulo, Torre, Thamm 2013).
(see talk by A.Thamm)




Top Partners @ LHC studied by several groups:

Contino, Servant 2008
Aguilar-Saavedra 2009
Mrazek, AW 2009
Dissertori, Furlan et al 2010
Barcelo, Carmona et al 201 |
Vignaroli 2012
Cacciapaglia et al.2012/2013
Santiago et al. 2013

(see talk by J.Santiago)

Don’t forget other resonances
(see talk by A.Kaminska)

26



, . T Xs/3
ase #1, fourplet of custodial SO(4) B X

( (

Spectrum: Couplings:

v X
W< NMx/f
t

because Goldstones are derivatively coupled

~

Case #2, singlet of custodial SO(4) ik
T

14
sizable coupling to bottom quark
b 27



Three possible production mechanisms

X
QCD pair prod.
model indep.,
relevant at low mass
X

single prod. with t
== X model dep. coupling
B 7 pdf-favored at high mass
single prod. with b
== X favored by small b mass
B b dominant when allowed

28




Three possible production mechanisms

X

QCD pair prod.

model indep.\
relevant at low mas

comparing production rates:

(7 TeV LHC)

single prod. with t
model dep. coupling
pdf-favored at high m:

/

single prod. with b

favored by small b mass
dominant when allowed

29
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Example I: recasting the CMS b’ search

(CMS-PAS-EXO0O-11-036)

Sensitive to X5/3 pair and single, though not optimized for the latter one

MX5/3 [GCV]
Significant improvement of the bound from single production

30



Bound

p

350 400 450 500 550 350 400 450 500

M- [GeV] M [GeV]

Weaker because current searches are not sensitive to sing. prod with b

31
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Present searches test already part of the natural par. space

M [GeV]
500 1000 1500

However some tuning was expected already from EVWPT

32
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Impact on a concrete model (roughly):
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Impact on a concrete model (roughly):
£=0.1

0=2/3




Natural models of EWSB will be tested at the LHC, even a negative
result would change our perspective on Fundamental Interactions.

A pNGB Higgs with PC. could work, robust visible signatures are:
* Higgs couplings modifications (difficult)
e Direct observation of Top Partners (simpler)

Present data are already probing part of the natural par. space.

35



Natural models of EWSB will be tested at the LHC, even a negative
result would change our perspective on Fundamental Interactions.

A pNGB Higgs with PC. could work, robust visible signatures are:
* Higgs couplings modifications (difficult)
e Direct observation of Top Partners (simpler)

Present data are already probing part of the natural par. space.

Top partner searches are still at a primitive stage, needs work from both
the th. and exp. community.

Many aspects of model-building understood only recently, further
thinking might lead to further surprises

Effects of top partners on EWPT needs to be reassessed

(see talk by O. Matsedonski)
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