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After the 4th of July 2012

Plenty of new data on a ‘“radial” excitation
z around the EWSB vacuum:

——
S
6 T T T
A - ) bg T oms Prelirn‘inary [+ Combined
: o 4 [T e 4 Hosyy (untagged)
A o E A 5= _ast’ 3 B H-Z7zZ
&y - | % ATLAS Preliminary 1=/ e fo-20 2 © 5[ erTovLsimt | * Mo Ve ———————
i i g 3 3 Vs=8TeV, L=53f' L+ H=2Z J ‘/.._"‘_i;"
- 10 & i 1 320
’ X 20 41 B =
o) I ] ;30
~ j ¥ 30 N 1 El
‘ ; 3 ] ?46
.40 b ] E
| s - -2In(u)<1 Intervals E 2F . =50
. T T T T T T T 1 § L ] =
.o - E
o ATLAS Preliminary 50 r ] Combined obs. N
W.ZH — bb ‘ _ . 4Julvﬂg::ewea . 1 ;! Exp.for SMHHiggs | e 260
V527 TeV: L= 4647 . | ‘ o B A | H bb S
H sl Bev s b s Ly o 18 I Q b
o o471 25 130 135 140 145 150 9 , S QAT
) 2 124 125
H—=WW ' —Iviv
=7 TeV: fLat=47 1" N mﬁlg?vl ——
= He o € L
Ns=8TeV: [Ldt=59 fb - - = 1
Vo=7Tov:fiat=48 1" - Bigoofy * 0TV e mass (GeV)
H—22" — Z1a00
ey - L1200}
S f
- e 21000
Combined - w
Gomeined ., o i | +20120a o0
oo fit- a5 401" ©3 | 246481 £ 600
T T O R T B | L 1 1 |_58591 D 400 .
10 1 = .
1 Slgnal Strength (M) m, = 125 GeV CMS Preliminary\
10E Z Vs=7TeV,L=51fb" CMS Preliminary

Vs=7TeV,.L=5.1fb"
Vs=8TeV,L=531" §

Vs=8TeV,L=53fb’

5 bb (VH tag)
o~ bb (ttH tag)

10_2 — T (0/1 jet)
10_7 .......................... . ot (VBF tag) ——
10-8 — 1t (VH tag)
10 el e L L Uik d 7y (untagged)
110 115 120 125 130 135 140 145 150 .yy (VBF tag) —-—

m,[GeV]  ww (o1 jet)
H— WW (VBF tag)

H— WW (VH tag) | =
H—2Z

()

2 4 6
Best fit o/og,,

8
H

1.0 .
solid contour: ~ 68% CL Cv

= I[mplications on models for EWSB
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What Data tells us?




What Data tells us?

Light state: my ~ 125 GeV
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~ 0.26 (perturbative coupling)
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Origin of the EWSB potential = a weakly-coupled theory
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Three options left:

SM (valid up to Mp)

MSSM

Composite PGB Higes IS
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Rough Higgs mass range



125 GeV SM Higgs



In the SM:
m%_:[ p— )\Vz x(Q).—

Evolves with the energy 0.4

0.2

Demanding A not too large (keep perturbativity),
not too negative that destabilizes the Higgs potential:

from Phys.Lett. B679 (2009) 369
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In the SM:
m%_:[ p— )\Vz x(Q)'—

Evolves with the energy 0.4

0.2

Demanding A not too large (keep perturbativity),
not too negative that destabilizes the Higgs potential:
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A 125 GeV Higgs is Z = S
300 — A = 2 [ Finite-T metastability bound ]
in this window! - B Zero metastablly bound -
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Only a small window 2

in the Higgs mass
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125 GeV MSSM Higgs



In the MSSM:;

M2<1\/I + Am?

= susy breaking term
)/}/ (at one-loop)
(125 GeV)?

(91 GeV (86 GeV

S

both have similar size:
Susy must be “badly” broken!

The Higgs bodyguards, the stops, are not so close to the Higgs



from JHEP 1204 (2012) 131 from arXiv:1207.1348
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Very heavy stops (beyond LHC reach)
or large susy-breaking trilinear terms
= MSSM entering the unnatural territory
(>99% parameter space excluded)


http://arXiv.org/abs/arXiv:1207.1348
http://arXiv.org/abs/arXiv:1207.1348

Directions to go:
Beyond the MSSM:

» Extra states (singlets): NMSSM
» New sources of Susy breaking



125 GeV Composite
Pseudo-Goldstone Higgs



Composite PGB Higgs

inspired by QCD where one observes
that the (pseudo) scalar are the lightest states

Spectrum:
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|00 MeV —— 77
z N

Are Pseudo-Goldstone
bosons (PGB)

e Mass protected by the
SSSSSSEEEE Wi, global QCD symmetry!
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——le- Can the light Higgs be a kind of a pion

from a new strong sector?
We'd like the spectrum of the new strong sector to be:

TeV

o
h

100 GeV —

\ Pseudo-Goldstone

bosons (PGB)

Minimal model: Spontaneous breaking
in the strong sector:
SO(5) » SO@4)

4 Goldstones

H
Higgs doublet



Light Higgs since its mass arises from one loop
(explicit breaking of the global symmetry
due to the SM couplings):

contribution from
/ the strong sector

‘* h =0 it's a Goldstone

SM fields

Difficult to get predictions

__ P2 g€t P

nd V(h) T 1672 h* 4 --- due to the intractable
strong dynamics!




Using holography (AdS/CFT) we can relate this
scenario to a 5D dimensional model
and get predictions:

\

SO(5) gauge theory
ina AdSs throat

hard/soft
wall

Mass gap ~ TeV
Symmetry : SO(4)

>  Breaking of symmetry
Holo. coordinate z ~ I/E by boundary conditions
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mHiggs.

For a 125 GeV Higgs, the fermionic
resonances of the top are light ~ 600 GeV



Simpler derivation of the connection:
Light Higgs - Light Resonance

o Deconstruction: Matsedonskyi,Panico,Wulzer; Redi,Tesi 12

®& Weinberg Sum Rules: Marzocca,Serone Shu; AP, Riva 12

w As Das,Guralnik,Mathur,Low,Young 67
for the charged pion mass:

w Correlator dominated by the minimal
number of resonances
giving the right convergence at high momentum

516"
My —mio ~ ——mylog2 ~ (37 MeV)?  Exp. (35 MeV)?
quite successful!



Following the same approach
for the minimal composite PGB Higgs model: h ----- —--—-h
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Color vector-like fermions with charge 5/3:

If this fermion is light, it can be double produced:

v %” same-sign di-leptons
W+ b
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What the Higgs couplings
tells us?
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Not significant deviations from a SM Higgs!
(1-2 sigma level)

= Improved by BSM physics?



Main pieces of information extracted from data:




Main pieces of information extracted from data:

at present mainly

indirectly from
. f 9 OO0
|) ----- < f=top q 5) >H
f

f
3) A < f=tau
f

”
4) Hzﬁi
Vv mainly from the total width

that enter in the BRs




Main pieces of information extracted from data:
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» Most genuine Higgs coupling
(determines its role in EVVSB)



Main pieces of information extracted from data:

4) - V
) ) could also arise from a scalar that
has nothing to do with EVVSB



Main pieces of information extracted from data:

y
4) H‘i Sensitive to new states
(not necessary related with EVWSB)



Main pieces of information extracted from data:

7 parameters to
be extracted from data




Different EWSB models
give different predictions for these 7 couplings

, in certain well-motivated scenarios,
only few couplings are predicted to deviate from the
SM-couplings

Three examples:

a) MSSM
|) with light Stops
2) Heavy spectrum Mg,q, > my

b) Composite PGB Higgs

c) Dilaton



1) MSSM with light Stops (200-400 GeV)

Effects at the one-loop level to the Higgs-yy(gg)
coupling. Effects correlated:

7&8 TeV LHC & Tevatron data
T TV N\ [ " " T T T T [ T T T T T T [ T T 1

—0ghGG

Stop effects



http://arXiv.org/abs/arXiv:1207.7355
http://arXiv.org/abs/arXiv:1207.7355

1) MSSM with light Stops (200-400 GeV)

Effects at the one-loop level to the Higgs-yy(gg)
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Not a fit much better than the SM!


http://arXiv.org/abs/arXiv:1207.7355
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1) MSSM with heavy spectrum

At O(v®/M;,,,) main effects from the 2nd Higgs
doublet on the Higgs couplings to fermions:

o \"A%
a\ L o
h = e o Yoy
a1 M#
o---¥ W
QP f V2
oo *H ~ 2 Dominant
H effect!



1) MSSM with heavy spectrum

At O(v?/M;,,,) main effects from the 2nd Higgs
doublet on the Higgs couplings to fermions:
glsllt\)/lb 1.0 * :

-15 -10 =05 0.0 0.5 1.0 1.5

ghtt/ ghtt


http://arXiv.org/abs/arXiv:1207.1716
http://arXiv.org/abs/arXiv:1207.1716

1) MSSM with heavy spectrum

At O(v®/M;,,,) main effects from the 2nd Higgs
doublet on the Higgs couplings to fermions:

25F

from, e.g., Montull,Riva

arXiv:1207.1716
(previous study: arXiv:1206.1058)

MSSM

with tanf>1

ghbb

SM
Shbb

Not a fit much better than the SM!


http://arXiv.org/abs/arXiv:1207.1716
http://arXiv.org/abs/arXiv:1207.1716

1) MSSM with heavy spectrum

At O(v*/

susy)

main effects from the 2nd Higgs

doublet on the Higgs couplings to fermions:
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2HDM type |

give a better fit!!


http://arXiv.org/abs/arXiv:1207.1716
http://arXiv.org/abs/arXiv:1207.1716

2) Composite Higgs as a PGB

Couplings dictated by symmetries (as in the QCD chiral Lagrangian)

2
IhW W v
SN — 1 f = Decay-constant of the PGB Higgs

Ihww

’U2
SM
Ints \/1 =

small deviations on the hyy(gg)-coupling due to the
Goldstone nature of the Higgs



2) Composite Higgs as a PGB

200 e from, e.g., Montull,Riva
I arXiv:1207.1716

o Allowed area where
constructive interference
between top and W loops

enhances the yy channel

Fit slightly better than the SM!


http://arXiv.org/abs/arXiv:1207.1716
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3) Dilaton

Goldstone of the spontaneous breaking of scale invariance
Last (desperate) hope for Higgsless models

(I see it as a good “punching bag”)

\> Couples as a Higgs up to an overall scale:
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Conclusions

®* New data has brought very important information
on the EWSB: A light Higgs-like state

Disfavored models: TC-like, top-condensate, ...

where no light scalar was expected
®* Three options still possible:

) SM only (in quite good shape)
2) MSSM (a lighter Higgs was expected)
3) Composite PGB Higgs
(light Higgs = Light fermionic resonances)

®* Higgs coupling determination: Not decisive yet
Not particular scenario is favored (neither the SM)

Let’s hope at the end of the year a clearer picture will emerge!



