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Where are we?

we are living a privileged moment in the history of HEP

"We have found a new particle”

[ ya— —

)
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Where are we? What's next?

we are living a privileged moment in the history of HEP

"We have found a new particle”
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“this discovery came at half the LHC design energy, much more severe pileup, and one-
third of the integrated luminosity that was originally judged necessary”

I Higgs is the most exotic particle of the SM
e pE—— 7S a’/ScO\/ery has profound implications ———

O Spin O? Against naturalness: small mass only if protected by symmetry

O Couplings not dictated by gauge symmetry? Against gauge principle
(elegance, predictivity, robustness, variety) which used to rule the world (gravity,
QCD, QED, weak interactions)

O Symmetry breaking? ground state doesn't share the full symmetry of interactions
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What does come with the Higgs?

We know that the Higgs is not the end of the story

O dark matter
O matter antimatter asymmetry

O hierarchy/naturalness problem
O..

All these point towards an extended EW/Higgs sector

but so far this extension has been very elusive
O Direct searches @ LHC: Mnew >~ O(500 GeV) unless reduced couplings to fermions
O EW precision data: Mpew >~ O(TeV) unless some selection rules (eg R-parity)

O Flavor data: Mnew >~ O(1000 TeV) unless some protection (eg MVF...)
O .

HEP future:
exploration/discovery era or consolidation/measurement era?

let's use what we have at our disposal (the Higgs) to explore BSM sector
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Effective Higgs from an extended sector

let's assume that NP can be characterized by a unique scale and a coupling

NP SM

?Ypical mass scale EW scale v=2466eVv
M=g-f 9.9,y

95M /9

effective approach valid iff
mass gap: M >> gsm v

weakly coupled NP : . strongly coupled NP :
; g~ gsm ie f ~M : . ge=>»gsmie f« M :
- MSSM in the decoupling limit : - composite Higgs models

in both cases, Higgs couples to NP with g~
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Effective Higgs from an extended sector

Assuming the NP flows towards the SM in the IR
we can describe it in terms of an effective field theory
Lagrangian with higher dimensional ops invariant under SM gauge symmetry

pioneering work by
complete classification by
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Table 2: Dimension-six operators other than the four-fermion ones.
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Higgs power counting

® extra Higgs leg: H/ f ® extra derivative: 0/m,
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Higgs power counting

® extra Higgs leg: H/ f ® extra derivative: 0/m,
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Higgs power counting
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dynamics with Higgs as PGB
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Chris Z‘op/]e Grod'ean

Effective Higgs phenomenology
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Higgs power counting: SUSY vs Composite

f2 M2 167-‘-2 f2
weakly coupled NP : strongly coupled NP
: 9*~95Mi€f~M E E 9*>>95Mief<<M
- MSSM in the decoupling limit : . composite Higgs models
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My heavy CP* Higgs mj stop mass
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Stop mass constraints from Higgs global fit

BR(Bs—Xsy) prefers degenerate stops 2 kills the low stop mass region

then Higgs data put a lower bound of the stop mass

prospects prospects

/LF/LICHEP, O’.‘ZO’ICHEP/Z | ' /iizl, 0’.'=O’ICHEP/2
lower bound from 1)

Higgs searches
6; = =
4

(current data)

A 1 i
500
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Higgs coupling fits

| - 7&8 TeV LHC & Teve;tron data
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Higgs coupling fits
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Higgs coupling to vectors a
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Hiaas coupling fits

don't leave it in the hands of theorists!

CMS Preliminary \s=7TeV,L<51fb" {s=8TeV,Ls 1221’

- SM Higgs @ Fermiophobic ¢ Bkg. only' T
D ATLAS Preliminary + SM

I 3 x Best fit

I s = 7TeV, [Ldt = 4.8 fb" —-2In A(x xp) <23

I \s =8TeV, [Ldt=5.8-59f" - 2 INA(K Ke) <6.0
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Ky (scaling of vector boson couplings)
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RG-improved Higgs physics

the previous estimates were based on the values of the Wilson coefficients @ NP scale
RG effects can change the picture

_ (0) & T _
CZ(ILL) ~ 5@' + f%ﬁj 8_7'(' 10g W Cj(M)

anomalous dimensions

dominant effects: loops of Goldstone bosons (couplings g+)
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RG-improved Higgs physics

the previous estimates were based on the values of the Wilson coefficients @ NP scale
RG effects can change the picture

_ (0) & T _
CZ(ILL) ~ 5@' + f%ﬁj 8_7'(' 10g W Cj(M)

anomalous dimensions

dominant effects: loops of Goldstone bosons (couplings g+)
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RG-Higgs physics: Don't forget LEP!

d Co a CH
The parameter ‘a’ controls the size of the one-loop *u. ( ew + ¢ ) = — v ( ew + e
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0 00
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As per 6. Passarino's request:’ d a ad d

Roseta's iPad MMt Log. div. cancel only for a=1 (SM)
a=Cv=Kv azl log. sensitivity on the scale of new physics
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RG-Higgs physics: Don't forget LEP!

7&38 TeV LHC data capmm"" 7 7&8 TeV LHC data & Tevatron + EWPD
2) j “““““““ T e 1 5 R
ﬁ 1.0
1 I
| 0.5
c 0 C 00

— 1 L I
: ~10
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0.6 14 0.95 1.00 1.05 1.10
2 = a i

EW data prefer value of 'a’ close to 1
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RG-improved Higgs physics

the previous estimates were based on the values of the Wilson coefficients @ NP scale
RG effects can change the picture

_ (0) & T _
CZ(ILL) ~ 5@' + f%ﬁj 8_7'(' 10g W Cj(M)

the case of vy
(no loop of Goldstone, need loops of weakly coupled fields)
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RG-improved Higgs physics

the previous estimates were based on the values of the Wilson coefficients @ NP scale
RG effects can change the picture

C; (1) ~ 5--+7-(Q)ilog 'u—z c;(M)
) 1) 7 87T M2 J

the case of vy
(no loop of Goldstone, need loops of weakly coupled fields)

M 2 M
e (M) = [1 — #log Th] e (8) = # i log Eenwn(A)
N— ~—
g® v? 2 2 .2
g g v
1672 f2 1672 1672 f2 X Log
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RG-improved Higgs physics

the previous estimates were based on the values of the Wilson coefficients @ NP scale
RG effects can change the picture

_ (0) & T _
CZ(ILL) ~ d@j + Wij 8_7'(' 10g W Cj(M)

the case of vy
(no loop of Goldstone, need loops of weakly coupled fields)

for weak models (gx~g)

contribution ~ EW NLO but forgotten up to now
- it
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RG-improved Higgs physics

the previous estimates were based on the values of the Wilson coefficients @ NP scale
RG effects can change the picture

Ci(p) ~ 5--+7-(Q)ilog 'u—z c;(M)
) 1) 7 87T M2 J

the case of vy
(no loop of Goldstone, need loops of weakly coupled fields)

Mh g2 M
Cyy (M) = [1 — # log T] Cyy (D) #8? log TCHVIH—HB(A)
N—— \ ,
2 2 2 2 2) 2
g v g g g° v
1672 f2 g2 1672 1672 72 X L0g

for strong PGB models
contribution >> EW NLO and forgotten up to now

TSR e
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RG-improved Higgs physics

the previous estimates were based on the values of the Wilson coefficients @ NP scale
RG effects can change the picture

Ci(p) ~ 5--+7-(Q)ilog 'u—z c;(M)
) 1) 7 87T M2 J

the case of vy
(no loop of Goldstone, need loops of weakly coupled fields)

Mh g2 M
Cyy (M) = [1 — # log T] Cyy (D) #8? log TCHVIH—HB(A)
N—— \ ,
2 2 2 2 2) 2
g v g g g° v
1672 f2 g2 1672 1672 72 X L0g

for strong PGB models
contribution >> EW NLO and forgotten up to now

TSR e

the mixing can even have larger effect in non-SILH dynamics
S oblique parameter can induce h > vy
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Light composite Higgs from “light" resonances

contribution from
/ the strong sector

The interactions h - ‘ —-h =0 it's a Goldstone
between the strong

sector and the SM SM fields
generate a potential il o

for the Higgs ] . D e b . "

Impossible to compute the details of the potential from first principles

but using general properties on the asymptotic behavior of correlators
(saturation of Weinberg sum rules with the first few lightest resonances)

it is possible to estimate the Higgs mass
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Light composite Higgs from “light" resonances

contribution from
/ the strong sector

The interactions h - ‘ —-h =0 it's a Goldstone
between the strong

sector and the SM SM fields
generate a potential il o

for the Higgs ] . D e b . "

Impossible to compute the details of the potential from first principles

but using general properties on the asymptotic behavior of correlators
(saturation of Weinberg sum rules with the first few lightest resonances)

it is possible to estimate the Higgs mass

160 GeV
mg 700 GeV () k !
3 m2m,2 125 GeV my 500 GeV
2 t'Q N : i —
my ~ 2 f2 | fermionic resonances below ~ 1 TeV
G/H | vector resonances ~ few TeV (EW precision constraints)

~ for a natural (<20% fine-tuning) set-up ~
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Light composite Higgs from “light" resonances

true spectrum in explicit realizations

o1 —————
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for similar results, see also

&

Nice AdS/CFT i .

. 1
Dim|Oy| = 5 + My + 5\

My =1/2 < dim|Oyg] = 3/2 <> light free field decoupled from CFT
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Rich phenomenology of the top partners

§Sear'ch in same-sigh di-lepton events
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Rich phenomenology of the top partners

- Search in same-sign di-lepton events *
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Top partners & Higgs physics

— _~ current single higgs processes are insensitive to top partners ~
— //g
e N } two competing effects that cancel:
e 1 .
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Top partners & Higgs physics

" direct measurement of top-higgs coupling

htt is important but challenging channel

may be easier channel to look at

look at final states:

B3b+1fwd jet+ I+ p’. 4b+1fwd jet+I=+p’.

Aw — A, |
@mu=125GeV Aw — Ay ~ 13

|Aw + A|?

- - = e o =

a(pp — tjh) [fb] | o(pp — tjhb) [fb]
CF=1 CF=—1 CF=1 CF=—1

8 TeV 17.3 252.7 12.14 181.4
14 TeV | 80.6 1042 59.6 828.5
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Top partners & Higgs physics

direct measurement of top-higgs coupling
single-top in association with Higgs
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Conclusions: Higgs = Person of 2012?
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What do you think?
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