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Catching a SM Higgs?
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» Observables and parameterization

» Use for data analysis and model survey

» Conclusions
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Light Higgs at LHC

» Higgs boson is light ( my ~ 126 GeV) and consistent
with SM expectations

@ Mainly production from gluon fusion in SM

@ Decay channel through two photons small but “clear”
signature in the EM calorimeter.

@ Decay to W and Z bosons
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Data vs models? Not so simple

Input : cross-sections v NG

Hi = _sm
pp—rh—X;

In Gaussian approximation :

A % 2
X? - (ﬂi imodel — Hi)

g;

and if uncorrelated
2 2
X = ZXi
i

quite a few caveats however (correlations, sub-
channels, statistics dominate?...)
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Improved ¥* method

» |nstead of sub-channels,

use x° as a function of 3
the production modes ="
(bww, oww)
|

07 0 1 1j h
(Bvirws oww)s (Byirw Ty ) -+ + €67 €0;

» 2D Gaussian approximation
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Data re-use in BSM (arXiv:1307.5865)

» For models with the same tensor structure as SM

@ Likelihood rescaling possible (selections and acceptances
independent of model parameters)

@ Replace global signal strengths by specific ones
(production X and decay Y) also separating sub-channels
(ex. in yy untagged (ggF), 2-jets (VBF),lepton-tagged (VH)

@ Better: give full-likelyhoods (at present ggF+ttH and
VBF+VH, in future separately?)

» For different tensor structure

@ H — n with n>2 can probe the tensor structure (ex. H —
VV* — 4f)

@ Change in selection efficiencies — fiducial cross-sections
(simple fiducial model criteria can be implemented in MC
for any model)

@ Analyses @different CM energies allow tests of
anomalous couplings
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BSM parameterisations

» Specific model detailed fits

@ Possible but no general indications

@ Quite time consuming
» Effective parameterisations

@ Specialised for classes of models, use few parameters

@ Can avoid correlations
» Model independent

e Effective Lagrangian approach (operator based, assuming
no light new particles in the spectrum)

@ General but many more parameters

@ Extra “hidden” assumptions to reduce them (no FV, no
CPV Higgs couplings, custodial symmetry, no large
cancellations in EWPT)

s All of them are useful for different purposes
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Simple parameters (exp. motivated)

Take parameters as independent prefactors of cross-
sections in the different channels
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specific model example (theory

motivated)

T T . : : :
: - flavour | i - flavour HCAMSB |
- [_] Neutralino LSP ] - [ Neutratino LsP :
;-10.4“”12(0155 _____________________________________________________ ] 130 H 10% <ON? <0155 - oo e ]

135

B ravour MMAMSB 7
|:| Neutralino LSP B
130=-10“<.Qh2<0.155 ]

[ 0.068 < an? < 0.155

Scan of parameters space
for AMSB models, from
arXiv:1304.0381




Effective Lagrangian for light Higgs

@ Effective chiral EW Lagrangian : at low scale one can use a
derivative expansion to describe the eaten Goldstones of the
breaking SU(2)xU(1) — U(1)em

Y = gidam/v v = 246 GeV

’U2

- t h . h?
L = 5(9uh) —V(h)—I—Z'I‘r(D”ED“E) ll—|—2a;—|—bv—2—|—...

. h

1 1 [3m? 1 (3m?
V() = 5mih? +ds - (T’*) h3 + d, 24( :;h) b+

see hep-ph/0703164 and overview in 1303.3876
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» Taking a=b=c=d ,=d,=1 and zero higher order terms one
recovers the SM Higgs Lagrangian with

U:(l—I—E)E
v

the scalar h is a “linear” multiplet (to be contrasted to the non-
linear sigma model realization)

@ Total of 28 operators involving the Higgs field

@ Relaxing SM constraints (but still custodial, CP+, flavor
conserving)

@ 4 O(p2) coefficients: Cv, Ct, Cb, Ctau

@ 2 O(p4) coefficients (contributing to the same order as p2
to gg — h and h - gamma gamma) : Cy, Cg

@ Note : Cy, Cg not uncorrelated to tree level coefficients!
(see 1210.8120 and later slides)
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Effective Lagrangian for light Higgs

doublet : dim 6

L= £5M+ZC?;O

» For a choice of basis for Higgs physics see for
example 1303.3876
Algypy = Q&(H*H} Bu(H'H) + T (#'DPH) (1D 1) - ?—j‘ (aHY’

@ 28 CP+ operators with h o (B B s & g BB 0 B s &y R L Ly )
+ % (#'e D) (W) + % (#'P’r) @B (22)

@ 5 bosonic operators

iz !
;:;4}9 (D*H) (D" H) B

+ EI 9 (D)ot (D )W, +
W

. 15_-9)3 & g% s

" ] 22 4_ferm|on Op + e HUHBW B + R H HGLG™,

@ -2 fermion op. (Ob|IC]Ue CO[T) {wq)(ﬁzﬁg+}—(qr q}()H(* ‘ﬁg))
+ 0 (g i) (1D uH) + dey'de) (H''D LB
@ = 53 independent (B ) 1) .2 -

+ 8 (Lo L) (YD ) + S (Lo’ L) (H'o' D o)
+ % (Iry"lr) {Hi‘ﬁﬂﬂ} '
ALy = '3*_39’ B0 ug B+ S o B0 ug W, + Sy, 4o Ho 0 N un G,

”"9’”3 Wik B, —“ 9” Hody W +““"—9MH¢»”MG

+ 888 L Ho By + L L Ho* 1 Wi, + hee
mi, mi,
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Higgs Chiral Lagrangian power counting

Many parameters, but easy naive power counting:

@ Extra derivatives ~ p/m
e Extra Higgs field ~ h/f

= Anomalous dimensions may change counting
» Note: operator dims different if h is not a doublet :
ex: a h singlet starts with dim 5 operators not dim 6

» Other remarks

@ Easy to add radiative corrections in a systematic way

@ Useful, but impossible to fit too many parameters with
present data (at most 7 parameter fits attempted now)

@ [mplicitly assumes no extra light particles in the spectrum
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BSM In loops

> Attree level == No coupling between Higgs and
massless gauge bosons.

» Decay in two gammas === | oop contributions.
9 8
H
9 8
» Small couplings depending on the properties of the
virtual particles running into the loop.

Loy = (\/_CF) o Ly BB H

—(x/EG )M (M) ;e gu

4 pe




Influence of virtual particles in the decay widths

» Effective Lagrangians === Decay widths

Iy, ‘[w‘zz AW(TW)-I_ Z NcQ;AF(Tf)_I_%Nchz\fPANP(TNP)

fermions

2

2 2

3
where T _=

Fggoc ‘Igg|2: Zf . AF(Tf)—I_%Cc(rNP)ANP(TNP)

4m)2C
» SM: Main contribution from top and W.

» New physics: New charged or colored particles
Interacting with the Higgs
=P \lodification of effective vertices.

» A depends on the spin, the masses and the coupling of
the virtual particles running into the loop.
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Amplitudes and Couplings to the Higgs

» For SM, masses proportional to the Higgs VEV

m
s My .
Vifr=—, for fermions
SM
m;
SM W
Viww =2 for bosons
Vsm

» Definition of A,,, Ar and As are well-known functions of t

» For New Physics
@ Mass of NP not necessarily proportional to Higgs VEV

@ Small correction from EW breaking

NP_amf(V) d NP _w
Yurr= 3y ana.  YVyww= 5

o Definition of Awp :

_ Vsu O myp y
NP F.S,W
Myp OV

A

@ Spin and mass taken into account in Agw s

@ Coupling effects contained in the pre-factor
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Model-independent parameterization

» Normalization of new contributions to the top’s one.

@ Solutions to naturalness problem, NP closely related to top
physics

» |f SM-like Higgs sector and tree level structure assumed
Only 2 parameters in this case (see arXiv:0901.0927)

2

GF(xzmi, 7\’
r”:128ﬁn3 A, (t,)+3 3 AF<Tt0p>[1‘|'Kyy]‘|'...
Gpocmy| 3 : My,
I,,= Y ZAF(Tmp)[l-I—Kgg]-I—... where Tx:_4mi

v Omyp AF,S, W(TNP>

m,, 0v A.(T

top )

4 v Omyp Ap g W(TNP>
K,,=) —C.(ry,) -
%; 3 M Myp OV AF<Tt0p)
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|A pproximations and Corrections

» Light Higgs, so: my?<<myp® Oor Ty <<1

» So the A ratios only depend on the spin of NP

] for fermionsw

A
ANPI —21/4 for vectors|
¢ | 114 forscalars

* Most of time, at tree level, masses of top and W are not
proportional to the Higgs VEV === New kappas

Vay 8mt_1

Kyy (top)=K,,(top)=

m, OV

3

KW(W>:Z

Vo amW_

my, OV



Modifications of LHC Observables

» Branching ratio for H » yy normalized to SM value:

VP M

BR —_ Yy tot

BR(H_)yY)_l—-SM AL L _
vy L Ty T L dhers Influence of new physics

B . A 4
BR(H-yy)=|1+ 5 vy “

21+ SM SM SM
Aw%Tw)+l- (1+Kgg Fgg+(rmt—I;g)

16
» [nclusive cross section for H > yy normalized to SM value:

NP SM sM
O O g

o(H-yy)= §A§+ ST BR(H-yYy)
g8 VBF ¥ VH,tH Influence of new physics
i <1+K2m
G(H-yy)——f = ——EBR(H YY)
T0 ), T0

O TOurT Oy g
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Generalizations

» The previous parameterization implicitly assumes a
SM-like Higgs sector and tree level structure

» Easy to take into account a more general situation

I (v,+c,h+...)

@ Multiple Higgs q)’:ﬁ

v 5mf(V)_> vy om

, C.
m OV m '0v, '

@ Mixing with scalars with no vev

l@mf(v)
ov

%)
Hi(zia_:’jci-l_zjgjsj)
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Generalization with tree-level couplings

» Modification of the tree level couplings can be explicitly
introduced (see arXiv:1210.8120)

2 SN C ] .2 SM
O-Wh — H,WO'Wh ) O-Zh, — nzazh 3 Uﬂh — 'H't o-tfh .

» And loop couplings are redefined as

2

Gra’m} 2 A

F’Y’}‘ = 1;8,\/571-}; Rw Aw(Tw) + Og 3 (3) Ag('rt) [ﬁ]t + fﬁ.-m.] +... !
GraZmy | 41 a

Fgg — 16\/§7r3 Ot EAt(Tt) [H}t -+ K;gg] o e ]

» Correlations due to tree level couplings in the loops
explicitly taken into account
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Survey of models

» 4™ generation of fermion (¢)
» SUSY in the MSSM golden region (#)
f

» Little Higgs models

@ Simplest Little Higgs model (A) (W'at 2 TeV)

e Littlest Higgs model with (f= 500 GeV) and without T-parity
(f=5 TeV) ( xx)

» 5D models for flat and warped space (W% at 2 TeV)

@ Universal Extra Dimension (%)
@ Minimal Composite Higgs (e)

@ Brane Higgs with flavor (V¥ and #)

» Survey of known new physics scenarios
=P |mpact of new physics on Higgs searches
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@ jso-lines pp — h — vyy
constant (A)

@ jso-lines VBF to yy
constant (B)

@ Straight lines 1/M
dependence of the
models
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Z (M(HLQ_ fii)

(Za Na(H)JSMEE) X Br;
(T, 05Mei) x Bry™

where fi; is the best fit signal strength (ratio obs/expected_ )

» Fit per production mode
2
X (,J’VBFs MVH, ,J’ggHa p’ttH)

» Fit on a chosen set of parameters
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Exclusion of models

@ Excluded at 95% CL :
@ 4" generation

@ 6D UED
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4" generation ()

SUSY in the MSSM
golden region (%)

Simplest Little Higgs
model (A)

Littlest Higgs (k)
6UED (% )

Minimal Composite
Higgs (e)

Brane Higgs with
flavor, flat space (V),
warped space(#)

5UED (Q® )



The 2 parameter fit (yy data only) ATLAS

4™ generation (¢)

@ SUSY in the MSSM
golden region (%)

@ Simplest Little Higgs
model (A)

@ Littlest Higgs (k)
@ BUED (%)

@ Minimal Composite
Higgs (e)

@ Brane Higgs with
flavor, flat space (V),
warped space(#)

5UED (®)
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CMS and ATLAS data from inclusive yy and ZZ to leptons channels
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Both yy and ZZ channels included k,=1 slice
to show a 2d plot
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Fermiophobic model

» Study the k  k, plane with no couplings to fermions
(M,;,=0, u=0)
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Simple dilaton model impostor

» Study the k k_k_ space and take a slice for kgg=0

Yy 99

° kd =v/f is is a common scale factor for all massive
states couplings, f scale breaking scale inv.
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Data can be used also to test and constrain the
presence of an extra lighter Higgs boson S
(NMSSM, 2HDM, extra singlet scalar...)

» New k's can be introduced, but a combination of H,
S has a non-zero vey, in the mass basis SM Higgs
properties are shared by H,S via a rotation.

» More constraining: effective Lagrangian

singlet 1SFWF“” 1S HY 10, 1\5 Sihat)
doublet 5| S[*F,, F¥, A2|S|2(H/S)¢L¢R, (STDES+h.c.Jo 0.

so that k's will scale as v//A and (v/IA)*2
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NMSSM (right) same
colour code
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2HDM (left), green
passes flavour tests &
EWPT, blue also LEP
light Higgs constraints,
red LHC constraints on
the heavier 126 GeV H

MvBF,1

0O 02 04 06 08 1 1.2

Mggh,1
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Results from LHC

Inclusive cross section is typically reduced in BSM models.
Enhancement leads to unexpected new physics. Present
data still compatible with some enhancement.

» For LHC:

@ Pointing a quadrant in the k’'s parameter space
General behaviors of this new physics

@ Some models have signature visible at LHC.
» ForlLC

@ Sjzable effects for all kind of scenarios and below the direct
production threshold of NP.

® Ky-Kgg parameters + tree level couplings:

@ Useful tool for the study of EW symmetry breaking.
@ Complementary to the direct detection of new particles
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Conclusions

» Higgs physics does depend on new physics (if present)
» Parameterizations

@ Allows a survey of new physics with minimal assumptions
@ largely model independent
@ Generalization possible with few extra parameters

@ Can give hints about the kind of expected or unexpected new
physics behavior

@ To reject some models of new physics beyond SM.

» How to do better? Data analysis provided with full
likelihoods, fiducial cross-sections, standardized form-
factors for tensor structures with separated likelihoods.
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