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The Higgs at the LHC

Hierarchy problem — Resonances at the TeVs

Future of the LHC: First precision then Energy

BSM — Deviations in the Higgs couplings

e K framework
« EFTs (SMEFT ,...)

\b Constant shifts
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Higgs Form Factors

Higgs Form Factors = (Non-local) BSM momentum
dependence in the Higgs couplings

Examples — Model dependent approach to momentum effects

\P Complementary to the EFT program
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Higgs Form Factors

2 :
(V) Wi — v_
 Heavy BSM physics ~ O ( ) e. CHMs with { =

2 . t
(On-shell) M 2HDM with ta , etc...

2
« Off-shell effects ~ O ( ]\q42>

Ch,X(thp) — C%,l\;[( RX F(wap)

On-shell normalization: F'(0,myx) =1

\P Off-shellness to disentangle g? effects
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Example: Composite Higgs

Composite Higgs: pNGB from a new strongly interacting sector

EWSB is triggered by explicit breakings that
generate the Higgs couplings and its potential

shq+ 1Op and the gauge bosons mix
Not any breaking: with the their composite partners

MCHM, partial compositeness:
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Example: Composite Higgs
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Example: Composite Higgs
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Example: Scalar Form Factor

CHMs — lllustrative but not exaustive

Mixing with a Scalar to generate the Higgs couplings: — p?(H! H, + h.c.)

2%
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Example: Unparticle Form Factor

No resonances in the LHC so far

* Form factor examples presented so far have poles
» Explore effects from the continuum part of the amplitude — Branch cuts

Assume a new conformal sector

CFT is broken at a scale p
Scalar unparticle operator: gb(:c) ,d

Aqg (

Unparticle scalar 2-point function: A(p, p,d) = 2sindr ( 5 5 .)2 p
sindm (= — p= — 1€)“~

Unscalar with the same quantum numbers as the Higgs.

_ el ’
SNL = /d433 {d)T(DQ — m2)2 d¢ — )\tuRAd—qu +h.c + O{‘H‘QAQ‘g—l) }

(Mandelstam’s Method)
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Example: Unparticle Form Factor
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Signals at the LHC

Off-shell probes to the form factors
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MCHM, tth Signal

IFF
ISM
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Signals at the LHC

e Implementation of form factors in MadGraph5 aMC@NLO
* Signal modification: Reach of LHC will be left for future work
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Signals at the LHC
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* Momentum effects do not decouple
from the on-shell modifications

* Shape modification of Kinematic
distributions: Trademark of composite

objects
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Example: Composite Higgs
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Both a enhancement and a suppression in the form

Interference: ¢, tor lead to an enhanced signal
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Conclusions

 Precision at future LHC

 Form Factors as a model dependent approach to
pinpoint momentum effects

* Need off-shell channels (off-shell top, W, Z and h)

e CHM momentum effects do not decouple at low
energies

* Framework for non-resonant phenomena. Continuum
effects, CFTs and unparticles
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Backup: MCHN, Form Factors
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£l = f [y @EUIRDswn + yea(@FU L) | + e

+ f [le(EU['JT])ks?Pl + yR4(EU[7T])j¢4,j: 1 hec.
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Backup: MCHN, Form Factors

Form Factor Effective Lagrangian

G2 _
Ll =qm (Hé' (p1) + 117 (Pl)gh) qr + trpp (0 (p2) + 1 (p2)CF) tr+

+ iR (Ml(th) 7
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Backup: Hidden Local Symmetry
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Backup: Mandelstam'’s Method

Gauge symmetry in the non-local effective Action — Mandelstam’s Method

Introduces a wilson line between two unparticle fields. Then, compute
the fourth functional derivative to obtain the Higgs-Gauge vertex

ngI\abﬂiﬁ(p q1,q ) = 54SNL
» 41, 92 §A(q1)0 AP (q2)00T (p + q1 + q2)0d(p)

ig? { (77" + T°T%) 6" F(p, 01 + 2)

Tb(QP +q2)P (2p + 2q2 + 1)
@ +2p+q) @

T0 2p+ q1)*(2p+ 21 + @2)°
G +20p+q) @

+Ta [-F(p-(h + QQ) - ‘F(p- QQ)]

+7°

Fpa1 + a2) — Flp, ql)]}

(m* = (p+ ) " = (m*—p?)""

@ +2p-q

F(p,q) = —

[34| Stanley Mandelstam. Quantum electrodynamics without potentials. Annals Phys., 19:1-24,
1962.

[35] John Terning. Gauging nonlocal Lagrangians. Phys. Rev. D, 44(3):887-897, 1991.
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