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1. Motivation

1) The Standard Model (SM) provides an extremely succesful description of the electroweak

and strong interactions.

break the electroweak gauge symmetry to the electroweak
subgroup, SU(2), x U(1)y = U(1)qep, so that the W and Z
bosons become massive.

i) A key feature is the particular mechanism adopted to l

iil) The LHC has just discovered a new particle around 125 GeV*.

iv) What if this new particle is not a Higgs boson? Or a
not standard one? Or a scalar resonance? We should
look for alternative mechanisms of mass generation.

The Higgs Hunting

Higgsless Electroweak
Models

vi) Strongly-coupled models: usually they do contain resonances. Many possibilities in the
market: Technicolour, Walking Technicolour, Conformal Technicolour, Extra Dimensions...

v) They should fulfilled the existing phenomenological
tests.

* Prelimiminary CMS and
ATLAS Collaborations.

The Oblique S Parameter in Higgsless Electroweak Models, I. Rosell
** Peskin and Takeuchi '92.

Oblique Electroweak
Observables™*
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Similarities to Chiral Simmetry Breaking in QCD

i) In the limit where the U(1)y coupling g’ is neglected, the Lagrangian is invariant under global
SU(2), x SU(2)g transformations. The Electroweak Symmetry Breaking (EWSB) turns out to be
SU(2), x SU(2)g = SU(2)_,r (custodial symmetry).

ii) Absolutely similar to the Chiral Symmetry Breaking (ChSB) occuring in QCD. So the same
pion Lagrangian describes the Goldstone boson dynamics associated with the EWSB, being
replaced f_ by v=1/\/(2GF)=246 GeV. Same procedure as in Chiral Perturbation Theory (ChPT)*.

2 T 2
ALE oy = T () = ALy = ()

iii) We can introduce the resonance fields needed in strongly-coupled Higgsless modes in a
similar way as in ChPT. Resonance Chiral Theory (RChT)**.

f»=0.090GeV — v =0.246TeV
M,=0770GeV — My =21TeV
M, =1.260GeV — My =3.4TeV

v" Note the implications of a naive
rescaling from QCD to EW:

iv) Actually, the estimation of the S parameter in strongly-coupled EW models is equivalent to the
determination of L, in ChPT***.

* Weinberg '79

* Gasser & Leutwyler ‘84 ‘85

* Bijnens et al. ‘99 ‘00

**Ecker et al. '89

** Cirigliano et al. ‘06 The Oblique S Parameter in Higgsless Electroweak Models, |. Rosell 4/15
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2. Oblique Electroweak Observables

v"Universal oblique corrections via the EW boson self-energies (transverse in the Landau gauge)

. 1 1% 1 124 174 174 —
Lyp=-— §W3 H/éL3 (q2>W3 - §Bu Hgo (q2)Bu—W3 Hgo (qz)Bu - W; HleVW(q2>Wy

v S parameter: new physics in the difference between the Z self-energies at Q?=M,? and Q?=0.

2 16
g~ tanbw S:—W(eg—egM).

€3 = §ﬁ30(0), HBO(qz) = q2 ﬁBO(QQ) + 1 v, g2

v We follow the useful dispersive representation introduced by Peskin and Takeuchi*.
16 > ds ~ ~
= - — ( ImIl30(s) — ImII5)" =
S o2 tan Oy /0 . (m 30(s) — ImII3, (5>>

< ds 16 ~ 1 MZN?
= o = ImIlge(s) — — |1— (1— = — M2
/0 s <92 tan Oy mlTgo(s) 127 [ ( s > (s H)]>

v" The convergence of the integral needs a vanishing Imﬁgo(S) at short distances.

v' S parameter is defined for a reference value for the SM Higgs mass.

* Peskin and Takeuchi "92. The Oblique S Parameter in Higgsless Electroweak Models, |. Rosell 5/15



3. The Effective Lagrangian

Let us consider a low-energy effective theory containing the SM gauge bosons coupled
to the electroweak Goldstones and the lightest vector and axial-vector resonances:

L=L2) +Lar+Ly+La+L8% + L5 4+ Lya

Fy i1 Gy Fy
Ly + La=—= Vufl) + —= V[ u"]) + —= (Au ),
\% A 2\/§<M +> 2\/§<M[uu]> 2\/§<Hf>
kin 1 A v M% v

A A (Vo Vi, A0 + i A ([VaVirs A Tu®), 5 = 2)VA _ 9)VA 4 \VA | 9\VA_

We have seven resonance parameters: The high-energy constraints
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4. The Calculation of S

1) At leading-order (LO)*

* Peskin and Takeuchi "92. The Oblique S Parameter in Higgsless Electroweak Models, I. Rosell 7/15



ii) At next-to-leading order (NLO)**

s v oo D TNy v TN v
Y AN— VYV AN —A (
VRN A s N s TN 4 A s TN A
"\ AVAVERAVAV AVAVERAVAV AVAVERAVAV N\
s TN Voo TNy Vv s TN Y
"\ AVAVERAVAV AVAVERAVAV AVAVERAVAV N\
v" Once-subtracted dispersive relation
v' Contributions from 1M, V1 and Am cuts, since s [ dt
higher cuts are supposed to be suppressed. [30(s) = II30(0) + . /O it —35) (t—s)
v Fg" and Mg" are renormalized couplings which
define the resonance poles at the one-loop level.
2 2 T2 r2
g° tan Oy v FY, Fy —
I1 =2 7 — _ I
50(8)Ixro 1 S (s + MiZ—s M7?—s + 1I(s)

¥

Fr2 Fr2 o
SNLO = 47‘1’( ‘; — 1?0 ) + S
MV2 MA2

* Barbieri et al.’"08

* Cata and Kamenik ‘08 The Oblique S Parameter in Higgsless Electroweak Models, |. Rosell
* Orgogozo and Rynchov ‘08
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5. High-energy Constraints

v" We have seven resonance parameters: F,, G, F,, K, o, M, and M,.
v The number of unknown couplings can be reduced by using short-distance information.
v In contrast with the QCD case, we ignore the underlying dynamical theory.

i) Weinberg Sum Rules (WSR)* ~
1 oo
— dt [ImIlyy(t) —Imllza(t)] = o°
2tané / Vv
Mao(s) = S s [Mvv(s) ~ Taals)] < 70
— / dt t [ImIlyy(t) — Imllsa(t)] = O
"0
Li) LO Lii) Imaginary NLO Liii) Real NLO: fixing of Fy,
or lower bounds**
F2 — F2 = 42 1 r2 _ pr2 _ 2 (1)
2 172 ' 2 g i ImlI3(s) ~ O (—) Fy” = Fym =v" (1 + 0y,)
FVMV _FAMA = 0 S F‘;2M‘7}2—F22M£2:U2M‘7}251g230
1 or 2 constraints 3 or 4 constraints Constraints on F,/ and F,’
* Weinberg'67
" Bemard et al.'75. The Oblique S Parameter in Higgsless Electroweak Models, I. Rosell 9/15
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i) Additional short-distance constraints

\
iii) W, W, = W, W, scattering* Gy = —
LYYL LYYL \% \/g
. 3 additional
* % 2
ii.if) Vector Form Factor Gy =v > constraints!
ii.iii) Axial Form Factor*** Fy —2Gy = Fa (25 +0) y,

v We have up to 9 (7) constraints with 2 (1) WSR and 7 resonance parameters: we
cannot consider all the constraints at the same time, some approximately.

v" As a check of consistency we consider different combination of constraints.

* Bagger et al.’94
* Barbieri et al.’08

** Ecker et al.’89
*** Pich et al.’08
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1) LO results

i.i) 1st and 2nd WSRs

Srto =

Ao 1+
i

M3
73

A2
My,

< Spo <

v

M

i) Only 1st WSR

Sro = 47‘(‘{——|—

* Gfitter

* LEP EWWG

* Zfitter

1)2

My

Fj(

SLo >

A2
My,

1

M,

)}

6. Phenomenology

S =0.04+0.10 * (My=0.120 TeV)

Sro
25,

20°F

AtLO M,,> 1.5 TeV at 30
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ii) NLO results: 1st and 2nd WSRs

v" 1st and 2nd WSRs at LO and at NLO:
v 6 constraints
v" M, the only free parameter

v' 8 solutions.
v" Only 2 approximately compatible with

VFF, AFF and scattering constraints
(green).

v If, alternatively, we consider the
1st and the 2nd WSR only at

NLO with the VFF and AFF

constraints (6 constraints), a At NLO with the 1st and 2nd WSRs
heavier result is found: M,, > 2.4

ToV at 30, v M, > 1.8 TeV at 3o
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iii) NLO results: only 1st WSR

v 1st WSR at NLO + VFF and AFF
constraints:
v' 5 constraints
v' M, and M, the only free parameters
are.

v" Without the 2nd WSR we can only derive
lower bounds on S.

v" Imposing that F 2 — F,2 > 0 we have
found only 2 solutions.

v" One of them (red) is clearly disfavoured:
v" Sharply violation of the 2nd WSR at
LO and at NLO
v" Large NLO correction
v Big splitting between M,, and M,.

v Without the 2nd WSR it is possible the At NLO with only the 1st WSR

analysis with only the T cut. The same MV> 1.8 TeV at 30
result is found: M,, > 1.8 TeV at 30.
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7. Summary

1. What? | One-loop calculation of the oblique S parameter within Higgsless models of EWSB

v We should look for alternative ways of

2 Whv? What if this new particle around mass generation: strongly-coupled
' y 125 GeV is not a Higgs bosson? higgsless models.

v" They should fulfilled the existing
phenomenological tests.

a) EWSB: SU(2), x SU(2)g = SU(2) ,g: similar to ChSB in QCD: ChPT,

3. Where? | Effective b) Strongly-coupled Higgsless models: similar to resonances in QCD:
approach RChT.

c) General Lagrangian with at most two derivatives and short-distance
information.

4. How? Dispersive representation of Peskin and Takeuchi’92.

The Oblique S Parameter in Higgsless Electroweak Models, I. Rosell 14/15



v" Improvements over previous NLO calculation:

v Dispersive calculation: no unphysical cut-offs.
v" A more general Lagrangian.

v"  Short-distance information as a crucial

ingredient.
= == : - My (TeV)
. . e [ 0.5 1.0 1.5 20 25 30
v We have considered different possibilites: 7
v LO

v NLO with the 1st and 2nd WSR
v" NLO with only the 1st WSR

—

v' Similar results:

v AtLOM, > 1.5 TeV at 30. S
v AtNLO M, > 1.8 TeV at 30. p

v" In these reasonable strongly coupled models 1.0 %‘-‘
the S parameter requires a high resonance :I\
mass scale, beyond the 1 TeV. . .
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8*. Future work

v" Consideration of this new scalar with a mass
around 125 GeV in our calculation:

v Higgs boson? Which one?

v" A scalar resonance of strongly-
coupled models?

v" Oblique T parameter

The Oblique S Parameter in Higgsless Electroweak Models, |I.

A new S11 or H1T cut!,
but only at NLO.

Absence of a known
dispersive representation.
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