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OUTLINE

1) Compositeness, non-linearity, chiral low-E counting

2) Custodial sym. & Resonances:

Contribution to the EFT @ NLO, i.e., L,

3) Simple pheno:

Easy to avoid bounds with My ~ 4nv = 3 TeV
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Composite theories:
the Resonance + EFT program
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What is the meaning of “close to the SM”?

* If Higgs (pseudo) Goldstone boson =2 Non-linearity for h + ®?

Finite pieces from loops

e Chiral expansion in non-linear EFT’s: * (amplitude dependent)
2 ro 2 2 /
p Cr. P I'pp p 1
MP2—->2)~ —= |1 + — ———=In= + ... + O
( ) 2 2 16720° % up
LO (tree) NLO (tree) NLO (1-loop)
Typical tr_ﬁ Typical loop suppression
suppression ~1/ (16m2v?)
~1/M2

(non-linearity)
(other states)
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* Values of the NLO low-energy couplings?

* Resonances at Mg ~ 4nv = 3 TeV compatible with

=» LHC narrow resonance searches Mp 2 1-2 TeV ﬁ

= Strong limits on low-energy EFT operators Aegr < 10 TeV  (227)

Suppresion ;
of the EFT couplings :
Suppresion ﬁ

of the EFT operators

Chiral expansion

@ (non-linear EFT)

[ Relaxed bounds Mp 2 1 TeV ]
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‘CHIRAL’ COUNTING

. Assi t of the ‘chiral’ dimension: * p L d=Ngy2 (YU X\
ssignment of the ‘chiral’ dimension L ~ ag p F/ uad Z(g)

with the low-energy scaling l ~ 0. — ~ 0O (p%) . Dy My, myy  ~  O(p)

(3 ”

* High-energy theory for Resonances + Y +
=> General AZ; ‘of O(p?) **

* Weinberg, 79; Manohar,Georgi, NPB234 (1984) 189
* Gasser,Leutwyler ‘84 ‘85

* Hirn,Stern ‘05 * Apelquist,Bernard ‘80

* Buchalla,Cata,Krause '13 * Longhitano ‘80, ‘81

* Delgado,Dobado,Herrero,SC,JHEP1407 (2014) 149 * Alonso,Gavela,Merlo,Rigolin,Yepes ‘12 ** Ecker et al. '89

* Henning,Lu,Murayama, [1412.1837] * Brivio,Corbett,Eboli,Gavela,Gonzalez— ** Cirigliano et al., NPB753 (2006) 139

* Pich,Rosell,Santos,SC, [1501.07249]; forthcoming Fraile,Gonzalez—Garcia,Merlo,Rigolin '13 ** Pich,Rosell,Santos,SC, [1501.07249]; forthcoming
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Res. contributions to the O(p?*) EFT couplings

1.) Only R operators O(p?) : **  singlets V;, A;, S, P, + tripletsV,A,S,P +..

[antisymetric-tensor formalism R,
for spin-1 Resonances **]

2.) Tree-level contribution to the O(p?) ECLh for p<<M;:

1 1 .
EFT 2
_ 2 =S, P),
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** Ecker et al. '89
** Cirigliano et al., NPB753 (2006) 139
** Pich,Rosell,Santos,SC, [1501.07249]; forthcoming
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BASIC TREE-LEVEL EXAMPLE: form-factors & Z — 1)

* Triplet V contribution in C & P-even strongly couple theories  (full R Lagrangian in *)

Fv G
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v
OV
e Contribution fromV,
rom PE ('i L TN P1 & L 2
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[ (32-83)/2 C\llzho 10

* Impose UV constraints on L, predict in the EFT: * **
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— 2 2
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e Contributionsto  Z — ¥ (with ¢ = t,b)

* Ruled by the previous couplings

270
Z ‘ EET cos(26) (311!)0 h mzz
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0g
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from ¥ — cos(26) Y 12 g

V2u? My,

UV —complet. COS(Q@) TTLQZ
IM?,

* How strong are the bounds? Not difficult to make them* small enough**

My 2 1.5 TeV — 6g?”| < 1073

* Pich,Rosell,Santos,SC, fothcoming

** Agashe,Contino,Da Rold,Pomarol, PLB641 (2006) 62
** Efrati ,Falkowski,Soreq, [1503.07872]

* EP [0511027]
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(S, T) oblique parameters: _
, 1.5TeV <M, < 6.0 TeV
ONE-LOOP results + UV-constraint | C & P-even i 0<a <1

i) NLO results: 1st and 2nd WSRs*

1>a>0.94 =

M, M, >4 TeV i

(95%CL)

i) NLO results: 1st WSR and M,, < M,*
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Similar conclusions, but softened
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* pPich,Rosell, SC, PRL 110 (2013) 181801; JHEP 01 (2014) 157
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Conclusions
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= Chiral power counting in the low-energy non-linear EFT (ECLh)
Build custodial-invariant Lagrangian w/ light dof ¥ +wv +R

= Low-energy matching: Res. contributions to the EFT @ O(p?)

= UV-completion assumptions: further constraints on the predictions

‘/Tree-level predictions of the O(p%) low-energy couplings

‘/ Natural suppression in low-energy observables for M ~4nv = 3 TeV _
- Z=>bb: Ok for M,,> 1.5 TeV
-S & Tparam: Ok fora =1 M,,>4TeV (1 TeV) for 1st+2nd WSR (only 15t WSR)
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