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Empirical situation

@ Electroweak symmetry breaking:
5U(2)[_ X SU(2)R — 5U(2)C

doi:10.1038/nphys1874
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e Equivalence theorem: for s > 100 GeV,

Identify them with the longitudinal components
of W and Z.
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Empirical situation
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@ Electroweak symmetry breaking:
SU(2)L X SU(2)R — 5U(2)C
@ Three would-be Goldstone bosons w.

e Equivalence theorem: for s > 100 GeV,

Identify them with the longitudinal components
of W and Z.

@ Recent claim of a 125-126 GeV scalar “Higgs”
resonance .
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Empirical situation

New physics? 600 GeV

@ IMPORTANT: No new physics!! If

there is any...
GAP

—  H(125.9 GeV, PDG 2013)

———— W (80.4 GeV), Z (91.2 GeV)
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Empirical situation

New physics? 600 GeV

@ IMPORTANT: No new physics!! If

there is any...
GAP

@ Four scalar light modes, a strong gap.

@ Natural: further spontaneous symmetry
breaking at f > v = 246 GeV?

—  H(125.9 GeV, PDG 2013)

W (80.4 GeV), Z (91.2 GeV)
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Effective Field Theory + Unitarity: similarity with

low—energy (i.e.: hadronic) physics

Chiral Perturbation Theory plus Dispersion Relations.

Simultaneous description of 7w — 77w "

o [

and tKmK — 7wKnK up to 800- :.
1000 MeV including resonances.

Lowest order ChPT (WeinbergTheo-
rems) and even one-loop computations -«
are only valid at very low energies.

Eieo K=K
S
£ Ly

phose shift Byua 8o (degroes)

N e e T e R e

A. Dobado, J.R. Peldez — You may ask J.R. Peldez here on a break.
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W, W, scattering

We have no clue of what, how or if new physics...
Most general NLO Lagrangian for w, h at low energy

h h 2 aqu, b a
Vool L p (B | Quw?0"e? (o wiw
v v 2 v2

4 4
o (00,7 +ﬂ(auwaaﬂwa)2

L =

+§a ho* hd, w0 w? + = (9uh0"w?)?

+5 Lo hoth+ & (a ha"h)
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Particular cases of the theory

e a’=bh=1,SM
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Particular cases of the theory

e a’=b=1SM
e a> = b =0, Higgsless ECL!

!See J. Gasser and H. Leutwyler, Annal Phys. 158 (1984) 142
Nucl. Phys. B 250 (1985) 465 and 517
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Particular cases of the theory

e a’=b=1SM
e a> = b =0, Higgsless ECL!

0o =1-% b=1-27 50(5)/50(4) MCHM?

!See J. Gasser and H. Leutwyler, Annal Phys. 158 (1984) 142
Nucl. Phys. B 250 (1985) 465 and 517

2See, for example, K. Agashe, R. Contino and A. Pomarlo, Nucl. Phys. B 719, 165
(2005)
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Particular cases of the theory

e a’=b=1SM

e a®=b= O Higgsless ECL1

0 a’=1- f2, b=1- f2 , SO(5)/SO(4) MCHM?
e 2=b= f2, Dilaton?

!See J. Gasser and H. Leutwyler, Annal Phys. 158 (1984) 142
Nucl. Phys. B 250 (1985) 465 and 517

2See, for example, K. Agashe, R. Contino and A. Pomarlo, Nucl. Phys. B 719, 165
(2005)

3See, for example, E. halyo, Mod. Phys. Lett. A 8 (1993) 275
W. D. Goldberg et al, Phys. Rev. Lett. 100 (2008) 111802
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Experimental bounds on low-energy constants

Higgs coupling to fermions ¢

As it would require measuring the coupling of two Higgses, there is no
experimental bound over the value of b parameter. Over a, at a
confidence level of 20 (95%),

Composite Higgs

Composite Higgs

Special composite Higgs models
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Higgs coupling to vectors a
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Giardino, P.P., Aspects of LHC phenomenology, PhD Thesis (2013), Universita di Pisa
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*[CMS Collaboration], Collaboration report CMS-PAS-HIG-12-045.
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vy scattering

CMS, (5= 7TeV, L = 5.05 fb* CMS, V5 =7 TeV, L= 5.05 fi*
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Resonance from W, W, — hh

3= 1’ b:2’ ) |
elastic channel W, W, — W, W, S

Rafael L. Delgado,

Antonio Dobado,

Felipe J. Llanes-Estrada,
Possible new resonance from W,
W, -hh interchannel coupling
(2014), —
arXiv:1408.1193 [hep-ph] R 3 e
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Resonance from W, W, — hh

a=1 b=2, ) |
inelastic channel W, W, — hh S

L7~
0'.:'.:.:.‘.'.0.....

R S
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Antonio Dobado, 00 "“"0’& ,""..:........
Felipe J. Llanes-Estrada, -0.5'\ 'i&&@#’#&.
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(2014), -
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Resonances in

parameters

Espriu, Yencho,
Mescia

PRD88, 055002
PRD90, 015035
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e Two parameterizations have been considered (two effective
Lagrangians obtained), giving the same results.
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e Two parameterizations have been considered (two effective
Lagrangians obtained), giving the same results.

@ One loop computation for the process vy — wjwy.

b

@ Siple result compared with the complexity of the computation.

M =
1 _
T =
2

T2 =

AP =

Rafael L. Delgado

ie(efes TXD)VA(s, t, u) + ie* (' ey T2 B(s, t, u)
%(6162) — (e1k2)(e2k1)

25(e1A)(e2) — (t — u)?(er€2)

—2(t — u)[(e18)(e2k1) — (e1k2)(22)]

Py — Py
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M(yy = zz)Lo

A(yy — zz)NLo

B(vy = zz)xLo

A(vy = whw Lo

Alyy = whw )Nro

Alyy = w

+

W )NLO

=0
25, (#-1)
2 4772\/2
=0
L 11
= 2sB(yvy — w'w )Lo:—?——
u
8-t 2 (1)
a v2 v2 8m2v2

=0
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@ New scalar particle + mass gap
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W, W, and inelastic — hh scattering.

@ For a°> = b # 1, strong elastic interactions are expected for W, W,
and a second, broad scalar analogous to the ¢ in nuclear physics
possibly appears. We identify a pole at 800 GeV or above in the
second Riemann sheet very clearly, the question is whether it
corresponds to a physical particle since it is so broad.
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e Even if a ~ 1, with small A; (higher powers of h), but we allow
b > a?, one can have strong dynamics resonating between the W; W,
and hh channels, likewise possibly generating a new scalar pole of the
scattering amplitude in the sub-TeV region.
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@ New scalar particle + mass gap

@ New physics would very likely imply strong interactions, in elastic
W, W, and inelastic — hh scattering.

@ For a°> = b # 1, strong elastic interactions are expected for W, W,
and a second, broad scalar analogous to the ¢ in nuclear physics
possibly appears. We identify a pole at 800 GeV or above in the
second Riemann sheet very clearly, the question is whether it
corresponds to a physical particle since it is so broad.

e Even if a ~ 1, with small A; (higher powers of h), but we allow
b > a?, one can have strong dynamics resonating between the W; W,
and hh channels, likewise possibly generating a new scalar pole of the
scattering amplitude in the sub-TeV region.

e Finally, as an exception, for a®> = b =1, we recover the Minimal
Standard Model with a light Higgs which is weakly interacting.

Rafael L. Delgado Strongly Interacting EWSBS... September 6, 2014 18 / 31



Coupled channels, tree level amplitudes

It|

0.1¢F

001} ,

0.001

1074

. . . . s
2 4 6 8

f=2v, B=0?=1, A3 =M2/f, \g = M2/f2. OX axis: s in TeV?.
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Tree level, modulus of t,, K matrix

0.8/
0.6/
0.4}

0.2}

@ All units in TeV.

@ From top to bottom,
f=120.8,04TeV

o AN=3TeV
e ;= 100GeV
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Im t, in the N/D method,



Ret, and Imt,, large N, f = 400 GeV
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Ret, and Imt,, large N, f = 4TeV
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Tree level, motion of the pole position of t,

K—matrix, My = 125 GeV, f € (250 GeV, 6 TeV))
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1) IAM method

This method needs a NLO computation,
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1) IAM method

This method needs a NLO computation,

ww _ _t0
t 5
ty’
where
12
ty = (Dlog[ ]+E|og[ ]+(D+E)Iog[2]>
112 2 I
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Check at tree level

We have checked’, for the tree level case,

"See J.Phys. G41 (2014) 025002.
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Check at tree level

We have checked’, for the tree level case,

1 s b wiwb
L = §g(¢/f)auw M <5ab t a2 —w2>
1 1
+§3#<p8“g0 — §M3’ 2 - A3 — At

Bl = 1+Y e (2) —1+20L +5(2) 4.

"See J.Phys. G41 (2014) 025002.
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Check at tree level

We have checked’, for the tree level case,

1 s b wiwb
£ o= Gele/ 0wt (bt s )
1 1
+§3#<p8“g0 — 5/\43, 2 _\30% — Mt £

Bl = 1+Y e (2) —1+20L +5(2) 4.

where a = av/f, b= sz/f2, and so one,

"See J.Phys. G41 (2014) 025002.
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Check at tree level

We have checked’, for the tree level case,

1 s b wiwb
L = Eg(SO/f)auW oMw <5ab + v2—w2>

1
+ 0,00 — 5/\43, 2 A3 — Mt 4

Bl = 1+Y e (2) —1+20L +5(2) 4.

where a = av/f, b= sz/f2, and so one, the concordance with the
methods

"See J.Phys. G41 (2014) 025002.
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—S

Pt o= Les[].
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I1) K matrix

T=TA-Js)T)Y, ,Js)=—-= Iog [/\2]
so that, for %,
- ty — J(tut, — t3,)

1= J(t, + t,) + S(tut, — t3,)
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I1) K matrix

T=TA-Js)T)Y, ,Js)=—-= Iog [/\2]
so that, for %,
- ty — J(tut, — t3,)

1= J(t, + t,) + S(tut, — t3,)

for B = a? (elastic case),
- tw

t, =
Y1 — U,
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lIl)Large N

N — oo, with v2/N fixed. The amplitude Ay to order 1/N is a
Lippmann-Schwinger series,
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lIl)Large N

N — oo, with v2/N fixed. The amplitude Ay to order 1/N is a
Lippmann-Schwinger series,

NI NI NI
Ay = A—A—A+A—A—A— . ..
N  ATATAS

d*q i 1 —s 1
I(s) = / (2m)* ¢%(q + p)? ~ 1672 log [/\2] - —gJ(s)
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lIl)Large N

N — oo, with v2/N fixed. The amplitude Ay to order 1/N is a
Lippmann-Schwinger series,

NI NI NI
Ay = A—A—A+A—A—A— . ..
N  ATATAS

d* i 1 — 1
&) = /(2734 Plg+p)P  1on2 %8 [/\25] =)

Note: actually, N = 3. For the (iso)scalar partial wave (chiral limit,
| =J=0),

tii(s) = — 0
N 1— Jtg
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(elastic scattering at tree level only 3 = a?. See ref. J.Phys. G41 (2014)
025002). Ansatz

ooy = M)
#(5) = by

where N(s) has a left hand cut (and Im N(s > 0) = 0)
D(s) has a right hand cut (and ID(s < 0) = 0);

D(s) = 15/00051(0'5”\/(5/)

™ s’ — s — ie)

s [© s’ ITm N(s’
N(s):/ ds’' Tm N(s')

T J_ oo /(8" — s —i€)
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Conclusions and work in progress

o Ref. arXiv:1408.1193 [hep-ph] (unitarized scattering W, W, at
1-loop) is still a work in progress. Wait for our long paper in which
we analyze the effect of the renormalization parameters d, e and g.
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o Ref. arXiv:1408.1193 [hep-ph] (unitarized scattering W, W, at
1-loop) is still a work in progress. Wait for our long paper in which
we analyze the effect of the renormalization parameters d, e and g.

o Ref. JHEP1407 (2014) 149 (scattering vy — w; w; ) only contains
the 1-loop computation. We should perform the unitarization.

@ The next steps would be introducing fermion loops (work in progress),
non—vanishing values for My, My,, Mz, and a full computation
without using the equivalence theorem.
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