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|. Properties of the Higgs boson

I »\.:!.\,/'.*,\
; ,}{}?&?%%ﬂ”qk-f y
4 2l

B St

) .
‘ Ko/ o % :
Rt Y977 45552 ;
N \‘ J / :: J
7




First publications claiming the new-boson discovery by CMS and ATLAS at 2012

Contents lists available at SciVerse ScienceDiract
Physics Letters B

www.elsevier.com/ocate/physletb
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Observation of fa\ new boson at a mass of 125 GeV'with the CMS experiment at
the LHC* ~ -

~———__

CMS Collaboration*

CERN, Swizertand
This paper is dedicated to the memory of our colleagues who worked on CMS but have since passed away. In recognition of their many

contributions to the achievement of this observation.

Physics Letters B 716 (2012) 1-29

Contents lists available at SciVerse ScienceDirect
Physics Letters B

www.elsevier.com/locate/physletb
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Observation oga.gew particle in the search for the Standard Model HJggsrboson
with the ATLAS deteCtor-at the LHCY . . 0 o o o =

ATLAS Collaboration*

This paper is dedicated to the memory of our ATLAS colleagues who did not live to see the full impact and significance of their
contributions to the experiment.
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J=0

Mass m = 125.00 + 0.24 GeV
Full width I' < 0.013 GeV, CL = 95%

HO Signal Strengths In Different Channels

See Listings for the latest unpublished results.
Combined Final States = 1.10 + 0.11
Ww* = 1.08*518
z7* =129+0%
vy = 116 = 0.18
bb=0.82+0.30 (S=1.1)
ptp= =01+25
T~ =112+ 0.23
Zv < 9.5, CL = 95%
tTH Production = 2.3+

ignal Strengths = 0 - Br/(osym - Brsm)

Cration: C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016) and 2017 update




New physics? 600 GeV

H (125.9 GeV, PDG 2013)

W (80.4 GeV), Z (91.2 GeV)

Nothing new at least up to 600 GeV > BIG GAP

Thus we have ONE and only ONE new SCALAR
resonance at 7125.5 GeV: p h(125)




So what is this new particle?




. The Higgs in the Minimal Standard Model

Gauge bosons

I
Three matter generations




he Standard Model Structure

Gauge couplings

Matter: Interactors:
Quarks and leptons ﬁ Gauge bosons

Yukawa couplings \ Auge invariant coupling

EWSBS: Terra
WBGB, new h boson... |ncognita




The EWSBS in the Minimal Standard Model

Lsps = (Du¢) (D*¢) — V(¢) + Ly k

v =~ 250GeV,

We introduce an to induce the Higgs mechanism.

We have 4 new degrees of freedom:

Fermion masses are produced by the Yukawa couplings in a gauge invariant way.
The theory is
' The dynamics producing the EWSB is gauge invariant but it is not a gauge interaction

Light Higgs means in the SBS

The Higgs always appear in the combination




Problems of the Minimal Standard Model

* Origin and nature of the Electroweak Symmetry Breaking

» Light scalars are unnatural because of the big radiative corrections to their
. masses.

| *+ Vacuum (meta) stability.

* Origin and values of its many parameters
(masses, elements of the CKM and PMNS* matrices, couplings...)

b * The strong CP problem

* Why is v << M,?
» Dark matter and dark energy?

» What about gravity?

* Pontecorvo—Maki—Nakagawa—Sakata




So is the new Higgs like particle the MSM Higgs boson?

L Is it elementary or composite?




he first conclusions after looking at the experimental data
that the new scalar resonance is compatible with the SM
Iggs, hence the name of Higgs-like resonance.

owever, in there is a lot of room for other possibilities,
particular for a strongly interacting scenario for the EWSBS

the following we will concentrate in the compositeness
lynamical symmetry breaking) scenario where the Higgs is
j0ldstone boson (GB) associated to some global spontaneo
ymmetry breaking.







Or deSCribINg the pNysICS of the SBo of the SV beyond the MSV
under the hypothesis of compositeness at low energies we have
to include:

3 WBGB w? + one Higgs-like light scalar h.

There are at least two possibilities:

a) Linear representation: (SMEFT)

- The w? and the h fitin a left SU(2) doublet
The Higgs always appear in the combination: h + v
Higher symmetry
Typical situation when h is a fundamental field

EFT usually based in a cutoff A expansion: O(d) / A%4

(d = operator dimension, d = 4,6,8...)




b) Non-linear representation: (HEFT)

h is a SU(2) singlet and ? are coordinates on a coset:

SU(2), X SU(2)x / SU(2),,= SU(2) = S8

Lesser symmetry and more independent higher dimension effective
operators but less model depending

Derivative expansion
EWChHhL with F(h) insertions
Appropriate for composite models of the SBS (h as a GB)

Strongly interacting and consistent with the presence of the GAP

SM ‘ SMEFT ‘ HEFT




G™(zy,z2,...,2,) = (0|T(P(z,), ®(x2), - ..,P(x,))|0) (91,92, - - Gm|S|k1, k2, . - ., kz)
p i(k7 - M) ﬁ i(ge — M?)

e : 1/2
G"(k'l,kz,...,lcn)=/d:rldzg...da:nG"(a:l,mg,...,mn)e’zi:xI““ I-mMrgim2 i R k=1

Rl/2
--,Qma“kly---:_kn) ’

G™(zy,x2,...,2n) = (O|T(r"(x,), 7" (22), ..., 7' (z,))|0)

GPyalky ke, o ky) =GR (k1 ka, - . G (k1 kay ... kn) ~ G (ky, kay- . kn)




In this work we consider the non-linear approach (HEFT) consistent w
the GAP and therefore the Higgs will be a GB field associated to somé

global SSB from a global group Gtoa subgroup H with the GB living
in the coset manifold M = G/ H.




CG& >

1 = spontaneously unbroken subgroup containing custodial group H, = SU(2),.r = SU(2)¢
pGB

ssless GB €; Y(T)em R
S H 1 G
w
[l |
L

G,, = electroweak gauge group = SU(2), X U(1)y

S = maximal subgroup which commutes with G, generators
S X G, = explicitly broken subgroup

| = W, W™ and Z would be GB (WBGB)

Il = Massless GB (h,...)

[l = massive pseudo GB (extra scalars

Pokorski




§ Simplest models (no extra GB but h and no pGB)

H = spontaneously unbroken group containing H, = SU(2),.r = SU(2).

h boson (GB)

G,, = electroweak gauge group = SU(2), X U(1)y

S = maximal subgroup which commutes with G, generators
S X G, = explicitly broken subgroup

| = W*, W~ and Z would be GB (WBGB)

Il = Massless GB (h,...)

The scalar manifold M = G/H with dim(M) =3 + 1 =4 (3 WBGB and the h)




Therefore, our effective lagrangian for the EWSBS at low-energy is a
gauged NLSM based in the coset M = G /H (scalar field space) which has a h

oordinate with fibre SU(2)p x SU(2)r/SU(2)c = SU(2) ~ S

| 2
Lo=F(W)(DU Y DEU + 50uhd*h =V (h) v v

DU = 0,U + W, U — UY, M SU(2), x U(1)y

F(h)gap(m) 0O GB space
0 1 M = G /H metric

. 1 $2 + id!
f s (.




(extended Appelquist-Longhitano including h)

y | R , 1 .
_2.”\’;,:7-(2”(‘“ (1+eg&Fg(h)) — = i Wy, Wi (1+cu-£]-'u~|.h,|)—TBWB“ (1+epé&Fgr(h))

22 25

+EY aPilh) + €Y eiPi(h)+ € Y eiPi(h) + &' e2 Pas(h),

i=1 1=6 i=23

Pi(h) = g¢" By, Tr(TWHY) Fy(h) Pia(h) = i g Tr(TW,,, )Tr(TV*) 8" Fia(h)

Pa(h) =ig By Tr (T [V, VY]) Fa(h) Pis(h) = Tr(T [V, Vo ) Te(TVH) & Fis(h)
Pa(h) =igTr(W, [V*,VY]) Fa(h) Pis(h) = Tr(V, D, V¥) 8" Fi6(h)

Py(h) i ¢’ By Tr(TVH) 8 Fa(h) Piz(h) = Tr(T D, V¥*)Tr(TV, ) 8" Fiz(h)

Py(h) = igTre(Wyy VH) 0¥ Fo(h) Pis(h) = Tr (V, V) 8,8" Fis(h)

Pia(h) = Tr(V,V*) 8, Fia(h)d" Fio(h)

Pao(h) =Tr(V, V) 8" Faol(h )" Fao(h)

Pai(h) = (Tr(TV,,))? 8,F21(h)d" Fau (h)

Paa(h) = Tr (TV,) Tr(TV,) & Faa(h)d” Faa(h)

Po(h) = (Tr(V, V*))® Fe(h)

P:(h) = (Tr(V, Vy))* Fe(h)

Ps(h) = g* (Tr (T W**))* Fs(h)

Py(h) =i qTr(T W, ) Tr (T [V#,V¥]) Fg(h)

Pro(h) = g Tr (TV,) Tr (V, Wn) Fro(h) Jll P2() = Tr (Vi VF) (Tr (TV,)” Faa(h)

B T T (TVEY T (TVY) Fas (B
Pr(h) = Tr (D,VH)?) Fun(h) Pos(h) = Tr (V,V,) Tr (TV#) Tr (TVY) Fay(h)

'Plgl h) = TT(T 'D“V” ) TT(T DUVU J.F]z(h ) 'p‘_"_'. | h) = (Tr [T V“ )l- Uu(')“]:_);',(h )
Pis(h) = Tr(T, Vo | DVH) Tr(TVY) Fia(h) Il Poo(h) — (Tr (TV,) Tr (TV,))? Fas(h).

Alonso, Gavela, Merlo, Rigolin and Yepes




However for VV scattering it is enough to consider the much simpler Lagrangian:

LO ECLhA (2 derivatives)

hoo 1.
1+ Qal + bl—] (DU D,U) + 50" hduh + ..

a. (t-rV V,)? + as(trV,V*)? V, =D, UUT
8,hd"h)* + — d

v2 (

8,hd*h)tr(D,U) D'U + —(8,hd" h)tr(D*U) D, U

1_?4 ( 112

One-loop LO and NLO are the same order

It is not consistent to use NLO HEFT
without LO one-loop corrections!




Interesting particular cases:

B Minimal Standar Model: a=b=c=c¢;=d; =1 m

B Ol EWCL (ChPT)
imal Dilaton Model h=¢

5= 500000 .

Agashe, Contino, Pomarol, Da Rold

= 50(1,4)/50(4)

Alonso, Jenkins, Manohar










A program for the study a possible strongly interacting scenario
for the SBS at the LHC

The only modes at low energies (< 600 GeV) are the WBGB and the Higgs-like particle (most
probably composite GB of some highier spontaneously broken symmetry with dim(G/H) = 4)

Built an appropriate low-energy HEFT.
Apply the Equivalence Theorem (go to high energies to decople gauge bosons)

Compute the relevant scattering amplitudes at tree level and at the one-loop level
forders s and sajE@AVERSENVA/. - V. S hh hihESasiihas ey, VYV > (it...)

Unitarize the amplitudes to extrapolate to higher energies (generate resonances dynamically)

Study the properties of the emerging resonances in terms of the low-energy couplings
(make predictions for other processes)

Compare with next year LHC results when possible.
Perform more accurate computations not using the ET or the Equivalent-W approximation,

include other radiative corrections, the top quark, QCD corrections... to make the results
realistic for comparison with data (MC)




The Equivalence Theorem
(for R gauges)
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Generalized Equivalence Theorem
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THE EQUIVALENCE THEOREM

7.3. The proof of the equivalence theorem
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The low-energy Effective Lagrangian for W, W,, Z,Z, and hh
one-loop scattering

M, Mz, M << s << A?

a, b
}) (1 + 2aﬁ b (h) )(’)ﬂm“ Haw® <6ab +2 (.l,) ) + %(’?;‘ ho*h + 4#(‘)#(1)“00(1)“ Hawb & @b

v v v- v

-

4 , | 2d
+ﬂ0 o H 00,00 o’ +'—Z(0l,h(')“h)“ 0 ho* ho,w* F w® + —() hO*ho* w?0,w".
v

l‘




LO amplitudes:
low-energy theorems

ilhose are the generalization of the Weinberg low-energy theorems for pion scattering
iThe amplitudes generically strongly interacting, grow with the energy and then they badly

Violate unitarity at some new physics scale:
| N P

he only exception occurs for a = b = ¢ = 1 which is the case of the MSM




All of these amplitudes violate badly unitarity at some point
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Electroweak Chiral Perturbation Theory with a light
Higgs-like boson up to one-loop for :

VV 2 VV, VV = hh, hh 2 hh, Vh 2 Vh... (V=W, Z)

« Equivalence Theorem
» Landau Gauge (massless WBGB and no ghosts at this level)
* No fermions and g = g’ = 0 (custodial isospin)

* Dimensional regularization

- MS scheme for the NLO derivatives couplings bellow
(no other renormalization is needed for vanishing h mass)




FeynRules: Generates Feynman rules from the Lagrangiant
as an output produces the input for FeynArts.

FeynArts: Obtains the Feynman diagrams to some given
order. Introduces "symbolically” the vertices generated by
IFeynRules.

IFormCalc: Simplifies the output by FeynArts and generates
lan analytical output (and also a FORTRAN output for MC)







Tabed = A(8,t,1u)0ab00d + B(8, t,u)0ac0pq + C(5.£.1)52a0be

B 1 1 / ) ) ) 2
A(s, t,u) = 'T (1-a*) +— " [2a5 5% + af(p)(? + u?)) -+-m<§(l4a4 —10a” — 18a°b + 9b” + 5)s°

13 l 4 ~ 2 2 2 —S ]. t
— 1) ~(2a* —2a% —2a*b + b* + 1)s*log— + — (1 — — 32 —i?)1
18(a 1)%(* + u?) - 2(2a a a’b+b"+1)s og’uh+12( a*)?(s* — 3¢ u)og ,

1 —Uu
1— 22 -3 -, A
+ (1= @) = £ = 3) W) (

2

1 U
(1) = a3 (o) ~ g5 (1 @) logh.
0

r r 1 }12
as(l‘)zas(#o)—m[ (a*—b)* +2(1—a*)*|log P
0

Espriu, Yencho, Mescia, A.D., Delgado, Llanes-Estrada




—— f=v=246 GeV
- —— £=500 GeV
--o--- f=1 TeV

2 3

s (TeV)

—— f=v=246 GeV
——— £=500 GeV
coeee- f=1 TeV

5 (TeV") s (TeV")

Figure 3. For fixed ay = a5 = 0.0025 at p = 1 TeV, we vary f as indicated and plot the modulus
of the perturbative partial wave amplitudes for elastic ww — ww scattering. In clockwise sense
from the top left, we show |Agg|, |A11], |Aoz|, |A20]-
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wawp — hh Map(s.t,u) = M(s,t,u)0q

2 b 2d" r —5
M(s, t,u) = a s+ v§ ) 242 lff) (% +u —‘{ [72 —88a’* + 16b + 36(a> — 1) logy—zS
—Uu

—t — —t
+3(a® - b) (10g7+ log”—f)]sz + (a® — b) (26— 9log”—2— 3logﬂ—2) 7

+(a2—b)(26—910g ?
7

1
19272

| #2
2_b)log—.
487> (a ) by(z)

d'(p) =d (po)+

2
(a2~ b)[(a>~b)—6(1—a?)]log5,
Ko

e’(u) =e(uo) -




. T T T
—— M, &=n=0 — M n=0

- = M, 8=0.005 g [ |[— —- M, n=0.005
——— M, 8=0.005 ——— M, n=-0.005
o+« o M, n=0.005

PO N TN ST TR ST, W T N T

3

N

~s(I'eV:)

Figure 6. ww — pp channel-coupling amplitude in the presence of the NLO é and n parameters
taken at g = 1 TeV, alternatively. Left: modulus of the scalar partial-wave. Right: modulus of the
tensor partial-wave. Note the very different scale.
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3(a®? — b)?

_ —S —1 —Uu
2 2 2 2 2 2
[2(5‘“ +t*+u*) — s°log— — t°log— — u” log —

3272 v* u? u? u?




2 3 - 2 3
s (TeV) s (TeV")

Figure 5. g elastic scattering in the presence of the NLO ~ parameter with g = 1 TeV. Left:
modulus of the scalar partial-wave. Right: modulus of the tensor partial-wave. Note the very
different scale.
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The scattering amplitudes need to fulfill a number of properties
such as unitarity and analyticity to be physically acceptable,

This is best seen in the partial waves: W@ =—) ) )

3A(s,t,u) + A(t,s,u) + A(u,t,s)
A(t,s,u) — A(u,t,s)
= A(t,s,u) + A(u,t,s) .

custodial isospin amplitudes

ImAry=|A|? I#0

exact elastic unitarity on the RC

AV (s) = (B(u)+Dlog% +Elog;—28

| Ary [P< 1

necessary condition




|

Koo = 16702 (1- az)’
1
Boo(H) = g3 [101(1 = a*)? + 68(a® — b)?
+768{7ay(u) + 11as(u)}2%,
1

[7(1 — a?)? + 3(a*> — b)?],

Dy = —————
00 460873 v*

=V |4 2—b
167”)4{ (W) +=3 ]+184327t3v4 (a"=0)
x [72(1 — a?) + (a® — b)],
Dl — _M
0 Nl6r vt
V3(a* - b)(1 - a’)

51273 0%

K, =0,
Lo el 83(a® — b)?
2(n) = 160+/370* * 307200v/373v*’
___(@-pp

2 76803500t
E, =0.

hh — hh




V. Unitarization methods

N> CMS Expenment at the LHC, CERN
Data recordec 2012-May-13 2008 14 621490 GMT
RunvEvent. 154908 / 564224000




IR, UV finite and u independent

Unitary

Right low-energy limit matching the NLO results
Proper analytical structure (right (R) and (L) cuts)
No poles in the first Riemann sheet

The poles in the second Riemann sheet can be understood as
dynamically generated resonances

« Admit extensions for coupled channels (hh, yy, or tf)

rturbative one-loop amplitudes have L and R cut, no poles and are unitary only at low ene




A.D. , Herrero, Truong, Pelaez...

A(s) = ANEO () + O(s?)

ANLO(s) = A(O)(s) + A(l)(s)
Physical s
AO(5) = Ks _ 8 = |s| + 7€
AW (s) = s? (B(;L) + Dlog% + Elog;—:) LC RC

Im A1) = (A(O))2

ANLO(g) — 5 / A? ds’ ImA

/ ds’ImA
A2 8" (s" — s —ie)

52 ds’A( )(s")
270 Jo, s (s' —s5)

ANLO(S) = bys + bys® + Ds? log = 4+ Es’log — —° ‘
2

2

2
B(u) = B(po) + (D + E) 1°gZ—g

b = K

b2 = B(u?)






D(s)=1-2 A e (dSlN(S’> ,

m s’ — s — ie)
B S/O ds'D(s") ImA(s")
) S —s5—ie)

left-right spliting

B(u) —
— log —
> E(D+E+ Og,u2)

one-loop function

ANP(5) = A0 (5) + AW (5) + O(s?) ImpFN/P = pN/D(FN/D)T

proper low energy behavior elastic unitarity coupled channels




o i(S—1)
1+ (S-1)/2

K hermitian
S unitary

K=KV 4+ K2 ...
any hermitian expansion

Im AX = |AK]? =

unitary but not analyticalll
no Right cut!

T Al AL
A(O) (Am))z

proper low energy behavior, elastic unitarity, analytical and extensible to coupled channg




(IAM; N/D and IK

[A©)(s)]

IR, UV finite and u independent AO)(s) — A (s)

Unitary A9 (s)+ AL(s)

Right low energy limit matching the effective theory | — Ar(s) _ ( Ap(s) )‘2 + a(s)AL(s)
Proper analytical structure (cuts and poles) AV \ADG) -
The poles in the second Riemann sheet can be AN/D () = ;“((0))(5) T AL(s)
understood as dynamically generated resonances 1 - Foy +29(s)AL(=s)

Admit extensions for coupled channels A9 (s)+ AL(s)

0 4‘1“{(8) A -i(s)—
(hh, yy, or tantit) 1— T +9(s)AL(s)

fllAM(s) _

They have different contributions from the LC ANLO(5) = A0(5) + AW (5) = ATAM(5) 4- O(s?)
They can be different at high energies _ AN/D 3 AIK 3
N/D and IK requires R/L splitting not possible when = A7) +0(s7) = AT(s) + O(s°).
D + E = 0. This is the case of the vector channel when a2 = b (QCD like models).

|AM is not defined for K=E = 0. (J = 2).

1J 00 02 11 20 22
Method of choice Any N/DIK IAM Any N/DIK




The IAM, N/D and IIK produce similar resuls qualitatively and
In many times also quantitatively, at least in the scalar channels

This is not the case of the naive K matrix because it is not analitical

IAM , IAM
--=- NID ---- ND ) P
08 K-improved b 0.8 K-improved . 0.2
- K-old ; oo K-old :
. '
0.6 i 0.6 ) o , 04
04 04 L6
— 1AM
ND
02 02 D8 |~~~ K-improved
coee K-old
Y 02040608 1 12141618 2 22 Y% 02040608 1 12141618 2 22 Y 02040608 1 12141618 2 22
E (TeV) E(TeV) E (TeV)

FIG. 2: Scalar-isoscalar amplitudes (from left to right, elastic ww, elastic hh, and cross-channel ww — hh), for a = 0.88, b = 3,
and all NLO parameters set to 0 at a scale p = 3 TeV. Note that, as explained on sec. VI A, the old K-matrix method gives
different results because its complex-s plane analytic structure is not the correct one. It will be discarded from now on.
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They can be included explicitly in the effective theory
(Ecker, Gasser, Pich, de Rafael)

%y =L, (D,UD*U)? + L, (D,UTD,U) (D*UTDYU) + ...

- Fy. puv iGy, ,rouv F, . T 8M; sME
Z Z { Vi I‘u\f - ) 4 Vi .::I,:‘Ll\ 1y ) 4 - A -Z::l:,l“f - :] 14 S

9] /
i L2V V2 AV

o (Situ) + m (Sizs) + idm (P } assuming dominance of the first resonan

Br QCD this approximation works very well phenomenologically
Blls the chiral parameters carry information about the resonances (mass, width and coupling)

Rierefore one could try another approach. By unitarizating the effective theory results to higher
BErgies in a way compatible with unitarity and analiticity, one can obtain amplitudes which may
Pw poles in the second Riemann sheet. Those poles can be understood as dinamically generated

Esonances. Their location and residues (mass, width and coupling) are a function of the low-energy
Buplings.




AII

1
A(SR) 4+ -=0
2
oM  OM day

M (a,b, aq(p), as(p), d(n), e(p), g(1); 1) T = o T e dn

— F(a,b,a4(,u),a5(,u),d(,u),e(,u),g(,u);,u). il 6_1—‘_1_8_1—‘%
O Oay dp

M = M(a,b,a4,a4,d,¢,g)
I' = F(a,b, ax4,af57d7e7g) :




IAM:a=09, b=1,a,=0.005 | =J=0channel

Im A- 1° Riemann Sheet Im A: 2° Riemann Sheet




IAM:a=0.9, b=1,a,=-0.005 =2, J=0 channel

Im A: 1° Riemann Sheet Im A: 2° Riemann Sheet

This fact can provide powerful constraints on potentially interesting effective theories!
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I'mA(s)

d(s) = arctan ————
() Re(s)

RC

K2
B(M)+ D+ E

M = M(a,b,a4,a4,d,¢,g)
I' = F(Cl,b, a4,a57d7€7g) .




5767202 (1 - a?)

M- —— — - - 7
57 101(1 - a2)2 + 68(a? - b)2 + 76872(Tay + 11as)

B 367 (1 - a?)?
~ 51(1-a2)2 +35(a2 - b)2 + 76872(Tay + 11as)

s

11527202 (1 - a?)

Y ittt S A—
V.7 8(1-a2)2 - 75(a2 — b)2 + 460872 (ay — 2as)

127(1 - a?)?

W= m

5767202 (1 - a?)

Mipzmeo———————
7 91(1 - a2)2 + 28(a2 - b)2 + 307272 (2a4 + as)

187 (1 - a?)?



as = Ak = |
4 =as =0

Maximally symmetric spaces (constant curvature):

SM, flat space: A=M=0

MCHM, (positive curvature):

low energy theorem

broad scalar resonance I =0, J =0
(enhanced ZZ and W* W productio

low energy theorem

curvature

ghost

36
=——m<0
W 26

18
=—m>0
YIT = 67




VV and Vh scattering at the LHC:

N afl + (1 - §sin6d,)?
167 sin 63, cos 6,

olpp > W+ X - wz+ X)
do

1 1
—(pp — wtrz+ X) = / da:u/ dugd (s — :L“ua:JEtzot) 6(ud = wt2)f(zu) f(zg),
0 0

afl + (1 — §sin63,)%]
167 sin 9124, cos 912/1/

9% =

0.05 0.10

X

d

~ 6dnls <1




VII."Conclusions:
he Higgs boson found at CERN in 2012 has the same quantum numbers and a
iehaviour compatible with the MSM Higgs.

Jowever assuming only custodial symmetry, the existence of the Higgs-like light
oson and the huge gap, makes it possible to write a HEFT, containing the
SMEFT and SM as particular cases.

)y using this Lagrangian at the one-loop level, complemented with dispersion

lations and the ET, it possible to study the scattering of the longitudinal
omponents of the EWGB related with the underlying unknown EWSBS
ynamics in terms of a small number of parameters.

the parameter space, Z,Z, W, W, and W h scattering is generically strongly
teracting, gives rise to new resonant states in many cases and also to other
rocesses which are suppressed in the MSM as yy 2 Z,Z, and W W, and Z,Z,
W >tt.
- Ad L

hus strongly interacting V|V, scattering would be a signal of new physics BSM.
luch more work is needed for making realistic predictions.

\Wait for more LHC data to see!







