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1. Introduction: Higgs - Scalars

e The first fundamental scalar has been
detected at LHC (2012),

V(0)="2u’0'0+ iA(0'0)

* lts mass (125 GeV) and its properties
are in agreement with the SM, so far
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e But more properties have to be
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2. pQuantum Gravity and the Higgs

e Here, we shall assume that pQG makes
sense (at least in the IR),

e So, like all other fundamental forces,
gravity is mediated by a particle

e The graviton is a fluctuation of the
metric: massless, spin-2 particle,
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* Graviton couplings are extracted from Einstein-Hilbert action,
considered as an effective filed theory (EFT) (J. Donoghue):
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Gravitons arise from pQG, and deriving its interactions hurts ...

e Need to consider Einstein-
4
Hilbert action. Ser = | d° —gR R=g¢"R,.

e Expansion of the metric 2
: : K
defines graviton, G = Myw + Kh#,, + ?huahf} + ...

* Part of the 3-graviton vertex,
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e There must be an
alternative
formulations to both

QFT and pQG,

+++++++++++++++

e More on-shell stuff ...




3. Higgs couplings with gravitons

e \We would like to derive the coupling of an scalar with two gravitons
from the lagrangian:

L =+v/—g (kidR + k20 R* + k36R,, R* + KaO R, v R + ...
7

e Couplings of graviton 1

: L5= —K505vV—G€upa R R
with pseudo-scalar: K2 ICupa It ag

e To first order one graviton can

interact with two scalars, but (1) n Ao Ly 9
no coupling of one scalar with Y = (),,(),,/l — O°h
two gravitons arise, l.e.

e S0, we need to consider the )2 .
expansion of the action up to Guv = NMuv + Ky, + ?huahu -
2nd order,




4. Results:

A.

Apparently, the scalar
can couple with all
geometric objects,

But when one evaluates
the on-shell coupling,
only the square of the
Riemman tensor
contributes,

. Similarly for the

coupling of the pseudo-
scalar
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3.5 ¢s;hh interaction for a pseudoscalar

The expansion of Equation (6), gives the following result:
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4.3 The decay width for ¢ — hh

In order to obtain the decay width for the two-body mode & — hh, one has to square the
amplitudes (20) and (21) and add them. Thus, the squared amplitude, summed over polarizations
(hy = £2 and hy = £2 ). takes the form:
2
/ 9, D ¥ \12 - )
(IM(¢ = hh)|7) = E k3| As(dh™ k)= .—)lm:. (30)

fay
The expression for the decay width of the Higgs (in the rest frame) is given as follows:

S|pl

8mwm?

['(¢p — hh) = {IM(p— hh)|?). (31)

L0

4. More Results: the decay o(p) — h(p;) + X(p3) X (p3) is

given by:

s Ppoas
A. We have considered scalar 3-body MU = & (1) (P pl.q)lp —Tos(XX).
decays, and again only squared 9
Riemann contributes,
B. Similar result holds when one consideres TP :Mm
scalar contribution to graviton loops, w

* Alonzo, Avilez, Diaz-Cruz, Larios, arXive: 2105.11684 [hep-th]



https://arxiv.org/abs/2105.11684
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QFT theory and experiments agree, but
heroic efforts needed ...




e Shut up and calculate!
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e But the method has its limitations, ex. In
QCD the number of diagrams grows fast
with the number of final states!

“I try to avoid hard
work. When things
look complicated,

that is often a sign
g+g — g+g 4 diagrams that there is a better

g+g9g = g+g+g 25 diagrams way to doit.”
g+g — g+g+g+g 220 diagrams

Frank Wilczek })Vig?rbgue

2004 Noktel Prize in Physics




1) What is a QFT? RQT

e Something that is Quantum and

Relativistic! |’lp >—> U(A)|¢ >

* S0, need to consider how Quantum
states transform under Poincare
Group (Lorentz & Translations),

(What is a Particle? Particle or
Field? Or Parfield?).

e Here, we will discuss that in order to define and work with
particles in QFT, all we need is leve spinors!




1.X Spinors and Spin States in QM

z ' Ce T Spin up
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* Those functions are eigen-states of spin- S. X+ ==X+ Six—=——x_,
z operador, and are known as spinors.
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1.2) Quantum states and Relativity

* Space-time, energy-
momentum, 4-potential
are all 4-vectors,

e | orentz Transformation
(boosts & 3-dim rotations)
are such that: x"\2 = x’A2,

t = (29, 2%) = (ct, z*)

p' = (E,p'c)

: /1 : ;
Tt — " = A" z"

A'upAVagp,v — Ypo

* |n Quantum Mechanics we work with: |¢ >— U(A) |¢ >

states, operators, symmetries, etc.

e States must transform under Lorentz
Transformation (and translations),

U(A1 S AQ) — U(Al)U(Ag)




QFT, Wigner & Little group

e States depend on momentum and “other” ,
degrees of freedom, ‘\Ij >= |PO>] >

e Wigner Classification - what are those d. of f.

Y >—= U(A)|Y >

e | ook for the subgroup of Lorentz Transf. that
leave invariant the momentum,

 Litte Group:  LP =P (Weinberg, | U)W >= 2G5 Fo, j >

QFT, V1)

e Massive particles. are defined by its e Massless particles are defined by
mass (m) and spin (s) its Helicity (h)

e Little Group = SO(3) e Little Group = U(1) x T_2

e Known cases:
e Knowncases: h = +-1

s=0 (Higgs), 1/2 (g and 1), 1 (W, 2) (Photon, gluon), +- 2 (graviton)




1.3 Lorentz Group and Spinors

e SU(2) Reprs. given by JA2 and J_z; onecan have: J=0,1/2, 1, 3/2, 2.

e Spinors are objects that transform under the SU(2) group (set of 2x2
unitary matrices, with det=1), with S= 1/2

A = exp(i0;J; + iB; K;)

e |orentz transformations include
rotations and boosts,

J1 =

1
e | orentz transformation form a 2
group, it is:

T, 4 i K]

SU(Q)L X SU(Q)R

* Two types of Fund. Repr.=
Spinors (Weyl): LH (1/2, 0)
and RH (0,1/2)

wa and Q)ZQ o) = 1a2(12)




2. Helicity Methods and Amplitudes

. — gH '
* We can use a matrix Pa,a = 0q,6Pp ot = (1, O'Z)

to represent the

momentum, I.e.

+ Pp: — 1P
e For massless case, Pac = Pu0ns = ( Po .p‘; P1— P2 ) ’
det(p)=0 (Rank=1), p1T1p2 Po— P3

e S0, matrix can be L ~ N 1 o0l %
written as: pa,d — XaXd a(a) =1,2(1,2)
* For massless case, in the frame where: k,=(EF,0,0,F)
/215 ()\ | )
Foag = Yo = V2E(1,0)! and v, = V2F(1,0).

e For arbitrary momentum apply rotations/Boosts,



For Photons (QED), we also need Polarization Vectors

e Start from the usual definition
of Pol. Vectors: e(k)

* Contract with sigma matrices:

e Since det(e)=0, we can write it
as the product of two spinors,

* For 2-dims spinors, choose
one of them to be the
momentum spinor, while the
other one is an auxiliary
spinor

e Same for the other
polarization:

£ (0,1,4i,0
6;; — E s 1y 1,
€re = Oho€r ot 0 V2
a, O O
+ — Aaﬁa 6_ R p— 7705>\éé
o <Ap> T )




e Polarization vectors/matrix e . p = 0.
satisfy:

e Eta = auxiliary spinors (massless),

* They satisfy transversality and
“orthogonality”,

- ag _ 1 r{rj(pr = —
6 (1) 6 (r) = gle; lacde; (1% = 5 —str{riprip} = -1

e Polarization products are easy to handle:

W) o o @R A2 _ (1205
SO0 = [z OGO= GG TOG0 =3 k) = we

e LB L1 [18(30)
1() p3 \/5 [].Z] ) 1() P3 \/ﬁ <21> ’

e S0, we have achieved a “unification” of kinematics and dynamics!




Hybrid Method: Gluon Scattering: gg -> gg

We start by working out M(17273747). We choose the reference momentum for ¢,
and €5 to be r = p4 and the reference momentum for €3 and €4 to be p,. Then the only
polarization contraction that does not vanish is €5 - €3. Also, we now have €, - py = €3-pg =
€3 -p1 = €4 -p1 = 0 as well as ¢; - p; = 0. All of these constraints vastly simplify the

Ez;b £€3,C
" ‘—293 b de
zMs — - . f(l ef(, €
i R (CR p2)" +2€;(p2 - €1) — 261 (p1 - €2)]
X (€3 - €a)(p3 — pa)" + 26} (pa - €3) — 2€5 (3 - €4)].
—— 492 de { _— — 2 pabe pede <12>4
+ 44+ . s pabe pede . . neeT = —
Ms(l 27374 ) — g ff (52 f:?)(l’z € )(Pd €4 ) 29, f (12><23><34><41>’

e Similarly, can show that 4-point contribution vanishes, as well as
t-channel, while u-channel contribution is:

M8 =0, sl

—0—9+A+\ 2| pabe pcde (12}4 ace e (21>4
M(17273747) = —2, [f I iy esyeayan I <14><42><23><:;;z]'

- -



e The squaring of the amplitude gives:

4 2
~g—a+a+\|%  _ 4 AN2(N2 _ s _s5
L%JM(I 2-3Y4%)|° =4g'N?(N 1)(t2u2 tu),

* Other combinations can be M(172%374%) is given
obtained by crossing, I.e. by M(1-2-3+4+) with s > w.

e Also: Mg(17,27,37 47) =0 = M (17,27,37,4™)

 Then, total squared
amplitude is simply:




3. Constructible QFT (A la Heisenberg)

e Since the very early work in QM,
Heisenberg wanted a formalism based
on physical observables,

¥ ‘*..'Y 4 i(.r.t 0('4?)1‘ 3 ::-— ,‘!'/

d .
"0
Rivew & foive = Tadv, ‘ r.l ‘\r v‘gd)

* He was against using the concept of , K1
“trayectory” for an electron in the atom, (;‘-\ )‘ %

e Einstein questioned him, but he resisted,

* A memorable debate opened between
Schrodinger (Wave-functions) and
Heisenberg (Matrix mechanics) -

- Both were right, but ...

Could we work in QFT with Physical Amplitudes,
building them from scratch? (without ghosts, etc)



Constructible QFT: Little Group Scaling

e Under Little group momentum is invariant (p -> p ), and spinors
transform as:

1 -13 . — .
Ai = LA and Ai AL Pa,& = XaXa
o Polar!zatlon vectors and er. -t~ 2, and e, — tle .,
Amplitudes transform as:
A(lh] ...nhn) — ezi ...ez:A‘”"'“", —) Ht:?h.A(lh ...n’lrl).
From momentum (12) = (23) = (31) =0 = A1 X Ag X As.

conservation for
3-pt interaction:

01+p2+p3=0 12 =[23] =[31]=0 = A Ay x g




Master formula for 3-point interactions

e The 3-point Amplitudes must be: | A(1"12"23"%) = (12)"2(23)™*(31)"2.

* Then, by looking at scaling of both sides, one can solve:

—2h1 = n9 + n3 ny = hy — ho — hj
—2h2=n3+n1 = n2=h2—h3—h1
—2h3=n1—+-n2 n3=h3—h1—h2

e The master-equation for the 3-point amplitude:

(12)’1:;—’11 —h2 (23>h1—h2—h3 (31)’12—’13—’11 , h <0

hiohaqhsy __
A(l 23 ) _{ [12]h1--h2—h3[23]h2—-h3—h1[31]"3"‘":—’12, h Z 0




e For vector particles (gluons, with h=+-1) we obtain :

<12>3
(13)(32)

[12]3

A(152,37) = fae 332

and  A(17273)) = fan

A(172737) = Fue12)(23)(31),  A(132737) = funcl12][23][31),

e For tensor particles (h=+-2), such as the graviton, we find:
A(177277377) = (12)%(23)%(31)%,  A(1TT273T) = [12]%[23]%[31]>.

gty (12)° frotta—— _ _ [12]°
ALT277377) = Taya(agye ATT27737) = Hanmam:

e Seems that GR=YM x YM !l

* “| could bow and feel proud in the light of this power

a” - -
Eshellisimo.-
A [11]




Amplitudes &Perturbative Jewels

Parke-Taylor for MHV
Amplitudes,

KLT relations (first
derived from String
theory),

Double-copy,

Unitarity cuts for
Tree-loop
calculations,

Color-kinematics
duality,

Simplest QFT -
N=4 SYM

.7 \4
M@AT2t ...k eeonT) = Y
( - )= 112y (23) (34) - (n1)’
MI™C(1234) = 519 AY[1234) AY[1243],
MI(12345) — sogsgs AFC[12345] AF[13254] + (3 « 4),
Mg"¢(123456) — — s12545A5¢[123456] (335,4;31“[153462] + (s34 + 533 )A},"wjlmsﬁz]}
P2, 3,4).

553 >
s — 2 fAbC (Jo TP _ fo BpPT) | 20
<5A505A;,,5A;C e k) (0

—

683
———— = 4 (k70" — kM n"7) (k""" — ko"nT)
6¢#U5¢0T59’)p’\ on-shell

(21)



4.1 Higgs-graviton couplings: Where is the action?
( A. Alonzo, A. Avilez, B. Larios, LDC)

e We can use master formulae to find coupling of an scalar (h=0) with
two gravitons (h=+-2),

A(1°,272,372) = ¢ < 23 >* A(1°,22,3%2) = ¢[23]*
e BTW, the coupling of the Higgs A(lo 9-.87) = ¢ < 23 2
with two gluons is: T

e Scalar-graviton couplings are the same as the ones derived from the
Effective Lagrangian:

L=+/—g (m(pR + Ko R + k3R, R" + k4oR,, ;. R + )

K,2

2

e Graviton (h) corresponds to

. . huoh, + ...
fluctuations of the metric:

Guv = N + thuu +




4.2 New results for the Massive case

* For massive case we have
that det(P)= m~2, and need
more spinors to express the
momentum matrix,

— |
Pac = Pu0qy4 = (

Po+P3 P1— P2 )
pr+ip2 Po—p3 /)

e For instance in the frame :
where: p=(m,0,0,0), ’

* Then, the corresponding
spinors are:

appeared recently, ex.

e Many applications have Aoy

SMEFFT approach, X«

e We have used a similar method (Light-cone decomposition) to study massive gravitino

amplitudes (B. Larios, PhD thesis),

Recently, Arkani-Hamed et al proposed a
method that take into account the Little
Group properties for the massive case,
(1=1,2)

Po g = N5014



4. Conclusions: The language of QFT has evolved with time

In the following we will limit ourselves to a world without strange par-
ticles, and with exact conservation of isospin **. Suppose there exists a
triplet of vector-boson fields, “”S(x), a=1,2,3, coupled to a triplet of ha-
drons .J S(x) such that

2, % = -g €qpe WIS (3)

of the Yaug-Mlll.s theory the followulg Lagraugum

| -
L=-3FLF, - m~*(D*¢)" (D?*¢) + (Dye)" (D,b) + (D,b)" (D,e)

“E-mail: slavnoviimi.ras.ru

We first consider the massive fermion-fermion-vector amplitude, with equal-mass fermions.
Since this 1s our first example, we will cover it in detail. It 1s not difficult to show that the
M(1 -, 2,.3z) amplitude is fully characterized by the following spinorial structures:

LR RRZ c L R()Z R;.( ' .LLLZ
M(Lye, 24, 32) = —22[13](23]+ 22 (13>[23]+ a [13](23)+ Y22 (13)(23) . (3.1)




5. Conclusions:

1.

2.

Higgs-graviton couplings are an interesting arena to learn and play ...

QFT reigns in all over many physics domains

(from LHC to stars, superconductors, early universe, and many more ...)

3.

4.

5.

6.

Amplitudes and Helicity methods are like a “super-power”

Perturbative Jewels decorate with their beauty our QFT kingdom,

It is possible to build QFT from Little Group (Constructible)

The massive case & Little Group Contraction are under study ..

- Nature is more beautiful than we think

- Nature is smarter than we are

( A quote from
G. 't Hooft)




Geometry and Amplitudes

N Embedding Feynman Integral (Calabi-Yau)
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Color-Kinematic Duality

M-
. Duff
Kinematic factor Loops
Colour factor \ Kinematic\factors
Z/ﬁ d°’pr cin; > z/ﬁ d°p  fin;
~ ] 1L @m)Ps I, /2 ~ ] L @ryrs 0, P2
gauge theory amplitude gravity amplitude
Diagrams
Propagators

C;—)ﬁ,'

Figure 1: The double-copy procedure. Assuming the gauge theory amplitude on the left has been arranged
to display colour-kinematic duality then the gravity amplitude on the right is straight-forwardly obtained
by replacing the colour factors with a second copy of the kinematic factors. Note, the second factor does
not have correspond to the same Yang-Mills theory. The (supressed) Yang-Mills coupling constants must
be replaced by the gravitational coupling constant g — /2, where k% = 167G y.



Little Group Contraction and the massless limit in QFT
(Kim & Wigner)

Plane tangent 10

Ll .l EQ2) J
Cylinder :
tangent o
0(3) o lsom?rphlc o
on Sphere | &
.| Cylindrical o)
Group s
* . i 4,
Identical Identical

‘ Little Group >| Little Group \

As the momentum/mass becomes infinite

The O(3) group can be contracted to
the Euclidian or to the cylindrical group.

The cylindrical group tells physics.




Spinor Notation: Dirac Bra-Kets

X,? — "l, > and Xja — L]] Xija —><]‘ and )'Zja — [J‘

< if >= XiaXjB€*”
e Spinor products are
defined as: >
_ 25] = Xijgeaﬁ
e Also for massless spinors:
<i>=0={il. <tj > [ij] = 2pi - p;

g-p=q"p, = %qcmp“"‘ = %tr{(ﬂ(qp)[z)} - %(qp} [pq|




The Birth of QFT

* |n one of the fundamental papers on
Quantum Mechanics ( “3 man
paper’= BHJ), the seeds of QFT were
planted, from the relations: [p,qgl=ih,

e P Jordan also wrote similar relations
for the EM field:

[a (K) , a”+(K’) ]= i h d(k-k’) —> Field

* Heisenberg and Pauli first wrote the
complete program of QFT,

* Dirac proposed a relativistic equation
for the electron, it predicted
“Antimatter”

Entendiendo la

Ecuacion de Dirac
(1’/::'_;— )l;/ - a(-—zhcﬁ‘— )w + bme” g

e Big problem: 2nd order calculations
-> infinities,




Renormalization of QFT

Quantum Electrodynamics (QED):
the theory of electrons, positrons
and photons,

After 2nd WW, new data (electron
AMM & Lambf shift) suggested
needed for 2nd order QED,

Killing the Hydra head I: Feynman,
Schwinger and Tomonaga found
that infinities can be absorved into
charge, mass and wave-function of
the electron,

F. Dyson found that Pl.’s (Feynman)
are equivalent to Canonical
Quantization (Schwinger,
Tomonaga)

simn-tiro Tomonaga Julian Schwingetl



Standard treatment of QFT (as in textbooks)

Classical Mechanics

l N—»:D

Non-Relativistic
Classical Field Theory

i & SRT

Relativistic
Classical Field Theory

(e.g. Electrodynamics)

(1): Quantization

(x,p— X,P)
» Quantum Mechanics
l (i1): N—x
> Non-Relativistic
Quantum Field Theory
uantization
(3 11— &, l(m): & SRT

Relativistic

Quantum Field Theory

>

>

We use a perturbative language to identify particles,
S-Matrix (LSZ) — Feynman rules — Physical Process,

Amplitud = ) (Feynman Diagrams )

Diagramm = Ext. Lines + Int. Lines (Propagators) +

Vertices

lin >— |out >= S|in > (S — Matrix)

< e (p3)et(pa)|S

¢ (p)et(p2) >




QED was first successful QFT

initial-state particle: u(p) - El
* Pert.-QFT is defined by a final-state particle: u(p) —>
set of Feynman rules, IEMEREAREDD SR pPRTCES: up) s
final-state antiparticle: u(p)
: initial-state photon: g,(p) ANANANAANS
e External lines, b i
final-state photon: £,(p) NN
: Gy
* Internal lines (Propagators), photon propagator: ° o ANnne
. y*q, +m)
_ fermion propagator: - © Bl
* \ertices e -m
QED vertex: —-iQey* Y
* EX. e+ e- -> mu+ mu- N —iguy
—iM = [u(p3){iey"}u(p)] 7 [u(pa)liey” }u(p2)],

2
D My = % Tr [y + mely[p, +mely”) Te ((p, + mqlyulp, + mqly,)

do 1 471’02

eg _ 4 2 _
10 647r2se (1 + cos“ @), o 35




QED-Loops and Renormalization

» Loop diagrams (with infinites) - Renormalization.

» Finite loop diagrams:
QED (and QFT) has been proved with a high precision, e.g.

al(&P) = (1159652157 +28) x 10~12[( 1159652 188 +4) x 1012,

e First, Renormalization was
considered ugly (Dirac),

e May be that made QFT to start late
iIn Mexico,

e But, now it is better understood:
relevant d.of f. are associated with
the scale,

You den™t e to analyze ndiridual water maecules to usderstand the behavior of Sonuel ‘eon 0 Ouores

dreplets, or droplets te study & wave, This abil ry © shift fecus acnss varbus scales &s
the estence of reneemalization.



QFT: from QED to the Standard Model

 Quarks and Leptons are the fundamental blocks
of nature (3 families),

* Forces obey the gauge principle (Weak,Strong,

E.M.), e SM (pert.) is defined by a

set of Feynman rules

* Mass comes from the interaction of particles with
the vacuum,

Standard Model Interact ons
Forces Meciated by Gauge Bosons)

e The Higgs boson was found at LHC (m=125 ; Ax , A A
Y AVAVAV; "v'\;'u \< S00000 3 \){\
X KX RX
2 isany fermionin Xiseectncallycharged. X isany quark.
the Standard Mode.,
/ {
7 D ¥ y< 3
wo/ w 0
ANNNL ‘\f\/\/\x/ ’ %&'%TIG)G
\‘U '.\!" =19
sy — 1t i 2atay 4 17 A gty Uis aup-type qt;;irk; Lis a lepton and vis the -
V(0)="24"0'9+A(9'9) D sadown-type quark corresponding nautrino.
[ % .
Giroundstate at ’o‘): | = Il =1 \—L W 1. W:..; i?‘_';. q
o W Vg 9%, &
2 ' $2
5K e LLHY & g
¥ f X ) \)rg
; o= Vd'p = od 1 ¢"d’ Xisaphotonor Z-bosor.  XandY are any two “

electrow=ak bosons such
thatcharga is conserved.



) Introduction: The Birth of Quantum Mechanics

e Planck and the Black-body
radiation -> Quantum (E=hv),

e Einstein and the photoelectric
effect,

 Bohr and the atomic spectrum,

* Heisenberg, Born, Jordan,

Matrix Mechanics -> p & g are matrices
( -> Uncertaintity Principle)

e Schrodinger, Bohr, Born,

Wave-functions -> Probability

e Pauli, Dirac - bras and kets




in Kev ¢

"L\‘A ‘(cb( ",‘-‘)\'
p;'l\\f'c dhve ‘

U l‘l( L oveand
- ‘)‘_‘Vu.‘. ! :




In summary QFT/SM is great, but ...

Great success, from QED to the SM,
We want more: Unification,
- Gran Unfied Theories (GUTs)

Solve the Dark Matter and Dark
Energy Enigmas,

The Higgs generates the inertial mass,
what about the gravitational mass?

Find a quantum theory of gravity (QG)!
String theory (A TOE?) or LQG,

But is this all? Are there other
formalisms for QFT? Is it a theory of
particles or fields?

SUPERSTRING
M-theory

heterotic

E‘ &md S‘U(fJ

Uni€ication

Mat ter
Anti-matie




Results up to 2nd order in kappa:

e Expand the metric first, Los 29’*"(m(...-a + 928,0 — JaB )

. 3 N +(0) 7y 2
e Evaluate Christoffel Iy =T 4,007 4 k2027 4 ..

symbols:

e Then, can calculate

Riemann tensor: ) 8 (1) 8
Rya Rpau Ruau +
e Ricci Tensor: R, =R, R,, = R\ + xkR() + k*R() +
e Scalar curvature: R=g¢""R,. R=R® + kRM £ x2R® 4
1 1

. And do not forget to V—g9=1+ zmhﬁ - 8n2h"h,

iInclude expansion of 1 1 .,

Sqrt(-g): =1+ znh—-src h* + ...




Results for amplitudes on-shell:

e For squared Riemann tensor:

1.2 L= \/TQQ‘R;LUQBR#UQ'S
1.2.1 Caso I: A\; = Ay = +2 Caso II: \; = +2,\y = =2

2
Ag}B(¢h+h+) — %[kkl]d .Ag;B(¢h+h—) -0

2 Interacciéon con campo pseudoescalar ¢;

21 L= \/_g¢56#VPGR#UQHRpaQ3/4 Caso II: A\ = +2, A2 = —2

2.1.1 Casol: \i = Ay = +2

: . n2 - APS. (6 b h) — 0
Az (ésh™hT) = K° 4[<k:k]>.2egauakdk'*’(k’lv"|k]<klv°|k’] 8~ {#sh7H)

4 4
PS.(x p+p+\12 — B /nan2ren2/008\2100112 — B /41214
AP (gsh*h*)[2 = ToCkR Y IRE TR KK = T (kR [kK) and morel




What is next?

Evaluate the loop function,

Result known for 3-point
vertex at one-loop

We are interested in applying
Higgs Low-Energy Theorems
|.e. From graviton self-energy -
> Higgs-graviton interactions

Work in progress: D. Amaya,
J.L. Diaz-Cruz, B. Larios,
Mario Aldair Perez,




