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v Dilaton Wess-Zumino action from the conformal anomaly



Superconformal sum rules and the
spectral density flow



Review: The AVV diagram and the pion

The anomalous AVV diagram with an axial-vector current (A) and two vector currents (V)

is characterized by a massless singularity

n
A v Dolgov, Zakharov. Nucl. Phys.
A
AN o k_g B e ks B27, 525 (1971)
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v The axial anomaly pole appears
14

in the AVV diagram

The pole structure clearly describes the pseudoscalar pion 1

the anomal fral density in o0 .
& anomalous spectral density 1 / pls,m%)ds = f Horejsi. Phys. Rev. D32, 1029 (1985)

the AVV possesses a sum rule ™Jo

this is a general feature of anomalies (chiral, conformal, superconformal)



Sum rules

The existence of a sum rule implies a particular behaviour of the spectral density

we consider a sum rule with a mass deformation parameter m to

control the spectral density away from the chiral/conformal point

1 fm p(s,m*)ds = f with f #0 and mass independent

T Jo

+ the spectral density is integrable

« its scale dimension is fixed (

massless state propagating

this corresponds to a

* p(s, m?) flows towards a 6(s) as m goes to zero
in the theory
* a pole-like behaviour appears also in the UV

: 2 2 02\
anomalies are IR/UV phenomena i, F (k7 m )=F A~ — ==



The conformal anomaly case

+ Conformally anomalous correlators possess spectral densities with a

convergent sum rule

+ Asthe AVV case, it has been shown that the TVV correlator, (T is the energy-
momentum tensor EMT) shares a similar behaviour dictated by the conformal anomaly
this has been proved in QED, QCD and in EW sector of the SM

TH RARARS = — -

this can be interpreted as an effective \ ]

exchange of a conformal

scalar, the dilaton, coupling fo the trace P

anomaly pole
of the EMT, in full analogy with the pion

In the following the superconformal anomaly case is considered, in which

chiral, conformal and superconformal symmetries are treated in a unified way



Anomalies in N=1 Super Yang-Mills

Consider a N=1 Super Yang-Mills (for instance SuperQCD)
vector (gauge) supermultiplet V = (Ai‘m A\ Da)
chiral (matter) supermultiplet b = (gb“ Xis FZ>

we can infroduce the Ferrara-Zumino (FZ) hypercurrent

= _ D
V,i€e'Vai—e"D;iVa+V, Dy eV1 d

v IRV
Toi=Tr[Wie" Wae "] -5

1y v ,
Wa =2gW5Te = —ZD?ei‘ Dae'

which describes a chiral supermultiplet containing the EMT, the R-current and the
supersymmetric current
J = (RF,TH SH)

* in a classical superconformal theory the FZ hypercurrent is conserved DAJ 4i=0

the chiral superpotential W must be
cubic or vanishing



Anomalies in N=1 Super Yang-Mills

in the quantum mechanical framework, the FZ develops a superconformal anomaly

_g 23TG — Zf T(Ry)
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A4 3 1672
The components of the FZ supermultiplet are
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5,5 = Bia NG FS,




Perturbative computation

We look at the three correlation functions responsible for the appearance of the

superconformal anomaly
0TI (pg) = (RM(R) A" (p) APP(g))  (RVV),

T ) = (Sh AT N(a) SV,

ST ) = (TR A () A ) (TVY)

they are constrained by the vector current conservation

pa U8 (00) = 0. Tl (p.q) =0,
Pa T (p0) =0,
Pa T (00) =0, asTi" (p.q) = 0
and by the conservation of the supercurrent and of the EMT
ik DG (pra) = =29 0" T oz () — i) ()
B

Ri(k)

A" (q)

. waof UL v - av VC 2%
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Perturbative computation

Samples of the one-loop perturbative expansion of the three anomalous correlators
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Explicit results

«  We show the chiral matter conftribution in the on-shell gauge currents kinefimatic region

+ A massive chiral supermultiplet is employed to stay away from the conformal point and to

study the flow of the spectral densities

2 ,
o g T(R) 2 o\ K
Dgy pa) = i—5 g ¢ m7) o5elp g, 0. 8],
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Explicit results

We show the chiral matter contribution in the on-shell gauge currents kinetimatic region

A massive chiral supermultiplet is employed to stay away from the conformal point and to

study the flow of the spectral densities

) supercc;nfom’*nal
M) = i ) aromay P
Iigpa) = i%%%%ﬂ’ A L dy(k m?) sh
I va) = %l (p,q)+%¢2(k2$m2)t5§a3(nm

The first form factor is the anomaly contribution
9 9 9 9 9 this is interpreted as the
dy(k7,m*) = —1-2m"Co(k",m"), residue of the pole

Dy(k2,m?) = 1—Bo(0,m?) + Bo(k*,m?) + 2m>Co(k*. m?)



Anomalous spectral density

Spectral densities can be computed using cutting rules or exploiting directly the analytic

continuations of the two- and three-point scalar integrals

The spectral density of the anomalous form factor (K2, m2) = &1 (k2, m2) /K2
1+ \/T(s,m2)> 0(s — 4m?)
L= /r(s,m?) (02, m?) = T AT

1 2mrm?
px(s,m?*) = o Dise x(s,m?) = ZT log<

Pyl
10

sk Representatives of the family of spectral densities
I plotted versus s in units of m2.

0.6
ol The family flows towards the s=0 region becoming a

é(s) function as m? goes to zero.

021




Anomalous spectral density

The spectral density is integrable and satisfies a convergent sum rule

1

T Jam2

-/ dspy(s,m?) =1

the anomaly coefficient has
been factorized for convenience

The discontinuity of the anomalous form factor is characterized by a cut for

k2>4m?2.

There is any resonant state of the pole at k2=0 in the massive case (decoupling)

The spectral density flows fowards a 8(s) as m goes to zero

1
lim —p, (s,m?) = d(s)

m—0 77

anomaly accounts for the appearance of massless states in the spectrum,

one for each component of the superconformal hypercurrent

dilaton

o axion

A(p)
T/.,/(MW% m;\;‘)f\m—qi
A7) A¥3(q)

dilatino




Non-anomalous spectral density

The non-anomalous form factor ®2

08

06

oaf

needs a subtraction for its integrability (is affected by renormalization)

does not possess a sum rule

tends to a uniform distribution as m goes to zero

1. 2 2
— lim pg, (K%, m%) =1

there is a sort of duality between the two spectral densities for m->0

os-( /

anomalous

spectral density

=

04

non-anomalous
spectral density
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20



Conformal anomaly in QCD

The anomalous correlators (TVV) expands onto three form factors

3
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The explicit results in quark sector are
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This spectral density is not anomalous, ral
but is integrable and with a convergent sum rule \

another massless state
in the spectrum?



Extra pole cancellation in susy theories

Supersymmetric theories force the extra pole to cancel

In a general Yang-Mills theory the confribution to the non-anomalous form factor

with the pole-like behaviour is

Nyp (f < . .
fokY) = 7f 2(f)(k2) + N, fé")(k2) TNy fQ(A)(k:Q) Bosonic and fermionic
confributions have
_ g2 —&T(Rf) LN T(R) LNy T(A) opposite signs

14472 k2 2 2 -2

f2fl for a Weyl fermion, f28 for a complex scalar, f24) for a gauge vector
+ chiral supermultiplet Nf=1,N.=1,Ns=0 T(Rys) =T(Rs)

« vectorsupermuliiplet Ny =1,N;,=0,Ny =1 T(Ry) =T(A)

there is no ambiguity in a susy theory

Superconformal ) Anomaly poles
anomalies (massless states)



Remarks

v" Analysis of chiral, conformal and superconformal anomalies

and their sum rules in perturbation theory
v Anomalous spectral densities flow towards massless states

v' Axion-dilaton-dilatino supermultiplet naturally emerges from the quantum

breaking of the superconformal symmetry

v Unambiguous interpretation in a supersymmetric context:

one-to-one correspondece between anomalies and anomaly poles



Fermion interactions in a gravitational
background



Fermion interactions in a gravitational
background

+ One-loop Standard Model (QCD & EW) corrections to <Tfff>in the
flavor diagonal and off-diagonal sector

- classification of the operators
- computation of the form factors (including the full mass dependece)

- computation of the deflection angle of a fermion in a gravitational
background (gravitational lensing of neutrino)

Tispi fispi

s h fispi fispi
h _-7 < <
m’\ Vﬁ \‘
‘\\ [ 1
~ ’
< <
fispi fispi h i

7
<
fis

fispi
Dashed lines can be gluons, photons, Higgs, Z and W bosons



Fermion interactions in a gravitational
background

+ Compute the SM effective action at one-loop order in a dilaton

and a gravitational background
* Inspection of the electroweak corrections to the Newton's potential

+ Scattering of a fermion in an external gravitational field generated

by heavy sources (star, black hole, galaxy)

* Analysis of the gravitational interactions of neutrinos

(differences between Dirac and Majorana neutrinos?)



Vacuum stabillity in abelian extensions
of the Standard Model

(in preparation)



B function of the Higgs quartic coupling V,
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Review: the vacuum stability of the SM

Effective potential:

Verr

stable
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unstable



Vacuum stability in abelian extensions of SM

» The requirement of vacuum stability of a SM extension, up to a given scale

(GUT or Planck), can be used to constrain its parameter space

* We are analyzing the stability problem in one of the simplest extensions

ofthe SM  SU(3). x SU(2), x U(1)y x U(1)

* The spectrum of the SM is augmented by new states:

’ ’\
¥ Agauge boson new heavy scalar
v A complex scalar ¢ fo achieve U(1)’ SSB (vev ~ TeV)

v' SMsinglet fermions to cancel U(1)" anomalies

k explains small neutrino

T~ masses through seesaw




Vacuum stability in abelian extensions of SM

+ Consider for instance the B-L (Baryon - Lepton numbers) extension

v The type-l seesaw is implemented in the Yukawa sector

Lok = Lsniyuk — Yy L- HUG — Y ¢ 0505
v The scalar potential is given by
V(H,¢) = miH H +m36To + A (HTH)? + Xa(67)* + A (HTH) (670)

v" The vacuum stability conditions are

A >0, XA>0, 4M\A—A2>0

RGEs are employed to study vacuum

stability up to the Planck scale



RGE@NLO

Mathematica package for the automatic computation and the

numerical solution of the two-loop RGE in a general QFT

» Input: Gauge group (SU, SO, Sp, G2, F4, E6, E7, E8),
Field (Superfield) content, (Ireps may be specified by Dynkin labels)

Potential (Superpotential)

» Output: g functions and anomalous dimensions at two-loop order
results are saved in Mathematica and LaTeX files

a code for the numerical analysis is generated



Some preliminary results

type - I seesaw , v'=3.5TeV, m, =100 GeV

2 -002 — m,, =100GeV
-=-- m,, =1000GeV

== m,,_ =1500GeV

00 10° 108 10! 1014 1017

2500

U(1)p.p with type—1 seesaw, v'=3.5TeV, §=0.1

Regions in which the stability
conditions are preserved up to
105 GeV (blue)

107 GeV (green)

105 GeV | )

107 GeV (red)

mh2 - mass of the heaviest scalar

B - mixing angle in the scalar sector

mvh - mass of the heavy neutrinos



Remarks

v The requirement of vacuum stability may constrain the parameter space

of a model

v Different seesaw mechanisms can be analyzed in the context of vacuum

stability and RG evolution

v The complete two-loop analysis requires the computation of effective
potential, matching conditions at the EW scale and possible threshold

corrections



Backup slides



The N=1 supersymmetric Lagrangian in the component formalism is

1 “\a ab\ . -
L = —ZFSVFWV + X' DN + (D%Cf)j)T(Dikué/)lf) + ZXjUﬂDZ-TXi

—V2g (J\aXin}cf?j + ¢IT{}>\GXJ‘) — V(g o") — % (XixjWij () + h.c.)

The component expansion of the superfields are
®; = ¢; + V20x; + 0 F;
W4 = My+04D" = (0"0)aFs, +i6° 0", DAY,

Ve = 00MGAL + 070N + 620N + %0252 (D* + 0, A“H)

The terms of improvement, necessary only for a scalar field, are

Gn ﬂ o g (v These ensure the vanishing of the classical

Pra T gt [" AX;@-)} / tfrace of the EMT and of the gamma-trace of
" L2 oy o the supercurrent for a classical superconformal

1 = 3 (02 — 010" b theory



The two-point functions appearing in the Ward identities are

D) = =0 (i - 2 ) S

P ) = i puot, SOV,
with

SN = L (T(R) By ) — T(A) Bo(p.0)}

SOV = L TR B m) + T(4) By 0))
Two- and three-point scalar integrals

Bt = o [y
Gl + bt = o [ ey

Bo(p3, m?) = By(p?,m?, m?) Co((p +q)%.m*) = Co((p + ¢)%.0.0,m* m? m?)



tensor structures in the susy computation
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tensor structures in the gcd computation
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