Quantum symmetry breaking in quantum field
theory: physical or spurious ?
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Simple Examples: 1

‘It is a tricky problem to evaluate divergent integrals in itself...
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Example 2: BDI (1loop)
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Example 3:
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Example 4:
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1) Symmetric Integration is not valid in 4110 5 1_, 4719 pre D
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2) Hidden (undetermined, regularization dependent) parametersin BDI’s ? Yes, indeed.
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Standard Model (2012) 6
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Higgs boson discovered!




Standard Model (pos-2012) 7

@ Scalar sector scrutinized
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Standard Model (pos-2012) :

@ High Energy Physics (colliders)

© Small deviations

/ \

BSM predictions Increase precision

]

@ Open questions:
No gravitational interactions included;
No candidates for Dark Matter;

Matter-antimatter assymetry;

¢ € ¢ ¢

http://cds.cern.ch/re cord /628469

SuSy ? Composite Higgs Models?




Precision Frontier ’

@ High Energy Physics

]

Precision calculations

!

@ Low-energy observables
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Precision Frontier =
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@ More loops m@@@@m
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\ Phys.Rev.Lett. 109 (2012) 111808

New regularization techniques that
operate "9 7;&>;@'5%658&9'5"9
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More efficient algorithms
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Drawbacks
I Gamma 5 matrix
| SuSy breaking
I incompatible with helicity methods
I Infra-red versus ultraviolet divergences in
cross sections and computer algorithms ...
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@ New regularization techniques:
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@ New regularization techniques:

2 Implicit Regularization

0. A. BATTISTEL, A. L. MOTA, and M. C. NEMES, Mod. Phys. Lett. A 13, 1597 (1998). DOI:
http://dx.doi.org/10.1142/50217732398001686

CONSISTENCY CONDITIONS FOR 4-D REGULARIZATIONS
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From the study of well-known divergent amplitudes we deduce three consistency conditions which are necessary and sufficient to
eliminate ambiguities and symmetry violations. The conditions relate divergent integrals of the same degree of divergence and are
automatically satisfied within the context of dimensional regularization. We show how the deduced consistency conditions can be

satisfied in four-dimensional regularizations. An important conclusion of the present study is the possibility of working with 4-D
regularization schemes which preserve the virtues of dimensional regularization avoiding, however, its restrictions.

w= Sistematization of ambiguities

PHYSICAL REVIEW D 87, 065011 (2013)

(Un)determined finite regularization-dependent quantum corrections: The Higgs boson decay
into two photons and the two-photon scattering examples
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We investigate the appearance of arbitrary, regularization-dependent parameters introduced by diver-
gent integrals in two a priori finite but superficially divergent amplitudes: the Higgs decay into two
photons and the two-photon scattering. We use a general parametrization of ultraviolet divergences which
makes explicit such ambiguities. Thus we separate in a consistent way using implicit regularization the
divergent, finite, and regularization-dependent parts of the amplitudes which in turn are written as surface
terms. We find that, although finite, these amplitudes are ambiguous before the imposition of physical
conditions, namely, momentum routing invariance in the loops of Feynman diagrams. In the examples we
study, momentum routing invariance turns out to be equivalent to gauge invariance. We also discuss the
results obtained by different regularizations and show how they can be reproduced within our framework
allowing for a clear view on the origin of regularization ambiguities.
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We illustrate with examples that quantum symmetry breakings in perturbation theory are connected to
breakdown of momentum routing invariance (MRI) in the loops of a Feynman diagram. We show that
MRI is a necessary and sufficient condition to preserve Abelian gauge symmetry at arbitrary loop order.
‘We adopt the implicit regularization framework in which surface terms that are directly connected to
momentum routing can be constructed to arbitrary loop order. The interplay between momentum routing
invariance, surface terms and anomalies is discussed. We also illustrate that MRI is important to preserve
supersymmetry. For theories with poor symmetry content, such as scalar field theories, MRI is shown to be
important in the calculation of renormalization group functions.

DOI: 10.1103/PhysRevD.86.025016 PACS numbers: 11.10.Gh, 11.15.Bt, 11.30.Qc
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@ New regularization techniques:
“ Implicit Regularization
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SYSTEMATIC IMPLEMENTATION OF
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Systematisation to arbitrary

Implicit Regularization (IReg) is a candidate to become an invariant framework in
momentum space to perform Feynman diagram calculations to arbitrary loop order.
In this work we present a systematic implementation of our method that automatically
displays the terms to be subtracted by Bogoliubov’s recursion formula. Therefore, we 0 O p O r e r
achieve a twofold objective: we show that the IReg program respects unitarity, locality
and Lorentz invariance and we show that our method is consistent since we are able

to display the divergent content of a multiloop amplitude in a well-defined set of basic
divergent integrals in one-loop momentum only which is the essence of I[Reg. Moreover,
we conjecture that momentum routing invariance in the loops, which has been shown
to be connected with gauge symmetry, is a fundamental symmetry of any Feynman
diagram in a renormalizable quantum field theory.
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Supercurrent anomaly and gauge invariance in the N =1 supersymmetric
Yang-Mills theory

Y. R. Batista,"" Brigitte Hiller,”" Adriano Cherchiglia,”* and Marcos Sampaio™*
"UFMG—Universidade Federal de Minas Gerais, ICEx, Dep. de Fisica, Av. Antonio Carlos, 6627,
Belo Horizonte, MG, Brasil, CEP 31270-901
*CFisUC, Department of Physics, University of Coimbra, 3004-516 Coimbra, Portugal
SUFABC—Universidade Federal do ABC ., CCNH—Centro de Ciéncias Naturais ¢ Humanas,
Campus Santo André, Avenida dos Estados, 5001, Santo André—SP—Brasil, CEP 09210-580

l@ (Received 29 May 2018; published 26 July 2018)

We analyze Feynman diagram calculational issues related to the quantum breaking of supercurrent
conservation in a supersy mmetric non-Abelian Yang-Mills theory. For the sake of simplicity, we take a zero
mass gauge field multiplet interacting with a massless Majorana spin-1/2 field in the adjoint representation
of SU(2). We shed light on a long-standing controversy regarding the perturbative evaluation of the
supercurrent anomaly in connection with gauge and superconformal symmetry in different frameworks. We
find that only superconformal symmetry is unambiguously broken using an invariant four dimensional
regularization and compare with the tnangle AVV anomaly. Subdeties related to momentum routing
invanance in the loops of diagrams and Clifford algebra evaluation inside divergent integrals are also
discussed in connection with finite and undetermined quantities in Feynman amplitudes.

DOI: 10.1103/PhysRevD.98.025018




1 P . 1
L =_E-FELFEPL 1 Ewa}‘p[.ﬂpw;la 1 ECECJ

VI[/-1H-1X12 ) F ¥ D3Py, A %[Eipﬂﬂ]21
25

Eﬂﬁw ‘I E_l:,hm;l ‘I Epmj;:*

(AR ! i, #3

|I9P:$5:97-#96&F@ D$:9'("$8:75"9' (@2l )" FR " TG

(C2! @&'D,#?

1#>&$%HS$&IT S, = —i(fay, 07 e)Fiy

F'9'&$P&6B7 7$&R&P&? f'jp {Ph}'u,lﬂp |l:|-h}.".,,} = ().

SP—};piﬂp

N9"8:? @M7#6@Y ;&>%$"%&"

19



(p*—g¢")Sgk =0, | Gauge Invariance
N$6- 16&9757384P&RE&P&?

vgabh — i
95 =0 ISupersymmetry Conservation

7S =0. | Rarita-Schwinger Constraint

| 2">9%"$$8%75"9

20

"Cab — Yab _ Yab aky ab ab
[-SEI" 1=loop = EF'“’ T EF'“’A ‘I EF'E’H { EF'I’;.' { EF”“:J
I fi I
5 - S I + +
P if i

Iy b, 1 i1 b, 1 i1 b, 1 i

FIG. 3. Bubble and triangle graphs contributing to the process §, — w + A,

{q

b, 1




21

R&'#?759:-57&%:7#$&

TABLE L. Supercumrent anomaly in SYM N = 1 in the Wess-Zumino gauge within different regularization schemes. Notice that the
three Ward identities cannot be satisfied simultaneously at quantum level just as the AVV triangle.

Framework Gauge invariance Supercurrent conservation  Spin constraint (Rarita Schwinger constraint)

Rosenberg method [53] v X
Preregularization [57) v (X) X (V)
Cutoff [57] v (X) X (V)
Analytical regularization [76] v X
Point-splitting [77,78] v/ X (V)
Dimensional reduction [75,79] v X (V)
Dimensional regulanzation [78,80] v v/
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setting 5Ts to zero amounts to implement MRI and
consequently vector gauge invariance, namely
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showing that the supersymmetry Noether current remains
conserved and the spin-3/2 constraint presents an anomaly.
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