A consistent framework for the regularization
of chiral theories in 4D: a two-loop study
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l Reqularization methods in 4D

mplicit Regularization

od. Phys. Lett. A 13, 1597 (199

Four-Dimensional Regularization
JHEP 1211, 151(2012)
Four-Dimensional Unsubtraction

JHEP 1608 (2016) 160

tailored to extract UV divergences

complies with BPHZ (unitarity, locality, Lorentz invariance)
A. C, Sampaio, Nemes (2011)

complies with abellian gauge invariance to all-orders
Ferreira, A.C, Nemes, Hiller, Sampaio (2012)
Vieira, A.C, Sampaio(2016)

non-abelian gauge invariance working examples
A. C, Arias-Perdomo, Vieira, Sampaio, Hiller (2020)

IR divergences under study (1 and 2 loop)
Eur. Phys. J. C (2017) 77:471
Eur. Phys. J. C (2021) 81:250
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l Implicit Regularization - non-abelian

A. C, Arias-Perdomo, Vieira, Sampaio, Hiller (2020)

Zg _ 221/2

@ored to extract UV diverge@ > 5 - function

Background field method
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l Implicit Regularization - non-abelian

A. C, Arias-Perdomo, Vieira, Sampaio, Hiller (2020)

. 7 Z—1/2
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l Implicit Regularization - non-abelian

A. C, Arias-Perdomo, Vieira, Sampaio, Hiller (2020)

Cailored to extract UV divergences > 5 - function

Background field method

s=a (g () (T ()] ey

* (UV part) comply with non-abelian gauge invariance igz A
A

* Connection with dimensional methods (own subtraction scheme)

717125
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l Implicit Regularization - chiral

Viglioni, A.C, Vieira, Hiller, Sampaio (2016)
Bruque, A.C, Pérez-Victoria (2018)

{7u775} =0

Example — 2D (euclidean space)
tr({7s, Yu b VoY Yo) = tr(VsVu Yo Yo Yo ) + (V5 Vo Ve) = —4 (Guv€po — GupEro + Guo€up)

(S (V5o ) F (VY5 V Ve Yo ) ) I ] 5 = dmep, # 0O
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https://inspirehep.net/literature/1467471
https://inspirehep.net/literature/1664392

l Implicit Regularization - chiral

Viglioni, A.C, Vieira, Hiller, Sampaio (2016)

Bruque, A.C, Pérez-Victoria (2018)

{,7,&7 75} =0
Even in 4D methods, chiral theories
Example — 2D (euclidean space) must be dealt with care!

[(tr(’757u7u7p70) + tr(VuVSWV'VpVU))IMU]R =—4 [(gw/epa — Gup€vo Vp) I'MU]R

kHEC k?
Iuo IR = Guo [/d2k<k2+m2)2] 7 [/d2k(k2_|_m2)2] = [9uo 1" |R
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l Implicit Regularization - chiral

Viglioni, A.C, Vieira, Hiller, Sampaio (2016)
Bruque, A.C, Pérez-Victoria (2018)

v5 € GnS
GnS=GnS & X QdS = GnS ® Q(—2¢)S
IReg DReg
Iuo 1" R # [9ua "] R
a0l 1“1 = [Gu0 "R QnS = QdS ® Q(2¢)S = GnS ® Q(—2¢)S ® Q(2¢)S
DRed

* One-loop examples — need symmetry-restoring conterterms

Bélusca-Maito, llakovac, Mador-Bozinovi¢, Stockinger (2020) 10/ 25
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l Implicit Regularization - chiral

A.C, To appear

* Toward two-loop level

— abelian left-model

1 _ _
GnS — » Lp= —7 WM + i dr + e Ay

1 _ B
QnS=GnSHX — » L= —7 WP+ i@ + e A

y
gauge breaking term % (&L@@DR + ZER@¢L)
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l Implicit Regularization - chiral

A.C, To appear

2(p)|aiv = i€ [ / (;i];l (k2 —1 >\2)2] ﬁPL +©Fﬁ

L= _iF/wFW/ —|— G@ELAwL
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l Implicit Regularization - chiral

A.C, To appear

(p1 + p2)" { L. { Tl F.—pl — —; Rm }

63

(p1 + p2) I (p1,p2) = e [X(p1) — X(—p2)] — (I (p1 + p2)u 7" Pr.

/

GnS
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l Implicit Regularization - chiral

A.C, To appear

naive scheme {7Vu,V5}) = 0

Gailored to extract UV divergence

e 4 transverse

- 4 —
1€
-~®~% Apuvlaiv = W [gwpz - pupu} Ve QED

p=els () +4(5)

A fre@] e
3 \4m 47 —

=) 4


https://inspirehep.net/literature/1664392

l Implicit Regularization - chiral

A.C, To appear

naive scheme {7Vu,V5}) = 0

O (O

|2 en? 5 e \4
UV countertems cancel 5_6 § (E) + (E)

(subdivergences)

15725
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l Implicit Regularization - chiral

A.C, To appear

OnS = GnS ® X

~M®M\ e 4 transverse

, ie* o .
'A,uz/‘div — W [g,ul/p - p,upl/} F QED
D = [3 ()’
2 4
p=e E (1) 130 (37) ]
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l Implicit Regularization - chiral

(A O

UV countertems DO NOT cancel

(subdivergences) ( j
1 _
L= _ZFMVF/W ‘|‘ e Ar

QnsS 17 /25

A.C, To appear

QnS =GnS e X

S(p) e = ic? [ / (;Z;’; 7 ! A?)Z} #PL
GnS
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l Implicit Regularization - chiral

(A O

* Finite restoring-symmetry countertems

A.C, To appear

QnS =GnS e X

63

(p1 +p2) [*(p1,p2) = e[X(p1) — X(—p2)] — (4r)? (p1 +p2) Y PrL

.

GnS
18 /25
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l Implicit Regularization - chiral

N@M * Same result of naive scheme

A.C, To appear

OnS = GnS ® X

4 7 e \2 e \4
b ()
b 6{3(47r)+ An }

ﬁz_%FuuFW—i—ﬂZ(Zw
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l Implicit Regularization - chiral + non-abelian

A.C, To appear

naive scheme {’YW v5+ =0

Non-abelian Left-Model analysis v

SM gauge coupling ﬁ - function up to two-loop order v

NS =GnS o X

Non-abelian Left-Model analysis

SM gauge coupling ﬁ - function up to two-loop order
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l Conclusions

Given the prospects for future years, it is a necessity to increase precision of electroweak
radiative corrections;

It is well-known that the treatment of chiral theories is tricky in dimensional methods;

Regularization methods in 4D share similar problems. However, the setup may be simpler;

Step forward 2-loop analysis:

> simple abelian chiral model as a working example
> non-abelian chiral theories:
- analysis in the naive scheme completed
- amplitude obtained, counterterms ongoing

21725
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l Backup QnS  guoll"In # [9uo 1" ]n

GnS  GueI"r = §ucI" R

M () = () (=ie)* [ Tr{'m 0T }

‘ ko, - ka,
il (p) = (—62)Tr{7u7a7v’76(laﬁ - Iapﬁ)} where  fa, . a, = /k k2(k —p)?’

2b
(g,uvp2 - p,upu) + gg,w

I, 4 9 p° 5
— L)) —bIn [ =2 ) + 2
"Ce?) 3[1g( ) n( ol

2 1 . kak bp?
j/ 2 2 ::U/q ;=0Fyg Bb/n 2 ’ 2~ g
k k*(k —p) k (k—Dp) k k*(k —p) 6
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