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Dimensional regularization and chirality

m Precise predictions in Standard Model and beyond are possible due to
renormalizability & knowledge of relevant input parameters.

m The formal proofs of renormalizability rely on assumption that gauge
invariant regularization exists.

m Involved multiloop calculations feasible thanks to Dimensional
Regularization (DR).

m DR preserves BRST symmetry of vector-like gauge theories (no chiral
objects present).

m Multiplicative renormalization of the tree-level Lagrangian.
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Chirality and dimensional regularization

m The existence of chiral fermions is a fundamental fact of nature.

m SM transformations of leptons under SU(2):

er — ep = €r,
b=t =e Ty,
m s properties in D = 4:
{4} =0,
Tr("y/'y"3"y7) = 4ie"*7
Tr(ab) = Tr(ba).
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Chirality and dimensional regularization

m 5 properties in d # 4 extension can not hold simultaneously — algebraic
inconsistencies

m Naive scheme

(9"} =0, Tr(¥*y"y "y 7) #4ie""7, Tr(ab) = Tr(ba).
Non-cyclicity schemes

(V" =0, Tr(y°7y""y7) = 4ie""*7,  Tr(ab)#Tr(ba).

m Breitenlohner-Maison-'t Hooft-Veltman scheme (BMHV)
Breitenlohner& Maison'75,'76,'77.

{75,7”} #0, Tr(vs'y”'y”'y"'y”) = 4ie""?? Tr(ab) = Tr(ba).
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Breitenlohner-Maison-"t Hooft-Veltman scheme

m Mathematical rigor with perturbative all-order consistency with
fundamental QFT properties - unavoidable in exact treatment of chiral
theories.

m Extension to d = 4 — 2¢ — evanescent objects
d-dim.:gu,, 4-dim.:g., (=2€)-dim.: 8. = gu — Guv -
m Algebra properties:

{’757'7H}:07 [’757’3'” :07
{95,7"} = {5, 4"} = 295", [vs,7"] =[5, 7] = 257" .

m At what cost?

gauge fance BRSIT. multipheative ren.
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Chiral QED
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Chiral QED in d = 4

v 1 ~
L =wpr;(#" 05 + 1eall” Vrij)1br; — fF“ Fuw — i(auA“)2 —&c+
+p"sA, + R'sibr; + R'sg,

m BRST transformations
sA, = 0,c, s = syr; = 1ea c Vrj¥R;

sc=B= —%6A, SE,- = S%,— = ZeA%jCijw

m Slavnov-Taylor identity for the tree-level action:

S(si*Py = s( / d4x£> =0,

where the Slavnov-Taylor operator is given for a general functional F as

/d OF OF 6F5F+5f6i+86f
Sp 6A, SR ohi - ORI §ep, dc
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0O®@000000

Chiral QED in d # 4

m Chiral 4-dimensional current 1r;7y"t¢r; can be extended in d in several
ways:

Vi PRy PPy ey, ¥ Py Prejy .
m Choice for fermionic part — left-chiral field is gauge singlet.
Ltermions = @,—&M + eAyRij%,‘Aij
= P + eaVrijrAR; + Za,@wi ;
m BRST breaking — Su(So) = Sa(So,im) + Su(So,evan) = B
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Symmetry restoration

m Total Lagrangian:
Ltotal = £0,inv + EO,evan + £sct,inv + £sct,evan + £fct,inv + Lfct,restore + Lfct,evan .

m Gauge invariance and BRST symmetr){ are restored order by order by
adding suitable counterterms — S( ,e,,) =0=s, .

m Upgrading to the multiloop case: where is breaking coming from?
Sa(Toreg) = (B + Act) - Toreg ;  RegQAP
where

A = Sd50 = SdSO ,

ot = SaSct = Sd(sct) = Z Act ) Ai:t = Sdsét .

i=1
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Symmetry restoration

m Perturbative expansion of the effective action

Sa(Tpreg) = A + Z B (B - Tores + Z Al Tl + al)

in renormalization limit gives set of equations

LIMy_s A =0,
LIMg—a bReg + Z Ak - DIR:g) + Alct) =0.

m Restoration example - back to U(1) Chiral QED (xQED).
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Chiral QED in d # 4

Gauge boson self-energy @1-loop

AM —_— AV
p

26/24 2Tr(yl2?) —2—pnv

Zr:i(P)Lj.v XQED — 1671,26#(5“ -pg") -

zeA Tr(yR)&fw
l6n2¢ 3 P& >

v 1 v 2 v
ZrAi(p)L(ii\B, QED T Tgr2¢ f(P”P -pg").

Insertion of breaking

2 2
ex Tr(VR) ~2—
— Z[A rAC d|v — 16;\26 (3 R)p12p1# ,

lex Tr(VR) = Az P
Dlee = S4(S vqen) = T 3 / d*x(Duc) PA = —[A-T)W.
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Chiral QED in d # 4

Finite BRST-restoration counterterms @1-loop

Pl S
A, m P2 A,

2 2 4 4

1— _ _
+ <1 - 6£A) e zj:(yé)jwﬂ“am) + Stet,BRSTiny -

m New operators in action — new counterterms — multipheative ren.
v P
I v —
p
e
0
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Chiral QED in d # 4

Gauge boson self-energy ©@2-loop

4
1€, 2 Tr()i | p— "
So6nic 3 (PP —Pg)+
’Lei Tr(yﬁ’) ~2—puv

72567r462 6 P& -

v 2 Ze — =V —2—uv
FhP)E) geo = 256A4 2 Tr (VY (PP —P8").

eh 17 Tr(VR) o
25674e 72 re

ZFZZ(P)MW XQED —

Insertion of breaking

(1A + a9 F)CA L MK——H) gt — Lt + o)

25674 6 e 12 4

(A I_DReg + Act I-Dng + Act) div =0
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Chiral QED in d # 4

A . A

! . .
[ C AS“[} C A [ -A (&
Ay Am Ay ot Ay ;m Ay ;m Ay ;wl

m BRST restoration in finite part

Ay An

(B Thpeg + AL - TOhey) o + Afe =0

fin

_ &
ft 2567

-k (b - —Tr(yR)) (38 )}

+ any BRST-symmetric term .

{* (yR)*A TA A ARALAY

ACHT 2021 UNIZG PMF Fizicki odsjek



Conclusion
(]

Conclusion

m Chirality is the property of nature.

m Algebraicly consistent treatment of chiral theories achieved in BMHV
scheme.

m BMHYV breaks gauge invariance, BRST, and multiplicative renormalization
is lost.

m Symmetries can be restored order by order in perturbation theory by
adding suitable counterterms.

m Thanks to the Quantum action principle, breakings are local insertion in
effective action.

m In the upcoming paper we used BMHYV in the treatment of the chiral U(1)
model and restored symmetries up to two-loop level.

Thank you!
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