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What is "the 5 problem" in DReg?

Chiral Gauge Theories are a fact of life, yet trusty dimensional
continuation clashes with such genuinely 4-dimensional identities
of v5 and e***7.
Contradictions immediately arise,

° {’Y,Un 75} = 07

o Tr(v57u 1Y Y0) = —4icuvpo,

o Tr(vumw) = Tr(n),
conspiring to give,

2(D - 4)Tr(757u7u’}/p’70) =0.

Several propositions for treating -5 in DReg exist: Naive scheme,
Reading-Point, Larin scheme, BMHV (P. Breitenlohner, D. Maison,
G. 't Hooft, M. Veltman), ...

[PB,DM,Commun.Math.Phys.52,(1977)] [GH,MV,Nucl.Phys.B44,(1972)]
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Brief(est) EXpOSitiOﬂ Of BMHV [HB,Al,PK,MB,DS,MW,2411.02543]

The space of DReg decomposes as Mp = My @ M_,, with formal
symbols,

~

Mg, =0, B =E"p,.

ol

g—l“’g—wl =4, g‘-#l’g-lw = —2¢,
In this approach s is non-anticommuting and we have,

{/7“7’75} =0, [;;ﬂuv /75] =0, {/)\/#a 75} = 2’7”’75-

CONS:

loss of D-dimensional Lorentz covariance
spuriously breaks gauge invariance

PROS:

proven mathematically consistent at arbitrary
loop order
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A Simple Non-Abelian Toy Model

SU(2) gauge theory: Nf gauged, right-handed fermions in some
representation R; and sterile, left-handed partners (corresponds to
Option 2b in [PLE,DS,MW,PK,2411.02543],

int

Sy = / gD lermion | plermion _ % F? — eDac + Ly-pix + Loxt,
with covariant derivative,
DR = 0,0° — ig(Tr)5G"
where Tz =diag(Tg,...Tz,) and (Ta)z = (—i)ebe.

Anomaly cancellation requirement: ", A(R;)d®® = 0 (trivial in
SU(2))

The interaction term admits several choices equivalent in 4 but not D
dimensions,

B P # BPLY # DPLY P
We opt for the purely 4-dimensional coupling,
_a
L™ = TR Yri6 Urj.
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Regularization-induced Symmetry Breaking

Consistency with DReg requires a fully D-dimensional kinetic term,
hence,

Ltermion = ;@i + WgiDYri + it ;Pe.
The covariant term exhibits full 4-dimensional gauge invariance |,

whilst the breaking originates form the evanescent piece .

This can be quantified by the (D-dimensional) BRST
transformations,

so(VRr)i = igc®T{wy  sp(¥r)i=0  sp(G3) = (Da)Pc”.

A D
A =sp /d X Lefermion

«— —
P Ny = /dDXg Tic® {1/},' (meR + @PL) ¢j}
vh Ua
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. and its Restoration

The ultimate goal: Slavnov-Taylor Identity
5rren 5rren
5¢i(x) Ky, (x)

Kp; DLext=ph sp Gi+Caspc?+R spri+R spiri
The main tool: Quantum Action Principle in DReg

LIMSp(TpRen) =0 with  S(Myen) = / d*x
D—4

Sp(TDReg) = A - TDReg A = Sp(So + Set)-

the (subren.) breaking is local at any order!

At two-loop order the symmetry breaking evaluates to
2L, N 2L 1L 2L 1L 2L
A - THreg = A - TDReg T At * TDReg + SD(Sci”) + A

—AZ2L +A2L

sct fct

0So ¢

3¢i 6Ky,

A = bp(S2) and  bp = sp + / dPx



Counterterms@1Loop

Practical Procedure

find 4-dimensional, mass dimension < 4, ghost number 0 CT's
X such that,
ba(X) = —LIMp_ysA - T.

Result@1Loop  [vB.AILMB,DS, 2004.14398]

Relatively compact and simple structure (here D = 41),

(1) 1 »52(R) »
Sfct, restore 167T2{g d4X G 82 GE

abcd
/d4 g GaGquCGdV

<1 + 56> G(R)S;,

2S2(R) . 2EG(G)

+g g 666 — 8, (Sf'?csz+5Rcw)}’
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Counterterms@1Loop cont'd/@2loop

N.B. Finite external field CT's for the R/R-sources from diagrams,

A T Rib

A A

£G(G
eg - g2q )(Sﬁc¢R+5Rc%

They give rise to additional evanescent contributions at > 2 loop,

0S0 Sk AlLcpy | AlLcw
b0 (Skeue) = /dDX ia 5R>C.¢R = Bper ot At Wl

;:Sl‘l = A—,,fm (ibidpi)+...
©2Loop
Breaking GF's with sources p?*, (2 and ¢?; 5-point function(s)
A
o
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Implementation in FeynArts
Couple A to an auxiliary anti ghost,

2 0l 1.0

)

wAZO

To avoid 4-
point fermion vertices, a fictitious scalar separates ghosts and spinors.

w ¢ | _ 7
> 1 ® e Wﬁ o) <
Y 7 -

e " (4 c 4
;0 ( v 1

Lo anx=—% T +E T Rij <wi5Pij+wi5Pij) @7
Treat BRST sources

. . External Field | Statistics | Dimension | Ghost Number | Lorentz Tr.

as COITIpOSlte flelds’ PA Fermion 3 -1 Four-Vector
au —a _ & . Boson 4 -2 Scalar
P — pr R, /R, Boson 3 -1 Spinor
X2 Boson 2 0 Scalar

Ris — @rX;p-

Pa Diff ties f 1L,ct
|
I Kiihler I |CUI | compour d or A w



Consistency Checks

Keep a check on pitfalls incl. Ac's, the model setup, integrals...,

DReg DReg DReg DReg

uantum Action principle - _ _
Q princip pP i G T igcaRys ks (—p1)¥ia (P1)

fr—
_ DRegi DReg - :(AerReg) —
Sp(MDReg)=ATDReg Res@Pio, ¥5(P2)Pks(—p2) ¥j3(P2)¥ja (P1)c?(p)
A-insertions vs. full LHS
; v Al

Pﬁ‘fi
x> X /}

V'
DAT kg =D TDkeg TAL Thireg tSD(SH)+AL,

Rk(i
. _ H 5
3p x SRTICCRWINY-: NN T %w

loop integrals: All Massive Tadpoles (only poles,

[MM,MM,9400454] [KC,MM,MM,9711266]) and TARCER (full, [RM,RS,9801383]);
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Two-loop Results for S2

fct

Finite counterterm Lagrangian©2loop [pk, s, 2504.06080],

—~—

E}gct = ZX(I\?I)OM where M ={GUOG, ((%)6)57 54, (ﬁ) (@)7
M

$PPrY, ReTRPRY), PcTRPLCR, (cc}

Compact result with known monomials from the 1-loop CT's plus
one new term to the source (?,

i 2 53i abc ~a b _.c

©>2-loop: No new terms are needed in M!
Operators missing in M are accommodated by symmetric CT's like

=2 L . o
F~ and invariants from finite renormalizations, e.g.
c? »VZee?

L. = —b4/d4X<aCa = /d4X£ghOSt+£eXt_XaBa with (aﬁ\\/zflga
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