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» introduction to Dimensional Reduction (DRED)

» DRED and non-SUSY theories
> results

» anomalous dimensions of Yang-Mills theory in DRED
» conversion to MS scheme

» checks in the SUSY case
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an Alternative to Dimensional Regularisation

Dimensional Regularisation (DREG)

» change the spacetime dimension to regularise divergent
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» regularisation prescription of choice for multiloop calculations
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an Alternative to Dimensional Regularisation

Dimensional Regularisation (DREG)

» change the spacetime dimension to regularise divergent
momentum integrals
» regularisation prescription of choice for multiloop calculations

» does not respect supersymmetry (SUSY) Ward-ldentities
invariance to SUSY transformations tied to number of
spacetime dimensions

Dimensional Reduction (DRED)
» modification of DREG designed to respect SUSY

» no proof that DRED really preserves susy Ward-ldentities
> but so far, it worked
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DRED in a Non-SuSY Theory: Motivation

» phenomenology
» Standard Model as low-energy effective theory of SUSY
> relating SM observables to MSSM calculations
= relating the renormalisation schemes used
> example: running of aM5(Mz) — aPR(Mgyr)

see talk by Luminita Mihaila
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DRED in a Non-SuSY Theory: Motivation

» phenomenology
» Standard Model as low-energy effective theory of SUSY
> relating SM observables to MSSM calculations
= relating the renormalisation schemes used
> example: running of aM5(Mz) — aPR(Mgyr)

see talk by Luminita Mihaila

» more complicated
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Dimensional Reduction: the Concept

Dimensional Reduction (DRED) [Siegel '79]

» ldea: Change integration measure, leave the fields as they are
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Dimensional Reduction: the Concept

Dimensional Reduction (DRED) [Siegel '79]
» ldea: Change integration measure, leave the fields as they are

» Means: compactify spacetime such that fields only depend on
D = 4 — 2¢ components of spacetime
= partial derivatives and momenta are zero in 2¢ directions
Momentum integrals are regularized, while the gauge fields are not
touched.
Constraint: 4-dimensional space not literally 4-dimensional
> €.p0 Problematic, no Fierz transformations

[Stéckinger '05]
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DRED Applied to a Yang-Mills Theory

Bare Lagrange density of Yang-Mills theory with fermions:

1
L=—-F2 _

1 2 * NG [
7 Fiw = 5 (0"AW) + CT0"DIPCP + i Dy
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DRED Applied to a Yang-Mills Theory

Bare Lagrange density of Yang-Mills theory with fermions:

1 1 _
L=—7Fh = o= (0"A)* + CTO"DIP CP + iy Dy

- AM H I3 1 A i
DRED: A} — A, @ A, 0, — I @05,
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DRED Applied to a Yang-Mills Theory

Bare Lagrange density of Yang-Mills theory with fermions:

. _
L= zFﬁy — o (0" AL + CTOMDIPCE + iy D

. AR W I % W
DRED: A} — A, @ A, 0, — Jp @ 05,

1 1 o
= L= ZFfw ~ 5 (0"AL)? + C*9M Db CP + ipoyH DI
+5 (D;;”A‘;) — g0 R P AL — fabCfadeAgAgAgAg
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DRED Applied to a Yang-Mills Theory

Bare Lagrange density of Yang-Mills theory with fermions:

1 -
L= 4F5,, — 5o (0MAL)? + CT0"DPCP o+ iy D

DRED: A} — AL @AY, 8y — 05 @ 05,

1 1
= L=, = 5= (0"A)? + CT0" D CP o iy D P
2«

nv

% (DabAb) _ g&a,yuR;BwﬁAZ 2fabcfadeAZAzAZA§

Propagator of 2¢ scalar fields,
gauge interaction
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DRED Applied to a Yang-Mills Theory

Bare Lagrange density of Yang-Mills theory with fermions:

1 -
L= 4F3,, — 5o (AL + CT0"DPCP o+ iy D

DRED: A} — AL @AY, 8y — 0 @ 05,

1 1 - .
= [ = F,l211/ o ((‘)“Aﬂ)z Ca*(f);l,Dab Cb i?/)a"'/[ D(\ﬂw,@’
1 - 1
+ (Df}bA‘;> g0 RaguI AL | - 12 F e AL A AL A

Yukawa-type interaction of
fermion with scalars PN
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DRED Applied to a Yang-Mills Theory

Bare Lagrange density of Yang-Mills theory with fermions:

1 -
L= 4F5,, — 5o (0MAL)? + CT0"DPCP o+ iy D

DRED: A} — AL @AY, 8y — 05 @ 05,

1 1
= L=—7Fh, = 5= (0"A)? + CT0"DPCP o ip*y D
o

+ % (DsbAS) o ngja,yuRgﬁwﬁAa 1 2fabcfadeAbAcAdAe

v/
Quartic self-interaction of scalars ><
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Evanescent Couplings

Reconsider e-part of Yang-Mills Lagrange density:

(A 2T

= [ = (DﬁbAS> . ng)a,yMR;Bd}ﬂAZ 2facef'bdeAa ACAbAd
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Evanescent Couplings

Reconsider e-part of Yang-Mills Lagrange density:

= [ = (DlibAS> . ng)a,yMR;B¢ﬂAZ 2facefbdeAa ACAbAd

(A 2T

Each term separately invariant!
Gauge Transformations

§A7 = 0\ + gf P AP N

a __ bc pb
AL = gfcAbAC
SY* = igR3 g A
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Evanescent Couplings

Reconsider e-part of Yang-Mills Lagrange density:

(A 2T

= [ = (DibAS> . ng)a,yMR;B¢ﬂAZ 2facefbdeAa ACAbAd

Each term separately invariant!

Gauge Transformations » Cannot expect identical
couplings after Renormalization
5AZ =0,N + gfabCAﬁ/\C = Evanescent Couplings
A2 = gfabCAZ/\C » colour structure in the

Ac-vertex: facefbde _, fyabed
symmetric in (ab) and (cd)

SY* = igR3 g A
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Evanescent Couplings

Reconsider e-part of Yang-Mills Lagrange density:

(A 2T

- 1
= [ = (DibAS> . gwar}/uR;ﬁd}ﬂAZ . ZgZ facefbdeAa ACAbAd

Each term separately invariant!

Gauge Transformations » Cannot expect identical
couplings after Renormalization
5AZ = 0,N + gfabCAﬁ/\C = Evanescent Couplings
A2 = gfabCAZ/\C > colour structure in the

Ac-vertex: facefbde _, fyabed
symmetric in (ab) and (cd)

SY* = igR3 g A

w vy

- 1<
= L= (DiPAL) — gl vuRagV AL — 7 D neH™ AL AS AL A
r=1
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the Quartic e-Scalar Self-Coupling

» tensors symmetric in (ab) and (cd)

_1

2

Hy = E(sab(scd
2

H1 (f-ace fbcle + fade fbce>

Hz = % <5365bd + 5ad5bc)

Hy = 1 (faef fbf pegh pahe faeffbfgfdghfche)
2
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the Quartic e-Scalar Self-Coupling

» tensors symmetric in (ab) and (cd)

_1

2

Hy = Eéab(scd
2

H1 (f-acefbde + fadefbce>
1
H3 _ 5 <53C5bd + 5ad5bc)

Hy = 1 (faef fbf pegh pahe faeffbfgfdghfche)
2

» sometimes not all linearly independent
SUB): Ha=3Hi+3(Ho+Hs) =p=3

SU(2) : Hy = 2H> 4+ Hs,
Hi =2H, — H; =>p=2
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Relating DRED and DREG

Consider a?" in a Physical Renormalization Scheme
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Relating DRED and DREG

Consider a?" in a Physical Renormalization Scheme

h .
» calculate o using both regulators

0,DRED __ , 2¢ 7DRED  ph
g’ =K Zocs,phas

0,DREG __ ,,2¢ 7DREG  ph
Qs =M Zocs,ph Qs
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Relating DRED and DREG

Consider a?" in a Physical Renormalization Scheme

h .
» calculate o using both regulators

0,DRED __ ,,2¢ 7DRED —ph __  2¢ 7DR_ DR
Qg = ULy ph Qs = P Ly

aSaph S
0,DREG __ ,,2¢ 7DREG ph __  2e¢ 7MS, MS
Qs =M Zas,phas =K Zas Qg
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Relating DRED and DREG

Consider a?" in a Physical Renormalization Scheme

h .
» calculate o using both regulators

0,DRED __  2¢ 7DRED ph __ 2e DR DR
oy =u Zocs O Zas o

0,DREG __ , 2e¢ 7DREG ph 2e MS _MS
aS - ,LL ZO(; p O[ ZOés aS

physical: independent of Regularization employed

ZDRED —[S

DR __ as,ph as MS
= Qg = 7DREG 7 0%
Qs ph
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Relating DRED and DREG

switch between schemes: finite shifts of renormalised parameters

ocivlisl (ai\/lis)Z 11 aistae 1 e 4+ 6@ 4 :|
— - —nf o

T 8 T w12

[Harlander, P. K., Mihaila, Steinhauser '06]
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Relating DRED and DREG

switch between schemes: finite shifts of renormalised parameters

MS \ 2 MS
11 1
s ) =_ % aenf+6£j)+..}

S
DR MS a "1 @
- 1 el s Qe
s s + 4 + ( T 8 T w12
[Harlander, P. K., Mihaila, Steinhauser '06]
s
o _ (9 (3049 e )
o = f
p 384 864
T 2
+(%MS) ( 9o , 15 887 )
-~ === — —— —Qe———n
3 Mose M3 T M12g T Y1152
+a§TS[227 ,15 9 22 2(43 L1 2>]
— - = —mm;— —+4a —nf+ ——n
3 M 2se 16 MPes ™ 128 T \8ea " T 1152

[Jones, Harlander, P. K., Mihaila, Steinhauser '06]
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Relating DRED and DREG

switch between schemes: finite shifts of renormalised parameters

MS MS \ 2 MS
a 1 a 11 « ae 1 3
1 s - -] = - —=——— @ 4. ..
+ ™ +( ™ ) 8 T o7 12nf+ ot

[Harlander, P. K., Mihaila, Steinhauser '06]

S 3
PO (3049 179 nf)
™ 384 864

MS 2
N (al) ( 9 15 3 887 )
-~ === — —— —Qe———n
3 Mo 32 T P1og T Y1152
aMs o) o7 ,15 9
+ 3 | o5 T2 15 T "By

P 2(43 JRRC 2>]
— —nf+ ——n
64 1 128 "% \gea" " 11527

[Jones, Harlander, P. K., Mihaila, Steinhauser '06]
general gauge group also known [Jack, Jones, P. K., Mihaila '07]
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Anomalous Dimensions

calculated 3 functions and ~,, in DR-scheme

d «
_ 2 2 =
Bo = di2
2
we o d
Vm:md,u?m

> B4, and 7y, to 4-loop order
> (4, to 3-loop order

> (3, to 1-loop order
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Anomalous Dimensions

calculated 3 functions and ~,, in DR-scheme

d «
_ 2 hd
Bai'ud/ﬂﬁ
2
we o d
=g

> B4, and 7y, to 4-loop order

> (4, to 3-loop order

> (3, to 1-loop order

» checks for Super-Yang-Mills theory

> Ba, = Ba. through 3 loops
= invalidates claim that SUSY must be broken by DRED at
4-|00p level [Avdeev '82]
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Anomalous Dimensions

calculated 3 functions and ~,, in DR-scheme

d o

2

Bo =4 —— di2
p? d

=R

> B4, and 7y, to 4-loop order
> (4, to 3-loop order

> (3, to 1-loop order
» checks for Super-Yang-Mills theory
> Ba, = Ba. through 3 loops
= invalidates claim that SUSY must be broken by DRED at
4-|00p level [Avdeev '82]
> B4, agrees with the literature through four loops
[Jack, Jones, Pickering 1998]
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Trick: Bypass 4-Loop Diagrams

g = 122 PR (o35 o, 1}
as = o d,u2 s s Qe Ur



Trick: Bypass 4-Loop Diagrams

_ 2 4
2? =& aDR (O‘ y Xe, {nr}>

7 dy?
aaDR aaDR 8aDR
Ms s __
8 -I—ﬂe . + E Ba, an,
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Trick: Bypass 4-Loop Diagrams

_ 2 4
. = £ aDR (O‘ » Qe {nr}>

7 dy?

OQDR aaDR Bﬁ
MS

% Ha Mb+’86 Dave Zﬁnr

Ingredients for Calculating G2%

» aPf as a function of al®, ae, {n;}
» MS result for ﬁas

» [ functions of the evanescent couplings
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Trick: Bypass 4-Loop Diagrams

_ 2 4
. = £ aDR (O‘ » Qe {nr}>

7 dy?
p) DR ) DR dav ﬁ
MS 604 + 8. Oza Z ﬁn,
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Trick: Bypass 4-Loop Diagrams

_ 2 4
. = £ aDR (O‘ » Qe {nr}>

7 dy?
p) DR ) DR dav ﬁ
Ms aOé + /Be Oza Z ﬂn,

Ingredients for Calculating G2%

» aPf as a function of al®, ae, {n;}
» MS result for ﬁas

» [ functions of the evanescent couplings
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Conclusions

» DRED viable alternative to DREG for SUSY and non-SUSYy
theories
» without SUSY: evanescent couplings
» cannot be identified with the gauge coupling
» conversion relation between MS and DR through 3 loops

» anomalous dimensions of fermion mass and gauge coupling
through 4 loops

» checked explicitely that ﬂgs = Bge in a Super-Yang-Mills
theory
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