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Motivation

® precision physics with SUSY particles:
compare precision data with higher order calculations

® problem: dimensional regularization breaks SUSY

Ly # Z,
q /q
g g \\ i
Js #* Js

® reason:

Nspinl =D, Nspin1/2 — 2D/2
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Dimensional Reduction

® alternative(?): Dimensional Reduction (DRED) [Siegel 79]
® keep vector fields 4-dimensional
& compactify space-timetod = 4 — 2¢ < 4
® seems consistent with SUSY so far (in practical calc’s)
l.e.
Ly = Zyg
# Dut: restricted algebraic operations (inconsistencies with €,,,, )
[Siegel 80][Stockinger 05]

— no Fierz transformation
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Dimensional Reduction

® 4-dimensional (vector-)fields on d-dimensional space, d = 4 — 2¢ < 4:
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Dimensional Reduction

® 4-dimensional (vector-)fields on d-dimensional space, d = 4 — 2¢ < 4:

Guv = Guv + Guv

AN

g,uvg'uy =4, g,uvﬁlw =d,

~ AN

gul/gﬂy = 2e, gw/?]/w =0

® 4-vector Uy

A ~

A v _~ %
Uu = GuV Uy = GV

vuzvu—l—’vu
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I Dimensional Reduction

Ap(z) = Au(x) + A ()
LA, ,...)=L(Ap,..)+ LA, ALY, ...

® A, (x). “epsilon scalar’
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I Dimensional Reduction

® A, (x). “epsilon scalar’

» example:

Apnp = Ay + Ay

— additional Feynman rules for epsilon scalars
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I Renormalization

A ~

® susy Z=7
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® susy Z=7
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Renormalization

~

® susy Z=7

® non-SUSY: Z # Z ingeneral

>’m — O > ------ — Qe “evanescent coupling”

even worse.

% — Qg fabefcde

N )\1 fabefcde) )\2 5ab5cd’ )\3 dabedcde
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Why bother?

For example: relate a5 (M7 ) to as(Msusy)
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Why bother?

For example: relate a5 (M7 ) to as(Msusy)
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[Amaldi, de Boer, Flrstenaul]
[Langacker, Luo]
[Ellis, Kelley, Nanopoulos]

Problem:

as(My) = oM (01,)

defined in QCD

as(Mgut) = as
SUSY theory

(full),DR

(Mgur)
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I o) (Mz) — a,(Mcur)

® Example:
ag5)’M_S(MZ) — ag5)’M_S(MSUSY) — QCD running in MS
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— agf“”)’D—R(MSUSY) — matching (scenario D)
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I o) (Mz) — a,(Mcur)

® Example:
ag5)’M_S(MZ) — a§5)’M_S(MSUSY) — QCD running in MS
— 0425)’D—R(MSUSY) — MS — DR conversion
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MS Running in QCD

ag5)’M—S(MZ) — ag5)’M—S(MSUSY)

I d—,LL2aS
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I o) (Mz) — a,(Mcur)

® Example:
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DR Running in SUSY

O{gfuu)’DR(MSUSY) . Cvgfull)’DR(MGUT)

> d
Y 4,2

DR~ 5P ()

3PR known to 3 loops
[Jack, Jones, North 96]
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I o) (Mz) — a,(Mcur)

® Example:
DM (a1, — oM (Msusy) — QCD running in MS
— a PR (Mgusy) — MS - DR conversion
= alMPR (rey) — decoupling

— QPR () — SUSY running
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Decoupling

1/ 4

Stanldarld Model
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® 3-loop running needs 2-loop decoupling

® for oPR: [RH., Mihaila, Steinhauser 05]
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I o) (Mz) — a,(Mcur)

® Example:
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MS — DR conversion

_ 2 _
MS MS MS
DR MS g 11 [ ay ng g Qe
— 1 — O
“s Ys * A7 * 8 T 12 © =« t

[R.H., Kant, Mihaila, Steinhauser 06]
even 3-loop: [R.H., Jones, Kant, Mihaila, Steinhauser 06]
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MS — DR conversion

_ ) _
MS MS MS
DR MS g 11 Qg nf g Qe
— 1 — o
“s Ys * 47 * 8 T 12 © t

[R.H., Kant, Mihaila, Steinhauser 06]
even 3-loop: [R.H., Jones, Kant, Mihaila, Steinhauser 06]

what is «.?

in non-SUSY theory: renormalization scheme

® RoP(s) = RMS(al5(s)) = RPR(aDR(s), a.(s))

S

— determines combination of aPR(s) and v, (s)

DR

® otherscale u:  RG equations for o

and o,
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aP® in QCD

® coupled differential equations:

d pr

uzd—was = B ae),
uQia = G.(aPR, )
d,u2 e e s e
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aP® in QCD

® coupled differential equations:

d pr

uzd—was = B ae),
uQia = B.(aP®, a,)
d,u2 e e s e

® 3PR and 3. calculated to 3 loops
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aP® in QCD

® coupled differential equations:

d
Zdu a;t =M ae),
2% 0, = 5P, )
d,u2 e el\ttg 4 Cre

DR
By and 3. calculated to 3 loops
[R.H., D.R.T. Jones, P. Kant, L. Mihaila, M. Steinhauser 06]
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aP® in QCD

® coupled differential equations:

d -
Zdu a;t =M ae),
2L, = B.(aPF, )
d,u2 e el\ttg 4 Cre

® 3PR and 3. calculated to 3 loops
[R.H., D.R.T. Jones, P. Kant, L. Mihaila, M. Steinhauser 06]

® SUSY Yang Millsby setting Cgp=Cys =T, ng=1/2

® result (through 3 loops): GV — g
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aPR in QCD

® coupled differential equations:

d
2d'u &DR ﬁER(O‘sDRaOCe)a
uQ—d e = B (aPR, o)
d,u2 e e s »“te

® 3PR and 3. calculated to 3 loops
[R.H., D.R.T. Jones, P. Kant, L. Mihaila, M. Steinhauser 06]

» SUSY Yang Mills by setting Cr=04=T, ng=1/2
® result (through 3 loops): G = g

— consistency of DRED with SUSY!
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o, 1IN SUSY

® assume softly broken SUSY where all SUSY masses < Mgyusy
® at high scale > Mgusy:

DR
Za

ae(p) = ag ()
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o, 1IN SUSY

® assume softly broken SUSY where all SUSY masses < Mgysy

® at high scale > Mgusy:

_ DR
Oée(:u) T as (/'L)
all particles contribute to running:
__ (full __(full
ﬂe:ﬁéU)a QGZQEU)a
DR _ 4DR(full DR _ _ DR(full
Bs :65 (U)a Qg = Oy (u)’

® need a, in QCD: decoupling for o,

P (Mgvsy) = Ce o™ (Mgusy) = ¢ aPB 0 (Miay)
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Ready for 3-loop running...

® remark: SPA prescription: [hep-ph/0511344]
$ 1-loop running

® 1-loop decoupling (resummed)

#® 1-loop MS — DR conversion (resummed)

_ MS, (5)
DR, (full) __ s

° 1 — Aay

resummed: Q

— leads to independence of decoupling scale!
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Ready for 3-loop running...

® remark: SPA prescription: [hep-ph/0511344]
#® 1-loop running

® 1-loop decoupling (resummed)

#® 1-loop MS — DR conversion (resummed)

_ MS, (5)
DR, (full) __ s

° 1 — Aay

resummed: Q

— leads to independence of decoupling scale!

> @

#® 3-loop running

® 2-loop matching

® 2-loop MS — DR conversion
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as(Mgur) from as(Myz)

[R.H., Mihaila, Steinhauser]
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as(Mgur) from as(Myz)

[R.H., Mihaila, Steinhauser]
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Conclusions and Outlook

® DRED in non-SUSY theory is messy

evanescent couplings —but necessary to relate SUSY to SM

» SUSY evolution of avg now consistent through 3 loops

— should be included in spectrum codes
® side result: consistency check of DRED and SUSY
$» ToDo:
# quantify validity range of DRED in SUSY

#® combine running with electro-weak couplings

Robert Harlander — DRED at 3-loop QCD — p. 22
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