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Decoupling coefficients

[ dtae (LA @A O = ¢ [ dtoe (TA@) A+ O(175)

calculate using
QGRAF, FORM, MINCER, MATAD, EXP, ...
[Nogueira; Vermaseren; Larin, Tkachov; Steinhauser; Seidensticker; R.H.; ...]

method: see [Chetyrkin, Kniehl, Steinhauser '97]
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Matching
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® J-dimensional (vector-)fields on D-dimensional space, D = 4 — 2¢ < 4:

Juv = guv + Guv

gul/gwj =4, guvgwj =D,
guygw/ = 2e, .@uvgwj =0
» A4-vector v,:

A ~ -~ 1%

A v _
Uy = JuV Uy = GV,

vuzvu—l—vu
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® A, (z): “epsilon scalar’

» example:

Ay = A it + Ayt

— additional Feynman rules for epsilon scalars
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Renormalization

~ ~
® SUSY: Z =17 = e = aPR

>ﬁ"ﬂ'ﬁ — O > —————— — Qe “evanescent coupling”

even worse.

% — Qg fabefcde

N )\1 fabefcde’ )\2 5abé‘cd, )\3 dabedcde
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MS — DR conversion

® value ofa;, In physical scheme independent of regularization:

oh _ MS MS_ DR DR
CVS _th Oés _th Oés

® ). andz,* depend on renormalization poipit

$» momentum dependence drops out in ratio:
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MS — DR conversion

+ ...

+12 T T

— Q0 92 —_
5),DR 5, DR (5
T

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

what is oz((f)?

N SUSY: agfull) _ agfull),DR

decoupling for c,:

0425) — Ce agfull) — C‘e angIl)’DR [R.H., Mihaila, Steinhauser '07]
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® Procedure:
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(5),MS

— Qg (Msusy) — QCD running in MS
— (0425)’D—R, 0425))(MSUSY) — MS - DR conversion
— aéf“”)’D_R(MSUSY) — matching
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I as(Mz) — as(Mgur)

® Procedure:

O‘g5)’M_S(MZ)

(5),MS

— s (Msusy) — QCD running in MS
— (a§5)’D—R, 046(35))(MSUSY) — MS - DR conversion
— agf“”)’D_R(MSUSY) — matching
— agfuu)’D_R(MGUT) — SUSY running

_ ., o
ag5),M_S _ oz§5)’D_R - ag5),DR ) g (ag5),DR> N . agg,),DR a((f)

+ ...

Robert Harlander — «x S’ UuT

at 3 loops —p. 24
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® Procedure:

ag5)’M_S(MZ)

(5),MS

— s (Msusy) — QCD running in MS
— (0425)’D—R, 0425))(MSUSY) — MS - DR conversion
— aéf“”)’D_R(MSUSY) — matching
— agfuu)’D_R(MGUT) — SUSY running

ag5),D_R _ Cs(agfull)) agfull)

aé5) _ Ce(agfull)) agfull)
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as(MZ) — as(MGUT)

® Procedure:

Oé§5)’M_S(MZ)

(5),MS

— Qg (Msusy) — QCD running in MS
— (0425)’D—R, oz((f))(MSUSY) — MS - DR conversion
— aéf“”)’D_R(MSUSY) — matching

o agfuu)’DR(MGUT) — SUSY running

approximate 2-loop formula [R.H., Mihaila, Steinhauser '07]:

(5),MS

(full),DR
aS S

—

GUT
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Ready for 3-loop running. ..

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

#® 1-loop decoupling at M (resummed)

® 1-loop MS — DR conversion at M 7 (resummed)

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

y 1 — Aoy

resummed: Q

— leads to independence of decoupling scale!

GUT
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Ready for 3-loop running. ..

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

#® 1-loop decoupling at M (resummed)

® 1-loop MS — DR conversion at M 7 (resummed)

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

y 1 — Aoy

resummed: Q

— leads to independence of decoupling scale!

> @

#® 3-loop running

# 2-loop matching at ptgec ~ Msusy

# 2-loop MS — DR conversion at ftgec ~ Msusy

GUT
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as(Mgut) from ags(Myz)

[R.H., Mihaila, Steinhauser '07]

1
x 10 1-loop
0.4 | . .
0.399 | § ,
0.398 | N\
R B\ \&\\\ \
= 0.397 | y . N { 3-loop
O f : N f
=1 0.396 | / . N\ il
n : / A :
S 0305 ] N :
0.394 }/—.—.—.—.—.—.T.—.—.—.—.—{—.—.j SPA
: . \ |
0.393 < \ ]
0.392 | . N 2-loop
10° 10° 10"
Haec (GeV)
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Unification

Relate as(M7z) to as(Msysy)
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10 |-

O | 1 I 1 I
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24

Allanach et al '04

LHC &
LC/GigaZz

’\\
S 4
\Qé\

A \

1015 10%°
Q [GeV]
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Decoupling

l/Oét .\

My Msysy Mgyt
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Decoupling
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Decoupling
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Decoupling

/oy '\I

My Msysy Mqurh

— information about GUT theory from measurements at low energies!
[Pierce, Bagger, Matchev, Zhang '97]

Robert Harlander — «x S’ uT
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DRED In standard QCD

® coupled differential equations:

d
:u2 d,LL2 asDR — BER(asDRa O‘G) )
2 4 o= Bu(afR )
% d 2046 e\Og 0

GUT
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DRED In standard QCD

® coupled differential equations:

d -
:u2d—,u2asDR — BER(asDRa O‘G) )
2L, = Bo(aPF, o)
d,u2 € e s e
B # Be

® BPR and B, calculated to 3 loops
[R.H., D.R.T. Jones, P. Kant, L. Mihaila, M. Steinhauser 06]
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2L, = Bo(aPF, o)
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B # Be

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

® SUSY Yang Millsby setting Cgp =C4 =T, ng=1/2
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DRED In standard QCD

® coupled differential equations:

d -
2 DR DR/, DR
=B (a

I3 d—ug% s ,Oée),
2%, = Bo(0P, o)
d’uz (S e s e
B # Be

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

® SUSY Yang Millsby setting Cgp =C4 =T, ng=1/2

® result (through 3 loops): BEYM — gSYM

as opposed to litarature!

Robert Harlander — «x s

GUT

at 3 loops — p. 29



Conclusions and Outlook

® DRED in non-SUSY theory is messy

evanescent couplings — but necessary to relate SUSY to SM
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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
Isajet, SoftSusy, SPheno, Suspect

® side result: consistency check of DRED and SUSY

$» ToDo:
#® quantify validity range of DRED in SUSY

# combine running with electro-weak couplings

GUT

Robert Harlander — o s at 3 loops — p. 30
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