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® Our aim: 3-loop RGEs for SUSY-QCD sector
2-loop threshold corrections r. Harlander, L. M., M. Steinhauser '05

= aE—R(MGUT) with 3-loop accuracy
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Running of oy

® Input parameter: aiﬁs’@(Mz) = Output parameter: a?R’(f““)(MGUT)
277
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Running of oy

® Precision calculations in MSSM require a manifestly SUSY and
gauge invariant Reqgularization scheme = DRED

® Mass-independent Renormalization scheme
Decoupling Theorem does not hold = threshold effects
should be added by hand

® SUSY models with severely split mass spectrum
Multi-Scale Approach: each particle decoupled at its own threshold

® SUSY models with roughly degenerate mass spectrum
Common Scale Approach: all SUSY particles decoupled at

p >~ Msusy
I implemented in almost all currently available codes
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DRED Framework

Quasi-4-dim. space (Q4S): 4=ddp4dd—d
® Quasi-4-dim metric tensor: G = G + G
® Dirac matrices in Q4S: I'y=v,+7,
® space-time coordinates continued from 4 to d < 4 dim.
® the number of field components unchanged
® A4-dim gluon field: A} = VI + 57,
Vi = gwA,= d-dim. vector

S, = guwA,= ¢scalar

under gauge transformations
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Renormalization

Lp = EdB + EgB
® L% same as in DREG

® L3 new contribution due to e-scalars
(OVE)?

2(1-¢)

1 S~ a a 1 abc rade C e
Ly = S(D{"85)* — Ui TSy — 59° f* F**5557,558;,

1 a,ij ,a SN e’
Ly = _ZG VG — ‘|‘£ghost,13‘|‘@¢ v DjPyf

® each term in L§ invariant under gauge transformations

® no reason that Yukawa-type ¢S and 7V vertices
renormalize the same way [ except for SUSY theories ]

® f — f structure not preserved under renormalization
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Renormalization(2)

1 .
[ = 5 §(aisa)2_|_Z€€ngabcaisgvb,zsg

i ZssVVg2fabCfadev;bS§Vd,isg o legequa;yawsg
1 p
- 5 > Zin H 5888, 8058,
r=1

® Evanescent Yukawa-type g. and p quartic couplings 7,

® a possible choice of H%< for SU(3) case

Hl _ % (facefbde 4 fadefbce)

1 1
H2 _ 55ab§cd H3 _ 5(5ac:5bal i 5ad5bc)

L. Mihaila, University of Karlsruhe LCWSO07, Hamburg , 1 June 2007 — p.8



QCD (- and ~,,-functionswithin DRED

#® Dimensional Reduction & Minimal Subtraction DR

L d DR - 2 d _

B = “2du2 &jr = r:ﬁdﬁmm
Tl = = 5 () (%) (2)(2)' ()"
B (Oéﬁ « 7{77'r}) - = e mﬁiejk:lm (g)z (%)j (Z-_l)k (%)l (%)m
et = = 3 (F) (%) (2)'(2)' (%)
Bt = = T B () (%) (2)(2) (&)



QCD: 3-loop 3PR-function

® up to 2-loop order gPR = gMS

> eXpIiCit 3'|OOp COmpUtatiOn R. Harlander, P. Kant, L. M., M. Steinhauser '06
comprises Yukawa like evanescent coupling

3 2
(Sye) aDR aDR Ca Cp Tnyg
4
aPR 3115 1439
— s iy g [ Sl g L C T
[ - [3456 AT qrggCalny g Crtny
193 79
T CACET —C’ T2n2 —c T?n ]
576 ACFIny + 364 A —i— FLong

> 4-|00p order 6ER R. Harlander, T. Jones, P. Kant, L. M., M. Steinhauser '06
contains also guartic e-scalar couplings
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Conversion from MS to DR,

® Requirement: evanescent couplings should decouple from physical
observables

® known through 3-loop R. Harlander, T. Jones, P. Kant, L. M., M. Steinhauser '06

°

n-loop conversion relation needed for (n+1)-loop running analysis

® 2-loop conversion relation oM = oPR oPR = £(0M5 o)

S

DR, (ny) MS C MS 2 11 MS 1
CVS_ =1+ %s A + %s 031 _ % —CFTTLf
aMS,(nf) T 12 T 72 ™ 8

S

® o, # oPR proves equivalence of DRED and DREG at 3-loops
S
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Decoupling of SUSY particles

® SUSY-QCD & DRED: SUSY preserved = one coupling « DR (full) (1)
DR full
o™ () = a2 M) = ")
full full
g (p) = my(w) = 0
68 — 66 — 6771 and 6772 — 6773 =0
® QCD(ns = 5): low-energy effective theory of SUSY-QCD

= integrate out all SUSY-particles and top-quark at ;1 = tqec

&DR,(nf)(ludeC) _ C( )QDR (full)(ﬂdec)

S

Oég’(5)(,udec) — Cq (full) (Ndec)

§nf) and (? decoupling coefficients for a; and a.

V)
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Evaluation of a(ucgur) from ag(My)

DR, (full) n—loop running DR, (full)
A M — a.’ M
Susy—QCD & DR s (Meur)

(n—1)-loop decoupling
of SUSY particles

DR, (5)
Os " (Mdec)

MS <—> DR
in QCD

Input

T n—loop running MS.(5
MS,(5),, (X (
a. Mz) QCD & MS s 2'V|dec)
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Evaluation of a(ucgur) from ag(My)

® [terative Method :

1. Start with a trial value for aDR <f“11)(

,LLdec)
2. Get o) (115..) and al” (114..) through decoupling relations
3. Evaluate o)) (114..) and from that o> ) (A1)

4. Vary DR(f“”)(u <) until o Ms, A0
® Practical phenomenological analyses: approximate formula

M) fits the experimental value

L _ MS (nf)
ag)R,(full) _ Ozls\/[S,(nf){l + Qs (1 . Ci;”f)>

MS, (n 2
+ Xs ( f) |:E _ TL_f _ lc(nf) ( (nf))Q (nf):| }
T 8 12 2>l

numerical deviation from the Two-Step Approach < 0.1%
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Numerical results

and Y

Mz) = 0.1189 £ 0.001 Bethke' 06,

M = mg = mg = 1000 GeV SPS1a’ '05

Mz = 91.1876 GeV
-1
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Numerical results

® Comparison with the Leading-Log Approximation spa-convention'os ShOWS

a big numerical deviation.
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® Sensitivity of as(Mgur) to SUSY-mass scale:

L. Mihaila, University of Karlsruhe

-1
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Numerical results
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Evaluation of m;(x) in DR scheme

® Yukawa sector of SUSY-GUT models = miop, Mbottom /Mtau

® SUSY models with large tan 3

® SUSY mass spectrum and Higgs mass sensitive to bottom
Yukawa coupling

® relation between Y;(u) and mﬁ(u) affected by large
SUSY radiative corrections

® mpPR(Mgysy) input parameter = need to be known with
the highest possible accuracy

® Relate me—R(MSUSY) directly with m*>(m;)

N mlg/IS (mb) known with 4-|OOp aCcuracy J. H. Kuhn, M. Steinhauser, C. Sturm '07
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?7?

(n-1)-loop
i conversion
=
DREG DRED
n-loop n-loop
A running running
A
(n-1)-loop
conversion R
> my’(my,)

Input
Aim : check 2 ways at n = 1, 2, 3, 4-loops
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Relation mPR «— mM>

® Extract mP®(M) from accurately determined mMS (m;)

mPR () = m)S () [1+ 600 () + 62 (a5 a,)

S

+57(7§l>(a2/[_87 e, 77@)} |M=MS y

{aPR, ., m;) have to be known.

p=ps

® Log contributions absent (mass-independent schemes)

® 2-step approach for computing m " (M) H. Baer et al 02
® Running of m, (1) and conversion between MS « DR

® Check if using QCD& DR or QCD& MS = same result

L. Mihaila, University of Karlsruhe LCWSO07, Hamburg , 1 June 2007 — p.20



Input parameters:
o5 (Mz) = 0.1189 £ 0.001 s. Bethke 06 ( )

myr (mp) = 4.164 + 0.025 GeV J. H. Kiihn, M. Steinhauser, C. Sturm '07 (pink band)
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Input parameters

aY®(Mz) = 0.1189 £ 0.001 s. Bethke '06 (green band)

(M)

MS

b

4.164 4 0.025 GeV J. H. Kithn, M. Steinhauser, C. Sturm '07 (pink band)
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® Running of mPR () in QCD& DR with 4-loop accuracy

MPR(M)

L. Mihaila, University of Karlsruhe
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Conclusions

® A consistent approach to compute aE_R(MGUT) and
mP R (Msygy) with 3- and 4-loop accuracy is proposed

® The 3-loop effects comparable with the experimental accuracy
for o, and my

® Correct treatment of the evanescent couplings essential:
2- and 3-loop conversion from MS to DR schemes.

® 1-loop LL-approximation not adequate to precision analyses

» aSD_R(MGUT) very sensitive to SUSY-mass scale
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