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@ Decoupling of heavy particles
° Why ?
e How ?
@® Decay rate of th&-boson into hadrond’(Z — hadrons)
o Definition
e Decoupling of the Top Quark
¢ Results
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Decoupling - Why?
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Problems with many scales

e Technical: Difficult (atm impossible) to calculate.
At high loop order only 1-scale problems possible.

e conceptual: Largly separated scales lead to big logarithms
— bad convergence of the perturbation serias (n(m2/m?) ~ 1)
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Decoupling - How?

1. Decoupling (scalen,)

Full Theory
(light and heavy patrticles)

U
Effective Theory

(only light particles + new coupling8)

Decoupling

C2

2. RGE running
high scale:y = my

C: \LRGE

low scaley = m

3. Process (scale)

Calculation of the
process in the effectiv
theory
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Decoupling - How?
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Decay Rate of th&-Boson into Hadrons

2.1'(Z — hadron$
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Decay Rate of th&-Boson into Hadrons

I'(Z — hadrong = Z/d@ ‘ M(Z — fQCD)‘Z
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Z-Propagator
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e scaley/s=M, = m4=0 (q={b,csu,d})
o 2 scalesy/s = Mz andm (butM2/(4m?) < 1)
o calculation up tav¢ (4-5 loops)

(only massive tadpoles and
massless propagators possible)

= Decoupling of the Top Quark
( One 2-scale problems> Two 1-scale problems)
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Vector and Axial Vector Coupling

Z coupling to fermions: Y —A
i —_——

: v AT
i7 =9 i i+ g U s

Incoherent sum of vector and axial vector coupling

z z Vg Vg Vi Vi
= (g")z@w+ a'g’
+ (gA)2@+ A

i,j ={tb,csud}

Vi A Vi i .
NO v@ and v@w diagrams
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Decoupling of the Top Quark

Seeh e
Seed feA

vector coupling V; = v, v* 1)
Cy=Cyy=Ch=Cy =0 (Ward identity)

axial vector coupling Ay = v; Y5 i
(:zg = (:39 = O’ (:h = %ﬁ(kg 4— ey (:¢ ES %ﬁ(kg +_~~~
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I'(Z — hadrong =To- R=Tg- (R + RY)
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RV:NS RANS RV.S ynd R*S: Baikov, Chetyrkin
ChundCy: JR

R=R’+R*=6.73+ 6.73% 1 512(2)?
—11307(2)° — 57161 ()"

I'(Z — hadrong = I'g - R= 1738MeV (QCD correction$
I'(Z — hadrong = 1744+ 2 MeV (PDG)

Electroweak corrections and mass correctiong/z) are missing.

Conclusion
Very high precission iraxg
= Very exact prediction ofvs with very small
error
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@ Decoupling of heavy particles
e technical and conceptual problems with many scales
e Solution:
1. Decoupling of heavy particles)
— effective theory with new couplings
2. Using RGE runningrfy, — m)
3. Calculation of the process in the effective theany) (

@® Decay rate of th& boson into hadrond’(Z — hadrons)
e I'(Z — hadron$ o Im(Z-Propagator
e Decoupling of the top quark in vector and axial vector cougpli
e ['(Z — hadrong = o R=To(R"SS + Cp y, - RYS9)
with very high precission i
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