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Anomalous dimensions for b -> sAnomalous dimensions for b -> sγ at NNLOγ at NNLO
           with U. Haisch and M. Misiak

Mass corrections to σ(eMass corrections to σ(e++ee-- -> had.) at O(    ) -> had.) at O(    )
  c- and b-quark masses

           with R. Boughezal and T. Schutzmeier

  running of the fine structure constant
           with T. Schutzmeier

Δρ at O(      )Δρ at O(      )
              with R. Boughezal
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Anomalous dimensions for b -> sAnomalous dimensions for b -> sγ at NNLOγ at NNLO
Rare B decays provide strong constraints on extensions of the SM

(Gambino, Misiak, hep-ph/0104034, Buras et al. hep-ph/0203135)
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Effective Field Theory approach

 anomalous dimensions
 matching
 matrix elements

Ingredients of the approach
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Resummation of large logarithms s lnMW
2

mb
2 


d
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Cj=Cii j
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Obtaining divergences in the MS scheme
 infrared rearrangement by putting a single mass on all lines

  and setting external momenta to zero
 reduces to the evaluation of fully massive four-loop tadpoles

Original idea by
 Misiak & Münz '95 and van Ritbergen, Vermaseren, Larin '97

At four-loops used in
 van Ritbergen, Vermaseren, Larin '97 and M.C. '04

Mixing between O
1
...O

6
 and O

7
,O

8
 requires insertion of

and                           and two color structures and projection on

×

×

Large computational time -> finished on the DESY Zeuthen Grid Engine
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Subtraction of subdivergences

M. Czakon                                                                   L&L’06, Eisenach, 26th April ‘06

6



Completed result for the mixing with O
7
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] Numerical effect on the branching ratio

-2.4 %

Impact of the remaining mixing with O
8
 expected to be 10 times smaller
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Charm and bottom quark massesCharm and bottom quark masses

Quark masses may be derived from the measurement of the production
cross section around threshold

Example for charm quark threshold region

Idea: Subtract the contribution of the massless quarks evaluated
in pQCD and compare the experimental predicition with theory
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Starting from the definitions of the R-ratio and the current corr.

One obtains the classic dispersion relation

,

The moment can then be calculated or taken from experiment

The three-loop analysis done by Kühn & Steinhauser '01

The smallest error comes from the first moment
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The calculation requires an expansion of propagators with respect to
external momenta -> tadpoles

 1st physical moment is equivalent to the second term in the Taylor
  expansion

 up to eight dots and six power of numerators

 very  expensive computationally, but only 2 weeks real time

 parts of the calculation done at the DESY-Zeuthen Grid Engine

 next moment seems hardly reachable by the method because of
  resources usage
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The result will be published soon after the Conference
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Running of the fine structure constantRunning of the fine structure constant

MZ contributes to any predicition in the electroweak sector

The low energy tail is evaluated with dispersion relations from data

Possible improvement of the prediction by moving to the Euclidean

Ideally the error would
be smaller by a half

Eidelman, Jegerlehner,
Kataev, Veretin '98
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It is necessary to have the full mass dependence of the correlator

 At three loop done with Pade approximants and other tricks

 It looks hopless in view of the experience with direct expansion of
  tadpoles

 Solution: use differential equations on propagators
  inspired by Czyz, Caffo, Laporta, Remiddi '98 – '02

 Requires reduction of four-loop propagators with massive lines

 As a first step we implemented automatic expansion 
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It takes about ½ hour to obtain 30 terms of the expansion of the
three-loop result
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The 30th term of the expansion
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46 masters with up to two irreducible numerators needed for the
four-loop      contribution. All expanded to 30 terms within ½ hour. nf

2

Example 8-liner

Finite part
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Δρ at O(       )Δρ at O(       )  s
3

Measures the relative strength of the charged and neutral currents

=
ZZ 0

MZ
2

−
WW 0

MW
2

Small contributions imply shifts in the electroweak observables by

MW=
MW

2

cW
2

cW
2 −sW

2
 and sin2eff

lept=−
cW

2 sW
2

cW
2 −sW

2


Recently the singlet term at              has become available from
Schröder & Steinhauser '05

Surprisingly small value has been found. Need for complete result.

OS
3 
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30 nontrivial new masters
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Masters computed with Laporta's difference equation method

 chose a massive propagator and assign a power to it

 write down a recurrence relation in x, by using IBP relations
  (highest order encountered was 4)

 find the behaviour of the integral for large x from the expansion
  of the propagator subloop

 solve the recurrence with the boundary condition at large x, using 
  an ansatz for the solution as factorial series

∑s=0

∞ asx1

 x−Ks1
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Example of a propagator subgraph with a threshold at 0
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Example results for two of the 9-liners
28 masters computed, 2 9-liners remain to be done

Very efficient computational method
 fast derivation of recurrence relations

  (no longer than 12 hours on 1 CPU)
 fast numerical evaluation

  (a few hours for 40 digits)
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ConclusionsConclusions

 Completed ADM mixing of four-quark operators with the magnetic
  penguin operator in b -> sγ

 Completed calculation of the 1st physical moment of the heavy quark
  current correlator

 Developed automatized method to calculate the complete mass
  dependence of the quark current correlator

 Almost completed calculation of the masters needed for four-loop
  QCD corrections to Δρ
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