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Anoralous dimensions for b -> sy at NNLO
—> with U. Haisch and M. Misiak

Mass corrections to o(e’'e” -> had.) at O((x:)
° ¢- and b-quark masses

— with R. Boughezal and T. Schutzmeier
° running of the fine structure constant

— with T. Schutzmeier

Ao at O(« cxj)

— with R. Boughezal
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Anormalous dimensions for b -> sy at NNLO

Rare B decays provide strong constraints on extensions of the SM

AN N Voo

Current exp. average: 3 5o +£0.24 +8 98 = B 03 >< 10~ =4

(HFAG, hep-ph/0603003)

SM expectation (NLO): (357 5 030) x 10~

(Gambino, Misiak, hep-ph/0104034, Buras et al. hep-ph/0203135)

B(B — Xs7)E,>1.66ev = B(B — Xcel)ex {Fr(bb or

(o)

LO EW Cks (mb)

x 114 O(as) + O(a >+O<Ozem)+0( )+0( )+(9( )}

NLO NNLO
~ 25% ~ % ~ 4% ~ 1% ~ 3% <~ 5%

perturbative corrections non-perturbative corrections
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Effective Field Theory approach

8 ( higher-dimensional, )

el .
,Ceff = EQCDXQED(u7 Cl, S, C, b) . s 7\/— V;;V%b Z C@(/L) O? + 3 on-shell vanishing, i
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Os =

S

§LJ”VTa’bRGZW Cg(mb) ~ —(0.15

Sb

Ingredients of the approach

¢ ahomalous dimensions
“ matching
¢ matrix elements
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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 & Miinz '95 and van Ritbergen, Vermaseren, Larin ‘97

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

Mixing between O...0, and O,,0, requires insertion of y“Xy,
and y“y"y"Xy.y;¥, and two color structures and projection on

";/:M«/. T (]) . ,l.) Al//r])‘“). ,},'“]].2_ [/4"/.'- Z/?)n- //[)//- l/l"/”‘ *\[/’l/AW‘ ‘\["’Af/"l/' ‘\[/’]/A’f" j\[bf\"//"l/

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

3-loop diagrams with 1-loop counterterms

2-loop diagrams with 2-loop counterterms ﬁj@
1-loop diagrams T%M}T with 3-loop counterterms @

Types of off-shell operator counterterms (apart from the physical operators Ol,...,()g)

e gauge-invariant EOM-vanishing operators, e.g., (§L“/#TabL) [DUG;IW 1+ 4 Zq ((j’*/"’T“q)],

_iBd+ GG — My)| b

e BRS-exact operator 5BRS [(.§L7“'T“bL)8#ﬁ“] —_ (gL“/“TabL) [d,,d”Gﬁ - gfabc(a,uﬁb)nﬂ

e gauge-variant EOM-vanishing operators, e.g., Sy,

e evanescent operators, e.g., (EL’Y[MA/l12f7u3”/ll47“5]cL)(EL'Y[M'7;12'7;13'7;14’7#5]bL)

e so-called m*-operators (due to propagator numerator simplification) e.g., ng LG(bL
p propag 3
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Numerical effect on the branching ratio

Impact of the remaining mixing with O, expected to be 10 times smaller

M. Czakon
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Cnarrm and bottorm quark masses

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

Example for charm quark threshold region

R(s)

4 _ 5
Vs (GeV)

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.

o(eTe~ — hadrons) . . : - : ——
R(s) = (0w + ) @) = i [ dwe™ (0T5,(2)j}(0)[0)

One obtains the classic disper'sion relation

11, _ ds
(q") 12?*2 /

w
0>

Co
c16?"2

The moment can then be calculated or taken from experiment

o = 2 (A

, ds
! exp — -

n! \ dg¢?

q*=0

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

The smallest error comes from the first moment
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¢ 1°" 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

M. Czakon
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Running of the fine structure constant

Ax(M,) 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

4.0 (b}
35
- Ideally the error would
251 be smaller by a half
S 2.0

] pACD n_f=5 GPM .
| 5 —-—  pOCD n_f=5 2-loop EIdZ'I’T\GH, Jeger'lehner',
[ I n_f=5 3-loo . '

A Kataev, Veretin '98
0.54 --R- paCD n_f-5 3-loop + NP

i —F— dispersion infegral
0.01

35 30 -25  -20 -5  -1.0  -0.5 0.0

Q (GeV)
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¢ At three loop done with Pade approximants and other tricks

“ Tt 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 3 hour to obtain 30 terms of the expansion of the
three-loop result

+a® ((2.03953 + 2.64911 nl) = + (1.41227 + 0.454915 nl) z* + (0.088057 + 0.107216 nl)
+ (—0.0299336 + 0.0265519 nl) z* + (—0.0155361 + 0.00662735 nl) =
+ (—0.00493409 + 0.00165382nl) z° (—0.00132002 + 0.000412023 nl) z”
+ (—0.000319571 + 0.000102483 nl) z* + (—0.0000713887 + 0.0000254583 nl) x”
+ (—0.0000146235 + 6.31819 10 ° nl) "% + (—2.64326 10~° + 1.56698 10 °nl) ="'
+ (—3.68366 107" + 3.88445107" nl) x'* + (—1.1456 107" + 9.62635 10" nl) z"
+ (1.87424107° 4+ 2.3851210~ % ni) z'* + (1.0366 10~° 4 5.909 10~ nl) =
(

+ (4.06362 107 +1.46386 1077 nl) z'6 + (1.39426 10~ + 3.62652 10" ni) 2!

+ (4.43833107'° + 8.98461 10 nl) ='® + (1.35515107'° + 2.22607 10" nl)
+ (3.91083107 " +5.51592 10 nl) z*° + (1.0913910~ " + 1.36691 10~ '* nl) z°
+ (1.81899107'% 4 3.38778 10~ nl) z** + (8.3973210 " nl) z**
1

+(—3.63798 1072 4-2.08171 10 ni) 2* (—3.63798107** 4 5.16127 10~ ¥ nl) z*

(—1.81809 10~ "% + 1.27982 10~ * nl) 2*® + (—3.63798 10~ "% + 3.17392 10~ '® nl) 2"
+ (—1.81899107'2 + 7.87226 10" nl) 2% + (1.9528 107" nl) 2
( z?

—1.81899 107" + 4.84476 10~ * nl) z*")
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The 30™ term of the expansion
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46 masters with up to two irreducible numerators needed for the
four-loop n? contribution. All expanded to 30 terms within 3 hour.

Example 8-liner

Finite part

+2078.45 + 1542.65 z — 36.0108 22 — 25.175 2> — 27.7474 z* — 13.25392° — 4.80407 z°

—1.53205 2" — 0.455313 2% — 0.129593 227 — 0.0358494 z'° — 0.00972235 z'! — 0.00259905 2
—0.000687345 '3 — 0.000180272 z'* — 0.0000469721 ='5 — 0.0000121751 6 — 3.14227107° 17
—8.0812410 " z1® — 2.0721710 " z'° — 5.30008 10 ® 2?° — 1.35273 10 % 2! — 3.44616 10~ £*2
—8.76528 10710 223 _ 2.29632107 10 2% — 5.64775107 ! 2 — 1.43117107 "1 2?6 — 3.62314 10712 %7
—9.16439107 13 2% — 2.31625 10~ 2% — 5.85011 10714 z%°
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Ap at O( xecl) v

Measures the relative strength of the charged and neutral currents

1,0 1,0
Ap= 2 2
M My,

Small contributions imply shifts in the electroweak observables by

AM, =—2—Y _Ap and sin“0
2 c2-¢° C
% w

Recently the singlet term at O(oux ) has become available from
Schroder & Steinhauser '05

Surprisingly small value has been found. Need for complete result.
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¢ chose a massive propagator and assign a power to it

=

X

¢ 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 a I (x+1)

Zs:O r

(x—K+s+1)
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Example of a propagator subgraph with a threshold at O

O © O

M. Czakon L&L'06, Eisenach, 26™ April ‘06
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¢ fast derivation of recurrence relations
(no longer than 12 hours on 1 CPV)

¢ fast numerical evaluation
(a few hours for 40 digits)

28 masters computed, 2 9-liners remain to be done
Example results for two of the 9-liners

= 6.7284705600856810554 + 26.087646599966615538 ¢

3.7114026453668239268 -+ 2.1152059954587726475 ¢

M. Czakon L&L'06, Eisenach, 26™ April ‘06
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Conclusions

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

¢ Completed calculation of the 15" 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 Ap
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