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The weak radiative B-meson decay branching ratio:
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(methods: Optical Theorem,
Operator Product Expansion,
Heavy Quark Effective Theory)

The current experimental world average: (355 + 0.24 ltg(l)g + 003) % 10—4
(HFAG, hep-ex/0603003) '

Combined error: ~ 74% —> need for the NNLO.

Sample LO EW diagrams:

LO QCD effects that originate from two-loop diagrams like this

enhance the B — XS’}/ rate by more than a factor of 2. \
The function f <043<Mw>/043 (mbn)) arises from Two loops at the LO
resummation of (Ozs In M%//mg) using = Four loops at the NNLO

the renormalization group techniques.



n
Resummation of (Oé s In M I%V / m%) is most conveniently performed in the framework of an effective
theory that arises from the SM after decoupling of the heavy electroweak bosons and the top quark.
The Lagrangian of such a theory reads:

AG R
\/i

015 = SN (5Tc) ("), fmmM 1Cy(my)| ~ 1

; Y

['.’eff — L:QCDXQED(u) d7 S, C, b) =+ ‘/tb Z O( )

q
03,4,5,6 = ﬁ\/‘:’ = (SFZb)Zq((jF;q), |C’Z(mb)| < 0.07

Y

07 = b S = fg;_% §LO'/”WbRFHV, 07(mb) ~ —(.3
g

08 = b S = fg;b SLO"LWTabRGNV, Cg(mb) ~ —(0.15

Three steps of the calculation:

Matching: Evaluating CZ</L()) at [y ~ MW by requiring equality
of the SM and the effective theory Green functions.

Mixing: Deriving the effective theory Renormalization Group Equations (Cjbare = OLZU)
and evolving CQ(,LL) from g to Up ~ 1.

Matrix elements: Evaluating the on-shell amplitudes at [ty ~ T17p.
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H.M. Asatrian, T. Ewerth, A. Ferroglia, P. Gambino, C. Greub, hep-ph/0607316
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Perturbative expansion of the Wilson coefficients:
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Branching ratio:
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Perturbative expansion of P(F)):
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known for all T
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Moreover:
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The complete P2< ) has been calculated only for 7 > 5.



The NNLO corrections P]f) as functions of 1 =m¢(m)/ mlS
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Dotted: exact, Solid: small-7" expansions, Dashed: leading large-1" asymptotics.
Interpolation:

PN ) = ayray PV () +as r P )4y PP s | Ao ()

The coefficients I are determined from the asymptotic behaviour at large 7
. . (2)rem
and from the requirement that either (a) P 9 (O) = O,
o () PP 4 PPy 4+ o) = o,
o © PP0) = [P0

The average of (a) and (b) is chosen to determine the central value of the NNLO branching ratio.
The difference between these two cases is used to estimate the interpolation ambiguity.



Renormalization scale dependence of B(B — Xv) Ey>1.6 GeV
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Final result of the current analysis:

B(B — Xov) it g gy = (315 +0.23) x 107°

Contributions to the total uncertainty:

5% non-perturbative @ (OéS A)

my

. exp
3% parametric (OZS<M2>, semileptonicy 11lcy o o o
2.0% 1.6% 1.1%

3% M ~interpolation ambiguity

3% higher order O(CYS)

S

—>  Dedicated analysis necessary

(see Lee, Neubert, Paz, hep-ph/0609224)

—>  Complete three-loop on-shell matrix

element calculation even for M, = 0
would help a lot.

—>  This uncertainty will stay with us.



NNLO SM Prediction
3.15 + 0.23 x10%4 = (down by 1.20)
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HFAG has combined experimental results with different photon energy cuts:
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Constraints on the charged Higgs boson mass
in the Two-Higgs-Doublet Model 11:
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The data favour Mg+ ~ 650 GeV.

M+ > 295 GeV @95% C.L.



Constraints on dimension-four anomalous Wtb couplings:
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= Bounds on f’ and f are of order 10! and 1073, respectively.



Summary and Outlook

e The accuracy of the experimental world average for B(B — X.,y) is
already a little better than the accuracy of the SM prediction at the

NLO in QCD. Including the NNLO QCD corrections reverses the
situation.

e The 3-loop matrix elements are found using an interpolation in m..
The interpolation relies on the assumption that the large-3, approxi-
mation is accurate in the m,. — 0 limit. A verification of this assumption
by an explicit calculation would be more than welcome.

e It is essential to perform a dedicated study of non-perturbative cor-
rections to the matrix elements of (); and (), that arise at O(«a,), and
scale like A/m; in the m. — 0 limit. In the opposite limit (m. > m,;/2),
they scale like \“/m; and can be neglected.

e Constraints on the charged Higgs boson mass and on the anomalous
top quark couplings remain very stringent.



