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Why B — X,?

® ['(B — X)) =~ T(b— XP¥o)
I'(b— sy)+T(b— syg) +...

\W%
o Loop-induced: ° m s

# sensitive to “new physics” g N
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NLO & Experiment
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B(B — X,y)™NO = (360 £0.30) x 107 camsmomsianon
B(B — Xs’y)eXp = (3.55 + 0.26) x 1074 [HFAG'06]
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Structure of theory prediction

as(mp)

B(B — Xs7)|E,>1.6Gev = B(B — Xc€0)]exp (FF((bb:Csevﬂ)))LO f (%(Mw)) X

{1 + O(as) + O(a?) + O(a) + non-pert. corr.}
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Structure of theory prediction

F(b—> 7) (MW)
F(b—> )

7 &t @ pert. corr

CNLO: ~30% > <_NNLO: ~ 10%

B_>X’Y‘E>16GV BB—>X€V

o(A—w%
0 (47) ~ 3%
O (Aay) ~ 5%




Effective theory

® my, My > my, mg

2

® resummation of logarithms (as In %

b

o Calculation has to be done in the framework
of an effective theory:

4G
Leg = LQCDXxQED + —ths‘/;fb Z Ci(p

01,...,06 07 08
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Three Steps

1. Matching: determine C;(u)
!
I'sm = Deff th.
=~ MW? my

2. Matrix elements: on-shell b — sy amplitude,
(57104|b)

p~= 1y

3. Mixing: effective theory RGE
Ci(p ~ M) — Ci(p ~ myp)

[l 2 n
resum large logarithms (048 In J\?—é)v)
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Preparation for NNLO

1. Matching
» 3-|OOp matching, O~-, Og [Misiak,MS'04]
2. Matrix elements

® (01,09,07,0g, Iarge B0 [Bieri,Greub,MS'03]
® O [Blokland,Czamecki, Misiak, Slusarczyk, Tkachov'05]
o 07, phOtOn Spectrum [Melnikov,Mitov'05], [Asatrian,Ewerth, Ferroglia,Gambino,Greub’06]
9 01, 0o, interpolation [Misiak,MS'06]

2. Mixing
9 3-|00p (01, e 706) and (07, 08) SeCtOrS [Gorbahn,Haisch’05],

[Gorbahn,Haisch,Misiak’05]

9 4-|00p (01, c ooy 06) — (07, 08) [Czakon,Haisch,Misiak, in progress]
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Decomposing the branching ratio

2
< Vib
Vcb

‘/tt*

BB — X]g,>5, = B[B — Xce0exp baem [P(Ey) + N(Ep)]

T C
N(Ep): non-pert. part

P(Ey) = PO 4 & (Pf” + Pz(l)(z)) +(22)? (sz) + PP )+ P?EQ)(Z)) T

P1(1)7P3§2) N C,L-(O)C;l) P2(1),P2(2) - C§0)0§0) P1(2) - C@'(O)Cj(?)a Ci(1)0§1)

PV(zyand P{¥:  known
pi)ie: known
P interpolation
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m. dependence of PQ(Z) and PB(Q)

4() 7\‘.‘ “““““““““““““““““““““““““““““ /“:
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Universitat Karlsruhe (TH) ﬂ(l I . . —
o ssssssssssss iversitét - gegriindet 1825 - . MatthlaS Stelnhausera B - XS ’7 to NNI—O - pg

nstitute of Technology



m. dependence of PQ(Q) and ]33(2>

wR, T w 7
: /Z ]
30 | / g _
I 7 ,/’
Interpolation: 20 [ - 7 e
#® Compute = 10 -7
(2)rem A i
P, for z > 1/2 0 .
® Ansatz: -10 1
2 i
Py — 2| Anvo| 2422 Anro 0 |

P2(2)ﬁo P2(2)rem

d (2)Bo sOl.- N o2z 72 :
+233; ANvo + 2455 T 25 0 01 02 03 04 05 06 07 08 09 1

® Determine z; from behaviour mc/mb

_ 1S
at Iarge Z = mc(mc>/mb (a) P2(2)rem(0> — 0
and assumption — (2) (2)rem (2)

(b) Pl ‘|‘P2 (O)+P3 =0

(€) P (0) = PYT™(0)]4
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Dependence on the renormalization scales

4
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NNLO Prediction

B(B — X¥)|e,>16cev = (3.15 3

-0.23) x 1074

[Misiak et al.06], [Misiak,MS'06]
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NNLO Prediction

B(B — X)|E,>16cev = (3.156 £0.23) x 10~

Decomposition of uncertainty:

non-pert., © (mAbO‘s) 5%

parametric 3%

m. interpolation 3%

higher order 3%
et N (d ] |

(see, e.g.,
as(Myz), B

[Misiak et al.06], [Misiak,MS'06]

[Lee,Neubert,Paz’OG])

exp
ar, s Mes = - -
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NLO & Experiment
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NNLO & Experiment
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Very recently: —3% cutoff-related effect announced for Eg = 1.6 GeV  [BecherNeubert06]
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Bounds on ) ;, 2HDM)

475 SM: Misiak et al. 06 E >1.6GeV
45 -~ exp: HFAG aver. §
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> data favour Mg+ ~ 650 GeV
H
gzlc:i‘;j:iiriu(tirlj:;rnieg;jz ﬂ(IT Matthias Steinhauser, B — X s 7Y toNNLO —p.13



Bound on )} (2)

EXxp. error vs. exp. central value

MH>200 GeV

250

hep-ph/0603003
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Conclusions

» NNLO corrections for B — X,~:
B(B — XY)|e,>1.66ev = (3.15 £ 0.23) x 10~

# dominant uncertainty:

# non-perturbative: 5%
# m,. interpolation: 3%

® ~ 1.50 deviation from experimental result
o 2HDM: M+ > 295 GeV 95% CL
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B(B — XS/)/)‘E ~1.6GeV to NNLO
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