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= NNLO QCD
= NLO EW

. B _> Xsfy [Misiak et al.]
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Bs;, = (2.9+0.7) x 107°

> 2015: uncertainty below 10% within the next 10 years
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Theory status before October 2013 ﬂ("

a NLO QCD CorreCtionS [Buchalla,Buras’93'99; Misiak,Urban’99]
a |leading-m; NLO electroweak corrections suchalia surassg]
m uncertainty (from higher orders): ~ 7%
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B(Bs — ptp): why interesting? &‘(lT

SM prediction for B(Bs — pu~): O(107°)
nevertheless: experimentally accessible

[ “new physics” contribuition can be sizeable

hope: easy to see deviations
- —SM

but: B ~ B

a [J constraints on “new physics”

U precision test of SM
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Lo = Laopxqep + WYY S ¢ o) + hee.
Qa = (b7a58) (A s1) Qs = (byss)(fip) Qe = (bss)(fiysi)

SM: only Qa BSM: Qs and Qp important

— N
B(Bs — ptu) = M UeE rSBsﬁ rCa — UCp [*Fp + |uBCs[?Fs| + O(cem)

(time-integrated, CP-averaged, e ruyn etal12])

SM: Fp = 1, FS =1- Ars/rﬁ r = ZmM m u= ml'a\/lj;'\s
Aim: compute C, to 3 loops in QCD + NLO EW‘
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AV VSG M2
Lot = LQeDxQED + 2= 3" CnQn + h.c.

Qa = (07a758) (A7 *ys1) Qs = (byss)(ip) Qe = (byss)(fiysp)

SM: only Qa BSM: Qs and Qp important

_ N
BB - 1) = MM 5 (216, ()2 + Ofoem)

(time-integrated, CP-averaged, e sruyn etai12])

_\J* 2812 2 2mu Y _ Mg
N = VgV, GEMy, /7 =i B = Vi-riu= oo

‘Aim: compute C, to 3 loops in QCD + NLO EW‘
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B(Bs — pi*p1”): missing O(crem) SKIT

J— N B
B(Bs — utp”) = | |8 rs —se B r?|Calpn)? + O(aem)

o enhancement factor (like —2— ™ or In? %)
.n sin? 6y’ M3 w2

a contribution from other operators
e.g., (bvavs9)(¢y*¢) or (byaPLc)(CY*PLS)
with « connecting quark and lepton lines

® non-perturbative effects beyond fg,
a compensates j, dependence of Ca(up) (O ~ 0.3%)
a soft Bremsstrahlung
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B(Bs — putp™): missing O(aem)

N|2m3
‘ | Bs Bs r2|CA(Mb)|2 + O(aem)

B(Bs — ptp~) = g S

® soft Bremsstrahlung: Bs — u™p~ + (ny) (n =0,1,2,...)
10 2;‘ ——
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I

bkg for theory and exp.
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v ruu druu(v)/dmuu
|_\

= 0 o @ @ O @ @ = @ =0

C L taken into account by
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Ca to 3loops: Feynman diagrams
(a) ® (©)
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Karlsruhe Institute of Technology

5 u, c,t b 5 u,c,t b s W b

® matching ind = 4 — 2¢ dimensions

a effective theory: only tree-level contribution

m evanescent operators

® vacuum integrals, 2 masses: My, and m b S
O consider expansions: My, ~ m¢; My < my
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Karlsruhe Institute of Technology

W box | AT

I+

s u, et b s W b s W b

® matching ind = 4 — 2¢ dimensions

a effective theory: only tree-level contribution
® evanescent operators
® vacuum integrals, 2 masses: My and m; b S
] consider expansions: My ~ m;; My << my
® matching in 4 dimensions
a NO evanescent operators
m loop diagrams in effective theory

a IR regulator needed: mg < mp < My, My
0 nested asymptotic expansion
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Z penguin

Karlsruhe Institute of Technology

@ matching in d = 4 — 2¢ dimensions

a NO evanescent operators

a effective theory: only tree-level contribution
m triangle contributions
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Z penguin AN[{]]

Karlsruhe Institute of Technology

® matching ind = 4 — 2¢ dimensions

® NO evanescent operators

a effective theory: only tree-level contribution
a triangle contributions

m u—dandc — s [ cancel
® non-zero contribution fromt — b
® non-naive treatment of s (€.9. [arinos)
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Ca W box: top

Wt (2)

L

00 01 02 03 04 05 06
y = MW / mt [Hermann,Misiak, Steinhauser'13]
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CA W box: charm A\‘(IT

~-5.22¢%
: Ho=Mw

—5.24¢

-5.26}

W.,c(2)
A

-5.28}

C

-5.30}

-5.32
0.0 0.1 0.2 0.3 0.4 0.5 0.6
y = MW / mt [Hermann,Misiak,Steinhauser'13]
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Ca Z penguin

_11 b

00 01 02 03 04 05 06
y = MW / mt [Hermann,Misiak,Steinhauser'13]
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Results: 1 dependence

0.25

[Hermann,Misiak, Steinhauser'13]

: ........... LO
— — — — NLO
I NNLO
N
I — i ——
/ - —
/

0.21
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NLO electroweak corrections

\ ] M
IR
m different renormalization schemes

(Graem Vs. GEM,; OS, MS, hybrid)

Karlsruhe Institute of Technology

[Bobeth,Gorbahn,Stamou’13]

80 xlo‘f?‘ O‘SfZ 0OS-1 HY MS

1&t |

-9.0

100 200 300 100 200 300 100 200 300 100 200 300
1o [GeV] 1o [GeV] 1o [GeV] 1o [GeV]

® RGE running (not in QCD!): Ca(to ~ Mw, m¢) — Ca(p ~ mp)
m uncertainty: 7% — < 1%
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Results: parametrization of B ﬂ("‘

[Bobeth,Gorbahn,Hermann,Misiak,Stamou,Steinhauser'13]

Bs;, = (3.65 4+ 0.06) Ry Rs x 1079 = 3.65 £ 0.23 x 10°

Rio = RS 06 R 0.18 _ RS 02 RO 032

R. — (fes[MeV] 20 el N2 [ IViVis /Veo| \2 75 [ps]
s — 227.7 0.0424 0.980 1.615

QS(MZ) R i MtOS R mMS
0.1184 t — [@73.1GeV) t = {163 5GeV)

Ra =
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Results: uncertainties ﬂ("‘

Bs;, = (3.65 4 0.06) Riq Rs x 107° = 3.65 £ 0.23 x 107°

R. — (fes[MeV] 2 Vel \? [ IViVis /Veo| \2 75 [ps]
s 227.7 0.0424 0.980 1.615

fa, : [FLAG], Vep: [Gambino,Schwanda'13], \V“f Vis /Vep |1 [CKMfitter,UTfit], =5: [HFAG],

fs, CKM 73 M Qs other non- >
param. | param.
Bss ‘ 4.0% 4.3% 1.3% | 1.6% 0.1% | <0.1% | 1.5% ‘ 6.4%

non-parametric uncertainties
® up variation ® MZ/M3

3 2
w O(ag, agm, demas) to Ca w MOS — mMS transition
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Status:

B(B — Xs7)|e,>16Gev = (3.15+0.23) x 10~* ST

= NNLO: Misibk et dl. 06

Ev>1A‘66eV
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BELLEO1 BELLEQ09 BaBarl2 NNLO
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[Misiak,Steinhauser'06; Misiak et al.06]

5% non-perturbative
3% parametric

Qas, Mg, ...
3% m. interpolation
3% higher order

16



U p d ateS [Czakon,Fiedler,Huber,Misiak,Schutzmeier,Steinhauser]

Karlsruhe Institute of Technology

® update input parameters; fit to semi-leptonic
B decay data il’l kinetiC SCheme [Gambino,Schwanda’13]

® m, interpolation: m; = 0 result for —

[Czakon,Fiedler,Huber,Misiak,Schutzmeier,Steinhauser]
m 3- and 4-body final state contributions to the NNLO interferences
among Q1, Q2 and Qg (BLM approximation) (igetiLukeManoharwise'9s;
Ferroglia,Haisch'10; Misiak,Poradzifski'11]
Four-loop Q1, ... Qg — Qg anomalous dimensions [czakon Haisch Misiako7]
LO b — sqq~y from Qy ... g Kaminskivisiak Poradziniski12]
non-pert. O(asA?/mg) to (Q7, Q7) interference (ewern cambinoNandiio]
non-perturbative contributions senzke Lee,Neubert pPaz10]
...

O shifts of order < +2%
Updated result for B(B — Xs) soon
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Conclusions A\KIT

a B(Bs — " p~) to NNLO QCD and NLO EW
a theory uncertainty negligible

® main uncertainty source: fg, and CKM

w B, =(2940.7) x107°

™ — (3.65 + 0.23) x 10~°

Ba,"" = (3.6715) x 10710
Ba,™ = (1.06 £ 0.09) x 1010
w also predictions for Bse, Bsr, Bae, Bar
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