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® (Xsfrom T decays
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CAPP=G A P P

special purpose FORTRAN package to compute
and: perform least-x= fits

SM parameters: my, mp; Me, Mz, My, o(m+), ot
BSNM parameters: STU, 4th family, Z" physics, ...

full analytical expressions (expansions) when possible

used throughout
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A PP observables

x /Z pole: Mz, [z, Onad, Bi;:Ra: Ars, AR
x APV & lepton: scatteringzsinz 0w (pr<:My)
x |OW ENErgy: gu—2;0>SY; T )

= other: My, miPoe sumrtles forme & mie,
[w (ots, CKM, new: physics?)

® ncertainties: statistical, systematic, parametric and
theoretical estimated and included
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s from Z decays (EW)

x determined by [z, Ohad, R, but other measurements,
SM parameters, and new: physics enter indirectly

x cxperimental correlations: small, known, included

®x parametric uncertainties:non=Gaussian:(sin“Bw),
treated exactly Infits

x theory errors (PQCED): 100% correlated (currently
neglected), Atheots = +0.00009

% nknown-unknowns?
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s from Z decays:

x sensitivity to M My = 2xMa = Ads = +0.0004

» massless non-=singlet:QGD:corrections:known to: (o)
Baikov, Chetyrkin, Kiihn 2008

x FOPT = CGIPT:AXs==x0:00005:( )

x O(0s?) Vectorsinglet terms Baikov, Chetyrkin, Kiihn 2010 KNOWN
up to singlet piece in crewther relation = Acxs~ +10°

» axial-vector singlet: 0(xs?) Kniehl, Kiihn 1990 AXs = +0.0027
0(0(33) Larin, v. Ritbergen, Vermaseren 1995 Aois = +0.00043

O(0s?) =~ O(0s2)2 / 0(0s?) = Adks = +0.00007 ( )




s from Z decays:

Acs(M2) Xs(M2)
[ 2, Ohad, R 0.1188 +0.0076
LEP 1 0.1213 +0.0028
LEP 1 + SLC 0.1198 +0.0028
/Z pole + Mw 0.1196 +0.0027

EW fit (excl. T+) 0.1203 +0.0027
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s [Z pole]:

expect Z pole value of ts 1o be stronger aftected by
new physics than T decay. value

Z pole (LERPH&ESEG):
s = 0.1198 £ 0.0028 (X2min = 23.2/23)

allowmng:obligues:(universal:parameters:
Os = 0. 119919920 6 5050 (X emin = 23.0/20)

allowing:-speciaknew: physics corrections to Zbb-vertex:
s = 0.1167 + 0.0033 (szin = 16.3/21)
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s from

o Texpt o h (-] ' Bsexpt) /(retheo 1 rutheo i |‘u OItheO)

x [0d"%0 = Ge? e Mual2 /6418 S(mi, M2) (1 4+ 3/6 M2 /Mw?)
(1+a+5.202a%2+26.37a>+127.1a*=1.393 & /11 + 0,)

x AS=1 decays: BsZPI=10:0286£0.0007 from data, since
mMs(m+) uncertain & QCD series « ms2 poorly converging

x |0g enhanced:EW::Sim:, M2z)=1.01907 = 0.0003 JE 2002

n guark-conadensates mMaitman, Yavin 2008 and finite me,
Mp & Ms ETTECTS Chetyrkin 1993; Larin, van Ritbergen, Vermaseren 1995




average

T[Be] —h Beexpt / retheo
BeZPt 0.1785 + 0.0005 = T[BeF P =291:47 + 0.82 fs
BLEPL 0.1736 + 0.0005 = TR = 291.00 + 0.84 fs

Be,peXpt (pep 5 —01 3) — T[Be,ueXpt] o 291 24 =5 055 fS

Tdireotexpt =290.6 = 1.0 1s

TeXpt = T[Be,ueXpt, TdirecteXpt] — 291 09 + 048 fS —

R =Tu/Te=3475«0.010= 0qcp= 0.1963 = 0.0034
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Xs [TT] :

source uncertainty AT [fs] Acs(Mz)
AT + 0.48 fs + (.48 + 0.00039

AR + 0.0007 + 0.21 + 0.00017
ANVATSS + 0.00022 + 0.08 + 0.00007

AM+ + 0.17 MeV * 0.03 * 0.00002
total 0.53 0.00043

11
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Xs [TT] :

source uncertainty based on Adcs(Mz)
PQCD +0.0119 Os*-term i
RGE Bs = F579 GAPP. Gt

Maltman, Yavin
O 0.0038 sl 0.00048

12




Xs [TT] :

source
PQCD
RGE
O
oOF

uncertainty  based on Acs(Mz)
+0.0119  os*-term G

Bs = F579 GAPP. G
a0 00048
0.0008 e 0012

Davier et al. 2005
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Xs [TT] :

SOource
PQCD
RGE
O
OPL
S(m+, M2)

uncertainty  based on Acs(Mz)
+0.0119 os*-term i

Bs = F579 GAPP. G
a0 00048
00008 " 1 ererar soos  0:00012
0.0003 JE 2002 0.00004
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Xs [TT] :

source uncertainty  based on Acxs(Mz)
PQCD +0.0119 Os*-term i
RGE Bs = F579 GAPP Gl
O 0.0038  VATER YR (0,00048
OPE 00008 v erat so0s  0-00012
S(m+, M7) 0.0003 JE 2002 0.00004

+0.00178
total _0.00150

12




x many
(for the next term) can be defined.  For illustration only:

x Padé [1/1] =1+ {a+0:133a%9/{1=506923)=6.6 a*

higher order coefticients positive

x Pade [2/2] = (1 =13.6a+40a9) /(1 =14.6 a + 49.5 a9
= Os(Mz) = 0.1173

coefficients turn negative at order a’
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Xs [TT] :

Xs(Mz)
AdPaCD
Aracpts(Mz)
Apois(Mz)
AtotalOs(Mz)
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s [TT] :

FOPT

(M) 0.1174
ASracs  F0.0119

Apracptis(Mz) G

Aps(Mz) +0.00036

+0.00177
AtotalXs(Mz) ~0.00153

14




s [T1l:

FOPT CIPT
s(Mz) 0.1174 01193
Adpaco +0.0119  F0.0076
Accoodit) BT o

Agois(Mz) +0.00036

AtotalXs(Mz) i i
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Xs [TT] :

FOPT CIPT Padée [1/1]*
ots(M2) 0.1174 0.1193 0.1161
AOPQCD +0.0119 +0.0076 +0.0005
Arooois(Mz) i ‘oco10  *0.00006
Aps(Mz) +0.00036 +0.00036
AoadsMz)  Goo1es 000147 0,007

14




s from the fit

/ decays: s = 0.1196 + 0.0026

T decays: Xs = 0. 117400018 55045

Z & T decays: s = 0181 0% 0 50013

globalfits o= 01183790018 5514
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global EW fit: ots = 0118329 5015+ )

Mu: modest sensitivity: of Z-pole value unless My close
to unitarity limit of = 800 GeV (Acs = +0.0021) but then

We that new physics:is upsetting the SM fit

new: physics: negligible (significant) sensitivity of Z-pole
value to (non-juniversal corrections

s [Tr]: theory uncertainty itself os dependent =
asymmetric error (re-calculated in each call in the fits)
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