Heavy Quark Expansion (HQE) Fits
to Inclusive B — X_Iv and B— X,y Moment

Measurements
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-,R, and sin2f tension*

- Extraction of HQE parameters (m,, m_, u 2, ...)
- IV lat ~2% ; IV, I at ~5% (inclusive)

-A new world average for BR(b—sy )
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The sides of the triangle

A measurement of a length of a triangle is as good as a measurement of an angle!
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“R, - sin2f tension™

0 =0.163+0.028
N =0.344+ 0.016

Potential ‘
disagreement ‘\
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R, and sin2p. // 1
/ :
Yet, not significant but -0.5 / \ 2

its interesting to see that
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-0.5 0 0.5 1

-k

Vi
1

I
>

Oliver Buchmiller HQL 2006



Semileptonic and Radiative B Decays

Why semileptonic decays?

V.| and |V | are crucial in testing CKM
unitarity and SM mechanism for CP
violation

Hadronic and leptonic currents factorise,
theoretical uncertainties are under control
giving access to |V | and |V |

/’W\M’Y(*)

/ \

' d,s

il
o~

d,u d,u

“radiative penguin’

b — s,d transitionis a Flavour
Changing Neutral Current

» forbidden in the standard model at

tree-level
» exists only at loop level
heavy particles dominate in the loop

= in SM: sensitive to ‘top’ CKM
parameters: V,,V*,

Both decays can be treated in the framework of Heavy Quark Effective Theory,

relating parton level decay rate to meson decay rate with the help of
Operator Product Expansions
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The Heavy Quark Expansion (HQE)

-Short-distance physics encoded in coefficients of operator products
(to some order in o). Calculable!

-Long-distance physics encoded in exp. values of products of quark operators
(to some order in 1/m,).

=Need to get access to the not predictable HQE parameters!

Oliver Buchmiiller HQL 2006 5



The Heavy Quark Expansion (HQE)

-Short-distance physics encoded in coefficients of operator products
(to some order in o). Calculable!

-Long-distance physics encoded in exp. val o‘b Q{. .ucts of quark operators
(to some order in 1/m,).

I cly —

=Need to get access to the not predictable HQE parameters!
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HQE Fit

FCE}/ -

Use dedicated HQE for every measured observable:
I, (BR, lifetime)

eHadron Mass Moments <M,">(E°“")
—Lepton Energy Moments <E/">(E°Y)

(Fit parameters are in red)

> |Vl ,.master” formula : | Ves i =Br(B— X_.ev)/ty fF(E09 My, caMG numpLSa PD)

> BF(B g XcevaEl = EO) : MO (EO)/BV(B — XCQV) =f0 (E0= my, m, nuG nunapLSﬂ pD)
> i-th central E; moment for E>E,: M| (E,) = f (Ey, my,m_ i 1, 0re Pr) (i =1..3)
25 th M, moment and E >E0 MX(E ) f (E09 mb’ cn“G n“mPLSa PD) (l = 1 4)

=Extract the HQE parameter m_,m_,u_2,us? pp°, ps°and IV | as well as BR_,
from a simultaneous fit to all moment measurements (N+1%).
Experimental and theoretical errors and their correlations are all

* Only external input to the fit is: accounted for in the fit.

B lifetime t,,,,=1.585:0007 ps
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Lepton Energy Moments
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Hadronic Mass Moments

BaBar, Belle and CLEO measure full spectrum

p* > 0.9 GeV
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B— sy Spectra and Moments

Measure photon spectrum in b->sy decays:

Two main approaches:
* Inclusive:
* identify photon
« Semi-Inclusive:
 reconstruct many exclusive
final states (up to 38!)

Difficult measurement:
Overwhelming background
from m0s for EY <1.8 GeV

Measurement of photon
spectrum and its moments
gives information about
inner structure of B meson:
* b quark mass(m,)

« Fermi momentum (p.?)
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Available moment measurements

Legend:

n = order of (central)
moment of
observable
M, E;and E

| = min. lepton
momentum

d = min. photon
energy

M published with
covariance matrix
and used in fit

X not used in fit as
covariance matrices
not available

Hadron Lepton Photon
Moments Moments Moments

BaBar n=1,2,3,4 n=0,1,2,3 n=1,2,3
1=0.9-1.6 1=0.6-1.5 g=1.9-2.3

Belle n=1,2 E | n=1,2 B | n=1,2
1=0.9-1.6 1=0.6-1.5 g=1.8

CLEO n=2,4 n=1,2 E | n=1,2g=2.0
1=1.0-1.5 1=0.6-1.5

Delphi n=2,4,6 n=1,2,3
1=0.0 1=0.0

CDF n=2,4
1=0.7

Total of 51 measurements!

Important to take correlations between moments
with different min. lepton/photon energies into account

Oliver Buchmiller HQL 2006
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Inclusive IV _,I - Fit to Moments

Benson, Bigi, Mannel & Uraltsev, hep-ph/0410080

Based on calculations in kinetic scheme: . 0 "% aitsev. hep-ph/0401063
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Result of fit to all

moment measurements:

Veol @ 2%

m( )/mb(u)= 0.235 + 0.012 -

courtesy of N.Uraltsev

Good agreement with other

similar analyses:
Bauer et al. hep-ph/0408002
DELPHI hep-ex/0510024

Inclusive I v,/

HQE T
IV, | = (41.96 = 0.23 +0.35 =0.59) 10
m, = 4590 ==0.025 =x0.030 GeV ;
m, = 1.142 =+0.037 =+=0.045 GeV 9
w
w2 = 0401 =0.019 =0.035 GeV? >
N
ug2 = 0.297 =0.024 =0.046 GeV? e
P> = 0174 £0.009 %0.022 GeV? =
3 = 3 N
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BR,,= 1071 =%0.10 =008 % s
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m, and m,

Measurements and Predicitons of the b-Quark Mass Measurements and Predictions of the c-Quark Mass

(MS scheme) (MS scheme)
¥ 1+ ¥ = *
B X v+ B—X, y hep-ex/0507253 1 B X_Iv + B X,y hep-phl0507253"
B—-X_Iv Babar _
B—X_Iv Delphi et BX,Iv BABAR * ot
B—XIv+B—Xy [1] © ) o
B—XIv+B-X,y [10] —e— BXIv DELPHI ——e——i
Event Shape  [16] o ‘ s BX./|Iv+B-X)y Bauer e
Z->bb Decays [12] @ ! 8 1
ety v i . : BX,v+B Xy Hoang o
Z53-jets [20] ! = ’ v: di-muons [14] 4 -
Z>3-jets [28] b & i . O
| v: scattering [131 & -
QCD SumRules [5] © Y- =) .
QCD SumRules [6] @ e :”
QCD SumRules [8] @ by — QCD Sum Rules [3] % bt
QCD SumRules [9] O Hi QCDSumRules [4] @ HrA
“ = 2
[ QCD Sum Rules [5] o v
' b
H———
==t "B
T T T N B | [N T Y S N | * 'II —= '1 '5' E— 2'
B 3.5 4 45 5 . T
“converted to MS by N. Uraltsev m,(m,) [GeV] “converted to MS by N. Uraltsev m.(m,) [GeV]
m(m,) =4.20 £ 0.04 GeV m.(m,) = 1.24 £ 0.07 GeV

m.(m,)=1.22 +0.02 = 0.04 GeV (from 18 Fit

Oliver Buchmiiller HQL 2006 Hoang & Manohar Phys.Lett.B633:526-532,2006 )
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Inclusive V_,: Summary

>100 moment measurements and many HQE fit results ...

Fits in kinetic scheme
Based on hep-ph/0401063

BABAR
Phys.Rev.Lett.93:011803,2004

Veb = 41.7x 0.4, = 0.4,qc = 0.6 *

DELPHI
Eur.Phys.J.C45:35-59,2006
Vcb =41.9+ 0.6, + 0.6 + O'6TSL *
BELLE
ICHEPOG6 (preliminary)

Vcb =41.9+ 0.7 + 0.5, + 0.6

OB & HF Used by

Phys.Rev.D73:073008,2006 HFAG

Vcb =42.0+ 0.2,,, + 0.4,q¢ = 0.6,

Fits in 1S scheme
Based on hep-ph/0408002

Bauer et al.
Phys.Rev.D70:094017,2004
Vcb =41.7+ 0.65, = 0.1_ *

BELLE
ICHEPOG6 (preliminary)
Vcb = 41.5+ 0.54 = 0.2,

* Scaled to the same lifetime
t5=1.585+ 0.007 ps
All Vcb numbers x10-3

Very good consistency
VCb @ <2<yo
established

Oliver Buchmiller HQL 2006
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Inclusive V_,: Summary

>100 moment measurements and many HQE fit results ...

Fits in kinetic scheme
Based on hep-ph/0401063

BABAR
Phys.Rev.Lett.93:011803,2004

Veb = 41.7x 0.4, = 0.4,qc = 0.6 *

DELPHI
Eur.Phys.J.C45:35-59,2006
Vcb =41.9+ 0.6, + 0.6 + O'6TSL *
BELLE
ICHEPOG6 (preliminary)

Vcb =41.9+ 0.7 + 0.5, + 0.6

OB & HF Used by

Phys.Rev.D73:073008,2006 HFAG

Vcb =42.0+ 0.2,,, + 0.4,q¢ = 0.6,

Fits in 1S scheme
Based on hep-ph/0408002

Bauer et al.
Phys.Rev.D70:094017,2004
Vcb =41.7+ 0.65, = 0.1_ *

BELLE
ICHEPOG6 (preliminary)
Vcb = 41.5+ 0.54 = 0.2,

* Scaled to the same lifetime
t5=1.585+ 0.007 ps
All Vcb numbers x10-3

“Pre-HQE Fit Era” (~2000):
V., ~4-6%

Oliver Buchmiller HQL 2006
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IV, Summary and UT Constraints from
Sides and Tree Processes

Inclusive |V ,|:

CLEO (endpoint)

47520352032
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+idof=6.1/ 6 (CL = 40.7%)
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1

|

Phys. Rev.D72:073006,2005 :

. 1
mhmpultﬁomb—rclv antllb—) .svllnoment.sl | E| | TETETOa

2 4 L6
V. [x 107

V.| =(4.49 £ 0.19 + 0.27) x 103

Main improvement due to better knowledge
of “shape function” parameters (including m,)
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b— s y Branching Fraction

Photon energy spectrum

. . . i i 2
» Partial branching fractions are measured cf""s"r:;:“t ‘:"'Lh ;“I_li- ag‘i_rn
above different photon energies rom The g7opa Q I'
* Need to be extrapolated to Ey > 1.6 GeV |
» Extrapolation factors based on HQE fit to 002l BRU ,f:*"'“ V-
clv and bsg moments 2 [
2 3 ¥,
. . - B LT
Vode Reported B B Bat b = KN _?3" E
CLEO Inc. [3] 321443 +275 0 2.0 306 + 41 £ 26 E oo1 2 }_
Belle Semi.[4] 336 £ 53 £42°2 224 — _,;'}’ \
Belle Inc.[5] 355 4 3273 1.8 351 +£32 429 i P \
BABAR Semi.[6] 335+ 19315 1.9 327 £ 1813343 _{_.;;‘a- ‘-il
BABAR Tne.[7] — 1.9 367+ 20+ 34429 il | | 0
1 1 3
1.6 2.0 2.4
12.20005
New World Average from HFAG: 75043 Ey (GeV)

BR(B>X.y) = SM prediction:
(3.55 024 +0.10 = 0.03) 10 3.57 0.3 x10+ Buras et al. (hep-ph/0203135)

_ 3.44 1+ 0.4 x10% Neubert (hep-ph/0408179)
7% uncertainty 3.61 £ 0.42 x10* Hurth et al. (hep-ph/0312260)
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b— s y Branching Fraction

» Partial branching fractions are measured

Extrapolation Factors for BF

above different photon energies 1.00 — T T T T
* Need to be extrapolated to Ey > 1.6 GeV g )
to compare with theory 3 :
 Extrapolation factors based on HQE fit to BBU +
clv and bsg moments __0.95 _
. 1H
. , wr !
Mode Reported B E i Bat E, o KN i
CLEO Inc. [3]  321+£43£2755 2.0 306 + 41 £ 26 Ave
Belle Semi.[4] 336 £ 53 £42°2 224 — |
Belle Inc.[5] 355+ 32730+ 18 351 +£324929 0.90 1 -
BABAR Semi.[6] 335+ 19315 1.9 327 £ 1813343
BABAR Inc.[7] - 1.9  367+29+31+29 PRD73:073008,2006 o
| | |
1.7 1.8 1.9 2.0
New World Average from HFAG: E .(GeV)

BR(B>X_y) =
(3.55 + 0.24 + 0.10 + 0.03) 10

7% uncertainty

SM prediction:
3.57 £ 0.3 x10% Buras et al. (hep-ph/0203135)

3.44 1+ 0.4 x10% Neubert (hep-ph/0408179)
3.61 % 0.42 x10- Hurth et al. (hep-ph/0312260)

Oliver Buchmiller HQL 2006
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BR(b— sy) average

NNLO SM Prediction
3.15 + 0.23 x10%4

(also hep-ph /0610067
not shown)

CLEO Phys. Rev. Lett. 87, 251807 (2001)

hep-ph/0609232 | ™7

BELLE Phys.Lett. B 511, 151 (2001)

BELLE Phys.Rev.Lett.93:061803,2004

BABAR PRD 72, 052004 (2005) ‘

BABAR hep-ex/0507001

HFAG Average

3.55 + 0.26 x10*
Extrapolation to Ey > 1.6 GeV

from PRD73:0730|08,2006 |

2 3

L N

b>sy -
b S

For comparison:
PDG2004 Average: 3.30 +0.40x10*

Improvement within 1 year!

Experiment | SM prediction

3.30 +0.40x104 (2005) NLO vs NNLO
3.55 +0.26x10 (2006) —~ 40-50%

—35% improved improved

5 Expected to improve further

BR(b— SY)EY>1 6 Gev X107

Oliver Buchmiller HQL 2006
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Conclusions

Extracting fundamental QCD parameter (m,, m_, u 2, ...) from HQE fits

fo semileptonic and radiative B Decays has become an established
procedure providing important input for many measurements.

= Consistency between experimental results
= Good agreement of results from semileptonic and radiative B decays

( = Precision determination of SM parameters:
= |V, | at <2% level established
= |V,,| at ~7% probing consistency with sin(2p3) and hence SM
= m, (<1%) and m. (5%)
= Radiative B decays
= BR(B>X,y) @ 7% - important constraint on many NP models

Oliver Buchmiiller HQL 2006 21



Backup Slides
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“Ru - sinzg tension”

Angles Sides

p =0.134+0.039 p =0.188+0.036
n =0.335+ 0.020 n =0.371x 0.027
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Sin2p: Recent improvements

2004

BABAR 04

2006

£ T T
g 0.722+0.040+0.023 : i ﬁ
o Belle 04 ! : - -
E 0.728+£0.056+0.023 : ; (2 ) p— (2 ) E
g Average (charmonium - all exps.) i C : Sln - Sln 1 ICHEP 2006
O ‘oreeio0s : M PRELIMINARY
BABAR 04 g : : T ! i 4 '
% osos0zs’iy AL o BaBar : Lo 0714003 % 0.02
=S Belle 04 i " : '
0.06£0.33+0.09 l_:._-! D hE"p-E‘K.-"DBD?'I D? : -
BABAR 04 ; - | :
4 0.27+0.14£0.03 : H_.l ! Belle ; 0B4+003 002
P | rep-ex06080% |
20 oset i E 1 ALEPH , n 084421016
= Belle04 ' = . v PLB 492, 259-274 (2000) { )
—0.47+0.4140.08 g ! ! .
R0 el | OPAL | 3.20 118 + 0,50,
% Belleod S 4 N H EPJ C5, 379-388 (1998) i .
0.30+0.59+0.11 r T ; H , |
oG Sle .. i : CDF . L 078 %%
o,  BABARO: o PRD 61, 072005 (2000) L
N4 0.55+0.22+0.12 ! T i
S Belle 04 ' A . Average | 0Ba+0.02
049+0.18" 01 E T ! HFAG n
KSKSKS '%33.6810.18. i E E E : :
Average (s-penguin) ! )_i_‘ E FPCP 2004 -2 -1 1 2 3
i I ERU SR i T H
-2 -1.5 -1 -0.5 0 0.5 1 1.5
-1 xS,
: sin2p= 0.675= 0.026
sin2p= 0.726= 0.037 B
Oliver Buchmiller HQL 2006 24




vV ,/": Recent improvements

L3

ALEPH I

41240671071 I t . | 2004
5704 1.00+ 1.40 e
DELPHI
40740651 061

OPAL
400+ 071+ 0.71

CLEO {endpoint)

469+ 0231 0.63 .
BELLE simul. anneal. {m - Q")
475£ 0464 046

BELLE {endpoint)

4461 0231 0.61

BABAR {endpoint)

4404+ 015+ 0.44

BABAR m

5224 0384 0.

BABAR (m , Q")

S.184+0.52% 0.42

BABAR(E , Q")

4994 0.341 0.51

BELLE B, {my - Q")

5.541 0.654 0.54 — &
Average |

470+ 044 —e—

HFAG

1
o 7dof = 6.7 7 (CL = 46.5%) ;
T | T T

' | ' ' ' |
2

Vbl

2004:
V,,=4.70+ 0.21+ 0.39
Dominate uncertainty:
m, and shape function

CLEO (endpoint) i 2 O O 6

M ) P —_Tt
4.00 £0.48 £0.36 i

BELLE (endpoint) j
4822045£030 i

BABAR (endpoint) :
439 +£025+£039

BABAR (E,. () |
457 2031 £041 o

BELLE my,
406 £0.27 £0.24 "'—‘_"'

BELLE sim. ann. (my, ) .
4372046 £0.29 =

BABAR (my, 9 |
47510351032 -

Average +/- exp +/- (mb.theory)
449 £0.19 £0.27 *.

+idof = 6.1/ 6 (CL = 40.7%)
OPE-HQET-SCET (BLNP)

Phys. Rev. D72:073006,2005

1

1

|

|

. 1
mbmpultﬁomb—rclv ancllb—).s'yllnoment.s | | E| | T

[x 160'3]

2 4

6

2006: [V [x 107

V,,=4.49+ 0.19+ 0.27
Significantly improved
m, and shape function

uncertainties

Oliver Buchmiller HQL 2006
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V,,: exclusive vs. inclusive

Ball-Zwicky full g2

Ball-Zwicky q2 = 16

36+ 0015+ 00665 - 0,41 “ 336+ 015+ 055 -037
HPQCD full g2 HPQCD 2 = 16
AR £0016 + 0,82 - 050 * 42040204+ 063 -0.43
FNAL full g2 FNAL Q2 = 16
174016+ 0.86 - 051 * 3754 0,26 + 0,65 - 0.43
APE full g2 APE q2 = 16
3534015 + 1.08 - 056 . ATEL 026+ 145 - 067
V,, inclusive = V,, Inclusive i
| | 1 | | | | | l'l-!'.':ti.'i?ﬂﬂﬁ- | | | | | | m':i'n.'i?ﬂﬂﬁ.
2 4 2
V| [x107] V| [x 107
ub ub
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HQE Eit from BABAR

» [Vl ,.master” formula :
»Br(B— X ev,E, >E)) :

> 1-th M, moment and E>E, :

V., | =Br(B — X_ev)/t, fF(an my, caMG ’MnapLss pD)
MO(EO)/BI/’(B%XCBV) =f0 (E():mbp caMGnunapLSapD)
> 1-th central E; moment for E>E,: MlI (Ey) = ﬁl (Ey, My, Ui ol 01 P) (i =1..3)

X
MiX(EO) =J[i (E09 mbamc ﬂl’Lé axuiapZSa P?)) (l = 14)

2.10 i ] 45 T T T T 96F T T ]
. i\ i (— ~~ 1 - _\| 1 Calculations
3 2,06 . N% 43 I T ] c% 9'2: T ‘++ \ - taken from
x@’ i : xg FL ‘4’[. - x@ il 3x 1 Gambino and
= s /2 \+ | L N Lyd Uraltsev,
= 202 {2 B = 18 +.__
' ] 4.11(b) k. 8.4(c) -  (d) 4 hep/ph 0401063
I e J'\lo\ T T T I I T T T ;7 siia- T T T T ] sl T W_
i . {1 < 177 A N; Se . m; S 4 4 high correlation
= - b 1@ [ A m N 1 @-001}, .
_ 0.08 i T__Q 18 16l T | Ny ] & K T I between
= I N ] = = & fl 1 - o.10f £ . 0 02: | | measurements :
0.06 /B, ._ = 1.5: )'e 1 - < i TI W o =7 /3 | = this fit uses
0.041(e) ! 14 iz;) § -(g)f 2 N A 0.03 () 14 solid points
| | | | | 1 | | 002 | | | *\ | | | | Only
0.5 1.0 1.5 0.5 1.0 1.5 0.5 1.0 1.5 0.5 1.0 1.5
Phys.Rev.Lett.93:011803,2004  E., (GeV) x* =15.0 (ndof = 20)
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BABAR Fit Results

vV, | = (414204, 04,502, £0.6; )X 107

Br(B—X.ev) = (10.61£0.16, , +0.06,,:)% Phys. Rev. Lett.
rllm, (1 GeV') = (4.61£0.05, +0.04,,, +0.02, )GeV 93.011803,2004”

m_ (1 GeV) = (1.18+0.07_, £0.06y,; £0.02, ) GeV’

Strong correlation between

u’ (0.45+0.04, +0.04,,; £0.01, ) GelV?
e = (0.27x0.06,, +0.03,, = 0.02, )Ge V?
o) (0.20+0.02,, +0.02,,; £0.00, )Ge v’
\pis = (<0.09£0.04, +0.07,,, * 0.01,) GeV’

m, and m :

kinetic mass scheme
N

43 T T T T T T T T T

Lepton 1 Hadron ] ! Hadron

—BAMIL___~ + BABAR-

Momentst Moments .~ ~ ] . . 481 BABAR  MomentsH
oy T >~ 1 2D projections e _
™ ~ ) i, | ]
> | - /1 of the fit result: 3
— | ; I GV . S 46 P
—= [ I . “—Lepton | — *or F i

° + Moments- =

> . E 5 4

40| Ail \ T ] Ay?=1 ellipses uf Lepton |
» I All f
| Moments Hadron 1 M ¢ - 441 Moments Moments|
r(a) Moments 1 (b) oments ] (b) ]

39 1 1 1 | | | | 1 | | |
4.5 4.7 4.9 04 05 06 0.7 0.3 0.5 0.7
my, (GeV) w2 (GeV?) u2 (GeV?)
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NEW Belle Result (ICHEPO06)

Kinetic Scheme |Ve| and HQ parameters
Belle Conf 0659 e

Ao iva X X¥dof=17.824

Veb| = (41.93 + 0.65¢ + 0.4845 + 0.634 ) X 1073
Br(B—Xc £ V) =10.59 + 0.16 %

mp = 4.564 + 0.076 GeV W2 = Q557 % 009 Ge?
me= 1.105 £ 0.116 GeV pio = 0.162 + 0.054 GeV?

AlVen| < 2.5%, Amypkin < 2%, Am_ @ 0%

oI5

AT Balle &> F
S uE Prailminary g mf
< 07 f_ = n1s £
e E - Balle
. L1 — Praiiminary
s - =
: contours Ax2=| os|
o4 — (] L'é-ﬂll}' - ..é
- Ealy o0 O Moy
03 |- O E oy C @ E oy
L [ cobine F D cosibesed
u - L I L L L I L1 L I L L L -D-us :_ I I I
4;1 -'.4 u u 5 d‘: L IMI 1 IMI L I-.-= 5-
iy, (e V) m, {GeV)

http://belle.kek.ip/belle/talks/ICHEP2006/Urquijo.pdf
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NEW Belle Result (ICHEPO06)

Kinetic Scheme |Ve| and HQ parameters
Belle Conf 0659 e

Ao iwva X ¥¥ded=17.824
[Ven| = ( 41.93 + 0.65q + 0.48,, + 0.63y4 ) x 1073

_ Br(B—Xe £ v} =1059 + 0.16 %
Mb = 45&4 + ﬂﬁ?ﬁ GEV “g“ = 0557 + 0092 Gavt

me= 1105 £ 0.116 GeVY plo = 0162 £ 0.054 GeV?
Yellow band: theory error  Filled circles: used in fit
3= i~ £l 5.
i = %::E 3
; Tt T
[ ] S E-I:ﬁ"lr L] E-I:ﬂ",r & (1] IF_IP..-:': -] E-1] I'_m-:ll
Tk T. ' 3 Tuf
£ =F £ Ee3 & ~F Ey.1 EuwE Ev2
£ wf - af Fub
¥ =k ‘ir_u. iz [~ n]"l- 3
i ¥ 2k
:.- -."E """"""" :E ::u 1 1 L ._I E‘- Ll 1 1 1
£, Y n_u:-::u E_ (G}

Lepton moments in hep-ex/0610012 - hadron moments soon to come
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NEW Belle Result (ICHEPO06)

1S Scheme |Veb| and HQ parameters
Balle Conf 05659 ,"“;'..__
_ AVes|<1.5% Sl ~
V| = (41.5 £ 05 + 0.27)x 103 £IVerl .E‘Erg?f s
mpl*= 4.73 + 0.05 GeV¥ Amp's<|.5% ~

Yellow band: fit error

A= -0.30 £ 0.04 GeV? ,
Filled circles:used in fir | Red band:Theory + Fit

™3 ™ YT T T

1 1 1
Bl le

E 1 1 1 1 3 1 1 T 1 T 1 E = T 1 1 E
A | i 15
=. ; ? L 3 iu
B E . &
N 3 aafb - -
. BR 1 . 3 w _
[ E 4 e
. ! 3 sz R\\\._ . x""
L T T v e PR T T R T T T T T T T R T
E, [a¥] B . [0] B V]
T T T T T T T T T T T 4 = DO T T T T T
E.; DRI -~ S
4 e oy : ? E"l’-l
. ok L 3 ¥ oo
3 ] am
;'“IIIEM Belle . aa
el | ¥ i 1 |P-.|-.T| ] 1 1 1 1 1
LI TLATTs I Y I R N N TR T ! T Y T R
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Pioneering Work

DELPHI CLEO

B M, (M) B M,(M) B ME(ML)
- Ml(Eo - Mz(Eo -y ¥ 8]

= ?"](Gevz)

1™ moment Of

N; 1 Photon Energy
S oo i b5
= os .
0.7 E"’ H'H:!rllé.'nt
* 'Leplon Ene
0.6 P A 17 Hadronic Mass
a.2m ) Moment
0.5 -
| & Theoretical
04 ,.. Ellipse l
1% moment Of
03 ‘ {Lepions) epton Energy
0.2 ‘ | | o Total
Expernimental
0.1 ‘ \ E"FPSG
042 43 44 45 46 47 48 49 _ N
my, (GeV) > & ) 0.7 0. R 15 5E 0.7 8
PR . A(GeV)
My (1GEV)= 458 20.06,,£0.05,,, GeV ELEO (preliminary):
Mejen (1GeV)= 1.15 +0.09,,+0.08,,, GeV A= 0.3940.03+0.06+0.12GeV

0.2 (1GeV) = 0.41 +0.04,+0.04, . GeV?
o5 (1GeV) = 0.05 +0.02,+0.01, . GeV3 \

L= —0.254+0.0240.05+ 0.142 GeV?

:>\ Multi parameter fits to moments but sensitivity was limited ...
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