


Motivation and Method

MeasureV , with smallest experimental and theoretical errors

Until recently two methods have been used to measure V.

» From measured exclusive B — D)l v decay rate dI'/dw & HQET
Get V4, from extrapolation of dI/dw to w=1 (zerorecoil) = F(1) [V |
CLEO, ALEPH, DELPHI, L3, OPAL: |V 4| = (41.8+1.6,,+2.3,)x10°

» From inclusive semileptonic branching fraction & HQE
Get V, from predicted branching fraction
ALEPH, DELPHI, OPAL: |V | = (40.7+0.45,,,+2.03,,)x10

New method: Measure moments of hadronic mass spectrum
Mi=(M%-M3) , M2=(M%-M3)?) and M2 =((M%-(M%))?)
WhereMDlsspln averaged D meson mass My, =My +3M _, =1.975 GeV

and M, mass of charmed hadron system X,
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Motivation

O Expand semileptonic decay rateto order and Using HQE:

_ F ‘Vcb‘ M
ST 19213
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O > at /M;: oneparameter A = energy of light quark & gluon do

> at 1/M2;: two parameters A, = aver age momentum-squar ed of b-quark
A, N energy of hyperfineinteraction of SDWI'[h S, aht dof = AM(B*-B)
> at 1/M3 . 6 additional parameters: p,, p,, T4, T,, T4, T, (fix these)

O Need to measure parameters A, A, A,
Measurefirst and second moment of M, in B—»>Xlvand E, in B—>Xgy
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Hadronic Mass Moments
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Mp M3 Mg
0 Mg =5.313 GeV is spin-averaged B meson mass

O All exceptMA%term are computed with p, > 1.5 GeV restriction (good to 50%)
B I



O

Analysis Strategy

Require one charged lepton (e or p) with 1.5 GeV/c < p*, <25 GeV/c

n n
Reconstruct v: E,=E,-SE, and P, =-2.p,
.=l =l :
Remove double counting between calorimeter and tracking measurements

Require M, =VEZ2, - p2, consistent with zero; total chargein event =0
Use event shape requirements (R, thrust) to reduce qq backgrounds
Sample composition (3.1 fb):

89% BB (95% b—clv; 2.8+0.6% secondary lepton, 2.1+1.1% b—ulv)
11% qq

Efficiency: 2%
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Analysis Strategy

O Determinehadronic masssystem M2 =(E, -E, -E,)?—(Pg — P, — P, )
= Mg + M}, — 2EgE;, + 2Pg[p,[cosby, g
O Since 6,z isunknown, neglect last term and use approximation:
MZ=M3+M{ —2ELE,,

O Expand momentsin powersof /Mg up to UM g2 and up to o2

O 2Issues: 1) Convergence of expansion
1) Validity of assumptions of underlying expansion quark-hadron duality

O Introduces additional uncertainty = need to determine A, A,, A, with
several methods
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Inputs

O 1M3; parametersp, and T, are estimated from dimensional consider ations
(0.5 GeV)3

d Usep,=0£(0.5GeV)3
T. = 0+(0.5 GeV)3 i=1,4
p, = 1/2(0.5GeV)3 + 1/2 (0.5 GeV)3

Q Other inputs: A,=0.128+0.019GeV? (appropriate with O(1/M g3)
o (m,)=0.220
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M,? Spectrum

O M2 spectrum contains 11900 events 2000
after continuum background subtraction Fit +
-~ Dy {
: : : 1500 — D*
Q Spectrum isdevided in 3 components i ‘ |
H ol

Bo>DIv,B>D'Iv& BoX,lv

d X, ismodeled with 6 resonances (I SGW?2)
B> Drlv& B> D nlv (Goity Roberts)

Events / 0.5 GeV?

a <M>2<>=fDM%+rD*M,23*+th<_M>2<h>’ | -
whererp, rp., ry,arerelativeratesobtained  0%3=—5

| 0 2 4
from fit M2 (GeV?)

O Measure: M1=(M}—M3)=0251+0.023+0.062 GeV’
M2=((M% - M3)?)=0.639+0.056+0.178 GeV* smaller errors

M2 =((M% —(M%))?)=0.576+0.048+0.163 Gev*x” & correlations
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Systematic Errors

d i) Largest systematic error from simulation of parametersthat impact 6, :

= photon identification efficiency » O Y° =0.058 GeV?
= tracking efficiency > » O ,Y° =0.140 GeV*
= additional neutrals: K, other v's » O »Y°=0.129 GeV4

O i) No knowledge about amount & shape of non-resonant contribution:
= fix fraction of non-resonant/resonant component in X, in fit
= vary fraction systematically over limitsthat data allow

» 0, Y° =0.011 GeV?
> 0 .Y =0.060GeV*4
» 0 ,,»Y5=0.054 GeV*4

O iii) Other systematic errorsare negligible:
= Subtraction of secondary lepton & b — ulv

= Final stateradiation correction
= Form factor uncertaintiesin B = D) v
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Theoretical Errors

Q 1) Determination of model dependence of high-massregion:
= Vary internal structure of resonance model by systematically dropping
6 contributing resonances, singly, in pairsand in triplets
» o y,!" =0.015 GeV?
» O, =0.090 Gev4
» O ,»"=0.083GeV*

O i) Use phase space model for 2 non-resonant modes
= generates higher M,, than Goity-Roberts parameterization
= yield hadronic mass moments consistent with those in Goity-Roberts
= data constrainsr«M?; individual components may vary significantly

i) Include scale uncertainty: ay(m,/2)=0.275to a(2m,)=0.176 and errors
Of Ppy Pos Ty e T, (0.5GeV)?

O Error correlation coefficients:
M1-M 2; +0.71, 0.5,  +0.52,,
M1-M2': +0.56 +0.34,, +0.36,,
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RESULTS

Obtain band in A-A, planefrom M1 .

Use only M1 because of slow convergence 0
of M2 in UMg® B

CLEO determined momentsE1 &E2 92
of E, spectrum in b — syto order —0.3
Bol& /M3

-04

Intersection of 2 bandsyields: -0.5
A =0.35+0.07,,,+0.1,,, GeV

A, = -0.236£0.071,,,+0.078,, GeV

Note: Results are scheme dependent (M S)
and order dependent

Vxb Workshop Dec 7 G. Eigen, University of Bergen

Total

r:E,r::

"o

-'f""'-
g*

| W
| 1 | | ERER
N Experimental]

|
0 0.2 04 0.6 D.8



Results for V,

O CLEO measures. B(B—X_v)=10.39+0.46%

O Uselifetime averages t5- =1.548+0.032 ps & 15°=1.653+0.028 ps
and CLEO measurement f_/f,, =1.04+0.08

» T, =0.427+0.02 x 10° MeV

O  Extract |V | using measured valuesof A, A, A, T'y, o, and assumptions for
PP T Ty T3 Ty

|V, =(4.04 +0.09+0.05+0.08) x 102

O  Notethat theoretical error isc,,:2% & experimental error is, G,,,: 2.5%)

0  Thismethod gives smallest model dependence,
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