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Introduction

* V, connected to B>XcIn ™" L= L=1
- X =anything(c) ﬁ Inclusive
~ Xc=Do ) Exclusivemﬂ:
e Hadronic mass moments:

- Hadronic mass distribution ,, |
from semi-leptonic decays:

B=>X.In
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- D, D*, D**
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Inclusive V, Determination
and hadronic moments

Inclusive semi-leptonic B decays:
GB>XcIn) = [Veo| 2 F(L | 1,1 2,.)
Moments: g(L,l I 2.)
— one can measure the moments to improve the knowledge on V.,
— currently the theory uncertainties dominate

— general test of non-perturbative aspects of HQET

— measuring L ,| ; in several ways and finding consistency would be a
powerful test of the OPE treatment of HQET

Experimentally:

— CLEO, BABAR: inclusive technique with fully reconstructed B on the
away side

— DELPHI: inspired our approach



Moments Definition

e Spectral Moments:

- lepton energy: E"(d&dE)dE / dG/dE)dE
— photon energy in b->sg
e hadronic mass:
@ls, s," (d&ds,) / als, (dG/ds,)
where s, = my?

— usually s,,;=my2-Mm?pgpin
(Mpspin = 0.25mMp+0.75m p+ spin averaged mass)



Hadronic Mass

e Hadronic mass spectrum:

G::LC(;G& & (S ma)““ (3—1 gl Cl)f “(s4)

- Explicitly measure only the D™ component, f7(s,),
normalized to 1. Only the shape Is needed.

— PDG values for D and D* masses and b.r. will be
inserted. 4

D D*

D1 D2*




Channels with neutral B

« B°>D"™1In

- D™ > DO p* OK
- D™ - D* p® Not reconstructed. Half the rate of D* p
- D™ > D™0p*
e D0 - DO p°® Not reconstructed. Background to D° p*
D - DP% g Not reconstructed. Background to D° p*
- D™ - D™ p°® Not reconstructed. Half the rate of D™ p

‘ For the time being let's forget about the neutral B.



Channels with charged B

e B> D" I n

- D™ > D p
- D™0 - DO p® Not reconstructed. Half the rate of D* p
- D" > D™ p
« D™ > DO p*
e D™ - D* p° Not reconstructed. Feed-down to D* p-
» bckgd shape from channel above (D°), rate is half
- D70 = D™ p°® Not reconstructed. Half the rate of D™ p

” We can do well the charged B.



Event Topology

K_
- ___ p*
\\\\\ e o
PV ® -
B-® D**0|n
p- (aka p**)

« DO D*, D™: 3D vertex of Kp(p)
e Lepton +D: 3D vertex

e Additional track (p**) for D**

— use the track’'s dO w.r.t. the B and Primary vertices to
tell p** from prompt tracks



CoRorsd

Reconstruct
D*/D+

/

«Collect as many
modes as
possible:

*(Kp)p*
*(Kppp)p*
*(Kppp~)p*
*Kpp
*Check yields
*Validate MC

h -/Selection:

The strategy

CORATABTS

Add another
p**® D**

*Optimize on
MC+WS
combinations

*Cross check
onp*
*p** Background
eCombinatorial
D’
*B® DD

*CC

~

~

N
Ve N
Correct for e(m...), |, bR
e(D+)/e(D¥) <Mau2>, <M®>
Y j
KMeasure selection bias\ /-Subtract
on M. from: backgrounds
*MC «Use PDG to go
-D* candidates D= ) [

*Rely on MC (& PDG) for:
*e(D+)/e(D*)

eUnseen modes
(I'sospin)

eLepton spectrum

acceptance /

«Compute <M,..2>
& <M,..»>

eInclude D™O

*Extract L, |,

«Systematics




Reconstruct
D*/D+

D) Reconstruction



Dataset & Initial Selection

e Dataset: ~
- Jbot2h/0i: muon + SVT
- Jbot8h/4i: electron + SVT
. Refit: i
- KAL (fixed), beamline 19
- ISL, LOO hits dropped
— COT scaling:
(curv,do,fo,l ,29)=(5.33,3.01,3.7,0.58,0.653)

e LeptonSvtSel: default cuts

> Thru run 165297




Track & Vertex Cuts

TrackSelector:

— COT hits: >20 Ax, >20 St

- Si hits: 33 AX

- K, p: pr>0.4 GeV/c

- leptons: pr >4 GeV/c (from LeptonSvtSel)

D vertex:

- 3D fit

— one track has to be matched to the SVT track
Lepton+D vertex:

- 3D fit

p**:

- 20+20 COT hits

— Si hits: 33 Ax, 23 SAS+Z (-30% stat, x2 S/B)
- Pt>0.4 GeV/c
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MC samples and validation



Montecarlo Generation

eBgenerator/EvtGen/CdfSIm/TRGSim++
*“realistic simulation”
eDifferent samples:
MC Validation
D samples ® inclusive B® X.In
ep* tracking (p** proxy) ® exclusive B® D*In
*Optimization ® inclusive B® InD**
eEfficiency, M** bias ® individual D** mesons
(e.g. B® D,In, D,® D*p, D*® D°%p, D°® Kp)



MC validation

*Cross-check kinematic variables
B spectrum modeling
*Trigger emulation
Compare many data/MC distributions using binned c?
*Every possible decay mode
«Sideband subtracted before comparison

«Duplicate removal (D°® Kppp)



Kinematic Comparisons: ID*, DY® Kp
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Matching-c? Kp Kp(p°) Kpp
prob (%) e m e m e m e m
p-(1) 4 12 | 43 40 38 11 16 1
p+(D) 3 7 8 2 6 79 12 4
p(I-D) 41 17 30 2 49 22 9 4
d,(1) 10 92 75 27 30 4 95 2
m(l-D) 2 3 50 61 48 69 16 42
L., (I-D) 48 | 23 | 41 12 | 32 | 69 | 29 | 007
Ly (D) 23 88 69 99 95 47 87 2
L. (B to D) 61 29 6 13 17 89 24 2
pr(p*) >0.4Gev | 28 42 21 70 38 1 — —
d (K) 68 | 72 83 54 74 15 17 72
DR(I-D) 34 29 26 51 86 33 57 30
DR(I-K) 17 12 33 66 38 2 29 2
p-(K) 22 | 20 49 52 83 10 25 15
p+(P) 90 | 20 14 59 2 8 - -
p-(2p) - | - - | - - - | 67 | 64




Can we “predict” yields?

# ___MNBDHyX, D+ - K-rtnt) B _ N(D*'pX,D*" = D, D° 5 K—ata~n)
LYK= = N(B = D"z X, D*D— D+, D0 — K-7t)’ K3r/Kn = — (DX, D — Dor+ D0 — K—7+t)

A

Two methods (a,b) to a) Based on inclusive b® D)*In

derive this BR
b) Based on exclusive B® D®™*In, D**In

+PDG BR + MC efficiency ratios

R?:lwzd. Rmm R-gwmi.{( R;mm
Rp+ Kk«
data (sans D) 3.71 £0.08
Method (a) 3.31 £0.58 0894016
Method (b) 3.23 £ 0.29+7 0.87 4+ 0.08£7
Ry ikx
data 0.77 +0.02

0.80 % 0.04 1.04 £ 0.06




Add another
p**® D**

D**



Optimization

The relevant discriminants are:
- P,

- DR

— dOPV

— dOBV
— dODV
_ nyB®D

Signal model: MC

Background model:
- WS p**-| charge

Optimize significance
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éﬁuu - Jf‘l— gm (= B I - - = - = b I
bt (M Discriminating Variables
E E 'I || D — Kot
400 |~ \q_
ang f_"‘ + +' .jlf ++ .QR (p**_l D) 2 o . Bg;ckground from data
E t | 4 1800 — D MonteCaro
S t It t ‘ o E cut
mofr 4, L gooo |-
100 it _h‘nL11 +‘+. 54::0 é— D' Kot
4 | | | ++-hh-|——|_:t*ﬂ‘ | | 1200 :_
uu 02 04 wE 08 1 12 14 T8 18 '5 Hz 1000 E_ p** 3d I P SIgI’]IfWRT BV
800 Ei
200 — | ®  Packgound Tom dala 600 :_
2 + gmmm-c.ano I E
§nun . 400 g
*;EBUU = ; o = ?+ml;:¥‘+m+**+ﬂ+ﬂf*++ﬂﬂm.ﬂ
N Kk I PN mireie M T
wky f P* PL(GeV) R
400 |— +
A s 2 — . ackground from da
200 f m*‘q“:':‘ln.r"-h,_,.,_ﬁlwmr gum g E;thklﬁ:rﬂe—mcgrb o
ol— "*“-*o»u-u..ﬁ:mi‘:’:; 0 i
R R TR TR Y- '“4'1.5' _”5 '.%nm __+ - -
py (GeVic) I.E i D'— Kn'n
- ™ p** 3d IP signif WRT DV ™* p** 2d IP signif. WRT PV
%m || + O — Kmimt 1000 j— *
= |Jr s ||l| mn::rh:mv
100 |- : | » ; +;;—_F__ t-l ‘t i i - #""'I-""'-—'—\_‘_‘___L
g ST of L, [Tt e
e + e T +++ + o 2z 4 6 8 10 1z 14 18 18 20
al. I L.




Signal model for optimization

e Generate D** montecarlo (the shape)

e Use D from data to set the scale:

— Measure the number of reconstructed D* (or
D*) on data and MC

— Rescale for the fraction of D**® D)+
(PDG + EvtGen)

e This gives an absolute yield!II‘Optimize!



Optimization!

Now we can turn the crank and optimize...

But what?

S S
»
Shin 4 S+2% S5+ * (SBrg +SBye) + @ (SBrg - SByye)

a Is the ratio of background events between signal and
sideband region (a<1, usually)

S Is the MC signal (right sign combinations, signal region)
°S,s IS the WS data in the signal region

*SB.. IS the RS data in the sideband region

*SB,< IS the WS data In the sideband region



Best estimator ¢

Estimator Behaviour

-....I

IIII||]I]|[[II|IIII|III]|]][[|III(I|

D'— Kt

0
0

100

200 300 400 500 600 700 800 900
Index of maximum

1000



Kp Optimization

D°— Km : 100 first maximain

£ =7.95256091

E =7 095460343

—— =7.95790223

- F =7.0502443

L =7.96153225

—& =7.9531774H

£ =7.96487974

—& =7 95508306

— & =7.96800451

——F =7.96072377

looser cuts at center



D* Optimization

D*— K m : 100 first maxima in &

£ =6 62862118

£ =6 62946206

——& =6.6301644

— & =6.63124388

£ =6.63198263

——F =6.63282405

£ =6.63402168

——F =6 63462072

£ =6 63541796

—& =6.63630605

looser cuts at center




Optimal point:

e r
Pt(p**)>0.4 GeV

D* < *DR<1.0 ‘Slsqrt(...)»S
—|dV/s 52,5
D* < | -1dg8/s]<3.0

* |dg”¥/s|>0.8 «S/sqrt(...)»6.6
- L,,(B®D)>0.05 cm

N

\We have to live with different selections for D**® D* and
D**® D*(® Kp)



Measure

<Mex?>, <My™

m**



Current Mass Distributions
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Background



Backgrounds

Background from B decays:
— Know how to model
— Study using Bgenerator/EvtGen/TRGSIim++/CdfSim

Combinatorial background under D peaks:
— side-band subtraction

Prompt pions in DO)*pl:

- Mostly from fragmentation

— wrong-sign combination D+p*l-

CC

— DO impact parameter distribution



Physics Background

 Physics background mostly
from B>D™*)D

| bkgd: D 'D;, D, semileptonic decay | TR T ]
Entries 104
3- Mean 2.639
- RMS 0.2989
251
2
1.5:—
= A
0:| 1 I | alt I 1 s 1

2 22 24 26 28 _3 32 34
D candidate mass (GeV)



Background: Feed Down

Irreducible D**0 >D**(-> D*p°)p- background to
D**0 >D*p- subtracted statistically:

— M shape of D*p- combination above is like DO
from D**0 >D**(-> D%*)p-

— Rate is one half (isospin) times the relative
efficiency in both channels time the ratio of the
DY and D* B.R.’'s used in the analysis



Pollution from ccbar?

*Rem: we are cutting hard on L, (B) (500mm), this is
known to “solve” the lifetime problem (see Satoru’s talk)

eLook at D*/D° impact parameter for evidence of prompt
objects:

[ 2-D impact parameter of D ° meson (L, (I-D)>0.05) | |_2-D impact parameier of D " meson (L ,,(I-D)=0.05) |
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Measure
<Mex?>, <My™

Efficiency Corrections



p,*

e Theory prediction depends on P* biases. We cannot do much but:
— see how our analysis bias looks like
— Use a threshold-like correction
— Evaluate systematics for different threshold values
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MC efficiencies

e(M) is dependent on:

*Model
*P,* cut

Use different
models/cuts to

evaluate systematics -

resonarnt L non-resonant. D
oy | Iy | D | I | Goity-Koberts | phase-space
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MC Validation

ep* IS an unique probe:

el arge statistics

e ow background

«“Similar” spectrum to p**

eCan reconstruct with minimal cuts (e.g. COT only)
eTechnique:

eSearch for p* with very loose cuts

Do not include in B vertex

«Study biases to kinematics from tracking

«Study IP resolution(data/MC): Primary, B & D vertices

«Study &(data/MC) vs selection criteria



MC validation

Cross-check kinematic variables

B spectrum modeling
*Trigger emulation

*Validate CdfSim model of tracking resolution
*Relative efficiencies

ep** selection/bias

eCompare many data/MC distributions using binned c?
*Every possible decay mode
eSideband subtracted before comparison

«Duplicate removal (D°® Kppp)




p* probes tracking bias

*DO/* reco is based
on trigger tracks

*SI requirements
can bias Df (D%p**)

Df (D%p)« Dm**

Praction of Trocks with == 3 (Z+0AG AND == 3 A=kl i va 1 m M0
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Kinematics

eCan we rely on kinematical biases estimated from MC?
Rem: we don't care about absolute scales

Pt dependent MC/data ratio:

0* Pt MC/Data vs Pt
| MC
n '
vz 7L Data
l'.l.1f_ + 25_ ot
i E o 400 MeV
lJ.lJEf— ﬁ 1_ L 1[ }H L
o s ﬂHH H //
u_uzz_ + iﬁ ué— _i_



Impact Parameters
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e(MC), e(data) vs selection criteria

ﬁiﬁﬁ%ﬁm | :




Another perspective:

MC(after/before) / data(after/before)

P, efficiency for the PV cut 21 ndf 1764724
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MC(after/before) / data(after/before)

Plan for the evaluation of systematics
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Measure
<Mex?>, <My™

Moments Extraction

Procedure



Computing the D** Moments

« All the pieces are put together in an unbinned
procedure using weighted events

- Negative weights for background events

- Efficiencies are propagated on weights:
e  W=w/[g,(m™) (@ P,"+b) (& m™+b)]

e A toy Monte Carlo program has been written in order
to test the procedure

e Details: unless you ask, see Ramon’s talk from March
2"d at the semileptonic meeting



Signal and Combinatorial Background

Signal right sign (SRS) events for all channels are
assigned w = +1. Then weight Is corrected for relative
efficiency factors from MC and p* data.

Signal wrong sign (SWS) events are assigned w = -1, and
then corrected as above.

Sideband right sign (SBRS) events are assigned w = -a,,
where a; Is the ratio of background events in S and SB
regions. Then the weight is corrected as above.

Sideband wrong sign (SBWS) are assigned w = +a, and
corrected.



More Backgrounds

Feed-down pseudo-events are formed from the DOp **
mass Iin Kp events (in SRS,SWS,SBRS,SBWS). The

weight is
. e(Kpp). BR(D* ® Kpp)

"= %elkp) BRD ® Kp)

1
2

Physics background events are generated and assigned
a weight

(*)+ .
w=- " BR(D.® IX) BRB® D,DV*), N,

1+e BR(B® signal) N,

where e =0.07 is the efficiency of the background
relative to the signal. The weight is then corrected
with the efficiency factor from MC.



D* D** Relative Normalization

Relative normalization of D* channels is irrelevant since
they all have the same underlying M distribution.

D* channel has a different M distribution. All D* events,
Including SRS,SWS,SBRS,SBWS, feed-down and physics
background have their weights modified as:

e(Kp) - BR(D*® D% *)BR(D°®K p*) ~ ND*

wW=w e(Kpp) BR(D*®K p*p*) N




D** Moments

Combine all events of all
types in all channels
(D*,D*,SRS,SBRS, feed-down,
etc.)

Compute mean (m,) and
variance (m,) of M?
distribution with weighted
events.

Errors and correlation
computed with MC (for toy
MC) or bootstrap (for data).

For some realizations, one
finds a negative value for
m, = Var(M?) = <M* - <M3>2,

400

300

200

150

100

450
350

250

50

Toy MC

X/ndiii44 / 73

Constant 402.7x 5.084
Mean 3.10D7E-01 £ 0.1010E-D1
| Sigma 0.9799 + 0.7456E-02




Computing the Overall Moments

Finally, the D° and D*? pieces have to be added to the
D**0 moments, according to

My = p- ?‘ngﬂ ,
Lo..fm2; ;_4) fo+ 1 P - (. — ] f. + ( i P—) : (mg + (my —;L]g)f
M, = fTa D N - Ty Ly -

J;f + A+ (1 —ﬁ;—%)f”

with p defined as

r 9 I. 9 I I.
o2 mpofo+ T “Mpee fo + (1 i 1'*_1) "1 fan

=]
I | T s
=0 e, L R s
rﬂfﬂ+pﬂf#+(] T, T, ok

po=

where the T, are the fractions of D'l events above the
p/*cut. Only ratios of f's enter the final result.



Inputs for the D® and D*° Contributions

e [For the BR’s, results from charged and neutral B
decays are combined using isospin: partial widths are
assumed equal.

e BR’s, ratio of lifetimes and ratio of production
fractions are taken from PDG.

e Toy Monte Carlo Is used to propagate the
uncertainties from m;, m,, the BR’s, etc., to
uncertainties on M; and M, and their correlation.



Measure
<Mex?>, <My™

Moments Extraction

Results and Systematics



Systematics

eSignal & Reconstruction:

Dm... scale and resolution Sensitive to

Dm... bias from reconstruction cuts / B P, model

eRelative yields correction )
eReliance on PDG masses/BR for D*/D*
eBackgrounds
eSideband subtractions (fake leptons, D)
ep** Background subtraction (fake D**)
eRadial excitations

eUpper limit



Systematics

shopping list

Mass scale and resolution

Efficiency corrections
- from data (stat. Uncertainty)
— From MC (modeling)

Lepton momentum cut
Background model

Physics background (BR)
Relative D*/D* normalization
Semileptonic B branching ratios
D** mass cut



Mass scale/resolution

« We are measuring Dm** and then adding the
PDG masses for D+/D*

» Basically insensitive to absolute scale issues
» Mass resolution hits us!
» The sample with the worst resolution is Kpp®

» Re-smear with 60MeV gaussian and use this as
systematic!



Efficiency Corrections from data

Frxtion of Trekz with ;w3 E+35T) SAHD su 3 Axdal hiczve Am

eEfficiencies measured on data have

] - T e T
modeling uncertainties/stat. Errors _ +
C . “F s 5395/45
eFloat parameters within ranges and ’;.;,,d' S
compute the effect on the moments oif [ PO 070780002340
- | p1 -0.008701 + 0.003765

P, efficiency for BV DV and PV cuts 2/ ndf 1251/ 23
— 3 Prob 0.9618
= p0 0.9452 + 0.1804
E 2.5 p1 -0.1495 + 0.2411
g
% 2 I:| I1.2
T
= L Mass-dependent: use stat
= U, Tl L il error on slope
0.5 | | \
— ~—~_| *Pt-dependent: use Oth/1st
: order polynomial difference
-0'5 L L L il J. 1 i L L J il L . il l 1 1 ul L I i 1 L |
0 0.5 1 1.5 2 25

' P, [GeVic]



Efficiency corrections from MC

eUncertainty comes from lack of knowledge on
the D** BR and phase space structures...

*Two possible MC models:

*BR weighted EvtGen admixture, to the best
Of tOday’S knowledge | acceptance for p* >700 MeV

*Plain phase space Em— (a) Kn

*Switch to evaluate m.ﬂ:

systematics... :: i )
”m;_ | )%l; N = HRwRidhee
" R X R
oo ET

2 2.0 3 35 9




Lepton momentum cut-off

\We are not “literally” cutting on PI* (it is not accessible,
experimentally)

eDetector implicitly cuts on it

eAssume a baseline cut-off

eVary In a reasonable range to evaluate systematics

| p efficiency |

w10

oo \We use T to derive **,
" () Kan I given fO, *

w 0.004 f—

o F=F(L,l )

fiicienc

sk + *\We use experimental
: +++ prior knowledge on LI ,

0.oo1 -:— -l T -
F i+ to evaluate systematics

e

ffpm — —

A S S I W rarer eEffect is marginal

0 05 1 15 ~ 25
p, (GeV)




Residual Numerology...

D*/D** relative scale:
*PDG BR are varied by %1s
*MC based efficiencies £13%, according
to studies in CDF6754 (D yields note)

*Physics background:

*)
w=-——-_"BR(D, ® |x)'m' Np-

1+e R(B® signal ) N,
—Branching ratios are poorly known (100% !!!)

*Relative B® D/D*/D** branching ratios

eTake PDG values %1s

*Theory parameters (r , ag, T;, m,, m.) varied according to
expectations (100%, 5%, 0.5GeV3, 200MeV, 200 MeV)



Distribution Cut-off

 The sample has basically no statistical

power above 3.5 GeV

« We need to apply a cutoff in order not to
compromise the statistical uncertainty

e Trade off:

— Drop the statistical error, but increase the

sizew of systematics

— Becoming model dependent (we need a model
for the extrapolation of the high tail in order

to evaluate systematics)

Temporarily:

Evaluate moments with
different cut-off
(3.5-4.0)

i

30

s 25

§
w
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15
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0"y Knnwr

% D' channels (WS-subtracted) M[D = ) (GeVic®)
o §
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Background Model
 We have 2 models
- WS
- Embedding
e Shape: use embedding instead of WS

e Scale:Based on the charge

multiplicites from embedding we have
~4% discrepancy between RS and WS

Data Bt 5 ¢yKT [ Bt 5 D%t [ Bt 5 D'gt [ BP 5 ¢K* | B 5 D™

D" 5 K DY - K3r DY = Knrr

Ni:’ - 0.98 +0.03 1.06 = 0.03 0.83+0.03 |0.88+0.04| 0.714+0.03
Ni’s 0.834+0.02 | 0.77+0.03 | 0.91+£0.03 085003 |0.79+0.04 | 0.74£0.03

Table 4: Comparison of the right sign and wrong sign charged multiplicities for B — D**fv data
and embedded Monte Carlo using the 5 fully reconstructed samples. For this table, tracks are
required to have at least 3 axial and 3 stereo silicon hits and be in a cone AR =1 about the D

meson. For the semileptonic data, only wrong sign combinations are shown since the right sign
combinations are the D** signal sample.



Systematics size

Error Ay Ao AM; AM, AA A
(GeV?) | (GeV?) | (GeV?) | (GeV?) | (GeV) | (GeV?)
Statistical 0.15 0.49 0.035 0.20 0.066 | 0.046
Total systematic 0.08 0.46 0.063 0.15 0.092 | 0.088
Mass resolution 0.02 0.10 0.006 0.04 0.012 | 0.010
efficiency (data) 0.02 0.34 0.004 0.10 | 0.024 | 0.023
efficiency (MC) 0.03 0.29 0.007 0.05 0.005 | 0.011
p; cut 0.001 0.00 | 0.001 | 0.000
Background model
Physics background | 0.01 0.03 0.003 0.02 0.008 | 0.006
DT /D*"t BR 0.01 0.01 0.003 0.01 0.004 | 0.002
D+ /D*+ Eff 0.02 0.01 0.005 0.02 0.008 | 0.004
M(D™) cut 0.06 0.07 0.014 0.06 0.022 | 0.013
Semileptonic BR'’s 0.060 0.07 0.059 | 0.017
M 0.041 | 0.070
T; 0.032 | 0.032
(g 0.018 | 0.007
T, e 0.002 | 0.008
Choice of p] cut 0.025 | 0.019




Conclusions

my = (5.73+£0.155, + 0.08..) GeV? A = (0.337 £ 0.0664a % 0.037exp £ 0.0598R % 0.060me0) GeV
Mo = (085 j: L}-‘:l'-gqtat Zt [:' 46@3--;[) (: 91.-"4 )\1 = (—0.]41 + 0.0465;[M + DOS&MP + 0.[]‘1731:!_ e D.ﬂ'g[]‘thm:l GE‘VQ
or or
My = (0437 =+ 0.0355a¢ £ 0.018exp £ 0.06088) GeV? my(1S) = (4.715 =+ 0.0664a: £ 0.037exp + 0.059pr & 0.0844he,) GeV
My, = (0.86%0.2045 + 0.156 £ 0.07r) GeV* M o= (—=0.241 4 0039z + 0.035exp + 0.017pR £ 0.092thes) GeV?

e \We can measure them!

e All systematics in place except the
one based on embedding MC

 Would like to prebless on Thursday
and address remaining Issues



Backup Slides



V., exclusive determination

e Measure absolute scale of B>D*In

e D™ states also important for |V |
exclusive determination
— end-point in g2 for B->D*In decays

- systematic uncertainty from B>D™In
background



Data Stability

A: (152595-154012) Before winter 2003 shutdown
B: (158826-165297) After winter 2003 shutdown
C: (164303-165297) SVT 4/5

Kinematic variable | D — K—7% DV Kgtd' | DP9 Katen | DY = Koot
e T} e T o T e 1
pr(f) 11 95 34 94 0.9 a7 2 78
pr{ D) 21 24 5] 68 98 88 35 02
pri(fD) 4 by 23 40) 89 8 39 13
dg(£) 6 o8 T fote a4 3 18 9%
m{£D) 33 20 4 a1 5 a7 46 6
Loy(£D) 76 78 28 97 78 26 24 08
L. (D) a8 96 23 9 69 2l 96 62
Loy( D to £D)) 48 3 30 15 3 23 78 45
prim*) =04 GeV | 0.2 33 41 21 71 92
do( K') 28 #2 20 92 32 68 29 46
AR(ED) 38 0.9 30 95 7 13 21 92
AR(FK) 54 46 44 14 83 14 24 30
pr( k) 5] | 33 76 26 15 30 28 33
lone 7 pp T o8 64 33 od 19
T pr (2 per event) 90 25

Table 3: Matching x* probability (in %) between the periods A4B and period C in data for
several kinematic variables and for the different channels.



Kinematic Comparisons ID*, D°® Kppp
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Kinematic Comparisons ID*, D°® Kp
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Kinematic Comparisons: D*
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Can we “predict” yields?

# ___MNBDHyX, D+ - K-rtnt) B _ N(D*'pX,D*" = D, D° 5 K—ata~n)
LYK= = N(B = D"z X, D*D— D+, D0 — K-7t)’ K3r/Kn = — (DX, D — Dor+ D0 — K—7+t)

A

Two methods (a,b) to a) Based on inclusive b® D)*In

derive this BR
b) Based on exclusive B® D®™*In, D**In

+PDG BR + MC efficiency ratios

R?:lwzd. Rmm R-gwmi.{( R;mm
Rp+ Kk«
data (sans D) 3.71 £0.08
Method (a) 3.31 £0.58 0894016
Method (b) 3.23 £ 0.29+7 0.87 4+ 0.08£7
Ry ikx
data 0.77 +0.02

0.80 % 0.04 1.04 £ 0.06




Directory name Swrnmary Diecay Table 5
to/cdf2 hefang

Direct decay of B into D and Ti*

DplusE2P MC_4.9 1pmsf B—zelrtv Lt—»F2npi  bdtoedpl dplink2pi hefang 49 1pms 4.9 1pms 4.9 1pms

DplusE2P MC 4.9 1pms 4.10.0/ B—zelrtv Lr—»F2pi  same as above 4100 4100 4.9 1pms

Distar E3Pi MC 4.2 1prms/f B—=el’v TP—=E3pi  bdtoedst dzink3pi hefang 49 1pms 4.9 1pms 4.9 1pms

muDstar 1P MO 498 1pms 4.10.0/ B—=muly® Ti—=Epi  bdtomudst dzinkpi hefang 4100 4100 4.9 1pms

bdtoedst_dstindOpi dOink3pi 4100 prod4 2.1hptl B-=eDfv TY—=E3pi  bdtoedst dstindOpi d0ink3pi hefang 4100 4100  4.8.1hptl

bdtoedst_dstindOpi dOinkpipil 4.10.0 prodd 8. 1hpt! B—=eDv TP —= Epipi0 bdtoedst dstindOpi d0inkpipi) hefang 4100 4100 4.8 1hptl

D+ MC files

Dstarstar JenlwlMC 4.10.0¢ B—zel™w D =D bptodss 4100 —— -

Distarstar MO files 4.9.1pms/ B—=el™w D =D same as ahove 48 1pms 49 1pms 4.9 1pms

Distarstar MC files 49 1pms part?f fcontinuation of ahowve) same as above

bptoedss noPHOTOS Genlwl 41004 B—zel™w D =D bptoedss noPHOTOS 4,100 i}

bptornudss noPHOTSS Genlwl 4.10.0¢ B—mmuly™y D =D bptomudss noPHOTOS 4,100 i}

dsstodpl dplink2pi Genlwl 4.10.0¢ B—zel™w DD+  Dr—=FE2pi  bptodss dsstodplpi dpltok2pi 4,100 ¥

dsstodpl dplink2pi 4.10.0 4.8.1pmsPrody B—=el™w DD+  Drt—=E2pi  same as above 4,100 ¥

Distar WC files 4.9 1pms_ trydf B—=el’v TY—=Epi  bdioedst dzinkpi hefang 4% 1pms 49 1pms 4.9 1pms
bdtoedst_dstindplpidyf B—=el’v D#—=D+pil D+—>EZpi  bdioedst dstindplpi0 4100 4100 49 1pms
D+ MC files

bptoedssCont_noPHOTOS Genlwlf B—zel**{non-resiv D**—=Ti#*pi bptoedssCont noPHOTOS 4.10.0
bptoedssCont_noPHOTOS!
bptoedssConfDpl noPHOTOE Genlwl

v D**—=Tipi same as above 4.10.0
non—resv D**—»Tpi bptoedssContDpl noePHOTOS 4.10.0

(
(
(
bptoedssContDpl noPHOTOE B—zel#**{non—resiv D**—=D4pi same as above 4.10.0

n
n
n
n

BOSemil eptonic/ B—zmul**y all final states with bdto _decayBOSemil eptonic 4100 4100 4%1pmz ¥
BPFlusSemil eptonicy B—zmul**y Epi, E2pi, E3pi bpto_decayBFluzSemil eptonic 4100 4100 4%1pmz ¥
Hadronic B decays

bdtodstarpi dOtokpif B—=Dr#*pi+ D#—=Dipi TO—=FEpi  hdtodstarpi d0tokpi 4100 4100 4%1pmz n




What background model for
what?

« WS Is often used In this kind of analyses
as a model for the background

 We can also use our fully reco’d B from
other triggers

e \WWe choose to use WS for the
optimization

« Embedding Is being used as a cross-check
for systematics



What's available on the market...

* % +
DM@ DOQEE&N{’EI DT®D pprpm

BJ’. JJJJJJ d BJ’. JJJJJJ d

“"*-k M‘k

DELPHI  No background subtraction

PRELIMINARY

o Datu

S e e ~80 events in D**

D**® D* e« ~80 events in D*

e ~215 events on D°

uncertainty > sqrt(n)



. wso COMbinatorial Background

— Already used for the optimization
— Physics can be different
 Fully reco. B
— Independent emulation of the background
— Limited statistics
— Needs some machinery for emulating a semileptonic decay!
e Eliminate the B daughters

e Replace the B with a semileptonic B with the same 4-momentum: a
template montecarlo where the B decay comes from EvtGen and the
rest of the event comes from the data!




Background Modeling 1|

oT|ght cuts (a.VO|d Fully Reconstructed B Decays for Embedding Study

1 250 __ | N{B—Y¥ K)= 597 + 31
SUbtraCtlonS) [ MN{B—D*n, D' —Knnj= 464 + 29 h LX >500rrm
*Exclude B tracks 200 ° . | |
. - 0
Replace with MC B 150l

-QuickCdfObjects/Ge iﬂ T
nTrig 100 i’—L ‘||

*Re-decay N times _' '-&--@ 24|

. I il §
eSame analysis path - B Fib e
from there on 8 49 5 51 5.2 53 5.4 55 5.6



Signal Fits
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Sample Consistency

Bt s Kt |BY 5 D'xt | BY 5 DVprt | B 3 K* | BY 5 DYy~

D" &+ Kr D" - K3r DY =+ Knrw

Nog | 3241006 [ 278005 | 276 +0.05 | 3.09+0.06 | 290+ 0.05
NOS 1 177+£0.04 | 1.53+0.03 | 1.56 £0.04 | 1.53+0.04 | 1.49+0.03
Nis 1474004 | 1254003 | 1.204+0.04 | 1562004 | 1.41 £+ 0.03
i 0.93 +£0.01 | 087+ 0.007 | 0.85 = 0.005 | 0.924+0.01 | 0.90 %+ 0.007
Iso | 081 £0.003 | 0.81 £0.002 | 0.85 £ 0.002 | 0.81 £ 0.003 | 0.82 £ 0.003
AR | 062 0004 | 0.62£0.003 | 0.60 £ 0.004 | 0.62 £ 0.004 | 0.60 £ 0.003

Table 1: The average value of various tracking quantities for the 5 samples described in the
text. In all cases, tracks are required to have at more than 2 axial silicon hits. Unly tracks with
AR < 1.0 with respect to the B meson are included. Uncertainties quoted here are statistical

only.

Bt Kt (Bt 5> D'xt | BY 2 Dyt | B 5 wK* | BY = DYty

D" & Kr D" - Kar DY = Kmrrm

No | 3352007 | 3122005 | 3.07 £ 0.08 | 317007 | 3.21 £ 0.05
NOS | 1824004 | 1.72£0.04 | 1.73 2005 | 156 0.04 | 1.67£0.04
NS5 | 153 +0.04 | 1.39+0.04 | 1344005 | 1.60+0.04 | 1.53+0.04
pt 095001 | 08T 0.008 | 084+ 0.003 | 0.90 £ 0.004 | 0.86 & 0.007
Iso | 0800004 | 0.81 £0.003 | 0841+ 0.003 | 0.81 £ 0.004 | 0.82 + 0.003
AR | 0.62 £0.004 | 0.63£0.004 | 0.60 £ 0.005 | 0.62 £ 0.005 | 0.62 £ (.004

Table 2: The average value of various tracking quantities for the 5 samples described in the text.

These results differ from Table 1 in that the pseudorapidity range of the B candidate is now
limited to [pife®r| < (0.6
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MC yield scaled
to number of data

events

Kinematic Varable | Frobahility v/ Daf

prlf) 0862432 | [37.4921) 27)
Pl ) 0.00854945 | (6566597 41)
prlfl)) DO0ZHTO25 | (84576 52)
iyl £] 0.9TT983 | [9.386527 20)
i £ LOL0S3R4 | (793802 53)
Lo (€02} 0961646 | [16.2703; 28)
[N 0646029 | [40.09047/ 45]
Lo (D to £D) vix 0109883 | (33.90837 25)
prlm) 0294054 | [39.01367 35)
dy A7) OLGG26E1 | (40.90097 43
Adt(ED) 0.151552 | (424505 34)
ARFK) 00608588 | [5h.E5I87 41)
prid) 0558166 | [53.8112/ 56)
lone m py 0.155844 | (71.0372/ 60)




