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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

e Inclusive semi-leptonic B decays:
G(B2>XcIn) = [Vep|2 F(L 1 1,1 2.)

e Moments: g(L, .l 2,r,r,,T,ay)
— 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 charged B

e B> D" I n

- D795 D*p OK
- D™0 - DO p® Not reconstructed. Half the rate of D* p
- D" > D™ p
e D™ = DO p* OK
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 reconstruct all the X, spectrum
‘ Neutral B would add statistics but involve neutrals



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: ’
- G3X (standard B, phantom layer), 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



Everts ( 0.2 Me¥ic?

Events /0.2 MeVie®

100 0 K
"0} whsctiains, Bill coimgsa
[
&0 ‘B
- = I
glw;
o g |
4 mo|
] |
20| da
B
[ ; L " Lk B 2 |
0,13 0.4 =R E] .18 am;
¥
[
W'
3 AR ¢ S e
[:KE] [XF] oS
soof- K P
f D" Ko L
LS T 3z F
i I I I - =001
b : muions, bl ek ﬁ
amal . 23%
spal + 200
- ’ -
150 a 80
[ L]
L - ¥ 100
I *
Dﬂ:— . sk
= =
013 .14 05 016 QAT o
B o .

o131

=
=]
=

g

Kp Kpp®

Kppp

o T
=gl 1 = Keree
v [ S
= | |
i izmi_ b [ g iz!ﬂl— " meoaE i ek
s f | &l 00| ' I I I
| 1 -
N ] im wlactronm, full smiry 150
4 + '
I = .
I L
g | 1mp
o L
[ 20 .
00 L e .t
& ' ' y
- ol 1
. ' 0.13 [E] 018 0. a7 a1n
f L i (e
PR - LI i S | r !
ale oi7 oi1g [
Gm {GeWen) LS E] a4 - SE] .16 Q1T a8
I {GeWie")
P s @
2 o e sipcironz, hull zampis
Tgb. B lmums St 30 122
@ B e el
§ 4 e
i [ Y mpg E L
j elacirons, finll sample fai
il
vooe : Kpp
17 1.78 s 183 1.8 153
; £ F i s e
*‘ EI:IIII— £ Tk muona, full 2amele
s o
1‘ % pa 182 40 Y Shgnal- IR 1138
nog
0.14 ["RE] 0.8 o7 q.IH- §
Sm (Gelie’) Sooo

e
o

178

Kpp

Yield

3890 + 63 6638 + 98

2994 + 57

15067 + 182

18

1.9



MC samples and validation



Montecarlo Generation

eBgenerator/EvtGen/CdfSIm/TRGSim++
*“realistic simulation” with representative run number
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)



Approach to 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: nD*, DO® 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” relative yields?

R __ _MBDHpX, DT —» K- ntr™) _ N(D*'pX,D*" = D, D° 5 K—ata~n)
v iw_’ Dort, Do — Ky’ Fkan/in = N(D*+lp X, D*+ — D%+, D0 — K-7+)
# . .
(*)+
e Elee (b)) a) Based on inclusive b® DM*In

derive this BR

b) Based on exclusive B® D™*n, D*In

+PDG BR + MC efficiency ratios

R?‘]Tf?ri. R-dmﬁu R-glrr:fd.f( Rrimf.u
Bp+ k=
data (sans D) 3.71 £0.08
Method (a) 3.31 + 0.58 ~ 0.80+016
Method (b)  3.23 £ 0.29+7 087400847 Assume MC
| ..
predictions
Rian ik 0
data 0.77 £ 0.02 and use 13%
0.80 = 0.04 1.04 % 0.06 systematics




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




L] Background Tom data
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Optimization!

Generate D** montecarlo (the shape)
Normalize D** MC to data with reasonable cuts
Now we can turn the crank and optimize...

But what?

S S
»
Spin 4 S*+2%S,,g+a* (SB g+ SB ) +a* (SBrs - 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,,5 Is the WS data in the sideband region



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*



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

“Feeddown”

Combinatorial background under D peaks:
— side-band subtraction

Prompt pions in DO)*pl:

- Mostly from fragmentation

— wrong-sign combination Dp*l-

cC

— DO impact parameter distribution



Physics Background

 Physics background studied
with B>D®)*D-

| bkgd: D 'D;, D, semileptonic decay | TR T ]

« Size wrt signal: ' L
e” BR(D, ® IX) BR(B @ D_SD(*)+ 1.5 z—
P BRB® signal)/ = % i
~70 \ A Other 1_ |
~7% 05

2 22 24 26 28 3 32 34

°® 1 O O% unce rtai N ty 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 DOp-
from D**0 >D**(-> D%*)p-

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

e(Kpp). BR(D*@ Kpp)
e(kp) BR(D°® Kp)

1
2



Pollution from ccbar?

*We are cutting hard on L, (B) (500mm), this is known to

“solve” the lifetime problem

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

objects: we do not see any

| 2-D impact parameter of D “meson (L,.(I-D)=0.05) |
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Measure
<Mex?>, <My™

Efficiency Corrections



p,*

e Theory prediction depends on P* cuts. We cannot do much but:

— see how our efficiency as a function of P,” looks like
— Use a threshold-like correction
— Evaluate systematics for different threshold values

Generator level p*(l) (BR-welghted)
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MC efficiencies

e(M) is dependent on:
D** decay Model
*P* cut

*Use different models/cuts to evaluate systematics:

eI ndividual resonances |___ D" acceptance: referenced to p*>700 MeV_ |
% 0,007 K10 un 2 Monte Carlo
Goity-Roberts i F -0y
S o006 [ (a) Kx DJ
*Phase space (not shown) ® [ D,
. . 0.005 |— non-res.
*Baseline: BR weighted -
0.004 |—
(EvtGen) average of modes -
0.003 |— |
N M
0.002 :_ X ?
0.001 E—
2 25 3 3.5 4 4.5 5 5.5

D" mass (GeV)



Corrections to MC efficiencies

e \Worried about possible shortcomings
of the MC simulation:
— Efficiency for requiring Si hits

- p** separation variables not perfectly
reproduced by MC

e Use p* candidates from data to
derive corrections



p* probes Si hit efficiency

DO/ reco is based on trigger tracks
*Si requirements can bias Df (D°p**)
Df (DOp)« Dm**

Take COT-only p*

*Apply 3Ax+3 (Stereo+SAS)
Measure fraction as a function Dm**

eUse slope (xerror) as correction

nof Trocks with == 3 (T+0A0]) ARND vm 5 Axdsl hilts v 1 om (FG)

"
u.?}+ﬁr¢nﬁﬁ#ﬁu¢¢%¢%¢#

I i
0.6
“-5:_ fractlons_ge3nit_Axlal_SAS_Stereo_va_deltam_rs

[ | Entries 103
0.4

[ | Mean 0.6658
o3| RMS 0.3074

[ | ¥2 1 ndf 53.95/ 45
%2 Prob 0.1694
MI p0 0.7078+0.002343

L | p1 -0.008701+ 0.003765

0.2 04 0.6 0.3 1 1.2




p** Separation Variables

d0_sig_prim_6_stack d0_sig_3d_B_6_stack

ot f T
: ﬁ 124/49 ool 1l
oonl_ " t _ i H

137/43
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e e B B B s e e
. d0_=ig_3d D 6 stack
eData MC comparison of
o v 1 146/45
*Behavior is similar, but i
there are discrepancies sosf L
D.M:__'—
*Derive corrections from H,
this comparison i T,
E ety
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Data vs MC efficiencies

*Apply to p* the same tracking requirements we usually apply to

p** (including Si hits)

Measure efficiencies for p** selection cuts applied to p*

Take the ratio of MC and Data efficiencies as a function of Pt

P, efficiency for BV DV and PV cuts
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250 p1 -0.1495 + 0.2411
2
1.5
1 | '
————— .—_-_-::_— — e — — — —— — —
0.5— [
s
0
-0.5 - | | - PR N TR N N
0 0.5 1.5 2 2.5

x P, [GeVic]




Measure
<Mex?>, <My™

Moments Extraction

Procedure



Computing the D** Moments

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

Signal right sign (SRS) w = +1
Signal wrong sign (SWS) w = -1
Sideband right sign (SBRS) w = -a,
Sideband wrong sign (SBWS) w = +a,

Apply efficiency corrections: efficiencies are
propagated on weights

W=w (8" P +b)/[eyc(m™)(c” m™+d)]



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 have their
weights modified as:

W = w’ e(Kp) ., BR(D*® D%*)BR(D°® K p*) - N_.
BRID*® K p'p*
e(Kpp) ( pPp’) NKp

Systematics:
BR uncertainties from PDG (x7%)
e ratio from studies on data (£x13%)



Resulting m** distribution

-
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S,
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m, = <(m[2)** : ml)2> = (0.85+ 0.49)GeV*



Computing the X, Moments

The D° and D*© pieces have to be added to the D**0
moments, according to

2
M = p—-m5,

2 2
% * (m%u - }1) f{!l 4 1-1?_; . (WL%uil — }'-L} f:r + (I;E_i;%) . (Whg + (ml - ﬂ)g) f*ar

4;1»“.{2 =

with p defined as f

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

My = (0.437 % 0.035stas + exp £ 0.060gr) GeV?
jll-“fg == (Dagﬁ' :|: Dagﬂmat :l: exXp i DaD?BH_) G'E'w'd 3
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Moments Extraction

Systematics



Systematics

shopping list

Mass scale and resolution

Efficiency corrections
— From MC
- from data

Lepton momentum cut
Background model

Radial excitations

Physics background

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 matters
» The sample with the worst resolution is Kpp®

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



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




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]



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 — —

I A AP W wrarer eEffect is negligible

0 05 1 15 ~ 25
p, (GeV)




Other Systematics

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



Distribution Cut-off

 The sample has basically no statistical power above
3.5 GeV (EvtGen predicts ~1% signal above cut)

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

e Trade off:

— Drop the statistical error, but increase the size 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)
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Background Model

« We have 2 possible problems
- Shape
e Alternative model based on fully reconstructed B
(“embedding” work in progress)
- Scale
e Based on the charge multiplicites from embedded B*:
— <20% discrepancy between RS and WS

- ~20% of background comes from B*
~4% uncertainty on WS/RS scale

Data

Bt 5 ¢ Kt

Bt 5 D't | BY 5 D%zt | BY 5 ¢K* | BY 5 Dt~

D" - K DY - K3r Dt = K

I\"i:’ - 0.98+0.03 | 1.06 £0.03 0.83+0.03 |0.88+0.04| 0.71 £+0.03
Ni’s 0.83+0.02 | 0.77+0.03 | 0.91=+0.03 0.854+0.03 | 0.79x0.04 | 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.



Radial Excitations

D'® D™*pp should be accounted for in
m**

Not yet observed

... iBRb® D'p'p rn)<0.18% @ 90% CL
DELPHI limits: 1BRb® D"*p*p~rn)<0.17% @ 90% CL

Embedding-WS comparison could give
another limit

For the time being we assume no D’



Systematics size

Error Aml Am2 AMl AM2 AA A)\l
(GeV?) | (GeV?H) | (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 scale 0.03 0.03 0.003 0.01 0.004 | 0.002
Physics background | 0.01 0.03 0.003 0.02 0.008 [ 0.006
Dt /D** BR 0.01 0.01 0.003 0.01 0.004 | 0.002
D+ /D*t 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 0.0569 | 0.017
) — — — — 0.041 | 0.070
T; — — — — 0.032 | 0.032
g — — — — 0.018 | 0.007
Mg, Mg — — — — 0.002 0.008
Choice of pj cut — — — — 0.025 | 0.019




Results

my = (5.73 % 0.155a £ 0.084s) GeV? A = (0.337 £ 00665 £ 0.037exp =+ 0.05955 £ 0.060.me) GeV
my = (0.80 £ 0.49a £ 0.464y5: ) GeV* A = (—=0.141 £0.04645 £ 0.0350p £ 0.017sR % 0.080:0,) GeV?
or or

Mi = (0.437 %+ 0.035sat & 0.018ep £ 0.0608r) GeV?  my(1S) = (4715 = 0.0665a = 0.037exp =+ 0.0595r & 0.084ihe0) GeV

My = (0.86 % 0.204, + 015 0.075r) GeV* | A (—0.241 =+ 0.039ta £ 0.035exp = 0.0178r = 0.092¢heo) GeV?
I~ D
%) o.os |-
°r r =48%

S . m1,m2
I ¥ _ 0

ais |- r Ml’M2_62 /0

2 -

—_ 0
-u:!f.-— Stat r L,I 1— 77 /0

*9 " Stat+Exp+BR

935 - Stat+Exp+BR+Theo

N | I I

e All systematics in place except the background
shape model (embedding)



Plan

Embedding (background shape, D)

Re-evaluate systematics on m**
cutoff at 3.5 GeV

Improve systematics on MC/data
corrections (more p*)

Bless In 2 weeks



