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Introduction

Why measuring lifetime is important?

e Test HQE model (Heavy Quark Expansion, by I.1.Bigi)
It involves non-spectator effects. The HQE predicts :
— 7(B%)/7T(B% ~ 1+ 0.05(f5/200 MeV)?
— 7(B,)/7T(B°) ~ 1 £ 0.01

e An unavoidable step to measure c7(B?), AT'(B?Y),
and BSBSO oscillation with semileptonics.

B~ /B lifetime measurement using semileptonics

eUse B-/BY —» ¢ oD°X (4~ =e  or p7),
D - K=t

e Large branching fraction

e Charge correlation is useful to identify the B signal
(Qe = Qk)

e Decay chains are somewhat complicated, but can be
disentangled by separating £~ D*' candidates
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Analysis outline

. Select a lepton (e or i) from 8 GeV lepton datasets
. Reconstruct D° — K—=#T around the lepton

. Find D** — D% candidates, and split them from

the £~ D° sample

. Reconstruct B — ¢~ D°X decay vertex in zy plane,

and calculate B pseudo decay time

. Correct missing momentum (K factor)

- pr(B) can not be reconstructed due to some miss-
ing particles (neutrino, particles from D***)

- Correct it using MC

. Model combinatorial background shape

- use D°(D**) mass sideband

. Determine resolution scale factor

. Estimate physics backgrounds

- Prompt charm background

- Bottom background

. Estimate sample composition

- Need to know B~ /B° composition in each £~ D°
and £~ D*t sample

Extract the lifetimes using unbinned likelihood fit

Estimate systematic uncertainties



Dataset & Reconstruction

e 8 GeV lepton trigger ..require u,e with pr > 8 GeV/c
e Minimal trigger bias

e 260 pb~! of the data used for this analysis
(electron trigger is dynamically prescaled)

Reconstruction of the B decay vertex in xy plane :
(typical case)

pseudo decay time is calculated as

£* e o
C = B
pT(E—DO)




Event selection

e Muon selection:

—pr(pn) > 8 GeV/c
~ x2(CMU, CMP) < 6, x2(CMU) < 5
—Iso(XEr in AR < 0.4)/pr(D°) < 2.5

e Electron selection:

—pr > 8 GeV/c, Er > 8 GeV/c?

— Reconstructed in CEM fiducial region.

— LSHR < 0.2

— CES |Az| < 1.4 cm

— CES |Azsinf| < 2 cm

— CES x2,x? < 15

— Enap/Epy < 0.04 (if # of associated track = 1)
— Euup/Ery < 0.1 (if # of associated track > 1)
-075 < E/p< 1.4

— Conversion Removal :

* |S] < 0.2 cm
* |Acot8| < 0.06



Event selection (cont’d)

e For D° - K~n* and D** — D" reconstruction:

— # of COT axial(stereo) hits > 20(16) (for £,K,)
— # of SVXII r¢ hits > 3 (for ¢,K,m, ;)

— |Azp(L — K, )| < 1.25 cm

— pr(K) > 1.5 GeV/¢, pr(w) > 0.5 GeV/c

- AR({ - K) <0.6, AR(£ — ) < 0.7

— M (£~ D°) < 5.3 GeV/c?

— Ley(D°— P.V.) > 0

— |et(D%)| < 0.1 cm

— —0.15 < ct*(B) < 0.3 cm

— 0+ (B), 0(D%) < 0.02 cm



£~ D°(D**) signal
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B monte carlo samples

Monte carlo samples are indispensable for this analysis.
B signal monte carlo samples are generated with Bgen-

erator + QQ .
We have two type of MC samples:

e parametric MC sample ... keep only generator-level
information. Much statistics, used to calculate muon
K factors

e full simulation sample ... apply full simulation, used
for electron K factor calculation, and sample com-
positin estimation both muon and electron datasets.

Tuning on the pr(B):

pr(B) spectrum used in the Bgenerator have somewhat
different shape from the real spectrum measured by J /v
data (cdf7037). We correct the difference by weighting
the MC events with a factor of py(B)~%7320,
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Missing momentum correction (K factor)

“Real” decay time of a B meson :

Lp
ct = MB
pr(B)

But since the B is not fully reconstructed, what we can

measure is Pr(¢£~D°) and “pseudo” decay time ct*.

L ¢~ D°

= B Mp =ct- K whereKEpT( )

pr(£-D°) pr(B)

From the distributions of both ct*(data) and K factor,
we can extract the lifetime of “true” decay time.

ct”

The K factor distributions are obtained from the B
monte carlo samples.
Totally 8 K distributions are prepared for the lifetime fit.
(B— ¢ vDX,B=B/B°¢=pu/e, D= D°/D*")

B - pvD°X (notD ) B - uwvD™*X
200

3000~

Events

@
2000} =
(0

1000~

O | | 0 | |
0.2 04 0.6 0.8 1 1.2 0.2 04 0.6 0.8 1 1.2
K = pr(u+D% / p;(B) K = pr(u+D% / p(B)




Combinatorial background modeling

The shape of the combinatorial background is taken from

the M (D°) (or AM) sideband events.
The sideband events are modeled with following back-

ground function:

Fre(ct*) = (1 — fir — fax — fi— — f2—) G(ct*;0)
+{f1+Exp(—2; A14) + for Exp(—x; A21) } 0(z) @ G(0)
+{fi—Exp(4+xz; A1-) + fo—Exp(+z5X2-)} 0(—x) Q@ G(0o)

where G(ct*; o) is a normalized Gaussian,
0(x) is step function (0 for x > 0, 1 for x < 0).

Fit results (only u results are shown here):

u+D°(D " excluded) SB . p+D'* SB
10 3
£ e
=1 =
& Q10 ¢
O b5} -
o o =
g g0l
3 3 10 g
© o} C
& 8 [
O @)
1e
10'17 | | 10'1 \7 \ | | |
-0.1 0 0.1 0.2 0.3 -0.1 0 0.1 0.2 0.3
ct’(B) (cm) ct’(B) (cm)

The background shapes under the signal peak are defined
by these fits.



Resolution scale factor

The value of o+ provided by CTVMFT is NOT known
to be a right resolution. To correct it, we introduce a
resolution scale factor s, and scale the o+ to so.x.

To determine the scale factor, we use a “prompt en-
hanced sample” selected by loosening the lepton ID cuts.
From this sample, we pick sideband events and fit the ct*
distribution with the following likelihood function

Fprompt = G(ct*; 50ct)
+f+Exp(—ct*; 21)0(z) ® G(s0crr)
+f-Exp(+ct™; A_)0(—z) ® G(s0ct+)
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The scale factors are found to be
s — 1.52 £+ 0.01 for muon
| 1.45 + 0.02 for electron
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Physics background

Physics background = events which are observed as £~ D",
but not the semileptonic B~ /B° decays.

Clue of the physics background:
There are small peaks observed in the Wrong-Sign com-
bination events (£7 D).

3000}, . u+D%all) WS ‘.,. ; e+D%all) WS
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M(K'TT") (GeV/c) 1.7 18 1.929 2
M(K 1Y) (GeV/c))
677.7 £ 141.7 (5.6 = 1.2% of RS) for muon

Npo(WS) = ( o )

262.7 £ 85.3 (5.0 & 1.6% of RS) for electron
These events should come from:
(assuming the leptons could be fakes)

1. Prompt D° + track from P.V.
2. bottom background (bb — ¢+ D, etc..)

And same kind of physics backgrounds may exist also in
the RS peak.
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Charm background

Following prompt charm events give the RS track+D°
combinations.

1. ¢ = D" + prompt track

2.cc, c— DY ¢ — track + X

We need to measure the fraction of the prompt charm
backgrounds from the RS data sample.

Since it is difficult to distinguish them using any kine-
matic quantities, we utilize a decay length information to
estimate the prompt charm fraction.

We define following variable:

L,y (D" — P.V.)

-
pr(K—7+) M(K~7™)

Ctz =

e If the DY is generated at P.V. (namely prompt charm),
the mean lifetime of ct, should be same with c7(D°) =
123 um.

e If the event is secondary charm from B decays, the
lifetime will be much longer. (Convolution of two
exponentials)
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Charm background (cont’d)

Idea : fit the ct; distribution with following templates,
and measure the charm fraction f. in each sample.

e Charm component (F.) ... exponential with cm =
123 pm, smeared by resolution

e B component (Fg) ... shape obtained from B full
simulation sample, smeared with proper resolution

e combinatorial BG (F3) ... shape taken from the side-
band events

Likelihood function :

F = fsig(.chc ‘|' (]— - .fc)FB) ‘|' (]- - .fsig)FBG
The L., > O cut is disabled at the f. fit.

13



Fit for prompt charm fraction
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(5.7 +1.2% for u + D°(D** excluded) sample
P N. ! 5.8+ 1.3% for pu + D** sample

© Npo |0.0120% for e + D°(D** excluded) sample
| 0.3 13:3% for e + D** sample
The small f. in electron dataset is not fully understood,
presumably some electron ID cuts might have suppressed
the prompt charms.
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ct* shape of the charm background

We can categorize prompt charm backgrounds into fol-

lowing two types:

1. ¢t* = 0 events .. both D° and track are from the
P.V.

2. ct* # 0 events ... cc event, track is from a pseudo-
scalar D hadron

For the ct* = 0 events, the ct* shape is given by Gaussian,

FZ° = G(ct*; soer)

For the ct* # 0, we use pythia cc MC to calculate the

ct* shape FOM7ero,

Events

In the final lifetime fit we use the F2°'° as the charm
background shape F.. The F!'°"%°? is used for evalua-

tion of the systematic uncertainties.
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Bottom background

We use bb monte carlo by Pythia + QQ to estimate the
effect of the bottom background. Since branching frac-
tions of various B decay processes are measured by many
experiments and are implemented to QQ, we can calcu-
late bottom background fraction against the B semilep-
tonic signals reliably from the bb monte carlo.

Breakdown of the bb — £~ D° MC processes
(by Pythia + QQ, no detector simulation):

process £~ D°(D*t excluded) ¢~ D*t
Semileptonic £~ D° 5226 2702
non-semileptonic £~ D° 217 108
BY — £~oD*t,D*t — DX 84 50
B -5 1t oD% 1™ = ¢ b 52 27
B —» D°D;X,D; — £ X’ 46 8
B - D°D;X,D; -7 X', 77 = £ X" 18 5
B - DDX — ¢~ D°X’ 7 6
bb,b - D°X,b — £T X/, 6 8
(b or b oscillates and give RS)
bb,b - D°X,b —+¢ — £~ X' 2 1
others 2 3
hadron+D° 3371 2138
single b — h—D° 3308 2117
bb — h~D° 63 21

From the table, we obtain the bottom BG fraction

(3.8 +0.3% for pu + D°(D** excluded)
Ny ]3.6+0.4% for p+ D*t

o= Npo | 4.0+ 0.3% for e + D°(D*t excluded)

| 3.8+£0.4% for e + D**
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Bottom background (cont’d)

From the non-semileptonic £~ D° events in the bb monte
carlo sample, we get shapes of the bottom backgrounds.

We fit these distributions with following function:
Fo = (1— f4 — f-)G(ct* — a;0)

+ f+Exp(—ct’; A1)8(z) ® G(0o)
+ F-Exp(+ct;A-)0(—z) ® G(o)

1+D(D " excluded) f 1+D"*

10
10 ¢ -

Events
Events

The F, is used as the bottom background shape in the
final lifetime fit.
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Sample composition

For the lifetime fit, we need to know B~/ B° composition
each in £~ D°(D** excluded) and £~ D** sample.

B—m > ¢ D° sample
~ >

~ - A . . .
\ : ¢ inefficiency
- n

B’ ———— /D" samp | e

There are two causes of the cross talks.

1. Semileptonic B decays through D** states
Following decays through D** cause cross talks of
B~ /B° components.

B~ — ¢ oD*°, D" 5 D*t gt

B — ¢ oD*,D*t — D%~

B —» ¢ oD**, D** —» D*z~, D** 5 D°X°
We utilize the full simulation sample to estimate these
cross talks.

2. Inefficiency of 7 reconstruction
The slow pions from D*t — D%z} decays have low
pr, where the COT tracking efficiency is not perfect.
It causes a cross talk from D*t to D° sample.

Considering these effects, we estimate B~ fraction g_ in
each sample.
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Sample composition (cont’d)

We measure the slow pion efficiency from the ratio of
D** /D?° yields against pr(D").

o
T
|
—1

o o
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o
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Ratio of D" to D° Yields
o o :
= >

Ratio of D" to D° Yields

Muon sample electron sample

| | | |
0 10 20 30 0 10 20 30
p(D%)(GeV/c) p(D%)(GeV/c)

We divide the samples into plateau (pr(D°) > 8 GeV/c)
and low pr(D°) regions.

Assuming that in the plateau region 7 tracking efficiency
is 99.6% (from cdfnote 6314), e(w) values in each sam-
ple are calculated as follows.

Dataset pr(D°) region D**/DP° ratio e(m})

Muon < 8 GeV/c 0.221 + 0.010 0.673 + 0.037
> 8 GeV/c 0.326 + 0.012 0.993 +0-007

Electron < 8 GeV/c 0.232 + 0.013 0.707 + 0.046
> 8 GeV/c 0.330 & 0.021 1.000 *+9-009
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Sample composition (cont’d)

To estimate dilution by D**, we make use of the B
monte carlo sample with full detector simulation.

Sample composition in the monte carlo sample:
(involving €(7]) measured in the data)
pr(D°) ¢~ D" £~ D*t
Dataset range Npg- Ngo Npg- Npgo
Muon < 8 GeV/c 2959.4 1032.2 145.1 1051.5
> 8 GeV/c 2050.1 402.5 148.4 10114
Electron < 8 GeV/c 2176.8 701.1 100.4 823.8
> 8 GeV/c 1044.4 156.4 61.6 515.0

From this table, we calculate the B~ fraction as,
Npg-
- ]\71;»07-'40 + Np-

TB_

g_

Summary of g_ with 7(B~)/7(B°) = 1:

Dataset pr(D°) range £~ D° ¢~ D*t
Muon < 8 GeV/c 0.741 0.121
> 8 GeV/c 0.836 0.128
Electron < 8 GeV/c 0.756 0.109
> 8 GeV/c 0.870 0.107
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Likelihood function for lifetime fit

Likelihood function for the semileptonic B signal:

ct
Fp(ct*, o) = exp (——K) ® D(K) ® G(ct*; soc+)
CT

ct*,on4+ ... B pseudo decay time and its resolution,
given event-by-event

CcT ... B meson lifetime

D(K) ... K factor distribution

S ... resolution scale factor

Event likelihood:

li(Ct*(i)aact*(i)) — fsig{(l — Je— .fb)]:sl + feFe + .fb-’Fb}
+(1 - fsig)]'-BG

Fa = g-Fp-+ (1 —g-)Fpo
7 ... event ID in each sample
Tsig ... fraction of D°(D**) events in signal region
Fpg(cet*) ... combinatorial BG shape (gaus + 4 tails)

fer Fe(et*) ... fraction and shape of charm background
fv» Fo(ct*) ... fraction and shape of bottom background
g_ ... fraction of B~ in each sample

Combined likelihood for each sample:

Lx =]]l; (X = p~D°% p~D**,e~D° e~ D**)
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Fit results for the muon dataset

First we fit the muon and electron datasets separately.
Only the c7(B~), c1(B°) are floated at the fit.

Fit for muon sample ... maximize L, = L,,-po - L, p++

3
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Red .. F BG
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Fit results for the muon:

p+D™* signal region

L

01 O 01 02

ct’(B) (cm)

Fb

cr(B~) = 489.8 £+ 10.8 um

ct(B°)

453.6 + 13.6 um

7(B7)/7(B% = 1.080 4 0.048
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Fit results for the electron dataset

Fit for electron sample ... maximize L, = L_—po+ L_ - p«+

3
e+D°(D™" excluded) signal region 10 g etD"* signd region
103§ o
- 10 &
S - £ E
=3 2* = r
& 10 = & i
g f g 10
8 T 8 r N
10 - 3
S r / T 1¢ T
& | &8 Y|
O v @) .
'/ 10 l }
10'1%'.' I \ \ - Do B
-0.1 0 0.1 0.2 0.3 -0.1 0 0.1 0.2 0.3
ct’(B) (cm) ct’(B) (cm)
Points ... data
Black . F=Fp+ Fpe+ Fi
Blue .7:3
Red .7:3(;

Dashed blue ... F

Fit results for the electron:
ct(B™) = 504.7 & 13.9 pm
ct(B°%) = 418.1 £18.2 pm
7(B7)/7m(B") = 1.207 £ 0.072
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Candidates per 25 um

Combined fit result

Maximize Lcombined = Le . LM

3
- CDF Run Il Preliminary 10 g CDF Run Il Preliminary
3| Combined lepton-D° i Combined lepton-D |
10 ¢ 2| —All
5 e 0¢ . 8B
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i, e combined fit results:

ct(B™) = 495.6 & 8.6 um
ct(B®) = 441.5+10.9 um
7(B7)/7(B°% = 1.123 £ 0.040
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Systematic uncertainties

Source Contribution to
ct(B~)(pm) cr(B%)(pm) 7(B~)/7(B°)

Charm background
Charm BG fraction (f.) 3.7 +5.7 +0.006

~1.9 —3.7 —0.007
Charm BG shape (F,) +2.6 +5.2 +0.007
Bottom background
Bottom BG fraction (f3) 1o I T 0.002
Bottom BG shape (F}) +2.6 +1.4 +0.002
Sample composition
D** fraction (£**) By Tlo 0018
D** composition (Py) +0.7 Lo +0.023
7} reconstruction e o8 o
K factor
pr(B) spectrum +6.1 +5.3 -
B decay model +1.0 +1.3 -
Electron cuts +2.0 +1.4 -
Signal fraction (fsis) +2.4 +0.9 + 0.003
Resolution scale factor +9.5 +5.3 £0.008
Decay length cut by 22 0000
Combinatorial BG shape +0.7 +0.1 +0.002
Detector alignment +2.0 +2.0 -
Total T2 Lo Toos

Total systematic uncertainties are order of 3-4%.
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Summary

We have measured the B~ and B° meson lifetimes us-
ing semileptonic decays with 8 GeV single lepton datasets.

The lifetimes are found to be
ct(B~7) = 495.6 8.6 1133 um
ct(B°) = 441.5+10.9 £+ 17.0 pm

or

7(B~) = 1.653 £ 0.029 10015 ps
7(B°%) = 1.473 £ 0.036 & 0.057 ps

And we find the lifetime ratio to be

7(B7)/7(B°) = 1.123 4+ 0.040 70020

where the first and second uncertainties are statistical
and systematic respectively.

These results are consistent with following current world
average values.

World average values (by HFAG in 2004 summer)

ct(B™) = 495.6 4.2 um
ct(B°) 459.9 £ 3.9 um
7(B~)/7m(B") = 1.081 4 0.015
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Brief history of lifetime fit results

e Production 4.8.4, ~ 90 pb~—! 8 GeV muon data
no separation of D° and D*t
cT(B) = 440 £ 10pm (short lifetime era)

e Production 5.3.1, 260 pb~!
New beamline, new refitting procedure, tighten some
cuts
ct(B) = 455 + 6um (no D°/D** separation)
ct(B7) = 469 4 10 pm
cT(B°) = 438 + 13 um

e Tuning on Monte Carlo (correct pr(B) spectrum)
ct(B7) =475+ 11 pm
ct(B%) = 443 £+ 13um

e Subtract prompt charm background
ct(B™) =489 &+ 11 um
cT(B%) = 467 £ 14 um

e Subtract bottom background (current result for muon)
ct(B~7) =490 & 11 pm
ct(B%) = 454 + 14 pm

e Combine electron data
ct(B™) =496 = 9 um
ct(B%) = 442 £+ 11 pm

As a brief conclusion, prompt charm background gives
a major contribution to the short lifetime.

27



Backup slides
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B/(B+B)

g =

B/(B+B)

g =

g— changes as function of f** and Py, for muon
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B/(B+B)

g.=

B/(B+B)

g.=

g_ changes as function of f** and Py, for electron
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WS peak in wrong-sign uD° and pD**

« 4000

3) L 0/ O+ N r

SRC excluded) | 23000 p" + DO(WS)
=3500 =

n L n

@ E ©2500

;3000: RS o

g ro o

EZSOO;NDO =9336.8+ 155.3 82000

E 5 <
& < i
02000 S

1500 Ngo = 6195 + 140.7

1500
1000 (Vs = 6.6%)
1000

il il Ll ‘ il il Ll ‘ Ll Ll ‘ Ll Ll ‘ Ll il il ‘ Ll il il
9'7 1'75 1'8 1'85 1'9 1'95 2 I | ‘ | ‘ | ‘ I | ‘ | ‘ |
M(KT) (GeVIc?) 07 175 18 18 19 195 2

M(K) (GeV/c?)

Ng C _ O+
e B IJ' +D © 160? + O+
21400 S [p'+D
- r + = 1401
2)200° R, D) S
o' Noo = 26703+ 575 & 10"
L " r
® - [0 L
T1000— kS [
© r S 100
c - S N
S 800/ & I
: © 80
600? 60;
400 a0 Ny = 723+ 16.1
L r WSoo = 2.7%
200 - ool (7w 0)
NN NS RN NN W PR N RN R :HH‘HH‘HH‘HH\H\‘HH‘HH‘HH‘HH‘HH
8.1 0.110.120.130.140.150.160.170.180.19 20.2 8.1 0.110.120.130.140.150.160.17 0.180.19 9.2
A M(KToe=Km) (GeV/c?) A M(KTr=Km) (GeV/c?)

32



ct* shape of WS events

ct* distributions for WS events, signal-SB plots:

o+ 0 S0 +o
350 M +D i (VI D

-Sig — SB I Sig - SB
300F---* 40- I
250" i

B 30
2001 -

150 + I

r - 207
100F r
50 B 10 |

E et an e 7l77+7717 | | [ ‘ 1 ‘

O i Pttt g r ‘ ‘ 7‘F ‘ T*

r | [ I | e
501 O e
~0.15-0.1-0.05 0 0.05 0.1 0.15 0.2 0.25 0.3 -0.15-0.1-0.05 0 0.05 0.1 0.15 0.2 0.25 0.3

ct*(cm) ct*(cm)

33



