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Motivations:

b-baryon discrepancy:
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Motivations: Current measurements:

Avg b baryon meas.
ATEPH AL
i91-95)
DELFHIpl1
(91-95)
DELPHI Al m
i91-95)
DELPHI A
(91-95)

OPAL Al (IP+vix)
(-G}

1.20+0.08+0.06 ps
1.19+0.14+0.07 ps
1.16+0.20+0.08 ps
1.10*012 4009 ps

1.16+0.11+0.06 p=

=

Ab Heas Lrernents
ATLEPH A1
{91-95)
ALEPH A1
{91-95)
CDF A1
|1}_‘_1':—'|
DELPHI A1
{91-95)
OPAL A1
()9 )

1.18*0:1240.03 ps

1.30"0:3% 40,04 ps

1.3240.154+0.06 p=s

+0.19
1.11%g 12 +0.05 ps

1.29*0-23 40.06 ps

Average of abowve 10

= I measurements
ALEPH =1
(-9 5)
DELPHI =1
(91-93)

1.208+0.051 p=s

1'35-0-11.!7 +0.15 ps

-0.28 -0.17

7
1.5°07 +0.3 ps

M Tl W palsesslonaulogrilioialss
09 1 1.1 1.2 13 14 1.5 16 1.7

T (b-baryon) (ps)
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Average b-baryon

lifetime

All measurements
performed in
semileptonic decays
(No fully reconstructed)



4 track Vertex Topology

PV ~ 20 um
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3 track Vertex Topology

= p(rr™)
AO(KS)

A7T'(1T')

PV ~ 20 ym
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Widtha= 0.171 10008
= Width = 0057 +0.00
g Slope =-0.352 + 005
§ [ Mean = 3.0737 +0.0002
; 200 FSignal= 062:£ 001
[ FGauss1 = 0.61 £0.03
g 15000/

i L
10000
ot

L
29 3 3 32 33
Invarkant Mass (GeV/c)

J/y cuts
© J/y mass [2.9,3.25] GeV
@ Smt hits in muon >1

© Distance from PV to J/psi
vertex <10 cm

© Al least one PV reconstructed

© Track measurements
downstream (<1) to the
\(fe%t)ex and misses upstream
<
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Ewvarrts 7 { D000 CSa W )

¢ - K'K

0.1 = 0.00405 + 00003 GeVie *

4= K'K

M, = 1.01882 £0.00035 GeVie !

N=237 +16

5.267 <Bs Mass < 5.453

+

I i = ILll'll 102 1.03 ILHI = I1.H
 Mass (GeVie )

¢ cuts

© Mass windows [1.008,1.032]
GeV,

© 2 opposite charge tracks
that make a vertex of 4 tracks
with the Jpsi vertex

© SMT hits > O for each track
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2
]
E - M, = 03941 £0.0012Gel
A K‘ Sk o,= 00139 £ 00013 GeV
o
15 - N=772150 K+ cuts
m:— 148 < Bl < 15 ﬂGl\e/I\z}ss windows (0.85,0.93)
I © 2 opposite charge tracks that
0 make a vertex of 4 tracks with
i the Jpsi vertex

© SMT hits > O for each track
10

W W W 1
K Mass (GeVie )
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A? Invariant Mass

1 nch 1514 /43
Mevts

U
I

—

1
q
52
ad
al

11558405 =+ 9281
1.115 + 180705
0002198 £ 803005
0479 + 004747
0.004458 £ 0000213
-1.537e+05 £ 1084
14552405 9775

cuts

-

1.1051.111.1151.121.1251.131.135
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© Mass windows (0.85,0.93)
GeV

© 2 opposite charge tracks that
make a vertex of 4 tracks with
the Jpsi vertex

© SMT hits > O for each track



K-

K2 Invariant Mass
x10'

10000 £ e

8000 578,338 + 1909

6000

4000

_________

u 04934 +1.837e-03

G'l
{CI'
a 0.01779 + 0.0002808
ab

¢ Al

267.2/ 44
MNevts 5.783e+05 + 1309

0.006581 £ 4.362e-05
D.6D0E6 £ 0.006725

190e+04 £ 2327
5282 +4E8.8
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Ks cuts

© Mass windows (0.85,0.93)
GeV

© 2 opposite charge tracks that
make a vertex of 4 tracks with
the Jpsi vertex

© SMT hits > O for each track



PDF models:

e Mass Model:

o SM - Gaussian

e B, : First(Second)-order polynomial background

e Resolution Model

* (Gaussian using event-per-event lifetime error & “°s”
scale factor

Res(A 0 .)=
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PDF models:

* Lifetime models
= S, . : Signal lifetime PDF

* Convolution(Exponential decay, Resolution)

- B, . : Background lifetime PDF

* Resolution + negative exp. decay + 2 positive exp.
decays

 2Dim PDF:

L=f.8,(M)S, (A o)+(1—f)B,(M)B,, (A o)
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Lifetime distribution models

Log scale

-0.02

n exponential decay convoluted with a gaussian
I:!E lution) i | for the b had lifeti istributi

08—

06— 0.6
B [{E.]

04— a

02—

ackground lifetime distribution modeled as a gauséiah for zero lifetime +
hort exponential decays (positive and negative), and a long-lived
xponential decay.
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No 300: DG Run Il preliminary Paramoter Value Error — Error + Units
S C B J/ TFaL 32.9 —2.3 2.5 MeV
g 20 sts_-) 33;1’:1’25 e | M, 5357.0 —2.5 2.5 MeV
S | Cvens= e &5 Baskground al ~1.641 —0.276  0.277 GeV-3
— 200 — Total f+ 0.165 —0.016  0.016
8 ot Fox 0.034  —0.009  0.011
g + f- 0.085  —0.015  0.016
s 10 At 75.0 ~7.6 7.5 pmn
2 _ A+t 358.1 —57.0 7T.7 pm
£ 50| AT 20.6 —4.4 5.4 ferm
O : s 1.142 —0.027 0.028
= = = fs 0.080 —0.006 0.006
. . . B .
Invariant Mass (GeV/c 2) ‘ A 4329 2.0 29.5 £
B, —> J/yr ¢ DS Run 1l preliminary
103 5 - Data
B Signal

s
o1 o015 02 025 03
Proper Decay Length (cm)
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~ 1400 — Parameter Value  Error — Error + Units
§ B, > Jiy K’ D@ Run Il preliminary oar 37.9 1.3 14 MoV
§12OO Events = 1370 +54 ‘ gz‘:al ‘ M, 5271.2 —1.5 1.5 MeV
01000 525 Background al —1.274 —0.073 0.073 GeV—3
~ + — Tota f+ 0.142  —0.005  0.005
& 800 Fot 0.039  —0.003  0.003
2 f- 0.067  —0.005  0.005
s At 73.5 —3.1 3.3 AT
T AH+ 426.0 —22.5 24.6 g
8 AT 53.2 —2.0 2.1 fmn
5 1.128 —0.009 0.009
fa 0.045 —0.002 0.002
B B . . B -
Invariant Mass (GeV/c2) ‘ i = Lil Dl A
E =B, — J/yw K DS Run 1l preliminary
= 107 =— - Data
E — B signal
5 1 03 = =i Background
2 —
= 10° &
- —
E [
oS 10
1
107" L

Proper Decay Length (crn}
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Candidates per 50 MeV/c?

1

N signal ( b) 61 + 12 events

fraction (signal) 0.087 (+0.018,-0.017)
mass 5.612 (+0.011,-0.011) GeV
width 0.052 (+0.010,-0.008) GeV
Al -13.760 (+12.900,-13.200)
A2 1.144 (+1.180,-1.150)
lifetime (b) 366.0 (+65.2,-53.6) um

lifetime(bkg short-) 112.5 (+37.3,-23.7) um
lifetime(bkg short +) 102.1 (+61.4,-34.3) um
lifetime(bkg long) 360.9 (+69.5,-51.0) um
fraction(bkg short) 0.097 (+0.056,-0.057)
fraction(bkg long) 0.193 (+0.049,-0.053)
fraction(Resolution) 0.635 (+0.051,-0.060)
correction factor 1.272 (+0.095,-0.096)

- N =61 + 12 Events « Data
sn:— Bkg,
soF B signal

= — Total
40_

:mf— + | +

- |
20— +
1nf—

8152 53 54 55 56 57 58 59 6 &
Invariant Mass (GeVic')
= —
—=_ [
= -
m —
@ =
=240
(-] —
= —
- [
:E -
-3 |
=
S 10
1 =
107

AR->]/y Ag o Som

Dhata

Sigrnal
— By + Raes

o115 o._2
Proper decay length {crm)
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Candidates per 30 MeVic®

-

—

-

- ek

N = 291 + 23 Events

s Data
Bkg,

B Signal
— Total

1 1 | 11 11 | 11 | 1 | 1 1
5 51 5.2 53 54 5.5 56
Invariant Mass (GeV/c")

N signal (BOd) 291 + 23 events
fraction (signal) 0.114 (+0.010,-0.009)
mass 5.269 (+0.003,-0.003) GeV
width 0.040 (+0.003,-0.003) GeV
Al -37.903 (+11.700,-11.600)
A2 3.481 (+1.090,-1.100)
lifetime (BOd) 418.7 (+32.0,-29.3) um

lifetime(bkg short -) 135.5 (+19.3,-15.7) um
lifetime(bkg short +) 237.9 (+41.0,-67.5) um
lifetime(bkg long) 628.9 (+404.0,-186.0) um
fraction(bkg short) 0.192 (+0.030,-0.065)
fraction(bkg long) 0.041 (+0.071,-0.029)
fraction(Resolution) 0.702 (+0.022,-0.024)
correction factor 1.387 (+0.046,-0.045)

-
+)

Candidates per 50 um
]

-
+)

-0.1 -0.05 L+ ] D.05

0 Bkg
B->J/y Ks o Seom

- Chata

Sigrnal

-1 015 .2 .25 0.3

Proper decay length {cm)
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. ) GRS oW e~

J/psi Vertex

Alignment
Fitting

Background

Resolution

v Use J/yp vertex instead of B
vertex.

v Run with a different geometry.

v Use toy MC to test or Fit code.
“Use a quadratic polynomial in Mass

~Convolute exponentials
“Use two decays for long lifetime.

«Cross feed contamination Bs< Bd

v Use different Model for
resolution

Pedro Podesta, Chicago Flavor Seminar August 2004 w
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J/y Vertex

For ideal B candidates, B and J/y vertex should be equal. J/yvertex
may be inaccurate when two tracks are very close (collinear). We
got a sytematic errors of 3 ym for Bs and 4 ym for Bd.

-
Qo

Candidates per 50 um
& ©°

i)

5]

10"

?Eg S T D& Preliminary
: - Data

L — Total

S & O — - Background

L e Signal

- ),

3 P 44

N R PP IPEPEEPE B B | B T T L 2 . P P
-0.1-0.05 0 005 0.1 015 0.2 0.25 0.3
Proper Decay Lenght (cm)
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Background

We have that the ct distributions

from the “sideband”. Hi and Low are f fLL =h;/Xe ; (1- fLL)E,-A]-,fA“
not equal. Sytematic Error of 3 ym for H }Jﬂ J L
Bs, Bd.
i E é o' '5 ip
W - ' zz: (@) Do i) != Do
g""EE i ':; gij\w E"f it W
Bl ¢ L 5. i H
ﬁgi'" #‘*%e @ E i g gy s s %
i . ) Invariant Mass (GeV/ic”) [ * Invariant Mass (Gev/c’)
o \Wﬁf i S
o Ty R
— l- L i e
107 -I.'I.I;S 1] 0.5 @1 015 0.2 025 ...l.'l.i 035 10! -ﬂ.l:! 0 T K ':“ 0.2 028 03 038

Propar Dacay Lenght (cm) Proper Decay Lenght (om)
Fitted PDL Low(left) and High(right) mass regions for the Bg
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Fitting Code

We generated a 1000 samples with the Bg PDF, and
parameters. We fit using same code. This told us how well our

fitting method is.

| width = 0.00283 +0.00006

mean = 0.04416  +0.00005
| mean = 004336 + 0.00M00D

width = 0.00153 +0.00003

),
B B
RN
o
o
*
4
e

E‘H’ﬂlﬂf ¥

=

|

s

Evenis uﬂmyﬂ
8 =
I I
e
J.-l-nl I-Il'.“'.-l' -
=

o + ' ]‘ E ++ %
ao[ : : a0~
Tt '*ﬂ_ o iy
- .r“- i I ] I Il I I i.l - ll.l".:I | | I L 11 Ll 8 1 L | | Ll i I.I.
o 0.036 ﬂm Mﬂ ﬂaﬂﬂ M'“ M'ﬁ ILIHB 0.05 00352 0 0.04 l'.l.l.'llll“ ll.l.'llﬂ l'.l.l.'lllﬂ l'.l.l.'llllll l'.l.l.'I!H l'.l.l.'I:E l'.l.l.'IIIIT 0.048 0.049
¢t (cm) ¢t (cm)

Difference = 0.3 = 0.9 ym Difference = 0.2 = 0.5 ym
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Cross-feed contamination (estimated from MC)

&3

4 ™ ~
B'(/yKs) | Ab(/¥A)
"F L =5 : | s
- Jﬂ - |
1k ey ¥ trrrrrr o
f v 5 i
i“ Lt \a_‘% | fu l;,-".
f\\ |
I \
\-’m s -"‘"’9 2, .-‘ _":y
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IMass MC signal in
blue, and cross feed

J 1L <—contamination in red
J

ass distribution for
he cross feed
ontamination (log
cale)

ifetime distribution

for cross feed events




Systematics summary

Source B, = Jiipd | By — J/K*® To/ Td
Alignment 2 2 0. 000
J [ vertex 3 4 0.002
Resolution model 3 3 0. 000
Background model 1 a 0.002
Total i T 0.003
Source B° (um) Ap (um)
Alignment 5.4 5.4
Resolution Model 2.7 6.7
Long-lived component 0.1 1.5
Cross-feed contamination 0.8 8.8
Mass distribution model 6.2 2.5
Background lifetime distribution model 3.1 2.7
Fitting 0] 0]
Total 9.2 12.9
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-L'A’,. !. _q ~

v Our vertexes is working. Errors

are meaningful.
« Find a possible bias

Vertex studies (Pulls and
resolutions)

v Make the resolution studies

Fit in a Bs, Bd MC sample. ~ross feed Bs Bd ,
v Estimate linearity of our Fit.

Fit in J/psi X Inclusive » Long Lifetime component,
MC sample better understanding of the
background.
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Understanding Long Lifetime Background I

Mass J/psi K- |

30

hd
0

Events per 18 MeVic !
i

=
th

10

€3

| Red Total I

Green Background |

Bl asaail I
Ervbri = 254
Pl 5 5241
A= D155

Bud iMia-g-cn s TaLy
Ervbri == 132
P 5 5. A3

5.4
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Understanding Long Lifetime Background II

= = = BdctunlLoTag |
Backgmund Distribution e T
16 - Mean 0.02958
— _ RMS 0.03361
- Green Hi |
14— BdctunHiTag |
- Entries 36
120 Blue Low I Mean  0.006475
- RMS 0.006082
10 :—
8
- ct background distribution Cppacturiag
— - ntries 32
6— 0.35[C Mean  0.00929
aF - Green Hi+LO RMS _ 0.01581
= 0.3 :
L _ - BdctunLoHiTag
2 - Red Signal Entries 100
- - Mean 0.02126
- | | | | | 0.25 RMS  0.02932
-8.15 -0.1 -0.05 0 0.05 01 015 0.2 0.25 02:
0.5
0.1
0.05 }[HJL
:IIIIII IIII""ll |J.|.|1I_| III|IIII
3.15 -01 -005 0 0.05 D 15 0 2 0 25 03 035
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Full analysis test

We have tested our code in a full simulated MC sample . For the
Bs the input was 439 ym . We got 437.3 +/- 5.4 ym , same
behavior was observed for Bd .

| IIIII|'|'|-II,II

2
10

Events /{ 0.01cm )

— i Il Il Il Il i i Il B Il Il Il i 4 i
0.1 015 0.2 025 03
et [(am)

Red All contributions, Green signal, blue combinatorial:
mainly from misreconstruted.
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Range of Mass selection

Fitting Region

c7(Bs) ()

c7(Ba) (pm)

i 1o 433.2 = 291 438.2 = 15.4
BT 4325 = 284 441.T7 = 15.2
Do 433.9 + 28,2 441.7 + 15.4
=10 432.9 = 28.3 441.5 = 15.4
+11e 4304 = 27.9 4429 = 15.6

Dependence of the Mass

All DO mass peak are slightly shifted due to magnetic and material
uncertainties, instead of use the PDG mass in the PDL definition
(slide ) we use the central value of our fit . We found a difference of

0.75 microns.

&3
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Different Cuts an split samples

We have explored two additional set of cuts, 1) Maximum S/B (low
statistics), 2)Maximum yield (large background). We also split the

sample in several ways.

Check ct(Bg) um  c7(Bg) ym
cuts setl 42T = 27 449 4+ 15
c1uts sot2 435 + 32 447 = 18
run <= 180956 436 4+ 34 442 += 18
rin > 180956 428 4+ 56 440 += 29

@p(Bg) =< 443 = 38 445 £+ 20

S(B,) > 7 423 + 31 436 + 24
gl BE.) =< 0.8 462 = 36 427 4+ 21
(By) = 0.8 405 == 33 453 £+ 22
random <2 .5 433 £+ 32 432 = 22
randorm == 5D 432 += 32 451 4+ 22

simm. At 434 =+ 30 445 = 16
fix sbh fit 433 = 29 445 £+ 16
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Linearity

In a Full simulated MC, we fit using various lifetimes inputs. Our
results are consistents with linear.

| Lifetime Linearity | Lifetime Linearity |
FO55 s S S S
3 ! !

“ : 1 ‘I_-'+ E[:H -_ ................................................. “Jl l_

+."‘r 005 [ : . . _,+

n‘mﬁl,, : ‘l."r. i ) Ir..'+

0.04[— . 4

[ fndt ST Ts i e i 0.07652 /6.

0001677 + 0.002001 & PO (LOK04: 0002412
= po i 0.04}— * p1- -0.9768 + 0.0546
0.035 _1.4 ................................................. pl i '.FBE . [ 1

II.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIiIII n‘m IIJ.""IJ.""'J.-I.]-.- 1 'Il"'lll.ll"lj.
0.034 0.036 0.038 0.04 0.032 0.044 0.046 0.048 0.05 0.052 0.036 0.038 0.04 0.042 0.0 0.046 0.048 005 0.052 0.054 0.058
er{em) ct(em)

Test of linearity of the lifetime fit, Left Bs MC, right Bd MC.
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Sumary Results I

With approximately 220 pb-1 in DA detector up to
february2004. We reconstructed 337(1370) Bg(Bg)

candidates and we have measured the lifetime.

(Bs) = 1.444 *J555 (stat) = 0.020 (syst) ps.
T(By) = 1.473 *5%% (stat) = 0.023 (syst) ps.
And the ratio

T(Bs)/t(Bg) = 0.980 )/, (stat) = 0.003 syst

DO conference and analysis notes at:

http://www-d0.fnal.gov/cinvestav/d0 private/Analysis/Bs/Bs.html
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Comparison

Experiment Bs By

World Average 1.461 + 0.057 1536 £ 0.014

This measurement  1.444 +0.098/-0.090 £0.020  1.4713 +0.052/- 0.050% 0.023

CDF (Runll) prelim  1.369 + 0.100 +0.08/-0.010 1.539 £ 0.051+0.008

BaBar - 1.523 +0.024/-0.023+ 0.022
BELLE - 1.554 £0.030+ 0.019
CDFRun| 1.36 £ 0.09 +0.06/-0.05 1497 £ 0.073% 0.032
DELPHI 142 +0.14/-0.13 £ 0.03 1.532 £ 0.041+ 0.040
OPAL 1.50 +0.16/-0.15 £0.04 1.541 £ 0.028+ 0.023
ALEPH 147+0.14 £ 0.08 1518 £0.053+0.034

The current world best single measurement.
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Summary results II :

_ +0.217
T(A,)=1.221 +" |, (stat )+=0.043 (syst ) ps
0y __ +0.107
T(B")=1.397 +_ 5, (stat )=0.031 (syst ) ps
T(A,) \
+0.169
——=0.874 +_ |, (stat ) =0.028 (syst 1
T(B '
(B) ]
JrTTTTITTLTY PTTYYTTT T T
ALEPH A, | - 1.18*21* +0.03 ps
ALEPH A I'T | S | 1.30%020 +0.04 ps
(91 -95)
CDF A | . 1.3240.15+0.06 ps
CDF ;B:;:: -'n . 1.2540.2620.10 ps
DO J/YA B | 1.221*%217 40,043 ps
' (et e : : +1].l’;?
DELPHIAL| | L1112 40.05 ps
OPALA | . . | 1.29*01 +006ps
(90-95) | = .
— We are consistent
World average i 1229, 49 DS )
Luasalial bbbl ~with the world average

09 1 111213 1415 Le L7

T(A,) (ps)
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Add more available data.
Bd, Bs Angular analysis, integrated in the time.
Bs, Bd time dependent Transversity Analysis.

Bs lifetime in the semileptonic channel.
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Backup slides
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Data Samples

> Luminosity ~ 220 pb™*
> Remove all bad data.
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Mass Distributions with a ct/o(cTt) >5

Bs->]/y ¢
g anE
2 D2
ﬁ 60 Preliminary
& 50
a f
§
v
B
10F—
5152 53 3455 56,
Invarlant Mass (GeV/c)
N =259 + 14

- 38 -

Pedro Podesta, Chicago Flavor Seminar August 2004

Byg->J/y K*

&

D&
Preliminary

8

B

Candidates per 18 MeV/c ©
=

50
0 5 51 52 53 54 55 Iq,ﬁ
Invariant Mass (GeV/ic )
N =1028 + 30



Evente /( 0.08)
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Establishing the A signal

Events/(0.08)
g8 & 8

5.8 6 9.2 5 5.4 5.6 58 -] 9.2
Invariant Mass (GeVic ) Invariant Mass (GeV/ic )

6 &8 &
b &8 &

Events/(0.08)

58 6 6.2 58 6 6.2
Invarlant Mass (GeVic ) Invariant Mass (GeVic )

IAS cross check we applied the cut c/ (ct)> : 1,
2, 3, and 4. ( It can not be used for lifetime
measurements)




