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Tevatron and CDF Detector

¢ Tevatron performing well!
4 > 3 fb~! on tape

a0 L IO & Th this talk 1-2 fb-! results!
( Tevatron *j|_9 i

o i

=T

ﬁ SVXII + LOO

#+ hit resolution: 9-11 um
% Central Tracker
4 op/pt2 < 0.1%, dE/dx
% Time-of -Flight
#+ Particle ID
4 Muon detectors
+ Lepton triggers, Lepton y
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Triggers for B Lifetime Measurements

x10° CDF Run Il Preliminary: ~1 fb"

= o
¢ Di-Muon Trigger

+ Two muons with pt> 1.5 GeV in central
pseudo-rapidity region.

+ J/¥ modes, masses, lifetimes, x-section ...
+ Today B, lifetime in J/¥ € X, €=e,p

¢ Displaced vertex trigger /

+ p(Trk)>2 6eV/c, 120 pm < do(Trk) < Imm

+ X-section, branching ratios, B, mixing...

+ Today Bg, A, and B” lifetimes

" J/y Signal = 5564.9(2.5) x10°
T S/B=4.4in3.10+0.50 GeV/c®

—
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Events/(0.005 GeV/c)
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Decay length distribution biased!!

~1 mm b decays
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Impact parameter
[odg ~ 35 pm]
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Interests in B Hadron Lifetimes

=
Heavy Quark Expansion

2 3 . .
A 1 A ; I. Bigi et. al,
flg -+ flg ( QCD ) -+ :’413 ( QC D ) ] Ann. Rev. Nucl. Part. Sci. 47
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b > > < v d d d
. o, b > > c > >
Ab ! § u > > u
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Spectator model: Pauli Interference: Weak Annihilation
b hadron lifetimes prolongs lifetimes, and Exchange:
are equal. +5% for B+, +3% for A, reduce lifetimes -7% A,

1(8%) 2 t(B%) # 1(B,°) > 1(Ap) » ©(B,) :




Interests in B Hadron Lifetimes continved..

= S
% The B*,BO lifetimes are precisely
measured at B-factories.

4 Experimental error on t(Bs%)/t(B°) far
higher than theory error!

4 World average of t(A,)/1(B°) too low

compared to O(1/my3) HQE prediction.
CDF 2006 measurement was precise but
too highl

% Lifetime ratio world averages:
Theory O(1/my%)

+ t1(B")/7(B% = 1.071 +- 0.009 1.06 + 0.02
+ 1(Bs%)/7(B°) = 0.939 +- 0.021 1.00 + 0.01
+ t(Ap)/7(B% = 0.904 +- 0.032 0.88 + 0.05
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B.: A Special Case..

_ 2 TC, I Vi
4 Doubly heavy bc bound
state J/\lj

4 Decays via weak decays

o O
A
\

A 4

of b- or c-quark or via b ) B
weak annihilation ¢ ’ \ s
|

T, =T,(=25%) + T,(x65%) + T, % IV

b
» Shorter lifetime than
C

light B mesons

PRI arXiv:hep-ph/0308214v1
Theory pr'edlc:‘hon. Phy Rev. D 64, 14003 (2001)

T(BC) = 0.47 - 0.59 ps Phy Lett. B 452, 129 (1999)

hep-ph/0002127
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Lifetime in B.2>J/p e,u v

CDF Run Il Monte Carlo

4 Missing momentum, correct pseudo-lifetime: &
+ ct=Kx ct’ S 0.5 BewresX
. o M(B,) L, (Jlw+1) %
prJly+1) 0 i
0.10-
& K = pr(J/y £)/ p+(B,) ' K
% Main challenge is multiple backgrounds: 0.05|-
+ real J/W¥ + fake lepton :
+ fake J/W + real lepton ‘ L—_
+ real J/W + real lepton — from bb 00— 0
events K Factor
+ prompt J/W¥ + lepton 5564 .9k signal J/¥

4 residual conversion (J/ ¥ +e only) 1
events from 1 fb~* data
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Lifetime in B.2>J/p e,u v

=B
CDF Run Il Preliminary: ~1 fo CDF Run Il Preliminary: ~1 fo'
—_— F _ 3
5 C Data - J/y e EJO? Data - J/y u
% 10° 3 — Total Fit ﬁ - —— Total Fit
] A — Signal :@ 10° 3 — Signal
§ 10° 3 —— Total Background § i — Total Background
- L|J — i =
L - i Fit prob. = 0.70 1OI§ Fit prob. = 0.51
i ¢ ‘ ‘
1 -
; \\ " / \\
107 ke R M
3 N & \ ‘\\
- & C
-// \\ \\\M 102 i A I A T LN ....??\..
107 e : : -1000 0 1000 2000 3000 4000

1 II|I I|II I|I |-
-1000 0 1000 2000 3000 4000

Pseudo-Proper Decay Length (um) Pseudo-Proper Decay Length (um)

cr(B,)=121.717 (stat) #m cr(B,)=179.172% (stat) um
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Lifetime in B.2>J/p e,u v

. 1
CDF Run Il Preliminary: ~1 fo CDF Run Il Preliminary: ~1 fb'
.ﬂ"—"a-‘ L
_IE i — -2log(L.)-2Log(L,) Averaged for World Average
3 S —— Minimum Combined for CDF 11 Jayl (1167
C‘:J B —— 68% Confidence Range ——— World Average
LA
[1b) L
-4 f ct= 1425 %(stat.) um CDF Run |, Jy+|
(@) £
= 3 - DO, J/y+i (1.35 fb™)
Y -
' oL CDF Run II, Jiy+e (11b )
- CDF Run II, Jiy+p (1 fb7)
‘] Lo
- CDF Run II, Jiy+l (1 fb7)
O Average =137.7+11.0um
: 1 | 1 1 1 l | 1 l 1 l | l 1 l I | 1 l l 1 | L
_1 I ] L I ] L ] | 1 L ] I L 1 L l L L
100 120 140 160 180 Mg e o= = . 200

10052 Tevatron weighted average:
7(B,) =0.4751y, (stat) £0.018 (sys)ps|  1=0.459 + 0.037 ps

World best measurement!  theory: 1= 047-059 ps
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B, Lifetime in B,—~ D *(¢m) =~ X

.:E, Da-ra sGmple: D, — ¢ n Monte Carlo

¢+ 1.3 fb-1, collected with 2% meooe | X2 stats
displaced vertex trigger

oo, B
+ ~ 1100 fully reconstructed
events

1B, — D, inc ncin5|gnal
+ ~ 2000 partially

Other
200
reconstructed events

Number of Entries / 10 MeV/
> o
= c[.'.w
| T T

il- 'I"‘Il _“#

9)]
o

i .

4 Lifetime bias is modeled with a A
trigger efficiency curve from 6 48 5 4
MC M(D(¢r) 7

2O

(63

g
4

[é)]

N

¢ Partially reconstructed channels:
* _ _
B,—~ D™ m, Dg p (7 n7) -
triple the statistics! Farrington
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B, Lifetime in B,—~ D *(¢m) =~ X

4 For partially reconstructed
modes a k-factor accounts for
missing momentum and mass

L. .mrec
ct = —4 5 -
pr

4 Extensive test on BO, B* control
samples

¢ Two-step fit
+ mass fit: relative fraction of
various modes and
background
+ lifetime fit: shapes from
MC/data, fractions from
mass fit.

» Extract lifetime only

0.45F

0.35F

/(0
o
o
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vents

0.05

B

Monte Carlo

- —DK
= —Dp
— —D'n
o B, remainder

o
o R

9 092 094 09 09 1 1.02 1.04 1.06 1.08

1.1

k

Lifetime for control samples:

BO— D-(K*rnn) n*

BO— D™(DO(K*rn)r") w*
B* —DO(K*r") n*
agree well with PDG
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B, Lifetime in B,—~ D *(¢m) =~ X

=B
CDF Run Il Preliminary 1.3 fb”
B #?' s # Data
1] i;
3 Fit Result

..--..1[]2—_ J !&% it Resu

C 4 B
E - q » D
o0 L — DK+Dp+D*n+B_others
D -9
G. - - . fi] .
[=] B —=DX B DX AX
3
w 10
= C
= L
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@
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0 0.05 01

Flavor-specific

015 02 025 03
ct (cm)

ALEPH (1996)
154914+ 0.04

-0.13

OPAL (1998)

+0.16
15078+ 0.04

CDF (1999)

1.36+ 0.09

DELPHI (2000)
1427019+ 0.03

DO (2006)
1.398 + 0.044 0928

-0.025
PDG 2007
1.41+ 0.04

CDF (Prelim.) D_(¢m)X

1.518+ 0.041+£ 0.025

|

0.6 0.8

1

1.2

1.4

BS Mean Lifetime (ps)

7(B,) =1.518+£0.041 (stat) = 0.025 (syst) ps

World best measurement!

1.6
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N\, Lifetime in Ap > A, 7

¢ 1fb! data, 2900 events 4 Trigger efficiency curve from
4 Signal region: MC simulation

5.565 < m(A,) < 5.670 GeV/c2 & Two step fit: mass, lifetime
4 Lifetime analysis developed @ Fit checked with MC samples

w/ data fit blinded. with input lifetimes between
| CDF Il Preliminary, L = 1.1 fb" 325 - 500 pm.
‘19 ] Ay ;our_—Track [SVT Efficiency |
A -leptoni
E I | . b =5 0.0035 —
o » —— B Four-Track [Ty] -
t: 1200% B Semi-leptonic 2 D00t
() —— B Other o =
QioooF-® I | Ay ALK o *%EE
g __________ Ay = AP Q' 00020
E 800 Ap =TT :E 0.0015
5 Ay = A X =
g 600F —— Combinatorial W o.0010f-
o
400f
200 '
0“ AR ™ 8 B R AL, e S | 6 5
3 >3 * m(A,) [GeVicy]’
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N\, Lifetime in Ap > A, 7

4 We measure:

7(A,)=1.410£0.046 (stat) £ 0.029 (syst) ps

World best measurement!

4 Using world average BO lifetime:

T(Ay)
7(B?)

=0.922 £0.039 (stat + syst)

| CDF Il Preliminary, L=1.1 fb’

10%

— B Four-Track

— Combinatorial

A=A K

A, Four-Track
A, Semi-leptoni¢
A, Other

10

Candidates per 0.0025 cm

N
"l
I LB

||.|f|"p||| 11 NAY I
0 0.05 0.10 0.15

4 Leading sources of systematic error:
+ Displaced vertex trigger modeling: 71.6%

+ A, Dalitz structure: 42.0%
+ Combinatoric ct template: 32.9%
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N\, Lifetime in Ap > A, 7

A, Lifetime Measurements

100 200 300 400 500 600 [um
IIII|IIII|IIII|IIII|IIII|IIII
ALEPH A, | + A |l —e— 1.21+ 0.11
OPAL A, | © 1.29 721+ 0.06
DELPHI A, | —e— 1.117)0+0.05
. CDF Runl A, | — 1.32+0.15+ 0.07
¢ Good agreement with
world average and DO Runll A, | —— 1290 5116’ o0
theory (lifetime ratio). |ooruiuma —— 1.218 % £0.042
CDF Runll Jiy A =  1.593 7> +0.033
CDF Runll A, © (PRELIMINARY) g 1.410 £0.046 £0.029
PDG 2008 1.383 20
| | | ] ] | ] | |

] | ]
2.0
A, lifetime [ps]

] | | ] ]
0.5 1.0 1.5
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B* Lifetime in DO n* Decays

CDF Run Il preliminary L,,=1.0 fot

B Mass

4 Proof of principle
measurement employing a
data driven method to
correct for trigger bias.

30005—

° Mass distribtuion in Data

B siona
- Background

2500[—

2000

Events per 5 GeVv/c?

1500F

4 Uses decay kinematics to _
correct bias on an event-
by-event basis. '

¢ Method apflicable to future o sm  sa0 L mw
experiments whichbused D°5* bess [Gevic?
Impact parameter base
'l‘ﬂ%ger'lsa, 24200 + 200 signal

- 1 fb-1d

4 Systematic error due to MC events from 1 f ata
modeling is completely

avoided.
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Data Driven Trigger Bias Correction

w
4 Events are slid along h ke )
The B dir'eCTion Gnd B direction B direction
trigger acceptance IS m . m
evaluated as a function & &
of proper decay length a a [
= Only1IPinrange, eventnot  ~ Two tracks pass all cuts
accepted Acceptance turns on
CDF Run Il preliminary L, =1.0fb"
% 0.5 Average Acceptance Function
% Sideband subtracted Signal Region
é(g 0.4 Sideband Region 1

0.3
Prim
Vix

0.2

8 8
= =
01 g s l_l_\_l
@ @
(%] (%]
(] (]
< <
O o Eoe 5000 5E00 3000 Two possible track pairs: Trigger not passed.
Proper Decay Length um Acceptance increases Acceptance returns to 0
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B* Lifetime in DO n* Decays

-
CDF Run Il preliminary L, =1.0fb"

g_ Proper Decay Length

o Data

02 103 — Signal + Background

8 = — Signal

£ Background 4 Dominant sources of systematic

o

G oo| error:

+ IP (68.9%), pr (40%)
dependence of track
finding efficiency

+ Mass-lifetime correlation
(55.6%) in background

10 &

L 11 1 1 | 1L 1 1 1 | 1L 1 1 1 | 1 1 1 1 | 11 | (N -
0 500 1000 1500 2000 250(‘{1J 3000
Proper decay length D" n*[um]

# We measure: (7(B*)=1.662+0.023 (stat) £ 0.013 (syst) ps

4 Current world average: 1.638 + 0.011 ps
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Summary

" -

& With over 3 fb™! accumulated data and
much more to come, heavy flavor physics
at CDF has entered a precision era.

¢ World's best B, B. and A lifetime
measurements from CDF are in agreement
with the world averages and HQE
predictions.

& Stay tuned for morell
http://www-cdf.fnal.gov/physics/new/bottom/bottom.html
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Backup-1 Data Driven Lifetime Method

=B
¢ Unbiased decay PDF: __
4 ... with high and low IP cuts:

4 A triggered event w/ IP cuts, single track eff.
and multiple track combination considered:

= 1 [IE' t11 | — & t.zl.'h:::: ']E'-'" mny, "I-‘lzu =Y + . [IE' t1 | — O tnf”' I]p' Loy k Wi Cg))

1 y )
F _'rl F —_—
Iz r-i W Lra g

r-A ] 1T T §
Tile = —e s )Iping, ket aplny, iy, eglleT s — e 1 )

4 where, k; out of n, tracks have a matching
trigger track in the ith of N different ways to
satisfy the trigger.
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