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Why Measure Lifetimes?

The width ( ) is inverselyproportional to the
lifetime ( ) of a particle. Sensitiveto: strong,
electro-magneticand weak forces

d
Weak hadronic decgs depend on fundamental /u/
paametersof the Standad Model; i.e. CKM 7 -
Matrix elementsand quark masses f il s

The \Real World" is not chaacterizedby simple,
free quak decays.
Complicates thearetical Interpretation  of }

experimentalobservations %%fécz)
Lifetimesof weaklydecaing hadronsof the same

heavy avor help to quantify the connection ;é
betweenthe \Real World" and Theary. 5%?5 Méﬁé 3
Study the interplay betweenthe strongand Weak

forces

Helps us understandnon-perturbative e ects of
QCD

———
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Theoretical Predictions

Qualitative B lifetime hierachy: (B*)  (B°%  (B2)> ( 2)>> (B.)
HeavyQuak Expansion(HQE) predictsvaluesfor weakly decaing hadrons

[1] #
GZm2. . cp ° cp
F b Q + A3 Q

b +
192 3 Mp my

Thearetical lifetime predictions:
(B*)= (B% = 1.06 0:02
(B2)= (B% = 1.00 0:01
( b)=(BY° =0:88 005

C. Tarantino et al hep-ph/0310241
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The Tevatron at Fermilab

Tevatronis the highestenergyparticle collider.
R§ = 1:96TeV

Ldt > 2f b ! delivered(1:6f b * on tape at CDF)
Recad initial luminosity: 23730
4 8f b ! expectedat endof 2009

All B avors are produced
at the Tevatron:B*, B?,
BY, b, B, etc.
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Collider Detector at Fermilab (CDF) Run II

Key Features
Time of Flight
Particle 1D
Silicon Trackers
Coversj | < 2
Layers from r =
1:5cm tor = 28cm
B-tagging and trigger
Improved COT
Better stereo
Fasterdrift
Muons
Improved coverage
SVT Trigger
Trigger on displaced
verticesat Level-2
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B Triggers: Di-Muon (J= ) Trigger

op IS verylarge, but cross-sectiorof soft QCDis 100 larger
) b-physicsprogramlivesand diesby the trigger!

Important Trigger Paths

Di-Lepton Triggers(J= )
Lepton+ DisplacedTrack
Two DisplacedTracks(TTT)

Di-Muon Trigger Requirements

pT( )> 1:5Ge/=c

Q()Q( 9= 1
27<m( 9 < 4Ge/=C
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B Triggers: Displaced Track Trigger

CDF alsotriggerson Two DisplacedTracks(TTT)

) Silicon Vertex Trigger (SVT): pat of
trigger systemthat nds displacedtracks
and triggerson heavy avor
120m  dO(trk)  1mm
pr (tr k) > 2Ge/=c
pr > 5:5Ga&/=c
2 < < 90

Excellenttrigger for selectingheavy avor
Lifetime measurements biasedby trigger
requirement

Trigger bias must be accounted for

properly!
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General J= Analysis Strategy

Measure in fully-reconstructed,
B! J= X decg channels

Providesmasspeakto distinguishsignal
from background

No missingmomentum

The sametechniqueused
on the following modes;

B*! J= K*
B0l J= KO
B0l J= K
BO! J=
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Measuring the Lifetime ()

m+
JIY
m- . 1]
B+ Track(s) are vertexedwith J= to form a \B
PV candidate
K+
CDF Il Preliminary 1.0fb t
> -
E 3000 - _ B::: fit
P 2500 :_ [ signal r'egion
qC) . [ Bkg region
N (J = K7 ) 12, 900 |">J2000:— N@ry K')=12878
15003—

De ne Sidebandand Signalregions
Background templates derived from
sidebands

1000

500

0

518 52 522 524 526 528 53 532 534 536 5.38
Mass(J/y K¥) [GeV]
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Measuring the Lifetime (I1)

Sideband region CDF Il Preliminary 1.0fb t
Sl . Data Proper time distribution descrited by;
g f — Fit Z 1
o 0’ . —
i T(ct; j )= =e ¢ Gauss(ct)d(ct)
102;—
kb Signal = g
W Background descriles negative,
LH| ‘ W H ‘ prompt, and positive lifetimes.
015 01 005 0 005 01 05 0.2 025 03 035
ct Iy K') [em] Signal region CDF Il Preliminary 1.0fb ™

Dierent . distributions used for signal and s,.[ ey
background. i s
)@ . b 10°
S(c)= Ai( ¢ )%e ™ i
i=1 102§
Pi(c; ¢)=T(C]c) S(c) 1

0.01 0.015 0.02 0025 ~ 0.03
ct error (J/y K') [cm]

J. R. Mumford, B Hadron Lifetime Results/ CKM Workshop2006 9



B* Lifetime: B! J= K7
L(m;c; ¢ m)="1fs Pa(m; m) P(c; c¢)+ (1 fs) Pﬁ’](m; m) Ptb(C; c)

Signal region CDF Il Preliminary 1.0fo ™
g E - Data
3 - [ Signal
a r — Bkg
EJ 10° = — Signal+Bkg ] .
- {=1.630:0.016ps Unbinned ~ maximum  log-
ol likelihoood t usedto t lifetime
Simultaneous t of mass (m),
- lifetime (c ), and lifetime erra
10 =
; ()
1

015 -01 005 -0 005 01 015 02 025 03 035
ct (J/y K) [cm]

c (B")= 4886 4:8(stat) 3:2(syst) m
(B¥) = 1:630 0:016(stat) 0:011(syst)ps

The same method is
appliedto other modes

A4

J. R. Mumford, B Hadron Lifetime Results/ CKM Workshop2006 10



vy,
o
(-
[
2\
o

BO Lifetime:

CDF Il Preliminary 1.0fb ™

>
- Data
z 1200 — Datafit
B [ signal region
g 1000 [ Bkg region
m+ i

N7y K")=4804

JIY

PV
K+

518 52 522 524 526 528 53 532 534 536 5.38

D- K* Mass(J/y K') [GeV]
Signal region CDF Il Preliminary 1.0fb t
E - Data |
0 103 Signal
N (J - K 0) 4800 glo :2:(ggnaI+Bkg
()

t=1.571+0.026ps

=
o
N

c (BY) = 4713 7:6(stat) 3:7(syst) m
(B®) = 1:571 0:026(stat) 0:013(syst)ps|

o
[T
o
o
=
\
o
o
a
o
o
o
a

0.1 015 02 025 03 035
ct (J/y K) [em]
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BO Lifetime: B%! J= K?

CDF Il Preliminary 1.0fb ™

>
g 900 - Data
800 — Data fit
<
B [ signal region
g [ Bkg region
>
L

NQ/y K2)=3602

PV

518 52 522 524 526 528 53 532 534 536 5.38

. Mass(J/y K2) [GeV]
Veto D (p candidates)

Signal region CDF Il Preliminary 1.0fb t
K 2 pointing usedto constrainB° vertex E o
N(J= K % 3600 ez
c (B% = 4571 88 32m .
(B®) = 1:524 0:030 0:011ps

ct Iy K) [em]
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Summary of B* and B° Lifetimes
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B+ BPY Lifetime ratio

(B™)
(BY)

= 1:.051 0:023(stat) 0:004(syst)

Very good agreementwith world average
Very good agreementwith prediction
(B*)= (BY) = 1:06 0:02

results from B* and B? help to build
con dencein the methad
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Lifetime

01 3

CDF Il Preliminary 1.0fb ™

%
S 160 - Data .

— Data fit
< . .
B 140 [ signal region
4 )
% [ Bkg region
>
o 120

N(/y L)=532
100

PV

55 5.55 5.6 5.65 5.7 5.75
0 . Mass(J/y L) [GeV]
VEtO K S ( CandldatES) _ Signal region CDF II Preliminary 1.0fb t
pointing usedto constrain p vertex E T o
3 ¥ signal
2107 kagg |
é — Signal+Bkg

N@J= ) = 532

t=1.580+0.077ps

c ( p)= 4738 23i(stat) 3:5(syst) m B
( b) = 1:580 0:077(stat) 0:012(syst)ps

N

015 01 005 -0 005 01 015 02 025 03 035
ct (J/y L) [cm]
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o1 J=  Systematics

Samesourcesf systematicerrar in - Pasin B* and B° modes

Source Errar (m )
Alighment 2
BackgroundModel 0:83
BackgroundMassModel | 2:13
SignalMassModel 0:12
PDL Error +0:33
Resolutionuniversal 1:07
Resolutionmodelling negligible
Total 3:48

Detecta alignmentand backgroundmassmodel dominate systematic
erras
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Summary of PLifetime Measurements

(b
(BO)

= 1:.018 0:062(stat) 0:007(syst)

3 aboveworld average!
Abovethearetical prediction!

( £)=(B% = 0:88 0:05
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BOI J=

Lifetime

M Iy

PV
K+

K- f
Topology similar to B®!1 J= K ©

N(J= ) = 1133

c (BY) = 4479 16:2(stat) 2:8(syst) m
(BY) = 1:494 0:054(stat) 0:009(syst)ps

Events/4 MeV

events/50 mm

[any
o
N

10

1

-0.

CDF Il Preliminary 1.0fb ™

Signal region

« Data
— Data fit
[ signal region
[ Bkg region

N(J/y £)=1133

0
526 528 53 532 534 536 538 54 542 544 546 5.48

Mass(J/y f) [GeV]

CDF Il Preliminary 1.0fo ™
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Summary of B2Lifetimes

(BS)

(BY)

= 0:963 0:047(stat) 0:005(syst)

Agreeswell with world average
Agreeswell with thearetical prediction

(BY)= (B% = 1:00 0:01
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B! h*'h® Intro duction

DisplacedTrack Triggerusedto trigger on chamlessB decys

B | h h® fractions t  using
Bg! K7 multidimensional simultaneous unbinned
Bg! 7 likelihood t
B! K*K Rely on dE=dx and Time-of Flight
BO1 K* Information

Sepaate the modeson statistical basis

) Measureboth lifetime of B4 and B at once
) Assumingthe Standad model (ie 0) s canbe extractedfrom
L = (Bg I KK )

1
E(H-l_ L) L H

| =
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Correcting for TTT Bias

DisplacedTrack Trigger introduceslifetime bias
Monte Calo basedmethod usedto correct for trigger bias

Monte Carlo

E ciency function descrilestrigger bias

. . B.® KK
In terms of measuredquantities. s

Entries / 28 mm

HistoT T T (ct)

exp(ct;c MC)  Gauss( ) ol

(ct) = P

) Numerata: histogramof eventspassing

cuts N

) Denominata: Sumovereventspassing ‘ It

cuts convolutedwith Gaussianresolution | \\ l |

function e RIGR
0 0.05 0.1 0.15 0.2 0.25

Lifetime PDF multiplied by (ct) to carect trigger bias
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B! h*h®

(Analysisdoneon 360pb 1)

CDF Run Il Preliminary 360 pb ™

2350 |

= [ |signal:B® hh
—

5300 D B® r p(K)

= Combinatorial
LICJ 250 D

150

100

50

+++++¢' :
|||||||||||||||||||||

5 5.2 5.4 5.6 5.8 26
mass (GeV/c ")

Eventsin signalregion t with multidimensionalunbinnedmaximumlikelinood t
Templatesfor t derivedfrom Monte Calo
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BY! K*K Lifetime

First measuremendf (B2) and (Bg) in 2-body chamlessdecys!

c (Bq) = 452 24(stat) 6(syst) m

cL,=c (B! K*K )
cL(B2) =458 53(stat) 6(syst) m

UsingWorld Ave.
(BY)=1= =438 17m

0:09 0:23 0:03
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Outlo ok and Conclusion

CDF and Tevatronare working extremelywell

Many interesting lifetime measurementshave
beenmade

B2B* lifetime results agree well with world
averageand thearetical predictions

D lifetime result is higher (3 ) than world
averageand thearetical predictions

B? lifetime resultsagreewell with world average
and theay

First lifetime measurementsn B® and B two-
body chamlessdecass
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