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Lifetimes: Why Do We Care?

* The total width (I') of a particle, inversely related to the lifetime (t), characterizes
underlying dynamics govering its decay

— strong, electromagnetic, weak interactions /

* Weak decay of hadrons depends upon fundamental v,
parameters of the Standard Model we'd like to know 2 ‘ <
— CKM matrix elements, quark masses

* Our world is one of quarks (and gluons) confined
inside hadrons rather than weakly-decaying free quarks You are £ |
— Complicates theory interpretation of observations here : ‘22

» Lifetimes of weakly decaying hadrons of the same
heavy flavor provide a quantitative connection é?’; W Eézém%
between these two worlds

— study of the interplay between the strong and weak interactions
— important testbed for understanding of non-perturbative effects in QCD

1(D*)/1(D°) = 2.5 1(B*)/t(B°) =

increasing m, » o (spectator ansatz)

hep ph/9610385
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b-Hadron Lifetimes: Why Do We Care?

Critical testbed for theoretical framework used in predictions of heavy quark
quantities:

e Qualitatively expect: ¥(B) < 1(A)) < 1(B) =1(B") < 1(B)
but one can do better than this...!

e b-hadron lifetime ratios can be calculated to reasonably good precision:
2% for ©(B*)/x(B%, 1% for B, )/z(B°), 6% for A, )/7(B°)

using Heavy Quark Expansion (HQE) since m b Aoop = large energy release in decay

Theoretical uncertainties — treat carefully/critically!

Current experimental precision comparable:
1% for ©(B*)/x(B°), 3% for 1:(BS)/1:(B°), 6% for ’C(Ab)/’C(BO)

As a practical matter, for a CDF physicist: ,

* Important experimental reference
Overlap with B factories — study of potentlal detector/trigger/analysis biases

e Measure lifetime of species not produced at B factories (e.g. A))

* Long lifetime of b-hadrons a powerful discriminator
of decay events against backgrounds

 Techniques used in lifetime measurements critical for observing
time-dependent oscillation of neutral B mesons (e.g. BSO-BS0 oscillations)
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Lifetimes of b-Flavored Hadrons

All b-flavored hadrons have same lifetime via weak transition
b —- Wq (g = ¢, u) if other quarks considered mere spectators (eroo)

In reality, lifetime differences can arise from spectator quark effects:

Pauli Interference Weak Annihilation

b

n 7
WKA‘T B Only charged
R . B B mesons

*7 < “ Same final state 1
— interference = Vb

B'b W V\"\:\_ﬁ<ﬁ “ e (destructive)
- Weak Exchange

ﬂ:_ (s
W 0 ob W g C i
B 2 d .- —
5 . - - < . Helicity

|

B’ Rz .
J a Different final . L suppressed

> 77 in mesons

states . i ’
2N ! 2 (__.  not baryons

Y

b > Py
T SN A
0 j b o
« =’ interference p d
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Heavy Quark Expansion

Express inclusive decay width as operator product expansion (OPE) in AQCD/mb and ocs(mb)

I—‘:: (C;i;jbifrz f?%g
1927°(2M )

+001/n,

e ¢ contain physics from

Experiment’’

(world avg)zg_

30¢
20t

25

20 Theory

15

scales>pu = O(mb)
— perturbatively calculable

10

® Matrix elements contain
long-distance physics
— hard! especially for baryons

0.95 1 1.05 1.1 1.15 1.2 0.85 0.9 0.95 1 1.05 1.1

T(B")/t(Ba)1o T(Bs)/T(Ba)ro * Spectator contributions
TR enter at 1/m °(~5-10%)

NLO QCD and sub-leading spectator
corrections can be important!

For ’C(Ab)/‘C(BO):
e NLO QCD: -8%
O 5 0 95 1 Lot i1 e Sub-leading spectator: -(2-3)%

" (1B+3';5t1('éd1)';101'2 T (Bs) /T (Bg) nro (hep-ph/0407004)
Tarantino, et al.
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Ab Lifetime - Perfect Storm?

Experiment Theor

Exp Method Data set T(As) (pS) precision| | LQ(World avg)

ALEPH A1 '91 - '95 1.1851 £ 0.03 11% 6l

ALEPH AI'T '91 -'95 1.30055; + 0.04 18% 4l

OPAL  AJLAI'T  '90-'95 1.297)7 +0.06 18% ol

DELPHI AS1 91 - '94 1113013 £ 0.05 17% cee” NS
0.650.70.750.80.850.90.95 1

CDF AS1 '91 -'95 1.32 £0.15 £0.06 12% T(Ap) /T (Bg) 1o

CDF Thy A 02 -'03 1.25+0.26 £0.10 28% g

DO Ihy A 02 - '04 1.297)5 £ 0.06 18% ; NLO

AVG 1.232 + 0.072 6%

HFAG Winter'05 (hep-ex/0505100)

Fort (/\b)/r (BY), early theory predictions (~0.94) and

experiment differed by more than 20 — “Ab lifetime pUZZIGH 00 €50.70.750.80.850.90.95 1

Current NLO QCD + 1/m * calculation: (A ) / ©(B”) = 0.86 + 0.05 T (/p) /T (Ba)mro

consistent w/ HFAG 2005 world avg: 1(A,) / 1(B°) = 0.803 + 0.047 Tarantino, et al.
hep-ph/0203089

The situation is far from resolved - need more experimental input on (A, )!
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The Fermilab Tevatron

World's highest energy particle collider untll turn-on of LHC @ CERN

First Commissioned in 1983

Run I (1992-1995):

eJs=1.8 TeV
« 6x6 bunches, L = 16x10%° cm™s™

e [Ldt=110 pb

1996-2000 Major Upgrade for Run II:

* Main Injector

* p Recycler

* new synchotron

» upgraded p source

Run Il Started 2001:

*\s=1.96 TeV
* 36x36 Colliding pp bunches 10**(10*°) p(p) per bunch
L = 181.8x10°° cm™s™ (record)
e [Ldt=~1.6"fb* (~1.3 fb* to tape) with

— 4 - 8 fb! expected by 2009

Mark Neubauer Cornell HEP Seminar/ March 10, 2006

Main Injeddr - 2\
& Recycler =

Collisions:

* gluon-gluon
* quark-anti-quark
* gluon-quark



Heavy Flavor Physics at CDF

Year 2002 2003 2004 2005 2006
_ l\/IonthlI 4 7 10I 1 4 7101 4I 7 1.4 719 .
b production at the Tevatron: S1600}
§§i400-
* large production cross-section: &0 CDF: 1.3 fb™ to tape
O(1000) x B factories E1000f
(unfortunately background from other = sw}
QCD processes O(1000) x signal = 60F Most HF analyse 4
— triggering crucial!) “Wrthus far - deed
200 o tape ]
* Produce not only B%B*, but . ==t 1 | LT
. 0 + " . 1000 1500 2000 2500 3000 3500 4000 4500
all b-species (B°,B*,B_,B ,B",A ,= ...) Store Number

Year 2002 2003 2004 2005 _ 2006
JMonth1 "4 7 10 1 4 7101 4 7 14710

Rich program in heavy flavor: 2 sl
e B, D, and Quarkonium production % 1. Previous luminosity record i
Lo £ 125t at a hadron collider (ISR) = i “#13
125 2ol
* Mixing g Wy
* CP violation = 100f i el
* Rare decays z 7 3 A e
* Spectroscopy s0; - ,sf.*’,;é?*-'-f e
, : fhog et ]
e b-Hadron Lifetimes 25¢ mr«é‘f T o r
0 *W. -

1000 1500 2000 2500 3000 I3500 4000 4500
Store Number
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The CDF Il Detector

Major Upgrades
for Run II:

Time-of-Flight
* particle ID

Silicon systems

* larger n coverage
for tracking/
b-tagging

e 3Dvs. 2D

Improved COT

® better stereo
¢ faster drift

Muons
* improved coverage

Endplug

Calorimeter

* larger n coverage
for electron ID

SVT Trigger

* triggering on
displaced vertices
at Level-2

Mark Neubauer Cornell HEP Seminar/ March 10, 2006



CDF Il Detector

“W””“P TSIV ¢ g

.
decay length

~500 um

Precision
vertexing
provided by
silicon
tracking
system
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Integrated Tracking

Tracking in a nutshell: .

1) Segments formed from hits each . o
COT superlayer (SL) -

2) Segments linked together to form
2D track

3) Stereo segments linked into 2D
track and helix fit is performed

4) COT track extrapolated into SVXII,
outer layers first

5) SVXII hits consistent with COT track
are added succession, with track
refit after each iteration

_.
tn
|

—
o

in

EMD PLLG EM CALOERETER
ERIDI PG HADRON CALORIME TER

! T | T T | L | T T | T'TTT | !
5 wyi.ﬁ 1.5 2.0 2.5 30 m
SVX N INTERMEDIATE

5 LAYERS SILICON LAYERS

Mark Neubauer

System

~ 64 cm

Silicon system:

SVX II

* 5 layers double-sided
silicon — r-¢, r-z tracking
*2.5<r<10.6 cm

* 96 cm long

— x2 Runl acceptance

ISL
* 2 additional Si layers
*r < 28 cm; cover |n|<2

LOO

* inner Si layer at beam
pipe (R = 1.5 cm)

(LOO not used in our analysis)

Cornell HEP Seminar/ March 10, 2006



A Lifetime: Analysis Strategy

Measure 1(A)) in fully-reconstructed decay A —J/wA°

» Pros:
g - Mass peak to distinguish signal & bkg b > _'-’f‘
2 8 - Event-by-event measure of By (boost) i\<c
0 L% (Do not rely on MC to account for s
2 g unobserved v as in semi-leptonics) “ > u
2 Con: d : d
- Smaller signal — larger statistical error
Use 1(B") measurement in B°-J/yK as reference mode géiadlgzlggger
. 0
— similar decay (J/y + V") w litime ;!;fo /

— larger sample (~10x Ab)

for systematic studies
Check lifetime in full-reconstructed %
B, ,—~Ulv. y')+X decay modes
,,

— validate lifetime analysis using J/v

vertex only for all decay modes '
. @ -vertex constraint
Mark Neubauer Cornell HEP Seminar / March 10, 2006



b-Hadron Lifetimes We Measure

B’ = J/p K, with J/Q — pp, K. — 7n - Full systematics
B°— @(2S) K, with ¢(2S) —» py, K — nn -
B’— w(2S) K, with @(2S) — J/pmot, J/U — py, K — nn

B> J/W K",  with J/W — pu, K° - Kn
B°— Y(2S) K, with ¢(2S) - py, K° - Kn Statistical errors
B°— Y(2S) K, with ¢(2S) — J/ym, J/ — py, K° = K only (for cross-v)

B"— J/W KT, with J/U — pu
B*— Y(2S) K, with ¢(2S) — ppu
B*"— Y(2S) K', with ¢(2S) — J/@mur, J/P — pp

B 5 JWK®,  with J/g— py, K* 5K -
A= JWA,  with J/U — pp, A° - pr - Full systematics
Our primary goal

Mark Neubauer Cornell HEP Seminar/ March 10, 2006



Di-muon Trigger / Dataset

Di-muon triggers use tracks found in the drift chamber (COT) that are matched
to stubs in 3 sets of muon chambers:

* Central muon chambers (CMU): |n| < 0.6

* Central muon plug (CMP): In| < 0.6 (central region beyond CMU radius)
* Central muon extension (CMX): 0.6 < |n| < 1.0

(central region)

Di-Muon Mass |

CDF Preliminary: ~360pb’’
. < o0 w: 2. Triggers:
‘I’—>l~l+l~l_ Trlgger: \10 Tkt ,;lii .
Level 1: 2 muons (CMU-CMU 44| y(2S): 100K e
or CMU-CMX) \ peten
p (1) > 1.5 GeV/c o [“fjkfrf_xh
Track-stub match e — _
: ™ oo
Level 3: Opposite charge 10° | BS)2.
m(u'w) region for y,y' } \ A
Track-stub match 10° Mﬁ
s 5 .

Di-Muon Mass(GeV)
Our Dataset: ~370 pb* of integrated luminosity (after good run criteria)

collected on JPsi (y—u'w) trigger
Mark Neubauer

Cornell HEP Seminar/ March 10, 2006



Selection: J/y and Y(2S)

Muons: Invariant Mass:
e good track-stub match for offline tracks T/ — pu:
* =3 r-¢ hits in silicon systems (SVX + ISL) 3014 <M < 3.174 GeV
py
. P(2S) — pu:
Vertex qualltY-\ 3.643 <M < 3.723 GeV

e Prob(y?) > 0.1% <« want good determination

of b-hadron decay vertex W(25) = J 1T

3.676 < MMW < 3.096 GeV

+ —
- ~3M J/y = pu ~300k @(2S) — pp ~70k P(2S) —» J/P 1T T
10
> L L D L L B = ‘L L I B B O O Y O B ¢ = e L B B B B B B
2 450 3 @ I . 1 000 . .
2" 1 Zooool- g ‘%ﬁ i
g 350 i #000 — ] 35 [
T E 3 3 | . T
@ F ] [ ] 4000
S 300 ] g0000f o &1000
= 250F 3 s | v S000 ]
0 o B 1
E 200 4  Booop 1 £ 7 1
z - ] z B i = ]
1501 E 10000 ] 2000(- ]
100F- 3 g ] : ]
s ] 5000 ] 1000} —
S0 = - ] - i
o— [ e e b b 4 0 - T T T I A A I A B A 0 T T E TS AT RS
2.95 3 305 31 315 3. 3.25 3.55 3.6 3.65 3.7 3.75 3.8 3.85 3.64 3.66 3.68 3.7 3.72 3.74
up Mass [GeV] up Mass [GeV] upmr Mass [GeV]
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Selection: K_and N\°

Track quality:

e >?) COT axial SL with = 5 hits
e >?) COT stereo SL with = 5 hits

Vertex quality:
e Prob(y?) > 0.1%

Decay length:

. ny > 0.1 cm

Invariant Mass:

. KS — 1t 0.472 < Mnn < 0.523 GeV
e N’ > prm: 1.107 < an < 1.125 GeV

Veto on Swap Mass:

want high-quality
tracks

common vertex

not too close to PV
(reduce trk comb)

signal region

+K >t 1.109 <M__ < 1.124 GeV reduce V° cross
A\’ - pm: 0.482 <M__ < 0.511 Gev -contamination

Note: ct(K) = 2.7cm, ct(A%) = 7.9cm

Mark Neubauer

Number of Candidates / 600 keV

L ‘ L L L ]
0.46 0.48 0.5 0.52 0.54 0.56

nn Mass [GeV]

umbegof Canlidategd 300 kg/
=] =]
=] =]
=] =]
T | T |

=

s &

= =

= =

= =
I

~700k A° = pmt

1909

11 11 142 143 114 145
pn Mass [GeV]
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Selection: b-Hadrons

Only present here the B’ — J/w K and A — J/W N° selection
— Selection/optimization similar for other B modes

Vertex Fit with kinematic constraints:

* J/w mass constrained to PDG 2004 value

e V' momentum constrained to point lifetime info
back to J/w decay vertex in 3D A from here
Optimize these additional cuts:
o« VO LXy significance (ny/G(LXy))
e V' mass window
o« VY P, ','

BY/A p ’ ‘
b+t
BO / Ab Pl"Ob (XZ) @ -vertex constraint

Mark Neubauer Cornell HEP Seminar/ March 10, 2006



Selection Optimization

e Single-b Monte Carlo s e 5 [——————————————
for signal : : ] E“"E Sidebands 1
e "Far" sidebands in data g 7 g
5 6 = 5
for background 3. ] ¢
* N-1 Optimization of each§ * { &
3 ]
cut for best for S°/(S+B) | f
N° L. significance > 4.0 1 ; i ]
/\0 Xy . d . 9 M V 0 2 5.2 5.3 5.4 5.5 5.6 5 5.1 . . 5.4 5.5 5.6
. mass window: = e uurn Mass [GeV] Llfet]_me uurt Mass [GeV]
Ab N p, > 2.6 GeV A f;lt reglon llllllllllllll
A, p, > 4.0 GeV wfp 4 & F * S
A, Prob() > 10° - [ A
160 - é { ]
. . 140 g 1.05F é i 3
K LXy significance > 6.0 120 ; 3 $ :
, K masswindow: £25MeV '@ ] L ¢ ii ]
B" K p >1.5Gev ’ 1 i
s -t 6 - o8k E
Bp > 4.0 GeV ‘ 1 ‘}é ;
0.B5 .
B° Prob(x®) > 10* ’ ; B
(1] 2 4 [ B 10 12 0.5 1 1.5 2 2.5 3
K2 Pt (GeVic) K2 Pt {GeVic)
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K. and A after b-Hadron Selection

B> JWK A, =W A°

[T I r T ]
80| E

ano; . % i
. . %z oE % 7or E
e Veto A°inK and K inA° &7} Veto io Veto
: 200/ 50 E
using pen swapped-masi, ol o i
hypothesis to suppress V o s :
cross-contamination : 20 .
50/ 100 E
e e O S - v M 7 S - -
(n—>p)r Mass [GeV] (p—>m)n Mass [GeV]
512001 —_——— 3% \ \ \
gooo 1 | 2350
* Very clean — Majority of  § | Select] i,
background comes from t 1 =
combinations of real J/y oot 1™
i 150(-
and real K A’ oo 1
200 N 50;
09,;4 046 048 05 052 054 0:56 P08 708 14 111 142 143 114 115

nn Mass [GeV] prt Mass [GeV]
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b-Hadron Yields: B° and A,

CDF Il Preliminary 370 pl:f1

> [ T T T 1 LI L | L | L | L | LI | T T
O - i
= 350} A 1225 + 53 B> Jhy K2
uw = .
2 300 -
I3 K £ 3
w B i
250 -
2003— —
1503— —
100[7 :
N $ ]
501 -
:I | ] | | 1 | | | |1 | | | |1 | | | 1 | | | 1 | | | 1 | | | | ] | I:
8515 52 525 53 535 54 545 55
punt Mass [GeV]
0
1225 B° - J/W K_
Mark Neubauer

Entries / 10 MeV

CDF Il Preliminary 370 |:)I:f1

— 194+ 23 Ap— Jhy A°

Y
o
(=]

o0
=

60

40

2{1:—Jr

L1l | Ll | Ll | Ll | L1l | L1l | Ll | Ll
g.4 545 55 555 56 565 57 575 5.8
uurp Mass (GeV)

194 A, — J/Y A°
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b-Hadron Yields: Other B° Modes

49 + 9 B"> y(2S) K, (w(2S)>J/ynn)

85 + 17 B> w(2S)K, (w(2S)—up) L A9+98 w29 K, (w(28) >liymm)

W(2S) K,

100_ 30} {
8o 25(- N -
201 {

o
=
Number of Candidates / 10 MeV

(2S) — JpmT

-9
=

Number of Candidates / 10 MeV

1938 + 69 B’ Jiy K°
\II|\II\|II\Ill\ll‘\ll\ll\\ll\\ll

*() | 20:_ 2S —
Jwk® | pEs e

(5]
o
(=]

T T

Number of Candidates / 5 MeV
3
=)

[ [ IR [ [ [ [ [ Ll 1l | Ll 1 | Ll 1 | Ll 1 ‘ Ll 1l ‘ Ll 1l | Ll 1 | Ll 1
] 23 5.|15 5.|2 5.|25 5.|3 5.‘35 5.|4 5.115 5.5 5-1 515 52 525 53 535 54 545 55
300 - punr Mass [GeV] punnnn Mass [GeV]
200 e b E 105 + 24 B w(28) K ° (y(2S)>up) 76+ 13 B> w(28) K ° (w(2S)—>J/ynn)

—

=

=]
I

=]
=]
1 1

high statistics
R RN AP R A AT N
punK Mass [GeV]

| -:
i + .‘.!.! I ‘:n“ Il it
Lduin

el e n + H

100 50l ]

40

4

20

[=2]
[=]
T

W(2S) — J/pry

AT

ERiE

Number of Candidates / 5 MeV
Number of Candidates / 10 MeV

B
=]
T r
—_—

20 P(2S) — pp ) ol + + g

* i i [ ]

2 S O Ll Ll | Ll Ll ‘ Ll Ll | Ll Ll | Ll Ll | Ll Ll | Ll | ] | Ll | Ll _| Ll | Ll Ll | Ll Ll ‘ Ll | Ll Ll | Ll Ll ‘ Ll Ll | Ll | ] ‘ Ll \_
:E: 51?05 5.1 5.15 5.2 5.25 5.3 5.35 5.4 5.45 5.5 5.55 5%5 5.1 515 5.2 525 5.3 5.35 54 5.45 5.5 5.55

punK Mass [GeV] purnnK Mass [GeV]
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b-Hadron Yields: Other B Modes

4209+ 106 B— Jiy K

(=] %]
=] (=]
(=] (=]

T =TT T

(=]
=]
(=]
T T

JJW K

Number of Candidates / 5 MeV
2
S

F-3
=
=]

200

thigh statistics

LI

51?05 5.1 5.15 5.2 5.25 5.3 5.35 54 5.45 5.5 5.55

puK Mass [GeV]

332+ 24 B> Jiy K"

iy - -
N $a =1
(=] (=] (=]
L L B

sy
(=]
(=]

T T

JW K™
(K"—=K m)

Number of Candidates / 10 MeV
[+2]
=

[=2]
[=]

B
o

20}

Clean
with K

ok

Mark Neubauer

5.1 5.15 5.2 5.25 5.3 5.35 5.4 545 5.5 5.55
punrer Mass [GeV]

Number of Candidates / 5 MeV

372 + 44 B*> yw(2S) K~ (y(2S)—up)

W(2S) - 1

o b b b \II\‘II\\:
5905 5.1 5.15 5.2 5.25 5.3 5.35 54 5.45 5.5 5.55

60|
50}

40f

puK Mass [GeV]

170+ 19 B ¢(28) K (w(2S)—J/ynn)

70F

30[;
20}

10f

T T T T T T T rrrrrrrry IR

W(28) - J Ayt

b b b b b b b b 1 1
5?05 5.1 515 5.2 5.25 5.3 535 54 545 5.5 5.55

ppntK Mass [GeV]

P(2S) K

-
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Determining the Lifetime

primary
vertex
||I|IIII
|IIII
II.'
v
e Z-axis (beamline)
~500 umI % R
- u
KU
seconda
vertex
(V) \f M
T
Lb b Mb
Proper Decay Length (PDL) = = L’ c—

(By); T
WhereLiy=(55(J/(IJ)—}(PV))'PAT[)
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A Candidate Event

=

|
run=151971, event=1121435
- L

Jw—pp candidate with A°—pr candidate
two CMUP muons: with good L /(S(ny):

p(u u)—(5740)GeV L (AO)—40CII1
M(Mu) = 3.100 GeV/c? G(ny) (AO) = 0.4 cm

— 7 p,(A)=14.0GeV p, (p,1) = (4.4,0.6) GeV
M(uupr) = 5.615 GeV/c®*  M(prn) = 1.116 GeV/c?
ct ~ 2 mm
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Fit Model: Overview

Overall probability density function (PDF) is a normalized sum of
signal and background contributions:

P(A, o), m, o} | E) = (1-£,) Py, + £, Ppig

where:
A, = PDL Py, Pp, = signal, background PDF
o, = PDL error f, = background fraction
m, = mass £ = fit parameters (including f,)
o, = mass error

1

Py, Py, are products of PDL, PDLerror, and mass PDFs:

o B / #

: *) 31g bkg( |B) sig, bkg< ilo-;n' 5;)

Psig,bkg PSlg bkg( |O_i » X

Unbinned maximum likelihood fit to extract £=|&,8,y,5|
(£ contains 18 parameters, including signal ct)

Mark Neubauer Cornell HEP Seminar/ March 10, 2006



Fit Model: Signal PDL

Signal PDL modeled as an exponential decay convoluted with a Gaussian
resolution function :

P?\

sig

= E(AJcT) * G(A,,0}ls)

(Ailo-ﬂ&sig)

where:

T = signal lifetime (the goal)
s = overall scale factor on PDL errors 71— 11

2
S
]. =-A.JCcT ;J
—e ", A>0 3
E<A1|CT> = |CT :
0 ,A,<0
_/\12
1 2(s0)f

G<)\il UNS) —

= e
VZWSU?

-2000 -1000 0 1000 2000 3000 4000
PDL (um)
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Fit Model: Background PDL

Background PDL modeled as sum of four components:

Pi\)kg(?\i|0';\,s,f_,2\_,f+,?\+,f++,?\++) = G(AUUNS) *
P—
o

zero lifetime (prompt)

"negative lifetime" (resolution tails)
long-lived background (b —» J/ly X ___—

combined with unrelated tracks) o | T ] |
I prompt
A
where: o
9
f = negative exponential fraction "negative long-lived
. . lifetime" background
A = negative exponential decay lergth tail components
foy = 1°%(27) positive exponential fractbn
Ayasy = 1%(2™) positive exponential decay kngth
Fits with different shape assumptions
1 1 I I | | | | Ll | I | | | | ‘ | | | | | I R |
used to constrain systematic 2000 -1000 0 1000 2000 3000 4000

PDL (um)
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Fit Model: PDL Error

Gaussian convoluted with exponential for signal, background PDL error:

A
o O —H,

— A
]. 27\2 A O-p 0-1 I'lp

P’ (¢)A o0 ,u) = — e*» ™ Erfc —
( 1| p’0p Up) 2Ap \/EAP \/EO'p

Reasonable (empirical!) model of observed PDL error distributions:

(sideband-subtracted data) | Background | (data sidebands)

LIIIIIIIII
0.16} -

0.14f

0.12}
0.1f

B°SJ/WK,

0.08}

0.06f

0.04

0.02

0 10 20 30 40 50 60 70 80 90 100 00 10 20 30 40 50 60 70 80 90 100
PDL error (um) PDL error (um)
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Fit Model: Mass

Signal mass is modeled as a single Gaussian with mean M
and width s,o;"

where:
M = mass
Sm =

i .

Pm

sig(mi o, M, sy

_(mi_M>2
1

) = V2 TSy Oy

2 (SMain)z

scale factor on mass erras

Linear mass shape used as background mass model (single parameter,
C,, after normalization over mass window (M, , My;)):

m

bkg

(mi|CO)=

2

2C,

M?.  —M?

high™ *"*low

+
M, M| it

hig low

Mark Neubauer
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Validation: Toy Monte Carlo

Mean 4504102
RMS 14.9028
toyMC run toyMC run T T T T 1T T T 17" Underflow 0.0000
E [ T T T T T EEREEEEE RS S SRSy ey e S RRRRE [ Overflow 0.0000
§10 3 | l l. Data‘ E ;.%POOE | | | | ! £ 7 ndf 95.0126 1 T4
'a;:_ 4E ' Signal : 35_000? ] 10° 3 :t:::tan‘t 355_53151':-,‘:{;i
£10 3 — Bkg E 7%‘300} — Bkg ] Mean 450.4067 + 0.1543
s F ] T F 1 s Sigma 14,7059 + 0.1053
2103% — SignaI+Bkgé 5§000§ — Signal+Bkg ; . i
© E . 4522+ 1.5 um E 50000? 2_ 3
100 ’ o 0000 [
g 1 30000/ _
10 i - 1k =
) 20000 i
1 '0000; V4 B R ETEE T AR B RN | Y
i - A e 400 /420 440 460 480 500 520
-2000 -1000 1000 2000 3000 4000 0 0 30 40 50 60 70 80 90 100 gen = 450.5648 (A = 0.1581) um
Proper Decay Length (um Proper Decay Length Error (um)
toyM run -
I%_QOOj | | | Data‘ ] . [ TTT 7| Undertlow 0.0000
s | | /1 toy run with o) e -
15005 m Signal . i 2 1 nat 32.67531 18
i | i 3 Prob 0.0183
1%00; — Bkg ] 2 OX data‘ Slze Constant  1448.1576 = 18.2119
72} - - Slgnal-i?{ Mean -0.0498 + 0.0106
1&00; | \-_mi:_ Sigma 1.0091+ 0.0071
S0l ’ 10k toy runs |
8goo[- —
(S . |
s00of- size as data :
20001~ | Generated parameters hl |
g s consistent with fitted | SVURRTN FSNONINR RSO |
c 5m..C I
mmmmass (GeV)  — valid fitting procedure P
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|
Validation: Realistic MC
B Jiy K, Al Jhy A° 3
S| N . Data | E T T . Data T T D e idebands |
<t <10 | = ]
510°} _Isignal 5 | " Signal — b - Jy X MC sidebands.
2 | — Bk w0 | — L - .
L Y ’ 8,02 Bf(g ’ long-lived bkg
S10°L 'gnal*Bkg | 107 — Signal+Bkg consistent ]
3 | § i ol between data & MC 7
10| 10 B ]
| i f
1 1 -1080‘ ‘-5‘06 = ‘l'l.il = 566 ‘ 1I001‘)‘ 1500 2000 2500 3600
; I : q B® Proper Decay Length (1 m)
2000 1000 4000 .2000 1000 O 1000 2000 3000 4000 B'— Jly K,
Proper Decay Length (um) Proper Decay Length (um) £ e i
S
. o <
Fit=466.6+2.3um Fit=369.2+3.0um g
101 —
Gen=464um Gen=368um g Bkg :
R % — Signal+Bkg
Signal MC 5
10 | —
e Same reconstruction/ Fit=470.1£7.9um
selection as for data Gen=464um al |
* Consistent lifetime fits for: b —JiwX ’
* Signa]' ° -20_00 -1000 0 1000 2000 3000 4600
° Signal W/ long'lived bkg Pythla' MC Proper Decay Length (um)

Mark Neubauer
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Fit Results: B°-]J/YK

0 B"— Jiy K, - .
B'— Jly K, - y
CDF Il Preliminary 370 pb i » + Data 1
E =1 1 1 1 | I | I | I | I N | 1 1 1 300 .Signal —
S 103 | Prob =11% « Data B o0} — Bkg =
< = = g . 1
— — ] 300 — Signal+Bkg
g - 4 ] 500 Prob = 0.2%
= : ]
e B m L0OH —
c —_— - ]
(11 [ Bkg N 300 -
2
10 - . + — !00; -
- — Signal+Bkg3 100} N
: | N i . . . ...:: ...... ..... 9’00
| ) Ct = 4506 + 147 },[m Proper Decay Length Error (um)
0
B Jiy K, CDF Il Preliminary 370 pb”'
10 | HFAG 2004: 460 pun5 ol | \ . Data |
E E mo; \ uSignaI 7
B 4 140)- _ Bf(g ]
| | I20; — SlgnaI+Bkgé
100} Prob = 59% -
1 - - 80[ -
- - 60f I
n L1l |1 | N 40}

-2000 -1000 0 1000 2000 3000 4000 =
Proper Decay Length (um)

punn mass (GeV)
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Fit Results: B°->]J/pK™

B> Jiy K®

0 *0
B —> le K %500"|+ “Dat“a\‘i
E L L L L L B B L B B B § " Isignal
C:)L [ ﬂ « Data . $o00|- — Bkg ]
<t B T % i — Signal+Bkg E
$10°}| ' Signal | & .
Q. [ ] i
g E S Bkg E 1000 .
© ; ] ;
S Ll — Signal+Bkg S0 g
— 3 0 ey
(4] — — 0 10 20 30 40 50 60 70 80 90 100
o = Ct = 4684 + 118 Mmﬂ, Proper Decay Length Error (um)
i | B Jhy K
~300F T T \ ]
10 | HFAG 2004: 460 pm_ | % } - Data
= | - S50 . Signal
: & 1 3 o
B - %00; — SignaI+Bkg*;
i 3 | §50f - :
1 - [T . — § L
E E 100§+
i IR | I : 50f
-2000 -1000 0 1000 2000 3000 4000 ; 7
0 ...........
Proper Decay Length (um) a0 ? e e (GeY)
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B'— Jly K*
E 1 04 E_I | | | | | [ | | [ | | | | | | | | | | | | [ | I_E
< [ _ ]
g 1 03—_ Signal _
g | — Bkg
3 | — Signal+Bkg |
= 2
510 -
O ] Ct=498.1+ 8.4 um 3}
B + HFAG 2004: 496 um |
10 E
1F 1M1 =
E L1 I | 1 N . E
-2000 -100 0 1000 2000 3000 4000
Proper Decay Length (um)
Mark Neubauer

Fit Results: B™=]/pK™

ndidages per @m

g

2000}

1000}

B> Jly K*

[=}
[=]
T T

[=}
[=]
T T T

\I\l\\\\‘\\\\‘\\\\‘\\\\\I\I‘I\\\‘\\\\‘\I
—+ « Data

E Signal i
— Bkg ]
— Signal+Bkg ]

...................... : - ety ]
30 40 50 60 70 80 90 100

Proper Decay Length Error (um)
B> Jly K*

or 2.5 MeV/ci
(=) (=] [ =)
T Io\ T \c\ T T \o

p

didates
[=]
(=]

Cen
(=]
\o\

100f

200}

+ . Data‘ 1
. Signal -
— Bkg E
— Signal+Bkg |

5.35
punt mass (GeV)
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Fit Results: B™=]/PpK*™"

+ * B*> Jly K*

B__) le K B 52507"‘ T T hate
= L L L B LB B L N L L B B B z-a_ " signal ]
s | - Data i 200 — Bkg 1
< = - N % C — Signal+Bkg ]
- . e [ ]
D o2 Signal Stsok .
210 l 9 - f
g E S Bkg E 100} .
lpd
S i : ] 50 ]
= — Signal+BKg - f
= : i g
: e i i eI bpr |
[4+] 20 30 50 60 70 80 90 100
01 0 - Ct = 471 2 + 287 “m_|> Proper Decay Length Error (um)

— ] B*— Jiy K™
- HFAG 2004: 496 pm | 20l | | - Data
| i E i } ESignal
= . Sao| — Bkg .
. ||| | g — Signal+Bkg |
1 — L L B ] —] §30: ]
- . S
oo | I R 10f
-2000 -1000 0 1000 2000 3000 4000 g
0

Proper Decay Length (um) | | i mass (GeV)
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b-Hadron Lifetime Summary

‘é‘ sooF | 1 1 T 1T T T T T T T T T
3. — —] Combined B* :497 +7 pm
~ L HFAG 2004 1 combined B® : 461 + 9 um
© - o | Combined A : 0.6 +5.6 um
950 —
N 0 T ]
50073 T 1 3 ¢ 1 Nota
- 0 ]l measurement:
L ® ® I L 4 I -
450 1 I 1 — Statistical
- - T 1 errors only!
400 - — ,
- ! = High-level
- validation of
30— o data | analysis for
- ¢ combined (uncorrelated) L - well-established
B _ O/R+ 1j -
e e o o o o i v o < P
Sy B By Bing Py S B Wy S e bin A8
ViV (g, kf-f%,rm gtk lyy o by, k"'{ “u) h;o("/wm) f{zeﬂ prar
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Lifetime Cross-Check

Look for unexpected ct dependence: 8 501 a0 aris20
Z 5400 2 400« iamtaroo
Run range, B’ vertex prob(x°), B’ p., B° n, spp| Ot
B® ¢, B® z-position, K_p,, track occupancy, 500}
480 |
K,L and L /o, from J/y vertex, 50 —
K_and J/y r-¢ silicon hits, fit range, ... 440/ l
420 |
— No statistically-significant dependence found 400} | o
0 1 2 3 4 5
Variations on analysis procedure: ) Ks Pt bin
. g 540_ bin1: 0 < NumTracks < 27
» COT-only tracking for K, ) S
— important check for possible bias from V° Si hits 500 | _
* b-hadron kinematic fit constraints oy
— (2-D/3-D pointing constraint, V° mass constraint) 407 Probiy) - 83.2%
440 |
* PDL calculation a0l
— candidate mass for boost, B° vertex for decay vtx 4005_
3 a5

— Variation results consistent with baseline analysis °¢ ' 2
Mark Neubauer Cornell HEP Seminar / March 10, 2006
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Fit Results: A —J/QA°

0 0

AO—) J,w AD . Abl_) ‘"“V ‘1}‘ ____ CDF Il Preliminary 370 pb’
CDF Il Preliminary 370 pb 5160 + Daa
= T 11T Tty rrrryrrrryrrrryor %140; . |signal R
=1 B . £ r o 1
= | Prob = 25% - Data | “ 20l Bkg E
=~ I B — Signal+Bkg
@ 2 ignal o :
g 1 0 - ' — 80| Prob = 42%

b [ - B
TR — Bkg i 80 -
- - aof ]

- ‘ — Signal+Bkg - 20}

045 20 30 40 50 60 70 8060 100
10 - Ct = 4353 + 404 “ » Proper Decay Length Error (um)
— = 0 0
[~ ] . Mg Jly A CDF Il Preliminary 370 pb’’
B i s | . Data
i | § 60[- + . Signal -
o : i é sof — Bkg ;
S F — Signal+Bkg -
1 ] L I ] Il/ i e 8 E Prob = 34%

il

-2000 -1000 0 1000 2000 3000 4000 : y
Proper Decay Length (um) | i mass (GeV)
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b-Hadron Lifetime Summary

Q3 -1 1 1 1 T 1T T T T T T T T T4
e 600 - — Combined B* :497 + 7 um
- C HFAG 2004 ] Combined B® : 461 + 9 um
© - : L 7| Combined A__ :0.6+5.6 um
550 —
N 0 T ]
5005 | T 1 3 9 -
= . —
N ’ I *
450 I ) Our result
N - 1 Statistical
400 errors only!
= L |
350 :— e data -
- ® combined (uncorrelated) L -
300 IB* IB* I I _ I I I S I - I5-o I I I

B, 8 87
TR I/“’/w /'*)”I:f"l"i”ed I"ﬁr‘y’ () ,ré//% If’ ol (uu) lg% fn:"‘@”sé Yy 40
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Systematic Uncertainties

0

Fitter bias: Source c7(B') (um) cu(Ap) (um)
e toyMC studies Fitter Bias 0.2 0.5
Fit Model: Fit Model:
 Variations in choice of PDL Resolution 3.0 1.5

resolution function, signal :

’ Mass S 1 1.8 1.3

& background models 5 SIEhd

consistent with data Mass Background 0.1 0.5
* probe mass/PDL correlation | ppy, Backeround 0.6 3.7
PV determination: Mass-dependent PDL Background 0.9 0.9
* different beamline-z choice PDL Error Modeling 0.1 0.1
Alignment: Mass Error Modeling 0.4 3.0
e SVX internal . o
e SVX-COT glob al Primary Vertex Determination 0.2 0.3

(translation, rotation) Alignment 3.0 3.8
V° Pointing: V’Pointing 1.0 1.0
* PDL-dependent bias from TOTAL 4.9 6.6

V° to J/v pointing constraint /f

~1/6 times

statistical error
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A _Lifetime: Summary

OPAL fe l
(20-25)
DELFHI fie 1
(21-25)

ALEFPH e 1
(21-25)

ALEFH A 1+1-
(21-25)

We measure in decay mode /\b—>J/L|J/\°:

T (A) = 1.45 775 (stat.) £ 0.02 (syst.) ps

We measure in our control decay mode B°—>J/qJKS :\

+0.050
- 0.048

1 (B% = 1.503 (stat.) = 0.016 (syst.) ps

World average

consistent w/ PDG 2004 value of 1.536 = 0.014 ps

this result)

CDF Jipsi iy

(notincludingn oy byra bl
02 1 1112131415 16 1.7

o]

(ps)

Using our r(Ab) measurement and PDG 2004 (B):

result)

T (AT (B°) = 0.944 + 0.089 (stat.+syst.)

This is consistent w/ world average @ 1.4c level

World Av‘g
6l (w/o our

Theory
Our
sult

and current NLO HQE calculations @ 0.8c level

O : ‘ ‘ - - : i - ]
0.650.70.750.80.850.90.95 1

T (Ap) /T (Ba)nwo

Mark Neubauer
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/\b Lifetime: Outlook

Our measurement of r(Ab) using 370 pb* is competitive as a

world's single best measurement

~2 x the data used
used in this analysis

— best by far in a fully reconstructed decay channel \

«(A) in A —=J/QA"is statistically
limited, with small systematics

* Adding new data to this analysis
will be very interesting

— precision will approach
current world average

and continue to test the theory
of b-hadron lifetimes

Mark Neubauer

V
N
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Entries / 10 Me
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(=]
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0
=

T

140}
120F
100f

8o
6o}
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CDF II Prelimina

uprp Mass (GeV)
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Extras
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Fermilab Accelerator

T MAIN INJECTOR

{ REcYCLER

TEVATRON

COCKCROFT-WALTON

NEUTRINO .~ ,l--j_‘,i * MESON

P
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The COT

*End view: Fraction of the endplate

NN R137.998

Closeup of cell layout _» <

*8 “superlayers”

- alternating planes of sense
wires (readout) and field
sheets(ground)

* alternating axial and stereo (2 °)
superlayers

in 1 superlayer —

Mark Neubauer

‘—:msm

—=— Field Sheet

* Sense Wires
> Potentl le> 40.6 um Au plated W
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Displaced

Run |: only e, u trigger

TE% K

D decay
vertex

i DL,

B decay
'
vertex

P. V.

Challenge:

+ fast silicon readout (SVX)
+ track at 10 kHz (SVT)
+ charm dominated

Mark Neubauer

Track Trigger

Triggering on tracks with
large impact parameter
(rich in heavy flavor decays)

CP > 2 GeVic; Yayy < 35

£ 18000 Includes
= 0= 47Um}| 33 um
2 140000 beamspot
E |znnnf—

mnnnf—

snnnf—

50003—

4000?—

mnnf—

—nﬁgllfll | I-4|ﬂfl} —El'll'lj Il'l | IEl'll'l | I4fllﬂl | It‘:fl}ﬂ'
SVTd, (um)
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rLIpeHIAG
] T

199ys pjay

Tracking in a Nutshell:

*Form line segments in 4 axial layers
*Do axial fit, connecting segments
*Form segments in stereo layers
*Add stereo segments to fit

*Final fit

Mark Neubauer Cornell HEP Seminar/ March 10, 2006




Systematics: Fit Model

PDL, mass shape systematic: BY — J/vK]
Variation Fitted ¢7 (pm) Shift (pm)
e Fit using different model c7 Res 2 Scales 4476 + 148 -3.0
components Mass Res 2 Scales 451.4 4 14.6 0.8
e compare to baseline fit Mass Res Fixed Gaus 448.8 + 14.7 -1.8
Constant Bkg Mass 450.6 + 14.7 0.0
(E_+E,+46(0)®G 4508 + 146 0.2
PD]& irror’ m?SS etI:‘.I‘(?I‘ (E_L+E,+E, +E. . +60)®@G| 4506 + 14.7 0.0
modeling Systematic: E_ 1 E,1(5(0)®G 450.5 + 14.6 0.1
* Generate toy data using true E— t E+ t E++ T 5(_0) ®aG 4500 & 147 0.6
error distributions from data EVE 1By 1By 1006 4500 = 14.7 V.6
. . . ! Low Sideband Only 450.8 4+ 15.2 0.2
fit with our baseline model High Sideband Only 449.0 + 15.0 16
* Compare to baseline toy MC fit
Ag — J/iDAU
Mass dependent PDL Variation Fitted cr (um) Shift (pum)
. c7 Res 2 Scales 433.8 + 40.3 -1.5
background SYStematIC' Mass Res 2 Scales 436.3 L+ 40.7 1.0
e Fit data Separately using low Mass Res Fixed Gaus 434.0 £ 42.0 -1.3
mass and hlgh mass regions Constant Bkg Mass 434.8 + 404 -0.5
(E_+ FE, +6(0)@G 439.0 + 39.3 3.7
(E_+E,+E, . +E,  +6(0)®@G| 4353 + 404 0.0
: . E +E,+(5(0)®G 438.0 + 39.2 2.7
Total fit model soystematlc. P (Egl 00 G O 21
3.7 um for B E_+E +E+E; +560)®G | 4338+ 40.3 15

5.3 pm for A,

Mark Neubauer Cornell HEP Seminar/ March 10, 2006



Systematics: Alignment

SVX internal: consider 50 um radial dilation, contraction of silicon sensors
* Realistic Monte Carlo including misalignment = 2 um systematic

"Global" translation and rotation of SVX relative to COT

* Magnitudes estimated from data using impact parameter of J/y muons:

Translation: COT-SVX beamlines, max offset ~30 pm

Rotation:

leads to "false impact parameter”: ¢ - @ +dr,=d, —»d + 9

Fit mean d  (COT muons) w/ respect to SVX beam: ~20pm

Basegl upon MC studies, a 2.4 mrad cqA,) | A(A)  cnB’) ABY
rotation c.auses a 29 um d, shift | Alignment (m) (um) | (um) | (um)
Systematic uncertainty due translation
or rotation of SVX 160050 1GOOD (besy| 3704 ' 1649 '
+ 1 mm z-shift 368.5 -1.9 464.5 +0.5
= 2.2 pm for B®, 3.2 um for /\b - 30 um x-shift 372.1 +1.7 | 463.3 -0.7
+30 wm x-shift 371.1 +0.5 | 463.6 -0.4
Total alignment systematic: - 30 um y-shift 373.6 +3.2 | 466.2 |  +2.2
3.0 pm for B° +30 pm y-shift 368.6 1.8 | 462.0 | 2.0
38 m for /\b + 2400 prad z-rot 372.1 +2.1 465.0 +1.0
- 2400 prad z-rot 371.4 +1.0 | 464.2 | +0.2

Mark Neubauer
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Systematics: V° Pointing

e Limit failure of V° to point
back to J/y vertex

. ALXY variable (figure)

 Enters selection through
the vertex constraint y* cut

« Only causes bias if AL, or

z, pulls are ct dependent

- — Signal - Sideband
250 [ Mean -0.072+0.069
[ Width 1.156 + 0.060 ]

i — Sideband ]

200 - 1 Mean1 -0.067 + 0.033
L 1 Width1 1.314 + 0.037
Mean2 -0.28+0.24 ]
Width2 7.65+ 0.54 7]

Events / 0.2

o Pulls measured in data (KS)

 Systematic constrained to
be small, mostly because
probability cut 10* is loose

= | 2 ey T , , . iy - " ' =y
10 8 6 -4 -2 0 2 4 6 8 10
AL, Pull

Mark Neubauer Cornell HEP Seminar/ March 10, 2006



V® Pointing: B"-]J/WK_

—Signal - Sideband

Mean1 -62 + 16 um

Width1 263 + 21 um -
* Mean2 12276 um |

Width? 1519+ 125 pm 1
—Sideband ]
Mean1 -5.6£10.0 um -
Width1 198 £ 12 um ]
MeanZ? -24 + 34 um
Width? 1499+ 43 pm 7]

200 |

Data

150 |
100 f

50 |

0 B " T p . | o (A Y, o .
-2500-2000-15001000-500 0O 500 1000150020002500

ALy, [um]

250 [ I —Siglnal - Sid:eband I ]

I . Mean1 3.0t B4 um i

[ Width1 140.1£7.2um ]

200 [ Pythla + Mean2 -10% 28-|.trjr-1l ]

[ Width2 1185£31um ]

b%‘]/\l] X — Sideband ]

F Mean1 -507+ 54 um 1

150 Ny Width1 534+ B1pm ]

[ Mean2 -1 7828+ 5B6B UM

100 [ Width2 10892+ 115um

50 | .

I P

- —

0 Mkt ¥ e AN, T
-2500-2000-1500-1000-500 0 500 100015002000 2500
AL,y [um]
Mark Neubauer

Events / 0.2

Events /0.2

: " —Signal - Sideband
250 [ Mean -0 072 +0.083 .
[ Width 1 158 + 0 080
i —Sideband )
200 ! Mean1 -0.087 + 0.033
L ' Width1 1.314 £ 0.037
[ Mean?2 -028+024 |
150 | Width2 785+ 054 ]
100 :
50
-0 -8 -6 -4 -2 0 2 4 6 8 10
ALW Pull
350 ' —Signal - Sideband
Mean -0.0268 +0.021
300 Width1.188+ 0018 4
—Sideband ]
250 Meanl 45+13 ]
Width1 7.0+1 1
Mean2 -0.588 + 0.096
200 Width21.35+011 ]
150 ]
100 ]
50 ]
0 ' ]
-0 -8 -6 -4 -2 0 2 4 6 8 10
ﬁny Pull
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Systematics: V° Pointing

(%)
an
=]

;-500 um < ¢t <250 um

Events /0.4
N
o
=3
I T

150 |
100 |

50 |

0k

— Signal - Sideband

Mean -0.02 +0.14

Width 1.04 £ 0.12
— Sideband

Mean1 -0.016 £ 0.033 |

Width1 1.307 £ 0.037

Mean2 0.23+0.25

Width2 7.53 = 0.56

10 8 6 -4 -2 0

4 6 8 10
AL,, Pull

h B I 1 I 1 1 1 I 1
o | 500 < < 750 — Signal - Sideband ]
™ 20 | Hm = € um Mean -0.30x0.10 i
i Width 1.017 = 0.093
L — Sideband ]
15 [ Mean1 -0.935 + 0.084 ]
5 Width1 0.106 + 0.065
i Mean2 -1.43+0.59
i ’\ Width2 4.96 = 0.57
10 |
bl |
O 53n % T ¥ . .
-10 -8 6 -4 -2 0 4 6 8 10
AL, Pull
Mark Neubauer

Events / 0.4

207

35 525l] plm < clrb < 560 Hml - Si:gnal - Sideband 7
¥ Mean 0.006 + 0.086 ]
30 F Width 1.137 + 0.063
C — Sideband ]
251 Mean1 -0.57 + 0.22
- Width1 1.28+ 0.18 ]
20L Mean2 -24+24 ]
- Width2 10.4+ 44 ]
15F ]
10 | ]
5F ]
i s
. . . . RN Y
10 -8 6 -4 -2 0 2 4 6 8 10
AL, Pull
750 um <ct <5000 um | —Signal - Sideband |
25 (750 um < et < Hm Mlg.f:ﬁ -o,{l}?ei%r.]m ]
i Width 1.172 + 0.072 ]
20 L — Sideband ]
i Mean1 -0.12 + 0.13 ]
- Width1 0.03+ 0.41 1
151 Mean2 -3.18+ 0.44 -
! Width2 4.24+ 0.36 ]
10 |
5[ |
b L
o BT T Y
TR i ]
10 -8 6 -4 -2 0 2 6 8 10
AL, Pull
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0.3f
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Systematics: V° Pointing

intercept -0.046 + 0.097

slope  -7.54e-05+ 1.35e-04 A

l
l

¥2| 5.2/(4-2)

200 400 600 800 1000 1200
c1p, [nm]

_ ji‘l-z) |

intercept 1.065 + 0.076

slope  7.77e-05+ 999e-7

200 400 600 800 1000 1200
c1p, [nm]

 Fit AL and z pulls in bins of ct

Trials/0.1um

N
4]

- - N
o 3 o
L L B L

4]
———r

o
P

* Fit slopes of pull shapes o(ct) and p(cr)

« Toy MC integrate over 5-d y* using o(ct) and u(cr)

* Calculate ct bias of toy MC events

e Find mean+RMS of bias for slopes consistent w/ data

Mark Neubauer
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Run Dependence

BYB* Lifetimes

.E. 600_ T I | | | | -
E ]
= B* HFAG 2004 (496 + 4 um) i
BO %J/LD K lifetime © 550l B° HFAG 2004 (460 + 4 um) _
S _ T ]
low in early data: I [ i
500_— ] | } ﬁr ™
450} ﬁ | #l —
Trend not seen in : e By K, :
other modes 400~ . o B JiyK® -
- s B o JlyK* ]
350 B* — Jly K™ -
[ | | | | |
LET T T63s, T6ag 182, ajy
255*%515%85‘%5, 285‘%5, ‘??S'bnsf 8275’%51 %0g
%645, 8352, %8926 87130 86594

Probability of observed run dependence = 4.3%
Taking in account order (shape), P = 1.9%

= Could not distiguish between systematic problem and
fluctuation at this level
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Run Dependence Statistics

 Early K_ data is low

E bin1: 138425 < ruln < 156487
g 600 - b?n2:. 156488§ run i 163527
e How do we assess the SR bt e i e
o . e [ bin5: 182627 < run < 186598
significance of the effect? It }
. . 450 |-
 Randomly divide data into wl ]
subsets of the same size as {' | _-
. B Prob(y%) = 4.3% ]
the run bins - ; i :

Run Range bin

e Fit subsets and calculate a

S 80
pseudo-Kolmagorov statistic: 3 7}
n = 60f

maXZO'H '_50__|J|

l<i<n 1 40?_ |1

1.9% probability of

where o, is the signifacance of the 30 {# +ﬁ+ oy
20} } >

-

deviation of bin n from the mean 10 4 ‘W

. . . . e 4 1
— Distribution is order sensitive 0t —— 3““**—“4 T
- Probability of observed data 1.9% Pseudo-Kolmagorov Statistic
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Determining the correlation of
fits to the same data

Cross-check: COT-only
tracks are used for the K,

Bootstrap technique...

Data is source distribution
for toy MC

Poisson fluctuate events in
union of the two subsets

Generate two outputs A

boot

with events from A and B
with events from B

boo

Study correlation of fit
results in A and B

boot

Mark Neubauer

25

20}
15}
10}
sf

U:
5 4 3 2 4 0 1 2

35
30 — Width 10.66 + 0.75
a8 t  Error on Difference = 10.4 um

20f

A

0
-50 -40 -30 -20 10 0 10 20 30 40

15
10

5

3 4 5 50

Bootstrap Deftrack Pull Act(DefTrack-CotOnly)
......... 30 p— S S
[ . [ M 0.050 + 0.096
t Covariance = 0.66 + 0.01 a5k w:t:[,_gmc_oss
- i .y 20:_
L - L
- - 5
'ﬁ?"b s}
Liae :
. 10:—
st
ok -+
5 4 3 2 4 0 1 2 3 4 5 5 4 3 2 4 0 1 2 3 4 5
Bootstrap Deftrack Pull Bootstrap COT only Pull

t

Deftrack — COT-only
result: -4.1 £ 10.4 um
Stastically consistent
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Fit Model: "Punzi Effect"

A = § A
sig, bkg P51g bkg(Ailo_i'O() Zig,bkg( |B) sig, bkg( |O_1 'y)P51g bkg(o_mla)

P

Previous analyses ignare PSlg pkg (O o!|B) and Py big(O o;"|5)terms in the PDF

If signal and background diffr in o} or ¢" (which they do), you just

biased in f, and ct!
o Pointed out in e-print physics/0401045 and extensively studied within our group

Used toy Monte Carlo generated with true error distributions (bufit w/o)

to measure biases
o cT biases in the range of 4 - 7 ym depending upon decay mode

Right thing to do iskeep PSlg bg (O o|B) in the likelihood fit
o Pl big(07'16) can essentially be ignored for our analysis

Final form of the overall PDF used n our crtfits:

P

A = ' A
sig,bkg — P31g bkg(Ai|O-i'O() :ig,bkg< |B> sig, bkg(m|0-1 'y)

Observed shifts using this in LH function compared to wrong PDF cosistent
with toy MC results
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PDL Error and Mass Error

B’ °"‘ JI—— BY n.1s§ """" T T g.
Massm;_ }Fﬂ _g PDL .. ﬂ’“f — background

n.12f:
error | Same error- i D1fferPnt'
0.1 -|_ :|: . 0.08f 1 + +
i -+ _ C
| + 1 0.08f +_|_ —:
0.05|- $ _|_=F . 0.04f- " ++ E
| Fr T - P
0~—5007°0:004°0:006-0:008 007 00125014 T T T O I B R T R L)
Y S
/\b n_zé_ T _ba':kgm”"d_é /\b u.z;— ~H~__ —background_i
Mass ot Same PDL o T Different!
eTrror oif 1 ] error o4 T 3

| : -
IR I LY

If)I 000200040006000l 001 00120014 D 10 2.0 30 40 5,0 30 70 30 gg 100
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Model parameters:
Parameter | Fit value | =10 Sym Err | -1 Minos Err | +10 Minos Err | Units
cT 450.6 14.7 -14.5 15.0 fim
S 1.252 0.023 -0.023 0.023
At 141 31 -30 37 (im
f. 0.077 0.019 -0.020 0.019
A 472 49 -47 58 pm
£, 0.093 0.017 -0.018 0.018
A 304 36 -34 40 fm
f_ 0.0314 0.0045 -0.0043 0.0048
i 0.7843 0.0070 -0.0070 0.0069
M 5.2812 0.0004 -0.0004 0.0004 GeV/c?
SM 1.761 0.059 -0.058 0.060
Cqg 7.1 5.7 -5.7 5.7 GeV/c?
Apsig 13.21 0.78 -0.78 0.81 pm
Opsig 5.79 0.40 -0.40 0.42 (m
Hpsig 21.81 0.56 -0.56 0.57 fm
Apbkg 13.77 0.40 -0.40 0.41 fim
O pbkg 7.33 0.21 -0.21 0.22 fm
Hpbkg 31.40 0.30 -0.30 0.30 (im
Correlation
Coefficient S
CT -0.006 -0.010 0.033 -0.091 -0.007 0.001 -0.010 0.148 -0.020 -0.024 -0.004 0.005 -0.021 -0.042 -0.002
Mark Neubauer Cornell HEP Seminar / March 10, 2006
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Fit Results: A —J/QA°

Model parameters:
Parameter | Fit value | =10 Sym Err | -10 Minos Err | +10 Minos Err | Units
cT 435.3 40.4 -38.9 42.4 pm
8 1.226 0.057 -0.057 0.058
Ap 112 61 -45 118 (am
f, 0.077 0.038 -0.041 0.038
Ay 507 118 -101 177 (i
i 0.094 0.030 -0.044 0.031
A 244 57 -49 69 (m
f 0.050 0.014 -0.013 0.016
fy, 0.808 0.017 -0.017 0.017
M 5.6190 0.0009 -0.0009 0.0009 GeV/c?
SM 1.50 0.12 -0.12 0.13
Cq 32 19 -19 18 GeV/c?
Apsig 13.5 2.0 -1.9 2.1 (m
Opsig 4.04 0.78 -0.71 0.88 (m
Hpsig 21.2 1.0 -1.0 1.1 pam
Apbkg 15.8 1.1 -1.0 1.1 pm
O pbkg 6.43 0.50 -0.49 0.51 pm
Hpbkg 28.54 0.68 -0.68 0.69 (m
Correlation
Coefficient S > Mg
CT 0.001 -0.021 0.003 -0.202 0.037 0.004 -0.017 0.165 0.034 -0.057 0.007 -0.112 0.040 0.064 0.036
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Data/MC Comparisons

(=18.72, n,, =18, prob=40.9%

2508

150§

100§

S0

T
— Sideband-subtracted dat
— Diata sidebands

— Monte Carla

Muon1Pt
(a)

A°=23.84, n,, =20, prob=25.0%

200f™

180
160
140
120
100
80}
60
a0k
20

— Data sidebands
— honte Carlo ]

I '[,LJ—--- 'I'l+ 4
T

0 (ERE FEETY FETTE FRETE P TR TS PR NET T ST FENRE FRTT!
0 0102 03 04 05 046 07 08 09

JpsiProb
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%'=15.30, n,, =10, prob=12.2%

tl T T | T T L] | T L] T | L] T L] | T L] T I L] T T _
200 — Sideband-subtracted data
— Diata sidebands ]

aol- ﬂ[t — Maonte Carla ]
300} .
200}
100}

0 | M

0 2 4q [ 8 10 12

wezetJ/W ITOM
B"—J/YK

*'=7.52,n,,=6, prob=27.5% S
A RARAE RARAN RARRE RARAS LAARE RUARE RERAE RAARY
s00f- — e d-subtracted data
— [Opteraigcbands
aool- — Morile Carfo E
|
300} =
200} .
1

100E 1 —
fy] P ) |||g '
0 1 2 3 4 5 & 7 8 g

Muon1NumSiPhi
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230

200

130

100

50

Data/MC Comparisons

B'—J/WK.

¥'=23.12, n, =17, prob=14.5%

T
— Sideband-subtracted datd]

» — Data sidebands -

— Mante Carlo

¥'=18.20, n, =19, prob=50.9%

400

350

300

250

200

130

100

20

- o e ™
— 3Sideband-subtracted data)
- — Data sidebands ]

= hlante Carlo

KsPt
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¥'=25.21, n, =13, prob=2.2%

A =]/ PA°

*=7.09, =8, prob=52.7%

350

300

230

200

150

100

20

— Sideband-subtracted data
— Data sidebands E
- — hAante Carlo -

— Sideband-subtracted dats]
= Data sidebands E
— hdonte Carlo

60
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250

200

130

100

30

TTTTTTTTTT T
— Sideband-subtracted da@
— Data sidebands

= hdante Carlo

.l_
PR

0

0102 03 04 05 06 07 08 09

KsProb

ProtonPt
(a)
«=4.34, =8, prob=82.5%
L L LA B T
— Sideband-subtracted dats)
120 — Data sidebands
— hdonte Carlo
100 -
i) B -
60} | -
40 . || I -
20} -
.|. -+
V] T
0 z q [] 8 10 12

LmPt

¥'=2.37,n,=6, prob=88.2%
T T

7oL — Sidehand-subtracted da
= Diata sidebands
Y — Monte Carlo .

30 3

20 3

10 3

PionPt
(b)
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B—J/WK.

»*=28.95, n, =25, prob=26.6%

230

200

130

100

20

— Sideband-subtracted data
= [iata sidebands
— Monte Carlo 3

IR S N T SN S B S T
0 20 100

KsLxySigFrom.Jpsi
(a)

x'=18.53, n, =16, prob=29.4%

M
150 200

T e Tr——— T
— Sideband-subtracted dats
— Data sidebands

— Morte Carlo

BOPt
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»*=30.59, n,, =23, prob=13.3%

Data/MC: A —=]J/WA°

Ab—>]/ PA°

¥*=7.88, n,,=10, prob=64.0%

— Data sidebands

— Monte Carlo

— Sideband-subtracted dats)

80

LA L B i L L
- — Sideband-subtracted dat

0L — Ciata sidebands 7}
] B — Ndonte Carlo 1
50 -
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¥°=7.98, n,=6, prob=24.0%

50
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LH Scan for B°-J/yK

S

J: 9B980F T T T T Blihood scan from fiter E
= 98960 : """""" Parabolic (symmetric error assumption)
E: 08940F-=\ - Assymetric 6 o< CT =
< 98920F =
o) = ]
9 98900:— &
! 988801 =
98860 =
98840 =
988201 —

S T R S R SR R R b

380 400 420 440 460 480 500 520

B® ct [um]
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Effect of Silicon Hits on V°

Fiarm hum=iFhi
Enfrisa  zaE= T T T T T T T T T
appaTT T T T T T |r.|m- 251 E;LG [ — DefTracks .
I % 14 Intercept 0.948 + 0.011 Slope 2.53e-05+ 1.60e-05
2500 & | —DefTracks with > 2 Si hits on higher momentum pion
W12 Intercept0.548 + 0.022 Slope -2.40e-05+ 3.40e-05

| . ; | Baseline fit:
1500 : 08 ] 4:50.6 +/' ].4:.7 “’m

0.6 | [ . I i B
+ T ’ 1

04 ]

0.2} ]

; %0200 200 600 800 1@0125014601629&36&3‘300 Fit U_Sing COT'OHIY
” tracks for K :
455.0 +/- 16.8 um

P
=
(=]
[=]
-

N e
; bin1: 0.000 < Pion1NumSiPhi < 0.000 3 560 F bin1:3.000<Muon1NumSiPhi < 3.000
L ool bin2:1.000<Pion1NuUmSIPhi < 3.000 i) bin: 4.000 < Mucn1NumSiPhi < 4.000
i bing: 4.000 < Piont NumSiPhi £ 4.000 i D40  bina: 5.000 <Mucn1NumSiPhi < 5.000
bin4: Pion1NumSiPhi = 5.000 bin4: Muon1NumSiPhi > 6.000
550 | 520 F 3
500 [ ] . . . . .
Consistent within statistics
500 | ] 480 F ] ) -
| s60} ST (taking into account
a0l . Prob(y?) = 23.0% aa0b l I ] . . .
l o statistical correlation)
400 | 1 400 F
380
350 ' ‘ ‘ . . 360 k . ‘ ' . ]
0 1 2 3 4 5 0 1 2 3 4 5
# of ro silicon hits on pion 1 bin # of r¢ silicon hits on muon 1 bin
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Alternative Fitting Methods
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Pythia MC for A —J/QA®

Al Iy A
Ao JI Ao £ fb|\\\l\1\@\\\\
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@ [ ] 150} —
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7 e et _
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