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Heavy Flavor Physics at CDF
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Why Study b-Hadron Lifetimes?

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

* not only interesting in themselves, but needed to
extract weak interaction quantities from observables

* b-hadron lifetime ratios can be accurately predicted
(~5% or better)

At Tevatron/CDF:

 Important experimental reference
Overlap with B factories — aid in study of potential
detector/trigger/analysis biases

» Measure lifetime of species not produced at B factories

 Experimental techniques used in lifetime measurements
are critical for the pursuit of Bs mixing!
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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

In reality, lifetime differences arise from non-trivial spectator quark effects:
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Heavy Quark Expansion

Express decay width (I') as operator product expansion (OPE) in 1/m_and o
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['(H,) = GE|Ve|*m; |-p{3) (bb) 4+ o) gs (00, G*'b)n, n 96 Z“”(ﬁ) (O >H;;-‘
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Tarantino, et al.
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Ab Lifetime - Current Status

Exp Method Dataset 7(A,)(ps) precision| 8
OPAL  ASLAIT  '90-'95  1.29°2+0.06 18% | °l
DELPHI A1 '91 - '94 1.1155 £0.05 17% i
ALEPH Al '91 - '95 1187, £0.03 11% z S AN
ALEPH AT 91-'95  1.30:2%°+0.04 18% 0'65%7(01'\15’;'?%8(5]%; ; L9C5) :
CDF A1 91-'95  1.32+0.15+0.06 12% o
CDF Iy A 02-'03  1.25+0.26+0.10 28% ; NLO
DO Iy A '02 - '04 1.297,73 £ 0.06 18% .
AVG 1.232 + 0.072 6% 2
Early theory predictions for t (A )/t (B°) ~20 high

O ‘ ) 1 : : - : : ]
0.650.70.750.80.850.90.95 1

Current NLO QCD calculation gives T (/) /T (Bg)nLo
T(A) /1(B°) =0.86 = 0.05 .
b Tarantino, et al.

consistent at 0.8c-level w/ HFAG 2005 world avg hep-ph/0203089
T(A) / 1(B°) = 0.803 = 0.047
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A, Litetime: Analysis Strategy

e Measure (A ) in fully-reconstructed decay mode /\b%J/lV/\O

Pros:
é - Mass peak to distinguish signal & bkg » R c
g 8 - Event-by-event measure of By (boost) c
o i& (Do not rely on MC to account for ‘L\<S
= é unobserved v as in semi-leptonics) u 5 u
© o Con: d p

L J

- Smaller signal — larger statistical error

e Use 1(B°) measurement in BOHJ/\VKS as reference mode

lifetime info
from here

— similar decay (J/y + V?) w
— larger sample (~10x Ab)

for systematic studies
e Check lifetime in full-reconstructed
B_—J/y, y')+X decay modes
,,

— validate lifetime analysis using J/y '
vertex only for all decay modes '

—verrex constraint
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b-Hadron Lifetimes We Measure

B’ = J/p K, with]J/{ - py, K —nn - Full systematics
B°— @(2S) K, with ¢(2S) — py, K. — 7n -
B°— Ww(2S) K, with (2S) — J/pme J/@ — py, K. — nw

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

B"— J/W KT, with J/¢ — pp
B*"— Y(2S) K', with @(2S) — ppu
B*"— Y(2S) K, with Q(2S) — J/y1um, J/P — pu

B' - J/WK®, withJ/p - uy, K* - Kn -
A —-JWA,  with J/g —» py, A° - pr - Full systematics
Our primary goal
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Selection: J/y and Y(2S)

Di-muon Trigger: Muons: Invariant Mass:

Level 1: 2 opp-Q tracks, e good track-stub match  J/w — pp:
b, > 1.5GeV/c, — «=31-¢Sihits (SVX + ISL) 3.014 <M_ < 3.174 GeV
up

track-stub match .
Level 2: Auto Vertex quality: W(2S) — pu:

Level 3: Full tracking, e Prob(x?) > 0.1% 3.643 <M < 3.723 GeV
m(up), track-stub match W(2S) - J/P 1t 1T

3.676 <M < 3.696 GeV
Dataset: ~370 pb™ of integrated luminosity hue

+ p—
- ~3M J/y = pu ~300k @(2S) — pp ~70k P(2S) —» J/P 1T T
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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(x*) > 0.1%

Decay length: * ~3M K, —

° ny > (0.1 cm 7y TRy TR Yy YR Y

Number of Candidates / 600 keV

nn Mass [GeV]
Invariant Mass:
. KS — 1t 0.472 < Mm < 0.523 GeV

e\’ > pm: 1.107 < M_ <1.125 GeV
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(=]
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T

Veto on Swap Mass:
o K —»>mmt 1.109 < Mme < 1.124 GeV

A’ pr: 0482 <M__ < 0.511 GeV
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S
S
T

(=]

(=]

(=]
T
]

%

"~ ~700k A° — p}
T T s

pr 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
* V® momentum constrained to point w
back to J/y decay vertex in 3D

Optimize these additional cuts: %
o« VO ny significance (ny/G(LXy))
VY mass window ,,

V®p, .

BY/A
b pt @ -vertex constraint

BY/A,_ Prob(y?)

lifetime info
from here
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S?/(S+B) Optimization

. f50|Irjz:e-nball\/lonte Carlo h E”’E Sidebands -
) i | |
* "Far" sidebands in data 3 ° ] ¢
for background ;| 1 :
N° L , significance > 4.0 2
/\O maSS Wlndow: i 9 Mev 10 5.2 5.3 5.4 5.5 55_- - 5 5.1 5.4 5.5 55-
/\O pt > 2.6 Gev - - - -pyrm H-as-s [G-E"d'] L].fet].me / - -pyr[r[ llias-s [G-ﬂ']
A, P, > 4.0 GeV _ fit region
5 a zm"'|"'|"'|"'|"'|"'_: E155IIIIIIIIIIIIIIIIIIII.IIIIII
A, Prob(y”) > 10 50 ] & 3 H'Hﬁ
160 3 1-"';— éé T §§ f
K, L significance > 6.0 - { "t ié f
K mass window: +25 MeV ™ ; L ¢ ’ i
K p, > 1.5GeV 6 1 1 é‘}
B°p, > 4.0 GeV ) 1 o §
BO PrOb(XZ) = 10-4 (1] 2 4 G B 10 1:2 “E%:‘IE':-I'EIE:;
K? Pt (GeVic) K: 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
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background comes from t 1 =
combinations of real J/y oot 1™
i 150(-
and real K A’ oo 1
200 N 50;
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b-Hadron Yields: B° and A,

CDF Il Preliminary 370 pl:f1
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h
=
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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

V(2S) > I

-9
=
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b-Hadron Yields: Other B Modes

372 + 44 B*> yw(2S) K~ (y(2S)—up)

4209+ 106 B— Jiy K
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=] (=]
(=] (=]

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
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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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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:

sig / #

A = -
sig, bkg P31g bkg(Ai|O-i 'O() 31g bkg( |B) sig, bkg< ilo-;n' y)

P

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

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

P! (A,0V&.) = E(djcT) * G(A,,0)ls)
sig il sig i

where:
T = signal lifetime (the goal)
s = overall scale factor on PDL errors
1 - -
AJeT 1 2(80‘?)2

E(AlcT) = ;e cr=0 G<A1;U?|S) = y ©

0 cTt<0

Analytic expression after convolution:

(sol)® A
]. 2 ¢t A,
P. (A, olcT,s) = el T Erfc :
YR 2ct V2ct V2sa!
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Fit Model: Background PDL

Background PDL modeled as sum of four components:

o zero lifetime background (prompt J/y, determines resolution function)
o negative exponential (non-Gaussian tails on resolution function)

o 2 positive exponentials (b—]J/yw X long-lived backgrounds)

all convoluted with a Gaussian resolution function

—A; __)\l
1 2(_)\i2‘)2 %e . f+eA++ A;=0
P} (Alol,s, A, £, ,A,,f,,,4,,) = (1-f—f,—f,  )——e""7" 4+ |+ ++ *G (A, o}ls
bkg( +7 0047 44 ++) ( + ++)m80_ip\ £ % (
Xe ) Ai<0
where:
f = fraction of negative exponential
A = decay constant for negative exponential
f,.., = fraction of 1%(2") positive exponential
A+ = decay constant of 1%(2") positive exponential
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Fit Model: PDL Error

Gaussian convoluted with exponential for signal, background PDL error:

1 oy OiH, A
Yoo 207 A o O;—H
P7(0MA,,0,,u,) = =— e’ ™ Erfc|- -2 ——L P
2A V2 A V20
p p p
Reasonable (empirical!) model of observed PDL error distributions:
\ Background \
F i N e
0.18f 0.16[ ]
0'16§ 0.14f -
0.14] [
- 012 —
0124 z _
1 B°SJ/YK
0.08[ 0.08| - S
0.06§ 0.0Gi ]
0.04| 004; E
0.02f L
0 o : 0.02:— _,:
07020 30 40 50 60 70 80 0 100 % {0 20" 50 40 50 60 70" 80~ 80 100
PDL error (GeV) PDL error (GeV)

Mark Neubauer
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Fit Model: Mass

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

i .

1 _(mi_M>2
2(sy o)’
P;Iilg(mi | O';n,M, SM) — (SmOy)
V2 TSy Oy
where:
M = mass
Sm =

scale factor on mass erras

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

m

Phg (m]Co) 2 %o In+c
m.|C,)= — ~
Y IME My, Myt M L0

low hig low

Mark Neubauer
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Validation: Toy Monte Carlo

n 450.4102
RMS 14.9026
toyMC run toyMc run F LA L L L B B LN B B T Underflow 0.0000
£ 5||\\‘||\\||\\| LA LN B B B B ;Eooof‘““”‘l‘”"l””HHHIIHH T : Ovarflow 0.0000
§10 E « Data E a F i 221 ndf 95.0126 1 74
= [ ) 1 sBooof 2 Prob 0.0505
g. al n Slgnal 7 g‘ - 10 E_ Constant 356.5815 + 4.4939
%10 ? — Bkg E 7%000? — Bkg 7; Mean 450.4067 + 0.1543
h=] - . i k= - ] Sigma 14.7050 £ 0.1053
gmt — S|gnaI+Bkg? ’gﬂoo? — Signal+Bkg | -
(&) = E i ] 10 — —]
4522+ 1.5 um ] 50000: : ]
2 \ B [
107 : < 10000 = i
30000 =
10} B 1F E
20000 F
1 B :

L L I L L L I L L L | L L L I L L L | L | n
__________ = . 400 /420 440 460 480 500 520
70 80 90 100 gen = 450.5648 (A = 0.1581) um
Proper Decay Length Error (um)

-2000 -1000

Proper Decay Length (um

toyMC run - s
I%_QOOj | | I . aa‘ 1 . [T T T T T T T T T T T 17| Underflow 0.0000
1‘%00 m Z t | : 1 toy run Wlth 10°F TT::W 32.67::::

e N igna ] . i Lm 0.0183
|2‘§_00:, — Bkg . 2 OX data Slze Constant 14481576 + 18,2110
|(§oof o Signalffg \mi—\> :.g.m o oot

ool k 10k toy runs

6000] with same Wl ]

s000f size as data ;

2000¢ | Generated parameters hl |
o s5— consistent with fitted e e ST T ST

wrmmass (GeV)  — yalid fitting procedure pull
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Validation:

Realistic MC

B Jiy K, Al Jhy A° 3
o A . Data | E [T T - Data T T T i vaetands
< T S10°- = ]
510°} Csignal o 5 | [ signal — b—> Jy X MC sidebands]|
2 — Bkg 2 | — Bkg 102 - |
%102 — Signa|+Bkg? %10z — SignaI+BkgE IC%I;QS;ISIX;?}: bkg ]
S 3 ol between data & MC i
10 f 100 i 7
| ud f
1 - 1 = -10;JI0‘ ‘-5‘06 = ‘l'l)l = 566 ‘ 1I001‘)‘ 1500 2000 2500 3(;00
; I i ’ B® Proper Decay Length (1 m)
2000 1000 4000 .2000 -1000 0 1000 2000 3000 4000 B'— Jly K,
Proper Decay Length (um) Proper Decay Length (um) £ e i
S
. o <
Fit=4660.6+2.3um Fit=369.2+3.0um g
101 —
Gen=464um Gen=368um g Bkg :
R % — Signal+Bkg
Signal MC g
o
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
e signal w/ long-lived bkg Pythia MC Proper Decay Length (xm)
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Fit Results: B°-]J/YK

B> Jiy K,

0 - 4
B> Jv K p e SR Preliminary 370 pb
¥ Bs CDF Il Preliminary 370 pb oor - - Data ]
E =1 1 T 1 | T 1 1 1 | T 1 1 | T 1 1 1 | L | I B N 300;— .Signal —;
S 40’ « Data roof —Bkg
<10 = B , ]
— — . 300; — SlgnaI+Bkg?
3 - | ignal : s00f E
= - . 1o =
c N - .
L B Bkg 1 300 =
2 — . ] 200} 3
107 — Signal+Bkg 3 oo 1
- ] - ______ _____ 900
| ) Ct = 4506 + 147 },[m Proper Decay Length Error (um)
B™> Jly K, CDF Il Preliminary 370 pb”'
10 PDG: 460 pm 5 o | . Dam
- : IGO; \ | signal
i i |4o;, — Bkg R
N i |2oi — SignaI+Bkgé
100/
1 E—-Il ap F ] —E sof
- i 60}
| AT | I 40}

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

uunt mass (GeV)
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400

350

300

b-Hadron Lifetime Summary

HFAG 2004

Not a
measurement:

Statistical
errors only!

= High-level
validation of
analysis for
well-established
? BY/B* lifetimes

e
o
&
IIIIIIIIIIIIIIIIIIIIII

e data

¢ combined (uncorrelated) 1

T T T[T T T T [T T T T[T T T T [T T T T [TTTT[]1
o
.
e
o
—e—
e

ea
L1 11

B* B; Bi Bi B BO Bo 50 BO BO Co s~
T kY () }?!J/ Jj%"’;r* i"ed S i ﬁw) W{J/y@;— "”’\’; Viiy, ﬁof-f/wbi"kq Y™ My g0
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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 _ 3 Occupmncy bir
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Fit Results: A —J/QA°

0 0
AO—) J,W AD . Abl_) ‘"“V ‘1}‘ _ CDF Il Preliminary 3707 pb’

b CDF Il Preliminary 370 pb 160} + Data
£ i L L L L I I I B ] é 140 . |signal ]
;::;" i . Data | 1200 — Bkg 7
E \ - — Signal+Bkg
. 100 —

@ 1l Signal :
-g 10 | ' g — 80 .

b [ - B
TR — Bkg i 80 ;
= — 40} _

- ‘ — SlgnaI+Bkg - 20}

%40 20 30 40 50 60 70 80 80 100
1 0 | 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 -
— L — g 50; T Bkg j
2 f — Signal+Bkg ]
1 ] a8 & P e I Bl & E ]

il

-2000 -1000 0 1000 2000 3000 4000 :
Proper Decay Length (um) | | iz mass (GeV)
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Systematic Uncertainties

. . -
LD Soure el )<
. y Fitter Bias 0.2 0.5
Fit Model: Fit Model.
e Variations in choice of 1t viodet
resolution function, signal PDL Resolution 3.0 1.5
& background models Mass Signal 1.8 1.3
consistent with data,
e probe mass/PDL correlation | Mass Background 0.1 0.5
. . 0.6 3.7
PV determination: PDL Background
e different beamline-z choice | Mass-dependent PDL Background 0.9 0.9
Alignment: PDL Error Modeling 0.1 0.1
* SVX internal, Mass Error Modeling 0.4 3.0
(81‘:}‘/{}1{1;?121':{' O%lorl,) Oatl ation) Primary Vertex Determination 0.2 0.3
0 Tyt Alignment 3.0 3.8
V" Pointing: o L0 L0
e PDL-dependent bias from |V Pointing : :
V° to J/v pointing constraint |TOTAL 4.9 6.6
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A _Lifetime: Summary

OPAL el
(90-95)
DELPHI fie 1
(91-95)

ALEFH el
(91-95)

ALEPH M 1+1-
(91-95)

CDF fel
{92-95)

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

T(A) =1.45=0.13 (stat.) = 0.02 (syst.) ps

We measure in our control decay mode B*—J/QK_ :\ DO Jf?si A\ |,
CDF Jipsi i\
{02-04

+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)

(notincludingn oy byra bl
02 1 1112131415 16 1.7

D

o]

(ps)

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

result)

T (AT (B°) = 0.944 + 0.086 (stat.+syst.)

This is consistent w/ world average @ 1.4c level

World Av‘g
(w/o our

Theory

Our

sult

i ‘
0.650.7

and current NLO HQE calculations @ 0.8c level

0.750.80.850.90.95 1

T (Ap) /T (Ba)nwo

Mark Neubauer
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/\b Lifetime: Outlook

» Our measurement of t(A ) using 370 pb! is competitive with
the world's single best measurement

— best by far in a fully reconstructed decay channel
CDF 1 Prehmma@

(A in /\b—>J/L|J/\O 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 34 545 55 555 56 565 57 575 5.8
uprp Mass (GeV)
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BC Lifetime

The B_meson is comprised of a charm and (anti-)bottom quark
— decay of either contributes to B_lifetime

CDF Run 2 Preliminary : ~360 pb”

. E, i Jy+electron FrITrrTT A Rt
Recent calculation B0 L —+— data
. 8. - — fit total
using OPE approach 2 5 . B. signal
predicts: i~ D 0\ VI backgrounds CDF Jipsi ] H—{
o |.|=J 10 — kA prob.=14.8 % (92-95)
1(B)=0.55*0.15 ps -
c 4 D0 Jipsi mu
1
- _ + {02-04)
oLl I A I N 1 [ — CoE lpste H
10,4000 — -500 0 500 1000 1500 200
Pseudo-Proper Decay Length (um) ("2'"4
We measure in B — J/v e" v decay channel:
¢ © World average -
1 bl e

T1(B)=10.474 """ (stat.) = 0.033 (syst.) ps it

-0.066 0 010203040506070809 1

(ps)

This is currently the world's best measurement of the B_lifetime
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B —Jlym
New! (Analysis using 0.8 fb™
just blessed yesterday) / n

« B_not produced at B factories 2
Be( =)

Ol o
b""\

|

0|10

. . J/y
* Full reconstruction allows for precise -
mass measurement

CDFII Preliminary 0.afb™

R T T L | L] T L] T T T I T T T
Analysis: T——
-M(Bu): 5279010 1
BO0 a: 0123200

e Tune selection on data:
B —J/yK reference decay

e After approval, open box

400 |- _

Events per 2 5 MeVic®

 Wait for events to become ]
a significant excess I [ ] rersegnme
« Measure properties of the B_ s e

510 5.20 5.30 5.40 550
Mass(JApK) GeV/c®
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B —Jlym

CDOFI Preliminary

12 L T T T T T T T T I T T T T | T ]
- 0.36 1b™" _
N ;mr]fa [l E
o Pl Sl e S TR 38.9 events over bkg
8- 051" ]
4 JL‘ ] Significance > 6o over search area
S DmJ—L—’H.JILuTUI ﬂrnill-ﬂrhrl-n.ﬂmJL—!_‘
[1k] L -
= gl 061" -
L - -
5 4 —
g ¢ mquﬁwmmmﬁ_—
© [ i
T = 0.7 b — CDFII Preliminary 0.8fb™
4 ~ =1 20 T T T T T T T T T | T
0] ] T T 1 | T 1 T | 1 T T T | T —] % 15 -
gl JI 0.81b" . = ]
o -1 - 10 -]
i ] ]
D I 1 i l 1 | % 5
615 B 25 6 35 645 g
Mass(J/iym) GeVic® ) P I S Il A el

56 6.0 6.4 6.8 72
Mass(JAyn) GeVic®

M(B) = 6275.2 + 4.3 (stat.) £2.3 (syst.) MeV/c®  world best!
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BS Lifetime

3 CDF Run Il Preliminary 360 pb"

Combined lepton-D
— Al

- By [VDEX
Backgrounds

—_
o

\"]

—
o
[

per 25 um
=

Candidates

; fit prob. = 0.282
I | | |

-0.1 0 0.1 02 0.3
Pseudo-proper Decay Length (cm)

¥
(NOT in

We measure in semileptonic
B, — lvD X decay:

T (B) = 1.381 + 0.055 (stat.)

Mark Neubauer

DELPHID_I
(91

gs)

-
DELPHI D, h A—

{91-

OPALD 1 —e—|

(M-

OPAL D, inclusive
(-

DO D
(02-04 pr"eH

DO J

(02

rid averagse
ing this analysk) |

+0.052
-0.046

5)

95}

el
e =

CDFD_1 —a—if
(92-96)

CDF )/

s
CDFD_x, D, 3n
(02-04 pr
CDF J/y ¢
el

el.)

1 1.2 14 16

T (B.) (ps)

(syst.) ps

18

2

1.54*011+0.04 ps

1.47+0.1410.08 ps

+0.14
142, ,,10.03 ps

+016
1.53%) 1% +0.07 ps

150012 +0.04 ps

+0.20 +0.18
L7275 047 PS

1.420-0.043+0.057 ps
1.444*20°5 10.02 ps

0.06
1.36+0.09";; ps

+0.23
1.34° 15 10.05 ps

1.60+0.1010.02 ps

+0.008
1.369+0.100°) 0% ps
1.38140.055" ) 0oe ps
This analysis

+0.043
14057 .- pPs
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B_Mixing: Motivation

t

e Neutral B mesons flavor oscillate b
e Measure fundamental SM parameters

. _ —F . 2

By Am, = Mg Vil M185:(x, ) B, de

B (B) (ts) (B) (B)
e Hadronic uncertainties cancel in ratio

Fas

B, f*

By

Bd .!fﬂF

e Lattice computation:
- __ V' 199+0.035
§=1.21x0.0227 74 7N

— Determine [V _|/[V_| to ~ 2.5% m

L itter
L EPS 2005

1‘5|||||||||i||||||||||||||
-1 -0.5 0 0.5 1 1.5 2

e Am sensitive probe of new physics 5
> CKM Fit Result: 18.3*$2ps™
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B_ Mixing: Analysis Overview

-
o

; ’g Am = 0.5 ps_'1
1 - I ' i - . =14
™ Opposite side | signal side T:; % i n Am, =14 ps
N e
™, / : :
‘\\ \\\\ | /// s U.S‘N\\H\\ N
r ) | 4 1 \ !
- @ -ap. | BY o il
- bhadron O @ / N N
PV T - | A
I L xy i @ 5 ﬂv ' " M u “
= - N \\“ ! I L | | | |
Ds o 2 4 s 8 W0 1
ct= ny Mg TC Proper decay time t
o — B lifetime

Am_>> Am — challenging!

« Sample: collect B"/B"/B_decay sample using displaced track trigger,

reconstructed in semileptonic (IDX) and hadronic (Dn(nr)) decay mode
« Proper time measurement ct — understanding of ¢ crucial!

 Flavor tagging — calibrate opposite-side taggers on B°/B* sample
» Measure time-dependent asymmetry:

;\"T(” nized ;\’r(” nmizred
[ — \U)mizec \Yunmized __ D COS .-ATT?,- [ ‘ D 1 oP . .
A( ) N ('{)r'm'..-r: ed 1 N (! )u-r'a, mized ( o ) ' mistag
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B_ Mixing: Improvements

Winter '05 results:

Semileptonic
Sensitivity: 7.4 ps™
95% CL Limit: 7.7 ps™

Hadronic
Sensitivity: 0.4 ps™
95% CL Limit: 0.0 ps”

Improvements compared to Winter '05 (same luminosity):

Flavor Tagging:
* Improved JQT + larger B° calibration sample

Improved ct resolution:
* Event-by-event PV instead of avg beamline

* Add LOO

Semileptonics in TTT instead of 1+SVT:
* Lower lepton momentum

Additional decay modes:
. BS—>D537t, Ds—>¢n
* B — DS 37, DS — K'K

Mark Neubauer

Semileptonic+Hadronic
Sensitivity: 8.4 ps™
95% CL Limit: 7.9 ps™

L~355pb

|
LA

it H "
Winter'O5

4 Semileptonic+Hadronic Combined

CDF Run Il Preliminary

1645G O sensitivity 8.4 ps’

datat1.645¢
data+ 1.645 g (stat. only)

\S]

4] = datatic 4 95% CLImit 7.9 ps H

|
)
|

iﬁw |n|l|||+ﬁ

o

4 +++++++++++

Amplitude

(N
L

0 5 10 15 20
am, [ps]

mode | e D? winter 05 ‘ eD? fall 05

N hadronic 1.21% 1.55%
semil. 1.45% 1.55%
= +15% (hadronic), +3% semileptonic
= ~x2 yield, but with worse S/B
= 900 — 1,110 in hadronic yield
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B_ Mixing: Hadronic Signals

B, - D_=n, where D_— ¢r, K'K, 3=
B, —» D_3r, where D_— ¢n, K'K

_ -1
CDF Run Il Preliminary L =355 pb CDF Run Il Preliminary L =355pb’

- data - data
% — fit o 150+ — fit
E o S|gnall % signal
= satellites E satellites
- | background % 100 " background
: Jetel Jates
g 2 o

5 55 6 0
K'(K'm) K 1, mass [GeV/c’]

5 55 6
o(K"K)w 3my mass [GeV/c’]

B.—-D n,D - KK B.—>D_3rm, D_— ¢
~1,100 fully-reconstructed B_candidates available
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B_Mixing: Semileptonic Signals

B_ —»1D_X, where D_— ¢r, K'K, 3

CDF Run Il Preliminary L =355 pb’ CDF Run Il Preliminary L =355pb "
—— data —— data
“o — fit — fit
> B, signal g 200 B, signal
Q 1 s o s
15_2000 background N — fake ]. 7, O 84:
P o hysics background 1
© Q | physics g
% a I'| — combinatorial Slgnal
) ¥ L
..51 000 S 100 combinatorial + fake events
< 2
©
S S
&
0 T T T T 0 T — )
194 196 1.98 2 0.1 0.2 0.3
BY I D; X mass [GeV/c’] Be — 1" Dy X proper decay-length [cm]

Lepton SVT Track Lepton No SVT Track

Higher statistics but worse ct resolution compared to hadronics

ot =2 g3 = B2 = fj;}(“) | I/A K from MC);

L.ow ct candidates have better resolution but worse S/B
FNAL W&C Seminar/ November 11, 2005
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B_Mixing: Am_ cross-check

B, mixing: Proof of principle and calibration of tagger performance
* For setting limit, knowledge of tagger performance is critical

— measure tagging dilution in kinematically similar B°/B* samples

« Am_ and Am_fits are complex — test fitter framework

0.3 1

0.1

02

asymmetry
o

-0.1

-0.2 1

-0.3 A

CDF Run Il Preliminary L~355pb’

Soft Lepton Taggers

*\/

e« data

— fit projection
B contribution
B* contribution

B—-e/ubDX

0.05 0.1

Mark Neubauer

015 0.2
proper decay-length [cm)]

Semileptonic modes:

Am_ = 0.511 +0.020 (stat) £ 0.020 (syst) ps™
total eD*(OST) = 1.55 + 0.08 (stat) + 0.03 (syst) %

Hadronic modes:

Am = 0.536 + 0.028 (stat) + 0.006 (syst) ps™
total eD*(OST) = 1.55 + 0.16 (stat) £ 0.05 (syst) %

PDG 2005: Am_ = 0.505 + 0.005 ps™
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B_Mixing: Am_Results

Hadronic modes

Semileptonic modes
Sensitivity: 10.4 ps™ Sensitivity: 9.8 ps™
95% CL Limit: 6.7 ps® 95% CL Limit: 0.0 ps™
CDF Run Il Preliminary (Fall 2005) L =355 pb’ CDF Run Il Preliminary (Fall 2005) L ~355pb’
4 e b sty 10400 4T e by aen
datat 1645 ¢a ] datat 1645 g
2 data + 1.645 o (stat. only) o]  datat 16450 (stat only) A
9 e || | @ , o O\t T
2 4 b I 2 o B Wit AT O e e,
50 v +++- l”m IR %_0 + ++1|’+H" TI : '||'|| 1 ||| i MLkl It |
g T Il k g | AR *
D -2
“41B° > D I'X -4 B? — D (3)n
0 5 10 15 20 0 z 10 15
Am, [ps ] Am, [ps’]
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B Mixing: Combined CDF Result

Combined CDF+World Avg

Sensitivity: 19.6 ps™
95% CL Limit: 16.6 ps™

Combined CDF Result

Sensitivity: 13.0 ps™
95% CL Limit: 8.6 ps™

CDF Run Il Preliminary L~ 355 pb’
4] —datatic A e5%CLImit 86 ps’ 2] - datatic A 95%CLIimit 16.6ps’
1B845¢g O sensitivity 13.0 ps” 16450 O sensitivity 196 ps”
data +1.645 ¢ data+1645¢
2 data1.645 o (stat. only) data + 1 645 o (stat. only) | |
3 3! it
= 0 P ¢+‘|'++++u++uaﬁ H’“ ﬁIH'l[ |||I+ + .»’+|I| M £ 4
o_ b
E i m AU . M
< |
2 ! . Caumn
-2 SRLIL |m, ﬂllll '
-4 - Hadronic and Semileptonic World Average (S°04) and CDF (F’05)
T T T T '1 T T T T
0 5 10 15 20 0 S 10 15 20
ﬂms [ps'1] Mixing frequency, Am, [ps ]

B results from CDF — pushing the world avg (previous: Am_> 14.4 ps™)

FNAL W&C Seminar/ November 11, 2005
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B_Mixing: Outlook

Long-term projections
for Am_ measurement

"current" : Winter 2005 results
baseline : +1% £D? +10% vertexing
stretched : +3% ¢D?, +20% vertexing

Coming improvements in:

* More data (x2 already on tape)

* Same Side Kaon Tagging

» Additional trigger path

» Add satellites in hadronic modes
* Re-optimize event selection (NN)
* m(1D) dependent k-factor binning
* Combined opposite-side taggers
» Better understanding of o,

Mark Neubauer

25

)]
Q

=t
6

sensitivity, Am_ [ps ]

on

CDF Projections :: Combined Analyses :: W05

j—
Q

5o observation —

Fall 2005

— stretched
baseline

— current

.5 - 10 o I1|5I - IEIDI
Scale to current yield

Projections based upon Winter 2005 results,

— new projections coming
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Ssummary

e New measurements of the Ab, BC, and BS lifetimes

— A and B_are competitive with world's best measurements
— B_is world's best single measurement
(also B_in exclusive decay > 6c, world's best mass measurement)

« New B_mixing results push the world average Am? limits

— more improvements of the Month 104 7 10 104 710004 7 1710

~~

analysis on the way! | ]
= i

sit
=
S

'CDF: 1.1 fb™ to taps

v

* These analyses are all

/
limited by statistics |

[
=
S
[—]

/

Total Lumino
o]
=

s
600 [ // __,/
— substantial improvement a0l - 74 _:
. 'hese analyses — ;
with more data 200} T Delivered |
%ﬁ/ To tape |

1000 1500 2000 2500 3000 3500 4000 4500
Store Number

Physics of lifetimes and mixing at CDF is at an exciting stage!
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Extras
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Mass .
error
0.1
0.05
0

t

— signal

— background 1]

.4¥ .

0.25}-

/\b 02k
Mass o}
error .4
o5}

of

+i++

il

— signal

— background

‘JerYE

h

freee
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[ L L | Lol L I Lol L I L L | L L I L Lol I L Lol | L
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014

Similar

Similar

BO 0.18

0.16

PD L 0.14

0.12
error o
0.08
0.06
0.04
0.02

0.25f

N, o
PDL o
error o1
0.05

PDL Error and Mass Error

~nt!

of

— background _]

Differé

nt!

D 102030405060708090100
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Fit Results: B°-J/yK™

B> Jiy K®

0 *0 S L R LS s AL LR LA AR LA
B"— J/iy K %500 + . Data |
= L L L L B B B L B RS G:>_ ' " | signal
g‘ : ﬂ . Data : gooo; — Bf(g -
< :g - — Signal+Bkg
510°L . Signal - 3500 .
Q F ]
_.dw_.] E S Bkg E 1000 .
© B i _ - i
2 — Signal+Bkg soof :
T10° - .
= - 7 %0 20 40 50 60 70 80 90 100
Q B CT = 4684+ 11.8 ”m: Proper Decay Length Error (um)
] | B Jiy K
o \ ol
10 E_ _E %50:_ } ESignal
: 1 ~on
B | %00; — SignaI+Bkg€
_ | S50 7
1 - [T . — § L
E E 1004
i IR ) I - 5°f
-2000 -1000 0 1000 2000 3000 4000 } :
0 ...........
Proper Decay Length (um) | | " e s (G6)
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Fit Results: B*—=]J/PK™

B> Jiy K
, Bi—) J,w Ki 50007|\\+\\\Daté\
E10 :_| I L L B B B B B L |_: z-b_ E gSignal :
c::;' - ﬂ - Data ] $ooo- — Bkg .
< [ ] % C — Signal+Bkg ]
o I ‘ Signal . Soool- 1
™10’ E :
% - — Bkg E 2000} ]
"a [ ] -
g i — Signal+Bkg ] 0 Tl 1
5102:— — T - -":’ 00
O - 1 Ct = 4908 1+ 8.4 Mm . Proper Decay Length Error (um)
B | B*—> Jly K*
| _ "Zooj \ \ \ =
% - + - Data 1
10 = = 300? . Signal *
- = ‘500 —Bkg -
B ] o | — Signal+Bkg |
B ] éoo R
1 — [T I ] —] §00:
; ; 200}
=N | V. 1 . ] 1005
-2000 -100 0 1000 2000 3000 4000 §
0 ......

5.35
punt mass (GeV)

Proper Decay Length (um)
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Fit Results: B™=]/PpK*™"

B*— Jiy K*

E = | L | L L | L | T 1T 14
= | - Data i
< T _ 1
3 02:_ | Signal _
e | — Bkg :
m = ]
o u — S _
=§ _ Signal+Bkg :
Sqol ct=471.2+28.7 um.

TF E

o | ol

-2000 -1000 0 1000 2000 3000 4000
Proper Decay Length (um)
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(2
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100

50

0
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p-h
[=]

Candidates
N
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-
(=]
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B*» Jly K*

T “Daté
ESignal i
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1 } . Signal
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Systematics: V° Pointing

e Limit failure of V to point
back to J/v vertex

. ALXY variable (figure)

 Enters selection through
the vertex constraint y* cut

e 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)

e 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
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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

'5- B T 1 T 1 1 1 T 1
o | 500 < < 750 — Signal - Sideband ]
N 9oL MM < €% hm Mean -0.30:0.10
i Width 1.017 + 0.093
- — Sideband ]
15[ Mean1 -0.935 + 0.084 |
i Width1 0.106 + 0.065
i Mean2 -1.43+0.59
[ '\ Width2 4.96 + 0.57
10 |
i
Oa fh v Ty . .
10 8 6 -4 -2 0 4 6 8 10
AL, Pull
Mark Neubauer

Events / 0.4

207

30
25|
20}
15F
105-

10 -8 -6

5F ++
bt

35 1250 um < ct, < 500 um

' —Signal - Sideband -

Mean 0.006 + 0.086 !

Width 1.137 + 0.063
— Sideband ]
Mean1 -0.57 + 0.22
Width1 1.28+ 0.18 |
Mean2 -24+24 ]
Width2 10.4+ 44 ]

i

XY

-4

4 6 8 10
AL,, Pull

20 [
15

10

25 :_750 um < ct, < 5000 um

i

— Signal - Sideband
Mean -0.07+ 0.10
Width 1.172+ 0.072 ]

— Sideband ]

Mean1 -0.12+ 0.13 |

Width1 0.03+£ 041 ]

Mean2 -3.18 £ 0.44 -

Width2 4.24+ 0.36 |

10 -8 -6
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04|
0.2}
0.3f

0.4}

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

FNAL W&C Seminar/ November 11, 2005



Isplay

Ab Candidate Event D
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B_Lifetime: Fit w/Backgrounds

CDF Run 2 Preliminary : ~360 pb’

i B Jnyelectron Backgrounds from:
| —a— data
8 1 DE B —— fit total * electron fakes
= S R N LLLL E. signal e residual conversions
3_ [ P, g v fake electron e bbar
B o = s s [B5. CONV.
8 | o .+ fake J/y
= 2% fake Jiy * prompt J/y + €
510 = =N prompt
- 2% prob.=14.8 %
1 & i kS
1 0-1 [l 1 1 j / i ;:.: i 1 1 i . E i i ':m:‘;rlui.r“:l::'r‘rﬂ‘ ol i I i [l [l
-1000 -500 0 500 1000 1500 2000

Mark Neubauer

Pseudo-Proper Decay Length (um)
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New Physics in Loops?

5 ~ stolen from Murayama et al. hep-ph/0212180
S ~ ~ ~
by SR T Sk b b PR Sk .
> (O9)rR - > Mptang (87aln ¢ :
g @ 95 E
. S be (6%l motant |
" (SSS}F{R ) R ER%E _____ t; i .
R L
AMg_vs. S¢K
EDG T ' ' =7 e
Supersymmetry model _ cor ]
+ gluino in loop 400 | | K= —2.0cen-
+ squarks in loop 3 200l
+ describes all data -
+ allows very high Ams < 200
+ Amg excludes models N _
— Amg sensitive to " SM Expectation
I::.-1 -l:llﬁ '; = "?UL.‘::L_ e 1
New Physics S oK
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B_Mixing: Lifetime Measurement

trigger efficiency (¢)

%2 /NDF =117.47 /105, Prob = 20.99%

Bias is ct due to trigger cuts .
(in hadronic & semileptonic decays:

~
3]
1

Lifetime efficiency
.

e 2 displaced trigger tracks
e turn-on: d =2 120 um

=

4]

~ e

*e
e

=
=
L]

e turn-oft: d0 <1 mm

(data —fit) /o

2 ]
o e bd o

e selection increases bias AL ]
Proper decay length [cm]
B, —u* D, X, D, — ¢ © CDF Run-Il MC
Adjust probability density: — Lepton SVT Track case
. N7 f ;';; T Y é 4000
[)({) — A\ (\(:. : X (_.T (\(_TE--; ) )F(YL) £
The bias cancels for B_ mixing! 2 ool
3
For semileptonic decays, correct for
missing momentum ° 0% 05 06 07 08 09 1 11
K-Factor
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Candidates per 8 MeV/c”

Candidates per 30 um

Combined t(B ) consistent w/ PDG (statistical errors only, work in progress)

N
o

N
o
N

10 1

BS Lifetime: Hadronic

Lifetime fit within narrow mass range (reject background)

CDF Run Il Preliminary ~ L=355pb"

|

— data

— fit
signal
satellites
background

BB sDxn
Ay AT

M‘ |

| | |
A T A
-L+ $H { Tjﬁ“l I+++++

5.4 5.6 5.8
K'(K' 1) K 1, mass [GeV/c?]

CDF Run Il Preliminary ~ L=355pb’

- data

— fit
signal
satellites

background
Ay = AT

0.4
proper time [cm)]

Mark Neubauer

Candidates per 8 MeV/c*

Candidates per 30 um

301

20

CDF Run Il Preliminary

10 1

CDF Run Il Preliminary L =355pb’

l - data
— fit
signal

satellites

background

T T Tz Mass [GeV/cz]

L=355pb’

| — data

— fit
signal
satellites

background

0.4
proper time [cm)]
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Candidates per 8 MeV/c?

Candidates per 30 um

N
o
N

N
o

10

(@]

CDF Run Il Preliminary L =355pb’

- data

— fit
signal
satellites

background

5.6 5.8
oK' K) w 37, mass [GeV/c]
L=355pb’

5.4

2CDF Run 1l Preliminary

- data

— fit
signal
satellites

background

04
proper time [cm]



B_ Mixing: PDL Resolution

MiXng .y Nael)2 (‘_\;;r Lo T et )2 N <
sensitivity: 0 — \/ =257 exp( 2 >\/ Na |i\-‘};

PDL resolution limiting factor at high Am_

o determined from high statistics 1 _Signal
: : 0.25] |
calibration data sample i — Sideband
0.2
S 165 N T4k
L | 60 0.15] | | I
e | |
3 1.55 0.1 | |T
1.50 T 1L
0.05] m
1:45 RS
1 40 O—es: Lea-0-e"®-gogogre-__|
0 0.002 0.004 0.006 0.008 0.01
1.35] \\\{. o, [um]
04 06 08 Mode < o(et) > [pum]
isolation of D ® (dR<0.7)
. Bs — Ds(3)m 30
Study dependence on sezveral variables: 5,5 y 50
1solat10n, vertex fit X -e * not include <k-factor> = 0.85
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B_Mixing: Systematics

A and o, are correlated systematics need to be evaluated with
many toy MC experiments for each Am value

Semileptonic Modes Hadronic Modes
y s 0.5
= =
o] Combined Syst. % B =
0.4 combined
0.2 o-sf— S
G, tails 0'2:_
c T i Scd
01 /g.ompt dil. _. res. shape
S § " ___Dtemplates
' rompt shape e
\ / e —
0 - : | -
------ T T " " - | T R I T T R L
0 10 20 0.1 0 10 20 30
Amg [PS_1] Ams: pPsS

» Measurements dominated by statistics
» With increase in statistics, leading systematics will go down
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Semileptonic Decay ID X

CDF Run Il Preliminary L =355ph’
—— dala
" — it
EEDDU ] [ ] &, signal
— background
2
o
&
ﬁ 1000 -
k=]
=
i) .
0 . . . .
194 196 1.98 2
B! = I"D, X mass [GeV/c’]

Lapton SVT Track

CDF Run Il Preliminary L =355pb’
600 —— data
— it
E
a2 B, signal
= S
5 400 =
a physics background
ﬂ — combinatarial
g combinatarial + fake
E 200
]
L]
L il
0.1 0.2 0.3
Bl = I'D, X proper decay-length [cm]

Lapton SVT Track

lepton in trigger

Mark Neubauer

CDF Run Il Preliminary L= 355ph’
—— data
"o 600 —
% [ ] B, signal
15_ background
E_ 4004
8
v}
=
T 200
= +
g " )
0 . . . :
1.94 196 1.98 2
Bl = I'D, X mass [GeV/c’]

Laepton Mo SVT Track

CDF Run Il Preliminary L =355pb’

—— data

— it
£ i
3. 200 |:| B, signal
=
=] — faka
g_ physics background
E — combinatarial
.g 1004 combinatanial + fake
5
c
o
L& ]

0.1 0.2 0.3

B! = I'D, X proper decay-length [cm]

Lepton Mo SVT Track

17,084 signal events

lepton not in trigger
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B® Mixing: Exclusive Decays

CDF Run Il Preliminary L=355pb’

Tagger performance -
99 5 P R 0.3 1 B' > Jiy K, B »T m
eD°=155+0.16 £ 0.05% 00 |
0.536 + 0.028 stz £ 0.006 (&ye) P~ e T
2 0.1
About results 021 » Data
see clear signal 03]  — Fitprojection
only opposite side tags 0 005 01 015 02
proper time [cm]
CDF Run Il Preliminary L~355pb’ CDF Run Il Preliminary L=355pb’
0.3 - B* > JwK,B D r 0.3 B 5 JwK® B 5D
0.2 ] B" 5»JwK® B »D 0.2 ]
> 0.14 +'+; . > 0.1] |+
E — E ] —
2 Tt g ] ﬂ-k |
< -0.1 + Data < -l].1-_
e — Fit projection Ao ]
0.2 B* contribution 0.2 ] » Data
03 | B® contribution 03 ] - Fit projection
0 005 01 015 02 o 0bs 01 015 02

proper time [cm)

Mark Neubauer
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B Flavor Tagging

Opposite Side Tagging:
e Jet-Charge-Tagging:

sign of the weighted average charge of opposite B-Jet
high efficiency & low dilution

e Soft-Lepton-Tagging:
identify soft lepton (e, ;) from semileptonic decay of
opposite B: b — [~ X (BR =~ 20%),
low efficiency but high dilution

e Kaon-Tagging:
due to b—c—s it is more likely that a B meson
contains a K~ than a K" in the final state

(not implemented at CDF)

b
Same Side Tagging: “ }Bﬁm

- . - sid
e B,/ 4 1s likely to be accompanied close by a K */x+ ) }K*m"

(ongoing effort but not used in current analysis) (
u

Mark Neubauer FNAL W&C Seminar / November 11, 2005

b




Same Side Tagging
%BG | ( s }B‘f

some of the possible species of particles produced in the fragmenta-

tion of a b quark to a B meson.
Mark Neubauer FNAL W&C Seminar / November 11, 2005



SSKT: Work in Progress

e [here is no straight forward way to measure the tagger dilution
on data unless we observe mixing

e But we have to know the dilution to set a limit

Have to rely on SSKT Monte Carlo predictions
Tuning is in progress!

| CDF Run |l Preliminary | ¥INDF = 20 84 | 15, Prob = 70.14 % | CDF Run Il Preliminary | ¢INDF = 20.93 | 22, Prob = 52.11 %
o g F
= L E - D il
gn - C Bs —¥ Ds T 5_ o - : Daﬁ‘.;
(=118 _— - E | - MC
§ C Data Lo o8 FZ7 MC Kaons
8 gaf —MC - ~|MC Pions
g r - 1171 MC Protons
s 0.06

15— . -
LG

- 0.04]
01—
0.05 —I_|:I+|: 0.02f

] e
. e Tt
L R B RN, ety
= o R N < . e ol
N '—"';I—.__’_" - T B e
0 & o SO R S
1 | 1 11 ! | 1 1 1 | 11 1 1 | 11 1

| I T L1 1 = 1R .1 411 B T S S N W |
] 1 2 3 4 5 ] 20 -15 -10 -5
p; (Tracks in A R = 0.7 cone) [GeV/c]
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Amplitude Scan Method

CDF Run |l Preliminary L~ 355 pb

- datat1c A 95% CLlimit 03 ps”

5 1 168450 sensitivity 2.0 ps”
data + 1.645 g (stat. only)
Amyxila

B° example scan

: ; % 1 - O
Winter 2005 analysis 2 A AR
E it H |
0 ﬂll'
" b4
e Introduce amplitude A -14 - @ O O @O @O OO OO OO OO
into the unbinned ML fit: 0 0.5 1 1.5 . [psz]
[~ 1+A-D-cos(Amst) d
2 e Sensitivity is smallest Am_

e Fit A for each Am_ hypothesis for which A + 1.645 c, =1

» Record A and ¢, at each Am_ + Exclude Am_@ 95% C.L.

 Signal < unit amplitude, for A+ 1.6456, <1

else A consistent with 0O
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