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Theoretical predictions for Am

In SM B%/Bs mix through box diagram:

5 £2 |2
Amg o mBqBquBq\thth
g=s,d
Most uncertainties cancel in ratio:

Ams _— mBS 52 |VtS|2
Amd de |th |2

with & =1.21 394!
(Okamoto, Lattice 2005)

+ measure 0= 0 find |'\\23'| to (013-4%

+ Amyg measured to high precision:
Amg = 0.507 + 0.005 ps™

+ Phys. Rev. Lett. 97, 062003 (2006):
Amg = 17.31 '35 + 0.07 ps™

+ Signif. of Amg measurement: 30
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A bit of history: a 20-year effort

1987
+ First evidence of B® mixing from UA1 C. Albajar et al., PLB 186, 247 (1987)

+ Argus observes BY mixing O UA1l result points to large Bs mixing
(m; > 50 GeV/c?) H. Albrecht et al., PLB 192, 245 (1987)

1989
+ CLEO confirms Argus result M. Artuso et al., PRL 62, 2233 (1989)

1990s

+ Inclusive measurements of B mixing from LEP establish Bs mixing

1993 D. Buskulic et al., PLB 313, 498 (1993)
+ First time dependent measurement of Amy from Aleph

+ First lower limit on Amg from Aleph: Amg > 12 [10~* eV/c?

1999 D. Buskulic et al., PLB 322, 441 (1994)
+ CDF Run | result on Amg: Amg > 5.8 ps™ F Abe et al., PRL 82, 3576 (1999)
2000s
+ DO first result on Amg: Amg > 5.0 ps™

+ CDF Run Il first result on Amg: Amg > 7.9 ps™
+ DO reports interval: Amg 0 [17,21] ps™ at 90% CL PRL 97, 021802 (2006)
+

CDF Run Il first measurement: Amg = 17.31533 + 0.07 ps™
PRL 97, 062003 (2006)
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Am¢ Search at CDF

1999
+ Run |: Ams > 5.8 ps7?, sensitivity: 5.1 ps™ F Abe etal., PRL 82, 3576 (1999)

Feb 2005

+ First Run Il: Amg > 7.9 ps™, sensitivity: 8.4 ps™
Oct 2005

+ Amg > 8.6 ps, sensitivity: 13.0 ps™*
Apr 2006

+ First measurement: Amg = 17.31*333 + 0.07 ps™, sensitivity: 25.8 ps™

PRL 97, 062003 (2006)

Significance not sufficient to claim DEFINITIVE observation!
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Understanding Single B2 Meson Candidate

opposite side | same side (vertexing)

opposite |
side lepton

N

— D meson

fragmentation

B jet

Collision Point
Creation of bE

Analyze B properties:

+ flavor at decay: from final state
+ proper decay length ct: in B rest frame
+ flavor at production: from flavor tagging
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Fourier analysis

Two domains for oscillation fit

Time domain:

+ fit for Amg in P(t) (1 £ D cos Amgt)

Frequency domain: amplitude scan

+

iIntroduce amplitude:

P(t) (1 = 4D cos Amgt)

fit 4 for different Ams and obtain
frequency spectrum

trueAms 0 2=1,else 2=0
traditionally used for B? mixing
search

easy to combine experiments

o
o))

o
w

amplitude

0.5

© O
\\l\\\\m

probability density
o
gL

0.4}

time domain analysis

— total
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Significance of observation

Statistical power of analysis:

1 S _amgog £D?2
o, VS+B £ S
Signal purity & statistics
+ Hadronic modes: Bs — Ds(3)1, Ds 1T, Dsp
+ Semileptonic modes: By — Dg/vX
Proper decay time resolution
+ Fully reconstructed modes provide better accuracy
Tagging power
+ Effective statistics scale with eD?

+ efficiency € = probability to have a tag
+ dilution D =1 -2 [, w: mistag probability
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CDF Il Detector — Critical components for Amg

Reconstruct Bg signal: low background, high statistics

+ Trigger system: displaced Track Trigger

+ Central Outer Tracker (COT): momentum resolution

+ Silicon tracker (SVX/ISL/LO0): vertex identification

+ Muon Chambers and Calorimeters: lepton identification

Proper decay time resolution:

+ LOO (mounted on beam pipe): 10-20% improvement in the
Impact parameter resolution of tracks

b-flavor tagging: separation of kaons versus pions

+ dE/dx information from the COT
+ Time-Of-Flight detector:

+ significantly improves Same Side Kaon Tagging
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B reconstruction



Golden hadronic sample

Fully reconstructed peak

CDF Run Il L=1fb"
+ 2000 Bs —» Dgmi",Dy — @m : — data
candidates New! o 4o — fit
Partially reconstructed signals é B, — D, Tk
+ = double signal yield S 300 Bs ~ D3P
: L B, — DJTt/K*
+ soft yor m° lost, fractionof pr & o
reconstructed [0 96% i - Boq -
© o flate ] -
+ nearly fully reconstructed, 2 ! ) WA - AT
. = . b - ¢
critical attribute for o g 100 ! B comb. bkg
Tf;\/y Iy '? . .
YA 5.2 5.4 5.6 5.8 ,
“ mass(@rm) [GeV/cT]
R A Why “golden mode™?
V/ + Few tracks (4), narrow @
! [1 Low comb. bkg; Great s/\/S + B
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Other fully hadronic modes

B Decay  Signal
Ds(@m)m 2000
Partially rec. 3100
Ds(K-K)r 1400
Ds(3m)m 700
Ds(m)3m 700
Ds(K'K)3m 600
Ds(3m)3m 200
Total 8700

Neural Network Selection

+ Improved background rej.
+ PID used for B® suppression
in Bs - Dg(KK)(3)m

2

=
o1

=
o

candidates per 8 MeV/c

o)

CDF Run Il Preliminary L =1.0 fot

| — data
o 1 fi
| B? _ D!(K'K) 3
Q comb. bkg.
| B° . D 3m
- N - N, 3m
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Semileptonic Decays

Introduced particle-id into selection

+ Reduce D™ reflection in K*K
+ Combinatorial background
dominated by pions

New trigger paths added
Signal yield 61,500 (was 37,000)

+ S/B improves 100% in
@1 and KK

Sensitivity driven by high /Dg mass
candidates

+ Exploited as fit input

CDF Run Il Preliminary L=1fb?
10000

- data

— fit

1 BL signal

— false lepton & physics
---- D" reflection

2

comb. bkg.

candidates Lpler 2 MeV/c
S
o

0 1 ! e f I | !
Bs — ID,(KK) X 1.95 2.00
D, mass [GeV/cz]
CDF Run Il Preliminary L=1fb?
- - data
No _ EB
34000 — [ B, signal
[0} — false lepton & physics
= - - D" reflection
o] comb. bkg.
™
—_ YRR 2,
() ‘ ¢
o
0
82000
©
=
©
c
]
o
0 = —'L L I I I 1 \.
B, — I Dg(K K) X 3 4 5

D,-lepton mass [GeV/cZ]
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Proper decay time

B 2006, Oxfo
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Proper Decay Time Reconstruction

Fully reconstructed decays:

Semileptonic & partially
reconstructed decays:

+ ot =LDMe [k
Xy pfD

/D LB
k = <LB%> from MC
PT Lxy
Model from well studied B*"°
semileptonic decays

Lifetime measurements consistent with PDG

CDF Run

[l Preliminary L=101"

=

o
N
\

candidates per 30 um
T T \\'WOT T T T T T 1717

- data
— fit
B_g - D /K
B_g — D;+TI/K-
BY - Dip
b _ DX
BE .o
N AT

comb. bkg.

+ :
@It -TT proper time [cm]
CDF Run Il Preliminary L=1fb?
L —— data
£2000+ — fit
C:j- . | B! signal
< — false lepton & physics
g comb. bkg.
n
4 1
51000
= ,
c
]
o

|

11111

B, - pDS(l(prI)lx1 101

0.2 0.3
proper decay length [cm]

Beauty 2006, Oxford UK, A.Belloni — 13



Proper Decay Time Resolution (1)

Critical aspect of the analysis, limiting factor at high Amq

CDF Run Il Preliminary

| . — Dmdata | Need reference for measuring
10" — fit resolution
: —f, .
E + PV natural choice
< 10°-
=~ Use prompt D" and track
= ]
b} | +
S . + large sample of prompt D
= + most tracks from PV
S + same topology as signal
10 4 + measure of ct resolution

| Parametrize o, with kinematic of

proper time [cm]

Calibrated on our data
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Proper Decay Time Resolution (lI)

CDF Run I
_ 0 Op f -
Oct = Ot L] ct L+ i allB? - DY Iv
P 10| e 2.0 < mg, < 3.1 GeV/c?
= [ e 4.3 <mp, < 4.5 GeVic? |
Fu”y FecC. BS — DS(3)7T % wown 4.9 <mMp <51 GeVic? |
S S ¥
+ o9 026 um (87 fs) = = i
< — S S
0 O
+ oolp < 1% s |
. [] . Y
Partially rec. Bg — D¢ T, Dgp: e e
e S 4

+ 0% 029 um (97 fs) 64 oe  om 10

_ Reconstructed, Bs
N Up/p . 2% CDF Run Il o Pr
Semileptonic Bs - DefX: 800 v aa s 48 o
+ 0% 030-70 um (100-230 fs) 2 ooof . 5 Efj,T',V'D‘S"fmDs'S*S-l‘ifX{;.
+ Op/p U3-20% R
% i Osc./ 18 ps™
Variation of k-factor with m(/D) & [ . .
. - - ) g 200}
significantly improves decay time g |usmiimssmniii
0 \ |

resolution in semileptonic S

Proper decay time [ps]
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Flavor tagging

B 2006, Oxfo
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b-Flavor Tagging — Opposite Side Tag

Soft Lepton tagger
+ ook for B - /X decays on OS
+ |epton charge indicates b-flavor
Mistag dueto b — ¢ — ¢"X and oscillation
Jet Charge tagger

+ look for jet or secondary vertex on OS
+ Jet charge indicates b-flavor

Opposite Side Kaon tagger NeW!

+ |ook for strange decays on OS

+ kaon charge indicates b-flavor

- !
Neural Network combines taggers New!

OST'’s perform identically in B g4 s:
calibrated in high statistics B*/B° data
eD? = 1.8% (+20% relative increase)
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b-Flavor Tagging — Same Side Tag

Most powerful tagger available
+ 2-3 times more effective than b

combined OST Cj LK™
Exploits charge correlation between b S
and fragmentation tracks b TS
+ BT,BO likely to have a ri*, T nearby . Lk
+ Bs likely to have a K- G
Neural Network separates kaons and pions RV
+ TOF and COT dE/dX crucially important . VCR"
+ Kinematic of candidate provide additional L,
separating power OST and SST
Unlike OST, SSKT is different for B®, B* and Bs combined
+ SST: need to rely on MC simulation Independently

+ Data and MC thoroughly compared ¢p2 = 359 (hadr.): +0%
eD? = 4.8% (semil.): +9%
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Osclillation analysis

B 2006, Oxfo
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Before looking at data

Estimate significance of oscillation signal
+ p-value: probability that background fluctuation produces observed effect

+ Estimate p-value using —Alog L = —log[L(: = 1)/L(4 = 0)]:
more powerful than 4/g,4

+ Probability of random tag fluctuation evaluated on data

+ No search windows

x10°
14— CDF Run Il Preliminary L=1.0fb"
12:—
101
8-
61
4i S50
2-
O: L \ P | | N e
20 15 -10 -5 0min - - -10 -5 0
A |Og(L) A|Og(L)mm
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The Data
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Amplitude Scans

Semileptonic
L=1fb"

Hadronic
, CDF Run Il Preliminary L=1.0fb" CDF Run Il Preliminary
) n
-g E - datax 1o A 95% CL limit 17.1 pS'1 4 _ < datatx1c A 95% CL limit 16.5 ps
%_ 1.5 16450 O sensitivity &) 7ps*t | ~ 16450 O sensitivity  19.4ps”
E 1_.data+16450 /\ ' | M datat1.6450
< B data + 1.645 o (stat. only) 2 - data + 1.645 g (stat. only)
0.5 o |
A/ ‘ S
0 ‘,) ________ Ii! i “ | 2 — o
| i Hi = :
- %) |¢ E
-0.5F <
_13_ )
15F
_2 3 1 1 1 1 | 1 - 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 - 1 | 1 1 1 1
0 5 10 15 20 25 30 35
-1
Am; [ps ]
alo, 12

4=1.28+0.22
Best (hadronic) and 2nd best sensitivity!
4 compatible with 1 for Amg 017.75 ps™!
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Combined Amplitude Scan

21
% | - datatlc A 95% CLlimit 17.2 ps”
51.5-: 1.6450 O sensitivity 1.3 ps*
g 1] M data+1.6450 4 o
< data + 1.645 o (stat. only) l*
0.5- J
0 ' j +r TW“W % i
: i
)
-1
1.5
2]

Am, [ps’]

A(Amg = 17.75 ps™) =1.21 +0.20
alo,(Amg = 17.75 ps™) = 6.05, but what is the p-value?
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Likelihood Profile

CDF Run Il Preliminary L=1.0fb"
o 30F
§ 25 E — combined
N®) [
Q 20 - — semileptonic
e — .
E’ 15 3 — hadronic
= 10E
s
= '
-5 i_
-10 -
-15 i— v minAL=-17.26
_20 IF 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 II
0 ) 10 15 20 25 30 35
-1
Am; [ps ]

How often can random tags produce a likelihood minimum this
deep?
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Likelihood Significance

x10° CDF Run Il Preliminary L=1.0fb"
14 —
12
10
8-
61
e 0 IS 50.
AL T e
. observed
21
O:.I....I...|I. i IR T T
20 -15  -10 5 0 - - -10 5 0
Alog(L) Alog(L)™
p-value = 8 [107° 28 trials with min AlogL < -17.26 / 3.5 [10° generated

Very small probability of being background fluctuation
[ We are in 5¢ land! []
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Ams Measurement

CDF Run Il Preliminary L=1.0fb"

—— combined
—— hadronic

- S)

Limits =
+ [17.56,17.96]ps™ @ 90% C.L.
+ [16.51,18.00]ps™ @ 95% C.L.

Consistent with SM
+ 18.3*%2 ps~t EPS2005  of

— semileptonic

Agrees with 15 measurement :
0.33 -1 -10

+ 17.31 %5375 £ 0.07 ps :
PRL 97, 062003 (2006) -

NS
i
| | | I | | | I | | 11 1 1 | | |

15 16 17 18 19 20
-1
Am, [ps]

Amg = 17.77 + 0.10(stat.) + 0.07(syst.) ps™
Systematic dominated by the ct scale, any other effect very small
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Asymmetry plot

CDF Run Il Preliminary L=1.0fb"

+ Osclillations folded modulo
2 T1AMg
+ Fitter view of data

=
T T T T T

Fitted 2 closely matches result of
amplitude scan

Fitted Amplitude
o

1
=
T T T T T

* Ly | L e | | | : | 2_ —— cosine with A=1.28
Z.05] Z.05] Covvv v b b b b b by
& : O 0.05 0.1 0.15 0.2 0.25 0.3 035
-1.5;) 0.05 01 015 .012 025 03 O.Bi -1.5;) 0.05 01 9.15 0.2 0.25 . Decay Tlme MOdUIO 2T|'/Ams [pS]
Amg = 16,21 ps? X2 =4.77
[ no oscillations! NDF = 5(3) - Prob = 44%(19%)

A=0: x° =305
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Measurement of CKM parameters

Ratio Amg/Amy closely related to parameters of CKM matrix:
Ams — MBg g2 |Vts|2
T A o f 2
My de |V'[d|
Ingredients with their contribution to the uncertainty:
+ Amg =0.507 £ 0.005 ps‘l: 1%  W.-M. Yao et al. 2006

+ Amg =17.77 £0.10 £ 0.07 ps™: <1% cDF 2006
+ mg /Mg, =0.98390: <0.1% cDF 2006
+ £=1.21 fgggg 3-4%  Okamoto, Lattice 2005

Use Amy/Amg ratio to infer:

Vial/[Vis| = 0.2060 + 0.0007(exp.) 39981 (th.)

ComparetoBelleb — dy:  [Vig|/|Vis| = 0.199 *3952(exp.) *oa1a(th.)
PRL 96, 221601 (2006)

Ratio is no longer limited by experimental measurements
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Summary

+ Historic observation of B? - B oscillations
+ Probability of random tag fluctuation 08 [(1078: > 54!

+ Most precise measurement of oscillation frequency:
Amg =17.77 + 0.10(stat.) + 0.07(syst.) ps!
+O'0081(th.)

Via[/[Vis| = 0.2060 £ 0.0007(exp.) Z50080

o 27
© ]
2 1.5-
g: ;a
L
< ] {‘
0.51 * 1
04 e i TRl 7 ”." o e 1]
] SO Tl T |l!|| [ |I|||. "
-0.51 ’Il
-1 /
-15]
D) ] A(Am=17.75)=1.21+ 0.20
O 5 10 15 20 25 30 35
Amg [ps'l]

Submitted to PRL! hep- ex/ 0609040
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Back Up
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Status of published results on Amg (as of Jan 06)

LEP + SLD + CDF Run |

ALEPH |
(91-95, no D, adjusted)

ALEPH D
(91-95)

ALEPH B
(91-00§
DELPHI B_+D.h
(52-95)

DELPHI D+

(9?-9?3)'

DELPHI vtx
(92-00)
DELPHI |
(92-00)

OPAL |
(91-95)

OPAL D
(91-95)

SLDD

(96-98§

SLD dipole
(96-98)

Average for PDG 2006

Heavy Flavour
Averaging Group

R RN RN R RN AR R
i~

et
e

i

|||||||||||||E’-T-é|||||||||

6 -4 -2 0 2 4
amplitudeat Am_=15.0 ps™*

amplitude

(sensitivity)

0.50+0.79+0.16 (13.1ps?)

3.83+149+0.32
-0.47+ 1.15 + 0.47
0.45+ 358+ 1.93
1.25+137+031
-0.23+ 3.04 + 0.56
-0.96+ 1.35+0.71
-1.25+2.34+191
-3.63+3.05" 9%

103+1.36° 03

044+1.00" %%

-0.14+2.00+0.51

0.48+0.43

(7.5ps™")
(04 ps'l)
(32 ps'l)
(8.6ps™)
(6.9 ps’l)
(9.1 ps'l)
(7.2ps")
(4.2 ps’l)
(33ps™)
(87 ps'l)

(5.1 ps'l)

(18.2 ps?

A(Amg =15 ps™!) =0.48 + 0.43
Sensitivity: 18.2 ps™

Amplitude

Amg > 14.4 ps~t 95% CL

2.5_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_

- Average for PDG 2006 ]

2 r + datatlc A 95% CL limit 14.4ps* i
- 16450 -© sensitivity ~ 18.2ps™

15 - mm dataz16450 -

[ ] dataz*1.6450c (stat only)

29
r 4
r i
&

0 25 5 75 10 125 15 175 20 225 25
-1
Ams(ps)

-1.5

Amplitude method: H-G. Moser, A. Roussaire,

NIM A384, 491 (1997)
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CKM Matrix

What is the origin of flavor symmetry breaking?
- quark mixing, CKM matrix

quark mass eigenstates b —u transitions B, oscillation
# weak interaction eigenstates \ /

d’ Vig Vus V) /d . Ve Vi

S/ — (Vcd VCS VCb 5 Vud Vub td Vitb

b’ Via Vi Vp b

Im
viovi=1 A
/ Vcd Vcb
CKM elements not predicted by SM B lifetimes
™ Re CPviolationin B 4

Goal: Measure sides/angles of CKM triangle in all possible ways
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B-Physics at Hadron Colliders

Large production rates

+ o(pp - bX,|y|<0.6) = 18ub
+ 103 higher than at Y(4S)

Heavy and excited B states currently

uniquely at Tevatron:

+ Bs,Bc,/\b,Eb,Bm, BSma
QCD background is 10° higher

than signal

+ Triggers are critical

Event signature polluted by
many fragmentation tracks

+ High precision vertex tracker
+ Dedicated reconstruction

algorithms

~60 Mb-q==-=-c-=—=-----

[EEN
e}

(ly|<0.6) for b-Hadrons (nb)

do

I
>
o

3
10

2
10

dp;

Total Inelastic Cross—Section

-+ 5000 x

pp—b+....

CDF: PRD 71, 032001 (2005)

Y49 jLnb

"“"*t Y )
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B Triggers

B decaysto J/y -~ u*u~ - Di-muon trigger
+ easy trigger
+ clean signature
Semileptonic B decays - lepton + displaced track trigger
+ large branching ratio
+ missing momentum (neutrino & neutrals)
Fully hadronic B decays — Two Track trigger
+ requires displaced track trigger
+ requires fast online tracking

:1_18000*P 2 GeVICi Xy < 35 Includes
% 16000;0- 47|J.m 33 Hm

;&14000; beamspot
Primay Vertex/B,p o
Q .2 Secondary Vertex =
\,\ 6000;

im act‘”»’ i D, I

parameter -600 -400 -200 0 ZSOO\/T4&O (EIOIE)n)
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Data

Y ear 2002 2003 2004 2005 2006
Monthl 4 7 10 1 4 7101 4 7 14 710
H/\ T T T T T T T T T m T T T T T B
bZOOO i y
£ ] _
g 1500 | / /-/
= ] :
S1250¢ .
- / / ]
—'1000 / / :
8 750! VAR
— [ /-‘ /

500 ¢ ./ .
] —~ Delivered
250 _ :,; To 1tape'5
0 == -

1000 1500 2000 2500 3000 3500 4000 4500

L(tape) 01.5fb™!
£(used in analysis) 01.0 fb™!

Store Number
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Bs sighal samples

Fully reconstructed modes: Bs — Dg(rtm)m, Ds — @m/K'K/3m
+ relatively small branching ratios
+ all daughters reconstructed
+ “Two Displaced Track Trigger” used to collect those events

Partially reconstructed modes: Bs — Ds7/Dsp, Ds — ¢t NEW!

+ almost completely reconstructed (soft track lost)
+ same trigger as fully reconstructed modes

Semileptonic modes: Bs — Dg/X,Ds — @riKK/3m
+ large branching ratios
+ missing momentum (neutrino & neutrals)

+ “Two Displaced Track Trigger” & “lepton + Displaced Track
Trigger” used to collect those events
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Performance of Neural Network selection

CDF Run Il Preliminary L=1.0fb"

RER 5

23000F  Neural Network - Cut Based

= : -

< 2500F

o :

2000

5] -

Q1500

7)) C

Q C

1000F

o C

S 500}

=

NO

L . C

23000E  Neural Network, but £ Cut Based, but
525001_ not Cut Based - not Neural Network

r2
Rer s
g O
o O
o O

[EN
a o
o O

o o o

Co by v by by v by Ty T v b b v b by

48 5 52 54 56 58 6 48 5 52 54 56 58 6
. 2 . 2

candidate mass [GeV/c']  candidate mass [GeV/c™]

candidates pe
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Opposite Side Taggers

Combined Tagger:
+ Soft Muon Tagger

Soft Electron Tagger

+
+ Jet Charge Tagger
+

Opposite Side Kaon Tagger

CDF Run Il Preliminary

0.25

0.2

measured dilution

o
w
T

0;||||||||||||||||||||||||||||||||

- combined OS tagger .

~ S=099001
[=96%

0 0.05 0.1 0.15 0.2 0.25 0.3
predicted dilution

Neural Network uses very well
understood OST taggers

Dilution is proportional to NN output

Combined tagger calibrated in our high
statistics ¢ + SVT samples

Overall scale factor measured on B%*
candidates to take care a possible
overall (small) shift

Improvement of 15% w.r.t. hierarchical
combination
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Proper Decay Time Resolution - g2 and gS¢™"

Critical aspect of the analysis, limiting factor at high Amq

0.15 |-
B, - D (3)1r B, - I Dy X
% 0.2 <0, > =25.9 um § <0,> = 44.6 ym
N L 0.1
© O
o o
2 2
2 =
0.1
g g 0.05
o o
0- — 0 ]
0 0.002 0.004 0.006 0.008 0.01 0 0.005 0.01 0.015 0.02
proper time resolution [cm] pseudo proper time resolution [cm]
Hadronic (fully rec.) Semileptonic

One oscillation at Amg = 18 ps™*: 0100 um
[1 can resolve 4 oscillations with hadronic resolution!
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Same Side Kaon Tagger ()

Input variables
+ CLL, AR, pr, p/®, p*®
+ Dboolean var. set true when all tag cands have same charge

NN Training

+ Signal: RS kaons
+ Background: WS kaons, pions and protons

Tag decision: charge of track with max NN output
Dilution parametrized as function of NN output
Improved performance in Monte Carlo

NEW
Sp=99.2+2.1%
SpvV<D?2>=30.2+0.7%
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Same Side Kaon Tagger (Il)

Systematic studies cover:

+

+ + + + + +

Fragmentation Model

bb Production Mechanisms

B content

Detector/PID resolution

Multiple interactions
PID content around B
Data/MC agreement

Small discrepancies covered

by systematics
CDF Run Il Preliminary L=1fb"

600 — Bs — D:.:,Tl+ D Pythia
i - Data
|
= i T
< 400 B
) i
o
(7))
@
£ 200 | ++
0 '*‘”‘T_':‘:'i L \ _Tﬁu: ..... o
20 -10 0 10 20

log(LH(PID))

TOF & dE/dx are used for particle identification
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Same Side Kaon Tagger (lIl)

Have to rely on Monte Carlo for prediction of SS(K)T performance
for Bg decays!

+ Extensive data/MC comparisons on all tagging related
guantities

+ Different tagging algorithms probe different aspects of the
fragmentation

Very good agreement in high statistics B* and B modes in all
checks!

CDF Run Il Preliminary L =355 pb™

B~ JWK' | + data e

= MC
B" o 50 T .
— syst.

B* D’ 3n e

B . JIPK™® —_—

B - D 3n I

5 10 15 20 25 30
max PID dilution D [%]
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Amplitude scan notations

+ + + + + +

amplitude error bars from unbinned likelihood fit

yellow: 1.6450 around data points defines 95% CL region
Am values where 4+ 1.6450 <1 are excluded at 95% CL
dashed line: 1.6450 as a function of Am

sensitivity: the Am where 1.6450 =1

on average, we expect to observe mixing within sensitivity

N
[y

Aver age for PDG 2006

]
— et
C + data+1c a4 95% CL limit 44p ]
: - 16450 -o- sensitivity ]

Amplitude
N

1.5 - mm data+1.6450
F [C] dataz* 1.645 o (stat only)

w

Beauty 2006, Oxford UK, A.Belloni —43



Crucial Test of the fitter: B4 Mixing

To set limits on Amg, knowledge of tagger performance is crucial

+ measure tagging dilution in kinematically similar B%/B* samples

(for OST)
Amy and Amg fits are very complex

+ combining several B flavor and several decay modes

+ combining several taggers

+ mass and lifetime templates for various backgrounds
Amy measurement Is very important to test the fitter

| Combined Opposite-Side Tagger

o
=

CDF measurement:

+ Amg =0.509 + 0.010 +0.016 ps™
World average:

+ Amg = 0.507 =+ 0.005

asymmetry

o
=

_0_2 _| | | |

i

_—

0.0

e data

u — fit projection

B° contribution
B* contribution

—o——eo—
— | —e—
—

0.1

0.2

0.3

0.4

decay time [cm]
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Amplitude vs. Amg

Amplitude

Amplitude

Amg [ps'l]

Am, [ps’]

Clear deep in 2 01 and Amg [017.75 ps™
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Systematic Uncertainties on 4

Hadronic Semileptonic
CDF Run Il Preliminary L=1.0 fb™
< ! g
~ : n<
0%0.25 : Hadronic Decays o
E : total 0.2
é 0.20 i \// total
3 0.15 s,
0.1
0.10 SSKT D
——_tag correl
0.05 _ >Q/xfprompt dil.
OOO_‘-...M...|....|....|. o — C?zr?g”s
0 10 20 30 40 0 10 20 30 40
Am, [ps ] Am [ps ]

Systematic uncertainties [10.15-0.20 at high Amg
Analysis limited by statistics
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Systematic Uncertainties on Amg

Source Value (ps™)
Silicon detector alignment 0.04
Track fit bias 0.05
Primary vertex bias 0.02
Hadronic k-factors 0.03
Amplitude scan systematic effects <0.01
Total 0.07

All relevant systematic uncertainties:

+ related to ct scale
+ common between hadronic and semileptonic samples
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Probability of Amg uncertainty

Positive Unc.
T'H(Q ‘ b
Prob: 37%
Y 102
(D) C
Q -
%)
c
(D]
=
T 10F
o C
>< -
L
: 1 | 1 1 1
0

Hadronic + Golden Negative Unc.

| | | | | | | | |
0.1 0.15 (2.2
Uncertainty on Am, [ps ]

—

Experiments per 4 fs

Hadronic + Golden

|
o
N
TTTT]

H
o
IIII|

Prob: 18%

1

0 | | |

| | | | | | | | |
0.05 0.1 0.15 (2.2
Uncertainty on Am, [ps ]
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