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Outline

* Motivations: AM, and the Unitarity Triangle
# Analysis details:
# Trigeer and reconstruction
# Lifetime measurements and biases
# Flavour tagging
* (Some) Statistical details and expected significance
* Results for AM,

* Interpretation and derived constraints

% Paper submitted to PRL: hep-ex/0606027



Why AM,

Observation of a quantum
phenomenon: flavour
oscillations via a AF = 2

Box diagram

AM
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Form factors and B-parameters from

Lattice calculations have high
uncertainty — V_,known only at ~15%

level

*The only relevant
diagram has b coupling
with top

*New (s)particles in the
loop..?




‘ UT and constraint from mixing

From lattice: =2

f’B 1
—4 4 = g2js better 08

f°B, y

calculated than single factors
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o C — + 0.047
E =1.210 -0.035
(M.Okamoto, hep-lat/0510113)

% Measuring AM_ /AM,
returns V,_/ V., with ~4% etror  1imit on AM
from theory
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UP TO WINTER “06:
'AMS = 16.6 pS'1 (LEP+SLD+Tevatron I and II)
*Expected value (UT fit, utfit.romal.infn.it) :
AM_ (SM) =215+ 2.6 ps !
AM, in [16.7, 26.9] @ 95% CL [
& LARGER AM, could indicate NP contrib’s ol it
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Want to measure...so, how?

opposite
side kaon

fragmentation
i kaon K*

# Final state:
# Reconstruct final states from both Semileptonic (high statistics, but missing
kinematics) and Hadronic (fully reconstructed, best ct resolution)

# Lifetime measurement
% Hadronic decay length measured with better resolution than Semileptonic

# Flavour tagging
% Tag the flavour of the mixing B candidate using both:
¥ correlation with fragmentation tracks AND
3% flavour of other b (incoherent b-b production)



Amplitude Scan

Introduce “Amplitude” in Likelihood
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@ Limit where A+1.6456, = 1
@Sensitivity: 1.645¢6, = 1




Measurement signiﬁcance

®* The expression of the statistical Significance of a mixing
measurement is given by:

lo,=q~—~€ Zv

Trigger-challenge
to collect S
suppressing B

Signal Experimental time resolution
(b-flavour at exponentially dilutes a
decay tagged) measurement

® Significance exponentially reduced at higher AM._ ...
\V

#...| V| >> | V4| = AM, ~40-AM,,

b



Final states selection and yields




Hadronic signals

*Fully reconstructed decays triggered on
L=1fb" at CDF only; requiring 2 tracks with

N(B,) = 3600 e d,> 120 um (c(B)=1.5ps)

P >55GeV/c

B~ D, 3)n* (D, — ¢m, p— K

BS—)DST[,DS—) CPTC 1570143 X F Runll L~1fb"
= \ —— data
Bs_)DsTc’ Ds_)K*OK- 857 i32 NU N .
= 600 F — it
B,— D n, D, — 3n 612 + 37 2 | B, > D, &'
% : satellites
B,— D 37, D, — ¢m 493 + 37 5 400 B combi bikg
w
Bs_)Ds3n’ Ds_)K*OK- 204 * 26 % . B° >Dn
= W Ay = AT
. ©
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% A——m—
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(Not used in this analysis)



‘ Semileptonic signals

B'— D OLVX (D — gm)

*Missing P, — No B, mass peak
*Use D, mass signals
*Using M(ID,) helps bkg rejection
*Charge correlation between ¢ and D
*Bkg also from Right Sign (~15%):
*D, + fake lepton from PV
B, ,to D.DX, D to ¢ vX
%ébackground

CDF Run I

L=1fb"

10000 4

5000+

Candidates per 1 MeV/c®

—— Data
— Fit
B,

- Combinatorial + False Lepton

Signal

1.96

108 2

~37000 semileptonic B, candidates

1.94
D mass [GeWcz]
CDF Run Il L=1fb"
o —— Data
5"3 3000+ — Fit
% B, Signal
(=} — Physics Background
E 20004 - Combinatorial + False Lepton
o
W
1))
ks
= 1000
c
©
QO
0
B, 1D, X lepton-D mass [GeV/c’]
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Lifettime measurement
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candidates per 30 um

Hadronic Lifetime Results

CDF Run Il L~1fb"
3
10 E —— data

— fit

B, — D, (3)

102? random bkg.
B B8 =D @3

A, — AL Q)T
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0.0 0.2 0.4
proper time [cm]

cT [pm
Mode (stat.[ P(L)n}y)
B'—>D n* 491.1 £5.1
B-—D' 452.1 £ 5.1
B.—D, (0T) © 461 + 12

*Detailed simulation to correct for
trigger bias
on the selection of the B decay length
*Syst. on trigger efficiency negligible
for mixing measurements

e World Average (HFAGO6)
ct(B™) = 491.1 + 3.3(stat) pm
ct(By) = 458.7 £ 2.7 um
B,—Flavour specific:

ct(B) =432 £ 20 ps

Excellent agreement !
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Ettect of proper time resolution

Amplitude of mixing asymmetry

diluted by a factor

CDF Run li

D, =e

_(AM -O't)2

2

L=1fb"

S
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probability per 5 um
©

B, — D; (3)n*

<0,>=25.9um

. period at AM_ = 18
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Hadronic-like

0 0002 0.004 0.006 0.008 0.01
proper time resolution [cm]

*Calibrated on large D data samples combined with
prompt tracks to mimic B’-like topologies

*Calibrate by fitting for lifetime of B°-like decays

Proper decay time resolution [ps]
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Flavour tagging




Combined tagging power
@ Opposite Side Taggers (OST) tag the other b-hadron in the event using

e and p from decay and jet charge
@ Combine OST exclusively

@ Calibrate Combined OST on samples of B" and B, (by measuring AM )
@ Add Same Side Kaon Tagger independentlyy:1 ion =

Efficiency

Muon

eID? Hadronic (%)

0.48 £ 0.06 (stat)

¢D? Semileptonic (%)

0.62 £ 0.03 (stat)

Electron

0.09 = 0.03 (stat)

0.10 £ 0.01 (stat)

JQ/SecVix

0.30 + 0.04 (stat)

0.27 £ 0.02 (stat)

JQ/Displ’d trk

0.46 = 0.05 (stat)

0.34 = 0.02 (stat)

JQ/High p;

0.14 £ 0.03 (stat)

0.11 = 0.01 (stat)

1.47 £ 0.10 (stat)

1.44 £ 0.04 (stat)

Total OST

3.5 £ 0.5 (syst)

4.0 £ 0.6 (syst)

1-2emistag rate




Main “boost” 1s from SSK'T

@ Exploits the charge correlation between the b flavour and the leading
product of b hadronization

@ Close to trigger B: large acceptance!

@ SS Kaon Tagging exploits PID over wide momentum range — use a combined
TOF+dE/dx likelihood ratio

@ Dilution depends on the fragmentation process — cannot calibrate using
B, and B"™ — Need to estimate D from MC

@ Extended MC-data comparison on quantities related to fragmentation
@Then test predictions on data for other species (B and B) and add
systematics on agreement accordingly for usage with B,

CDF Run I L =355pb’

| B — D &+

[] Pythia

| —e— Data
|

-
o
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e
w

entries per bin

K- K™
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o
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= PR =

C
C__

-20 -10 0 10 20
log(LH(PID)) 16



RESULTS




Amplitude Scan (hadronic+semileptonic)

Amplitude

CDF Run |l

L=1.0fb"

1 = datat 1o
l 1.645 ¢

1 M data+ 1.645¢

A 95% CLlimit 16.7 ps
O sensitivity ~ 25.8 ps”

data + 1.645 o (stat. only)

Alo, (17.3 ps?t) = 3.7

I B > I'D; X, B > D; n*, B) » D, n* n* 7

0

10

20

30
Am, [ps'1] y



‘ Sensitivity
@ CDF sensttivity compared to WA

@ Use the Likelthood Ratio:

Alog(L) = -log] L(A=1) / L(A=0)
to evaluate the probability p of null
experiment (bkg fluctuations)

ALEPH 1
(91-95, no D 1, adjusted)

ALEPH D1
(91-95)

ALEPH B_
(91-00F

DELPHI B +D_h
(92-95)

DELPHI D 1+l
(92-95)

DELPHI vix
(92-00)

DELPHI 1
(92-00)

OPALI
(91-95)

OPAL D1
(91-95)

SLD D
(96-98]

SLD dipole
(96-98)

Average for PDG 2006

Heavy Flavour

Averaging Group

CDF II1 fb!

" amplitude

| S S R

6 -4 -2 0 2

amplitude at Am_=15.0 ps

0.50 £ 0,79 £ 0.16
3.83+1.49£0.32
047 £ 115+ 0.47
0.45+3.58 + 1.93
1.25+1.37+ 031
-0.23 £3.04 £ 0.56
-0.96 + 1.35+ 0.71
-1.25+2.34+ 191
-3.63+3.05% 0%

1.03 £ 1.36 *_‘,:;',

0.44 + 1.00 * 03

<014 + 2,00 £ 0.51

0.48 + 0.43

(sensitivity)

(13.1 p.s'.'ll
(7.5ps™)
(0.4psh)
(3.2 p.‘;'ll
(8.6 ps™)
(6.9 ps™)
(9.1 ps;"!
(7.2 ps™h
(4.2ps™h
(33 ps'1l
(8.7 psh

(51psh)

(18.2 ps™)

-0.45 i.(zs 8 ps)

COFRunll . . _......_., 1fo”
2500

B |:| randomized tags

L - 4
20001 |:| expected for Am,=18 ps
1500}~
1000f~

L observed

500j value
of

o1 fb

This sensitivity reached with:

e Addition of SSKT

*Improved o fitting model
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‘ Significance of the peak

- Alog(L)

20 CDF Il
E — data
151 -~ mixing @From data
: “-- NO mixing —Alog(L)y = -6.75
10 @Randomize tags ~50k
E times on data and
5 calculate....

- @P-value = 0.2%
OF @ Significance > 30
; — assume that peak
5L U IS real mixing signal

.10_...||....||...r"....|....|....|....




Finally....AM.

CDF Run || 1fb’
=40 —— hadronic *Contribution of hadronic modes
o 7 — semileptonic :
i 15 combined essential due to better
. _

ct resolution at high AM_

6(AM.)/ AM, ~ 0.02
Am_in [17.01, 17.84] ps! at 90% CL
Am_ in [16.96, 17.91] ps! at 95% CL

*Systematics low and under control:
fooS 0% CL | dominated by uncertainty on the

—g '1“20 absolute scale of the decay-time
. (p5-1) measurement

AM _ =17.3173(stat) +0.07(syst) ps™
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‘ From AM, : information on UT

oA mps”])

10 15 20 25 30 35 40

AmgpsT]

Probability density

0.0005

Uit}

*Compatible with SM
within 1o
*From measurement and chosen inputs
(m(B0)/m(Bs) = 0.9830, AM, = 0.505 % 0.005 ps’!
from PDGO06 and
£=1210"%% . hep-lat 0510113)

we infer the value:
| Vil /| V| =0.208 *0-01 00y (exp) T4 446 (th)

*Constraint on Cg_:

Ty = AMSNP /AN SM = 1,01 +0.33
[0.33,2.04] @ 95% CL. (UTFit, utfit.romal.infn.it)
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Conclusions...
*CDF finds signature consistent with B, oscillations
*Probability of fluctuation from random tags is 0.2%
*Constraints to U'T:
o0 =0.193 + 0.029 (was 0.240 + 0.037)
n = 0.355 + 0.019 (was 0.333 £ 0.022) UTFiy

...and perspectives

*Inclusion of partially reconstructed decays
*Refinement of fully reconstructed mode selections to gain events

*New OS Kaon Tagger in place: eD?= 0.23 + 0.02 %

AM _ =17.31 7% (stat) +£0.07(syst) ps™
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