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= Decay channels selection
using Tier 1 and data
stored at CNAF

Casarsa (TS), Da Ronco, Pagan,
Delli Paoli, Lucchesi

= Event by event Primary
Vertex determination
Casarsa (TS), Da Ronco, Lucchesi

= B, lifetime measurement
in hadronic decays:
trigger efficiency
determination used in
mixing analysis
Da Ronco, PhD thesis



B. Mixing in The Standard Model
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B, Mixing in The Standard Model cont'd

From la‘rTice-C-QCD, big

GZm;nS(m/m?) - s :
Amq i S V] 67Z2t W mBq@’thth uncer"ran‘rlesu
|V.4| determined at 15%

In the ratio uncertainties cancels:

2
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Applying unitarity...

May 17, 2006



B. Mixing constraints the Standard Model

Winter 2006
Am>16.6 at 95% C.L.

5 =0.217+0.032
1= 0.344+0.021

DO results:
17<Am<21 90% C.L.

CDF effect in
about one hour...

May 17, 2006
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Measurement Principle in a Perfect World

t nomix mix

(" ar w
P(t) |, =--e (xcos(amt) A= TN _cogam)

nomix mi

B, >Bd® 2T N + N

Rather than fit for frequency

B, vs By oscillation perform a “fourier transform’

E 1-52 Am, = 0.5 ps,
El & Am5=14ps'1

1
< ¥ n

LN

off \ /’

Amg [ps]
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Road Map to Am, Measurement

Opposite fade |
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Same Side

1. Final state
reconstruction

2. High resolution on

proper decay length

measure efficiency € and dilution D: eD? gives the
“effective” number of events
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Detector for the measurement

Central Muon Central Calorimeter (EH)

Tr'lgger': Wall Calorimeter (H)
displaced tracks
(SVT)

Plug Calorimeter (E/MH)

Forward Mugn

Tagging Power:
TOF & dE/dX (COT)

Proper time
Resolution:

SVX Gnd LOO Forward Calorimeter (E) ..
j Luminosity Monitor \!
. Time of Flight
Padova project! entral Outer Tracker
Silicon Vertex Detector

Intermediate Silicon
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Adding all the realistic effects

Mixing Asymmetry — 1.5¢

~ 1.5 F
< . f A(t) = cos(Amt) 1.0F
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T -1 i - L - - :
1% 1 2 3 0 1 . 3
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Flavor tagging power Proper time resolution
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Road Map to Am, Measurement
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Tevatron Luminosity

“Data Taking Period 1” A
= ol e
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Trigger on displaced tracks: SVT

> Two tracks:

P+>2 GeV/c
120um«<|d|<1mm
minimum ¢ separation

iy / > precision tracking in SVX

Vertex
L
0’ :
&k 1000
* .
&
*
*
L 2
*
R : .
A : SO0
. .

. 600
‘..'. .'.

Primary '
Vertex 400

d = impact parameter

200
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B, Data sample

N
o
o

Signal B,—»D .t D, »>¢n

CDF Run Il Preliminary / L~1fb"

—— data

— fit

B, — D, n*

600

satellites

combi bkg
M B »Dn
Ay > A m

200

B - D x" U~
W i
B? [b - {?ﬁDﬁ_
=5 S “o
>
—
B.—»Dr R
D, —>on ¢—>KK o
D, »>KOK K™ —Kn g
Ds —3n Partially 3
[4y]
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D, »>K*OK
BO 5D«
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Hadronic B, yields summary

Decay channel Yield
B.—»D.t D, —>¢n 1570+43
B.—»D.t D, »KOK |857+32
B.—»D. D, —>3m 612+37
B.—»D3n D, >¢n |493+37
B.—»D.31 D, »KOK | 204+26
Total 3736+79

B+ ->D% ~ 26,000
BO D ~ 22,000
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candidates per 8 MeV/c

800-

CDF Run Il Preliminary L=1fb"

—— data
| — fit
B, — D; (3)n”
random bkg.
BB =D @)

mass [GeWcE]
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B — D_["v,

w L

'
o
‘I

Semileptonic samples

) .
B[’ ]D;
AY A

Decay S/B S
pDO 3.8 | 409,600 + 970
uDt 1.3 | 218,500 + 940
pD* > 50 | 53,900 + 230
Dy (¢m) 2.1 | 24,100 + 240
uD(K*°K~=) | 0.4 | 8,000 + 160
pDs(nta~x7) | 0.2 7,500 &+ 210
eD0 3.7 | 142,300 + 540
eDt 1.3 | 79,500 + 630
eD* > 50 | 21,000 + 150
eDg(dm) 2.1 | 8,200 + 130
eD(K*°K—) | 0.4 2.900 + 90
eDs(nn~n~) | 0.2 2.600 £ 130
May 17, 2006

B.—D.IX

D, —>on ¢—>KK
D, »>KOK K™ —Kn

D, —»3=n

2

Candidates per 1 MeV/c

B, — | O, X

CDF Run Il Preliminary L =

1fh

10000 -
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Diata

——

B, Signal

Combinatorial + False Lepton

104 1.06

1908 2

D mass [GEWEZ]

Dl ~ 53,000
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Road Map to Am, Measurement

Opposite Side

~jet charge - fragmentation

,,,,,, ) ;
particle: =, K...

Same Side

1. Final state
reconstruction

- soft
lepton

3. Tag B flavor at

production time

2. High resolution on

proper decay length
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B Lifetime measurement

Lifetime Measurement: hadronic and semileptonic B decays

Hadronic decays: well measured
/

=gl = P.(B)/M(B
y Brr By = Py )Q’Semilep’ronic decays: missing X

SVT trigger bias: need correction factor
- ! '
P(t) = et/*® R(t',t)-c(1) &
2.5, \ ] al
5 v 0471 — 4.9 <mpy <5.1 GeVic?
e 2 .. 43<m, <45 GeVic?
5., %, 037 . 29 <my 3.1 GeVic?
=] = '
o 3 0.2]
2
& o 0.1
0.5—: +
Uk e 04 06 0.8 10
proper decay length [cm] k-factor
May 17, 2006
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B Lifetime measurement

CDFIl Preliminary L=3EUpb-1

% i — Data
2 107 + Bg— Dgr |
£ = %M — Global fit
= - h Dg%' dm : :
B - ~ T Combinatorial .
_ 10°
B 0—KK |:| Signal
10 — T =
= N of B : 472+ 27 =
n 107
- a
ol
= ks
- - 10
L | | _E
0.05 0 005 01 015 02 025 03 035 3

ct(B,)=1.60+0.10(stat)+0.02(sys) ps

High precision measurement

to be donell

May 17, 2006
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CDF Run Il Preliminary

L=1fb"

— data
— it

random bko.

n

B. — O (3’

e -o3x
A, — AL (BN

0.2

0.4

proper time [cm]

ct(B,)=1.538+0.040(stat) ps
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Proper time resolution, o,

= Lifetime measurement not very sensitive
= In the Ams fit each event weighted by its resolution
= Dedicated calibration need

Prompt Charm + track sample

COF Run Il Preliminary period 3
prompt track trigger tracks | — D' dats

1o N — fit

candidates [ 20 um

#
. Dg vertex
.l"f 10 \

“‘B." vertex '[

P v -D'.l‘: - -{i1 - 'I]tﬂl' - 'ﬂlt“ll - 'CI.IE
=il proper time [-cm)

May 17, 2006
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Proper time resolution, o,

0
180

160

|.P resolution

without LOO
120 T'*i_* ‘/

140

o di (p m)

&
Blp— ©
o, .
60 I:lc'ﬂt-.:.cl Ll I ™ I'l"' g " iﬁ
40 a””““”Guﬁﬂaaannnuacaa;;'-** 313535 ﬁ
20
L I L L L 'l I '] L L il I L 'l L L I L L 'l L
i g a 4 i
pT (MeV|

LayerQQ is a layer of silicon placed directly on beam pipe
Additional impact parameter resolution, radiation hardness

May 17, 2006
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Road Map to Am, Measurement
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Flavor tagger calibration: OST

Nright-Nwrong
Nright+Nwrong

Opposite Side Tagger (OST):
Use data to calibrate the tagger and to evaluate D
Fit semileptonic and hadronic By sample to measure: D, Amg

= 2 Pf‘lghT_l

Dilution D=

oy COF Run Il Preliminary L =355 pb”
Hadr‘onlc. 0.3 4 . Soft Lepton Taggers
Am, = 0.535:0.028(stat)+0.006(sys) pst oz -W‘HHH;
Semileptonic: § ”'; : T~
Amg= 0.509+0.010(stat):0.016(sys) pstz ,,| . ..
W.A.: 2] it
0.3 B* contribution BoeaepDX
Amgy = 0.506+0.005 ps_l 005 01 015 02
May 17, 2006 proper decayiengih e
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Flavor Tagger calibration: SSTK

: }B BO/B: likely to have n nearby
‘3" BYlikely to have K
. Use TOF and dE/dX to separate
- pion from kaon
R .~ Tune Monte Carlo fo reproduce
—s b BO,B- distributions then apply to B,
CDF Run Il Preliminary L = 355 pb
Y }E R s o
L . g =D’ m o ——
nd } K'K” 8 =0 —_—
u d P
B=Dnx —_—
=D& et
May 17, 2006 5 10 15 20 25 30

max PID dilution D [%] 24



Flavor Tagger performances

eD?2 Hadronic (%) eD? Semileptonic (%)

Muon 0.48 = 0.06 (stat) 0.62+ 0.03 (stat)
Electron 0.09 £ 0.03 (stat) 0.10 = 0.01 (stat)
JQ/Vertex 0.30 & 0.04 (stat) 0.27 = 0.02 (stat)
JQ/Prob. 0.46 = 0.05 (stat) 0.34 £ 0.02 (stat)
JQ/High p+ 0.14 = 0.03 (stat) 0.11 £ 0.01 (stat)
Total OST 1.47 + 0.10 (stat) 1.44 + 0.04 (stat)
SSKT 3.42 + 0.49 (syst) 4.00 £ 0.56 (syst)

Exclusive combination of tags in OST
SSTK-OST combination assumes independent tagging
information

May 17, 2006
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Amplitude Scan

t

b =
A is intfroduced: P(t) , =—-—¢ (1+xAcos(Am,t))

Bq —)qu 22-

= A=1 when Amsmeasured - Ams‘rrue

= Points: B® mixing in hadronic decay
A+c(A) from Likelihood CDF Run Il Preliminary L~355pb”
fit for different am -y oo oo

L Ai1645G(A) ]  data+ 1.645 6 (stat. only)

* Am where A+1.645c(Ax1 &' =
excluded at 95% C.L. ELG_:'+ a M s i A il

= Dashed line: =t T A R mgni' |||| il
1.6456(A) vs Am Y |

= Measured sensitivity: L - - 4
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Choice of Procedure

Amplitude scan helpful to set Am limit and combine results
How does an evidence of a signal look like?

What procedure if aiming at measurement?

These questions must be asked before performing the
Analysis! Otherwise lack of coverage is the punishment!

Before un-blinding:
p-value: probability that observed effect is due background
fluctuation.

p-value<17%?
\m)’
set 95% C.L. based
on Amplitude Scan

yes

make double sided
confidence interval from

A(In(L)), measure Am,

May 17, 2006
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p-value Estimation

CDF Bun [l Preliminary

2500

2000

significance

1500/
1000/

500/—

III|I|I 'l‘

10 lcjz(L;,;gx 0 2 e s e T e
J Alog(L)™

A(In(L))= In[L(A=1)/ InL(A=0)]

Probability of random tag fluctuation estimated on data
(randomized tags) and checked with toy Monte Carlo

May 17, 2006

| N N N N I N I | I|
0 2 4 6 8
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Systematic Uncertanties in Amplitude Scan

Hadronic Semileptonic
0.45- "
] —— Total F< ]
0.4] — Non-Gaus o, . total
e Cabibbo D at
] ConSST ]
s + {
03_: gﬂST SST Corr 0.15
025f — AL/T - _——As
] 1 o
0.2 0.1
0.15 P :
0.1 f 0051 Ll
] 'a’:,,«' f_;;—u-?—?é fpr.nm:ut N
O~05': — - ->Z_____————-’ O tails
] ___.- ‘—‘—“\_"‘-M [ e I e el
0 SN (Ve ans ma-ana o 0 10 20 30 40
A m [ps ] am, [ps']

Related to absolute value of A important when setting a limit
Cancel out in A/c,
Very small compared to statistical error

May 17, 2006
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Amplitude Scan: Semileptonic decays

CDF Run Il Preliminary L=1fb"
| - datat1c a 95% CLIlimit 159 ps’
91 .. 16450 O sensitivity  17.3 ps’’
| M datat 16456
data + 1.645 ¢ (stat. only)

o il
= HRITTTHATRTH D i
£ 11 LTI ..II"““E l neldl
a
- I
<L

May 17, 2006
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Amplitude Scan: Hadronic decays

CDF Run Il Preliminary L=1.0fb"
% ] = datat 1o & 95% CL limit 18.7 ps'1
= 16450 O sensitivity  25.0ps’
o
E 2 B datat 1645
<L ] | data+ 1,645 o (stat. only) M
+I||| m !
+H++ . I
0 P N ++ +W%Mﬂ#—tﬂwww+"+| |||| i
2
1 B, — D,/ Dnnn
o 10 20 30
Am, [ps’]
May 17, 2006
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Amplitude Scan: Combined

CDF Run Il Preliminary L=1.0fb"
@
'g | = datat 1o A 95% CLIimit 16.7 ps™
= itivi -1
= 9 16450 sensitivity  25.3 ps
E | Wdatat 16456
=

data + 1.645 o (stat. only)

Sensitivity - piia
better waﬁ f.
than the W.A. v

A QLI L _
|l -2
Sl . Alc, (17.25 ps) = 3.5
o 10 20 30
How significant is this result? Am, [ps 1]
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Combined Amplitude Scan: an other view

CDF RUN Il Preliminary 1fh

amplitude A
1 T s T =S
-A log(L)

—

(% T N T

May 17, 2006
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How often random

tags produce a
likelihood

deep this dip?

May 17, 2006

Likelihood Profile

20
i — data
15 -== mixing
: h -== NO Mixing
100 -,
B )
5 \ML
of w&,&&%
A R
S
_1D_IIIIIIIIIlIIIIJIIIIlIIII|IIIIIIIII|IIII|IIII|IIII
0 5 10 15 20 25 30 35 40 45 50

Am, (ps’)
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Likelihood significance

= Find maximum A(In(L.)) in data
randomizing 50,000 times tags
= In 228 experiments found
A(In(L))>6.06
Probability of fake,
p-value=0.5%

U

Measure Am, Il

significance

May 17, 2006
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Systematic Uncertanties on Am,

Syst. Unc | Fit Model: negligible

SVX Alignment 0.04 ps

Track Fit Bi 0.05 ps- il
rack Fit blas ps Relevant only lifetime scale

PV bias from tagging 0.02 ps

All Other Sys < 0.01ps™

Total 0.07 ps

May 17, 2006
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Measurement of Am,

50 CDF Run Il 1 fb”
Q B —— hadronic
(=2 semileptonic
2 15[ — combined

Am,=17.337357 + 0.07 ps-!

17.00 < Am,<17.91 pstat 90% CL. 16.94 < Am,<17.97 pstat 95% C.L.

May 17, 2006
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|V;4l/1V,| Determination

3
Am_ . my, v
A 8

IS

2
= E .
Am, m vV

Bd td

Used as inputs:
mBs/de = 0.9830 PDG 2006

ge = 1-2103';57 (M. Okamoto, hep-lat/0510113)
Am, = 0.507+0.005 PDG 2006

IV.4l/|V,s|=0.208 ‘5cor (stat.+syst.)

Latest Belle result b—sy (hep-ex/050679):

[Vial/1Vis| = 0.199 "6z (stat) “gors (syst)

May 17, 2006
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DO Analysis

A
rigger: single muon p,>2 GeV/c Ni. = 26,710 + 556(stat)

Decay channel:

~ —
B.—>1*D.-X Esoon:— D@ Runll 4 1fb
D, —¢n and ¢—>KK- et S )
o
Cuts selected maximize Shuue
B 5
S/S+B €
2 2000 [ \
L - I
= (WD b,
01518 20
N{mn [GeV]

May 17, 2006
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DO Analysis

N = 5601 + 102 (stat) Opposite Side Tagging:

P -lepton (e!e_cfr'onlor muon)
QY =2 ¢'pp/ 2 Py

- Secondary Vertex

QH‘U’zz ffp Hlf/z p.} Hn

O
Q
A
c
>

1200
(b)

BDU;
3 - Event Charge
. (v = Zf *-'IPIPE";! Zr’ P%’
4001
C | D wD, | % Tags combined:
U: | | N ) _1—: _ k f,h[lzj
18 19 20 M= 10 T Wpey)
MKK] [CeV] d>0 b tag
d<0 b tag

May 17, 2006



DO Procedure

pffo”m'cff. K, diag) =

ﬁ w L)1 D(drag) cos(Am, - K1/c))/2
CTRO CTRO

Correction factor due to missing neutrino

Several effects taken into account:
Resolution scale factor for detector mismodeling
Reconstruction efficiency as function of decay length
Physical and combinatorial background contributions

May 17, 2006
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DO Results

—Alog(L)
(= 2]

P D@ Runll, 1fb

N
1T T T
*+

-~ (two-sided) X%
. e

*

0 PR I . O M i A N I O

10 4 18 22 26 §10

!

“favored value” = 19 ps-!

17<Am<21 ps! at the 90% C.L.

May 17, 2006

Amplitude

4L +95% CLlimit: 14.3ps”

B ldataim D@ Run |

- [__Jdata+1.645 ; (stat.)
- [data + 1.645 5 (stat. ® syst.)

- --=-- Expected limit: 14.‘lps'1
R - 5 - T

L1 L O R A N A
0 5 10 15 20 25
Am, [ps”]

Am=~19 pst:
A/cA=25 and A-1/cA=1.6

Sensitivity = 14.1ps-!
Am>14.8 at the 90% C.L.



Unitarity Triangle fit with Am,

Lower limit on Am,

Old: - Upper limit on Am, /
5 = 0.217+0.032 Bl m‘
n=0.344+0.021 ]
0.5:_
New:
p=0193:0029| ' g Y
m= 0.355+0.019 1:—
0.5 ‘. | Am, /
: A<
0: K F_: \//
May 17, 2006 -1 0.5 0 0.5 1 >
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New Physics Limit UTfit

Model independent approach |AF|=2 Hamiltonian

ot
[=]
[=]
-
|

0.0005—

Probability density

Cps = AMSMNP / Am SM =101 + 0.33
[0.33,2.04] @ 95% C.L.

May 17, 2006
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» CDF has an experimental signature for B.-B, oscillations

Conclusions

» Probability of random fluctuation is 0.5%

First direct measurement of:

May 17, 2006

Am,=17.33955 + 0.07 ps-t
IV.4l/|V.1=0.208 5cor (stat.+syst.)
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BACKUP
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The Accelerator

eV

Main InjedeF
& Recycler
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Detectors

Forward Mini-d rift
chambers

Central Scintillator

Forward Scintillator

LI I LA LTS LA L LR L

gt LR AR PPy LU WL § PR RL N NEATPLL SO

NORTH w M L SOUTH
-l Y | AN [
5 7

L]
aa

:I-'"-E.:;r.
. *Upgraded muon coverage

¢ » New Tracking System

i
ml] o

R
YRR
i W

4

Y
- o

(kLS

-5

==« New Silicon Micro-vertex
' * New Solenoid

New Solenoid, Tracking System

- New Pre-showers

Si, S¢iFi Preshowers

May 17, 2006
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Detectors

Silico

Central Calorimeter (EH)

Time of Flight
entral Quter Tracker

n Vertex Detector

Intermediate Silicon
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Introduction

Made Possible By the CDF Detector

Irigger

— high bandwidth & tremendous flexibility

— K_FIT.:m{l SVT | | Designed
Exquisite charged particle tracking by Padova

— excellent pattern recognition & mass resolution (COT, solenoic

. . Iy . 4 group

— precise production & decay point reconstruction @ VX) d
Particle identification an

— Time of Flight (TOF) and dE/dx in COT detectors
Extremely dedicated collaborators for operations tests done

— a lot of sleepless nights for analysis but many more for operations In PGdOVG

— many of the analvzers spent sleepless nights working on critical
detector components too.

May 17, 2006
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Flavor tagger calibration

May 17, 2006

Reconstructed
decay

Fragmentation

”O/O\Q\/)’e pr.oduc‘r \
ﬁo \\ /d
6"/}‘ \\ e~
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Parametrizing tag decision

-

i from b decay  Opposite Side Taggers calibrated in our

[ COF Run I Preliminary |

7 % ,ff very high statistics ¢ + SVT samples
g <0 Isolated tracks | Dependence on several variables used
g - -1 to increase the tagging power
201 .
0 i \ Overall scale factor measured on B%*
, \ f q candidates to take care a possible
Hirom ¢ decay overall (small) shift
P (Gevie’)

Similar  performace of semileptonic
hadronic modes
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Calibrating SSTK

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= 355ph

130 | ] Pythia
c I
5 I
100 - ﬁ
N
5 s=of i
S R
o e
=20 -10 0 10 20
log{LH{PID))

Select the most likely kaon track (PID *) as tagging track
SS(K)T performance estimated from MC:
eD?(Bs — Ds(om)m) = 4.0795% (1rst period of the data)

") TOF & dE/dx are used for particle identification
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Calibrating SSTK

KMonte Corlo
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= (ata 1
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:l—
syt
_‘.’|__
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Tune MC to reproduce B%:dilution and then measure it

for SSTK
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Amplitude scan semileptonic

CDF Run Il Preliminary L ~ 355 pb" CDF Run Il Preliminary L =230 pb’
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Amplitude
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Amplitude scan hadronic
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_ .. Sequence of CDF Run II Results on B, Mixing

* Istresult March 2005 — presented at Moriond QCD
— hadronic modes from two-track trigger
— semileptonic modes from lepton + SVT trigger
— opposite-side flavor tags: muons, electrons, jet-charge
— combined sensitivity Am_ > 8.4 ps!
* 1" update: October 2005 — presented at PANIC 2005

— substantial increase in semileptonic signal from TTT
— several analysis improvements, e.g.,

* neural net based jet-charge opposite side flavor tag

* improved opposite side flavor tag calibration

* improved boost resolution on semileptonic decays

— combined sensitivity A m_ > 13.0 ps’!
These results based on 360 pb-1 (0d data)
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