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The New Machine
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Totol Luminosity (pb™")

+ Peak luminosity

- Best 5.2x103!

- Delivered/on tape
- 330/260 pb-!

+ ~ 200 pb! available for
analysis now
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The Detector Forward
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Trigger

Raw
Data

\/

L1
Trigger

L2
Trigger

L3
Trigger

Overview

Crossing rate:1.7 MHz
Inelastic Cross

Section: 56mb Level 1 synchronous streams:

Calorimeter
CCC' Rate 40 KHz (400 mb) . o tpemely Fast Tracker
atency 5.5 ps

Pipeline: 42 clock cycles Muons

Acc. Rate 300 Hz (3 mb) Level 2 asynchronous systems:
Latency 20 ps
Buffer: 4 events s Vv T

L3 Acceptance Rate

75 Hz (750 nb) Level 3:

Offline-like

Average size
60 Kbytes/event
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New displaced tracks trigger

Tracks coming from wedges

B decays are displaced
respect to
primary vertex

SVX

hits

Secondary
Vertex B

1 20 ps |

Primary / i
Vertex / do ] (DO '

d = impact parameter / P‘I’

Good as offline (35 um including beam spot)
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The charm physics at CDF

di-muons trigger
With SVT:

CDF Run Il Preliminary .
T large samples of:

107
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The charm: D Cross Sections

Direct fraction from impact parametercye gun i protiminary
CDF Run Il Preliminary 5.3pb" D' Data/Theory Cross Section

k)
DK 1,=86.6:0.4+3.5% ¥
£10° p;25.5GeVic 2
° L
sz . hy 15 : |
8 i B p® Ty W
E 10 i [
os [
1 1 1 1 L 1 1 1 1 1 -
-0.04 -0.02 0 0.02 0.04 [y 1 P B S S
D" Impact Parameter [cm] 8 15 N 20
p,D7) [GeVic]

(DO, pr > 5.66eV) = 13.3+0.2+1.5 ub
(D™, pr> 66GeV) = 5.2+0.1+0.8 ub
(D, pr> 66GeV) =4.3+0.1:0.7 ub
(D%, pr > 86eV) = 0.75+0.05+0.22 ub
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CP Violation: Cabibbo suppressed D Decays

CP asymmetries for D°—KK and D°— nn
Tag the flavor with D*: D**—D%r* while D*—D%

CDF Runll Preliminary 65+4 pb™! CDF Runll Preliminary 65+4 pb™

D D n—[anln No = 3697+ 69

1000 D =Dt [KK]® = 2000
F Npo = 8320+ 140

es/2.5MeVic?

Entri

N

=]

=]
T

i | 1 1 | ke L 1 | ) !
175 1.8 1.85 1.9 1.95 976 478 1.8 182 184 186 188 1.0 192
KK Mass [GeV/c’] nw Mass [Gevic']

[(DO—KK)/T(D%—Kmn) = (9.38+0.18+0.10) %
[(DO—nn)/T(D%—Kn) = (3.686+0.076+0.036)%
A(DO—KK) = (2.0 £1.7+0.6)% A(D%—nn) = (3.0 +1.9+0.6)%
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Hunting for new states: X(3872)

Belle observes a new state Y s
. Mass: 3685.63 + 0.08 (stat) MeV/c®

B 5>XK—>JT/y m'Kfinal state 2 .| |5 ommum:

of narrow width. e Wovi?

Tevatron: this state produced
directly, or via B decays.

CDF observes this state at the 0

Number of Candidates/ 5 MeVic

2000

oo’
1000

o (Fixed): 4.3 MeV/c™

same mass.
Belle reports that M(n )

distribution suggests a p
resonance.

CDF sees a preference for
M(r ) > 500MeV = needs to

be finalized!

Number of Candidates/ 5 MeV/c 2

1000

500

3.65 37 3.75 3.8 3.85 3.9 3.95 4

Run Il -— CDF Preliminary

Mass of J/yn"n Candidates [GeV/c 2]

~220 pb”’

1 3678+ 98 y(2)

Mass® 368567 + 0,08 (stat)_MeVic”
0:3.41 +0,00 (stat) MeVrc

M( ) > 500 MeVic *

704 £ 67 Candidates |
Mass: 3871.4 & 0.7 (stat) MeVW/c™
o (Fixed): 43 Mevic™

3.65 37 3.78 38 385 39 395 4
Mass of J/ wn'n Candidates [GeV/c 7‘]
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What is X(3872)?

Two leading candidates:

1. A c-cbar state = like the 1 3D, state
M(X)= 3872 MeV/c2 vs. M(13D,)= 3810 MeV/2

2. D*D "molecule” (suggested by Belle) @9 4.0
= M(D9) + M(D%) = 3871.2 £ 1.0 MeV
= Xy hotyet observed (large signal if 3D,) @
=  X—J/y p forbidden for 3D, state

Additional measurements to pin down the quantum numbers:
o Helicity angles

o M__ distribution (resonance structure)
October 28, 2003 Donatella Lucchesi 1



Mass Measurements

Test of Heavy Quark Effective Theory (HQET)
= radiative corrections in expansions o (m,)
(perturbation theory)
= non-perturbative corrections with an expansion in
powers of Agep/my,

o Competitive measurements for B° and B+
M(B®) = 5280.30+0.92+0.96 MeV
M(B:) = 5279.32+0.68+0.94 MeV
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Events/5 MeVic *

Mass Measurements

o World best measurements for B,and A,
M(B,) = 5365.50+1.29+0.94 MeV
M(A,) = 5620.4+1.6£1.2 MeV

5 CDF Bun II Preliminary 80 phi’ CDF Run Il Preliminary 70 pbs'

g =71818. 16]- =
o B~ Jyo N(Bs)=71.8+8.2 o Ag— Iy A N(A,)= 38+ 7
af 12/

10

Events/6 MeV/c 2

G- -
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8

B

J:

2

0
DR L 53 54 55 56 57 58 59
Ab candidate mass [GeV/c™1
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Lifetimes: Data -Theory

e
(B )/(BY) H 1.073+0.014
1(BY/(BY) H 0.949+0.038

0.798+0.052
(b baryon) H 0.784+0.034
LGy I Enininfininn,
0.7 0.8 0.9 1 1.1 1.2
B Lifetime
Working Group lifetimeratio

July 2002

To explain the large experimental differences hard
spectator effects necessary, soft interactions
contributes < 2%
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Lifetimes: the method
Check the B+ and B lifetimes against Babar/Belle

2

CDF Run Il Preliminary L ~138 pb'1
SafC 0 4 BREZ | Fit Method:
= = . o
P Simultaneous fit of
& L-M(B)—signal fraction, define sidebands
5 ct(B)-lifetime
o
E ,CDF Run Il Preliminary L~138 pb'1
F EE B S uy K
ok I | 3 F —Jy —+data
520 525 530 535 54 8 r t(s )
didat GeV/ 03
Signal Contributighi e ™= V'’ g °t(B'f )
1 o L ot (Bkgs,
F., =—exp| — |®Glt,s0. e
% 7B p[CTj ( 1) .g 101; lct (Bkg,)
S 5 F
Background Parameterisation e I
S () Gl0E
[ = +Lexp[ j f+ f. exp( _tj ®G(t,s0,) 4 i
Gl @ 7 ct, E N\
f++ = - -0. . A . : h
cr eXp(crH] ct, cm
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2

candidates per 10 MeVic

New results: B Lifetimes

0
60
s0f

af

CDF Run Il Preliminary L~138 pb 1|:',CDF Run Il Preliminary L~138 pb'1
E B, - Jly ¢ 120435l S [ Byodlyg data
80 candidates e I
5 5 ct (Sig)
2
:-10 = ct (Bkg)
7]
b l‘:t (Bkg,)
3
RS
]
3]

30k
2

10,

1 =1.33 £0.14(staf) £0.02(sys7) ps

October 28, 2003

‘ 5.‘4 — 5.|5
candidate mass, GeVic?

(uncorrected for CP composition)

Donatella Lucchesi

16



2

Events/10MeVic

New results: A, Lifetimes

CDF Run Il Prelirninary, L = 651){7'1
T T T

60 [~ A, — Ty A —

F 46+ 9 signal candidates

T
Unbinned Iikelihood Fit To A, Fifetime
cT=374+7 8(stat) X2 (syst)un

—— signal region fit

—— background fit

. T,

' AB tlnasls sildebantli

o 1 1 1 »
5.40 5.50 5.60 5.70 107
Ap Candidate Mass (GeV/c’) F
10"
s L
1.25 +0.26 + 0.10 ps = «|
0" _—
E
-1000
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Semileptonic Ln‘ehmes

CDF Run Il Preliminary 709[) Eﬂ]:—
‘120? ‘: E
! . . L
Goof  BIowvD] + Signal to noise suf
Zoof Yield: 309427 ratio better ¢
50:

t Y
oL 1 1 1

1
180 1.85 1.90 1.95 2.00 2, 05
M(om) Gevic®

CDF Run IT Prellmmury 70pb-!

Slgnaldls‘trlbu @
Bo — uvDL

Fit
Signal
Background

2 c:r(B)(mi’f\)

October 28, 2003

_L, _
By

k- factor from Monte Carlo

One more complication: lifetime bias

from SVT

Fit results show discrepancy with
PDG world average

than expected !

1+SVT
dE/dx + ToF

P, (D)

Donatella Lucchesi

v v b e b Ly
215 22 226 2.3 235 24 245

L, m(B)

pH.x mass (GeV)
_kUD)
£.(B)

b
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Lifetimes Summary

CDF World average
B* | 1.63 £+ 0.05 + 0.04 ps 1.671 £ 0.018 ps
B% | 1.51 + 0.06 + 0.02 ps | 1.542 + 0.016 ps
B0, | 1.33+0.14+0.02ps | 1.461 £ 0.057 ps
N, | 1.256 £0.26 + 0.10 ps | 1.233 + 0.077 ps

Lepton + displaced SVT measurement in progress high
statistics sample

Measurements of polarization states in BY, decay and of
AT/T, - in progress

Future 2 fbl: o(Al'/T)~few % (Ba>J /vy, Ba>Dgr, B.>DIv )

October 28, 2003 Donatella Lucchesi 19



Standard Model: global fit

. | Results:
Ay p= 0.162 + 0.046
Amd Am_ ﬁ: 0.347 +0.029

-0.026

n

sin2p3 = 0.705 + 0.035
sin2o. = -0.13"348

L ./v. TN, - 64573

-1 -0.5 o 0.5 1

; P
Test of the CP violation within the Standard Model:
sin2p = 0.658+0.054 (CKM fit excluding sin2 and &)
sin2p = 0.734+0.055 (direct measurement)

Ams predictions:
= 20935 ps’

October 28, 2003 Donatella Lucchesi 20



The Unitarity Triangle

B—nrn (Babar/Belle/CDF?) Serious theoretical problem
B—np, B—pp (Babar/Belle/CDF??)

b—oulv

s
CLEO/Babar/Belle s MiXing

CDF/DO + theory

[

-
B'_> DK’ (Babar/Belle/CDF) (

B, D,'K* (CDF eventually??) ST ks
B,— KK (CDF??) still interesting??

October 28, 2003 Donatella Lucchesi 21



B, and B, Mixing Frequencies

B oscillation much faster & ——e 2
than By because of coupling g ° ) W W ( ® o

to top quark:
Re(V,,)~0.040 > Re(V,4)~0.007 vl

S

Re(V,)~0.04

T
4
el | =t S > Moo
¥ . . E ‘World average (prel.)

DELPHI P_._H 0.519:0.018+0.011 ps £
S amal, 2 2} 4
(S amalyses) n g 2 + damtlo A 5% CLlmit ladps”

0.444+0.028+0.028 ps’ P -~ L6450 = sensitivity  187ps”

-
tn

OPAL H_._,_| 0479+0.018:0.015 ps [ E daatlédso B
(5 analyses) [ data+ L645 o (stat only) ‘ ‘ M

P il

-

BABAR H 0.500:0.008:0.006 ps™

{3 analyses) 0.5
0.506+0.006:+0.008 ps
0
s H pasonre!
et F—— st Current Ilmrr 14 4 ps !
world average ! 0.502:40,006 ps* 13 measur‘ements ff'om LEP,
L L 1 L L I L L L L L L L L Il Il
iy e 04 045 0.5_1 053 SLD & CDF 'hunzqu 75 10 125 15| 175 20 225 _1;5
without adjustme nts Am, (ps) Amy (ps™)
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Towards B, Mixing

B, or §s at the time of production?
- Initial state flavor tagging

- Tagging "dilution”: D=1-2w D=1 =0 @

- Tagging power proportional to: £D2

. Typical power (one tag):
?
B, or B, at the time of decay? 507 ~(1%) at Tevatron

- Final state flavor tagging ¢D? ~(10%) at PEPTI/KEKB

- Can tell from decay products (eg. B, > D 7" )
*+ Yields

- Need lots of decays (because flavor tagging
imperfect)

* Proper decay time
ct = ny _ nymB W‘ O_Cl _ mB O'Lu @Ct[apr j
(IB?/) Pr Pr "‘
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Towards B, Mixing: Flavor tagging

jetcharge - )
T f.ragmentalmn Same Slde
pion

-

b:haélron

\_soft
lepton

Opposite Side

Strategy: use data for calibration
(e.g. B*>J/yK*, B=—>DOt, B—I*X) “know" the answer, can
measure right sign and wrong sign tags

October 28, 2003 Donatella Lucchesi 24



Flavor tagging: Same side

CDF Run Il Preliminary B" — Jy K" CDF Run Il Preliminary B* 5D nt
- Right Sign, 372 + 25 events 150 = Right Sign, 563 + 32 events
- Wrong Sign, 253 + 20 events - Wrong Sign, 396 + 26 events

> >
() 4 ()
2 100 2
o o
2 = 100
8 g
b= =
3 A >
g 50 S

@
Qo 4
[S | -g 50
= S
z =

/ |
R | | J‘“ \%‘ I
EARUBNS SR s
0 T T T 0
4.8 5 5.2 5.4 5.6 ! . '

: :
4.6 4.8 5 52 54 5.6
K" n" n* invariant mass [GeV]

eD?=(2.4£1.2)% (B*—>J/yK*) D?-(1.9£0.9)% (B*—DOr*)
B/ B%/ B, correlations are different = need optimization
for B, i.e. kaon tagging
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Flavor tagging: Opposite Side

Lepton tagging: £0%=(0.7£0.1)% (I + SVT)

CDF Run-II Preliminary

0.8

0.7 lepton+displaced track trigger (64 pb'l)

e

%

ilution

O 06
05

Isolated tracks

0.4
0.3
0.2

0.1

-0.1

OoB v v

, 4
pT (W) (Gevic)
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B.—»D.t D,—or Yield

r(D. —on’) Br(o—k'k

N(B.) f. e Br(B.-»D. '

N(B,) f,'c., Br(B,»>Dn
Monte Carlo
CDF Run Il Preliminary, L = 119 pb ™
N r
o L 0\ _
S 250 N(B")=1135 + 43 |
Q i
= 200
o
H -
5 150}
o -
3 100}
o 50}

9% 28 50 52 54 56
D'n* Mass [GeV/c 2]

Entries per 20 MeV/c ?

r(D—knn)

B [
o o

w
o

[y
o

PDG

CDF Run Il Preliminary, L = 119 pb ™

N
o

| N(BY) =84 £ 11

5.0 55
D_n* Mass [GeV/c]
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B.—»D.t D,.—~on Yield

Big effort in a full detector and trigger simulation
optimization “a la LEP" to measure the efficiencies

CDF Run Il Monte Carlo 80 CDF Run Il Monte Carlo
(&) I B B >D No g W B> D, n*
;1205 W 8°-DK S 70F MW DK
© [ W B -Dp © [ WB Do
=100 [] B°»D S 60 8’5ol
o t O B°>DI'v o b O B D, I'y
— g0 - ] other — 50; ] other
B ol 3 40f
4 3 3
3 S 20|
2 2 10
8 L 8 E\ L | L ey | L
96 48 50 52 54 5 ° 0 5.0 5.5
. 2 . 2
Candidate Mass [GeV/c '] Candidate Mass [GeV/c 7]
October 28, 2003 Donatella Lucchesi 28




B.—»D.t D,.—»on Yield result

New Result |

f. Br(B.->D. )
f, Br(8,>D )

= 0.35 + 0.05(stat.) + 0.09(Br.) + 0.04(syst.)

Br(B.—»D. )

=14+0.2 )+0.2 )+ 0. _02P
Br(B b x) - 14t 02(star) £ 0.2(syst) £ 0A(Br) £ 02(Pr.)
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B, Mixing sensitivity

» From data, now have some knowledge of the pieces that go
info measuring Am;,

- Yields S = # signal events
- Flavor tagging tagging power = £D?
- Signal-to-noise S/B = signal/background

- Proper time resolution oy = proper time resolution

> The sensitivity formula:

[sep> L) [g
Sienificance = e 2
gnif > S+B

» Significance (in number of standard deviations) is "average
significance”
October 28, 2003 Donatella Lucchesi 30




B, Mixing sensitivity: hadronic decays

Ingredients:

" o;= 67 fs

= e¢D2= 4%

=S/B=2:1

= 5= 1600/fb"!
used (f/f4)PF=0.427 (f./f4)PP6=0.232
missing reconstruction efficiencies

20 sensitivity for Am,=15ps-! with ~0.5fb! of data

This is not the end of the story, we can improve...

October 28, 2003 Donatella Lucchesi
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B, Mixing sensitivity: hadronic decays cont'd
..but let's be conservative

= 04= B0 fs — (event-by-event vertex + LOO)

= eD?=5% —  (kaon tagging)

= S/B=2:1 —  (unchanged)

= 5= 2000/fb! — (add 3=, improve trigger efficiency)

5o sensitivity for Am,=18ps! with ~1.7fb-! of data
5o sensitivity for Am_=24ps! with ~3.2fb! of data

Amz24ps ! “covers” the expected region based upon indirect
fits.

October 28, 2003 Donatella Lucchesi 32



The Unitarity Triangle

B—nn (B factories/CDF) serious theoretical problem
B—mnp, B—pp (B factories/CDF??)

b—ulv
CLEO
B factories

B, mixing
CDF/DO + theory

B+— DOK* (Babar/Belle/CDF) \
B~ D K* (CDF eventually??) B—J/y Ks
B, KK (CDF??)

Babar/Belle

October 28, 2003

Still interesting??
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B — hh: a(?) and vy

BO—h*h- deca\ﬁ amplitudes:

Following the Fleischer idea: PLB 459 (1999), 306
Separate Ay components into BC —»nn (sin2o.,¢¢)
and B,—kk (sin2y) (U-spin symmetry assumed)

AGP(BU) = A:éirp cos Amgt + Am'lx sin Amgt

Acp(B,) = Ag.'j,ulq-f- P su'.

Large but unknown
October 28, 2003 Donatella Lucchesi 34



Events

B — hh: Sample composition

u=5.252(2) GeV/c?

_'—_f_'ﬁ_'_J_'_r'_h
pSimulation 41 1(1.9) MeV/c?

[ Bg—Kn
| Be—KK

[ BsoKm

:M(nn)

O 57505 5.1 515 52 525 53 535 54 545 55

o
M, (GeV/c?

Mixture of:

By — nn Difficult

By — nk separation:

B, — kn can't use ToF
dE/dx ~1.16c

B, — kk

October 28, 2003

Events per 30 MeV/c’

o
(=]
o

e
o
o

w
[+
(=]

200

100

T T T T T
} CDF Run 2 Preliminary ]
[ 891147 signal events
[ Meon 5.240+0.002 GeV,/c’
[ Width 0.036+0.002 Gev/c’
1 1 Il Il 1
4.6 4.8 5 5.2 5.4 586 5.8

7t Mass (GeV,/c?)

Separate on statistical base

Donatella Lucchesi
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B — hh: Sample separation

Use a multidimensional unbinned likelihood fit
For each particle use:

dE/dx (Calibrated on D*) Z‘°"(;'%e'”)°' plp2
inematics: m(rn) and o — @\ g??\r,?e
CDF RunIT Preliminary

~ 55 T T
“o
1600 >5.45 = b
1400 Sep ~1.3c é‘é 54 4 E
Eoss | i,
Ll 535 u ol o Hm
= . 1, #‘*w N }“’W‘WH ' m}« f
1000 53 h 1\ L ot 1
‘ Hn,',. nurn,,u'o Wl
- 525 - T WW ML “ *t ?WUW | i
500 52 1 B > an—— ‘W -]
sis | { By > 1k o]
b o L Bd — kn ]
200 : B, » k=n
505 L - nk ,
Dm 4 6 4 2 8 1 5 ...|......|..B.d|._.).|lf'.<.|...|...|...|..
(dE/dX dE/dX(TC))/G(dE/dX) —1 -06 -06 -04 02 0 02 04 06 08 1

(1=ps/p2)ay
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B — hh: Results

Mode Yield (65pb1)
By — Kn | 148+17(stat)x17(syst)
First observation By > nn | 39+14(stat)+17(syst)
of B~ KK B, — kk | 90£17(stat)£17(syst)
B, > kn| 3+l1(stat)x17(syst)

Br(B; > kk) - 2 714115 includes error on f /Ty

Br'(Bd —> KTC) I~
Self-tagged B,° — K*n™: / cff" mah
LT acréJ Op%/e rop ]

time integrated Agp :

fo g
Agp(By — Kr) = 0.02 + 0.15(stat) * ./ = /

October 28, 2003 Donatella Lucchesi 7



B — hh: The future

Mode Yield Yield
(2 fb1) | (3.5 fb1)

By— Kn| 6700 11,725

By—onrn | 1770 3097

B, —> kk | 4040 7070

B, > kn| 1070 1870

X =AM, Tpg

October 28, 2003

x;=20 - Am,~14
x;=30 - Am,~21
X,=50 - Am~34

CDF Runll Preliminary

[1] I IS AP I W A NI WA
1000 2000 3000 4000 5000 6000 7000 8000

& Agp (Dir, Mix) Bg — KK
e D*=5%
G, = 50 fs

Xg =20

| | | | | |

Integrated Luminosity [pb ]
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B, —»utu Search

FCNC are forbidden at tree level in the Standard Model
The expected BR ~10-?

Many SUSY Models predicts a large enhancement in the

branching ratio (~10-%). The rate is proportional to tan(p)e.

If decay is observed soon = new physics

If decay is not seen = put a tight constraint on tan(p)
and rule out some SUSY models

THIS IS A WIN-WIN SITUATION

October 28, 2003 Donatella Lucchesi 39



B, »utu:Results

v Tt was a blind analysis

CDF Run Il Preliminary 113 pb"'

0 + -
Bs(d)—nL 0

v Figure of merit for optimization:
expected 95% CL upper limit
on the branching ratio

v 1 event observed in the search
window with an expected
background of 0.54 + 0.2 events

(background is dominated by
non-resonance fakes)

30 mass

windows

il

Z
4 56 58
M./ GeV

entries / 0.020 GeV

@s)

= /
R | e
e

e

S
025 % 52 &

v'The limit on the branching ratio:
(based on 113pb-1 of data) Factor 2 better than

Br(B,—>up) < 9.5x10-7 @ 90% cL  published limit Il
Br(B, —>pp) < 1.2x10-6 @ 95% CL

October 28, 2003 Donatella Lucchesi 40




B, -»ufu: Projections

a B
i,

Theorists are very
interested in the
experimental progress
of this analysis.

Extrapolotions based on 61 pb™" ]
using In(u)I<0.6, P(B,)>6 GeV/c

>t ) %

* this resull with 113 pb™

imit BR(B.

peclied

=
i

[ COFI ::fe|',r.‘|,~cx}|f
95% CL Upper Limits

1 [ 1 1
] 100 200 00 ac0 500

(=54

Runll Integrated Luminasity (pb™)
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Conclusion

» New measurements of lifetimes, masses, Branching
Ratio and rare decays for b-hadron
New results for the winter conferences

» First measurements on charm physics
(new and unexpected, we have to understand our
capabilities)

» B, mixing and CP violation are high precision
measurements = we need time, statistics and students!

" Anyone who keeps the ability
to see beauty

never grows old"
(F. Kafka)
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Extended Tevatron goals

Fermilab has scaled down its
plans for luminosity in June 2003

- Silicon upgrade canceled! Year |Base plan |Design plan
* No long shutdown in 2005 luminosity/ |Luminosity/
- Design&lzan max luminosity: yr(fo ) |yr(fb 9
N 2-94X1| s o FY02/0.08 0.08
o recycler ~ base plan Fv0310.20 022
R - FY04/0.31 0.38
8 —e—Base plan
(73 —=—Design plan v FY05|0.39 0.67
5 FY06(0.50 0.89
‘4 / FY07]0.63 153
f’ Fy08|1.14 2.37
0 — ™" | IEvo9l116 2.42
0 1 2 3 4 5 8 9 10|
Total |4.41 8.56

October 28, 2003
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TOF performance

» TOF resolution (110ps) within

10% of design value

Background reduction in @ —KK:
Low Pt (< 1.5 GeV/c) track pairs
before and after a cut on TOF

kaon probability

x20 bkg reduction, 80% signal efficiency *

p;(K)<1.5 GeV/c (no PID)

2
o
2
S
S

K ) )
[ Ju-ros with
TOF
§ L
3000»— S/N - 1/40
2000
r N(¢) = 2354+ 325

10001~ N(bkg) = 93113

e B e B R B R e

. 108 11
MK K} (GeV/c?)

CDF Time-of-Flight : Tevatron store 860 - 12/23/2001

oN1/8%1 (GeV/id)

0.4

-2 1 5 2
Momentum (GeV/c)

p,(K')<1.5 GeV/c + PID |

r ILdt= 1.5pb"

.
3
8| Ao
8
£
&

S/N=1/25

IN

S

S
I

©

S

S
I

200

N(o) = 1942+ 93
N(bkg) = 4517

100

Il 1 Il Il Il
0.96 0.98 1 1.02 1.04 1.06 ., 1.08 J.1
M(K*K') (GeV/c®)




Ap— At with Ac—pKn

. CDF Run Il Preliminary (Luminosity 65 pb_") Backgrounds; real Bdecays
G Hi| BBAAIe | Reconstruct pas xi B, DK
3 50 rmgseaons | > US€ MC to parametrize the shape.
o o aememaas | > Data to normalize the amplitude
& T ~ Dominant backgrounds are real heavy
S [ A - e — L
g : ,
a I > proton particle ID (d£/dx) improves
c R
8 200 S/B
W
tor Fitted signal:
I ¢ oL UL =96+ *6
T I v N,, =96x13(stat.) (syst.)

mass (A.r) (GeV/cz)

o, xBR(A, > A* 7w~
MeClSLIr‘ei b -/;wryon (0 b - L+ )
New Result ! s B i N )

BR(A, 2 A, p?) = (6.0 £1.0(stat) = 0.8(sys) + 2.1(8R) ) 10-3
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nis

Number of evel

B, AT/T

Definition: =I'= (rlong shor‘t)/2 Ar=r\or|g_rs,hort
B, Theoretical prediction: AT'/T< 0.29 at 95% CL
3 - . eq(166) 7 +o 09
40000 | [ eqtien | AF/F = 007 —O.'O7
>
30000 - 'g L CDF, LEP average
20000 - 20004
£ [ 8% C.L.region
10000 - -g [ 95% C.L. region
0 -§ B o9 L. region
o 01 0.2 T
(AT, 0.002
0

0 01 02 03 04 05 06 07 08 09 1
ATJT,
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Towards B, Mixing: Flavor tagging cont'd

> Opposite side tagging: identify the flavor of the other B

o y AZ 0<0=8
v /Y — BO W W e 5 N
Wy 7 b ¢ & s Yos0=8

- Lepton Tag d d Kaon Tag
search for a lepton or kaon reconstruct the
coming from B decay “other b" charge

> Same side tagging: infer the production
B flavor from particle charge produced
“close” to the B:
fragmentation tracks
B* production and B**—BO

October 28, 2003 Donatella Lucchesi




B, AT/T the future

CDF 2fb:

4,000 B,—»>J /v 5(AT/T)=0.05 if CP,,, = 0.77
(Ar/T)=0.08 if CP,,= 0.5

75,000 B,—~» D,t  measure 1/T

2,500 B,— D*, D, CP even combined with 1/T
o(AT/T)=0.06

More precise measurements at future experiments
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CP violation: introduction

_3 T 1 Ay 'l +e’ "2 Ao e'?2
,,.HH —* Jl[) = e ip1 ,"\] {:-:'h] + e "2 "'12 "Mf
Where

|A; ,|ei®2 CP conserving strong amplitudes
@1, CP violating CKM phases

"Direct CP" violation:

e = I(B— f)-T(B—T7) |AB— f)?-|AB -7
P ETrBS N+rB—7) JAB— NE+IAB = D
2| Aq]|Az|sin(d] — 85) sin(p — ©3)
- 1] 2 + 2 1] 1‘2 Ct)h'l:(‘;] e (3--‘_5] cos{@] — @) + 1_3 2

CP violation due to interference
Need to measure ¢, - ¢, but hadronic uncertanties
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CP violation: mixing induced

) L 2 () : | \ lq) 1 ;
I( ;g:{* (ty— f) = “_r,"-:‘f..;,fj‘ + .L'I-fff ‘ ‘.;if (t |‘ — 2Re {w r,fj‘:lr t)e ;F (t) H I
where:

() (q), . 1 _l.l:flf:l _1 |er| R i
”if (£) Irjl'_tlr"L t) = I |:£' L H"—2ie q Hllll".ﬁ:"h"fjrf‘.l
(o) 2 1 _ Jda) _ gl I
‘_r;l:tjr'll t ':|| = I e Iyt + e p't - 2e Fgt ::‘UHI'\.i\._-"lqu]:|

and I'; is the unevolved B%—f rate

Rate for'(ébq('r) —f follows 1/ — 1+ & — HTf

(g ‘o - _ola) I._|;._—-.
E,_[q] :{:—r—)l.l"jr]J IIJI)”. —_ ,fl i!fl _ . i )"\!JE‘II‘H:‘: il
! A(Bg — f) A(Bg—=T)

{)'{’;' Is the CP violating weak phase
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CP violation: mixing induced

If:

= f is CP eigenstate

* the amplitude for direct CP, Ay dir =0
* the amplitude due to AT", Ay 27=0

L(Bg(t) = f) - r"l?:,:'lfj —

acp(t) = [ ; — = = I
L(Bg(t) — f)+T(Bg(t) — f)
October 28, 2003 Donatella Lucchesi
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Hunting for new states: X(3872) cont'd

Run Il -—- CDF Preliminary

Number of Candidates/ 5 MeWic

Run Il - CDF Preliminary

2500

2000

1500

1000

5009

\'\ Binned Likelihood: ;%NDoF =75.5/62 (Prob. 11.7 %)
t
I
[

o,
( oo et g
Bye o

b e

3B a7 3% 39 3% &

375 38 2
MJyx's) [Gevic]

Number of Candidates/ 5 MeV/&

a0 (Binned Likelihood: /ZINDOF = 183.1/64 (Prob. 1.8 10°™)
20004 ||
i
1500 |\
1 ., .
‘ ‘ 'i‘.“-“--'.... 1“‘."."'..“-"0_".0‘
1000 (1l Mn”"”.“‘
|1 e
500 ,T sttt
l.#
365 37 375 38 385 39 395

4
Miyx's) [GeVie]

@ Fit with and without a Gaussian for the X(3872)
yields a significance of more than 10c.

@ Note relatively large cross section (times
branching fraction) compared to the y(2s).

October 28, 2003
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New results: B? Lifetimes

B% —»J/yK* Control channel for B.—~J/yo
BO —»J/yKs Control channel for A—>J/yA

P -1

10CDF Run 1l Preliminary L~138pb™ c CDF Run Il Preliminary L=138pb
~ = . ‘L Ro 0
o | B o dyK® I 805437 sig. 110F B = JlyK —data
S 350 candidates o F - ]
2 Fit prob: 61% Pk Det sio)
i 300 g —ct (Bkgy)
9 250} % iy et (Bkg)
o | 3
£ 200f 4 1 2 Fit prob: 22%
o F c
S _r g
5 190 Swl
[ r F
O 100

so- 1E

obx [ R RN R
5.20 525 5.30 5.35 5.40
candidate mass, GeVic ct,cm
1 =151 +0.06(s7a?) £0.02(sys?) ps
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