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Tevatron Performance

Tevatron (Run I 1992-96, L. dt =110 pb-1):

p — < pbar at Vs =1.8 TeV, 3.5 us between collisions
Tevatron (Run II 2002-Present, |L dt = ~1.8 fb-1):

p — < pbar at Vs =1.96 TeV, 396 ns between collisions

Peak Luminosity Integrated Luminosity

Best 2.05 x 1032 cm1s? | ~1.8fb delivered per experiment in Run Il /
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Forward Mini-drift

Excellent mass resolution Forvar
Particle ID: dE/dx, TOF \\ : s
Tracking triggers (Hadronic B’s): ! oy , .

l Central Scintillator Forward.Smntﬂlator J

\

ShiEld.i.ng \ o ———— ‘ . R ...j

B L1: Tracks . | T Ly X
i L2: Secondary vertex o (R et

Central Calorimeter (EH) R : - Jj

<10 Ceptral Muon
Wall Caicllji’]n"!er (H) %ﬂﬁ Solenoid

Plug Calorimeter (EH) '
1.3<|n(<3.5
F|;1Lard Muqn

New Solenoid, Tracking System
Si, SciFi,Preshowers

+ New Electronics, Trig, DAQ

Excellent muon and tracking
coverage

Forward Calorimeter (E) ‘,’ A_ )
35<NI<B.1  Luminosity Monitor f | 8 Tracking up to |n|<3
anel ot Toscker IR % Muons up to n|<2

] Silicon Vertex Detector 0 S
Intermediate Silicon |T'| |<20 Vaia Papadlmltl‘lou



Data SetS e
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B-Physics cross sections and triggers

b Production cross section:

Inelastic cross section: ~ 60 mb—-> factor 1/1000 trigger.

Compare with b-factories: o is 102 higher.
L is 1.8 fb -!(TeVatron) vs. a few hundred fb - (Y(4S))

c(ub)  Lcem?2s!  Integrated L h-events

Tevatron 29 2.05x1032 18fb!'x2 52x10°

Trigger crucial point:
e 2u(e)fromly CDFE,

 soft lepton, (soft lepton+non prompt track) CDF,
e 2 non-prompt tracks CDF, Vaia Papadimitriou




J/y Mass Silicon Selection

«10° CDF Prelimina L ~ 260 pb™

B-Physics Data samples

Jhy samples:
~ 10 Million! ~ 20% are from B’s
Reconstruct exclusive
B/Ag=>J/y K/A® modes

Semi-leptonic B = D |v X samples:

~1 M events with fully reconstructed D
i
:

0
295 3 305 31 315 3.2 3.25
JIy Mass (GeV/c?)

Thu Aug 5 20:26:38 2004

D& Run II Preliminary, Luminosity=250 pb

Fully hadronic decays (CDF only)
~ 100 K events fully reconstructed B’s

Requires trigger on secondary vertex
(SVT)



B+, B (B™) mesons

PR
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B mass determination

Use clean JAyK modes

Accurate tuning of momentum
scale with large J/hy sample

Nl—| -
o i
S~ [
> 1
()] &
S - R e
= 3095+
+j.. :_ ++++++ kA _':*—. SI? e
= 3090F HA*H_% [MeV/c’)/[GeVic]
= 3085 ~M with B-field corr. -0.026+ 0.058
E E-loss with layer 0.049+0.043
3080 * default E-loss 0.298+ 0.043
E ° no corrections 0.904+ 0.043
3075 [ L 1 1 1 | I} 1 1 1 |

CDF Il (this) 4

World
average

5279.10£0.40 £ 0.40

S

52791+1.7+14

5279.10+0.41 £ 0.36
PRL 96, 202001 2006

5279.00 £ 0.50

5275

Systematics below 1 MeV for high statistics channels
Best single measurements of 5-hadron masses

5980 5285 5290

M(B*) [MeV]

Cleo -

5279.10£0.70 £ 0.30

CDF e
5281.3+22+14

CDF Il (this) +
5279.63 + 0.53 + 0.33

World -
average 5279.40 £ 0.50
5275 5280, 5285 5290
M(B") [MeV]



B** Spectroscopy

Mass (GeV)

JP= O

B, and B,* decay through = 7o

D-wave = narrow
resonances S-wave 1,K
B,* and B,* decay through
S-wave 2 wide resonances,

difficult to distinguish from
phase space

PASCOS, September 2006
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(@6 in Jiy - channe! | TR pb-1

CDF Run Il Preliminary: 370 |3b"I

"o 705 Fit Prob=91%  —— Total fit DZ Runll Preliminary
2 r — _B,>B'x 2 240~
G 60 ! 8 20F 11"
o E — B2 — B ¥ ﬁ E_
S 50 B, >Bn S 2001~
e r “ L =
—4F L Myl - B S 180
@ F £ |
R N R L o e e B A L 160
g 30 + Total background 3 GOE
e + ----- Non-Comb. Bkg. 140
w20 + + 120
101 e s + 100 B, 5B
%b L 0{6 1 n ! 0[8 e 1.0 80 E B; —N i:“ 9 B+ :
Q=m(Br) - m(B) - m(x) (GeV/c?) o [ 2> BT
: a0F- /‘
[Q:B"in D°r* channel | CDF Run Il Preliminary: 370 pb” 20F- \
90 =
N i - 0 _Totalﬁt :lIIIIIIJIIIIJ L |XL|.._|_1||||||||||||||||
80 Fit Prob =70% B. 5B = 8.2 025 03 035 04 045 05 055 06 065 0.7
70 ! M(Br) - M(B) (GeV/c?)
—B,—»>Bnx

5,5 m(B,)=5720.8+2.5(stat) £5.3(syst) MeV / c*

----- TOtaI baCkground _

B O
o o

Events / (0.02 GeV/c™) |
w [o2]
o o
bu\‘\ll|llll|\\\I|IIII|II\\|IIII|IIII|IIII|IIII‘\

--------- Non-Comb. Bkg. 0
: BRUO>B) = B7) ) 1651.0.024 (star) +£0.028 (syst)
TSN BR(b—B")
o E—Y 0.8 08 10

Q =m(Br) - m(B) - m(n) (GeVicz).

m(B,)=5734+3(stat) £ 2 (syst) MeV [ c*

Vaia Papadimitriou



data/theory disagreement

New measurements, Run I1:
B* cross section
Photon+b-jet, W+Db-jet

ll Fit secondary vertex mass

oy C —_—
£ F " s
§1s00—  + CODF Run Il Preliminary & A CDF Run Il Preliminary
v o *  Data: L~ 340 pb” -} F I y
o 1600 — = I ®  Data: L~ 340 pb
=z F B fraction = 350 I
C o - .
1400 + C fraction O T Pythia CTEQSL
] - { )
1200 I: Light fraction ' ) F —— Herwig CTEQSL
< 25 L
1000 A :
800/ - - ) -
. v o1sf Li + b -J t
600 — ‘ = = 11 + , y e
E 5 1= ‘
400 &
g o, Lot —
200— - g 0.5
-y - k .
oL S I ST | ', | | Ll PR NS L L
0 05 1 15 2 25 3 35 4 45 5 30 40 50 60 70
Mass of secondary vertex (GeVic’) Photon Et (GeV)

* First measurement of y+b-jets and W+b-jets
» Data agree well with theoretical predictions

do/dp(B") (nb/GeV/c)

695 pbr

80

60 [

Jets / 0.2 GeV/2

10f

0

UsSu [
— FONLL
-- NLO
A JWX (1.96 TeV)
® J/YK"(1.96 TeV) -
O JWK' (1.8 TeV)

(]

50
40
30 [

20 |

CDF Run Il Preliminary | 695 pb-' )
SECVTX Mass Shape for b-jets
Other
T Single-Top
i
B oo
+?§Wm W(— ev,uv)+bb
|
'.ﬁiﬁilu..l\n.l..ul.. .|.\..|\.. |""iml|—o—n|
0 05 1 415 2 25 3 35 4 45 5

SECVTX Mass (GeV/c?)
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B.("meson

Vaia Papadimitriou
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60

B J/yo

50

40

30

Events/5 MeV/c 2

20

10%

IR A A e ahara

H

9

CDF Run Il Preliminary 220pb-

N(Bs)=184.6+12.5
Fit Prob: 75.0%

10 5.15 5.20 5.25 5

e 1, N T e T M
.30 5.35 5.40 5.45 5.50 5.55 5.60
B candidate mass [GeV/c ?]

B, mass

Delphi o

Aleph
53686 £5.6+1.5

Opal =
5_[3_59. +19.+ 7.
CDF

5369.9+23+1.3

[ Souras [Z e (= ok (B o awe] OO " b1 s0734 03

Tracking & Corractions
momentum soale 0.20 0.22 0.20 World 1
Fale Uurn‘l:!m gg :: g:, :: g:, average 5369.6 + 2.4
Fitting 0.10 from B° 5340
Resolution bias 0.13 0.13

it Systemalins
K*'s with K-x Swappod 0.06 — PRL 96, 202001 2006
I/¢x contamination — 0.13

Total Systematic Uncartainty 0.33 0.36 Vaia Papadimitriou
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B —>B"(B")K;
[ mcB"5B*'r ++ B+_)J/WK+

¢ B'K

[ sk

005  0.075 01 0125 0.1
M(B*K')-M(B*)-M(K') (GeV/c?)

M (B])=5839.1+1.4 (stat) +1.5(syst) MeV / c*

[e/]
Where is the B, state?

NGl  5831-5886  <1;2.8:12
PREIR)] 5844 - 5899 1; 2.6; 743

PASCOS, September 2006 Vaia Papadimitriou

Assuming equal splitting in B.,** as in B**
expect: M (B°)=5814 MeV | c*




Orbitally Excited B,-mesons

CDF Run 2 Preliminary

1.0 fb™

—k
o
|||||

C\.IU :
** + *+ — "'>“" 40:— *x B+K-
BS % B (B )K y % 35; Bsz B K+
n _ ~0 -— & a0k | — Signal
B %J / WK Or D 72- : - _Background
L 251
Q. F
@ 20)
(30
O
©
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@)

fi

5
oo 005 010 015 020
M(B'K)-M(B")-M(K) [GeV/c?]

—
o
LI | T 11

B ;: 36.4%9.0 events

AM =10.73+0.21(stat) MeV | c*
0=0.64+0.25;1.18+0.56 (stat) MeV / ¢

¢ Two signals seen
>

>

' I First Evidence for B_, state?
«% Mass difference: 10.20 + 0.44 (stat) + 0.35 (PDG) MeV/c?
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B hadron lifetimes

B hadron lifetimes provide understanding = tarantine hep-ph/0310241

of detector, trigger, analysis biases

B hadron decays dominated by b-
quark decay

Effect of spectator quarks can be
Included with perturbative
expansions in terms of 1/my
(HQET)

|

8 Non-perturbative ME from lattice,
Wilson coeff. from perturbative QCD

« NLO improves agreement
8l Ratios reduce theory uncertainties

PASCOS, September 2006

October 2003

1 1.05 1.1 1.15 1.2

T (BY) /T (Ba) nwo

3
2
10
0 ——dI."llIIl!i__ﬂ__

0.85 0.9 0.95 1 1.05 1.1

T(Bs)/t{(Ba)weo

0 ]
0.650.70.750.80.850.90.95 0.650.70.750.80.850.920.95 1

T{As) /T(Ba)1o T (M) /T (Ba)wro

Vaia Papadimitriou



Lifetimes with B> 1vDX mdes

Highest statistics samples
Difficult systematics:
i Sample composition for B*, BY
« Cross talk from D**, D* /
il Backgrounds:
« Combinatorial

« Physical: B>D®"D®
« Prompt: c-cbar, b-bbar, D+fake

Result from CDF with low statistics

lepton pt > 8 GeV sample

1(B*) = 1.6530.0290.032 ps, t(BO) = 1.473+0.0360.054 ps
1(B+)/1(B0) = 1.12320.04020.040

Very high statistics secondary vertex
triggered sample still under study

Candidates per 25 um

PASCOS, September 2006
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Combined Iepton—DEj
fit prob. = 0.754

— Al

B

13,300
Signal events

0.1 0.2 0.3
Pseudo-proper Decay Length (cm)



First high statistics B, lifetime
measurement from DO

Use D" = ¢m~ decay
Difficult background systematics:

« Combinatorial

« Physical: B>D"D)

« Prompt: c-cbar, b-bbar, D+fake
Currently best measurement

7(B.)=1.398+0.044 (stat) 2oz (SYst) ps

hep-ex/0604046

PASCOS, September 2006

Run 11, 400 pb

Lifetimes with B.—IlvD X modes
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Lifetimes

Several new results included in HFAG 2006 averages

B?, B* dominated by BaBar/Belle
B.: dominated by CDF/DO, LEP

hep-ex/0603003, March 2006

CDF/D0 y CDF semi- D0 semi-
Lum. | modes CDF hadronic | leptonic (Hi pt) | leptonic HFAG
pb-1 240/220 360 260 400 - 440 2006
1.539+0.051+0.008
B0 1.473+0.051+0.023 | 1.511+0.02340.013 | 1.473+0.0360.054 1.527 + 0.008
B+ 1.662+0.033+0.008 | 1.661£0.027+0.013 | 1.653+0.029+0.032 1.643 + 0.010
B+/B0 | 1.08+0.042 1.123+0.040+0.040 1.08+0.016+0.014 | 1.076 = 0.008
1.369+0.100+0.009
Bs 1.444+0.094+0.020 | 1.598+0.097+0.017 1.398+0.044+0.027 | 1.479 + 0.044
0.890+0.072
Bs/B0 | 0.980+0.074 0.968 + 0.029
Theory (NLO) 1.00+0.01 _ 1.06+0.02

PASCOS, September 2006

adimitriou
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Neutral B’s mix:

SM interpretation with box
diagrams
1 Frequency Amy oc [V

1 Constraints to CKM weak
due to theory uncertainties | S e lleletely

Theory accuracy ~5% in
ratio Amy/Am
Bd mixing measured and
established clearly
i LEP, CDF-I, CDF-II,
DO-II,
Bs mixing not observed till
spring 2006
8 Limits set by LEP, SLD,
CDF-I, CDF-II, DO-II

sol. w/ cos 2B <0
(excl. at CL>0.95)

New physics may affect Am/Am, Vaia Papadimitriou
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B mixing

Basic ingredients for the measurement:

High statistics samples of neutral B’s in flavor specific decays
i CDF: J/yK, Dr, D3r, IvDX B lifetime
i DO: J/yK, IvDX

Proper decay length reconstruction
l Fully reconstructed modes provide better
accuracy

Tagging of flavor at production (flavor tagging)
1 Key problem at the Tevatron!

l Equivalent statistical power: N eD? Proper decay time t
« g =tagger efficiency

Mixing Asym.

« D = tagger dilution = 2*n-1 (n = probability of correct tag)
Measure: A(t) = (N,,,-N,.)/ N = D cos(Am t)
N, (N,,): number of B’s with same (different) flavor at production and
decay

Mixing measurement calibrates dilution

8 Impossible for B, until oscillation observed
PASCOS, September 2006 Vaia Papadimitriou
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Opposite side techniques (OST):
CDF: total eD? ~1.5%
i Soft Muon Tag
il Soft Electron Tag
I Jet Charge Tag
DO: eD? ~ 2.5%
i Soft Muon Tag _
3 Soft Electron Tag
l Secondary Vertex Tag

Same side techniques (SST):
Sign of nearby track is correlated to
b type (SST)
l Tagging power depends on B type
3 PID helps for Bs
1 eD? ~3.5-4.0 % for CDF in Bs

PASCOS, September 2006 Vaia Papadimitriou



1200

800

400

III‘I\|II1|II||IIIJIII|

DY Runll

(b)

- B.2>D, pv X; D, 9¢n
: o5 o5 ->K*K-
0 1 .8 1 9 2 U (I)
. (KK} [GeV]
Entrlen;kplkﬂm-l
1@2““”:— RME 01112
= - [
gsun:—
;;w;— B,2D, uv X
400
200 D, > K*K
1uunf—
snuf— g iy
auuf— R el
4uu§— Py -
200
- _._I-—l‘rth':.—._....m_._..l.... _________
e 1.8 1.9 2 2.1 22 23

Mikpik) in GeVic *

5,601+102 tagged D

events/0.015 GeV

B. mixing (signals after flavor tagging)

Semi-leptonic analysis — Opposite side tagging

D& Runll Preliminary

500:_ BSHDSEVEX

- N.=1012+63 J'—dt=1fb”

400%

300; g

2005_ Dr ' “?%@'*; £z
100) " B,~>D, e v X;D, D¢n;

() 9K+

(KKJ

Ng.( ¢ + ) = 5601 £102
Ng.(¢m +e) =1012 + 62

(Muon triggered & tagged)
Ng (K*K + p) = 2997 + 146

| I I|I I | |
q.? 1.75 ’1.8 ‘1.85 1.9 1.95 2 205 2’1 215
(GeV)




DO: B, mixing

March 2006

a\ = [-F] 2.5 llllllllllllllllllll [rryr[rrrrrrrrrrrrrrrrrr]
S C D@ Run II prellmlnary y
D 6 g g I ]
‘f rﬁ*w*, Dg Run " 1 fb datat1c A 95% CL limit 15.0 ps’ 2
- x € 15 [ 16450 -=- expected limit 16.5 ps’ =
: . D 9 T, : | :
4+ B 9])S HV. X (]) : | datat1.645¢ A
- ** 1 data + 1.645 o (stat only) A e
_— **** [ i “‘? l:.
N 2 0.5 ! {
2 __ : ..’.rt*... [ __‘_.—-"'—— 0',' (
0% CL. ; HWWW
- (two-sided) Y 4 - 4[4 +
I *"* ** -0-5 I~ L] ! ?
0 T T T T i T T T T B ol 08! ||o
L] ®e
10 14 18 ik [
1+Ds

4

YV VYV

4

L)

L)

A\
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B. mixing (signals)

CDF Run Il Preliminary

4

Hadronic samples: B;> Dgr; D37 ~ data
3600 events | — fit

Cross-check with hadronic lifetime B,—D,x
analysis

CDF Run Il Preliminary L=1fo"

—— data

satellites

combi bkg
W B >Dx
A=A T

— fit
B, — D (3
random bkg.
B e o @Er

Candidates per 20 MeV/c?

0

. M K+K'. - [GeV/ 2
- 1600 =
proper time [cm Bs—DsTt (Ds—)K*K) 800

Bs—Dsnt (Ds—3m)

candidates per 30 um

Bs—Ds3n (Ds—¢n) | 400

2 O O Vaia Papadimitriou

*
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£
4
Semi-leptonic samples:

B.>D,IX
37K events

B. mixing (signals)

CDF Run [l Preliminary

Data
— Fit

eV/c

B, Signal

Combinatorial + False Lepton

=
~—
| —
ab)
O
)
Q
e
[ay]
R
o
c
m
o

T chame | oyid

Bs—DsIX (Ds—K*K) | 7. 9K

98
D mass [GeV/c2]

PASCOS, September 2006 Vaia Papadimitriou
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B. Mixing: Decay Time
Resolution

Hadronic decays have excellent proper time
resolution

Semileptonic Decays Hadronic Decays

<&>~ 45 um <d>~ 25 pum

o
N

probability per 5 um
O

0.005 0.01 0.015 0.02 0.002 0.004 0.006 0.008 0.01

proper decay time resolution (3) / cm

PASCOS, September 2006 Vaia Papadimitriou
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CDF Run Il Preliminary

Amplitude

| = datat1c & 95% CLIlimit 16.7 ps'1
] 16456 O sensitivity \ 25.8 ps”
T data+ 1.645 ¢

data £ 1.645 o (stat. only)

0 + 0 + RO ot
1B —=>1"D, X,B, >D, n",B, > D, n"n* n

0

Am_ =17.31"

I*IlOI

as significant

0.33
—0.18

30
Am, [ps’]

.2.0.

(stat) £0.07 (sys) ~

¢ 0.2% probability that random tags would look

3 CKM fit w/o Am,

FPCP 06 +—e— CDF measurement

125 15 175 20 225 25 27.5 30 325 35
Am

Vaia Papadimitriou



4 B. Mixing: Constraints

* use measured Am, to

[ M =3 CKM it wfo Am, constrain CKM
| fonErEaee +e-4 CDF measurement
WA =a< BR(B — py)/ BR(B — K*y)
0.8 KS A’/’/ZS de
I
- 06 =0.208 " o0, (stat) o7 (theor)
04  agrees with SM prediction
0.2 * X5 more precise than
) - previous determination
8.14 0.16 0.18‘ | 10.21 0.22 | JO.24 0.26 .. . .
Vv e limited by Lattice uncertainty

PASCOS, September 2006 Vaia Papadimitriou



B, Mixing: CKM triangle

T | T T T T
| | excluded area has CL>0.95

Am_& Amy

£=121"7 0 (hepiali0s10113) ]

sol. w/ cos 2B <0 1 I sol. w/ cos 2B <0
(excl. at CL > 0.95) - (excl. at CL>0.95)

L !|tler

EPS05+Te

1 Il . 1 1 \'|I N e S |
1 . - -0.5

Am_ =17.317% (stat) £0.07 (syst)

7%
—141=0.208 “; g, (stat) 75y (theor)
PASCOS, September 2006 Vts Vaia Papadimitriou




un Il Preliminary

B® — Jiy K®

CDF 04 (Jhy)

AT (T, -Tp) @

Belle 05

In the B, system CP violation is small:
B = CP even (S, D waves)
B =CP Odd (P Wave) 03 04 05 06 07 08

s,heavy — Al A
Generally final states are mixture of CP even and odd states, but for

, we can disentagle them.

Time-dependent angular analysis for Bo%—sJ/\yK*% and B;—J/\y¢
together with lifetime meas. can separate  pu—5GGu——_——=_-=

heavy and light mass eigenstates. . B> o K”

Belle 05

Determine AT —>AmS Y N Erawwird

s,light —

The B? decay amplitudes (3 llnear polarizations)
are of comparable precision and compatible with

I the measurements of BaBar and

0[] 01 02 03 04 05 06 07 038 09 1

f=|A,[7 = 1AL



Measurement of ¢,
QR Us: th: ce different methods R

Time dependence of polarization amplitudes in B = Jhy¢

Mostly CP-even state

Time integrated di-muon charge asymmetry:

‘\

Time Integrated charge asymmetry of B, > uvD, deca)/

PASCOS, September 2006 Vaia Papadimitriou

Use Am, from CDF
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0

g L e Data
; 5 | Total Fit
£ E : L E CP-even
g : i ?atla| Fit ‘2200_ ----- CP-odd
o0 e T @ B.alwée @ B Total Signal
Sor - Total Signal E B B, > J/y ¢ SIS e ot
. B, >diyp  —CP [ 5.26< M(B,) <5.46 GeV
C — Yh g B
S r Mass 5.26 - 5.46 GeV -.-..CP-- 150 ct/o(ct) > 5
:510 E \ :
-] =
c =
8 ol 100—
105
i3 50
10'15'
: %108 06 04 02 0 02 04 06 08 1
1053 Transversity

-0.1  -0.05 0 0.05 0.1

- * D2 2006
c06E < CDF 2004
~ E
<0.5F JL,
= “ qr

0.4

0'3;_ D2, BR(D_*D,*) CDF, KK

0.2

7 (BY)=1.49+0.08(stat) ‘305 (syst) ps o
Al=(T, -T,)=0.17+£0.09+0.03 ps™* "¢ / <7

%34 0.036 0.038 0.04 0.042 0.044 0.046 0.048 0.05 0.052 0.054
cT (cm)I

¢S: -OIO3 ¢S = 5¢:_0-79—|__0|56 (Stat)i0.01(syst) = .T!ZI = IT!SI = ITI.tII = II!EI = I?‘!GI = I‘I??I

1 (ps)’®



CP violation in B, Mixing

ST i °
& [ semileptonic charge * DO - combined CDF and DO can
3..'.—0'6:_ asymmetry band {_’ Bs —->Jlyo ConStrain (I)S
:0 5: AT" x tan(80) =-0.01+0.16 ps‘1 —p ASI constraint
“E * DO combines 3
[ -1
o4f- MDD (B, - Jiy 9) 11b measurements
0.3F- AT = ATy x[cos(@)l|  to get first constraints
02 & — SM - precision of all 3 are
01 | statistics limited
of- — more data to come
" — CDF + DO
E New! . .
02bL v luy oy | ... 1.1l e direct CP using flavor
-3 2 1 3

tagged decays
B, —> Jlyd

o = d)s(rad)

PASCOS, September 2006 Vaia Papadimitriou



CDF: Bs=> ¢¢
BR(B, — ¢¢)=(1.

QCD fact.
NF fact.

CDF Run |l Preliminary

B, — w(28) 0;w(28) > p'y

gl yleld =202 +5.0 events
mean = 5366.49 + 1.88 MeV/c®
sigma=6.70  +0.00 MeV/c®

Eveni/5 MeV/c?

0
51 515 52 525 53 535 54 545 55 555 56
B, — yi2s) d;y(2s) — y"p' Candidates, Mass[GeWczl

PASCOS, September 2006

0.6)x10°

3.68x10°
1.79x10-

First observation! i

CDF Run Il preliminary Lumi = 360 pb’

B—0¢

a3
=

events per 20 Mevic?
5B

background

L1
$15 62 825 83 835 84 845 53 5,55
m(KKKK) [GeVic']

BR (B, >y (2S5)p) _

BR(B, »> J lyp)

0.58 + 0.24(stat) = 0.07(BR) = 0.06(syst)



[.] B—h*hr 37

CDFIl preliminary, L 1=355 pb™

| ENT
S
e
[ ]88 kn

|:| Combinatorial backg.

Exploit the two-track trigger
sample.

Combine mass,

and PID 1n an unbinned
maximum likelihood fit to
extract the fraction of each of
the expected components.

P-(track) > 2 GeV/c; K/n
separation of 1.4c. 0 51 52 53 54 55 56 57 58

1.46=—1.6c by Including M..[GeVic']

TOF information.
2327£77 signal events

Events per 20 MeV/c?

[ Three-body B decays

§56.5at peak
B

PASCOS, September 2006 Vaia Papadimitriou



@ B.— h'h ISS

BY sector
BR(B > rn*n")
BR(B°—>K'rn")

=0.21+0.05(szat.) £0.03(syst.)

A, (B, > K 77)=—0.058+0.039(stat) = 0.007 (syst)
HFAG April06:-0.115+0.018

B, sector

0 o
JoBRUB. 2K K ) _4 46+0,08(stat.) £0.07(syst.
f,"BR(B"—>K"n")
f.-BR(B’—>K r")

LT T2 7 1 20.08@90% C.L.
f,-BR(B°>K'7")

PASCOS, September 2006



Q B, — D=t and B, — D (2536)uvX

CDF Run il Preliminary L= 355pb”

{ i combinatorics

()]
o

N
o

Number of Entries / 10 MeV/c?

PASCOS, September 2006

120 physics continuum
M N(BS) = 501+ 28 BS - D; T, DS p
100 ﬂ‘ B B. - DK
[0 A, decays
80 WB,—»Dn

20

15

Events/1.5 MeV

10

A1

B, — D(2536) 1 vX | D;(2539—>D K

L — DK D@ Run Il Preliminary

_ + Data

B : e Background

- e D (2536) signal
i W —— Fit function

g S IEL

|4 l‘lF-
254 256 258 2.6 262 2.64
Invariant Mass of D* KS [GeV]

Signal: 43.8 * 8.3 (5.20)




B =00, D = gt

Entries per 5.0 MeV

Fil Piob : 68.9 %

ey The CP-even eigenstate is expected
" s GV to decay faster. Biggest
contribution to AI'| is coming from
.%?:tt;ﬁt B, DD, (o) (4 B, > Ds( )Ds( )

hMass Window: [5.351, 5.383]

D, D 9.1+ 31

Entries per 5.0 Me

6.0
Mass GeV/ic?

Vaia Papadimitriou



B, —» DD

Reconstruct one D  decaying to ¢ and another D, to pvo

Mass (¢ 7) in (KK) signal region Mass (KK) in (¢7) signal region
o 25— % F
3 2 18F
3 L = C -
g | 0 16__D® Run Il Preliminayy
= 201 i = i L e
£ [ 2 1 —
> B [F] -
w Ik Lﬁ -
15— 121
10F . | 8- | ‘
: + o |
o _ 13 T
C DY Run Il Preliminary =
- 1fb” 2
q; IJ1I8IIJI1lglllt211I1I2[1111I2I2l‘1123 :IIIIIIIIIIIill—|l_llIIIIIIIIIIIIlIIII]IIIIlIIII
' . : : . 2 P8 0.99 1 101 102 103 104 105 1.06 1,07
m(o n) GeV/c

m(KK) GeV/c?

Al
I

PASCOS, September 2006 Vaia Papadimitriou

(B,)=0.142+0.064 (stat) *yocs (syst)

—0.050






10

Npig €xpected: 0.88+0.30
ses: (3.9+0.7) x 108

Npig €xpected: 0.39+0.21
ses: (6.2+1.0) x 108

CDF Il Preliminary

102E

CMU+CMU
ww, etog, > 2

4+ Packground

signal — Y

(Bg— p'w)

1 1 ‘ 1 ‘ 1
0.2 0.4 0.6 0.8

1

Likelihood Ratio

CMU-CMU
CMU-CMX

Bs(d)_> MU

pr(B) >4 GeV/c
LH > 0.99

2
I\ﬂNl | GeVic

o
o

o
o

o
>

4.8

0

See talk by Flera Rizatdinova

CMU-CMU
CMU-CMX

5.2

CDF Il Preliminary (78

l.l.i

9

E

0 pb’)

BR (B, —> uu1)<8x107°

1

Likelihood Ratio (L)

BR (B, — 1) <1.0x10”"

BR (B, — ppt)<2.3x10°°

apadi
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B. meson

Vaia Papadimitriou
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Heaviest ground state of two different quarks

- prod. fraction

Latest cross section calculation: 7.4 nb
Phys. Lett. B605, 311 (2005)
B, 4%

45

_
_ ~0.05%

/o
///

PASCOS; September 2006 B Vaia Papadimitriou



C
Run I, 110 pb* Run Il, 210 pb*

T PRL 81,2432, PRD 58, 112004 (1998)

-
=

95 + 12 + 11 events l =)
12+ 55 +6.2 E B _+_" TRl
30 F data
\20 4 5.5 events a _F B heavy flavor background
o, 10 % B B prompt background
> - 204 2 20 F [] signal
& 4 E ¢
gra 8- ] 15 E
E | 4o 10 L
B oL E
£ | B0 30 A0 2
2 N(B) 0
P Jhy+e and Jy+ 35 4 45 5 55 & 65 7 15 8
I — Data (B_ Candidates) yu invariant mass (GeV)
2 Fitted Signal 50 F AR
- Fitted Background ]
DO Preliminary 3
0 g

4 5 6 7 8 9 10 11
M(J/y+lepton) (GeV/c)

| (I1=e,p)
M(B,) = 6.40 £ 0.39 (stat) £ 0.13(syst) GeV/c?

ct(B,)=0.46 27 +0.03 ps

events per 0.125 ps
t4 £
— )
T

[
-

[
=

-
]

yu pseudo-proper time (ps)

M(B,) =5.95 £ 0.14 (stat) £ 0.34(syst) GeV/c?

o(B.)x B(B.->T/yiv) ct(B,)=0.448 2% (stat) +0.121(syst) ps
=0.132 %% (stat) £0.031 (syst) 202 (c7)

G(BU)X B( Bu '>J/\|! K) Vaia Papadimitriou




B *— J/Wrt

Run I1, 360 pb*
PRL 96, 082002 2006

New CDF analysis

— CoRPretminary 1115 control sample 11.3 K
49.1+9.7 j B,f — JyK*
= signal events
% 5 >60
'g 6600_ T T T
Li i - UﬁwﬂuY)fE
0 6500 [ m poendal models h
56 B.0 B.4 B2 7.2 i v POt?nﬂﬂ]NRQCD
Mass(J/yr) GeVic® S ¢ lattice QCD
= 6400 . .
M(B,) = 6276.5 + 4.0 (stat) £ 2.7(syst) MeV/c? ; ; :
® R R T
. e =
Thisresulty ..t f -
Theory in very good agreement N T R R R S R

(2] 23] (17 4] (] (6] ® (D

[N Te R sy Potential models, NRQCD, LQCD
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L] Byt ~Jiety

Background :
63.61:4.9(stat.)+13.6(syst.)
Observe :
178.5+14.7(stat.)
Excess :
114.9+15.5(stat.) £13.6(syst.)

o N o
o o

W & O

>
aQ
o
"
o
B
(1]
o
(7]
aQ
-
[y
2
o
=
©
o

Significance : 5.9¢

10 12
Mass(uue) (GeV)

G(B.)xXBR(B. "2 Jyev)

o(B*)xBR(B*>J/yK?)

Cross section ratio 1s defined within the kinematical limits
p-(B) >4.0GeV , |y(B)| < 1.0

=(.2821+0.038(stat.)+0.074(syst.) Vaia Papadimitriou

ratlo
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B.* —J/ ¥ty

Background : 44.91+7.3
Observe : 104£10.2
Excess : 59.1 £12.5
Significance : 5.2

s - B.—J/yuX candidates
o - Total background

CDF Run Il Preliminary: L ~ 360 pb’

O - fake p

0 - fake J/y

9 10 11 12 0- BB
GeV/c -

N|—|
O
Sl
=
Q
S,
10
o
o
)
et
j
b
p-
(NN

- NN W kO ~

2 3 456 7 8 910111
Mass(J/w GeV/c

()

Cross section ratio iIs defined within the range
p-(B) >4.0GeV , |y(B)| < 1.0

o, . =0.249+0.045(stat.) 2 es (syst.)

Vaia Papadimitriou
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b-Baryons

Vaia Papadimitriou
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5 Ay, mass

CDF Run Il Preliminary 220 pb

A, mass

N 35—
T - Ao Jiy A N(A,)=88.6+10.3
S 3o B Fit Prob: 23.3% Delphi ——
D g 5668.+ 16. + 8.
= 25 '
© = ’ Aleph —_—
Q 20 =P 5614. + 21.+ 4.
c 15:_ i
S - q CDF '
w10 5621.0+ 4.0 + 3.0
5 CDF 1l (this)
RN AU, SRS TR 5619.7£1.2£1.2
83 5.4 55 5.6 5.7 5.8 5.9
] 2
A, candidate mass [GeV/c ]
World ——
Sourns B-INKG]| A TRA average 5624.0 + 9.0
Tracking & Corractions 5575 5600 5625 5650 5675
momeantium soale 0.2 0.2 M(A,) [MeV]
v s | PRL 96, 202001 2006
Fitting 0.7 from B° = ] ﬁﬂ_ PRL 96, 202001 2006
Total Systematic Unoertainty 1.2 1.2

PASCOS, September 2006 Vaia Papadimitriou



A° Lifetime

M Signal
— Total

+ Data
Signal

r(A,)=1.593 ") 7% (stat) £0.033 (syst) ps

— Signal+Bkg

ct=477.6+24.2um

7(B°)=1.524+0.030(stat)£0.016(syst)ps

2000 1000 0 1000 2000 3000 4000
Proper Decay Length (um) Vaia Papadimitriou
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A, Lifetime

06 07 DB 09

ALEPH A_ | 18 P12~ 0.03
(91-95) ’

ALEPH A° Il .30 1,7 = 0.04

OPALA, | 29 7)) =0.08

DELPHIA_I
CDF A. |

DoJyA a0 ©(Ap)/t(BY) = theory

GDF Prelim J/y A°

1 fo™! f2-08h

04 06 08 1 1214 16 18 2 22
A, litetime [ps]

PASCOS, September 2006 Vaia Papadimitriou



Branching Ratios

Hadronic Signal

A

Inclusive Semileptonic Signal

1

173 pb

~ 700—CDF Run Il Preliminary CDF Run Il Preliminary 173 pb
O B . — AtuX 290 i x?/NDF=122.9/111
= 600 mb et 7 S Ao Act . prob £ 20.7%
2 500 — PR 19200 - pKn*
< = N=179 £ 19 —
T~ 400_ 8150 —égﬁﬁtgr}ngreﬂecﬁons
W Other B meson decays
E 300" # i B ::::::Gther'hﬂ decayséc ground
o -E100-
LI>J 200- N =1237 + 97 q};
100 2INDF=47.9138 | |11 20 \
prob = 13.0% = "+ Ngsaaa.
ol . . 0 L T |
2.2 2.25 2.3 2.352 5 8.5 6 6.5 27
M(pKn) [GeV/cT] M(A.m) [GeV/cT]

B(Ay, — AT u"7,))

5 (i"l{;. —> ;Kj_ mw )

—+0.7

= 200 £3.0 (stat) £1.2 (syst) ' | (BR)£0.5 (UBR)

—] -




Q Source of semileptonic back

N Y7 A (2625 h:%
) 26 | o ) E
g -
2.5+
3
=
2.4\ i
2.3—
- 0L 4 Q15 016 O
29 M(Acm)-M(Ac) )

A -type Y -type

N /2 MeV/c

First observation of several A, semileptonic
decays that can ‘mimic’ the signal

PASCOS, September 2006

35f

20F

g
e

30f
25F

15
10
5F

rounds

DF Run I Freliminary soU pb-
—

0.20

0.16 018
M(Acmc)-M(Ac)

0.22
[GeV/c]]

||||||||||||

| A (2625)

=
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Predictions for BR are in the . _GDF Run Il Preliminary L =183+ 12 pb”
range 1 x 10°—-2 x 10° ‘

Large direct CP violation
expected (Z. Phys. C56 (1992)
129)

Exploit the two-track trigger
sample

Use BY—Kr for normalization | . o]
- - M., [GeVic]
Backgrounds are combinatorial

and from the tail of B —hh
BR(A;—ph) <2.3x10° @
90% C.L. h=K, =«

PASCOS, September 2006 Vaia Papadimitriou



Updated knowledge for A,

Mass m = 5619.9 + 1.7 MeV/c?
Mean life 7 = (1.230+£ 0.074) x 10712

cr = 368.3 um

Ag DECAY MODES Fraction (I';/T)
J/(18) A (4.742.8) x 104
At -

e (4.1+2.0)x 1073
ﬂj_alilzﬁﬂ)_' seen
A, v (5.0+£1.7) %
pK + prt <2.2x10°
AJn nnt seen
A~ < 1.3 x 103
A (2593) * (v seen
A(2625)* (v seen
DRSS VAV seen
DI ATAV seen

PASCOS, September 2006

Colors:
- PDG2004

- CDF & DO
contribution
beyond PDG2004

5668.+ 16.+ 8.

Aleph ———

5614.+ 21. + 4.

CDF --
5621.0+4.0+£3.0

CDF Il (this) =
5619.7+12+1.2

World ——
average 5624.0+9.0

5575 5600 5625 5650 5675

Vaia Papadimitriou
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Quarkonia

Vaia Papadimitriou
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N, Search

-
N

CDF Il Preliminary 1.1 fb™
N, —> Jy Jhy

Entries / 10MeV
Ny (n,) / 20MeV
o

Search window

9.5 10
JiyJly Mass (GeV)

a(pp = mX; |y(m)| < 0.6, pr(m) > 3.0GeV) - Br(n, = J/yJ[y)
a(pp = Hy = J/YX); |y(J/)| < 0.6,pr(J/y) > 3.0GeV)

Runll, 1.1 fb*

nb'mass (GeV)

< 5.0x%x107%

a(pp — b — J/pX, [y(J/p)] < 0.6, pr(J/1) > 3GeV) = 0.152 £ 0.005 + 0.015 b

ag(pp — mX, |y(m)| < 0.6,pr(ny) > 3GeV) - Br(n, — J/.J/y) -

PASCOS, September 2006

[Br(J/v — pp)]® < 2.6 pb

Vaia Papadimitriou
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Jhy Spin Alignment

Run 11, 800 pb*

“" + [8: 9= p,luu) [GeVie] < 12 "“
J/qf" : N
= 2 e W
W et e TSIV or=90°
+* £ B .
& &F “ %
wmf = [Datw 'I 0{
waisf = MC (L) EH +
2 { MC (T ’: M
naf B v MWC (L) 1“i
< Do muons decay preferentially T Y
: : i .
into any direction’ COSO* _ o eree )
1
) 0.8 :_ CDF II Preliminary, 800 pb']
*» CDF data prefer S|Ight U_Gz_ +* fit: Prompt Jip(CMU-CMU), ph > 1.75 [GeV/c]
longitudinal polarization: 0af-
» Challenges color-octet models z *°F a = 0 — Unpolarized (U)
B NRQCD prefers transverse T S o
polarization .0.4:_ !
» Predicted by Khoze, Martin, osF
Ryskin, Stirling: osf- L
g ; “F, __a= -1 Longitudinal ()

B Eur. Phys. J. C39, 163 (2005) 1

o

10

pT1(5Jf'U,!) [Ge‘a\g’c ” -30
pr (J/Psi)
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v(2S) Spin Alignment  ETIMEE

CDF Run II Prellmlnary 800 pb

CDF Run Il Preliminary 800 pb’

TR MET o T T T T T
0.8 { = ]—>7'ransverse (T) : s Colarization from B d .
0.af ‘ — ® CDF Run Il Preliminary ] 1.0 CDF Run | =

i -] L un

- CDF Run | R -

. 0.2F I -
g_ C —— ) ]
g 0.0 | | a = 0—» Unpolarized (U)-
3 B ]
-0.2F .
0.4 { .
0.6[ | T =
-0.8H . . ]

5 a = —1 — Longitudinal (L / -

-1 -0 1 I L 1 L L I | L L 1 1 | 1 L L 1 | 1 1 L L L L |2|5| L L |3I0|

5 0 15 20 25 30
pr () [GeVic]

“* The polarization in the highest p-
bin is longitudinal in contradiction

to the NRQCD prediction of large
transverse polarization

pr (V) [GeV/c]

=0.28+0.27 (stat) £0.03 (syst)

PASCOS, September 2006 Vaia Papadimitriou



Production

CDF Preliminary — 1.1 fb™

CDF Preliminary — 1.1 fb™

450

0.9 + — Data (stat.)

M — Systematic Unc.
B — Branching Froc. Unc.

prompt production

400 Total x,: 2526+ 69
Total x: 1104443

350

300

Entries/2 MeV/c?

250

200

150

100

50

0
3.3 3.35 3.4 345 35 355 3.6 3.65 3.7 375 3.8

2
MW /y—y)  CeV/¢

B 6 8 10 12 14 16 18 20

0(xes) /0 (xer) vs. Py(J/)CEV/ €

For prompt production

For production from B decay

New level of precision and good constraint for production models
PASCOS, September 2006 Vaia Papadimitriou




Conclusions

e e

The Tevatron is running very well
Many new results in B physics

The Tevatron is expected to provide 4.3 — 8.1 fb1 by
October 2009

A lot of answers and surprises awaiting!!

PASCOS, September 2006 Vaia Papadimitriou
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g

Backup

Vaia Papadimitriou
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Tevatron Performance

FYO6 Peak Luminosity

_“—“' T T T T T T T — -
:EL 700+ -
B 175 .
g 600 y = . - - .
= @ 150 _— -,
£ 500 = e T et
= TSt A, " - Design
@ s B i
26 400 — g 100 '_i:.l————#—. |
2 | ] E s Base .‘_
& 3000 - 2 " .
| F ] g n n -. [ |
FYO 50 " -
200+ — = "
L ] 25
100- . 0 i -
b Nov-2005 Jan-2006 Mar-2006 May-2006 ul-2006 Sep-2006
0 FYOL |
0 50 100 1;0 200 2';0 300 %‘;0 I ® Fiscal Year 06 Peak Luminosity — Design —Basel
ay

5x Average Integrated Luminosity per Week
35.0

325
30.0
275
25.0
225
20.0
17.5
15.0
12.5
10.0

7.5

5.0

2.5

0.0

Integrated Luminosity (1/pb)

Jan-2002 Jul-2002 Jan-2003 Jul-2003 Jan-2004 Jul-2004 Jan-2005 Jul-2005 Jan-2006 Jul-2006

PASCOS, September 2006 Vaia Papadimitriou

® Fiscal Year 06 # Fiscal Year 05 & Fiscal Year D4 # Fiscal Year 03 = Fiscal Year 02|



Tevatron Performance

Luminosity Density by Source

[
(5]
[=

i
L
w1l
e
A
=9
o
—
£
w1
=
R
()
£
1
o
=
E
3
—d

50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425
Available Pbars (e10)

| Recycler Only # Accumulator Only Eu:uml::uim:dl
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CDF Preliminary: -360pb”

Jhy: 2.7TM Triggers:

o (/) = 14 MeV JPsi
Rare B

J |,__j,_1|-'(23): 100K BBbar

| Upsilon

¥(18): 18K
I Y(2S): 36K

Di-Muon Mass(GeV)

PASCOS, September 2006 Vaia Papadimitriou



Triggering on displaced tracks

P,> 2 GeV/c; Xy < 25
= 18000

0 um

T 16000

14000

tracks pe

I Good IP resolution 12000

I Trigger on displaced track

10000

8000

I update every ~ 30 seconds 6000

4000

2000

o0

I 33um beam size + 35um SVT

P IS O (T VO — |
-400 -200 0 200 400 600
SVT d, (um)

= T Y O O Y Y I
= | | | | | | | | |

3oum @ 33um
resol © beam
= ¢ = 48um

PASCOS, September 2006 Vaia Papadimitriou



Lifetimes with hadronic decays

More statistical power than Jhy

modes

Slightly larger systematics

8 Efficiency curve
1 backgrounds

1(B*) = 1.66+0.03+0.01 ps
7(B%) = 1.51£0.02+0.01 ps
©(B,) = 1.60:£0.10=+0.02 ps

3 MeV per bin

Mass [GeV]
:znuuUL"-“ Preliminary L=3b0pb _ .
Systematics (um) geo | =
Effect | Variation(yum) | Variation(um) ém 3 o g‘iﬁrr ?E;mm'
B’ B, L S
MC input cr negligible negligible 1200 —
pr reweight L9 L9 soob. - M ] N of B : 7957 + 89
Scale Factor negligible negligible o -
Bkg ct description 1.1 1.1 S
Bkg fraction 2.0 2.0 200
L.P. correlation 1.0 1.0 g
Eff. parameterization 1.5 1.5
Ly, significance negligible 2 a
AT, - 1.0 ;
Total 4.2 4.7 48 5 52 54 56 58 6

CDFII Preliminary L=360pb™

E - Data
800 B*= D — Global Fit
700(- B —K*r [ signal

E Bl Cabibbo

----- Combinatorial

400 — N of B* : 8380 + 104

-

1
i i j
b L A ThaH .
-4 .

5.2 525 5.3 535 5.4 545 55 555 56 5.65 5.7

Mass [GeV/cT

o, CDFIIl Preliminary L=360pb "

----- Combinatorial

Nof B’ :4173+ 116

10 MeV per bin

[ 1B continuum

Nof Bg:133+23

A ena
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B, Mixing

These results obtained using many
features important for Bs mixing
Unbinned fit
Parametrized dilutions

Calibrate dilutions
CDF Run Il Preliminary

Test amplitude scan on fully
-« datat 16 A 95% CLIlimit 0.3 ps’

1645¢c

reconstructed B,
datat 1.645 o (stat. only)

Am,t1c

sensitivity > 2.0 ps’

Fit D*A*cos(Am t) at fixed Am
Expect A=1 for Am ~ Am,
Limit (95% CL):

8 Am such that A+1.6456, = 1
Sensitivity: Am such that 1.645c, =1

H. G. Moser, A. Roussarie,
NIM A384 (1997)

PASCOS, September 2006

Amplitude
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£ - "
\ 4 4 mixing

recent results from CDF using ~ 1 fb-t and OST

Semi-leptonic sample: 550k ID° (75k ID**), 298k ID+
3 Am, = 0.509 * 0.010(stat.) = 0.016(syst.) ps*

CDF Run Il Preliminary

TR

Soft Lepton Taggers

=
©
£
£
=
0
©

o data
— fit projection
B° contribution
B* contribution B—oe/uDX

0.05 0.1 0.15 0.2
proper decay-length [cm]

PASCOS, September 2006 Vaia Papadimitriou



72

B, Mixing

HFAG Summary ALEPH 0.446 + 0.026 + 0,019 ps
i3 analyses)
based on results _ _PELme‘ 0.519 + 0.018 + 0011 ps’
presented by Sp“ng B o) 0.444 + 0.028 + 0,028 ps’
2006 o AL 0.479 + 0.018 + 0.015 ps’
World Average e 0495 4 0,033 £ 0027 o
: 495 + 0.033 + 0.027 ps
domlnated by BABAR' 0.506 + 0.006 + 0.004 ps
BaBar/Belle (4 analyses

0.509 + 0.004 + 0.005 pg

Average of above 0507 + 0,005 ps'L
after adjustments

CLEO+ARGUS 0.494 + 0.032 pS_L
{x, measurements)

World averape
for PDG 2006

" HFA G average
without ad justments

PASCOS, September 2006 Vaia Papadimitriou



B. Mixing: Measuring Am,

Look for evidence of B, mixing using Amplitude
Scan

Fourier transform to frequency domain

Determine amplitude for fixed Am,

Scan Am,: ,

frequency domain analysis

amplitude

o
o

PASCOS, September 2006 Vaia Papadimitriou
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B. Mixing: Constraints

- KM T CKMfitwio Am, - measured Am, agrees
werer e CDF measurement with SM prediction

* relative precision of
measured

o(Amg)/Am, = 1.5%
o(Amy)/Amy = 1.0%

* precision of measured
TP T T PP TR N M Amy is statistics limited
125 15 175 20 225 25 275 30 325 35

Am o(syst)/Am, < 0.5%

PASCOS, September 2006 Vaia Papadimitriou
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— Total

— Non-Gaus o
Cabibbo D
ConSST

gST+SST Corr

related to absolute value of amplitude, relevant only when
setting limits
cancel in A/cA, folded in in confidence calculation for observation
systematic uncertainties are very small compared to statistical

PASCOS, September 2006 Vaia Papadimitriou



CDF Run I

B. Mixing

—

o

Amplitude

1

N
L

] « data+ 16

------

data+ 1.645¢

data = 1.645 o (stat. only)

1 --16456
1 O sensitivity: 25.8 ps”

Yy 3
=

N W
o o

- data

- - - significance=1%

PASCOS, September 2006

-A log(L)

CDF Run Il Preliminary 1fb”

2500

2000

1500

1000

500

|:| randomized tags
|:| expected for Am_=18 ps’

observed
value

CDF Run Il Preliminary

1fb"

— hadronic
— semileptonic
— combined

90% CL




Layer “00”

% |.P resolution

} :
8 without LOO
% ééiA/
00 *ig...

o
%0 L T
L LT TSP

] - 1
OOooOo00000OooOOOOOOsasgogggzggsgsgggés

layer of silicon placed directly on beryllium beam pipe
radial displacement from beam ~1.5 cm

additional impact parameter resolution, radiation
hardness

PASCOS, September 2006 Vaia Papadimitriou
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B—o¢h

CDF: B*> ¢K*
A, =—0.07+0.17 %
(BaBar: 0.054 + 0.056 + 0.012)

BR(B* > ¢K")=(7.6+1.3702)x107°
HFAGO5:

-0.63

(9.0 £ 0.6)x106

CDF: Bs~> ¢¢
BR(B, > ¢¢)=(1.47°2+0.6)x10°°

QCD fact. 3.68x10~°
NF fact. 1.79x10°
First observation!
PASCOS, September 2006

ﬁ
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CDF RUN II Preliminary

CDF Run |l preliminary
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L=180+10pb"

B* 50K
47 £ 8 events

5.6

5.5
M, [GeVic']

Lumi = 360 pb”’

B.—d0

. signal

background

]
545 55 55
m(KKKK) [GeVic']



B w(29)9

B, —>Jlyp; Jly — uu

CDF Run Il Preliminary L =355 pb’

. . = 10l
used as a control sample and for normalization 2 L B, w(S) 0:u(@S) - W'y
= L ]
E gl vield =202 +50 events 5002 o
CDF Run Il Preliminary L =355pb” @ [ mean=5366.49 +1.88 MeVic®
o = | sigma=6.70  +0.00 MeV/c®
% 7O °C
= C
2 0 B, = Jy oidiy - ' A
@ c ' L
@ goF yield =2922 +159events || - w L‘
2 I

C mean =5366.76 + 0.66 MeV/c
4pf_sigma=942  +0.58 MeVic®

{Lwﬂﬂﬁw WJHT 1L

I T T o T

525 53 535 54 545 55 555 56
B, — yi2s) ¢;y(2s) — u'p Candidates, Mass[GeWcz]

]
=

[ =]
- T
(=]

—h
-
(=]

N

CDF Run Il Preliminary L=355pb’

10 % O
F 2 = C
5 4 P ot 2 £ g B> y(2S)¢;u(28) » Jyrw
D 111 | | S S ik | 1 E 1 L I G | | | | | I T | | 2o o £ é\ gl i < x | 11 e m —
51 515 52 525 53 535 54 545 55 555 56 8 r 4.16 o
§ s vield =123 +41 events
B, — J/y ¢ Candidates, Mass[GeV/c’] e
s oY ' W [ mean =5366.63 +320 MeV/c®
A sigma =777  +0.00 MeV/c”

BR(B, >y (25)p) _
BR(B, — Jlyp)

0.52 £ 0.13(stat) £ 0.06(BR) £ 0.04(SYSt) ~ " s oo oo comoaes momses




B.— w(2S)d

B, —>Jlyp; Jly — uu

Mean = 5356.80 MeV

L4 L3 8
used as a control sample and for normalization 3 'D@ Run Il Preliminary | Width = 24.40 Mev
e 7= Signal = 9
Mean = 5356.66 MeV 2 o N = a0
100 S— = . s f S/sqrt(B) = 6.488
g P9 Run Il Preliminary | width = 28.93 Mev S sg9
o TE Signal =200 : 270
o 80 Background = 68 2
§ 70F S/sqrt(B) = 24.227 3
bt -
5 60f 2
** -
50:_ 1 ] ®
405_ Flow i o5 ||/1
- 8849 5 51 52 53 54 55 56 57 538
30 - Invariant mass (u* p” K+ K’) [GeV/c']
20 B, —>w(2S)p; w(2S) > uu

10

I|I||II||||IIII!l|III+I|IIIlIll‘llIIll"Ill L *
88495 5152 53 54 55 56 57 58
Invariant mass (u* 1" K* K) [GeV/c]

8.6 £ 3.3 signal events

1.8 =+ 1.3 background events

BR(B, »> vy (2S)p)
BR(B, > J lwp)

0.58 + 0.24(Stat) + 0.07(BR) + 0.06(SySt) Vaia Papadimitriou




B, ui

B* —J/lw K* :used as a control sample and for normalization

s Used 3 primary discriminating 3014 CDF Il Preliminary 3
. 3 Bs[d}—)lfp' 2
variables 2o 750 pb" | z

(=)
-

o Liclyy - M,/p(B) Mo(h)>2

0.08

a Aa: |ag— ol <0.7 rad

0.06 - I
| Ll 0%, 1

s Isolation: pg/( Ztrk + p-;) > 0.5 I P B R - R
Mass M, : choose £2.5¢ window: P g oss
0 = 24 MeV/c? 2l § o2 — packground
E {I.Z-: w 0.25 . .
a Optimization P S ot T o cario) |1
i ; : E t Z 015 i
@ Used simulated signal and data sidebands  * . | cut
@ Background estimates were checked in ' 0.05-
same sign lepton and -ct samples 15 %02 04 06 08 1

Ao f rad isolation

PASCOS, September 2006
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CDF Il Prelimina
CMU+CMU

Wi crlog > 2 pr(B) >4 GeV/c
LH > 0.99

Ny, €xpected: 0.88+0.30 Ny €xpected: 0.39+0.21
ses: (3.9+0.7) x 108 ses: (6.2+1.0) x 108

w
w

0.6 0.8 1

Likelihood Ratio CDF Preliminary

e CDF Preliminary
B o1

+ -
CMU-CMU Bs( g K

CMU-CMX

entries / 20 MeV/c?
entries / 20 MeV/c?

B, search window

4 search window
4 search window
B, search window

sideband sideband sideband sideband

%B
%B

PASCOS, September 2006



Run 11, 240 pb

—
S
T

£ DG (&
B = I
2 2 107,
< < g
10'3;

10,

0% e ?
0 20 40 60 80 0.2

Decay length significance

Arpitrary |
S

-y
Qe

(%]
=

—r
%
Dr"] +

Pointing angle [rad]

PASCOS, September 2006

© Optimization

+ Used simulated
signal and data
sidebands

<+ Random grid search,
optimizing for 95%

Isolation

a Used 3 primary discriminating
variables

* L,,/o(L,y)>18.5; o(L,,) <0.15 mm
° Aa: |bg — Oyl < 0.2 rad
o |solation: p/( Ztrk + p.5) > 0.56

4.53< M, <6.15 GeV/c?
O = 90 MeV/c?
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Run 11, 300 pb?

D3 Run Il Preliminary
B* > Jiy K’
Ng: = 906 + 35+ 22

40

N
o

-
=
=
=
=
—
B
=
D
>
=

BR(B, — 1) <3.0-107
BR(B, — p)<3.7-10

New Expected Upper Limit using 700 pb-!
Signal box still closed

7
5 52 54 56 58 6 6.2 BR(B, — pu)<1.9-10

Invariant mass (L") [GeV/cz]

5.2 54 56 58 G
Invariant mass (W | K*) [GeV/eT]

2

Events/5 (MeV/c")

Qe mEiLete
oNbhOOaMRDON

DJ Run Il Preliminary

Signal region

-t ek mmd d

Sideband 2

BR(B, — py1)<2.3:10”

PASCOS, September 2006 Vaia Papadimitriou



Bso—1u: Physics Reach

2 SUSY SO(10) Unification

» Allows for massive neutrino
> Relic density of cold dark matter

Constrained
MSSM

tan =57, u>0

m,,=3 TeV, m,=0.7 TeV
e n Eansm e | ey oo

600 —

{1, h® Loo large

500

=
S
200 - 3
A I /
LE !
i S e O 5x107 N
1 1 1 1 | | 1 I-—-‘-f \___-|_I_I__I. Il': I I !
100 o 1000 2000
100 200 300 400 500 600 700 800
m,,, (GeV)

R. Dermisek et al. J. Ellis et al.
hep-ph/0507233 Phys. Lett B624, 47, 2005

PASCOS, September 2006 Vaia Papadimitriou




A. Dedes et al.
hep-ph/0207026

PASCOS, September 2006

Bso—1u: Physics Reach

250 300
M4 /2 [GeV]

Vaia Papadimitriou
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Run I, 450 pb

B.— i

. .
Blind analysis

used as a control sample and for normalization

B2—>J/1|f¢
Ny =731£10+4

Events / 25 MeV/c>

5.2 5.4 56 5.8
Invariant mass (u* @ K* K) [GeV/c?]

DO
Sideband 1 Signal region Sideband 2

Ny €xpected: 1.6+0.4
0 events found

BR (B, — puup)<4.1x107°

PASCOS, September 2006 Vaia Papadimitriou

N s

Events / 5 MeV/c?

2
8

6
Af
2}
8}
2f
g

0
0.
0.
0

"5 52 54 56 58 6 6.2
Invariant mass (u* @ K" K) [GeV/c’]




BR (B, —> 1) <1.0x10”"

PASCOS, September 2006
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(92
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o
X
=)
2
=]
=
F
X 15
=
Ig
0
o
@
whed
0
@
o
X
L

1
#) = Projection based on COF PRL 93 032001 {2004)
i

CDF Projection
BR(B,—u"w)

il “Current limit (CDF 365pb")

New analysis (significant improvement
,_—compared to PRL 93 032001 (2004) )

2 4 6 8
Integrated Luminosity (fb™)

Vaia Papadimitriou
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B *— J/ Ity

HE i

Production measurement

— I, =30.6x10"° GeV

o(B )*BR(B_—J/y v)/6(B")*BR(B Iy K')

= 1, =165x10" GeV

0 02 04 065 08 1 12 14 16
B_ Lifetime (ps)

=0.132 227 (stat) £0.031(syst) ‘oo (c7)

o(B,)x B(B->J /yev)
o(B,)x B(B, ->T/wK)

PRL 81, 2432 (1998), PRD 58, 112004 (1998)

Vaia Papadimitriou
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Jhy Polarization

CDF II Preliminary, 800 1:)b'I

og: J/y Polarization from B-decays

zero polarization

average o,y W/ lo error band

1520
pr (Jhy) [GeVie]

PASCOS, September 2006

DZ Run II Preliminary, Luminosity=250 pb

Jhy — put
N=121£0.01M /




Expected Integrated Luminosity

Fermilab Tevatron

DESIGN
30 mA/hr _ —— 30mA/hr

—25mA/hr
—20mA/hr
—15mA/hr

e
=
@
o
£
E
>
fr
°©
RO
Y
)
g
£

BASE
15 mA/hr

9/29/03 9/29/04 9/30/05 10/1/06 10/2/07 10/2/08 10/3/09
Date
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Expected Peak Luminosity

N

o

o
1

+ 30mA/hr
« 25mA/hr
* 20mA/hr
+ 15mA/hr

‘o
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»n
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o

£
€
=}
|
i~
©
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o
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Date
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