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Tevatron Performance

JEEEE

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

p — < pbar at Vs = 1.8 TeV, 3.5 s between collisions
Tevatron (Run IT 2002-Present, |L dt = ~1.02 fb-1):

p — < pbar at Vs = 1.96 TeV, 396 ns between collisions
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130 u |
1000
32 o -la-1 " : . . .
120 Best 1.27 x 10°*cm™'s FYO05.-,, ~ 1.02 fb! delivered per experiment in Run II
200
L e
i [ = ®° 71 pb! delivered per experiment in April 2005
o (] ol
& a0 - o =
g 83 " =
= FY04 g-  9g%y. | % w 4
5 n B e e /  FYO05
£ @0 o 2% .- ..I 3 son é’a}
E ‘E" ‘Q—‘ a® - F
e FY03 -~ ' |3 /
™ Uy o :
2 40 [ 8 E 200 wf FY04
30
200
20
- -
10 a 100 / FY03
il v . i rY - i i} v . . . - . .
Sep-2001Jan-200May-20025 e p-2002Jan-200May-200Sep-2003an-2004May-2004S e p-2004Jan-200May-200 Fep-20 Sep-2001Jan-200May-20025ep-2002lan-200May-2008 e p-2003Jan-2004May-20045ep-2004Jan-2005\ay-200Eep-20
® Fiscal Year 05 # Fiscal Year 04 & Fiscal Year 03 Fiscal Year 02 ® Fiscal Year 05 # Fiscal Year 04 4 Fiscal Year 03 Fiscal Year 02

Prague, July 2005 Vaia Papadimitriou



Forward Mini-drift

Excellent mass resolution e |
Particle ID: dE/dx, TOF NGRS | ) |-

l Central Scintillator Forward.Scmtlllator”

Tracking triggers (Hadronic B’s):

Sllieldilllg ‘
l .1: Tracks — X ‘.

I .2: Secondary vertex
Inl<1.0

Wall Calorimeter (H) \/ -~ Salenoid
N

Plug Calorimeter (E/H)

ENI=E

New Solenoid, Tracking System
Si, SciFi,Preshowers

+ New Electronics, Trig, DAQ

Excellent muon and tracking
coverage

Forward Calorimeter (E)

3.5<MI<S.] Luminosit) monitor 8 Tracking up to Iml<3

rimeorrigne [ Il Muons up to Inl<2

entral Outer Tracker

Silicon Vertex Detector o o oq o
Intermediate Silicon Inl<2.0 Vaia Papadimitriou



w Run Il Integrated Luminosity [ 19 April 2002 - 6 July 2005 |
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B-Physics cross sections and triggers

=(29.4406,,,+6.2,,. ) b

b Production cross section:
lyl <1 CDF, PRD 71, 032001, (2005)

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

Compare with b-factories: ¢ is 103 higher.
L 1s 1 fb -!(TeVatron) vs. a few hundred fb 1 (Y(45))

o (ub) L em2g! Integrated L b-events
Tevatron 29 1.27 x1032 1 fb1x2 29 x10°
KEKB 0.001 1.58x1034 470 tb! 0.47 x10°
PEP-II 0.001 0.92x1034 273 tb! 0.27 x10°

Trigger crucial point:
e 2 U (e)fromJy CDE,

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



B-Physics Data samples

JAy samples:
Millions! ~ 20% are from B’s
Reconstruct exclusive
B/Ag=>Jhy K/A® modes

Semi-leptonic B 2 D 1v X
samples:

~ 100 K events with fully
reconstructed D

I
I

Fully hadronic decays (CDF only)

~ 10 K events fully reconstructed B’s

Requires trigger on secondary vertex
(SVT)

80000

70000

60000

50000

40000

30000

20000

10000
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x10°_CDF Preliminary | L~ 260 pb"

© 120 2 .

" NJ"‘J" ~ 2x10

«+* o~14 MeV

100} L.

so| L.
60| ..
40} Do

oh
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Jhy — ppt |
N=121+0.01M /
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-

5279.10 £ 0.40 £ 0.40

P

B mass determination 5279.1+1.7+1.4

CDF Il (this) 4
Use clean J/WK modes ) T 5276104041 0.36

Accurate tuning of momentum
scale with large J/yy sample

o : World +
> " average 5279.00 £ 0.50
o i 5275 5280, 5285 5290
> - - M(B") [MeV]
— 30951 Cleo -
=3 i (PR S 5279.10+0.70 £ 0.30
£ - Wﬁé slope
= 3090 : _Hb,ﬁﬁ'% [MeV/c’)/[GeV/c] CDF i
E 3085 — M with B-field corr. -0.026£ 0.058 S28l3xzz2t14
B E-loss with layer 0.049+ 0.043 CDF Il (this) =
3080 x  default E-loss 0.298+0.043 5279.63£0.53£0.33
E ° no corrections 0.904+ 0.043
307 . . . . o
0 5 10
of J/y [GeV/c
Systematics below 1 MeV for high statistics channels World -
. average 5279.40 + 0.50
Best single measurements of »-hadron masses 275 o (\GRER 529



DF Run Il Preliminary 220 pb’

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

“  eof

§ - Bs— J/yd
> 50F
= -
pd L
L a0f
c __
2 -
10}

[ K )

BS

|+| L |‘ 1 |! I¢|+| LB I Ll
5910 5.15 5.20 5.25

) L & T T e T ki
5.30 5.35 5.40 5.45 5.50 5.55 5.60
B candidate mass [GeV/c 2]

Mass

B, mass

Delphi

Aleph

5368.6 5.6 +1.5

Opal

CDF

5859.+ 19.+ 7.
e

5369.9+23+1.3

[ ]
5366.p1 +0.73 £ 0.33

5369.6 +2.4

| Source | B .If‘;bK*U | BT ']'f;'_,lll)K:l: | BE . -If'f,"')';b | CDF Il (thIS)

Tracking & Corrections
momentim scale 0.20 0.22 0.20
Tracking 0.18 from B° from B° | World
False Curval e (.02 Irom B Irom B average.
Fitting 0.10 from BY from EB° 5340
Resolution bias 0.13 0.13 0.13

Fit Systeraatics
K*9’s with K-r Swapped 0.06 — —
J/ipr contamination — 0.13 —

Total Systematic Uncertainty 0.33 0.36 0.33

5380
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B hadron lifetimes

B hadron hfet.lmes prov1d§ understandmg C. Tarantino, hep-ph/0310241
of detector, trigger, analysis biases October 2003

B hadron decays dominated by b-
quark decay

Effect Of SpeCtatOr quarks Can be 00.95 1 1.05 1.1 1.15 1.2 00.95 1 1.05 1.1 1.15 1.2

T(B")/t(Ba)1o T(B") /T (Ba)nio

included with perturbative " - -
. . 50 'Z'

expansions in terms of 1/my “ T(—Bs) s

20 0/ 20

(HQET) 5 :

1.05 1.1 0.85 0.9 0.95 1 1.05 1.1

T{Bs) /T (Ba)wo

0.9 0.95

2 T (B2) 7T (Ba) ro
E T(A,) *
¢ 7(B,) °

Il Non-perturbative ME from lattice, : 4
Wilson coeff. from perturbative QCD §

U
0.650.70.750.80.850.90.95 1 0.650.70.750.80.850.90.95 1

« NLO improves agreement < (An) /7 (Ba) o © (A /L (30) mmo

ll Ratios reduce theory uncertainties Experiment @ Theory
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[ifetimes with B2>1vDX mdes

f

Highest statistics samples
Difficult systematics:

l Sample composition for B+, BY
« Cross talk from D**, D* /
I Backgrounds:
* Combinatorial
* Physical: B>D®D®)
* Prompt: c-cbar, b-bbar, D+fake - ined leplort|
Recent result from CDF with low =5

statistics lepton pt > 8 GeV sample
(B = 1.6530.0290.032 ps, T(B°) = 1.473+0.036:0.054 ps
1(B+)/1(BO) = 1.1230.040:£0.040

Very high statistics secondary vertex
triggered sample still under study

B
_‘_BO

- Backgrounds

Candidates per 25 um

13,300
Signal events

—_—
Te0]

-0.1 0 0.1 0.2

Combined Iep’[on-DO

0.3

Pseudo-proper Decay Length (cm)
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Lifetimes with B—1vD X modes

JEEEERTREE

6000
First high statistics B¢ lifetime 3 0, D@ Run Il Preliminary
o 00k, *
measurement from DO F v | S
- e “ ?/dof = 1.33
= — -E e y/idort=1.
Use D > OT decay EF O g
g : - R i SN
Difficult background systematics: R T
* Combinatorial 35955 e";/ Dy—om
* Physical: B>D®D® 5153 + 265 + 450
A b L e L e e e Ly
* Prompt: c-cbar, b-bbar, D+fake et el VL P
Currently best measurement
-~ F *
T(Bs) = 1.420+0.043+0.057 ps 5 F BRI
(Bs) D § _ 400 pb i" DG Run Il Preliminary
~ Source Aer (pm) S i
g Detector alignment [8 +5.0 - ;] B
= 5 = § D
§ ~ Background estimate +15.0 “OE { ot
= g‘ Selection criteria +3.6 10l }
QE) & Decay length resolution +1.6 - - ' &?w
2 g K -factor determination J_ri;' 1;_ RPN
(/>f U:) Non-combinatorial background "_'; i ; SR 5.
Total 5170 gl )

Prague, Ju,

Pseudo Proper Decay Length (cm)



0.0763

First measurement with Secondary | 2o 1087 12

0.8164
27691218

Vertex Trigger biased samples ; g 001121 00005t

0.01965+0.00112
4.7211 0.862

Trigger/analysis ct-efficiency | 0003485 0000263

003828+ 000130
-223.2+102.5

curves from “realistic” MC 7 0.029412000117

Check by emulating trigger cuts
on Bt J/y K+
Use several final states
B#: Dt [8380 ev.] (D> Km)
BO: D*itF [7957 ev.] (D*>Kmnm)
D37 [4173 ev.] (D*>Knn)
Bs: Ds 1t [472 ev.] (Ds=2>¢m)

Ds 3mt [133 ev.] (Ds=2>¢m)
|
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J Lifetimes with hadronic

More statistical power

than J/\y modes

Slightly larger systematics

8 Efficiency curve
8 backgrounds

1(B*) = 1.66+0.03+0.01 ps
1(BY) = 1.51+0.0220.01 ps
U(B,) = 1.600.100.02 ps

CDFII Preliminary L=360 pb”

25 1 m per bin

— Data
— Gilobal fit
[ Signal

----- Combinatorial

[1Bs
B A

=
£ —— Dat
;g_m’ £ B* - Dr ==
i i BH%K%_ — Global Fit
s [ signal
2
10 B+ ----- Combinatorial

Nof B": 7957 + 89

BO

10

N of B* : 8380 + 104

0 005 01 015 02 02 03 035 0.

I \4 1
RS T
T

IS

PRI R

bhons
]

0 005 01 015 02 025 03 035

ct [crg]'4

decays

CDFIl Preliminary L=3(:30pb'1

10 MeV per bin

Adbomwasn

CDFII Preliminary L=360pb '

. Bg— Dgm

Combinatorial

50 um per bin

N of B; : 472+ 27

L
=

dhhoma



Lifetimes

Several new results included in HFAG 2005 averages
BY, B+ dominated by BaBar/Belle
B,: dominated by CDF/DO, LEP

hep-ex/0505100, May 2005

CDF CDF semi- DO semi-

Lum. | CDF y modes | hadronic leptonic (Hi pt) | leptonic (\|I) HFAG

pb-! 240 360 260 400 2005
B0 1.539+0.051+0.008 | 1.511:0.02320.013 | 1.473+0.036:0.054 1.528 + 0.009
B+ 1.662+0.03320.008 | 1.661+0.027+0.013 | 1.653+0.029+0.032 1.643 + 0.010
B+/B0 | 1.080.042 1.123+0.040+0.040 | 1.08+0.016+0.014 | 1.076 + 0.008
Bs 1.369+0.10020.009 | 1.598:+0.097+0.017 1.420+0.0430.057 | 1.479 + 0.044
Bs/B0 | 0.890+0.072 0.968 + 0.029

Red = Very recent!

Theory (NLO) 1.00+0.01 § 1.06x0.02

Prague, July 2005 adimitriou



B mixing

Neutral B’s mix:

SM interpretation with box
diagrams
1 Frequency Am, o< IV, |2
il Constraints to CKM weak
due to theory uncertainties
Theory accuracy ~5% 1in
ratio Am4/Am,

Bd mixing measured and

established clearly 05 N8
8 LEP, CDF-I, CDF-II, W
DO-II, =
Bs mixing not observed . K
l Limits set by LEP, SLD, 0.2 ¢
CDF-1 I
0.1 §
SM Fit (2004): Am_ = 18.3 £ 1.6 ps’! 0 &
0.4

New physics may affect Am/Am,




Al's

In the Bs system CP violation is small:
B, light = = CP even (S, D waves)
B = CP odd (P wave)

Generally final states are mixture of CP even and odd states, but for
, we can disentagle them.

s,heavy

Time-dependent angular analysis for BO——J/
together with lifetime meas. can separate * L-250 pb”

— CDF Run 11
Babar 2001
[ Belle 2002

heavy and light mass eigenstates.

Imaginary Axis

Determine AF—>AmS R

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

et the measurements of BaBar and ) Real Axis




D@ Preliminary

0.4

B kg Shont-lived

CDF Run I L ~ 260 pb’ statonl] 50
e - = 1G (stat only *
= 10 ? BS — Jl\‘l” q) - data BT 15 (Stat - S}‘SU
% E Si o - with WA constraint (1 o stat)

g , r — Sig Light

@ 10 2— Sig —

% r Bkg Long-lived
= B

=

[v]

4]

10 theor. 1o band .
E Fit prob: 37.8% 0.2 \ ¢
F S : o
-0.1 0.0 0.1 0.2 0.3 D@ Preliminary WA(ls) 1o
ct,ecm § 3
’ 107 ¢ Data N R B
E M 5.26 - 5.42 GeV )
e E B o —TowlFt 0396 00424 0.0452 0.048
0 B 5 Vi --- Total Signal =
cT(cm)
g’ [N e | | | | | | |
Q E - > 0 T U S s e s o e e |
@ £, 1.3 1.35 1.4 145 1.5 1.55 1.6
1 L { T(ps)
310 i.
T F i
c - H
o B i
Ot &
:
107 ;
E g
F ¥
2, 1 Ilil 1
1091 005 o0

0.65703; | 1.40715

+0.33 +0.15
0.2 1—0.45 1. 39 0.16 1 Papadimitriou




B mixing

Basic ingredients for the measurement:
High statistics samples of neutral B’s in flavor specific decays
i CDF: J/yK, Drt, lvDX B lifetime _ -1
2 DO: J/qﬂ“(j, VDX a7 ) P
Proper decay length reconstruction
il Fully reconstructed modes provide better
accuracy
Tagging of flavor at production (flavor tagging ) s
Il Key problem at the Tevatron!

Mixing Asym.

i Equivalent statistical power: N €D? Proper decay time t
* € = tagger efficiency
« 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

l Impossible for B, until oscillation observed
Prague, July 2005 Vaia Papadimitriou




Opposite side techniques (OST):

CDF: total eD* ~ 1.1 - 1.4 %
|l Soft Muon Tag
il Soft Electron Tag
l Jet Charge Tag

DO0: eD?*~ 1.1%
I Enhanced muon tag eD? ~ 1.1%

* Add-in correlations with associated
jet in likelihood

Opposite side

Same side techniques (SST):
Sign of nearby track is correlated to
b type (SST)
Il Tagging power depends on B type
il PID helps for Bs
l ¢D? ~ 1% for CDF&DO in Bd

Prague, July 2005

Vaia Papadimitriou




.J CDF: Bs mixing (31 nals)

Hadronic analysis: Bs%Dsn
~ 900 events
Cross-check with hadronic lifetime analysis

Semi-leptonic analysis: Bs=2>Dslv
~ 7.5k events
Cross-check with parallel independent analysis

Channel Yield

o
‘;‘40' —— Data
©
= —— Fit Function
%120 B.— D,
g B, DK
_.&00 . B=>DX
_'S combinatorial
° L
Suao_ background
B ¥2/NDF = 132.7/125
60[=
dqof- :
20_— g :\ iy il ik b b |
g LT T
ol TR D o E I AL
= 4
& 2F
1 Of
® | C2F
w5 4 P [P | | SR S (S
= 5.0 55 6.0 6.5

K*K 'y mass [GeV/c?]

Bs—Dswt (Ds—¢m) 52633 | 1.80
Bs—Dsnt (Ds—K*K) | 254+21 | 1.69
Bs—Dswt (Ds—37) 11618 | 1.01
Bs—Dslv (Ds—¢m) 4355494 | 3.12
Bs—Dslv (Ds—K*K) | 1750+£83 | 0.42
Bs—Dslv (Ds—37) 1573488

Prague, July 2005

01600 D, 4
Bia000 i
E j_ I| |
101200 N(ID,) = 4355 + 94 A
@ 4 |
21000 . t|
0 nght [
2 800 - sion o
= i \ 1 [
5600 [t 8 \ [t
o4 o
400~ [} * AR
oty **Hﬂmtftiy \*}t

2005 AT e e
Wrong Of L
) 1.85 1.90 195  2.00
sign

CDF Run Il Preliminary L=-360pb"

mass(KKr) [GeV/c’]




CDEF: Bs Mixing

CDF Run Il Preliminary— 355 pb’ | = data+1c & 95% CLlimit 0.0ps’
B + datax1c /A 95% CL limit 7.7 ps 16456  \O sensitivity | 0.4 ps”
% 8 IS 1.645 NG--sensitivity 7.4 ps_1 data+ 1645 c
_43 B datat 1.645 ¢ 2 data + 1.64@'0 (stat. onl*l.!0 g
a 6 L data + 1.645 o (stat only) : % T l T | * i
qE: - B, > 1D, X = {le* HH “|T|| L I U
al |11 5 * + T T
L ®||e E
- ey ReEE T i { |
2 3.
...... et .
O R HI #%»--.. T
-4
0 5 10 15 20
Am [ps ]
4|+ daax 1o/ 4 95%CLlimit 7.9 ps”
1 1.645 ¢ O sensitivity 8.4 ps” ’ ’
| moatat 16456 | D
2 data+ 1.645 ¢ (stat. only) ‘ *
g ] AL <.+|., -t £ it
%_0 '¢+++*++ﬁ+++ ++++++ +++ﬁmlln+HllJ‘. ALt~
£ | )
g o i H
_2_ Ld L3
_ CDF Run I limit
4]

Prague, July 2005 Am, [ps’]



D, signal D@ Run Il Preliminary
3000
©
=
[}
=
b
=)
7
E D — ¢ T ’
* 5019 + 292
_ D,—¢m
1000- 13339 t 277
- Untagged
0 T T i —
1.7 1.8 1.9 2 21
Mass(w (GeV/ch)
D, signal D@ Run Il Preliminary
Ng :
% J
=100
g |
(S
@ 80
=
-
60-
40-: D.—om
! 675 + 43
20-
; Tagged
0 ] T T M ' I
1.7 1.8 1.9 2 2.1
Mass (GeV/c))

KKt

DO0: Bs mixing

Semi-leptonic analysis:

B, Amplitude|

v 250
Z - fdatatic
:E: . “[__Jdata+1.645 (stat.) L.

[data+1.645 ¢

DI Run Il Preliminary

2
* &
-

L=
[
|||||||||||||||||\||l||\|||||\ I
1
i
—
;
sy
1
i
1
ey
1
1
i
1

-1
1.5 | s -1
¢ 95% CL limit: 5.0ps
-2 -1

25 1 1 1 | 1 | |

--¢-- sensitivity: 4.6ps

" ¢ 5.2ps” (stat. only)
e 59 ps'1 (stat. only)
| | 1 | | L 1 | | L

0 2 4

6 8 10




Mixing Status and Prospects

=¥ rrTTrrTrTT T T T T T T T T T T T T T T T T T T T T T T T T T T T . '
-g _ World average (prel.) Tevatron Projection
= r 7
E“ 2t + datatlc (‘a 95% CL limit 145ps* 2 56 observation
< [ LeSc e sensitivity  185ps” CDF & DO combined 9
L5 - [l datatléd5o 7 = =
- [] data+ L645 o {stat only) - ‘0 =
: I ! £201 g
r 1 = 18
< ‘o
] >
=
‘% 104
c
D
i . CDF tagging: add kaon tag, eD*= 3%
05 - _ CDF vertex res.: 20% improvement
L \ ' CDF/DO: Similar sensitivity
C i o
1T | 2 4 6 1
| H Delivered luminosity/expt. [fb ]
-1.5 o e by by by P By | | 1

0 2.5 5 5 10 125 18 175 20 225 2§

Am_ (ps™)

> 14.5
> 18.5



Mixing Status and Prospects

E m [ ]
g 0003 using the -
m - [ ] ¢~ 4| ™ 0 o
2 | limit on
_-E‘ I AmS
._E go02  BAR | EEEE O 6
E I
0 using the . N
E i ° ° H
0.001 limit on
i Am, L
o_l PR T B R L P R T T < i
0 10 20 0 5 10 15 20 25 30 35 40

Am[ps’]

CKM fit: Am_ = 18.9 + 1.7 ps-! New physics:
[15.7,23.0] @ 95% C.L. 36if: Am.>  ps! (31 ps)

56 if: Am, >  pst (58 pst)
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B—o0h

CDF: B+ ¢K*
A,=-0.07£0.17 00
(BaBar: 0.054 + 0.056 + 0.012)

Events / 20 MeV/c?

+0.65

BR(B" = @K )=(7.6+1.3702)x107°
HFAGO5: (9.0 £ 0.6)x10

CDF RUN II Preliminary L=180£10 pb'1

2|IIIE

B 50K
47 £ 8 events

N
o

y
(3]

Flfllllllllllil[

(4}

M, [GeVic']

CDF: Bs—> 00
QCD fact.  3.68x10°7
NF fact. 1.79x107

First observation! em

Prague, July 2005

Lumi = 360 pb”’

B,—¢¢

CDF Run |l preliminary

G
=
T

~40 events

R
o
LI L

]

events per 20 MeV/ic?
[~
rTi LI

background

m(KKKK) [GeVic']



B, —>JIyp; JIy — uu

used as a control sample and for normalization

CDF Run Il Preliminary

B w(2S5)¢

L=355ph’

v F
% 70—

= C

v C : -

= 60 B>y oy —pn

E e |
= C

W goF yield =222 +159events |

+ 0.66 MeV/c®
+ 0.58 MeV/c®

sigma = 9.42

T
3
]
]
3
4]
(&)
o
o
'h.‘l
o

oy
A RRERTRT N MR |

g™ G |
-4 R él el

525 53 535 654

BR (B, -y (25)p) _
BR(B,—> J/yp)

0.52 + 0.13(stat) + 0.06(BR) + 0.04(syst) E

54
B, — J/y ¢ Candidates, Mass[GeWcQ]

55 b5.55

5.6

Event/5 MeV/c?

Event/5 MeV/c?

Run II, 355 pb™!

CDF Run Il Preliminary L =355 pb"
10— .
T B=w(2S) o;w(2S) s
gl vield =202 +5.0 events 5°02 )
- mean =5366.49 +1.88 MeV/c®
| sigma=6.70  +0.00 MeV/ic®
Al
o ﬁr HﬂﬂﬂﬁT WJ 0l
il L‘ 0 ﬁ B LHJ j M L
D_IIIII\IHIII‘Illl | I \I’—‘\IHHIIII’_‘I;—‘I
51 515 52 6525 53 635 54 545 55 555 5.6
B, — vi2s) ¢o;y(2s) — p'u Candidates, Mass[GeV/cz]
(0
- CDF Run Il Preliminary L =355pb"
6 B. = w(2S) 0;u(28) > Jv KT
- 4.16 ¢
5 yied =123 +4.1 events
- mean =5366.63 +3.20 MeV/c®
4 sigma =7.77  +0.00 MeVic®
3
ok
1
\II‘IIIl\I | |\II\|II\ |H NN

52 525 I 53 535 54 5;45 55 555
B, — yw(2s) 0; y(25) — Jiy ' Candidates, Mass[GeV/cE]

515




CDFII preliminary, L=180 pb"

.Bd—:»Kat
DBS—:»KK

Exploit the two-track trigger
sample.

Combine mass, 5 o
and PID in an unbinned B

maximum likelihood fit to BB > Kn
extract the fraction of each of Ne L ~|_|Background
the expected components. T

P (track) > 2 GeV/c; K/mt
separation of 1.40. 89347

l.40=——>1.6G by including signal events
TOF information.

ol
O
—
g
O
=
Tyl
Qo
S
)
a
421
et
o
O
>
i
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B— h*h

BY sector

BRB =777 _ 4 5110.05(stat.)£0.03(syst.) HFAG Win05 : 0.247 +0.024

BR(B' > K'7")
A (B, —> Kz)=—0.022+0.078(stat.) = 0.012 (syst.) | HFAG Win05:-0.109£0.019

B, sector

f.-BR(B) > K*K")

=0.46x0.08(stat.) = 0.07(syst.
f, BR(B"—>K'7m") (stat.) (syst.)

Prague, July 2005




CDF Run Il Preliminary, L =119 pb

EVldence for:

B, — D (2536)1'vX

K%ﬂ'ﬂ'

D.n* Mass [GeV/c 2]

D, — o ;90— KK

™ i N(BY) = 84 + 11
O - s) = -
S, 50:
% : ¥+ 2 5()
e ar
> 40 BEas0) DN K,
N L
- 30
S T
820 "
— 5 = :
- B : :
L] 10; 2 8__
0; e £ I
5.0 5.5 s 6
= 6

D@ Run Il Preliminary

Prague, July 2005

Signal: 18.5 £ 5.5 (3.40)
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Run I1, 240 pb"!

10-1? '1:
- pa| |g 7]
E | g |
o i = 2
2 102§ e 10 -
< < i
102 107
] : 10'4i
0% s - N
0 20 40 60 80 0.2 06 08 1
Decay length significance Isolation
= L
5 107} [C4 DO
E s Used 3 primary discriminating
< 107+ variables

- ny /o(L,,) > 18.5; o(L,,) <0.15 mm
o A : |dg— bl < 0.2 rad

s Isolation: pg/( Ztrk + p,) > 0.56

453 < M,, <6.15 GeV/c?
Prague, July 2005 O = 90 MeV/c?

Pointing angle [rad]




e Run II, 240 pb!
B—uu P
B* — J/w K™ :used as a control sample and for normalization

"§‘2°§ ¢ D@ Run Il Preliminary
5 100 U B Jiy K

< 80p N,. =906 + 35+ 22
g 60|

£ 40—

ﬂ L

S 20 .

= ;

54 56 58 6
Invariant mass (u* " K*) [GeV/e]

RO
oal\l
0
i
N

BR(B, — p11)<3.0-107

=y 1D —
v 18- DG Run Il Preliminary
> 1.65 Signal region -7
é‘i 152 | Sideband 1 Sideband 2 BR(B, — ut)<3.7-10 95% CL
o 1
E 0.8:

0.6F
S 0.4°
R 0.2:

e ' '

46 48 5 52 54 56 58 6 6.2
Invariant mass (LW L") [GeV/cT]
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B UL

JIeH

)
V]

s Used 3 primary discriminating S [CDF Prefiminary
variables N
= | 364 pb

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

=
E

D.05

° A |oig — 0o, < 0.7 rad

e |solation: pTB/( Ytrk + pTB) > 0.5 "8 % 52 ':5?3, 56 58 0 o om0z 0.22 53
M,, / GeVic? A7cm
Mass M,,,: choose +2.56 window:
8 [ c
O = 24 MeV/c? §°3 : £ 03] — background
Doz Eozs (data
a Optlmlzatlon = 024" g oy R Bs%l-fu_ i
orel o (Monte Carlo) i:
@ Used simulated signal and data sidebands Nl ik e - Rt
@ Background estimates were checked in - - ‘._'_,_r"':r‘ o
same sign lepton and -ct samples o5 “;_:;--- S N B i

Aot/ rad isolation

Prague, July 2005




4

T

S —
8 os. gDFjli?&_mlnary

= s+

_5 364 pb .

3 Signal
3 (Pythia MC)
£ 0.3

o2{| Background

(data sidebands)

0.1-

0
0 010203040506070809 1

Likelihood

Ny €xpected: 0.81+0.12
ses: (1.0+0.2) x 107

Npie €xpected: 0.66+0.13
ses: (1.6+0.3) x 107

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

Bs(d)_’ LU

BR(B, — uu1)<1.5x107’

BR(B, — u1)<2.0x107
BR(B, — uu1)<3.8x107°

apadii

o 4 =CMU-CMU
< CDF Preliminary 364 pb = CMU-CMX
u : L, " aQ : v . L o
% 5.8 '
5 ] : N
=~ ] P . W
=" 564 . .
: « gy
5'4- L ] I o HE
1 1 L] " . -t
5-2-1' I- I‘.‘ e ‘Bd
5 5 & &
1 5 .
4.3" I "w ) ;
0.8 0.85 0.9 0.95 1
likelihood



JEEEE

*» Combination of the CDF and D0 limits:
» use a Bayesian integration technique
» takes into account correlated and uncorrelated systematic uncertainties

BR(B, — u1)<1.6x10™

N
(&)
[

i
-l = Projection based on CDF PRL 93 032001 {2004)
1

N
O

CDF Projection
BR(B,—u"w)

| L

Current limit (CDF 365pb”)

RN
o

New analysis (significant improvement
L compared to PRL 93 032001 (2004) )

Expected Limit x 10° (90% CL)
o o

2 4 6 8
Prague, July 2005 Integrated LuminOSity (fb-1)
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Bsg—H1u: Physics Reach

o SUSY SO(10) Unification

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

m =25 TeV, m,=500 GeV

5Da Mp=150, Ag=0, u>0, m;=175 GeV

Excl

40 L |

2 N

500 =

30 I )

- Y A

Kol i it
g : "\\ ” /X\
fa i oo i %\

20 - = s AN

& =

= =)
fo W

10 [ g ):

= ;f ]

..... o [ 11

| < /]

= /oY

= //]/ il

Ry /

100 L0 | /|\'\ N | ES o /ll T r!.r =

100 200 300 ACO 500 600 700

M, . (GeV)
R. Dermisek et al.
A\EIER hep-ph/0304101

A. Dedes et al.
hep-ph/0207026
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B—uuo

# of events / 25 MeV
N
o

Events/5 (MeV/c’)

LRl maehoNs
oNvbhOOLNPOON

DO Run Il Preliminary

a B, — Jiy o

5 N, =73+10
f'...'lii\.l..!h*l. AN ) ..“' 5.2 4 : g
9 b5 b1 b2 53 54 5H5H bb b7 58 bHYI

Invariant mass (u' 1 K*' K) [GeV/c]

= DG Run Il Preliminary

= Signal region

~ Sideband 1 Sideband 2
46 48 5 52 54 56 58 6

Invariant mass (W' 1 ¢) [GeV/c']

Run II, 300 pb-!
Blind analysis

Nk, €xpected: 1.6+0.4
0 events found

BR(B, — i " 9)<4.1x10° @90% C.L.

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, A%

R

~0.05%

///

Prague, July 2005




B L e s s S L B e T T ‘

m S
B +6.2
al . 204 70C events
e, 10 Qso y
= =]
% Vsl 204
m °
= =
T 40
&
& 4L
z Bei0 s 40
2 N(B)
m 4 | V-
JAp+e and JAy+u
— Data (B_ Candidates)
2 Fitted Signal
- Fitted Background

4 5 [ 7 8 9 10 11
M(J/y+epton) (GeV/ic)

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

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

43

BCi —J/ |V Run 1, 110 pb-!
PRL 81, 2432 (1998), PRD 58, 112004 (1998)

Original B, observation (CDF I, 1998) was in
the trilepton mode:

B —J/yl*v, J/y — uu

-420

\ | \ |
0. 100. 200. 300. 400.

7 (um)

—_
TTT

Events per 60um

el B ,um i
i —Total '

P B AR Backgrounds
0L
= g
~0.1 2+o.041 +0.031 +0.032 | \ L e |
0.132 7 37 (s1a1) £0.031(sys1) Zg g (€ 7) 0. 400. 800, 1200.

ct m

c7(B,)=0.46 """ +0.03 ps



events per 0.2 GeV

events per 0.125 ps

B —J/¥Puv

0T

B, observation by DO II, 2004311 the trimuon modé:
|3 J e VA VR VAR AT VTR 231 candidates

combined lifetime and mass fit
95 £12 + 11 signal events

DO Preliminary

e B R BT RS TR EIE & LB R SRR GRS R R
30 £ + data -
: B heavy flavor background
B prompt background
[ ] signal .

35 4 4.5 5 5.5 6 6.5 7 7.5 8

YU invariant mass (GeV)

50 __| T T T [ T T T T T T T

wb use J/P+track background control
s sample: heavy flavor, prompt

mass hypothesis (GeV)

-1 0 1 2 3 4 5

YU pseudo-proper time (ps)



A B— J/T*

hep-ex/0505076
>

Score function

Hypothesis test set up before opening the box.

The probability for the signal being a random
fluctuation is less than 0.27%.

Threshold value

CDF Run 2 Preliminary 360 pb' CDF Run 2 Preliminary 360 pb '

b
n
-
Q
T

Score function 5/(1.5 +\B)
X
|

Entries in 10 MeV/c?

15

L 1 I 1 1 L l L L 1 I L
6.6 6.8 7
Jiy Mass (GeV/c%)

WL

1 1 ‘ HH 1 ‘ 1 1
64 66 6.8 7
J/y © invariant mass (GeV/c’)

2

After box was open: scan search region with binned likelihood fit:
mass fixed (scanned), resolution constrained, S, B fit parameters




J B.*—J/¥r*

CDF Run 2 Preliminary 360 pb™”’

ol [
L B 2
S B Bc d h|’ Tt B, Mass = 6.2870+0.0048 Gewc2
% C Resolution {fixed) = 15.5 MeV/c
B - Signal: 18.9+ 5.7 events
= S L Mean exp. backgd.: 10.0+1.4 evis
@ C under peak
5 4
= N
s L
0 3 A -
y {H— o .
0 B | 1 T T ) [ N A |

| | 1 | | |
6.2 6.25 6.3 6.35 6.4 6.45 5
Jiy n Mass (GeV/c')

M(B,) = 6287.0 + 4.8 (stat) + 1.1(syst) MeV/c?

This result e—

Theory in very good agreement
jgerm e IS Potential models, NRQCD, LQCD

my (MeV/c)

New CDF analysis

6600

6500 |

4w 6300
6200

6100 -

Blind search, control
sample 2378+57

B * — J/yK*

[ [ [
- Uﬁw + mY):'E
m potendal models
vy potential NRQCD
® lattice QCD




L)/ Wety

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

Significance : 5.9

10 12
Mass(upue) (GeV)

Cross section ratio 1s defined within the kinematical limits
pr(B) >4.0GeV , ly(B)I < 1.0

=(.28214(.038(stat.)+0.074(syst.)

ratlo Vaia Papadimitriou




B —J/¥utv

CDF Runll Preliminary: L =360 pb Background“-: 44.9+7.3

45
N: 4()* ¢ - B.—»J/yuX candidates Observe : 104+10.2
S 35E o - Total background y ==
& 300 Excess : 59.1 £12.5
1 25¢ Significance : 5.20
O 205 ,
"‘a 155 o CDF Run Il Preliminary: L = 360 pb
= 10 N';' 3 ]
o S 7t = O-fake n
I g’; T 6 0- fake Jiy
2 3 7 8 910;112 ;5; 0-BB
~ 3t i
[¥p] C
"qEJ' oF - J_
> 1t _I_l_
T et == ==
2 3 4 6 7 8 9 10, 11
GeV/c

Cross section ratio is defined within the range
pr(B) >4.0GeV , ly(B)I< 1.0

=0.249%0.045(stat.) " s (syst.)

rdth

Vaia Papadimitriou



b-Baryons
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J A, mass

JEEEE

CDF Run Il Preliminary 220 pb'1

= 35—
o L A JIy A N(A,)=88.6+10.3
S 3 B Fit Prob: 23.3% Delphi ——
) - 5668.+ 16.+ 8.
= 25:—
© = ' Aleph —_—
E 205 P 5614.+ 21. + 4.
c 15:— [}
S = ' CDF -
W 10F 5621.0 + 4.0 £ 3.0
5 + + ' CDF Il (this) ol
S A U o UL SR LS AR LY 5619.7+12+12
83 5.4 5.5 5.6 5.7 5.8 5.9
. 2
A, candidate mass [GeV/c ]
) i World ——
Sﬂum? ‘ B J/YK, Ay = T/pA average 5624.0 £ 9.0
Tracking & Gorrections 5575 5600 5625 5650 5675
momentim scale (.2 0.2 M(A,) [MeV]
Tracking 1.0 from BY - JfpK?
Fitting 0.7 from BY - JfpKY
Taotal Systematic Uncertainty 1.2 1.2
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Lifetimes

DO (Run II, 250 pb™!) : 4G9, =1.22J_rg:?§ £0.04 ps Improved measurements

CDF (Run IL, 65 pbr);

HFAG 2005:
T(A)/T(BY) = eXp

HFAG 2005:

Mixture of
Delphi 95, Aleph 96

= KEEXE theory DO
¥*/dof=0.35

A, =T IwN Ty —u; N — pr”

Prague, July 2005 Vaia Papadimitriou




Branching Ratios

Hadronic Signal

4

Inclusive Semileptonic Signal

1

173 pb

~ 700—CSRF Run Il Preliminary CDF Run Il Preliminary 173 pb
O 7_;, T 250 2 —] 2
< 6001 Binix A“”“)‘( ‘; Ay Agre s fNDpFro:.'JQ 551;1
< 500 — PK7 @200 — p'Kmt
= N=179 = 19
d 1 o e B AL
1% 400 Q150 aiins E‘%ﬁé}pé“r?\%foﬁeﬁﬁﬁﬂﬁgs
— ] + 1 o« 1Ml S Other A, decays
% 300 + _'UEJ.IOO_ ------ ackground
Lﬁ 200 N =1237 + 97 EE
100 ¥?INDF=47.9/38 | fi0 901
prob = 13.0% Bt L o SR
oL | | 0 . Jﬁ_& Moot .
2.2 2.25 2.3 2.352 5 b.b §) 6.5 27
M(pKn) [GeV/c? M(A) [GeV/c?]

B(Ay, — A u~ 7))

B(Ay, — Ad7)

+0.7

F

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



8 26 32 A, (2625)
B A,(2593)
©
E 32
2.5
2m Vi
Y ++,+,0 = of
2.4 - - 0 016 01 02 0z
z  3of M(Ac)-M(Ae)  [Gevic?
I 205
2.31- 117 T—
I , A, >Au X
0%.14 015 016 0.1; 019 020 021 022 ¢
9oL M(Ac)-M(A) ) CDF Run Il Preliminary 360 pb!
A - type T -type S asp E
’ yp : yp g 30§_ -Ac sideband [ AC(2625)_
s = |
202_

First observation of several A, semileptonic

15F

10

decays that can ‘mimic’ the signal s

030 l 0.35
M(A.mt)-M(Ae) [Gevich

Prague, July 2005



Predictions for BR are 1n the . _CDF Runll Preliminary L=193: 12 pb’
range 1 x 10°-2x 10° '

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

Exploit the two-track trigger
sample

Use BO=—K7t for normalization

5.8

6
M., [GeVic’]

Backgrounds are combinatorial

and from the tail of B =—hh f,/f,=0.25 + 0.04
BR(A;—ph)<2.3x 10> @

90% C.L. h=K,n
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Updated knowledge tor A,

Mass m = 5619.9 + 1.7 MeV/c?
Mean life 7 = (1.232£ 0.072) x 10712 ¢

cr = 368.9 um
Ag DECAY MODES Fraction (I';/T)
J/H(1S)A (4.7+2.8) x 104
4+
Ao (4.1 £2.0)x 103
J"I'li_ a1(1260)~ seen
A, v (5.5+1.8) %
pK + pm <2.2x10°
AgqmT T wt seen
A~y < 1.3 %103
A (2593) * (v seen
A (2625) *[v seen
Xl seen
DURLY AV seen
Prague, July 2005

Colors:
- PDG2004

- CDF & DO
contribution
beyond PDG2004

A, mass

Delphi ——

5668.+ 16.+ 8.

Aleph —_—

5614.+ 21. + 4.

CDF -

5621.0£4.0£3.0

CDF Il (this) e
5619.7+1.2+1.2

World —
average 5624.0+9.0

5575 5600 5625 5650 5675

Vaia Papadimitriou



Expected Integrated Luminosity

Integrated Luminosity (fb™)

Fermilab Tevatron

DESIGN

BASE

9/29/03 9/29/04 9/30/05 10/1/06 10/2/07 10/2/08 10/3/09



Conclusions

The Tevatron 1s running very well
Many new results

The Tevatron is expected to provide 4.1 — 8.2 fb! by
October 2009

A lot of answers and surprises awaiting!!
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Backup

Jidb i
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Tevatron Performance

FY05 Peak Luminosity

Integrated Luminosity

130
120
110
= 100
o %)
e 2
£ 2
3 = a0
c 2
= ‘w Ta
3
3 e
‘E B0
B o
5 - 50
& B
= o 40
an
20
| 10
g+ . . - 5 s . . : Ll
a 25 50 75 100 125 150 175 200 225 250 275 300 325 350 ars 0 . i i i
Days since October 1 Dec-2004 Jan-2005 Feb-2005  Mar-2005 Apr-2005 May-2005 Jun-2005 Jul-2005
® Fiscal Year 05 Integrated Luminosity * Fiscal Year 04 Integrated Luminosity
i Fiscal Year 03 Integrated Luminosity Fiscal Year 02 Integrated Luminosity — Design — Base I ® Fiscal Year 05 Peak Luminosity — Design —Basel

5x Average Integrated Luminosity per Week

Prague, July 2005

225 i
L]
FY05, 1
B
.
= 175 §ﬁ -IHI L-
=3 % ]
.. FY04 §  iak
R By L] L]
= Py 1
o | ]
o [ ] ]
! FY03- -
- i *g & .
& L
2 100 by s o, _—
2 k tt b, : WP 3 s 0
i r k % . T I ]
2 75 S S 151 I .
i) A 'Y
= Biad o ot ppps L l
= R T ¥ -
‘ RS
" L4 4 1 |
25 £ 4 . e
')
4 -
o ; ; A Y . LN .
Sep-2001Jan-200May-200Fep-2002lan-200May-2008ep-200an-2004May-20045e p-200dlan-200 May-200 Bep-20)
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Tevatron Performance

Combined Luminosity Potential

=
&
[

&
=
&

e
[
3

il
i}
i
ki
0
=
3
=
=
]
=
ji
i
=
Ul
j
£
E
=3
il

100 125 150 175 200
Available Pbars (e10)

o Accurmulator Only Stores ® Accumulator & Recycler Stores — Accumulator only prediction
— Accumulator & Recycler prediction
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Integrated Weekly Luminosity (pb™')
60
Stacktail Bandwidth, Tevatron
e-cooling & Stacktail
Phase 4
50 | tank move Phase 3
0 L 4
L 2 L 2
40 | gain from mixed- sour'ce N N
no pbar tax I § . .
! ¢ L 4 *
F S
30 A K 4 .
Phase-2 D, .
L . F
Slip-stacking F; /-—""' .f" (“"
$ s be b
* :/.M ’/' ./'
0’ < ’0

Expected Weekly Luminosity

20 -

:

/
/- : N
7 i
no pbar tax, no gain from mixed source

-
10/3/09

10 A /
amnnne PIVEIEES anp anm
10/2/07 10/2/08

<N
9/30/05 10/1/06

0 ~ame
9/29/03

9/29/04



Parameters: Design Curve

N
)

/\
/

/

Stacktail

+Helix
Reliability

FYO05 Last 10 |wo
Slip Stacking [
Recycler Ecool +
Stskgiiank |o
move

Parameter
Initial Luminosity

Integrated Luminosity per week
Average Store Hours per Week
Store Length

Number of Protons per bunch
Number of Pbars per bunch
Zero Stack Stacking Rate x10'%hour
Average Stacking Rate x10'%/hour
Stack Size transferred x10'°
Pbar Production x10°°
Protons on Target : x10'2
Pbar cycle time Secs.
Pbar up time fraction
A->R Transfer interval : : : Hours

A->R Transfer efficiency %
A->R Transfer Time : Hours
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Luminosity Projections

Our plan 1s to deliver the Design Projection

¢ Design Projection: electron cooling and Stacktail upgrade

* Black Projection: no electron cooling, mixed-source operation beyond 05
(20% gain), Deb—> Acc acceptance issues solved

¢ Blue Projection: no electron cooling, Deb-Acc acceptance only minor
improvements and no gain from mixed-source

Prague, July 2005 Vaia Papadimitriou



The CDF Detector

Central Calorimeter (EH)

Ceptral Muon

Wall Calorimeter (H)

Plug Calorimeter (EH)
1.3<Inl<3.5

Forward Mugn

" ToF counter for K/m separation
placed right before the solenoid

Forward Calorimeter (E)
3.5<Inl<5.1

\ S\ % Central Outer Tracker: Inl<1.0

Luminosity Monitor dE/dx for PID

Time of Flight
entral Quter Tracker
Silicon Vertex Detector Silicon: Izyl<45 cm, Ini<2.0
Intermediate Silicon




B-Physics Data samples

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

Semi-leptonic B 2 D 1v X
samples:

~ 100 K events with fully
reconstructed D
|

Fully hadronic decays (CDF only)
~ 10 K events fully reconstructed B’s

Requires trigger on secondary vertex
(SVT)

COF Preliminary: -360pb’”
y: 2.7M Triggers:

o [Jy) = 14 MeV sl

|

Rare B

: BBbar
Yk 00K Upsilon

Di-Muon Mass(GeV)

Vaia Papadimitriou




Triggering on displaced tracks

tracks pe
—h —h
N £
Q Q
Q Q
Q =

I Good IP resolution

I Trigger on displaced track 10000

8000

I update every ~ 30 seconds 6000

4000

I 33um beam size + 35um SVT 2000
B0 "F00 200 o 200 200 500

SVT d, (um)

35um @ 33um
resol ® beam
— 0 =43um
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Litetimes with J/y K modes

JEEEE

Cleanest channels, but statistics limited on 27 T Profiminery
Best Tevatron results from CDF (240 pb™') g Eﬁ-‘f}fft%fg/
1 B+> YK+, B> yK*, KO, Bs>yo ‘
Main background from prompt y + tracks
No kinematic uncertainty

2
w &~ o
=] =] =]
S =] =]
T T T

candidates per 2.5 MeV/c
N
[=)
[=]

Systematics at level of B factories
©(B*) = 1.662+0.033+0.008, ©(B®) = 1.539+0.051+0.008 - o
T(BS) =1.369+0.100+0.009 - - -(uuK) mas-s, GeV/c’

CDF Run Il Preliminary CDF Run Il Preliminary

[ B> Jdiyo NBs=256 T F B* > JiyK

B ct(sig)
ct(Bkg,,)
ct(Bkg )

-+ data

B ct(sig)
ct(Bkg,,)
ct(Bkgg)

=y
o
w
TT

-
o
N
ey
o
w
T

-
o
]

Fit prob: 26.9% Fit prob: 44.2%

candidates per 50 um
candidates per 50 um

-
o

-
o

-
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More statistical power than J/y

modes

Slightly larger systematics

l Efficiency curve

l backgrounds

T(B*)
Tt(BY)

1.66+0.03+0.01 ps
1.51+0.02+0.01 ps

T©(B,) = 1.60+0.10%0.02 ps

. £2000 — Daa
Systematics (LLm) g0l -y
Effect | Variation(ym) | Variation(pm) 312225 = g'iK*rrf % 'Bézmbmamna.
| r R =
MC input cr negligible negligible
pr reweight 1.9 1.9 b N of B : 7957 + 89
Scale Factor negligible negligible - "
Bkg ct description 1.1 1.1 .
Bkg fraction 2.0 2.0 o
LP. correlation 1.0 1.0 . Tk
Eff. parameterization 1.5 1.5 w0k B o B o b
Ly, significance negligible 2 a
AT, s 1.0 ol thi N Iy w Hyit AT FARACARIT
Alignm. + others 24 24 'ZTIW{ i H‘W I%Ww *ﬂ W‘rwl‘“ LMRELEIS
- Total 4.2 4.7 X 4B 5 52 54 56 58 6

CDFII Preliminary L=360pb™

% E i —— Data
22008 B'>D —_ Global Fit
700 D K [ signal
= Bl Cabibbo
R | | S L Et Combinatorial
500
400/ N of B : 8380 + 104
300 B+
200/
100

e
KENE S g it My bitssthises

Chalciln i PRNCLATS

52 525 5.3 5.35 5.4 5.45 5.5 5.55 5.6 5.65 5.

4
2
Q (3
|
-2
PR 1
5

CLFII Preliminary L=36Upb

2525 53 535 5.4 545 55 555 5.6 565 5.
Mass [GeV]

7

Mass [GeV/c’]

—— Data
—— Global fit
Signal
Combinatorial
[ 1B>sDX

I B—D*n

Nof B”: 4173+ 116

6
: - A
ol gt bt diM Lyt T it
2 ! MUK % 1 L } u
Al o "} ‘ f T i
4.8 5 5.2 5.4 5.6 5.8
Mass[GeVlcz]
CDFII Preliminary L=360pb
r —— Data
140
| B, D,31 — Global fi
Dgspm |7 Signal

10 MeV per bin
)
(=)

.Lrl:on:-n-

0—KK

----- Combinatorial
1B continuum

7 [ B-D*3n
a ) N of By : 133+ 23
- B Ty
_\/_‘4 | | +
48 5 52 54 56 58 6
ww AT " i
i M TR LN L B
48 5 52 54 5.6 5.8 6
Mass [GeV/c]



B, Mixing

HFAG 3 aalvaee) e 0.446+0.026+0.019 ps™
lIIIIIII 3] Analyses

> o DELPHI | 0.519+0.018+0.011 ps
based on results {5 analyses)

) ) 0.444+0.028+0,028 ps
presented in Winter ,
OPAL - 0.479H0.018+0.015 ps

200 5 {5 analyzes)

World Average
dominated by —

049500330027 ps -

0.504+0.025+0.012 ps -

Do H———H 0.456+0.034+0,025 ps -

BaBar/Belle (L pel analysi
BABAR H.H 0.515+0.004+0.006 ps *

{1 prel. +3 analyzes)

0.509+0.004:+0.005 ps*

average of above H 05100005 ps'l
after adjustments
ARGUS+CLEO - | 0.49340.032 ]_:).5'l

{x, measurements)

I world averape l H Iﬂ.SUSliﬂ.EHJS ps'l I
I 1 I 1 I 1 I 1

04 045 0.5 0.55

work ing group average
without adjustments
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B, Mixing
These results obtained using many CDF had CDF semi | D0 semi
features important for Bs mixing [greee, % % %

Unbinned fit OST u 0.46 0.50 1.07

Parametrized dilutions/' OST e 0.18 0.28

Calibrate dilutions OST jet 0.49 0.61

Test amplitude scan on fully Total OST | 1.13+0.18  1.38+0.10 1.07
reconstructed B i CDF Run Il Preliminary L ~ 355 pb’
Fit D*A*cos(Am t) at fixed Am N B iy sBors
Expect A=1 for Am ~ Am, Limit e
Limit (95% CL): S i
2 '] ST ST
8 Am such that A+1.6456, =1 5%1 ZH+*+++ +++ ﬂ Se}lSlthlty
Sensitivity: Am such that 1.6456, =1 0 ﬂﬂ
j ++++++++}
H. G. Moser, A. Roussarie, j
NIM A384 (1997) Al - . —_—
0 05 1 15 2
Prague, July 2005 Amy [ps ]



Bs mixing

SM Fit (2004): Am, = 18.3 £ 1.6 ps’!

2.5
World average

Tevatron experiments do not
have yet sensitivity for
observation of SM prediction

(%)

datat1lo A 95% CL limit 14.5 ps'1
- 16450 - sensitivity ~ 18.2 ps”

Amplitude

=
n

[ datat1.645¢
[ ] data+1.645 G (stat only)

CDF:

1 with combined fully
reconstructed and semi-leptonic
modes

DO:

1 with semi-leptonic modes
75 10 125 15 175 20 225 25

Am_ (ps'l)
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Systematics in B, Mixing
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B, mixing

2 recent results from CDF using 355 pb-! and OST

Semi-leptonic sample: 124k 1D° (24k 1D**), 53k 1D+
I Am, = 0.497 £ 0.028(stat.) + 0.015(syst.) ps*

Hadronic sample: 5.3k yK+*, 2.2k wK*, 6.2k Drt-, 5.6k D1+
I Am, = 0.503 £ 0.063(stat.) £ 0.015(syst.) ps!

CDF Run Il Preliminary L = 355 pb'1

Frt projection. oaa. 2 5 K B > D

| —— Unbinned fit .
T 1D sample - Average all seers

Asymmetry

e Data
— Fit projection
0.05 0.1 0.15 0.2

proper time [cm], ID+ 0.1 0.15 0.2

proper time [cm]
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CDEF: Bs signals

L 1
CDFIl Preliminary, 355 pb ', B,— D,r, D,— nan +2 /NDF =26 66 / 25, Prob = 37.33%

—— Data

- data

— fit
B, — D, m*
reflections
background

WMR>D=xn

—— Fit Function
B~ D,
B,— DK
Bl A AT
B — DX
combinatorial
background
X°/NDF =91.7/77
prob: 12.07%

o

o
=L
o
o

B
o

Candidates per 10 MeVic?

(%]
=]

(9]

o

Candidates per 14 MeV/c?

P T O N S I T S S
55 6.0 6.5
TRy mass [GeV/eT]

data - fit / error

—
=
=
]
=
®
)
z

56 58 6.0
K* K - mg mass [GeVic?]

CDFII Preliminary, 355 pb'i, Bi— Dq1, D— KK x*/NDF = 1174/ 18, Prob = 86.02%

—— Data

— Fit Function
B,— D,
B.— DK

— B> D=

Bl Ao AT
B - DX

--- combinatorial

background

¥2INDF = 157.1/95
prob: 0.01%

- data

— fit
B, — D, m*
reflections

background
B, —» D, K"

o
(=]

=
=y
=
2
o
D
=
=

Fit projection

Candidates per 10 M_e_V/02

Candidates per 14 MeV/c?
S AL L

Hadronic samples

(data - fit)

o
5.5 6.0 6.5

= 2 =
K*K'wrg mass [GeV/c™] : . 58 6.0
T T T TE mass [GeV/cZ]
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CDF: Bs signals
semi-leptonic samples

DF Run Il Preliminary = ¥ CDF Run Il Preliminary
) 2

]

C
:‘ T S
oy

Q0
o
o

b
i

M#}i# ;ﬁ*ﬁﬁcﬁ(

K

Entries per 5 MeV/c’

'2'00 185 190 195 2.0
7K) [GeV/c’] mass(rnr) [GeV/c’]
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CDF: Bs mixing (cross-checks)

Mass and lifetime projections S

Mass and lifetime consistent ; ~ data
with World Avg. values/D0 E .| — fit
0 10 [ B, —» D, n*
2/ NDF = 43 .92 / 40, Prob = 30 89% T‘% E D eflections
N —- data 0 -
S 150 - ﬁ Bs>Dst — fit " & background
@ B, — D, m* _F_-_) 10 -
= reflections _g E
<+ e B
— background S B
s 100 B, —» D, K* C s
Q M i
w @) l
@
.Ei 1 :_ - -
O 50 - |
S I |
c
© =
@) g 2 1
21
5 E 04
5 PR
= ©
CRL = 0.0 02 04

roper time [cm
54 56 58 6.0 piop [cm]

K* K 7 1, mass [GeV/c?]
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CDF: Bs lifetime checks
semi-leptonic sample

77
= back

Raw lifetimes from mixing fit — not good for averaging

Average: Ty = 1.477+0.032 ps no systematics evaluated
1 DO: ©(Bs) = 1.420+0.04320.057 ps, WA: t(Bs) = 1.469 + 0.059 ps

E10°: —Total E10°E —Total =

5 . : . o
S | ‘ —Signal 8 | —Signal =
g 102'_ % —Combin. 2102: %, —Combin. %
$ Ya—Ph/Pr. Bek|$'° | $
E € [
w w w

—
o

L1 PO O A Y S T Bl el 1
0.1 02 03 04
PhiPict (cm)
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B, Mixing

amplitude {zen ativity]
ALEPH] 0.50 £0.79+ 0.20 {13.0ps’
(9195, no 1, Adjisied) (Bops)

ALEFH I 1 3.83+149+0.32 (7S

{91-95)
HFAG Summary Based on ALEPHE, 0474115+ 047 (04psh)

result presented in Winter 2005 DELPHI B4R 045+358+193 (32ps)
DELPm‘:gflﬂ} ; +0.31 {8.6ps

DELPHI vix % 04+ 0.56 {69psh)
{92-00) R

- -L
DEHE%} .6 . {9.1ps™)

OPAL 1 25+234+191 {T2pst
{9195) {72ps7)

ROYACI| . . 05709 (42ps™h
TRy w3
SLD"{ Eé,{‘q’é‘-; wr g (87 pS-J.}
{51psh)

(74psh)

{04ps™)

{4.6ps™)

World average {prel {185 ps'L

Heavy Flavour
Averaging Group
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Future Mixing Improvements

Include Same Side (Kaon)
Tagging
Expect twice tagging power
than OST combined Combinatorial
0—KK [ ] B continuum

Improve accuracy of primary i) B BsD*3n
vertex ‘

CDFII Preliminary L=360pb™

—— Data

140
B.— D.3r — Global fit

Dg—orn

10 MeV per bin
N
===°=-'1

Add more channels:

Bs=>Ds3n
Bs—>Ds*n, Bs=>Dsp*

8 Partial reconstruction can
treat as semi-leptonic case

5.8
Mass [GeV/c’]
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Mixing Prospects

CDF Projections :: Combined Analyses

30 95% CL exclusion
o
2
Etﬂ
420 T
=
=
‘B
510 — stretched
A — baseline
— current
0 : ‘
2 6
Luminosity

Prague, July 2005

b

sensitivity, Am, [ps

CDF Projections :: Combined Analyses

CDF Projections :: Combined Analyses

]
n

[}
1

o

56 observation

— stretched
— baseline
—current

2 4 6
Luminosity [fb’]

30
36 observation
7
£20
E
<
>
=
%1 0 — stretched
a2 — baseline
—current
0 T T
2 B

Luminosity [fb™]
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CDF Preliminary
Byg MW
364 pb’’
4 i
° Signal
(Pythia MC)

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

0.5

0.3

1/N dN/dLikelihood

Ny €xpected: 0.81+0.12
ses: (1.0+0.2) x 107

Ny, €xpected: 0.66+0.13
ses: (1.6+0.3) x 107

02|l Background

(data sidebands)

0.14

w

-1
CDF Preliminary 336 pb
By oMH CMU-CMX

CDF Preliminary 364 pb”

0+ -
Bs(d)—m*u CMU-CMU

0 0102030405060.7080.9
Likelihood

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

N
4 search window
B, search window
4 Search window

. search window

b,

sideband

- L4

sideband

W Ld

sideband

L

sideband

L

&B

48 5 52 54 56 58
M,, / GeV/c®

48 5 52 54 56 5.8 ,
M./ GeV/
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Bsg—H1u: Physics Reach

o SUSY SO(10) Unification

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

R. Dermisek et al.
hep-ph/0304101

m,,=3 TeV

m, (GeV)
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83

B /Iy
Production measurement

— I, =30.6x10"° GeV

4_‘—\
2
Z
H
T

%
=
&
=]
®

+’—\
=
2

2
=
5
Tu
g8
&
=]
.
U
=
#]

= 1, =165x10" GeV

0 02 04 05 08 1 12 14 16
B_ Lifetime (ps)

(B.)x B(B.->T/yev)

=0.132 7001 (stat) £0.031(syst) *ooae (¢ T)
o(B,)x B(B, ->J /wK)

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




Entries in 10 MeV/c?

CDF Run2

lower

Preliminary 360 pb '

Al

1 L |
6.4

[y

JAy n invariant mass (GeV/c')

2

Jhy K*

20

"y

- Al *ﬂ#,'.*&*
A

°4||||||\|\ 11

B* data.

0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
Impact Parameter {cm)

See an excess in B, data that 1s similar to



Masses

Run II results ~ or better of current world averages
CDF has very good results due to excellent tracking resolution
Close to being systematics dominated
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