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Main Injector
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Recycler
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DO & CDF Run Il Integrated Luminosity through 6 August 2003

——CDF Delivered (from 9 Feb 2002)

=——DO0 Delivered (from 19 Apr 2002) Ru n I Ia
S " 2001438 KYEH
/. |, 6x6@900GeV = 36 x 36@980GeV
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1.2. CDF(Z®M1) -
~ CDF Detector Overview «/m

3 _‘-"‘—-r: . -
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New Central Tracer (COT) ToF counter for K/mt separation

“ *-"' Placed right before the Solenoid

-

New Plug Calorimeter -
1 3<n| < 3 5 #* Muon Detector

s \ore Coverage

| SVX: Acceptance increase
|z,| <30 = 45 cm

LOO: Vertex resolution

iy ISL: |n| <2.0

Forward Calorimeter “
3.5<In| < 5.1




1.2. CD(I;Q\% 02)
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Improved Si coverage
In| <2
8 layers

Central Drift Chamber
96 layers

Time of Flight
Expanded u coverage
Forward Calorimeter

Trigger
COT tracks at L1
Silicon tracks at L2
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[ cDF Run Il Preliminary, 72pb ' |
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0, Br(Z—e+te—)=267.0 £ 63+ 152+ 16.0pb 0, *Br(Z—u+u—)=246 = 6
stat. syst. lumi. .
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2o = B
045 100 120 140 o == a0 =51 BD T D D

0 * Br(W—ev) = 2.64 = 0.01 = 0.09 = 0.16 nb

80
M,, GeV/ic

stat. syst. lumi.

B ST

oywBW- uv) =2.64+0.02+0.12+0.16 nb
stat syst lum
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»>We have aclear Z°- 1.1, signal"
» Further study of backgroundsis_

underway.

SELELE NLELELE BLELELE BLELELE BLELELE BRELELA BLELELE NUELELE BUELELEN NLBLE
14 CDF Run 2 Preliminary 3 B
12F 72 pb-1 1

2 10F —— OSdata EN
c _E -
v 8 ] Z—> o -
v 6:_ jet— 7 fakes =

C B Z-oee =
4 -
2F ]
. S .—

0 20 40 60 80 100 120 140 160 180 200
M(e+t+ET) (GeV)

Not only interesting as an
EWK measurement, it is
Important for Higgs and
SUSY searches.

21 W/Z - 00 (TD2)

\ 7
W-tT v KA

Look for jet within
narrow 10 degree cone
Isolated within wider
30 degree cone

pr(T) > 25 GeV

E miss > 25 GeV

N_ _.=2345

cand

CDF Run II Preliminary, rL —72pb""
J

umber of tracks, associated with the t candidate

1400 [ W s 1tv:n
B 2345 events

1200— #

—e— Data
—W -t v
W —->puv
W —oev
mmZ > TT
mm QCD

1000 —

(] 1 2 3 a 5 6 7 8 9 10
number of tracks

oy * Br(W— tw)=2.62+0.07£0.21 £+ 0.16 nb

stat. syst. lumi.
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W & Z Cross Sections vs. Eg, N
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21. WI/Z - 00 (FD4) N 2
Lepton Universality in W Decay 7N
T -e : ) U -e
rw - uv
BRW - ) _ 0.99+0.04,, +007,, U =
BRW - ev) rW - ev)
_ (NW,u — BW,u)(NZe — BZe) AWeAZ,u EzuENe
Fr = 0.90s0. 02,,,£0.04 = X X
ge Sys (NWe — BWe)( Nzy — BZ,u) AwAze  EnuEze
9:' /g Nwy = Number of W - uv
uUuA1 1991 E" 1.01+ 012 Candldates
L uA2 1991 —'—-— 1.02+ 0.06 BW,U - Number Of W — ﬂl/
| CDF 1992 e 0.97+ 0.07 background events
DO 1999 —-— 0.98+ 0.031 Avy = ACCGptance for W o y7i%
| LEP 2001 —-— 1.026x 0.014 &N/J — EfﬁCiency forW R ,UV
PDG 2002 (wfo LEP) —-—:— 0.988+ 0.025
CDFII Preliminary 2003 —O—;— 0.99+ 0.04 = 1'082 i 0'039 i 0'050

o(pp->W)| r@) | Few-ivy |

a(pp->2) | (Z->11) T (W)
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Study of Wy production with W-pv
at CDF in Run |l

WV CDF Run 2 Preliminary 128/pb
&0 I
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2.2. W/ Zy (£dD1) e

Require central y
E-(y) > 7 GeV
AR(l-y) = V(An2+Ad2) >0.7
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CDF Run 2 Preliminary 128/
= 47 seen .
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o+Br=5.8%1.0(stat.) £ 0.4 (syst.) £ 0.4 (lumi.) pb



2.2. W/ Zy (ZFD2)

Wy and Zy couplings
CDF Run 2 Preliminary 128/pb

CDF Run 2 Preliminary 128/pb
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Cross sections and mass spectra are consistent with SM
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2.3. WW

Higgs, SUSY Search

A

CDF Run Il Prefiminary - Opening Angle vs. E;

B isolated lepton pair il . Do

E opposite-charge, high p- gzs-:i,' o Pass ::
] ETmiss :% o 3

B Zveto 2 _ ; =

E veto events with jets g :

B L=126pb" 3

B 5 events seen 0.5

M;.,.=0 : Opposite Sign |
]

(5 with 1.2 £0.3 BG events
inRun| @ JL =108 pb") T Eeew 0T
F 9.2 events expected
(2.3 background, 6.9+ 1.5 W W — |v I'V')

=] —1—r—r-rT'v—l-'|-'r'."iiiiluiﬂq

s

pp—WW +
TENLs — 5 1 _

¢ (stat) = 1.3 (syst) & 0.3 (lumi) pb .

o on

oy =13.2540.25 pb  J.M.Campbell, R.K.Ellis hep — ph/9905386
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3. BOME

B Physics at Hadron Machines

MA

A

b’s produced by strong interaction, decay by weak interaction

F Enormous cross-section

~100 ubarn total

~3-5 pbarn “reconstructable”

At 4x1037cm2sT = ~150Hz of_‘

reconstructable BB!!

E All' B species produced
BUJBd’BSJBC’/lb""

B Large inelastic background

Triggering and reconstruction are
challenging



31. % & (FD1)
B Hadron Lifetimes

B All lifetimes equal in spectator model.

4
Q. %

L

N

Vi

Heavy Flavor Averaging Group
http://www.slac.stanford.edu/xorg/hfag/index.html

e Differences from interference & other e
nonspectator effects Bohadron Average lifetime (ps)
¥ Heavy Quark Expansion predicts the lifetimes | B 1.534+0.013
for different B hadron species B" 1.653+0.014
r(B") = T(BO) =1(Bs) >7(A\,)0 7(B,) Bs 1.439+0.053
B +0.18
EMeasurements: C 04601
i A +0.078
e BY B* lifetimes measured to better than 1%! b 1'233—0.076
e B, known to about 4%
e LEP/CDF (Run I) A, lifetime lower than HQE . I TR T
prediction 1B)/q(B’) H 1.07340.014
_ 1B,)/(B") L o] 0.949+0.038
E Tevatron can contribute to Bs,B. and A,
(and other b-baryon) lifetimes. 0.798+0.052
b baryon) 0.78410.034
{(B") H

0.7

lifetime ratio
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3.1. % @(Z02) -/
B+, BO Lifetimes in J/¢/Modes AN
Z'(BO) 1.51 £ 0.06(stat.) £ 0.02 (syst.) ps
z(|3+) 1.63 + 0.05(stat.) + 0.04 (syst.) ps « Trigger on low p;
dimuons (1.5-2GeV/)
CDF Run Il Preliminary L=138pb™ ® FuIIy reconstruct
§.104§_ B®  JIY K™ —~data v Y, Y2s) -
3 f [)ct (sig) v BT JyK*
g F —ct (BKgy) v BO - JyK*, I yKs
g f W ct (Bkg,) v Bs - Jyp
© 10
% : Fit prob: 22% v No— I YA
% B

=
o

Proper decay length
> — ny — nyrrk
-0.1 0.0 0.1 0.2 0.3 ,BV P

=
I IIIIII|
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3.1.5%F m(ZTD3)

B, Meson Lifetime

B.—~J/Y © withJ/Yy—u*u-and ¢ —-K*K- ct = L Mg

B*— J/Y K*, B -J/WK™ check technique, systematics Xy p_II_B

///A\\\

B, lifetime - PDG 1.461 + 0.057 ps
1.33 £ 0.14,,,, = 0.02  ps

Fit prob: 19.7%

=
o
|

, CDF Run Il Preliminary L=138pb™

10 E
g. E B - Jye ——data
3 Dct (sig)
D 10" —ct (Bkgy)
4 M ct (Bkg)
S
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Events/40um

semileptonic A, - /v
= Systematics different

\ /
3.1. % &(Zn4) N
Ay, Lifetime /\

B Use fully reconstructed A, - J/ A
with J/ @ - it and N —prr
Previous LEP/CDF measurements used

65 pb-

CDF Run |1 Preliminary  65pb™

10°fF————— 1 ——————3

g Unbinned Likelihood Fit To Ay Lifetime E

o  c1=374+78(stat)£29(syst)um ]

10° 4

; — signal region fit 3

10! ;_ — background fit .

SE LD N |

E 1 . S

: AB mass sideband ]

10° — .

: i f :

B | _

! 2 }' l L I ” *l |I \HJ I * { { L 3
-1000 0 1000 2000

4619 signal

7(/,) =125+0.26(dat.) +0.10(5/.) ps

First lifetime from fully
reconstructed /A, decay!



B Hadron Masses

Measure masses using fully
reconstructed B - J/¢X modes

High statistics J/¢/— ufy and
YA2s) - I/t it for calibration.

Systematic uncertainty from
tracking momentum scale
Magnetic field
Material (energy loss)
B* and B consistent with world
average.

B and /A, measurements are
world’s best.

\
I

ICDF result:
World average: M(B;)=5369.6

ICDF result:
World average: M(A,)=5624

M(A,)=5620.4 +
+

M(B<)=5365.50 +1.60 M
+24 M

2.0
9

< <

2

Events/6 MeV/c

\/

\ 4
= §°m:x* Z

Events/5 MeV/c 2

30F

25

0
5.

16F

14
12
10

N

CDFE Run Il Preliminary 80 ph™

B, - J/Y@ N(Bs)=71.8 +8.2

10 515 520 525 530 535 540 545 550 555 5.60
B, candidate mass [GeV/c ']

CDF Run Il Preliminary 70 pb*

O N B O

- Mg WA N(A,)=38% 7
Lk

Ab candidate mass [GeV/c?



Silicon Vertex Tracker (SVT)

SVT incorporates silicon info in
the Level 2 trigger... select
events with large impact
parameter!

Secondary
Vertex

"/ Pr(B) 2 5 GeV
" L, = 450pm

Primary
Vertex "

'. s

L 4 N

'S .

‘'

/ v

d = impact parameter

Uses fitted beamline
impact parameter per track

System is deadtimeless:

~25 Jsec/event for readout
clustering + track fitting

+

tracks per 10um

3.3. Pl (D1

Q\W/’//
\\\\\\

//lt\\\

35um L] 33um

resol [0 beam

= 0 =43um

6000:—
50002—
4000§—
30003—
2000;
10003—

nEH e e b o e L
-500 -250 0 250 500

SVT impact parameter (um)



3.3. Pk (2 M2)

B-h*h-

B charmless two-body decays
longer term B, modes help extract unitarity

angle y

B Signal is a combination of:

B0 7 BR~5x10°6
BO . K*7r BR~2x10-°
B, - K*K~ BR~5x10"°
B.—» 7K~ BR~1x10>

B Requirements

Displaced track trigger
Good mass resolution
Particle ID (dE/dx)

} Y(4s),Tevatron

} Tevatron 2 |

\ 4

ZINS
tree | < ||
W R e e W
B, ub |: '

pengui [ ™. - o

Ne_ ~—fret

. - —
=

280+26 events
u=5.252(4) GeVv/c?

0 = 41.0(4.0) MeVc?
b 7t 1T hypothesis
=t ™ I
t, Pyt




(ﬂ 3.3. Dkt (FTM3)

..... —320+60 events

E _ ' Simulation L = 5.252(2) GeV/c?
. .'- By Kn 0 = 41.1(1.9) MeV/c?
s | Bg-KK ]

| BLLKT

S

M("“) _L

T | | L'y
LE ™ L e’ - T

kinematics & dE/dx to separate contributions

CDF Rjnl I Preliminary

100

1400,

1200 D*QDOT[,
- DOSKTT

B00;
sO0-
400

200-

I:"Iil -I- aIE ia

(dE/dx - dE/dx(10)/0(dE/dx)

V/’//
/f l\\\\\

BR(B; - K*K") £

Fitted contributions:
mode Yield (65 pb-1)

BO K |148117(stat.)x17(syst)

BO L mmr 39+14(stat.)x17(syst)

B, -KK 90+17(stat.) +17(syst)

B, -Km 3+11(stat.) £17(syst)

First observation of B, - K*K~!!

BR(B, - K*K) _

Result:
BR(B, — K*7)

=2.71+1.15




3.3. iRtk (€ dD4)

Bs - D71 S Z
s 7 s NS
Golden mode for B, mixing
CDF Run Il Preliminary, L =119 pb ™ CDF Run Il Monte Carlo

No 50 - about 100 BY - Dt No 805 M B -D, 1

S S 70 M8 - DK

O o | M8 -Dp

= 4041 S 60F [1Bl-Diw

o o [ B - D I'v

(Q\! 30: — 90 [] other

5 %) g 40
@ 20 $ 30
= S 20f
c | - 2Uf
w 10 S -
E £ 10|

07 I B 8 O:. P

5.0 . , 5.0 5.5
- . 2
D 1" Mass [GeV/c ] Candidate Mass [GeV/c ‘]

B.-DgU with Dy - @t and @-KK*
BR(B,> D 1) =(4.8+1.2+1.8+0.8+£0.6) x103

New measurement ! (@a) BR (99 (Ufy)

Previous limit set by OPAL: BR (B, > D, 1t ) < 13% BR result uses less data
than shown in plot.
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3.3. itk (£ MD5) //m\\\

Bs Sensitivity Estimate

B Current performance: hadronic mode only
S=1600 events/fb1 (i.e. Ogfreciive fOr produce+trigger+recon)
S/B = 2/1
&D2 =4%
o, = 67fs

! 20 sensitivity for Amg=15ps-1 with ~0.5fb-! of data
= surpas U W Y (2

E With “modest” improvements
S=2000 fb (improve trigger, reconstruct more modes)
S/B = 2/1 (unchanged)
&D? = 5% (kaon tagging)
o, = 50fs (event-by-event vertex + LOO)
50 sensitivity for Amg=18ps-! with ~1.7fb-1 of data
50 sensitivity for Amg =24ps-1 with ~3.2fb-1 of data
v Am¢=24ps™T "covers’ the expected region based upon indirect fits.

B This is a difficult measurement.




entries / 0.020 GeV

N

By - L1

CDF Run Il Preliminary 113 pb™’
0 sy~ H H
Bs(d}—m, LL

CDF
1 event in B, and
B, search window

=

5 3
o D
£ e
Z Z
I v v
L
gm
% &
oW
oo m

Expected bkg
0.54 +0.20 (for B,)
0.59 +0.22 (for B)

.,.,.,.,..,.,.,.,.,.,.,.,
N N AT

T PPk P A AT
G g

BR(B®% - u"u]) < %
48 5 52 54 56 58
M, / GeV

BRB’s - 1 11)<24x10°  @95%CL




CDF Run Il Preliminary (Luminosity 65 pb ")
—~~ F
~ 83+11 A, - A, mcandidates
o (with dEdx cut on proton)
> 50 Four-prong B reflections
)
(D Other B meson decays
AN 400Nl | e Other A, decays
g - Ay — AK
:/ 30 : --------- Combinatorial background
(V)] L
+ L
CIC) [,
S 20¢
L n
10}
O L L

5 55 6 65 7
mass (A, m) (GeVic )

New Result !

3.3. Bt (D7)
Np - Acmwith A - pKrr

Q\W/’/ ”
/U \\\\\\

//A\\\
Backgrounds:. real B decays
Reconstruct masp: By - D77 - K

» Use MC to parametrize the shape.
» Data to normalize the amplitude
» Dominant backgrounds are real
heavy flavor

» proton particle ID (dE/dX)
Improves S/B

Fitted signal:
N, =96+13(stat.)’(syst.)

O, X foaryon XBR(A, — N 7T)
o, xf,xBR(B° - D" 71")

Measure:

BR(A, 2 A, T8) = (6.0 £1.0stat) + 0.8(sys) £ 2.1(BR) ) 103




I Bt (2D 8)
Br(/y, - AJ/ )

In progress

11pSJ6 REIWLX T

Study of

(pp AXJBr(A, — 31yn)
olpp - B°X )Br(BO = I 1gKS)

_%\wg//g,//
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4. F & &

E K5 2x10% cm2sec'#ZpLT=,

E Tevatron Luminosityl&EZRZIE ML TLNS,

P EHARIEHEVARZEHL TS,

ERESB/MA—/C3aL—a BB FEFEY DD
H Do

F NI ARl gE%FE 5 Luminosityht130pb— 12
ZLRuUN IDFEREMETFEEZ LITENGHIA,

EHLLVEERERAEHFLOT-,
FTEAR. FFan. D IRLESF




