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#Accelerator performance in 2004 is excellent.

"Design goals" surpassed.

#Peak luminosity 7x10*cm™s™ (Spring 04)
#CDF takes data with efficiency > 85%.

#Beam conditions good : silicon is typically
integrated for the entire store.

#>400 pb~ delivered so far in Run 2.

CDF now collects > 1pb~/day :

Iq

Process Events/Week
t1 50
Woev, 18,000
- A 1700
WW 90
Wy—evy (high-pry) 130
gg— H (Mp=115GeV) 6
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Tevatron Performance
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Integrated Luminosity (fb™)

Design Projection

Base Projection

Accum- Accum-
pet year ulated pet yeat ulated
FY03 | 0.22 0.30 0.20 0.28
FY04 | 0.38  0.68 0.31 0.59
FY05 | 0.67 136 | 039 0.98
FY06 | 0.89 224 | 050  1.48
FYO7 | 1.53 378 | 0.63 2.1
FYO8 | 237 615 | 114 3.5
FY09 | 242 857 | 116 44l




A CDF Run 2 Detector 6

UCL
CDF Run 2 Detector : == Glasgow, Liverpool, Oxford, UCL

- |_argely new detector.

-=New trigger system : displaced tracks, taus, etc.

-=Data handling : = 0.5 PetaBytes/year processed
and analysed.

improved muon
coverage

new plug
calorimeters | |new central || 8-layer, 750k channel
tracker Si Vertex Detector

==
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W and Z Production 7

Physics :
#PDF’s

#Production and decay —soft and hard
W.7Z QCD & EWK.

#Detector response to high—p_ leptons
and low—p_ hadrons.

ol

Z°—e'e W-ev

2., Neutrino

S e

Unde(lyi.ng event

Hadronic recoil




£ W Cross Section 8

UCL
5000 CDF Run Il Preliminary, ?’2pp'1 CDF Runll Preliminary, 72pb’
i N MOS0 . 3 e o Carubdees T
© | « 37584 W —» e v Candidates B! i 3 SERGrTiy Cuna—"
O 8ooo ) Sum o
- ] W > evMC
.g 7000 0 aco
© 6000 OW-evMC
N ; Zly »eeMC
5000 [% > 25 GeV
] Ll
4000 -
3000: E_T_>25 GeV
2000% l n<1.1
1000’ g e
OJ—-—H—"—_ " —— "_‘_--r- soven -
0 20 40 60 80 100
E, (GeV)

# Background shapes well described well below the final cut vaue.
# Backgrounds (QCD, W - tv, Z, cosmics) : 4.4 + 0.8% (e), 9.4 £ 0.4% ().
# Trigger & lepton identification efficiencies al have to be understood at the 1% level.

Oxford : Manca, Renton, Robson




W Cross Section
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UCL
CDF Run Il Preliminary, 72pb”’ CDF Runll Preliminary, 72pb’
o T e o — ~ 2200 | | - 317"22 Wopy (I.‘,andidatesf
‘% ;ﬂh « 37584 W - e v Candidates| L 1 Bg ] sum i
O 2500l [ 4 l;!i”fevmc : % ] . Wospv MC
e ) aco g 1800 B A 2/ - MC
2 2000 : ® CJwWorvMC _y ] [ wowMC
S Zly »eeMC « 1600 w []aco
e ﬂdﬂ t ] #
1500 : g 1400:
f | 4 1200 |
1000, !rr .. 1000 B
500/ : 800
r b € 500 1
RSO P .. S~ ), ] A
20 40 60 80 100 120 140 400
M, (GeV/c’) : ]
200 - B
# PDF's | H :
# Energy scales % %0 80 1 1 140
# Detector description (material) M; (GeV/c")
# Recoil mode
# Lepton ID
# Backgrounds
\\ P —
0 x BR(W - ev) = 2782 + 14 590 167  pb
STAT SYST, LUM
o xBR(W o pv) = 2772+16_ _+62__+166  pb
STAT SYST LUM




ME, (GeV)
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LUM

Confirming "centra" result in difficult

Kinematic region.
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ol Forward W's: 1.1<|n9<2.8 10
CDF Runll Preliminary J- L dt = 64 pl:r'1 Mar 2002 - Jan 2003
70 CE—
- = Plug Elac-trl;:xns 100~ CDF Runll Preliminary
60 :— : . R T | Run 163012, Event 3784292
- . o
- =
50
40
30 Silicon st
tracking > '
20 : Z
algorithms -
— calorimeter seeds
10 — silicon tracks
-100 :
0 -100 -50 0 50
%900 DF Runll Preliminary *  #Data Electrons 1.1<|n|<2.8
3 .[" i 10461 W -» e v Candidates
0 xBR(W - ev) = 2874+ 34 g [Jsum
STAT 2 Mar 2002 Jan 2003
+ 167 §7°° W > ev (MC)
- SYST 600 [ Jaco kg
+ 172 pb 500 [CIw v me)

00 120 & 4940

M.,.W(GGWC )
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WS 1V

Triggers :

Reconstruction :

# T — hadrons

= [n|<1.0
= E >25 GeV

# missing—E_>25 GeV

1400
<= 1200

1000

o x BR(W - 1v) = 2.62
+0.07_ _+021
STAT SY

+0.16 pb

LUM

ST

800

<= 600

400

Backgrounds : ~ 25%
Systematics : 1 ID, bkgnd, PDF’s & e—scales

200

(1) T—hadrons + missing-E_ (2) di-t  (3) lepton + track

# Count tracks in T—cone (10°) and require no tracks in isolation cone (30°)
#* Reconstruct T candidates in shower max detector
# Require combined mass to be < 1.8 GeV

o)

CDF Run I Preliminary, |. L=72 b
J

W — 1 v number of tracks, associated with the t candidate

2345 events

Py
¢

—e— Data

COW st v
W - v
W s ev
mmZ 1T

¢ == QCD

-

o
—
M
(4]
.

P“

5 6 7 8 9 10
number of tracks




Run :1239¢2

arrow jet in the calorimeter




= Trigger Cross Section

Z T e ﬂ:}: . I W iBEEE ST
- T T 13 51“‘?’ . . i - 1AL ELECTRONE TRACES IS
E‘lﬂﬁF | - TAL CHRAPE_TRACES |5
“1nhF { . T CDCE_ TRIAC KIS
Eﬂf’ i . g &
F
o i { S — " 2
e . 10 b_ | L Snp Par-Producicn (WMasss 100
|_’ Collected ina 10 e
: ’ S
79 11 lepton-+track trigger. 10 e —————
— 10 ——
L, 1y
hadrons 10" =
105 —
10 ]i!_ e e e
Min.Bias | Level 1] Level 2| Level 3] Signal |
CDF Run Il Preliminary CDF Run Il Preliminary
e 18
g — Data (L=72pb™) "3 —4 Data (L=72 pb")
35:_ —t 1 Z»1t(0=249 pb) C 1 Z>11t (06=249 pb)
aoF ] W+jets 14 oo 1 W+jets
- O vy+jets QT’ Qe -1 12; —L [ y+jets
u I 7Z--ee,tt, diboson ~ [ Z>ee tt,diboson
25 B
: 3 QcD — 2 3 QcD
20 5 f
L = 8¢
15 6
10;— | 4:_
5— 2—
0:|||| ERI EEENE ENERE AR o:l 1 I_I_hlllll
0 1 2 3 4 5 6 7 8 9 10 0 20 40 60 80 100 120 140 160 180 200

tau candidate Nk

M(e, 1, F1) GeV/c2
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Z Cross Section 14

“6500F o e
% . Z > ee DATA (4242) § 180 Central-Central
Gagol <0 ME CoF Run 1 Protiminary  § | * ZoMi DATA(1371)
9 u -1 ~ ] §
23001 JLar=rz0p B [ Jz-mmc CDF Run Il Prelim.{
[ L ' [
200 1201 . j Ldt=720pb" |
100F 100! i
%— O . 80 ;
0 50 60 70 80 90,100 110 120 130 .
M, (GeV/cY) 60
40!
# Very low backgrounds (QCD, Z - T, 20
cosmics) : < 1-2 % } [
#% Important systematics : PDF’s, Material %0 %0 60 70 80 90.100 130 130 13;-0
Descriptions, Lepton ID M, (GeV/c?)

Wy

o(pp-Z/y*— ee) = 255.2+3.9 __+6.0 _+153 pb

STAT — SYST — LUM

o(pp - ZIV* > ) = 2489+59  _+72 _+149

STAT — SYST — LUM p




Iele-

Cross—Section Summary 15
o)
5 L
—
as
é oxXBr(W—lv)
5
oxBr(Z-1'T) :
_l L
10 } CDF(630) * CDFIl(es
] NLO theory curves _:_
Martin, Roberts, Stirling, Thorne + UAT (n) T CDF1(e)
$ UA2(e) { DOI(e)
04 06 08 1 12 14 16 18 2
Ecm (TBV)
o, XBR(W—=1v) e, i combined
R= —— =10.93 + 0.15(stat.) + 0.14(syst.) | > | xcorrelated systematics fully
o, XBR(Z=1717) taken into account




Cross—Section Ratios 16

o, XBR(W=1v)
o XBR(Z—1717)

[ow]  Tp (T(wolv))

N

o, r(z-1"17) [T

l

(SM . 3.361 + 0.024)

W

CSM £ 226.4+ 0.3 |v|ev>

A4
LEP

r,(WA)=2118 = 0.042 GeV

I, (indirect) = 2.072 + 0.040 GeV | =

<€<— Standard Model

—&— World Average (RPP 2002)

(includes Run I results)

(from R)
—8—  CDF Il combined
—&— CDF lli(e)
e CDF ()

preliminary

(from R)
—&— D0 la+b(e)
—e— CDF la(e)

# UA2(e)
@ UA1(e+u)

1.8 1.9 2 2.1222324 25262728
(GeV)
I'(W)
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UCL Caveat : Branching Ratios 17
Standard Model =

World Average (RPP 2002)

fincludes Rum I resules|

=

DO ll(e)-

preliminary

- >—

BUT :
BR(W—1v)__=10.93 +0.21 %

BR(W—1v),, =10.68 + 0.12 %

CDF Il combined -t@
preliminary CDF ”'[E]' g
CDF ll{n) —+—@—
DO la+b(e) —@—
CDF la(e) .
I LA 4 | I L 1 1 |: | - - I LAl I ) I ! - - I L 4 1 I
9 9.5 10 10,5 11 116 12
(%)

Br(W—=lv)
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OCL Universality Tests 18
R 9 o
\/ - =—-(CDF) =1.011+ 0.018 | [similarto LEP]
Re g
g, /g
UA1 1991 101+ 012
W UA2 1991 —_— 1.02+ 0.06
BR(W—>TV) g. CDF |
BR(W—>ev) QZV( ) mp | CDF 1992 . 0.97+ 0.07
DO 1999 " 0.98+ 0.031
=0.99 + 0.04 |
. LEP 2001 . 1,026+ 0.014
PDG 2002 (wlo LEP) + 0.988+ 0.025
CDFII Preliminary 2003—-{— 0.99+ 0.04
0.7 1

1.3



OCL W & Z Cross—Sections : Overview 19

# Competitive precision EWK results with 72 pb™. We already have 250 pb™ on tape. Many
errors are still scaling with luminosity, either directly or indirectly (Z statistics).

# Luminosity monitor. Current error is 6% :

o(L

L =2.5% & 5.5%
L | \

v \

0 1or(PP)  €(lumi detector)

By comparison :

= Systematic error on W cross—section measurement : 2%
= NNLO theory uncertainty : 2—3%.

} viable lumi monitor

# These analyses have been the benchmark for many other CDF analyses :

w

P ------;---Qﬁnhnhhhbhb [@
Wy Ww
€% e
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UCL Wy 20
CDF Run 2 Preliminary 202 /pb
N: 180_ I | 1 1 I .l I I I -l I 1= 1 I Iyl I I Ipl I | I ] q y I
= [ : ISR
g 4 A e A q v
= 140[- o ' -
E: ' AT & : q Y |
< 120 - r WWy
N d W
100 - 14 3 v
80F - ' 1¥
:-. Wy vy MC : |
60 —_ 12: Wy—ju v v Candidates —— q y
A 5 FSR
40 __ ® 131 Wy— e v yCandidates _‘ W
il 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 i a, \_)
40 60 80 100 120 1402
M. (I, v)(GeV/c™)
\ 4

"cluster transverse mass'



Number of Events / 7 GeV
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W+ 21
UCL Y
# First select W—1v events : o phO’[Oﬂ ID
= Electrons : ET>25 GeV; missing- ET>25 GeV
= Muons : E >20 GeV; missing- E_ >20 GeV Y """"""" | g—
! " ! EM Cal
# Then look for additional photons : TCO Y" ______ 8
= E (photon) >7 GeV Y
- [I]ny[lk 1.1
= AR(LY) > 0.7 #* Evaluate jet—photon fake rate : :I:?)-wer i\‘.‘:nl:))(wer
= (0.2% @ 10 GeV < Detoctor Detector
= 0.06% @ 25 GeV
CDF Run 2 Preliminary 202 /pb ] CDF Run 2 Preliminary 202 /pb
e e data 259 events @nE e data2s9events ]
10 0 Wy->yMC+BG - S ] Wy—yMC +BG ]
_ O QCD + 2Zy + vy ] % [] QCD+Zy+wy ]
Bl B Zy+vy § @ Zy+ovy
™y
| Ly W 1 data well % - ]
: | ] described over 5 :
| i 0 all photon E 's ‘g’ ;
al | and separations | < ]
E = g
L , :
10_1 S I S . ——" : |||||||||||||||:

20

30

L
40 50 60 70

Photon E ; (GeV)

4 5 6 7
AR(l, v)
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UCL

W+y

22

o(Wy) x BR(W - lv) = 19.7
+1.7_,.+20

T SYST

+1.1 pb

LUM

# For E_(photon) >7 GeV and AR(l)y) > 0.7 :
o(Wy) x BR(W - Iv) (Theory) =19.3 £ 1.4 pb

CDF Run 2 Preliminary 202 /pb

~120F=T T 1 | I — T T T T T T T T T T T T T
No I I | e data 259 events
% i [] Wy vy MC + BG
(5100__ |:| QCD + Zy + vy
o R
- [ |:| Zy + vy
~ 80— - vy
7] - il
et L. -
: [~ —
d>J 60— —_
1] - Ji
ke ™ -
o | |
th 40_— __
Q = -
€ [ — .
= 20— > pr— | i
= L ==l ]
0_ a— : i -
0 20 40 60 80 100 120

M. (1,v)[GeV/c?]

Number of Events / (10 GeV/c )
IlllllllcllllclIllollllollllgllllgll

N
o

CDF Run 2 Preliminary 202 /pb

data 259 events
Wy— vy MC + BG
QCD + Zy + vy
Zy + vy

wy

mOood e

40 60 80 100 120 140 160 180
M. (ly,v) GeV/c




& W+y : Anomalous Coupling Prospects 23

y . .
q | & quartic couplings...
W Y
q |
q v iy
Anomalous couplings: Ak, A q y v

u.,=ell+k +A )/2
w = elLtw, A, )/2m,, 95 % CL limits

qW:—e(K —A )/m\i/ 0‘55""1""|'”| AR EALE RN R {\{
Y Y 04F W1, WW Unitarity Ay, =5.0 TeV 3
— i 5 | 1
o 12/ 5 : LEP Preliminary 030 2 tb ]
115 ] ; oaf — ]
11 e a 95% c.l. oif ;

108 [ ] W esmel 5,
- : X 2d fit result e UF E
1 —- L ]
: 0.1F E
095 — -
- 02F E

09
s 03F E
085 |— : ]
- : : : 041 -
D.B | | | 1 | | | I | | | 1 I | | B 1
& _I 1 11 | 1111 | s | | | | 1 111 | 1111 | 1111 ‘ L1l ‘ 1111 ‘ Lokk I_
O . = 00504 -0302-01 0 01 02 03 04 05

o ;l“‘r A =A%
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Z+y

24

" i CDF Run 2 Preliminary 202/pb

© 240

>
2 220
O 200

p
2180
—=160

—
=140
= 120
100

IlllllllllllllllIIIIIIIIIIIIII
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=
Q
ARARNRARERE
.

J
o)
Q;

|
(=2}
o

N
)
(=]

LILBLE LB i LI I | TEl BN ENE! rrrprii UL LN L
I I I I I | I I I RS

IIE\:-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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w
&)
N
-f
=
=
-2
()
<
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>

34 Zy— ee yevent

Zy— |l yMC

S_

(=)
Orm

20 40 60 80100120140160180200220240

M, (1) (GeV/c )
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Z+Y 25

UCL
o(Zy) X BR(Z - 11 = 5.3
+0.6
STAT
£03

+0.3
pb

SYST

# For E_(photon) >7 GeV and AR(l)y) > 0.7 :
o(Zy) x BR(Z-1I"I") (Theory) =5.4 £ 0.3 pb

CDF Run 2 Preliminary 202/pb

:IIIIIIllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII—
- e 69 candidates
s ]
('2 Zy— llyMC + BG
\(D 10 :— —
‘g £ Jet— yBG
>
(]
z A
1F E
10-1— —:
N TR NN R

6-"16""50™" 30 40506070 \7
photon E; ( eV)

# Now V+y cross—sections well established :

- extending acceptance
- optimising sensitivity to anomalous couplings
and new physics

- testing the Standard Model in ways unique to
the Tevatron (e.g. observing the radiation
amplitude zero in W+y production).

] CDF Run 2 Prellmlnary 202/pb CDF Run 2 Preliminary 202/pb
_Illllllllllllll IIIIIIII l IIIIIIII :IIlIlIIIlllIIllllIIIllI|IIIIIIIIIIIIIIIIIIIIIII:

i e 69candidates - AL | e 69 candidates ]
301~ = C

- Zy— Iy MC + BG 1 S0 i Zy— Il Y MC + BG
25 = - | ]

- . Jet— yBG - 25:_ Jet— yBG B

201 |__| E 201~ E
°F ERERL S + | .
o ERRLS | :
5[ = 5 | :

C ] E ' " .
o—n gl rarm ol W e Il rumrem | ) ] 0 i L:J-n-l'" E]m I I

0 05 15 2 25 3 35 5564060 80 100120140160 180 200220240 2

A R(near |,7) M,(L1,7) (GeV/c )



OCL WW : Why ? 26
q - e W e WAL
Y
q < W

g W -
} < |
H
_ +
- -
g W P ™

"

# Never observed in hadron collisions with any significance (Run | @ CDF : 5 events
observed with 1.2+0.3 background).

# Many interesting tests of the Standard Model are possible.
# Critical channel @ LHC (background & signal).
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& WW : Cross Section 27

1000 I I I I TrF 1T 11 I I I H I T T 71
Vector boson pair production in pp and pp

3

100

| | IIIIIII
L1 IIIIIII

10

o[pb]

Ll IlIIIII

&, Campbdl &
" 5 | s a1 e owew | | e 1 o Ellis 1999

Tevatron (NLO) : 125+ 0.8 pb




OCL WW : Decay Channels
WW S wvlv (I=e,1)
EXTREMELY DIFFICULT
WW S Ivlv (I=e,1)
PRETTY TOUGH
WW = lvjj

PROBABLY IMPOSSIBLE

DEFINITELY IMPOSSIBLE

WW - Jjj]
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WW : Backgrounds 29

€
CI—>—./W\<

o(pp - WW- evev) ~ 0.15 pb

X

Ol

Drell-Yan :
o(pp - ydJZ - ee) ~ 250 pb
Must have “fake™ missing—E..

wW \Y
r
Vv
EI —(—J\N\<
W e
0z
W

q e
>;~*<V

ol

W+jets :
o(pp- W - ev)+=1-jet) ~ 500 pb
Jet must fake a lepton.

ol

b

o<< o

b

i )
o(pp - tt— evevbb) ~ 0.1 pb
Contains additional jets.




OCL WW : Fake Background 30

P(jet - track lepton)
0.
0.009
0.008
0.007
0.006
0.005
0.004
0.003
0.002
0.001

# Jets can "fake" leptons due to jet
fragmentation fluctuations, punch—through,
heavy quark decays, etc.

# Measure "fake rates" in jet samples.

# Apply them to events that contain 1 lepton
and 1 jet but which are identical in all other
respects to signal events.

# Many thorny issues. For example, charge
correlations :

0.005

0.005

0.004

0.003

0.002

0.001 fake lepton charge correlated

with charge of quark, anti—
correlated with W charge

0
“2 13 =1 45 Q 05 1 1.5 2

S How 16 1320025 A3




UCL WW : Fake Predictions 31

JETS0-JET20 JET50-JET70

10

@® =predicted

© =measured

D 10 20 30 4D SO BEO TO 80 90 100 O 0 20 30 0 S0 B TO 50D 90 100

JET50— PHOTONS “g===7 JET50-LEPTONS ==

# Apply fake rates measured in
one sample to jetsin other
samples : "predicted”

10

# Find leptonsin other
samples. "measured"

# Compare.
# Not easy to get right.

0O 10 20 30 40 S0 ED TOD B0 90 100 0O M 320 30 40 S0 B0 7O 80 90 00

Samn How 16 1322644 2003




OCL WW : Jet Rates

# Jet multiplicity is a crucial discriminant T P s s o
between WW and top production. '§ + x
# We don’t expect this to be well described by ek
H 5 0.5: i i +
leading—order Monte Carlo programs. CI'_J, T
# Derive correction factors from Drell-Yan data. Bl oElosesniaaiandusct o SN
mass (GeV)
WW 'E )
C  osf B
Ve Ve Ve V. (®) =
] W e = = %
v g
_ 2
q NN\ 'I_‘ 0.4§ —@— PYTHIA WW MC
O E -l MC@NLO WW MC
0.3:40' e NE S Gomnc o rmem: ' MBS SME  SEMEC S
mass (GeV)
WW & Drell-Yan WEl g e 1 i i
q W, I+ S e
(OS] =
ch 0.7E
@ %
@ sk
O 3
()] 0.455 @- DY EE (DATANC)

mass (GeV)
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UCL WW : Analysis Strategies 33

[ —
——

# Two isolated E_>20 GeV leptons (e or p) with
full identification criteria applied.

# Missing—E_ > 25 GeV. "DILEPTON"

# Topological cuts to remove Drell-Yan events. high purity

# Remove top background by requiring no
additional jets.

# One Isolated E_>20 GeV lepton (e or p) with
full identification criteria applied.

# One isolated track with P_>20 GeV/c. "LEPTON + TRACK"

# Missing-E_> 25 GeV. high acceptance

# Topological cuts to remove Drell-Yan events.
# Allow 0—jet and 1—jet events.




% WW : Analysis Strategies 34

DILEPTON LEPTON+TRACK

WW Signal 1L3+13 16304

Drell-Yan Background 1.8+04 1.8£03

Fake Background 1L1£05 9.1+£08

Other Background 1.9+£0.2 42+0.1

l'otal Background 48+07 15109

Total Expected 16.1£1.6 3510

Data Observed 17 L)

o(WW) [pb] 14377 (stat)£1.6 (syst)+0.9 (lum) | 19.4+5.1 (stat)+3.5 (syst)+1.2 (lum)

- Two measurements statistically consistent given estimated acceptance overlap.
= ~ 30 significance: first observation of WW production in hadron collisions.

o (WW)"R" = 125+ 0.8 pb

NLO




£’ WW : " DILEPTON" Kinematics 35

CDF Run Il Preliminary - Ao vs E, CDF Run Il Preliminary - Lepton P,
3.5 =
E MC WW 12
o « Data ee I [ ]ww:Bkgnd
N M Bk
- + Data ep i | |Bkond
?2.5— . - 8o Data
- . - | L]
s | ol L =184 pb > U
g f ; S L =184 pb”
g :." n ™ e :
3 5 |u° g 5
o s g T
Q.H't *E.. * * §- =
= © 4
< |
- -o-
ol
Njets=0 i i h_;“‘
leJ lllJIIIIIlIIIlIII OJLLllllllllll :l_l_w_&
40 60 80 100 120 140 0 20 40 60 80 100 120 140 160 180 200

B, (GeV) Lepton P; (GeV)
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WW : " DILEPTON" Kinematics

36

CDF Run Il Preliminary - Opening Angle vs. E, CDF Run Il Preliminary - Missing Transverse Energy E,
3.5
N MC WW i
e Data ee 10 D WW+Bkgnd
: » Data pp B DBkgnd

[ ‘ +« Data ep sl &
o i 10 b'1 " " o Data
o = P -
£ s [ L =184 pb”
Q ; 0 gL
2 3 I
< S = |
(=] [} |
£ o 4l L
& =
s B L 4.

N 2 B

0.5 i
[ , Njets=0 L —7 1
O_IlllII|IiI|III|III|III|III II|IIIIl|lI ﬁ!"'Illll
0 20 40 60 80 100 120 140 20 40 60 80 100 120 140

Er (GeV) £, (GeV)



WW: "LEPTON+TRACK"

Kinematics

Missing Transverse Energy

25

-
wn

llllllllllllllllllllllll

Events / 20 GeV
[~ ]
(=]

10

CDF Il Preliminary 200 pb™"

- Wz 22 41t
8- + Drel-Yan
B - fakes

—a— CDF |l Data

+ WW (measured o)

N, <1

Dilepton Invariant Mass

3 : CDF Il Preliminary 200 pb "’
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UCL

WW : Events 38
V+V
n
. u = e channel has little Standard Model background
- Signal/Background = 4
e

Run 155364 Event 3494901 : WW — ety u~p, Candidate
prie) = 42.0 GeV/c; pr(p) = 20.0 GeV/c; M,, =81.5 GeV
Br =648 GeV; ®(#r)=1.6

A®(Fr lepton) = 1.3; Ad(e, u) = 2.4; Opening-Angle(e, u)=2.6




WW : Events
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UCL

Candidate

_Vp

+
Ykt

35.5 GeV/c;

| Run 160151 Event 842563 : WW — u

70.1 GeV

e =

M,

= 56.6 GeV/c; pr{ut)
Br =56.0GeV; ®(Fr)=>54

priu”)

1.6

1.8; Opening-Angle(e, u)

A®(Fr ,lepton) = 2.0; A®(u*, ")
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Z *Search for ZZ/ZW—1"1" + leptons :
- o (pp—2ZZ/ZW+X) = 337> pb
|
. o(pp—ZZ/ZW+X) < 139 pb
W.Z 1", v, |
o(pp—ZZ/ZW+X), , = 52+04 pb
RVAY
CDF Run II Winter 2004 Preliminary, £=194 pb~!
PI‘DCESS 51325354 51523331" hfngT CDIIlbiIled
77 0.07 £0.01 | 0.13 + 0.01 | 0.87 = 0.14 | 1.07 £+ 0.15
W - 0.81 + 0.07 | 0.86 = 0.14 | 1.67 + 0.19
YNEYAY 0.07+001|094+0.08 | 1.73+ 0.27 | 2.72 + 0.33
WW - - 1.26 + 0.20 | 1.26 £+ 0.20
Fake 0.01 = 0.02 | 0.07 = 0.06 | 0.56 = 0.30 | 0.64 = 0.34
Drell-Yan - - 0.31 £ 0.13 | 0.31 £ 0.13
it - - 0.08 + 0.02 | 0.08 £+ 0.02
Total Background | 0.01 + 0.02 | 0.07 + 0.06 | 2.21 + 0.38 | 2.29 + (.42
Expected S. + B. | 0.08 £ 0.02 | 1.01 £+ 0.10 | 3.94 + 0.57 | 5.01 £+ 0.64
Data 0 0 4 4
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UCL

H-WW

# Take advantage of largest (gluon—gluon) production

cross—section.

# Large branching ratio to WW") above 140 GeV.

# Relatively low backgrounds.

- T & " &' 0"
o(pp—H+X) [pb]
Vs =2 TeV

M, =175 GeV
CTEQ4M
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o(gg—-H) ~0.3 pb @ 160 GeV
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"BR(hg,,) /__,,:
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M, 1GeVI A

160

BR(H - WW) ~ 90% @ 160 GeV




fakes

Tend to have:

* M < MH/Z
# Small dilepton opening angle.

o | W ] ]
E“{ * IYWZ.DVaitbar H-WW Kinematics
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| M

tbarstakes
HE Cut
3 H
25t 140GeV | M, < 55.0GeV
_ 150Gev | M | S 57.5 GeV
L 160GeV | M < 625GeV
170Gev | M | S 70.0 GeV
| ol 180 GeVv | M < 80.0GeV
0 05 1 15 2 25 3 I

HWW Di-Lepton Phl Angular Separation
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H-WW
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CDF PRELIMINARY Run 2

2

- T

- 957 C L upperllmlts

184 pb™
4™ gener ation

- —
2 Standard Model

R S TR W RN TN TN S S O G S I SR TR
140 150 160 170 180

Higgs Mass (GeV/cz)

(1) Start with WW analysis.
(2) Apply dilepton mass cut.

(3) Fit dilepton A¢ distribution. Find
maximum allowed Higgs contribution.

# Analysis can be further optimised.

# Will soon set model limits — for example
on 4" quark generation :

J sy

J.\ 92990999/

o(gg-H; 4G) ~9 x o(gg- H; 3G)




UCL Lower MassHiggs Limits 46

| B-Tagging Efficiency (Double Tag Method)
o.‘r;— « Data
q o.ﬁf_ —i—MC
V =
0.5
N b 0.45-—
- - f } il
i~ H* - =7 * 4 =
g - o2 & *
b : .
o
CDF Run Il Prelimmnary (162 pb’) - 1 ; 1 : \ : ;
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& W+2jets (Data)

- WH (m =115GeV/c )
M QLD

i - TOP

g L X - WHx100

Events / 10 GeV/¢’
=
T

: mean = 109.17 + 0.24 GeV/¢
b { width = 16.85 + 0.21 GeV/C

0 50 100 150 200 250 300 350 400 450 500
Dijet Mass (GeV/c)

Electron Jet ET (GeV)

T

# Exactly 2 b—tagged jets required.
# "QCD" : mainly W+jets.
# Di—jet mass resolution = 16%.

# Fit for maximum allowed Higgs signal as
a function of mass.
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CDF Run Il Preliminary (162 pb')
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CDF Run 2 Higgs 48 @

CDF Run Il Preliminary
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events 0.5 GeV

& Precision Electroweak Prospects 49
UCL
W Mass.
# Fit transverse mass distribution.
# Cadlibrateto Z signal.
- > R
i +W-_ W-puv o | ﬂ Z—ouu
- b1 Sgml .
= hat T 2L COFllPreliminary ||
I +++*+++ t E i ) + Hﬂ
B J v B 200 pb
e 1 - ]
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- 4 CDFll Preliminary = / %
— + —
! 200 pb’ Hk*ﬂ - ¢ Hﬁi ¢ #+ 1
d . ottt T e
N T % 80 % 100 110
m. (1) (GeV) m,, (GeV)
First Run 2 CDF W mass measurement b 6(M,, )~ + 55 (dat) +80 (syst) MeV [ } 250 pb™
to be "unblinded" this summer 5(M,,)~ + 40 (stat) +60 (syst) MeV € estimate
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Systematic and Scale Uncertainties
Run 1a,b CDF & DO
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What can we expect with 2 fb™ ?

# Statistical errors at the 15 MeV level per. channel.
# So far systematics have mainly scaled statistically,

but we know we will hit "hard™ limits at the
10-20 MeV level :

- Higher order QED & QCD
- PDF’s etc.

500

1450

400
350

1300

250

| 200
1150
| 100
| 50¢

I 1 1 | 1 1 1 ‘ I 1 1 1 ‘ 1 1 1 1 | 1 1 1 | 1 1 1 L
0 0.1 0.2 0.3 04 0.5 0.6

v

Run O
a2

1 /v Lum (pb™)



Final Run 1 Combinations

UCL
W-Boson Mass [GeV] Top-Quark Mass [GeV]
TEVATRON —1o— 80.452 + 0.059 CDF —o— 176.1 £ 6.6
Average —0- 80.425 £ 0.034 Average -0 178.0 + 4.3
¥%/DoF: 0.3 /1 1%/DoF: 26/ 4
S +
NuTev ’ 015020050 EpysLp —a—  1715+105
LEP1/SLD —A— 80.373 £ 0.033
LEP1/SLD I —p— 178.5 £ 9.7
LEP1/SLD/m, - 80.386 + 0.023 SLDMy/Tw [ B2 %3
| 810 o 86.2 o 80|.4 o 80|.6 | ' '1é5' o I1éO' - '1%5I o I2(I)OI o
My [GeV] m, [GeV]

t

Final Run 1 W Properties from combined fit :

W

m,,; " = 80.452 + 0.059 GeV
Iy =2102 + 0.106 GeV

t

Including DO " Dynamical Likelihood M ethod"
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| —LEP1, SLD Data

68% CL

I 1 1

| ndir ect Higgs mass constraints:
M, = 1177)) Gev

< 251 GeV @95%CL

H

Preliminary |

150 170 190 210

m, [GeV]
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Precision Electroweak Prospects
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——

CDF alone with 2 fb™*
v 3 AMW =40 MeV

S AMtop = 3 GeV

- Similar to all current
direct measurement data
combined.

# With a Higgs discovery at
Tevatron or LHC, these
measurements will provide a
powerful consistency test of
the Standard Model.

# Could provide first evidence
of what lies beyond the SM.

# Will be improved at LHC, but
not quickly or easily.
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LEP2/Tevatron (today)

w——— CDF 2 fb-1
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L After Heinemeyer, Weiglein '03 .
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Integrated Luminosity (fb 1)

Iele-

19

Tevatron Prospects 54

Design Profile

< Requires electron cooling to work.

«==xuus Base Profile

World record :
Highest power DC e ectron beam :
~4 MeV O 0.5A =2 MW
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Date

20 M, LOHG
COCL ING SECTIOH
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o Theoryi |

Summary

# Precision measurements have been
made of single boson production cross—
sections & properties.

# Diboson signals established in Run 2.

# First observation of WW production in
hadron collisions.

# Analyses being optimised for Standard
Model tests — in particular anomalous
coupling limits,

# Higgs limits around a mass of 160 GeV
are currently around 20 times the
Standard Model expectation.

e MW & other EWK measurements soon.

# Tevatron luminosity looks good —
interesting few years ahead.




