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Z = ee, uu Production
select 2 opposite charged high-p_leptons

backgrounds: Z =1t and qq/bb production for ee/uu
systematics: lepton-ID, PDF, acceptance, background
correct from Z2*/y* to Z using MC

DZ Run Il Preliminary 7 >

DZero Runll Preliminary

6126 events

JL - 117 pbq - candidate events
ml<1.8 —— monte carlo

— background

m;—l
L ] I ]
130 150 200

M_(GeV/c’) Musy- (GeV)

o, Br(Z—-u u )=261.8%5.0(stat)+8.9(syst.)*=26.2(lumi) pb
o, Br(Z—e" e )=275=+9(stat)+9(syst.) =28 (lumi.) pb

o

... adlso starting to measure WZ bosons differential cross section ...




W = ev, uv Production

P.(e) > 25 GeV P.(1) > 20 GeV
E ™= > 25 GeV E ™ >20 GeV
N__ =27370 N =8302
2 =42 pb’ Z =17 pb’’

1 W= ev 7

DZero Run Il Preliminary

QCD bkg substracted
P} > 20 GeV

100 120 1 402
M, (GeV/c?)

o, Br(W —ev)=2.884+0.021(stat.) +£0.128 (syst.) =0.284 (lumi.)nb
oy Br(W—-uv)=3.226+0.128(stat.) =0.100 (syst.) +0.322 (lumi.)nb

... can use this analysis as luminosity measurement; goal Ac = £1% ...
... update of Z/W cross sections with much increased statistics in preparation ...

WIl] "
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Ssummary of W/Z Production Cross Sections

CDF and DO Runll Preliminary CDF and DO Runll Preliminary

pp—Z+X - Il +#X

»D0(e) o D) «D0(e) ® DO{u)
Runll o] Runll

ACDF(e) = CDF{u) ACDF(e) ®w CDF(u)
=D0(e) < DOf) =D0(e) O DO()

Runl Runl
~CDF(e) OCDF{u) 4 CDF(e) O CDF{u)

185 19 195 2 2.05 .m?.T 175 18 185 19 195 2 2.05
Center of mass energy (TeV)

here CDF and D@ use different normalization
common normalization agreed recently for Run-Ili
... combination of results easier ...
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Indirect Measurement of FW
interpretation : R—ﬂ- Br(W —>Iv)

o, Br(Z-I1"1)

measurement :

luminosity error cancels

other systematics partially cancel:
- PDFs $'my combination'
- experi.: high pT, isolated leptons

LEP  10.74+0.09
TeV  10.60 +0.26%

Tevatron measurements of

R = oxBr(W—lv)/oxBr(Z—ll) 11.20 + 0.22

Run | + Il combined?® R
10.55 +0.16

+ §
Run i 11.11 £0.41

Tevatron combined®
D@ (e) 10.59 + 0.17

sl ? (W = |v) FW 10.48+0.27°

Run | \

Tevatron combined Teva"on combined : I‘(\/\/ - J\j) — _2‘ J 35 i 01053 99\/
LEP & Tevatron direct: I'(W = Iv) = 2.139 * 0.069 GeV




Wy Production

Trilinear Gauge Couplings

small in SM
sensitive to new physics
W = ev

expected 87.1+75

background

observed 146
signal eff. calculated using Baur MC + Pythia

o(pp =Wy =Ivy+ X) =193+ 6.7 * 1.2 (lumi) pb e channel: 162.3 pb-1

Theory (Baur + Kfacto) = 16.4 £ 0.4 pb H channel: 82.0 pb-1

... only first step ...

—— Data

D Monte Carlo + Background
D Background

3

[=1]
[=]

Events/10 GeV

With increased data
detailed Wy & Zy kinematic
studies will be possible

(5,
[=]

limits on anomalous couplings
measurement of radiation zero

250 300 350

min
M,




Other Measurementis with W, Z Events

Promising future for with 2 fb™':

O(10°) W = Iv events per channel
O(10°) Z = I'l events per channel (for calibration)
LEP2: O(10%) W = Iv decays per channel per experiment

D& Run Il Preliminary

+ Data

>
®
Qo
o
0
o
=
4
c
i

Z'/anomalous couplings R -
sin’@ sensitivity | oot
PDF _
wGeV)
14790 Z/y* events in 147 pb-1 200 pb' of Z=ee
PDF . )
eff‘acc ~ 16 - 29% M m(Z') > 780 GeV @ 95% CL

... only at Tevatron ...

PDF
cross section measurement in preparation

measurement
... analyses ongoing, more luminosity included, new results soon
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Top Quark in the Standard Model

Why is the Top Quark so interesting ?
x completes the quark sector

x large mass m,_ ~ 180 GeV / c?

x short lifetime 1~5-10%s
x sensitive to physics beyond the Standard Model

LEPTONS

Electron Neutrino Muon Neufrino Tou Neutrino
Mcss ~0 ~( ~0

| e | @

Electron Muon Tau
511 105.7 1777

proton - (anti)proton cross sections

strong top production

Tiot 7 :

Tevatron

events/sec for L=10" em?s’!

,,‘ . N, ,o‘,
i B B e B B R e L
ool cond vovmd soond oo vonnd vovmd voud ol voownd ol vowed ool voel voed s

Q "

o | “ top decay
— B1+Xx 44y
U H+jefs
U etjets

Discovery of the Top Quark Higgs-Boson coupling to 1-12l.°8/°1%4 % 14.8 %

in 1995 by the CDF and D@ fermions: g ~m B hadronic
Collaborations. g ) .
9, ... measure top production cross section

(strong and weak) and properties ...
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D@ conf-note 4428

All Jets Channel Neural Network 2 output

signature: 6 jets, 2 being b-jets (46% of top production) o0 Runlprelinnary
background: large QCD multijet background
» need b-tagging

use secondary vertex tagger (SVT)

combine various kinematical variables

into 3 neural networks (frained on data)

ey
L]
("]

T T 17 |!rr|7

integrated luminosity: 162 pb b

— re-normalized background

¥ verlex tagged data

events / 0.05

expected t t contribution

Aplanarity

D2 Runll preliminary

select 220 events ]
e background expectation: ,, 162 pb’
- B-jet data (Vertex Tagged: ]86 i 5(3101.) i 7_6(sysi'_>

| |
0.2 0.4 0.6

neural net discriminant

— g ATAE B0 GOVIGE oo
Kidonakis NNLO-NNNLL (hep-ph/0303186)

| | | I-. -
% 005 0.1 015 0.2 0.25 03 035 0.4 045 05

B c:cciari et al. (hep-ph/0a03085)
Aplanarity E_ + D2 Run Uil alljets . .

:— + D2 Run Uil alljets (prel)
smallest di-jet mass : :

DEp Runll preliminary
re-normalized untagged data

- f M (scaled:

- G-jet data (Vertex Tagged:

L i | s s | i
1750 1800 1850 1900 1950 2000

+3.4 +4.7

o(tt)=7.7"35(stat.) 5 ¢(syst.)+0.5(lumi) pb




signatures: isolated high p. ee, uy, ey with high transverse p;, 22 Jets, MET

small branching ratios to ee, uu, epu
background:

]
et
c
o
>
11}
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o]
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=
=
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3
2
1

OO
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H1*'*(GeV)

dilepton :

Di-Lepton Channels

ee: 156 pb’
eu: 140 pb™
uu: 143 pb™
D@ Run Il Prelimina

from MC eu
ee
Hp
from data

dilepton

0 10 20 30 40
c (pb)

Jary
[+)]

Jars
F=3

M 1743*51(;ch

Kldonakis NNLO-NNNLL (hep- phmsname)

—
o

Caccarl ‘et al. (hep- phf0303085)

Number gf Events
N

@ Run| dllepmn'mpo

o + " 'D\ZHunIIdlleplon‘ldpb'ﬂilel]' B """" """"" """ B

o N B O O

6
Number of Jets

(stat) T3 (syst) + 1.2 (lumi) pb;
(stat) T52 (syst) = 0.8 (lumi) pb;
ﬁ?, (syst) £ 0.9 (lumi) pb;

12 (syst) =+ 0.9 (lumi) pb.

oy = 19.11%°
og = 1174137
o,y = 13.1757 (stat)
Oy = 14.3153 (stat)

1750 1800 18.50 1900 1950 2000

D@ conf-note 4421




Lepton+Jets Channels
topology: isolated high p_lepton, large MET, 24 jets (no b-tagging)

preselection removes all but W+jets
form topological likelihood discriminant, optimized for total precision D@ conf-note 4423
fit linear combination of QCD (poor-electron selection in data), D2 Run Il Preliminary
W+4jet and ttbar to data | . e+jets (topological)
U+jets: 144 pb” e+jets: 141 pb

2 g0f o dsle
F [l ftted ttoar

E:EZS 2’5‘3‘5 § lepton+jets (topological)

u+jets (topological)
» data

M fitted tthar
[] fitted W+jets
M fitted QCD

3sf

no of event

30L

: 10 15 20
20F

o (pb)

} {' F [ n,+ 1743 £ 5.1 GeVie?

02 04 06 08 1@ o F

Likelihood Discriminant 010203 0.4 0.5 0.6 0.7 0.8 0.9 - [ caccarietal. (nep-phi03ozoss) o p '
topological likelihood N ' : i : i

w
-
=
Q
>
@
[T
=]
o]
o

258

| 1| Kidonakis NNLO-NNNLL (hep-ph/0303186) |

» + D& Runll I+je|s:1 (prel)

muons electrons . i i ‘
Nev 100 136 — 5 |

L R R e e T T R

fitted NV 74.7 +12.7-12.0 94.6 + 15.8 - 15.0 _ “\ | \K\;‘@B@\%\g\\_\\\ L _;__ 5
g\\;\ég&g

fitted NocP 7.1 +0.9-0.9 14.1 +1.2-1.2 N \\}5\(_3@&%}\@; ‘iéf
fitted N** 17.8+ 9.9 - 8.7 27.5+12.7-11.7 '

e+jets
p+jets
lepton+jets

7\ | L | L 1 L ‘ | L i L
1750 1800 1850 1900 1950 2000

... lepton+jets with soft-mu tag coming soon ...
F UNIVERSITY OF Wl]]‘
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Lepton+Jets Channels with b-tagging

),

'+ g
DZ Run Il Preliminary

Counting Signed Impact Parameter Tag T

# of fags W+2 jet W+3 jet W+2 4 jet i
C3IP 34 27 13 6 . i
SVT 28 20 (? 9 dileptons

DO Run 1 preliminary DO Run Il preliminary

e Data

| P QCD
€S WHight

We
Wee
Wbb
77, error on Bgr

L+Jets (topo)

l+Jets (topo)

L+]ets (soft 1)

l+Jets (soft 11)

no. of tagged events
no. of tagged events

(LLLLLLLLLLLLL2
T 4 T T
Jot multiplicity




Single-Top Production

electroweak top interaction _ . !
| £ l'i' !’"
| th I - W
f-channel W t
fH
q b b : i
not yet observed, b

despite “large’ rate ~40% o 0,=0.88+0.07 pb 0,=1.98+0.21 pb
D@ Run-l upper limit (@ 95% CL):

similar to tt I+jets but lower multiplicity (preselection = b-tagging => topological cuts)
W+ijets, tt, multijets (fake leptons), dibosons SNl applod ¢

expected limits
Without Systematics ~ With Systematics

miem DATA

#® 5T s-channel
o ST t-channel
ol £ .= ||
ol (f -> |+jets

& Z-=u
ol Wtjets
o= QCD

<64 <13.8
<90 <19.8

sensitivity already but
this is only half of the analysis !
... update coming soon ...

% 20 40 60 80 100 120 140 160 180 mERD e T s
M, (W) Second leading Jet P . (GeV)
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Measurement of the Top Mass in |+jets Channel

re-analysis of Run-l1 data (125 pb™'); improvement corresponds to 2.4-times statistics !
form event likelihood based on top and background probability

obtain probabilities by folding differential cross section with object resolutions:
(Matrix Element Method)

P,,,(a,x)=Acc(x)><%f\d”oiy;a) dg; dg, £(a) fg)) Wix,y)

W_'
Acceptance LO-Matrix PDF’s Transfer Functions

(selection, element - phase (Probability to measure x
trigger,...) space when y was produced)

¢« Signal Background (VECBOS-ME)
(No ISR or W+ 4 Jets
FSR) (also found adequate for QCD
bkg.)

22 events after final selection
uncertainty dominated by .. Run-ll top mass

jet energy scale af T measurement

ongoing ...
M. =180.1 £3.6  +4.0  GeV

accepted by Nature

180 185 190 195
Top quark mass (GeV/c?)




Helicity of the W in Top Events (Run-I)

Top Standard Model weak decay =
V-A coupling as it is for all the other fermions %

i 1= 11
Suppressed by
l the V-A coupling

W Left-Handed W, Longitudinal w_ Right-Handed

fraction fraction fraction
w(cos cb,;):F-%(l—cos ¢17,)2+F0%(1—c052 ¢15)+F+%(1+cos $3) T 0A0E0402 0 02 04 08 Cost
We want to extract
1
~0.70 further top properties
measurements
in preparation:
s 7 * fop coupling
DoNIS N s , - branching ratios
22 events pass our cuts = from fit,
* fop charge
FO i 5F0(Stat+ Mtop) - 0.558 i 0.306 submitted ‘I'O PRL L] i
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Search for the Standa[/cl Model Higgs at D@

Last missing particle in SM use HZ and HW c(pp —H + X) [pb]

(EW symmetry breaking - mass) Rl R Eglvlok-1:[c N ve=2TeV N gg = H
Light SM Higgs preferred Z= /vy, W= v §F<* | / with H = WW
Key to understand beyond-SM-physics Bl

‘‘‘‘‘‘

(in MSSM m_ < 135 GeV)

Search strategy a function of production
and decay channel ...
b-tagging a crucial tool

-----
......

background to ZH production
probes PDF of b-quark
data lumi: 184 (ee), 152 (uu) pb™

v
o

« Data
— Bkgd+MC

@Bkgo D@ conf-note 4388

R 0\PP>Zb)
QCD and mistag bkgd. o(pp—27Zj)

estimated from data
E. spectrum of b-tagged jets

Events / 10 Ge

=0.024 +0.005 (stat.) 300 (syst.)

Theory: R~0.02 hep-ph/0312024

e CE_ W J. Campbell et al.
50 100 150 200

[J good match! aasd ... Z(=wv) bb also coming ...
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Search in the WH > evbb Channel

require exactly 2 b-tagged jets to
central isolated pT(e) > 20 GeV suppress top bgd

MET > 25 GeV observe 2 events, expect 2.5 £ 0.5
22jetsE >20GeV, Inl <2.5

require jets to be b-tagged

D@ Run Il Preliminary L=174pb™

W + 2 b-tagged jets,
25 GeV<M_ (W)<125 Ge

At least one b-tag

D@ Run Il Preliminary L=174pb"
W +> 2 jets events
1 b-tagged jet

e Data
(] W+jets
Wi
Wbb
B other
[] WH x4

115 GeV

Events / 20 GeV

e Data
L] W+jets
B QCD
i _
Wbb
B other

>
Q
O
Q
N
ol
el
=
o
>
(1]

0 50 100 150 200 250 300 350 400
Dijet Mass (GeV)

limits (@ 95% CL) on the production of

250 300 350 400
Dijet Mass (GeV)

JES and MC simulation dominant syst.errors
... (W = pv) -channel coming soon ...
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Search inthe H > WW?* > llvv Channel

~ 180 (ee), 160 (ep) and 150 (up) pb™

cannot reconstruct Higgs mass due to 2 v

data set

t

imes
L

Excluded cross section
Branching Ratio at 95% C

exploit Ag(ll) spin correlations to suppress the bgd.

R
T P 0 bt ot ottt o 8t 1 2 P

©
3
=]
=
c
=]
I
S
)
&
@
O

th

4

L

d31 1e papn|ox3

o
-

(qd) (MM <—H)dgxo

O
(@)
+
™
o) >
O
£
™ £
o =
+ [}
.I. o.
3 —_
S
5 3 S
O o Q
+ _0

N

2

after full select
Observed
Expected

Standard Model

160 GeV

180 200

140 160
Higgs mass (GeV)

120

100

h masses

e )
... extended models in reach soon ...

iggs sensitivity at h

... first H
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Prospects on Sensitivity fo SM Higgs

Fru—

Tevatron Higes Sensitivity Group June 2003 Update

—

=
f
=]
e
—
-
=
w
By
]
-
oy
="
]
=3
=
-
-—
L
=y
=
3
]
=
]

e si48 v Higys Wor
- Lreliminar : 59 / 55 discovery |
o ' 3o evidernioe |

95% €L exelusion

“120 140 160 180 200
my (GeV)

integrated lungi

—
L=

5o discovery

55 DISG 3¢ evidence
HW'98; Evidence )
YaGhiExcitiedon 95% CL

100 105 110 115 120 125 130 135 140 exclusion

Higgs Mass my (Gel)

luminosity projection (fb™)
year baseline design
2003 0.28

»combined Il, vv, lv channels 2004 0.59

' no systematics included yet 200> 0%

. 2006 1.48
'no H = WW* channel; impacts m_ > 125 GeV o 211

assumes upgraded detector 2008 3.25
2009 4.41




search for MSSM Higgs

Two Higgs Doublets H;, H 5 and 5 physical states
2 CP-even neutral Higgses h°, H° my < myg

1 CP-odd neutral Higgs

2 charged Higgses

Free parameters: = (VEV ratio)

DO Run |l Preliminary

T s,

(mixing angle of h, H)
Higgs mass parameter
common trilinear

Higgs-stermion coupling MSSM Higgs bosons

bbo(— bb), o =h, H, A

tree level: mp < myz < g

rad.corrected: my < 130GeV D, ( ¢b— b B) ~90 %
g

g b | n
b A

- . (i : :

g g significant improvements expected from reprocessing
b

.. bbtt coming next year ...
multi-jet sample (23 b-tagged jets)
E. cuts on jets optimized for Higgs masses LEP 88.200 GeV_ Preliminary,

D@ Run Il Preliminary

Data re-interpretation of LEP data
Bkgd.

" to new m
mh=12tJGeV due to ne top

Excluded
by LEP

Events/ 10 GeV
[=]]
. Io

Y
Q

N
[=]

Inaccessible
100 200 300 0 500 0 20 40 60 80 100 120 2140
2 leading b-jets I m, (GeV/cT)
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Higgs Search in 2-Higgs Doublet Models

*In Higgs coupling to fermions g _ ~ cos o can go to zero (- )

- : only top has non-zero fermion coupling
[J increase of bosonic Higgs decays (in SM Br(H = yy) =0.1% for mh=90 GeV)

L

w h = W
2 isolated y with P_> 25 GeV in central/endcap cal.
PY>35 GeV

* y mis-ID dominant uncertainty

L

W

O
Q
X
c
=
U
-
D
3
=
QO
-
<

B(h—y)

3
F
ﬁ
10" L
iE

MC prediction

MC prediction

2 fb™
=T

I | | L

60 80 100I 12RII 1é0V
*.. benchmark (topcolor) M, (GeV)

. model * counting experiment in sliding-mass window
= e e =

60 804 1004 120 140 * will be combined with H = WW*

= = * sensitivity improves with luminosity
(fermiophobic) M,, (GeV) (no kinematic limit)
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Search for Doubly-Charged Higgs Bosons

H**/H " predicted in models that contain Higgs triplets
Left-Right (LR) symmetric models
SUSY LR models: low mass (~ 100 GeV - 1 TeV)

H**/~ = p*u* (same sign di-muons in 113 pb™)

pair production at TEVATRON

via Bhabha Scattering
SLAC+PETRA

Events/25 GeV/c”

2 fb': > 150 — 200 GeV

0 100 200 300 ;I |
Di-muon mass (GeV/c")

M(Hl’ﬂ) > 118.4 GeV B iceAr1

80 100 120 140 160
M, (GeV)

L‘NI\-’E[{-Sl‘I’]'UF,W]l] .
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M(H *) > 98.2 GeV




Eleciroweak Fiis of m, with new World-Average m,

Mass of the Top Quark log MH =207 021
M =117"% GeV
H -45
<251 GeV (95% CL)

. — All data, with old
: world-average M,

» +++ All datz, with new
world-average Mbp

EVATRON Run-l @ 178.0+ 4.3

I ! I ! 1
150 175 200

single
most precise
measurement

Hegion
excluded

1 by dirrect
new world average shib
(TeV EW/TOP working group, 1.April'04).

T | S B e - T
178.0 £+ 4.3 GEV/C2 Higgs Boson Mass [GeV/c?]

20 100 400




summary : Electroweak-Top-Higgs

A weadlth of data being analyzed
Numerous cross section and properties
studies in W/Z, top and Higgs being pursued,

many unique and cutting edge 80.6 T

Precision already better than in Run | Vo<izeq gy ats

Getting ready for large luminosity ... | - LEP2, pp Data
80.51 68%CL

godl for Tevatron in Run li:

80.3
Am = = 2GeV
am. = 20 MeV ]
Higgs discovery 80.2 - uy. RIRlinary
130 150 170 190 210
m, [GeV]
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