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e D@ is an international collaboration of
~ 650 physicists from 19 nations who
have designed, built and operate a
collider detector at the Tevatron
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Institutions: 37 US, 41 non-US
Collaborators:

~ 50%0 from non-US institutions
(note strong European involvement)
~ 100 postdocs, 140 graduate students
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Muon Chambers

Missing transverse energy
(experimental signature

of a non-interacting particle)
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Inner Tracking
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Silicon Microstrip Tracker Stat

UuS

L7 g

4 barrel layers
axial + stereo strips

1M channels, S/N > 10
Cluster Efficiency 97%0
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Silicon health

now O0q disabled HDIs vs time
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Radiation behavior as expected
Some concern over detector mortality
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Scintillating Fiber Tracker

e 8 axial, 8 stereo layers
e VLPC readout
e Performing well
e good light yield
e layer ¢ > 98%
(including dead channels)
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~ 1% of VLPC channels not functional

after November 2003 shutdown
— a one-time event
— contamination in cryostat?

- Occupancy matches
- expectations
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Calorimeter

L|qU|d argon- ealorlmeter

Ferighit prospects for Tevatron Bun 11
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T g (Microbarny

 Three layers of drift tubes for muon track measurement, > 99%b channels

Muon System

e Three layers of scintillator planes for triggering, > 99%6 channels
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Tracking Performance
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Opens new and exciting physics possibilities for D@ w
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FPeak Luminosity
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Operations

Lss Run Il Integrated Luminosity [ 19 April 2002 - 17 June 2004 | o Monthly Data Taking Efficiency [ 19 April 200217 June 2004
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e Data are being reconstructed on the Fermilab computing farm within a
few days

e Up to— 250 pb! being used in current physics analyses

e D@ computing systems served up 0.25PB of data, 8 billion events for
analysis just in the last couple of months
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Our Physics Goals

e Confront the Standard Model through
— 1. The strong interaction
— 2. The CKM matrix
— 3. Precision electroweak tests
— 4. The top quark
— 5. The Higgs boson

e And directly search for new phenomena not part of the SM

Current status
e Reprocessed 200pb-1 of data last fall — greatly improved tracking

e > 40 analyses in underway/review, many presented at Winter/Spring
conferences

e EXxpect tens of publications this year
— First two papers submitted
e H** search — hep-ex/0404015
e X(3872) — hep-ex/0405005 ... more in review
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QCD

We need to:

Use well-understood processes to measure proton structure
Resolve some outstanding puzzles

e.g. heavy flavour production, hard diffraction
Understand the backgrounds to new physics

John Womersley



Jet cross sections
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B High p; jets constrain the
gluon content of the proton
: e Still working hard to reduce the
s dominant systematic uncertainty:
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the jet energy scale
derived from p; balance in photon
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Dijet angular distributions

e Compare with LO QCD and with parton shower Monte Carlo
generators
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Heavy flavour production

Upsilon —» p* -

orrer pibam sass [Ey——rr— v
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Hard diffraction

e How can we produce a high mass state like a W or Z and yet Ieave one
of the beam particles intact? \ :

e New instrumentation for Run II:

— FPD (Roman pots at z = + 23, 33, 57, 59m)
— veto counters tocover2.5< |n] <6

e Diffractive Z analysis now underway using
both rapidity gaps and FPD

— Relate rapidity gaps to diffractive
(anti-)protons seen in Roman Pots

— Measure the “gap survival probability”

4= Entries 3 6 Entries 7
£E £ w2 O hw) produced
32_ il 5 o/ With a rapidity gap
"3 4 at one end of detector
2;— Gap N candidates 3;— Gap S candidates
15 (North end) £ (South end)

1 -

F 1=
0.5 C

A 1

50 100 150 200 250 300 50 100 150 200 250 300

Mass (GeV) Mass (GeV) )
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Diffractive Z Candidate

Run 174240 Event 32546648

Run 174240 Event 32546648
ET scale: 3 GeV

T e E T i 1di
o £ ...with rapidity gap

o F ... and coincident hits
- e e in the FPD detector
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B physics and the quark mixing matrix |

If quark mixing is described by a unitary 33 matrix, we can
parametrize the phases and magnitudes by a triangle.

Hadron colliders confront this “unitarity triangle” in ways
that complement measurements at the e*e~ B-factories

e.g. through the B9 system . . .

WA\l Hadron colliders

A 4
ete- colliders

B2 mixing is a good way to see indirect effects of new physics

not detectable at B-factories
e.g. Amg, B, asymmetries, B —» ¢ K asymmetries...

John Womersley



Putting the tools in place

D@ does not exploit purely hadronic triggers, but benefits from large
muon acceptance, forward tracking coverage, and (in future) the
ability to make use of J/y —» e*e-

 J/vy, ¢, K ... B reconstruction
DO Runll preliminary. Luminosity ~ 225 pb'1
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e Displaced vertex reconstruction (B lifetimes)

e Flavour tagging — example from B —» D*nuv
— Opposite side u: efficiency = 4.8+0.2 %0, Dilution = 46.0%+4.2 %
— Also jet charge and same-side pion tags

John Womersley w



Towards a B Mixing Measurement

e Bg—> p+X » B, oscillations
= — -+
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B, mixing: aiming for results late this summer I
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B*+/BO lifetime ratio: a new technique

DJ Runll Preliminary, Luminosity=250 pb'1
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X(3872) - /vy ntn

Belle, CDF ...
1400 DO Run Il Preliminary
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o " t x(a872) 92 oot | e veEs)
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e X(3872) seems to behave similarly to y(2S)
e Can we detect its production mechanism (prompt vs. B-decays)?
— Analysis in progress...
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Electroweak Physics |

Indirectly constrain new physics through precision
measurements of electroweak parameters, especially m,,

Also measure forward-backward asymmetry in Z production,
multiboson production, boson + jets, ...

John Womersley



W and Z production

CDF and DO Runll Preliminary
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Multiboson production

ET scae: 8 GeV

=z F - ¥,
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e Separation between photon and e 2 candidates ineppand 1 in pup
charged lepton in Wy candidate — Rate roughly consistent with
events SM
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The Top Quark

The Tevatron Collider is the world’s only source of top quarks

Top couples strongly to the Higgs field:
offers a window on fermion mass generation

We need to:

Measure its properties with greatly increased statistics
- the top mass constrains the Higgs sector

- search for surprises, anomalies?

John Womersley



Run 11 top candidate

Edecay _

— " Frimary vertex

b-jet

Frimary vertes =

il decay




Top Production

C 0 C 0 c
pected Tro QCD
= M
o L
© 49 [..[-7] Kidonakis NNLO-NNNLL* (hep-ph/0303186)
- R cacciarietal. (hep-phioz03tes) 2 () Te\/
10 7
o I 1.8 TeV
[ T NN
: I R
6 [ s
SR
RN
ANSNSSER 1
4 :
+ D Run Il I+jets (preél.)
2 [ / ¥--D-Run+

QCD calculations

1850 1900 1950

Neural Network 2 output

2000
Vs (GeV)

7]
€ 10° 6-jet data
% E integrated luminosity: 162 pib
C — re-normalized background
- ¥ vertex tagged data
100 expected t contribution
oL New: Top — all jets
- Yellow = expected signal
1 | | | |
0.2 0.4 0.6 0.8

John
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neural net discriminant

DY Run Il Preliminary

el
—o—i
B ee
I & |
_II ll'k'“
L L . LI
B dileptons
—o—
N etjets (topo)

utjets (topo)
I+jets (topo)
TTTTT T ebjets (soft 1)
p+jets (soft u)
I+jets (soft u)

all jets

IIIIIIIlIIlJI

0 10 20 30
c (pb)

143 pb™
156 pb™
140 pb™"
140 pb™’
141 pb™
144 pb™
141 pb™

92 pb™’

94 pb™’

92 pb™’
162 pb™'

13.113:9%32
19.1%13.8+3-2
11.713:1 23
14.3+5.1%2§
8.8%4:341%
6.0+33+1-8
7.2+38+16
14.2+4L-34%-4
9.5+3-4+31
11.4441438
7.7%34%4%

New limits on single top
production coming soon

pb
pb
pb
pb
pb
pb
pb
pb
pb
pb




Top cross section with b-tagging

e Relax topological selection and require a L

jet with impact parameter or secondary /
vertex tag @/

g : e Data -

] W-light [
e we : e (15 GeV)
O 301 X WwWee
=2 ] / i [l wbb
Z ] /// £+ error on Bgr multiply-tagged
o ! tt - eubb
2 ] candidate

10 J// r {
y 0 u" (52 GeV)
L//f//.’///’/‘/{Z

L RAE DT R MMM R
jet multiplicity

Tagging Efficiency — 50%6
+4 4 421 Mistag rate
1.4 56 (stat) g (syst) +0.7(lumi)ph (light quark jets) — 1-1.5%0

Secondary Vertex tag:

=10.8"372 (stat )53 (syst) £1.1(lumi ) pb

O .
John Womersley w
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Top mass

Method inspired by
e New D@ Run I lepton+ jets mass measurement: Kondo (1988),

Migp = 179.0 £ 5.1 GeV (D@ combined) Dalitz and Goldstein
My, = 178.0 = 4.3 GeV (2004 World Ave)

Precise my,, is important! example... % ° _ —jv!:j}:;:g::':nmp
Top mass 2003 2004 5 i -
World Ave  World Ave - B e
4 3: world-average M,
Higgs mass 96 GeV 117 GeV ' T"‘.
best fit + 60 + 67 37 Y 117 GeV
— 38 — 45 l 96 GeV
2 %
95% CL 219 GeV 251 GeV _ kY
upper limit 1 | Region
1 by direct A
0 searm—lles I I LI I. "..‘" | I
20 100 400

Nature 429 (2004) p638 I Higgs Boson Mass [GeV/c?]
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TOop mass

Minimal supersymmetric
standard model

TIIT'[ T T

Uncertainty
due to error
on top-quark

T I T I I I

120,

- m = ==
- -
-

i

Previous value for
top-quark mass,
174.3 GeV/c?

1101

New value for
top-quark mass,
178.0 + 4.3 GeV/c?

Mass of lightest Higgs boson (GeV/c?)

IIE

L TR L l L 1 1 1 .I. TELl Tk l 1 1

100

John Womersley

10
tang

4

New top mass also raises
the upper limit on lightest
supersymmetric Higgs
mass

— From G. Weiglein

CDF have reported a new
Run Il top mass, using a
similar analysis technique:
Myo, = 177.0 723 + 6.2 GeV
(CDF preliminary 2004)

D@ Run Il mass analysis is in
progress, using three
complenary techniques
Expect results for ICHEP
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The Higgs Sector |

Discover (or exclude) scalar particles related to EWSB
Constrain their properties

The latest Tevatron luminosity plan makes it hard to cover the
whole SM Higgs mass range, but we will do what we can —
and the lowest masses (115 GeV!) are the most interesting




Higgs searches

e With our current dataset, we don’t expect to see a standard model
Higgs signal
— looking for nonstandard variants

— developing our tools, our understanding, and ability to model
backgrounds

e e.g. W/Z +bb

% - DG Run Il Preliminary L=174pb"
WH — Wbb search O B W + 2 b-tagged jets,
Q 10 ¢ 25 GeV<M, (W)<125 GeV
) E e Dat
o(WH)B(H—bb) < 12.4 pb £ 1L 4 l O Wijets
(m, = 115 GeV/c?) 9 : Wi
LLl [ wbb
-1 B other
10 ] WH x4
115 GeV
107}
Will start to be sensitive to 50 100 150 200 250 300 350 400
SM Higgs with 2 fb! or so Dijet Mass (GeV)
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Non-standard and SUSY Higgs

H —- WW search I SUSY (A/H/h)bb search I

Saaaaas sa}
DS Run Il Preliminary c . D@ Run II Prellmmary

H->WW —eelep/up excluded by 130 pb:l\
147 — 177 pbt? thIS anaIySIS NN

Texcluded by
this analysis 100

6xBR(H—WW) (pb)

4™ Generation Model Uses new NLO calculation

MSSM Higgs bosons

Topcolor 50 — .
bbo(— bb), ¢ = h, H, A

Excluded at LEP

(o
LLl
—
e
(1*]
e
D
e
=
o
><
L

Standard Model

|III|III|III|III|
100 120 140 160 180 200 80 100 120 140

Higgs mass (GeV) m, (GeV)

Also fermiophobic Higgs, doubly charged Higgs ...
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Searches |

Find evidence for phenomena outside the SM
Improve constraints on such theories

John Womersley



Searching for Extra Dimensions

e Signal would be an excess of ee, uu, yy events at large mass and large
angle, due to virtual graviton exchange

High-mass electron pair event (EERWEESEER) Dgs Run |1 Preliminary

: 10 I I
: k|
. E |
R |
o F ]

X
1@_ 112-:’:A 3
E E
10

E E
> 1 !
2 e T e ]
N taaan,,. e
" \\“\M :
1
107 |

ol g sl 1 L Lo Tol
4 00 200 300 40D 500 GO0 OO0 RO 900

diEM Mass, GeV
| D@ Run Il Preliminary

| diEM cosu* Spectr
£00

nn_

Events/0.02

mass = 475 (GeV, cos 0* = 0.01

Latest D@ limits from pp — ee, uu, yy ;
MS(GRW) > 143 Tev (~ 200 pb-l, 95% CL) ua o|.1 o.lz u.la c.l4 n.ls o.ls o,l'r e.le soi;* 1

co
most sensitive search to date for large extra dimensions

Same dataset places limits on TeV-scale extra dimensions, Z’ ... I
John Womersley w




Indirect searches for new particles

e Measure the rate of the rare 35000
decay B, — ptu- sl W

e In the Standard Model, ol Mass of muon pairs
cancellations lead to a very small
branching ratio

— SMBR=3.7 x 10°

e New particles (e.g. SUSY)
contribute additional Feynman
diagrams, increase BR 0

— up to 10°

=]
(=1
=1
a
=

JPC = 1— (all quarkonia)

15000

Ewventss10 Me\'

SM signal (= 10%)

ch-/ . / ./ ¥(15,25,35)
L
4

10000

5000

" i SN

FiLY
PRR S S T VR R SRS

] B 10 12
Mass{ u,pn) [GeV]

e 2003 result (100pb-! of data)

“SideBand 1 |Signalregion | gi4o pand o — Observed 3 events

— Expect 3.4 = 0.8 bkg.

— BR (B> ptpu’) < 1.6 x 10
(90% CL)

12

1

# of events / 0.02 GeV/c >

0.8

4
Switched to a blind analysis
for summer 2004

06

04

Blinded box &

02

L S S S Still optimizing cuts;

| | invarian u) Mass [GeVic] don’'t want to be biased
John Womersley




Direct supersymmetry searches

At any hadron collider, the most
copiously produced super-
partners are squarks and
gluinos, because they are
colored particles

— Jets + missing E; sighature

New D@ Run Il analysis:

Also ...

e Gauge mediated SUSY
(photons+ missing E;)

e Stop searches
e R-parity violating searches ...

John Womersley

500 [+

Excluded

Run Il 85 pb-t

=800 GeV/c’
MSSM

p—

= W

o O
[T [T

n
= O
T | T

0 100 200 300 400 500 600
M (GeV/ic)

mg = 333 GeV for M, =25 GeV
cf. 310 GeV in Run | (CDF 2002)

We have entered unexplored territory
in terms of sensitivity to new physics




Squark Candidate?

3103:_ . D@ Run Il Preliminary
o ; e Data
N ¢ [ SM bg.
210F {113 Signal
-
Q =
= C
Ll -

10 =

1=

100 150 200 250 300 350\ 44
Missing ET (GeV

50

Highest missing E; candidate

John Womersley %



Chargino/neutralino searches

Electroweak production
Charginos + neutralinos

— dilepton and trilepton
signatures

6(x1x3)* BR(3I) [pb]

2.4 D@ Run Il Preliminary
2.2 Search for ,ﬁ;ﬁ — 3+X:

2 Limit on ¢ x BR(3I)
1.8 M(x;) = M(z2) = 2<M(x,); M(slepton) = M(y5)
1.6 D@ Runl|
1.4
1.2

1
0.8 )
05—-——-\_ D@ Runll y3%; — etele+p/u+p
DA Expeciod it
0.2 mSUGRA ?rediction

0 ca by b T b by

98 100 102 104 106 108 110 112
M(x;) [GeV]

e Major improvement in sensitivity over Run |
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Things are starting to be fun

e With 250 pb-1in Run I, it is no longer crazy to imagine that new
physics may be present in our data at the few event level

* data
DO Run Il preliminary |[[Z->ee
102 BY >ee
1 trilepton candidate event
10 Expected background fairly small
— Expected SUSY signal 1-2 events
1
10"
2 One of our mSUGRA
10 reference points
my=76 m,,,=170 A,=0 tan B=3 p >0
1 U'*‘ m(x°; %% %) = 59, 106, 101 GeV

0 100 200 300 400 500 600 700
ETmiss x PT(track)

... also find 1 like-sign muon event
Expected background fairly small
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... and more fun

Wz
AV

=E T NN

Min: 0.00183
Max: 83.2

ET scale: 66 GeV

e Search for gauge mediated SUSY
found this intriguing eyy+ME; event

— Transverse mass of e and ME;
= 68 GeV

e Consistent with a W

j/,, e SN — e What is the expected rate of Wyy

production?

Recall CDF Run | eeyy+ME; event

John Womersley



Prospects, plans |
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Tevatron Prospects

D
o

Luminosity per week I
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10/2/07

10/2/08

10/3/09

Major improvement
will come from
increasing the
antiproton current:
Recycler Ring, with

electron cooling

(install summer 2004)

Accumulated Luminosity

Design Base

Fiscal Year| (fb™)) | (fb™)
FYO3 0.3 0.3
FYO4 0.6 0.6
FYO5 1.1 0.9
FYO6 2.4 1.4
FYO7 4.0 2.0
FYO8 6.3 3.1
FY09 8.6 4.0




Detector Upgrades

e In light of the financial and luminosity situation, the Fermilab director
decided not to proceed with a full silicon detector upgrade

e In order to mitigate concerns over radiation damage and pattern
recognition in DG, we are constructing a new Silicon Layer O
— Fits inside the existing detector
— Adds an additional radiation-hard tracking layer

Same
diameter as
a golf ball

e Also upgrades to Calorimeter and Track triggers
On track for installation of both silicon and trigger in Summer 2005

John Womersley



Conclusions

e The Run Il physics program is unmatched in breadth and importance

e This physics program is based on the detailed understanding of
Standard Model particles and forces that we have obtained over the
last few decades

e Based on that understanding we can contribute to some very big
questions about the universe

For example

— What is the cosmic dark matter? (Supersymmetry?)

— Is the universe filled with energy? (Higgs?)

— What is the structure of spacetime? (Extra dimensions?)

The Tevatron is in the only facility in operation that can do this

e The D@ detector is working well

. . . . e =
and the collaboration is enthusiastic I"Jl?‘li“: o
el weumics "r_ :‘ |':.iurl coldl
- g all wiEr il rns
e We have entered unexplored territory B el .-In--I-m'.‘jlj;,‘f',,,'_....m-
— who knows what we will find! ol N fgnition et
1 epiatil T H]h“" i

-_"_Iir_‘_l‘!_"._l,_.——-'-_'_.-_'—
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From the charge

Ray Orbach and Michael Turner, October 2003

e Recent scientific discoveries at the energy frontier and in the far
reaches of the universe have redefined the scientific landscape for
cosmology, astrophysics and high energy physics, and revealed new
and compelling mysteries.

e We are writing to ask the High Energy Physics Advisory Panel (HEPAP)
to take the lead in producing a report which will illuminate the issues,
and provide the funding and science policy agencies with a clear
picture of the connected, complementary experimental approaches to
the truly exciting scientific questions of this century.

e This report is the opportunity to describe why this is the most exciting
time in particle physics in over a half a century, if not much longer.

John Womersley



The Quantum Universe Committee

e Andreas Albrecht (UC Davis) Steve Kahn (SLAC)

* Sam Aronson (BNL) e Rocky Kolb (FNAL)

= Jon Bagger (Johns Hopkins) e Joe Lykken (FNAL)
e« Keith Baker (Hampton)

_ e Hitoshi Murayama (Berkeley)
e Neil Calder (SLAC)

. e Hamish Robertson (Washington)
e Persis Drell (SLAC)

e Evalyn Gates (Chicago) i Jl_m Slegrist (LBNL?
- Fred Gilman (CMU) e Simon Swordy (Chicago)

e Judy Jackson (FNAL) e« John Womersley (FNAL)

Committee very active:
Weekly telephone meetings since mid-October
Trip to Washington in November
Face-to-face meeting at SLAC in January
Numerous drafts
Report discussed and presented to HEPAP April 2004
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Input from our “customers”

e November meeting in Washington with representatives of the funding
agencies, OMB and OSTP

e What we heard:
— Lead with the science!
— We see a large array of tools that are seemingly unconnected.
 “Why can’t we discover the Higgs with Icecube?”
— Articulate the questions that are driving the field
e give a roadmap:
e how will we answer these questions
e« what is the toolkit?
— Show how scientific questions map onto experimental space
e How are the different tools connected?
e We took this input very seriously in crafting the report

e Documentis “layered”
— Repetition of ideas with increasing technical detail
— Executive Summary is a stand-alone document

John Womersley



Physics Questions

We came up with nine physics questions

Einstein’s Dream of Unified Forces

1. Are there undiscovered principles of nature: new symmetries, new
physical laws?

... supersymmetry ...

2. How can we solve the mystery of dark energy?
... and how is it related to the Higgs field?

3. Are there extra dimensions of space?

4. Do all the forces become one?
... grand unification...

John Womersley



The Particle World

5. Why are there so many kinds of particles?

Why are there three families, why do their masses and mixings exhibit
the patterns and variations that we see?

6. What is dark matter? How can we make it in the laboratory?

7. What are neutrinos telling us?

The Birth of the Universe

8. How did the universe come to be?
inflation, phase transitions ...

9. What happened to the antimatter?

... we then talk about the tools needed to answer these questions
— map the questions on to a list of experiments and facilities

John Womersley



Primary US Physics Program
of Major Facilities

Undiscovered Principles?
Dark Energy?

Extra Dimensions?
Unified Forces?

Why So Many Particles?
Cark Matter?

Meutrinos?

Origin of Universe?

Antimatter?

John Womersley
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Undiscoveraed Principles?
Dark Energy?

Extra Dimensions?
Unified Forces?

Why So Many Particles?
Cark Matter?

Meutrinos?

Origin of Universe?

antimatter?
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Summary

. The report was requested by the US agencies and so it focuses on the
US experimental program

— but the science questions are of course universal

. We hope you find the report, and the ideas it contains, useful when
you try to explain what we in high energy physics are doing, and why

. Your feedback is most welcome!

John Womersley
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