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DØDØ

• DØ is an international collaboration of 
~ 650 physicists from 19 nations who 
have designed, built and operate a 
collider detector at the Tevatron

Institutions: 37 US,  41 non-US
Collaborators:

~ 50% from non-US institutions
(note strong European involvement)

~ 100 postdocs, 140 graduate students
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every
396 ns …

Electron

Muon

Jet
(experimental signature
of a quark or gluon)
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Missing transverse energy
(experimental signature
of a non-interacting particle)
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Inner TrackingInner Tracking
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Silicon Silicon MicrostripMicrostrip Tracker StatusTracker Status

4 barrel layers
axial + stereo strips

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

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

Barrels
only

Barrels
& Disks

|η| < 3

γ → e+ e−γ → e+ e−
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Silicon healthSilicon health

3.6±1.8 fb-1now

Some concern over detector mortalitySome concern over detector mortality
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Fraction of disabled HDI’s vs. time

Radiation behavior as expectedRadiation behavior as expected
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Scintillating Fiber TrackerScintillating Fiber Tracker

• 8 axial, 8 stereo layers
• VLPC readout
• Performing well 

• good light yield
• layer ε > 98%

(including dead channels)

Occupancy matches 
expectations

~ 2% of VLPC channels not functional 
since November 2003 shutdown
–– likely explanation: water contamination 
in cryostat
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CalorimeterCalorimeter
Liquid argon calorimeter
with uranium absorber

J/ψ and ϒ from
EM clusters

Intermittent 
problems 
with noise
– pickup from 

welding (2003)
– muon toroids
All OK now; 
still working to 
understand better
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Muon SystemMuon System

scintillator

• Three layers of scintillator planes for triggering, > 99% channels
• Three layers of drift tubes for muon track measurement, > 99% channels

shielding

Stability
Z → µ+µ-

η

Efficiency:
high (94%)
& uniform

su
pp
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ts

φ

±2
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Tracking PerformanceTracking Performance

track

x

y
Ξ−

π−

π−
p+

Λ0

± ±Ξ →Λπ

± ±Ω →Λπ

multiple tracks with ~cm 
impact parameters

Impact Parameter 
Resolution

Opens new and exciting physics possibilities for DØ

~ 250 pb-1
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Tevatron PerformanceTevatron Performance

New Record
1.05 × 1032

1/17/05

New Record
1.05 × 1032

1/17/05
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OperationsOperations

• Data are being reconstructed on the Fermilab computing farm within a 
few days (capacity ~ 1500 GHz)

• Up to ~ 450 pb-1 being used in current physics analyses 
• DØ computing systems routinely serving up 0.2PB of data, many billion 

event copies per month for analysis

Typical data-taking
efficiency ~ 85-90%

Typical “good” week 10 pb-1

15 million events recorded

0.5 fb-1 recorded
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EarthquakeEarthquake

• Tilt meters in the Tevatron saw the Christmas 2004 earthquake:
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Autumn 2003
~ 200 pb-1 of data reprocessed 
Worldwide effort, exploiting 
Grid resources
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Our Physics GoalsOur Physics Goals

• 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

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

Current status
• Reprocessed 200pb-1 of data last fall – greatly improved tracking
• > 40 analyses in underway/review, many presented at Summer 

conferences
• Publication pace ramping up rapidly

– 2 run II papers submitted in first half of 2004
– 12 in the second half                          … many more in review
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QCDQCD

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
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Jet cross sectionsJet cross sections

∆g(x), CTEQ6

High pT jets constrain the 
gluon content of the proton

Still working hard to reduce the 
dominant systematic uncertainty: 
the jet energy scale
• derived from pT balance in photon 

+ jet events
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Dijet angular distributionsDijet angular distributions

• LO 3-jet calculation fails to 
describe very small or very 
large angle regions

• NLO 3-jet calculation 
(NLOJET++) does a pretty 
good job

• HERWIG and PYTHIA (with 
some tuning) also describe 
the data
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Hard diffractionHard diffraction

• How can we produce a high mass state like a W or Z and yet leave one 
of the beam particles intact?

• New instrumentation for Run II:
– FPD (Roman pots at z = ± 23, 33, 57, 59m)
– veto counters to cover 2.5 < |η| < 6

• 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”

Z (→ µµ) produced
with a rapidity gap 
at one end of detector 

(North end) (South end)
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Diffractive Z CandidateDiffractive Z Candidate

… and coincident hits 
in the FPD detector

µ

µ

Z → µµ event

…with rapidity gap

5 GeV
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B physics and the quark mixing matrixB physics and the quark mixing matrix

If quark mixing is described by a unitary 3×3 matrix, we can 
parametrize the phases and magnitudes by a triangle.

Hadron colliders confront the “unitarity triangle” in ways 
that complement  measurements at the e+e– B-factories 
e.g. through the B0

S system . . .

∆ms/∆md

Hadron colliders

DØ does not exploit purely hadronic triggers,  but benefits from
large muon detector acceptance, pure muon triggers down to 
low pT, and forward tracking coverage → good B yields

B factories
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B spectroscopyB spectroscopy

• First observation of separated 
B** states

• > 5σ observation of BC meson 

BC → J/ψ µ+X
Mass = 5.95 ± 0.14 ± 0.34 GeV

Lifetime = 0.45 ± 0.12 ± 0.12 ps

Mass of B1 = 5724 ± 4 ± 7 MeV
Mass difference (B2* – B1) 

= 23.6 ± 7.7 ± 3.9 MeV
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B lifetimes: is there a problem?B lifetimes: is there a problem?

• DØ has measurements of B±, 
BS and Λb lifetimes:2002

Ratio D*/D0 ~ Bo/B+

B±/B0 = 1.080 ± 0.016  ± 0.014
hep-ex/0410052

BS/B0 = 0.980+0.075/–0.070 ± 0.003
hep-ex/040904
Using exclusive mode BS → J/ψ φ

Λb/ B0 = 0.87 +0.17/–0.14 ± 0.03
hep-ex/0410054
First in fully reconstructed channel
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Towards a BTowards a BSS mixing measurementmixing measurement

• Establish triggers, signal yields, tagging (done)
• Establish a Bd mixing signal (done)
• Now working on:

– BS mixing in semileptonic modes
– Good yields ~ 38 events/pb-1

– Poorer proper time resolution (ν)
100-150 ps-1

– Tagging power εD2 ~ 3-10 %
• Then:

– BS mixing in hadronic modes
– Lower yield: must use other B → µ
– Self-Tagging trigger εD2 ~ 70 %?
– Better proper time resolution 75-100 ps-1

– Low rate + high purity = B-physics at high luminosity!
• Potential improvements

– New silicon layer in 2005 (see later)
– We are considering a bandwidth-to-tape upgrade

DØ RunII  Preliminary, Luminosity = 250 pb-1

0

1000

2000

3000

1.7 1.8 1.9 2 2.1 2.2
M(φ π+) GeV/c2

B → µ- φ π+ X

9481±253  Ds→φ π+

3365±239  D+→φ π+

µ- φ π+

µ- φ π-

Over 104 Bs !
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Electroweak PhysicsElectroweak Physics

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

Also measure forward-backward asymmetry in Z production, 
multiboson production, boson + jets, …
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W and Z productionW and Z production

Direct measurement 
of the W width from 
tail of mT distribution

Z cross sections

Z → τ+τ−
using neural net
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MultibosonMultiboson productionproduction

WZ candidate in µµµ (none w/electrons)
– SM expect 1.02 WZ events
– background 0.4 event
– Set limit σ < 15.1 pb (95%CL)

µ

µ

µ

Wγ also in progress
• Separation between photon and 

charged lepton in Wγ candidate 
events – “radiation zero”?

Zγ production
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The Top QuarkThe 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? 
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How to catch a Top quark

t
t

W

b
W

b

Muon

Neutrino
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Top ProductionTop Production

Is the cross section what is 
expected from QCD?

Does it grow as expected from 
1.8 to 1.96 TeV?

Is it consistent between all the tt
decay channels?

QCD calculations

1.8 TeV

2.0 TeV

tt → all jets
using NNtt → lepton + jets
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• Relax topological selection and require a 
jet with impact parameter or secondary 
vertex tag 

Top cross section with bTop cross section with b--taggingtagging

multiply-tagged
tt → eµbb
candidate

jet multiplicity
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Secondary Vertex tag:

Tagging Efficiency ~ 50%
Mistag rate 
(light quark jets) ~ 1-1.5%
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Top massTop mass
• Precise mtop is important

– Constrains/tests the Higgs
• World average top mass is driven by 

improved DØ Run I lepton+ jets mass 
measurement:
mtop = 178.0 ± 4.3 GeV

251 GeV219 GeV95% CL 
upper limit 

117 GeV
+ 67
– 45

96 GeV
+ 60
– 38

Higgs mass
best fit 

2004
World Ave

2003
World Ave

Top mass

117 GeV
96 GeV

Nature, June 10, 2004Nature, June 10, 2004

DØ reported its first top mass 
measurements using Run II 
data at 2004 summer 
conferences

DØ reported its first top mass 
measurements using Run II 
data at 2004 summer 
conferences
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Impact of top massImpact of top mass

New top mass also raises 
the upper limit on lightest 
supersymmetric Higgs 
mass
– From G. Weiglein

CDF have reported a new 
Run II top mass, using a 
similar analysis technique:

mtop = 177.0 +4.5 ± 6.2 GeV
(CDF preliminary 2004)

CDF have reported a new 
Run II top mass, using a 
similar analysis technique:

mtop = 177.0 +4.5 ± 6.2 GeV
(CDF preliminary 2004)

– 5.0
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How does top decay?How does top decay?

• In the SM, we expect top to 
decay almost exclusively to a W 
and a b-quark, but in principle it 
could decay to other down-type 
quarks too

• Can test by measuring 
R = B(t → b)/B(t → q)

• Compare number of double 
b-tagged to single b-tagged 
events 

Consistent with R = 1 (SM)
i.e. 100% top → b 

e+jets
µ+jets
SVT tagger
68%, 90%
contours

SM
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Spin in Top decaysSpin in Top decays

• Because its mass is so large, the 
top quark is expected to decay 
very rapidly (~ yoctoseconds) 

• If this is true, there is not enough 
time to form a top meson before 
the quark decays

• Top → Wb decay should then 
preserve the spin information

– Helicity of the W is then 
reflected in decay angle of 
lepton in the W rest frame

• Can constrain fraction of RH 
helicity W’s 

F+ < 0.244 (90% CL)

V – A (SM) expect F+ ≈ 0 
V + A would give F+ = 0.30 

Top → Wb

LH
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The Higgs SectorThe 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
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Higgs searchesHiggs searches

• 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.g. W/Z +bb

115 GeV

WH → Wbb searchWH → Wbb search

σ(WH)B(H→bb) < 9 pb (95% CL)
for mH = 115 GeV/c2

hep-ex/0410062

Will start to be sensitive to 
SM Higgs with 2 fb-1 or so 
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NonNon--standard and SUSY Higgsstandard and SUSY Higgs

H → WW searchH → WW search SUSY (A/H/h)bb searchSUSY (A/H/h)bb search

147 – 177 pb-1

excluded by
this analysis

Also fermiophobic Higgs, doubly charged Higgs … 

Uses new NLO calculation

excluded by
this analysis

130 pb-1
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EWSB without a Higgs: TechnicolorEWSB without a Higgs: Technicolor

¯pp → ρT → WπT  with W → eν and πT → bb or bc¯pp → ρT → WπT  with W → eν and πT → bb or bc

gray = background
red = signal

• = data

No indication of signal – excludes low mass ρT and πT
depending on values of model parameters

signal 
box

Eichten, Lane and J.W.
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SearchesSearches

Find evidence for phenomena outside the SM
Improve constraints on such theories
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High-mass electron pair event

Searching for Extra DimensionsSearching for Extra Dimensions

• Large extra dimensions: signal would be an excess of ee, µµ, γγ events 
at large mass and large angle, due to virtual graviton exchange

mass = 475 GeV, cos θ* = 0.01

Latest DØ limits from⎯pp → ee, µµ, γγ
MS(GRW) > 1.43 TeV (~ 200 pb-1, 95% CL)
most sensitive search to date

Spin–2?
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RandallRandall--SundrumSundrum gravitonsgravitons

• Search for first Kaluza-Klein excitation with mass ~ 1 TeV
• Resonance production in di-EM final state?

• No evidence for a heavy resonance
– Mass limits depend on coupling κ/MPl
– For κ/MPl = 0.1, MG > 785 GeV (95% CL, best limits to date)

• Same analysis sets limits on sequential Z’ 
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Indirect searches for new particlesIndirect searches for new particles

• Measure the rate of the rare 
decay Bs → µ+µ−

• In the Standard Model, 
cancellations lead to a very small 
branching ratio
– SM BR= 3.7 × 10-9

• New particles (e.g. SUSY)  
contribute additional Feynman 
diagrams, increase BR 
– up to 10-6

• With 240pb-1 of data
– Observed 4 events 
– Expect 3.7 ± 1.1 bkg.
– BR (Bs → µ+µ−) < 4.6 × 10-7

(95% CL)
– Will keep getting better 

Mass of muon pairs

B
lin

de
d 

bo
x

Switched to a blind analysis 
for summer 2004
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Direct supersymmetry searchesDirect supersymmetry searches

Also …
• Gauge mediated SUSY 

(photons+ missing ET) 
• Stop searches
• R-parity violating searches …

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

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

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

→ Jets + missing ET signature

DØ Excluded
Run II  85 pb–1

mg > 333 GeV  for M0 =25 GeV 
cf. 310 GeV in Run I  (CDF 2002)

mg > 333 GeV  for M0 =25 GeV 
cf. 310 GeV in Run I  (CDF 2002)

~

New DØ Run II analysis:
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Things are starting to be fun!Things are starting to be fun!

• With 500 pb-1 in Run II, it is no longer crazy to imagine that new 
physics may be present in our data at the few event level

• A squark candidate from the first 200pb-1 – will we find more?

Highest missing ET candidate
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CharginoChargino//neutralinoneutralino searchessearches

• Major improvement in sensitivity over Run I

• 3 candidate events, expected BG 2.9 

Electroweak production
Charginos + neutralinos 
→ dilepton and trilepton
signatures
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• One electron-electron-track event 

TrileptonTrilepton candidatecandidate

One of our mSUGRA
reference points
m0=80 m1/2=175 A0=0 tan β=3 µ > 0
m(χ0

1 χ0
2 χ±) = 62, 110, 105 GeV 

Predicts 2.5 signal events

Cut > 250 GeV2
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… and more fun… and more fun

• Search for gauge mediated SUSY  
found this intriguing eγγ+MET event
– Transverse mass of e and MET

= 68 GeV
• Consistent with a W

• What is the expected rate of Wγγ
production?

Recall CDF Run I eeγγ+MET event
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Prospects, plansProspects, plans
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Tevatron ProspectsTevatron Prospects
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Now
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Design Base
Fiscal Year (fb-1) (fb-1)

FY03 0.3 0.3
FY04 0.6 0.6
FY05 1.1 0.9
FY06 2.4 1.4
FY07 4.0 2.0
FY08 6.3 3.1
FY09 8.6 4.0

Accumulated Luminosity

Major improvement 
will come from 
increasing the 
antiproton current:
Recycler Ring, with 
electron cooling 
(summer 2005)
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Detector UpgradesDetector Upgrades
• In light of the financial and luminosity situation, the Fermilab director 

decided not to proceed with a full silicon detector upgrade
• In order to mitigate concerns over radiation damage and pattern 

recognition in DØ, we are constructing a new Silicon Layer 0 
– Fits inside the existing detector 
– Adds an additional radiation-hard tracking layer
– Improves proper time resolution

Same 
diameter as a 
golf ball
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New silicon detector layerNew silicon detector layer

• All sensors in hand, detector under construction at Fermilab
• Beampipe removed and clearances surveyed in summer 2004

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

Prototype structure
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BS → DS π

Layer 0
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ConclusionsConclusions

• The Run II physics program is unmatched in breadth and importance

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

• 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

• The DØ detector is working well 
and the collaboration is enthusiastic

• We have entered unexplored territory
— who knows what we will find! 

Students 
welcome!


