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What isaDQ® ?

» DO is agroupof people(notjust Dugan®’Nell ), a

detectoyandanexperiment

= The DO collaborations agroupof ~ 550physicists
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DO is alarge (5000ton) detectorat the Tevatron
pp colliderin Batavia, lllinois, USA.

Officially (http://www-d0.fnal.go/):

“...researchs focusedon precisestudiesof
Interactionof protonsandantiprotonsat the highest
availableenegies. It involvesanintensesearchfor
subatomialuesthatrevealthe characteof the
building blocksof theuniversg€.

Or: “We look for evidenceof new physicsthrough
precisiontestsof the StandardVlodel anddirect
searches$or new phenomenae”.

Or: “It Is a particlephysicsexperiment”.
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. Sizes and distance scales FO rC e h I g h = e n egy
- Fer Interactiondbetween
- particles

Probesmallerand
smallerscales

Requiredargerand
largerenepgies

Colliderscreatetemper
aturesnot seersincethe
= earlyuniverse

TRY
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Recreate the Early Univer se

History of the Universe

e «xm NOW (15 billion years)

= o Starsform (1 billion years)

wes,  =--amm  Atoms form (300,000 years)

Muchscwymiseis of Haiam

. <= Nuclel form (180 seconds)

Protons and neutrons form

<=
= (10" 19 seconds)
—  Quarks differentiate (10~

- 12 J
772 (Before that)  adRaaly

LHC
10" 13 Seconds
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The Standard M odel

ELEMENTARY
PARTICLES = fundamental

particles/interactions

3 = 3(2)forces:
= = Strong
S = Weak

v = EM

S

| = Somethings missing
[ I I )

Three Ge of Matter
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The Standard M odel

= Unified Electromagnetiand\Weakforces.
Numerouspredictionsncluding existenceandmass
of W, Z bosonshave provedcorrect.

= An anngingly succesful model. Hasbeentested
extensvely for >20years...iis alwaysright

= Thismodelis looking alittle smug

= However, it hasweaknesses
mary (19) freeparameters
no unificationof forces
whataboutgravity?
darkmatter?
no Higgs (yet)
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The Standard M odel

= Low-enepy effective theory

» Wetestthe SM by measuringvith greatprecision
the predictionsof themodel

= We simultaneouslyook for new particles,
Interactionswvhich arenot predictedoy the modelat
all.

= Many theories(including SM) expectnew physics
betweerEW scaleandTeV scaleq100-1000GeV).
We areprobingsomeof this enegy rangethis now
(andwill pushfarthersoon).
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Thelools: Tevatron

EQ: This Spacé”
For Rent .
w Bh 0. Tolure
. ' BTeV

D@: Fermilab s Best Detector
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Thelools: Tevatron

= World’s highestenegy collider

= Collidesbunchesof protonswith bunchesof
anti-protonsat two interactionpoints(BO andDQO )
= Boring Tevatronstatistics:

= 6.2km circumference

= centerof massenegyis 1.96TeV

= designluminosityis 5x10°* cm s~}

= A broadbandjuarkandgluoncollider (1 GeV -
1TeV)
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Multi-stageprocesgo reachtheseenepgies
FERMILAB'S ACCELERATOR CHAIN
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Typical detector

Tracking system Calorimeter Muon detector

Magnetized volume Induces shower
Interaction in dense material

"“‘“;:} Il \'
+

Innermost }. \ ‘“\1&

. EM layers -
trar:kmg _Ia_vers fine sampling Hadronic Absorber material
use silicon

layers

Electron

———— — Experimental signature
of a quark or gluon

Bend angle — momentum

> "Missing transverse energy”

Signature of a non-interacting (or weakly
interacting) particle like a neutrino *

Johr Woemersley




Thelools: D@ Detector

m DO asit wasfor
\/\ Runl
; d

m Calorimeter:
LAr/Uranium

= Muon: 1.9T field

= Tracking: tracker
(drift chambers),no
magfield, nosilicon

1
Ny
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Dﬁ LIQUID ARGON CALORIMETER

END CALORIMETER .
Outar Hadronic .
(Coarse)

Middle Hadmonic
(Fine & Coarse)

- CENTRAL
CALORIMETER

Electromagnetic
Fine Hadronic

Inner Hadonic
[Fine & Coarsea) ' Coarse Hadronic

Measureenegiesof particles

DO is notedfor quality calorimetry First useof
LAr-Uraniumcalorimeter

SFUFeb7-8,2002— p.15/5



The Tools. DO Detector - Cal

= Boring Statistics
= 3 detectontypesin depth:EM, FH, CH
= nearlycompensating/h=1.04-1.11
= granularity0.05x0.05 0.1x0.1
= enepgy resolution:

o 16% _0.14

lect r— —— P 0.003
electrons 7 \/E D 7 P,
41 1.28
plons :% = \/%) D B @ 0.03
80%

ot o)
els | — =~
JEW
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D@ Timeline

1983
1984
1985-1987
1988-1991
1992-1996
1993
1995
1996-2000
2000
2001

first meetingat StoryBrook

Approval from DOE
DetectorR&D
Construction
Data-Taking- Runl
First PaperPublished
Discovery of Top Quark
Upgradefor Runll
100thPaperPublished
JanuaryRoll-in for Runl|
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Previous Results,; Runl

= Runl Info:
= 1992-1996
= Tevatronenegy 1.8 TeV
= mainring throughD®
= luminosity~ 103 em 2571
= integratedluminosity 120pb—!
= collisionsevery 3.5us
= DO readout 120000channels
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Runl

= Main areasof study:

= thetop quark

= electraveak(W/Z) studies

= QCD

= thebottomquark

= searche$or new phenomenae
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Bottomquark
discovered- 1977.
Requiresa partner

Huntfor thatpartner
guark(top) lasted
nearly20years

Lowerlimit on mass
was90 GeV

Top quarksearchhigh
oriority from the start

Discovery of top:
nighlight of Runl
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Why look for thetop?Becauset shouldbethere!
So,why studythetop quark?

Topis VERY heary - 35timesb massheavy as
anatomof gold!

Massis closeto EW scale,is top involvedin
breakinggeW symmetry?

Measuringtop andW massconstraindHiggs
DOSONMass

Decayof topis very fast(10~24s). Fasterthan
nadronization(10~%°s). Studybarequark!

GenerakeststhatpropertieamatchSM
predictions
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Runl: The Top Quark

= A few differentwaysto make atop atthe Tevatron

e
__ 7
= Firstis known astt or top-pairproduction.
Obsened.

= Electraveak(single)top production
= Topdecaygo Wb
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Runl: Top Quark Results

dilepton(ee,et,upt) 5

|+ ]

ets(leptonb-tag) 11

= Numberof events: [ + jets(topological) 19

all jets 41
ey 4

You couldgetto know eacheventpersonally

= Top cross-section’.9 -

- 1.7 pb - agreeswith theory

Maybethisreallyistt ...

= Topmass:172.1 4

- 0.2 4

- 4.9 GeV - bestmeasured

massof all quarks!
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Thediscovery of W andZ bosonsvasannouncean
1983. Total of 14 events.

In Runl DO accumulateaver 100000Ws and

100004s

DO usedthe Zs to calibratethe detectorandmade
mary importantimprovementan W measurements

80.360 +/- 0.370

80.410 +/- 0.180
80.470 +/- 0.089
80.433 +/- 0.079

80.350 +/- 0.270
80.498 +/- 0.089
80.483 +/- 0.084
80.453 +/- 0.060

80.427 +/- 0.046

|80.436| /= 0.(|)37
L1 [ (I
795 797 799

Mw (GeV)

% /Nexp =0.5/4
UA2 (W — ev)
—LEF1, SLD, ¥M Data

CDF(Run 1A, W — ev,iv) ~ LEF2. pp Data

CDF(Run 1B, W — ev,Lv)
CDF combined

DO(Run 1A, W —ev)
DO(Run 1B, W — ev)
DO combined
Hadron Collider Average
LEP II (ee — WW)
World Average
1 11

| | | [ | [ | - ) -
80.7 809 81.1 81.3 B8l1.5 7-8,2002—p.24/5



Runl: Quaero

= Wouldyouliketo analyzesomeRunl data?
= DO analysisof Runl datais more-orlesscomplete

= A numberof Runl datasethiave beenmadepublicly
availablethroughquaero:seequaero.fnal.go

» Announcedn Naturein November2001.Also see
hep-&/0106039.

= Are youfeelinglucky....
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Runl: SLEUTH

= Attempta model-independergearchor new
physics. Designha genericbump-finder!

= Not assensitve to agiveneffectasadedicated
study however, you don't have to only seewhatyou
arelooking for.

» Runl datahasbeenfedto thealgorithmandhasnot
foundanything significantwe missed.

= During Runll we will be SLEUTHIng!
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Runlendedn 1996.Whathashappeneince?

Tevatronhasbeenoverhauled Main Ring replaced
with Main Injector.
Enegy 1.8TeV — 1.96TeV (almost40%
Increasan top)
Luminosity 103! — 5 x 10%%cm 257!
Bunchspacing3.5us — 396ns — 132ns
Runlla= 2fb~!, Runll = 15fb~!. 20-150timesmore
data

Both CDF andD® have beenradicallychanged.
Trackingandtriggerupgradegxtensve!

DO is reallya NEW detector
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No magnetidield in Runl
No silicon detectonn Runl

Buy a2 T magnetpuild asilicon detectoybuild a
new CentralFibre Tracker!
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New trackingsystemenhancesdentificationof
electronsandmuons,mprovescalorimeterenegy
calibrationandallows usto study/tago-quarks!

800000channelsf silicon (Runlhad120kchannels
total!), coverageto |n| = 2.5.

CentralFibre Tracker uses/ 7000fibresin 8 layers
(stereot axial) readout with solid statevisible light
photoncounteryVLPCs).

Runl calorimeterstays.However, completely
replaceall readoutelectronics.

Centralmuonsystemstays,but reluild forward
systemandseparat@recisionreadoutandtrigger
functionality.



We cannotpossiblyrecord,reconstrucandanalyze
every eventthatoccursin our detectorn2 TB/s!!!)

Needmassve datareductionbeforewriting to tape.
Only write “interesting” events(5-10 MB/s).

Triggersystemis responsibldor makingonline
decisiondor which datawill be keptandwhich will
bethrown away.

Triggeringin a hadroncollider environmentis never
easy.
Lots of data!!

VariedphysicsprogrammeEachphysicsgroup
(eg. top, higgs,SUSY)hasasmary peopleasa
“big” experiment~ 100people
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TheUpgrade: DO Trigger

= Runll acceleratoupgrademakesit more
challengingstill

Luminosityincrease®$y factorof morethan10
Time betweercrossings3.bus — 132ns

m rates:
Level InputRate
1 8 MHz  Hardware + Firmware
2 10kHz  Hardware+ Software
3 1 kHz PCs+ Software

totape 20-50Hz Large TapeRobot
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New detectoyrupgradedacceleratarLots more
physicsto explorein Runll!

Precisionrmeasurements SM favour alight
Higgs.In reach?

Severaltheoriesbeyond SM (eg. SUSY)are
potentiallyaccessible

Studiesof top quarkpropertiesn Runlwere
severelylimited by smallnumberof events.

Increasesdampleof W/Z leadto increased
precision

Studytheb-quarkat DO for thefirst time
QCD studieswith high enepy jets, etc.
Model-independerdearche$SLEUTH)

SFUFeb7-8,2002— p.32/5



Runll: Higgs

» Wheredoesmasscomefrom? How canwe getit in
the SM?

= EW symmetrybreakingoccursthroughintroduction
of ascalarfield.

= Consequencef thesymmetry-breaking
mechanism..xastenceof a Higgsparticle.

= Thisis thehighestpriority searchn particlephysics!

= Fermilabis theonly placeto look for Higgs before
2007.

» Canwefind it?
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Runll: Higgs

» Directsearchest LEP have excludedHiggsbelow
113GeV.

= Precisioolmeasurmentef W/Z bosonsandTop
IndicatethatHiggsis lessthan200GeV.

= Example:my=115GeV
2 fb~! (2003)- excludeat 95% confidence
5fb~! (2004-5)- evidenceat 3¢
15fb~! (2007)- evidenceat 50
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— 95% CL Imit
— 30 evidence
— S0 discovery

_d:""\.
o
St
o
0
™~
=
L)
£
E
3
k
L=
-
g
E

150

Higgs boson mass [GeV]

If masss low we have ashot.Will take alot of data.
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Higgs Candidate (just kidding...)

DO W + 2 jet candidate

Jet 1l

% E."2w = 17 GeV*
i~

Electron

E,"% = 13 GeV*

* Jet E; corrections will be relatively large

Boaz Kiima - Latest resulls from Run 2 ot T3




—LEP1, SLD, vN, APV Data
LEP2, pp Data

m; = 2 GeV

]
D
-
a
]
=
=
.
LY
Y
3
.
¥

m,, + 15 MeV

S
Q
g
)
)
@
E
=

Runl total numberof
eventsfor DO <100.

Runll: write afew
thousandop events
to tape.

b-taggingwith
efficiencgy greater
than50%.

Expected (2fb™!)
mass 2-3GeV
o 8%
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Top quarksdecayto Wb
nearly100%of thetime

Produced/Ns arenever
right-handed.70%]long.,
30%|eft.

Angulardistribution of
leptonsensityve to helicity
of W.

Only previous
measuremerftom CDF
hasvery largeerrors

Should measureto 5% In
Runll
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- Top - W hdlicity B.o]

N

t



Wantto measurd3r(W,,,,) to 5%
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Runll: Single Top

= Needdo bediscovered!
= Cross-sectioproportional

r— to Vyy

| = Sourceof polarizedtop
qguarks

= Firstchanceto study
\ / polarizationof a “bare”
quark!

= Estimate discovery (or
close)in Runlla
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current Status

= Mechanicallycompletedetectorrolled-into
collision hall in Jan.2001



Run

Run
Apri

| officially ber

anMarch1, 2001 (by decree).

| really beganin April 2001.Firstcollisions

3.

Theacceleratoanddetectorhave beenslowly
ramping-upever since.

Accelerator:Still belov Runlluminosities,major
upgradeahis summer(regycler). New schedule:

200pb~! by end2001

2001-2004Runlla,2 fb~!
Shortshutdavn for detectorupgrades

2004-2007Runllb,15fb~?

2007-?:.depend®n LHC
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Detectorwasmechanicallycompleteonroll-in In
January2001.However, not electronicallycomplete.

Full fibre tracker readoutonly installedduring
October2001shutdavn.

Plecegf triggerelectronicsverealsomissing.Have
slowly beenaddedsincethe beginningof therun.

We have not madeary startlingphysicsdiscoveries
yet, but....

We have beenmakingtremendougrogressn
understandinghe detector'Remembent is like a
wholenew experiment!
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Hits in SMT and CFT

>lal: Ewcnt troc

Boag Klima - Latest results from Run 2 at

Dg




Jhy sptp”

Di- muons reconstructed in the forward region
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W- ev Candidates

Vishnu Zutshi, NIU |
Leo Chan, Rochester
h

EM cluster
with track

" mT(e,V) L-0.7pb 1

(uncalibrated energy scale)

EM cluster faf
with track | ;£

/ :_||T||_‘||_|||I|||I|||I||||||l_||||I|||

11]s4, 1 0 20 40 8 50 400 4120 440
A

Transverse Mass (GeVic 2]

160

Boaz Klima - Latest results from Run 2 at




/ - ete-

2 EM objects, ET > 20 GeV,
isolation and shower shape cuts

Candidates

Run 130671 Event 1327445

a

a0 80 100 120

invariant mass (:GBV."G:!)

(uncalibrated energy scale)

Leo Chan, Rochester

Boaz Klima - Latest results from Run 2 2t

D

Bins: 557
Mean: 0.259
Rms: 2.15
Min: 0.00285
Masx 40,9




Runlwasagreatsuccesst DO (discovery of top,
etc.)

Thisis avery exciting (andbusy)time to beat
DO 1

DO Is anew detectonn Runll

Upgradedacceleratoanddetectorgivesgreatnen
ohysicsreach!

We have startedtakingdata(April 2001).We are
understandin@ur dataandour detector

Expectsomethingo be shavn at summer
conference$70pb 1)

DoubleRunl dataseby endof this year
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