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Overview of Talk
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Overview of Tevatron Run |
Rich Program of Physics at the Tevatron
* Top Quark Physics
= Bottom Quark Physics
= Electroweak Studies
= QCD Studies
= Searches for New Phenomena
Concentrate on Recent Results on QCD and Searches
> Summary
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Thanks to my DG and CDF colleagues
All errors and misrepresentations are mine
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D@ Detector

TRACKING

Cast of Characters

CDF Detector

Backward
Muon System

Central Muon
Upgrade

Central Muon
Extension

Forward

.. Calorimeters

B vagnet Yoke

o(vertex)=6 mm

o(rg) = 60mm (VTX)
= 180mm (CDC)
=200mm (FDC)

MUON
In| <3.3

%P: 0.2600.01p

CALORIMETRY

Mmi<4
AnxAd=01x01
cEM = 15%/ JE
GHAD) = 50% /JE

Bl Steel walls Chambers

Tracking

Low Beta Quads
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Run | Summary

Run I data taking from 1992-96
pp collisions at /s = 1.8 TeV and 630 GeV
[L£ dt ~0.1 fb—1 per experiment

D@ Run | Integrated Luminosity CDF Run | Integrated Luminosity
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Run | Results Just Keep On Comin’

** Run | has been extremely productive
= ~300 Run | publications so far from CDF and D@
= ~300 PhD'’s so far from CDF and DG

% 5 years after the run, the rate is not decreasing!

20
18 +

B Submitted
16
14
12
10
| I
P

1993 1994 1995 1996 1997 1998 1999 2000 2001

H Published or Accepted

DQ papers/year

(=T T 2

“ In addition to papers on new physics topics, latest results feature mix of
» Detailed documentation of analyses (PRD’s)
* |nnovative analysis techniques
= Development of analyses for Run |l

SSI, August 22, 2001 John Butler, Boston University 5



Studying Strong Interactions at the Tevatron

Hard
Scatter
NLO QCD
1, Vs depend

QOQQOW

Proton
Structure Jets
PDF’s Algorithm
Substructure

SSI, August 22, 2001 John Butler, Boston University
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Recent QCD Results From the Tevatron

Inclusive Jet Production (CDF,DQ)
Dijet Triple Differential Cross Section (CDF)

Run 1b and 630 GeV Photon Cross Sections (CDF,DQ)

The Inclusive Jet Cross Section using the k_T Algorithm (DQ)

The Ratio of Jet Cross Sections at Vs = 630 GeV and 1800 GeV (DQ)
Study of the multiple jet production in the low E; region (DQ)
Measurement of Dijet Transverse Thrust Distributions (DQ)

Ratios of Multijet Cross Sections in pbarp Collisions at Vs = 1.8 TeV (DQ)
Subjet Multiplicity in Quark and Gluon Jets (DQ)

Photon + Muon Cross Section (CDF)

A Study of Diffractive Dijets with a Leading Antiproton (CDF)

The Underlying Event in Hard Scattering Processes (CDF)

For more details, visit
http://www-cdf.fnal.gov/
http://www-d0.fnal.gov/

SSI, August 22, 2001 John Butler, Boston University



Inclusive Jets at CDF

3 'IOZ
% Inclusive jet production tests QCD o L& o 150405
and structure of the proton through : O 199293
PDF’s T NLO QCD prediction (EKS)
< Highest E; = E sin® jets probe o E CRq4M i <Ey2 Rogp=1-3
distance scale of order 10-'7 cm 0 b
% Sensitive to new physics, e.g. quark oL
compositeness )
s Statistical precision much better
than uncertainty in systematics ©F §
and theory 10
o CDF Run Ib result Transverse Energy (GeV)
= 100 1 T T 7 T T T L
= [L dt=87 pb-1 & | cTEQam
0O 501 -
= 0.1<n|<0.7 Tt . ++ + *
n= - tagtestge g esete s O ¢ O
where n= -In(tan(6/2)) 07 Statistical Errors only -
< Good agreement with NLO QCD 188 = JCT?EQLH?J T
% Results favor CTEQ4HJ 50|~ i
= Uses Tevatron high E; jet data 0| oonsmnmns s s s ese ooyt : +
= Higher gluon content at high x .- —
MRST e + ]
50 vees o * . ¢ 2
O_AW'... J
SSI, August 22, 2001 John Butler, Boston Un i
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Accepted for pub by PRD JetTransverse Energy GeV



Inclusive Jets at DO

o
n
n
o
A

D@ Run Ib result

JL dt = 95 pb

m| <3.0

» Significantly extends the kinematic

reach in Q2 vs. x

L)

*

L)

% Good agreement with NLO QCD
% Data prefer CTEQ4HJ, MRSTgT,

and CTEQ4M PDF’s

108
- D@ Inclusive Jets [n| < 3, present measurement
0% | CDF/D@ Inclusive Jets | < 0.7
ZEUS 95 BPC+BPT+SVTX &
H1 95 SVTX + H1 96 ISR
10* ZEUS 96-97 & H1 94-97
g | E665
D10 CCFR
(D BCDMS
~ . | NMC
E‘ym SLAC &
10
R
y e
1 £ 77
/
-1
10
w?® w* w' w? wt 1!

102

PN dErdn) (Th/GeV)

10

«0r»r O e

00<n|<0.5
05<n|<1.0
1.0<n|< 1.5
1.5<n/<2.0
20<|n|<3.0

QCD-JETRAD

50

04

(Data - Theory)/Theory
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D@ PRL 86, 1707 (2001)
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Dijet Triple Differential Cross Section at CDF

Large data sets allow a more
detailed analysis of data
Using L = 86 pb-! collected at
1800 GeV, CDF measures the
2-jet differential cross section

d3o /dEpdnydn;

as a function of the E; of jet 1 in
0.1 <n,| < 0.7 for 4 different n
bins of a 2"d jet restricted to

0.1<n,|<3.0

Data is compared with NLO
QCD using the CTEQ4 and

MRST PDF’s

None of the PDF’s examined
in this analysis provides a
good description of the data

SSI, August 22, 2001

(data - QCD)/QCD
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Direct Photons at the Tevatron

J
00

L)

Primary production mechanism is gluon Compton scattering gqg — 7q
Sensitive to gluon distribution in proton
Clean probe without fragmentation and ID problems of jets
Earlier experiments observed excess at low E;
= Limitations of NLO QCD and/or PDF’s

S

*%

53

*

53

*
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Photon Cross Sections

at Vs = 630 GeV at D@

R/
0’0

R/
0’0

\/
0’0

0

0

SSI, August 22, 2001

L = 520 nb™! collected at 630 GeV

Data agrees with QCD although low
E; excess is observed

Dimensionless cross section

as a function of x; = 2E/\'s does
not naively depend on Vs

Many uncertainties cancel in
6p(630)/05(1800): test of QCD

Good agreement between ratio
and theory

DY hep-ex/0106026

John Butler, Boston Un

(Data-Theory)/Theory

6,(630 GeV)/q;,(1800 GeV)

—_ S = N W o
T LI B B

_- S N W
LI B LA |

/5 = 630GeV
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In|<0.9
+ + Correlated Error
= = * »
I 1 I I 1 I I I
1.6<|n|<2.5
* * Correlated Error
+_+_t *» ;
3 I 1 I I 1 |+ I I
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A Theory
A i i $ | + *
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Photon Cross Sections at

Vs = 1800 & 630 GeV at CDF

*

0

L)

*

0

L)

SSI, August 22, 2001

Run la and |b results at 1800 GeV
are consistent with each other

Systematic differences in shape
between data and theory

Run Ib and 630 GeV cross
sections are consistent with each
other when plotted as a function
of photon P+

Large discrepancy when the two
cross sections are plotted as a
function of photon x; = 2P;'s

John Butle

(Data—Theory)/Theory
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0.26
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(Data—Theory)/Theory

I A CDF 1800 GeV Preliminary Data (stat. error only)
I ® CDF 630 GeV Preliminary Data (stat. error only)
F — NLO QCD (Vogelsang et al), CTEQ5M, p=PT

g

R

1l
T U

0 20 40 60 80 100 120

0.6

Photon Py (GeVic)

| A CDF 1800 GeV Preliminary Data (stat. error only)
| @® CDF 630 GeV Preliminary Data (stat. error only)
- — NLO QCD (Vogelsang et al), CTEQ5M, p=PT

Photon X+



Searches for New Phenomena

% The Standard Model provides an
excellent description of nature

* No significant deviation from the SM
has been observed and yet...

% Nobody believes the SM is the
complete picture!

% Many extensions and alternatives to
the SM have been proposed

* At the energy frontier, the Tevatron
is a sensitive probe of new physics

SSI, August 22, 2001 John Butler, Boston University 14



Recent Searches for New Phenomena at the Tevatron

% Wide range of new results have appeared in the last year.
Topics include searches for

= SUSY - gluinos and squarks, scalar top quark, ...
= RPV SUSY

= Strong Dynamics: Technihadrons

= New Heavy Gauge Bosons: W' & Z'

= |eptoquarks

* Quark Lepton Compositeness

= |arge Extra Dimensions (LED)

= Charged Higgs

/

% Many new models and ideas have emerged since the end of Run I, for
example, LED. As a result, exotics groups remain very active.

SSI, August 22, 2001 John Butler, Boston University 15



Search for Scalar Top Quark at DG

+» Consider SUSY models where stop is the

lightest squark
s In MSSM where the LSP is the sneutrino,
the following decay is dominant 100 7
- _ _ [ BR(f — bér) = 100%
FobRT obL D 90} ( )
« Signal at the Tevatron 80|
Generally: pp — 2£ 2bHyp ’; 7ok
Use only: pp — eu Erp L '
O %
s Backgrounds ~ [ R RS IRSS
. : 50F D HRHRAXRLA
Multijet with fake e, B, ~ R R IK C D R RLLRRKR]
o e
2T, WW = ey A0 RIS
F i +r- ERRLHHRLRLRKHHRRRLKHIRLLLSK LS
tt — euvvjy, DY — 777 EILRIIKKKS SHHKHKIKKKS
CRARKKKK Excluded (LEP 1) CRRRKLILL
<+ Ob 10 events, expect 13.7 from SM RRIRKLK SIS
serve 10 events, expec 0 , SRR IIEIEIGIHIIEIHK IR K IARRR KK
13.2 for sto 11 9362020202020 20°0200 020000202000 20°0°0 0 000
: p mass of 120 GeV SRR
% Exclude stop with mass up to 10 929099999 9.9.9.0.9.9.9.9.9.9.9.9.9.9.9.9.9.%
144 (130) GeV for sneutrino mass 50 70 90 110 130 150
of 45 (85) GeV my (GeV)
SSI, August 22, 2001 John Butler, Boston University 16
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Search for RPV Stop at CDF

In SUSY there is new quantum
number, R parity
(_1)BB+L+28

= R, = +1 for particles
= -1 for sparticles

If R, conserved, sparticles are pair
produced and LSP stable

= classic large missing ET
signature

If R, violated (RPV), new signatures

Assuming RPV in 3" generation and
LSP is stop, the decay

;‘:1 — ’7'+b
dominates -

CDF looks for one t decaying
leptonically and the other
hadronically (z,,)

No candidate events observed

CDF sets a 95% CL lower limit on
stop mass of 119 GeV

10

51?1 S 7Tbr b — ¢ T, 27 X
where £ = e, i
BR(f; — 71Tb) = 100%

LI S IR I B S DO BN BN N B N B N N E R R E E BN R R B B A B N
. | I

s CDF Preliminary (106 pb™)

Aot CTEQAM. Q=M+

- — 95% C.L. combined e+p. upper limit .,

- — 95% C.L. upper limit from e channel .,
----- 95% C L upper hmlt from ].1 channel *
1 L ‘ 1 1 I 1 L 1 1 | 1 1
60 70 80 90 100 110 120 130
M~ (GeV/c )

John Butler, Boston University
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Search for Quark-Lepton Compositeness & W' at CDF

204l e —
. Q10 1992-95 CDF preliminary
< Use the ev final state O o JL=106 % 4 pb
= Normalize MC to inclusive W'’s ol ® CDF data
s Is -
= Analyze shape of m.(ev) Sio2f 1 ® O
distribution v ] o non-W ev backgrounds
I DUt 10 !. gl = A= 2 TeV + backgrounds
% Probe extensions to SM e 2
» Models where SM fermions are r 3?*'_._
composite, bound by new 0} - ¢
strong dynamics. Looks like 4 af -
. . . . 10 F —0—
fermion contact interaction with
3t
SCale A. 10 0 200 400 600 800 %ObO
= Models with larger gauge m(ev) (GeV/c)
groups predict new gauge =
bosons W', Z'. g [ [Ldt-110/pb
. L] 72
% Physics backgrounds dominate at T F v PYTHIA 6.129
hlgh mT(eV) é ev data 95% C.L. upper limit
x -------- ev & uv 95% C.L. upper limit
% Good agreement of data and SM ; 3
. 10 F
allows exclusion at 95% CL T I
= A<2.81TeV f T 754 Gevic
= W'masses below 786 GeV 10 'k J
SSl, August 22, 2001 John Butler, Boston University 5| 786 ?e‘/_/cz/

i i " 1 M N M M 1 N M M
200 400 600 800 1000
m,,, (GeV/c)



Search for Technihadrons at DJ

104l ® DO Data
— Background

* Lepton pair production has been an [ L dt~ 125 pb~!

important discovery channel in HEP

% In topcolor-assisted technicolor,
lightest technihadrons =y, p, ©
have substantial rate at Tevatron

% The decays are
pT, W — YTT, Wﬂ-Ta ff

Number of Events/4 GeV

s Assume Mp =M, o
% Analyze the dielectron final state 100

" | L L
400 500
e'e” Mass (GeV)

s 1 L L | L
200 300

pp — pr,wr — eTe”

Theory (Eichten, Lane, Womersley)

M; = 100 GeV

— M, M_= 60GeV

% Cross section and BR depend on
technihadron masses and mass
parameter M+

» Good agreement of data with SM,
set 95% CL limits

Mpy g > 207 GeV if My, — My, < My
My o > 203 GeV if My > 200 GeV

—
T

*

L)

L)

—
o

—
WL

e
ey
a
b

B(PpOp— ee) x Cross Section (pb)

® g, from DO Data

10 F
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Search for Large Extra Dimensions at the Tevatron

¢ Much recent interest in large extra

dimensions (LED)
[Arkani-Hamed, Dimopoulos, Dvali]

% Solve hierarchy problem by
effectively lowering Planck scale to

W scale

% Size R of ED depends on # of ED n
(MPl)Q/n 4

*

R ~ Mg

where Mg is the effective Planck -~
scale

% Cavendish-style expt’'s and Single vector bosons

L)
cosmological constraints likely rule
outn=2

s Forn> 2, ED microscopic and new
technique needed - ———

% Best signature at the Tevatron is
from virtual graviton exchange

—~—

>

Virtual graviton effects

SSI, August 22, 2001 John Butler, Boston University 20
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Search for Large Extra Dimensions at DO

Search for virtual graviton effects in
dielectron and diphoton final states

D@ (2000), Run I, 127 pb”

i |
— . S 10
pp — eTe™ or 4y g0
10
% Maximize ¢ by relaxing track 1
requirement: “di-EM” final states )
. . 10
% Signal shows up as excess at high
Mgey.em @nd low |cosox|
. Total background
< Lower limits are placed on the . GHIEIEIIR
effective Planck scale Mg for several of
models 8 . .
g 7
a g
Giudice, Han, 3 i
Rattazzi, Lykken, Hewett 13 3|
Wells Zhang 10 |
"M 20 o 05 “f:\ i
n=2 n=7 A=+1 (_1) (EM_EM) n.zs\ . R 0 0.25 05 0.75 1
¢nal, M =1 TeV,n =1 cos(q)|, M(EM-EM) > 250 GeV
12TeV |1.4TeV | 1.0 TeV | 1.1 (1.0) Tev = il
SSI, August 22, 2001 John Butler, Boston University 21
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Search for Large Extra Dimensions at CDF

CDF searches in the dielectron

final state
pp — ete

Event selection based on Z'
search. Require 2 electrons

" Inl<1.0
= E;>25GeV

Normalize to the Z region

Limits are placed on the effective
Planck scale Mg for Hewett model

= Mg > 0.855TeV for A = +1
= Mg >0.840 TeV for A = -1
Analysis of diphoton final state in

progress

SSI, August 22, 2001

CDF Run 1 Doto VS MC for M, = 855 GeV A= +1

Events / 10 GeV/c?

John Butler, Boston University

Ealigs ~ " &BE T ]

Meon 92.16 T

RMS 14,76 =3
Luminosity = 110 pb™' )
Points — CDF Run 1 Dato
SM MC 3

Int MC ot 95% E855 GeV%
KK MC at 95%

855 GeV

100 200 300 400 500 600 700 800 900

M (GeV/c?)
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QUAERO

% Have a new model? Check it Sj . 4T :
ignal: tt — e 2
yourself against DJ data! 9 H ET J
< QUAERO is a tool to make HEP Background Signal Selected
data publicly available. Density Density Region

*

L)

% Inclusive final states (may have
additional jets)

ep, eBp 2j, ee 2j

P P
50 100
€

Pr

% Through a web interface
[http://quaero.fnal.gov/quaero]

user specifies signal and variables

Signal: L L —ee 2j
% QUAERO automatically calculates 9 Q225LQ225 J

L)

selected region, compares to DJ Background Signal Selected
data, and returns 095%, the 95% CL Density Density Region
cross section upper limit 162 . I EE
< Tested on many processes o | goo e
= Slight excess in ey final state o3 £ o
consistent with top cBR m.% 0 500 bt o . .
., ee 200 400
= Reproduces DG LQ limit in S Sy
ee 2j final state
SSI, August 22, 2001 John Butler, Boston University 23
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Secrets of the Atom Revealed
By Jeffrey Benner
2:00 a.m. July 27, 2001 PDT

You can find a lot of information on the Web, but you just couldn't find a decent picture of the subatomic
universe online.

Until now.

Scientists at the Fermilab in Illinois, home to the world's most powerful atom smasher, announced Wednesday
that data collected during the last big round of experiments into the depths of the atom is now available
online.

Using a Web interface called Quaero, particle physicists around the world can go online to test their own
theories against Fermilab's data. The system is not quite the same as an automated database, but it's close.
Scientists can request a search for signs of a particular particle -- generally in the form of a mathematical
formula only a physicist could appreciate -- and the next day they'll hear, yea or nay, whether their hunch was
correct.

The information was gathered during a series of experiments conducted from 1992 to 1996 with Fermilab's
Tevatron, the world's most powerful particle accelerator. About 500 scientists worked on the project. It's
known as the DZero collaboration in honor of the five-story, 5,000-ton DZero microscope used to spot
particles after an atom gets smashed.

Nineteen-ninety-six might sound like old news, but this is the first time results like this have been made freely
accessible.

"In our field, it's always been that if you wanted to look at the data, you had to join the collaboration," said
Ann Heinson, a physics professor at the University of California, Riverside. She's an experimental particle
physicist who's worked with the DZero detector before.

SSI, August 22, 2001 John Butler, Boston University
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Summary

% Analysis of the data from Run | of the Tevatron continues
to be very active

* D@ and CDF are still producing world class results from the
many ongoing analyses on a wide range of topics

% The emphasis is now shifting to Run Il data taking
% Very excited about the prospects for Run Il physics
= Higherenergy — 1.8 TeV — 2.0 TeV
= |Large data sets — L = 15 fb-1 planned for Run llb
= Upgraded detectors with improved capabilities

SSI, August 22, 2001 John Butler, Boston University
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