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Structure of Matter & Jets
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Tevatron

* proton-antiproton collisions

Js =196 TeV(RunI —> 1.8 TeV)

*Main injector
(150 GeV proton storage ring)

» antiproton recycler (commissioning)

* Electron cooling this year
- Operational by Summer'05
* 40% increase in Luminosity

» 36 bunches (396 ns crossing time)

Long Term Luminosity Projection
(by end FY2009)

FERMILAB'S ACCELERATOR CHAIN

MAIN INJECTOR
RECYCLE\
— q“h

TEVATRON
. DZERO " TARGET HALL
‘\ , ANTIPROTON
- SDUHCE
““x ,J BOOSTEH
Pe— LINAC
2 \
x,,ff COCKCROFT-WALTON
PROTON _— =
NEUTRiNO/
£

B

Base Goal -> 4.4 fb-1
Design  ->8.5 fb-1




1. 0E+32

1.00E+32

8.00E+31

6.00E+31

Peak Luminosity

4.00E+31

200E+31

Tevatron Performance

Collider Run Il Peak Luminosity

Record: 12 E32 cm-2 s-1 ,

S N

e e . = == == == = R == = -

1.20E+32

1 00E+32

3.00E+31

b.O0E+31

4 00E+31

200E+31

Peak Lum Z0x Average

Weekly Integrated Luminosity {pb"}

000

[==1
—
=

1200

(==
—
—1

=~
=
=

000

Collider Run Il Integrated Luminosity

~800 pb-1 delivered ‘f./

AL

IW

\
|
............. H MMMM\M Il

15 % 3 45 55 B5 75 85 05 105 115 125135 145 155 165 175 185 105 205
Week #
(Week 1 starts 03/08101)

TeVatron delivered more than 350 pb-1 in 2004

+ 600 UD

+ 90000

r 40000

g00o

70000

30000

Run Integrated Luminosity {(plke” ",'p

QDU UD

10000
000



i, Uil s,
s /

CDF & DO Detectors

CDF & D@ operating well and
recording physics quality data with
very high efficiency (80 - 85%)

Both experiments have already
collected ~600 pb-1 on tape



Jet Physics at 2 TeV

jet, W)y

- Jet Cross Sections**

1

daldp, d

- Jet algorithms
- Data vs NLO pQCD
Under - PDFs uncertainties
B - Soft contributions
T * Underlying Event
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Jet algor'l‘rhms

Final state partons are revealed through
‘ collimated flows of hadrons called jets

Measurements are performed at hadron
level & theory is parton level (hadron >
parton transition will depend on model
for gluon shower and fragmentation)

“calorimeter jet”

Precise jet search algorithms necessary
to compare with theory and to define

hard physics (cone in 1 - ¢ space ?)

Ul

“parton jet” “particle jet”




Run I -> Cone algorithm

1. Seeds with E;.>16GeV e e 2 separated jets

2. Draw a cone around each seed and
reconstruct the "proto-jet”

Efjef _ Z E K :
k
k k
njef:ZkET "1k ¢jef:ZkE7_’ '¢k
ETJef ETJef

3. Draw new cones around "proto-jets"”
and iterate until stability is achieved

4. Look for possible overlaps

pQCD NLO uses larger cone R' = Rsep x R . .
to emulate experimental procedure merged if common E is more
-> arbitrary parameter in calculation than 75 % of smallest jet
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was this a sign of new physics ?



gluon density at high-x

Quark/Gluon Contributions to Cross Sction
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Run I Jet Cross Section vs n
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Measurements in the forward region
allow to constrain the gluon distribution

Big uncertainty still remains for high-x gluons
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NLO error mainly coming
from gluon PDF at high x
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Highest Mass Dijet Event

Dijet Mass = 1.36 TeV
(probing distance ~10-1° m)

E; = 666 GeV
n= 043

E;= 633 GeV
n =-0.19

i [~ T

We are looking for a possible quark substructure...




Notes on Run I Jet algorithm

Cone algorithm not infrared safe:
The jet multiplicity changed
after emission of a soft parton

Cone algorithm not collinear safe: "

LS ».
.........
---------------

Replacing a massless parton by T T
the sum of two collinear particles ¥

the jet multiplicity changes below threshold above threshold

(no jets) (1 jet)

Fixed-order pQCD calculations will contain not fully cancelled infrared divergences:

-> Inclusive jet cross section at NNLO o
-> Three jet production at NLO three partons inside a cone
-> Jet Shapes at NLO



Run IT -> MidPoint algorithm

Define a list of seeds using CAL
towers with ET >1GeV

Draw a cone of radius R around
each seed and form “proto-jet”

£ Jet ZZEK, P, /et :Z,D//(
k k

(massive  jets P,y /)

Draw new cones around "proto-
jets" and iterate until stable cones

Put seed in Midpoint (n—¢) for
each pair of proto-jets

separated by less than 2R and
iterate for stable jets Cross section calculable in pQCD

Merging/Splitting



Inclusive jet p,cross section
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Cross section vs rapidity
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Measurement dominated by large

uncertainty on the jet energy scale
(16 % -> will improve in the near future)

Measurements on large |Y| range
help to constrain gluon at high x
Good agreement with NLO pQCD



Motivation for t

Cone-based algorithms can be modified to

be infrared/collinear safe > Midpoint

Cone-based jet algorithms include an
“experimental” prescription to resolve
situations with overlapping cones

This is emulated in pQCD theoretical
calculations by an arbitrary increase of

the cone size:R> R =R*13 &

he Ky algor'l‘rhm
i

“calorimeter jet”

parton jet” “particle jet”

|

Nature (QCD ?) prefers to separate
partons into jets according to their
relative transverse momentum

a
Kt algorithm preferred by theory



Jet Production with K+
|CDF Run lI Prelimina[! I
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NLO not corrected for - K+ works in hadron collisions !

Hadronization & Underlying Event :
(this will be important at low Pt) = relevant for LHC strategies
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As D increases - more soft contributions (we need a good UE model )



The Underlying Event

jet,y,W,z (how important is it?)

A typical Tevatron event consists of :

e e hard interaction
Underlying Event{ * initial soft gluon radiation
- interaction between remnants

fragmentation

[ CDF Run Il Preliminary

 jet
Underlying Event contribution must be

removed from the jets before
comparing to NLO QCD predictions
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Precise measurements at low Pt require
good modeling of the underlying event -—“0"""1'3

0.5 by
Crucial for a proper estimation of QCD 0 50 100150200250300 350;0?5'953“530
backgrounds in Searches for New Physics... T




Underlying Event Studies (runT)

Mean track multiplicity vs leading jet Pt
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p;‘rack >05 GeV, | U‘rmck |<1

transverse region sensitive to
soft underlying event activity

Good description of the underlying event
by PYTHIA after tuning the amount of
initial state radiation, MPI and selecting
CTEQSL PDFs (known as PYTHIA Tune A)
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New Underlying Event Studies
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A¢ & soft gl
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Test of parton shower models and
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Summary & Conclusions

Tevatron performance very promising

High luminosity measurements will provide:

- Further constraints on the gluon PDFs
- Probe distances of 101 m (looking for new physics...)

Run IT explores different jet algorithms
- Ky works in hadron collisions - relevant for LHC strategies

Studies on soft-gluon radiation are crucial

- proper comparison with pQCD NLO
- QCD background estimations in searches for new physics

Measurements of the UE in different final states are mandatory
- Be prepared for the future physics program at the LHC

Very Rich QCD Physics Program at the Tevatron
(..I just covered a selected list of topics in this talk....)



