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Study the CDF “Min-Bias’ Data with the goal of finding a
Monte-Carlo Generator that will fit the data. Would liketo
describe (approximately) all the features of the entire
inelastic (“hard core”) cross section (low PT and high PT)!
L ook at the data (plot many observables) and compareto
Herwig and I sajet and Pythia.

For now consider only charged particlesin theregion,

PT > 0.5 GeV |h| < 1, whereefficiency is good.

In thistalk | will concentrate on Jets (“Jet” = circular region).
Plot distributions. PT (jet#1) (connect with Jet20 data).

Look at PT (jet#1) dependence (plot aver ages versus PTjet#1):
<PTmax>, <Njet>, <NchgJet#1>, <PTjet#2>, <PTjet#3>, <JetSize>, etc..

L ook at Jet Development as function of PT (jet#1):

Nchg(Jet#l), Jet Size, N-flow and PT-flow relative to Jet#1 direction,
“Fragmentation Functions’.

Many moretransparenciesthan | can show in thistalk! All
30 transpar encies are on the WEB.

http://www.phys.ufl.edu/~rfield/cdf/QCD_Talk2.html
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R. D. Field Min-Bias Plots

Min-Bias Data — I nelastic Cross-Section

Inelastic “Hard Core” Cross Section:
Stot = Sdastic T Sindastic
Sindastic =SHC T Ssp T Spp

Hard Core Single Diffaction Double Diffraction

Inelastic “Hard Core” Cross Section at 1.8 TeV:

SHC = Sindastic- Ssp-Spp=60mb -9 mb—-1mb=50mb

Want to describe (approximately) theentire “hard core” part of the
inelastic cross section, S ¢, which hasa QCD “ hard scattering’
component that becomes infinite as PT (hard) becomes small,

and may also have a “ soft collision” component (not calculable from
perturbation theory).

% “ Soft” Collisions %

Two possible approaches:
Two Component Model:
s(inélasticHC) =
s(“hard perturbative’, Pt > Ptmin) + s(“soft”, everything else)

One Component M odel:

s(inélasticHC) =
s(“hard perturbative’, all PT but remove the diver gences)

MB3_xsecl.doc



R. D. Field Min-Bias Plots

QCD MC —Herwig, Isajet, Pythia

“ Soft Collision” Component (Herwig, | sajet):
Herwig and Isajet providea “ Soft Collision” generator for simulating
Min-Bias events. They produce roughly 4 charged particles per unit h
and have no correlations (except resonances).

“ Soft” Collisions

QCD “Hard Scattering” Component (Herwig, | sajet, Pythia):

“Hard” Collisions
Herwig QCDJET 3: Herwig QCD 2-2 parton-parton “hard” scattering with

Pr(hard) >3 GeV (s =19.3 mb).

|sajet QCDJET3: Isajet QCD 2-2 parton-parton “hard” scattering with
Pr(hard) >3 GeV (s = 31.1 mb).

Pythia QCDJET 3: Pythia QCD 2-2 parton-parton “hard” scattering with
Pr(hard) >3 GeV (s = 55.1 mb).

Inelastic Cross-Section (HC component) vs PT (hard) Cut-off:

Inelastic Cross Section ("hard core")
S("hard core") (mb)
1000.0 5
O
A
1000 E o OHerwig
— O A olsqi
1 50 mb o sajet
] O APythia
10.0 4 9
1.0 4
] PT(hard) > 3 GeV Q
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0 1 2 3 4 5 6 7 8 9 10
PT(hard) Cut-off (GeV)

QCD perturbative cross section becomes infinite as PT(hard) cut-off goesto zero.
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R. D. Field Min-Bias Plots

PTmax Direction

MB Jets— N-Flow & PT-Flow
Relativeto PT max

Define PTmax to be the highest PT charged
particlein the event (PT > 0.5 GeV, |h| < 1) and look

at correlationsin azimuthal anglef .

Correlationsin f

<Nchg> Produced in Association with PTmax versus |f -f naxl:

|Mu|tip|icity Flow Relative to PTmaxI

Associated <Nchg> in 3.6° bin
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Jet" Structure 1.8 TeV PT>0.5 GeV |eta] < 1.0
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| m CDF Min-Bias ===Herwig "Soft" MB =O=Isajet "Soft" MB |
Does not include PTmax (Nchg >=2)
<PTsum> Produced in Association with PTmax versus |f -f maxl:

|PTsum Flow Relative to PTmaxI

Associated <PTsum> in 3.6° bin
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M CDF Min-Bias ===Herwig "Soft" MB =™|sajet "Soft" MB ‘

Does not include PTmax (Nchg >=2)
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R D. Field

Min-Bias Plots

MB Jets— Jet Algorithm

Examine“ Circular Regions’ in h-f space with “distance” defined by

d = /Dh? + Df 2
Usea Simple Jet Algorithm (“Jet” = circular region):
- Order Charged Particles (PT >05GeV |h| < 1)

Start with highest Pt particleand includein the“Jet” all
particles (PT > 0.5 GeV |nh| < 1) within radiusR = 0.7
Gotothe next highest Pt particle (not already included in a
previousjet) and includein the“Jet” all particles (PT > 0.5 Gev
Ih| < 1) within radius R = 0.7 (not already included in a previousjet)
Continue until all particlesarein ajet

Example (6 particles, 5 jets):

The maximum number of
jetsis
~2(2)(2p)/(p(0.7)%) ~ 16

Jets have a momentum given
by

where Nj = NchgJet isthe
number of charged particles
inthejet and

2p
Jet radiusis
allowed to fall
outside|h| <1

P

0
_1 <T> +1

P (jet) = /P (jet)? + P, (jet)?

MB3_jetdef.doc



R. D. Field Min-Bias Plots

Min-Bias Data — Dependence on PT max

“Ja"
“Jet” = Circular Region =l

<Njet> (PTjet > 0.5 GeV, R =0.7) versus PTmax:

Number of Jets versus PTmax (charged)

Njet (PT>0.5 GeV, R=0.7)

PTmax (GeV/c)

B CDF Min-Bias Herwig WTJET3 ==0==|sajet WTJET3
e==Om==pPythia WTJET3 = = Herwig "Soft" MB = = Isajet "Soft" MB

CDF Data plus QCD Monte-Carlo Predictions.

<Nchg(Jet#1)> (PTjet > 0.5 GeV, R = 0.7) vesus PT max:

‘Nchg (Jet#1) versus PTmax (charged)

<Nchg Jet#1> R=0.7
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=== |sajet WTJET3 = = Herwig "Soft" MB = = |sajet "Soft" MB

CDF Data plus QCD Monte-Carlo Predictions.
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R D. Field

QCD Talk2

M B Jets — Jet#1 Cross-Section

Jet#1 Transverse Momentum Distribution (R = 0.7):

% Events
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CDF Min-Bias Data normalized to 1. Use this plot to deter mine therelative
nor malization between the Min-Bias data and the Jet20 data.

Jet#1 Differential Cross-Section (mb/GeV, R =0.7):
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Normali

ze CDF data to the Herwig QCDJET 3 Jet#1 differential cross section which
correspondsto Sj,g = 19.2 mb.
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R D. Field QCD Talk2

MB Jets—Inclusive Jet Cross-Section

Inclusive Charged Jet Cross-Section (mb/GeV, R =0.7):

Inclusive Jet Cross Section (Charged)
ds/dPTjet (mb/GeV)
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CDF Min-Bias Data and Jet 20 Data nor malization fixed from Jet#1 differential

Cr oss-section.
Inclusive Charged Jet Cross-Section (mb/GeV, R =0.7):
Inclusive Jet Cross Section (Charged)
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Herwig, | sajet, Pythia.
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R D. Field QCD Talk2

Min-Bias Data — PTmax Cross Section

Distribution of PTmax (highest PT charged particle):

|PTmax Distribution (Charged)l

% Events in 0.5 GeV Bin
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CDF Min-Bias Data normalized to 1. Relative normalization between the Min-Bias
data and the Jet20 data comes from the Jet#1 momentum distribution plot.

Distribution of PTmax (highest PT charged particle):
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% Events in 0.5 GeV Bin

1.0E+00

[ ]
] 1.8 TeV PT>0.5 GeV |eta| < 1.0
1.0E-01 =
|
[ ]
1.0E-02 .
[ ] mCDF Min-Bias
L @ CDF Track12
= COCDF JET20
1.0E-03 { L]
|
ol |
[ ]
1.0E-04 L]
e®Ce ®e t
[ 2P LYY XX o-'..
ug
] @ODOO a
1.0E-05 ] DDDDDDDDDDDDDDDD .".
DDDDDDDD.-.'
O0Omg®®e pe
1.0E-06 4 EIEID D..ﬁ PY
boBgogage
og®e
1.0E-07

PTmax GeV/c
CDF Min-Bias Data normalized to 1. Therelative normalization between the Min-
Bias data and the Jet20 data comes from the Jet#1 momentum distribution plot. The
relative normalization between the Min-Bias data and the Track 12 data comes
from this plot.
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R D. Field QCD Talk2

Min-Bias Data — Differential Cross Sections

PTmax (highest PT charged particle) Cross Section (mb/GeV):

|PTmax Cross Section (Charged)l

ds/dPTmax (mb/GeV)
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CDF Min-Bias Data normalization fixed from Jet#1 PT distribution. Relative

nor malization between the Min-Bias data and the Jet20 data comes from the Jet#1
PT distribution plot and relative normalization between the Min-Bias data and the
Track12 data comes from this plot.

Transverse Momentum Cross Section (mb/GeV):

|Transverse Momentum (Charged)l
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CDF Min-Bias Data normalization fixed from Jet#1 PT distribution. Relative
normalization between the Min-Bias data and the Jet20 data comes from the Jet#1
PT distribution.
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R D. Field

Min-Bias Plots

CDF Data—<Nchg> vs PT (jet#1)

“Ja"
“Jet” = Circular Region =l

Average Number of Charged Particles versus PT (jet#1) (highest PT jet):

24

<Nchg>in 1 GeV bin

‘Nchg versus PT (Jet#1) (charged)l
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CDF Data Only

Average Number of Charged Particles versus PT (jet#1) (highest PT jet):
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R. D. Field Min-Bias Plots

QCD-MC Predictions — <Nchg> vs PT (jet#1)

“Ja"
“Jet” = Circular Region =l

Average Number of Charged Particles versus PT (jet#1) (highest PT jet):

‘Nchg versus PT (Jet#1) (charged)l

<Nchg>in 1 GeV bins
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M CDF Min-Bias O CDF JET20 ===Herwig WTJET3 ==—=|sajet WTJET3 ==>==pPythia WTJET3 ‘

CDF Data plus QCD Monte-Carlo Predictions

Average Number of Charged Particles versus PT (jet#1) (highest PT jet):

‘Nchg versus PT (Jet#1) (charged)l

<Nchg>in 2 GeV bins
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CDF Data plus QCD Monte-Carlo Predictions
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R D. Field

CDF Data—<PTmax> vs PT (jet#1)

“\]a"
“Jet” = Circular Region =l

Min-Bias Plots

<PTmax> (highest charged particle PT) versus PT(jet#1) (highest PT jet):

‘PTmax versus PT (Jet#1) (charged)l
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<PTmax> (highest charged particle PT) versus PT(jet#1) (highest PT jet):
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R. D. Field Min-Bias Plots

QCD-MC Predictions— <PTmax> vs PT (jet#1)

“Ja"
“Jet” = Circular Region =l

<PTmax> (highest charged particle PT) versus PT(jet#1) (highest PT jet):

‘PTmax versus PT (Jet#1) (charged)l

<PTmax> (GeV/c) in 1 GeV bins
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CDF Data plus QCD Monte-Carlo Predictions

<PTmax> (highest charged particle PT) versus PT(jet#1) (highest PT jet):

‘PTmax versus PT (Jet#1) (charged)l
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R D. Field

CDF Data - Number of Jets Produced in
Association with Jet#1

“\]a"
“Jet” = Circular Region =l X

R=07 ™

<Njet> (PTjet > 0.5 GeV, R =0.7) Produced in Association with Jet#1.

Min-Bias Plots

‘Number of Jets Produced in Association with Jet#1 (charged)l

<Njet> (R=0.7)
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CDF Data (Jet#1 not included).

<Njet> (PTjet > 0.5 GeV, R =0.7) Produced in Association with Jet#1.

‘Number of Jets Produced in Association with Jet#1 (charged)l
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R. D. Field Min-Bias Plots

QCD-MC Predictions- Number of Jets Produced
In Association with Jet#1

“Ja"
“Jet” = Circular Region =l

<Njet> (PTjet > 0.5 GeV, R =0.7) Produced in Association with Jet#1.

‘Number of Jets Produced in Association with Jet#1 (charged)l

<Njet> (PTjet > 0.5 GeV R=0.7)
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CDF Data plus QCD Monte-Carlo Predictions (Jet#1 not included).

<Njet> (PTjet > 2.0 GeV, R =0.7) Produced in Association with Jet#1.

‘Number of Jets Produced in Association with Jet#1 (charged)l
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CDF Data plus QCD Monte-Carlo Predictions (Jet#1 not included).
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R. D. Field Min-Bias Plots

CDF Data — <NchgJet#1> vs PT (jet#1)

“\]a"
“Jet” = Circular Region =l

Average Number of Charged Particlesin Jet#1 versus PT (j et#1):

‘Nchg (Jet#1) versus PT (Jet#1) (charged)l

<Nchg> (Jet#1, R=0.7)
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Average Number of Charged Particlesin Jet#1 versus PT (j et#1):

‘Nchg (Jet#1) versus PT (Jet#1) (charged)l

<Nchg> (Jet#1, R=0.7)
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R. D. Field Min-Bias Plots

QCD-MC Predictions — <NchgJet#1> vs PT (jet#1)
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R D. Field

Min-Bias Plots

QCD-MC Predictions—<PTjet#2> & <PTjet#3>

versus PT (jet#1)
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R. D. Field Min-Bias Plots

QCD-MC Predictions—<R12> & <RJ21> versus
PT (jet#1)
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R. D. Field Min-Bias Plots

MB Jets—"“Jet Size” versus PT (jet#1)
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R. D. Field Min-Bias Plots

MB Jets—"“Jet Size” versus PT (jet#1)
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R D. Field QCD Talk2

Jet Evolution — Jet#1 Charged Multiplicity
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R D. Field QCD Talk2

Jet Evolution — Jet#1 Charged Multiplicity
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R D. Field QCD Talk2

Jet Evolution — Jet#1 Radial N-Flow

Jet#1 Direction
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R D. Field QCD Talk2

Jet Evolution — Jet#1 Radial N-Flow

Jet#1 Direction

L ook at the distribution of charged particles around
the direction of Jet#1 where
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R D. Field QCD Talk2

Jet Evolution — Jet#1 Radial PT-Flow

Jet#1 Direction

Look at the distribution of charged particle
transver se momentum around the direction of Jet#1
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R D. Field

Look at the distribution of charged particle
transver se momentum around the direction of Jet#1

where

R =y -h )2+, - )

<PTsum> in DR = 0.02 bin around Jet#1 direction

QCD Talk2

Jet Evolution — Jet#1 Radial PT-Flow

Jet#1 Direction
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R D. Field

QCD Talk2

Jet Evolution — Jet#1 Fragmentation Function
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R D. Field QCD Talk2

Jet Evolution — Jet#1 Fragmentation Function

Highest PT Jet
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