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®» The “Towards”, “Away”, and “Transverse”
regions Of n_d) Space' Initial-State Radiation

% Four Jet Topologies.

®» The “transMAX” and “transMIN” regions.

Final-State
Radiation

Outgoing Parton

% The “underlying event” in Drell-Yan production.

. . Drell-Yan Production ,o“Lepm.,
® The observables: First look at average quantities. Then do

distributions.

AntiProton

® Look at <p> versus Nchg in “min-bias” and
Drell-Yan.
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% Show some extrapolations of Drell-Yan to the LHC.
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“Leading Jet” vs Z-Boson
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» The “Towards” “Awa The gOal is to produce data (COl'l'eCted to the Outgoing Parton
regions of 1-¢ sI,)ace. | particle level) that can be used by the theorists to PT(hard) _ N

tune and improve the QCD Monte-Carlo models =

® Four Jet Topologies. that are used to simulate hadron-hadron

» The “transMAX” and collisions. ”
D . . | Rndbton
® The “underlying event” in Drell-Y; Rick Field ouemeParton y
o <
Drell-Yan Production ' Lepton

® The observables: First look at ave Cralg Gl‘Ollp

distributions. Deepak Kar <

N < ntiProton

®» Look at <pr> versus Nchg in “min+_ as” and —— — Und:ly;;ve:t

Drell-Yan.
% Show some extrapolations of Drell-Yan to the LHC. .
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Hard Scattering
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Outgoing Parton

Underlying Event

Proton AntiProton

: Final-State Radiation
v

Outgoing Parton Underlying Event Underlying Event

“Underlying Event”

=» Start with the perturbative 2-to-2 (or sometimes 2-to-3) parton-parton scattering and add initial and final-
state gluon radiation (in the leading log approximation or modified leading log approximation).

®» The “underlying event” consists of the “beam-beam remnants” and from particles arising from soft or
semi-soft multiple parton interactions (MPI).

®» Of course the outgoing colored partons fragment into hadron “jet” and inevitably “underlying event”
observables receive contributions from initial and final-state radiation.
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Proton
Underlying Event
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=» Start with the perturbative 2-to-2 (or sometimes 2-to-3) parton-parton scatte
state gluon radiation (in the leading log approximation or modified leadi

®» The “underlying event” consists of the “beam-beam remnants” an
semi-soft multiple parton interactions (MPI).

Underlying Event

Initial-State Radiation
Vo

“Hard Scattering” Component
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AntiProton

Proton

Underlying Event

®» Of course the outgoing colored parton
observables receive contributions fron

The “underlying event” is an unavoidable

background to most collider observables

and having good understand of it leads to
more precise collider measurements!
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Lepton-Pair Production Anti-Lepton

Initial-State Radiation
Ve

Anti-Lepton l
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Lepton-Pair Production

Initial-State RidJetdh

Proton

Lepton

Underlying Event Underlying Event

Proton AntiProton

Underlying Event Underlying Event

“Underlying Event”

=» Start with the perturbative Drell-Yan muon pair production and add initial-state gluon radiation (in the
leading log approximation or modified leading log approximation).

®» The “underlying event” consists of the “beam-beam remnants” and from particles arising from soft or
semi-soft multiple parton interactions (MPI).

®» Of course the outgoing colored partons fragment into hadron “jet” and inevitably “underlying event”
observables receive contributions from initial and final-state radiation.
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Look at the charged
particle density, the
charged PTsum density
and the ETsum density in

A¢ Correlations relative to the leading jet all 3 regions!

Jet #1 Direction Charged particles pr > 0.5 GeV/c |n| <1

Calorimeter towers E > 0.1 GeV |n| <1
“Toward-Side” Jet

“Transverse” region is
very sensitive to the
“underlying event”!

T
Jet #1 Direction AwafRegion

Transverse
Region

"
u

“Toward”

2

¢ Leading

“Transverse” “Transverse” Jet

Toward Region

Transverse
Region

“Away-Side” Jet
Away Region

1 ¢ >
n

% Look at correlations in the azimuthal angle A relative to the leading charged particle jet (In| <
1) or the leading calorimeter jet (|n| < 2).

®» Define |Ad| < 60° as “Toward”, 60° < |[Ad| < 120° as “Transverse ”, and |A¢| > 120° as “Away”.
Each of the three regions have area AnA¢ = 2x120° = 4x/3.

+1
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Look at the charged
particle density, the
charged PTsum density
and the ETsum density in

A¢ Correlations relative to the leading jet all 3 regions!

Jet #1 Direction Charged particles pr > 0.5 GeV/c |n| <1

Calorimeter towers E > 0.1 GeV |n| <1
“Toward-Side” Jet

“Transverse” region is
very sensitive to the

T

X _ . . AwaPResi
“underlying event”! Z-Boson Direction wa/Region
Transverse
Region
“Toward” -' """
” : ¢ Leading
“Transverse” “Transverse” E Jet

Toward Region

Transverse
Region

“Away-Side” Jet
Away Region

1 ¢ >
n

% Look at correlations in the azimuthal angle A relative to the leading charged particle jet (In| <
1) or the leading calorimeter jet (|n| < 2).

®» Define |Ad| < 60° as “Toward”, 60° < |[Ad| < 120° as “Transverse ”, and |A¢| > 120° as “Away”.
Each of the three regions have area AnA¢ = 2x120° = 4x/3.

+1
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“Leading Jet”

® “Leading Jet” events correspond to the leading
calorimeter jet (MidPoint R = (.7) in the region |n| <2
with no other conditions.

® “Inclusive 2-Jet Back-to-Back” events are selected to
have at least two jets with Jet#1 and Jet#2 nearly “back-
to-back” (A¢,, > 150°) with almost equal transverse
energies (P(jet#2)/Py(jet#1) > 0.8) with no other
conditions .

®» “Exclusive 2-Jet Back-to-Back” events are selected to
have at least two jets with Jet#1 and Jet#2 nearly “back-
to-back” (A¢,, > 150°) with almost equal transverse
energies (Py(jet#2)/Py(jet#1) > 0.8) and Py (jet#3) <15
GeV/e.

® “Leading ChgJet” events correspond to the leading
charged particle jet (R = 0.7) in the region |n| <1 with
no other conditions.

= “7_Boson” events are Drell-Yan events
with 70 < M(lepton-pair) < 110 GeV
with no other conditions.
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Jet #1 Direction "
“transMIN” very sensitive to

the “beam-beam remnants”!

Area = 4m/6

“Toward-Side” Jet

“Toward”

“TransMAX” “TransMIN”

o
*
»
*
*
*
*
*
o
0

Jet #3

“Away-Side” Jet

®» Define the MAX and MIN “transverse” regions (“transMAX” and “transMIN”) on an
event-by-event basis with MAX (MIN) having the largest (smallest) density. Each of the
two “transverse” regions have an area in n-¢ space of 47/6.

® The “transMIN” region is very sensitive to the “beam-beam remnant” and the soft
multiple parton interaction components of the “underlying event”.

® The difference, “transDIF” (“transMAX” minus “transMIN”), is very sensitive to the
“hard scattering” component of the “underlying event” (i.e. hard initial and final-state
radiation).

® The overall “transverse” density is the average of the “transMAX” and “transMIN”
densities.
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“ILeading Jet” Observables at the ¢ ')
Particle and Detector ILevel

“Leading Jet” -
Observable Particle Level Detector Level
Number of charged particles Number of “good” charged tracks
Jet #1 Divection dNchg/dnd¢ per unit n-¢ per unit n-¢
(p; > 0.5 GeV/e,In| <1) (p; > 0.5 GeV/e,In| <1)
. Scalar p,. sum of charged particles Scalar p,. sum of “good” charged tracks per
dPTsum/dndd per unit n-¢ unit n-¢
“Transverse” “Transverse” (pT > 0.5 GeV/C, |n| < 1) (pT > 0'5 GeV/c’ |n| < 1)
- > Average p,. of charged particles Average p, of “good” charged tracks
Pr (p;> 0.5 GeV/e, In| <1) (p; > 0.5 GeV/e, In| <1)
Maximum p_. charged particle Maximum p,. “good” charged tracks
PTmax (p; > 0.5GeV/e,In|<1) (pp > 0.5GeV/e,n[<1)
Jet #1 Direction Require Nchg > 1 Require Nchg > 1
Scalar E_ sum of all particles Scalar E; sum of all calorimeter towers
“Toward” dETsum/dnd¢ per unit n-¢ per unit n-¢
(all py, n| <1) (E;>0.1GeV, n|<1)
“Transverse” “Transverse”
Scalar p,. sum of charged particles Scalar p, sum of “good” charged tracks
(py> 0.5 GeV/e,In| < 1) (p;> 0.5 GeV/e,In|<1)
PTsum/ETsum divided by the scalar E sum of divided by the scalar E . sum of
Wﬁon all particles (all p,, |n|<1) calorimeter towers (E. > 0.1 GeV, |n| <1)
Also include the leading jet mass (new)!
“Back-to-Back”
Fourth HERA-LHC Workshop Rick Field — Florida/CDF/CMS Page 10
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Tune used by the

MSTP(91)
PARP(91) 2.1
PARP(93) 15.0

BT

(Z)> = 11.7 GeV/e).

Intrensic KT

_

PYTHIA 6.2 CTEQSL CDF-EWK group!
) Z-Boson Transverse Momentum
uParameter Tune A Tune AW _ / o ' - N O CDFRun1Data
UE Parameters | MSTP(81) 1 1 % 7 " T T PrmATuned CEUEIE:EZ 1
MSTP(82) 4 4 D 008 L4 F BB
PARP(82) 2.0 GeV g |0 T 1.8 Tev
PARP(83) 0.5 ER ' 2 ) Normalized to 1
PARP(84) 0.4 50T T
PARP(85) 0.9 E ' R y
PARP(86) e 0.0 | | | | | | | | | ‘. ) |
PARP(89) 1.8 TeV o 2 4 6 8 10 12 14 16 18 20
ISR Parameters PARP(90) 0.25 Z-Boson PT (GeV/c)
K PARP(62) 125 =» Shows the Run 1 Z-boson p; distribution (<p(Z)>
. PARP(64) 02 = 11.5 GeV/c) compared with PYTHIA Tune A
PARP(67) (<p1(Z)> =9.7 GeV/c), and PYTHIA Tune AW

Effective Q cut-off, below which space-like showers are not evolved.

The Q? = kq? in o for space-like showers is scaled by PARP(64)!

Fourth HERA-LHC Workshop
May 26-30, 2008
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A Jet#1-Jet#2

—t
o
(&)
TTTT

103

1/0jet AOjjer | AAD ey

10

O

DO

S ® pPaX > 180 GeV (x8000)
10 "o 130 < P < 180 GeV (x400)
® 100 < p"* < 130 GeV (x20)

10 ¢
1

1
% MidPoint Cone Algorithm (R =0.7, f, .., = 0.5) 10 RWIG 6508
=» £=150 pb-! (Phys. Rev. Lett. 94 221801 (2005)) 0 2 " -~ PYTHIA6.225
®» Data/NLO agreement good. Data/HERWIG agreement — E::;E!? ISR

3 L (CTEQSL)

good. 10 A T it
3n/4 T

» Data/PYTHIA agreement good provided PARP(67) = /2
1.0—4.0 (i.e. like Tune A, best fit 2.5).

Fourth HERA-LHC Workshop Rick Field — Florida/CDF/CMS
May 26-30, 2008
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PYTHIA 6.2 CTEQSL

Parameter Tune DW Tune AW

Z-Boson Transverse Momentum

0.12

O CDF Run 1 Data

UE Parameters | MSTP(81) | 1

MSTP(82) 4 4

PARP(82) 1.9 GeV 2.0 GeV

PARP(83) 0.5

PARP(84) 0.4

PARP(85) 1.0

1.0

L.c
| D

PARP(86)

ISR Parameters | PARP@Y) [IRENTNY 1.8 TeV
— PARP(90) 0.25 0.25
PARP(62) 1.25 1.25
| PARP(64) 0.2 0.2

PARP(67) 4.0

MSTP(91) 1

RS

/

PARP(91) 2.1

PARP(93)

8
Z-Boson PT (GeV/c)

e PYTHIA Tune DW CDF Run s
o = = HERWIG published
> i
© 1 N = D ~
z 0.08 =
— 1.8 TeV
< [4 [
g ] Normalized to 1
E i
'S 0.04 +
5o
o a~
— [/
D | |
0.00 i 1 1 1 1 1 1 1
0 2 4 6 10 12 14 16 18 20

and HERWIG.

g

Intrensic KT

Tune DW has a lower value of PARP(67) and slightly more MPI!

Tune DW uses D0’s perfered value of PARP(67)!

Fourth HERA-LHC Workshop
May 26-30, 2008

Rick Field — Florida/CDF/CMS

=» Shows the Run 1 Z-boson p; distribution (<p(Z)>
= 11.5 GeV/c) compared with PYTHIA Tune DW,
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with A =192 MeV!

UE Parameters

ISR Parameter

N

Intrinsic KT

Fourth HERA-LHC Workshop
May 26-30, 2008

Parameter Tune AW Tune DW Tune D6
PDF CTEQS5L CTEQSL CTEQG6L ~
MSTP(81) 1 1 1
MSTP(82) 4 4 4
PARP(82) 2.0 GeV 1.9 GeV 1.8 GeV
PARP(83) 0.5 0.5 0.5
PARP(84) 0.4 I | E— 0.4
PARP(85) /’ 0.9 1.0 1.0 ~
PARP(86) Na_ 0.95 1.0 1.0
PARP(89) 1.8 TeV 1.8 TeV 1.8 TeV
PARP(90) 0.25 0.25 0.25
PARP(62) 1.25 1.25 1.25
PARP(64) 0.2 0.2 0.2
PARP(67) 4.0 2.5 2.5
MSTP(91) 1 1 1
PARP(91) 2.1 2.1 2.1
PARP(93) 15.0 15.0 15.0

Rick Field — Florida/CDF/CMS

Tune A energy dependence!
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All use LO a,
with A =192 MeV!

UE Parameters

ATLAS energy dependence!

ISR Parameter

N

Intrinsic KT

Fourth HERA-LHC Workshop
May 26-30, 2008

Parameter Tune DWT Tune D6T ATLAS
PDF CTEQSL CTEQ6L CTEQS5L
MSTP(81) 1 1 1
MSTP(82) 4 4 4
PARP(82) 1.9409 GeV 1.8387 GeV 1.8 GeV
PARP(83) 0.5 0.5 0.5
PARP(84) 0.4 0.4 0.5
PARP(85) 1.0 1.0 0.33
PARP(86) 1.0 1.0 0.66
PARP(89) 1.96 TeV 1.96 TeV 1.0 TeV
PARP(90) 0.16 0.16 0.16
PARP(62) 1.25 1.25 1.0
PARP(64) 0.2 0.2 1.0
PARP(67) 2.5 2.5 1.0
MSTP(91) 1 1 1
PARP(91) 2.1 2.1 1.0
PARP(93) 15.0 15.0 5.0

Rick Field — Florida/CDF/CMS
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“Leading Jet”

Overall Totals versus PT(jet#1)

1000 = —
TCDF Run 2 Preliminary

JetH¢1 Direction T data corrected
T pyA generator level
Ad

N

ETsum (GeV)

PTsum (GeV/c)
0O e i

Average

wid . lleadinglet'
B MidPoint R=0.7 [n(jet#1)|<2

Charged Particles (|n|<1.0, PT>0.5 GeV/c)

Stable Particles (|n|<1.0, all PT)
1 1 1 1 1 1 1 1

0 50 100 150 200 250 300 350 400
PT(jet#l) (GeV/c)

® Data at 1.96 TeV on the overall number of charged particles (pr > 0.5 GeV/e, In| <1) and the overall
scalar p, sum of charged particles (p; > 0.5 GeV/c, [n| <1) and the overall scalar ET sum of all
particles ([n| <1) for “leading jet” events as a function of the leading jet p,. The data are corrected to
the particle level (with errors that include both the statistical error and the systematic uncertainty) and
are compared with PYTHIA Tune A at the particle level (i.e. generator level)..
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e

il _|) u

ETsum =775 GeV!

“Leading Jet” Overall Totals versus PT(jet#1
ETsum =330 GeV \\

I LUI—’Msum (Gev)

Jethl Direction T data corrected
T pyA generator level
Ad

N

PTsum (GeV/c)
100 - F g - oo

(O]
g Nchg
(O]
>
< 0l S "Leadingder
+ MidPoint R=0.7 |n(jet#1)|<2
PTsum =190 GeV/c Charged Particles (jn|<1.0, PT>0.5 GeV/c)

Stable Particles (|n|<1.0, all PT)

1 1 1 1 1 1
Nchg =30

0 150 200 250 300 350 400

PT(jet#l) (GeV/c)

® Data at 1.96 TeV on the overall number of charged particles (pr > 0.5 GeV/e, In| <1) and the overall
scalar p, sum of charged particles (p; > 0.5 GeV/c, [n| <1) and the overall scalar ET sum of all
particles ([n| <1) for “leading jet” events as a function of the leading jet p,. The data are corrected to
the particle level (with errors that include both the statistical error and the systematic uncertainty) and
are compared with PYTHIA Tune A at the particle level (i.e. generator level)..
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“Leading Jet”

Jet\¥¢1 Direction
A

N

Average Number of Charged

Particles

40

Overall Number of Charged Particles

30 +----

20 +-----

10 ~

CDF Run 2 Preliminar m
data corrected

_____

Charged Particles (|n|<1.0, PT>0.5 GeV/c

50 100 150 200 250 300 350 400
PT(jet#l) (GeV/c)

® Data at 1.96 TeV on the overall number of charged particles (pr > 0.5 GeV/e, In| <1) for “leading jet” events
as a function of the leading jet p,. The data are corrected to the particle level (with errors that include both
the statistical error and the systematic uncertainty) and are compared with PYTHIA Tune A and HERWIG
(without MPI) at the particle level (i.e. generator level).

Fourth HERA-LHC Workshop
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“Leading Jet” Overall Charged PTsum

400 -
CDF Run 2 Preliminary Caw
JetO¥1 Direction — data corrected . -
Ad % 300 +---- generator level theory = —— . = ¥
"N 8 %
S
B 200 f -
|_
o g
o
g o
$ 100 +------—-----—-—— %€ TleadingJet" ______
2 MidPoint R=0.7 n(jet#1)|<2
Charged Particles (|n|<1.0, PT>0.5 GeV/c)
0 1 1 1 1 1

0 50 100 150 200 250 300 350 400
PT(jet#l) (GeV/c)

® Data at 1.96 TeV on the overall scalar p; sum of charged particles (p; > 0.5 GeV/c, n| <1) for “leading jet”
events as a function of the leading jet p,. The data are corrected to the particle level (with errors that include
both the statistical error and the systematic uncertainty) and are compared with PYTHIA Tune A and
HERWIG (without MPI) at the particle level (i.e. generator level).
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“Leading Jet”

Overall ETsum versus PT(jet#1)

800 —
CDF Run 2 Preliminary
Jet¥1 Direction - data corrected PY Tune A

> generator level theory

A ) e B ettt S i

\¢ 8 600
£
o
400 r---- - P
L
3]
(@]
o
20+ < _,,,_L'Lead,ing Je_tf ,,,,,,,,
Z RN MidPoint R=0.7 [n(jet#1)|<2
| HW | Stable Particles (jn|<1.0, all PT)
0 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400

PT(jet#l) (GeV/c)

® Data at 1.96 TeV on the overall scalar ET sum of all particles (jn| < 1) for “leading jet” events as a function
of the leading jet p,. The data are corrected to the particle level (with errors that include both the statistical

error and the systematic uncertainty) and are compared with PYTHIA Tune A and HERWIG (without MPI)
at the particle level (i.e. generator level).
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(13 3 99
LT Lel Charged Particle Density: dN/dnd¢
5
CDF Run 2 Preliminary A
. . P data corrected way
Jet #1 Direction w4 r---- PyAgeneratorlevet —— - T T T T T T T T T e o~ o = -
3
@)
23+ "Toward"
“Toward” g
< eading Jet"
Q2 - @ Factor of ~4.5 |rR=07mget#1)<2 -
“Transverse” “Transverse” 8—,
@© " "
5 14 Transyerse
z 2 E EERAEE R E R B ER B N E3 i 2L, b 4 - i b o - W E
Charged Particles (Jn|<1.0, PT>0.5 GeV/c)
0 - 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400
PT(jet#1) (GeV/c)

® Data at 1.96 TeV on the density of charged particles, dN/dnd¢, with py > 0.5 GeV/e and |n| <1 for “leading
jet” events as a function of the leading jet p,. for the “toward”, “away”, and “transverse” regions. The
data are corrected to the particle level (with errors that include both the statistical error and the systematic
uncertainty) and are compared with PYTHIA Tune A at the particle level (i.e. generator level).
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“Leading Jet”

Jet #1 Direction

“Toward”

“Transverse”

“Transverse”

Charged PTsum Density (GeV/c)

100.0

10.0 +

=
o
.

o©
[N

Charged PTsum Density: dPT/dnd¢

T CDF Run 2 Preliminary
1 data corrected
pyA generator level
CTowad gy f——M
Away Factor of ~16
"Transverse"
- PR x> E T I ¥
L3
"Leading Jet"
MidPoint R=0.7 |n(jet#1)|<2
Charged Particles (|n|<1.0, PT>0.5 GeV/c)

0 50 100 150 200 250 300 350 400

PT(jet#l) (GeV/c)

® Data at 1.96 TeV on the charged particle scalar p; sum density, dPT/dnd¢, with p,. > 0.5 GeV/c and |n| <1
for “leading jet” events as a function of the leading jet p. for the “toward”, “away”, and “transverse”
regions. The data are corrected to the particle level (with errors that include both the statistical error and
the systematic uncertainty) and are compared with PYTHIA Tune A at the particle level (i.e. generator

level).

Fourth HERA-LHC Workshop

May 26-30, 2008

Rick Field — Florida/CDF/CMS
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“Leading Jet”

Jet #1 Direction

S 1 =
[ " .
e 1004+ B s — R SRR I Factorof ~13 |- - |
“Toward” ?, T by l"Transverse" I
g = g = = X = 5 ¥
(@]
“Transverse” “Transverse” § 1.0 L/
I ¥ CDF Run 2 Preliminary _ "Leading Jet"
data corrected MidPoint R=0.7 |n(jet#1)|<2
pyA generator level Stable Particles (|n|<1.0, all PT)
0.1 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400

PT(jet#1) (GeV/c)

% Data at 1.96 TeV on the particle scalar E sum density, dET/dnd¢, for [n| <1 for “leading jet” events as a
function of the leading jet p, for the “toward”, “away”, and “transverse” regions. The data are corrected
to the particle level (with errors that include both the statistical error and the systematic uncertainty) and are
compared with PYTHIA Tune A at the particle level (i.e. generator level).
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“Drell-Yan Producetion”

Charged Particle Density: dN/dnd¢

\/7 5
CDF Run 2 Preliminary
Z-Boson Direction 2 data corrected "Away"
@ pyAW generator level
o)
[m)
- 2 "Drell-Yan Production”
“Toward” o 70 < M(pair) < 110 GeV
% Factor of ~3
<
“Transverse” -~ “Transverse” (G.i
ol . .
® Transverse B
| ]
% _ [ [
"Toward" Charged Particles (|n|<1.0, PT>0.5 GeV/c)
0 ‘ ‘ excluding the lepton-pair
I I I I
0 20 40 60 80 100

PT(Z-Boson) (GeV/c)

® Data at 1.96 TeV on the density of charged particles, dN/dnd¢, with py > 0.5 GeV/c and |n| <1 for “Z-
Boson” events as a function of the leading jet p, for the “toward”, “away”, and “transverse” regions. The
data are corrected to the particle level (with errors that include both the statistical error and the systematic
uncertainty) and are compared with PYTHIA Tune AW at the particle level (i.e. generator level).
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® Data at 1.96 TeV on the charged particle scalar py sum density, dPT/dnd¢, with p. > 0.5 GeV/c and [n| <1
for “Z-Boson” events as a function of the leading jet p, for the “toward”, “away”, and “transverse”
regions. The data are corrected to the particle level (with errors that include both the statistical error and
the systematic uncertainty) and are compared with PYTHIA Tune AW at the particle level (i.e. generator

level).
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% Data at 1.96 TeV on the density of charged particles, dN/dnd¢, with pt > 0.5 GeV/c and [n| <1 for “leading
jet” events as a function of the leading jet p,. for the “toward” region. The data are corrected to the particle
level (with errors that include both the statistical error and the systematic uncertainty) and are compared with
PYTHIA Tune A and HERWIG (without MPI) at the particle level (i.e. generator level).
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® Data at 1.96 TeV on the charged scalar py sum density, dPT/dnd¢, with p; > 0.5 GeV/c and |n| <1 for “leading
jet” events as a function of the leading jet p,. for the “toward” region. The data are corrected to the particle
level (with errors that include both the statistical error and the systematic uncertainty) and are compared with
PYTHIA Tune A and HERWIG (without MPI) at the particle level (i.e. generator level).
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® Data at 1.96 TeV on the scalar E sum density, dET/dnd¢, with n| <1 for “leading jet” events as a function of
the leading jet p, for the “toward” region. The data are corrected to the particle level (with errors that include
both the statistical error and the systematic uncertainty) and are compared with PYTHIA Tune A and
HERWIG (without MPI) at the particle level (i.e. generator level).
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® Data at 1.96 TeV on the density of charged particles, dN/dnd¢, with pr > 0.5 GeV/e and |n| <1 for “leading
jet” events as a function of the leading jet p,. for the “away” region. The data are corrected to the particle
level (with errors that include both the statistical error and the systematic uncertainty) and are compared with
PYTHIA Tune A and HERWIG (without MPI) at the particle level (i.e. generator level).
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® Data at 1.96 TeV on the charged scalar p; sum density, dPT/dnd¢, with p,. > 0.5 GeV/c and |n| <1 for “leading
jet” events as a function of the leading jet p,. for the “away” region. The data are corrected to the particle
level (with errors that include both the statistical error and the systematic uncertainty) and are compared with
PYTHIA Tune A and HERWIG (without MPI) at the particle level (i.e. generator level).
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® Data at 1.96 TeV on the scalar E, sum density, dET/dnd¢, with n| <1 for “leading jet” events as a function of
the leading jet p,. for the “away” region. The data are corrected to the particle level (with errors that include
both the statistical error and the systematic uncertainty) and are compared with PYTHIA Tune A and
HERWIG (without MPI) at the particle level (i.e. generator level).
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% Data at 1.96 TeV on the density of charged particles, dN/dndd, with p; > 0.5 GeV/e and |n| <1 for “leading
jet” events as a function of the leading jet p,. for the “transverse” region. The data are corrected to the
particle level (with errors that include both the statistical error and the systematic uncertainty) and are
compared with PYTHIA Tune A and HERWIG (without MPI) at the particle level (i.e. generator level).
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® Data at 1.96 TeV on the charged scalar p; sum density, dPT/dnd¢, with p, > 0.5 GeV/c and |n| <1 for “leading
jet” events as a function of the leading jet p,. for the “transverse” region. The data are corrected to the
particle level (with errors that include both the statistical error and the systematic uncertainty) and are compared
with PYTHIA Tune A and HERWIG (without MPI) at the particle level (i.e. generator level).
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® Data at 1.96 TeV on the scalar E, sum density, dET/dnd¢, with n| <1 for “leading jet” events as a function of
the leading jet p,. for the “transverse” region. The data are corrected to the particle level (with errors that
include both the statistical error and the systematic uncertainty) and are compared with PYTHIA Tune A and
HERWIG (without MPI) at the particle level (i.e. generator level).
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® Data at 1.96 TeV on the charged particle average P, With p. > 0.5 GeV/c and |n| <1 for “leading jet” events as
a function of the leading jet p, for the “transverse” region. The data are corrected to the particle level (with

errors that include both the statistical error and the systematic uncertainty) and are compared with PYTHIA

Tune A and HERWIG (without MPI) at the particle level (i.e. generator level).
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® Data at 1.96 TeV on the charged particle maximum Py, With p. > 0.5 GeV/c and [n| <1 for “leading jet” events

as a function of the leading jet p, for the “transverse” region. The data are corrected to the particle level (with

errors that include both the statistical error and the systematic uncertainty) and are compared with PYTHIA
Tune A and HERWIG (without MPI) at the particle level (i.e. generator level).
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® Data at 1.96 TeV on the density of charged particles, dN/dnd¢, with py > 0.5 GeV/c and [n| <1 for “Z-Boson”
and “Leading Jet” events as a function of the leading jet p,. or P(Z) for the “toward”, “away”, and
“transverse” regions. The data are corrected to the particle level (with errors that include both the statistical
error and the systematic uncertainty) and are compared with PYTHIA Tune AW and Tune A, respectively, at

the particle level (i.e. generator level).
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® Data at 1.96 TeV on the density of charged particles, dN/dnd¢, with py > 0.5 GeV/c and [n| <1 for “Z-Boson”
and “Leading Jet” events as a function of the leading jet p,. or P(Z) for the “toward”, “away”, and
“transverse” regions. The data are corrected to the particle level (with errors that include both the statistical
error and the systematic uncertainty) and are compared with PYTHIA Tune AW and Tune A, respectively, at
the particle level (i.e. generator level).
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® Data at 1.96 TeV on the charged scalar PTsum density, dPT/dnd¢, with pr > 0.5 GeV/c and [n| <1 for “Z-

Boson” and “Leading Jet” events as a function of the leading jet p, or P(Z) for the “toward”, “away”, and
“transverse” regions. The data are corrected to the particle level (with errors that include both the statistical
error and the systematic uncertainty) and are compared with PYTHIA Tune AW and Tune A, respectively, at

the particle level (i.e. generator level).
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® Data at 1.96 TeV on the charged scalar PTsum density, dPT/dnd¢, with pr > 0.5 GeV/c and [n| <1 for “Z-

Boson” and “Leading Jet” events as a function of the leading jet p, or P(Z) for the “toward”, “away”, and
“transverse” regions. The data are corrected to the particle level (with errors that include both the statistical
error and the systematic uncertainty) and are compared with PYTHIA Tune AW and Tune A, respectively, at

the particle level (i.e. generator level).
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® Shows the Data - Theory for the density of charged particles, dN/dnd¢, with pr> 0.5 GeV/c and [n| <1 for
“leading jet” events as a function of the leading jet p, for the “transverse” region for PYTHIA Tune A and

HERWIG (without MPI).
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® Data at 1.96 TeV on the density of charged particles, dN/dnd¢, with pr > 0.5 GeV/c and |n| <1 for the
“toward” region for “Z-Boson” and the “transverse” region for “Leading Jet” events as a function of
the leading jet p,. or P(Z). The data are corrected to the particle level (with errors that include both
the statistical error and the systematic uncertainty) and are compared with PYTHIA Tune AW and

Tune A, respectively, at the particle level (i.e. generator level). The Z-Boson data are also compared
with PYTHIA Tune DW, the ATLAS tune, and HERWIG (without MPI)

Fourth HERA-LHC Workshop Rick Field — Florida/CDF/CMS Page 42
May 26-30, 2008



“Leading Jet”

Jet #1 Direction

“Transverse”

“Transverse”

Data - Theory (GeV/c)

-0.2

"Transverse" Charge(

0.1 density corresponds to ]
420 MeV/c in the

0.6

04 +

0.2 -

“transverse” region!

"Leading J nary

MidPoint R=0.7 |n(i

data corrected
generator level theory

0.0 ~

100 150 200 250 300 350 400
PT(jet#l) (GeV/c)

% Shows the Data - Theory for the charged scalar p; sum density, dPT/dnd¢, with p,. > 0.5 GeV/c and |n| <1 for
“leading jet” events as a function of the leading jet p, for the “transverse” region for PYTHIA Tune A and

HERWIG (without MPI).
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® Data at 1.96 TeV on the charged scalar PTsum density, dPT/dnd¢, with pr > 0.5 GeV/e and |n| <1 for
the “toward” region for “Z-Boson” and the “transverse” region for “Leading Jet” events as a
function of the leading jet p, or P.(Z). The data are corrected to the particle level (with errors that
include both the statistical error and the systematic uncertainty) and are compared with PYTHIA Tune
AW and Tune A, respectively, at the particle level (i.e. generator level). The Z-Boson data are also
compared with PYTHIA Tune DW, the ATLAS tune, and HERWIG (without MPI)
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® Shows the Data - Theory for the scalar E sum density, dET/dnd¢, with |n| <1 for “leading jet” events as a
function of the leading jet p, for the “transverse” region for PYTHIA Tune A and HERWIG (without MPI).
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® Shows the Data - Theory for the leading jet invariant mass for “leading jet” events as a function of the leading
jet pp for the “transverse” region for PYTHIA Tune A and HERWIG (without MPI).
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® Shows the Data - Theory for the leading jet invariant mass for “leading jet” events as a function of the leading
jet pp for the “transverse” region for PYTHIA Tune A and HERWIG (without MPI).
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Leading Jet "Transverse" Charged Fraction: PTsum/ETsum
0.8
S CDF Run 2 Preliminary __ "Leading Jet"
Jet #1 Direction i3] generator level theory MidPoint R=0.7 [n(jet#1)|<2
E ETsum Stable Particles (|n|<1.0, all PT)
Z 0.6 -
g PTsum Charged Particles (In|<1.0, all PT)
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PT(particle jet#1) (GeV/c)

® Data at 1.96 TeV on the charged fraction, PTsum/ETsum, for PTsum (p; > 0.5 GeV/e, |In| <1) and ETsum (all
P n| <1) for “leading jet” events as a function of the leading jet p,. for the “transverse” region. The data are
corrected to the particle level (with errors that include both the statistical error and the systematic uncertainty)
and are compared with PYTHIA Tune A and HERWIG (without MPI) at the particle level (i.e. generator
level).
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"Transverse" Charged Fraction
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® Data at 1.96 TeV on the charged fraction, PTsum/ETsum, for PTsum (p; > 0.5 GeV/e, |In| <1) and ETsum (all
P n| <1) for “leading jet” events as a function of the leading jet p,. for the “transverse” region. The data are
corrected to the particle level (with errors that include both the statistical error and the systematic uncertainty)
and are compared with PYTHIA Tune A and HERWIG (without MPI) at the particle level (i.e. generator

level).
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“Leading Jet” "TransMAX" Charged Particle Density: dN/dndd
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® Data at 1.96 TeV on the density of charged particles, dN/dnd¢, with P> 0.5 GeV/c and [n| <1 for “leading
jet” events as a function of the leading jet p,. for the “transMAX” region. The data are corrected to the
particle level (with errors that include both the statistical error and the systematic uncertainty) and are
compared with PYTHIA Tune A and HERWIG (without MPI) at the particle level (i.e. generator level).

Fourth HERA-LHC Workshop Rick Field — Florida/CDF/CMS Page 50
May 26-30, 2008



“Leading Jet”

Jet #1 Direction

“TransMAX”

“TransMIN”

"TransMIN" Charged Density

"TransMIN" Charged Particle Density: dN/dnd¢
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® Data at 1.96 TeV on the density of charged particles, dN/dnd¢, with pr > 0.5 GeV/c and |n| <1 for “leading
jet” events as a function of the leading jet p,. for the “transMIN” region. The data are corrected to the particle
level (with errors that include both the statistical error and the systematic uncertainty) and are compared with
PYTHIA Tune A and HERWIG (without MPI) at the particle level (i.e. generator level).
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“TransMAX”
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TransMAX - TransMIN Density
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® Data at 1.96 TeV on the density of charged particles, dN/dnd¢, with p,. > 0.5 GeV/c and |n| < 1 for “leading
jet” events as a function of the leading jet p,. for “transDIF” = “transMAX”-"transMIN. The data are
corrected to the particle level (with errors that include both the statistical error and the systematic uncertainty)
and are compared with PYTHIA Tune A and HERWIG (without MPI) at the particle level (i.e. generator

level).
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“Leading Jet” "TransMAX" Charged PTsum Density: dPT/dnd¢
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® Data at 1.96 TeV on the charged scalar p; sum density, dPT/dnd¢, with p; > 0.5 GeV/c and |n| <1 for
“leading jet” events as a function of the leading jet p, for the “transMAX” region. The data are corrected
to the particle level (with errors that include both the statistical error and the systematic uncertainty) and are
compared with PYTHIA Tune A and HERWIG (without MPI) at the particle level (i.e. generator level).
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“Leading Jet” "TransMIN" Charged PTsum Density: dPT/dnd¢
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® Data at 1.96 TeV on the charged scalar p; sum density, dPT/dnd¢, with p, > 0.5 GeV/c and |n| <1 for “leading
jet” events as a function of the leading jet p,. for the “transMIN” region. The data are corrected to the particle
level (with errors that include both the statistical error and the systematic uncertainty) and are compared with
PYTHIA Tune A and HERWIG (without MPI) at the particle level (i.e. generator level).
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Leading Jet "TransDIF" Charged PTsum Density: dPT/dnd¢
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% Data at 1.96 TeV on the charged scalar p; sum density, dPT/dnd¢, with p, > 0.5 GeV/c and |n| <1 for “leading
jet” events as a function of the leading jet p,. for “transDIF” = “transMAX”-"transMIN. The data are
corrected to the particle level (with errors that include both the statistical error and the systematic uncertainty)
and are compared with PYTHIA Tune A and HERWIG (without MPI) at the particle level (i.e. generator

level).
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® Data at 1.96 TeV on the scalar E sum density, dET/dnd¢, with n| <1 for “leading jet” events as a function
of the leading jet p,. for the “transMAX” region. The data are corrected to the particle level (with errors that
include both the statistical error and the systematic uncertainty) and are compared with PYTHIA Tune A and
HERWIG (without MPI) at the particle level (i.e. generator level).
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® Data at 1.96 TeV on the scalar E . sum density, dET/dnd¢, with |n| <1 for “leading jet” events as a function of
the leading jet p, for the “transMIN” region. The data are corrected to the particle level (with errors that
include both the statistical error and the systematic uncertainty) and are compared with PYTHIA Tune A and
HERWIG (without MPI) at the particle level (i.e. generator level).
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® Data at 1.96 TeV on the scalar E, sum density, dET/dnd¢, with |n| <1 for “leading jet” events as a function of
the leading jet p, for “transDIF” = “transMAX”-"transMIN. The data are corrected to the particle level (with
errors that include both the statistical error and the systematic uncertainty) and are compared with PYTHIA
Tune A and HERWIG (without MPI) at the particle level (i.e. generator level).
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"Toward" Charged Particle Density: dN/dnd¢

"Toward" Charged Particle Density: dN/dnd¢
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Z-BosonDirection Z-BosonDirection
“Toward”
% Data at 1.96 TeV on the density of charged particles, dN/dnd¢, with p; > 0.5 GeV/e and |n| <1 for “Z-
Boson” events as a function of P (Z) for the “toward” region. The data are corrected to the particle
level (with errors that include both the statistical error and the systematic uncertainty) and are
compared with PYTHIA Tune AW and HERWIG (without MPI) at the particle level (i.e. generator
level).
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% Data at 1.96 TeV on the density of charged particles, dN/dnd¢, with p; > 0.5 GeV/e and |n| <1 for “Z-
Boson” events as a function of P (Z) for the “toward” region. The data are corrected to the particle
level (with errors that include both the statistical error and the systematic uncertainty) and are
compared with PYTHIA Tune AW and HERWIG (without MPI) at the particle level (i.e. generator

level).
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% Data at 1.96 TeV on the average p; of charged particles with p, > 0.5 GeV/c and |[n| <1 for “Z-Boson”
events as a function of P (Z) for the “toward” region. The data are corrected to the particle level
(with errors that include both the statistical error and the systematic uncertainty) and are compared
with PYTHIA Tune AW and HERWIG (without MPI) at the particle level (i.e. generator level).
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The charged <PT>

rises with Nchg!
\re\ Average PT versus Nchg
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® Shows the average transverse momentum of charged particles (|n|<1, p>0.5 GeV)
versus the number of charged particles, Nchg, at the detector level for the CDF Run

2 Min-Bias events.
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The charged <PT>
rises with Nchg!
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Average PT versus Nchg

Non-perturbative QCD Effects and the Top Mass at the Tevatron
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The namve expectation from an uncormelaled svsiem of
arrings decaving 1w hadrons would be that (p ) should be in-
dependent of Y.p,. and 1o first approximation equal 1o the LEP
fragmentation g width, the non-perturbative component of
which is {p | Jup ~ L36GeV (iIn PYTHIA) . Already al Spps,
howewer, and more recenily at RHIC and the Tevairon, such a
behaviour has been comancmgly ruled out, Currently, mosdels
which successfully deseribe the {p ) ) { V) distribution, such
as B Field’s “Tune A" and others [12, 13, 18], do s0 by mcor-
poraiing very sirong ad hoe correlations between final-staie
partons from different interactions. We emphasise that these
comelattons are nof chiosen al randoem bal are constructed Lo
minminnise te resulting swing length, e similarly to our mod-
cls here. Thus, although colour reconnections are nod explic-
itky part of these models, an implicic effect with sinnlar ¢conse-
gquences s shll needed, at 8 seemingly large magnitude. This
ohazrvaiion alone serves as a significant part ol the mstivation
For our study,
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® Data at 1.96 TeV on the average p; of charged particles versus the number of charged particles (p; >
0.4 GeV/e, In| <1) for “min-bias” collisions at CDF Run 2. The data are corrected to the particle level
and are compared with PYTHIA Tune A at the particle level (i.e. generator level).
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® Data at 1.96 TeV on the average p; of charged particles versus the number of charged particles (p;y > 0.4 GeV/e, | <
1) for “min-bias” collisions at CDF Run 2. The data are corrected to the particle leveland are compared with
PYTHIA Tune A, Tune DW, and the ATLAS tune at the particle level (i.e. generator level).

® Particle level predictions for the average p, of charged particles versus the number of charged particles (p; > 0.5
GeV/c, |In| <1, excluding the lepton-pair) for for Drell-Yan production (70 < M(pair) < 110 GeV) at CDF Run 2.
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® Data at 1.96 TeV on the average p; of charged particles versus the number of charged particles (p;y > 0.4 GeV/e, | <
1) for “min-bias” collisions at CDF Run 2. The data are corrected to the particle leveland are compared with
PYTHIA Tune A, Tune DW, and the ATLAS tune at the particle level (i.e. generator level).

® Particle level predictions for the average p, of charged particles versus the number of charged particles (p; > 0.5
GeV/c, |In| <1, excluding the lepton-pair) for for Drell-Yan production (70 < M(pair) < 110 GeV) at CDF Run 2.
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=» It is important to produce a lot of plots (corrected to the particle level) so that the theorists
can tune and improve the QCD Monte-Carlo models. If they improve the “transverse”
region they might miss-up the “toward” region etc.. We need to show the whole story!

®» We are making good progress in understanding and
modeling the “underlying event” in jet production and
in Drell-Yan. Tune A and Tune AW describe the data
very well, although not perfect. However, we do not
yet have a perfect fit to all the features of the CDF

“underlying event” data!

®» Perhaps looking at <pT> versus Nchg in Drell-Yan with Drell-Yan Production  +opun
70 < Mpair) <110 GeV and P (pair) <5 GeV is a good
way to look at the color connections. Data coming soon!

There are over 128 plots to get “blessed” and then to
published. So far we have only looked at average .
quantities. We plan to also produce distributions and flow AniiLepton '.5
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plots.

I plan to construct a “CDF-QCD Data for Theory” CDF_QCD Data for Theory

WEBsite with the “blessed” plots together with
tables of the data points and errors so that people
can have access to the results .
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