The “underlying event” consists of
hard initial & final-state radiation
plus the “beam-beam remnants” and
possible multiple parton interactions.

CERN MC4LHC Workshop
July 2003
During the workshop the theorists, ATLAS/CMS
experimenters, and I constructed a “wish list” of data
from CDF relating to “min-bias” and the
“underlying event” and I promised to do the analysis
and have the data available by the time of

the Santa Barbara workshop in February 2004.
J

Outgoing Parton

Initial-State Radiation

Proton 7 -~

Underlying Event

Final-State
Radiation

Outgoing Parton

New CDF Run 2 results!

Two Classes of Events: “Leading Jet” and “Back-to-Back”.
Two “Transverse” regions: “transMAX?”, “transMIN”, “transDIF”.
PTmax and PTmaxT distributions and averages.

A¢ Distributions: “Density” and “Associated Density”.
<pp> versus charged multiplicity: “min-bias” and the “transverse” region.
Correlations between the two “transverse” regions: “transl” vs “trans2”.
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The “underlying event” consists of
] hard initial & final-state radiation
- plus the “beam-beam remnants” and

) possible multiple parton interactions.

Outgoing Parton

PT(hard)
During the workshop the theo

experimenters, and I constructed a
from CDF relatin c
“underlying event” and
and have the data ava

the Santa Barbara worksho

Initial-State Radiation

Much more new Run 2 === ¢ AntiProton

l'esults than I can ShOW here' DTN derlying Event
I will make the plots 4‘ _—

available in the CDF adiaton

New CDF Run 2 r / “blessed plots” area soon!

®» Two Classes of Events: “L d a ck-tx k”.

®» Two “Transverse” regions? “tra AX”, nsMINNStransDIF”.

®» PTmax and PTmaxT distribution /nd avenr\ ges.

®» A¢ Distributions: “Density” and *4 (ssociated Density”.

» <p,> versus charged multiplicity: “min-bias” and the “transverse” region.
®» Correlations between the two “transverse” regions: “trans1” vs “trans2”.
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Look at the charged
particle density in the

| i 0.5 GeV/cn| <1 VRSN | “transverse” region!
Jet #1 Direction

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

“Toward-Side” Jet

Transverse

Region 1

“Toward”

“Toward”

2

“Trans 1” “Trans 2”

<

Toward Region

Transverse
Region 2

“Away-Side” Jet Away Region

q &€& 41
® Look at chargell particle correlations in the azimuthal angle A¢ relafive to the leading
calorimeter jet (JetClu R = 0.7, |n| <2).

B Define |A¢| < 60° as “Toward”, 60° <-A¢p < 120° and 60° < Ap < 120° as “Transverse 1” and
“Transverse 2”, and |[Ad| > 120° as “Away”. Each of the two “transverse” regions have
area AnA¢ = 2x60° = 471/6. The overall “transverse” region is the sum of the two

transverse regions (AnA¢ = 2x120° = 41/3).
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2n AnAb = 47 = 12.6 Charged Particles

pr>05GeV/ien| <1

¢
o \\
1 charged particle

N dNchg/dndo = 1/47 = 0.08
1 GeV/c PTsum

0

1 dPTsum/dnd¢ = 1/4n GeV/c = 0.08 GeV/c

® Study the charged particles (py > 0.5 GeV/e, In| <1) and form the charged
particle density, dNchg/dnd¢, and the charged scalar p, sum density,
dPTsum/ dn dd).
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2n AnAG = 4n = 12.6 Charged Particles CDF Run 2 “Min-Bias”
. pr>05GeV/ien| <1 /
A
CDF Run 2 “Min-Bias” A /4 Average Density
Observable verage per unit n-¢
Number of Charged Particles
Nchg (pr > 0.5 GeV/e, [n| <1) 3.17 +/-0.31 | 0.252 +/- 0.025
¢ 0 N PT i
~ sum Scalar p, sum of Charged Particles 2.97 +/- 0.23 0.236 +/- 0.018
3 charged particles LoV ®r> 05 GeVie, <D N /1
° N dNchg/dndd = 3/47 = 0.24 \__/ A
PT o g
3 GeVie PTsum Divide by 47
0 \

-1<T> +1

dPTsum/dnd¢ = 3/4n GeV/c = 0.24 GeV/c

® Study the charged particles (py > 0.5 GeV/e, In| <1) and form the charged

particle density, dNchg/dnd¢, and the charged scalar p, sum density,

dPTsum/ dn dd).
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Charged Particles
Away Region pT > (0.5 GeV/e |n| <1 Jet #1 Direction

Ap | Area=4mn/6

X

Transverse
Region 1

AVE “transverse” “Toward”
(Trans 1 + Trans 2)/2

E ) Leading
. Jet

“Trans 17 “Trans 2”

Transvc se
Region 2
1 charged particle in the

. “transverse 2” region
Away Region

0
S U g | dNchg/dnd¢ = 1/(47/6) = 0.48

% Study the charged particles (p; > 0.5 GeV/c, [n| < 1) in the “Transverse 1” and
“Transverse 2” and form the charged particle density, dNchg/dnd¢, and the charged
scalar p; sum density, dPTsum/dndé.

® The average “transverse” density is the average of “transverse 1” and “transverse 2.
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Log Scale! Charged Particle Density: dN/dnd¢
™~ CDF Preliminary
> data uncorrected
g 3
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Charged Particles
(Inl<1.0, PT>0.5 GeVic)
| |
T T

SASRIESHR” Jet ~ 1
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Leading Jet
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% Shows the Ap dependence of the charged particle density, dNchg/dnd¢, for charged
particles in the range p; > 0.5 GeV/c and |n| <1 relative to jet#1 (rotated to 270°) for

“leading jet” events 30 < E(jet#1) <70 GeV.

® Also shows charged particle density, dNchg/dnd¢, for charged particles in the range p; >

0.5 GeV/c and [n| <1 for “min-bias” collisions.
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Refer to this as a
“Leading Jet” event

“Transverse”

Refer to this as a
“Back-to-Back” event

“Toward”

“Transverse”

t #1 Direction

“Transverse”

“Toward”

Jet #2 Direction

“Transverse”

sity,
>
o

Charged Particle Density: dN/dnd¢

CDF Preliminary

data uncorrected

= Back-to-Back 30 < ET(jet#1) <70 GeV
¢ Leading Jet T3
= Min-Bias TF

c
8 "Transverse" LA |
o [
©
t 1.0 +
e ] :
3 B i
o i
] _
P . i
1 Charged Particles Jetit
(Inl<1.0, PT>0.5 GeVic)
01 S S e e e M
0 30 60 90 120 150 180 210 240 270 300 330 360

A¢ (degrees)

®» Look at the “transverse” region as defined by the leading jet (JetClu R = 0.7, [n| <2) or
by the leading two jets (JetClu R = 0.7, [n| < 2). “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 (E(jet#2)/E (jet#1) > 0.8).

% Shows the Ap dependence of the charged particle density, dNeng/dndo, for charged
particles in the range p, > 0.5 GeV/c and |n| <1 relative to jet#1 (rotated to 270°) for 30
<E;(jet#1) <70 GeV for “Leading Jet” and “Back-to-Back” events.
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“Leading Jet”

Jet#1 Diirection Charged Particle Density: dN/dndo
s

264 268 276 280 .
CDF Preliminary W g TR 30 <ET(jet#1) < 70 GeV
“Toward” s~ il th ~w
data uncorrected . {s K
§rf; 'l - \3‘2 316
“Transverse” “Transverse” s N
5 N 324
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N 328
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A \ \ 336
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AN 344
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“Back-to-Back” o i \ |
Jet #1 Direction \ \
"Trahsverse"

“Toward”

“Transverse” “Transverse”

/ SB \>~> i
1§ N o o
™ S
Jet #2 Direction . DN L .
Charged Particles Lo " R
16~ oot - o,

(In|<1.0, PT>0.5 GeVic) e Ty
Polar Plot

194" 100 - g e 84’ &0

% Shows the Ap dependence of the charged particle density, dNcng/dnd¢, for charged
particles in the range p > 0.5 GeV/c and |n| <1 relative to jet#1 (rotated to 270°) for 30
<E;(jet#1) <70 GeV for “Leading Jet” and “Back-to-Back” events.
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"AVE Transverse" Charge Density: dN/dnd¢

Boo HH%%FHFHHHHHHHHH{HH Hﬁﬁ
“Back-to-Back” Z 0.4 1 it 1 H{HHHHHHHHQ{%HH{%
_g g [mmmmnrrmmmereesspsnnnnnnneneeee ey BaCkAOBACK e e
-AWO ;0 - Charged :::icles (|n|<1.0,2:1(')>0.5 GeVic) o

ET(jet#1) (GeV)

Jet #2 Direction

Min-Bias
0.25 per unit n-¢

% Shows the average charged particle density, dNcng/dnd¢, in the “transverse” region (p
> 0.5 GeV/e, In| <1) versus E(jet#1) for “Leading Jet” and “Back-to-Back” events.

® Compares the (uncorrected) data with PYTHIA Tune A and HERWIG after CDFSIM.
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“Toward”

“Transverse”

“Back-to-Back”

Jet #1 Direction

“Toward”

“Transverse” “Transverse”

Jet #2 Direction

“Transverse”

"AVE Transverse" Charge Density: dN/dnd¢
1.0
CDF Preliminary inary
ig Leading Jet
051 iecoorom - LY TumeAT e (e
(= }i _----I- - 1T
1',’0.6 H - ——I - =14 141151
g T | -
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Charged Particles ([n|<1.0, PT>0.5 GeVic)
0 - : u u
0 50 100 150 200
ET(jet#1) (GeV)

250

Min-Bias
0.25 per unit n-¢

% Shows the average charged particle density, dNcng/dnd¢, in the “transverse” region (p
> 0.5 GeV/e, In| <1) versus E(jet#1) for “Leading Jet” and “Back-to-Back” events.

® Compares the (uncorrected) data with PYTHIA Tune A and HERWIG after CDFSIM.
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“Transverse” “Transverse”

"Transverse" Charge Density
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"AVE Transverse" Charge Density: ©
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1CDF Preliminary

data uncorrected g3
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1 100 o
q = 95 < ET(jet#1) < 130 GeV Back-to-Back
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KITP Collider Workshop

Jet #1 Direction

“Toward”

Charged Parti

“Transverse” “Transverse”
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= I .
7 i " " Jet#1
CDF Preliminary Transverse
data uncorrected Region
0.1 } | | | | } } } ‘ | |
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“Back-to-Back”

® Use the leading jet to defin
event basis with MAX

“TransMAX” I' “TransMIN’

Jet #1 Direction

Jet #2 Direction

,.

"MAX-MIN Transverse" Charge Density: dN/dnd¢

0.8

0.6

L —

| coF F:::ﬁ;::::::‘"a”‘» %%%%%%%
****************** T H{%

ﬂﬁ%% %ﬁiﬁﬁﬁﬁﬁﬁﬁ%ﬁﬁﬂﬁﬁﬁ ﬁ{

Back-to-Back

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

50 100 150 200 250

“MAX-MIN” is very sensitive to
the “hard scattering” component
of the “underlying event”!

ET(jet#1) (GeV)

X and MIN “transverse” regions on an event-by-
having the largest (smallest) charged particle density.

% Shows the “transDIF” = MAX-MIN charge particle density, dNchg/dndo, for p > 0.5
GeV/e, |In| <1 versus E (jet#1) for “Leading Jet” and “Back-to-Back” events.

KITP Collider Workshop
February 17, 2004
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"MAX-MIN Transverse" Charge Density: dN/dnd¢

1_2 —
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“Back-to-Back”

Jet #1 Direction

o
-
I

Back-to-Back

"Transverse” Charge Density

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

, / 0.0 | ; : |
“TransMAX” “TransMIN”

‘ 0 50 100 150 200 250

ET(jet#1) (GeV)
Jet #2 Direction

“MAX-MIN” is very sensitive to
the “hard scattering” component
of the “underlying event”!

® Use the leading jet to defin
event basis with MAX

X and MIN “transverse” regions on an event-by-
having the largest (smallest) charged particle density.

% Shows the “transDIF” = MAX-MIN charge particle density, dNchg/dndo, for p > 0.5
GeV/e, |In| <1 versus E (jet#1) for “Leading Jet” and “Back-to-Back” events.
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"Transverse" Charge Density

“TransMAX” ! “TransMIN”

Jet #1 Direction

“Back-to-Back”

"MIN Transverse" Charge Density: dN/dnd¢

CDF Run 2 Preliminary
data uncorrected
theory + CDFSIM

1.96 TeV

o o
N I
| |
T T

I
o :
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|

Back-to-Back

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

0.0 1

“TransMAX” !‘ “TransMIN”

Jet #2 Direction

100 150
ET(jet#1) (GeV)

250

“transMIN” is very sensitive to the
“beam-beam remnant” component
of the “underlying event”!

® Use the leading jet to defi
event basis with MAX

AX and MIN “transverse” regions on an event-by-
having the largest (smallest) charged particle density.

% Shows the “transMIN” charge particle density, dNcg/dnd¢, for p; > 0.5 GeV/e, || <1
versus E(jet#1) for “Leading Jet” and “Back-to-Back” events.
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"MIN Transverse" Charge Density: dN/dnd¢

w.
CDF Run 2 Prelimina
2 ry 1.96 TeV
® data uncorrected
“TransMAX” “TransMIN” g theory + CDFSIM
o
§ 04+-———-fF-—---"-"-"""-"-"-- PY Tune A [~~~ Leading Jet |77
SR
£ -
o 11 [ X)) "T"“ T
“Back-to-Back” 8 s 3 S
Jet #1 Direction E 02 +f—--—-—-=- = = — — '.—
(73 ) 1
c
o
= HW | Back-to-Back {
' " Charged Particles (|n|<1.0, PT>0.5 GeV/c)
.0 } f } f

“TransMAX” 4 + “TransMIN” o 0 s
: ’ “transMIN” is very sensitive to the

“beam-beam remnant” component
of the “underlying event”!

Jet #2 Direction

100 150 200 250
ET(jet#1) (GeV)

® Use the leading jet to defi
event basis with MAX

AX and MIN “transverse” regions on an event-by-
having the largest (smallest) charged particle density.

% Shows the “transMIN” charge particle density, dNcg/dnd¢, for p; > 0.5 GeV/e, || <1
versus E(jet#1) for “Leading Jet” and “Back-to-Back” events.
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“Toward”

“Transverse”

“Back-to-Back”

Jet #1 Direction

Jet #2 Direction

.. CDF Run 2 Preliminary

"Transverse" PTsum Density (Ge¥/c)

-
o

o
-

o
o

o
»

o
[

ﬁﬁgiﬂﬁﬁ
| HHEHH§§§§§H§H§§§§§§§§i F %EH{HH{{{
7!. .......................... B I

data uncorrected

i
EE

o
=)

100 200 250
ET(jet#1

Min-Bias
0.24 GeV/c per unit n-¢

% Shows the average charged PTsum density, dPTsum/dnd¢, in the “transverse” region (p
> 0.5 GeV/e, [In| <1) versus E(jet#1) for “Leading Jet” and “Back-to-Back” events.

® Compares the (uncorrected) data with PYTHIA Tune A and HERWIG after CDFSIM.
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“Toward”

“Transverse”

“Back-to-Back”

Jet #1 Direction

“Toward”

“Transverse” “Transverse”

Jet #2 Direction

"AVE Transverse" PTsum Density: dPT/dnd¢

“Transverse”

Qg , CDF Preliminary inary Leading Jet| B }
6 e data uncorrected .; y
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: it s 13
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B 0.4 ¥ > e
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02— HW el A
3 90 Charged Particles 7}1.0, PT>0.5 GeVic)

o-o I I I I

0

50 100 0 200 250
ET(jet#1) (Ge

Min-Bias
0.24 GeV/c per unit n-¢

% Shows the average charged PTsum density, dPTsum/dnd¢, in the “transverse” region (p
> 0.5 GeV/e, [In| <1) versus E(jet#1) for “Leading Jet” and “Back-to-Back” events.

® Compares the (uncorrected) data with PYTHIA Tune A and HERWIG after CDFSIM.
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“Toward”

‘Charged PTsum Density: dPT/dnd¢
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“TransMAX” ! “TransMIN”

Jet #1 Direction

“Back-to-Back”

\/

/
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I
T

ransverse" PTsum Density (GeV/c)

CDF Run 2 Preliminary

data uncorrected
theory + CDFSIM

i

10 4+ T
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“TransMAX” !‘ “TransMIN”

Jet #2 Direction

® Use the leading jet to defin
event basis with MAX

“MAX-MIN” is very sensitive to
the “hard scattering” component
of the “underlying event”!

ET(jet#1) (GeV)

X

and MIN “transverse” regions on an event-by-

having the largest (smallest) charged PTsum density.

% Shows the “transDIF” = MAX-MIN charge PTsum density, dPTsum/dnd¢, for p; > 0.5
GeV/e, |n| <1 versus E(jet#1) for “Leading Jet” and “Back-to-Back” events.
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“Back-to-Back”

® Use the leading jet to defin
event basis with MAX

"MAX-MIN Transverse" PTsum Density: dPT/dnd¢

“TransMAX” “TransMIN”

Jet #1 Direction

 “TransMIN”

S

Jet #2 Direction

“TransMAX”

CDF Run 2 Preliminar

data uncorrected

theory + CDFSIM

vy - e

-
()]
|

-
(=}
I

ransverse" PTsum Density (GeV/c)

0.5 1 Back-to-Back | ]
Ly Charged Particles (|n|<1.0, PT>0.5 GeV/c)
/
/ 0.0 1 1 | |
0 50 100 150 200

“MAX-MIN” is very sensitive to
the “hard scattering” component
of the “underlying event”!

250
ET(jet#1) (GeV)

X and MIN “transverse” regions on an event-by-
having the largest (smallest) charged PTsum density.

% Shows the “transDIF” = MAX-MIN charge PTsum density, dPTsum/dnd¢, for p; > 0.5
GeV/e, |n| <1 versus E(jet#1) for “Leading Jet” and “Back-to-Back” events.
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“TransMAX” ! “TransMIN”

Jet #1 Direction

“Back-to-Back”

"MIN Transverse" PTsum Density: dPT/dnd¢

CDF Run 2 Preliminary
data uncorrected
theory + CDFSIM

04 -

1.96 TeV

dangilly

"Transverse" PTsum Density (GeV/c)

i

“TransMAX” !‘ “TransMIN” e

Jet #2 Direction

“transMIN” is very sensitive to the

TIIIITE {ﬁﬁﬁﬁ%ﬁﬁﬁﬁﬁ
‘47 ‘ Charged P‘articles (Inl<1.0, r'T>0.5 GeVic)

250

ET(jet#1) (GeV)

“beam-beam remnant” component
of the “underlying event”!

® Use the leading jet to defi

event basis with MAX

AX and MIN “transverse” regions on an event-by-
having the largest (smallest) charged particle density.

% Shows the “transMIN” charge particle density, dNcg/dnd¢, for p; > 0.5 GeV/e, || <1
versus E(jet#1) for “Leading Jet” and “Back-to-Back” events.
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“TransMAX”

“Back-to-Back”

® Use the leading jet to defi
event basis with MAX

“TransMAX”

S

Jet #1 Direction

“TransMIN”

Jet #2 Direction

“TransMIN”

"MIN Transverse" PTsum Density: dPT/dnd¢

CDF Run 2 Preliminary

data uncorrected
theory + CDFSIM

1.96 TeV

*| g

02 | § TLIZ

"Transverse" PTsum Density (GeV/c)

]

HW Back-to-Back

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

0 50

“transMIN” is very sensitive to the

100 150 200 250
ET(jet#1) (GeV)

“beam-beam remnant” component
of the “underlying event”!

AX and MIN “transverse” regions on an event-by-
having the largest (smallest) charged particle density.

% Shows the “transMIN” charge particle density, dNcg/dnd¢, for p; > 0.5 GeV/e, || <1
versus E(jet#1) for “Leading Jet” and “Back-to-Back” events.
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"AVE Transverse" Charge Density: dN/dnd¢
1.0
“Toward” ..
1 > CDF Preliminary :
® data uncorrected PY Tune A Leading Jet
“Transverse” “Transverse” g 08 T theory + CDFSIM En et i -l: _*_:_* - =

o —TTT-% TTre T
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“Back-to-Back” o A\ e — ’W* =

el Jet #1 Direction g 0.4 / N
>
4 Back-to-Back
E 2/
“Toward” H
1.96 Charged Particles (|n|<1.0, PT>0.5 GeVic)
0.0 1 1 1 1
“Transverse” “Transverse”
0 50 100 150 200 250
ET(jet#1) (GeV)

4 Y TS 43 1

Now look in detail at “back-to-back” events in
the region 30 < E (jet#1) <70 GeV!

% Shows the average charged particle density, dNeng/dnd¢, in the “transverse” region (Pt
> 0.5 GeV/e, In| <1) versus E(jet#1) for “Leading Jet” and “Back-to-Back” events.

® Compares the (uncorrected) data with PYTHIA Tune A and HERWIG after CDFSIM.
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Charged Particle Density

‘Charged Particle Density: dN/dndd

1[ Back-to-Back Charged Particles 30 < ET(jet#1) <70 GeV
1| e PY Tune A (Inl<1.0, PT>0.5 GeVic) w
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1.0 j******
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Charged Par
(Inl<1.0, PT>0.4

"Transverse"
Region

HERWIG (without multiple parton
interactions) produces too few
charged particles in the “transverse”
region for 30 < E(jet#1) <70 GeV!

< ET(jet#1) < 70 GeV
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»
HERWIG density, dNchg/dndo.

® This corresponds to 0.1 x 47 = 1.3

particles in the entire range p, > 0.5

GeV/e,In| < 1.
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“Toward”

“Transverse” “Transverse”

“Back-to-Back”
Jet #1 Direction

“Toward”

“Transverse” “Transverse”

4 Y TS

1.2

e

Now look in detail at “back-to-back” events in
the region 30 < E (jet#1) <70 GeV!

CDF Preliminary
| data uncorrected N
theory + CDFSIM

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

100 150
ET(jet#1) (GeV)

200 250

% Shows the average charged PTsum density, dPTsum/dnd, in the “transverse” region Py
> 0.5 GeV/e, [In| <1) versus E(jet#1) for “Leading Jet” and “Back-to-Back” events.

® Compares the (uncorrected) data with PYTHIA Tune A and HERWIG after CDFSIM.
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HERWIG (without multiple parton
interactions) does not produces
enough PTsum in the “transverse”

A¢ (degrees)

- region for 30 < E (jet#1) <70 GeV!
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‘Data - Theory: Charged PTsum Density dPT/dnd¢ ‘Data - Theory: Charged PTsum Density dPT/dnd¢
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“Toward”

“Transverse” “Transverse”

“Back-to-Back”

Jet #1 Direction

“Toward”

“Transverse” “Transverse”

Jet #2 Direction

"AVE Transverse" Charge Density: dN/dnd¢

CDF Preliminary
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/ \

Now look in detail at “back-to-back” events in
the region 95 < E (jet#1) <130 GeV!

® Shows the average charged particle density, dNeng/dnd¢, in the “transverse” region (p

> 0.5 GeV/e, In| <1) versus E(jet#1) for “Leading Jet” and “Back-to-Back” events

compared with PYTHIA Tune A and HERWIG after CDFSIM.
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/ [, [ =\
HERWIG (without multiple

parton interactions) agrees much
better in the “transverse” region

_ : | for 95 < E(jet#1) < 130 GeV!
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Now look in detail at “back-to-back” events in

the region 95 < E (jet#1) <130 GeV!

® Shows the average charged PTsum density, dPTsum/dnd¢, in the “transverse” region (p

> 0.5 GeV/e, In| <1) versus E(jet#1) for “Leading Jet” and “Back-to-Back” events

compared with PYTHIA Tune A and HERWIG after CDFSIM.
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‘Charged PTsum Density: dPT/dnd¢
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“Toward” CDF Run 2 Preliminary

Leading Jet
data uncorrected

30 < ET(jet#1) < 70 GeV { {
g it

Back-to-Back
30 < ET(jet#1) < 70 GeV

“Transverse” “Transverse”

/

1.5

“Back-to-Back”

Jet #1 Direction

1.0

Average PT (GeV/

\

“Toward”

0.5

“Transverse” “Transverse”

Number of Charged Particles

Jet #2 Direction

® Look at the <p> of particles in the “transverse” region (p; > 0.5 GeV/c, |n| < 1) versus
the number of particles in the “transverse” region: <p;> vs Nchg.

® Shows <p;> versus Nchg in the “transverse” region (p; > 0.5 GeV/c, |n| < 1) for

“Leading Jet” and “Back-to-Back” events with 30 < E(jet#1) <70 GeV compared with
“min-bias” collisions.
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“Toward”

“Transverse” “Transverse”

“Back-to-Back”
Jet #1 Direction

“Toward”

“Transverse” “Transverse”

Jet #2 Direction

® Look at the <p> of particles in the “transverse” region (p; > 0.5 GeV/c, |n| < 1) versus
the number of particles in the “transverse” region: <p;> vs Nchg.

CDF Run 2 Preliminary

data uncorrected
theory + CDFSIM

Leading Jet
30 < ET(jet#1) < 70 GeV { {

Back-to-Back
30 < ET(jet#1) < 70 GeV

d

-
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e
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Number of Charged Particles

Min-Bias

® Shows <p;> versus Nchg in the “transverse” region (p; > 0.5 GeV/c, |n| < 1) for
“Leading Jet” and “Back-to-Back” events with 30 < E(jet#1) <70 GeV compared with

“min-bias” collisions.
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® Use the leading jet to define the “transverse” region and look at the maximum p
charged particle in the “transverse” region, PTmaxT.

® Shows the average PTmaxT, in the “transverse” region (p; > 0.5 GeV/c, [n| < 1) versus
E;(jet#1) for “Leading Jet” and “Back-to-Back” events compared with the average
maximum py particle, PTmax, in “min-bias” collisions (py > 0.5 GeV/c, |n| <1).
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b
Highest p.
charged particle!

Correlations in ¢

o | L
“Associated” densities do

Charged Particle Density

not include PTmax!

Charged Particle Density: dN/dndEIi| /

0.5 A
CDF Preliminary
04 - data uncorrected Associated Déﬁsity
PTmax not included

0.3
0.2 - E
01 +

P PThax Charged Particles

Min-Bias f nl<1.0, PT>0.5 GeVic)
0.0 1 1 1 1 ‘ i 1 1 1 1 1
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Ad (degrees)

® Use the maximum p, charged particle in the event, PTmax, to defing a direction and
look at the the “associated” density, dNchg/dnd¢.

% Shows the data on the Ad dependence of the “associated” charged p

ticle density,

dNchg/dnd¢, for charged particles (py > 0.5 GeV/e, |n| <1, not includipg PTmax) relative
to PTmax (rotated to 180°) for “min-bias” events. Also shown is the verage charged
particle density, dNchg/dnd¢, for “min-bias” events.
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= PTmax > 2.0 GeV/c
o PTmax > 1.0 GeV/c
|| « PTmax > 0.5 GeV/c

CDF Preliminary

data uncorrected

PTmax not included

°
=)

30 60 90 120 150 180 210 240 270 300 330 360
A (degrees)

o

Ave Min-Bias
0.25 per unit n-¢

% Shows the dat& on the A dependence of the “associated” charged particle density,
dNchg/dnd¢, for charged particles (py > 0.5 GeV/e, |n| <1, not including PTmax) relative
to PTmax (rotated to 180°) for “min-bias” events with PTmax > 0.5, 1.0, and 2.0 GeV/c.

% Shows “jet structure” in “min-bias” collisions (i.e. the “birth” of the leading two jets!).
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Rapid rise in the particle
density in the “transverse”
 region as PTmax increases!

PTmax Direction 1.0  PTras 2.0 GeVie /
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0.0 | | | | | | | | | | |
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Ave Min-Bias

0.25 per unit n-¢

% Shows the dat& on the A dependence of the “associated” charged particle density,
dNchg/dnd¢, for charged particles (py > 0.5 GeV/e, |n| <1, not including PTmax) relative
to PTmax (rotated to 180°) for “min-bias” events with PTmax > 0.5, 1.0, and 2.0 GeV/c.

®» Shows “jet structure” in “min-bias” collisions (i.e. the “birth” of the leading two jets!).
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A
Highest p.
charged particle!

® Use the maximum p charged particle in the event, PTmax, to defing
look at the the “associated” PTsum density, dPTsum/dndé.

% Shows the data on the Ad dependence of the “associated” charged P
dPTsum/dnd¢, for charged particles (py > 0.5 GeV/c, n| <1, not inclu
relative to PTmax (rotated to 180°) for “min-bias” events. Also show

Correlations in ¢
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charged particle density, dPTsum/dnd¢, for “min-bias” events.
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Associated PTsum Density: dPT/dnd¢

Jet #1 = PTmax > 2.0 GeV/c
o PTmax > 1.0 GeV/c

0.8 +/, PTmax > 0.5 GeV/c

CDF Preliminary

data uncorrected

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

sociated P{sum Density (GeV/c)

30 60 90 120 150 180 210 240 270 300 330 360

/ A (degrees)
Ave Min-Bias

0.24 GeV/c per unit n-¢

% Shows the dat& on the A¢ dependence of the “associated” charged PTsum density,
dPTsum/dnd¢, for charged particles (py > 0.5 GeV/e, |n| <1, not including PTmax)
relative to PTmax (rotated to 180°) for “min-bias” events with PTmax > (0.5, 1.0, and 2.0
GeV/e.

% Shows “jet structure” in “min-bias” collisions (i.e. the “birth” of the leading two jets!).
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PTmax Direction 1.0

= PTmax > 2.0 GeV/c
° PTmax > 1.0 GeV/c
| | « PTmax > 0.5 GeV/c
Transverse

CDF minary

dat. orrected

Cha| Ad Particles
(Inl<1.{/ PT>0.5 GeVic)

"
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o
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sociated PTsum
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PTmax not included
| | | | | | | | | |

\
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Ad (degrees)
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0.24 GeV/c per unit n-¢

% Shows the dat& on the A¢ dependence of the “associated” charged PTsum density,
dPTsum/dnd¢, for charged particles (py > 0.5 GeV/e, |n| <1, not including PTmax)
relative to PTmax (rotated to 180°) for “min-bias” events with PTmax > (0.5, 1.0, and 2.0
GeV/e.

% Shows “jet structure” in “min-bias” collisions (i.e. the “birth” of the leading two jets!).
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“Toward”

“Transverse” “Transverse”

PTmax > 0.5 GeV/c

Associated Pamgicle De

Associated Particle Density: dNLd/

1e PTmax>0.5GeVic| ~~ ~~ - { ””””

o PTmax > 2.0 GeV/c oh. o
* PY Tune A A CDF Preliminary

data uncorrected o

. . . theory + CDFSIM
- ?ransverse ° {}{{ {{}{{ * P¥, Tune A 1.96 TeV -'...
Region ﬁ ﬁ ransverse
g Eﬁﬁ@ﬁ?ﬁ%ﬁﬁiﬁﬂﬁiﬁ
PTmax not included PTrax (Inl<1.0, PT>0.5 GeV/c)
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Ao (degrees)

% Shows the data on the Ap dependence of the “associated” charged particle density,
dNchg/dnd¢, for charged particles (py > 0.5 GeV/e, |n| <1, not including PTmax) relative
to PTmax (rotated to 180°) for “min-bias” events with PTmax > 0.5 GeV/c and PTmax
> 2.0 GeV/c compared with PYTHIA Tune A (after CDFSIM).

% PYTHIA Tune A predicts a larger correlation than is seen in the “min-bias” data (i.e.
Tune A “min-bias” is a bit too “jetty”).
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“Transverse”

PTmax > 2.0 GeV/c

PTmax Direction .
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% Shows the data on the Ap dependence of the “associated” charged PTsum density,
dPTsum/dnd¢, for charged particles (py > 0.5 GeV/c, |n| <1, not including PTmax)
relative to PTmax (rotated to 180°) for “min-bias” events with PTmax > 0.5 GeV/c and
PTmax > 2.0 GeV/c compared with PYTHIA Tune A (after CDFSIM).

% PYTHIA Tune A predicts a larger correlation than is seen in the “min-bias” data (i.e.
Tune A “min-bias” is a bit too “jetty”).
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Mazximum py particle in “Associated” densities do
the “transverse” region! Jet #1 Direction not include PTmaxT!

“Toward”

PTmaxT
“TransMAX” “TransMIN” Direction

PTmaxT

Jet #2 Direction

® Use the leading jet in “back-to-back” events to define the “transverse” region and look
at the maximum p, charged particle in the “transverse” region, PTmaxT.

®» Look at the A¢ dependence of the “associated” charged particle and PTsum densities,
dNehg/dnd¢ and dPTsum/dnd¢ for charged particles (py > 0.5 GeV/e, |n| <1, not including
PTmaxT) relative to PTmaxT.
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Maximum p, particle in
the “transverse” region! Jet #1 Direction

PTmaxT
Direction

“Associated” densities do
not include PTmaxT!

~X

“Toward”

Jet#l
Region

“TransMAX” “TransMIN”

PTmaxT

Jet #2 Direction

® Use the leading jet in “back-to-back” events to define the “transverse” region and look
at the maximum p, charged particle in the “transverse” region, PTmaxT.

®» Look at the A¢ dependence of the “associated” charged particle and PTsum densities,
dNehg/dnd¢ and dPTsum/dnd¢ for charged particles (py > 0.5 GeV/e, |n| <1, not including
PTmaxT) relative to PTmaxT.

®» Rotate so that PTmaxT is at the center of the plot (i.e. 180°).
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“Associated” densities do
not include PTmaxT! Associated Particle Density: dN/dnd¢
PTmaXT 10.0

Direction 1 CDF Preliminary Charged Particles Back-to-Back

data uncorrected (Inl<1.0, PT>0.5 GeVic) 30 < ET(jet#1) < 70 GeV
PTmaxT not included

Tat#1 Jet #1

anSUIONn
=

= PTmaxT > 2.0 GeV/c
o PTmaxT > 1.0 GeV/c
® PTmaxT > 0.5 GeV/c Region

A 1 1 1 1 1 \ 1 1 1 1 1 \
S~ 0 30 60 90 120 150 180 210 240 270 300 330 360

ssocia¥ed Particle Densit

CNA

Log Scale! A (degrees)

% Look at the Ap dependence of the “associated” charged particle density, dNchg/dnd¢d for
charged particles (py > 0.5 GeV/e, n| <1, not including PTmaxT) relative to PTmaxT
(rotated to 180°) for PTmaxT > 0.5 GeV/c, PTmaxT > 1.0 GeV/c and PTmaxT > 2.0
GeV/e, for “back-to-back” events with 30 < E(jet#1) <70 GeV .

® Shows “jet structure” in the “transverse” region (i.e. the “birth” of the 3" & 4t jet).
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“Associated” densities do

not include PTmaxT!
PTmaXT 10.0

Associated Particle Density: dN/dnd¢

Direction

Jet #2 Jet #1

LiGe- P LT
=

ssocia¥ed Particle Densit

] CDF Preliminary

data uncorrected

Region

(In|<1.0, PT>0.5 GeV/c)
PTmaxT not included

= PTmaxT > 2.0 GeV/c
o PTmaxT > 1.0 GeV/c
e PTmaxT > 0.5 GeV/c

Charged Particles

Back-to-Back
30 < ET(jet#1) <70 GeV

CNA

e .10

Log Scale!

30

60

90

120

150 180 210 240 270 300 330 360

A¢ (degrees)

% Look at the Ap dependence of the “associated” charged particle density, dNchg/dnd¢d for
charged particles (py > 0.5 GeV/e, n| <1, not including PTmaxT) relative to PTmaxT
(rotated to 180°) for PTmaxT > 0.5 GeV/c, PTmaxT > 1.0 GeV/c and PTmaxT > 2.0
GeV/e, for “back-to-back” events with 30 < E(jet#1) <70 GeV .

®» Shows “jet structure” in the “transverse” region (i.e. the “birth” of the 3" & 4t jet).
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“Associated” densities do
not include PTmaxT!

CDF Preliminary Charged Pjrticles Back-to-Back

data uncorrected (Inl<1.0, PT>@5 GeVic) 30 < ET(jet#1) < 70 GeV
PTmaxT not #hcluded

Region
= PTmaxT > 2.0 GeV/c

o PTmaxT > 1.0 GeV/c
* PTmaxT > 0.5 GeV/c

-1 } } } } } L] T T T T T 1
S~ 0 30 60 90 120 150 180 210 240 270 300 330 360

Log Scale! A (degrees)

LiGe AlUUian

ssocia¥ed Particle Densit

CNA

% Look at the Ap dependence of the “associated” charged particle density, dNchg/dnd¢d for
charged particles (py > 0.5 GeV/e, n| <1, not including PTmaxT) relative to PTmaxT
(rotated to 180°) for PTmaxT > 0.5 GeV/c, PTmaxT > 1.0 GeV/c and PTmaxT > 2.0
GeV/e, for “back-to-back” events with 30 < E(jet#1) <70 GeV .

® Shows “jet structure” in the “transverse” region (i.e. the “birth” of the 3" & 4t jet).
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“Associated” densities do
not include PTmaxT!

CDF Preliminary Charged Pjrticles Back-to-Back
2 data uncorrected (Inl<1.0, PT>@5 GeVic) 30 < ET(jet#1) < 70 GeV
2 PTmaxT not #hcluded
a
°
2
s 1.0
o X
« i _%/V o Region
» R = PTmaxT > 2.0 GeV/c
< | | o PTmaxT > 1.0 GeVic
/ « PTmaxT > 0.5 GeVic
0-1 } } } } } | | T T T T T 1
0 30 60 90 120 150 180 210 240 270 300 330 360
Log Scale! A¢ (degrees)

% Look at the A¢ dependence of the “associated” charged particle density, dNchg/dnd¢ for
charged particles (py > 0.5 GeV/e, n| <1, not including PTmaxT) relative to PTmaxT
(rotated to 180°) for PTmaxT > 0.5 GeV/c, PTmaxT > 1.0 GeV/c and PTmaxT > 2.0
GeV/e, for “back-to-back” events with 30 < E(jet#1) <70 GeV .

® Shows “jet structure” in the “transverse” region (i.e. the “birth” of the 3" & 4t jet).
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“Associated” densities do

PTmaxT

not include PTmaxT! Associated PTsum Density: dPT/dndd

Direction

)

Tat#1 Jet #1

anSUIONn
=

(Inl<1.0, PT>0.5 GeV/c)
PTmaxT not included

sociated WTsum Density (G

CDF Preliminary
data uncorrected

23

30 < ET(jet#1) < 70 GeV Z!
= PTmaxT > 2.0 GeV/c
a o PTmaxT > 1.0 GeV/c PTmaxT " Jot#]"
/ e PTmaxT > 0.5 GeV/c T Region
0.1 - f f f f f ' f 1 1 1 1
0 30 60 90 120 150 180 210 240 270 300 330 360
Log Scale! A (degrees)

% Look at the A¢ dependence of the “associated” charged particle density, dPTsum/dnd¢
for charged particles (py > 0.5 GeV/e, |n| <1, not including PTmaxT) relative to
PTmaxT (rotated to 180°) for PTmaxT > 0.5 GeV/c, PTmaxT > 1.0 GeV/c and PTmaxT
> 2.0 GeV/e, for “back-to-back” events with 30 < E(jet#1) <70 GeV .

® Shows “jet structure” in the “transverse” region (i.e. the “birth” of the 3" & 4t jet).
J g J
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“Associated” densities do
not include PTmaxT!

PTmaxT

Associated PTsum Density: dPT/dnd¢

Direction

e
-
e
o

Jet #1

LiGe et LT

sociated WTsum Density (G

CDF Preliminary
data uncorrected
L3

(Inl<1.0, PT>0.5 GeVi/c) Back-to-Back 17 o
PTmaxT not included 30 < ET(jet#1) <70 GeV 3
= PTmaxT > 2.0 GeV/c

o PTmaxT > 1.0 GeV/c
e PTmaxT > 0.5 GeV/c

"Jet#1"
Region

J

Log Scale!

30 60 90 120 150 180 210 240 270 300 330 360
Ad (degrees)

% Look at the A¢ dependence of the “associated” charged particle density, dPTsum/dnd¢
for charged particles (py > 0.5 GeV/e, |n| <1, not including PTmaxT) relative to
PTmaxT (rotated to 180°) for PTmaxT > 0.5 GeV/c, PTmaxT > 1.0 GeV/c and PTmaxT
> 2.0 GeV/e, for “back-to-back” events with 30 < E(jet#1) <70 GeV .

® Shows “jet structure” in the “transverse” region (i.e. the “birth” of the 3" & 4t jet).
J g J
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“Associated” densities do
not include PTmaxT!

J

(Inl<1.0, PT>0.5 GeVic)
PTmaxT not included

= PTmaxT > 2.0 GeV/c

o PTmaxT > 1.0 GeV/c PTihaxT "Jetil"

e PTmaxT > 0.5 GeV/c
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e IG et LT

J
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&
o
-

Region
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% Look at the A¢ dependence of the “associated” charged particle density, dPTsum/dnd¢
for charged particles (py > 0.5 GeV/e, |n| <1, not including PTmaxT) relative to
PTmaxT (rotated to 180°) for PTmaxT > 0.5 GeV/c, PTmaxT > 1.0 GeV/c and PTmaxT
> 2.0 GeV/e, for “back-to-back” events with 30 < E(jet#1) <70 GeV .

® Shows “jet structure” in the “transverse” region (i.e. the “birth” of the 3" & 4t jet).
J g J
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“Associated” densities do
not include PTmaxT!

10.
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o 4
w
o
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% Look at the Ap deplendence of the “associated” charged particle density, dPTsum/dnd¢
for charged particles (py > 0.5 GeV/e, |n| <1, not including PTmaxT) relative to
PTmaxT (rotated to 180°) for PTmaxT > 0.5 GeV/c, PTmaxT > 1.0 GeV/c and PTmaxT
> 2.0 GeV/e, for “back-to-back” events with 30 < E(jet#1) <70 GeV .

® Shows “jet structure” in the “transverse” region (i.e. the “birth” of the 3" & 4t jet).
J g J
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“Back-to-Back”
charge density

“Toward”

“Transverse” “Transverse”

“Back-to-Back”
“associated” density

Jet #2 Direction

PTmaxT

Direction
' Jet#2

Region

Charged Particle Density: dN/dnd¢
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] .. Charged Palicles 30< ET‘it#']) <70 GeV
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% Shows the Ap dependence of the “associated” charged particle density, dNchg/dnd¢ for
charged particles (py > 0.5 GeV/e, n| <1, not including PTmaxT) relative to PTmaxT
(rotated to 180°) for PTmaxT > 0.5 GeV/c, PTmaxT > 1.0 GeV/c and PTmaxT > 2.0
GeV/e, for “back-to-back” events with 30 < E(jet#1) <70 GeV.

% Shows A¢ dependence of the charged particle density, dNchg/dnd¢ for charged particles
(py > 0.5 GeV/e, [n| <1) relative to jet#1 (rotated to 270°) for “back-to-back events”

with 30 < ET(jet#1) <70 GeV.
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“Back-to-Back”

charge density Charged Particle Density: dN/dnd¢
10.0 -
“Toward” ] . Charged Paficles 30 < ET(jt#1) <70 GeV
| CDF Preliminary 1 6 p1>0.4Gevic)
= ta uncorrected
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Jet#2 0 30 6 120 150 180 210 240 270 300 330 360

Region
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% Shows the Ap dependence of the “associ” arged particle density, dNchg/dnd¢ for
charged particle > ] ding PTmaxT) relative to PTmaxT
(rotated to 180° It is more probable to find a ([T > 1.0 GeV/c and PTmaxT > 2.0

GeV/e, for “bac, particle accompying PTmaxT [#1) <70 GeV.
®» Shows Ad depery than itis to find a particle in ity dNchg/dndo for charged particles

(pr > 0.5 GeV/e| the “transverse” region! 0 270°) for “back-to-back events”
with 30 < ET(jet#1) <70 GeV.
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“Back-to-Back”
charge density

Charged Particle Density: dN/dnd¢

CDF Preliminary . = w.~7"¥-"_ . 30 <ET(jet#1) < 70 GeV
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' Jet#2
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Charged Particles
(In1<1.0, PT>0.5 GeV/c)

Associated Density
PTmaxT not included

% Shows the Ap dependence of the “associated” charged particle density, dNchg/dndo, pr> 0.5
GeV/e, In| <1 (not including PTmaxT) relative to PTmaxT (rotated to 180°) and the charged
particle density, dNchg/dndd, pp > 0.5 GeV/c, In| <1 relative to jet#1 (rotated to 270°) for
“back-to-back events” with 30 < E(jet#1) <70 GeV.
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“Back-to-Back”
charge density

CDF Preliminary === = . | 30 <ET(jet#1) < 70 GeV
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Associated Density
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® Shows the Ad dependence of the “associated” charged particle density, dNchg/dnd¢, p > 0.5
GeV/e, In| <1, PTmaxT > 2.0 GeV/c (not including PTmaxT) relative to PTmaxT (rotated to
180°) and the charged particle density, dNchg/dndo, py > 0.5 GeV/e, |n| <1, relative to jet#1
(rotated to 270°) for “back-to-back events” with 30 < E(jet#1) <70 GeV.
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QCD Three Jet TOpOlOgy Chargeg Particle Density: dN/dndd

CDF Preliminary =Y """ = . 30 <ET(jet#1) < 70 GeV
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% Shows the Ad dependence of the “associated” charged particle density, dNchg/dnd¢, py > 0.5
GeV/e, In| <1, PTmaxT > 2.0 GeV/c (not including PTmaxT) relative to PTmaxT (rotated to
180°) and the charged particle density, dNchg/dndo, py > 0.5 GeV/e, |n| <1, relative to jet#1
(rotated to 270°) for “back-to-back events” with 30 < E(jet#1) <70 GeV.
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QCD Four Jet Topology chargeg Particle Density: dN/dndo
;ji;.:’i%’fi'i-i s o, 30 <ET(jet#1) <70 GeV

CDF Preliminary
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% Shows the Ad dependence of the “associated” charged particle density, dNchg/dnd¢, py > 0.5
GeV/e, In| <1, PTmaxT > 2.0 GeV/c (not including PTmaxT) relative to PTmaxT (rotated to
180°) and the charged particle density, dNchg/dndo, py > 0.5 GeV/e, |n| <1, relative to jet#1
(rotated to 270°) for “back-to-back events” with 30 < E(jet#1) <70 GeV.
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QCD 2-to-4 Scattering

Final-State

Radiation '-_ Outgoing Parton
*/PT(hard)

s —
Proton | /w,‘;\ AntiProton
Underlying Exgn ”/’t Underlying Event
. "reeru g Initial-State

““ Final-State
S

"‘Radiation
.
Outgoing Parton %
p

)
)
180°) and the charged particle density, dNchg/dndo, py > 0.5 GeV/e, |n| <1, relative to jet#1
(rotated to 270°) for “back-to-back events” with 30 < E(jet#1) <70 GeV.
KITP Collider Workshop
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Multiple Parton Interactions
Outgoing Parton

Outgoing Parton PT(hard)

—>
Proton AntiProton
Underlying Event Underlying Event
<4
Outgoing Parton Outgoing Parton

v .
180°) and the charged particle density, dNchg/dndo, py > 0.5 GeV/e, |n| <1, relative to jet#1
(rotated to 270°) for “back-to-back events” with 30 < E(jet#1) <70 GeV.

KITP Collider Workshop Rick Field - Florida/CDF Page 62

February 17, 2004

)
)



PTmaxT
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% Look at the A¢ dependence of the “associate
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h 30 < E(jet#1) <70 GeV and 95 < E(jet#1) <

PTmaxT

® Very little dependence on E (jet#1) in the “transverse” region for “back-to-back”

events!
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Associated PTsum Density: dPT/dnd¢

PTmaxT 100.0
Direction E CDF Preliminary Charged Particles Back-to-Back
data uncorrected (Inl<1.0, PT>0.5 GeV/c)
M
10.0 -~ S e =
b b
iﬂ! s % x
tII

T
= Jet2

ociated PTsum Density (GeV/c)

X

= 95 < ET(jet#1) < 130 GeV
o 30 < ET(jet#1) < 70 Ge/

. 0.1 PTma‘xT > 2.‘0 GeVIf: (notﬁxde‘d)
. T T T T T
!

120 150
Log Scale

® Look at the A¢ dependence of the “associatedcharged PA'sum density, dPTsum/§ndo, py >
0.5 GeV/e, In| <1 (not including PTmaxT) xAative to P'PmaxT (rotated to 180°) foy PTmaxT
> 2.0 GeV/e for “back-to-back” events with 30 < E(jet#1) <70 GeV and 95 < E(jet#1) <
130 GeV.

® Very little dependence on E (jet#1) in the “transverse” region for “back-to-back”
events!
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“Birth” of jet#3 in the
“transverse” region!

“Back-to-Back”

(13 3 2 3
Associated” Density \ ‘A\ \\Ed Particle Density: dN/dnd¢
¢
10.0 \
1] = PTmaxT > 2.0 Gevic Zilaggli: :;:lg:\s”c) 30 < ET(jet#1) < 70 GeV
= o * PTmax > 2.0 GeVic B '
Region Region dC,
Q
2 %
L2
“Min-Bias” E 1.0 | Iﬁiﬁ
“Associated” Density | PTmax Direction T ] . o
T XXIZL
'§ TR
8 p—
""" i | Min-Bias CDF Preliminary
data uncorrected
| | | | | | |

Correlations in ¢

PTmaxT, PTmax not included 1
0.1 T T T T T T } } T T
e 0 30 60 90 120 150 180 210 i \KZBOO 330 360

Log Scale! Ad (degrees)

. | “Birth” of jet#1 in
% Shows the Ap dependence of the “associated” charged particle densi “min-bias” cJollisi ons!

pr > 0.5 GeV/e, In| <1 (not including PTmaxT) relative to PTmaxT (fovereo—~oroogron

PTmaxT > 2.0 GeV/c, for “back-to-back” events with 30 < E(jet#1) <70 GeV.

% Shows the data on the A¢ dependence of the “associated” charged particle density,
dNchg/dnd¢, pyr > 0.5 GeV/e, In| <1 (not including PTmax) relative to PTmax (rotated to
180°) for “min-bias” events with PTmax > 2.0 GeV/c.
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“Birth” of jet#3 in the
“transverse” region!

“Back-to-Back”
“Associated” Density

\ As_ \ed Particle Density: dN/dnd}
10.0 - \
1 Chaigsd Panigles 30 < ET(jet#1) < 70 GeV

L6, P05 Galis)

4| = PTmaxT > 2.0 GeV/c
e PTmax > 2.0 GeV/c

Region . Region
“Min-Bias”

1.0 1
“Associated” Density | PTmax Direction ]

sociated Particle Densi

—H
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| Min-Bias
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CDF Preliminary/

data uncorrected

P
/ PEmAstT PR mRBR ieldagy ?

0.1 I I 1 I I ¥ I 1 1 I
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Log Scale! Ad (degrees)

Correlations in ¢

. . .| “Birth” of jet#1 in
% Shows the Ap dependence of the “associated” charged particle densi “min-bias” collisions!

pr > 0.5 GeV/e, In| <1 (not including PTmaxT) relative to PTmaxT (fovereo—~oroogron

PTmaxT > 2.0 GeV/c, for “back-to-back” events with 30 < E(jet#1) <70 GeV.

% Shows the data on the A¢ dependence of the “associated” charged particle density,
dNchg/dnd¢, pyr > 0.5 GeV/e, In| <1 (not including PTmax) relative to PTmax (rotated to
180°) for “min-bias” events with PTmax > 2.0 GeV/c.
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“Back-to-Back”
“Associated” Density

PTmaxT
Direction

“Min-Bias”
“Associated” Density

N

o

Correlations in ¢

% Shows the Ap dependence of the “associated” charged particle densi
pr > 0.5 GeV/e, In| <1 (not including PTmaxT) relative to PTmaxT (

Region . Region

PTmax Direction

8
o

“Birth” of jet#3 in the
“transverse” region!

A ed PTsum Density: dPT/dnd¢

— 10.0 - _ | 30 < ET(jet#1) < 70 GeV |
] ] Charged Particles
'5\; nl<1.0, PT>0.5 GeVic)
o E
2 \Ii [ f
g ] L %
a < %
€ 10+
|—
o ]
o ] ae
3
.g | = PTmaxT > 2.0 GeV/c
o {|* PTmax > 2.0 GeV/c PTmax CDF Preliminary
< PTmaxT, PTmax not included 1 data uncorrected
0.1 | | | | | ‘ | | |
e 0 30 60 90 120 150 180 210

Log Scale!

Ad (degrees)

i \yoo 330 360

“Birth” of jet#1 in
“min-bias” collisions!

UTHTETE TU XOUU j KUK

PTmaxT > 2.0 GeV/c, for “back-to-back” events with 30 < E(jet#1) <70 GeV.

% Shows the data on the A¢ dependence of the “associated” charged particle density,
dNchg/dnd¢, pyr > 0.5 GeV/e, In| <1 (not including PTmax) relative to PTmax (rotated to
180°) for “min-bias” events with PTmax > 2.0 GeV/c.
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“Back-to-Back”
“Associated” Density

“Min-Bias”

“Associated” Density

PTmax Direction

N

% Shows the Ap dependence of the “associated” charged particle densi
pr > 0.5 GeV/e, In| <1 (not including PTmaxT) relative to PTmaxT (

8

0
.
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Correlations in ¢

“transverse” region!

A

Ned PTsum Density: dPT/dndo
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Region . Region

iated PTsum Density
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L = PTmaxT > 2.0 GeV/c
1| * PTmax > 2.0 GeV/c

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

| 30 < ET(jet#1) < 70 GeV |
[
z

PTmaxT, PTmax not included

CDF Preliminary

data uncorrected
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Log Scale!

60

é \Qoo 330 360
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“Birth” of jet#1 in

“min-bias” collisions!

UTHTETE TU XOUU j KUK

PTmaxT > 2.0 GeV/c, for “back-to-back” events with 30 < E(jet#1) <70 GeV.

% Shows the data on the A¢ dependence of the “associated” charged particle density,
dNchg/dnd¢, pyr > 0.5 GeV/e, In| <1 (not including PTmax) relative to PTmax (rotated to

180°) for “min-bias” events with PTmax > 2.0 GeV/c.
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ociated Particle Density: dN/dnd¢

HERWIG (without multiple parton
interactions) too few “associated”

particles in the direction of PTmaxT!
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HERWIG (without multiple parton
interactions) does not produce
enough “associated” PTsum in the

direction of PTmaxT!

sociated PTsum Density: dPT/dnd¢
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PYTHIA and HERWIG produce
slightly too many “associated”
particles in the direction of PTmaxT!
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PYTHIA and HERWIG produce
slightly too much “associated”
PTsum in the direction of PTmaxT!
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“Leading Jet”

“Toward”

"Transverse 1" vs "Transverse 2"

CDF Run 2 Preliminary 30 < ET(jet#1) < 70 GeV

“Trans 1” “Trans 2”

“Away”

«“ 9
Back-to-Back Jet #1 Direction

“Toward”

“Trans 1” “Trans 2”

“Away”

Jet #2 Direction

"Transverse 2" Nchg
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N
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-
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o

1.96 TeV

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

4 6 8 10 12 14

"Transverse 1" Nchg

% Use the leading jet to define two “transverse” regions and look at the correlations

between “transverse 1”° and “transverse 2”.

% Shows the average number of charged particles in the “transverse 2” region versus the
number of charged particles in the “transverse 1” region for p; > 0.5 GeV/c and |n| <1
for “Leading Jet” and “Back-to-Back” events.
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“Leading Jet”

“Toward”

“Trans 1”

“Away”

«“ 9
Back-to-Back Jet #1 Direction

“Toward”
“Trans 1”

“Trans 2”

“Away"

Jet #2 Direction

“Trans 2”

"Transverse 2" <PT> (GeVjc)
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"Transverse 1" vs "Transverse 2"
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"Transverse 1" Nchg

14

% Use the leading jet to define two “transverse” regions and look at the correlations
between “transverse 1” and “transverse 2”.

® Shows the average p; of charged particles in the “transverse 2” region versus the

number of charged particles in the “transverse 1” region for pp > 0.5 GeV/c and [n| <1
for “Leading Jet” and “Back-to-Back” events.
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"Transverse 2" Nchg
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Jet #1 Direction

“Leading Jet” “Back-to-Back”

“Toward”
“Toward”

“Trans 1” “Trans 2”
“Trans 1” “Trans 2”

Jet #2 Direction

®» There are some interesting correlations between the “transverse 1” and
“transverse 2” regions both for “Leading-Jet” and “Back-to-Back” events!

®» PYTHIA Tune A (with multiple parton scattering) does a much better job in

describing these correlations than does HERWIG (without multiple parton
scattering).

Question: Is this a probe of
multiple parton interactions?
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Jet #1 Direction

“Back-to-Back”

“Toward”
“Toward”

“Transverse” “Transverse”

“Transverse” “Transverse”

Jet #2 Direction

» “Back-to-Back” events have less “hard scattering” (initial and final state
radiation) component in the “transverse” region which allows for a closer look
at the “beam-beam remnant” and multiple parton scattering component of the
“underlying” event.

®» PYTHIA Tune A (with multiple parton scattering) does a much better job in
describing the “back-to-back” events than does HERWIG (without multiple
parton scattering).
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e =

Max p; in the

“Associated” densities do PTmaxT PTmax Direction
“transverse” region!

o'
o
o

not include PTmaxT!
“Toward” R ‘
Jet#2 A Jet#l
Region Region

PTmaxT ‘\
®» The “associated” densities show strong correlations (i.e. jet structure) in the
“transverse” region both for “Leading Jet” and “Back-to-Back” events.

Correlations in ¢

Jet #2 Direction

®» The “birth” of the 1% jet in “min-bias” collisions looks very similar to the

“birth” of the 34 jet in the “transverse” region of hard scattering “Back-to-
Back” events.

Question: Is the topology
3 jetor 4 jet?
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“transverse” region!

e

Max py in the Jet #1 Direction “Associated” densities do maxT PTmax Direction

not include PTmaxT!

Next Step

Look at the jet topologies
(2 jet vs 3 jet vs 4 jet etc).
See if there is an excess of o<t structure) in the
4 jet events due to multiple Sack” events.
parton interactions!

PTmaxT

Correlations in ¢

®» The “associate
“transverse” regio

®» The “birth” of
“birth” of t
Back” events.

S VEr ar to the
| scattering “Back-to-

Question: Is the ogy
3jetor4j
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