Outline Of T alk Z-boson Production 4 Z-boson

S PT@)

% Discuss briefly the components of the “underlying
event” of a hard scattering as described by the ===z
QCD parton-shower Monte-Carlo Models.

% Review the CDF Run 1 analysis which was used
the multiple parton interaction parameters in PYTHIA

(i.e. Tune A and Tune B).

Charged Particle Jet

® Study the “underlying event” in CDF Run 2 as defined
by the leading calorimeter jet and compare with
PYTHIA Tune A (with MPI) and HERWIG (without
MPI).

®» Discuss the universality of PYTHIA Tune A.

Direct Photon Production — Z-boson Production — etc.

% Discuss extrapolations of HERWIG and PYTHIA Tune A

to the LHC.
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Calorimeter Jet

JetClu R = 0.7



“Hard” Collision
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®» The underlying event in a hard scattering process has a “hard” component (particles that
arise from initial & final-state radiation and from the outgoing hard scattered partons)
and a “soft?” component (“beam-beam remnants”).

Clearly? the “underlying event” in a hard scattering process should not look like a “Min-

Bias” event because of the “hard” component (i.e. initial & final-state radiation).

compo&ent of the “underlying event”.

“SoftP™Component
“..,_color string
< B V- —
............. SpE " Spdre these the same?
- Y >
color striggé'm_B bam Remnants
<

v .
®» The “beam-beam remnant” component is, howev

Hadron

However, perhaps “Min-Bias” collisions are a good model for the “beam-beam remnant”

“Min-Bias” Collision

Hadron

=color connected to the “hard”

component so this comparison is (at best) an approximation.
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% PYTHIA models the “soft” component of the underlying event T olorsring
with color string fragmentation, but in addition includes a “«— e —

contribution arising from multiple parton interactions (MPI) * =
in which one interaction is hard and the other is “semi-hard”. "4

% The probability that a hard scattering events also contains a semi-hard multiple parton
interaction can be varied but adjusting the cut-off for the MPI.

® One can also adjust whether the probability of a MPI depends on the P of the hard
scattering, P(hard) (constant cross section or varying with impact parameter).

®» One can adjust the color connections and flavor of the MPI (singlet or nearest neighbor,
q-gbar or glue-glue).

» Also, one can adjust how the probability of a MPI depends on P(hard) (single or double
Gaussian matter distribution).

TeV4LHC Fermilab Rick Field - Florida/CDF Page 3
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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 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).

TeV4LHC Fermilab
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Multiple Parton Interactions /outgoing Parton

PT(hard . .
hard Pythia uses multiple parton
Proton e AntiProton interactions to enhance CH .
Q_‘l‘:"‘ Ve . Jlmmy: MPI
Underlying Event ‘?E"'\ ""\( Upderlying Event the llndel‘lyll’lg eVellt. J. M. Butterworth
J. R. Forshaw
et M. H. Seymour
Parameter, | Valfl Description Multiple parton
MSTP(81) Multiple-Parton Scattering off interaction more
likely in a hard
1 Multiple-Parton Scattering on (central) collision!

MSTP(82

Same parameter that
cuts-off the hard 2-to-2
parton cross sections!

T

1 Multiple interactions assuming the same probability, with
an abrupt cut-off P, min=PARP(81)
3 Multiple interactions assuming a varying impact

parameter and a hadronic matter overlap consistent with
a single Gaussian matter distribution, with a smooth turn-
off P ,=PARP(82)

Multiple interactions assuming a varying impact
parameter and a hadronic matter overlap consistent with
a double Gaussian matter distribution (governed by
PARP(83) and PARP(84)), with a smooth turn-off

10— PARP(82)

— 7

TeV4LHC Fermilab
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Multiple Parton Interaction

Colnr String
" mms®
lllll n a,
' Color Strl-n-g ““‘

Determine by comparing
with 630 GeV data!

Multiple Part{

L4
/)\7 /
Py

—

Hard- Scatterlng C

PYTHIA 6.206

A

(GeVic
w

=3
1=

100,000

f,OOO 10,000
CM Energy W (GeV)

Parameter | Default Description
PARP(83) 0.5 Double-Gaussian: Fraction of total hadronic
matter within PARP(84) w
PARP(84) 0.2 Double-Gaussian: Fraction of the overall hadron\,
radius containing the fraction PARP(83) of the
total hadronic matter.
PARP(85) 0.33 Probability that the MPI produces two gluons
with color connections to the “nearest neighbors.
PARP(86) 0.66 Probability that the MPI produces two gluons
either as described hv PARP(85) or as a closed
Affects the amount of [ fraction consists of
initial-state radiation!
PARP(89) 1 TeV ))’ /rﬁes the reference energy E,,. \
PARP(90) 0.16 /Aermines the energy dependence of the cut-off
Py, as follows Pry(E ) = Pro(E . /Eg)® with
& = PARP(90) ~
PARP(67) 1 1.0 A scale factor that determines the maximum
parton virtuality for space-like showers. The
larger the value of PARP(67) the more initial-
state radiation.
TeV4LHC Fermilab Rick Field - Florida/CDF

September 16, 2004
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PYTHIA default parameters

probability
scattering

"Transverse" Charged Particle Density: dN/dndd

Parameter | 6.115 | 6.125 | 6.158 | 6.206 £ d(a;tgjl:c!:::ctt?d Pyth:\: :lepo(g z(;ijlfault) Run 1 Analysis
MSTP(SI) 1 1 1 1//Z é 0.75 | theory corrected E PARP(81) = 1.9 GeV/c %§ %

& T B
MSTP82) | 1 1 1 4 LT EEEHH M{ % FERTETS iﬂﬁﬁﬁhﬁ ﬁ
PARP81) | 14 | 19 | 1.9 | 1.9 |¢ - * ________
PARP@S2) | 155 | 21 | 21 | 19 |58°® L ——-— /f’ -

F 1.8 TeV |n|<1.0 PT>0.5 GeV
PARP(89) 1,000 | 1,000 | 1,000 0.00 - ! | | | ‘ ; 1 | |

0 5 1 15 20 25 30 35 40 45 50

RN 016710 0-167 | 0-16 PT(charged jet#1) (GeVic)
PARP(67) | 4.0 4.0 1.0 1.0 |— —cTea3L/ | cTEQ4L CTEQSL ® CDF Min-Bias O CDF JET20

% Plot shows the/“Transverse” charged particle flens
the QCD hgrd scattering predictions of PYTHIA ¢

parameters fgr multiple parton interactions and

Note Change

PARP(67) = 4.0 (< 6.138)
PARP(67) = 1.0 (> 6.138)

TeV4LHC Fermilab
September 16, 2004

ity versus Py(chgjet#1) compared to
206 (Pp(hard) > 0) using the default
TEQ3L, CTEQ4L, and CTEQSL.

Default parameters give
very poor description of
the “underlying event”!

Rick Field - Florida/CDF
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Double Gaussian

"Transverse" Charged Particle Density: dN/dnd¢

1.00

{ PYTHIA 6.206 (Set A)
PARP(67)—4 :

CDF Preliminary Run 1 Analysis

data uncorrected
theory corrected

0.75 -

0.50 -

0.25 -

"Transverse" Charged Density

CTEQ5L

1.8 TeV [n|<1.0 PT>0.5 GeV

| PYT A 206 (Set B)
P(67)=1

40 45 50
PT(charged jet#1) (GeVic)
e “Transverse” charged particle density

PYTHIA 6.206 CTEQSL
Parameter | Tune B Tune A
MSTP(81) 1 1/
MSTP(82) 4 4
PARP82) | 1.9GeV | 2.0 GeV
PARP@S3) | 0.5 0.5
PARP(84) | 0.4 0.4
PARPS5) | 1.0 0.9
PARP86) | 1.0 0.95
PARP@89) | 1.8TeV | 1.8 TeV
PARP(90) | 0.25 0.25
PARP(67) | 1.0 4.0

7

New PYTHIA default
(less initial-state radiation)

September 16, 2004

//Plot shotvs
versug P (¢hgjet#1) compared to the QCD hard

Old PYTHIA default
(more initial-state radiation)

scaffering predictions of two tuned versions of
PXTHIA 6.206 (CTEQSL, Set B (PARP(67)=1) and
P(67)=4)).

Rick Field - Florida/CDF Page 9



‘"Transverse" Charged Particle Density: dNIdnd¢|

1.00
CDF Preliminary PYTHIA 6.206 (Set A) :
data uncorrected PARP(67)=4
0.75 theory correc ted st e

/4

PYTHIA 6.206 (Set B)
PARP(67)=1

"Transverse" Charged Density
o
a
o

CTEQSL

1.8 TeV |n|<1.0 PT>0.5 GeV

0 5 10 15 20 25 30 35 40 45 50
PT(charged jet#1) (GeVic)

Can we distinguish between
PARP(67)=1 and PARP(67)=4?
No way! Right!

® Compares the average “transverse” charge particle density (jn|<1, P;>0.5 GeV) versus
Pr(charged jet#1) and the Py distribution of the “transverse” density, dN,,,/dnd¢dP with
the QCD Monte-Carlo predictions of two tuned versions of PYTHIA 6.206 (P(hard)> 0,
CTEQSL, Set B (PARP(67)=1) and Set A (PARP(67)=4)).

TeV4LHC Fermilab Rick Field - Florida/CDF Page 10
September 16, 2004



‘"Transverse" Charged Particle Density: dNIdnd¢| "Transverse" Charged Particle Density

. 1.0E+00
CDF Preliminary PYTHIA 6.206 (Set A) | 1
data uncorrected PARP(67)=4

theory corrected

CDF Data
data uncorrected
theory corrected

1.0E-01 PT(chgjet#1) > 30 GeVi/c

0.50 - - -~ j PYTHIA 6.206 Set A

PARP(67)=4

1.0E-02

PYTHIA 6.206 (Set B)
CTEQS5L PARP(67)=1

"Transverse" Charged Density

slty dN/dnd¢dPT (1/GeVic)

ar§ed De
5
m
S

1.8 TeV . .
8 TeV [n|<1.0 PT>0.5 GeV 1.0E-03
0.00 ‘ ‘ ‘ ‘ ‘ 1 1 ‘
0 5 10 15 20 25 t 35 40 45 50 _T_T
PT(charged jet#1) (§eVic)

/
Pr(charged jet#1) > 30 GeV/c / PT(chgietit) > 5 GeVic PYTHIA 6.206 Set B

1.0E-05
1 PARP(67)=1
| 1.8 TeV n|<1 PT>0.5 GeVic

PARP(67)=4.0 (old default) is favored 1.0E-06 * * * * * *

over PARP(67)=1.0 (new default)! °o 2z 4 & & M0 121
PT(charged) (GeVi/c)

® Compares the average “transverse” charge particle density (jn|<1, P;>0.5 GeV) versus
Pr(charged jet#1) and the Py distribution of the “transverse” density, dN,,,/dnd¢dP with
the QCD Monte-Carlo predictions of two tuned versions of PYTHIA 6.206 (P(hard)> 0,
CTEQSL, Set B (PARP(67)=1) and Set A (PARP(67)=4)).

TeV4LHC Fermilab Rick Field - Florida/CDF Page 11
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‘"Transverse" Charged Particle Density: dNIdnd¢|

20 25 30 35 40

Charged Particle Density

1.00 J— 1.0E+00 T
un ]
- CDF Run 1 PYTHIA 6.206 Set A PYTHIA 6.206 Set A CDF Run 1
E 0.75 + theory corrected o . data uncorrected
ransverse theory corrected
° PT(chgjet#1) > 5 GeV/
g 5 1.0E-01 | (chaiet#1) > 5 Gevie
5 - ]
§ 0.50 3 1
© o
o =
E : "Transverse"
o o PT(chgjet#1) > 30 GeV/c
g 0.25 # 2 1.0E-02 -
e k-] ]
f =
3
4

45 50 =
[7,] - .
PT(charged jet#1) (GeVic) g 1.0E-03-
8 ]
T
[charged Particle Density: dN/dnds) g
CDF Published g 1.0E-04 |
) 1 | CDF Min-Bias
s CTEQSL
. . = 4
“Min-Bias” % N 10505 1.8 TeV InIT1 PT>0.5 GTV’C | |
l 0 2 4 6 8 10 12 14
" | [—Pythia 6.206 Set A
ta Tovapr PT(charged) (GeVic)
0.0 + + + + + + +
-4 -3 -2 -1 [] 1 2 3 4
Pseudo-Rapidity n

® Compares the average “transverse” charge particle density (jn|<1, P;>0.5 GeV) versus
P (charged jet#1) and the P distribution of the “transverse” and “Min-Bias” densities with
the QCD Monte-Carlo predictions of a tuned version of PYTHIA 6.206 (Py(hard) >0,
CTEQSL, Set A). Describes “Min-Bias” collisions!

TeV4LHC Fermilab Rick Field - Florida/CDF
September 16, 2004
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Describes the rise
from “Min-Bias” to

‘"Transverse" Charged Particle Density: dNIdnd¢| Charged Particle Density

173 g 991
_ CDF Run 1 oY THIA 6,206 Sot A underlying event™! PYTHIA 6.206 Set A
= data uncorrected - -
2 theory corrected CDF Run 1
8 0.75 + “Transverse" data uncorrected
- N theory corrected
1',1 5 1.0E-01 | PT(chgjet#1) > 5 GeVic
© - ]
5 0.50 E ]
2 =
E : "Transverse"
o o PT(chgjet#1) > 30 GeV/c
g 0251 3 1.0E-02
= -] ]
( 1.8 TeV [n|<1.0 PT>0.5 GeVic 3"— ]
0.0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ : Z >
0 5 10 15 20 25 35 40 45 50 t'>'
PT(charged jet#1) ([BeVic) ;": E

CDF Min-Bias

Set A P (charged jet#1) > 30 GeV/c |0E-04 1
“Transverse” <dN_, /dnd¢> = 0.60 1

chg CTEQ5L
1 1.8 TeV |n|<1 PT>0.5 GeVic ‘
1.0E-05 | | | h &

0 2 4 6 8 10 12 14

Set A Min-Bias
<dN_,,/dndd> = 0.24 PT(charged) (GeVic)

chg

® Compares the average “transverse” charge particle density (jn|<1, P;>0.5 GeV) versus
P (charged jet#1) and the P distribution of the “transverse” and “Min-Bias” densities with
the QCD Monte-Carlo predictions of a tuned version of PYTHIA 6.206 (Py(hard) >0,
CTEQSL, Set A). Describes “Min-Bias” collisions! Describes the “underlying event”!

TeV4LHC Fermilab Rick Field - Florida/CDF Page 13
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Tuned to fit the
“underlying event”!
S|

PYTHIA Tune A
CDF Run 2 Default

‘Charged Particle Density: dNIdnd¢| c \aQicle Density
1.0E+00 -
CDF Published ]
] Pythia 6.206 Set A
1.0E-01 4 O CDF Min-Bias Data
. g
:; $ ] 1.8 TeV |n|<1
> = 1.0E-02 K Rk
B 04 & ] 12% of “Min-Bias” events
3 1 have Py (hard) > 5 GeV/c!
02 f e e o oo 3
——Pythia 6.206 Set A Z 108034 —
= CDF Min-Bias 1.8 TeV 1.8 TeVall PT z 1% of “Min-Bias” events
S E o have P (hard) > 10 GeV/c!
Pseudo-Rapidity n g, ]
PYTHIA regulates the perturbative 2-to-2 ° toeos |
parton-parton cross sections with cut-off | CDF Preliminary
: ‘ ‘ 133
1.0E-06 } } } } } Has
pa Lots of “hard” scattering one to run “::th ” 0 2 4 6 8 10 12 14
P in “Min-Bias”! mulate both “hard PT(charged) (GeVic)
an one program.

The relative amount o

This PYTHIA fit predicts that 12% of all “Min-Bias” events are a result of a hard 2-to-2
parton-parton scattering with Py(hard) > 5 GeV/c (1% with Py(hard) > 10 GeV/c)!

d” versus “soft” depends on the cut-off and can be tuned.

TeV4LHC Fermilab Rick Field - Florida/CDF Page 14
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Log Scale! Charged Particle Density: dN/dnd¢

™~ CDF Preliminary 30< ET(jgt#1) <70 GeV
> data uncorrected
g (1 K2
8 "Transverse" II II
2 Region
)
"g 1.0 + o 1I II
o S ] N IIIIIII IIIIII
gz B LI 110y s
Jet #3 . P © ]
<« <

Cc

=
[ &=

4.-&
—t

(Inl<1.0, PT>0.5 GeVic)

/ Charged Particles
‘a‘ﬁm’sm” Jet 0.1 T } } } T T T T
I A 0 30 60 90 120 150 180 210 240 270 300 330 360

Min-Bias Ab (degrees) Leading Jet
0.25 per unit n-¢

% 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.

TeV4LHC Fermilab Rick Field - Florida/CDF Page 15
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Refer to this as a
“Leading Jet” event

Charged Particle Density: dNIdnd¢||

199

“Toward” E CDF Pm“m"‘ary o Back-to-Back w < EI'I'(M)«'MDW
data uneorreeted e Leading Jet =
“Transverse = Min-Bias

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

t #1 Direction

“Toward”

Charged Particles
“Transverse” (Inl<1.0, PT>0.5 GeV/c) t

0 30 60 90 120 15 180 210 20 M WD T BE
A¢ (degrees)
Jet #2 Direction
®» 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.

TeV4LHC Fermilab Rick Field - Florida/CDF Page 16
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“Toward”

“Transverse” “Transverse”

“Back-to-Back”

Jet #1 Direction

“Toward”

"AVE Transverse" PTsum Density: dPT/dnd¢

“Transverse” “Transverse”

Jet #2 Direction

Qg , CDF Preliminary inary Leading Jet| B }
3 v data uncorrected s\
=10 | theory + CDFSIM p “!!“ """"
: szt
o B I _ T\ ____________
£ 0.8 If 2
: it s 13
£ os - Lt R O s st s byt 0t
B 0.4 ¥ > e
@ 7 A > fegpmeranerannranns
02— HW el A
3 7.90 Charged Particles 1.0, PT>0.5 GeV/c)

o-o Il Il Il Il

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.

TeV4LHC Fermilab
September 16, 2004

Rick Field - Florida/CDF
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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.

TeV4LHC Fermilab
September 16, 2004

Rick Field - Florida/CDF
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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.

TeV4LHC Fermilab
September 16, 2004
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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!
‘Charged PTsum Density: dPT/dnd¢ ‘Charged I 8 T(‘l )
100.0 100.0 5 g
— 3 | o Back-to-Back Charged Particles : — 1 | o Back-to-Back Charged .
° ] 30 < ET(jet#1) < 70 GeV ack-to-Bac < ET(jet#1) <70 GeV
s 1 |+ PY Tune A (Inl<1.0, PT>0.5 GeVic) G ) ‘;" « HERWIG (Inl<1.0, PT. G )
] , w & =
-‘E 10.0 - oy rx 2 100+ My | S EE
e ] L3 x 2 B x x
@ ] ¥ L X x ® X x X =
a ] L 8 x o X L3
£ ] It III !I !I e II II i ¥ ¥
a 7 T T L3 = 3 L L} i I1|:
B 104 @y B 104 Y
3 RS 3 -
g 1 CDF Preliminary “Transverse” Jet# g Joscere CDF Preliminary 2000000 %0000 Jotit] *%eeee,®,
£ | data uncorrected Region £ data uncorrected
© theory + CDFSIM © theory + CDFSIM
0.1 : : : : : : : : : : 1 0.1 : : 1 1 1 1 1 1 ‘ | |
0 30 60 90 120 150 180 210 240 270 300 330 360 0 30 60 90 120 150 180 210 240 270 300 330 360

A (degrees)

Data - Theory: Charged PTsum Density dPT/dnd¢|

Data - Theory: Charged PTsum Density dPT/dnd¢

2 2
CDF Preliminary Back-to-Back CDF Preliminary 30 < ET(iet#1) <70 GeV
data uncorrected 30 <ET(jet#1) <70 GeV data uncorrected Back-to-Back
T 11 theory+cDFsiM | PYTHIATuneA || T 41 theory+CDFSIM HERWIG
3 3
e e {
> > |sswswmaatty ]l TTﬂﬂﬁﬁgﬁﬁmmﬁﬁgzﬁiﬁﬂﬂ 1 [t gresren
g g ° VI % I
= K-
(= [= -
s s J J :
a 8Vt HgE e "Transverse” ~ 7o
Charged Particl Region Jeti Charged Particle: Region Jet#1
(Inl<1.0, PT>0.5 GeMfc) 1 (Inl<1.0, PT>0.5 GeV/c) 1
-2 | 1 1 1 1 1 1 1 , | | -2 1 | ‘ | | | | | ! | |
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‘Data - Theory: Charged PTsum Density dPT/dnd¢ ‘Data - Theory: Charged PTsum Density dPT/dnd¢
2 2
CDF Preliminary Bao:k-to-Back CDF Preliminary 30 <ET(jet#1) <70 GeV
data uncorrected 30 < ET(jet#1) <70 GeV data uncorrected Back-to-Back
T 1| theory+cDFsm | PYTHIATuneA || | T 1 theory +CDFSIM HERWIG 11 7777777777
3 3
e e {
. ) T |
9 0 - 9 0 T, T H H
2 z |
f f |
- L i i "Transverse” ~ T T T T 777 a1 "Transverse"
Charged Particl Region Jet#1 d Particles Region Jet#1
(Inl<1.0, PT>0.5 GeMfc) %1.0, PT>0.5 Ge
2 | | | | | | | 1 / 1 1 1 1 | | | , | |
0 30 60 90 120 150 180 210 240 270 300 330 0 30 60 90 120 150 180 210 240 270 300 330 360
A¢ (degrees) A¢ (degrees)
X ‘Data - Theory: Charged PTsum Density dPT/dnd¢
308 MeV in dPT/dnd¢ + 0.2 GeVic 2 30 < ET(jet#1) < 70 GeV
= ' imi
1845 L5 TG CDdlztaF:ll;\?:!JIr?:clt:dary Back-to-Back
= theory+CcDFsiM __ HERWIG +0.2GeV/ic =
\
e
. 2
®» Add 0.2 GeV/c per unit -6 to HERWIG |§ °
. =
scalar PTsum density, dPTsum/dnd¢. P
S A+~ rraRsvere -~~~
Charged Particles Region Jet#1
. (Inl<1.0, PT>0.5 GeVc)
® This corresponds to 0.2 x 4 = 2.5 GeV/c G lmeFveseeds 0t
in the entire range p > 0.5 GCV/C, |n| <1. 0 30 60 90 120 150 180 210 240 270 300 330 360
A¢ (degrees)
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“Leading Jet”

"Transverse" Charged PTmax

3.0
“Toward” ..
CDF Run 2 Preliminary 1.96 TeV
rreamae” 2.5 data uncorrected - J
PTmaxT 20 T T LY}
)

-
a
I

saastt

Jet #1 Directi Ly ¥]
et irection Igngﬁﬁﬁﬁﬁﬁﬁiﬁﬁﬁﬁiiiiiﬁﬁﬁﬁgﬁﬁﬁﬁii §§§E§§§

“Back-to-Back”

1

"Transverse" PTmax (GeV/c

“Toward” 05 1+ Min-Bias
“TransMAX” “TransMIN” ﬁ
1 Y 0 50 100 150 200 250
ET(jet#1) (GeV)
Jet #2 Direction Min-Bias

® 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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LY,
T

> | 1
“Associated” densities do

Highest p.

chareed particle! - - not include PTmax!
gecp Charged Particle Density: dNIdT]d(p‘I7
NPTmax Direction 0.5
. A
CDF Preliminary
204 + data uncorrected Associated Dé/fsity
g PTmax not included
[}
[a]
o 0.3
o
=
e
< 0.2 -
(7]
o
pe
Correlations in ¢ o 01 ”***”””””””””””;_} *********** Charged Particles |
in-Bi ax arge articles
Min-Bias f Inl<1.0, PT>0.5 GeVic)
0.0 ; ; ; ; ; : ; ; ; ; ;
0 30 60 90 120 150 180 210 240§ 270 300 330 360
Ad (degrees)

® Use the maximum p, charged particle in the event, PTmax, to defin
look at the the “associated” density, dNchg/dnd¢, in “min-bias” colli
GeV/e,|In| <1).

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

a direction and
ons (py > 0.5

ticle 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. Also shown is the average charged

particle density, dNchg/dnd¢, for “min-bias” events.

TeV4LHC Fermilab Rick Field - Florida/CDF
September 16, 2004
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Rapid rise in the particle
density in the “transverse”
 region as PTmax increases!

PTmax Direction

= PTmax > 2.0 GeV/c
o PTmax > 1.0 GeV/c
0.8 +/, PTmax>0.5GeVlc|  #—

Transverse
Region

“Toward”

“Transverse” “Transverse”

sociateY Partigle Density

A

Min-Bi4

PTmax not included

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

Ave Min-].Sias PTmax > 0.5 GeV/c
0.25 per unit n-¢

°
=)

o

% 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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“Transverse”

“Transverse”

PTmax > 0.5 GeV/c

Associated Particle Density: dNLd/

Associated Pamgicle De

Transverse
Region

S
0. Wﬂ

0.0 1 1 1 1 \

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

[~ 1 PTmax>0.5GeVic|

¢ PY Tune A ..'.ﬁﬁ{

PThax
PTmax not included r (Inl<1.0, PT>0.5 GeV/c)
| |

,,,,,,,,,, data uncorrected -
° theory + CDFSIM

L]
{ﬁ{ . PY Tune A 1.96 TeV _o**°

l
Transverse

{{Hﬁﬁ Region Eﬂﬁﬁ{ﬁ

0 30 60 90 120 150

Ao (degrees)

T T T T T T

180 210 240 270 300 330 360

% 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”).

TeV4LHC Fermilab
September 16, 2004

Rick Field - Florida/CDF
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“Transverse”

PTmax > 2.0 GeV/c

PTmax Direction .

“Transverse”

PTmax > 0.5 GeV/c

L
Associated PTsum Density: dPy//,faél

o PTmax > 2.0 GeV/c

e PY Tune A

o T L
r7T‘KX!xzxxxxxxxxxxxxxxxxxxxxxxn’xﬂ” "
®%%0ceccscccccccece®

PTmax not included

¢ PY Tune A °
e PTmax > 0.5 GeV/c

/ CDF Preliminary

data uncorrected
theory + CDFSIM

PY Tune A 1.96 TeV o**"
- - - -~ Transverse - — - - — -

ﬁiﬁi Region E}:EH{EEEE}}

Iyy
i xmzxxxxxxxxxxxxxxxxxxxxxﬂ““"”
®%000cccccssccccceee®®

(Inl<1.0, PT>0.5 GeVi/c)
| | |
T

30 60 90 150

180 210
Ad (degrees)

240 270 300 330 360

TeV4LHC Fermilab
September 16, 2004

Rick Field - Florida/CDF

% 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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Maximum p, particle in
the “transverse” region! Jet #1 Direction

PTmaxT
Direction

“Associated” densities do
not include PTmaxT!

~X

PTmaxT Jet#l
Direction Region

“Toward”

“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!

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
not include PTmaxT!

10.
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(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

....... o,
30 < ET(jet#1) < 70 GeV g,

Y'Ts

Region

&socia
o

—

90 120 150 180 210 240 270 300 330 360
Log Scale! A (degrees)

o 4
w
o
[=2]
o

% 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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“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
2

N

| Min-Bias

8

0
.

o

CDF Preliminary/

data uncorrected

P
/ PEmAstT PR mRBR ieldagy ?

0.1 I I 1 I I ¥ I 1 1 I

e 0 30 60 90 120 150 180 210 i \1K300 330 360

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

“Min-Bias”
“Associated” Density | PTmax Direction

N

Region . Region

8

0
.

o

Correlations in ¢

-

Log Scale!

“transverse” region!
A \‘Qd PTsum Density: dPT/dnd¢

~ 10.0 - 1 30 < ET(jet#1) < 70 GeV |
© ] . Charged Particles
'3\ %, \(nl<1.0, PT>0.5 GeVic)
o .
> \ z
£ T
@ ]
@
-]
§ 1.0
[aid
o
° 4
8 -
s 1 = PTmaxT > 2.0 GeV/c
=" ||« PTmax > 2.0 GeV/c CDF Preliminary
PTmaxT, PTmax not included data uncorrected

30 60 90 120 150 180 210 i \Qoo 330 360
Ad (degrees)

“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.

TeV4LHC Fermilab
September 16, 2004
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QCD Four Jet Topology chargeg Particle Density: dN/dndo

358,
ssssss

CDF Preliminary B ..‘rl“‘\\"\*ﬂ . 30 <ET(jet#1) < 70 GeV
e L e eee . ¥
data uncorrected =~ - Ll ~_» , Back-to-Back
Jet #1 e . N
" Lo XA K
Y e .~ o
Jus/U/ // N N \iﬁs
w 7 . AN \®
T £ / N \®

: e // // o RAYY \ ™

Jet #3 : Jet #4 b A "
e 252 " /1 T o
—b L S | R
Irection Region @=als |

Jet #2 R

Associated Density

Charged Particles .~ 4. W\ PTmaxT >2 GeVic
LI B, (not included)

olar Plot (Inl<1.0, PT>0.5 GeVic) ™ "'\, MR

% 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)

Underlying EXElt "'I"‘ﬂ' : »A‘___/

lll.l..... EHdel‘l}’ing EVeIlt

Proton

—>

AntiProton

“"""evau g Initial-State
. Radiation
“‘ Final-State
"‘Radiation
Outgoing Parton ‘\‘
°

<

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.
TeV4LHC Fermilab

Rick Field - Florida/CDF
September 16, 2004
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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.
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HERWIG (without multiple parton
interactions) too few “associated”
particles in the direction of PTmaxT!

‘Associated Particle Density: dN/dnd¢ Associated Particle f/dnd(j)l
10.0 - 10.0
]CDF Preliminary  Charged Particles Back-to-Back ]CDF Preliminary  Charged f Back-to-Back
2 data uncorrected (Inl<1.0, PT>0.5 GeVic) 30 < ET(jet#1) < 70 GeV 2 data uncorrected (Inl<1.0, PT> 30 < ET(jet#1) < 70 GeV
2 theory + CDFSIM PTmaxT not included 4 theory + CDFSIM PTmaxT not,
a a
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Data - Theory: Associ{ . . ( p Data - Theory: Associated Particle Density dN/dnd¢$
1.0 parton interactions) too few particles
L. . . . . - Back-to-Back
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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¢

Charged Particles
S (n[<1.0, PT>0.5 GoVlo) Sy
® PTmaxT not included g

T [}
1 I L]
s (3

PTmaxT > 0.5 GeV/c

T0.0

10.0 -

I@ﬂm?%‘ (Inl<1.0, PT>0.5
PTmaxT not in

T

10 f---=FB--A\\------ & -~ F - -

* PY Tune A 30 <ET(jet#1) <70 Ge;\‘;%‘ilil

1 CDF Preliminary
data uncorrected PTmaxT "Jetfﬂ "
theory + CDFSIM Region

0.1 f f f f f i f f f f f f
0 30 60 90 120 150 180 210 240 270 300 330 36 0 30 60 90 120 150 180 210 240 270 300 330 360
A¢ (degrees) A¢ (degrees)

1.0 4+ --—- B % ___ |/ 5 S

e PTmaxT > 0.5 GeV/c i o000 cevee®s Back-to-Back .gf%%z]
B, [+ HERWIG ‘ 30 < ET(jet#1) < 70 GeV'es .-
|e CDF Preliminary PTmaxT " et ° e

data uncorrected .
Region
theory + CDFSIM 9
| |
T T

Associated PTsum Density (GeV/c)

o

)

-

3

Q

x

J

v

o

3.}

[

)

<

(1)
{
[ve]

I

o

il

=

e

[ve]

Q

o

=

o
o
Associated PTsum Density (GeV/c)
3=

Data - Theory: Associated And HER.WIG (v.wthout L ultlp le ‘Data - Theory: Associated PTsum Density dPT/dnd¢
2 parton interactions) does not T
CDF Preliminary Charged produce enough PTsum in the  [DF Preliminary Charged Particles ' _ E:", ;#"1') j‘;o eV

data uncorrected (Inl<1.0, PT . . . ' data uncorrected (Inl<1.0, PT>0.5 GeVic)
14 theory + CDFSIM PTmaxT no dlrectlon 0pp0§lte Of PTmaXT. theory + CDFSIM PTmaxT not included

|

0 mﬁiﬁrﬁ@ﬂhﬂﬂm ﬁﬁx@éﬁﬁﬁmﬁﬂiﬁ%{ TH h ﬂgﬁ%ﬂ%ﬁ
i T

Data - Theory (GeV/c)
Data - Theory (Ge|

PTmaxT "Jet#1" HERWIG PTmaxT "Jet#1"

Region Region
-2 f f f f f + f f | | | -2 f f f f f ¥ f f f f f
0 30 60 90 120 150 180 210 240 270 300 330 360 0 30 60 90 120 150 180 210 240 270 300 330 360

A¢ (degrees) A¢ (degrees)

TeV4LHC Fermilab Rick Field - Florida/CDF Page 36
September 16, 2004



PYTHIA and HERWIG produce
slightly too many “associated”
particles in the direction of PTmaxT!

September 16, 2004

‘Associated Particle Density: dN/dnd¢ ‘Associated Particle D
CDF Preliminary  Charged Particles Back-to-Bac | CDF Preliminary  Charged Parti Back-to-Back
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For PTmaxT > 2.0 GeV both
PYTHIA and HERWIG produce
slightly too many “associated”
particles in the direction of PTmaxT!
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data uncorrected
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Associated Particle Density
N
=)
L]

|| @ PTmaxT > 2.0 GeV/c
* PY Tune A

iminary
rrected
DFSIM

Next Step
Look at the jet topologies
(2 jet vs 3 jet vs 4 jet etc).
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But 4 jet events due to multiple
Data - Theory: Assoc| par; t . t t' ' \‘O\Density dN/dnd¢
1.6 -
coF Pretiminary [N parton iteractons. Backcto-Back
data uncorrected /‘l‘l"] HERWIG 30 <ET(jet#1) < 70 GeV
0.8 - theory + COFSM @ <— ________ _ _ {
b i K
g i
F 0.0 g ﬁr I\ ) ;fo it ﬁHA L L Eﬁﬁg
o P f 1 [ IiH e I M3
£ 7 E il 7
o
0.8 + Sy e\ - —e=—————— DR — — — — — — — R
(|nf<h1 .o? Pf'r:’o.lrst GIeVIc) PTrmaxT ;:::n .o? Pfil'>0.l:’)thleVIc) PTmaxT ;:::n
16 PTm‘axT > 2".0 GeV(c (not ‘includ(‘ed) PT ‘axT > 27.0 GeV(c (not ‘include‘d)
0 30 60 90 120 150 180 210 240 270 300 360 0 30 60 90 120 150 180 210 240 270 300 330 360
Ad (degrees) A¢ (degrees)
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PYTHIA and HERWIG produce
slightly too much “associated”
PTsum in the direction of PTmaxT!

PTmaxT >2 GeV/e Fsociated PTsum Density: dPT/dnd¢ ‘Associated PTsum De
T0.0 K
< \: Charged Particles —1 < 3 . Charged P| . o
S (Inl<1.0, PT>0.5 GeV/c) S . < 5 (Inl<1.0, PT> M A
é PTmaxT not included é 1 .f . % PTmaxT not i CE
2 2 z g g .
i 2 , % s 5 ¥ s %
a : gSTT002 : o a f’s s E. .
% 1.0; ******* = '.-'- -' ************ .***: % 10; ; ********** ".". -' *********** — — —
Y FE e [o PTmaxT > 2.0 GeVic Back-to-Back a < *'| o PTmaxT >2.0 GeVic * Back-to-Back * °..”,
H 1 * PY Tune A 30 < ET(jet#1) < 70 GeV H *e e |» HERWIG 30 < ET(jet#1) <70 GeV °
s 1 imi s i |
5 CDF Preliminary PTmaxT ottt 5 CDF Preliminary PTmaxT ot
* data uncorrected e data uncorrected e
< theory + CDFSIM Region L~ theory + CDFSIM Region
0.1 | | | | | ‘ 1 1 1 | | 0.1 | | | | | ‘ | | | | |
0 30 60 90 120 150 180 210 240 270 30Q / 0 30 60 90 120 150 180 210 240 270 300 330 360

Ad (degrees)

But HERWIG (without multiple

Data - Theory: Assoc| parton interactions) produces ‘Data - Theory: Associated Particle Density dN/dnd¢
20 too few particles in the 2 .
CDF Preliminary di 0 g fPT T CDF Preliminary I Back-to-Back
data uncorrected irection OPPOSIte 0 maxi.: data uncorrected HERWIG 30 < ET(jet#1) < 70 GeV
1.0 + theory + CDFSIM 14 - theory+CDFSIM | _____________ { ,,,,,
° e 3 3 E 1 L)
I'GE, g ,}%Izﬁ‘ t I [ t Eﬂi ¢ ¢ 3 # I L inil E %ﬁﬁi}
. T 0 T J T e 1| Lﬁ *
E o pd
(=] (=]
.0 ¢ Charged Particles PTmaxT " = A 7(72l;a; d Particki 77777777 F:Timiai.r 7777777 " - 7.7 } 77777777
(Inl<1.0, PT>0.5 GeVic) X et (Inl<1.0,/PF>0.5 GeVic) i Rogior
PTmaxT > 2.0 GeV/c (not included) . PTmaxT >2.0 GeV/c (not included) &
2.0 | | | | | ! | | 1 1 1 2 1 f 1 1 1 | | | | | |
0 30 60 90 120 150 180 210 240 270 300 330 360 0 30 60 90 120 150 180 210 240 270 300 330 360
Ad (degrees) A¢ (degrees)
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®» We would like to have a
“universal” tune of PYTHIA!

® | working on a “universal” PYTHIA Run 2 tune!

Proton

QCD Hard Scattering
Direct Photon Production
Z-Boson Production
Heavy Flavor Production

Must specify the PDF!
Must specify MPI parameters!

Must specify Q2 scale!
Must specify intrinsic kT!

TeV4LHC Fermilab Rick Field - Florida/CDF
September 16, 2004

Underlying Event

Outgoing Parton

AntiProton

Upderlying Event
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I I

ew CDE"
Refeto this a a / _rl') _lr_l Dt D _l’_l ' . Refer to this as a

“Leading Jet” event “Leading Photon” event
NJ et #1 Direction

“Toward”

Refer to this as a
“Z-boson” event

Photon #1
Direction Direction

“Toward” “Toward”

13 2 [13 ”»
Transverse Transverse “Transverse” “Transverse” “Transverse” “Transverse”

“Away”

% Study the A¢ distribution of the charged particle density, dNchg/dnd¢, and the charged
scalar p; sum density, dPTsum/dnd¢, for charged particles in the region p; > 0.5 GeV/c,
In| <1) in “leading jet” events.and “leading photon” events! and “Z-boson” events!

® Study the average charged particle and PTsum density in the “toward”, “transverse”, and

“away” regions versus E (jet#1) in “leading jet” events.and “leading photon” events!
and “Z-boson” events!
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ST T
PY Tune A

RDF Preliminar
PYTHIA Tune A

O Leading Jet
= Leading Photon

el
Lo
______
s

Charged Paliticle Densfty

Charged Particles "Transverse"
(In|<1.0, PT>0.5 GeV/c) Region
| | | | | |
T T T T T

Jet#1
Photon
Z-boson

4

Ad (degrees)

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

% Shows the A¢ dependence of the density, dNchg/dndd, for charged particles in the range
pr > 0.5 GeV/c and [n| <1 relative to jet#1 (rotated to 270°) for E(jet#1) > 30 GeV for

»

»

“Leading Jet” events from PYTHIA Tune A.

Shows the A dependence of the density, dNchg/dndd, for charged particles in the range
pr> 0.5 GeV/c and |n| <1 relative to pho#1 (rotated to 270°) for Py(pho#1) > 30 GeV

for “Leading Photon” events from PYTHIA Tune A.

Shows the A dependence of the density, dNchg/dndd, for charged particles in the range
pr > 0.5 GeV/c and |n| <1 relative to the Z (rotated to 270°) for Py(Z) > 30 GeV for “Z-

boson” events from PYTHIA Tune A.
TeV4LHC Fermilab Rick Field - Florida/CDF
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Proton

% PYTHIA Tune A agrees well with the density, dNchg/dnd¢, for charged
particles and the scalar PTsum density, dPTsum/dnd¢, for the region p, > 0.5
GeV/c and [n| <1 in the “toward” and “transverse” regions for both direct
photon and Z-boson events at 1.96 TeV.

% However, I probably should increase the intrensic K. PYTHIA Tune A uses
the default value.

% In addition to specifying the PDF and the MPI parameters, one must specify
the Q? scale for each process. For Tune A Q? =4p,? for QCD jets and direct
photons and Q? = M_?2 for Z-boson production.
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Proton Ar AntiProton Proton

derlying Event Underlying Eyent
Initial-State
Radiation

% PYTHIA Tune A agrees well with o0 Charged Particle Density: dN/dnd¢
particles and the scalar PTsum der ?RDPFYTPHﬁ'TiminAary OLeading Jet m
o 1 une A 0 = Leading Photon
GeV/c and [n| <1 in the “toward” S |- Zboson

photon and Z-boson events at 1.9¢

% However, I probably should incre
the default value.

Charged Particle Density
—
=)
|

Photon

"Transverse" Z-boson

®» In addition to specifying the PDF v A

2
theQ scale for eaCh process. For 0 30 60 9 120 150 180 210 240 270 300 330 360

phOtOﬂS and Q2 = M22 f% A (degrees)

The data looks like

PYTHIA Tune A!
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1.8 Te
PYTHIA 6.206 Set A

CTEQSL [nI<1.0 PT>0 GeV

i
(5]
I

CTEQSL [nl<1.0 PT>0 GeV

o
=)

Transverse" Charged Density
o
|
|
|
|
|
|
I
I
I
I
|
b
Transverse" PTsum Density (GeV)
=Y
3]

o

5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 35 40 45 50

PT(charged jet#1) (GeV/c) PT(charged jgf#1) (GeV/c)

® Shows the average “transverse” charge particle\and PT,_ density/n|<1, P;>0) versus
P(charged jet#1) predicted by HERWIG 6.4 (P Yhard) > 3 GeV/£, CTEQSL). and PYTHIA
Tune A (Py(hard) >0, CTEQSL) at 1.8 TeV and 1} TeV.

® At 14 TeV tuned PYTHIA Tune A predicts roughly 2.3 chargfd particles per unit n-¢ (Py > 0)

in the “transverse” region (14 charged particles per unit hich is larger than the HERWIG
prediction.

% At 14 TeV tuned PYTHIA Tune A predicts roughly 2 GeV/c charged PT,  per unit n-¢ (Py
> 0) in the “transverse” region at P (chgjet#1) = 40 GeV/c which is a factor of 2 larger than
at 1.8 TeV and much larger than the HERWIG prediction.
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_________
- =

1.5 //' _________________ —_———

1.8 Tev 9 1.0 | . - —
Sollly/ NN 8TV — — — 1.8Tev
E 05 L PYTHIA 6.206 Set A s+ 22X
| | | | |
T T T T T

CTEQSL In[<1.0 PT>0 GeV [n]<1.0 PT>0 GeV
| | |
T T T

erse" Charg

rans

0 5 10 15 20 25 30 35 40 45 50 35 40 45 50

PT(charged jet#1) (GeV/c)

® Shows the average “transverse” charge particle and PT, density ¢n|<1, P;>0) versus
P (charged jet#1) predicted by HERWIG 6.4 (Pp(hard) > 3 GeV/gf CTEQSL). and PYTHIA
Tune A (Py(hard) >0, CTEQSL) at 1.8 TeV and 14 TeV. Also giown is the 14 TeV
prediction of PYTHIA 6.206 with the default value € = 0.16.

® PYTHIA Tune A predicts roughly 2.3 charged particles perfinit n-¢ (P > 0) in the
“transverse” region (14 charged particles per unit ) whicli is larger than the
HERWIG prediction and much less than the PYTHIA default prediction.
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‘"Transverse" Charged Particle Density: dN/dnd¢$ ‘“Transverse" Charged PTsum Density: dPTsum/dnd¢

PYTHIA 6.206 Set A
2.5+ I'\
\

"Transverse" Charged Density

CTEQ5L

CTEQS5L 14 TeV |n|<1.0 PT>0 GeV

0 10 20 30 40 50 60 70 80 90 100 0 10 20 90 100

PT(charged jet#1) (GeV/c)

Prsus
d a

Shows the average “transverse” charge particle and PT
P(charged jet#1) predicted by HERWIG 6.4 (P (hary
PYTHIA Tune A (Py(hard) > 0, CTEQSL) at 1.8 J&

>3 GeV/e, CTEQSL). a
and 14 TeV.

PYTHIA Tune A predicts roughly 2.5 GeV/cHer unit n-¢ (Pp >
0) from charged particles in the “transverse” region for
P (chgjet#1) = 100 GeV/c. Note, however, that the “transverse”
charged PT,, density increases as Py(chgjet#1) increases.

3.8 GeV/c (charged)
in cone of
radius R=0.7
at 14 TeV
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Charged Particle Density: dN/dnd)

® Pythia 6.206 Set A
12 - M CDFData @ [~--~--~-"~"~""~"-"~-—~—~————-— /-~
O UAS5Data
Fit 2

10+-| ===Fit1 = - g ]

Charged density dN/dnd¢

10 100 1,000 10,000 1

Pseudo-Rapidify n

CM Energy W (GeV) I

Shows the center-of-mass egergy dependence of the charged particle density, dN,,/dnd¢,
for “Min-Bias” collisions cognpared with PYTHIA Tune A with Py(hard) > 0.

PYTHIA was tuned to fit the{“underlying event” in hard-scattering processes at 1.8 TeV
and 630 GeV.

PYTHIA Tune A predicts a 42% rise in dN;,,/dnd¢ at 1 = 0 in going from the Tevatron (1.8
TeV) to the LHC (14 TeV).
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Charged Particle Density

1.0E+00 70

Pythia 6.206 Set A

1.0E-01 {
1.0E-02 {
1.0E-03 1

1.0E-04 1

Charged Density dN/dnd¢dPT (1/GeV/c)

1.0E-05 1

1.0E-06 -

T(charged) (GeVic)

12% of “Min-Bias”

have P (hard) > 10 GeV/c!

Hard-Scattering in Min-Bias Eventsl

events

Pythia 6.206 Set A

% of Events
S
X

10%

0%

40% -

30% A

100

—8—PT(hard) > 5 GeV/c
—#—PT(hard) > 10 GeV/c

10,000

00
CM Energy W (GeV) \ \

1,000

»

1% of “Min-Bias” events
have P (hard) > 10 GeV/c!

LHC?

Shows the center-of-mass energy
dependence of the charged particle density,
dNp,/dndodPry, for “Min-Bias” collisions
compared with PYTHIA Tune A with
P(hard) > 0.

® PYTHIA Tune A predicts that 1% of all “Min-Bias” events at 1.8 TeV are a result of a
hard 2-to-2 parton-parton scattering with P (hard) > 10 GeV/c which increases to 129% at

14 TeV!

TeV4LHC Fermilab
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Outgoing Parton

PT(hard)

Initial-State Radiation
Proton = AntiProton Tevatron =—p . HC
Underlying Event = /1 i derlying Event

Final-State
Radiation

Outgoing Parton

PYTHIA Tune A predict a 40-45% rise in dN;,,/dnd¢ at 1 = 0 in going from the
Tevatron (1.8 TeV) to the LHC (14 TeV). 4 charged particles per unit n at the Tevatron
becomes 6 per unit 1 at the LHC.

PYTHIA Tune A predicts that 1% of all “Min-Bias” events at the Tevatron (1.8 TeV)
are the result of a hard 2-to-2 parton-parton scattering with P (hard) > 10 GeV/c which
increases to 12% at LHC (14 TeV)!

For the “underlying event” in hard scattering processes the predictions of HERWIG and
PYTHIA Tune A differ greatly (factor of 2!). HERWIG predicts a smaller increase in
the activity of the “underlying event” in going from the Tevatron to the LHC.

PYTHIA Tune A predicts about a factor of two increase in the charged PT  density of
the “underlying event” in going from the Tevatron to the LHC.
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»uw

Proton

evatron ==p [ HC

Underlying Event

‘ Final-State Warnin !
owemerieyl L= "These predictions cannot be
PYTHIA Tune g from the

' .
Tevatron (1.8 Te truSted: We need to improve th
becomes 6 per unit 1 n_Modeling of the “beam-beam”
PYTHIA Tune A pre” rémnants and “multiple-parton
are the result of ; interactions”. Y

it n at the Tevatron

Twice as much
activity in the
“underlying event”

increases to 12 at LHC (14 at the LHC!
For the “underlying event” i iny sses € edicti > RWIG and
PYTHIA Tune A differ gre (fac 2. IG preb . aller increase in
the activity of the “underlying even going f the Tevatzon to the LHC.
PYTHIA Tune A predicts about a fa| /Jr of two inVreas<’in the charged PT,  density of
the “underlying event” in going from /he Tevatron to the LHC.
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