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QOutgoing Parton

The Underlying Event: PT (hard)

beam-beam remnants ita ete Kadiaon
initial-state radiation Proton /‘:", """ AntiProton
multiple-parton interactions ) Underlying Event N ‘< derlying Event

» “—fheunderlying event in a hard scattering

processisa complicated and not very well | el (=
understood object. It isan interesting
region sinceit probestheinterface between @ ) CDF
perturbative and non-perturbative physics. CDF WY SIWY G+A@

=» [t isimportant to model thisregion well Rick Fidd
since it isan unavoidable background to all QFLJ_rCones David Stuart
collider observables. VE%SII(aoI:cr:]s Rich H

=» | will report on two CDF analyses which Joey Huston \<% )
guantitatively study the underlying event A SEi /
and comparewith the QCD Monte-Carlo(2 ) _
models. Ph.D. Thesis
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WSV G Companing Datal

Wit @EDIVionte-CanieiViedels
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WYSIWYG
What you seeis
what you get.
Almost!

onte-Carlqg

) /\
L V
“clean” L ook only at the char ged Make

region particles measured by efficieljcy
theCTC. corrections

el ect

Zeroor onevertex

lz-z,| <2cm, [CTC dg|<1cm ®» RequireP; >05GeV, |n|<1
RequireP; > 0.5 GeV, |n| <1 ®» Makean 8% correction for the
Assume a uniform track finding track finding efficiency
efficiency of 92%  COMPArE ¢ & Errors(statistical plus
Errorsinclude both statistical systematic) of around 5%

¥ $3 33

and correlated systematic /
uncertainties x

Uncorrected data Corrected theory
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" Charged Jet #1
Direcfi

" Away-Side” Jet

“Toward-Side” Jet

Away Region

Charged Jet #1

Direction Transverse
Region

“Transver sg” “Transverse” Toward Region

Transverse
Region

Away Region

® ook at chalged particle correlationsin the azimuthal angle A@relative to the leading char ged

particlejet.

®» Define |[Ag < 60° as“ Toward”, 60° < |Aq| < 120° as“ Transverse”, and |Aq > 120° as“ Away”.
®» All threeregions have the same size in n-@space, AnxA@ = 2x120° = 4173.

Run 2 Monte-Carlo
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herged VICIENRINCIEY,

~(Cnojerl)

Chgr_ged Jet #1 Nchg versus PT(charged jet#1)
Irection
CDF Preliminary T é
| datauncorrected "Toward” T §TT
it §§§§§§§§§§@§9939 T
et _ Eﬁﬂ%ﬁ%
§QQ§E§E§DD§E
o !!}gxx xIIII %z%EEZZEEZBZ;Z§£E£;E§ZKE§ §§£§§§§
/9/ 1.8 TeV |n|<1.0 PT>0.5 GeV

(=Y
o

[oe]
|
1

»

N

Nchg>in 1 GeV/c bin

<

l—] 25 30 35 40 45 50

Underlying Event PT(charged jet#1) (GeVic)
“plateau”

® Data on the average number of “toward” (JA@<60°), “transverse’ (60<|A@<120°), and “ away”
(|A@>120°) char ged particles (P; > 0.5 GeV, |n| < 1, including jet#1) asafunction of thetransverse
momentum of the leading char ged particlejet. Each point correspondstothe <Nchg> ina 1l GeV
bin. The solid (open) points arethe Min-Bias (JET20) data. The errorson the (uncorrected) data
include both gtatistical and correlated systematic uncertainties.
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Nchg versus PT(charged jet#1)

12 +

CDF Preliminary

10 - data uncorrected

<Nchg>in 1 GeV/c bin
o

| ncludes Jet#1l

Underlying event

“plateau”

Remember

. J! ‘ ‘ ‘ ‘ ‘ 1.8 T}eV |n|<1.}o PT>O.? Gev ‘ |n| <1P;>05GeV
0 5 10 15 20 25 30 35 40 45 50
PT(charged jet#1) (GeV/c)
Shapein Nchg
Jchth =12
<Nchg>=4.5 <Nchg>=28.2
< >

Z’ifl\lch@ =12

Run 2 Monte-Carlo
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Jchth 1.2
<Nchg>=45 <Nchg>=8.2
< >

PT(jet#1) = 20 GeV
Tﬁ\lch@ 1.2 “

| Implies1.09*3(2.4)/2=3.9

charged particles per unit n
‘Charged Particle Pseudo-Rapidity Distribution W|th PT > 05 Gev

dNchg/dn

10

8

!

6

Implies 2.3*3.9 = 9 charged

) L N3y particles per unit n

. M 1 | PR ProemAmtproton Colisiens \"w.,,,_h_u with P > 0 GeV which is
-10 -8 6 -4 2 0 2 4 6 8 10 afactor of 2 lar ger
Pseudo-Rapidity than “ soft” collisions.

Herwig "Soft" MB ~~“Isajet "Soft" MB = = MBR M CDF DATA ‘
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Charged Jet #1 : _
Direction "Transverse" Nchg versus PT(charged jet#1) Q&ajet 71.32

5 -
CDF Preliminary  _ /
4 J

datauncorrected T [ smmm=mm
-
theory corrected mmm—

a PN M}\

Pythia 6.115

Transverse" <Nchg>in 1 GeV/c bin

1.8 TeV |n|<1.0 PT>0.5 GeV

Herwia 5 0 5 10 15 20 25 30 35 40 45 50
g°. PT(charged jet#1) (GeV/c)

®» Plot showsthe” Transverse” <Nchg> versus P;(chgjet#1) compared to thethe QCD
hard scattering predictionsof Herwig 5.9, Isajet 7.32, and Pythia 6.115 (default
parameterswith Py(hard)>3 GeV/c).

®» Only charged particleswith |n| < 1and P; > 0.5 GeV areincluded and the QCD Monte-
Carlo predictions have been corrected for efficiency.

Herwig = = Isajet =—=—Pythia 6.115 ® CDF Min-Bias o CDFJETZO‘

Run 2 Monte-Carlo Rick Field - Florida/CDF Page 7
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Pythia 6.115

1

Chal’ged Jet #l n n 1
Direction Transverse" PTsum versus PT(charged jet#1)
5 y
5 CDF Preliminary
$ 4 —  datauncorrected ___[,]. o
8 theory corrected _____-—- I FTT
— - 1_-_: i i
o saumt DR RIIG
g = 11
2 _ IS
e
AN
E1
//g/ 1.8 TeV |n|<1.0 PT>0.5 GeV
J 0 | | | | | | | | | |
. 5 10 15 20 25 30 35 40 45 50
Herwig 5.{ 0
PT(charged jet#1) (GeV/c)
| Herwig = = Isajet —=—Pythia6.115 ® CDF Min-Bias 0 CDF JET20]

®» Plot showsthe” Transverse” <PTsum:> versus P;(chgjet#1) compared to thethe QCD
hard scattering predictionsof Herwig 5.9, Isajet 7.32, and Pythia 6.115 (default
parameterswith Py(hard)>3 GeV/c).

®» Only charged particleswith |n| < 1and P; > 0.5 GeV areincluded and the QCD Monte-
Carlo predictions have been corrected for efficiency.

Run 2 Monte-Carlo
Wor kshop April 20, 2001
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e Unadefying Eveni:

PIJerVsS Z-Jel

hared Jet #1 Char gaj Ja #1 Z-Boson

Direction or Direction
Z-Boson ei
Diregtion

“Toward-Side” Jet

erse”’

PT>05GeV |n|l<1

" Away-Side” Jet “ Away-Side”’ Jet

® ook at charged particle correlationsin the azimuthal angle A@relativeto the leading char ged
particlejet or the Z-boson.

®» Define |Aq < 60° as“ Toward”, 60° < |Aqg| < 120° as“ Transverse”, and |Aq > 120° as“ Away”.
® All threeregions have the same size in n-@space, AnxA@= 2x120°= 41v3.
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\7-150s0nk Charged Miultiplicit /

l
VENRSUS P=(Z)

»

“Transver s’

“Transverse”

<Nchg>

10

Nchg versus PT(Z-boson)

1

"Away"
CDF Preliminary

data uncorrected

[yl

-
i

i

PT(Z-boson) (GeV)

i I T T T
"Toward" "Transverse"
1.8 TeV |eta|<1.0 PT>0.5 GeV
10 20 30 40 50 60 70 80 90 100

Z-boson data on the aver age number of “toward” (|Ag<60°), “transverse” (60<|Ag<120°), and
“away” (|Ag>120°) charged particles (P; > 0.5 GeV, |n| < 1, excluding decay products of the Z-
boson) asafunction of the transver se momentum of the Z-boson. The errorson the (uncorrected)
data include both statistical and correlated systematic uncertainties.

Run 2 Monte-Carlo
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Charged Jet #1
or
Z-boson
Direction

“Transverse’

Z-boson

& “ Transverse’

<Nchg>

"Transverse" Nchg vs PT(charged jet#1 or Z-boson)

PYTHIA

CDF Preliminary
4 + datauncorrected
data corrected

ok

DiJet

3 T T

/L—‘TM?—%'- =7 o, e Snlieliuen
i = T B TR T

s BT °T J_ b = 1+ T+
. t 11
s X

1 1

=

. 1.8 TeV |etal<1.0 PT>0.5 GeV
0

0 5 10 15 20 25 30 35 40 45
PT(charged jet#1 or Z-boson) (GeV)
‘ Pythia Z-jet ™ ™ PythiaDiJet ® CDFZ-boson ® CDFMin-Bias O CDF JET20 ‘

50

® Comparison of the dijet and the Z-boson data on the average number of charged
particles (P; > 0.5 GeV, |n| <1) for the “transverse’ region.

®» Theplot showsthe QCD Monte-Carlo predictions of PY THIA 6.115 (default
parameterswith P (hard)>3 GeV/c) for dijet (dashed) and “Z-jet” (solid) production.

Run 2 Monte-Carlo
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Compaing Deatel

PIviente@ arJol\J

Charged Particle L ook only at both the QCD
And Calorimeter charged particles onte-Carlg
Data measured by the CTC A
A and the calorimeter data. \/ N
. QFL
" Tano-K ovacs-Huston-Bhatti detector
regieh [ smulation

v

® Calorimeter: tower threshold = 50
MeV, E,, < 1800 GeV, n,| < 0.7,
|zvix| < 60 cm, 1 and only 1 class 10,
11, or 12 vertex

®» Tracks |z-z|<5cm,|CTCd| <05
om, Py >04GeV, Inf <1 \_ "

/ \ | ® RequireP;>0.4GeV,|n|<1
compare , ® Correct for track finding
NV efficiency

L

—\

Uncorrected data Corrected theory

Run 2 Monte-Carlo
Workshop April 20, 2001
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=» Sum the P; of charged particles (or the energy}-5

»

Away Region

Cone:

Transverse T[(O'7)2:0'49T[
Region

(2]

Tano-K ovacs-Huston-Bhatti

Pt track in max and min cone

L eading
Jet Transverse

N
I

t tracks (GeV/c
pt tracks (Gev/c)
ol

' Region:
Toward Region 2(1'[73)20.661'[ 35 [
Transverse r
Region 3 -
25 -

Away Region

in two cones of radius 0.7 at thesamen asthe ;| ©
leading jet but with JAd| = 90°. i
Plot the conewith the maximum and minimurr%)'5

" e MAX Data CDF PRELIMINARY +

- — MAX Herwig+QFL
- 4 MIN Data
== MIN Herwig+QFL

—4

i

LanaliS e i AR
v++¢++ 1 +

++

ol ] 4

PTgm versusthe E; of theleading 0
(calorimeter) jet..

Run 2 Monte-Carlo Rick Field - Florida/CDF
Workshop April 20, 2001

50 100 150 200 250 300
Et of leading jet (GeV)
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Fransvers

iNransver

Field-Stuart-Haas |

Pt track in max and min cone

%45 © e MAX Data CDF PRELIMINARY +
"Transverse" PTsum versus PT(charged jet#l)l E ' - — MAX Herwig+QFL T
. — T | §4§AM|NData
3, | corpreiminan Ll S | MIN HerwigHQrL t
v theory corrected T
N ’ _ 34GeVic| ¢ + T +
'ri« Il 3 3 ﬁ g
32 ‘jij%:f' T - 1 ; ++++ 4
(,\‘D’ /"-/W 25 - =+ 'y
£ r -
g 1 f 1.8 TeV [n<1.0 PT>0.5 GeV 2.1GeV/c |4 = "+ + __*
0® | | | | | | | | | | E -
0 5 0 15 20 25 30 35 40 45 50 15 [
PT(charged jet#1) (GeV/c) ~\>
\ Herwig = = lIsajet —=—Pythia6.115 ® CDFMin-Bias 0 CDF JET20] 1 a + {
L ~ 5 - Y O ST O O T + { +
Q< P;(chgjet#1) < 50 GeV\/C> 0.4 GeVic Q— TN ATk ‘x ‘T‘— IA* £
0 50 100 150 200 250 300
®» Add max and min cone Et of leading jet (GeV)
2.1GeV/c+ 0.4 GeV/ic=25GeV/c. <o < E,(jet#1) <50 GeV/c>
®» Multiply by ratio of the areas:
Q
(2.5 GeV/c)(1.36) = 3.4 GeV/c.

Tano-K ovacs-Huston-Bhatti

®» Thetwo analyses are consistent!

Run 2 Monte-Carlo Rick Field - Florida/CDF Page 14
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Viexi/ Vi Coenes

Al 650 GeVie

Pt acin max and min cone at 630 GeV

Pt track in max and min cone

—~~ —_ 5
3 CDF PRELIMINARY S
| e MAX Dat > 0 1
%2,5 7 a a_ 845 © MAXData CDF PRELIMINAR}/
& |~ MAXHerwig+QFL —+ £ [ — MAXHerwig+QFL
& [ a MINData € 4 A MINData
= [ ... . @
2 oo MIN Herwig+QFL e %35 [ MIN Herwig+QFL
, 5 ﬁ HI'
—— 3k T & s
i—o— 25 - #_i_ +++ T -
== I T
2 - ’i + T
1 B +
15 /
05 i - +
i —iﬁ'I—: = _'__-_:; 0.5 7 Aa b g A A A g oA g KA A-‘ 4+ I ++*
L. e e e b ey = | | | | | |
10 50 60 70 80 0 50 100 150 200 250 300

Et of leading Jet (GeV) Et of leading jet (GeV)

» HERWIG+QFL dightly lower at 1,800 GeV/c [ 1

Tano-K ovacs-Huston-Bhatti
agrees at 630 GeV/c.

Run 2 Monte-Carlo Rick Field - Florida/CDF

Page 15
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Charged Jet #1 -
Direction "Transverse" Nchg versus PT(charged jet#1) J |SAJET
£ 4
< CDF Preliminary
S data uncorrected
8 3 theory corrected TE -r Initial-State
—
£ Radiation
A e Tl
% Jt Initial-State Radiation e pmm %--
2 SUSPYY.S S
o ¥ Beam-Beam Remnants i ___a='--
J{ __—’-— Outgoing Jets + \ ~
E W""‘——' 1.8 TeV |n|<1.0 PT>0.5 GeV | Final-State Radiation
Beam-Beam P0 memen 1 1 1 1 1 | | | || Outgoing Jets
Remnants 0 5 10 15 20 25 30 35 40 45 50
PT(charged jet#1) (GeV/c)

®» Plot showsthe*transverse” <Nchg> vs P;(chgjet#1) compared to the QCD hard
scattering predictionsof | SAJET 7.32 (default parameterswith P(hard)>3 GeV/c) .

®» Thepredictionsof ISAJET aredivided into three categories: charged particles that
arise from the break-up of the beam and target (beam-beam remnants), charged
particlesthat arise from initial-state radiation, and charged particlesthat result from
the outgoing jets plusfinal-state radiation.

Run 2 Monte-Carlo Rick Field - Florida/CDF Page 16
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& PYTHIIA: “Transverse”

Versus Pr(cngjier 1)

Charged Jet #1 -
Diregtion "Transverse" Nchg versus PT(charged jet#1) PYTHIA

c 4
ﬁ CDF Preliminary Pythia 6.115 Total
% data uncorrected
O3 +— theory corrected L =TT
p - - i
» g i E% %
5, | e5tigs b ietplyatyaatl ol
z | g OOl bt e
Y /-~ S I I I B e e e e o~ o R R
B e i W
/%./( = _---"--::.:. .... s o i ~I Outgoing Jets
- utgoing Jets +
E 5 - Initial & Figal-sgiate Radiation 18TeVn[<1.0 PT>0.5 Gev ™~ _p.lus
Beam-Beam o ‘ ‘ | ‘ | Initial &
Remnants 0 5 10 15 20 25 30 3 40 45 50 || Find-State
Radiation

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

®» Plot showsthe*transverse” <Nchg> vs P;(chgjet#1) compared to the QCD hard
scattering predictions of PYTHIA 6.115 (default parameter swith P;(hard)>3 GeV/c).

® Thepredictionsof PYTHIA aredivided into two categories: charged particlesthat arise
from the break-up of the beam and target (beam-beam remnants); and charged
particlesthat arise from the outgoing jet plusinitial and final-state radiation (hard
scattering component).

Run 2 Monte-Carlo Rick Field - Florida/CDF Page 17
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~”
Ay - s
S alfafScattefinefCompenent:
r r‘r“ \ 3 1 -,’-,’-’ . 1'-‘: | =
“Tiransyverse” NCng VS PL(CNGJEwl) ¢ e
Charged Jet #1 "Transverse" Nchg versus PT(charged jet#1) }SAJET
Direction =
c 3
ﬁ Outgoing Jets + I ____-/
> Initial & Final-State Radiation 'SaJet ___-_-' PYTHIA
8 theory corrected .‘.::‘:»._"—- | =
£ 2] " e /
“Transverse’ 4 “Transverse’ 2 ,—’—
[S] - —
7 i .
g - Herwigﬁ HERWIG
3 T 1.8 TeV [n|<1.0 PT>0.5 GeV
|_
0 : : : : : : : : |
0 5 10 15 20 25 30 35 40 45 50
PT(charged jet#1) (GeV/c)

® QCD hard scattering predictions of HERWIG 5.9, |SAJET 7.32, and PYTHIA 6.115.

®» Plot showsthedijet “transverse” <Nchg> vs P;(chgjet#1) arising from the outgoing jets
plusinitial and finial-state radiation (hard scattering component).

®» HERWIG and PYTHIA modify the leading-log pictureto include“ color coherence
effects’ which leadsto “angle ordering” within the parton shower. Angle ordering
producesless high P; radiation within a parton shower.

Run 2 Monte-Carlo Rick Field - Florida/CDF Page 18
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Proton

Underlying Event

Multiple Parton I nteractions /outgoing Parton

/

PYARSAT VU RIEPar

1 o

ATEraCIonS

Lo

~

PT (hard)

ﬂ"\( Upderlying Event

Pythia uses multiple parton

inter actionsto enhace

"'» .
/-\ AntiProton .
\:,;,:,h'i" the underlying event.

and new
HERWIG!

\_/
Parameter | Value/ Description
M STP(8L}"** Parﬁ’v M ultiple-Parton Scattering off
1 Multiple-Parton Scattering on
M STP(82) 1 Multipleinteractions assuming the same probability, with
an abrupt cut-off P.min=PARP(81)
3 Multipleinteractions 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)
4 Multipleinteractions 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

P,,=PARP(82)

Run 2 Monte-Carlo

Workshop April

20, 2001

Rick Field - Florida/CDF

Multiple parton

interaction more

likely in ahard
(central) collision!

Hard Core
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YA

seZ. ViUITIplEEarteninteaciions

PYTHIA default parameters "Transverse" Nchg versus PT(charged jet#1)
Par ameter 6.115 | 6.125 || 55
S CDF Preliminary 6.115
Q4 +— data uncorrected T .
M STP(81) 1 1 8 theory corrected /
/E\ 3 T T T
MSTP(82) 1 1 % N Y N 5
g2 :
PARP(81) 14 1.9 &
S 1 L4~ S
GeVic GeVic g ﬁ_-:7’- 1.8 TeV m'&\”&% GeV
© o
PARP(82) 1.55 2.1 =0 1 1 1 1 1 1 1 1 1
GeVic | Gev/c /, o 15 20 25 30 3 40 [45 750
: — PT(charged jet#1) (GeV/c) :
No multiple K |—=—Pythia 6.115 =—=0—Pythia6.125= = PythiaNoMS ® CDFMin-Bias o0 CDF JET20]

scattering

® Plot shows“ Transverse’” <Nchg> versus PT(chgjet#1) compared to the QCD hard
scattering predictions of PYTHIA with Py(hard) > 3 GeV.
®» PYTHIA 6.115: GRV94L, MSTP(82)=1, P;min=PARP(81)=1.4 GeV/c. Constant
®» PYTHIA 6.125: GRV94L, MSTP(82)=1, P;min=PARP(81)=1.9 GeV/c. Probability
® PYTHIA 6.115: GRV94L , MSTP(81)=0, no multiple parton interactions. | —carering
Run 2 Monte-Carlo Rick Field - Florida/CDF Page 20
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YA

seZ. ViUITIplEEarteninteaciions

Charged Jet #1
Direction

“Transverse’ I “Transverse”

Note: Multiple parton L —

inter actions depend
sensitively on the
PDF’s!

"Transverse" Nchg versus PT(charged jet#1)

5
< . -
3 CDF Preliminary GRV94L MSTP(82)=1
§ 4 data uncorrected PARP(81) = 1.4 GeV/c s:sgz‘-l “{Sgg(gz)\jll
8 theory corrected (81) = 0.9 Gevic
i
c
3 - S
£ T - %T
g, TEELE %ﬁfg__ﬂ gt
SV Gl
-
3 1 % CTEQ3L MSTP(82)=1 }
E?ZV PARP@E1) = L4 Gevic | 1.8 TeV [n|<1.0 PT>0.5 GeV
'_
£
0 } T T T T T
0 5 10 15 20 25 30 35 40 45 50

-

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

® Plot shows*“ Transverse’” <Nchg> versus PT(chgjet#1) compared to the QCD hard
scattering predictions of PYTHIA with P(hard) >0 GeV.
®» PYTHIA 6.115: GRV94L, MSTP(82)=1, P;min=PARP(81)=1.4 GeV/c. Constant
®» PYTHIA 6.115: CTEQ3L, MSTP(82)=1, Pymin =PARP(81)=1.4 GeV/c. Probability
® PYTHIA 6.115: CTEQ3L, MSTP(82)=1, P,min =PARP(81)=0.9 GeV/c. Scattering
Run 2 Monte-Carlo Rick Field - Florida/CDF Page 21
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YA

seZ. ViUITIplEEarteninteaciions

Charged Jet #1
Direction

"Transverse" Nchg versus PT(charged

jet#1)

c S | GRve4L MSTP(82)=3 |—
o . PARP(82) = 1.55 GeV/c
o CDF Preliminary %
2 4+ datauncorrected
o theory corrected CTEQ3L MSTP(82)=3
) = /"' PARP(82) = 1.35 GeV/c

“Transverse’ “ Transverse” = 3 TT - T
A - _ [T 1L
TR R ML

\ Bt R e T
s T AT ammmm™ - 1= J_J'J_J'
(6] -
(%]
/ 2
2 1 CTEQ3L MSTP(82)=3
. = PARP(82) = 1.55 GeV/
Note: Multiple parton g - 1.8 TeV |n|<1.0 PT>0.5 GeV
inter actions depend -0 ‘ i | | |
sensitively on the 0 5 10 15 20 25 30 35 40 45 50
PDF'dl PT(charged jet#1) (GeV/c)

® Plot shows*“ Transverse’” <Nchg> versus PT(chgjet#1) compared to the QCD hard

scattering predictions of PYTHIA with P(hard) >0 GeV.
®» PYTHIA 6.115: GRV94L, MSTP(82)=3, P;,=PARP(82)=1.55 GeV/c.
®» PYTHIA 6.115: CTEQ3L, MSTP(82)=3, P;,=PARP(82)=1.55 GeV/c.
* PYTHIA 6.115: CTEQ3L, MSTP(82)=3, P;,~PARP(82)=1.35 GeV/c.

Run 2 Monte-Carlo Rick Field - Florida/CDF
Workshop April 20, 2001

Varying
I mpact
Parameter
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YA

VitltiplePartontinteract

Charged Jet #1
Direction

Note: Multiple parton
inter actions depend
sensitively on the
PDF’ gl

“Transverse’ I “Transverse”

- 6
o _ | CDF Preliminary
> 5 7 datauncorrected
O theory corrected CTEQ3L MSTP(82)=4
v d CTEQAL MSTP(82)=4 | [ CTEQ4L MSTP(82)=4 PARP(82) = 1.55 GeVic |
£ PARP(82) = 1.55 GeV/c | | PARP(82) = 2.4 GeVic
- I Aoy Sreras—
] Tinigdiaiyzatl of ﬁ

e 2 Bi5040550 0RTah nigE T I3
)
% 1
s 1.8 TeV [n|<L.0 PT>0.5 GeV
=0 T T T T T f f f ‘

0 5 10 15 20 25 30 35 40 45 50

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

®» Plot shows*“ Transver
scattering predictions of PYTHIA with P(hard) >0 GeV.

se” <Nchg> versus PT(chgjet#1) compared to the QCD hard

Varying
®» PYTHIA 6.115: CTEQ4L, M STP(82)=4, P;;=PARP(82)=1.55 GeV/c. | mpact
®» PYTHIA 6.115: CTEQ3L, M STP(82)=4, P;=PARP(82)=1.55 GeV/c. Par«':\jmeter

Y PYTHIA 6.115: CTEQA4L, MSTP(82)=4, Pr,;=PARP(82)=2.4 GeV/c. Hard Core
Run 2 Monte-Carlo Rick Field - Florida/CDF Page 23
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Charged Jet #1
Direction

“Transverse’ I “Transverse”

pIE

Describes correctly the
rise from soft-collisions
to hard-collisiond

I/

"Transverse" Nchg versus PT(charged jet#1)
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® Plot shows*“ Transverse’” <Nchg> versus PT(chgjet#1) compared to the QCD hard

scattering predictions of PYTHIA with P-(hard) > 0 GeV.

PYTHIA 6.115: CTEQ3L, M STP(82)=3, P, ,=PARP(82)=1.35 GeV/c.
X PYTHIA 6.115: CTEQAL, MSTP(82)=4, P;,=PARP(82)=2.4 GeV/c.
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"Transverse" PTsum versus PT(charged jet#1)
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®» Plot shows“ Transverse” <PTsum> versus PT(chgjet#1) compared to the QCD hard
scattering predictions of PYTHIA with P(hard) > 0 GeV.

PYTHIA 6.115: CTEQ3L, MSTP(82)=3, P;,=PARP(82)=1.35 GeV/c. Yri?;&g
X PYTHIA 6.115: CTEQAL, MSTP(82)=4, P;,=PARP(82)=2.4 GeV/c. Par ameter
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ITheldnaeriying Event:

SUmmany & Concitsions

Outgoing Parton

PT (hard)

Initial-State ﬁdiation
Proton = Pl AntiProton

Underlying Event derlying Event

The* Underlying Event”

utgo"ng Parton

® Theunder ying adtatikgvery similar in dijet and the Z-boson production as predicted by
the QCD Monte-Carlo models.

®» Thenumber of charged particles per unit rapidity (height of the“ plateau”) is at least
twice that observed in “ soft” collisions at the same corresponding energy.

®» |SAJET (with independent fragmentation) produces too many (soft) particlesin the
underlying event with the wrong dependence on P (jet#1) or P+(Z). HERWIG and
PYTHIA modify the leading-log pictureto include * color coherence effects’ which leads
to “angleordering” within the parton shower and do a better job describing the
underlying event. HERWIG 5.9 does not have enough activity in the underlying event.

®» PYTHIA (with multiple parton interactions) doesthe best job in describing the
underlying event.

®» Combining the two CDF analyses gives a quantitative study of the underlying event from
very soft collisionsto very hard collisions.
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\ VultipleParton nteractions;

StUmmany/ & ConcitSIeNs
:: j Mti ple Parton Inter acticisK
Proton AntiProton

Hard Core
Hard Core

® Theincreased activity in the underlying event in a hard scattering over a soft collision
cannot be explained by initial-state radiation.

®» Multiple parton interactions gives a natural way of explaining the increased activity in
the underlying event in a hard scattering. A hard scatteringismore likely to occur when
the hard coresoverlap and thisis also when the probability of a multiple parton
interaction isgreatest. For a soft grazing collision the probability of a multiple parton
interaction is small. Slow!

®» PYTHIA (with varying impact parameter) describes the data very nicely! | need to
check out the new version of HERWIG.

®» Multiple parton interactions are very sensitive to the parton structure functions. You

must first decide on a particular PDF and then tune the multiple parton interactionsto
fit the data.
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