“NViin=Bias:

“Underdying EV

Outlineof Talk

®» Review what welearned at CDF in Run 1
about “min-bias’, the “underlying event’
and “initial-stateradiation”.

®» Comparethe CDF Run 1 analysiswhich used = ==,
the leading “ charged particle jet” to definethe
“underlying event” with CDF Run 2 data.

Tuned to fit the charged particle component

> Study the “ underlying evi of the “underlying event” in Run 1
defined by theleading “ calor) jet” and
compare with the “charged clejet” analysis.

Proton

o
O
R
--------
uy
e

®» Discuss PYTHIA Tune AYand extrapolations =
tothe LHC.

JetCluR =0.7
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e Uneefying Event

¥ e o o
1] Hard SCALLEr NG/ PIrOCESSES - i
Min-Bias

..__:::?-‘:T:-L J_I___.i___,:{"f:‘.".
: “Soft” Collision (no pard scattering) ~ 7
=» What happenswhen a high energy ( 9
proton and an antiproton collide? Pr otoRT Oto MRkt hion

=®» Most of the time the proton and
antiproton ooze through each other

and fall apart (i.e. no hard scattering). qny
H H H H Outgoing Parton

The outgoing particles continuein

roughly the same direction asinitial ~— Are |t

proton and antiproton. A “Min-Bias’  proton these " antiProton

collision. Underlying E ~ the

. ) B . V Wdeﬂymg Event

=» Occasionally there_ Wlll bea harql | Same? [Tl s

parton-parton collision resulting in large No!

transver se momentum outgoing partons.
Also a“Min-Bias’ collision.

=®» The“underlying event” iseverything
except the two outgoing hard scatter e = ———
“jets’. It isan unavoidable background

to many collider observables. “underlying event” has
initial-state radiation!

AntiProton

....... Bgam Remnants

Initial-State
Radiation
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Proton
—>

“Hard” Collision

ard” Component

“Soft?” Component

»

. A
e o)
4—

iniy

v v

initial-state radiation

Beam-Beam Remnants
outgoing parton

v "final—stat
The underlying event in
arise from initi
and a “ soft?” co

final-state radiation

If wearegoingtolook at ~ 4aard” component (particlesthat

“Min-Bias” collisionsas a d scattered partons)
guide to under standing the

“beam-beam remnants’

C!eafly?the“ underly then we better study qould not Io.okll|kea“ Min-
Bias’ event because carefully the ate radiation).
However, perh “Min-Bias” datal for the“ beam-beam remnant”

compopAent of the“underlyi

“ Soft ?""-.,Component “Min-Bias’ Collision
- . Color string

< /R — ~ > A ) e Hadron
......................... -

N —— S ——
color S"ﬁ%ﬁ'm:B bam Remnants Y&

1

=» The*beam-beam remnant” component is, howeve==color connected to the “ hard”

component so thiscomparison is (at best) an approximation.
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PDERUA L S ViiR=Bla
g ParticielD,

Alig

Charged Particle Pseudo-Rapidity Distribution: dN/dn

CDF Published

0 : / : : :
-4 -3 2 -1 0 1
Pseudo-Rapidity n

) | ) | ) | ) |
u ] ] ]
[=
kS 0O o
E o o O o
o
1/ mCDFMin-BiasY AV |- _______ ______________________|
O CDF Min-Bi all PT
/ 1
2 3

dN/dnde

‘Charged Particle Density: dN/dndq)I

T|acoF W/fse Gev| T
u CDF V) p 1.8 Tev all PT

CDF Published

0.0 / : : : : | |
4 2 -1 0 1 2 3 4
Pseudo-Rapidity n

<dNg/dn>=42 [F“Mn-Bl

at 630 and 1,800 GeV. Thereareabout 4.2 charged part

/

<dNg,/dnde> = 0.67

particles per unit pseudo-rapidity

collisonsat 1.8 TeV (|n| <1, all Py).

®» Convert to charged particle density, dNg/dnde, by dividing by 21
Thereareabout 0.67 charged particles per unit n-@in “Min-Bias’

collisonsat 1.8 TeV (|n| <1, all Py).

®» Thereareabout 0.25 charged particles per unit n-@in “Mipn-Biagi—

per unit nin “Min-Bias’

collisonsat 1.8 TeV (|n| <1, P> 0.5 GeV/c)™
Rick Field - Florida/CDF Page 4
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RURL - ViIREBIas:

= DEPENCENCE
Lotsof “hard” scattering

Charged Particle Deng in “Min-Bias’!

1.0E+01 5

CDF Preliminary <1

1.0E+00 5

1.0E-01 1

1.0E-02 4

HW "Soft" Min-Bias
at 630 GeV, 1 8 TeV and 14 TeV

Pseudo-Rapidity n

arged Density dN/dndedPT (1/GeV/c)

®» Shows the energy dependence of the

=]
charged particle density, dN,/dndg, fo : Hﬁ%haa
“Min-Bias’ collisions compar ed wit 6 2 4 5 8 10 12 w
HERWIG “ Soft” Min-Bias. PT (GeVic)

®» Showsthe P; dependence of thgfhar ged particle density, dNg/dnd@dPy, for “Min-Bias’
collisionsat 1.8 TeV collisig#fs compared with HERWI G “ Soft” Min-Bias.

®» HERWIG “ Soft” Min-Biasdoes not describethe“Min-Bias’ data! The“Min-Bias’ data
containsa lot of “hard” parton-parton collisonswhich resultsin many more particles at
lar ge P; than ar e produces by any “soft” model.

MC Toolsfor the LHC Rick Field - Florida/CDF Page 5
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w1 1 TN
No easy way to
“mix” HERWIG “hard”
with HERWIG “ soft”.

LOE+01 5 cTEQsL
e il Y e it Al ] é 10.00 \ <
L2y 1.0E+00 { E X
_g-l.O* **************** g i ‘% 1003 — — == **\*\*\:; **************
Qc 08 -~ Vw w4 T Ww LT é 1.0E-01 4 2 - X
% 0.6 1 E j 8 . — —PYTHIA X X ~
0.4 1 . % 1.0E—02; b1 4 : HER“MG ‘ ‘ ‘ : ‘\\ :
02 1 Eu:'-\-/;lu-us-g;f-t-:u,vl'ln BI;-S-- 18 ey a” or % i 0 2 4 6 Hard-sﬂca"ennz% \ 16 18 20
RPN S ‘ ‘ } ) S oo PYTHIA cuts off
R e 22 5 : \ —— the divergence.
_ PseudoRapidiyn — 3 1oe04. R Canrun
‘ m CDF -Bias Data Herwig Jet3 = = Herwig Min-Bias ‘ E " o ‘ e PT(hard)>0!
®» HERWIG/ hard” QCD with P;(har g8 o
GeV/c dgbcribeswell the high P; tail but o . :
producgs too many charged particles 4 6 8 10 12 14
overall. Not all of the“Min-Bias’ collisons PT (Gevie)

have a hard scattering with Pr(hard) >3 | /'HERWIG “soft”
Min-Bias does not fit

|
GeV/c! the“Min-Bias’ data!

One cannot run the HERWIG “hard” Q@D Monte-Carlo with P;(hard) < 3 GeV/c because
the perturbative 2-to-2 cross-sections diverge like 1/P;(har d)4?

MC Toolsfor the LHC
CERN July 31, 2003
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PYTHIA Min-Bias

‘Charged Particle Density: dN/dnd(pI
1.0
CDF Published
0.8 -
] ) = >
- ) " »
S 06 7 Nuunm |
°©
(=
-
Z o4
02 T
— Pythia 6.206 Set A
m CDF Min-Bias 1.8 TeV 1.8 Tevall PT
0.0 | | | | } } }
-4 -3 -2 -1 0 1 2 3 4
Pseudo-Rapidity n

PYTHIA regulatesthe perturbative 2-to-2
parton-parton cross sections with cut-off

par Lotsof “hard” scattering onetorun V\‘I‘Ith :
P~ ( in “Min-Bias’! mulate both “hard
and " sort™ colll one program.

Therelative amount o

PYTHIA Tune A
CDF Run 2 Default

Tuned tofit the
“underlying event”!
]

Charged Density dN/dnd@dPT (1/GeV/c)

C \@cle Density

1.0E+00 1

1.0E-01 1

1.0E-02 1

1.0E-03 1

1.0E-04 4

1.0E-05

=—Ppythia 6.206 Set A
O CDF Min-Bias Data

1.8 TeV |n|<1

12% of “Min-Bias’ events
have P;(hard) > 5 GeV/c!

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

CDF Preliminary

1.0E-06

I8¢

2 4 6 8 10 12 14
PT(charged) (GeV/c)

rd” versus*“soft” dependson the cut-off and can be tuned.

ThisPYTHIA fit predictsthat 12% of all “Min-Bias’ eventsarearesult of a hard 2-to-2
parton-parton scattering with Py(hard) >5 GeV/c (1% with Py(hard) > 10 GeV/c)!

MC Toolsfor the LHC Rick Field - Florida/CDF

CERN July 31, 2003
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Studyiing the Underlying Event”

NEIDE

_-mﬂj

Outgoing Parton

The Underlying Event:
beam-beam remnants
initial-state radiation Proton AntiProton
multiple-parton inter actions Underlying Event \‘—'Ja“.;,ﬁ derlying Event
- <4
=» e underlying event in a hard scattering

PT(hard)

Initial-State @diation

e

processisa complicated and not very well

Outgoing Parton

under stood object. Itisan mterestmg

region sinceit probes thepso e R“un | I_CDF
between perturbativeand — yith 1.8 Tev Evolution of
pertur bative physics. o )| Charged Particle Jets

® Therearenow four CDF analyses whi e Ca!oL'm?telerdJetS'
quantitatively study the underlying event NRUN | CDF G Rick Fi
and compar e with the QCD Monte-Carlo |“ Cone Analysis’ 7
models (2 Run | and 2 Run I1). Valeria Tano @

» |tisimportant to model thisregion well Eve Kovacs Run Il CDF
sinceit isan unavoidable background to Joey Huston “Jet Shapes & Energy Flow”
all collider observables. Also,weneeda | Anwar Bhatti a Mario Martinez
good model of “min-bias’ callisions. (2 )

MC Toolsfor the LHC Rick Field - Florida/CDF Page 8
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“Una el Jy] ng Evenir.“

S| GETEd oy~ 2
Look at the charged

O s

Charged Particle Agp Correlations particle density in the
“transverse” region!

“Transverse’ region is

very sens_itivetothe PT > 0.5 GeV/c |n| <1
“underlying event”! 2n
Toward-side “jet” |Charged Jet #1 Away Region
(always) Direction L

Regiori

Q Leading
ChgJet

Toward Region

Transverse
Region

‘AWay-Si de” Jef Away Reg| on

Perpendicular to the plane of the 0

2-to-2 hard scattering +1

Away-side*jet”
(sometimes)

arged particle correlationsin the azimuthal angle Agrelative to theleading
charged particlejet.

®» Define |Ag <60°as“Toward”, 60° < |Ag| < 120° as“ Transverse”, and |Aq| > 120° as

1] Awayﬂ .
®» All threeregions have the same sizein n-@ space, AnxA@ = 2x120° = 4173.
MC Toolsfor the LHC Rick Field - Florida/CDF Page 9
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“'Transverse" Charged Particle Density: dN/dndcpl Charged Particle Density
1.00 — CLW e

CDF Run 1 ® CDF Min-Bias 1.0E+00 +— Direction
% data uncorrected 0 CDF JET20 E o CDFRun 1
g 0.75 + 8 data uncorrected
E }i i . % % _. 1.0E-01+ a] ‘
o a L 1
E E § §§ % % iE} §%§§{_§§§ %%% 2 ] "Transverse"
G 050 7=~ 7i}ii{ E7 i }¥ - - é §§ - dy[atTpeiL - | 8 1 PT(chgiet#1) > 20 Gevic
_GJ \‘:‘/ _ L}
g A Ao o 2 - 1L0E023
@ _ o meem _ e e o e B ]
£ z f
: 1.8 TeV |n|<1.0 PT>0.5 GeVic > 1.0E-03« ]
: : : ‘ 1 1 1 ; | % it §
10 15 20 25 0 35 40 45 T T
PT(charged jet#1) {GeVic)

\
ChargéX i
1<)
5

P;(charged jet#1) > 30 GeV/c o
“Transverse’ <dN,/dndg> = 0.56 LOR05 28,3
- - i 1.8 TeV |n|<1 PT>0.5 GeV/c ﬁ § §
Min-Bias : _ 1.0E-06 ; | | | | . E Lo
CDF Run 1 Min-Biasdata 0 2 4 6 8 10 12 14
<chhg/dndq)> =0.25 PT(charged) (GeVic)

®» Comparestheaverage“transverse” charge particle density with the average “ Min-Bias”
charge particle density (n|<1, P+>0.5 GeV). Shows how the*transverse’ charge particle
density and the Min-Bias char ge particle density isdistributed in P;.

MC Toolsfor the LHC Rick Field - Florida/CDF Page 10
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SAJIET 7252

ISAJET uses a naive leading-log ]

i parton shower-model which does | D e_rj SJ [ y

not agree with the data!

Charged Jet #1 "Transver\se\\{d Particle Density: dN/dr|d(p| | SAJET
/

Direction

1.00

CDF Run 1 Data

data uncorrected
theory corrected

2

K7

g 0.75 +

©

(0]

(@]

“Transverse” 4a “Transverse” E

© 050 +-----

o)

]

2
| N

Beam-Beam 0.00 - ‘ 1 1 1 ! | 1 | 1 Initial-State
Remnants 0 5 10 15 20 25 30 35 40 45 50 Radiation

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

®» Comparesthe average “transverse”’ charge particle density (Jn|<1, P;>0.5 GeV) versus P;(charged
jet#1) and the P, distribution of the “transverse” density, dN, /dndqdP, with the QCD hard
scattering predictions of ISAJET 7.32 (default parameter s with P,(hard)>3 GeV/c) .

®» Thepredictionsof ISAJET aredivided into three categories: charged particlesthat arise from the
break-up of the beam and target (beam-beam remnants), charged particlesthat ariseinitial-state
radiation, and charged particlesthat arise from the outgoing jets plus final-state radiation.

MC Toolsfor the LHC Rick Field - Florida/CDF Page 11
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ISAJET uses a naive leading-log
parton shower-model which does
not agree with the data!

Charged Jet #1 "Transw%e\\u(j Particle Density: dN/dnd(pl

Direction

1.8 TeV |n|<1.0 PT>0.5 GeV

Wi

1.00
CDF Run 1Data
% data uncorrected
é 0.75 - theory corrected
ke
@
>
“Transverse” & “ Transverse’ ©
S 0.50 + E
©
5 e ———
> _
J [ ]
Beam-Beam 0.00 ! |
Remnants 0 5 10

15 20 25 30 35 40
PT(charged jet#1) (GeV/c)

45

50

ISAJET
/

“Hard”
Component

®» Plot shows average “transverse” charge particle density (jn|<1, P;>0.5 GeV) versus P;(charged
jet#1) compared to the QCD hard scattering predictions of ISAJET 7.32 (default parameters with

P;(hard)>3 GeV/c) .

®» Thepredictionsof ISAJET 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).

MC Toolsfor the LHC Rick Field - Florida/CDF

CERN July 31, 2003

Page 12



NISIRAVVING G4

. .

| HERWIG usesa modified leading- D ‘Qﬂ CJ 'ry
log parton shower-model which N e
does agr ees better with the data!

q\w—.—article Density: dN/dndcle

Charged Jet #1 TN
Direction 1.00
CDF Run 1Data \TR “harg | Herwi C HERWIG
b data uncorrected (hard) >3 GeV/c
theory corrected
0.75 + "Hard" -

e
NN

& “Transverse’

‘ L Y e pep— T e
o 25 np .. - R N\ \
"Remnants”
"Remnants" 1.8 TeV |n|<1.0 PT>0.5 GeV / ¥
0.00 - : : - - - - — — — . ”
Beam-Beam 0 5 10 15 &0 285 380 385 4@0 455 5058 Hard

"Transverse" Charged Density

Component

Remnants AP treaopet getit) ) (GRANVES)

®» Plot shows average “transverse” charge particle density (jn|<1, P;>0.5 GeV) versus P;(charged
jet#1) compared to the QCD hard scattering predictions of HERWIG 5.9 (default parameterswith
P;(hard)>3 GeV/c).

®» Thepredictionsof HERWIG 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).

MC Toolsfor the LHC Rick Field - Florida/CDF Page 13
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_..._,-;:.'.:J*i'—l-l—'];:_-;;::_;..:: __
== HERWI
L _;? UAR A s sl linide D)

' HERWIG hasthetoo steep of a P;

§ — \

1
""\. l I e
b, t )
L _'\-._|_ - .-_I" 3

1.00

CDF Data

data uncorrected

0.75 + theory correct ted

Herwig 6.4 CTEQ5L
PT(hard) > 3 GeVi/c

0.50 +

— — — =
— " —
s [l —
— —

"Transverse" Charged Density

0 10 15 20 25 i) 35 40 45 50
eV/c)

PT(charged jet#1) (
=

Herwig P;(chgjet#1) > 30 GeV/c
“Transverse” <dN,/dndg>=0.51

Herwig P;(chgjet#1) > 5 GeV/c
<dNg,/dnde> = 0.40

=

dependence of the “ beam-beam remnant”
"Transverse” Ch component of the “underlying event”!

(7

Charge

dN/dndedPT (1/

F)J

- f‘é
G164

StipUtIen

1.0E-02 5

[y
o
m

1.0E-05 5

1.0E-06

CDF Data
data uncorrected
theory corrected

TeV |n|<1 PT>0.5 GeV/c

PT(chgjet#1) > 30 GeV/c

Herwig 6.4 CTEQ5L

2 4 6 8 10 12
PT(charged) (GeV/c)

14

®» Comparestheaverage “transverse” charge particle density (n|<1, P;>0.5 GeV) versus
Pr(charged jet#1) and the Py distribution of the “transverse” density, dN,,/dndedP; with
the QCD hard scattering predictions of HERWIG 6.4 (default parameterswith P;(hard)>3
GeV/c. Shows how the “transverse” charge particle density isdistributed in Py.
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VIRVt WpIeRarton

M ultfpeRér ©ollistenaction 4ougeing parton 4
“Hard” Componen,t' “Semi-Hard” MPI “Soft” Component

Jm Ieractions

Proton R — st 4 AntiProton I::> ............. 4\ > -
S —— - «— . i/\j or
initial-stateradiation S L 4""_ . + 4

»

initial-state radiation

outgoing partonf  *
SMIPTOY A final-sate radiation outgoing jet Beam-Beam Remnants

\ 4 ‘final-stateradiation

PYTHIA modelsthe*” soft” component of the underlying event . e ating

with color string fragmentation, but in addition includesa . o SN >
. . .. . . . b N t

contribution arising from multiple parton interactions (M PI) o >

in which oneinteraction is hard and the other is“semi-hard”. P

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, Pr(hard) (constant cross section or varying with impact parameter).

One can adjust the color connections and flavor of the MPI (singlet or nearest neighbor,

g-gbar or glue-glue).

Also, one can adjust how the probability of a MPI depends on P;(hard) (single or double

Gaussian matter distribution).

MC Toolsfor the LHC Rick Field - Florida/CDF Page 15
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Multiple Parton I nteractions /outgoing Parton

Rteractionr Parame

Lo
@

(0

PT (hard)

6
Pythia uses multiple parton
interactionsto enhance [

HERWIG!

Proton 4;#2"?‘\__: AntiProton \]lmmy M PI
) R — VN ) i '
Underlying Event ?“‘w Upderlying Event the Undel' Iyl ng e\/ent J. M. Butterworth
J. R. Forshaw
e ‘,J M. H. Seymour
Parameter_ | Vajffe Description Multiple parton
M STP(81) 0 Multiple-Parton Scattering off interaction more
- - likely in a hard
1 Multiple-Parton Scattering on (central) collision!
MSTP(82 1 Multiple interactions assuming the same probability, with
an abrupt cut-off P.min=PARP(81)
Same parameter that . . . .
3 Multiple interactions assuming a varying impact
cuts-off the hard 2-to-2 : : .
arton cross sections! parameter and a hadronic matter overlap consistent with
P 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)
N : Hard Core
MC Toolsfor the LHC Rick Field - Florida/CDF Page 16
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Il JrJJrU

FrJJr\

AN litipleRarion nteraction Paramet
Parameter | Default Description
PARP(83) 0.5 Double-Gaussian: Fraction of total hadronic
matter within PARP(84) O
PARP(84) 0.2 Double-Gaussian: Fraction of the overall hadron\, Multiole Parton nter acti
radius containing the fraction PARP(83) of the wtipierar Ony%fm .
total hadronic matter. | — Spennan
Color Strmg
PARP(85) 0.33 Probability that the M PI producestwo gluons /'
with color connectionsto the “nearest neighbors. Multiple Par{ Determine by comparing
PARP(86) | 0.66 | Probability that the MPI producestwo gluons dp with 630 GeV data!
either asdescribed bv PARP(85) or asa closed
Affectsthe amount of g fraction consists of
initial-state radiation! [Hard-Scattering C o
PARP(89) | 1TeV /D’ /ﬁesthe reference energy E,. \ ’
PYTHIA 6.206
PARP(90) 0.16 /ﬁerminesthe ener gy dependence of the cut-off NG
P asfollows P1o(E,p) = Pro(Egn/Eg)e With s
€ = PARP(90) N .&}\3
PARP(67) 1 10 A scale factor that determinesthe maximum 2
parton virtuality for space-like showers. The
larger the value of PARP(67) the moreinitial- 1
g;ate rad|at|on 100 Aoo oM Energy W (GeV) 10,000 100,000
Reference point
MC Toolsfor the LHC Rick Field - Florida/CDF at 1.8 TeV Page 17
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))

ransverses ©ones

i m ))

VSENFEANSYERSE S IREON'S

Away Region Transverse “Cone Analysis’
Cone: (Tano, Kovacs, Huston, Bhatti)
SR | 1(0.7)2=0.49m
Region
L eading
Jet
Transverse Transverse
g Region:
217/3=0.6711
Away Region
0

_1<T> +1

=» Sum the P; of charged particlesin two cones of
radius 0.7 at the samen asthe leading jet but with
|AD| = 90e.

=» Plot the cone with the maximum and minimum PT_
versusthe E; of the leading (calorimeter) jet.

MC Toolsfor the LHC Rick Field - Florida/CDF Page 18
CERN July 31, 2003



SFJ/_) orndrm*e

HEvVeni

“Cone Analys S’
(Tano, Kovacs, Huston, Bhatti)

630 GeV

1800GeV L
PYTHIA 6.115
Pro = 1.4%

PYTHIA 6.115
P,, =20 GeV

but with JA®| = 90°. Plot the cone with the maximum and minimum PT
(calorimeter) jet.

|A 6.115 istuned at 630 GeV with P;,=1.4 GeV and at 1,800 GeV with P;,=2.0
that € = PARP(90) should be around 0.3 instead of the 0.16 (default).

e MIN cone0.25 GeV/cinradiusR = 0.7 impliesa PT, density of dPT /dnde=0.16 GeV/c

and 1.4 GeV/cin the MAX coneimpliesdPT, /dndg= 0.91 GeV/c (average PT ., density of 0.54
GeV/c per unit n-¢).

MC Toolsfor the LHC Rick Field - Florida/CDF Page 19
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\
M PI constant
probability

= scattering
PYTHIA default parameters l' "Transverse" Charged Particle Density: dN/dndg

Parameter | 6.115 | 6.125 | 6.158 | 6.206 | cDFData Pythia 6.206 (default)
g data uncorrected MSTP(82)=1
MSTP(81) 1 1 1 0.75  Meemeorreeted ___ PARP(B1)=19GeVlc T %
i, el Yl
MSTP@®2) | 1 | 1 | 1 o iiﬂﬂiﬂi PR O
PARPBL) | 14 | 19 | 19 | 19 || { ________
PARP(82) | 155 | 21 | 21 | 19 |&°* T
' 1.8 TeV [n|<1.0 PT>0.5 GeV
PARP(89) 1,000 | 1,000 | 1,000 0.00 - | | | | | | ‘
PARP(90) 0.16 | 0.16 | 0.16 A T
PT(charged jet#l) (GeV/c)
PARP(67) | 4.0 4.0 1.0 1.0 [— —cteQaL/ [cTEQ4aL CTEQSL ® CDF Min-Bias O CDF JET20

®» Plot showsthe Transverse” charged particle dengity ver sus P;(chgjet#1) compared to
the QCD hard scattering predictions of PYTHIA 6.206 (P;(hard) > 0) using the default
parametersfor multiple parton interactionsand GTEQ3L, CTEQA4L, and CTEQSL.

Default parameters give
Note Change very poor description of

PR = A0S 618 the “underlying event”!
PARP(67) = 1.0 (> 6.138)

MC Toolsfor the LHC Rick Field - Florida/CDF Page 20
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TUnedR B E A G

Tune A CDF
Run 2 Default!

Par amqe’ -----------------------------------------
> CDF Preliminary PYTHIA 6.206 (Set A) | i
M S-I-P(81) 1 g data uncorrected . PARP(67)=4 i
Bors | theorycoeces
M STP(82) 4 3
PARP(82) | 1.9Gev S
PARP(83) 0.5
PARP(84) 0.4 % 0-25 PYT 206 (Set B)
3 P(67) 1 1.8 TeV |n|<1.0 PT>0.5 GeV
PARP(85) 1.0 ‘ ‘ ‘

PARP(86) 1.0
PARP(89) | 1.8TeV
PARP(90) | 0.25
PARP(67) 1.0

Plot shotvsthe “ Transverse” charged particle density
ver sug P (¢hgjet#1) compared to the QCD hard
scajtering predictions of two tuned ver sions of
PYTHIA 6.206 (CTEQSL, Set B (PARP(67)=1) and

RP(67)=4)).
Old PYTHIA default
New PYTHIA default (moreinitial-state radiation)
(lessinitial-state radiation) Rick Field - Florida/CDF Page 21
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PYTHIA TuneA
(moreinitial-state radiation)

b-quark Correlations: Azimuthal A@Di b-quark Correlations: Azim\ Qistribution
/

0.01000 0.01000
1.8 TeV 1.8 TeV
PT1 > 15 GeV/c PYTHIA 6.206 PT1 > 15 GeV/c PYTHIA 6.20:

PYTHIA TuneB
(lessinitial-state radiation)

PT2 > 10 GeV/c CTEQ5L PARP(67)=1 PT2>10 GeVic CTEQSL PARP(67)=4
lyll <1 |y2|<1 lyll <1 |y2|<1

o 0.00100 4 > 000100 F ———— - — - —————————— =

[} Q

z 3

35 rs)

2 =2

S S -

RS o s -

-2 0.00010 So00010f - T~

T T 0.00001 T T T T T
120 150 180 0 30 60 90 120 150 180

0.00001 : : :
0 30 60 90
|Aq (degrees) lAq (degrees)

PY62 (67=4) Total =o—Flavor Creation == Flavor Excitation = = Shower/Fragmentation

PY62 (67=1) Total =—o—Flavor Creation =—=—Flavor Excitation = = Shower/Fragmentation J

b-quark
direction

» Predictionsof PYTHIA 6.206 (CTEQS5L) with PARP(67)=1
(new default) and PARP(67)=4 (old default) for the azimuthal
angle, Ag, between a b-quark with PT, > 15 GeV/c, |y,| <1 and
bbar-quark with PT, > 10 GeV/c, |y,|<1 in proton-antiproton
collisonsat 1.8 TeV. The curves correspond to do/dAg (ub/°)
for flavor creation, flavor excitation, shower /fragmentation,

and theresulting total. bbar-quark
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AZimuta

(moreinitial-state radiation)

2l (CONIEIAleNSE &

7

o

-

b-quark Correlations: Azimuthal A@ Dlstrlbutlon| rk Correlations: Azimuthal A Dlstrlbutlonl
0.010000 3 \
1.8 TeV i .

PT1 > 15 GeV/c HERWIG 6.4 Flavor Creation

PT2 > 10 GeVic CTEQS5L CTEQSL

yll<1 |y2|<1 00010004+ — — 11N Nq ———— e g
> 000100 4 — — — — — — — — — — — — T
o >
3 S
2 S
o = 0.000100 4 P
3 - - s e
S 00001034 N eeesst e =TT T 3 PYTHIA 6.206 .

° PARP(67)=4 4
00000104 — — — - —————__> A NS A PYTHIA 6.206 | _
"Toward" "Away" PARP(67)=1 |
B Y AT = A A LT > N
0.00001 T T T T T ' Tov}v?rﬁ{ . "Away"
0 30 60 %0 120 150 180 0000001 P :. .......; ........... » @rfunnn] Nsussnssessicsnssnsnnnnsnnns »
lAq (degrees) 0 30 60 90 150 180
‘ HW64 Total —o—Flavor Creation === Flavor Excitation = = Shower/Fragmentation ‘ \ |Aq| (degrees)
b-quark \ \
®» Predictionsof HERWIG 6.4 (CTEQ5L) for the direction PYTHIA Tune B

azimuthal angle, Ag, between a b-quark with
PT,>15GeV/c, ly,| < 1 and bbar-quark with
PT, > 10 GeV/c, |y,|<1in proton-antiproton “Toward"
collisionsat 1.8 TeV. The curvescorrespond to
do/dAg@ (ub/°) for flavor creation, flavor
excitation, shower /fragmentation, and the
resulting total.

MC Toolsfor the LHC Rick Field - Florida/CDF
CERN July 31, 2003

(lessinitial-state radiation)

“Flavor Creation”

bbar-quark
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PIPReten Correiatens

Diphoton System Transverse Momentuml ‘DiPhoton Correlations: Azimuthal A@ Distributionl
0.25 1 0.14
1 PYC5 DiPhoton PARP(67)=1 1 = = FYC5 DiPhoton PARFET
= = PYC5DiPhoton PARP(67)=4 ] ' =
1 ) 012 +--- PYC5 DiPhoton PARP(67)=1 |~ — =~~~ ~— -~ -~ -~~~ ~~—~
020+ ------p--me===e - B CDF DiPhoton Data n b B CDF DiPhoton Data
g 1.8TeV PT > 12 GeV |n| < 0.9 ~ 0.10
s ...1 1. \ZF~ [ g LETVPT212GeVII<09
g 0151 | « D e i g 0.08 -
= o
o &S
NI N e —_————————,——— S 0.06 1
kS L
2 ] = 0.04
0.05 -
i 0.02 4
0.00 - : : : : : : : = — - 0.00 1 mmmm mowoe === == : ;
0 2 4 6 8 10 12 14 16 18 90 105 120 135 150 165 180
Diphoton System PT (GeV/c) |Ag| (degrees)
Photon
. ) direction
®» Predictionsof PYTHIA 6.158 (CTEQ5L) with Ag
PARP(67)=1 (new default) and PARP(67)=4 (old default) N

for diphoton system PT and the azimuthal angle, Ag, “Toward”
between a photon with PT, > 12 GeV/c, |y,| < 0.9 and
photon with PT, > 12 GeV/c, |y,|< 0.9 in proton-
antiproton collisionsat 1.8 TeV compared with CDF
data.
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TFunea PYAREIATG

“IIransverse: Pr D'Str]bu't]on

"Transverse" Charged Particle Density: dN/dndth "Transverse" Charged Particle Density
100 . 1.0E+00 1
CDF Preliminary PYTHIA 6.206 (Set A) § E
data uncorrected PARP(67):4 ' CDF Data
— ersnesst, o datn umcorreoted

PT(chgjet#1) > 30 GeVic theory corrected

>

g i

o

3 1.0E-01 4

jo2} 6\ 3

; 3 ’

5 0.50 + 8 ] PYTHIA 6.206 Set A
% = =
: \ 2 1oeoz ] PARP(67)=4
> 28 3

2 0.25 A e - 1

&8 PYTHIA 6.206 (Set B)

=

CTEQSL PARP(67)=1 1.8TeV [n|<1.0 PT>0.5 GeV

000 T T T T T T T T
0 5 10 15 20 25 D 35 40

45 50
PT(charged jet#1) (§eVic) /

P;(charged jet#1) > 30 GeV/c

_/ N SN

|| 1.8 Te\,lg|<1 PT>0.5 GeV/
PARP(67)=4.0 (old default) isfavored 1.0E-06 Cfa R We dlstlnqwsh betyeen|,
over PARP(67)=1.0 (new default)! 0 PARP(GZ) 1and PARP(ﬁ?) 47 14

N6 WwerydeRi (hatic)

®» Comparestheaverage “transverse” charge particle density (n|<1, P;>0.5 GeV) versus
Pr(charged jet#1) and the Py distribution of the “transverse” density, dN,,/dndedP; with
the QCD Monte-Carlo predictions of two tuned versionsof PYTHIA 6.206 (P;(hard) > 0,
CTEQSL, Set B (PARP(67)=1) and Set A (PARP(67)=4)).
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Charged Jet #1
Direction

Charged Particle
Density

& “Transverse’

“Transvers=’

Charged PT,,
Density

Plots shows CDF data on the charge
particle density and the charged PT,,
density in the “transverse’ region.

The data are compar ed with the QCD
Monte-Carlo predictionsof HERWIG
6.4 (CTEQSL, Py(hard) > 3 GeV/c)
and two tuned versonsof PYTHIA
6.206 (Py(hard)>0).

MC Toolsfor the LHC
CERN July 31, 2003

“'Transverse"

Charged Particle Density: dN/dndcpl

1.00

CDF Preliminary
datauncorrected
theory corrected

PYTHIA 6.206 (Set A) §
PARP(67)=4

CTEQS5L

PYTHIA 6.206 (Set B)

PARP(67)=1

1.8 TeV |n|<1.0 PT>0.5 GeV
| | |

T T
5 10

T T T T T T
20 25 30 35 40 45

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

T
15

50

"Transverse" PTsum Density (4)

‘"Transverse" Charged PTsum Density: dPTsum/dI']d(pl

CDF Preliminary

data uncorrected
theory corrected

i PYTHIA 6.206 (Set A) i

....................................
""""""
2R
.....

PYTHIA 6.206 (Set B)

Rick Field - Florida/CDF

PARP(67)=1 1.8 TeV |n|<1.0 PT>0.5 GeV
20 25 30 35 40 45 50
PT(charged jet#1) (GeV/c)
Page 26




g
[=}
s}

Flpleel FACE pll AN 61, 406)

UL UREA

"Transverse" Charged Particle Density: dN/dr|d¢p|

Describestherise
from “Min-Bias’ to

o
3
a

"Transverse" Charged Density
o o
N (42
[6)] o
"

“Min-Bias’

Charged Particle Density

“underlying event”!

!

<1.0 PT>0.5 GeV/c

PT(charged jet#1) (feVic)

CDF Run 1
data uncorrected PYTHIA 6.206 Set A
| theory correc ted
— — — —
10 15 20 25 D 35 40

1.0E-01

1.0E-02 1

ity@IN/dndgdPT (L/GeVic)

45 50

‘Charged Particle Density: dN/dnd(pI

CIF Published

Set A Py(charged jet#1) > 30 GeV/c
“Transverse” <dN,,/dndeg> = 0.60

N e [A I
ﬂ)%ek —— Pythia 6.206 Set A
<d N I % COF MinBias 18 Tev 1-? Tev al, PT
U L] . T T t t t
Cﬁé S 2 1 0 1 2 3

Pseudo-Rapidity n

4

1.0E-05

CDF Min-Bias

CTEQ5L
| 1.8 TeV |n|<1 PT>0.5 GeV/c

PYTHIA 6.206 Set A

"Transverse"
PT(chgjet#1) >5 GeVic

CDFRun 1
data uncorrected
theory corrected

PT(chgjet#1) > 30 GeV/c

"Transverse"

0

2 4 6

8

10 12

PT(charged) (GeVic)

14

®» Comparesthe average “transverse” charge particle density (n|<1, P;>0.5 GeV) versus

P, (charged jet#1) and the P; distribution of the “transverse” and “Min-Bias’ densitieswith
the QCD Monte-Carlo predictions of atuned version of PYTHIA 6.206 (P;(hard) >0,
CTEQSL, Set A). Describes“Min-Bias’ collisions! Describesthe “underlying event”!

MC Toolsfor the LHC
CERN July 31, 2003
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CDF “Min-Bias’
"Transverse" Charged Pa (Inl<1, all Py)
T <dNg,,/dnde> = 0.67 20

PY6.206 (Set A)

CTE@Z5L
- 1.8 TeV |n|<1.0 PT>0.5 GeV ‘ :
: : : : 1 1 1 A 1 0.0 + : : : : : : | |
0 5 10 15 20 25 30 35 40\\{5/50 0 5 10 15 20 25 30 35 40

PT(charged jet#1) (GeVic) PT(charged jet#1) (GeVic)

=
o
S

CDF Preliminary

data uncorrected

theory corrected

o
Y
ol
=
o

rged Density

/L

" A
=
o
I
T

0.25 4

"Transverse" Charged Density
o
o
o

"Transverse'
o
n

©
o
S

(Py(hard) >0, CTEQSL, Set A & Set C).

Thereareroughly 1.4 charged particles per unit n-@ (P; > 0) in
the“transverse” region compared to 0.67 for atypical CDF
“Min-Bias’ collision (9 charged particles per unit n compared
to 4).

in cone of
radius R=0.7
at 1.8 TeV
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Density ar il s

o Y
SUII
"Transverse" Charged PTsum Density: dPTsum/dI’]d(pl
1.00 — 1.25

CDF Preliminary <
z o 1.00
2 27
a 2
E a
2 c 0.
& 3
E & 050 ;
g N f 4 — “"PT>0.5GeV (cilirrected)
7] 5 / —_-
c025 - /|- N N\-L - [ -
£ CTEQSL 20yl

PY6.206 (Set C) 1.8 TeV [n|<1.0 PT>0.5 GeV £ % CTEQSL 18 Tevini<1.0
0.00 - 1 1 ‘ ‘ ‘ 1 1 1 1 0.00 1 1 1 ‘ ‘ ‘ 1 1
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 ‘ 40 45 50
PT(charged jet#1) (GeV/c) PT(charged jet#1) (GeV/c)

®» Showstheaverage “transverse’ charge PT,, density (In|<1, P+>0.5 GeV, cofrected) and the
true (Jn|<1, P>0) “transverse” charged PT,, density, dPT,/dnde predictpd by HERWIG
6.4 (Py(hard) >3 GeV/c, CTEQ5L) and two tuned versionsof PYTHIA 6.204 (P;(hard) > 0,
CTEQSL, Set A & Set C).

®» Thereisroughly 1 GeV/c per unit n-@ (P; > 0) from charged
particlesin the“transverse” region for P, (chgjet#1) = 35 GeV/c.
Note, however, that the “transverse” charged PT ., density
increasesrapidly as P;(chgjet#1) increases.

1.5 GeV/c (charged)
in cone of
radius R=0.7
at 1.8 TeV
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“Transverse’ region as
defined by the leadina

13 A
charged parti : :
gedp "Transverse" Charged Particle Density: dN/dnd¢
Charged Particle Jet #1 1.25
> CDF Preliminary O CDF Run 1 Published
'E 1.00 + datauncorrected @~ ---------------- ® CDF Run 2 Preliminary |- -
& theory corrected = PYTHIA Tune A
3
D 0.75 - - - m o g e
@ [ L
e
O Lo | O
@ 0.50 + LHEIIH
“Transverse’ “Transverse’ 5
@
c Ll
S 0.25 +
= u
’ In|<1.0 PT>0.5 GeVic
0.00 + 1 1 1 1 1 1 1 1 1 1 1 1 1
: 0 10 20 30 40 50 60 90 100 110 120 130 140 150
PT(charge (GeVic)

Excellent agreement

® Showsthl PewenRuniand2! | onsverse’ chargeparticled nl<1, P;>0.5 GeV) as
a function of the transver se momentum of the leading charged p jet from Run 1.

®» Comparesthe Run 2 data (Min-Bias, JET 20, JET50, JET70, JET h Run 1.
Theerrorson the (uncorrected) Run 2 data include both stati§ PYTHIA Tune A wastuned to fit
Systernatic uncertainties. the “underlying event” in Run I!

®» Showsthe prediction of PYTHIA Tune A at 1.96 TeV after detector simulation (i.e. after
CDFSIM).
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Hransyerse

Arnrecaa~aaAl NDYT ~

“Transversef’ region as -aur“ —)‘_“ J r/
defined by the [eotins
“charged partic

1.25

Charged Particle Jet #1 o
i i CDF Preliminary

data uncorrected
theory corrected

1.00 +

0.75 +

c 0 CDF Run 1 Published
0.50 - it \N - S ® CDF Run 2 Preliminary | |
——PYTHIA Tune A

“Transverse’ “Transverse’

0.25 ¢

"Transverse" PTsum Density (GeV/c)

|n|<1 0 PT>0.5 GeVic

e 0.00 1 ‘ ‘ ‘ ‘ 1 1
0 10 20 30 40 50 80 90 100 110 120 130 140 150
PT(cha {#1) (GeV/c)

Excellent agreement

®» Showsth PetweenRunland2! |transverse” charged PTsum (Inl<1, P;>0.5 GeV)
asa function of the transver se momentum of theleading charg iclejet from Run 1.
®» Comparesthe Run 2 data (Min-Bias, JET 20, JET50, JET70, JET {th Run 1. The
errorson the (uncorrected) Run 2 data include both statistical| pyTHIA Tune A was tuned to fit
uncertainties. the “underlying event” in Run I!
®» Showsthe prediction of PYTHIA Tune A at 1.96 TeV after detector simulation (i.e. after
CDFSIM).
MC Toolsfor the LHC Rick Field - Florida/CDF Page 31
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"Transverse" Charged Particle Density: dN/dndcpl

o

T T T T T T T T T T T T
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

PT(charged jet#1) (GeVic)

1.0E+00 1
2 CDF Preliminary o CDF Run 1 Published 1 "Transverse" CDF Preliminary
@ 1.00 T daauncorrected - - - - - - oo oo @ CDF Run 2 Preliminary |~ ~ 1 PT(chgjet#1) > 30 GeVic data uncorrected
a 1.0E-01 4
?» 0.75 . g ] ® Run 2 Min-Bias Preliminary
© [] - . . . .
< i i { i { { { { { { ¢ { } { ¢ O Run 1 Min-Bias Preliminary
(@] i i [ 1 Q - B
% 050 b nsilinl i ¢ { i i i i i S L0E0Z: ELD % ® Run 2 Preliminary
B 1
§ e Qgg o Run 1 Published
7 B ] T Ge?
sg25 - L T 1.0E-03 - o §.§§
& S
: g IN<1.0 PT>0.5 GeVic S
©
0.00 - >
K7
c
5]
fa
k5
(2]

P distribution of

between Run 1 and 2!

Charged Particle Density

1.0E-04

\\

®» Comparesthe average “transver se” 1.0E-06 - ?ﬂ?
Char ge partl CI e densty (ln |<1 PT i ] Charged Particles || < 1.0 T ﬁ% ] E i L
1.0E-07 | } | H | e
GeV) versus Pr(ch Excellent agreement O 2 4 6 8 10 12 14 16 18 20

PT(charged) (GeV/c)

density, dNy,/dnd@dP;. Shows how the

“transverse” charge particle density is

i _ ®» Comparesthe Run 2 data (Min-Bias,
distributed in Py.

JET20, JET50, JET70, JET100) with
Run 1.
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Sfansvers

"Transverse" Charged Particle Density: dN/dndcpl "Transverse" Charged Particle Density
1.0E+00 5

=
)
al

CDF Preliminary O CDF Run 1 Published
T datauncorrected @ -~ - - - - - - ——————— ® CDF Run 2 Preliminary | —

theory corrected =—PYTHIA Tune A

CDF Preliminary
data uncorrected
theory corrected

=
o
S

1.0E-01 {
1 PYTHIA Tune A 1.96 TeV

i 70 < PT(chgjet#1) < 95 GeV/c |
1.0E-02 1 So I (M..gj ) i

"Transverse" Charged Density

Inl<1.0 PT>0.5 GeVic

ensity dN/dnd@dPT (1/GeV/c)

A\

0 10 20 P 40 50 60 J;J 80 90 100 110 120 130 140 150 1.0E-03
PT(chargell jet#1) (GeVic)

70 < P;(charged jet#1) > 95 GeV/c
“Transverse” <dN,,,/dndeg> = 0.62

1.0E-05 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20
PT(charged) (GeV/c)

30 < P;(charged jet#1) <50 GeV/c
“Transverse” <dN,/dndg>=0.59

Comparesthe average “transverse” charge particle density (Jn|<1, P;+>0.5 GeV) versus
Pr(charged jet#1) with the Py distribution of the “transverse” density, dN,,/dndqdPx.

Showsthe prediction of PYTHIA Tune A at 1.96 TeV after detector ssmulation (i.e. after

CDFSIM).
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Unclerly]ng EVENn

e Jels:

JetClu Jet #1
Direction

aSidEned Yy Calorimet

“Transverse’ region is
very sensitiveto the
“underlying event”!

Away-side*jet”
(sometlmes)

l T1 Away-Side” Jet

P;>05GeVic|n|<1

“Toward-Side” Jet ‘JEtC_:IU ‘J_Et #1
Direction

“Toward”

Perpendicular to the plane of the
2-to-2 hard scattering

= UUTYT OtC OT

JetClu jet.

Charged Particle A@ Correlations L ook at the charged

particledensity in the
on “transverse” region!

Away Region

Transverse
Region

Toward Region

Transverse
Region

Away Region

¢ >

n *l

Arged particle correlationsin the azimuthal angle Agreative to theleading

®» Define |Ag <60°as“Toward”, 60° < |Ag| < 120° as“ Transverse”, and |Aq| > 120° as

11 Away” .

®» All threeregions have the same sizein n-@ space, AnxA@ = 2x120° = 4173.

MC Toolsfor the LHC Rick Field - Florida/CDF
CERN July 31, 2003
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Cr e region as s THicieDeEnsity

defined by tr

Jetg'# 33:11 =il "Transverse" Charged Particle Density: dN/dndcpl
or Lhg 1.00
Direction .
CDF Preliminary | JetClu Jet#1 (R = 0.7, [n(jet)|<2) |
data uncorrected
0.75 - theory corrected N\ __ - T

0.50

“Transverse’ “Transver =’

PYTHIA Tune A 1.96 TeV

0.25 ChgJlet#1 R=0.7

"Transverse" Charged Density

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

0.00

0 25 50 75 100 125 150 175 200 225 250
PT(chgjet#1) or ET(jet#1) (GeV)

®» Showsthe data on the average“transverse” charge particle density (Jn|<1, PT>0.5 GeV)
asafunction of thetransver se energy of theleading JetClu jet (R =0.7, [n(jet)| < 2)
from Run 2, compared with PYTHIA Tune A after CDFSIM.

®» Comparesthe“transverse”’ region of theleading “ charged particlejet”, chgjet#1, with
the“transverse” region of theleading “calorimeter jet” (JetClu R =0.7), jet#1.
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"Transverse" Charged PTsum Density: dPTsum/dnd(pl

“Transverse’ region as
defined by the pe——
“calorimete

JetClu Jet #1
or ChgJet#1
Direction

=
[

CDF Preliminary
data uncorrected
theory corrected

!A
o
I
T

“Transverse’ “Transver 2’

PYTHIA Tune A 1.96 TeV

o
al
I

"Transverse" PTsum Density (GeV/c)

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

0.0 T T T }
0 25 50 75 100 125 150 175 200 225 250

PT(chgjet#1) or ET(jet#1) (GeV)

®» Showsthe data on the average“transverse” charged PTsum density (jn|<1, PT>0.5
GeV) asafunction of the transver se ener gy of theleading JetClu jet (R = 0.7, [n(jet)| <
2) from Run 2, compared with PYTHIA Tune A after CDFSIM.

®» Comparesthe“transverse”’ region of theleading “ charged particlejet”, chgjet#1, with
the“transverse” region of theleading “calorimeter jet” (JetClu R =0.7), jet#1.
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"Transverse" Charged Density

1.00

0.75 +

0.50 +

0.25 ~

0.00

"Transverse" Charged Particle Density: dN/dndcpl

=—PYTHIA Tune A
® CDF Run 2 Preliminary

CDF Preliminary

data uncorrected

theory corrected

JetClu (R =0.7, [n(jet#1)| < 2)

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

25 175 200 225

50 75 0 125 150
T(jet#l) (GeV)

250

Comparesthe average“ transver

95 < E,(jet#l) > 130 GeV

“ Transverse” <dN,,/dndeg> = 0.65

"Transverse" Charged Particle Density

1.0E+00 ;
1.0E-01 -
1.0E-02 -

1.0E-03

ensity dN/dndedPT (1/GeV/c)

D

_

1.0E-05 :

CDF Preliminary
data uncorrected
theory corrected

JetClu R=0.7 [n(jet)| < 2

PYTHIA Tune A 1.96 TeV

| 95 < ET(jet#1) < 130 GeV

& ~

30 < ET(jet#1) < 70 GeV

30 < E;(jet#1) < 70 GeV/c
“Transverse” <dN,/dndg>=0.61

1.0E-06

] Charged Particles |n| < 1.0
] ]

5 10 15 20

PT(charged) (GeV/c)

25

se” charge particle dendity (In|<1, P+>0.5 GeV) versus

E+(et#1) with the P; distribution of the“transverse” density, dN,/dndqdPxy.

Showsthe prediction of PYTHIA Tune A at 1.96 TeV after detector ssmulation (i.e. after
CDFSIM).
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1.00

"Transverse" Charged Density

0.00

"Transverse" Charged Particle Density: dN/dndcpl
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0.25 ~

CDF Preliminary
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25

the“transverse” region defined by “ charged particle jets’.

Showsthe prediction of PYTHIA Tune A at 1.96 TeV after detector ssmulation (i.e. after

CDFSIM).
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Showsthe “matched” JetClu jet E;
ver susthe transver se momentum of
leading “ charged particlejet” (cl
jet within R = 0.7 of the leadin

Showsth Theleading chgjet comesfrom a

. JetClu jet that is, on the average,
JetClu | about 90% charged!
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®» Showstheaverage“transverse’ charge particl

®» At 14 TeV tuned PYTHIA (Set A) predictsroughly 2.3 char
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PT(charged jgff1) (GeVic)
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PT(charged jet#1) (GeVic)

nd PT,,, densityfin|<1, P+>0) versus
P, (charged jet#1) predicted by HERWIG 6.4 (Pr\pard) > 3 GeVJ, CTEQSL). and a tuned
versionsof PYTHIA 6.206 (Pr(hard) >0, CTEQSI\ Set A) at Y3 TeV and 14 TeV.

particles per unit n-@ (P; > 0)
in the “transverse” region (14 charged particles per unit hich islarger than the HERWIG

prediction.

At 14 TeV tuned PYTHIA (Set A) predictsroughly 2 GeV/c charged PT,,, per unit n-@ (P;
> 0) in the “transverse” region at P;(chgjet#1) = 40 GeV/c which isa factor of 2 larger than
at 1.8 TeV and much larger than the HERWI G prediction.
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| PYTHIA 6.206 (default)
S [ PYTHIAG206SetA | @ = = = = = = = = === ===
seme el oo | B rmemesan] - - mm o2 T T
c A >
s 14 TeV 2
g 25+---4° *;! ****************************** 2,4 14 Tev =—
B /N 8
S20+ , I e e e e —— — c HERWIG 6.4
& 7 15
5 1.5 1 —— e — — — g e ——
5 210+ < ===
% 10 1.8TeVv g R I A e —— 18Tev —
S > | e e e — — —
_E 05 PYTHIA 6.206 Set A é 0.5+
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®» Showstheaverage “transversg’ charge particleand PT,, density (n|<1, P;>0) versus
P, (charged jet#1) predicted by HERWIG 6.4 (P;(hard) >3 GeV/c, CTEQSL). and a tuned
versionsof PYTHIA 6.206 (Py(hard) >0, CTEQSL, Set A)at 1.8 TeV and 14 TeV. Also
shown isthe 14 TeV prediction of PYTHIA 6.206 with the default value € = 0.16.

®» Tuned PYTHIA (Set A) predictsroughly 2.3 charged particles per unit n-¢ (P; > 0) in
the“transverse” region (14 charged particles per unit n) which islarger than the
HERWIG prediction and much lessthan the PYTHIA default prediction.
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‘"Transverse" Charged Particle Density: dN/dndcpl ‘"Transverse" Charged PTsum Density: dPTsum/dnd<p|
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shown isthe 14 TeV prediction of PYTHIA 6.206 with the default valuee = 0.14.

Tuned PYTHIA (Set A) predictsroughly 2.5 GeV/c per unit n-¢
(P > 0) from charged particlesin the “transverse”’ region for

. 3.8 GeV/c (charged
P;(chgjet#1) = 100 GeV/c. Note, however, that the “transver s¢” i?, an(go?rg )
charged PT,,, density increasesrapidly as P;(chgjet#1) radius R=0.7

at 14 TeV

INCr eases.
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L@ Predichions

‘Charged Particle Density: dN/dndcpl

‘Charged Particle Density: dN/dnd(pl

CDE Data Pythia 6.206 Set A ® Pythia 6.206 Set A
12+ 124 - B CDFData -~~~ " " """~ - - oo
O UAS5 Data

Fit 2
104+~ ===Ft1 e g ]

Charged density dN/dnde

10 100 1,000 10,000

CM Energy W (GeV) I

®» Shows the center -of-mass eher gy dependence of the charged particle density, dNg/dnde,
for “Min-Bias’ collisions cdmpar ed with the a tuned version of PYTHIA 6.206 (Set A) with
P, (hard) > 0.

®» PYTHIA wastuned to fit thef' underlying event” in hard-scattering processesat 1.8 TeV
and 630 GeV.

®» PYTHIA (Set A) predictsa42% risein dNg/dnd@at n =0in going from the Tevatron (1.8
TeV)totheLHC (14 TeV).
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Charged Particle Density

10E+00 1

Pythia 6.206 Set A

1.0E-01 4
1.0E-02 4
1.0E-03 1

1.0E-04 4

Charged Density dN/dnd@dPT (1/GeV/c)

1.0E-05 1

1.0E-06 +

#T(charged) (GeV/c)

12% of “Min-Bias’
have P;(hard) > 10

Hard-Scattering in Min-Bias Eventsl

events

GeV/c!

Pythia 6.206 Set A

30%

20%

% of Events

0%

40% A

10% +

—&—PT(hard) > 5 GeVic
—&—PT(hard) > 10 GeV/c

. ———l—— ; ———
100 1,000 10,000
CM Energy W (GeV)

g
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»

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

Shows the center -of-mass ener gy

LHC?

dependence of the charged particle density,
dNgny/dndedPy, for “Min-Bias’ collisons
compar ed with the a tuned ver sion of
PYTHIA 6.206 (Set A) with P(hard) > 0.

®» ThisPYTHIA fit predictsthat 1% of all “Min-Bias’ events at 1.8 TeV arearesult of a
hard 2-to-2 parton-parton scattering with Py(hard) > 10 GeV/c which increasesto 12% at
14 TeV!
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4

E I nitial-State Radiation %

®» Systematic errorsdueto initial-state radiation can be estimated by
comparing PYTHIA Tune A (moreradiation) and PYTHIA TuneB
(lessradiation).

= But it isalso important it always compare PY THIA and HERWI G!

®» Thebest isto compareall three: PYTHIA (TuneA & B) and
HERWIG.

“Hard” Scattering

Outgoing Parton

Underlying Event ___———4/h\ [ S~
""""""" B Initial-State

Radiation
Final-State
Radiation

Outgoing Parton
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SUmmalry & Conclusions; & =

Outgoing Parton

PT(hard)

Initial-State %matlon

Proton / .............. Knthroton Z » . " i
Underlying Event \:ﬂt——‘wk ' derlying Event The Under Iyl ng Ever]t

Final-State
Radiation

Qutgoing Parton

®» Thereisexcelent agreement between the Run 1 and the Run 2. The
“underlying event” isthe samein Run 2 asin Run 1 but now we can study the
evolution out to much higher energies!

®» PYTHIA TuneA doesagood job of describing the | AlsoseeMario’'sRun2
Run 2 data as defined by “ charged particlejets’ and| " eneray flow” analyss

“calorimeter jets’. HERWIG Run 2 comparisons will ing soon!

®» | otsmore CDF Run 2 data to comeincluding MAX “transverse” and

MAX/MIN “cones’. Also, moreto comeon theenérgy in the“underlying
event” !

ne
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L@ Predichions

(\a

conecituseons

Proton

Underlying Event

“Min-Bias’ at the LHC contains

Outgoing Parton

Lrwn—bLHC %

12 timesmore likely

to find a 10 GeV

Both HERWL much more hard callisionsthan at the « in“Min-Biag pat n
=0in going fis Tevatron! At the Tevatron the at the LHC! er
unit n at the Teva “under_lying event” isafact_or of_ 2 ’

mor e active than “ Tevaron Min-Bias’. :
Thetuned PYTHIA (> At the LHC the “ underlying event” will tsat th - Twiceas much
(1.8TeV) arethe be at least a factor of 2 more P (1 “ur?d;rvl'y?/n;ne\,;t”
GeV/cwhich jp - activethan “LHC Min-Bias"! at the LHC!
For the“underlying event”, : AN oredictions g <WIG and
thetuned PYTHIA (Set A S (fa 21). 1 |G preiactsa smaller
Increasein the activity of «rie “ unc g eve n going f PN evatron tothe LHC.
Thetuned PYTHIA (Set A) predid  pout afa\ pr of twoTncreaseat theLHC in the

charged PT,,, density of the “undgé

charged PT,,, density increasesraj /dly as P;(jet#1) increases).
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