Rick Field
Craig Group & David Wilson
University of Florida

Outline of Talk

®» Wine & Cheese talk, October 4, 2002. CDF Run 2
Studying the underlying event (UE) at CDF. 300 GeV, 900 GeV, 1.96 TeV

®» The PYTHIA UE tunes.
®» [ PCC MB&UE working group “common plots”. q
®» CDF MB “common plots” from the Tevatron Energy Scan

®» CDF UE “common plots” from the Tevatron Energy Scan

CMS at the LHC
900 GeV, 7 &8 TeV

®» Mapping out the energy dependence of __ i gte Eaiaton
MB & UE: Tevatron to the LHC'! — —

®» CDF new UE observables from thélevatron
Energy Scan
®» Summary & Conclusions.
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% The Past: Feynman-Field
Fenomenology (1973-1980

mesent: Studying “Min-Bias™ e

and the “Underlying Event” at
N

Rick Field - Florida/CDF

Fermilal Wine & Cheese
Oetober 4, 20012 N

Page |

The Underlying Event:
‘heam-beam remnants itialgtnte Rdiation
initial-state radiation

multiple-parton interactions

Tnderlying Fvent

rfie underlying event in a hard scattering
process is a complicated and not very well i 2 D
understood object. It is an interesting ko e

region since it probes the interface iy Il:““ rICﬁDF e
between perturbative and non- o g “k- = Irdged st
perturbative physics. D ‘;d Ste
There are three CDF analyses which Run I CDF ;: b Hum
quantitatively study the underlying event un LA ALY
and compare with the QCD Monte-Carlo | *Cone Analysis”
models (2 Run | and | Run 11). Valeria Tano [= )
It is important to model this region well Eve Kovacs Run I1 CDF
since it is an unavoidable background to Joey Huston “Jet Shapes & Energy Flow™
all collider observables. Also, we need a Anwar Bhatti Mario Martinez
good model of *min-hias™ collisions.
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Rick Field Wine & Cheese Talk
October 4, 2002
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Studying the “underlying
event” at CDF!

Page 2



UJE PuUplications

"Underlying Event" Publications
25
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=» Publications with “underlying event” in the title.
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PUplications

"Underlying Event" Publications

Tevatron Energy Scan: Findings & Surprises
CDF Collaboration, coming soon (I hope)!

16 --mmmmm oo TS

Number

10 ~

03 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

2000 2001 2002

N

®» Publications with “ur\

The Underlying Event in Large Transverse Momentu
Charged Jet and Z-boson Production at CDFR. Field,
published in the proceedings of DPF 2000.

Charged Jet Evolution and the Underlying Event in
Proton-Antiproton Collisions at 1.8 TeV,
CDF Collaboration, Phys. Rev. D65 (2002) 092002.
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)CD Monte-Carloe Models:

High Transverse Momentumi Jet

Hard Scattering

Outgoing Parton

Initial-State Radlatlon PT(hard)

A\
.
e,
-,
e,
*
.,
D
».

“Hard Scattering” Component

—_—

AntiProton

: Final-State Radiation
v

Outgoing Parton
Underlying Event

Proton AntiProton

s Jetil-State Radiation
Outgoing Parton v

Underlying Event Underlying Event

“Underlying Event”

and add initial and final-
approximation).

=» Start with the perturbative 2-to-2 (or sometimes 2-6-3) parton-parton scatt
state gluon radiation (in the leading log approxim#on or modified leadi

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

rticles arising from soft or

» Of course the outgoing colored partg The “underlying event’is an unavoidable )y, «;nderlying event’

observables receive contributions frg background to most collider observables
and having good understand of it leads to

more precise collider measurements!
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he JrJAJ JJ Or-Difractive

Occasionally one of | ( rJ O f]

the parton-parton
collisions is hard
(pr >=2 GeVl/c)

Proton Proton

Majority of “min-

¢ “Semi-hard” parton-
bias” events!

parton collision
(pr <=2 GeV/c)

4’/
Proton Proton Proton — Proton
—

I Proton M’:::_"‘—)&.; Proton

Proton

= Multiple-parton

interactions (MPI)!
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The

EVent

Jnaerying

Select inelastic non-diffractive events
that contain a hard scattering

—— ¥ ——

Proton M-‘MA*/_; Proton
— ;_:::11[;’— _:‘,; =
_ 1/(pr)*— 1/(pr2+prp?)?
Hard parton-parton (Pr)*— U(pr+p+o)

collisions is hard
(pr > =2 GeVl/c)

The “underlying-event” (UE)!

“Semi-hard” parton-
parton collision
(pr <=2 GeV/c)

Proton

Proton Proton

+

Proton

+

Given that you have one hard
scattering it is more probable to
have MPI! Hence, the UE has
more activity than “min-bias”.
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Multiple-parton
interactions (MPI)!
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VIOGOE] OF O

Allow leading hard
scattering to go to
zero p; with same
cut-off as the MPI!

&
Proton

Model of the inelastic non- “Semi-hard” parton-

diffractive cross section! parton collision
(pr <=2 GeV/c)

Proton e e Proton
—

Proton Proton M:::-',“)&;
+ e ——

Proton

= Multiple-parton

interactions (MPI)!
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Allow primary hard-scattering to
go to p; = 0 with same cut-off!

Fit the “underlying

Proton Proton

event” in a hard
scattering process.

1/(pr)*— 1/(pr>+p1o?)?

(0]
D“Min-Bias” (add single & double diffraction) ]

Proton é I Proton + Proton § éié Proton
+ Proton
Predict MB (ND)!

Proton
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Allow primary hard-scattering to
go to p; = 0 with same cut-off!

Fit the “underlying

Proton Proton

event” in a hard
scattering process.

1/(pr)*— 1/(pr>+p1o?)?

(0]
D“Min-Bias” (add single & double diffraction) ]

Proton é | Proton I Proton %é% Proton

+ Proton
Predict MB (ND)!
Predict MB (IN)! + .
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Tuning PY TIHIA 6

Multiple: Parton Interaction rlrrlrr

Parameter | Default Description

PARP(83) 0.5 Double-Gaussian: Fraction of total hadronic
matter within PARP(84) r

PARP(84) 0.2 Double-Gaussian: Fraction of the overall hadroA
radius containing the fraction PARP(83) of the _ _
Multiple Parton Interaction

total hadronic matter. W/ _
»*  Color String

PARP(85) 0.33 | Probability that the MPI produces two gluons color S”';E;M
with color connections to the “nearest neighbors/'
PARP(86) 0.66 | Probability that the MPI produces two gluons Multiple Parton Interaction

either as described by PARP(85) or as a closed >
gluon loop. The remaining fraction consists of

quark-antiquark pairs. =72es*"" Color String
PARP(89) | 1TeV | Determines the reference energy & Hard-Scattering Cut-Off PTo|
PARP(82) 1.9 The cut-off Py, that regulates the 2-to-2 PYTHIA 6.206 /
GeV/c | scattering divergence 1/PT—1/(PT?+P;,%)? \\4

PARP(90) 0.16 | Determines the energy dependence of the cut-off

Pro as follows Ry(Eq) = Pro(Eci/Eo)® With SNk
£ = PARP(90)

TO (GeVi

yi

PARP(67) 1.0 A scale factor that determines the maximum
parton virtuality for space-like showers. The 100 Aoo 10,000 100,000
larger the value of PARP(67) the more initial- e
state radiation.

Reference point
at1.8 TeV
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' 2k A
Tuning PY . THIA 6.2 £

Multiple Parton| Interaction Parameters

Parameter | Default Description
PARP(83) 0.5 Double-Gaussian: Fraction of total hadronic '
matter within PARP(84) r Hard core

PARP(84) 0.2 Double-Gaussian: Fraction of the overall hadroA

radius containing the fraction PARP(83) of the _ _
Multiple Parton Interaction _

total hadronic matter .
PARP(85) 033 P Determines the energy e I - m@r String
' dependence of the MPI! . ColorsrringM
W, P “nearest nelghbors/' "
PARP(86) 0.66 Pro t  Affects the amount of [luons Multiple Part Determine by comparing

with 630 GeV data!

ej del initial-state radiation! aclosed___»

loop. sists of

ark-antiqu?}/ / et o /
ﬁTOl
/

PARP(89) 1T/9'/ Determipf/ //eference energy £ Hard-Scatering Cy

5 /

PARP(82) 9 The PTO that regulates the 2-t0-2\ PYTHIA 6.206
evic | s ing divergence 1/PT—1/(PT?+P;,2)?2 NN\ e
Take E;= 1.8 TeV

7

PARP(90 0.16 /oétermines the energy dependence of the cut-off § JoNe Y T T 7~ ]
Pro as follows Ry(Eq) = Pro(Ec/Eo)® with  “SNle
£ = PARP(90) >
PARP(67)/ 1.0 A scale factor that determines the maximum
parton virtuality for space-like showers. The 100 Aoo 10,000 100,000
CM Energy W (GeV)

larger the value of PARP(67) the more initial-
state radiation.

Reference point
at1.8 TeV
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Tunlng PYTHIA 6.2: A

&s?  Multiple Parton Interac Parameters =
Parameter\'\%f\ault Desc/\t\on

PARP(83) W
PARP(85)

PARP(84) o 2

A Remember the energy dependence

R of the “underlying event” Wi 630 Cev daial
activity depends on both the

PARP(9) s = PARP(90)and the PDF!

PARP(82)

PARP(90 0.16 /o/termln
Pro as fo
e=PA

PARP(67Y] 1.0 | A scale factor that det
parton virtuality for spa
larger the value of PA
state radiation.

f the maxim
G ShOWEI’S. Th 11(‘)0 ,(;00 10,500
) the more initial- e

Reference point
at1.8 TeV

v
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& [lraditional Appreachi s

CDF Run 1 Analysischarged Particle Ag Correlations| — Leading Calorimeter Jet or
Charged Jet #1 Leading Charged Particle Jet or

Direction I:)T > PTmin |n| SNeut  or pekasdias arged Particle or

“Transverse” region Away Region g{eSlely

very sensitive to the _ Leading Object
“underlying event"! “Toward-Side” Jet Direction

Transverse

Region

A
\/ Ny
¢ “Toward”

Leading
¢ Object

Toward Region

rse” “Transverse” .-~ “Transverse”

Transverse
Region

Away Region

“Away-Side” Jet O_ncut 4T> e
®» Look at charged particle correlations in the azimuhal angleAg@relative to a leading object {.e.
CaloJet#1, ChgJet#l, PTmax, Z-boson). For CDF PTmin 0.5 GeV/cn, = 1.

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

= All three regions have the same area in-@space AnxA@= 2n.,x120 = 2n,,x213. Construct
densities by dividing by the area im-¢@space.
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» “Transverse” Charged PTsum Density:Scalar p; sum of the

“Transverse” Charged Particle Density: Number of charged
particles (py > 0.5 GeV/c, )| <n in the “transverse” region as
defined by the leading charged particle, PTmax, dided by the
area inn-@space, .,%213, averaged over all events with at least “Toward”
one particle with p; > 0.5 GeV/c, | <N¢y:-

“Transverse” “Transverse”

charged particles (g > 0.5 GeV/c, | <n in the “transverse”
region as defined by the leading charged particld?Tmax, divided
by the area inn-@space, B.,%2173, averaged over all events with
at least one particle with g > 0.5 GeV/c, fi| <Ny

“Transverse” Charged Particle Average K: Event-by-event <g-> = PTsum/Nchg for charged
particles (py > 0.5 GeV/c,fj| <n.,) in the “transverse” region as defined by the leadig
charged particle, PTmax, averaged over all eventsith at least one particle in the
“transverse” region with p > 0.5 GeV/c, ]| <nNqye-

Zero “Transverse” Charged Particles: If there are no charged particles in the “transverg”
region then Nchg and PTsum are zero and one includéisese zeros in the average over all
events with at least one particle with p> 0.5 GeV/c,fj| <n.. However, if there are no
charged particles in the “transverse” region then tle event is not used in constructing the
“transverse” average py.
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MPI constant
probability
scattering

r PYTHIA default parameters ]

"Transverse" Charged Particle Density: dN/dnd@

Parameter | 6.115| 6.125| 6.158| 6.206 | cDF Data | Pythia6.206 (default
) data uncorrected MSTP(82)=1
MSTP(81) 1 1 1 1 / é 0.75 | theory corrected E ,,,,,,, ___. PARP(81)=19GeVlc _____ F ,,,,,,, %
> i &
welbez | 4| 4| 4 Zoso gttt til }%ﬂﬁﬁ% fotafottgetl 1} ﬁ
PARP(81) | 1.4 1.9 1.9 1.9 g .i } E { ________
PARP(82) | 1.55 | 2.1 | 21 | 19 |&°® F——-— .
& 1.8 TeV |n|<1.0 PT>0.5 GeV
PARP(89) 1,000| 1,000| 1,000 o0.00 | | ; ; | | ! | |
PARP(90) 0.16 | 0.16 | 0.16 0 1/ R
PT(charged jet#1) (GeV/c)
PARP(67) | 4.0 4.0 1.0 1.0 [— —cteQaL/ | cTEQaL CTEQSL ® CDF Min-Bias O CDF JET20

=» Plot shows th¢ Transverse” charged particle density versus R(chgjet#1)compared to
the QCD hard scattering predictions ofPYTHIA 6{206 (P;(hard) > 0) using thedefault
parametefs for multiple parton interactions and CTEQ3L, CTEQA4L, and CTEQSL.

Default parameters give
Note Change very poor description of

PARP(67) = 4.0 (< 6.138) ; : ,
PARP(67) = 1.0 (> 6.138) the “underlying event”!
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r PYTHIA\
Parameter 6.115\6\

MSTP(81) | 1 1\

MSTP(82) :/

PARP(82)
PARP(89)
PARP(90)
PARP(67)

Qarameters

PARP(81) Remember the “underlying event”

~Lod ‘W

nl<1.0 PT>0.5 GeV

cut-off py, and the PDF! erl a
1) (Ge

\ ®m  CDF Min-Bias O CDFJET20
\

®» Plot shows thHéTrans

the QCD hard scatt
parametefs for mul

Note Change
PARP(67) = 4.0 (< 6.138)

PARP(67) = 1.0 (> 6.138)

Fermilab "Wine & Cheese" Talk
September 27, 2013

\gjet#1)compared to
v 0) using thedefault
, and CTEQS5L.

poor description
nderlying event”!
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CDF Default Feburary 25, 2000!
o ——g———-airticle Density: dN/dndo

PYTHIA 6.206 CTEQSL]

Parameter | Tune B e A CDF Preliminary i PYTHIA 6.206 (Set A)
data uncorrected PARP(67)=4 : Runl AnalySiS

MSTP(81) 1 < 0.75 +- theory corrected N k Sl
MSTP(82) 4 / >

5 050 +----:
PARP(82) | 1.9 Gev [JEXIEVA -
PARP(83) 0.5 0 2 025

T PYTHI 06 (Set B)
PARP(84) 0.4 0.4 = CTEQ5L ‘ 67) 1 1.8 TeV |n|<1.0 PT>0.5 GeV

| | / / | | | | |

PARP(85) 1.0 0.9 0.00 +——— | —
40 45 50

PARP(86) 1.0 0.5 //%chargedjet#l) (GeV/c)
PARP(89) | 1.8 TeV 3 Te

lot shgvs the'transverse” charged particle density
PARP(90 0.25 0 .

(%0) versug' R (ghgjet#1)compared to the QCD hard

scattering predictions of twotuned versions of

PYTHIA'6.206 (CTEQSL, Set B(PARP(67)=1) and

PARP(67) 1.0 4.0

RP(67)=4)).
Old PYTHIA default
New PYTHIA default (more initial-state radiation)
(less initial-state radiation)
Fermilab "Wine & Cheese" Talk Rick Field — Florida/CDF/CMS Page 18
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All use LO ag

|with A = 192 MeV!

UE Parameters

ISR Parameter

N

Intrinsic KT

Fermilab "Wine & Cheese" Talk

September 27, 2013

Parameter Tune AW Tune DW Tune D6
PDF CTEQSL CTEQSL CTEQ6L ~

MSTP(81) 1 1 1
MSTP(82) 4 4 4
PARP(82) 2.0 GeV 1.9 GeV 1.8 GeV
PARP(83) 0.5 0.5 0.5
PARP(84) 0.4 0.4 0.4
PARP(85) 0.9 1.0 1.0
PARP(86) 0.95 1.0 1.0
PARP(89) 1.8 TeV 1.8 TeV 1.8 TeV
PARP(90) 0.25 0.25 0.25
PARP(62) 1.25 1.25 1.25
PARP(64) 0.2 0.2 0.2
PARP(67) 4.0 2.5 25
MSTP(91) 1 1 1
PARP(91) 2.1 2.1 2.1
PARP(93) 15.0 15.0 15.0

Rick Field — Florida/CDF/CMS

Tune A energy dependence!
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| Alluse LO ag
with A =192 MeV!

UE Parameters

ISR Parameter

=T

Intrinsic KT

Fermilab "Wine & Cheese" Talk
September 27, 2013

Parameter Tune DWT Tune D6T ATLAS
PDF CTEQSL CTEQ6L CTEQS5L

L MSTP(81) 1 1 1
MSTP(82) 4 4 4
PARP(82) 1.9409 GeV | 1.8387 GeV 1.8 GeV

| PARP(83) 0.5 0.5 0.5
PARP(84) 0.4 0.4 0.5
PARP(85) 1.0 1.0 0.33
PARP(86) 1.0 1.0 0.66
PARP(89) 1.96 TeV 1.96 TeV 1.0 TeVv
PARP(90) 0.16 0.16 0.16

F  PARP(62) 1.25 1.25 1.0
PARP(64) 0.2 0.2 1.0
PARP(67) 25 25 1.0
MSTP(91) 1 1 1
PARP(91) 2.1 2.1 1.0
PARP(93) 15.0 15.0 5.0

Rick Field — Florida/CDF/CMS

ATLAS energy dependence]
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| Alluse LO ag
with A =192 MeV!

UE Parameters

Urameter

Y IEIA 6.2 TUnRe

Parameter Tune DWT Tune D6T ATLAS
PDF CTEQSL CTEQ6L CTEQS5L
L MSTP(81) 1 1 1
MSTP(89) 4 4 4
PRP/ [)74 1.9409 GeV\\838] ey | L8gev

4‘ o5 |\
Tune B

Tune AWrl w

-
/ N 1.0 |4 66

j'v/lép\jg) ' 196Tev | 1.96) /évA 1.0 TeV
ARP(90) 0.16 0.16 0.16
PARP(62) 1.25 1.25 1.0
PARP(64) o/ 0.2 1.0

Fermilab "Wine & Cheese" Talk

September 27, 2013

Rick Field — Florida/CDF/CMS
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"Transverse" Charged Density

0.8

0.6 -
0.4+
0.2 1

0.0 |

"Transverse" Charged Particle [0

PY64 Tune P329

| RDF Preliminary

generator level

________________________

Min- Blas
1.96 TeV

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

0 2 4 6 8 10 12 14 16 18

PTmax (GeV/c)

20

PTmax Direction

"Transverse" Charged

08 +
04 -

0.0 -

RDF Preliminary,

generator ¥evel
- =

--‘—--------..

W o |
=<
=
c
=
[©]
%

O
,,, ,,,,,,,, 7777: PY64Tune8320 |
/' Min-Bias = "mmmmmmmmomoeed
14 TeV Charged Particles (|n|<1.0, PT>0.5 GeV/c)
0 5 10 15 20

25
PTmax (GeV/c)

PTmax Direction

=» Shows the “associated” charged particle density inhe “transverse” region as a function of
PTmax for charged particles (g > 0.5 GeV/c, | < 1,not including PTmax) for “min-bias” events
at 1.96 TeVfrom PYTHIA Tune A, Tune S320Q Tune N324 and Tune P329at the particle level

(i.e. generator level).

Extrapolations of PYTHIA Tune A, Tune DW, Tune DWT, Tune S32Q0 Tune P329 and pyATLAS to the

LHC.
Fermilab "Wine & Cheese" Talk

September 27, 2013
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B Y272 ¥ () 6 a » )
i®s) [ransverse Chargead P art
, o I
"Transveerged Particle [ RDF LHC P/r dlctlon rse” Charged Particle Density: dN/dnde -
/

0.8 = PYATLAS by Tunepwr ||
{ RDF Preliminary 329 ‘ A, o o " "R - = = _.:_'_::_4________
i generator level el e m m = om = = om " m = m o= om o= o
0.6 —
1 c — ]
i \\\ VA
N \\ \\
e NN AN

.
N
|

"Transverse" Charged Density
o
N

in 8128 If the LHC data are not in s ros ceve)

: \ the range shown here then <& 2
. /c)

g
o

o

we learn new (QCD) physics!
Rick Field October 13, 2009 S

PTmax Direction

Teve
\/
=®» Shows the “associated” { _arged pad ensit ansverse’ on as a function of
PTmax for charged particles (3> 0 e,y < including PTmeaX) for “min-bias” events
at 1.96 TeVfrom PYTHIA Tune A, S320 Tune\ p24 and Tune P329at the particle level

(i.e. generator level).

® Extrapolations of PYTHIA Tune A, Tune L NV, Tune DWT, Tune S32Q Tune P329 and pyATLAS to the

LHC.
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"Transverse" Charged Particle Density: dN/dnd g "Transverse" Charged Particle Density: dN/dndq)l

1.2

2 RDF Preliminary  win_gias 14 Tev 1 RDF Preliminary LHC14
‘D 1 py Tune DW gen or level : B .
c 4 [ ———————— A I ,W - _y - M
8 i - e - - — - "
3 T — = > m T LHC10
qi')’ 08 | % V.0 B . LHC7
§ 1 1.96 TeVv g PR
v oTeY o »* Tevatron
5 0.4+ el —>u
g %47 — : 900 GeV
2 - = = 2 PTmax = 5.25 GeVi/c
g ..... E ; RHlC |
= i Charged Particles (Jn|<1.0, PT>0.5 GeV/c) : B Charged Particles (|n|<1.0, PT>0.5 GeV/c)
0.0 1 1 | | 0.0 \ ‘ 1 | 1 ;
0 5 10 15 20 25 0 2 4 6 8 10 12 14
PTmax (GeV/c) Centel\\of-Mass Energy (TeV)

i i N PTmax Direction
PTmax Direction PTmax Direction

0.2 TeV— 1.96 TeV
(UE increase ~2.7 times

——) | eVvatron e

1.96 TeV4y 14 TeV
(UE increasd \~1.9 time

LHC

a function of
“min-bias” events

Shows the “associated” charged particle density inhie “transverse” regio
PTmax for charged particles (g > 0.5 GeV/c, | < 1,not including PTmax)

at0.2 TeV,0.9TeV, 1.96 TeV, 7 TeV, 10 TeV, 14 Ve@redicted by PYT i ol at the
particle level (.e. generator level). near scale:
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"Transverse" Charged Particle Density: dN/dnd g "Transverse" Charged Particle Density: dN/dnd@

1.2 — 1.2
RDF Preliminary Min-Bias 14 TeV
1 py Tune DW gen or level

RDF Preliminary
| py Tune DW generator level

L0deVa w = = =

7TeV

o
0
o
0

o
D
T T T S SO N
T T

1.96 TeV

0.9 TeVv

I
'S

.- PTmax =5.25 GeV/c

"Transverse" Charged Density
"Transverse" Charged Density

Charged Particles (In|<1.0, PT>0.5 GeVic) RHIC Charged Particles (|n|<1.0, PT>0.5 GeV/c)
0.0 . | . | 0.0 4 . 4 . -+
0 5 10 15 20 25 0.1 1.0 10.0 100.0
PTmax (GeVic) Center\ef-Mass Energy (TeV)

PTmax Direction

PTmax Direction

7 TeV — 14 TeV
(UE increase ~20%)

Linear on a log plot!

a function of
“min-bias” events

=®» Shows the “associated” charged particle density inhe “transverse” regio
PTmax for charged particles (g > 0.5 GeV/c, | < 1,not including PTmax)

at0.2 TeV,0.9TeV, 1.96 TeV, 7 TeV, 10 TeV, 14 Ve@redicted by PYT i ol at the
particle level (.e. generator level). 09 scale:
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Transverse’ Charge

=
» Transverse" Charged Particle Density: dN/dnd@ Rick Field
2 - ] RDF Preliminary MB&UE@CMS WOFkShOp
g |py Tune DW generator level ey CERN, November 6, 2009
B 08
5 W
5 factor of 2!
2 900 GeV
5041 f o eee—————
>
:g PrediCtion! Charged Particles (|n|<2.0, PT>0.5 GeV/c)
0.0 T T T T T T } }
0 2 4 6 8 10 12 14 16 18 20
PTmax (GeV/c)
PTmax Direction PTmax Direction

900 GeV— 7 TeV

=» Shows the charged particle density in th&ransverse” region for charged particles (g > 0.5
GeVi/c, | <2) at900 GeV and 7 TeVas defined by PTmax from PYTHIA Tune DW and at the
particle level (.e. generator level).
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Charged Particle Density

"Transverse" Charged Particle Density: dN/dnd@

1.2
TCMS Preliminary
T datauncorrected 7Tev E E
T pyDW+SIM - EE ]
+ ...IIIIIIII..II..I L
08T -G em— - oo
04 +---pell tpg—— o
1 Charged Particles (|n|<2.0, PT>0.5 GeV/c)
0.0

0 5 10 15 20 25 30 35 40 45
PT(chgjet#1) GeV/c

50

"Transverse" Charged Density

"Transverse" Charged Particle Density: dN/dnd@

I l q—TeVT i
1T
ATLAS

12

1 RDF Preliminary
| ATLAS corrected data

0.8 +

900 GeV

0.4 +

;iﬁi

Charged Particles (|n|<2.5, PT>0.5 GeV/c)

OO T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
PTmax (GeV/c)

®» CMS preliminary data at 900 GeV and 7 Te\® ATLAS preliminary data at 900 GeV and 7

on the “transverse” charged particle density,

dN/dndgq, as defined by the leading charged

particle jet (chgjet#1) for charged particles

uncorrected and compared with PYTHIA

Tune DW after detector simulation.

PT(chgjet#1) Direction

Fermilab "Wine & Cheese" Talk
September 27, 2013

with pr > 0.5 GeV/c andnj| < 2. The data are

TeV on the “transverse” charged particle
density, dN/dndq, as defined by the leading
charged particle (PTmax) for charged particles
with pr > 0.5 GeV/c andi| < 2.5. The data are
corrected and compared with PYTHIA Tune
DW at the generator level.

PTmax Direction
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Charged Particle Density

"Transverse" Charged Particle Density: dN/dnd@

12

TCMS Preliminary

+ 7 TeV E
data uncorrected
T pyDw+SiM EE ] E

Charged Particles (|n|<2.0, PT>0.5 GeV/c)

0.0

0 5 10 15 20 25 30 35 40 45
PT(chgjet#1) GeV/c

50

Ratio: 7 TeV/900 GeV

"Transverse" Charged Particle Density: dN/dnd@
3.0 I
lcms Preliminary
-+ datauncorrected
r pyDW + SIM %
2.0 _
1.0 +
7 TeV /900 GeV Charged Particles (|n|<2.0, PT>0.5 GeV/c)
0.0 T T T T T T T
0 2 4 6 8 10 12 14 16 18
PT(chgjet#1) (GeV/c)

=» CMS preliminary data at 900 GeV and 7 TeV® Ratio of CMS preliminary data at 900 GeV

on the “transverse” charged particle density,

dN/dndgq, as defined by the leading charged

particle jet (chgjet#1) for charged particles
with pr > 0.5 GeV/c andnj| < 2. The data are

uncorrected and compared with PYTHIA
Tune DW after detector simulation.

PT(chgjet#1) Direction

Fermilab "Wine & Cheese" Talk
September 27, 2013

and 7 TeVon the “transverse” charged
particle density, dN/dndq, as defined by the
leading charged patrticle jet (chgjet#1) for
charged particles with p; > 0.5 GeV/c and
In| < 2. The data are uncorrected and
compared with PYTHIA Tune DW after
detector sim{fatigi. ="

* Ag
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D6T, CW, X1, and X2) were PYTHIA 6.4
tunes using the old G-ordered parton
showers and the old MPI modelreally 6.2
tune9)!

PARP(90)
PARP(82)
Color
®» | believe that it is time to move to PYTHIA

6.4 (p,-ordered parton showers and new AA—
MPI model)!
®» Tune Z1: | started with the parameters of iffraction
ATLAS Tune AMBT1, but | changed LO* to
CTEQSL and | varied PARP(82) and PARP(90)

to get a very good fit of the CMS UE data at 900 _
GeVand 7 TeV. '
®» The ATLAS Tune AMBT1 was designed to fit
the inelastic data for Nchg> 6 and to fit the
PTmax UE data with PTmax > 10 GeV/c. Tune
AMBTL1 is primarily a min-bias tune, while

Tune Z1 is a UE tune!

Fermilab "Wine & Cheese" Talk Rick Field — Florida/CDF/CMS
September 27, 2013
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Parameters not
shown are the
PYTHIA 6.4 defaults!

PY THIA Tune Z1

e

Tune Z1 Tune AMBT1
/ Parameter (R. Field CMS) (ATLAS)
Parton Distribution Function CTEQS5L LO*
PARP(82) — MPI Cut-off 1.932 2.292
PARP(89) — Reference energy, EO 1800.0 1800.0
PARP(90) — MPI Energy Extrapolation 0.275 0.25
PARP(77) — CR Suppression 1.016 1.016
PARP(78) — CR Strength 0.538 0.538
PARP(80) — Probability colored parton from BBR 0.1 0.1
PARP(83) — Matter fraction in core 0.356 0.356
PARP(84) — Core of matter overlap 0.651 0.651
PARP(62) — ISR Cut-off 1.025 1.025
PARP(93) — primordial kT-max 10.0 10.0
MSTP(81) — MPI, ISR, FSR, BBR model 21 21
MSTP(82) — Double gaussion matter distribution 4 4
MSTP(91) — Gaussian primordial kT
MSTP(95) — strategy for color reconnection 6 6
Fermilab "Wine & Cheese" Talk Rick Field — Florida/CDF/CMS Page 30
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Charged Particle Density

1.2

o
o)
|

o
~

o
o

"Transverse" Charged Particle Density: dN/dnd@

T CMS Preliminary
| datauncorrected
Theory + SIM

7 TeV

_____

o
&)
=
o
=
&)

PT(chgjet#1) GeV/c

20 25 30 35 40 45 50

"Transverse" Charged Particle Density: dN/dnd@

1.2

T CMS Preliminary
T datauncorrected
pyZ1 + SIM

0.8 +

0.4 +

| CMS

Tune Z1

Charged Particle Density

Charged Particles (n|<2.0, PT>0.5 GeV/c)
Il Il Il Il Il
T T T T T

0.0 \ \
0 5 10 15 20 25 30 35 40 45 50

PT(chgjet#1) GeV/c

®» CMS preliminary data at 900 GeV and 7

TeV on the “transverse” charged particle

density, dN/dndq, as defined by the leading

charged patrticle jet (chgjet#1) for charged
particles with p; > 0.5 GeV/c andiy| < 2.0.
The data are uncorrected and compared
with PYTHIA Tune DW and D6T after

AN

®» CMS preliminary data at 900 GeV and 7
TeV on the “transverse” charged particle
density, dN/dndq, as defined by the leading
charged patrticle jet (chgjet#1) for charged
particles with p; > 0.5 GeV/c andij| < 2.0.
The data are uncorrected and compared
with PYTHIA Tune Z1 after detector

5 simulation (SIM).

detector simulation (SII\[.

Color reconnection suppression.
Color reconnection strength.

Tune Z1 (CTEQ5L)
PARP(82) = 1.932
PARP(90) = 0.275
PARP(77) = 1.016

Fermilab "Wine & Cheese" Talk\_/

™~ PARP(78) = 0.538

Tune Z1 is a PYTHIA 6.4 using
pr-ordered parton showers and
the new MPI model!

September 27, 2013

Rick Field — Florida/CDF/CMS
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Parameter Tune AW Tune DW Tune D6
PDF CTEQSL CTEQSL CTEQ6L ~
UE Parameters MSTP(81) 1 1 1
MSTP(82) 4 4 4
PARP(82) 2.0 GeV 1.9 GeV 1.8 GeV
PARP(83) 0.5 0.5 0.5
PARP(84) 0.4 0.4 0.4
PARP(85) 0.9 1.0 1.0
PARP(86) 0.95 1.0 1.0
SR PRI PARP(89) 1.8 TeV 1.8 TeV 1.8 TeV fiitdourcci‘ EA8|71P§§8_2)0b9y5
AN PARP(90) 0.25 0.25 0-25| Everything else the same!
PARP(62) 1.25 1.25 1.25
PARP(64) 0.2 0.2 0.2
PARP(67) 4.0 25 2.5
MSTP(91) 1 1 1 Tune A energy dependencel
PARP(91) 2.1 2.1 2.1 (not the default)
PARP(93) 15.0 15.0 15.0
Intrinsic KT
%)
CMS: We wanted a CTEQG6L version of Tune Z1 in a hury!
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PY TIHIA Tune Z

Parameter Tune Z1 Tune Z2
(R. Field CMS) | (R. Field CMS)

Parton Distribution Function CTEQS5L CTEQG6L
PARP(82) — MPI Cut-off 1.932 1.832
PARP(89) — Reference energy, EO 1800.0 1800.0
PARP(90) — MPI Energy Extrapolation 0.275 0.275
PARP(77) — CR Suppression 1.016 1.016
PARP(78) — CR Strength 0.538 0.538
PARP(80) — Probability colored parton from BBR 0.1 0.1
PARP(83) — Matter fraction in core 0.356 0.356
PARP(84) — Core of matter overlap 0.651 0.651
PARP(62) — ISR Cut-off 1.025 1.025
PARP(93) — primordial kT-max 10.0 10.0
MSTP(81) — MPI, ISR, FSR, BBR model 21 21
MSTP(82) — Double gaussion matter distribution 4 4
MSTP(91) — Gaussian primordial kT 1
MSTP(95) — strategy for color reconnection 6 6

Fermilab "Wine & Cheese" Talk
September 27, 2013

Rick Field — Florida/CDF/CMS

Reduce PARP(82) by
factor of 1.83/1.93 = 0.95
Everything else the same!
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PY THIA TTUne Z
Parameter Tune Z1 Tune Z2
(R. Field CMS) | (R. Field CMS)
Parton Distribution Function CTEQS5L CTEQG6L
PARP(82) — MPI Cut-off 1.932 1.832
PARP(89) — Reference energy, EO 1800.0 1800.0
PARP(90) — MPI Energy Extrapolation 0.275 N 0.275
PARP(77) — CR Suppression 1.016 \\1.016
PARP(78) — CR Strength 0.538 ONG8 e
PARP(80) — Probability colored parton from BBR 0.1 01\\ Everything else the same!
PARP(83) — Matter fraction in core 0.356 0.356
PARP(84) — Core of matter overlap 0.651 0.651
PARP(62) — ISR Cut-off 1.025 1.025 PARP(90) same
PARP(93) — primordial KT-max 10.0 10.0 For Z1 and Z2!
MSTP(81) — MPI, ISR, FSR, BBR model 21 21
MSTP(82) — Double gaussion matter distribution 4 4
MSTP(91) — Gaussian primordial kT 1
MSTP(95) — strategy for color reconnection 6 6
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"Transverse" Charged Particle Density: dN/dnd@

1.6 —
TCMS Preliminary
- I data corrected
= 1Tune Z1 generator level 7TeV
% 1.2 + i L] I—I_
o ERiElgE TEE R
o
S
508 000Gey T
o T e
2 CMS
o> 1
G 0.4
s 1 Tune Z1
Charged Particles (|n|<2.0, PT>0.5 GeVi/c)
0.0 ‘ 1

10 20 30 40 50 60 70 80 90 100
PT(chgjet#1) GeV/c

o

"Transverse" Charged PTsum Density: dPT/dnd@

L CMS Preliminary

data corrected

900 GeV

I TuneZ1
g Charged Particles (|n|<2.0, PT>0.5 GeV/c)

0 10 20 30 40 50 60 70 80 90 100
PT(chgjet#1) GeV/c

®» CMS preliminary data at 900 GeV and 7
TeV on the “transverse” charged particle
density, dN/ddq, as defined by the leading
charged patrticle jet (chgjet#1) for charged
particles with p; > 0.5 GeV/c andij| < 2.0.
The data are corrected and compared with

PYTHIA Tyne Z1 at the generator level.

®» CMS preliminary data at 900 GeV and 7
TeV on the “transverse” charged PTsum
density, dPT/ddg, as defined by the leading
charged patrticle jet (chgjet#1) for charged
particles with p; > 0.5 GeV/c andiy| < 2.0.
The data are corrected and compared with
PYTHIA Tune Z1 at the generator leyel.

@

CMS corrected
datal

CMS corrected
data!

Fermilab "Wine & Cheese" Talk
September 27, 2013

D Very nice agreement!

Rick Field — Florida/CDF/CMS
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"Transverse" Charged Particle Density: dN/dndtpl

1.6 —
1CMS Preliminary
- data corrected
= Tune Z2 generator level 7 TeV
= 12 - e e e S - e
[a)] s ¥ 8
)
S
e R e e
S T 900 GeV
3 1 Tune Z2
o 1
goal M CEER
6 4
Charged Particles (|n|<2.0, PT>0.5 GeV/c)
0.0 +

0 10 20 30 40 50 60 70 80 90 100
PT(chgjet#1) GeVl/c

"Transverse" Charged PTsum Density: dPT/dnd@
20 T
+ CMS Preliminar
1 data corrected / L] I I
— 7 TeV (1
§ 1.6 T tunez2 generator level L LS
8
> 12 - e i B — - - - - - oo — - - -
‘©
c
©
0 0.8
c 900 GeV
3 Tune Z2
R i R ) R e
Charged Particles (|n|<2.0, PT>0.5 GeV/c)
0.0 T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
PT(chgjet#1) GeV/c

®» CMS preliminary data at 900 GeV and 7
TeV on the “transverse” charged particle
density, dN/dndq, as defined by the leading
charged patrticle jet (chgjet#1) for charged
particles with p; > 0.5 GeV/c andn| < 2.0.
The data are corrected and compared with

PYTHIA TJune Z2 at the generator level.

®» CMS preliminary data at 900 GeV and 7
TeV on the “transverse” charged PTsum
density, dPT/dndg, as defined by the leading
charged patrticle jet (chgjet#1) for charged
particles with p; > 0.5 GeV/c andij| < 2.0.
The data are corrected and compared with
PYTHIA Tune Z2 at the generator leyel.

@

CMS corrected
datal

D Not good! Bad energy dependence

CMS corrected
data!

Fermilab "Wine & Cheese" Talk
September 27, 2013
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PYTIHIA TUne Z2*

o

Parameter Tune Z1 Tune Z2 Tune Z2*
(R. Field CMS) | (R. Field CMS) (CMS)
Parton Distribution Function CTEQS5L CTEQG6L CTEQG6L
PARP(82) — MPI Cut-off 1.932 1.8;/ 1.93
PARP(89) — Reference energy, EO 1800.0 00 1800.0
PARP(90) — MPI Energy Extrapolation 0.275 0.275 0.23
PARP(77) — CR Suppression 10+ 1.016 1.016
PARP(78) — CR Strength A Knutsson & M. Zakaria 0.538 0.538
PARP(80) — Probability colored partorl using Rivet & the Professor 0.1 0.1
PARP(83) — Matter fraction in core 0.356 0.356 0.356
PARP(84) — Core of matter overlap 0.651 0.651 0.651
PARP(62) — ISR Cut-off 1.025 1.025 1.025
PARP(93) — primordial kT-max 10.0 10.0 10.0
MSTP(81) — MPI, ISR, FSR, BBR model 21 21 21
MSTP(82) — Double gaussion matter distribution 4 4 4
MSTP(91) — Gaussian primordial kT 1
MSTP(95) — strategy for color reconnection 6 6 6
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LPCC  MB&UE Working Group

LRC /Pf/uj‘ifrcb Centre at CERN
MB & UE Common Plots

o aantum
c hromo-
@yaamics

®» The LPCC MB&UE Working Group has suggested
several MB&UE “Common Plots” the all the LHC
groups can produce and compare with each other.

“Minimum Bias” Collisions

Proton ; é é Proton
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MIB Common Plo
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n

Direct charged particles (including leptons) correted to
the particle level with no corrections for SD or DD
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CMS Common Plots t &

Observable 900 GeV
MB1: dN,/dn Ny, =1 Done Done
In| <0.8 3 >0.5 Gev/c & 1.0 GeV/c|IRol®pEliZ0 QCD-10-024
MB2: dN /dp; Ny, =1 0| < 0.8 Stalled Stalled

MB3: Multiplicity Distribution
Stalled Stalled

In| <0.8 3 >0.5GeV/ic & 1.0 GeV/qg

MB4: <p,> versus Nchg In progress In progress

In|<0.83 >0.5GeV/c&1.0GeV/q (Antwerp) (Antwerp)

UE1: Transverse Nchg & PTsum as

defined by the leading charged Done Done

particle, PTmax FSQ-12-020 FSQ-12-020
In| <0.83>0.5GeV/c & 1.0 GeV/c

Direct charged particles (including leptons) correted to
the particle level with no corrections for SD or DD
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a8y CMS Common Plots t.g
o Observable | TTev

MB1: Nepg21 D Done
nl<0.8 & 1.0 QCZ SHE-024
MB2: chhg/dp\> btalled

Note that all the “common plots” require
m:a( at least one charged particle with
MBA: <p§ pr > 0.5 GeV/c andrj| < 0.8! ‘
! This done so that the plots are
Ini <08 less sensitive to SD and DD. S

lone
FS§ FS@AL2-020

defined by the leadin
particle, PTmax

N|<0.83>05G

Direct charged partic
the particle level wit

5 (including leptons) correted to
o corrections for SD or DD
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Proton AntiProton

®» Just before the shutdown of the Tevatron CDF
has collected more than 10M “min-bias” events
at several center-of-mass energies!

: : Tewvatron
}:u P C
P SOUTCE," Main Injector

S RRecyvior A A 300 GeV 12.1M MB Events
' 900 GeV 54.3M MB Events

—— T
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Special thanks toMike Albrow,
Michelangelo Mangano, Rob Roselrs
and everyone that helped make this
happen

AntiProton

of the Tevatron CDF
“min-bias” events
\ergies!

Tevatron

- P ﬂ'%_’_ _'_.___'____T‘ . . Q nter_Of_m CA

» SOUTCE 200 - .
P = / Main Injector

e eV 12.1M MB Events
] 900 GeV 54.3M MB Events
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—
\/_)J_'

Observable

Common Plots &

MB1: dN,/dn Ny, =1
In| <0.8 3 >0.5Gev/ic & 1.0 GeV/c

Done Done Done

MB2: dN,/dp N,,=11n| < 0.8 In progress In progress In progress
MB3: Multiplicity Distribution

In progress In progress In progress
In| <0.8 3 >0.5GeV/c & 1.0 GeV/c
MB4: <p.> versus Nchg

In progress In progress In progress
In| <0.8 3 >0.5GeV/c & 1.0 GeV/c

UE1: Transverse Nchg & PTsum as
defined by the leading charged
particle, PTmax

In| <0.8 3 >0.5GeV/c & 1.0 GeV/c

p; > 0.5 GeV/c p;>0.5GeVic p;>0.5GeVic

Done Done Done

Direct charged particles (including leptons) correted to
the particle level with no corrections for SD or DD

R. Field, C. Group, and D. Wilson.
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ommon Plels vi#
\Observable -900 GeV _1.96 TeV

: >
HIELS €l L Done Done
In|<0.8p>0. 0 GeV, ,

MB2: dN , /dp; Ncgﬁ In progress

MB3: M( Special thanks toMary Convery, ﬁress
nf<08p > Ray Culbertson, and Jonathan Lewi

MB4: <p;> versus for their help with the datasets!
In|<0.8p >0,

UEL: Tr
defined by the leading ch
particle, PTmax

Nl <0.8 3 >0.5GeV/c &1.0 GeV/

Direct charged p4
the particle level

Arogress

no corrections for SD or DD

R. Field, C. Group, and D. Wilson.
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Common Plots 900GeV.

= AL L BN B B L LA I = L L B I L L L I
e F ] o - m
E 2F Preliminary \s =900 GeV ;C: 1.15;— Preliminary Vs = 900 GeV —;
Z 19F = zZ 11 -
wh bR b 1.05%4##%##
Y
165 = 0.95] 3
155 $ATLAS #ALICE 4CMS = 09  4ATLAS 4ALICE 4cms
145 = 0.85/ =
13- = 0.8 =
125 21, Py >05GeV, |n|<08—; 075 Ny, 2 1,p. > 1GeV, [n|<08
= Ll | = . T T T A NN R NI L I R | LT
o o — | | : | : | —— | i g E— L I e B B L BB BN —E
T 106EF E E 106F E
1045 3 1045 E
L S 3 i S N B L
3R R e IR f:
0.94 3 0.94E =
0093 - ALICE/ATLAS - ALICE/CMS ¥ CMS/ATLAS E 0{?3 — ALICE/ATLAS S ALICE/CMS ¥ CMS/ATLAS 3

-0.8 -06 -04 -02 0 02 04 06 0.8 0.8 -06 -04 -02 0 02 04 06 08
l Ul

Direct charged particles (including leptons) correted to
the particle level with no corrections for SD or DD
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VIB Common Plots 900G

Pseudo-Rapidity Distribution: dN/dn Pseudo-Rapidity Distribution: dN/dn
2.2 1.15 -

T RDF Preliminary -RDF Preliminary
Corrected Data 900 Gev - Corrected Data 900 GeV

——————————————————————— 1.10 +

1.05 +

Average Number
Average Number

———————————————————————————— 1.00 |
At least 1 charged particle

T Charged Particles (|n|<0.8, PT>0.5 GeV/c) Charged Particles (|r||<.0.8, PT>1.0 GeVic)
1.4 f f f f f f f f f 0.95 f f f f f f f f f
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 -1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
Pseudo-Rapidity Pseudo-Rapidity
126 ng, 2 1p >OSGeV|n|<O E 075E n,, 2 1,p_>1GeV, [n|<0.8 -
= Ll | L L L | L L= 1 L L | Ll L | L L L | L Ll L L L L | L Ll L L]
o E - | - | e 3 o L L B O L B LI
S 1.08FE = = 1.08E =
o |t
X S R i - R R
0.98F T + 4 % * * + % E 0.98F T % i '1’ T + E
096 = 096 =
0.94F s 0.94F -
00935 —h- ALICE/ATLAS S ALICEICMS ¥ CMS/ATLAS :f 033; —h- ALICE/ATLAS H-ALICEICMS Y- CMS/ATLAS :f
0.8 06 04 02 0 02 04 06 08 08 06 04 02 0 02 04 06 08
il n

Direct charged particles (including leptons) correted to
the particle level with no corrections for SD or DD
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Pseudo-Rapidity Distribution: dN/dn
3
- CDF Preliminary
Corrected Data 1.96 TeV
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Pseudo-Rapidity

®» New Corrected CDF data at 300 GeV, 900 GeV, and 1.96 Veon on pseudo-rapidity
distribution of charged particles, dN/dn, with p; > 0.5 GeV/c. Events are required to
have at least one charged particle witln| < 0.8 and g > 0.5 GeV/c. The data are
corrected to the particle level with errors that include both the statistical error and
the systematic uncertainty.
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New CDE ViB Data

Pseudo-Rapidity Distribution: dN/dn
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Pseudo-Rapidity

®» New Corrected CDF data at 300 GeV, 900 GeV, and 1.96 Veon on pseudo-rapidity
distribution of charged particles, dN/dn, with p; > 0.5 GeV/c. Events are required to
have at least one charged particle witln| < 0.8 and g > 0.5 GeV/c. The data are
corrected to the particle level with errors that include both the statistical error and
the systematic uncertainty.

Fermilab "Wine & Cheese" Talk Rick Field — Florida/CDF/CMS Page 49
September 27, 2013



Pseudo-Rapidity Distribution: dN/dn

4
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Pseudo-Rapidity

®» New Corrected CDF data at 300 GeV, 900 GeV, and 1.96 Veon on pseudo-rapidity
distribution of charged particles, dN/dn, with p; > 0.5 GeV/c. Events are required to
have at least one charged particle witln| < 0.8 and g > 0.5 GeV/c. The data are
corrected to the particle level with errors that include both the statistical error and
the systematic uncertainty.
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Pseudo-Rapidity Distribution: dN/dn
15
| CDF Preliminary
Corrected Data 196 TeV
5 | ] ] ] ] ] § |
E
S ] [ | | | | | u m 900 Ge
P4
() 10 5
g
§ = | | | ] ] ] u
<
300 GeV
At least 1 charged particle
Charged Particles (|n|<0.8, PT>1.0 GeV/c)
0.5 ‘ ‘ ‘ ‘ 1 1 1 1 1
-10 -08 -06 -04 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
Pseudo-Rapidity

®» New Corrected CDF data at 300 GeV, 900 GeV, and 1.96 Veon on pseudo-rapidity
distribution of charged patrticles, dN/dn, with p; > 1.0 GeV/c. Events are required to
have at least one charged particle witin| < 0.8 and g > 1.0 GeV/c. The data are
corrected to the particle level with errors that include both the statistical error and
the systematic uncertainty.
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Pseudo-Rapidity Distribution: dN/dn
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Pseudo-Rapidity

®» New Corrected CDF data at 300 GeV, 900 GeV, and 1.96 Veon on pseudo-rapidity
distribution of charged patrticles, dN/dn, with p; > 1.0 GeV/c. Events are required to
have at least one charged particle witin| < 0.8 and g > 1.0 GeV/c. The data are
corrected to the particle level with errors that include both the statistical error and
the systematic uncertainty.
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Pseudo-Rapidity Distribution: dN/dn \7
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Pseudo-Rapidity

®» New Corrected CDF data at 300 GeV, 900 GeV, and 1.96 Veon on pseudo-rapidity
distribution of charged patrticles, dN/dn, with p; > 1.0 GeV/c. Events are required to
have at least one charged particle witin| < 0.8 and g > 1.0 GeV/c. The data are
corrected to the particle level with errors that include both the statistical error and

the systematic uncertainty.
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Pseudo-Rapidity Distribution: dN/dn(n=0)
357
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=®» CMS data at 7 TeV and 900 GeV andCDF data at 1.96 TeV, 900 GeV, and 300 GeV
on dN/dn at n = 0 with p; > 0.5 GeV/c as a function of the center-of-mass emg.
Events are required to have at least one charged g&le with |n] < 0.8 and g > 0.5
GeV/c. The data are corrected to the particle leat with errors that include both the
statistical error and the systematic uncertainty.
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Pseudo-Rapidity Distribution: dN/dn(n=0)
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®» CMSdataat7 TeV and 900 GeV andCDF data at 1.96 TeV, 900 GeV, and 300 GeV

on dN/dn at n = 0 with p; > 0.5 GeV/c as a function of the center-of-mass emg.

Events are required to have at least one charged g&le with |n] < 0.8 and g > 0.5
GeV/c. The data are corrected to the particle leat with errors that include both the
statistical error and the systematic uncertainty.
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Pseudo-Rapidity Distribution: dN/dn(n=0)

TRDF Preliminary CDF black dots
[ cCorrected Data CMS red squares -
Tune Z1
At least 1 charged particle
Charged Particles (|n|<0.8, PT>1.0 GeV/c)
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Center-of-Mass Energy (GeV)

10.0

®» CMSdataat7 TeV and 900 GeV andCDF data at 1.96 TeV, 900 GeV, and 300 GeV

on dN/dn at n = 0 with p; > 1.0 GeV/c as a function of the center-of-mass emg.

Events are required to have at least one charged pg&le with |[n| <0.8 and g > 1.0
GeV/c. The data are corrected to the particle leat with errors that include both the
statistical error and the systematic uncertainty.
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Overall Charng

Pseudo-Rapidity Distribution: dN/dn
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= Corrected CDF dataon the pseudo-rapidity = Corrected CDF and CMS dataoverall density of

distribution, dN/d n, for charged with p; > 0.5

charged particles with pr > 0.5 GeV/c andij]| <
GeV/c and h| < 0.8 for events with at least one 0.8 for events with at least one charged particle
charged particle with p; > 0.5 GeV/c andiy| <

wi

th p; > 0.5 GeV/c andj| < 0.8 plotted versus

0.8. the center-of-mass energyl¢g scale). The data
are corrected to the particle level with errors

Ecm Nchg error | NchgDen | error that include both the statistical error and the
300 GeV 2.241 0.175 0.223 0.017 systematic uncertainty.
900 GeV 3.012 0.203 0.300 0.020 %8 94N
1.96 TeV 3.439 0.186 0.342 0.019 Nchg % d’]

-0.8
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9 New UE Observables it =

» “transMAX” and “transMIN” Charged Particle Density: Number PTmax Direction
of charged particles (g > 0.5 GeV/c, 1| < 0.8) in the the maximum
(minimum) of the two “transverse” regions as defind by the
leading charged particle, PTmax, divided by the ara in n-@space,
2Nn.,+%216, averaged over all events with at least one pacte with
pr > 0.5 GeV/c, fi| <Ngyt-

» “transMAX” and “transMIN” Charged PTsum Density: Scalar p;
sum of charged patrticles (p > 0.5 GeV/c,1j| < 0.8) in the the
maximum (minimum) of the two “transverse” regions & defined
by the leading charged particle, PTmax, divided byhe area inn-¢
space, R.,X2176, averaged over all events with at least one pacte
with p+ > 0.5 GeV/c, fj| <Ny

Note: The overall “transverse” density is equal to the avege of the “transMAX” and
“TransMIN” densities. The “TransDIF” Density is the “ transMAX” Density minus the
“transMIN” Density

‘“TransMAX” & “TransMIN”

“Transverse” Density = “transAVE” Density = (“transMA X" Density + “transMIN” Density)/2

“TransDIF” Density = “transMAX” Density - “transMIN” De  nsity
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®» The “toward” region contains the leading “jet”, whil e the “away”
region, on the average, contains the “away-side” “jg&. The
“transverse” region is perpendicular to the plane ofthe hard 2-to-2
scattering and is very sensitive to the “underlyingevent”. For
events with large initial or final-state radiation the “transMAX”
region defined contains the third jet while both tke “transMAX”
and “transMIN” regions receive contributions from th e MPI and
beam-beam remnants. Thus, the “transMIN” region isvery
sensitive to the multiple parton interactions (MPl)and beam-beam
remnants (BBR), while the “transMAX” minus the “tran sMIN”
(i.e. “transDIF”) is very sensitive to initial-state radiation (ISR) 7¢'*
and final-state radiation (FSR).

“TransMIN” density more sensitive to MPI & BBR.
“TransDIF” density more sensitive to ISR & FSR.

“Away-Side” Jet

0<*TransDIF” <2x"TransAVE”

“TransDIF” = “TransAVE" if “TransMIX” = 3x"TransMIN”"
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®» CDF PTmax UE Analysis:“transMAX” |, “transMIN” ,
“transAVE” , and“transDIF” charged particle and PTsum
densities (g > 0.5 GeV/c, fj| < 0.8) in proton-antiproton collisions
at 300 GeV, 900 GeV, and 1.96 TeV (R. Field analykis

®» CMS PTmax UE Analysis:“transMAX”, “transMIN”,
“transAVE” , and “transDIF” charged particle and PTsum
densities (g > 0.5 GeV/c,j| < 0.8) in proton-proton collisions at
900 GeV and 7 TeV (M. Zakaria analysis). The “transMAX”,
“transMIN”, and “transDIF” are not yet approved so | can only
show“transAVE” which is approved.

®» CMS UE Tunes:PYTHIA 6.4 Tune Z1 (CTEQ5L) and PYTHIA
6.4 Tune Z2* (CTEQG6L). Both were tuned to the CMSeading
chgjet “transAVE” UE data at 900 GeV and 7 TeV.

‘“TransMAX”

®» PYTHIA 8: Some comparisons with PYTHIA 8Tune 4C
(CTEQ6L), Richard Corke and Torbj6rn Sjostrand, JHEP
1103:032 (2011), arXiv:1011.1759.
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"Transverse" Charged Particle Density: dN/dnd(pl

"Transverse" Charged PTsum Density: dPT/dndq
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"Transverse" Charged Particle Density: dN/dnde "Transverse" Charged PTsum Density: dPT/dnd(pl
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"Transverse" Charged Particle Density: dN/dndg| "Transverse" Charged PTsum Density: dPT/dnd¢|
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®» CDF and CMSdata at 900 GeV/mn the

charged particle density in the “transverse”
region as defined by the leading charged
particle (PTmax) for charged particles with
pr > 0.5 GeV/c andn| < 0.8. The data are
corrected to the particle level with errors
that include both the statistical error and
the systematic uncertainty.
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®» CDF and CMSdata at 900 GeV/mn the

charged PTsum density in the “transverse
region as defined by the leading charged
particle (PTmax) for charged particles with
pr > 0.5 GeV/c and| < 0.8. The data are
corrected to the particle level with errors
that include both the statistical error and
the systematic uncertainty.
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»

CDF and CMS data at 900 GeV/mn the
charged particle density in the “transverse”
region as defined by the leading charged
particle (PTmax) for charged particles with
pr > 0.5 GeV/c andn| < 0.8. The data are
corrected to the particle level with errors
that include both the statistical error and
the systematic uncertainty.
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CDF and CMSdata at 900 GeV/mn the
charged PTsum density in the “transverse
region as defined by the leading charged
particle (PTmax) for charged particles with
pr > 0.5 GeV/c and| < 0.8. The data are
corrected to the particle level with errors
that include both the statistical error and
the systematic uncertainty.
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“ransAVIE™

"TransAVE" Charged Particle Density: dN/dnd@ "Transverse" Charged PTsum Density: dPT/dnd@
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» Corrected CMS data at 7 TeV and CDF data » Corrected CMS data at 7 TeV and CDF data
at 1.96 TeV, 900 GeV, and 300 Gebh the at 1.96 TeV, 900 GeV, and 300 Gebh the
charged particle density in the"transAVE" charged PTsum density in thé‘transAVE”
region as defined by the leading charged region as defined by the leading charged
particle (PTmax) for charged particles with particle (PTmax) for charged particles with
pr > 0.5 GeV/c andnj| < 0.8. The data are pr > 0.5 GeV/c andij| < 0.8. The data are
corrected to the particle level with errors that corrected to the particle level with errors that
include both the statistical error and the include both the statistical error and the
systematic uncertainty. The data are systematic uncertainty. The data are
compared with PYTHIA Tune Z1 and Tune compared with PYTHIA Tune Z1 and Tune
Z2*. Z2*.
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“TransAVE” v:

"TransAVE" Charged Particle Density: dN/dnd@ "TransAVE" Charged PTsum Density: dPT/dndg|
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®» Corrected CMS data at 900 GeV and 7 TeV # Corrected CMS data at 900 GeV and 7 TeV

and CDF data at 1.96 TeV, 900 GeV, and and CDF data at 1.96 TeV, 900 GeV, and
300 GeVon the charged particle density in 300 GeVon the charged PTsum density in
the “transAVE” region as defined by the the “transAVE” region as defined by the
leading charged particle (PTmax) for leading charged particle (PTmax) for
charged particles with pr > 0.5 GeV/c and charged particles with p; > 0.5 GeV/c and
In| < 0.8 with 5 < PTmax < 6 GeV/c. The In| < 0.8 with 5 < PTmax < 6 GeV/c. The
data are plotted versus the center-of-mass data are plotted versus the center-of-mass
energy (og scale). The data are compared energy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1and Tune Z2*. with PYTHIA 6.4 Tune Z1and Tune Z2*.
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and CDF data at 1.96 TeV, 900 GeV, and
300 GeVon the charged particle density in
the “transAVE” region as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 0.8 with 5 < PTmax < 6 GeV/c. The
data are plotted versus the center-of-mass
energy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1and Tune Z2*.

®» Corrected CMS data at 900 GeV and 7 TeV # Corrected CMS data at 900 GeV and 7 TeV

and CDF data at 1.96 TeV, 900 GeV, and
300 GeVon the charged PTsum density in
the “transAVE” region as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 0.8 with 5 < PTmax < 6 GeV/c. The
data are plotted versus the center-of-mass
energy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1and Tune Z2*.

The data are “normalized” by dividing by the corresponding value at 300 GeV.
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®» Corrected CMS data at 900 GeV and 7 TeV # Corrected CMS data at 900 GeV and 7 TeV

and CDF data at 1.96 TeV, 900 GeV, and
300 GeVon the charged particle density in
the “transAVE” region as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 0.8 with 5 < PTmax < 6 GeV/c. The
data are plotted versus the center-of-mass
energy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1and Tune Z2*.

and CDF data at 1.96 TeV, 900 GeV, and
300 GeVon the charged PTsum density in
the “transAVE” region as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 0.8 with 5 < PTmax < 6 GeV/c. The
data are plotted versus the center-of-mass
energy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1and Tune Z2*.

The data are “normalized” by dividing by the corresponding value at 300 GeV.
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GeV/c and | < 0.8. The data are corrected
to the particle level with errors that include
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overall charged particle density ¢traight
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=®» Corrected CDF and CMS dataon the
charged particle density ratio, in the
“transverse” region as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 0.8. The ratio corresponds to the
“transverse” charged particle density
divided by the overall charged particle

density (Ny,q=>1).
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Corrected CDF and CMS dataon the
charged particle density ratio, in the
“transverse” region as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 0.8 for 5 < PTmax < 6 GeV/c. The ratio
corresponds to the “transverse” charged
particle density divided by the overall
charged particle density (N,,,=>1). The data
are plotted versus the center-of-mass energy
(log scale).

Page 74



2.5

"Transverse" Charged Density Ratio

“Trransverse'/Overall €2

"Transverse" (

"Transverse" Charged Particle Density Ratio

Density Ratio

RDF Preliminary 2.0

Corrected Data

RDF Preliminary
Corrected Data
1.8 - Tune Z1 Generator Level

1.6 +

"Transverse" Charged Density Ratio

1.2 f ——

CMS red squares
CDF blue dots

"Transverse" divided by Overall

14 4 i 7777777777777

Charged Particles (|n|<0.8, PT>0.5 GeV/c)

; — §
»

PTmax < 6.0 GeV/c

PYTHIA Tune 71 articles (Jn|<0.8, PT>0.5 GeV/c)

5.0 < PTmax < 6.0 GeV/c 10.0
/ (TeV)

»

Corrected CD 04
charged partic

Center-of-Mass Energy (TeV)

100 tiataon the
tio, In the

“transverse” region as aelinea ny e
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 0.8. The ratio corresponds to the
“transverse” charged particle density
divided by the overall charged particle

density (Ny,q=>1).

Fermilab "Wine & Cheese" Talk
September 27, 2013

Rick Field — Florida/CDF/CMS

UQAIIDVTIOT ITYIVII Ad oenned by the
leading charged particle (PTmax) for

charged particles with p; > 0.5 GeV/c and

In| < 0.8 for 5 < PTmax < 6 GeV/c. The ratio
corresponds to the “transverse” charged
particle density divided by the overall
charged particle density (N,,,=>1). The data
are plotted versus the center-of-mass energy
(log scale).
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0.0 f f f f 0.00 f f f f
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=» Corrected CDF data at 1.96 TeV,_ 900 GeV, "TransDIF" Charged Particle Density: dN/dnd¢|
and 300 GeVon the charged particle 0.9 —
density in the“transMAX” |, “transMIN” , | ey LO6TeV _ _ o om = =
and “transDIF” regions as defined by the |z  ceremorteemey o o =g == :
leading charged particle (PTmax) for s 0] 900 Gev *
charged particles with pr > 0.5 GeV/cand | 5 .-
In| < 0.8. The data are corrected to the Bos -t o~ [300@6"_, 7777777
. . . 5 Tune Z2* (solid lines)
particle level with errors that include both | § une 71 (dashed lines)
the statistical error and the systematic Charged Particles (In|<0.8, PT>0.5 Gevic)
M 0.0 T T } }
uncertainty. | o . . b 6 20
The data are compared with PYTHIA 6.4 PTmax (GeVic)
Tune Z1and Tune Z2*,
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"Transverse" Charged PTsum Density: dPT/dnd@

transMAX /IVIINF P T

SUMDEN v ¢

"Transverse" Charged PTsum Density: dPT/dnd@

1.5 1.2
CDF Prelimi CDF Preliminary
- Corr;ﬁ;?;:t:ry 1.96 Tev "TransMAX" E - Corrected Data 900 GeV "TransMAX"
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PTmax (GeV/c) PTmax (GeVic)
=» Corrected CDF data at 1.96 TeV, 900 GeV, "Transverse" Charged PTsum Density: dPT/dnd¢
and 300 GeVon the charged PTsum 0.72 —
density in the“transMAX” and N 300 GeV
“transMIN” regions as defined by the 2 5§ Tra”{MAX
leading charged particle (PTmax) for QaByT ;”:’“’ B S R
charged patrticles with p; > 0.5 GeV/c and D .
In| < 0.8. The data are corrected to the o241 4 " )
particle level with errors that include both | £ i“a“s“’”“
the statistical error and the systematic . | tammtt "' T " " Crarged paficles (ni<os, pT?oi Gevio)
uncertainty. 0 2 4 6 8 10 12 14
PTmax (GeVic)
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"Transverse" Charged PTsum Density: dPT/dnd@® "Transverse" Charged PTsum Density: dPT/dndg
1.5 1.2 —
CDF Preliminary 1.96 TeV " TransMAX" | CDForli’erceIelml::ry

g Genechtrcr)fcl_tsseIID?'tl'naeory aam = = i TS; Genecratorl_te\(/jellaTLeory 900 Gev "TransMAX" -
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®» Corrected CDF data at 1.96 TeV, 900 GeV, "Transverse" Charged PTsum Density: dPT/dnd

and 300 GeVon the charged PTsum 072

H H 1] ” reliminar

density in the“transMAX” and Corscisapata . 300 GeV e

“transMIN” regions as defined by the s . GenerstorLevel Theory s kb ra”i e =

leading charged particle (PTmax) for S ni*" - i

charged particles with p > 0.5 GeV/cand | g Tune z2* (solidllines)

In| < 0.8. The data are corrected to the E 024 + Tune Z1 (dashed lines)

. . . @ "TransMIN"
particle level with errors that include both | &
the statistical error and the systematic
. 0.00 1 1 1

uncertalnty . 0 2 4 6 8 10 12 14

The data are compared with PYTHIA 6.4 PTmax (GeVic)

Tune Z1and Tune Z2*,
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“transDIE/AVE™ PTisumbDen

"Transverse" Charged PTsum Density: dPT/dnd@ "Transverse" Charged PTsum Density: dPT/dnd@
. 0.9
e CDF Preliminary CDF Preliminary
Corrected Data Corrected Data "TransDIF"
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3 Charged Particles (In|<0.8, PT>0.5 GeV/c) : Charged Particles (Jn|<0.8, PT>0.5 GeVi/c)
0.0 1 f f | 0.0 \ f f |
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PTmax (GeV/c) PTmax (GeVic)
®» Corrected CDF data at 1.96 TeV, 900 GeV, "Transverse" Charged PTsum Density: dPT/dndg
and 300 GeVon the charged PTsum S P
: : T ” 7 ” reliminar
density in the“transAVE” and “transDIF” | _ e
regions as defined by the leading charged Soal ii% 7777777777777777777777777
particle (PTmax) for charged particles > St "8 i
with p; > 0.5 GeV/c andrj| < 0.8. The data | g LR S -
are corrected to the particle level with E021 mw o
errors that include both the statistical b e 300 GeV
error and the systematic uncertainty. ol ® Charged Particles (Inl<0.8, PT>0.5 Gevic)
0 2 4 6 8 10 12 14
PTmax (GeV/c)
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"Transverse" Charged PTsum Density: dPT/dnd@ "Transverse" Charged PTsum Density: dPT/dnd@
1.2 0.9
CDF Preliminary CDF Preliminary
Corrected Data - . Corrected Data "TransDIF* [, @ o o = === -
g Generator Level Theory "TransDIF" e m= == r § Generator Level Theory == I
gos+ g R . -= G 06 S
% "TransAVE" § *
IS T _______ € B 7 A ————
; 0.4 Tune 22 (solid lines) E 0.3 Tune z2* (solid lines)
o 1.96 TeV Tune Z1 (dashed lines) o 900 GeV Tune Z1 (dashed lines)
Charged Particles (|n|<0.8, PT>0.5 GeV/c) Charged Particles (|n|<0.8, PT>0.5 GeV/c)
0.0 f f f f 0.0 f f f f
0 4 8 12 16 20 0 4 8 12 16 20
PTmax (GeV/c) PTmax (GeV/c)
®» Corrected CDF data at 1.96 TeV, 900 GeV, "Transverse” Charged PTsum Density: dPT/dndg
and 300 GeVon the charged PTsum 8 T o prerman
density in the“transAVE” and “transDIF” Corrected Data
T : . S Generator Level Theory "TransDIF"
regions as defined by the leading charged | 3 | + ] -
) ) 2o I
particle (PTmax) for charged particles >
with p; > 0.5 GeV/c andij| < 0.8. The data | }
are corrected to the particle level with E 02 -
errors that include both the statistical 2 o e T st o
error and the systematic uncertainty. . | | ~ Charged Particles (In|<0.8, PT>0.5 GeVic)
The data are compared with PYTHIA 6.4 0 2 4 6 8 10 12 14
Tune Z1and Tune Z2*, PTmax (Gevic)
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"TransMAX" Charged Particle Density: dN/dnd@ "TransMAX" Charged Particle Density: dN/dnd
1.2 0.96 F
CDF Preliminar olicai >

2 p Y 196Tev  J CDE Pralimine —>
b orrected Data > Corrected Data — 8
& L — 7 g >
- 0.8 8 064 +
o) ! T LN o s a
> " - 900 GeV * 2
5 L 2 — 5
o ©
5 aunnl p—f—— &
g 0.4 N T B 300GeV “E’, (R Y il
2 u s
E o 5.0 < PTmax < 6.0 GeV/c
: ! Charged Particles (Jn|<0.8, PT>0.5 GeV/c) Charged Particles (|n|<0.8, PT>0.5 GeV/c)

0.0 1 1 ‘ ‘ 0.00 ‘ ——

0 4 8 12 16 20 0.1 1.0 10.0
PTmax (GeV/c) Center-of-Mass Energy (GeV)

=» Corrected CDF data at 1.96 TeV, 900 GeV, ®» Corrected CDF data on the charged particle

and 300 GeVon the charged particle density in the“transMAX” region as
density in the“transMAX” region as defined by the leading charged patrticle
defined by the leading charged particle (PTmax) for charged particles with p; > 0.5
(PTmax) for charged particles with p; > GeV/cand | < 0.8 with 5 <PTmax < 6
0.5 GeV/c andnfj| < 0.8. The data are GeV/c. The data are plotted versus the
corrected to the particle level with errors center-of-mass energylfg scale).

that include both the statistical error and
the systematic uncertainty.
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"Transverse" Charged Particle Density: dN/dnd@ "Transverse" Charged PTsum Density: dPT/dnd@
15 1.8 —
CDF Preliminary CMS solid dots 5 CDF Preliminary CMS solid dots
- corrected data CDF solid squares % corrected data CDF solid squares § }
= generator level theory o generator level theory TransMAX
2 " v .
g 10+ TransMAX" 212 | 5.0<PTmax < 6.0 GeVic
% 5.0 <PTmax < 6.0 Gevic Tune Z2* (solid lines) 8 % id i
8 - ' [a) Tune Z2* (solid lines)
k5 Tune Z1 (dashed lines) E Tune Z1 (dashed lines) . =
-,
(]
3 [
@ 05+ - " " E 06+
> = TransMIN - "TransMIN"
< o
O @ r-//
&}
0.0 ‘ ) . Charged Particles (In|<0.8, PT>0.5 GeV/c) 0.0 ‘ ‘ ‘ Charged Particles (|n|<0.8, PT>0.5 GeV/c)
0.1 1.0 10.0 0.1 1.0 10.0
Center-of-Mass Energy (GeV) Center-of-Mass Energy (GeV)

» Corrected CDF data at 1.96 TeV, 900 GeV, = Corrected CDF data at 1.96 TeV, 900 GeV,
and 300 GeVon the charged particle density and 300 GeVon the charged PTsum density

in the “transMAX” , and the“transMIN” in the “transMAX” , and the“transMIN”
regions as defined by the leading charged regions as defined by the leading charged
particle (PTmax) for charged particles with particle (PTmax) for charged particles with
pr > 0.5 GeV/c andiy| < 0.8 with 5 < PTmax pr > 0.5 GeV/c andi| < 0.8 with 5 < PTmax
< 6 GeV/c. The data are plotted versus the < 6 GeV/c. The data are plotted versus the
center-of-mass energylg scale). The data center-of-mass energylg scale). The data
are compared with PYTHIA 6.4 Tune Z1 are compared with PYTHIA 6.4 Tune Z1
and Tune Z2*, and Tune Z2*,
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"Transverse" Charged Particle Density Ratio "Transverse" Charged PTsum Density Ratio
5.2 — : 6.4
CDF Preliminary CMS solid dots s CDF Preliminary CMS solid dots
corrected data CDF solid squares corrected data CDF solid squares
o generator level theory o generator level theory . ‘
T T
x 3.8 + X 4.6+
E 5.0 < PTmax < 6.0 GeV/c "TransMIN" ? 5.0 < PTmax < 6.0 GeV/c "TransMIN"
n n
§ Tune Z2* (solid lines) é Tune Z2* (solid lines)
o Tune Z1 (dashed lines) o Tune Z1 (dashed lines)
S 244 S 28
g Divided by 300 GeV Value N . "TransMAX"
"TransMAX" Divided by 300 GeV Value
-
Charged Particles (|n|<0.8, PT>0.5 GeV/c) 2
1.0 —— t t fF———+—1+— 1.0 } "ttt t f F—f—F—F—
0.1 1.0 10.0 0.1 1.0 10.0
Center-of-Mass Energy (GeV) Center-of-Mass Energy (GeV)

» Corrected CDF data at 1.96 TeV, 900 GeV, = Corrected CDF data at 1.96 TeV, 900 GeV,
and 300 GeVon the charged particle density and 300 GeVon the charged PTsum density

in the “transMAX” , and the“transMIN” in the “transMAX” , and the“transMIN”
regions as defined by the leading charged regions as defined by the leading charged
particle (PTmax) for charged particles with particle (PTmax) for charged particles with
pr > 0.5 GeV/c andiy| < 0.8 with 5 < PTmax pr > 0.5 GeV/c andi| < 0.8 with 5 < PTmax
< 6 GeV/c. The data are plotted versus the < 6 GeV/c. The data are plotted versus the
center-of-mass energylg scale). The data center-of-mass energylg scale). The data
are compared with PYTHIA 6.4 Tune Z1 are compared with PYTHIA 6.4 Tune Z1
and Tune Z2*, and Tune Z2*,
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CDF Preliminary CMS solid dots CDF Preliminary CMS solid dots
; (4 ) TransMIN
corrected data CDF solid squares "“TransMIN" corrected data CDF solid squares
o generator level theory _g generator level theory )
& 4| 5.0<PTmax<6.0GeVilc .,/ ¢ 52
> > 5.0<PTmax <6.0
g Tune Z2* (solid lines) Q
2 Tune Z1 (dashed lines) 8
o 4 . o Divided by 300 GeV Value "TransMAX"
S 2.9 + bivided by 300 GeV-Value; §f - - =~ - "TransMAX™ - - - - - 2Bl B G
3 )’ 8 Tune Z2* (solid lines)
o Tune Z1 (dashed lines)
Charged Particles (Jn|<0.8, PT>0.5 GeV/c) Charged Particles (|n|<0.8, PT>0.5 GeV/c)
1.0 ‘ ——+—+++1 ‘ -+ : 1 1.0 1 ‘ -+ | i
0.1 1.0 10.0 100.0 0.1 1.0 10.0 100.0

Center-of-Mass Energy (GeV) Center-of-Mass Energy (GeV)

» Corrected CDF data at 1.96 TeV, 900 GeV, = Corrected CDF data at 1.96 TeV, 900 GeV,
and 300 GeVon the charged particle density and 300 GeVon the charged PTsum density

in the “transMAX” , and the“transMIN” in the “transMAX” , and the“transMIN”
regions as defined by the leading charged regions as defined by the leading charged
particle (PTmax) for charged particles with particle (PTmax) for charged particles with
pr > 0.5 GeV/c andiy| < 0.8 with 5 < PTmax pr > 0.5 GeV/c andi| < 0.8 with 5 < PTmax
< 6 GeV/c. The data are plotted versus the < 6 GeV/c. The data are plotted versus the
center-of-mass energylg scale). The data center-of-mass energylg scale). The data
are compared with PYTHIA 6.4 Tune Z1 are compared with PYTHIA 6.4 Tune Z1
and Tune Z2*, and Tune Z2*,
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"Transverse" Charged Particle Density: dN/dnd@ "Transverse" Charged PTsum Density: dPT/dnd@
1.1 — 11 -
CDF Preliminary CMS solid dots 5 CDF Preliminary CMS solid dots
- corrected data CDF solid squares > corrected data CDF solid squares
.g generator level theory o generator level theory
c
g0t 2 £ 08 T mmmmmmm e
o Tune Z2* (solid lines) s . TransDIF
2 Tune Z1 (dashed lines) "TransDIF" 8 Tune Z2* (solid lines)
5 IS Tune Z1 (dashed lines)
o >
. . 2 "TransAVE"
B 05 f - 7 “TransAVE' - . L
= =]
% 5.0 < PTmax < 6.0 GeVi/c > 5.0 < PTmax < 6.0 GeVi/c
©
- Charged Particles (|n|<0.8, PT>0.5 GeV/c) &} Charged Particles (|n|<0.8, PT>0.5 GeV/c)
0.2 | | 1 | | L L 0.2 —— | |
0.1 1.0 10.0 0.1 1.0 10.0
Center-of-Mass Energy (GeV) Center-of-Mass Energy (GeV)

» Corrected CDF data at 1.96 TeV, 900 GeV, = Corrected CDF data at 1.96 TeV, 900 GeV,
and 300 GeVon the charged particle density and 300 GeVon the charged PTsum density

in the “transAVE” , and the “transDIF”, in the “transAVE” , and the “transDIF”,
regions as defined by the leading charged regions as defined by the leading charged
particle (PTmax) for charged particles with particle (PTmax) for charged particles with
pr > 0.5 GeV/c andiy| < 0.8 with 5 < PTmax pr > 0.5 GeV/c andi| < 0.8 with 5 < PTmax
< 6 GeV/c. The data are plotted versus the < 6 GeV/c. The data are plotted versus the
center-of-mass energylg scale). The data center-of-mass energylg scale). The data
are compared with PYTHIA 6.4 Tune Z1 are compared with PYTHIA 6.4 Tune Z1
and Tune Z2*, and Tune Z2*,
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“TransDIF/AVE” VSE, .

"Transverse" Charged Particle Density Ratio "Transverse" Charged PTsum Density Ratio
3.4 4 4.0
CDF Preliminar i imi
corrected data / ngfjfdhgqiﬁs ‘ CbF Prelldrrllnary CMS solid dots
correcte ata H
] generator level theory "TransAVE" . ’ Qo generator level theory CDF solid squares “TransAVE" ’
T T ’
T 26T 50xPTMax<6.0GevV/ic ~~~ "~ Ml S AU et -
3 o 5 5.0 < PTmax < 6.0 GeV/c .
S Tune Z2* (solid lines) S
% Tune Z1 (dashed lines) [a] Tune Z2* (solid lines)
) o i
Siel e A 8§ 0 | Tunezi(dashedlines) IR et
g Divided by 300 GeV Value < . . g o TransDIF
TransDIF Divided by 300 GeV Value
-
Charged Particles (|n|<0.8, PT>0.5 GeV/c) Charged Particles (|n|<0.8, PT>0.5 GeV/c)
1.0 b | | b 1.0 e e | | b
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Center-of-Mass Energy (GeV) Center-of-Mass Energy (GeV)

» Corrected CDF data at 1.96 TeV, 900 GeV, = Corrected CDF data at 1.96 TeV, 900 GeV,
and 300 GeVon the charged particle density and 300 GeVon the charged PTsum density

in the “transAVE” , and the “transDIF”, in the “transAVE” , and the “transDIF”,
regions as defined by the leading charged regions as defined by the leading charged
particle (PTmax) for charged particles with particle (PTmax) for charged particles with
pr > 0.5 GeV/c andiy| < 0.8 with 5 < PTmax pr > 0.5 GeV/c andi| < 0.8 with 5 < PTmax
< 6 GeV/c. The data are plotted versus the < 6 GeV/c. The data are plotted versus the
center-of-mass energylg scale). The data center-of-mass energylg scale). The data
are compared with PYTHIA 6.4 Tune Z1 are compared with PYTHIA 6.4 Tune Z1
and Tune Z2*, and Tune Z2*,
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"Transverse" Charged Particle Density Ratio "Transverse" Charged PTsum Density Ratio
4.0 4.0 —
CDF Preliminary CMS solid dots CDF Preliminary CMS solid dots . .
corrected data CDF solid squares "TransAVE" corrected data CDF solid squares . TransAVE
o generator level theory ¢ o generator level theory ¢
€30 { - T R P E T € 30+
2 Tune Z2* (solid lines) 2 Tune Z2* (solid lines)
2 Tune Z1 (dashed lines) 2 Tune Z1 (dashed lines) . .
g S TransDIF
"TransDIF" i
5 50 |Divided by 300 GeV Valug_ (/s =~ ansbim 3 5 | Divided by 300 GeV Value, -
& 5
& 5.0 < PTmax < 6.0 GeV/c & 5.0 <PTmax < 6.0 GeV/c
Charged Particles (|n|<0.8, PT>0.5 GeV/c) Charged Particles (|In|<0.8, PT>0.5 GeVic)
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» Corrected CDF data at 1.96 TeV, 900 GeV, = Corrected CDF data at 1.96 TeV, 900 GeV,
and 300 GeVon the charged particle density and 300 GeVon the charged PTsum density

in the “transAVE” , and the “transDIF”, in the “transAVE” , and the “transDIF”,
regions as defined by the leading charged regions as defined by the leading charged
particle (PTmax) for charged particles with particle (PTmax) for charged particles with
pr > 0.5 GeV/c andiy| < 0.8 with 5 < PTmax pr > 0.5 GeV/c andi| < 0.8 with 5 < PTmax
< 6 GeV/c. The data are plotted versus the < 6 GeV/c. The data are plotted versus the
center-of-mass energylg scale). The data center-of-mass energylg scale). The data
are compared with PYTHIA 6.4 Tune Z1 are compared with PYTHIA 6.4 Tune Z1
and Tune Z2*, and Tune Z2*,
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"Transverse" Charged Particle Density Ratio "Transverse" Charged PTsum Density Ratio
>2 CDF Preliminary CMS solid dots ’ >e CDF Preliminary CMS solid dots .
corrected data CDF solid squares corrected data CDF solid squares ‘
_% generator level theory % generator level theory "TransMIN" ¢
€ 38+t-----mmmmmmm e S @ 42t >~ S
2 5.0 < PTmax < 6.0 GeV/c "TransMIN" 2 5.0 < PTmax < 6.0 GeV/c
é Tune Z2* (solid lines) é Tune Z2* (solid lines)
o Tune Z1 (dashed lines) ° Tune Z1 (dashed lines)
S24f- LR LR LR PR SR €26 S
& Divided by 300 GeV Value . & Divided by 300 GeV Value
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% Ratio of CDF data at 1.96 TeV, 900 GeV, =& Ratio of CDF data at 1.96 TeV, 900 GeV,
and 300 GeVto the value at 300 GeMor the and 300 GeVto the value at 300 Ge\Mor the
charged particle density in the'transMIN™ charged PTsum density in thé'transMIN” |
and “transDIF" regions as defined by the and “transDIF” regions as defined by the
leading charged particle (PTmax) for leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and charged particles with p- > 0.5 GeV/c and
In| < 0.8 with 5 < PTmax < 6 GeV/c. The In| < 0.8 with 5 < PTmax < 6 GeV/c. The
data are plotted versus the center-of-mass data are plotted versus the center-of-mass
energy (og scale). The data are compared energy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1and Tune Z2*. with PYTHIA 6.4 Tune Z1and Tune Z2*,

The data are “normalized” by dividing by the corresponding value at 300 GeV.
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and 300 GeVto the value at 300 GeMor the
charged particle density in the“transMIN”
and “transDIF” regions as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 0.8 with 5 < PTmax < 6 GeV/c. The
data are plotted versus the center-of-mass
energy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1and Tune Z2*.

CDF Preliminary Tune 22+ (solid lines) CMS solid dots CDF Preliminary CMS solid dots
correclted (ljart]a Tune Z1 (dashed lines) CDF solid squares cortreclted (ijrt]a CDF solid squares
_g generator level theory "TransMIN" _g generator level theory "TransMIN"
a8 - € 521 50<PTmax<86.0GeVic
> >
5 5.0 <PTmax < 6.0 Gevic > Tune Z2* (solid lines)
g g Tune Z1 (dashed lines)
2 Divided by 300 GeV Value 2 31
S 29 - =9 [~ . " "
5 5 Divided by 300 GeV Value ¢ TransDIF
a8 "TransDIF" o .
Charged Particles (Jn|<0.8, PT>0.5 GeV/c) Charged Particles (|n|<0.8, PT>0.5 GeV/c
1.0 ] -+ : e 1.0 R e : R R
0.1 1.0 10.0 100.0 0.1 1.0 10.0 100.0
Center-of-Mass Energy (GeV) Center-of-Mass Energy (GeV)
=» Ratio of CDF data at 1.96 TeV, 900 GeV,

®» Ratio of CDF data at 1.96 TeV, 900 GeV,

and 300 GeVto the value at 300 GeMor the
charged PTsum density in thétransMIN”
and “transDIF” regions as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 0.8 with 5 < PTmax < 6 GeV/c. The
data are plotted versus the center-of-mass
energy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1 and Tune Z2*.

The data are “normalized” by dividing by the corresponding value at 300 GeV.
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“TransMIN /DIF” VSE,., &

"Transverse" Charged Particle Density Ratio Iansverse" Charged PTsum Density Ratio
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=» Ratio of CDF data at Duh!! 1.96 TeV, 900 GeV,
and 300 GeVto the ¢ 300 Ge\or the
charged particle density mme‘transMIN”
and “transD oo UY egions as defined by the
leading charged particle (P ) particle (PTmax) for
charged partlcles with p; > 7 ged Ps s with pr > 0.5 GeV/c and
In| <0.8with5 <PTmax g _seVic 0.8 with\_ \PTmax < 6 GeV/c. The
data are plotted versus th"center-a 1 are plotted\grsus the center-of-mass
energy (og scale). The data are com| A . /rgy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1and Tune PYTHIA 6.4 Tune Z1 and Tune Z2*.

The data are “normalized” by d\| /ding by the corresponding value at 300 GeV.
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V.

Summary & Conclus ons {2

» The “transverse density increases faster with center-of-mass energy
than the overall density (Nchg> 1)! However, the“transverse” =
“transAVE” region is not a true measure of the energy dependencé
MPI since it receives large contributions from ISR and-SR.

®» The “transMIN” (MPI-BBR component) increases much faster with
center-of-mass energy than thétransDIF” (ISR-FSR component)!
Previously we only knew the energy dependence of ‘étnsAVE”.@

(D We now have at lot of MB & UE data at
300 GeV, 900 GeV, 1.96 TeV, and 7 TeV!
We can study the energy dependence
more precisely than ever before!

J

N\
=» Both PYTHIA 6.4 Tune Z1 (CTEQ5L) and PYTHIA 6.4 Tune Z2*

(CTEQG6L) go a fairly good job (although not perfec) in describing the
energy deperdence of the UE!
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» The “bDovsgverse” density ing \ases fastey center-of-mass energy
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MPI since it s 3 6R.

» The “transhare— What we are learning should YT
ce allow for a deeper understanding of MPI !
Previo which will result in more precise

(D b predictions at the future §

LHC energy of 13 TeV!
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