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Talk 1: What We Have gt g
Learned at the Tevatron

Rick Field Q....
University of Florida G-
QOutline of Talk Dhnamics
®» The old days of “Feynman-Field Phenomenology

'“r-'i‘ Ly '
A :
fii

-

®» Review what we learned about “min- 2
bias”, the “underlying event”, and "
“event topologies” in Run 1 at CDF.

®» Review the CDF Run 2 “underlying
event” studies in high transverse
momentum jet production and in
“Drell-Yan” production.

®» Describe the QCD Monte-Carlo models
that are used to simulate hadron-
hadron collisions.

®» Examine some extrapolations from
the Tevatron to the LHC.
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CMS at the LHC




Tewara ana Unaerstanding oi;
Fadren-Haadron Collisions

Feynman

®» From 7 GeV/cTPs to 600 GeV/c
Jets. The early days of trying to
understand and simulate hadron-
hadron collisions.

Underlying Event

Final-State

Outgoing Parton Radiation
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FF1 1977

=» What happens when two hadrons
collide at high energy? Hadron Hadron
_

=®» Most of the time the hadrons ooze
through each other and fall apart {.e.
no hard scattering). The outgoing
particles continue in roughly the same
direction as initial proton and
antiproton.

Parton-Parton Scattering

Outgoing Parton
“Soft” Collision (no large trangverse momentum)

= Occasionally there will be aarge Hadron

transverse momentum meson
Question: Where did it come from?

=®» We assumed it came from quark-quark Outgoing Parton

elastic scattering, but we did not know
how to calculate it! k

“Black-Box Model”
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P

Hadron-Hadron Collisions: vz
FF1 1977

=» \What happens when@
collide at high energ

Feynman quote from FF1 H Hadron

% Most of the time th “The model we_shall choqse IS not a popular one,
so that we will not duplicate too much of the
through each oithe work of others who are similarly analyzing
no hard scattering|  various models (e.g. constituent interchange
particles continue | model, multiperipheral models, etc.). We shall

direction as initial |  assume that the high P particles arise from EMNG /6 ug0ing paron
antiproton. direct hard collisions between constituent trangverse momentum)
quarks in the incoming particles, which
=» Occasionally t fragment or cascade down into several hadrons.’

transverse Mo —Z e <
Question: Where did it come from?

=®» We assumed it came from quark-quark

elastic scattering, but we did not know
how to calculate it! &

“Black-Box Model”
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Quark Distribution Functions
determined from deep-inelastic
lepton-hadron collisions

(c)

T [ I I
08 Qu\ Distributions —
(a) Proton

2009 CTEQ Summer School
June 30, 2009
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Quark Fragmentation Functions
determined from ee annihilations

Quark-Quark Cross-Section
Unknown! Deteremined from
hadron-hadron collisions.
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Quark Distribution Functions FF]_ 1977 ’ 10° —

determined from deep-inelastic
lepton-hadron collisions @ )

Feynman quote from FF1
“Because of the incomplete knowledge of o
our functions some things can be predicted ————— |
with more certainty than others. Those
experimental results that are not well _ _
BB s meme ( predicted can be “used up” to determine L. AN
o8- °“‘\’\ s B these functions in greater detail to permit | G T T
e better predictions of further experiments.
Our papers will be a bit long because we

wish to discuss this interplay in detail.”

J

\. \\,' —
s \'_\ . 3
i \ > 205" (2) |

o N

0-2 | 1 .\, % | Quark Fragmentation Functions
Lk : 10 etermined from e'e annihilations

7
Fig. 9

hadron-hadron collisions. |
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lack-Box Model

Predict FF1 1977 _ Predict _
particle ratios " increase with increasing
¢ ' ' ' ' CM energy W
o pp—=T+X vs Py I
4l -
)
K o W=053 (rt+7)/2
i G X W= 53 70 y
Al ﬁp_;(oK'/K')”' Ay Oe¢ ol 2| ma Towards Trigger
] B D i o oe v W:=194 70
i g 9 er o 0 W=194 (rt+7)/2 7]
4l pp-=(mi/m) pp = (/P % 9
9 .0 \\‘ Ueligal 30 Towards
O RN e ¥ e TPP .
b
mg' O}
°
B ol
L
o
o -2
The “underlying event”
-3+ (Beam-Beam Remnants)!
T
0 K" | Predict
H 1S RE s O Ky | —_—
0 16 20 30 40 ol o overall event topology
%% o o0z 03 h 0a 05 06 07 P.L GeV/c (FFFl paper 1977)
har 7 GeV/crP's!
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cKk-Box VMoael

Predict |:|:1 1977 Predict

particle ratios | 5 increase with increasing
CM energy W

% -/ /

pp—=m7+X vs P
4 10 T T T T T
(a)

10 T T T T 7
(a) f
sl pp=(KY/K*%/
DN\JK’/K'P‘” ::
6

— Targd When Jim Cronin’s group at the University

4 -\45° gE . -

a3 of Chicago measured these rations and we
knew we were on the right track!

7

Towards

The “underlying event”
(Beam-Beam Remnants)!

L

overall event topology
(FFF1 paper 1977)

L pp—=(KY/7")%°
05 " <5 e

Q.0

! 1 ! L . !
00 @l OZ0E 04 0> 0 Or
X

b Y 7 GeV/c1P's!
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2D(z,Q%) VERSUS z

. 10! e T T
Quark & Gluon Fragmentation F@u=rt 4204 E(blguon=7 4-04 ]
: FFF2 1978 e
Functions ==02-50
. ---Q2=500
Q2 dependence predicted from QCD R
Parton Distribution Functions
. Nk
Q2 dependence predicted from| \\\\.’-.,._
W\
QCD -: \\\\\‘:1:
\\:‘
e el L e
Z Z

TABLE I. Cross sections for the various constituent
quark-quark, quark-gluon, and gluon-gluon subpro-

h cesses.® The differential cross section is given by dd/df
Q)] A[%/8?, where ay(Q?) is the effective coupling

given by Eq. (3.1).
£

ubprocess laf?

SCALE BREAKING A=0.4 GeV/c

4qi9;—~49:4; St n

(a) Electroproduct\  Ptructure Function (b) Gluon DisYribution in Proton
. of Proton = = 7
[0} T . 5 ; 49,445 9 f
\1\ \-- Qi: 4 ; Q: -4 (i)
y == 02-1|0 \ -~ -0 i e D 2
[ ! S“+u Se+t 8 §
041 Y ——@?-50. 4 -—-Q?=50 1 Uil s ! i ) A
vWo (X'QZ) T e 2=1500 xg(xQ?) — Q2 =500 ;
— FFI RESULTS S SR B85ty
] o g\ =g RS i

44— g8 o\ )—3< ¥ )

28— 4i4;

=

L 2 “aiee | Quark & Gluon Cross-Sections 6 ss-us -~
i L 04 0.6 08 1.0 i . / . 0.8

' : Calculated from QCD 72 % g g
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2D(z,Q%) VERSUS z

Functions
Q2 dependence prediCted from Q ‘;ABLE I. Cross sections for the various constituent

>

Parton Distribution Functions
Q? dependence predicte

Feynman quote from FFF2
“We investigate whether the present

QCD experimental behavior of mesons with el
large transverse momentum in hadron-hadron | ... AP
collisions is consistent with the theory of o gi bl
yWp (x, guantum-chromodynamics (QCD) with —x= Q2 =500 |

asymptotic freedom, at least as the theory ]
is now partially understood.”

Quark & Gluon Fragmentation m FFF2 1978 PRt sy ey
<t 5 e b

s FRITE R I W S W R i
4 80002 ©4 406 .08 10

v4

ons for the various constituent

1 n, and gluon-gluon subpro-
7 il cross section is given by do/dt

| E— ] (@) is the effective coupling
] — e 7 —— 1 2
SCALE BREAKING A=0 L i 9id: —~ 88 27 ut ) 3 & ) !
(a) Electroproduct tructure Funct A A S
i o ;r;‘g’:c’ uc ructure Function 2 g 5 q q 1 ﬁz +t 2 3 122 +t 2 ! SZ;,ZuZ
~x J : ; ! . —4;49; W TR T (R
\ N @?-4 N 88 sk 6 ut 8 S2
04l —= Q=10 . i p Rea? 4i7\ g R
o QZ)l E - g;ggo 5 gy ;s . 4 u2+§2 ) = 724+ 32 it e D s e )‘2_77;‘
v X, — = L o—= (. e =
2 — FFI RESULTS %8 & 9 us t 2 0.6 08 1.0 32408 fip? 8 @t
0.3 ] feo gt B i
= s 5] : 5 o7 5t
9 ﬁt a’é g‘t 5 32 [ #2+f2 8 [ #%+f?
0.2 7. 8888 _2" e _“ﬁ:_' ) 4 ui—es W( af )‘_3< & )
5 L Y 1 [ #2+82\ 3/ a2+f?
0.l = g4 Tg\Ta )T\ ®
. i % i
o Quark & Gluon Cross-Sections 61 BT e 55
; o
7

S et i Calculated from QCD e
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Feynman, Field, & Fox (1978) — 102¢2 bCDF (ZOOG)J
U T T T T T T T T i : L T ..E i 1 Mldp{]lﬂt {Hmm'—“ﬂ.?, fmﬂ.TE, HS&{J=1 3}
il pp— 7°+ X 4 . CDF Run Il Preliminary
' —QCD A=0.4 Pre—q‘!Ct /
..... FF large “j . 0.1<Yl<0.7
pp—=Jet+X/1000 4 | cross-sgction
---QCD A=0.4
——FF|
10%
10
1u-5 I: Systematic uncertainty
1 D—E L Data corrected to hadron level
107 MLO pQCD EKS CTEQ 6.1M (u =P"12)

30 GeV/c! = ‘ﬁtf”éﬁd“’aﬁu”‘hﬁr”ﬁ%”m
P¥(GeVic)
@ )

Feynman quote from FFF
“At the time of this writing, there is
still no sharp quantitative test of QCD.
An important test will come in connection

e = N O o with the phenomena of high R discussed here.”
p, (Gev/c) & )
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QCD Moente-Cario Vieaels:

rJ llransverse viomentum 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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High P+ Z-Boson Production Outgoing Parton e
Initial-State Radiation ~ fasesssr*™" ¥ PSR ward Scattering” Component

—_—

AntiProton

Proton

Z-bosor

Proton AntiProton

Underlying Event

Underlying Event

“Underlying Event”

=» Start with the perturbative Drell-Yan muon pair produ ction and add initial-state gluon radiation (in the
leading log approximation or modified leading log @proximation).

=®» The “underlying event” consists of the “beam-beam rennants” and from particles arising from soft or
semi-soft multiple parton interactions (MPI).

=» Of course the outgoing colored partons fragment it hadron “jet” and inevitably “underlying event”
observables receive contributions from initial-sta¢ radiation.
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The CDF “Min-Bias” trigger
picks up most of the “hard
core” cross-section plus a
small amount of single &

double diffraction.

(wn]

Elastic Scattering Single Diffraction

N
Oiot = O T OgptOpptO0ic
1.8TeV: 78mb = 18mb +9mb  + (4-+ (47-44)mb

The “hard core” component l: CDFE “Min-Bias” trigger
contains both “hard” and ard Core 1 charged particle in forward BBC
“soft” collisions. AND

“Inelastic Non-Diffractive Component” 1 charged particle in backward BBC

\ “Hard” Hard Core (hard scatte

Beam-Beam Counters
3.2<|<5.9

ﬁ(g%)ng Parton

Y\ T Underlying Event
e
""""""" |-State
3 iation
% Final-State

% Radiation

“Soft” Hard Core (no hard scattering)

Proton AntiProton

2009 CTEQ Summer School Rick Field — Florida/CDF/CMS
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2n AnAQ= 4rT= 12.6 Charged Particles CDF Run 2 “Min-Bias”

. = pr>0.5GeVich| <1 7

CDF Run 2 “Min-Bias” v Average Density
Average .
Observable per unit n-@

Number of Charged Particles

Nchg (pr > 0.5 GeV/c, | < 1) 3.17 +/-0.31 | 0.252 +/-0.025
¢ 0 PTsum Scalar p,. sum of Charged Particles
~ | (Gevio) (B> 05 Gevie § < 1) 2.97 +/-0.23 | 0.236 +/-0.018
3 charged particles N\ /

- \ ) )
P N~ dNchg/dnde= 3/4t=0.24

3 GeV/c PTsum Divide by 41t

0 T—— \

. +1 dPTsun/dnd@= 3/4nGeV/c = 0.24 GeV/c

= Study the charged particles (p > 0.5 GeV/c, 1j| < 1) and form the charged
particle density, dNchg/dnde, and the charged scalar psum density,
dPTsun/dnde.
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‘Charged Particle Pseudo-Rapidity Distribution: dN/dn ‘Charged Particle Density: dN/dndcpI

1.0
7 .
CDF Published CDF Published
15T 0.8 -
u | | u u
u u u u
St - am T s w7 ] u L] ]
| | | | | | (=3 0.6 o o o o
:4’****! ***** a**a ************ D***D* ***** ! - -1 -Cé o o [u] o DD o o o
g o O go o O o R obO0On
3+ T ey % 04 +
2 2 |
0.2+ — ]
1 H{mcoFMinBiasy A || o CDF W/w Gev
O CDF Min-Bi all PT uCDF M 1.8TeV all PT
V4

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

/

<dN,/dndg> = 0.67

<dNgp/dn> = 4.2

®» Shows CDF “Min-Bias” data on the number of charge icles per unit pseudo-rapidity
at 630 and 1,800 GeV. There are abodt2 charged particles p
collisions at 1.8 TeM(|n| < 1, all p;).

AnxAp=1
= Convert to charged particle density, dN,/dndg, by dividing by 21t i
There are about0.67 charged particles per unin-@in “Min-Bias” 0.67
collisions at 1.8 TeV (]| < 1, all p;).
W
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‘Charged Particle Pseudo-Rapidity Distribution: dN/dn ‘Charged Particle Density: dN/dndcpI

1.0
7 .
CDF Published CDF Published
ST 0.8 -
" m I |
5 ] ] . . " ]
L L o u u
0.6 o 0O O o
:4’****! ***** a**a ************ D***D* ***** ! - -1 -Cé o o [u] o DD o o o
g o O go o O o R obO0On
3+ T ey % 04 +
2 2 |
0.2 + e ) e e
1 H{mcoFMinBiasy A || o CDF W/w Gev
O CDF Min-Bi all PT uCDF M 1.8TeV all PT

0 ) | | | | | 0.0 Ay = 1 1 1 1 1
-4 -3 -2 -1 0 1 2 3 4 -4 -2 -1 0 1 2 3 4
Pseudo-Rapidity n Pseudo-Rapidity n

/

<chhg/dn> _ 49 M <chhgjdndq1> = 0.67

®» Shows CDF “Min-Bias” data on the number of charge icles per unit pseudo-rapidity
at 630 and 1,800 GeV. There are abodt2 charged particles pBxynim in “Min-Bias”
collisions at 1.8 TeM(|n| < 1, all p;).

= Convert to charged particle density, dN,/dndg, by dividing by 21t e \Anmp:l
There are about0.67 charged particles per unin-@in “Min-Bias” * 0.25
collisions at 1.8 TeV @] < 1, all p;). v
An=1

®» There are about0.25 charged particles per unin-g@in “Min-Bias”
collisions at 1.96 TeV §| <1, p; > 0.5 GeV/c)
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“Associated” densities do

Highest p; .
charged particle! : : not include PTmax!
geap Charged Particle Density: dN/dnqu|7
NPTmax Direction 0.5 /
CDF Preliminary
2 04 datauncorrected . __________f__ Associated Deffsity | |
@ PTmax not included
S
[a]
R o 03

o
g
< 0.2
()
o
g

Correlations in ¢ o 01 .
Min-Bias PThax Charged Particles
t (In]<1.0, PT>0.5 GeV/c)
00 ] | } } |

0 30 60 90 120 150 180 210 240 270 300 330 360
A@ (degrees)

= Use themaximum p; charged particle in the event, PTmaxto define a direction and look
at the the “associated” density, ddhg/dnde, in “min-bias” collisions (p; > 0.5 GeV/c, ] <

1).

®» Shows the data on th@dependence of the “associated” charged particle deitg,
dNchg/dnde, for charged particles (g > 0.5 GeV/c, 1| < 1,not including PTmay relative
to PTmax (rotated to 180) for “min-bias” events. Also shown is the average charged

particle density, dNchg/dnde, for “min-bias” events.
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Highest p;

“Associated” densities do

not include PTmax!

charged particle!
NPTmax Direction 05
CDF Preliminary
204 data uncorrected
© 03
5
% o2 [ -
S
S
Correlations in ¢ G 01
0.0 /
a_\Li_m_l_um_n_ahm.d_m/

» Use themp= . AMM
at the the| It is more probable to find a particle
1). accompanying PTmax than it is to

®» Shows th¢ find a particle in the central region!

Charged Particle Density: dN/dnqu|7

/

Associated De/fsity
PTmax not included

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

T T

120 150 180 210 240§ 270 300 330 360
A@ (degrees)

it, PTmaxto defineja direction and look
n-bias” collisions (> 0.5 GeV/c, | <

ociated” charged particle deig,

dNchg/dnde, for charged particles (g > 0.5 GeV/c, 1| < 1,not including PTmay relative
to PTmax (rotated to 180) for “min-bias” events. Also shown is the average charged
particle density, dNchg/dnde, for “min-bias” events.

2009 CTEQ Summer School

June 30, 2009
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PTmax Direction

“Toward”

s

G
(S

Rapid rise in the particle
density in the “transverse”
region as PTmax increases!

]
Associated Particle Density: dN/dnqu

/ |
max > 2.0 GeV/c

= PTmax > 2.0 GeV/c
o PTmax > 1.0 GeV/c
|| e PTmax > 0.5 GeV/c

“Transverse” “Transverse”

Ave Min-Bias
0.25 per unitn-@

30 60 90

120 150 180 210 240 270 300

A@ (degrees)

\ 360

PTmax > 0.5 GeV/c

= Shows the data{’on thé@dependence of the “associated” charged particle deig,
dNchg/dnde, for charged particles (g > 0.5 GeV/c, | < 1,not including PTma relative
to PTmax (rotated to 180) for “min-bias” events with PTmax > 0.5, 1.0, and 2.0 GeV/c.

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

2009 CTEQ Summer School
June 30, 2009
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Viin=Bia

Charged

Associated Charged Particle Density: dN/dnd@ Associated Charged Particle Density: dN/dndg
10.0 - 1.6

RDF Preliminary “Toward” Region PTmax > 10.0 GeV/c

1 py Tune A generator level

RDF Preliminary Min-Bias
] py Tune A generator level 1.96 TeV
1.2 +

| PTmax > 5.0 GeV/c A e - 1

1.0 Ex "Toward"

08 f - f T T

"Transverse"

0.l et — T s ———

PTmax > 0.5 GeV/c

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

0a L

Charged Particle Density
Charged Particle Density

Min-Bias
1.96 TeV

PTmax>10 Gevic Charged Particles (n|<1.0, PT>0.5 GeVic)

0.0 0.0 -

0 30 60 90 120 150 180 210 240 270 300 330 360 0 2 4 6 8 10 12 14 16 18 20
A@ (degrees) PTmax (GeV/c)

=®» Shows theA@dependence of the “associated” charged particle deitg, dNchg/dnde, for charged
particles (p; > 0.5 GeV/c, )| < 1,not including PTmay relative to PTmax (rotated to 180) for
“min-bias” events at 1.96 TeVwith PTmax > 0.5, 1.0, 2.0, 5.0, and 10.0 GeV/c froRYTHIA
Tune A (generator level).

=®» Shows the “associated” charged particle density inhe “toward”, “away” and

“transverse” regions as a function of PTmax for chargd particles (p; > 0.5
GeV/c, | < 1,not including PTmay for “min-bias” events at 1.96 TeVfrom
PYTHIA Tune A (generator level).

“Toward”
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J\/lm -

— f ] e f (J
Associated Charged Particle Density: dN/dnd@ Associated Charged Particle Density: dN/dnd@
10.0 1 25 .
1 RDF Preliminary « " ‘ 1 RDF Preliminary Min-Bias
> 1 py Tune A generator level Toward Reglon > ’0 E, py Tune A generator level 14 TeV
g . | PTmax>2.0GeVic | @ T "Toward"
A 1.0 = | PTmax > 5.0 GeV/c = ‘_’_,. ____________ 1 8 ]
3 : Transverse” @15+
R . ,_ maSupatatC ‘% ] "Transverse"
o 0000000000008 o q
< Sttt ASSffeere—————————
O 0L et —— N s —— e ]
o 3 o i
© ] E ]
< _— cQo5+--fff--—
) Min-Bias PTmax > 1.0 GeV/c ’_P‘Tmax > 0.5 GeVic O ] .
1.96 TEW Charged Particles (Jn|<1.0, PT>0.5 GeV/c) ] Charged Particles (n|<1.0, PT>0.5 GeVic)
0.0 | | | | | | | | | | | 0.0 ‘ ‘ | ‘
0 30 60 90 120 150 180 210 240 270 300 330 360 0 5 10 15 20 25
A@ (degrees) PTmax (GeV/c)

=®» Shows theA@dependence of the “associated” charged particle deitg, dNchg/dnde, for charged
particles (p; > 0.5 GeV/c, )| < 1,not including PTmay relative to PTmax (rotated to 180) for
“min-bias” events at 1.96 TeVwith PTmax > 0.5, 1.0, 2.0, 5.0, and 10.0 GeV/c froRYTHIA
Tune A (generator level).

=®» Shows the “associated” charged particle density inhe “toward”, “away” and

“transverse” regions as a function of PTmax for chargd particles (p; > 0.5
GeV/c, | < 1,not including PTmay for “min-bias” events at 1.96 TeVfrom
PYTHIA Tune A (generator level).

“Toward”
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J\/lm -

— f ] c| f (J
Associated Charged Particle Density: dN/dnde "Transverse" Charged Particle Density: dN/dnde|
10.0 + 1.2

1 RDF Preliminary « ¥ . > | RDFPreliminary  Min-Bias 14 TeV —
> 1 py Tune A generator level Toward Reglon g 1.0 1L Py Tune A generator level
g i ! PTmax>20GeVic i 3 1
8 104 | PTmax > 5.0 GeV/c - :’-,- ------------ ! S 08 E 77777777777777777777777777777777777777
S ] Transverse” g
©  omoogg zaal ."-_ S0l - f o ________196Tev _____________
N = T 7_ R T oY r Ty e m m m m om o=
[a 0000000000008 4 f = m wm m m = =
T 0.1 e —— r————————— B 040
> 3 ° 0.4 o
© ] a i
e C
O Min-Bias PTmax > 1.0 GeV/c PTmax > 0.5 GeV/c B 0.2 F-f-— - m e m e m oo

'_ i .
1.96 TeV Charged Particles (I|<1.0, PT>0.5 GeV/c) ] Charged Particles (|n|<1.0, PT>0.5 GeV/c)
0.0 f f f f f f f f f f f 0.0 - J | |
0 30 60 90 120 150 180 210 240 270 300 330 360 0 5 10 15 20 25
A@ (degrees) PTmax (GeV/c)

=®» Shows theA@dependence of the “associated” charged particle deitg, dNchg/dnde, for charged
particles (p; > 0.5 GeV/c, )| < 1,not including PTmay relative to PTmax (rotated to 180) for
“min-bias” events at 1.96 TeVwith PTmax > 0.5, 1.0, 2.0, 5.0, and 10.0 GeV/c froRYTHIA
Tune A (generator level).

=®» Shows the “associated” charged particle density inhe “toward”, “away” and
“transverse” regions as a function of PTmax for chargd particles (p; > 0.5

GeV/c, | < 1,not including PTmay for “min-bias” events at 1.96 TeVfrom
PYTHIA Tune A (generator level).

“Toward”

2009 CTEQ Summer School Rick Field — Florida/CDF/CMS Page 23
June 30, 2009




#5  lransver:

"Transverse" Charged Particle Density: dN/dnd<p|

RDF Preliminary 1.96 TeV

y Tune A generator level

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

nsit
o
(]

o
»
|

o
N
|

“Transverse” “Transverse”

nsverse" Chdrged De
o
N

N

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

0 5 10 15 20 25 30
PT(jet#1) or PT(chgjet#1) or PTmax (GeV/c)

o
o

“Toward”

“Transverse

=» Shows the charged particle density in thétransverse” region for charged particles (g > 0.5

GeVic, h| <1) at 1.96 TeV as defined by PTmax, PT(chgjet#1and PT(jet#1) from PYTHIA
Tune A at the particle level {.e.generator level).

2009 CTEQ Summer School Rick Field — Florida/CDF/CMS Page 24
June 30, 2009



CDE Run 1: Evolution or Charged J

= Iy 1
“Unaerlyingl Event:
Charged Jet#1 Charged Particle Ag Correlations Logkl atdthe s:theyrgtehd
. . parucie aensity In tnhe
Direction I:)T > 0.5 GeV/c |h| <1 X “transverse” region!
1]
/

“Transverse” region
very sensitive to the CDF Run 1 Analysis Away Region

“underlying event”! “Toward-Side” Jet

Charged Jet #1 |
Diregtion -/

Leading
¢ Jet

A
p.
( “Toward”
\ \

“Transversgg ransverse”
Toward Region

“Transverse” “Transverse”

Transverse
Region

Away Region

‘Away-Side” Jet

® ook at charged particle correlations in the azimuhal angleAg@relative to the leading charged

particle jet.
®» Define|Aqg < 60 as “Toward”, 60° < |A@ < 120 as “Transverse”, and |Ag| > 126 as “Away”.

® All three regions have the same size ip-@space AnxA@= 2x126 = 4173.
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Run 1 [gead Particie Density.

Pistrpution

‘"Transverse" Charged Particle Density: dN/dnqul

1.00 Charged Particle Jet #1

CDF Run 1 ® CDF Min-Bias Direction
O CDF JET20

data uncorrected

st "ﬁié%mﬁﬁhﬁﬁ{ﬁ%ﬁmﬂ%

. { { Factor of 2!

— o wmm — —— — - “Transverse” “Transverse”

o
ol

[ ]
1.8 TeV |n|<1.0 PT>0.5 GeV/c

o
o

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

_/

“Min-Bias”

®» Compares the average “transverse” charge particle desity with the average “Min-Bias”
charge particle density (fj|<1, p;>0.5 GeV). Shows how the “transverse” charge partie
density and the Min-Bias charge particle density iglistributed in p.
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1.00

"Transverse" Charged Density

‘"Transverse" Charged Particle Density: dN/dndq:l

0.75 +

0.50 +

CDF Run 1 = CDF Min-Bias
O CDF JET20

data uncorrected

ity

1t

Factor of 2!

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

'}ﬁ ﬁ%ﬁﬁ%ﬁhﬁﬁhﬁﬁ%ﬁw

_ EEEN EEEE e — — — N NN .

b 10 15 20 25
PT(charged jet#1)

_

“Min-Bias”

Pr(charged jet#1) > 30 GeV/c

1\

“Transverse” <dN,/dndg> = 0.56

CDF Run 1 Min-Bias data
<chthdr]d(p> =0.25

[ ]
o "Transverse" CDF Run 1

B L] PT(chgjet#1) > 5 GeV/c data uncorrected
_ LOE-01 4 o =
3 q
> ] = . .
> oe Transverse
[©) 4 PT(chgjet#1) > 30 GeV/c
a
— 1.0E-02 5 o
o B
E ]
[= h o
S 1.0E0 L]

et Ty,
// o E T T T
: 3 t
4 - i
® |
o o
m 4
& g
1.0E-05 o Og
E 1.8 TeV |n|<1 PT>0.5 GeV/c g § § §
1.0E-06 f f f f 1 E Eﬂ
0 2 4 6 8 10 12 14

1.0E+00 5

Charged Particle Density

PT(charged) (GeV/c)

®» Compares the average “transverse” charge particle desity with the average “Min-Bias”
charge particle density (fj|<1, p;>0.5 GeV). Shows how the “transverse” charge partie
density and the Min-Bias charge particle density iglistributed in p.

2009 CTEQ Summer School

June 30, 2009
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(.5

2t PDen:

ISAJET uses a naive leading-log
parton shower-model which does
not agree with the data!

Direction

Charged Jet #1 "Transv%e\\id Particle Density: dN/dnd(pl ISAJET
/

1.00 _

CDF Run 1Data
data uncorrected

2
2 0.75 — theory corrected
g0 7 ] 13
§7 § ﬁ ‘ T C1C] I
w » & w ” = L] [T ] [] N
Transverse Transverse g 050 L - i - ol {7 | § i 7% %%% H ,ﬁ, - T0T ] 7%@ I|] o '\i.'i B
K N
2 i, -
o | S "mwmmmw LT & ) .
> A i e kR R Ll Y
=) 4
% 4 “Hard”
Component

Beam-Beam 0.00 - | : : : : : : : :
0 5 10 15 20 25 30 35 40 45 50
PT(charged jet#1) (GeV/c)

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

Remnants

= Plot shows average “transverse” charge particle deity (|n|<1, p;>0.5 GeV) versus P(charged jet#1)
compared to the QCD hard scattering predictions of SAJET 7.32 (default parameters with
P;(hard)>3 GeVI/c) .

®» The predictions of ISAJET are divided into two catgories: charged particles that arise from the
break-up of the beam and targetljeam-beam remnant}, and charged particles that arise from the
outgoing jet plus initial and final-state radiation (hard scattering componen.
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HERWIG 6.4

“Jransverse: Jens]t\

HERWIG uses a modified leading-
log parton shower-model which
does agrees better with the data!

Charged Jet #1 e W—Rartlcle Density: dN/dndcpl

Direction 1.00
Herwig 6.4 CTEQ5L HERWIG
PT(hard) > 3 GeV/c ﬁ

CDF Run 1Data \l\\

data uncorrected
theory corrected

A\N

“Transverse” 4& “Transverse”

o
N
a1
1
L
7
1
[

/4

ansverse" Charged Density
o
ul
o
|
T
HH
HEH
HEH
i
-
-
i
—a—
.
—a—
0
a+—
HH
—H—

"Remnants" 1.8 TeV |n|<1.0 PT>0.5 GeV ¥
T T T T T T T T f "Hal’d"
Component

' Tr
o -
o
S
o 4

Beam-Beam/ 5 10 15 20 25 30 35 40 45 50
Remnants PT(charged jet#1) (GeV/c)

= Plot shows average “transverse” charge particle deity (|n|<1, p;>0.5 GeV) versus P(charged
jet#l) compared to the QCD hard scattering predicbns ofHERWIG 5.9 (default parameters with
P;(hard)>3 GeV/c).

®» The predictions of HERWIG are divided into two catejories: charged particles that arise from the
break-up of the beam and targetljeam-beam remnant}, and charged particles that arise from the
outgoing jet plus initial and final-state radiation (hard scattering componen.
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HERWIG 6.4

lTransverse: PP- DJs ripUtion

HERWIG has the too steep of a p

dependence of thébeam-beam remnant”
"Transverse" Ch component of the “underlying event”! "Transverse" Charged Particle Density
1.00
-~ CDF Data Herwig 6.4 CTEQ5L
% data uncorrected PT(hard) >3 GeVic NG CDF Data
g 0.75 theory corrected \ PT(chgjet#1) > 5 GeV/c data uncorrected
3 % u theory corrected
2050 1 iﬁﬂ 77777 - z -
:w [S) (]
S’ Y S N B I NS —— E/ 1.0E-02 & 1.8TeV [l<1 PT>0.5 GeVic
7 | o __ 1 — - o e
2 0.25 ! L S EaE T .,
S : :
000 e ‘ ‘ | } 1.8 TeV |m<1}.0 PT>0.}5 GeV % 10E ® .
0 10 15 20 25 35 40 45 so|
PT(charged jet#1) (@eVic) 15
04 4
] o :
Herwig P;(chgjet#1) > 30 GeV/c 8 1
“Transverse” <dN,,/dndg> = 0.51 1LOE-05 < Tty X o
Herwig 6.4 CTEQ5L
. ) 1.0E-06 f f f f f H
HerWIg PT(Chgjet#l) >5 GeV/c 0 2 4 6 8 10 12 14
<chhg/dfld<P> =0.40 PT(charged) (GeV/c)

= Compares the average “transverse” charge particle desity (|n|<1, p;>0.5 GeV) versus
Pr(charged jet#1) and the p distribution of the “transverse” density, dN,/dndgdP; with the
QCD hard scattering predictions ofHERWIG 6.4 (default parameters with P;(hard)>3
GeV/c. Shows how the “transverse” charge particle desity is distributed in py.

2009 CTEQ Summer School
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MultiftarEr@ullisienaction 4ugeing paron

‘Hard’ omponenlt' “Semi-Hard” MPI
Proton = _ | e AntiProton [\ | .7
Ly | ek e [ - .
> re
H ‘ ............
initial-state radiation
initial-state radiation
outgoing panon

‘ final-state radiation outgoing jet

*
‘ final-state radiation

=®» PYTHIA models the “soft” component of the underlying event
with color string fragmentation, but in addition includes a
contribution arising from multiple parton interactio ns (MP1) in
which one interaction is hard and the other is “semhard”.

>

>

Beam-Beam Remnants

A ..’color string
& S
<« N >
T S -4
color strin(::i"“-.,»
]
\/

=» The probability that a hard scattering events alsa@ontains a semi-hard multiple parton

interaction can be varied but adjusting thecut-off for the MPI .

=®» One can also adjust whether the probability of a MPdepends on the R of the hard
scattering, P (hard) (constant cross section or varying with impact pararater).

=®» One can adjust the color connections and flavor dhe MPI (singlet or nearest neighbor,

g-gbar or glue-glue).

=» Also, one can adjust how the probability of a MPI @pends on R(hard) (single or double

Gaussian matter distribution).

2009 CTEQ Summer School Rick Field — Florida/CDF/CMS
June 30, 2009
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/"

) MPI; Pile-Up, and OVenap: +:.

MPI: I\/Iultlple Parton Interactions

=» MPI: Additional 2-to-2 parton-parton
scatterings within a single proton-
R g antiproton collision.

Outgoing Parton

Underlying Event

Final-State

Outgoing Parton Radiation

ntiProton

Pile-Up

Interaction Region

=» Pile-Up: More than one proton-antiproton collisionin the
beam crossing.

Overlap = Overlap: An experimental timing issue where a prota-antiproton
_ collision from the next beam crossing gets includeith the proton-
antiproton collision from the current beam crossingbecause the next
crossing happened before the event could be readtou
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' : 72U
Tuning PY THIA (e

Multiple Parteninteraction; 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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rlmmJ
Rl

Vitltiple Partor

Parameter\Q@jlt

PARP(83) \

PARP(84) | 0.2

PARP(5) | 033 L=

Determine by comparing
with 630 GeV data!

PARP(86) | will talk more about the

energy dependence of MPI

' I
v “/9/ tomorrow morning!
PARP(82) |~
o . o
PARP(90Y'| 0.16 l/o/termln % 1
P;o as fo em) o
€= PAR '\2

PARP(67)/ 1.0 A scale factor that det
parton virtuality for spa
larger the value of PAR
state radiation.

showers. The
the more initial-

100 :I,ooo 10,000 100,000
CM Energy W (GeV)

Reference point
at1.8 TeV

v
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MPI constant

probability

scatterin
r PYTHIA default parameters ] : _ :

"Transverse" Charged Particle Density: dN/dnd@

Parameter | 6.115| 6.125| 6.158| 6.206 | CDF Data | Pythia 6.206 (default)

) data uncorrected MSTP(82)=1
MSTP(81) 1 1 1 1/ g 0.75 | theorycorrected | ____ PARP(81)=1.9GeVic ______ E 7777777 %
MSTP®2) | 1 | 1 | 1 £l EEEHHEM{ }§ ﬂﬁﬁﬁﬂﬁﬁﬂhﬂ% ﬁ
PARP(81) | 14 | 1.9 | 1.9 | 1.9 ¢ { ________
PARP(82) | 155 | 2.1 | 2.1 | 1.9 |§°7] ST

= 1.8 TeV [n|<1.0 PT>0.5 GeV
PARP(89) 1,000| 1,000f 0.0 | | | | | | | | |

0 5 1 15 20 25 30 35 40 45 50

PARP(90) 0.16 | 0.16 / PT(charged jet#1) (GeV/c)
PARP(67) | 4.0 4.0 1.0 1.0 [— —creQaL [/ | cTEQaL CTEQSL ® CDFMin-Bias 0O CDF JET20
= Plot shows thg‘Transverse” charged particle density versus R(chgjet#1)compared to the

QCD hard sgattering predictions ofPYTHIA 6/206 | (Py(hard) > 0) using thedefault
parameterg foy multiple parton interactions ghd CTEQ3L, CTEQA4L, and CTEQ5L.

Note Change

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

2009 CTEQ Summer School
June 30, 2009

Default parameters give
very poor description of
the “underlying event”!
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CDF Default!
PYTHIA 6.206 CTEQSL ransverse" Charged Particle Density: dN/dndo
200
Parameter | Tune B e A CDF Preliminary i PYTHIA 6.206 (Set A)
g data uncorrected PARP(67)=4 Run 1 AnalySiS
MSTP(81) 1 8 0.75 +- theory corrected - L - b
MSTP(82) 4 / >
S 050 +-----
PARP(82) [ 1.9 GeV 0 Ge o
PARP(83) 0.5 0 % 025 |
g8 PYTHI 06 (Set B)
PARP(84) 0.4 0.4 e CTEQSL 4 %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 //Achargedjet#l) (GeV/c)

PARP(89) | 1.8 TeV 3 Te

lot shows thé'transverse” charged particle density

PARP(90 0.25 0 .

OO versus B (chgjet#l)compared to the QCD hard
PARP(6DS” 10 e scattefing predictions of twotuned versions ofPYTHIA

6.206 (CAEQSL, Set B(PARP(67)=1) andSet A
Not the default! =4)).
Old PYTHIA default
New PYTHIA default (more initial-state radiation)
(less initial-state radiation)
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PYCIIEIA Flmé A Min -

15 (“‘

O v .
Ofr} 1D J_J Sl_rd Tuned to fit the CDF Run 1

PYTHIA Tune A “underlying event”!
Charged Particle Density: dN/dnde
Lo l CDF Run 2 Default [ Density \
CDF Published LOE+00 - — \L
1 ——Pythia 6.206 Set A
o 1.0E-01 1 O CDF Min-Bias Data
g s
24l 5 | 1.8 TeV|n|<1
< 1.0E-02 {
b j 12% of “Min-Bias” events
%2 1 [ —pythia 6.206 Set A % | have R:(hard) > 5 GeV/c!
i C:DF Min-B?as 18 Tey | | 1-? Tev al: PT % 10803 —
-4 -3 2 -1 0 1 2 3 4 Z 1% of “Min-Bias” events
Pseudo-Rapidity n 2 . have P.(hard) > 10 GeV/c!
®» PYTHIA regulates the perturbative 2-to-2 " 100
parton- parton Cross sectlons with cut-off | CDF Preliminary
7 Il Il Il Il Il E $ $
LOtS Of uhardu Scatterlng |n One to run V\‘I‘Ith ) 1.0E-06 ] ] ] ] T L
“Min-Bias” at the Tevatron! ~ Nulate both “hard 0 2 4 6 8 2 u
and "soft” collsS PTicharged) (Gevic)

ne program.

®» The relative amount 0 d” versus “soft” depends a the cut-off and can be tuned.

® This PYTHIA fit predicts that T2% of all “Min-Bias” events are a result of a hard 2-to-2
parton-parton scattering with Py(hard) > 5 GeV/c (L% with P, (hard) > 10 GeV/q!
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Jne A
S Predictions

Hard-Scattering in Min-Bias Events

PYTHJ \ )

LIHC Min

Charged Particle Density
10E+00 N 12% of “Min-Bias” events
] have R (hard) > 10 GeV/c! Pythia 6.206 Set A

oy --- - - -~ -~ -~~~ -~~~ —~"—~—~—~—~—————~—~—~—~—~—~—~—~—~f- 4
—8—PT(hard) > 5 GeV/c
—8—PT(hard) > 10 GeV/c

Pythia 6.206 Set A

1.0E-01 1

30%

1.0E-02 4

% of Events

S eeeE,Y,S,YS,Yl,kekkZsfr nr—LHir

1.0E-03 +
] 0% ----—-———————"—~—"~"-J;F~ TN

100 1,000 10,000 \
N—————

CM Energy W (GeV)
LHC?

1.0E-04 +

0%

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

1.0E-05

®» Shows the center-of-mass energy dependence
» | of the charged particle density,
arged) (Gevic) dN¢,/dndedPy, for “Min-Bias” collisions

hg\/,()eog‘(w;%?ifsluoe\éeer{i?c! compared with PYTHIA Tune A with
P, (hard) > 0.

®» PYTHIA Tune A predicts that 1% of all “Min-Bias” events at 1.8 TeV are a result of a hard
2-to-2 parton-parton scattering with P;(hard) > 10 GeV/c which increases ta2% at 14 Te\

1.0E-06 -
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(L= ~ A= A7 T rAreT7d  Look atth
fowards®, “Away", = [FanSVE oo e e
charged PTsum density

and the ETsum density in
all 3 regions!

~ AgCorrelations relative to the leading jet
Jet#I Direction  charged particles p- > 0.5 GeV/ch| < 1

Calorimeter towers E; > 0.1 GeV )l <1

21N
“Toward -Side” Jet . . .
Z-Boson Direction AwapPRegion

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

Transverse
Region

“Toward,, :I SRRy oo [EEERER]

0 Leading
Jet

“Transverse” “Transverse”

Transverse
Region

‘Away -Side” Jel
Away Region

O_1<T>

= Look at correlations in the azimuthal angleA@relative to the leading charged particle jet | <
1) or the leading calorimeter jet (| < 2).

= Define |Ag < 60 as “Toward”, 60° < |Ag| < 120 as “Transverse ", and |Aqg| > 120 as “Away”.
Each of the three regions have areAnA@= 2x120 = 41v/3.

+1
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» Leadlng Jet events correspond to the leading
calorimeter jet (MidPoint R = 0.7) in the region fj| < 2
with no other conditions.

®» “Inclusive 2-Jet Back-to-Back” events are selected to
have at least two jets with Jet#1 and Jet#2 nearl{pack-
to-back” (Ag,, > 15C) with almost equal transverse
energies (R(jet#2)/P;(jet#1) > 0.8) with no other
conditions .

®» “Exclusive 2-Jet Back-to-Back”events are selected to
have at least two jets with Jet#1 and Jet#2 nearl{pack-
to-back” (Ag,, > 15C) with almost equal transverse
energies (R(jet#2)/P;(jet#1) > 0.8) and R(jet#3) < 15
GeVlc.

®» “Leading ChgJet” events correspond to the leading
charged particle jet (R = 0.7) in the regionj| < 1 with
no other conditions.

®» “Z-Boson” events are Drell-Yan events
with 70 < M(lepton-pair) < 110 GeV
with no other conditions.

2009 CTEQ Summer School Rick Field — Florida/CDF/CMS
June 30, 2009

Jet #2 Direction
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“transiviiiNge -

Jet #1 Direction T
“transMIN” very sensitive to

the “beam-beam remnants”!

Area = 4176 “Toward-Side” Jet

o
*
»
*
*
0
*
o
*

“TransMAX” “TransMIN”

“Away”

“Away-Side” Jet

®» Define the MAX and MIN “transverse” regions (“transMAX” and “transMIN” ) on an
event-by-event basis with MAX (MIN) having the largest (smallest) density. Each of the
two “transverse” regions have an area im-@space of 416.

®» The “transMIN” region is very sensitive to the “beam-beam remnant” and the soft
multiple parton interaction components of the “undeilying event”,

®» The difference,“transDIF” (“transMAX” minus “transMIN”), is very sensitive to the
“hard scattering” component of the “underlying event’ (i.e. hard initial and final-state
radiation).

®» The overall “transverse” density is the average of the “transMAX” and “transMIN”

densities.
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“Leading Jet” :
J Observable Particle Level Detector Level
Number of charged particles Number of “good” charged tracks
Jet #1 Direction dNchg/dnde per unit n-@ per unit n-@
(b > 0.5 GeVic, 1| < 1) (b > 0.5 GeVic, 1| < 1)
- Scalar p, sum of charged particles | Scalar p, sum of “good” charged tracks per
dPTsun/dnde per unit n-@ unit n-@
“Transverse” “Transverse” (pT > 05 GeV/C, ml < 1) (pT > 05 GeV/C, |1]| < 1)
<n. > Average p. of charged particles Average p; of “good” charged tracks
Pr (p, > 0.5 GeVic, | < 1) (p, > 0.5 GeVic, | < 1)
Maximum p.. charged particle Maximum p- “good” charged tracks
PTmax (b > 0.5 GeVic,ij| < 1) (b > 0.5 GeVic, | < 1)
Jet #1 Direction Require Nchg> 1 Require Nchg> 1
Scalar E; sum of all particles Scalar E; sum of all calorimeter towers
“Toward’ dETsun/dnde per unit n-@ per unit n-@
@lpy, Inf <1) (E;>0.1GeV,f|<1)
“Transverse” “Transverse”
Scalar p, sum of charged particles Scalar p, sum of “good” charged tracks
(b > 0.5 GeVic, 1| < 1) (b > 0.5 GeVic, | < 1)
PTsum/ETsum divided by the scalar E. sum of divided by the scalar E. sum of
Jet #2 Diregtion all particles (all p;, In| < 1) calorimeter towers (E; > 0.1 GeV, | < 1)

“Back-to-Back”

2009 CTEQ Summer School
June 30, 2009
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| [

PYTHIA 6.2 CTEQSL

Tune used by the
CDF-EWK group!

Z-Boson Transverse Momentum

Parameter Tune A
MSTP(81)
MSTP(82)
PARP(82)
PARP(83)
PARP(84)
PARP(85)

PARP(86)

UE Parameters 1

4

PARP(89)
PARP(90)
PARP(62)
| PARP(64)
PARP(67)
MSTP(91)
PARP(91)

ISR Parameters

\

PARP(93)

Tune AW _

|40\

1
4
2.0 GeV
0.5
0.4
0.9
0.95
1.8 TeV
0.25
1.25
0.2
4.0

2.1
15.0

PT Distribution 1/N dN/dPT

0.12

0.08 +

0.04

0.00

"o O CDFRun 1 Data
' = = PYTHIA Tune A CDFRun1
1 PYTHIA Tune AW published
' 3
' 1.8 Tev
~
' i Normalized to 1
,,,,,,,,,,,,,,,,,,, NN
-
[ ] -~ =0
0 2 4 6 10 12 14 16 18 20

8
Z-Boson PT (GeV/c)

=®» Shows the Run 1 Z-boson pdistribution (<p +(2)>

Intrensic KT

2009 CTEQ Summer School
June 30, 2009

Effective Q cut-off, below which space-like showerare not evolved.

=~ 11.5 GeV/c) compared witlPYTHIA Tune A
(<p1(2)> = 9.7 GeV/c), andPYTHIA Tune AW

(2)> = 11.7 GeVic).

\

The @? = k-2 in a,for space-like showers is scaled by PARP(64)!

Rick Field — Florida/CDF/CMS
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A@Jet#l-Jet#2
Y DO

4? ® pmax > 180 GeV (x8000)
E 0 130 < pI'™* < 180 GeV (x400)

r 100 < p"®* < 130 GeV (x20)
O

Jet#1-Jet#2Aq@ Distribution

Aq)%

» MidPoint Cone Algorithm (R =0.7, fyqe=0.5) ' |
» £= 150 pb! (Phys. Rev. Lett. 94 221801 (2005)) 2

% —_
o o
W

1/ Gijet deijet/ dAG ey

—

=]

N
TTTIT T T 1111

10 |

HERWIG 6.505
-=-=- PYTHIA6.225

10
=» Data/NLO agreement good. Data/HERWIG agreement — Ella?!? ISR
good. A
= Data/PYTHIA agreement good provided PARP(67) = ™2 3n/4 m
1.0—4.0 (i.e. like Tune Abest fit 2.5. A e (rad)
2009 CTEQ Summer School Rick Field — Florida/CDF/CMS Page 44
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UE Parameters

PYTHIA 6.2 CTEQSL

Parameter Tune DW Tune AW

MSTP(81) 1 1

ISR Parameters

\

Intrensic KT

2009 CTEQ Summer School

MSTP(82) 4 4

PARP(82) (NN, 2.0 GeV

PARP(83) 0.5 0.5

0.12

Z-Boson Transverse Momentum

PARP(84) 0.4 4
PARP(85)/ 1.0 m
PARP(86) NI
PARP(89) BRI 1.8 Tev
PARP(90) 0.25 0.25
PARP(62) 1.25 1.25
PARP(64) 0.2 0.2
PARP(67) ‘ 4.0

/

MSTP(91) 1
PARP(91) 2.1 2.1
PARP(93) 0

PT Distribution 1/N dN/dPT

0.00

0.08 +

0.04 +

0O CDF Run 1 Data
PYTHIA Tune DW
= = HERWIG

CDF Run 1
published

1.8 TeV

Normalized to 1

8 10 12 14
Z-Boson PT (GeV/c)

g

Tune DW uses DO’s perfered value of PARP(67)!

Tune DW has a lower value of PARP(67) and slightlgnore MPI!

June 30, 2009

Rick Field — Florida/CDF/CMS

=» Shows the Run 1 Z-boson pdistribution (<p +(2)>
=~ 11.5 GeV/c) compared witlPYTHIA Tune DW ,
and HERWIG .
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=Y EIIA 6.

All use LO ag

with A = 192 MeV! Parameter Tune AW Tune DW Tune D6
PDF CTEQ5L CTEQ5L CTEQ6L
UE Parameters N MSTP(81) 1 1 1
MSTP(82) 4 4 4
PARP(82) 2.0 GeV 1.9 GeV 1.8 GeV
S PARP(83) 0.5 0.5 0.5
Tune A energy dependence!
PARP(84) pam = S (not the default) e‘
PARP(85) 0.9 1.0 1.0
PARP(86) Na_ 0.95 1.0 1.0 >
SR PRl PARP(89) 1.8 TeV T8 1eV 1.8 TeV
AN PARP(90) 0.25 0.25 0.25
N PARP(62) 1.25 1.25 1.25
PARP(64) 0.2 0.2 0.2
PARP(67) 4.0 25 25
MSTP(91) 1 1 1
PARP(91) 2.1 2.1 2.1
PARP(93) 15.0 15.0 15.0
Intrinsic KT
2009 CTEQ Summer School Rick Field — Florida/CDF/CMS Page 46
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| Alluse LO ag
with A =192 MeV!

PYIHIA

M,
0

J .

UE Parameters

ATLAS energy dependence]

ISR Parameter

=T

Intrinsic KT

2009 CTEQ Summer School
June 30, 2009

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

(PYTHIA default)
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B PYTHIA G,
|with A = 192 MeV!

Parameter Tune DWT Tune D6T ATLAS
PDF CTEQSL CTEQ6L CTEQS5L
L MSTP(81) 1 1 1
UE Parameters MSTP(82) 4 4 4

PRP/ [)74 1,040 GeVg38] Ney | Lagpev
4‘ o5 |\
Tune AW <% Tune B

rA — /——’—r

/ B 1.0 |4 66
e ! /I%DVQ) 196TeV | 1.96|Av N 10Tev

V
ARP(90) 0.16 0.16 0.16
PARP(62) 1.25 1.25 1.0

PARP(E4) |, O]

ATLAS energy depgindencel!

Z

2009 CTEQ Summer School Rick Field — Florida/CDF/CMS Page 48
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| Alluse LO ag
with A = 192 MeV! Parameter Tune QWT Tune D6T

PDF CT/ \ CTEQ6L J/
L MSTP(81) / 1

UE Parameter \ \UX%% j //'

) 4 energy dendenc!

These are “old” PYTHIA 6.2 tunes!
N There are new 6.420 tunes by
\ \ Peter Skands (Tune S320, update of SO
Peter Skands (Tune N324, NOCR)
Hendrik Hoeth (Tune P329, “Professor”
—

3
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Runs with HERWIG and adds

PT(JIM)= 2.5 GeVi/c.

multiple parton interactions!

The Energy in the “Underlying
Event” in High P ; Jet Production

C) ) Jet #1 Direction
JIMMY: MPI

JIMMY was tuned to fit

the energy density in the

“transverse” region for
“leading jet” events!

"Transverse" ETsum Density: dET/dn

JIMMY Default

/

sum Density (GeV
w
o
,

a7

777777-77-77_7;7i7i:\‘7-7ﬁ7i7i7-7’
-

J. M. Butterworth | < < T o
J. R. Forshaw “Toward" s, o tedmdr
o PT(JIM)= 3.25 GeV/c. o =
M. H. Seymour g CDF Run 2 Preliminary MidPoint R = 0.7 [nGet)] < 2
“Transverse” “Transverse” : generator level theory All Particles (Jn|<1.0)
0.0 } } }
200 300 400 500

Outgoing Parton

PrOtOI"I = P e TE T

Underlying Event derlying Event

Final-State

Outgoing Parton Radiation

“Transverse” <Densities> vs R(jet#1)

2009 CTEQ Summer School Rick Field — Florida/CDF/CMS

June 30, 2009

PT(particle jet#1) (GeVic)

"Transverse" PTsum Density: dPT/dndcpl

g
o

JIMMY Default

-
N
I

CDF Run 2 Preliminary MidPoint R =0.7 InGev) < 2
generator level theory Charged Particles (|n|<1.0, PT>0.5 GeV/c)

"Transverse" PTsum Density (GeV/c)

..........

150 200 250 300 350 400 450 500

PT(particle jet#1) (GeVic)

Page 50




JIMMY was tuned to fit
the energy density in the
“transverse” region for

Runs with HERWIG and adds
multiple parton interactions!

PT(JIM)= 2.5 GeVi/c.

—

“leading jet” events!

ansverse" ETsum Density: dET/dn

The Energy in the “Underlying
Event” in High P Jet Productio

JIMMY Default

o) D Jet#l

um Density (GeV)

JIMMY: MPI | A T~ \ Y
J. M. Butterworth L eating set
J. R. Forshaw Toward”
M. H. Seymour W MidPoint R = 0.7 [nGet)] < 2
The Drell-Yan JIMMY Tune Paricls (ni<L.0
400 500

PTJIM = 3.6 GeV/c, L

jet#1) (GeVic)
JMRAD(73) = 1.8

&

JMRAD(91) = 1.8 Yy crTen

Proton

Underlying Event

.......

MidPoint R=0.7 |

Final-State

Radiation

Outgoing Parton F Run 2 Preliminary

"Transverse" PT,

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

nget)| <2

T T T T T T T
0 50 100 150 200 250 300 350

“Transverse” <Densities> vs R (jet#1 PT(partcle jet#1) (GeVie)

T T
400 450 500

2009 CTEQ Summer School Rick Field — Florida/CDF/CMS
June 30, 2009
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® “ Towards?, “ Away”,

CEEEINY JE Charged Particle Density: dN/dr]dcpl
5
CDF Run 2 Preliminary " Away”
i . > data corrected way
Jet #1 Direction w4+ pyA generator level
S
a
1 5 ~oA . _______" Toward™ __________
(]
“Toward” g
= eading Jet"
©2r Factor of ~4.5 |Rr=0.7 |nget#1)<2
“Transverse” “Transverse” o)
IS " "
S, W . [Tensgrse
2 - x x. I i i I I I ] E
Charged Particles (|n|<1.0, PT>0.5 GeV/c)
0 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400
PT(jet#l) (GeV/c)

= Data at 1.96 TeV on the density of charged particlesiN/dnde, with p; > 0.5 GeV/c andnj| < 1 for “leading
jet” events as a function of the leading jet pfor the “toward” , “away” , and“transverse” regions. The
data are corrected to the particle levelwith errors that include both the statistical err@nd the systematic
uncertainty) and are compared with PYTHIA Tune A at the partide level {.e.generator level).
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“[owards", “Away",

“Leading Jet” _

g Charged PTsum Density: dPT/dndcpl
_100.0 =
2 T CDF Run 2 Preliminary

Jet #1 Direction & 1 data corrected
- pYA generator level
2
»w 10.0 = .,
S I "Toward A .
“Toward” Q way Factor of ~16

§ "Transverse”

4 D @ " |2 s o o = 3 X ¥ ] ¥

Transverse Transverse o 1.0 A e T e r ____ ]
oS . "Leading Jet"
> MidPoint R=0.7 |n(jet#1)|<2
©
5 Charged Particles (Jn|<1.0, PT>0.5 GeV/c)

0.1 A 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400
PT(jet#l) (GeV/c)

= Data at 1.96 TeV on the charged particlscalarp, sum density, dPT/djdg, with p; > 0.5 GeV/c andij| < 1
for “leading jet” events as a function of the leadiy jet p; for the “toward” , “away” , and “transverse”
regions. The data are corrected to the particle el (with errors that include both the statistical err@nd
the systematic uncertainjyand are compared with PYTHIA Tune A at the partide level {.e. generator
level).
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“[owards", “Away",

“Leading Jet”

100.0 +

Jet #1 Direction

Factor of ~13

l "Transverse" I
= 3 = = T m 3 §

10.0 +

“Toward”

“Transverse” “Transverse”

ETsum Density (GeV)

10"
# CDF Run 2 Preliminary ~ "Leading Jet”
data corrected MidPoint R=0.7 |n(jet#1)|<2
pyA generator level Stable Particles (|n|<1.0, all PT)
0.1 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400

PT(jet#l) (GeVic)

= Data at 1.96 TeV on the particlescalarE, sum density, dET/dydg, for |n| < 1 for “leading jet” events as a
function of the leading jet p; for the “toward” , “away”, and “transverse” regions. The data are corrected
to the particle level vith errors that include both the statistical err@nd the systematic uncertaintand are
compared with PYTHIA Tune A at the particle level (.e.generator level).
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Charged Particle Density: dN/dnd | Charged Particle Density: dN/dr]d(pl
3 4
CDF Run 2 Preliminary CDF Run 2 Preliminary
? data corrected "Away” é\ data corrected
% pyAW generator level % 34 PyAgeneratorlevel 7%
g 2 "DreII-Yan' Production" g
“E-’., 70 < M(pair) < 110 GeV 09-‘, )
‘s“ 2 "Leading Jet"
© o MidPoint R=0.7 [n(jet#1)|<2
? LT "Transverse" B g
o PR R S R LT AT Transverset oo oo oo
> r -3 r =+ L] > E i i E E i
< Charg,éd Particles |r||<Ji 0 PT>55 eVl <
"Toward" Uy : ;
0 ‘ ‘ excluding the lepton-pair 0 g ‘ \ \ ‘ ‘Cha'ged‘ Pa't'd?s (|"|<1'9' PT>0'? Gevic)
0 20 40 60 80 100 0 20 40 60 80 100 120 140 160 180 200
PT(Z-Boson) (GeV/c) PT(jet#l) (GeVic)

Z-Boson Direction

High PT Z-Boson Production Outgoing Parton Outgoing Parton

Initial-State Radiation
Vo

Feu,
.,
22,

“Toward”

“Toward”

Proton AntiProton

“Transverse” “Transverse”

“Transverse” “Transverse”

Radiation

Outgoing Parton

= Data at 1.96 TeV on the density of charged particlesiN/dndeg, with p; > 0.5 GeV/c andrj| < 1 for “Z-Boson”
and “Leading Jet” events as a function of the leadig jet p; or P(Z) for the “toward” , “away” , and
“transverse” regions. The data are corrected to the particle ieel (with errors that include both the statistical
error and the systematic uncertaintand are compared with PYTHIA Tune AW and Tune A, respectively, at the
particle level (.e.generator level).

2009 CTEQ Summer School Rick Field — Florida/CDF/CMS Page 55
June 30, 2009



"Transverse" Charged Density

"Transverse" Charged Particle Density: dN/dnd¢ "Away" Charged Particle Density: dN/dnd¢

1.2 4

CDF Run 2 Preliminary CDF Run 2 Preliminary

data corrected "Leading Jet"
nerator level theory

data corrected
generator level theory

o
©
|

o
o
Il
"Away" Charged Density
N

o
w
|

0.0 1 1 1 1 1 1 1 1 1 0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
PT(jet#1) or PT(Z-Boson) (GeV/c) PT(et#1) or PT(Z-Boson) (GeVic)

»

Z-Boson Direction

High P; Z-Boson Production

Outgoing Parton

Initial-State Radiation
Vo

Feu,
.,
22,

“Toward”

“Toward”

Proton

Proton AntiProton

Underlying Event

“Transverse” “Transverse”

“Transverse” “Transverse”

Radiation

Outgoing Parton

Data at 1.96 TeV on the density of charged particlesIN/dndeg, with p; > 0.5 GeV/c andn| < 1 for “Z-Boson”
and “Leading Jet” events as a function of the leadig jet p; or P(Z) for the “toward” , “away” , and
“transverse” regions. The data are corrected to the particle ieel (with errors that include both the statistical

error and the systematic uncertaintand are compared with PYTHIA Tune AW and Tune A, respectively, at the

particle level (.e.generator level).
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"Transverse" Charged Density

"Transverse" Charged Pz "Away" Charged Particle Density: dN/dnd@ ) Tune (PT‘]!M. |_ 3.6)
12 — 3
CDF Run 2 Preliminary CDF Run 2 Preliminary '
ni?;?ofcl)g/iit;deo ry 2 data corrected
09 +---q4T---"--"""="==-"—"—---~- 3 generator level theory
4 ] 2 4
L] [) ] g "Drell-Yan Production”
L o 70 < M(pair) < 110 GeV
06 ~sHabs - S e et e
£
O
= 1 4 . _ - __ _®_ e e e ==
>
0.3 1= S | It
< roe Charged Particles (|n|<1.0, PT>0.5 GeV/c) rged Particles (Jn|<1.0, PT>0.5 GeV/c)
‘ | HW excluding the lepton-pai
N g the lepton-pair
0.0 1 1 1 1 0 ; } } } 1 1 1 1
0O 20 40 60 8 0 20 40 5 0 o 120 140 160 180 200
PT(jet#1) or PT( PT(z-Boson) (GeV/c) 3oson) (Gevic)

»

Z-Boson Direction Jet#1 Direction

High P; Z-Boson Production

Outgoing Parton

Initial-State Radiation
Vo

e,
“Toward” “Toward”

Proton Proton

AntiProton
Underlying Event

“Transverse” “Transverse” “Transverse” “Transverse”

Outgoing Parton Radiation

Data at 1.96 TeV on the density of charged particlesIN/dndeg, with p; > 0.5 GeV/c andn| < 1 for “Z-Boson”
and “Leading Jet” events as a function of the leadig jet p; or P(Z) for the “toward” , “away” , and
“transverse” regions. The data are corrected to the particle ieel (with errors that include both the statistical

error and the systematic uncertaintand are compared with PYTHIA Tune AW and Tune A, respectively, at the

particle level (.e.generator level).
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i o
(‘\ r ¥ gukn A e
Charged Particle
+
H. Hoeth, MPI@LHCO8 ﬁﬁfﬂﬁm I;]A'M'\é'\g)
12 L Thaneverye Raion Tarticle Dasity - Lrall 0 Transverse Particle Density - Leading Jet Analysis f——
CD C —e— CDF Run-1I
z @9 |=  —— Pythia 6, new tune
809+ - —— Pythia 6, Moraes
3 08 - Pythia 6, S0
£ oy £ === Pythia 6, AW
5 06+-- -
g o6 —
% 0315 o Bk —— CDFRun-ll | |-
© L =
E . % — Pythia 6, new tune <1.0, PT>0.5 GeVic)
0.4 i —— Pythia 6, Moraes
0.0 u 0.2 |t —— Pythia 6, S0 ‘ ‘
0 0.3 r ——— Pythia 6, AW 160 180 200
) = 1 I | (- | I (- |- I I |- - | | | | I
J,_g, 1_-|- I~ a D .I 1 1 11 1 11 1 11 1 11 11 11 111
iz - i i
Z-Bosq "':.j" 1.2 : :?_ I3 = ﬂoutgomg Parton
=R %ﬁ«-‘:&zﬁ,_l_r__ PR b g T E = s _,
[= Tt 1 r ) 1 T"‘ = = Initial Iale‘Radlalwon
08 = L = E o5 %[':r—-r;A '""'/"'"i'x‘rmProton
“Transverse” ab = ' i derlying Event
- o I| = |I Ilﬁ = Itq![ e 13-5?' |||| |||| |||| ||II '||| ||| -I||| \
N o i N y st 0 i) 100 150 200 250 F00 J50 400
pi{Z) /GeV 5 : : il
L-udgbll i)

= Data at 1.96 TeV on the density of charged particlesiN/dndeg, with p, > 0.5 GeV/c andnj| < 1 for “Z-Boson”
and “Leading Jet” events as a function of the leadig jet p; or P(Z) for the “toward” , “away” , and
“transverse” regions. The data are corrected to the particle ieel (with errors that include both the statistical
error and the systematic uncertaintand are compared with PYTHIA Tune AW and Tune A, respectively, at the
particle level (.e.generator level).
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Charged PTsum Density: dPT/dnd¢ Charged PTsum Density: dPT/dndcpl

L] 100.0 ¢
T CDF Run 2 Preliminary
I data corrected

pyA generator level

10.0 ¢
1 CDF Run 2 Preliminary ~ "Away"

data corrected
pyAW generator level

"Toward"

100 4+ -—--—m e T
"Transverse" E [
1.0 = i s PR z * 1 = : L = ;
T T s T L
e e aa S N <
:i —" i "Toward" 1.0 % iizze s a & = a2 ===

"Leading Jet"

"Drell-Yan Production” MidPoint R=0.7 |n(jet#1)|<2

70 < M(pair) < 110 GeV Charged Particles (|n|<1.0, PT>0.5 GeV/c)
excluding the lepton-pair
0.1 1 1 1 1
0 20 40 60 80 100 0 20 40 60 80 100 120 140 160 180 200

PT(Z-Boson) (GeVic) PT(jet#1) (GeVic)

Charged PTsum Density (GeV/c)
Charged PTsum Density (GeV/c)

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

o
[

Z-Boson Direction

High P; Z-Boson Production

Outgoing Parton

Initial-State Radiation
Vo

Feu,
.,
22,

“Toward”

“Toward”

Proton

Proton AntiProton

“Transverse” “Transverse” Underlying Event

“Transverse” “Transverse”

Radiation

Outgoing Parton

= Data at 1.96 TeV on the chargedcalarPTsum density, dPT/ddg, with p; > 0.5 GeV/c and1y| < 1 for “Z-
Boson” and “Leading Jet” events as a function of théeading jet p; or P;(Z) for the “toward” , “away” , and
“transverse” regions. The data are corrected to the particle ieel (with errors that include both the statistical
error and the systematic uncertaintand are compared with PYTHIA Tune AW and Tune A, respectively, at the
particle level (.e.generator level).
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-1

Charged PTsum Density: .z

"Transverse" Charged PTsum Density: dPT/dndg "Away" Charged PTsum Density: dPT/dndg|
2.0 20 -
CDF Run 2 Preliminary CDF Run 2 Preliminary }
data corrected data corrected

1.5 + generator level theory 15 -+ generator level theory

"Leading Jet"

10+ 10 4 -------4 "ZBoson" |[-—--- : A ——

"Transverse" PTsum Density (GeV/c)
"Away" PTsum Density (GeV/c)

0.0 1 1 1 1 1 1 : : : ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0O 20 40 60 8 100 120 140 160 180 200 6 20 40 60 80 100 120 140 160 180 200

PT(jet#1) or PT(Z-Boson) (GeV/c) PT(et#1) or PT(Z-Boson) (Gevic)

Z-Boson Direction Jet #1 Direction

High P; Z-Boson Production

Outgoing Parton

Initial-State Radiation
Vo

e,
“Toward” “Toward”

Proton AntiProton

“Transverse” “Transverse” “Transverse” “Transverse”

Radiation

Outgoing Parton

= Data at 1.96 TeV on the chargedcalarPTsum density, dPT/ddg, with p; > 0.5 GeV/c and1y| < 1 for “Z-
Boson” and “Leading Jet” events as a function of théeading jet p; or P;(Z) for the “toward” , “away” , and
“transverse” regions. The data are corrected to the particle ieel (with errors that include both the statistical
error and the systematic uncertaintand are compared with PYTHIA Tune AW and Tune A, respectively, at the
particle level (.e.generator level).
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-1

Charged PIsumbDensity: .=

"Transverse" Charged PT "Away" Charged PTsum Density: dPT/dnd@ Density: dPT/dndg|
20 12 ~
s CDF Run 2 Preliminary — CDF Run 2 Preliminary : -
% (D) ¢ ling Jet
0] data corrected S data corrected
= 1.5 4 generator level theory 8 generator level theory r
2 > o8
8 2 "Drell-Yan Production”
€ 10 a 70<M(pair)<110Gev =~ g <€ | V.__~4£ 1 -~
2 £
a ?
=$ R e e
§ 0.5 - %
2 E( S Charged Particles (|n|<1.0, PT>0.5 GeV/c) arged Particles (|n|<1.0, PT>0.5 GeV/c)
E g TN HW : excluding the lepton-pair
© 00 : ! ! ; 0 1 pooos | 1 ‘ ‘ ‘ ‘
0 20 40 60 80 0 20 40 60 80 100 [ 120 140 160 180 200
PT(jet#1) or PT PT(z-Boson) (GeV/c) Boson) (GeVic)

Z-Boson Direction JeL#FL uirecuon

High P; Z-Boson Production

Outgoing Parton

Initial-State Radiation
Vo

Feu,
.,
22,

“Toward”

“Toward”

Proton
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= Data at 1.96 TeV on the chargedcalarPTsum density, dPT/ddg, with p; > 0.5 GeV/c and1y| < 1 for “Z-
Boson” and “Leading Jet” events as a function of théeading jet p; or P;(Z) for the “toward” , “away” , and
“transverse” regions. The data are corrected to the particle ieel (with errors that include both the statistical
error and the systematic uncertaintand are compared with PYTHIA Tune AW and Tune A, respectively, at the
particle level (.e.generator level).
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= Data at 1.96 TeV on the density of charged particlesiN/dndg, with p; > 0.5 GeV/c andiy| < 1 for “leading
jet” events as a function of the leading jet pand for Z-Boson events as a function of Z) for “TransDIF" =
“transMAX” minus “transMIN” regions. The data are corrected to the particle ieel (with errors that include
both the statistical error and the systematic untanty) and are compared with PYTHIA Tune A and
HERWIG (without MPI) at the particle level (i.e.generator level).
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= Data at 1.96 TeV on the density of charged particlesiN/dndg, with p; > 0.5 GeV/c andiy| < 1 for “leading
jet” events as a function of the leading jet pand for Z-Boson events as a function of Z) for “TransDIF" =
“transMAX” minus “transMIN” regions. The data are corrected to the particle ieel (with errors that include
both the statistical error and the systematic untanty) and are compared with PYTHIA Tune A and
HERWIG (without MPI) at the particle level (i.e.generator level).
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= Data at 1.96 TeV on the density of charged particlesiN/dndg, with p; > 0.5 GeV/c andiy| < 1 for “leading
jet” events as a function of the leading jet pand for Z-Boson events as a function of Z) for “TransDIF" =
“transMAX” minus “transMIN” regions. The data are corrected to the particle ieel (with errors that include
both the statistical error and the systematic untanty) and are compared with PYTHIA Tune A and
HERWIG (without MPI) at the particle level (i.e.generator level).
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= Data at 1.96 TeV on the density of charged particlesiN/dndg, with p; > 0.5 GeV/c andiy| < 1 for “leading

jet” events as a function of the leading jet pand for Z-Boson events as a function of Z) for “TransDIF" =
“transMAX” minus “transMIN” regions. The data are corrected to the particle ieel (with errors that include
both the statistical error and the systematic untanty) and are compared with PYTHIA Tune A and
HERWIG (without MPI) at the particle level (i.e.generator level).
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= Data at 1.96 TeV on the chargedcalarPTsum density, dPT/dd¢, with p, > 0.5 GeV/c andij| < 1 for
“leading jet” events as a function of the leading jep, and for Z-Boson events as a function of fZ) for

“TransDIF" = “transMAX"

minus “transMIN” regions. The data are corrected to the particle {el (with

errors that include both the statistical error arttie systematic uncertainjyand are compared with PYTHIA
Tune A and HERWIG (without MPI) at the particle level (.e. generator level).
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= Data at 1.96 TeV on the chargedcalarPTsum density, dPT/dd¢, with p, > 0.5 GeV/c andij| < 1 for
“leading jet” events as a function of the leading jep, and for Z-Boson events as a function of fZ) for

“TransDIF”

“transMAX”

minus “transMIN” regions. The data are corrected to the particle {el (with

errors that include both the statistical error arttie systematic uncertainjyand are compared with PYTHIA
Tune A and HERWIG (without MPI) at the particle level (.e. generator level).
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= Data at 1.96 TeV on the chargedcalarPTsum density, dPT/dd¢, with p, > 0.5 GeV/c andij| < 1 for
“leading jet” events as a function of the leading jep, and for Z-Boson events as a function of fZ) for
“TransDIF” = “transMAX” minus “transMIN” regions. The data are corrected to the particle el (with
errors that include both the statistical error arttie systematic uncertainjyand are compared with PYTHIA e
Tune A and HERWIG (without MPI) at the particle level (.e. generator level).
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= Data at 1.96 TeV on the charged particle average pwith p; > 0.5 GeV/c andij| < 1 for the“toward”

region for “Z-Boson” and the “transverse” region for “Leading Jet” events as a function of the
leading jet p; or P-(Z). The data are corrected to the particle levejwith errors that include both the
statistical error and the systematic uncertaifignd are compared with PYTHIA Tune AW and Tune
A, respectively, at the particle leveli(e. generator level). The Z-Boson data are also compatevith
PYTHIA Tune DW, the ATLAS tune, and HERWIG (without MPI)
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= Data at 1.96 TeV on the charged particle average pwith p; > 0.5 GeV/c andij| < 1 for the“toward”
region for “Z-Boson” and the “transverse” region for “Leading Jet” events as a function of the
leading jet p; or P-(Z). The data are corrected to the particle levejwith errors that include both the
statistical error and the systematic uncertaifignd are compared with PYTHIA Tune AW and Tune
A, respectively, at the particle leveli(e. generator level). The Z-Boson data are also compatevith
PYTHIA Tune DW, the ATLAS tune, and HERWIG (without MPI)
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“TransMAX" I “TransMIN"

= Data at 1.96 TeV on the density of charged particlesiN/dndeg, with p; > 0.5 GeV/c andnj| < 1 for “Z-
Boson” events as a function of RZ) for the “toward” and “transverse” regions. The data are
corrected to the particle level yith errors that include both the statistical err@nd the systematic
uncertainty) and are compared with PYTHIA Tune AW and HERWIG (without MPI) at the particle

level (.e.generator level).
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= Data at 1.96 TeV on the density of charged particlesiN/dndeg, with p; > 0.5 GeV/c andnj| < 1 for “Z-

Boson” events as a function of RZ) for the “toward” and “transverse” regions. The data are

corrected to the particle level yith errors that include both the statistical err@nd the systematic

uncertainty) and are compared with PYTHIA Tune AW and HERWIG (without MPI) at the particle

level (.e.generator level).
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= Data at 1.96 TeV on the density of charged particlesiN/dndeg, with p; > 0.5 GeV/c andnj| < 1 for “Z-
Boson” events as a function of RZ) for the “toward” and “transverse” regions. The data are
corrected to the particle level yith errors that include both the statistical err@nd the systematic
uncertainty) and are compared with PYTHIA Tune AW and HERWIG (without MPI) at the particle
level (.e.generator level).
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= Data at 1.96 TeV on the density of charged particlesiN/dndeg, with p; > 0.5 GeV/c andnj| < 1 for “Z-
Boson” events as a function of RZ) for the “toward” and “transverse” regions. The data are
corrected to the particle level yith errors that include both the statistical err@nd the systematic
uncertainty) and are compared with PYTHIA Tune AW and HERWIG (without MPI) at the particle
level (.e.generator level).
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= Data at 1.96 TeV on the chargedcalarPTsum density, dPT/ddg, with p, > 0.5 GeV/c andij| < 1 for

“Z-Boson” events as a function of B(Z) for the “toward” and “transverse” regions. The data are

corrected to the particle level yith errors that include both the statistical err@nd the systematic

uncertainty) and are compared with PYTHIA Tune AW and HERWIG (without MPI) at the particle

level (.e.generator level).
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= Data at 1.96 TeV on the chargedcalarPTsum density, dPT/ddg, with p, > 0.5 GeV/c andij| < 1 for
“Z-Boson” events as a function of B(Z) for the “toward” and “transverse” regions. The data are
corrected to the particle level yith errors that include both the statistical err@nd the systematic
uncertainty) and are compared with PYTHIA Tune AW and HERWIG (without MPI) at the particle
level (.e.generator level).
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= Data at 1.96 TeV on the chargedcalarPTsum density, dPT/ddg, with p, > 0.5 GeV/c andij| < 1 for
“Z-Boson” events as a function of B(Z) for the “toward” and “transverse” regions. The data are
corrected to the particle level yith errors that include both the statistical err@nd the systematic
uncertainty) and are compared with PYTHIA Tune AW and HERWIG (without MPI) at the particle
level (.e.generator level).
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= Data at 1.96 TeV on the chargedcalarPTsum density, dPT/ddg, with p, > 0.5 GeV/c andij| < 1 for
“Z-Boson” events as a function of B(Z) for the “toward” and “transverse” regions. The data are
corrected to the particle level yith errors that include both the statistical err@nd the systematic
uncertainty) and are compared with PYTHIA Tune AW and HERWIG (without MPI) at the particle

level (.e.generator level).
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= Data at 1.96 TeV on the density of charged particlesiN/dndeg, with p; > 0.5 GeV/c andnj| < 1 for “Z-
Boson” events as a function of RZ) for the “toward” region. The data are corrected to the particle
level (with errors that include both the statistical err@nd the systematic uncertaintand are
compared with PYTHIA Tune AW, Tune DW, PYTHIA ATLAS Tune, HERWIG (without MPI),
and HERWIG (with JIMMY MPI) at the particle level ( i.e.generator level).
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= Data at 1.96 TeV on the density of charged particlesiN/dndeg, with p; > 0.5 GeV/c andnj| < 1 for “Z-
Boson” events as a function of RZ) for the “toward” region. The data are corrected to the particle
level (with errors that include both the statistical err@nd the systematic uncertaintand are
compared with PYTHIA Tune AW, Tune DW, PYTHIA ATLAS Tune, HERWIG (without MPI),
and HERWIG (with JIMMY MPI) at the particle level ( i.e.generator level).
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= Data at 1.96 TeV on the the average,jof charged particles with p. > 0.5 GeV/c andtj| < 1 for “Z-
Boson” events as a function of RZ) for the “toward” region. The data are corrected to the particle
level (with errors that include both the statistical err@nd the systematic uncertaintand are
compared with PYTHIA Tune AW, Tune DW, PYTHIA ATLAS Tune, HERWIG (without MPI),
and HERWIG (with JIMMY MPI) at the particle level ( i.e.generator level).
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=» Average Lepton-Pair transverse momentum =® Shape of the Lepton-Pair g distribution at the

at the Tevatron and the LHC for PYTHIA Z-boson mass at the Tevatron and the LHC for
Tune DW and HERWIG (without MPI). PYTHIA Tune DW and HERWIG (without MPI).
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=» Charged particle density versus the lepton- ® Charged particle density versus the lepton-pair
pair invariant mass at 1.96 TeV forPYTHIA  invariant mass at 14 TeV forPYTHIA Tune AW
Tune AW and HERWIG (without MPI). and HERWIG (without MPI).
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=» Data at 1.96 TeV on the density of charged particlesiN/dnde, with p; > 0.5 GeV/c andij| < 1 for “Leading Jet”
events as a function of Rjet#1) for the “transverse” region. The data are corrected to the particle lex (with
errors that include both the statistical error artie systematic uncertainjyand are compared with PYTHIA Tune

A, and HERWIG (without MPI) at the particle level (i.e.generator level).
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| Talk 2: Extrapolations from the ““'jif:gyzzj{V;jj;;f’zg;dmn
Tevatron to RHIC and the LHC
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University of Florida C.ono
OUtIine Of Talk @yn&mics

®» The Pythia MPI energy scaling parameter
PARP(90). -

®» The “underlying event” at STAR.
Extrapolations to RHIC.

®» |HC predictions for the “underlying
event” (hard scattering QCD &
Drell-Yan).

®» “Min-bias” and “pile-up” at the LHC.

= Correlations: charged particle <p>
versus the charged multiplicity in “min-
bias” and Drell-Yan.

®» Summary & Conclusions.
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