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=» Do we need a separate tune farach center-of-mass ] PT(hard.)nma.fl?ffadiauon
energy? 900 GeV, 1.96 TeV, 7 TeV, etc. — e

®» Do we need a separate tune farach hard QCD
subproces® Jet Production, Drell-Yan Outgoing Parton
Production, etc.

Radiation

going Parton

| will talk about this in my “tuning” talk on
Thursday in the soft QCD session. -

®» Do we needseparate tunedor “Min-Bias”
(MB) and the “underlying event” (UE) in a
hard scattering process?

AntiProton

Z-bosor

®» Do we needseparate fragmentation tunedor
e"e and hadron-hadron collisions?

“Minimum Bias” Collisions

Proton Proton
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: Final-State Radiation
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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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Epton-Pair Proauction
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» PSR ward Scattering” Component
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AntiProton

High P+ Z-Boson Production

Initial-State Radiation ~ Massees**®

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 gaproximation).

=®» 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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® CDF data at 1.96 TeVon the density of charged particles, dN/gdg, with p; > 0.5 GeV/c andrj| < 1 for
“leading jet” events as a function of the leading jep; for the “toward” , “away”, and “transverse”
regions. The data are corrected to the particle el (with errorsthat include both the statistical error and
the systematic uncertainty) and are compared withPYTHIA Tune A at the particle level {.e. generator
level).
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Charged PTsum Density: dPT/dndcpl
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® CDF data at 1.96 TeVon the charged particlescalar p; sum density, dPT/ddg, with p; > 0.5 GeV/c and
In| < 1 for “leading jet” events as a function of thdeading jet p; for the “toward” , “away” , and
“transverse” regions. The data are corrected to the particle ieel (with errorsthat include both the
statistical error and the systematic uncertainty) and are compared withPYTHIA Tune A at the particle
level (.e. generator level).
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Charged Particle Density: dN/dr]d(pl Charged Particle Density: dN/dnd@
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Underlying Event

Final-State
Radiation

Outgoing Parton

® CDF data at 1.96 TeVon the density of charged particles, dN/gdg, with p; > 0.5 GeV/c andr| < 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 &l and are compared withPYTHIA Tune AW
and Tune A, respectively, at the particle leveli(e. generator level).
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"Transverse" Charged Particle Density: dN/dnd¢ "Away" Charged Particle Density: dN/dnd¢
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® CDF data at 1.96 TeVon the density of charged particles, dN/gdg, with p; > 0.5 GeV/c andr| < 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 &l and are compared withPYTHIA Tune AW
and Tune A, respectively, at the particle leveli(e. generator level).
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Charged Particle Density: dN/dnde Charged Particle Density: dN/dndg
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7 T pyDW generator level ) T pyDW generator level
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Proton
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® CDF data at 1.96 TeVon the density of charged particles, dN/gdg, with p, > 0.5 GeV/c andnj| < 1 for

»

Drell-Yan production as a function of P.(Z) for the “toward” , “away” , and “transverse” regions compared
with PYTHIA Tune DW .

CMS data at 7 TeVon the density of charged particles, dN/gde, with p; > 0.5 GeV/c andiy| < 2 for Drell-
Yan production as a function of B(Z) for the “toward” , “away” , and“transverse” regions compared with
PYTHIA Tune DW .
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Charged Particle Density: dN/dnde

| 70 < M(pair) < 110 GeV

CDF Run 2
data corrected 1.96 TeV

T pyDW generator level
| Drell-Yan Production

"Transverse"
|

"Toward" Charged Particles (|fj|<1.0, PT>0.5 GeV/c
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Charged Particle Density: dN/dndg
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T CMS Preliminary
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CDF: Proton-Antiproton Collisions at 1.96 GeV
Lepton Cuts: p; > 20 GeV 1| < 1.0
Mass Cut: 70 < M(lepton-pair) < 110 GeV

Charged Particles: p. > 0.5 GeV/ch| < 1.0

Z-bosor /

CMS: Proton-Proton Collisions at 7 GeV
Lepton Cuts: p; > 20 GeV fj| < 2.4
Mass Cut: 60 < M(lepton-pair) < 120 GeV
Charged Particles: p- > 0.5 GeV/ciy| < 2.0 )

Z-bosor /

® CDF data at 1.96 TeVon the density of charged particles, dN/gdg, with p, > 0.5 GeV/c andnj| < 1 for
Drell-Yan production as a function of P.(Z) for the “toward” , “away” , and “transverse” regions compared

»

with PYTHIA Tune DW .

CMS data at 7 TeVon the density of charged particles, dN/gde, with p; > 0.5 GeV/c andiy| < 2 for Drell-
Yan production as a function of B(Z) for the “toward”

PYTHIA Tune DW .

, “away” , and“transverse” regions compared with
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Large increase in the UE

in going from 1.96 TeV _ . Sensity: dN/dnde
5 to 7 TeV as predicted by Toward" Charged Particle Density: dN/dnd¢ :
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Towar 1 excluding the lepton-pair
0 | | | ‘ 0.0 ‘ | | | i |
0 10 20 30 40 0 20 40 60 80 100 60 80 100
PT(lepto PT(lepton-pair) GeV/c -pair) GeV/c @

CMS: Proton-Proton Collisions at 7 GeV
Lepton Cuts: p; > 20 GeV fj| < 2.4
Mass Cut: 60 < M(lepton-pair) < 120 GeV

CDF: Proton-Antiproton Collisions at 1.96 GeV
Lepton Cuts: p; > 20 GeV 1| < 1.0
Mass Cut: 70 < M(lepton-pair) < 110 GeV
Charged Particles: p. > 0.5 GeV/ci| < 1.0 Charged Particles: p. > 0.5 GeV/ci| < 2.0 |

Z-bosor / Z-bosor /

® CDF data at 1.96 TeVon the density of charged particles, dN/gdg, with p; > 0.5 GeV/c andr| < 1 for
Drell-Yan production as a function of P.(Z) for the “toward” , “away” , and “transverse” regions compared
with PYTHIA Tune DW .

®» CMS data at 7 TeVon the density of charged particles, dN/gde, with p; > 0.5 GeV/c and#| < 2 for Drell-
Yan production as a function of B(Z) for the “toward” , “away” , and“transverse” regions compared with
PYTHIA Tune DW .
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Z-Boson Direction

“Transverse”

High Py Z-Boson Production

Outgoing Parton
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“Transverse”
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CDF data at 1.96 TeVon the chargedscalar PTsum density, dPT/dyde, with p; > 0.5 GeV/c andi| < 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 &l and are compared withPYTHIA Tune AW
and Tune A, respectively, at the particle leveli(e. generator level).
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"Transverse" Charged PTsum Density: dPT/dndg "Away" Charged PTsum Density: dPT/dndg|
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CDF Run 2 Preliminary CDF Run 2 Preliminary

data corrected data corrected
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Final-State
Outgoing Parton Radiation
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= CDF data at 1.96 TeVon the chargedscalar PTsum density, dPT/dydg, with p; > 0.5 GeV/c andn| < 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 &l and are compared withPYTHIA Tune AW
and Tune A, respectively, at the particle leveli(e. generator level).
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Charged PTsum Density: dPT/dnd@ Charged PTsum Density: dPT/dndq
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Z-Boson Direction High P Z-Boson Production  /butgoing parton Z-Bosor Direction

0
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Ve

Initial-State Radiation
L

AntiProton

Proton Proton

“Transverse” “Transverse”

“Transverse” “Transverse”

Z-bosor Z-bosor

®» CDF data at 1.96 TeVon the charged PTsum density, dPT/qdg, with p; > 0.5 GeV/c andnj| < 1 for Drell-
Yan production as a function of PT(Z) for the“toward” , “away” , and “transverse” regions compared with
PYTHIA Tune DW.

®» CMS data at 7 TeVon the charged PTsum density, dPT/gdg, with p, > 0.5 GeV/c andnj| < 1 for Drell-Yan
production as a function of PT(Z) for the“toward” , “away” , and “transverse” regions compared with
PYTHIA Tune DW.
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rell-Yan Production 1 )
70 < M(pair) < 110 GeV. | Drell-Yan Production Charged Particles (PT>0.5 GeVic) — Charged Particles (n|<2.0, PT>0.5 GeVic)
excluding the lepton-pair
0.1 | | 0.0 il | |
0 20 40 0 20 40 60 80 100 60 80 100
PT(lept PT(lepton-pair) GeV/c 1-pair) GeV/c

Z-Boson Direction High P; Z-Boson Production Outgoing Parton Z-Bosor Direction ngh Pt Z-Boson Production Outgoing Parton

0
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®» CDF data at 1.96 TeVon the charged PTsum density, dPT/qdg, with p; > 0.5 GeV/c andnj| < 1 for Drell-
Yan production as a function of PT(Z) for the“toward” , “away” , and “transverse” regions compared with
PYTHIA Tune DW.

®» CMS data at 7 TeVon the charged PTsum density, dPT/gdg, with p, > 0.5 GeV/c andnj| < 1 for Drell-Yan
production as a function of PT(Z) for the“toward” , “away” , and “transverse” regions compared with
PYTHIA Tune DW.
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Charged Particle Density

"Transverse" Charged Particle Density: dN/dnd@
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®» 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

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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"Transverse" Charged PTsum Density: dPT/dnde@ "Transverse" Charged PTsum Density: dPT/dnd@
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=» CMS preliminary data at 900 GeV and 7 ®» ATLAS preliminary data at 900 GeV and
TeV on the “transverse” charged PTsum 7 TeVon the “transverse” charged PTsum
density, dPT/ddq, as defined by the leading density, dPT/dnde, as defined by the
charged patrticle jet (chgjet#1) for charged leading charged particle (PTmax) for
particles with p;r > 0.5 GeV/c andf]| < 2. charged particles with pr > 0.5 GeV/c and
The data are uncorrected and compared In| < 2.5. Th_e data are corrected and
with PYTHIA Tune DW after detector compared with PYTHIA Tune DW at the
simulation. "R generator level.” ™"
N
QCD@LHC, St. Andrews, Scotland Rick Field — Florida/CDF/CMS Page 16

August 22, 2011



TCMS Preliminary

T datauncorrected

12 [ - poWEsSmM 2

0.8 |

044~

0.0 + 1 1
0 5 10 1
P

Charged PTsum Density (GeV/c)

®» CMS preliminary ¢
TeV on the “trg
density, dP

charged particle jet (chgjet
particles with p; > 0.5 Ge
The data are uncorrected

with PYTHIA Tune DW g

PT(chgjet#1) Direction

simulation.

QCD@LHC, St. Andrews, Scotland

August 22, 2011

TLAS

Cles (In|<2.5, PT>0.5 GeV/c)

900 GeV

Overall PYTHIA Tune DW
IS in amazingly good agreement with the
Tevatron Jet production and Drell-Yan data

and did a very good job in predicting the
LHC Jet production and Drell-Yan data!
(although not perfeci

12 14 16 18 20

GeV/c)

Q0 GeV and
d PTsum
), as defined by the
article (PTmax) for

VEC - =

d pe ith pr > 0.5 GeV/c and
omj 5. Thex are corrected and
er detec ared with PY~_\MIA Tune DW at the
0 ator level "™ omNe"

Rick Field — Florida/CDF/CMS Page 17



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!

QCD@LHC, St. Andrews, Scotland Rick Field — Florida/CDF/CMS
August 22, 2011
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PYTHIA Tune Z1.

e

Parameters not
shown are the
PYTHIA 6.4 defaults!

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
QCD@LHC, St. Andrews, Scotland Rick Field — Florida/CDF/CMS Page 19
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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@

1 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!

QCD@LHC, St. Andrews, Scotland
August 22, 2011

D Very nice agreement!
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ATLAS UE Daie

"Transverse" Charged Particle Density: dN/dnd@ "Transverse" Charged PTsum Density: dPT/dnd@

1.2 15

1 RDF Preliminary 7 TeV 7 RDF Preliminary 7 TeV
1 ATLAS corrected data | ATLAS corrected data

:Tune Z1 generator | : Tune Z1 generator level

0.8 1 ———— - oo 10 f----------2 D

04 - - T I 05 T oo

Tune Z1

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

_I
>
p)
PTsum Density (GeV/c)

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

"Transverse" Charged Density

0.0

0.0

0 g 1‘0 1‘5 éO 25 0 é 1‘0 1‘5 2‘0 25
PTmax (GeV/c) PTmax (GeV/c)

®» ATLAS published data at 900 GeVand7 = ATLAS published data at 900 GeV and 7
TeV on the “transverse” charged particle TeV on the “transverse” charged PTsum
density, dN/dndq, as defined by the leading density, dPT/ddg, as defined by the leading
charged particle (PTmax) for charged charged particle (PTmax) for charged
particles with p; > 0.5 GeV/c andiy| < 2.5. particles with p; > 0.5 GeV/c andiy| < 2.5.
The data are corrected and compared with The data are corrected and compared with
PYTHIA Tune Z1 at the generator level. PYTHIA Tune Z1 at the generrator level.

(

ATLAS publication — arXiv:1012.0791
December 3, 2010

QCD@LHC, st. Ajndrews, Scotland Rick Field — Florida/CDF/CMS Page 21
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"Transverse" Charged Density

"Transverse" Charged Particle Density: dN/dnd@

1.2
{ RDF Preliminary 7 TeV
1 ALICE corrected data § +
+Tune Z1 generator level i § §
08+--—-—-/M -
] 900 GeV
0.4 +
] ALICE
Tune Zl Charged Particles (|n|<0.8, PT>0.5 GeV/c)
0.0

5 10 15 20

PTmax (GeV/c)

o

25

PTsum Density (GeV/c)

15

1.0 +

o
o

0.0

"Transverse" Charged PTsum Density: dPT/dnd@

1 RDF Preliminary 7 TeV ;
| ALICE corrected data _ -
: Tune Z1 generator level f
Tune Zl Charged Particles (|n|<0.8, PT>0.5 GeV/c
0 5 10 15 20

PTmax (GeV/c)

25

TeV on the “transverse” charged particle

density, dN/dndq, as defined by the leading

charged particle (PTmax) for charged

particles with p; > 0.5 GeV/c andnj| < 0.8.

The data are corrected and compared with

PYTHIA Tune Z1 at the generator level.

TeV on the “transverse” charged PTsum
density, dPT/ddg, as defined by the lead
charged particle (PTmax) for charged
particles with p; > 0.5 GeV/c andiy| < 0.8.

®» ALICE preliminary data at 900 GeVand 7 = ALICE preliminary data at 900 GeV and 7

ing

The data are corrected and compared with

PYTHIA Tune Z1 aHhe generrator level.

read the points off | (9 A| |CE UE Data: Talk by S. Vallero
MPI@LHC 2010 Glasgow, Scotland
N November 30, 2010

QCD@LHC, St. Andrévts, Scotland
August 22, 2011
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"Transverse" Charged Particle Density: dN/dndg|

"Transverse" Charged Particle Density: dN/dnd g

1.5 1.5 .
+RDF Preliminary +RDF Preliminary
> data corrected - data corrected CMS 7 TeV
‘5]‘ + pyZ1 generator level CMS 7 TeV [ - E a -+ pyZ1 generator Iev i
§ 10 : e II!I!iiillllli: L L é 1o : g
e CDF 1.96 TeV e g CDF 1.96 Tev
5 CI m L] m L] u = anEEEEEEREEE g ® 5 W g
a a it
o] e} .
© 0.5 © 0.5 el
o CMS 900 GeV o I
g Tune Z1 g : Tune Z1
O
1 Charged Particles (PT>0.5 GeV/c) s Charged Particles (PT>0.5 GeV/c)
0.0 T T T T 0-0 T T T T T }
0 20 40 60 80 100 0 50 100 150 200 250 N 300
PT(chgjet#1 or jet#1) GeV/c PT(chgjet#1 or jet#1) GeV/c
®» CMS data at 900 Ge\on the “transverse” = CDF data at 1.96 Te\Von the “transverse”

charged particle density, dN/dyde@, as
defined by the leading charged patrticle jet
(chgjet#1) for charged particles with g >
0.5 GeV/c andtj| < 2.0. The data are
corrected and compared withPYTHIA
Tune Z1 at the generator level.

QCD@LHC, St. Andrews, Scotland
August 22, 2011

Rick Field — Florida/CDF/CMS

charged particle density, dN/dyde, as
defined by the leading calorimeter jet (jet#1)
for charged particles with p; > 0.5 GeV/c
and n| < 1.0. The data are corrected and
compared with PYTHIA Tune Z1 at the
generator level.
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"Transverse" Charged PTsum Density: dPT/dndq

"Transverse" Charged PTsum Density: dPT/dndq

2.0 20 |
1RDF Preliminary 1RDF Preliminary CMS 7 TeV
S 16 1L data corrected 5161 data corrected
% . T pyZ1 generator level % T CDF 1.96 TeV
o I ) I _ -
o 12 e PR i B R —ama®®= =
= T = T
2 7 s 1
8 08+ 8 o081
E 1 E ] Tune Z1
a1 CMS 900 GeV Tune Z1 2
SO 3 o s | ¢ hoo4 M
E Charged Particles (PT>0.5 GeV/c) Charged Particles (PT>0.5 GeVic)
00 ] T T T T T T T T T 00 T T T T f
0 10 20 30 40 50 60 70 80 90 100 0 50 100 150 200 250 > 300
PT(chgjet#1 or jet#1) GeV/c PT(chgjet#1 or jet#1) GeV/c
®» CMS data at 900 GeV and 7 Te\on the ®» CDF data at 1.96 TeVon the “transverse”

“transverse” charged PTsum density,

dPT/dnde, as defined by the leading charged

particle jet (chgjet#1) for charged particles

are corrected and compared withPYTHIA

Tune Z1 at the generator level.

with pr > 0.5 GeV/c andnj| < 2.0. The data

charged PTsum density, dPT/ddq, as
defined by the leading calorimeter jet (jet#1)
for charged patrticles with p; > 0.5 GeV/c
and n| < 1.0. The data are corrected and
compared with PYTHIA Tune Z1 at the
generator level.
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Charged Particle Density: dN/dndq)l

3
CDF Run 2
> data corrected 1.96 TeV
7 T pyZl generator level
c £
& , | Drell-van Production & * |
5 | 70 < M(pair) <110 GeV
=
(SR
=
@) 1
&1t . )
[ Transverse
Qo L
>t L
< |
1 "Toward" Charged Particles (|rf|<1.0, PT>0.5 GeV/c
0 ‘ ‘ ‘ ‘ ‘ excluding the lepton-pair |
T T T T T T T T T

0 10 20 30 40 50 60 70 80 90
PT(lepton-pair) GeV/c

100

Charged Particle Density: dN/dndtpl

3
T CMS Preliminary CMS
> data corrected 7TeV
‘0 T pyZl1 generator level
S 4 "Away"
8 oL Drell-Yan Production way
- 60 < M(pair) < 120 GeV
5
]
<
(@) B "Transverse"
T | D
21 s
2 "Toward"
< Charged Particles (|n|<2.0, PT>0.5 GeV/c)
ES excluding the lepton-pair
0 1 f f |
0 20 40 60 80 100

PT(lepton-pair) GeV/c

Z-Boson Direction

0

High P; Z-Boson Production

Outgoing Parton

Initial-State Radiation
Ve

AntiProton

“Transverse” “Transverse”

Z-bosor

“Transverse”

High Pt Z-Boson Production

Outgoing Parton

Initial-State Radiation
L

Proton Proton

“Transverse”

Z-bosor

= CDF data at 1.96 TeVon the density of charged particles, dN/jde, with p; > 0.5 GeV/c andij| < 1 for

Drell-Yan production as a function of R.(Z) for the “toward” , “

with PYTHIA Tune Z1.

away” , and “transverse” regions compared

®» CMS data at 7 TeVon the density of charged particles, dN/gde, with p; > 0.5 GeV/c and#j| < 2 for Drell-

Yan production as a function of P(Z) for the “toward”

PYTHIA Tune Z1.

QCD@LHC, St. Andrews, Scotland
August 22, 2011

Rick Field — Florida/CDF/CMS

, “away” , and“transverse” regions compared with
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"

Tune Z1 describes the

energy dependence :
: "Toward" Charged Particle Density: dN/dnd density: dN/dnd
3 fairly well! nae
CDFRuUNZ 1 RDF Preliminar
> data corrected 1% \ e . v eV C M S
@ 1 pyZ1 generator level = enerator level CMS 7 TeV E § }
g , | _Drell-van Production S T Away i
< £ | 70<M(pair) <110 GeV Q 0.8 1 /.//P_
(3] () 4
= o
: : '
O o 1 T "Transverse"
S m
: L il = ———— m—
L O . i . .
1 Drell-Yan Production Charged Particles (PT>0.5 GeV/c) Wargede)lj;rttjldcilss t(llwnzengp%)ET;a(\Jir5 GeVic)
0 ‘ ‘ ‘ ‘ 0.0 : : | | ‘ ‘
0 10 20 30 40 0 20 40 60 80 100 60 80 100
PT(lepto PT(lepton-pair) GeV/c pair) Gevic

Z-Boson Direction High P; Z-Boson Production  /outgoing Parton

Z-Bosor Direction

High Pt Z-Boson Production

Outgoing Parton

Initial-State Radiation Initial-State Radiation
A, AN

AntiProton Proton Proton

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

Z-bosor

Z-bosor

= CDF data at 1.96 TeVon the density of charged particles, dN/jde, with p; > 0.5 GeV/c andij| < 1 for

Drell-Yan production as a function of P.(Z) for the “toward” , “away” , and “transverse” regions compared
with PYTHIA Tune Z1.

®» CMS data at 7 TeVon the density of charged particles, dN/gde, with p; > 0.5 GeV/c and#j| < 2 for Drell-

Yan production as a function of P(Z) for the “toward” , “away” , and“transverse” regions compared with
PYTHIA Tune Z1.
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Charged PTsum Density: dPT/dnd@ Charged PTsum Density: dPT/dndq;l
- 10.0 ¢
T CMS Preliminary 7 TeVv

data corrected
T pyZl generator level

10.0 T

CDF Run 2 1.96 TeV "Away"
data corrected
T pyZ1 generator level

"Away"

"Transverse"

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

10 4o i 10+ oo Beg f—wg—uw"""8__ —
T I Toward
= \ CMS
Drell-Yan Production ) Drell-Yan Production h d icl /
70 < M(pair) < 110 GeV Charged Particles (|n|<1.0, PT>0.5 GeVi/c) : Charged Particles (|n|<2.0, PT>0.5 GeVi/c)
excluding the lepton-pair 60 < M(pair) < 120 GeV excluding the lepton-pair
0.1 f f f f 0.1 f f f f
0 20 40 60 80 100 0 20 40 60 80 100
PT(lepton-pair) GeV/c PT(lepton-pair) GeV/c

Z-Boson Direction High P Z-Boson Production  /butgoing parton Z-Bosor Direction

0

High Pt Z-Boson Production

Outgoing Parton

Initial-State Radiation
Ve

Initial-State Radiation
L

AntiProton

Proton Proton

“Transverse” “Transverse”

“Transverse” “Transverse”

Z-bosor Z-bosor

® CDF data at 1.96 TeVon the charged PTsum density, dPT/qdg, with p; > 0.5 GeV/c andn| < 1 for Drell-
Yan production as a function of B(Z) for the “toward” , “away” , and“transverse” regions compared with
PYTHIA Tune Z1.

® CMS data at 7 TeVon the charged PTsum density, dPT/gdg, with p, > 0.5 GeV/c andrj| < 2 for Drell-Yan
production as a function of B(Z) for the “toward” , “away”, and “transverse” regions compared with
PYTHIA Tune Z1.
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Charged PTsum [ "Toward" Charged PTsum Density: dPT/dnde 2nsity: dPT/dﬂdQ)l

10.0 ¢ 15
+RDF Preliminary " " r
Away
T  datacorrected /-/./"_
<+ pyZ1 generator level CMS 7 Te E * -|— _

CDF Run 2 1.96 TeV

data corrected
] -
e g - === +
1

T pyZ1 generator level

10— A

””” N Transverse" ]
[ ]

CMS

"Toward"

05 - RN

Drell-van Production Charged Particles (n|<2.0, PT>0.5 GeV/c)

Charged PTsum Density (GeV/c)

Charged PTsum Density (GeV/c)
]
[
=
O
v}
T
=
©
o
_|
@
<
—a—
L.
-
——=——
-

70 < M(pair) < 110 GeV Drell-Yan Production Charged Particles (PT>0.5 GeV/c) - excluding the lepton-pair
0.1 ‘ ‘ 0.0 : : : : ‘ ‘
0 20 40 0 20 40 60 80 100 60 80 100
PT(lept PT(lepton-pair) GeVic 1-pair) Gevic

Z-Boson Direction High P Z-Boson Production  /butgoing parton Z-Bosor Direction

High Pt Z-Boson Production

Outgoing Parton

Initial-State Radiation Initial-State Radiation
A, AN

AntiProton

Proton Proton

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

Z-bosor Z-bosor

® CDF data at 1.96 TeVon the charged PTsum density, dPT/qdg, with p; > 0.5 GeV/c andn| < 1 for Drell-
Yan production as a function of B(Z) for the “toward” , “away” , and“transverse” regions compared with
PYTHIA Tune Z1.

® CMS data at 7 TeVon the charged PTsum density, dPT/gdg, with p, > 0.5 GeV/c andrj| < 2 for Drell-Yan
production as a function of B(Z) for the “toward” , “away”, and “transverse” regions compared with
PYTHIA Tune Z1.
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"Transverse" Charged Particle Density: dN/dnd(pl

"Transverse" Charged Particle Density: dN/dnd g

August 22, 2011

1.5 1.2 —
L RDF Preliminary
{RDF Prel 1
data Lir:::tl:dary 1 data corrected CMS 7 TeV E ;
> 1 ovz1 tor level CMS 7 TeV 7 2 | pyZ1 generator level [] i
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2 o
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= 1 71 Tavell = - pyZ1 generator leve
2 12 pyZ1 generator leve i £ 2 I
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= I Drell-Yan Production |_ __ _ _ _ __ ’1___ __ _____ = +
g 0.4 T TUHG Z1 g Tune Z1
T = i Charged Particles (PT>0.5 GeV/
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"Transverse" Charged PTsum Density: dPT/dnd¢

"Transverse" Charged PTsum Density: dPT/dnd¢

Tune Z1
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PTsum Density (GeV/c)

2.0

"Transverse" Charged PTsum Density: dPT/dnd¢

16 |

o =
® [N
R

o
N
T IR

o
S
Lo

1RDF Preliminary

data corrected

ator level

Overall amazingly good agreement

with the LHC and Tevatron
Jet production and Drell-Yan!

Charged PTsum Density (GeV/c)

(although not perfect yet)

2.0

1.5 +

05 4

+ CMS Preliminary

I pyZ1 generator level

What about Min-Bias?

data corrected

Tune Z1

Charged PTsum

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

CMS 7 TeV
]

Tune Z1 *

CDF 1.96 TeV

Particles (PT>0.5 GeV/c)

50 60 70 80 90 100
ton-pair) GeV/c

sity: dPT/dndq|

Charged Particles (PT>0.5 GeV/c)
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TThe Jnel

Occasionally one of

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)!
QCD@LHC, St. Andrews, Scotland Rick Field — Florida/CDF/CMS Page 32

August 22, 2011




The ™ Underlying Event”

Select inelastic non-diffractive events
that contain a hard scattering

Proton M.,‘,;,';:."— i Proton

———v— —h—
_— A — Ne——— —
= ——— AN a N —
” \Az

Hard parton-parton 1/(pr)*— U(pr2+p1o2)?
collisions is hard “Semi-hard” pqrton-
(pr >=2 GeVic) The “underlying-event” (UE)! parton collision
(pr <=2 GeV/c)

Proton Proton Proton e Proton
Proton "'—,,,;,,f;"—f T Proton
TN} ’V‘—__‘_J—/ —— +
e\ LI I

Given that you have one hard
scattering it is more probable to
have MPI! Hence, the UE has
more activity than “min-bias”.

Multiple-parton

. : . interactions (MPI)!
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Allow leading hard
scattering to go to
zero p; with same
cut-off as the MPI!

VIOGE! OF O

&

Proton

Model of the inelastic non-
diffractive cross section!

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

Proton

Proton Proton

- Proton

A o — e

Proton
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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 Proton I Proton %é% Proton

Predict MB (ND)!

Predict MB (IN)! + .

Proton Proton

Double Diffraction

Single Diffraction
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Min-Bias Collisions €.z

‘Charged Particle Density: dN/dnl ‘Charged Particle Density: dN/dnl
8 CMS Data ° ALICE Data
Ze .- am e ricewna-. |3 INEL=NsD+sp  ALICE
8 R \g ~ . 8 4 -
: CMS Tune 71 2 |
g’ - pyZIND=dashed g PYZLNSD = dashed
NSD (all pT) pyZ1 NSD = solid INEL (all pT) 900 GeV pyZ1 INEL = solid
O
Pseudo-Rapidity n Pseudo-Rapidity n
® CMS NSD dataon the charged particle » ALICE NSD data on the charged particle
rapidity distribution at 7 TeV compared rapidity distribution at 900 GeV compared
with PYTHIA Tune Z1. The plot shows with PYTHIA Tune Z1. The plot shows
the average number of particles per NSD the average number of particles per INEL
collision per unit n, (1/Nygp) dN/dn. collision per unit n, (1/Nyg. ) dN/dn.

“Minimum Bias” Collisions

b

Okay not perfect, but remember
we know that SD and DD are not modeled well
/ o
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CMS Data
PYTHIA Tune Z1

T
’
'
NN
o (6]
|
T
<
2
e
NSD
N

.‘56” ’4’—; L | ....- -.-.' m N . E 777777777777777777777777777777777777777777777777
U N
= NSD = ND + DD N
<72 . IS
3 CMS Tune Z1 5 10
B 2o g,
6 7 TeV PyZLND = dashed o & 7 Tev pyZ1 ND = dashed
NSD (all pT) pyZ1 NSD = solid NSD (all pT) ¢ pyZ1 NSD = solid
0 f | | | | | | 0.0 f f | | | |
-4 -3 -2 -1 0 1 2 3 4 -4 -3 -1 0 1 2 3
Pseudo-Rapidity n Pseudo-Rapidity n
=®» CMS NSD dataon the charged particle ®» CMS NSD dataon the charged particle rapidity

rapidity distribution at 7 TeV compared
with PYTHIA Tune Z1. The plot shows
the average number of charged particles
per NSD collision per unitn, (1/Nysp)

dN/dn.

Proton

QCD@LHC, St. Andrews, Scotland
August 22, 2011

“Minimum Bias” Collisions

Rick Field — Florida/CDF/CMS

Proton

distribution at 7 TeV compared with PYTHIA
Tune Z1. The plot shows the average number of
charged particles per NSD collision per unif—,
(1/Nnsp) dN/dnde.
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Charged Particle Density

2.0 1

= =
o o
: -

o
o

Transverse Charged Particle Density: dN/dndq)l

Charged Particle Density: dN/dndq)l

T 25
I RDF Preliminary
PYTHIA Tune Z1
2
g 2.0
Factor of 2! 8
L 15
L
a
77777777777777777777777777777777777777777777777777 o
Charged Particles (|n| <2, all pT) :Jg’)
777777777777777777777777777777777777777777777777777 £ 05+
Tune Z1 7 TeV ND
} T T T OO
0 5 10 15 20 25

PT max (GeV/c)

CMS Data
PYTHIA Tune Z1

pyZ1 ND = dashed
pyZ1 NSD = solid
| |

NSD (all pT) 7 Tev
|

-4 -3 -2 -1 0 1 2 3 4

Pseudo-Rapidity n

Shows the density of charged particles in
the “transverse” region as a function of
PTmax for charged particles (All p;, n| <
2) at 7 TeV from PYTHIA Tune Z1.

Outgoing Parton

-----
-----------
L

Underlying Event

Final-State

Outgoing Parton Radiation

QCD@LHC, St. Andrews, Scotland

August 22, 2011

®» CMS NSD dataon the charged particle rapidity
distribution at 7 TeV compared with PYTHIA

Tune Z1. The plot shows the average number of

charged particles per NSD collision per unif—,
(1/Nnsp) dN/dnde.

Rick Field — Florida/CDF/CMS

“Minimum Bias” Collisions

Proton Proton
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"Transverse" Charged Particle Density: dN/dndg Charged Particle Density: dN/dndg

2.5 2.5
2 CMS Data CM S
£ 20 seaiaReind g8 g ¥ 3 |g,olrmenen M2
3 Factor of 2! 8 Tune Z1 NSD =ND + DD
215+ F L e
_5 RDF Preliminary g ______
w107 i doie - m7._-_.=¢|=.=_g.—\
E 1 Tune Z1 generator level :J?” -‘ ':
S T e ot greosceemas | | 6%
& ] g P . s NSD (all pT) eV pyZ1 NSD = solid

0.0 } } } } } } } } } 00 } } } } } } }

0 2 4 6 8 10 12 14 16 18 20 - 3 2 1 0 1 2 3 4
PTmax (GeV/c) Pseudo-Rapidity n
=» ATLAS data on the density of charged ®» CMS NSD dataon the charged particle rapidity

particles in the “transverse” region as a distribution at 7 TeV compared with PYTHIA

function of PTmax for charged particles Tune Z1. The plot shows the average number of

(pr>0.1 GeVic,ph| <2.5)at7 TeV charged particles per NSD collision per unif—,

compared with PYTHIA fune Z1. (1/Nnsp) dN/dnde.

“Minimum Bias” Collisions
S — Proton Proton
Underlying Event
Final-State
Outgoing Parton Radiation
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Charged Particle Density: dN/dn
| l 5
RDF Preliminary

900 GeV At Least 1 Charged Particle |n| < 0.8
A ALICE INEL data
® | 24| pyzigenemortevel - ___ PT>015GeVic
%]
§ B g ge " EN
@ 3F -
0
E pT > 0.5 GeV/c
< 27
) __ S T T AN NN
o —_—
@
§1+ M> 1.0 GeV/c
O T T T T T T
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 15 2.0
PseudoRapidity n

=» ALICE inelastic data at 900 GeV on the dNAq distribution for charged particles (p; >
PTmin) for events with at least one charged parti@d with p; > PTmin and |n| < 0.8 for
PTmin = 0.15 GeV/c, 0.5 GeV/c, and 1.0 GeV/c comparedth PYTHIA Tune Z1 at the

generator level. “Minumum Bias” Collisions

Okay not perfect, but remember
we do not know If the SD & DD are correct!

— ——
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SD Multiplicity Distrinution

Charged Multiplicity Distribution

1.0E-01
RDF Preliminary
data CMS NSD —
Pyz1 generatar level Difficult to produce
Loeca L enough events with
. Ry, St large multiplicity!
< 1 4, R,
o] \SH kg
E -+ V‘l!. """""
[a 900 GeV ‘!!. Gy, /
1.0E-03 £---------------Z----2 N Ny,
S N N 9
Charged Particles
@l PT, [nl<2.0) Tune Z1
1.0E-04 ‘ ‘ ‘ :
0 20 40 60 80 100

Number of Charged Particles

=» Generator level charged multiplicity distribution (all pT, |n| < 2) at 900 GeV and 7
TeV. Shows the NSD = HC + DD prediction foffune Z1. Also shows the CMS

NSD data. “Minumum Bias” Collisions

~

rroor | Okay not perfect!  bon
But not that bad!

U
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Charged Multiplicity Distribution

1.0E-01
“non . " RDF Preliminary
Min-Bias data CMS NSD
pyZ1 generator level
1.0E-02 4~~~ o]
2 T N,
% .....
a 900 GeV
1.0E-03 T T T Tt "-,. ************ <
Charged Particles P
(all PT, .
10E-04 .| Difficult to produce
0 20| enough events with |
large multiplicity!
Generator levercrrargeummumupncity

QCD@LHC, St. Andrews, Scotland

distribution (all pT, |n| < 2) at 900 GeV

and 7 TeV. Shows the NSD = HC + DD
prediction for Tune Z1. Also shows the

CMS NSD data.

August 22, 2011

Probability

"Transverse" Charged Particle Multiplicity

1.0E+00

CMS Preliminary
Data Corrected
Tune Z1 generator level

“Underlying Event”
1.0E-01

PT(chgjet#1) > 3 GeV/c

CMS

7 TeV

1.0E-02 ¢

900 GeV
1.0E-03 =

Tune Z1

1 Charged Particles (|n|<2.0, PT>0.5 Ge

0 5 10 15 / i 25 30 35

1.0E-04 &

1.0E-05

»

Rick Field — Florida/CDF/CMS

CMS corr
TeV on th
distributig
charged y
as define

Difficult to produce
enough events with
large “transverse”
multiplicity at low
hard scale!

‘and 7
tiplicity
egion for
C, | < 2)

2d particle

jet with PT(chgjet#l) >3 GeV/c compared
with PYTHIA Tune Z1 at the generator
level.
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®» Do we need a separate tune farach center-of-mass ener@y
900 GeV, 1.96 TeV, 7 TeV, etc.

‘‘‘‘‘
---------------

Underlying Event

PYTHIA Tune DW did a nice (although not perfect)
job predicting the LHC Jet Production and Drell-Yan

Final-State
Radiation Outgoing Parton

UE data. | am still hoping for a single tune thatwill
describe all energies!

Outgoing Parton

PT(hard)

Initial-State Radiation
>

Proton Y=

Underlying Event

®» Do we need a separate tune farach hard QCD
subproces® Jet Production, Drell-Yan Production, etc.

The same tune can describe both Jet Production ardrell-Yan!

®» Do we needseparate tunedor “Min-Bias” ( MB) and the
“underlying event” (UE) in a hard scattering process?

PHTHIA Tune Z1 does fairly well at both the UE andMB, [
but you cannot expect such a naive approach to beifect!
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Final-State
Radiation

Outgoing Parton
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