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®» CDF PYTHIA 6.2 Tevatron Melbourne
Tune DW predictions.

Melbourne July 4-11, 2012
®» CMS PYTHIA 6.4 LHC Tune Z1.

®» LPCC MB&UE working group

“common plots”. CDF Run 2

300 GeV, 900 GeV, 1.96 TeV
% New UE data at 300 GeV, 900 GeV, and 1.96 S aingParon

TeV from the Tevatron Energy-Scan.

| 'I"Ps\a‘{

CMS at the LHC

% New comparisons with PYTHIA 6.2 900 GeV, 7 & 8 TeV

Tune DW and PYTHIA 6.4 Tune Z1.

% Much more coming soon!
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=» Start with the perturbative 2-to-2 (or sometimes 2-to-3) parton-parton scatte
state gluon radiation (in the leading log approximation or modified leadi

®» The “underlying event” consists of the “beam-beam remnants” an
semi-soft multiple parton interactions (MPI).
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®» Of course the outgoing colored parton
observables receive contributions fron

The “underlying event” is an unavoidable

background to most collider observables

and having good understand of it leads to
more precise collider measurements!

“Underlying Event”

approximation).

rticles arising from soft or

bly “underlying event”
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and add initial and final-



Tuning PYTHIA 6.2: € 2
uning 6 (2

Multiple Parton Interaction Parameters

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

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

radius containing the fraction PARP(83) of the

total hadranic matter Multiple Parton Interaction

Determines the energy mor String
PARP(8S) | 033 | P uces two gluons /LVW

d d f th MPI! Color String W

cpencence o7 e nearest neighbors. /
PARP(86) 0.66 | Pro that the MPI produces two gluons Multiple Par Dete.rmine by comparing
ei described by PARP(85) or as a closed > with 630 GeV data!
loop. The remaining fraction consists of o
ark-antiquark pairs. -t

PARP(89) 1 T/e/ Determines the reference energy E,. Hard- Scattermg c

PARP(82) 4 The cut-off P, that regulates the 2-to-2 PYTHIA 6.206
eV/c | scattering divergence 1/PT*—1/(PT2+P,%)? \\4
PARP(90) 0.16 Determines the energy dependence of the cut-off § .
P, as follows P (E,,,) = Pro(E,./E()? with \\ e

¥

£ = PARP(90)

PARP(67) 1.0 A scale factor that determines the maximum
parton virtuality for space-like showers. The 100 Aoo 10000 100,000
larger the value of PARP(67) the more initial- SUSKEAEA)
state radiation.

Reference point
at 1.8 TeV
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CDF Run 1 Analysis

I I Leading Calorimeter Jet or
Charged Jet #1 Charged Particle A¢ Correlations g

Leadmg Charged Particle Jet or

Direction l)T > PTmin |Tl| < Neut

arged Particle or

“Transverse” region Away Region g0l

very sensitive to the
“underlying event”!

Leading Object

“Toward-Side” Jet . .
ward-st Direction

Transverse

Region

“Toward” Leading

Object

2

Toward Region
“Transverse” .-~ “Transverse” S

Transverse
Region

Away Region

“Away-Side” Jet

Look at charged particle correlations in the azimuthal angle A¢ relative to a leading object (i.e.
CaloJet#1, ChgJet#1, PTmax, Z-boson). For CDF PTmin = 0.5 GeV/e n = 1.

®» Define [Ad| < 60° as “Toward”, 60° <|A¢| < 120° as “Transverse”, and |A¢| > 120° as

“Away”.

= All three regions have the same area in n-¢ space, AnxA¢ = 21, x120° = 21, X27n/3. Construct
densities by dividing by the area in n-¢ space.
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“Toward”

“Transverse”

=
o

"Tran\verse"fCharg

“Toward”

"Transverse" Charged Particle Density: dN/dndé¢

1 py Tune DW generator level 7 TeV

ed DepfSi
v
_|
3
Q
X

RDF Preliminary

\ ChgJet#1

DY(muon-pair)  f-—- -
70 < M(pair) <110 GeV

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

0 5 10 15 20 25 30 35 40 45 50
PT(chgjet#1) or PTmax or PT(pair) (GeV/c)

“Transverse”

=» Shows the charged particle density in the “transverse” region for charged particles (p; > 0.5

GeV/c, n| <1) at 7 TeV as defined by PTmax, PT(chgjet#1), and PT(muon-pair) from PYTHIA
Tune DW at the particle level (i.e. generator level). Charged particle jets are constructed using

the Anti-KT algorithm with d = 0.5.
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"Transverse" Charged Particle Density: dN/dnd "Transverse" Charged Particle Density: dN/dnd
n n

1.2 — 1.2
> RDF Preliminary  mMin-Bias 14 Tev > RDF Preliminary LHC14
D 1 py Tune DW gen or level ‘0 o Tine DM conoraio ool o
GCJ T B e e s m m W m = Vs GV === 5 | _--":-'.
la) | ™ % - - _k 5= = Cm
T 0.8 4 - - - - - 2 e ——————————— e ————— " I o e ———————————————— _;,l' - ____LHC10 - - _____|
qi')) | % J.0 B . LH( j7
g 1.96 TeV g -“__‘,
) 1 oTTev © % Tevatron
K) 0.4 + - — ~Jff — — — — Pl mn—— 2 N4 —"—' 77777777777777777777777777777777777777777777777
5 1 0.2 Tev > 1777900 GeV
@ . - 2 ] e PTmax = 5.25 GeV/c
N Y A S EEEEEEEE—— —= »E RHIC
£ i Charged Particles (|n|<1.0, PT>0.5 GeV/c) = , Charged Particles (|n|<1.0, PT>0.5 GeVic)

0.0 1 1 1 1 0.0 ‘ ‘ ‘ ‘ ‘

0 5 10 15 20 25 0 2 4 6 8 10 12 14
PTmax (GeV/c) Cente?\v\of-Mass Energy (TeV)

PTmax Direction

PTmax Direction

PTmax Direction

0.2 TeV — 1.96 TeV
(UE increase ~2.7 times)

—) Tevatron £

®» Shows the “associated” charged particle density in the “transverse” regio
PTmax for charged particles (py > 0.5 GeV/c, In| <1, not including PTmax)
at 0.2 TeV,0.9 TeV,1.96 TeV,7 TeV, 10 TeV, 14 TeV predicted by PYTH
particle level (i.e. generator level).

Linear scale!
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"Transverse" Charged Particle Density: dN/dndé

1.2
RDF Preliminary 14 TeV

1 py Tune DW gen or level

"Transverse" Charged Density

o
o

084 fo W—————— . TTev___________|
| 1.96 TeV
| 0.9 TeV

04— w—
] 0.2 TeV

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

0 5 10 15 20
PTmax (GeV/c)

25

"Transverse" Charged Density

"Transverse" Charged Particle Density: dN/dnd¢

1.2
RDF Preliminary
: py Tune DW generator level HC14
0.8 + LHC10
LHC7
_ -® Tevatron
04 +-------------—~ e
e 900 GeV PTmax = 5.25 GeVic
—_
RHIC Charged Particles (|n|<1.0, PT>0.5 GeV/c)
0.0 1 +H -+ -+
0.1 1.0 10.0 100.0

Center\ef-Mass Energy (TeV)

PTmax Direction

®» Shows the “associated” charged particle density in the “transverse” regio
PTmax for charged particles (py > 0.5 GeV/c, In| <1, not including PTmax)
at 0.2 TeV,0.9 TeV,1.96 TeV,7 TeV, 10 TeV, 14 TeV predicted by PYTH

particle level (i.e. generator level).

ICHEP 2012
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7 TeV — 14 TeV
(UE increase ~20%)

Linear on a log plot!
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PTmax Direction

Log scale!
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"Transverse" Charged Particle Density: dN/dnd¢ "Transverse" Charged Particle Density: dN/dnd¢
12 — 12 —
> | smamcoreces 77ev T R R b e
g 1 pyDW+ SIM............... g 8 | Tune DW generator velE E E E E I T i
é O'Bi ***** . —— " T -§)0.8i fffffffff E, — i - 1 l,,T,,,,I fffff + -
: L/, CMS 5 _ sweev ATLAS
%0'4j *********************************** é 04 --- R
6 1 Charged Particles (|n|<2.0, PT>0.5 GeVic) § | Charged Particles (In|<2.5, PT>0.5 GeV/c)
0.0 ; ; ; ; ; ; ; ; ; " 00
0 5 10 15 20 25 30 35 40 45 50 0 2 4 6 8 10 12 14 16 18 20
PT(chgjet#1) GeV/c PTmax (GeVic)
®» CMS preliminary data at 900 GeV and 7 TeV® ATLAS preliminary data at 900 GeV and 7
on the “transverse” charged particle density, TeV on the “transverse” charged particle
dN/dnd¢, as defined by the leading charged density, dN/dndd¢, as defined by the leading
particle jet (chgjet#1) for charged particles charged particle (PTmax) for charged particles
with p; > 0.5 GeV/c and [n| <2. The data are with p; > 0.5 GeV/c and |n| <2.5. The data are
uncorrected and compared with PYTHIA corrected and compared with PYTHIA Tune
Tune DW after detector simulation. DW at the generator level.
PT (chgjet#1) Direction PTmax Direction
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"Transverse" Charged Particle Density: dN/dnd¢

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

"Transverse" Charged Particle Density: dN/dnd¢
1.2 1.2
TCMS Preliminary 7 Tey 2 1 RDF Preliminary
2 | datauncorrected € E E g | ATLAS corrected data E E
) DW + SIM i
= py REEEEEaEaSyanEE I} | Tune DW generator velE E E
0 08+----- - eeee——— B 08—
o = 1
&) @©
= ey
5 CMS G
o ) i
Co4+--4noB B o £ 044---1
o 1Y |
s »
e c
O ]
1 Charged Particles (|n|<2.0, PT>0.5 GeVic) = ]
0.0 T T T T } T } T T - 0'0 } } }
0 5 10 15 20 25 30 35 40 45 50 0 2 4 6
PT(chgjet#1) GeV/c

10 12 14 16 18 20
PTmax (GeV/c)

®» CMS preliminary d
on the “transverse”
dN/dnd¢, as defined
particle jet (chgjet#
with py > 0.5 GeV/e
uncorrected and coil

Tune DW after dete

PT(chgjet#1)

ICHEP 2012
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Charged Particle Density

1.2

"Transverse" Charged Particle Density: dN/dnd¢

o
oo
I
T

o
SN
|

+RDF Preliminary

data corrected CDF 1.96 TeV
generator level Leading Jet

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

50 100 150 200 250 300 350
PT(jet#l) GeV/c

400
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ta at 900 GeV and 7

> charged particle

fined by the leading

x) for charged particles
| In| <2.5. The data are

1 with PYTHIA Tune
fel.
24
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"Transverse" Charged Particle Density: dN/dnd¢ . "Transverse" Charged Particle Density: dN/dnd¢

1.2 : f
L[S Preiminay 7 Tev T IR R T
g T  pyDW+sSIM 8 DyDW + SIM ;
o S
5 g
(@) Charged Particles (n|<2.0 PT>0.5 Gevic) I 7 TeV /900 GeV Charged Particles (|n|<2.0, PT>0.5 GeV/c)

0.0 1 1 1 1 1 1 1 1 1 0.0

0 5 10 15 20 25 30 35 40 45 50 0 2 4 6 8 10 12 14 16 18
PT(chgjet#1) GeV/c PT(chgjet#1) (GeV/c)

» CMS preliminary data at 900 GeV and 7 TeV ® Ratio of CMS preliminary data at 900 GeV and
on the “transverse” charged particle density, 7 TeV on the “transverse” charged particle
dN/dnd¢, as defined by the leading charged density, dN/dndd¢, as defined by the leading
particle jet (chgjet#1) for charged particles charged particle jet (chgjet#1) for charged
with p; > 0.5 GeV/c and |n| <2. The data are particles with p; > 0.5 GeV/c and |n| <2. The
uncorrected and compared with PYTHIA data are uncorrected and compared with
Tune DW after((hlgjete):ctor simulation. PYTHIA Tune DW after detector simulation.

PT(chgjet#1) Direction PT(chgjet#1) Direction
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PYTHIA Tune Z1 €2

® All my previous tunes (A, DW, DWT, D6,
D6T, CW, X1, and X2) were PYTHIA 6.4
tunes using the old Q*-ordered parton
showers and the old MPI model (really 6.2
tunes)!

® | believe that it is time to move to PYTHIA
6.4 (p,-ordered parton showers and new
MPI model)!

® Tune Z1: I started with the parameters of
ATLAS Tune AMBT1, but I changed LO* to
CTEQSL and I varied PARP(82) and PARP(90)
to get a very good fit of the CMS UE data at 900
GeV and 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
AMBT1 is primarily a min-bias tune, while

Tune Z1 is a UE tune!

ICHEP 2012 Rick Field — Florida/CDF/CMS
Melbourne, July 5, 2012

PARP(90)

PARP(82)

Connections

Diffraction

-----
-------------



PYTHIA Tune Z1

a4
e

Parameters not
shown are the

PYTHIA 6.4 defaults!

ICHEP 2012

Tune Z1 Tune AMBT1
7 Parameter (R.Field CMS) | (ATLAS)
Parton Distribution Function CTEQSL LO*
PARP(82) — MPI Cut-off 1.932 2.292
PARP(89) — Reference energy, E0 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) — MPIL, ISR, FSR, BBR model 21 21
MSTP(82) — Double gaussion matter distribution 4 4
MSTP(91) — Gaussian primordial kKT 1 1
MSTP(95) — strategy for color reconnection 6 6
Rick Field — Florida/CDF/CMS Page 12
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"Transverse" Charged Particle Density: dN/dnd¢

16 —
TCMS Preliminary
- I data corrected
= tTune Z1 generator level 7 TeV
g e § "= 3- E;i*
a e LT i S L ]
)
S
t 0.8
S 900 GeV
3 CMS
g 0.4 -
5 Tune Z1
Charged Particles (In|<2.0, PT>0.5 GeV/c)
0.0 + ; ;

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

"Transverse" Charged PTsum Density: dPT/dnd¢

20 T
1 CMS Preliminary
— data corrected 7 TeV
‘\>’ 1.6 T Tune Z1 generator level
> 1
9} T
> 12 ij 777777777777777777777777777777777777777777
z ] CMS
o)
0 0.8
= 900 GeV
>
2 Tune Z1
n 04
Charged Particles (In|<2.0, PT>0.5 GeV/c)
0.0 f f f f f f f
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/dndd¢, as defined by the leading
charged particle jet (chgjet#1) for charged
particles with p; > 0.5 GeV/c and |n| < 2.0.

The data are corrected and compared with

PYTHIA Tune Z1 at the generator level.

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

CMS corrected
data!

Very nice agreement!

CMS corrected
data!
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Melbourne, July 5, 2012

Rick Field — Florida/CDF/CMS

Page 13




"Transverse" Charged Density

1.2

0.8 +
0.4 +

0.0

"Transverse" Charged Particle Density: dN/dnd¢

PTmax (GeV/c)

1 RDF Preliminary
7 ATLAS corrected data 71gV
Tune Z1 generator |
Tune Z1
Charged Particles (|n|<2.5, PT>0.5 GeV/c)
0 5 10 15 20 25

"Transverse" Charged PTsum Density: dPT/dnd¢

15
1 RDF Preliminary 7 TeV
0 | ATLAS corrected data
% | Tune Z1 generator level
Q10+
> i
‘0
c
o}
[a]
g 05 +---P---" g em—— -
2 Tune Z1
o
Charged Particles (|n|<2.5, PT>0.5 GeV/c)
0.0

0 5 10 15 20 25
PTmax (GeV/c)

®» ATLAS published data at 900 GeV and 7

TeV on the “transverse” charged particle
density, dN/dnd¢, as defined by the leading
charged particle (PTmax) for charged
particles with p; > 0.5 GeV/c and |n| <2.5.
The data are corrected and compared with
PYTHIA Tune Z1 at the generator level.

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

~

ATLAS publication — arXiv:1012.0791
December 3, 2010
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1 Pc c k. IMB&UE \thoi‘ng Group .

(R ’PD\V}SI("} (_entyel Ot CETU\)
MB & UE Common Plots

Do
= «d

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

“Minimum Bias” Collisions

utgoing Parton
art
Initial-Sta te Radiation
e
Proton - Y e Proton Proton
nderlying Event —— 5'_/} 2 ‘ nderlying Event
inal-State
utgoing Parton adiation
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"Transverse" Charged Particle Density: dN/dnd¢

"Transverse" Charged PTsum Density: dPT/dnd¢

1.2 1.5
B RDF Preliminary ) ¢ | RDF Preliminary ® ;
g : Tune 71 generator!Ie\fI [] [] 4%*' L + in | Tune Z1 generator level -
o ] ] . > 1 gu s @ "
B 08— - O 10+ s
o 1 g ,
3 = ,
(&) g ALICE (red)
> 1 ALICE (red) A , ATLAS (blue)
2 04+ ATLAS (blue) E 05+ --f -
(0] ]
> T S i
0 = 4
8 . a | 7 Tev .
= 7 TeV Charged Particles (n| < 0.8, PT > 0.5 GeV/c) Charged Particles (jn| < 0.8, PT > 0.5 GeV/c)
: 0.0 1 1 1 | 0.0 1 1 1 1

0 5 10 15 20 25 0 5 10 15 20 25
PTmax (GeV/c) PTmax (GeV/c)
"Transverse" Charged Particle Density: dN/dnd¢ "Transverse" Charged PTsum Density: dPT/dndé

0.8 I 0.8 1 |
2 | RDF Preliminary RDF Preliminary
% | Tune z1 generator level < | Tune Z1 generator level
0 0.6 + % 0.6 +
K 1 ALICE (red) v) 1 ALICE (red) E ; i
g 1 ATLAS (blue) > 1 ATLAS (blue) ®
504t g 047
:q) Q
s ] e ] °
> 02+ 202
= ] o
_g 900 GeV Charged Particles (|n| < 0.8, PT > 0.5 GeV/c) ] 900 GeV Charged Particles (n| <0.8, PT > 0.5 GeV/c)

0.0 - 1 1 1 ; 0.0 1 1 ; ;

0 2 4 6 8 10 0 2 4 6 8 10
PTmax (GeV/c) PTmax (GeV/c)
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"Transverse" Charged Particle Density: dN/dndé

PTmax (GeV/c)

1.5
2 | CMS Preliminary
2 | corrected data 7 TeV
8 | Tune Z1 generator level
g10+------"-"-"-"-"-"""e—p— & - -1
g 10 7
2
0 CMS
0 ]
n
S 05 - gmm—————r
[}
. Tune Z1
g
E i Charged Particles (|n|<0.8, PT>0.5 GeV/c)
0.0 f f f f f
0 5 10 15 20 25 30

2.0

1 CMS Preliminary

corrected data

7 Tune Z1 generator level
15 g

PTsum Density (GeV/c)

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

0.0 - ‘
0 5

10 15

PTmax (GeV/c)

20 25

®» CMS preliminary data at 900 GeV and 7
TeV on the “transverse” charged particle
density, dN/dndd¢, as defined by the leading
charged particle (PTmax) for charged
particles with p; > 0.5 GeV/c and |n| <0.8.

The data are corrected and compared with

PYTHIA Tune Z1 at the generator level.

®» CMS preliminary data at 900 GeV and 7
TeV on the “transverse” charged PTsum
density, dPT/dnd¢, as defined by the leading
charged particle (PTmax) for charged
particles with p; > 0.5 GeV/c and |n| <0.8.
The data are corrected and compared with
PYTHIA Tune Z1 at the generator level.

CMS corrected
data!

CMS corrected
data!

ICHEP'2012
Melbourne, July 5, 2012

U Very nice agreement! 7

Rick Field — Florida/CDF/CMS

Page 17




= h = h

Less than 4% change! . i s C M S UE D at a w
. “Transverse” C ("Transverse" Charged Particle Density: dN/dndé nsity: dPT/dnd¢
2 | 1CMS Preliminary - 15 ]
% i Tunecglrreg;ee(:;(?ralevel Lz) 7 Tev
. ’ & 8 TeV B S
g 10 | a ] g 1
g gL == Tev
£ o :;j 8 CMS
= 0.5 i
5 % ] ~TuneZ1 _ ________|
g © 05
= % 1 rticles (n|<0.8, PT>0.5 GeVic)
0.0 c 1 ; ;
0 5 E Charged Particles (In| < 0.8, PT > 0.5 GeV/c) 20 25 30
" 00 | | | | | | )
=» CMS prelimin: 0 5 10 15 20 25 30 35 |D00 GeV and 7
TeV on the “tr: PTmax (GeV/c) 1arged PTsum
density, dN/dnh\", Y WV ililivwu UJ (D ¥ 4 & l\/““llls u\/llull«‘y 9 VAL a/wul l“\'l, [S AN ) “\/lllled by the leading
charged particle (PTmax) for charged charged particle (PTmax) for charged
particles with p; > 0.5 GeV/c and |n| <0.8. particles with p; > 0.5 GeV/c and |n| <0.8.
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 generator level.

CMS corrected
data!

CMS corrected

: '
Very nice agreement! data!
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"Transverse" Charged Particle Density: dN/dnd¢ "Transverse" Charged PTsum Density: dPT/dnd¢

1.5 — 1.6 —
- |/ RDF Preliminary 1 RDF Preliminary
‘(% 1 corrected data ] corrected data -
% {Tune Z1 generator level o 4 Tune Z1 generator level I
[a] I % 12 ™ S v B e s A
B o 2
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S 208 - fF
_m 3 1
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[ E] J
% 1 CMS (solid red) 7 Tev 2 04 +-J-----CMS(solittred) —————-———————-————————————————— |
§ 1 ATLAS (solid blue) o ] ATLAS (solid blue) .
= ALICE (open black) Charged Particles (|n| < 0.8, PT > 0.5 GeVic) 1 ALICE (open black) Charged Particles (|n| < 0.8, PT > 0.5 GeV/c)

0.0 1 1 1 1 1 0.0 1 1 1 1 1

0 5 10 15 20 25 30 0 5 10 15 20 25 30
PTmax (GeV/c) PTmax (GeV/c)
"Transverse" Charged Particle Density: dN/dndé¢ "Transverse" Charged PTsum Density: dPT/dnd¢
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© 1 ATLAS (solid blue) ) B ATLAS (solid blue) ) e
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Proton AntiProton

FeEV

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

Tevatron

o
B o
p source

S e 300 GeV 12.1M MB Events
= >~ 900 GeV 54.3M MB Events
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1.96 TeV
25,371,145 Events

900 GeV

37,075,521 Events

X@nsverse" Charged Particle D
0.9 / /

CDF Preli

PTmax Direction Corrected Data

o
»
|

“Toward”

“Transverse” “Transverse”

o
w
|

"Transverse" Charged Density

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

o

o
o
m44
g
o

15 20 25 30
PTmax (GeV/c)

35

®» New Corrected CDF data at 300 GeV,
charged particle density, dN/dnd¢, as
(PTmax) for charged particles with p

GeV, and 1.96 TeV on the “transverse”
ed by the leading charged particle
GeV/c and |n| < 1.0.

300 GeV
7,233,840 Events

ICHEP 2012
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"Transverse" Charged Particle Density: dN/dndé "Transverse" Charged Particle Density: dN/dndé
o p ||
% 06 -2 gad #, ® - % 77777777777777777 i
£ neg B} ' = {
o =:.- ; 900 GeV g *° EEEEEEE E *
% o371 :."—“ . SOOEGeV f E 1.96 TeV divided by 300 GeV
= B Charged Particles (n|<1.0, PT>0.5 GeVic) Charged Particles (|n|<1.0, PT>0.5 GeV/c)
0.0 | | | | | | 1.0 = ‘ ‘
0 5 10 15 20 25 30 35 0 2 4 6 8 10 12 14
PTmax (GeV/c) PTmax (GeV/c)
®» New Corrected CDF data at 300 GeV, 900 ®» Ratio of the CDF data at 300 GeV and 1.96
GeV, and 1.96 TeV on the “transverse” TeV on the “transverse” charged particle
charged particle density, dN/dnd¢, as defined density, dN/dndd, as defined by the leading
by the leading charged particle (PTmax) for charged particle (PTmax) for charged
charged particles with p > 0.5 GeV/c and |n| particles with p; > 0.5 GeV/c and |n| <1.0.
<1.0. Shows 1.96 TeV divided by 300 GeV.
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"Transverse" Charged Particle Density: dN/dnd¢ "Transverse" Charged Particle Density: dN/dnd¢

0.9 2.0
> CDF Preliminary 1 cOF Preliminary
% Corrected Data 1.96 TeV * * | Corrected Data i
[a]
306 gss @ & ° % ————————————————— T {
g naempuy § [ ] L] '%1.5—— {{{E¥{ { }
0 " 900 GeV 2 1 ;F
203 "oemmund § > |
2 B f i 900 GeV divided by 300 GeV
= = 300 GeV 1
= B Charged Particles (|n|<1.0, PT>0.5 GeV/c) Charged Particles (Jn|<1.0, PT>0.5 GeV/c)

0.0 | ; ; ; ; ; 1.0 | | | | | |

0 5 10 15 20 25 30 35 0 2 4 6 8 10 12
PTmax (GeV/c) PTmax (GeV/c)

14

®» New Corrected CDF data at 300 GeV, 900 »
GeV, and 1.96 TeV on the “transverse”
charged particle density, dN/dnd¢, as defined
by the leading charged particle (PTmax) for
charged particles with p > 0.5 GeV/c and |n|
<1.0.

Ratio of the CDF data at 300 GeV and 900
GeV on the “transverse” charged particle
density, dN/dndd, as defined by the leading
charged particle (PTmax) for charged
particles with p; > 0.5 GeV/c and |n| < 1.0.
Shows 900 GeV divided by 300 GeV.
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"Transverse" Charged Particle Density: dN/dnd¢ "Transverse" Charged Particle Density: dN/dnd¢
0.9 .
N
% 0.6 —————?::—:—i e TR 14+ T
i g 900 GeV g } } } % }
5 03¢ LT { 1.2 +- H'%H' % 777777777777777777777777777777 -
g :' 300 GeV } 1.96 TeV divided by 900 GeV
:': B Charged Particles (Jn|<1.0, PT>0.5 GeV/c) } Charged Particles (|n|<1.0, PT>0.5/GeV/c)
0.0 \ 1 1 1 1 1.0 w \ \ 1 1
0 5 10 15 20 25 30 35 0 5 10 15 20 25
PTmax (GeV/c) PTmax (GeV/c)
®» New Corrected CDF data at 300 GeV, 900 ®» Ratio of the CDF data at 900 GeV and 1.96
GeV, and 1.96 TeV on the “transverse” TeV on the “transverse” charged particle
charged particle density, dN/dnd¢, as defined density, dN/dndd, as defined by the leading
by the leading charged particle (PTmax) for charged particle (PTmax) for charged
charged particles with p > 0.5 GeV/c and |n| particles with p; > 0.5 GeV/c and |n| <1.0.
<1.0. Shows 1.96 TeV divided by 900 GeV.
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"Transverse" Charged Density

"Transverse" Charged Particle Density: dN/dnd¢

"Transverse" Charged Particle Density: dN/dndé

0.9 0.65
CDF Preliminary 2 CDF Preliminary
Corrected Data 1.96 TeV I @ Corrected Data > i
] AL— R e T T T T
N Mﬁ ,,,,,,,,,,,,,,,,,,,,,,,,,,,, o
0.6 .g: i Qé i
]
L S 0T >
" 900 GeV B
03 |  ueeem 5
] E R 5.0 <PTmax<6.0 GeVic ~ -~ - 1
= 300 GeV =
i Charged Particles (|n|<1.0, PT>0.5 GeVic) = > Charged Particles (Jn|<1.0, PT>0.5 GeV/c)
0.0 ‘ ‘ ‘ ; ; ; 0.25 1 1 1 ettt
0 5 10 15 20 25 30 35 01 1.0 10.0

PTmax (GeV/c)

Center-of-Mass Energy (TeV)

New Corrected CDF data at 300 GeV, 900
GeV, and 1.96 TeV on the “transverse”

charged particle density, dN/dnd¢, as defined

by the leading charged particle (PTmax) for

charged particles with p > 0.5 GeV/c and |n|

<1.0.

®» New Corrected CDF data at 300 GeV, 900
GeV, and 1.96 TeV on the “transverse”
charged particle density, dN/dnd¢, as defined
by the leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and |n|
< 1.0 for 5.0 < PTmax < 6.0 GeV/c.
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Melbourne, July 5, 2012

"Transverse" Charged Particle Density: dN/dndé "Transverse" Charged Particle Density: dN/dndé¢
0.9 — 3.0
> CDF Preliminary CDF Preliminary
i Corrected Data 1.96 TeV ; * Corrected Data Tune DW
8 Tune DW Generator Level - Tune DW Generator/evel il
8 06 & [] = T
o
g ke
5 900 GeV §20 1S a7 ®# T T
o @
5031-Yomeleg® §----F_ -
Z, PYTHIA Tune DW 1.96 TeV divided by 300 GeV
©
= Charged Particles (|n|<L.0, PT>0.5 GeV/c) Charged Particles (|n|<1.0, PT>0.5 GeV/c)
0.0 | | | | | | 1.0 £ 1 1 1 1 1 1
0 5 10 15 20 25 30 35 0 2 4 6 8 10 12 14
PTmax (GeV/c) PTmax (GeV/c)
"Transverse" Charged Particle Density: dN/dnd¢ "Transverse" Charged Particle Density: dN/dndé¢
1.6
CDF Preliminary
Tune DW Corrected Data Tune DW
Tune DW Generator Level
R e e e -
° ]
= -
: H } i .
}V 1.2 + {++ [
] i 900 GeV divided by 300 GeV 1.96 TeV divided by 900 GeV
T Charged Particles (|n|<1.0, PT>0.5 GeV/c) Charged Particles (|n|<1.0, PT>0.5 GeV/c)
1.0 1 1 1 1 1 1 1.0 1 1 1 1
0 2 4 6 8 10 12 14 0 5 10 15 20 25
PTmax (GeV/c) PTmax (GeV/c)
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"Transverse" Charged Particle Density: dN/dndé

"Transverse" Charged Particle Density: dN/dnd¢

Melbourne, July 5, 2012

0.9 0.65 - —
> CDF Preliminary - reliminary
D Corrected Data 1.96 Tev - 3 Corrected Data
GDCJ Tune Z1 Generator Level z 5 g) 0.55 | Tune Z1 Generator Level ____________ / __________________/|
° 4 - - - a8 £ _ ____________ B o
g 0.6 i _ 54
3 T 3
1) 900 GeV §045 +-—------—--
3 3 PYTHIA Tune Z1
$ 03+ o
2 PYTHIA Tune Z1 2035 - 5.0 <PTmax<6.0 GeVic ——
3 3
= Charged Particles (|n|<1.0, PT>0.5 GeV/c) = Charged Particles (|n|<1.0, PT>0.5 GeV/c)
0.0 1 1 1 1 1 1 0.25 ] ‘ | L
0 5 10 15 20 25 30 35 0.1 1.0 10.0
PTmax (GeV/c) Center-of-Mass Energy (TeV)
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"Transverse" Charged Particle Density: dN/dndé "Transverse" Charged Particle Density: dN/dndé
0.9 3.0
> CDF Preliminary | CDF Preliminary
@ Corrected Data 1.96 Tev - Corrected Data Tune Z1
o) Tune Z1 Generator Level = 1 Tune z1 Generator Level
e 1 "
306+ - ;puwi® ¥___ 8 ____________ i ————————————————— .
9 4
s F 900 Gev £ 20 Py ¥ ' * +
° x| ] gt
£ 03+ i
% PYTHIA Tune Z1 | 1.96 TeV divided by 300 GeV
= Charged Particles (|n|<1.0, PT>0.5 GeVi/c) - Charged Particles (|n|<1.0, PT>0.5 GeV/c)
0.0 f f f f f f 1.0 =+ f f f f f f
0 5 10 15 20 25 30 35 0 2 4 6 8 10 12 14
PTmax (GeV/c) PTmax (GeV/c)
"Transverse" Charged Particle Density: dN/dnd¢ "Transverse" Charged Particle Density: dN/dnd¢
2.0 1.6
1 CDF Preliminary CDF Preliminar
y
i Corrected Data Tune Z1 " Corrected Data Tune Z1
4 Tune Z1 Generator Level T Tune Z1 Generator Level .
14 + r
< 15+ = }
g T : T
il I O I/ T e - - -
| 900 GeV divided by 300 GeV 1.96 TeV divided by 900 GeV
T Charged Particles (|n|<1.0, PT>0.5 GeV/c) Charged Particles (jn|<1.0, PT>0.5 GeVi/c)
1.0 f f f f f f f f 1
0 2 4 6 8 10 12 14 0 5 10 15 20 25
PTmax (GeV/c) PTmax (GeV/c)
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"Transverse" Charged Density

D

"Transverse" (C

0.9

CDF Preliminary

Corrected Data
Tune Z1 Generator Level

Charged Density

ATLAS

VITHIA 6.4 TunP 71

a4
e

—
(o}
|

T .

ﬂ?sverse" Charged Particle Density: dN/dndé AN/dnd¢
1.2 \—— .
RDF iminary l L/ e 71
Corrects\\ Data T |
ﬁ I, 7 TeV T

TeV divided by 300 GeV

‘articles (n|<1.0, PT>0.5 GeV/c)

i L.% TeV

Melbourne, July 5, 201

2

0.0 1 1 1
0 5 1C / E \i CDF 10 12 14
= - % soocev- CDF :
0.4
ALICE ensity: dN/dnd¢
20 | CDF PYTHIA Tune Z1
T TCT y
1 Corrected Data Charged Particles (PT>0.5 GeV/c) ine Z1
Tune Z1 Generator Level
1 0.0 1 1 1 1 1
2.l ] { 0 5 10 15 20 25 30 35
(ﬁ .
o i PTmax (GeV/c)
7 1 | - - -
e e T.u6 TeV divided by 900 GeV
Charged Particles ([n|<1.0, PT>0.5 GeV/c) Charged Particles (In|<1.0, PT>0.5 GeVic)
1.0 1 1 1 1 1 1 | 1.0 4 1 1 1 1
0 2 4 6 8 10 12 14 0 5 10 15 20 25
PTmax (GeV/c) PTmax (GeV/c)
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"Transverse" Charged Particle Density: dN/dndé¢ "Transverse" Charged Particle Density: dN/dndé
1.2 1.2
2 CDF Published > CDF Preliminary
@ Corrected Data @ Corrected Data
309+ -] 8 0.9 + Tunezt generatorlevel — - - —— - - - - - - - - - - - - - - -
° e
o TTTITLLLLLEL LI L LI A i ! g H
2 { & ] ¥
5 06 5 0.6 ] )
3 3
5 1.96 TeV ) 1.96 TeV
% 0.3 @ 0.3
] PYTHIA Tune Z1 S PYTHIA Tune Z1
& Charged Particles (|n|<1.0, PT>0.5 GeV/c) £ Charged Particles (|n|<1.0, PT>0.5 GeV/c)
0.0 \ \ \ ‘ ‘ ‘ ‘ 0.0 ‘ 1 ‘ ‘ ‘ ‘
0 50 100 150 200 250 300 350 400 0 5 10 15 20 25 30 35
PT(jet#l) (GeVic) PTmax (GeV/c)

®» Published CDF Run 2 data at 1.96 TeV on ®» New CDF data 1.96 TeV on the “transverse”

the “transverse” charged particle density, charged particle density, dN/dnd¢, as defined
dN/dnd¢, as defined by the leading by the leading charged particle (PTmax) for
calorimeter jet (jet#1) for charged partlcles charged particles with p; > 0.5 GeV/c and |n|
with p; > 0.5 GeV/c and }» <1.0 compared with PYTHIA Tune Z1.
with PYTHIA Tune Z
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"Transverse" Charged Particle Density: dN/dnd¢ "Transverse" Charged Particle Density: dN/dndé
1.2 1.2
2 CDF Preliminary > CDF Preliminary
2] Corrected Data @ Corrected Data
309+ -] 8 09+ FuneZt generatorlevet —— - —— - — - - - - - - - - - - - - - - - - -
° - e
”~ ig 8 [] A
5 TTTT LLLLLEL L P EE g 5 AE___{__
5064w 506+ ] L - )
@ Leading Jet 9
5 d 9 1.96 Tev g 1.96 TeV
% 034 @ 03+
] | PYTHIA Tune Z1 S PYTHIA Tune Z1
& Charged Particles (|n|<1.0, PT>0.5 GeV/c) £ Charged Particles (|n|<1.0, PT>0.5 GeV/c)
0.0 T T T T f f f f 0.0 T T f f f
0 50 100 150 200 250 300 350 400 0 5 10 15 20 25 30 35
PTmax or PT(jet#1) (GeV/c) PTmax (GeV/c)

®» Published CDF Run 2 data at 1.96 TeV on ®» New CDF data 1.96 TeV on the “transverse”

the “transverse” charged particle density, charged particle density, dN/dnd¢, as defined
dN/dnd¢, as defined by the leading by the leading charged particle (PTmax) for
calorimeter jet (jet#1) for charged particles charged particles with p; > 0.5 GeV/c and |n|
with p; > 0.5 GeV/c and }» \ <1.0 compared with PYTHIA Tune Z1.
with PYTHIA Tune Z
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"Transverse" Charged Particle Density: dN/dnd¢ "Transverse" Charged Particle Density: dN/dnd¢
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®» Published CDF Run 2 data at 1.96 TeV on ®» New CDF data 1.96 TeV on the “transverse”

the “transverse” charged particle density, charged particle density, dN/dnd¢, as defined
dN/dnd¢, as defined by the leading by the leading charged particle (PTmax) for
calorimeter jet (jet#1) for charged particles charged particles with p; > 0.5 GeV/c and |n|
with p; > 0.5 GeV/c and }» \ < 1.0 compared with PYTHIA Tune Z1.
with PYTHIA Tune Z
.
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"Transverse" Charged Particle Density: dN/dnd¢ "Transverse" Charged Particle Density: dN/dnd¢
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Charged Particles (|n|<1.0, PT>0.5 GeV/c) Charged Particles (|n|<1.0, PT>0.5 GeV/c)
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"Transverse" Charged Density
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®» Published CDF Run 2 data at 1.96 TeV on ®» New CDF dg

the “transverse” charged particle density, charged
dN/dnd¢, as defined by the leading by the : .
calorimeter jet (jet#1) for charged partlcles char No inconsistency
with p; > 0.5 GeV/c and }» <1.0 But need to
with PYTHIA Tune Z understand!
= D
=1 (D
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Co Soon! {2

» CDF - Many More UE Observables: Nchg density, PTsum
density, average p, “toward”, “away”, “transverse”,
“transMAX”, “transMIN”, distributions, etc..

®» CDF - Two n Ranges: Must do (p; > 0.5 GeV/c, |n| <0.8)
as well as (py > 0.5 GeV, |n| <1).

®» CDF - Min-Bias: Many MB observables: Multiplicity,
dN/dn, py distribution, <p> versus Nchg, etc. o

(0 Soon we will have MB & UE data at
300 GeV, 900 GeV,1.96 TeV, 7 TeV, and 8 TeV!
We can study the energy dependence
more precisely than ever before!

N
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£ More Comirz Soon! G2

» CDF ~_%any More UE f ‘servably hg density, PTsum

density, 2 e P, “t Xy ¢ “trar se”,
“transMAX )
» CD What we are learning should >9)
as we allow for more precise
. predictions at the future
® CDF - Min: LHC energy of 13 TeV!
dN/dn.~
< ]
(D S00
300 GeV,

We can stu
more pre

N
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