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® CDF data from the Tevatron Energy Scan.

Department of Physics @ Baylor

®» The overall event topology for events with
at least 1 charged particle.

®» The “transMAX?”, “transMIN”, “transAVE”
and “transDIF” UE observables.

®» Mapping out the energy dependence:
Tevatron to the LHC!

® Comparisions with PYTHIA 6.4 Tune | h
71 & 72* and PYTHIA 8 Tune 4C*. CDF Run 2 CMS at the LHC
900 GeV, 7 & 8 TeV

= Summary & Conclusions. 300 GeV, 900 GeV, 1.96 Tev
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“Underlying Event”

and add initial and final-
approximation).

= Start with the perturbative 2-to-2 (or sometimes 2-to-3) parton-parton scattey’
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).

rticles arising from soft or

The “underlying event” is an unavoidable

background to most collider observables

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

®» Of course the outgoing colored parton
observables receive contributions fron

ply “underlying event”
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Proton-rroton Collisions
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The “hard core” component L
contains both “hard” and ‘

“soft” collisions
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Occasionally one of
the parton-parton
collisions is hard

(pr > =2 GeVl/c)

Proton Proton

Majority of “min-
bias” events!

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

Proton

Proton

Multiple-parton

interactions (MPI)!
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Select inelastic non-diffractive events
that contain a hard scattering

Proton Proton
Hard parton-parton 1/(p7)*— L(pr*+pre?)?
collisions is hard “Semi-hard” parton-
(pr > =2 GeV/c) The “underlying-event” (UE)! parton collision
(pr <=2 GeVI/c)

Proton Proton

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

Proton
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Multiple-parton
interactions (MPI)!

Page 5




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

Viodel of 6y p

P —

Proton Proton
Model of the inelastic non- 1 /(pT)4_, 1 /(pT2+pT02)2 “Semi-hard” pz_lrton-
diffractive cross section! E)arton 20(2 |I3(/'.)r;
pr <=2 Gevic

Proton

Proton

Multiple-parton

interactions (MPI)!
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UETURES a2

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

U “Underlying Event”

Proton

event” in a hard
scattering process.

All of Rick’s tunes (except X2):
A, AW, AWT,DW, DWT,
D6, D6T, CW, X1,
and Tune Z1,
are UE tunes!

5 1/(p%+P1o%)?

— = Proton

)‘Ui»/'—:" ; , Proton

Double Diffraction
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U “Underlying Event”

i

Predict the “underly
event” in a hard
scattering process!

—T— Proton

Most of Peter Skand’s tunes:
S320 Perugia 0, S325 Perugia X,
S326 Perugia 6
are MB tunes!

Fit MB (ND). —

+ ...
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Tunlng PYT
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PARP(86) Dete_rmlne by comparing
of the “underlying event” with 630 GeV datal
activity depends on both the
PARP(89) e = PARP(90) and the PDF!
PARP(sz)L

PARP(90)”| 0.16 /O/termln 3
I:)TO as fo cm
& = PAR 2

PARP(67) 1 10 A scale factor that dete

parton virtuality for sp e showers. The P A)o 10,000 100,000
larger the value of PAR the more initial- Reference point — e

radiation.
state radiatio At 1.8 ToV/

V

HEP Seminar - Baylor Rick Field — Florida/CDF/CMS Page 9
Waco, January 21, 2014



| CDF Run 1 Analysis
Charged Jet #1

Direction

Charged Particle A¢ Correlations| Leading Calorimeter Jet or

Leadlng Charged Particle Jet or
IDT > I:)Tmin |T|| < MNeut Ramlarged Particle or

“Transverse” region

Away Region geleSely

very sensitive to the
“underlying event”!

Leading Object

“Toward-Side” Jet ot
oward=sideJe Direction

Transverse

Region

Leading
Object

“Transverse” Toward Region

Transverse
Region

Away Region

“Away-Side” Jet

® ook 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/c n, = 1.

= Define |[A¢| < 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° = 2n,*2n/3. Construct
densities by dividing by the area in n-¢ space.
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Tevatron
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AntiProton

Proton AntiProton

JBREEEY

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

300 GeV 12.1M MB Events
900 GeV 54.3M MB Events
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» “Toward” Charged Particle Density: Number of charged particles
(pr > 0.5 GeV/c, |n| < 0.8) in the “toward” region (not including
PTmax) as defined by the leading charged particle, PTmax, divided
by the area in n-¢ space, 2n.,x2n/3, averaged over all events with at “Toward”
least one particle with p; > 0.5 GeV/c, [n| < Nue-

» “Toward” Charged PTsum Density: Scalar p; sum of the charged T e e T
particles (pr > 0.5 GeV/c, [n| < 0.8) in the “toward” region (not
including PTmax) as defined by the leading charged particle, PTmax,
divided by the area in n-¢ space, 2n.,*x2n/3, averaged over all events
with at least one particle with p; > 0.5 GeV/c, In| < Nt

» “Away” Charged Particle Density: Number of charged particles (p > 0.5
GeV/c, |n| < 0.8) in the “away” region as defined by the leading charged
particle, PTmax, divided by the area in n-¢ space, 2n.,*2n/3, averaged over
all events with at least one particle with p+ > 0.5 GeV/c, In| < Nt

» “Away” Charged PTsum Density: Scalar pr sum of the charged particles (p; >
0.5 GeV/c, In| < 0.8) in the “away” region as defined by the leading charged
particle, PTmax, divided by the area in n-¢ space, 2n,%x2n/3, averaged over all
events with at least one particle with p+ > 0.5 GeV/c, In| < Nt
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= S

» “Transverse” Charged Particle Density: Number of charged
particles (pr > 0.5 GeV/c, |n| < ng,) in the “transverse” region as
defined by the leading charged particle, PTmax, divided by the area
in m-¢ space, 2n.,x2n/3, averaged over all events with at least one “Toward”
particle with p; > 0.5 GeV/c, n| < Nyt

» “Transverse” Charged PTsum Density: Scalar pr sum of the s
charged particles (p+ > 0.5 GeV/c, [n| < n,) in the “transverse”
region as defined by the leading charged particle, PTmax, divided
by the area in n-¢ space, 2n,*2n/3, averaged over all events with at
least one particle with p; > 0.5 GeV/c, In| < Ny

» “Transverse” Charged Particle Average P,: Event-by-event <p;> = PTsum/Nchg for charged
particles (pr > 0.5 GeV/c, |n| < N in the “transverse” region as defined by the leading
charged particle, PTmax, averaged over all events with at least one particle in the “transverse”
region with p; > 0.5 GeV/c, n| < nye

®» Zero “Transverse” Charged Particles: If there are no charged particles in the “transverse”
region then Nchg and PTsum are zero and one includes these zeros in the average over all events
with at least one particle with p > 0.5 GeV/c, In| <m. However, if there are no charged
particles in the “transverse” region then the event is not used in constructing the “transverse”

average p-.
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Opservanies

=» Total Number of Charged Particles: Number of charged particles (p; >
0.5 GeVl/c, In| < 0.8, including PTmax) as defined by the leading charged
particle, PTmax, with at least one particle with p; > 0.5 GeV/c, In| < Ny

» Overall “Associated” Charged Particle Density: Number of charged e
particles (pr > 0.5 GeV/c, |n| < 0.8, not including PTmax) as defined Y .
by the leading charged particle, PTmax, divided by the area in n-¢
space, 2n.,*x2w, averaged over all events with at least one particle

with p+ > 0.5 GeV/c, In| < Ny

®» Overall “Associated” Charged PTsum Density: Scalar p; sum of
the charged particles (pr > 0.5 GeV/c, [n| < 0.8, not including

PTmax) as defined by the leading charged particle, PTmax, divided
by the area in n-¢ space, 2n.,*2x, averaged over all events with at
least one particle with p; > 0.5 GeV/c, n| < neyr-

Note: The overall “associated” density is equal to the average of the “Towards”,
“Away”, and “Transverse” densities.

Overall “Associated” Density = (“Towards” Density + “Away” Density + “Transverse” Density)/3

HEP Seminar - Baylor Rick Field — Florida/CDF/CMS Page 14
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&y UE Observables €=

» “transMAX” and “transMIN” Charged Particle Density: Number of PTmax Direction
charged particles (p; > 0.5 GeV/c, |n| < 0.8) in the the maximum Ad
(minimum) of the two “transverse” regions as defined by the "N
leading charged particle, PTmax, divided by the area in n-¢ space,
2N..1%27/6, averaged over all events with at least one particle with p
> 0.5 GeVlic, M| < Nyt

» “transMAX” and “transMIN” Charged PTsum Density: Scalar p;
sum of charged particles (p > 0.5 GeV/c, |n| < 0.8) in the the
maximum (minimum) of the two “transverse” regions as defined by
the leading charged particle, PTmax, divided by the area in n-¢
space, 2n.,%2n/6, averaged over all events with at least one particle
with p > 0.5 GeV/c, In| < Ny

Overall “Transverse” = “transMAX” + “transMIN”

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

“TransMAX” & “TransMIN”

Neyr = 0.8

“Transverse” Density = “transAVE” Density = (“transMAX” Density + “transMIN” Density)/2

“TransDIF” Density = “transMAX” Density - “transMIN” Density

HEP Seminar - Baylor Rick Field — Florida/CDF/CMS Page 15
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“transMIN” & “transDIF” { 2

®» The “toward” region contains the leading “jet”, while the “away” PTmax Direction

region, on the average, contains the “away-side” “jet”. The

“transverse” region is perpendicular to the plane of the hard 2-to-2

scattering and is very sensitive to the “underlying event”. For

events with large initial or final-state radiation the “transMAX”

region defined contains the third jet while both the “transMAX”

and “transMIN” regions receive contributions from the MPI and

beam-beam remnants. Thus, the “transMIN” region is very

sensitive to the multiple parton interactions (MPI1) and beam-beam

remnants (BBR), while the “transMAX” minus the “transMIN” (i.e.

“transDIF”) is very sensitive to initial-state radiation (ISR) and Jet#3

final-state radiation (FSR).

“TransMIN” density more sensitive to MPI & BBR.

“Toward-Side” Jet

“Away-Side” Jet

“TransDIF” density more sensitive to ISR & FSR.

0 <“TransDIF” <2x”TransAVE”
“TransDIF” = “TransAVE” if “TransMIX” = 3x”TransMIN”

HEP Seminar - Baylor Rick Field — Florida/CDF/CMS Page 16
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®» CDF PTmax UE Analysis: “Towards”, “Away”, “transMAX?”,
“transMIN”, “transAVE”, and “transDIF” charged particle and
PTsum densities (p > 0.5 GeV/c, |n| < 0.8) in proton-antiproton
collisions at 300 GeV, 900 GeV, and 1.96 TeV (R. Field analysis).

®» CMS PTmax UE Analysis: “Towards”, “Away”, “transMAX”,
“transMIN”, “transAVE”, and “transDIF” charged particle and
PTsum densities (p > 0.5 GeV/c, |n| < 0.8) in proton-proton
collisions at 900 GeV and 7 TeV (Mohammed Zakaria Ph.D. Thesis,
CMS PAS FSQ-12-020).

®» CMS UE Tunes: PYTHIA 6.4 Tune Z1 (CTEQS5L) and PYTHIA 6.4
Tune Z2* (CTEQG6L) and PYTHIA 8 Tune 4C* (CTEQG6L). All 3
were tuned to the CMS leading chgjet “trans ” UE data at 900
GeV and 7 TeV.

Similar to Tune 4C by
Corke and Sjostrand!

HEP Seminar - Baylor Rick Field — Florida/CDF/CMS
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“TransMAX”

“TransMIN”
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L PC C ko ‘M B&UEMV\/’or ';‘f’lng Group ‘

e ?(/\«3$tC"> Centre ot C,ETZN
MB & UE Common Plots

Q aantum
c hromo-
@ynamics

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

“Minimum Bias” Collisions

Proton 5 é é Proton
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p CMS Common Plots 2

~ Observable
MBLBN\X\
| <0.8
MB2: chhg/dp\>

Note that all the “common plots” require
|r|| <0. at least one charged particle with
. pr > 0.5 GeV/cand |n| < 0.8!
MB4: <p> :
-0 8‘1} This done so that the plots are
ni<08p less sensitive to SD and DD.
UEL

defined by the leadin
particle, PTmax

| < 0.8 p; > 0.5 Ge¥/c & 1.0

Direct charged partid /(including leptons) corrected to
the particle level with\ o corrections for SD or DD.
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Direct charged particles (including leptons) corrected to
the particle level with no corrections for SD or DD.
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CUOE Common PIoLS ¢ 2

Observable

MBL1: dNgg/dn Ny > 1

Done Done Done

In| < 0.8 pr > 0.5 Gev/c & 1.0 GeV/c
MB2: dN,/dpr Nepg =21 0| < 0.8 In progress In progress In progress
MB3: Multiplicity Distribution

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

In progress In progress In progress

In| < 0.8 p;>0.5GeV/c & 1.0 GeV/c
UE1: Transverse Nchg & PTsum as
defined by the leading charged pr>05GeV/c p;:>05GeVic p;>0.5GeV/c

particle, PTmax S Done Done
Inl < 0.8 p;>0.5GeV/c & 1.0 GeV/c

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

R. Field, C. Group, and D. Wilson.
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Pseudo-Rapidity Distribution: dN/dn

Pseudo-Rapidity Distribution: dN/dn

Waco, January 21, 2014

22 7 1.15
R esmrome” 900 GeV JRPF Preliminary 900 GeV
_ 2.0 T T _ 1.10
£ 1 £
E’ 18 | ,_/i/ % E 105 + ﬁ
¢ 7 : Ifow J
1.6 (ATLAS| | ALICE | At least 1 charged particle 1003 | ALICE | ATLAS At least 1 charged I
Charged Particles (|n|<0.8, PT>0.5 GeV/c) 1 Charged Particles (|n|<0 8, PT>1.0 GeVic)
1.4 1 T T T T T T T T T 0.95 } } T T T T T T T
-1.0 -0.8 -0.6 -04 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 -1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
Pseudo-Rapidity Pseudo-Rapidity
125, > 1 Py >05GeV, |n|<08—E 0755 ny, > 1,p >1GeV, [n|<08 -
ST R . = e L L
(o] E L | | ' | ' | | —— | = o E T L L B L LI B LN B L LR
= 1.08¢ = = 1.085 =
S 106F = 2 1.06F 3
1.04 E 1.04 E
W2y oy E 102E {. I i 1 13-
098E = 98 =
0.96 £ % + -} % { * + % E 098 £ * % f f f E
0.94 E 0.94 ¢ E
03%; -k ALICE/ATLAS 8- ALICE/CMS —Y—CMSJATLAS :% 033; - ALICEIATLAS S ALICE/CMS ¥ CMSIATLAS :%
0.8 06 04 02 0 02 04 06 08 08 06 04 02 0 02 04 06 08
n n
Direct charged particles (including leptons) corrected to
the particle level with no corrections for SD or DD.
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Pseudo-Rapidity Distribution: dN/dn

4
TRDF Preliminary -
+  Corrected Data 7 TeV
_3 ] = . n = = m o
5 1
= CDE 1.96 TeV
=}
2 o I D . B [ I B N
§CDE —— & & & 000 GeV
s Cl —
< L1 300 Sev °© T LA =
1 At least 1 charged particle
T Tune Z1 Charged Particles (|n|<0.8, PT>0.5 GeVi/c)
0

-1.0 -0.8 -0.6

-04 -0.2 0.0 0.2 0.4 0.6 0.8
Pseudo-Rapidity

1.0

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

systematic uncertainty.

HEP Seminar - Baylor
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Pseudo-Rapidity Distribution: dN/dn

aya

2.0
TRDF Preliminary 7 TeV /
1 Correetes-Bete
I i & & @& & § 3§
215
g + 1.96 TeV
Z -
[} C!DF a a a a a a a a
o 900 GeV
5 1CDF —_—r T
> 1.
< —
COF ——
T 300 GeV At least 1 charged particle
1 Tune Z1 Charged Particles (Jn|<0.8, PT>1.0 GeV/c)
0.5 1 1 1 1 1 1 1 1 1

-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
Pseudo-Rapidity

=» New Corrected CDF data at 300 GeV, 900 GeV, and 1.96 TeV on on pseudo-rapidity
distribution of charged particles, dN/dn, with p; > 1.0 GeV/c. Events are required to
have at least one charged particle with |n| < 0.8 and p1 > 1.0 GeV/c. The data are
corrected to the particle level with errors that include both the statistical error and the
systematic uncertainty.
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2 4P
1’"_.__
-

nergy Depencence aN/con ¢ ¢

Pseudo-Rapidity Distribution: dN/dn(n=0)
3.5
TRDF Preliminary CDF black dots
30 : Corrected Data CMS red squares /:
o Tune Z1
Qo €
E 251 /
Z 4
Q) .
(@) 4
T 20
Q €
> £
< T
1.5 : M
T Charged Particles (Jn|<0.8, PT>0.5 GeV/c)
1.0 + 1 A ‘ —t— ‘
0.1 1.0 10.0
Center-of-Mass Energy (GeV)

=®» CMS data at 7 TeV and 900 GeV and CDF data at 1.96 TeV, 900 GeV, and 300 GeV on
dN/dn at m = 0 with p+ > 0.5 GeV/c as a function of the center-of-mass energy. Events
are required to have at least one charged particle with |n| < 0.8 and p; > 0.5 GeV/c.
The data are corrected to the particle level with errors that include both the statistical
error and the systematic uncertainty.
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2 4P
1’"_.__
-

Energy Dependence dN/dn €

Pseudo-Rapidity Distribution: dN/dn(n=0)
2.0
TRDF Preliminary CDF black dots
| Corrected Data CMS red squares /i
8 15| Tunezi
€ il
>
zZ
) 1 [ ]
{o)]
© s
S 10
< ' 1 ‘/
T At least 1 charged particle
1 Charged Particles (Jn|<0.8, PT>1.0 GeV/c)
0.5 1 ettt ‘ bttt
0.1 1.0 10.0
Center-of-Mass Energy (GeV)

=®» CMS data at 7 TeV and 900 GeV and CDF data at 1.96 TeV, 900 GeV, and 300 GeV on
dN/dn at = 0 with p+ > 1.0 GeV/c as a function of the center-of-mass energy. Events
are required to have at least one charged particle with |n| < 0.8 and p; > 1.0 GeV/c.
The data are corrected to the particle level with errors that include both the statistical
error and the systematic uncertainty.
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Pseudo-Rapidity

| ! :
<Nchg> =4.8!
4 5 ~—_
TRDF Preliminary RDF Preliminary [ ]
C ted Dat 7TeV a
1 Corrected Data SLIEHEIEE CDF blue dots
_ 3 = = ] ] ] ] =
s 1 24
s 1 1.96 TeV [
=}
z, ] [ -
[0}
g — %
() [ ] 9]
= s008ev *® . . : . . z3 ’ i
T At least 1 charged particle At least 1 charged particle
T Charged Particles (n|<0.8, PT>0.5 GeV/c) \ § Charged Particles (|n|<0.8, PT>0.5 GeVi/c)
0 T T T T T T T T T 2 t t t t ———+— t t t t i
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 0.1 1.0 10.0

Center-of-Mass Energy (TeV)

®» CDF and CMS data on the pseudo-rapidity
distribution, dN/dn, for charged with p+>0.5
GeV/c and |n| < 0.8 for events with at least one
charged particle with p; > 0.5 GeV/c and |n| <

®» CDF and CMS data total number of charged
particles with p; > 0.5 GeV/c and |n| < 0.8 for
events with at least one charged particle with p; >
0.5 GeV/c and |n| < 0.8 plotted versus the center-

0.8. of-mass energy (log scale). The data are corrected
to the particle level with errors that include both
Ecm Nchg error NchgDen error I .
the statistical error and the systematic
300 GeV 2.241 0.175 0.223 0.017 .
uncertainty.
900 GeV 3.012 0.203 0.300 0.020
1.96 TeV 3439 | o0.186 0.342 0.019 08 4N
7 TeV 4.782 0.063 0.476 0.006 Nchg = I d_d77
—08 Y71
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Number of Charged Particles

5
RDF Preliminary [ ]
CMS red squares
Corrected Data blue d
Generator Level Theory CDF blue dots
4

Tune Z1

Average Number

At least 1 charged particle

1.0
Center-of-Mass Energy (TeV)

Charged Particles (|n|<0.8, PT>0.5 GeVic)

10.0

Ratio

2.2

1.8

1.4

1.0

Number of Charged Particles

RDF Preliminary
Corrected Data
Generator Level Theory

CMS red squares
CDF blue dots

Divided by 300 GeV Value

Tune Z1

i

At least 1 charged particle
Charged Particles (|n|<0.8, PT>0.5 GeV/c)

0.1

10 10.0

Center-of-Mass Energy (TeV)

=» CDF and CMS data total number of charged = CDF and CMS data ratio of the total number of

particles with p+ > 0.5 GeV/c and |n| < 0.8 for

the statistical error and the systematic
uncertainty.

charged particles with p; > 0.5 GeV/c and |n| <
events with at least one charged particle with p+ >0.8 for events with at least one charged particle
0.5 GeV/c and |n| < 0.8 plotted versus the center- with p; > 0.5 GeV/c and |n| < 0.8 plotted versus
of-mass energy (log scale). The data are correctedthe center-of-mass energy (log scale). The data
to the particle level with errors that include both are divided by the value at 300 GeV.

The data are compared with PYTHIA 6.4 Tune Z1

HEP Seminar - Baylor
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b Total Nu Total Number of Charged Particles ‘articles
CDF Preliminary 20
Corrected Data CMS Preliminary E ] i
g O s ¥ Corrected Data 7 Tev
E .l.. - 15 & " ' E
2 : a I a I
% . g ] - <NchgTOT>=3.01
E e m = = om . < 10 a" .
< 3 <) [ ]
] g [ ] <NchgTOT>=4.78
o g u articles (|n|<0.8, PT>0.5 GeV/c)
f < 5 - ;
0 5 - 15 20
u Charged Particles (|n|<0.8, PT>0.5 GeV/c)
® CDF data at 1.¢ 0 5 10 15 20 25 30 particles
GeV on the tote PTmax (Gevic) +
particles (incluaing rrimax) as uenneu ny 6 i i :
the leading charged particle (PTmax) for 2 gut’ -
charged particles with p; > 0.5 GeV/c and z, it [ <NohgToT> = 222
In| < 0.8. The data are corrected to the S §
particle level with errors that include both I
the statistical error and the systematic Charged Particles (n|<0.8, PT>0.5 GeVic)
uncertainty. 0 ‘ | | | ‘ ‘
0 2 4 6 8 10 12 14
PTmax (GeV/c)
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Average Number

Total Number of Charged Particles

20

RDF Preliminary 7 TeV {
Corrected Data i i E
15 ]
a !
" " 196 TeV
| [
10 =5 - ]
u " o L] 900 GeV
0 _gB m B
I.. L] E
5 L O 300 GeV
=
| Charged Particles (In|<0.8, PT>0.5 GeV/c)
0 } } | | |
0 5 10 15 20 25

PTmax (GeV/c)

30

®» CMS and CDF data on the total number of

charged particles (including PTmax) 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
to the particle level with errors that include
both the statistical error and the systematic
uncertainty.
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Average Number
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Corrected Data
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Charged Particles (Jn|<0.8, PT>0.5 GeV/c)
‘ 1 1

Tune Z1 (dashed lines)

10
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20 25

PTmax (GeV/c)

Total Number of Charged Particles

30

RDF Preliminary

Corrected Data

Generator Level Theor

900 GeV

Tune Z2* (solid lines)

U0 Gev

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

Tune 4C*(dashed lines)

10

15

20 25

PTmax (GeV/c)

30
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CDF Preliminary CDF Preliminary /
- corrected data "Toward" g -~ corrected data
= Tune Z1 generator level ‘5; Tune Z1 generator level i
c [ ] c
210 210
2 < "Toward"
£ "Transverse" 2
g 5 § "Transverse"
g o5 5 05 - — ;
E 1.96 TeV g 900 GeV
Charged Particles (|n|<0.8, PT>0.5 GeV/c) Charged Particles (|n|<0.8, PT>0.5 GeV/c)
00 T T } } OO T T f f
0 4 8 12 16 20 4 8 12 16 20
PTmax (GeV/c) PTmax (GeV/c)
®» Corrected CDF data at 1.96 TeV, 900 GeV, Associated Charged Particle Density: dN/dnd¢
and 300 GeV on the “associated” charged 12 —
. . . . " ¢ 9 CDF Preliminary 300 GeV
particle density in the “toward”, “away”, _ corrected data
- - = Tune Z1 generator level
and “transverse” regions as defined by the § 08 senert
leading charged particle (PTmax) for 2 Away
charged particles with p; > 0.5 GeV/c and g "Toward" {
In| < 0.8. The data are corrected to the g o4 rransverse”
particle level with errors that include both 5 ¥
the statistical error and the systematic oo Charged Particles (nl<0.8, PT>05 GeV/c)
uncertainty. 2 4 6 8 10 12 14
The data are compared with PYTHIA PTmax (GeVic)
Tune Z1.
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300 GeV “Away” Parton

“Toward” Parton

“PTmax” Particle

“Away” Particles

“Associated”
Toward Particles

=» At low center-of-mass energies PTmax carries almost all the momentum of the
“toward” parton (i.e. z= 1) leaving very little momentum for the other particles in
the “jet”.
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1.96 TeV “Away” Parton

“Toward” Parton

“PTmax” Particle

“Away” Particles

“Associated”
Toward Particles

=» At higher center-of-mass energies the same PTmax carries less of the momentum of
the “toward” parton (i.e. z < 1) leaving more momentum for the other particles in
the “jet”.
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Average Fraction

"Transverse" Fraction of Charged Particles

0.35
RDF Preliminary Transverse/Total
Corrected Data
e g 7 TeV
0.25 E
s (.
Eiiiiii E [ ] i ] ii %
"y ;e g 1.96 Te\?
0151 . i t 900 GeV
300 GeV f €
Charged Particles (|n|<0.8, PT>0.5 GeV/c)
0.05 1 1 1 1 1
0 5 10 15 20 25

PTmax (GeV/c)

30

®» CMS and CDF data on the fraction of

charged particle in the “transverse” region
as defined by the leading charged particle
(PTmax) for charged particles with p+ > 0.5
GeV/c and |n| < 0.8. The plot shows the

“transverse” Nchg divided by the total Nchg.

The data are corrected to the particle level
with errors that include both the statistical
error and the systematic uncertainty.

HEP Seminar - Baylor
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"Transverse" Fraction of Charged Particles

Rick Field — Florida/CDF/CMS

0.35 —
RDF Preliminary Transverse/Total
Corrected Data " s
Generator Level Theory Tune Z2* (solid lines)
S 7 TeV Tune Z1 (dashed lines)
= 0.25
Q
o
@ .
= -
% 015 4 1.96 TeV
2 900 GeV
Charged Particles (|n|<0.8, PT>0.5 GeV/c)
0.05 f f f f f
0 5 10 15 20 25 30
PTmax (GeV/c)
"Transverse" Fraction of Charged Particles
0.35 —
RDF Preliminary Transverse/Total
Corrected Data . i
Generator Level Theory Tune 22~ (solid lines)
s 7TeV Tune 4C* (dashed lines)
= 0.25
Q
o
v &
% - m R m om -
@ 0.15 = 1.96 TeV
3: 'QOG'GeV
Charged Particles (In|<0.8, PT>0.5 GeV/c)
0.05 1 1 1 1 1
0 5 10 15 20 25 30
PTmax (GeV/c)
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"Away" Charged Particle Density: dN/dndé

15 — 1.5 —
CDF Preliminary L CDF Preliminary
> corrected data - corrected data
.g Tune o ge;e‘:égotr el 1.96 TeV //;/ E Tune Z1 generator level 1.96 TeV #
S 10 L | &8 10 900 GeV
% 900 GeV §
§ 8 300 GeV
= S
§ 0.5 300 GeV g %°
= =
) Charged Particles (jn|<0.8, PT>0.5 GeV/c) Charged Particles (|n|<0.8, PT>0.5 GeVi/c)
0.0 T T } } 0-0 T T T T
0 4 8 12 16 20 0 4 8 12 16 20
PTmax (GeVic) PTmax (GeV/c)
®» Corrected CDF data at 1.96 TeV, 900 GeV, "Transverse" Charged Particle Density: dN/dndé
and 300 GeV on the “associated” charged 08 T
. . . reliminary
particle density in the “toward”, “away”, _ corected daa 196 Tev
. - = Tune Z1 generator leve|
and “transverse” regions as defined by the 2 . ’ ; '
leading charged particle (PTmax) for o 900 GeV
charged particles with p+ > 0.5 GeV/c and 5 * %
In| < 0.8. The data are corrected to the % 03 T
particle level with errors that include both § 300 GeVv
the statistical error and the systematic Charged Particles (nl<0.8, PT>0.5 GeVic)
0.0 | ‘

uncertainty.
The data are compared with PYTHIA

Tune Z1.
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n n 1 .
2.7 ~
CDF Preliminary
corrected data
Tune Z1 generator level ]
1.8

1.96 TeV

0.9 +

300 GeV

"Toward" PTsum Density (GeV/c)

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

"Away" PTsum Density (GeV/c)

2.4

"Away" Charged PTsum Density: dPT/dnd¢

P 3

1.6

CDF Preliminary

corrected data
Tune Z1 generator level

900 GeV

0.8

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

0.0 f f f 0.0 f f f f
0 4 8 12 16 20 0 4 8 12 16 20
PTmax (GeVic) PTmax (GeVic)
®» Corrected CDF data at 1.96 TeV, 900 GeV, "Transverse" Charged PTsum Density: dPT/dnd¢
and 300 GeV on the “associated” charged 09 —
PTsum density in the “toward”, “away”, o s
and “transverse” regions as defined by the g [Tumeztgenerctorievel
leading charged particle (PTmax) for g8
charged particles with p; > 0.5 GeV/c and g
In| < 0.8. The data are corrected to the E 03 T
particle level with errors that include both 3 30 Gev 1
the statistical error and the systematic Charged Particles (n[<0.8, PT>0.5 GeVic)
uncertainty. " . . o M "
The data are compared with PYTHIA PTmax (GeVic)
Tune Z1.
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"Transverse" Charged Particle Density: dN/dnd¢

"Transverse" Charged PTsum Density: dPT/dndé¢

Waco, January 21, 2014

15 — 1.6 —
- |/ RDF Preliminary 1 RDF Preliminary
-(‘% , corrected data i corrected data
g 4{Tune Z1 generator level T ’8‘ 4 Tune Z1 generator level
a) ® T T > 1.2+
T 1.0+ [u] W e 1
o 4 E EI T ) B
g T BN
5 % 08
- o} .
© , (= i
%] 4
£ 05 - g ] 7TeV
é 1 CMS (solid red) 7 Tev 2 0.4 - EMS(sotid red)
8 ATLAS (solid blue) o ] ATLAS (solid blue) )
= ALICE (open black) Charged Particles (|| < 0.8, PT > 0.5 GeV/c) i ALICE (open black) Charged Particles (jn| <0.8, PT>0.5 GeVic)
0.0 f f f f f 0.0 f f f f f
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/dnd¢ "Transverse" Charged PTsum Density: dPT/dnd¢
0.8 0.8 — t
> 1 RDF Preliminary 1 RDF Preliminary
% 1 corrected data [ ] N corrected datal |
[t 4 o 4Tune Z1 generator leve|
8 0.6 Tune Z1 generator level % 0.6
. i ?
g 4l Tel  # 2 ol l
o= 1 L & 1
% i 3 i
%] | 4
o 0.2 CMS (solid red) 2 0.2 CMS (solid red) s
g ] / ATLAS (solid blue) - 900 Gev & ] ATLAS (solid blue) 900 Gev
= ] ALICE (open black) Charged Particles (In| < 0.8, PT > 0.5 GeV/c) ] ALICE (open black) Charged Particles (Jn| < 0.8, PT > 0.5 GeV/c)
0.0 f f f f f f 0.0 f f f f f f
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
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Charged Particle Density

0.75

0.50 -

0.25

0.00

"TransAVE" Charged Particle Density: dN/dnd¢

RDF Preliminary A
corrected data CDF

900 GeV

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

0 4 8 12 16
PTmax (GeV/c)

20

"TransAVE" Charged PTsum Density: dPT/dnd¢

0.78
RDF Preliminary
corrected data ﬂ
T .

i

RGN

CMS
s 900 GeV

>

PTsum Density (GeV/c)

2 Charged Particles (In|<0.8, PT>0.5 GeV/c)
Il Il Il

0.00 ‘ |
0 4 8 12 16
PTmax (GeV/c)

20

®» CDF and CMS data at 900 GeV/c on the

charged particle density in the “transverse”
region as defined by the leading charged
particle (PTmax) for charged particles with
pr > 0.5 GeV/c and |n| < 0.8. The data are

corrected to the particle level with errors that

include both the statistical error and the
systematic uncertainty.

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

"TransAVE" Charged Particle Density: dN/dnd¢

15

RDF Preliminary Tune z2* (solid lines)

Corrected Data Tune Z1 (dashed lines)
Generator Level Theory 7 TeV

1.0

o
3

= =I= = 300 GeV

0.0

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

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

PTsum Density (GeV/c)

1.5 — —_
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Corrected Data
Generator Level Theory

=
o

o
ol
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= E 900 GeV

Tune Z2* (solid lines)
300 GeV Tune Z1 (dashed lines)

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

0.0

0 5 10 15 20 25 30
PTmax (GeV/c)

®» Corrected CMS data at 7 TeV and CDF data at ® Corrected CMS data at 7 TeV and CDF data at

1.96 TeV, 900 GeV, and 300 GeV on the
charged particle density in the “transAVE”
region as defined by the leading charged

particle (PTmax) for charged particles with p

> 0.5 GeV/c and |n| < 0.8. The data are

corrected to the particle level with errors that

include both the statistical error and the

systematic uncertainty. The data are compared

with PYTHIA Tune Z1 and Tune Z2*.

1.96 TeV, 900 GeV, and 300 GeV on the
charged PTsum density in the “transAVE”
region as defined by the leading charged
particle (PTmax) for charged particles with p+
> 0.5 GeV/c and |n| < 0.8. The data are
corrected to the particle level with errors that
include both the statistical error and the
systematic uncertainty. The data are compared
with PYTHIA Tune Z1 and Tune Z2*.
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"TransAVE" Charged Particle Density Ratio
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RDF Preliminary
corrected data
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"TransAVE" Charged PTsum Density Ratio
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®» Corrected CMS data at 900 GeV and 7 TeV

®» Corrected CMS data at 900 GeV and 7 TeV

and CDF data at 1.96 TeV, 900 GeV, and 300
GeV on the charged particle density in the

“transAVE” region as defined by the leading

charged particle (PTmax) for charged
particles with p+ > 0.5 GeV/c and [n| < 0.8
with 5 < PTmax < 6 GeV/c. The data are

plotted versus the center-of-mass energy (log
scale). The data are compared with PYTHIA

6.4 Tune Z1 and Tune Z2*.

and CDF data at 1.96 TeV, 900 GeV, and 300
GeV on the charged PTsum density in the

“transAVE” region as defined by the leading

charged particle (PTmax) for charged
particles with p; > 0.5 GeV/c and [n| < 0.8
with 5 < PTmax < 6 GeV/c. The data are

plotted versus the center-of-mass energy (log
scale). The data are compared with PYTHIA

6.4 Tune Z1 and Tune Z2*.

The data are “normalized” by dividing by the corresponding value at 300 GeV.
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MB versus the UE
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. - g I T
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Charged Density

Overall Charged Particle Density
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“Transverse”/Overall

_Transverse” | "Transverse" Charged Partlcle/ lsny Ratio Density Ratio
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» Corrected CDF ° e 00 Ita on the
charged particli in the
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charged particle density di d by ti ‘transve harged particle density
overall charged particle defisity (N, 0, (d by the oven(l charged particle
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X/MIN” NchgDen

"Transverse" Charged Particle Density: dN/dnd¢
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®» Corrected CDF data at 1.96 TeV, 900 GeV, "Transverse" Charged Particle Density: dN/dndé

and 300 GeV on the charged particle density 072 T o —

N reliminary

in the “transMAX” and “transMIN” Corrected Data 300GeV Ak
Generator Level Theory

regions as defined by the leading charged
particle (PTmax) for charged particles with
pr > 0.5 GeV/c and [n| < 0.8. The data are
corrected to the particle level with errors
that include both the statistical error and
the systematic uncertainty.

The data are compared with PYTHIA 6.4
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"Transverse" Fraction of Charged Particles
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® " ] ] ) \; E
= [ | i & 1.96 Te
g 015 . i t 900 GeV
< 300 GeV f €
Charged Particles (|n|<0.8, PT>0.5 GeV/c)
0.05 1 1 1 1 1
0 5 10 15 20 25

PTmax (GeV/c)

30

Average Fraction

®» CMS and CDF data on the fraction of

0.35

"Transverse" Fraction of Charged Particles

RDF Preliminary Transverse/Total
Corrected Data . -

Generator Level Theory Tune Z2* (solid I'nes)

7 TeV Tune Z1 (dashed lines)

900 GeV

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

5 10 15 20 25 30
PTmax (GeV/c)

"Transverse" Fraction of Charged Particles

charged particles in the “transMIN” region 035 T"RDF Prefiminary o vereo/Total
as defined by the leading charged particle o o Tune 22* (solid lines)
(PTmax) for charged particles with pr > 05 | £ 5 | eV Tune 4¢7 (dashed fines)
GeV/c and |n| < 0.8. The plot shows T i
“transMIN” Nchg divided by the overall o AN
“transverse” Nchg. The data are corrected $ 0% "B0rGev
to the particle level with errors that include Charged paricies (]<0.5, P50 Gevi)
both the statistical error and the systematic 0.05 | | ; ; ;
unce rtai nty 0 5 10 15 20 25 30
PTmax (GeV/c)
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transMAX/MIN” NchgDen £ =

"TransMAX" Charged Particle Density: dN/dnd¢ "TransMIN" Charged Particle Density: dN/dnd¢
2.1 0.66 —
RDF Preliminary Tune Z2* (solid lines) RDF Preliminary 7 Tev
Corrected Data Tune Z1 (dashed lines) 7 Tev Corrected Data = = pa——
Generator Level Theory e s I GeneratW ;
1.4 1 0.44 A { 1

1.96 TeV

—* 900 GeV

0.22 900 GeV

07 - 8

Tune Z2* (solid lines)
300 GeV Tune 71 (dashed lines)

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

Charged Particle Density
Charged Particle Density

= " #7300 Gev

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

0.0 \ \ 0.00 -+ \ \

0 5 10 15 20 25 30 0 5 10 15 20 25 30

PTmax (GeVic) PTmax (GeV/c)
=» Corrected CMS data at 7 TeV and CDF data at ® Corrected CMS data at 7 TeV and CDF data at

1.96 TeV, 900 GeV, and 300 GeV on the 1.96 TeV, 900 GeV, and 300 GeV on the
charged particle density in the “transMAX” charged particle density in the “transMIN”
region as defined by the leading charged region as defined by the leading charged
particle (PTmax) for charged particles with p particle (PTmax) for charged particles with p+
> 0.5 GeV/c and |n| < 0.8. The data are > 0.5 GeV/c and |n| < 0.8. The data are
corrected to the particle level with errors that corrected to the particle level with errors that
include both the statistical error and the include both the statistical error and the
systematic uncertainty. The data are compared  systematic uncertainty. The data are compared
with PYTHIA Tune Z1 and Tune Z2*. with PYTHIA Tune Z1 and Tune Z2*.
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ansDIF/AVE™ NchgDen

"TransAVE" Charged Particle Density: dN/dnd¢ "TransDIF" Charged Particle Density: dN/dnd¢
15 - 1.5
RDF Preliminary Tune Z2* (solid lines) RDF Preliminary
Corrected Data Tune Z1 (dashed lines) Corrected Data
Generator Level Theory 7 TeV | Generator Level Theory 7 TeV
1.0 1.0 j=— E B
1.96 TeV

900 GeV

Tune Z2* (solid lines)
Tune Z1 (dashed lines)

0.5 0.5 L
l

Charged Particle Density
Charged Particle Density

= =I= = 300GeV
Charged Particles (|n|<0.8, PT>0.5 GeV/c)
Il Il Il

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

T T T T T 0-0 T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30

0.0

PTmax (GeV/c) PTmax (GeV/c)

®» Corrected CMS data at 7 TeV and CDF data at = Corrected CMS data at 7 TeV and CDF data at
1.96 TeV, 900 GeV, and 300 GeV on the 1.96 TeV, 900 GeV, and 300 GeV on the
charged particle density in the “transAVE” charged particle density in the “transDIF”
region as defined by the leading charged region as defined by the leading charged
particle (PTmax) for charged particles with p particle (PTmax) for charged particles with p+
> 0.5 GeV/c and |n| < 0.8. The data are > 0.5 GeV/c and |n| <0.8. The data are
corrected to the particle level with errors that corrected to the particle level with errors that
include both the statistical error and the include both the statistical error and the
systematic uncertainty. The data are compared  systematic uncertainty. The data are compared
with PYTHIA Tune Z1 and Tune Z2*. with PYTHIA Tune Z1 and Tune Z2*.
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Charged Particle Density
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Charged Particles (In|<0.8, PT>0.5 GeV/c)
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10.0

region as defined by the leading charged
particle (PTmax) for charged particles with
pr > 0.5 GeV/c and |n| < 0.8. The data are

corrected to the particle level with errors
that include both the statistical error and
the systematic uncertainty.

HEP Seminar - Baylor
Waco, January 21, 2014

Rick Field — Florida/CDF/CMS

=» Corrected CMS data at 7 TeV and CDF data s Corrected CMS and CDF data on the
at 1.96 TeV, 900 GeV, and 300 GeV on the
charged particle density in the “transMAX”

charged particle density in the “transMAX”
region as defined by the leading charged
particle (PTmax) for charged particles with
pr > 0.5 GeV/c and |n| < 0.8 with 5 < PTmax
< 6 GeV/c. The data are plotted versus the
center-of-mass energy (log scale).
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Charged Particle Density

'\l yp r)ﬁlr 729, -I\\I

"Transverse" Charged Particle Density: dN/dnd¢

1.5

RDF Preliminary CMS solid dots

corrected data CDF solid squares /
generator level theory
" T

1.0 TransMAX"

5.0 <PTmax < 6.0 GeVic Tune Z2* (solid lines)

Tune Z1 (dashed lines)
0.5
0.0 Charged Particles (|n|<0.8, PT>0.5 GeV/c)
0.1 1.0

Center-of-Mass Energy (GeV)

Particle Density Ratio

<transMIN> = 4.7
"Transk argTuTo w—r{ty Ratio
5'2 . .
RDF Preliminary CMS solid dots O
corrected data CDF solid squares )
generator level — 4
<transMAX> = 2.7 L
38 5.0 < PTmax <©.0 GEVIT T .’
Tune Z2* (solid lines) 4 -
Tune Z1 (dashed lines) . -
-
2.4 P -
Divided by 300 GeV Value
"TransMAX"
Charged Particles (|n|<0.8, PT>0.5 GeV/c)
1.0 f : ————— f f f ———+—
0.1 1.0 10.0

Center-of-Mass Energy (GeV)

= Corrected CMS data at 7 TeV and CDF data & Ratio of CMS data at 7 TeV and CDF data at

at 1.96 TeV, 900 GeV, and 300 GeV on the
charged particle density in the “transMAX”
and “transMIN” regions as defined by the
leading charged particle (PTmax) for

charged particles with p+ > 0.5 GeV/c and |n|
< 0.8 with 5 < PTmax <6 GeV/c. The data are
plotted versus the center-of-mass energy (log

1.96 TeV, 900 GeV, and 300 GeV to the value
at 300 GeV for the charged particle density in
the “transMAX” and “transMIN” regions as
defined by the leading charged particle
(PTmax) for charged particles with p; > 0.5
GeV/c and [n| < 0.8 with5 <PTmax <6
GeV/c. The data are plotted versus the

scale). center-of-mass energy (log scale).
The data are compared with PYTHIA Tune Z1 and Tune Z2*,
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Charged Particle Density

"Transverse" Charged Particle Density: dN/dnd¢

1.1
RDF Preliminary CMS solid dots
corrected data CDF solid squares
generator level theory
0.8
Tune Z2* (solid lines) . .
Tune Z1 (dashed lines) TransDIF
0.5
5.0 < PTmax < 6.0 GeV/c
- Charged Particles (|n|<0.8, PT>0.5 GeV/c)
0.2 \ 1 -+ 1 ‘ ettt
0.1 1.0

Center-of-Mass Energy (GeV)

10.0

Particle Density Ratio

<transAVE> = 3.1
~z=ity Ratio

"Transve

3.4

RDF Prelimin
corrected datg <transDIF> = 22

generator level thq

N
o

5.0<PTmax <6.0 GeVic

Tune Z2* (solid lines)
Tune Z1 (dashed lines)

=
©

"TransDIF"

Charged Particles (|n|<0.8, PT>0.5 GeV/c)
1.0 —+— ! ! ——

0.1 1.0 10.0
Center-of-Mass Energy (GeV)

at 1.96 TeV, 900 GeV, and 300 GeV on the
charged particle density in the “transAVE”
and “transDIF” regions as defined by the
leading charged particle (PTmax) for

charged particles with p+ > 0.5 GeV/c and |n|
< 0.8 with 5 < PTmax <6 GeV/c. The data are
plotted versus the center-of-mass energy (log

= Corrected CMS data at 7 TeV and CDF data & Ratio of CMS data at 7 TeV and CDF data at

1.96 TeV, 900 GeV, and 300 GeV to the value
at 300 GeV for the charged particle density in
the “transAVE” and “transDIF” regions as
defined by the leading charged particle
(PTmax) for charged particles with p; > 0.5
GeV/c and [n| < 0.8 with5 <PTmax <6
GeV/c. The data are plotted versus the

scale). center-of-mass energy (log scale).
The data are compared with PYTHIA Tune Z1 and Tune Z2*,
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Particle Density Ratio

“TransMIN/DIE” vs B, {2

"Trans ty Ratio

<transMIN>=4.7 /— <transMIN> = 5.7
ansverse"
: i

5.2 X ~e
RDF Preliminary £ME calid date Zeliminary CMS solid dots ’
correct _ ted data DE soli ’
generator | <traﬂW2 . CDF solid squares '/
s . <transDIE>=2.6 TransMIN
5.0 < PTmax < 6.0 GeV/c "L, = ’
R4
Tune Z2* (solid lines)

Tune Z1 (dashed lines)

n
~

Divided by 300 GeV Value . "TransDIF"

«Particles (Jn|<0.8, PT>0.5 GeV/c)

.0 29 = t t t t F—f—+—
o - The “transMIN” (MPI-BBR component) mcreas?s(( 100
-Mass Energy (GeV)

much faster with center-of-mass energy

»

than the “transDIF” (ISR-FSR component)!

Ratio of CMS data at Duh!! RV and CDF data at
1.96 TeV, 900 GeV, gp N eV to the value
at 300 GeV for th~ Je charged PTsum density in
the “transMI> - ansDY . and “transDIF” regions as
defined by the leading charge I Dy Jing charged particle
(PTmax) for charged particlg . i) fors ed particles with p+> 0.5
GeV/c and |n| < 0.8 with 5 < ax < and |n| with 5 < PTmax < 6
GeV/c. The data are plotted-versus thé \ . The data ai\plotted versus the
center-of-mass energy (log scale). ce\ [r-of-mass energy (log scale).

The data are compared| Ath PYTHIA Tune Z1 and Tune Z2*.
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"TransAVE" Charged Particle Density: dN/dnd¢
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"TransAVE" Charged PTsum Density: dPT/dnd¢ CMS
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sSummary & Co iclusions

» The “DRousverse” density incr/ \ses faster wj ter-of-mass energy than

the overa Wity (Nchg>1 ever, nsverse” = “transAVE”
region is no easure ery Jence since it
receives large © Qg
= The “transMIN2>2> \What we are learning should ~=with center-
of-NTs allow for a deeper understanding of MPl _~dsly we
only kne which will result in more precise
»PYTHIAG.4 T predictions at the future good job
In describing LHC energies of 13 & 14 TeV! x for
Improver o) seems1o work!
7] Y
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J
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