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®» How well did we do at predicting the behavior of tle “underlying
event” at the LHC (900 GeV and 7 TeY?

®» How universal are the QCD Monte-Carlo model tunes?

®» Examine the connection between the “underlying evéhin a hard
scattering process (UE) and “min-bias” collisions (MB).

®» How well can we predict “min-bias” collisions at theLHC ?

®» Strange particleand baryon production at the LHC.
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“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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“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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® 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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Radiation
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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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® 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” Charge "Transverse" Charged Particle Density: dN/dnd¢ > Density: dN/dnde
1.2 — 1.2
CDF Run 2 Preliminary +RDF Preliminary
2 data corrected > data corrected CDF 1.96 TeV
o9l & nerator level theory @ TpYBW generator level Leading Jet
o o T
3 O 0.8 +
5 J iy o
g 0 6 1 — 9 T e
S il 5
2 o 1
[ o
> @ Q4 Ff===================================================4
%) B L > Y - R
g 0.3 # g
= S Charged Particles (PT>0.5 GeVic, || < 1.0) rged Particles (|n|<1.0, PT>0.5 GeV/c)
OO } } } } O 0 | | | | | | | } } } }
0 20 40 60 80 - ‘ ‘ ‘ ‘ ‘ ‘ ‘ ) 120 140 160 180 200
0 50 100 150 200 250 300 350 400
PT(jet#1) o 3oson) (GeVic)
Jet #1 Direction

High P; Z-Boson Production

Outgoing Parton

Initial-State Radiation
Vo

Feu,
.,
22,

Proton

AntiProton

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

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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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 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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= 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 Particle Density: dN/dndg

Charged Particle Density: dN/dnde
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=® Data at 1.96 TeV on the density of charged particlesiN/dnde, with p; > 0.5 GeV/c andij| < 1 for

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

corrected to the particle level yith errorsthat include both the statistical error and the systematic

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

particle level (.e. generator level).
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=® Data at 1.96 TeV on the density of charged particlesiN/dnde, with p; > 0.5 GeV/c andij| < 1 for
“Z-Boson” events as a function of B(Z) for the “toward” and “transverse” regions. The data are
corrected to the particle level yith errorsthat include both the statistical error and the systematic
uncertainty) and are compared with PYTHIA Tune AW and HERWIG (without MPI) at the
particle level (.e. generator level).
GGl Florence, Italy Rick Field — Florida/CDF/CMS Page 13

September 14, 2011




Z- Br Son: TTowaras:, 1

- TrransMINT Chare

"Toward" Charged Partic! "TransMIN" Charged Particle Density: dN/dnd@ 2 Density: dN/dndg@
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=® Data at 1.96 TeV on the density of charged particlesiN/dnde, with p; > 0.5 GeV/c andij| < 1 for
“Z-Boson” events as a function of B(Z) for the “toward” and “transverse” regions. The data are
corrected to the particle level yith errorsthat include both the statistical error and the systematic
uncertainty) and are compared with PYTHIA Tune AW and HERWIG (without MPI) at the
particle level (.e. generator level).
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=® Data at 1.96 TeV on the chargedcalar PTsum density, dPT/d)dg, with p; > 0.5 GeV/c andnij| < 1
for “Z-Boson” events as a function of R(Z) for the “toward” and “transverse” regions. The data
are corrected to the particle level With errorsthat include both the statistical error and the systematic
uncertainty) and are compared with PYTHIA Tune AW and HERWIG (without MPI) at the
particle level (.e. generator level).

Z-BosonDirection

“Toward”

[ Transverse” j«*"e, Transverse”
o' KN

GGl Florence, Italy Rick Field — Florida/CDF/CMS Page 15
September 14, 2011



/1) B

Z-Boeson: llowards?,

& - TransViiNE Chare

"Toward" Charged PTsum Density: dPT/dnde "TransMIN" Charged PTsum Density: dPT/dnd |
12 T 0.8
§ CDF Run 2 Preliminary "Drell-Yan Production" ) CDF Run 2 Preliminary "Drell-Yan Production”
8 data corrected 70 <M(pair) <110 GeV | ATLAS ? data corrected 70 < M(pair) < 110 GeV P
:; 1 generator level theory | _ % 0.6 L generator level theory . :_py_D\_N_E
w08 +--———————————————— A PYOW ] B s I\ z
= 1 AN " - S
8 \:\ - lL - == 8
g T - - E —ie - g
» 1 L N e
= o
o 04 ”i’ I NN = -77_7 T 0w [ W =Z — —— = .
EE - m = - - m = = - 4 E y :
3 Tow = = =\ . @ N S 2 - |
% N pyAW | Charged Partlc.les (Inl<1.0, PT>Q.5 GeVic) 5 - om m om == Charge GeV/c
= T ; HW j excluding the lepton-pair £ U w7 “excluding the lepton-pair
0.0 F= f f 1 L f 1 1
0 20 40 60 80 100 0 20 40 60 80 100
PT(z-Boson) (GeV/c) PT(Z-Boson) (GeV/c)

Z-Boson Direction

“TransMAX" ! “TransMIN”

=® Data at 1.96 TeV on the chargedcalar PTsum density, dPT/d)dg, with p; > 0.5 GeV/c andnij| < 1
for “Z-Boson” events as a function of R(Z) for the “toward” and “transverse” regions. The data
are corrected to the particle level With errorsthat include both the statistical error and the systematic
uncertainty) and are compared with PYTHIA Tune AW and HERWIG (without MPI) at the
particle level (.e. generator level).
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are corrected to the particle level With errorsthat include both the statistical error and the systematic
uncertainty) and are compared with PYTHIA Tune AW and HERWIG (without MPI) at the
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excluding the lepton-pair 70 < M(pair) < 110 GeV excluding the lepton-pair
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PT(Z-Boson) (GeV/c)

PT(lepton-pair) (GeVic)
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[ Transverse” j«*"*, Transverse”
o' KN

Tevatron ﬁ LHC

Z-BosonDirection

[ Transverse” j«*"e, Transverse”
.
o e,

=® Data at 1.96 TeV on the density of charged particlesiN/dnde, with p; > 0.5 GeV/c andij| < 1 for
“Z-Boson” events as a function of R(Z) for the “toward” region. The data are corrected to the

particle level (with errorsthat include both the statistical error and the systematic uncertainty) and are

compared with PYTHIA Tune AW, Tune DW, PYTHIA ATLAS Tune, HERWIG (without MPI),
and HERWIG (with JIMMY MPI) at the particle level ( i.e. generator level).
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- CDF Run 2 Preliminaij > 70 < M(pair) < 110 Ge\_/ i '_/_/, ______ H
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|9 "Drell-Yan Production” o

70 < M(pair) < 110 GeV % Particles (|n|<1.0, PT>0.5 GeV/c)
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Z-Boson PT(lepton-pair) (GeV/c)

“Toward”

HERWIG (without MPI)

*, Transverse”
v,

Tevatron ﬁ LHC e small change!

=® Data at 1.96 TeV on the density of charged particlesiN/dnde, with p; > 0.5 GeV/c andij| < 1 for
“Z-Boson” events as a function of R(Z) for the “toward” region. The data are corrected to the
particle level (with errorsthat include both the statistical error and the systematic uncertainty) and are
compared with PYTHIA Tune AW, Tune DW, PYTHIA ATLAS Tune, HERWIG (without MPI),
and HERWIG (with JIMMY MPI) at the particle level ( i.e. generator level).
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“Toward" Charged Particle] RDF LHC Prediction! "Toward" Charged Particle Density: dN/dnd
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““““““““ Drell-Yan 70 < M(pair) <110 GeV
Charged Particles (|n|<1.0, PT>0.5 GeVi/c) : 14 TeV Charged Particles (Jn|<1.0, PT>0.5 GeV/c)
0.0 f f f f f 0.0 f f f f f
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Z-BosonDirection Z-BosonDirection
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“Toward”
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I evat ro n [ Transverse” ;e Transverse”
ot ",
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® Data at 1.96 TeV on the density of charged particlesiN/dnde, with p; > 0.5 GeV/c andi| < 1 for “Z-
Boson” events as a function of RZ) for the “toward” region from PYTHIA Tune AW, Tune DW, Tune
S32(Q and Tune P329at the particle level {.e. generator level).

® Extrapolations of PYTHIA Tune AW, Tune DW, Tune DWT, Tune S32(Q and Tune P329 and pyATLAS
to the LHC.
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\J < M(pair) < 110 GeV

If the LHC data are nOt In Particles (|n|<1.0, PT>0.5 GeV/c)

0.0 \ \ \
i BN the range shown here then %ev,;;m
e \WE |@arn new (QCD) physics!
V
Tevg
® Data at 1.96 TeV on the dg_sify of cha ticlesl ith p; > 0.5 & (c andij| < 1 for “Z-

Boson” events as a function of HZ) for ard” reg pm PYTHIA TunevAW, Tune DW, Tune
S32Q and Tune P329at the patrticle leve jenerator leve

®» Extrapolations of PYTHIA Tune AW, Tu, /DW, Tune DWT, Tune S320Q and Tune P329 and pyATLAS
to the LHC.
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"Transverse" Charged Particle Density: dN/dnd@

0.8

1 RDF Preliminary

Fake Data

4 pyDW generator level
0.6 +

ChgJet#l <+
"

N

0.4 -

"Transverse" Charged Density

02t SSf
1 .. 900 GeV
Prediction! .
1 Charged Particles (|n|<2.0, PT>0.5 GeV/c)
0.0 T T T T } } } }
0 2 4 6 8 10 12 14 16 18

PTmax or PT(chgjet#l) (GeV/c)

\

=» Fake data (from MC) at 900 GeV on the
“transverse” charged particle density,
dN/dnde, as defined by the leading
charged particle (PTmax) and the leading
charged patrticle jet (chgjet#1) for charged
particles with p; > 0.5 GeV/c andny| < 2.
The fake data (from PYTHIA Tune DW)
are generated at the particle leveli(e.
generator level) assuming 0.5 M min-bias
events at 900 GeV361,595 events in the

plot).

GGl Florence, Italy
September 14, 2011

Leading Charged
Particle Jet, chgjet#1.

<P

“Transverse” “Transverse”

PTmax Direction

\e¢

Leading Charged
Particle, PTmax.

“Transverse” “Transverse”

~

Rick Field — Florida/CDF/CMS

Rick Field
MB&UE@CMS Workshop
CERN, November 6, 2009
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"Transverse" Charged Particle Density: dN/dnd@

"Transverse" Charged Particle Density: dN/dnd@
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» | RDF Preliminary Z  ]CMS Preliminary
@ 1 DWFa;:e?;t; ovel P 1 datauncorrected
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& - ! 900 GeV S | 900 GeV
'=: Monte-Carlo! Charged Particles (|n|<2.0, PT>0.5 GeV/c) _t':ﬁ Real Data! Charged Particles ([n|<2.0, PT>0.5 GeVic)
00 ‘ ‘ ‘ ‘ ‘ ‘ _ ‘ © 00 ‘ ‘ ‘ : : : :
0 2 4 6 s 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
PTmax or PT(chgjet#1) (GeV/c) PTmax or PT(chgjet#1) (GeVic)
=» Fake data (from MC) at 900 GeV onthe = CMS preliminary data at 900 GeVon the

GGl Florence, Italy

“transverse” charged particle density,
dN/dnde, as defined by the leading
charged particle (PTmax) and the leading
charged patrticle jet (chgjet#1) for charged
particles with p; > 0.5 GeV/c andny| < 2.
The fake data (from PYTHIA Tune DW)
are generated at the particle leveli(e.
generator level) assuming 0.5 M min-bias
events at 900 GeV361,595 events in the

plot).

September 14, 2011

Rick Field — Florida/CDF/CMS

“transverse” charged particle density,
dN/dnde, as defined by the leading charged
particle (PTmax) and the leading charged
particle jet (chgjet#1) for charged particles
with pr > 0.5 GeV/c andnj| < 2. The data
are uncorrected and compared with
PYTHIA Tune DW after detector
simulation (216,215 events in the plgt
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harged PTsum Density &

"Transverse" Charged PTsum Density: dPT/dnd(pl "Transverse" Charged PTsum Density: dPT/dnd¢
0.8 — 0.8 —
| RDF Preliminary 1 CMS Preliminary
1 Fake Data — ] data uncorrected
%\ 0.6 L PYDW generator level % 06 % ~ opOwssvo [ LR T
> o ﬂ -
©041---------- 204N g - i | S ' T ——————————
() ) 4
[a] o B l
= c ]
? » 0.2 |
g 0.2 900 GeV 2 0e ] 900 GeV
€ ~ Real Data!
Charged Particles (|n|<2.0, PT>0.5 GeV/c) ] Charged Particles (In[<2.0, PT>0.5 GeV/c)
00 . . . . | | | | 00 T T T T } } } }
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18

PTmax or PT(chgjet#1) (GeV/c) PTmax or PT(chgjet#1) (GeV/c)

=» Fake data (from MC) at 900 GeV on the ®» CMS preliminary data at 900 GeVon the

“transverse” charged PTsum density, “transverse” charged PTsum density,
dPT/dndg, as defined by the leading charged  dPT/dndg, as defined by the leading charged
particle (PTmax) and the leading charged particle (PTmax) and the leading charged
particle jet (chgjet#1) for charged particles particle jet (chgjet#1) for charged particles
with p; > 0.5 GeV/c andnj| < 2. The fake with pr > 0.5 GeV/c andnj| < 2. The data
data (from PYTHIA Tune DW) are are uncorrected and compared with
generated at the particle leveli(e. generator PYTHIA Tune DW after detector

level) assuming 0.5 M min-bias events at 900 simulation (216,215 events in the plgt
GeV (361,595 events in the pljt
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"Transverse" Charged Particle Density: dN/dnd@

=
[N

Rick Field
MB&UE@CMS Workshop
CERN, November 6, 2009

PTmax (GeV/c)

2 1 RDF Preliminary
2 : py Tune DW generator level
8 7TeV
°
o 0.8
o
g V)
5 factor of 2!
K 900 GeV
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>
1]
8 TR
_': Pl’edlctlon. Charged Particles (|n|<2.0, PT>0.5 GeV/c)
0.0 T T } T T T } }
0 2 4 6 8 10 12 14 16 18 20

PTmax Direction

900 GeV— 7 TeV

PTmax Direction

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

particle level (.e. generator level).
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Charged Particle Density

"Transverse" Charged Particle Density: dN/dnd@
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TCMS Preliminary

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

Charged Particles (|n|<2.0, PT>0.5 GeV/c)
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PT(chgjet#1) GeV/c
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Ratio: 7 TeV/900 GeV

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

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

on the “transverse” charged particle density,

dN/dndgq, as defined by the leading charged

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

uncorrected and compared with PYTHIA
Tune DW after detector simulation.

PT(chgjet#1) Direction

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

' Ap
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12

=» Ratio of CMS preliminary data at 900 GeV = Ratio of the ATLAS preliminary data at

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

' Ap

900 GeV and 7 TeVon the “transverse”
charged particle density, dN/dyde, as
defined by the leading charged patrticle
(PTmax) for charged particles with p; >
0.5 GeV/c andfj| < 2.5. The data are
corrected and compared with PYTHIA
Tune DW at the Gef&rdtor level.

“Transverse” “Transverse”
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"Transverse" Charged PTsum Density: dPT/dnd@
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+ CMS Preliminary
1 datauncorrected
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Charged Particles (|n|<2.0, PT>0.5 GeV/c)

7 TeV /900 GeV
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PT(chgjet#1) (GeVic)
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TRDF Preliminary
TATLAS corrected data
3.0 T pyDW generator level & | T ]

Ratio: 7 TeV/900 GeV
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=» Ratio of the CMS preliminary data at 900
GeV and 7 TeVon the “transverse” charged
PTsum density, dPT/dd¢@, as defined by the
leading charged patrticle jet (chgjet#1) for
charged particles with p; > 0.5 GeV/c and
In| < 2. The data are uncorrected and
compared with PYTHIA Tune DW after
detector simdlatig. "

=» Ratio of the ATLAS preliminary data at
900 GeV and 7 TeVon the “transverse”
charged PTsum density, dPT/ddq, as
defined by the leading charged patrticle
(PTmax) for charged particles with p; > 0.5
GeV/c and | < 2.5. The data are corrected
and compared with PYTHIA Tune DW at
the generator |leyef: precton
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Charged Particle Density

"Transverse" Charged Particle Density: dN/dnd@

1.2
TCMS Preliminary
T datauncorrected 7Tev E E
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I l q—TeVT i
1T
ATLAS

12

1 RDF Preliminary
| ATLAS corrected data
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OO T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
PTmax (GeV/c)

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

on the “transverse” charged particle density,

dN/dndgq, as defined by the leading charged

particle jet (chgjet#1) for charged particles

uncorrected and compared with PYTHIA

Tune DW after detector simulation.

PT(chgjet#1) Direction

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@
16 1.5
R : o | ey
% 12 L__pybw=sm _______________________ ! ,T Vﬁﬁ%ﬁ %i% % % | Tune DW generator level E . 1 7Te\_/r N
@ 2107 1& + }
Qg l-—-—- 7 . _AAAC- ] é
; i CMS é .1 900 GeV TLAS
% 0.4 4--° . E 1
E 1 Charged Particles (Jn|<2.0, PT>0.5 GeV/c) ] Charged Particles (In|<2.5, PT>0.5 GeV/c)
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PT(chgjet#1) (GeVic) PTmax (GeV/c)
=» 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
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ed Particle Density: dN/dnde
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High P; Z-Boson Production
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“Transverse”
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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 PYTHI
»

A 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 Tu
GGl Florence,

ne DW.
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Charged Particle Density: dN/dnde

T pyDW generator level

| 70 < M(pair) < 110 GeV

CDF Run 2
data corrected 1.96 TeV

| Drell-Yan Production

"Transverse"
|

"Toward" Charged Particles (|fj|<1.0, PT>0.5 GeV/c

excluding the lepton-pair
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Charged Particle Density: dN/dndg
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T CMS Preliminary
T data corrected 7TeV C M S
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1 Charged Particles (|n|<2.0, PT>0.5 GeV/c)
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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

GGl Florence, Italy Rick Field — Florida/CDF/CMS Page 32

September 14, 2011



ed P

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¢ :
CDH PYTHIA Tune DW! | RDF Preliminary
> data borreooroa + data corrected CMS 7 Tev eV C M S
‘w T pyDW generator level <_ pyDW generator level e . §
§ 9 | Drell-yan Production GC)\ ] ] E E ,,,,,,,,,,,AYV?X 7777777 [
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< " a4 o Drell-Yan Production Charged Particles (PT>0.5 GeV/c) harged Particles (|n|<2.0, PT>0.5 GeV/c)
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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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Charged PTsum Density: dPT/dnd@ Charged PTsum Density: dPT/dndq
10.0 ¢
T CMS Preliminary 7 TeV

data corrected
T pyDW generator level

10.0 ¢

CDF Run 2 1.96 TeV "Away"
data corrected
T pyDW generator level
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Charged PTsum Density (GeV/c)
Charged PTsum Density (GeV/c)

"Toward"
Drell-Yan Production ) Drell-Yan Production h d il /
70 < M(pair) < 110 GeV Charged Particles (|n|<1.0, PT>0.5 GeVic) : Charged Particles (In|<2.0, PT>0.5 GeVic)
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
Vo

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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Drell-Yan Producti BL
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

Initial- State Rad iation Initial-State Radiation
L

Proton

AntiProton

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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Charged Particle Density: dN/dndg

"Toward" Charged Particle Density: dN/dnd@
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d Particle Density: dN/dndg /\

’ T CMS Preliminary
g T pyD?/\alltga;lecnoerrr::tcotre ?evel CMS 7 TeV E
8 2 | Drell-Yan Production i
3 | 60 < M(pair) <120 GeV
> | CDF 1.96 TeV
Sl Overall PYTHIA Tune DW =1+ 01 TT
g B IS in amazingly good agreement with the e 105 G
1 | Tevatron Jet production and Drell-Yan data
0 20 \ and did a very good job in predicting the
%% LHC Jet production and Drell-Yan datal!
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D6T, CW, X1, and X2) were PYTHIA 6.4
tunes using the old G-ordered parton
showers and the old MPI modelreally 6.2
tune9)!

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

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

to get a very good fit of the CMS UE data at 900 _
GeVand 7 TeV. - '

®» The ATLAS Tune AMBT1 was designed to fit
the inelastic data for Nchg> 6 and to fit the
PTmax UE data with PTmax > 10 GeV/c. Tune
AMBTL1 is primarily a min-bias tune, while

Tune Z1 is a UE tune!

GGl Florence, Italy Rick Field — Florida/CDF/CMS
September 14, 2011
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Parameters not
shown are the
PYTHIA 6.4 defaults!

GGl Florence, Italy
September 14, 2011

PYTHIA Tune Z1.

e

Tune Z1 Tune AMBT1
/ Parameter (R. Field CMS) (ATLAS)
Parton Distribution Function CTEQS5L LO*
PARP(82) — MPI Cut-off 1.932 2.292
PARP(89) — Reference energy, EO 1800.0 1800.0
PARP(90) — MPI Energy Extrapolation 0.275 0.25
PARP(77) — CR Suppression 1.016 1.016
PARP(78) — CR Strength 0.538 0.538
PARP(80) — Probability colored parton from BBR 0.1 0.1
PARP(83) — Matter fraction in core 0.356 0.356
PARP(84) — Core of matter overlap 0.651 0.651
PARP(62) — ISR Cut-off 1.025 1.025
PARP(93) — primordial kT-max 10.0 10.0
MSTP(81) — MPI, ISR, FSR, BBR model 21 21
MSTP(82) — Double gaussion matter distribution 4 4
MSTP(91) — Gaussian primordial kT
MSTP(95) — strategy for color reconnection 6 6
Rick Field — Florida/CDF/CMS Page 39



"Transverse" Charged Particle Density: dN/dnd@
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"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!

GGl Florence, Italy
September 14, 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

GGl Florence, Itél{/ Rick Field — Florida/CDF/CMS Page 41
September 14, 2011




"Transverse" Charged Particle Density: dN/dnd@
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"Transverse" Charged Particle Density: dN/dnd@
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data corrected
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. B Tune Zt-—-----

7 TeV Charged Particles (PT > 0.5 GeV/c)
Il
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>

PTmax or PT(chgjet#1) (GeV/c)

=®» CMS preliminary data at 7 TeV on the “transverse” charged particle density, dN/ayd¢@, as
defined by the leading charged particle jet (chgjetl) for charged particles with p- > 0.5 GeV/c
and |n| < 2.0 together with theATLAS published data at 7 TeVon the “transverse” charged
particle density, dN/dndq, as defined by the leading charged particle (PTmaxor charged
particles with p; > 0.5 GeV/c and1j| < 2.5 The data are corrected and compared witRYTHIA

Tune Z1 at the generator level.

Amazing agreement!

GGl Florence, Italy
September 14, 2011
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Charged Particle Density
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"Transverse" Charged Particle Density: dN/dnd@

d=1.0

+RDF Preliminary

T pyZ1 generator level

7TeV

Chgjet#1 (In|<1.5)

Charged Particles (|n|<2.5, PT>0.5 GeV/c)
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PT(chgjet#1) GeV/c

AN

100

The UE activity is higher
for large jet radius!

7

The charged particle density in the “transverse” regon as defined by the leading charged
particle jet from PYTHIA Tune Z1. The charged particles are in the region > 0.5 GeV/c
and n| < 2.5. Charged particle jets are constructed usg the Anti-KT algorithm with d = 0.2,
0.5, and 1.0 from charged patrticles in the region> 0.5 GeV/c andij| < 2.5, however, the

leading charged particle jet is required to haverj(chgjet#1)| < 1.5.

(

It appears that large jet radius

“blases” the UE to be more active!

GGl Florence, Italy
September 14, 2011
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"Transverse" Charged PTsum Density: dPT/dnd@

1 RDF Preliminary
4 ATLAS corrected data

Charged Particles (|n|<2 5)

12 14
PTmax (GeV/c)

o
N
N
[«

20

»

ATLAS preliminary data at 7 TeV on the
“transverse” charged particle density,

dN/dndeq, as defined by the leading charged
particle (PTmax) for charged particles with

pr > 0.5 GeV/c andij]| < 2.5. The data are
corrected and compared withPYTHIA
Tune Z1 at the generator level Also shows
the prediction of Tune Z1 for the
“transverse” charged particle density with
pr > 0.1 GeV/c andj| < 2.5.

GGl Florence, Italy
September 14, 2011

Rick Field — Florida/CDF/CMS

®» ATLAS preliminary data at 7 TeV on the

“transverse” charged PTsum density,

dPT/dnde, as defined by the leading charged
particle (PTmax) for charged particles with

pr > 0.5 GeV/c andn| < 2.5. The data are
corrected and compared withPYTHIA
Tune Z1 at the generator level Also shows
the prediction of Tune Z1 for the
“transverse” charged particle density with
pr > 0.1 GeV/c andi| < 2.5.
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"Transverse" Cha

- ‘"Transverse" Ratio: PT >0.1 and > 0.5 GeV/cl
2 | RDF Preliminary
o 1 ATLAS corrected data RDF Preliminary
8 20 Tryne zu generator fevel | 1o “[orsotceve |
° ] o generator level
5151 = Charge Particle Density |_______ Tune z1 (solid)
8 ] o Tune DW (dashed) ;
e 2207 \ T ers i ———— ATLAS
= 0.5 1 0 i
[ ] T}y q>’ 1 = Charged Particles (Jn|<2.5)
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ac °q1° Charged Particles (|n|<2.5)
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» :‘ATLAS prel’l’mlr 0 . A 6 2 14 16 18 20 |TTEVoON the
transverse” ch. n denSIty,

dN/dndeq, as de

PTmax (GeV/c)

> leading charged

particle (PTmax) for charged particles with
pr > 0.5 GeV/c andij]| < 2.5. The data are
corrected and compared withPYTHIA

Tune Z1 at the generator level Also shows

particle (PTmax) for charged particles with
pr > 0.5 GeV/c andn| < 2.5. The data are
corrected and compared withPYTHIA

Tune Z1 at the generator level Also shows
the nradictinn nf Ti |.3 Z1 for the

the prediction of Iune 71 faor the
“transverse” che\'
pr > 0.1 GeV/c i

Rick Field
MPI@LHC 2010 Glasgow, Scotland | <%~
December 2, 2010

particle density with

GGl Florence, ltaly ~
September 14, 2011
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"Transverse" Charged Density
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"Transverse" Charged Particle Density: dN/dnde

1 RDF Preliminary
7 ATLAS corrected data
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"Transverse" Charged PTsum Density: dPT/dnd@

1 RDF Preliminary
: ATLAS corrected data

Charged Particles (|n|<2.5)
| | |
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PTmax (GeV/c)

14 16 18 20

»

ATLAS preliminary data at 7 TeV on the
“transverse” charged particle density,

dN/dndeq, as defined by the leading charged

particle (PTmax) for charged particles with

pr > 0.5 GeV/icand p> 0.1 GeV/c (f]| < 2.5).

The data are corrected and compared with
PYTHIA Tune Z1 at the generator level.

®» ATLAS preliminary data at 7 TeV on the

“transverse” charged PTsum density,

dPT/dnde, as defined by the leading charged

particle (PTmax) for charged particles with
pr > 0.5 GeV/cand p > 0.1 GeV/c (]| < 2.5).
The data are corrected and compared with
PYTHIA Tune Z1 at the generator level.

(

ATLAS publication — arXiv:1012.0791
December 3, 2010

GGl Florence, Itél{/
September 14, 2011

Rick Field — Florida/CDF/CMS

Page 46




PY THIA Tune Z1 &

e “Transverse” Ch "Transverse" Ratio: PT > 0.1 and > 0.5 GeV/c ity: dPT/dndq
- ~ 1 RDF Preliminary 4.0
g 20 1 ATLAS corrected dataEEE 7 RDFE Preliminary
8 7 Ep) ] ] ATLAS corrected data
§ s I 8 30 Charge Particle Density Tune Z1 generator level
g E Z | ?
50 s § o0 \ WIiFi4eiEE Fa g bg & g
> 8 - —— ==
% 05 % Tune g b
< 1 o
3 ] e 5; 4 i ! Charged Particles (|n|<2.5)
0.0 1 1 1 % 1.0 + ; ; |
0 2 N ° i ] Charge PTsum Density 7 TeV H 1 18 20
Charged Particles (|n|<2.5)
H M 00 T T T T
» :‘ATLAS prel’l’mlr . ) . ) s 10 1 1 16 18 0|7 TeVonthe
transverse” ch i (G 1 density,
dN/dndeq, as de e leading charged

particle (PTmax) for charged particles with
pr > 0.5 GeV/cand p> 0.1 GeV/c (| < 2.5).
The data are corrected and compared with
PYTHIA Tune Z1 at the generator level.

particle (PTmax) for charged particles with
pr > 0.5 GeV/cand p> 0.1 GeV/c (| < 2.5).
The data are corrected and compared with
PYTHIA Tune Z1 at the generator level.

D)

Vs

ATLAS publication —arXiv:1012.0791
December 3, 2010
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"Transverse" Charged Density
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{ RDF Preliminary 7 TeV
1 ALICE corrected data § +
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] ALICE
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"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
GGl Florence, Italy ~ Rick Field — Florida/CDF/CMS
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"Transverse" Charged Particle Density: dN/dnd@
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4 ATLAS corrected data
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: ATLAS corrected data
7TuneZlgeneratorIeveI a t ! i
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; ATLAS

TU ne 1 Charged Particles (|n| < 0.8, PT > 0.5 GeV/c)
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PTmax (GeV/c)

» ATLAS preliminary data at 900 GeV and 7 = ATLAS preliminary data at 900 GeV and 7

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/dndg, 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 generrator level.

ATLAS-CONF-2011-009
February 21, 2011
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LPCC  MB&UE Working Group

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

o aantum
c hromo-
@yaamics

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

“Minimum Bias” Collisions

Proton ; é é Proton
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"Transverse" Charged Particle Density: dN/dnd@

| RDF Preliminary
| ATLAS corrected data
e

7TeV

{Tune Z1 gener

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

Tune Z1
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®» ALICE preliminary data at 900 GeVand 7 = ATLAS preliminary data at 900 GeV and 7

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.
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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 andny| < 0.8.
The data are corrected and compared with
PYTHIA Tune Z1 at the generrator level.
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"Transverse" Charged PTsum Density: dPT/dnd@

1 RDF Preliminary 7 TeV
: ATLAS corrected data
7Tune Z1 generator level at ! i
Tune % Charged Particles (Jn| < 0.8, PT > 0.5 GeVic)
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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.
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®» ALICE preliminary data at 900 GeVand 7 = ATLAS preliminary data at 900 GeV and 7

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 andny| < 0.8.
The data are corrected and compared with
PYTHIA Tune Z1 at the generrator level.
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5| DO S =» Over the past few days CDF has collected
Tevatron : more than 10M “min-bias” events at

B, S several center-of-mass energies!
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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.
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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 _ -
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E 1 E ] Tune Z1
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SO 3 o s | ¢ hoo4 M
E Charged Particles (PT>0.5 GeV/c) Charged Particles (PT>0.5 GeVic)
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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
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> data corrected 1.96 TeV
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Charged Particle Density: dN/dndtpl
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‘0 T pyZl1 generator level
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8 oL Drell-Yan Production way
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]
<
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T | D
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< Charged Particles (|n|<2.0, PT>0.5 GeV/c)
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PT(lepton-pair) GeV/c

Z-Boson Direction

0

High P; Z-Boson Production

Outgoing Parton

Initial-State Radiation
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“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.
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, “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 : : | | ‘ ‘
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PT(lepto PT(lepton-pair) GeV/c pair) Gevic

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

Outgoing Parton

Initial-State Radiation Initial-State Radiation
A, .,

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
Vo

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
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70 < M(pair) < 110 GeV Drell-Yan Production Charged Particles (PT>0.5 GeV/c) - excluding the lepton-pair
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® 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

September 14, 2011
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"Transverse" Charged PTsum Density: dPT/dnd¢

"Transverse" Charged PTsum Density: dPT/dnd¢
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PTsum Density (GeV/c)
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Overall amazingly good agreement

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

Charged PTsum Density (GeV/c)

(although not perfect yet)
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What about Min-Bias?
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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)!
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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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Charged Particle Density: dN/dn r%%\ Charged Particle Density: dN/dn r%\
5 5

Proton ; é é Proton Proton ; é i Proton

®» Compares the 900 GeV ALICE data with PYTHIA Tune DW and Tune S320

Perugia Q@ Tune DW uses the old @ordered parton shower and the old MPI
model. Tune S320 uses the new4ordered parton shower and the new MPI
model. The numbers in parentheses are the averagalue of dN/d for the
region |n| < 0.6.
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Charged Particle Density: dN/dn r%\ Charged Particle Density: dN/dn r%%\
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model. Tune S320 uses the new4ordered parton shower and the new MPI
model. The numbers in parentheses are the averagalue of dN/d for the
region |n| < 0.6.
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Charged Particle Density: dN/dn
l l 5
RDF Preliminary At Least 1 Charged Particle |n| < 0.8
[’
L 2

900 GeV
ALICE INEL data

? 4 - pyDW generator level pT >0.15 GeV/c
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If one increases the p
the agreement
improves!

=» 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 DW at the

generator level.
“Minimum Bias” Collisions

Proton Proton
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Diffraction
Charged Particle Density: dN/dn contributes less at
5 harder scales!

3 RDF Preliminary 900 GeV At Least 1 Charged Particle [n| < 0.8
§ ALICE INEL data
é‘ 4 -+ pyDW generator level pT >0.15 GeV/c
2
(] u|
[a)]
o 3
©
g
< 27
(O]
o
©
5 14+ {pT >1.0GeVec - - -
dashed = ND solid = INEL
0 } } } 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 (dashed = ND, solid = INEL).

“Minimum Bias” Collisions

Cannot trust PYTHIA 6.2 modeling of diffraction!

i —
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(o]
]
]
[ ]
[ ]

SN
|

RDF Preliminary
oM NSD data Tune DW | goft particles!

pyDW generator level

Charged Particle Density
N

dashed = ND solid = NSD All [
| |

0
-0 -25 -20 -15 -10 05 00 05 10 15 20 25 30

PseudoRapidity n

=» Generator level dN/dq (all pT). Shows the NSD = HC + DD and the HC = ND
contributions for Tune DW. Also shows the CMS NSD data.

“Minimum Bias” Collisions

canl | OFf by 30%! Lo
T
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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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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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CMS Data
PYTHIA Tune Z1

T
’
'
NN
o (6]
|
T
<
2
e
NSD
N

U N
= NSD = ND + DD N
s a
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 f f f f f f 0.0 f f f f 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

GGl Florence, Italy
September 14, 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

GGl Florence, Italy
September 14, 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 - o m omeom . am omom o
3 107 Mlboncoiiiiiatiiaia - m7‘l—l-é&=|='=—-hl-h\
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
o Proton Proton
Underlying Event
Final-State
Outgoing Parton Radiation
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SD Multiplicity Distrinution

Charged Multiplicity Distribution
1.0E-01
RDF Preliminary
data CMS NSD .
PyZ1 generator level Difficult to produce
om0 i enough events with
> e, e large multiplicity!
© 1 &
o G
o T &, 00
o 900 GeV Ly, /
1OE-03 -~ N~ Ny
N\ o
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
P . RDF Preliminary
Min-Bias data CMS NSD
pyZ1 generator level
1.0E-02 4~~~ o]
2 ; N, g,
% ......
S ¢
a 900 GeV N,
1.0E-03 T T T Tt "-,. ************ -
Charged Particles P
(all PT, .
1.0E-04 .| Difficult to produce
0 20| enough events with |
large multiplicity!
®» (Generator levercrrargeummumpncity

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.

GGl Florence, Italy
September 14, 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

»

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.

Rick Field — Florida/CDF/CMS
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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 perfeci
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 — "::.=-rn..\ """""" Proton

Underlying Event ing 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!

GGl Florence, Italy Rick Field — Florida/CDF/CMS
September 14, 2011

Final-State
Radiation

Outgoing Parton
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Kaon Proauction

Kshort Rapidity Distribution: dN/dY

oee - CMS

Kshort Rapidity Distribution: dN/dY

0.4

CMS & ALICE Data
PYTHIA Tune 71

INEL = NSD + SD

900 GeV

dN/dY

-
-...
-
-~

-
~
-

i : pyZ1 NSD = solid )
NSD (all pT)

pyZ1 INEL = dashed
0.0 : ;
-4 3 2 1 0 1 2 3 4 0 1 2 3 4
Rapidity Y Rapidity Y
=®» CMS NSD dataon the K, rapidity ®» CMS NSD dataon the K, rapidity

distribution at 7 TeV and 900 GeV compared distribution at 900 GeV and theALICE point at

with PYTHIA Tune Z1. The plot shows the Y =0 (INEL) compared with PYTHIA Tune Z1.

average number of K,.,; per NSD collision per The ALICE point is the average number of

unit Y, (1/Nygp) dN/dY. Kehort PEr INEL collision per unit Y atY =0,
(1/N,neL ) AN/DY.

“Minimum Bias” Collisions

. - ()
K short D K short

No overall shortage of Kaons in PYTHIA Tune Z1!
—
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Kaon Preaduction

Charged Kaons Rapidity: dN/dY Rapidity Distribution Ratio: Kaons/Pions
0.6 0.3
s ALICE (<0 s ALICE (€
E" 0.2 f -
% § o1 :/7 |—t—| —
INEL (all pT) 900 GeV Tune Zl pp);zzllTl\?EDL dSaOSITjd INEL (all pT) 900 GeV Tune Zl
. f f f f f | . 0.0 f f f
00-4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4
Rapidity Y Rapidity Y
=» ALICE INEL data on the charged kaon =» ALICE INEL data on the charged kaon to
rapidity distribution at 900 GeV compared charged pion rapidity ratio at 900 GeV
with PYTHIA Tune Z1. The plot shows compared with PYTHIA Tune Z1.
the average number of charged kaons per -
e . + Strange Meson
INEL collision per unitY atY =0, (K+ K_) = 2
(TT+ ) Non-strange Meson

(1/NINEL) dN/dY. “Minimum Bias” Collisions a

K+
@ K- D No overall shortage of Kaons in PYTHIA Tune Z1!

@9 e —
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Kaon Preaduction

Charged Kaons Rapidity Distribution Ratio: Kshort/Kaons Ratio: Kaons/Pions
0.6 0.8
s ALICL | e omlt )| | (€
-% 0.6 +
N o — 1
3 % 0.4 - - mmm oo
S & —+— —
% 0.2
INEL (all pT) 900 GeV INEL (all pT) 900 GeV Tune Zl
0.0 1 ‘ w 0.0 \ \ \ \ \ \ \
-4 -3 -2 -1 -4 -3 -2 il 0 1 2 3 4] O 1 2 3 4
R Rapidity Y pidity Y
=» ALICE INEL data on the charged kaon =» ALICE INEL data on the charged kaon to
rapidity distribution at 900 GeV compared charged pion rapidity ratio at 900 GeV
with PYTHIA Tune Z1. The plot shows compared with PYTHIA Tune Z1.

K+
@ K- D No overall shortage of Kaons in PYTHIA Tune Z1!

the average number of charged kaons per
INEL collision per unitY atY =0,
(1/NyneL ) AN/DY.

(K*+ K _ Strange Meson

(T0'+ 10) Non-strange Meson

“Minimum Bias” Collisions o

@9 e —
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-~
0S

PT Particle Ratio: Kaons/Pions

versus PT € 2

Rapidity Distribution Ratio: Kaons/Pions

0.60 0.3

ALICE Data P P
TPYTHIA Tune 21 & 71C (K™+K)/(1r +11)

L R it /E *******
i . |

0.20 +

0.2 +

dN/dY Particle Ratio

PT Particle Ratio

900 GeV us/s: 0.4 -

INEL (Y| < 0.75)

ALICE Data (K++K-)/(n++n-)
PYTHIA Tune Z1 & Z1C

L— I—t—i ——
0.1+
Tune Z1C

qg/g: 0.1 ->0.12

: INEL (all pT) 900 GeV us/s: 0.4->0.8
0.00 1 1 . 1 1 1 1 ‘ ‘

0 1 2 } 4 00-4 -3 -2 -1 0 1 2 3 4

PT (Gevic) Tails of the p; distribution. Rapidity Y
Way off due to the wrong B!
=®» ALICE INEL data on the chargeorworo~ —LICE INEL data on the charged kaon to

charged pions ratio versus p at 900 GeV (]Y]| charged pion rapidity ratio at 900 GeV
< 0.75) compared withPYTHIA Tune Z1 & compared with PYTHIA Tune Z1.

ZlC-(K++ K) _ Strange Meson

(Tt'+ T0) Non-strange Meson
“Minimum Bias” Collisions
K- PYTHIA p ; dependence off on Kaons!
@ —
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PYTHIA 6425

4th generation: tunes incorporating 7-TeV data PYTUNE

340 AMBT1 : 1st ATLAS tune incl 7 TeV, w. LO*PDFs  (2010)
Tune Z1 34171 . Retune of AMBT1 by Field w CTEQS5LPDFs __ (2010)
342 Z1-LEP  : Retune of Z1 by Skands w CTEQS5L PBs (2010)
343 72 : Retune of Z1 by Field w CTEQ6L1 PFs (2010)
344 7Z2-LEP  : Retune of Z1 by Skands w CTEQ6LLIBFs  (2010) CTEQ6L
350 Perugia 2011 : Retune of Perugia 2010 incl 7-Tedata (Mar 2011)
351 P2011 radHi : Variation with alphaS(p1/2) CTEQsSL
352 P2011 radLo : Variation with alphaS(2pT)
353 P2011 mpiHi : Variation with more semi-hard MPI
354 P2011 noCR : Variation without color reconnectins
355 P2011 LO** : Perugia 2011 using MSTW LO** PDFs  (Mar 2011)
356 P2011 C6 : Perugia 2011 using CTEQ6L1 PDFs av12011)
357 P2011 T16 : Variation with PARP(90)=0.16 awayom 7 TeV CTEQ6L
358 P2011 T32 : Variation with PARP(90)=0.32 awdtom 7 TeV
359 P2011 TeV : Perugia 2011 optimized for Tevatron Mar 2011)
360 S Global : Schulz-Skands Global fit (Mar 2011)
361 S 7000 : Schulz-Skands at 7000 GeV (Mar 2011
362 S 1960 : Schulz-Skands at 1960 GeV (Mar 2011

CTEQ5L

Tune Z2

Tune S350

Tune S356

363 S 1800 : Schulz-Skands at 1800 GeV (Mar 2011
364 S 900 : Schulz-Skands at 900 GeV (Mar 2011)
365 S 630 : Schulz-Skands at 630 GeV (Mar 2011)
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mcplots.cern.ch

Lune 2011 - A. Kameyeu, D. Konstantinov, M. Mangano, L.
Mijovic, W. Pokorski, 5. Prestel, A Pytel, P. Skands
{BOINC users, see TestdTheory@Home page)

dN/dY Particle Ratio

Rapidity Distribution Ratio: Kaons/Pions

0.3
ALICE Data (K++K')/(T[++T[')
PYTHIA Tune Z1 & S350

2 pe=ccccscsccscocccoccocosoocoooooocoooooooosoo oo oo

'/ - - - - - - -! - - - - - - \
0.1 i,,_,!,!,," ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, f,,‘,,—,,u,.,.

pyZ1 = solid
INEL (all pT) 900 GeV pyS350 = dashed

0.0 f f f f f f f

-4 -3 -2 -1 0 1 2 8

Rapidity Y
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1/o dcr/dxp

10°
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10 8

K° spectrum (particle-level)

—®— ALEPH
—5— 980 Rsorga1p011
Pythia 6 (340:AMBT1)
--&-- Pythia 6 (327:P2010)

% Pythia 6 (129:Pro-Q20)
— Pythia 6 (343:22)

ALEPH_1996_S3486095

Pythia 6.425

Z (hadronic)

91 GeV ee
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_ampaa Preduc

(Lam+LamBar) Rapidity Distribution: dN/dY Rapidity Distribution Ratio: (Lam+LamBar)/(2Kshort)
0.25 0.5
_ CMS Dat —
pY?’L/:i Eu?,teaZl 7 TeV (A+N) PYTHIA Tuiea21 C M S (A+N)(2Ksnor)
0.20 + H HHHHHHH H o 04
e 7 TeV
o P o gor Hpmgidt
Sow0l  — o FERRRRRRRRR R — PN I
) Ei ¥ L1 § 900 Gev N -
/ \ 2 Factor of 1.5!
0.05 + 0.1+
['nsp @i pm) CMS Tune Z1 [ NSD (all pT) Tune Z1
0.00 : : : : : : : 0.0 : : : : : :
-4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4
Rapidity Y Rapidity Y

®» CMS NSD dataon the Lambda+AntiLambda » CMS NSD dataon the Lambda+AntiLambda

rapidity distribution at 7 TeV and 900 GeV to 2Kshort rapidity ratio at 7 TeV compared
compared with PYTHIA Tune Z1. The plot with PYTHIA Tune Z1.

shows the average number of particles per (A+A) _Single-strange Baryon
NSD collision per unit Y, (1/Nysp) dN/dY. Ko Strange Meson

“Minimum Bias” Collisions o

N
D Oops! Not enough Lambda’s in PYTHIA Tune Z1!
—
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mcplots.cern.ch

Lune 2011 - A, Kameyeu, D. Konstantinov, M. Mangano, L.
Mijovic, W. Pokorski, 5. Prestel, A Pytel, P. Skands
{BOINC users, see TestdTheory@Home page)

GGl Florence, Italy
September 14, 2011
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_ Lambda® spectrum (particle-level) ]
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Production !

(Cas+CasBar) Rapidity Distribution: dN/dY Rapidity Distribution Ratio: (Cas+CasBar)/(2Kshort)
0.03 0.05
e . e, CMS @m0
o 0.04 +
kS 7 TeV
0.02 - 14
o gt
© § 0.02 - -Facterof 2+ ----—---—------
0.01 § s
1 - | © oo1+
’W Tune Z1 \ NSD (all pT) Tune Z1
0.00 f f f f f f f 0.00 f f f f f f
-4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4
Rapidity Y Rapidity Y
®» CMS NSD dataon the Cascade ®» CMS dataon the CascaderAntiCascade to
+AntiCascade rapidity distribution at 7 TeV 2Kshort rapidity ratio at 7 TeV compared with
and 900 GeV compared withPYTHIA Tune PYTHIA Tune Z1.
Z1. The plot shows the average number of (Z+Z) _Double-strange Baryon
particles per NSD collision per unit Y, 2Khort Strange Meson
(1/NNSD) dN/dY. “Minimum Bias” Collisions

[0

= DYikes! Way too few Cascade’s in PYTHIA Tune Z1]

—
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opEC orum g

91 GeV ee Z (hadronic)
mcplots.cern.ch 2k .
B B = spectrum (particle-level) ]
© L -
lune 2011 - A, Karneyeu, D. Konstantinoy, M. Mangano, L. o [ N ALEPH : i
Mijovic, W. Pokorski, S. Prestel, A. Pytel, P. Skands = _ - m%‘gﬁgﬁ?“
{BOINC users, see TestdTheory@Home page) 2 Pythia 6 (327:P2010)
- A\ % Pythia 6 (129:Pro-Q20)
k — Pythia 6 (343:22)
10" = =
Rapidity Distribution Ratio: (Cas+CasBar)/(2Kshort) i ]
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lransyerse viomentum

PDistriputions

PT Distribution: Cas+CasBar Cas+CasBar PT Distribution: dN/dPT
1.0E-01 = 1.0E+00 +
T CMS Data 7 Tev + CMS Data 7 TeV
PYTHIA Tune Z1 & Z1C PYTHIA Tune Z1 & Z1C _
_ , E+3) (4=
S 1.0E-02 .. LOE-01 =- N
8 - % T
2 2
5 °
S 1.0E-03 + b LOE-02 4N
© i Tune Z1C M
1 NsD (Y] <2) quqs/;‘s%ii%lsz L NSD(¥[<2) quS/?SI%-];‘ '>%-;2 Normalized to 1
1.0E-04 | | | | N ~- 1.0E-03 f f | | . S
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
PT (GeVic) PT (GeV/c)
®» CMS NSD dataon the Cascade ®» CMS NSD dataon the Cascade
+AntiCascade transverse momentum +AntiCascade transverse momentum
distribution at 7 TeV compared with distribution at 7 TeV (normalized to 1)
PYTHIA Tune Z1 & Z1C . The plot shows compared with PYTHIA Tune Z1 & Z1C .

the average number of particles per NSD
collision per unit py, (1/Nygp) dN/dp; for |Y|

< 2. “Minimum Bias” Collisions

U PYTHIA Tune Z1 & Z1C are a bit off on the p; dependence‘]
—
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Particle Ratios versus PT € =

1
L

Too many overall protons!

y Distribution Ratio: (P+Pbar)/Pions

PT Particle Ratio: (P+Pbar)/Pions

0471 0.12 -
ALICE Data — _ ]
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Rapidity Y

PT (Gevic) Tails of the p; distribution.
Way off due to the wrong g!
=®» ALICE INEL data on the Prot¢———rer—+oeor———=LCE INEL data on the

to charged pions ratio versus p at 900 GeV Proton+AntiProton to charged pion rapidity
(Y] < 0.75) compared withPYTHIA Tune Z1 ratio at 900 GeV compared withPYTHIA
& Z1C. _(p+p) _ Non-strange Baryon Tune Z1 & Z1C.
(Tt'+ M) Non-strange Meson
“Minimum Bias” Collisions . o

P
U PYTHIA way off on the p; dependence of Protons!
—
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Charged Particle Density
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Transverse Charged Particle Density: dN/dndq)l

Charged Particle Density: dN/dndq)l

T 25
I RDF Preliminary
PYTHIA Tune Z1
2
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Factor of 2! 8
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L
a
77777777777777777777777777777777777777777777777777 o
Charged Particles (|n| <2, all pT) :Jg’)
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Tune Z1 7 TeV ND
} T T T OO
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PT max (GeV/c)

CMS Data
PYTHIA Tune Z1

pyZ1 ND = dashed
pyZ1 NSD = solid
| |

NSD (all pT) 7 Tev
|
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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

GGl Florence, Italy
September 14, 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.
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Transverse Charged Particle Density: dN

I RDF Preliminary

PYTHIA Tune Z1

Charged Particles (|n| <2, all pT)

Transverse Particle Density: dN/dnde

‘RDF Preliminary _
T PYTHIA Tune Z1 7 TeV ND charged particles

Particle Density

September 14, 2011

7 TeV ND (Inl <2, all pT)
1}, 2‘0 o5 0 5 10 15 20 25
PT max (GeV/c) PTmax (GeVi/c)
=» Shows the density of charged particles in =» Shows the density of particles in the
the “transverse” region as a function of “transverse” region as a function of
PTmax for charged patrticles (All p;, [n| < PTmax for charged particles (All p;, In| <
2) at 7 TeV from PYTHIA Tune Z1. 2) at 7 TeV from PYTHIA Tune Z1.
Outgoing Parton Outgoing Parton
Tnitial-State Radiation InitiaI-Sta}?‘I‘?adialion
Proton : — , .............. Proton : ____________
Underlying Event : Underlying Event Underlying Event Underlying Event
Outgoing Parton FRir;Zli-aStiIg;e Qutgoing Parton Radiation
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0.15

Particle Density

"Transverse" Particle Density: dN/dnd¢

0.10 +
0.05 +

0.00

T RDF Preliminary

PYTHIA Tune Z1

Kshort

Factor of ~2!

Charged Particle Density: dN/dndq)l

Kshort (|n| <2, all pT)

7 TeV ND

10 15 20
PT max (GeV/c)

25

Chargdll Particle Density

0.15
RDF Preliminary K

PYTHIA Tune Z1 short
(T R e e
U.UO

Kshort (all pT)
Tune Z1 7 TeV ND
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Pseudo-Rapidity n

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

Underlying Event

Outgoing Parton

GGl Florence, Italy
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Outgoing Parton

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

Final-State
Radiation

Shows the K,.,; pseudo-rapidity distribution (all
pr) at 7 TeV from PYTHIA Tune Z1. The plot
shows the average number of particles per ND
collision per unit n—@, (1/Nyp) dN/dnde.

“Minimum Bias” Collisions

Proton Proton
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"Transverse" Particle Density: dN/dndq)l Charged Particle Density: dN/dnd@

0.12 0.12

T RDF Preliminary (p+p) RDF Preliminary

T PYTHIA Tune z1 > PYTHIA Tune Z1 (p+p)

Z o081 & 0.8
E 0.04 + 004 f - T
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| Tune Z1 7 TeV ND (n| < 2,all pT) ° Tune Z1 7 TeVND (all pT)
0.00 | : | | 0.00 | | | ‘ | |
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PT max (GeV/c) Pseudo-Rapidity n
=» Shows the density of P+antiP particlesin ~ ® Shows the P+antiP pseudo-rapidity distribution
the “transverse” region as a function of (all py) at 7 TeV from PYTHIA Tune Z1. The
PTmax for charged particles (All p;, n| < plot shows the average number of particles per
2) at 7 TeV from PYTHIA Tune Z1 ND collision per unit n—@, (1/Nyp) dN/dnde.
Outgoing Parton
“Minimum Bias” Collisions
BR— ;i Broton Proton
Underlying Event
Final-State
Outgoing Parton Radiation
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Particle Density

"Transverse” Particle Density: dN/dnd@ /rged Particle Density: dN/dr]d(pl
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Coming soon!Measurements from CMS,
ATLAS, and ALICE on the strange

0.00 + ; | | |
i ° \ particles and baryons in the x > 3 4
“underlying event”. .
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PTmax for charged particle
2) at 7 TeV from PYTHIA

YTHIA Tune Z1. The
number of particles per
(1/Nyp) dN/dnde.
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48 Fragmentation Summary{ 2

-b StrangePartlcle & Baryon Yields: PYTHIA is off  k* K short

on the overall yield of Lambda’s and Cascades ( :) - ‘
(MC below the data) and too high on the proton —

yield. Difficult to fix this without destroying
agreement with LEP! @ . .

=» PT Distributions: PYTHIA does not describe correctly the p distributions
of heavy particles (MC softer than the data). Nonef the fragmentation
parameters | have looked at changes the mlistributions. Hence, if one
looks at particle ratios at large p you can see big discrepancies between
data and MC (out in the tails of the distributions)!

=» Factorization: Are we seeing a breakdown in i Bias” Collisions

factorization between ee annihilations and .
hadron-hadron collisions! Is something
happening in hadron-hadron collisions that

does not happen in & annihilations?

» Herwig++ & Sherpa: Before making any conclusions about fragmentation

one must check the predictions of Herwig++ and Sherpearefully!

GGl Florence, Italy Rick Field — Florida/CDF/CMS Page 98
September 14, 2011




Fragmentation Summary € 2

Beam-meam remnants!

Charged Particle Density: dN/dndg| Charged Particle Density: dN/dnd
0.12 ‘
RDF Preliminary DF Preliminary -
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l0oOKS at particle ratios at large g you can see big discrepancies between
data and MC (out in the tails of the distributions)!

=» Factorization: Are we seeing a breakdown in inimum Bias” Collisions
factorization between ée annihilations and
hadron-hadron collisions! Is something
happening in hadron-hadron collisions that
does not happen in & annihilations?

» Herwig++ & Sherpa: Before making any conclusions about fragmentation

one must check the predictions of Herwig++ and Sherpeaarefully!
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Sherpa versus PY THIA §

<p_|_> versusivass Strange particle production in pp at 200 GeV

(STAR_2006_S6860818)

Mean g v= particle mass
=» Before making any conclusion about & 3 1s Sl ST B T
versus pp collisions one must check the |- .. e Srrrn 3.3
predictions of Herwig++ and Sherpa! = a2 4 ;i
08 [ + ¢ # E {
||.n5: # * i: ‘ a w ,
r4 I I
KU g cRY B
i K KT EA EL A0
.:j 13|
= 1 ! ¥ EW 2 - -
" s '
" T
L—— Q [ 4 o6 o8 1 1.3 i, ih 1.8
Sherpa does better “ s |GV

than PYTHIA 8!

Hendrik Hoeth
http://users.hepforge.org/~hoeth/STAR_ 2006 S6860818
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