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®» How well did we do at predicting the LHC UE
data at 900 GeV and 7 TeV? A careful look.

®» How well did we do at predicting the LHC MB
data at 900 GeV and 7 TeV? A careful look.

®» PYTHIA 6.4 Tune Z1: New CMS 6.4 tune (pT-
ordered parton showers and new MPI).

®» PYTHIA 8 Tune: New tune from Hendrik Hoeth.

®» |ong-Range Same-Side CorrelationsCollective
phenomena in pp collisions at 7 TeV?? New type of
“underlying event”!

® Strange particle production: A problem for the models?

Proton .
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Charged Particle Density

1.2

0.8 +
0.4 +

0.0

"Transverse" Charged Particle Density: dN/dnd@
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...Illll.ll..ll.
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=®» CMS preliminary data at 900 GeV and 7 TeV

on the “transverse” charged particle density,
dN/dnde, as defined by the leading charged

particle jet (chgjet#1) for charged particles with

pr > 0.5 GeV/c andij| < 2. The data are

uncorrected and compared with PYTHIA Tune

DW after detector simulation.
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"Transverse" Charged Particle Density: dN/dnd@
. . 1.2
PTmax Direction 2 1 RDF Preliminary
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A S ATLAS corrected data E .l.
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®» ATLAS preliminary data at 900 GeV and 7 TeV
on the “transverse” charged particle density,
dN/dnde, as defined by the leading charged
particle (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 level.
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"Transverse" Charged Particle Density: dN/dnd@
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"Transverse" Charged Particle Density: dN/dnd@
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1 RDF Preliminary

| ATLAS corrected data E E 7 Tev
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=®» CMS preliminary data at 900 GeV and 7 TeV ® ATLAS preliminary data at 900 GeV and 7 TeV

on the “transverse” charged particle density,
dN/dndeq, as defined by the leading charged
particle jet (chgjet#1) for charged particles with
pr > 0.5 GeV/c andiy| < 2. The data are
uncorrected and compared with PYTHIA Tune
DW after detector simulation.

PT(chgjet#1) Direction
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on the “transverse” charged particle density,
dN/dnde, as defined by the leading charged
particle (PTmax) for charged particles with p; >
0.5 GeV/c and#f)| < 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
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7 ATLAS corrected data 7 TeV
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"Transverse" Charged PTsum Density: dPT/dnd@
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=®» CMS preliminary data at 900 GeV and 7
TeV on the “transverse” charged PTsum
density, dPT/dq, as defined by the leading
charged patrticle jet (chgjet#1) for charged
particles with p; > 0.5 GeV/c andnij| < 2. The
data are uncorrected and compared with
PYTHIA Tune DW after detector simulation.

PT(chgjet#1) Direction

» ATLAS preliminary data at 900 GeV and 7

TeV on the “transverse” charged PTsum
density, dPT/dndq, as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 2.5. The data are corrected and
compared with PYTHIA Tune DW at the
generator level. "m0
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"Transverse" Charged Particle Density: dN/dnd@
. . . 1.2
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=®» CDF published data at 1.96 Te\on the
“transverse” charged particle density,
dN/dndeq, as defined by the leading
calorimeter jet (jet#1) for charged particles
with pr > 0.5 GeV/c andnj| < 1.0. The data
are corrected and compared with PYTHIA
Tune DW at the generator level.
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"Transverse" Charged Particle Density: dN/dndg "Transverse" Charged Particle Density: dN/dnd@
1.2 1.2
1CMS Prelimi T i
2 T dataur:(:olr:ztl:geiry 7 TeV E E E E 2 1 C(E)afailéglelftzsd 1.96 Tev
§ 9y t DYDW+.SLM.............. i_u [] § Ny ! yDW generator level
Eo CMS o
§, 0.4+ B 04
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© : Charged Particles (|n|<2.0, PT>0.5 GeV/c) © Charged Particles (Inl<1.0, PT>0.5 GeVic)
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PT(chgjet#1) GeVic PT(jet#1) GeVic
% CMS preliminary data at 900 GeV and 7 =» CDF published data at 1.96 Te\on the
TeV on the “transverse” charged particle “transverse” charged particle density,
density, dN/chdg, as defined by the leading dN/dnde, as defined by the leading
charged particle jet (chgjet#1) for charged calorimeter jet (jet#1) for charged particles
particles with pr > 0.5 GeV/c andfj| <2. The with pr > 0.5 GeV/c andrj| < 1.0. The data
data are uncorrected and compared with are corrected and compared with PYTHIA
PYTHIA Tune DW after detector simulation. Tune DW at the generator level.
PT(chgjet#1) Direction PT(jet#1) Direction
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"Transverse" Charged Particle Density: dN/dnd@ "Transverse" Charged Particle Density: dN/dnde@
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S il Tl R
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S o8| bl L L 8 g | e CDF 1.96 TeV _
o o [ [ ] ]
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=®» CMS preliminary data at 900 GeV and 7 =» CDF published data at 1.96 Te\on the
TeV on the “transverse” charged particle “transverse” charged particle density,
density, dN/dnde, as defined by the leading dN/dnde, as defined by the leading
charged patrticle jet (chgjet#1) for charged calorimeter jet (jet#1) for charged particles
particles with p; > 0.5 GeV/candifj| <2. The  with pr > 0.5 GeV/c andnj| < 1.0. The data
data are uncorrected and compared with are corrected and compared with PYTHIA
PYTHIA Tune DW after detector simulation. Tune DW at the generator level.
PT(chgjet#1) Direction PT(jet#1) Direction
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gt® Iransverse C

"Transverse" Charged Particle Density: dN/dnd@ Rick Field
1.2
2 1 RDF Preliminary MB&UE@CMS WOFkShOp
§ :pyTune DW generator level ey CERN, November 6, 2009
J e
B 08
g \.)
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PTmax Direction PTmax Direction

900 GeV— 7 TeV

=» Shows the charged particle density in thétransverse” region for charged particles (g > 0.5
GeVic, h| <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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Ratio: 7 TeV/900 GeV
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and 7 TeVon the “transverse” charged

particle density, dN/dndg, as defined by the

leading charged patrticle jet (chgjet#1) for

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

< 2. The data are uncorrected and compared

with PYTHIA Tune DW after detector
simulation.

PT(chgjet#1) Direction

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

900 GeV and 7 TeVon the “transverse”
charged particle density, dN/dyde, as
defined by the leading charged particle
(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 levelr ="

\eq)
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"Transverse" Charged PTsum Density: dPT/dnd@

4.0
+ CMS Preliminary
1 datauncorrected

o PYDWASIM - oo

w
o

Ratio: 7 TeV/900 GeV
N
o

= !
o
A

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

7 TeV /900 GeV

OO il T T T T T T T T
0 2 4 6 8 10 12 14 16 18
PT(chgjet#1) (GeVic)

4.0

TRDF Preliminary
TATLAS corrected data
3.0 T pyDW generator level & | T ]

Ratio: 7 TeV/900 GeV

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

OO T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12
PTmax (GeV/c)

=» 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|
< 2. The data are uncorrected and compared
with PYTHIA Tune DW after detector
SI m ulatlon ) PT(chgjet#1) Direction

=» Ratio of the ATLAS preliminary data at 900
GeV and 7 TeVon the “transverse” charged
PTsum density, dPT/dyde@, as defined by the
leading charged particle (PTmax) for charged
particles with p; > 0.5 GeV/c andij| < 2.5.
The data are corrected and compared with
PYTHIA Tune DW at the generator level.

PTmax Direction
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"Transverse" Charged Particle Multiplicity Same hard scale at
1.0E+00 .
PT(chgjetl) >3 GeVIc  cyis prefiminary two different center-
1.0E-01 data uncorrected Of-maSS energIeS|
pyDW + SIM
1.0E-02 /
> CMS
% 1.08-03 900 GeV PT(chgjet#1) Direction
o A
S 1.0E-04
o
1.0E-05 ==
Normalized to 1 ol |
1.0E-06 s ¥
Charged Particles (|n|<2.0, PT>0.5 GeV/c)
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=®» CMS uncorrected data at 900 GeV and 7 TeV on the chged particle multiplicity distribution

in the “transverse” region for charged particles (g > 0.5 GeV/c, 1| < 2) as defined by the
leading charged patrticle jet, chgjet#1, with PT(chpet#1) > 3 GeV/c compared with PYTHIA

Tune DW at the detector level (.e. Theory + SIM).

~

Shows the growth of the
“underlying event” as the center-of-mass energy inaases.
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"Transverse" Charged Particle Multiplicity Same center-of-mass
energy at two

1.0E+00
7 Tev CMS Preliminary .
|
1.0E-01 data uncorrected different hard scales!
pyDW + SIM
1.0E-02 )
> ET.(chgjet#l) > 20 GeVl/c
E 1.0E-03 2n : -
g A PT(chgjet#1) Direction
o 1.0E-04
o
1.0E-05
| CMS .
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Charged Particles (|n|<2.0, PT>0.5 GeV/c) ¢
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=®» CMS uncorrected data at 7 TeV on the charged parti@ multiplicity distribution in the
“transverse” region for charged particles (g > 0.5 GeV/c, 1§| < 2) as defined by the leading
charged patrticle jet, chgjet#1, with PT(chgjet#1) 33 GeV/c and PT(chgjet#1) > 20 GeV/c
compared with PYTHIA Tune DW at the detector level (.e. Theary + SIM).

~

Shows the growth of the
“underlying event” as the hard scale increases,

V)
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How well

Y TEIA - TTURe DVV.

did we do at predicting the “underlying event” at 900 GeV and 7 TeV?

"Transverse" Charged Density

“'Transverse" Charged Particle Density: dN/dndq;l

0.8

1CMS Preliminary
data uncorrected

0.6

0.4

0.2 4

M? **********

900 GeV
Tune DW Charged Particles (Jn|<2.0, PT>0.5 GeVic)
0.0 | | | | | : : :
0 2 4 6 8 10 12 14 16

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

18

=»| am surprised that the

Tunes did as well as they did
at predicting the behavior of

the “underlying event” at

900 GeV and 7 TeV!

ECT* - QCD at the LHC
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‘"Transverse" Charged Particle Density: dN/dndq)l

Rick Field — Florida/CDF/CMS
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UE SUummary/

=» The “underlying event” at 7 TeV and
900 GeV is almost what we expected!
With a little tuning we should be able
to describe the data very well (see Underlying Event
Tune Z1 later in this talk). —

Outgoing Parton

Initial-State Radiation
. ‘-l"

Proton

Underlying Event

Final-State
Radiation

Outgoing Parton

=» | am surprised that the Tunes did as well as
they did at predicting the behavior of the
“underlying event” at 900 GeV and 7 TeV! (:Y\d\
Remember this is “soft” QCD! PARP(90)

=»“Min-Bias” is a whole different story!
Much more complicated due to
diffraction!

PARP(82)

Connections
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> UE Summary.

st

Outgoing Parton

®» The “underlying event” at 7 TeV

PT(hard)
Initial-State Radiation
) AT 4

Proton

Underlying Event

should be able

very well.
Warning! All the UE studies look

at charged particles with p- > 0.5 GeV/c.
_ We do not know if the models correctly
they did at predl>  describe the UE at lower p values!

=»“Min-Bias” is a whole diffe
Much more complicated d
diffraction!

Connections
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Field University or Chicago

July 11, 2006

Leading Jet Back-to-Back ‘"TransMAX" ETsum Density: dET/dnd(pl

Jet #1 Direction Jet #1 Direction 7.0 i
CDF Run 2 Preliminary l
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) B BB s sy sy s gt )]
Jet #2 Directio =1 aponir=o7ingeny <2 PYTUReA ] partictes (ni<1.0,all PT)
1r on 0.0 } } } } } } } }
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®» Shows the data on the toweETsum PT(et#1) (Gevic)
density, dETsun/dndg, in the “transMAX” ransMIN' ETsum Density: dETIdnd]
“ " . "TransMIN" ETsum Density: n
and “transMIN” region (E; > 100 MeV, .

CDF Run 2 Preliminary MidPoint R = 0.7 [nGet#1) < 2

In| < 1) versus R(jet#1) for “Leading Jet”

ta corrected to particle level

25+
Particles (|n|<1.0, all PT)

and “Back-to-Back” events. 2 | aesTev
= Compares the ¢orrected) data with E "Leading Jet I %
. gLsy PPITIEEEEII T R , ¢ }
PYTHIA Tune A (with MPI) and | mﬁl—ﬂimm; I
HERWIG (without MPI) at the particle T e Sttt ——

level (all particles, h| < 1).

0 50 100 150 200 250 300 350 400 450
PT(jet#1) (GeV/c)
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RICK Flela University o1 Chicago

July 11, 2006

Leading Jet BaCk'to_'Ba_‘Ck ‘"TransMAX" ETsum Density: dET/dnd(pl
Jet #1 Direction Jet#1 Direction 7.0 l

AL s 6o CDF Run 2 Preliminary
. Q | datacorrecfed to particlefevel” ~ ~~ ~ "~ " " " " " T T 7T T 7 -
A I R RN
ETsum density in the %40 =] SRR
TTransMAX" g ransMiNe “transferse” region! Loso | EmEEL "Back-to-Back" {
HERWIG does slightly 2,0 ,,,?,1}}}}}},{1{;,5;5,1_,1_,:_,z_,g,z,i,i,_,_I,J, o
better than Tune Al Sl | _ A% [
Jet#z Direction L_ 0.0 Mldp?mt R:O? lnGEt#l? - ‘ ‘une  Porticies (ni<L0. al PT)
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®» Shows the data on the toweETsum PT(et#1) (Gevic)
density, dETsun/dndg, in the “transMAX” ransMIN' ETsum Density: dETIdnd]
“ " . "TransMIN" ETsum Density: n
and “transMIN” region (E; > 100 MeV, .

CDF Run 2 Preliminary MidPoint R = 0.7 [nGet#1) < 2

In| < 1) versus R(jet#1) for “Leading Jet”

ta corrected to particle level

25+
Particles (|n|<1.0, all PT)

and “Back-to-Back” events. 2 | aesTev
= Compares the ¢orrected) data with E "Leading Jet I %
. gLsy PPITIEEEEII T R , ¢ }
PYTHIA Tune A (with MPI) and | mﬁl—ﬂimm; I
HERWIG (without MPI) at the particle T e Sttt ——

level (all particles, h| < 1).
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PT(jet#1) (GeV/c)

ECT* - QCD at the LHC Rick Field — Florida/CDF/CMS Page 18
Trento September 28, 2010



RIC

K [F1eld University o1 Chicago

Jet #1 Direction

“TransMAX” “TransMN"

“Leading Jet”

Jet #1 Direction

“TransMAX” !‘ “TransMIN”

Jet #2 Direction

“Back-to-Back”

July 11, 2006

“transDIF” is more sensitive to
the “hard scattering” component
of the “underlying event”!

®» Use the leath
event basis with

®» Shows the‘transDIF”

"TransDIF" ETsum Density: dET/dnd(pl
5.0 Ii
S CDF Run 2 Preliminary [
Q)‘i 40 | data corrected to particle level
> "Leading Jet"
= 1.96 TeV = = om o=
3 ! ]
Q 3.0+ T 1
£ mql 2
5 27 1
(%] O
G 5t
H20tF----- or-- o
b T "Back-to-Back" {
o L
% | AL L9 e g - -
2 10 [t i ——t—t—d—a—a —m—=_=
e MidPoint R = 0.7 [n(et#1) < 2 Particles (n|<1.0, all PT)
0.0 1 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400 450
PT(jet#1) (GeV/c)

to define the MAX and MIN “transverse” regions on an event-by-

(MIN) having the largest (smdkest) charged PTsum density.

1) versus R(jet#1) for “Leading Jet” and “Back-to-Back” events.
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AX-MIN ETsum density , dETsun/dnde, for all particles (Jn| <
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RICK FIeld Umveur/ 01 Chicago

July 11, 2006
| Possible Scenario?? ]

"Transverse" pr Distribution: dN/dp ®» PYTHIA Tune A fits the charged particle
L0B01 5 PTsum density for p; > 0.5 GeV/c, but it
Sharp Rise at Possible Scenario??
Low PT? ’: does not produce enough ETsum for
But | cannot get any .
g 1.0E+00 = of the Monte-Carlo to towers with ET > (0.1 GeV.
= do this perfectly!
2 108015 m— ®» |t is possible that there is a sharp rise in
. : ieracions the number of particles in the “underlying
g LOE02y event” at low p; (i.e. pr < 0.5 GeV/c).
é 1 Beam-Beam
= 10E-03 & Remnants
TR ®» Perhaps there are two components, a vary
“soft” beam-beam remnant component
1.0-04 S (Gaussian or exponential) and a “hard”
00 05 10 15 20 25 30 35 40 45 50 . . .
o All Particles (Gevic) multiple interaction component.
ECT* - QCD at the LHC Rick Field — Florida/CDF/CMS Page 20
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Charged Particle Density: dN/dn r%\ Charged Particle Density: dN/dn r%%\
5 5

RDF Preliminary . RDF Preliminary .
> >
g4 [ 4;:;1%: x E"ﬁ’}é{"i’; xa
i
A ItKI%&Ii &ixix Laaa 8'?%‘? = X
7777777 A a®* T T v 3+
gorttT———— ¥ 23,
5 5
o 5 _ o 5 _
3 B ALICE INEL 3 A UAS5
o (@]
§, NEL=HCsDD+sD Avwsme ) L EL | Nsp=WesoD e L]
O 900 GeV pyDW INEL (2.67) 5 900 GeV py3326 lr(r;m( 3 0)9
Charged Particles (all py) PyS320 INEL (2.70) Py _10mm (3.09)
0 } } } } T T T T T T T O T T T T T T T T T T T
-30 -25 -20 -15 -10 -05 0.0 0.5 1.0 1.5 2.0 2.5 3.0 -30 -25 -20 -15 -10 -05 0.0 0.5 1.0 1.5 2.0 25 3.0
PseudoRapidity n PseudoRapidity n
“Minumum Bias” Collisions “Minumum Bias” Collisions

Proton ; %x% 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 new+ordered parton shower and the new MPI
model. The numbers in parentheses are the averagalue of dN/d for the region
In| < 0.6.
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L HC

Charged Particle Density: dN/dn r%\ Charged Particle Density: dN/dn r%%\
5 5

RDF Preliminary L RDF Preliminary IS
g47 g ;x%; ************* P S
x by x x i i
g A A a a4 % § I é 1? &1 §
2" %\ © 3 7\
2 2 ki
D‘? 2 4 - - _________ o g 2 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, — —
3 _| Offby 11%! e 8 s Us
3 INEL = HC+DD+SD — W ALICE
I A 900GeV - \@rged Particle Density: dN/dn| | e o 32
Charged Particles (all py) 5 AN py _10mm (3.09)
0 } } } } } T T T T T T
-30 -25 -20 -15 -10 -0.t > a 00 05 1.0 1.5 20 25 30
Pself £ E JoRapidity n
o . " L
QL 3+
“Minumum B] 2 1 ~ [ias” Collisions
gl
Proton 'é’ o ALICE INEL Proton
8 1 I i A UA5 INEL
o 900 GeVv ——pyDW times 1.11 (2.97)
Charged Particles (all py) ——pyS320 times 1.11 (3.00)
0 | | | | | | | | | 1 1
®» Compares the 9(] 3o 25 20 45 10 05 00 o5 10 15 20 25 302 S320 Perugia 0
PseudoRapidity n
Tune DW uses ti : VPl model. Tune

S320 uses the new,pordered parton shower and the new MPI model. The
numbers in parentheses are the average value of dhy for the region n| < 0.6.

ECT* - QCD at the LHC Rick Field — Florida/CDF/CMS Page 22
Trento September 28, 2010




=» None of the tunes fit the
ATLAS INEL dN/d n
data with PT > 100
MeV! They all predict
too few particles.

®» The ATLAS Tune
AMBT1 was designed to
fit the inelastic data for
Nchg> 6 with p; > 0.5
GeV/c!

ECT* - QCD at the LHC
Trento September 28, 2010

Vs = 0.9 TeV

T T T ] = T T T T ]

5 p_>100 MeV, In1<2.5,n,= 2 k= Eﬁ p_>100 MeV, In 1<25, n,= 2 ]
Ns =0.9 TeV 2| e \s=7TeV 3

. ATLAS Preliminary - :-_3'; ATLAS Preliminary E
3¢ ~TEmeETE I — T e .
ol — ] =
- ata 2009 - -
B — PYTHIA ATLAS AMETH 5 = — PYTHIA ATLAS AMETH ]

B ~=+ PYTHIA ATLAS MC09 i ol -=- PYTHIA ATLAS MC09 =
1= = PYTHIA DW C = PYTHIA DW ]
C --= PYTHIA 8 Off by 20-50%! 1 == PYTHIA 8 =
- = PHOJET - - PHOJET =
-I Il!llll!lll!!ll!I!Illl!|Il|!||l|sl|ll!llll!llll_ :|II-| Ill!llll!lll!!IIlI!IIlIElIll!llll!Illl!llll:
o[- == Data Uncertainties e 145 = Data Uncertainties E
- === MC/Data 1 12F - MC/Data 3
EE == T e —— e,

0 EWﬂu;w&wwwwuwwwwmwwaﬂ;:-;li-'ux-_;w T
T e Y iy S —— ——— —— " "=

0.6 :
B85 .9 35 1-085 0,05 1 15 2 25

. E T
A/_/ Soft particles!

Nch 2 2; pr> 100 MeV
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Charged Particle Density: dN/dn If one increases the
c hard scale the
RDF Preliminary At Least 1 Charged Particle |n| < 0.8 agreement improves!

] 900 GeV
J ALICE INEL data
* ? 4 - pyDW generator level pT >0.15 GeV/c
]
3 Tune DW LI B P
O B e e ~
S s /
] pT > 0.5 GeVic
7T
3 /l_l_l_l_l_l_l_l\
>
I
6 14— —————a—a_  pT>10GeV/c- - -
0 T T T T T T T
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
PseudoRapidity n

=®» ALICE inelastic data at 900 GeV on the dNA 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.

The same thing occurs at 7 TeV!
ALICE, ATLAS, and CMS data coming soon.
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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+ === ZpT>71£LGeWe~~
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 dNA 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).

Cannot trust PYTHIA 6.2 modeling of diffraction!
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(o]
]
]
[ ]
[ ]

I
|

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/d (all pT). Shows the NSD = HC + DD and the HC = ND
contributions for Tune DW. Also shows the CMS NSD data.

Off by 50%!
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CIVIS dIN/dr

Charged Particle Den3|y/ l
8 ﬁ\

7TeV
>
| |

LT s |

Okay if the Monte-Carlo does not fit
the data what do we do?
We tune the Monte-Carlo

> to fit the datal!

DD and the HC = ND
ta.

=» Generatg .
contributions for Tune
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CIVIS dIN/dr

Charged Particle Den3|y/ l
i— AN

8
7 TeV
>
i ]

Bo kay if the Monte-Carlo does not fit
the data what do we do?
We tune the Monte-Carlo
to fit the data!
Be careful not to tune away new physics!

®» Generatg . DD and the HC = ND
contributions for Tune
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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!

ECT* - QCD at the LHC Rick Field — Florida/CDF/CMS
Trento September 28, 2010
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PYTHIA Tune Z1

e

Parameters not
shown are the
PYTHIA 6.4 defaults!

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

"Transverse" Charged Particle Density: dN/dnd@

1.2

T CMS Preliminary
| datauncorrected
Theory + SIM

7 TeV

o
o)
|

_____

o
~

o
o

20 25 30 35 40 45

PT(chgjet#1) GeV/c

o
o+

50

Charged Particle Density

"Transverse" Charged Particle Density: dN/dnd@

1.2

0.8

T CMS Preliminary
| datauncorrected
pyZ1 + SIM

o
~

L]

| CMS

Tune Z1

Charged Particles (n|<2.0, PT>0.5 GeV/c)
Il Il Il Il Il
T T T T T

o
o

20 25 30 35 45

PT(chgjet#1) GeV/c

5 10 15 40 50

o

=®» CMS preliminary data at 900 GeV and 7

TeV on the “transverse” charged patrticle

density, dN/dndq, as defined by the leading

charged patrticle jet (chgjet#1) for charged
particles with p; > 0.5 GeV/c andn| < 2.0.

The data are uncorrected and compared with

PYTHIA Tune DW and D6T after detector

®» CMS preliminary data at 900 GeV and 7

ECT* - QCD at the LHC
Trento September 28, 2010

simulation (SIM). G 9
Color reconnection su ' Tune 21 (CTEQSL) N
N sUppression. PARP(82) = 1.932
Color reconnection strength. PARP(90) = 0.275
<\ PARP(77) = 1.016
[T PARP(78) = 0.538
J

TeV on 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 andn| < 2.0.
The data are uncorrected and compared with
PYTHIA Tune Z1 after detector simulation
(SIM).

Rick Field — Florida/CDF/CMS

Tune Z1 is a PYTHIA 6.4 using
pr-ordered parton showers and
the new MPI model!
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1.6

"Transverse" Charged PTsum Density: dPT/dnde

TcMS Preliminary
1 datauncorrected

1.2 +--Theory+SIM _ _ _ ____

1.6

Charged PTsum Density (GeV/c)

Charged Particles (|n|<2.0, PT>0.5 GeV/c)
Il Il Il Il

Charged PTsum Density (GeV/c)

20 25

15

30
PT(chgjet#1) (GeV/c)

TCMS Preliminary
r datauncorrected

35 40 45 50

25 30 35

20
PT(chgjet#1) (GeV/c)

40 45 50

®» CMS preliminary data at 900 GeV and 7
TeV on the “transverse” charged PTsum
density, dPT/dndg, as defined by the leading
charged patrticle jet (chgjet#1) for charged
particles with p; > 0.5 GeV/c and| < 2.0.
The data are uncorrected and compared with
PYTHIA Tune DW and D6T after detector

(0

simulation (SIM).

Color reconnection suppression.
Color reconnection strength.

(SIM).
Tune Z1 (CTEQ5SL)
PARP(82) = 1.932

PARP(90) = 0.275
PARP(77) = 1.016
— PARP(78) = 0.538

\‘ Tune Z1 is a PYTHIA 6.4 using

p;-ordered parton showers and
the new MPI model!

ECT* - QCD at the LHC
Trento September 28, 2010

J
Rick Field — Florida/CDF/CMS

=®» CMS preliminary data at 900 GeV and 7
TeV on the “transverse” charged PTsum
density, dPT/dq, as defined by the leading
charged patrticle jet (chgjet#1) for charged
particles with p; > 0.5 GeV/c andn| < 2.0.
The data are uncorrected and compared with
PYTHIA Tune Z1 after detector simulation
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"Transverse" Charged Density

1.2

0.8

o
~

o
o

"Transverse" Charged Particle Density: dN/dndg

1 RDF Preliminary

| ATLAS corrected data { T 7 Tev...

| Tune Z1 generator lgvel { + %
Charged Particles (|n|<2.5, PT>0.5 GeV/c)

10 12 14 16 18
PTmax (GeV/c)

o
N
N O+
(]
[e¢]

20

"Transverse" Charged PTsum Density: dPT/dnd@

1.5
1 RDF Preliminary
D 7 ATLAS corrected data 7 TeV
S '| Tune Z1 generator level
[ 7 =
€10+
> ]
‘©
c
o)
e 900 GeV
g 0.5
(7]
3 ATLAS
1 Tune Z1 Charged Particles (Jn|<2.5, PT>0.5 GeV/c)
0.0 \ 1 1 \ 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18

PTmax (GeV/c)

20

» ATLAS preliminary data at 900 GeV and 7

TeV on the “transverse” charged patrticle

density, dN/dndq, as defined by the leading

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

(0

Color reconnection suppression.
Color reconnection strength.

Tune Z1 (CTEQS5L)
PARP(82) = 1.932
PARP(90) = 0.275

| PARP(77) = 1.016

PARP(78) = 0.538

~

®» ATLAS preliminary data at 900 GeV and 7

TeV on the “transverse” charged PTsum

density, dPT/dq, as defined by the leading

charged particle (PTmax) for charged

particles with p; > 0.5 GeV/c andn| < 2.5.
The data are corrected and compared with
PYTHIA Tune Z1 at the generrator level.

\

Tune Z1 is a PYTHIA 6.4 using
p;-ordered parton showers and

ECT* - QCD at the LHC
Trento September 28, 2010
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the new MPI model!
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Ratio: 7 TeV/900 GeV

3.0

T CMS Preliminary +

| datauncorrected

theory + SIM J_
20 - A oW o e o e
o = TemMs
7 TeV /900 GeV

T Charged Particles (|n|<2.0, PT>0.5 GeV/c)
0.0 \ 1 1 1 1 1 1

0 2 4 6 8 10 12 14 16 18

PT(chgjet#1) (GeV/c)

7 TeV/900 GeV

Ratio:

"Transverse" Charged Particle Density: dN/dnd@

3.0

T CMS Preliminary
: data uncorrected Tu ne Zl
pyZ1 + SIM {
A i**:****i ****** i |
T [ ]
5 Tt T
e CMS
7 TeV /900 GeV
T Charged Particles (n|<2.0, PT>0.5 GeV/c)
0.0 ‘ ‘ 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18

PT(chgjet#1) (GeV/c)

and 7 TeV (7 TeV divided by 900 GeVpn the
“transverse” charged particle density as
defined by the leading charged patrticle jet
(chgjet#1) for charged particles with g > 0.5
GeV/c and | < 2.0. The data are
uncorrected and compared withPYTHIA
Tune DW, D6T, CW, and PQOafter detector
simulation (SIM).

ECT* - QCD at the LHC
Trento September 28, 2010

Rick Field — Florida/CDF/CMS

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

and 7 TeV (7 TeV divided by 900 GeVpn the
“transverse” charged particle density as
defined by the leading charged patrticle jet
(chgjet#1) for charged particles with g > 0.5
GeV/c and | < 2.0. The data are
uncorrected and compared withPYTHIA
Tune Z1 after detector simulation (SIM).
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Ratio: 7 TeV/900 GeV

3.0 *
[CMS Preliminary
| datauncorrected
theory + SIM -
20— o T T e m| | = =]
' PO
L
I e e
1 7 TeV /900 GeV Charged Particles (Jn|<2.0, PT>0.5 GeV/c)
0.0 T T T T } } } T
0 2 4 6 8 10 12 14 16 18

PT(chgjet#1) (GeV/c)

Ratio: 7 TeV/900 GeV

"Transverse" Charged PTsum Density: dPT/dnde

3.0

|CMS Preliminary  Tune Z1
| datauncorrected
pyZ1 + SIM
§ i ,|v, .
1 7 TeV /900 GeV Charged Particles (|n|<2.0, PT>0.5 GeV/c)
O-O | | | |

0 2 4 6 8 10 12 14 16

PT(chgjet#1) (GeV/c)

18

and 7 TeV (7 TeV divided by 900 GeVpn the
“transverse” charged PTsum density as
defined by the leading charged patrticle jet
(chgjet#1) for charged particles with g > 0.5
GeV/c and | < 2.0. The data are
uncorrected and compared withPYTHIA
Tune DW, D6T, CW, and PQOafter detector
simulation (SIM).

ECT* - QCD at the LHC
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Rick Field — Florida/CDF/CMS

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

and 7 TeV (7 TeV divided by 900 GeVpn the
“transverse” charged PTsum density as
defined by the leading charged patrticle jet
(chgjet#1) for charged particles with g > 0.5
GeV/c and | < 2.0. The data are
uncorrected and compared withPYTHIA
Tune Z1 after detector simulation (SIM).
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"Transverse" Charged Particle Density: dN/dndg|

4.0

T RDF Preliminary
T ATLAS corrected data

w
o

Ratio: 7 TeV/900 GeV
N
o

=
(=}

7 TeV /900 GeV

0.0+

: ﬁ;{ ********************
1 :
ATLAS

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

11
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Ratio: 7 TeV/900 GeV

4.0

T RDF Preliminary

T ATLAS corrected data
3.0 | TuneZlgeneratorlevel g | ¢ |

| Tunez1 xy
20 -~ ﬁ Y1
1.0 T

t ATLAS

7 TeV /900 GeVv Charged Particles (|n|<2.5, PT>0.5 GeV/c)

0.0 T T T T T T T T T T T

0 1 2 3 4 5 6 7 8 9 10 11 12

PTmax (GeV/c)

=» Ratio of the ATLAS preliminary data on the
charged particle density in the“transverse”
region for charged patrticles (g > 0.5 GeV/c,
In| < 2.5) at900 GeV and 7 TeVas defined by

PTmax compared withPYTHIA Tune Z1 at

the generator level.

ECT* - QCD at the LHC
Trento September 28, 2010

=» Ratio of the ATLAS preliminary data on the
charged PTsum density in thé‘transverse”

region for charged patrticles (g > 0.5 GeV/c,
In| < 2.5) at900 GeV and 7 TeVas defined by

PTmax compared withPYTHIA Tune Z1 at

the generator level.

Rick Field — Florida/CDF/CMS
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"Transverse" Charged Particle Density: dN/dnd@

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

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 andnij| < 2. The

data are uncorrected and compared with

PYTHIA Tune Z1 after detector simulation.

12 1.2
T CMS Preliminary CDF Run 2
> | datauncorrected 7 Tev E ‘E data corrected 1.96 Tev
D pyZ1 + SIM c yZ1 generator level
& 7 a
[ R R T e~ i +
508 Eio.s T LA LLE L LI i ) +
= ©
& 900 GeV 5
§ | % Tune Z1
© 0.4+ e e 0.4+
> 1 > "Leading Jet"
s C M S = C D F MidPoint R=0.7 [n(jet#1)|<2
O —
1 TU ne Zl Charged Particles (n|<2.0, PT>0.5 GeV/c) e Charged Particles (n|<1.0, PT>0.5 GeV/c)
0.0 1 1 1 w 1 1 1 1 1 0.0 - \ \ \ \ 1 1 1
0 5 10 15 20 25 30 35 40 45 0 50 100 150 200 250 300 350 400
PT(chgjet#1) GeV/c PT(jet#1) (GeVic)
= CMS preliminary data at 900 GeV and 7 % CDF published data at 1.96 Te\bn the

“transverse” charged particle density,
dN/dndeq, as defined by the leading
calorimeter jet (jet#1) for charged particles
with pr > 0.5 GeV/c andnj| < 1.0. The data
are corrected and compared with PYTHIA
Tune Z1 at the generator level.

ECT* - QCD at the LHC Rick Field — Florida/CDF/CMS Page 37

Trento September 28, 2010



"Transverse" Charged Particle Density: dN/dnd@

Oops Tune Zlis
slightly high at CDF! |rged Particle Density: dN/dnde

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 andnij| < 2. The

data are uncorrected and compared with

PYTHIA Tune Z1 after detector simulation.

T CMS Preliminary CDF Ru
> [ datauncorrected 7 Tev E ‘E data corrected 1.96 Tev
0 pyZ1 + SIM S yZ1 generator level
g a
o 8087 M L L L LI LA L B ") +
= ©
5 &}
: % Tune Z1
o) s 0.4 .
=g > "Leading Jet"
3 = C D F MidPoint R=0.7 [n(iet#1)|<2
(@) —
1 TU ne Zl Charged Particles (n|<2.0, PT>0.5 GeV/c) e Charged Particles (n|<1.0, PT>0.5 GeV/c)
0.0 1 1 1 w 1 1 1 1 1 0.0 - ‘ ‘ ‘ ‘ 1 1 1
0 5 10 15 20 25 30 35 40 45 50 0 50 100 150 200 250 300 350 400
PT(chgjet#1) GeV/c PT(jet#1) (GeVic)
= CMS preliminary data at 900 GeV and 7 % CDF published data at 1.96 Te\bn the

“transverse” charged particle density,
dN/dndeq, as defined by the leading
calorimeter jet (jet#1) for charged particles
with pr > 0.5 GeV/c andnj| < 1.0. The data
are corrected and compared with PYTHIA
Tune Z1 at the generator level.
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Y RIA fUne 21

MPI Cut-Off P1o(W¢m)
35 -
{ RDF Very Preliminary
B0 oo e oo oo D
1 CDF 1.96 TeV
ra 4
S 25 T T ST T T T T T T T T T
] i
e ] i
220--——-—--- A~ --—--——- -
o ]
] = e
e — Pro(W)=po(W/WO)
CMS 900 GeV
1.0 } T T T T
0 2000 4000 6000 8000 10000 12000
Center-of-Mass Energy W, (GeV)

=» MPI Cut-Off versus the Center-of Mass Energy W,,,; PYTHIA Tune Z1was determined
by fitting p 1o independently at 900 GeV and 7 TeV and calculating= PARP(90). The
best fit to p;g at CDF is slightly higher than the Tune Z1 curve.This is very preliminary!
Perhaps with a global fit to all three energiesi(e. “Professor” tune) one can get a
simultaneous fit to all three??

Pro(W)=p1o(W/W )¢ €=PARP(90) p,=PARP(82) W=EF,
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Y RIA TUne Z1

MPI Cut-Off PTO(Wcm)

3.5
1 RDF Very Preliminary

30 -
] CDF 1.96 TeV
% B ' ,,,,,,,,,, R

s
3]
Q, 4
220+--—-—-f A - B e \_
o ]
K N ..
] s 500 Gov More UE activity for
10 - | | | | | W>7 TeV!I??
0 2000 4000 6000 8000 10000 12000

Center-of-Mass Energy W.,, (GeV)

=» MPI Cut-Off versus the Center-of Mass Energy W,,,; PYTHIA Tune Z1was determined
by fitting p 1o independently at 900 GeV and 7 TeV and calculating= PARP(90). The
best fit to p;g at CDF is slightly higher than the Tune Z1 curve.This is very preliminary!
Perhaps with a global fit to all three energiesi(e. “Professor” tune) one can get a

simultaneous fit to all three??
Pro(W)=po(W/W )¢ €=PARP(90) p,=PARP(82) W=E,
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Pyt
Bug in versions older than 8.140, affecting hard QCD events.

Transverse region charged particle density
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hia 8 — UF Hendrik Hoeth ISMD2010

New PYTHIA 8

®» New PYTHIA 8.142 “professor” tune from Hendrik Hoeth.

ECT* - QCD at the LHC
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tune!
Transverse region charged pT sum density //
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PYIHIA & Tunes
P thla 8. 142 First Tuning Results
y 5 New PYTHIA 8
Hendrik Hoeth ISMD2010 el
Trans. region Ny, density vs. p . (/5 = goo GaV) Trans, region Ny, density vs. py (5 =7TeV)
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®» New PYTHIA 8.142 “professor” tune from Hendrik Hoeth.
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®» New PYTHIA 8.142 “professor” tune from Hendrik Hoeth.

= Fits nicely 1.96 TeV and 7 TeV, but is low at
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"Transverse" Charged Particle Multiplicity "Transverse" Charged Particle Multiplicity
1.0E+00 1.0E+00 £
PT(chgjet#1) >3 GeVic  CMS Preliminary PT(chgjet#1) > 3 GeV/c CMS Preliminary
~ data uncorrected | & data uncorrected
1.0E-01 'It'heory . S”\t/l 1.0E-01 | C M S tpyZl : S|Mt
1.0E-02 1.0E-02 ” Tune Zl
£ 10E-03 £ 10E-03 +
E E 900 GeV 7Tev
© 1.0E-04 © 1.0E-04 £
a o ES
1005+ L=\ ___/ 1.0E-05 L
Normalized to 1 LE_ ; Normalized to 1
1.08-06 EE 1.08-06 ” Charged Particles (|n|<2.0, PT>0.5 GeVi/c) II
Charged Particles (|n|<2.0, PT>0.5 GeV/c) T
1.0E-07 - 1 1 1 1 1 1 b 1.0E-07 ‘ ‘ ‘ ‘ ‘ ‘ |
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Number of Charged Particles Number of Charged Particles
=» CMS uncorrected data at 900 GeV and 7 TeV on® CMS uncorrected data at 900 GeV and 7
the charged particle multiplicity distribution in TeV on the charged particle multiplicity

the “transverse” region for charged particles (g  distribution in the “transverse” region
> 0.5 GeV/c, | < 2) as defined by the leading for charged particles (pr > 0.5 GeV/c, |
charged particle jet with PT(chgjet#1) > 3 GeV/c < 2) as defined by the leading charged
compared with PYTHIA Tune DW and Tune D6T particle jet with PT(chgjet#1) > 3 GeV/c
at the detector level (.e. Theory + SIM). compared with PYTHIA Tune Z1 at the
detector level {.e. Theory + SIM).
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PISsum Distrinution

"Transverse" Charged PTsum Distribution "Transverse" Charged PTsum Distribution
1.0E+00

1.0E+00

PT(chgjet#1)>3Gevie ~ CMSPreliminary R PT(chgjet#1) >3 Gevic ~ CMS Preliminary
data uncorrected B data uncorrected

1.0E-01 == Theory + SIM 1.0E-01 C M S pyZ1i+ SIM
Tune Z1

1.0E-02 1.0E-02 =
> >
S 10E-03 S 1.0E-03 =
o 3] 1 900 GeV
o [ 1
1.0E-04 1.0E-04 =
1.0E-05 Normalizedto1 ~ ~~ -~~~ 1.0E-05 ES Normalized to 1
Charged Particles (n|<2.0, PT>0.5 GeV/c) Charged Particles (|n|<2.0, PT>0.5 GeV/c) IIEE
1.0E-06 f f f f f f f f f 1.0E-06 f f f f f f f f \e
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
PTsum (GeVic) PTsum (GeVic)

=®» CMS uncorrected data at 900 GeV and 7 Te CMS uncorrected data at 900 GeV and 7 TeV
on the charged scalar PTsum distribution in  on the charged scalar PTsum distribution in
the “transverse” region for charged particles  the “transverse” region for charged particles

(pr > 0.5 GeV/c, | < 2) as defined by the (pr > 0.5 GeVl/c, )| < 2) as defined by the
leading charged particle jet with leading charged particle jet with
PT(chgjet#1) > 3 GeV/c compared with PT(chgjet#l) > 3 GeV/c compared with
PYTHIA Tune DW, and Tune D6T at the PYTHIA Tune Z1, at the detector levelie.
detector level (.e. Theory + SIM). Theory + SIM).
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"Transverse" Charged Particle Multiplicity "Transverse" Charged Particle Multiplicity

1.0E+00 1.0E+00 =
7 TeVv CMS Preliminary T 7 TeV CMS Preliminary
_ data uncorrected 01 - data uncorrected
1.0E-01 Theory + SIM 1.08-01 F4 C M S pyZ1 + SIM

Tune Z1

PT(chgjet#1) > 20 GeV/c

1.0E-02

CMS L0E0z |

PT(chgjet#1) > 20 GeV/c

1.0E-03 1.0E-03 =

Probability
Probability

1.0E-04

1.0E-04 %
T PT(chgjet#1) > 3 GeVic .o.

1.0E-05 A 1.0E-05 +
Normalized to 1 :______: E Normalized to 1
A 3

1.0E-06 E 1.0E-06 +
f Charged Particles (|n|<2.0, PT>0.5 GeV/c)

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

10E'07 T T T T T T T [l 10E'07 ] T T T T T T T
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Number of Charged Particles Number of Charged Particles

®» CMS uncorrected data at 7 TeV on the ®» CMS uncorrected data at 7 TeV on the

charged particle multiplicity distribution in charged particle multiplicity distribution in

the “transverse” region for charged particles the “transverse” region for charged particles
(pr > 0.5 GeVlc, | < 2) as defined by the (pr > 0.5 GeVl/c, | < 2) as defined by the
leading charged particle jet with PT(chgjet#1) leading charged particle jet with PT(chgjet#1)
> 3 GeV/c and PT(chgjet#l) > 20 GeV/c > 3 GeV/c and PT(chgjet#l) > 20 GeV/c
compared with PYTHIA Tune DW and Tune compared with PYTHIA Tune Z1 at the

D6T at the detector level (.e. Theory + SIM). detector level (.e. Theory + SIM).
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'SE" Multiplicity: Distrinution

"Transverse" Charged Particle Multiplicity
1.0E+00 =
T 7TeV CMS Preliminary e
PT(chgjet#1) Direction 10501 L data uncorrected Difficult to produce
7 pyZ1 +SIM .
y enough events with
\‘i(F 1.0E-02 = Tune Z1 g“ i}
i PT(chgjet1) > 20 GeVie large “transverse
8 >‘ T - - -
= 1.0E-03 ¢ multiplicity at low
g hard scale!
i . A ’ 8 T ard scCale!
Transverse Transverse’ g 1.0E-04 —— C M S
1.0E-05 ——
T Normalized to 1
1.0E-06 =
Charged Particles (|n|<2.0, PT>0.5 GeV/c) ;/
1OE'07 T T T T T T T
0 5 10 15 20 25 30 35 40
Number of Charged Particles

=®» CMS uncorrected data at 7 TeV on the charged parti@ multiplicity distribution in the
“transverse” region for charged particles (g > 0.5 GeV/c, 1| < 2) as defined by the leading
charged patrticle jet, chgjet#1, with PT(chgjet#1) 33 GeV/c and PT(chgjet#1) > 20 GeV/c
compared with PYTHIA Tune Z1 at the detector level (.e. Theory + SIM).
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"Transverse" Charged PTsum Distribution "Transverse" Charged PTsum Distribution

1.0E+00 1.0E+00 =
7TeV CMS Preliminary E 7TeV CMS Preliminary
‘ data uncorrected ~ ) data uncorrected
1.0E-01 aQse: Theory + SIM 1.0E-01 - C M S pyZ1 + SIM
CMS i Tune 71
1.0E-02 PT(chgjet#1) > 20 GeVic 1.0E-02 = PT(chgjet#1) > 20 GeV/c
2 2 T
@ 1.0E-03 ® 1.0E-03 +
Qo Qo x
o o + PT(chgjet#1) > 3 GeVic
o o
1.0E-04 1.0E-04
,,,’/ I
1.0E-05 i r-- - 1.0E-05 =+ Normalized to 1 ‘
1 1 F
i .0, 1 Charged Partlcles (|ﬂ|<2 0, PT>0 5 GeV/c)
1.0E'06 T T T T T T T T T 1.0E'06 \ \ T *
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
PTsum (GeV/c) PTsum (GeV/c)

=®» CMS uncorrected data at 7 TeV on the charge@ CMS uncorrected data at 7 TeV on the charged
PTsum distribution in the “transverse” region PTsum distribution in the “transverse” region
for charged particles (p; > 0.5 GeV/c, 1| < 2) for charged particles (pr > 0.5 GeV/c, | < 2) as
as defined by the leading charged particle jet defined by the leading charged particle jet with
with PT(chgjet#1) > 3 GeV/c and PT(chgjet#l) PT(chgjet#1) > 3 GeV/c and PT(chgjet#1) > 20
> 20 GeV/c compared with PYTHIATune DW  GeV/c compared with PYTHIA Tune Z1 at the
and Tune D6T at the detector level (.e. Theory  detector level (.e. Theory + SIM).
+ SIM).
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"Transverse" Charged PTsum Distribution
1.0E+00 I
7TeV CMS Preliminary e
PT(chgjet#1) Direction 10E.0L 8 data uncortcied Difficult to produce
» pyZ1+ .
+ Tune 71 enough events with
| LoEe2E PT(chgjet#1)> 20 Gevic large “transverse”
5 10801 PTsum at low hard
“Transverse” & “Transverse” E PT(chgjet#1) > 3 GeVic SCa|e'
we04 + CMS 4
1.0E-05 ; Normalized to 1
i Charged Particles (jn|<2.0, PT>0.5 GeV/c) %4
T arge articles <2.0, >0. eVv/c
1.0E-06 e A Y N
0 5 10 15 20 25 30 35 40 45 50
PTsum (GeV/c)

=®» CMS uncorrected data at 7 TeV on the charged PTsum diribution in the “transverse”
region for charged patrticles (g > 0.5 GeV/c, 1| < 2) as defined by the leading charged
particle jet, chgjet#1, with PT(chgjet#1) > 3 GeV/@and PT(chgjet#1) > 20 GeV/c compared
with PYTHIA Tune Z1 at the detector level (.e. Theory + SIM).
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Charged Particle Density: dN/dn Charged Particle Density: dN/dn
8 — 8
RDF Preliminary RDF Preliminary

R e T il B 2
= T L ) =
g 6 [ ] ] ] m - - " ] | ] n - g 64
a [a)
o Tune Z1 @
S S
c a4 At
o o
3 CMS 5 CMS
Q (]
S B CMSNSD7TeV| | s | B CMSNSD7Tev| |
s27 7Tev.o = = pyZl1HC (6.51) g27 7Tev ——pyX2 NSD (5.91)
© pyZ1 NSD (5.58) © CMS NSD all pT ——pyZ1NSD (5.58)

0 T T T T T T T T T T T 0 T } T T T

-30 -25 -20 -15 -1.0 05 00 05 10 15 20 25 30 30 -25 -20 -15 -1.0 05 00 05 10 15 20 25 30

PseudoRapidity n PseudoRapidity n

=» Generator level dN/d (all

pT). Shows = Generator level dN/dq (all pT). Shows

the NSD = HC + DD and the HC = ND the NSD = HC + DD prediction for
contributions for Tune Z1. Also shows Tune Z1 and Tune X2. Also shows the

the CMS NSD data.

CMS NSD data.

Okay not perfect, but remember
we do not know if the DD is correct!
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Y RIA TURE £1

ﬁ If one increases the
Charged Particle Density: dN/d
. g y d hard scale the
RDF Preliminary At Least 1 Charged Particle [n] < 0.8 agreement improves!

900 GeV
J ALICE INEL data
® | 24| pyzigenemortevel - ___ PT>015GeVic
%]
c
3 B g g g m BN >
3T 7,/
0
a pT > 0.5 GeV/c
o 2 1
3 S T N TN N B—
()
> —
2 T>1.0GeV/
S+ m .0GeVic
O 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 dNA 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.

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

Charged Multiplicity Distribution

1.0E-01 ¢
T RDF Preliminary
] 7 TeV data CMS NSD
generator level theory D|ﬁ|CUIt tO produce
L0E02 4 T enough events with
- W Ty, . . .
= * large multiplicity!
-% : '::FV':'tp
-8 -+ ""'l.
& Tune Z1
LTOE03 & - - -8 oy,
T o CMS Data (24.6)
T |T T pyZLHC(268) Charged Particles T
pyZl NSD (23.0) (a“ PT, |n|<2.0)
1.0E-04

0 20 40 60 80 100
Number of Charged Particles

=» Generator level charged multiplicity distribution (all pT, [n| <2) at 7 TeV. Shows
the NSD = HC + DD and the HC = ND contributions forTune Z1. Also shows the

CMS NSD data.

~

Okay not perfect!
But not that bad!
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Average PT versus Nchg Average PT versus Nchg
0.7 0.7
1 CMS Preliminary ee ® ® 1CMS Preliminary ® CMS900 GeV |eta| <2.4
data corrected data corrected CMS 900 GeV <pT>=0.460
T 06 | generator level theory S 06 | generator level theory _ pyZ1 NSD LHC09
S mmmmmom p m PR m mmmom S 1
® = = pyZ1LHCO09 <pT>=0.489
Qo ] Q)‘i py p
Eostl----_/&* g5l = = o/ o o = - = == ==
o ] S
g ] @ CMS7TeV |etal <2.4 g 1 CMS
Zoatf-————- ey T CMS 7 TeV <pT>=0.545 204
] € pyZ1 NSD LHC7 ] 900 GeV Charged Particles (|n|<2.4, All pT)
1 Charged Particles (|n|<2.4, All pT) = = PYZ1NSD LHC7 <pT>=0.577 1
0.3 } } } } } } } T T T T T T T 0.3 T T T T T T T T T T T 1
0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Number of Charged Particles Number of Charged Particles

=®» Shows the 7 TeV and 900 GeV CMS NSD corrected data &p;> versus
Nchg (all p;, [n| < 2.4) compared with Tune Z1.

-~

Okay not perfect!
But not that bad!
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Ratio: Average PT versus Nchg Ratio: Average PT versus Nchg
1.3 — 1.3
1 CMS Prel j .
1 p refiminary Charged Particles (|n|<2.4, All pT) ] CMS Preliminary
ata corrected data corrected
> +{ generator level theory > 4 generator level theory
8 1.2 T m m m m m m m o m m m m m = = = = = 8 1.2 T .,
o o
s s | M
E 11+ E 1l - 5
§ -
= - ﬂﬁﬂzgmi;;mHngmgiiﬂggﬁﬁﬁ ™~ SexpetTere,assesterssiastaiy isiigy Tyszill
o ] - eestoesE - ° ] ;;i!IIII
S 1.0 ,,5 ,,,,,,,,,,,,,,,,,,,,,,,,,, e CMSRatio |eta] <2.4 B 10N #
@ ’ CMS Ratio =1.185 o i
1 7 TeV /900 GeV pyX1844_10mm NSD Ratio . 7 TeVv /900 GeV Charged Particles (In|<2.4, All pT)
0.9 1 1 1 1 1 1 H = = pyX1844 Ratio = 1.194 0.9 | ‘ ‘ ‘ ‘ ‘ ‘ 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50 55 60 65 0 5 10 15 20 25 30 35 40 45 50 55 60 65
Number of Charged Particles Number of Charged Particles

=» (left) Shows the energy dependence of the CMS NSD corted data on <g> versus
Nchg (all p;, [n| < 2.4) compared with Tune X2. Also shows the emyy dependence
of the overall <pT> compared with Tune X2.

= (right) Shows the energy dependence of the CMS NSD corred data on <g> versus
Nchg (all p;, [n] < 2.4) compared with Tune PO, Tune PQ20, and Turfe329. It will
be interesting to see if any tune can get this righ
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1.3

Ratio: Average PT versus Nchg

1 CMS Preliminary
] data corrected
1 generator level theory

Charged Particles (In|<2.4, All pT)

Ratio: 7 TeV /900 GeV

e CMS Ratio |eta] <2.4
CMS Ratio =1.185
pyZ1 NSD Ratio

0.9 -

1 1 1 1 1 = = pyZlRatio =1.149
15 20 25 30 35 40 45 650 55 60 65

Number of Charged Particles

Amazing!

=» Shows the energy dependence of the CMS NSD corredttgata on <p.> versus Nchg

(all p7, In| < 2.4) compared with Tune Z1. Also shows the ey dependence of the
overall <pT> compared with Tune Z1.

ECT* - QCD at the LHC
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First Tune (except PhoJet)

to come close here!

Rick Field — Florida/CDF/CMS

Page 55



SD Multiplicity Distrinution

Charged Multiplicity Distribution

1.0E-01 .
RDF Preliminary
data CMS NSD
pyZ1 generator level
1T0B02 4 gy
> 1 &,
E
©
o
o & g
a 900 GeV W, L,
10E-03 -~~~ -"~~~~—— - NG N
Charged Particles
@l PT, [nl<2.0) Tune Z1
1.0E-04 \ \ \ 1
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.

Okay not perfect!
But not that bad!
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Charged Multiplicity Distribution "Transverse" Charged Particle Multiplicity
1.0E-01 1.0E+00 %
] . RDF Preliminary 1 PT(chgjet#1) >3 GeVic  CMS Preliminary
“M|n'B|aS" data CMS NSD ¢ ata uncorrecte
pnygaenerator level 1.08-01 7.7 ‘ tpyZl + SlMt ’
- i, L0E-02 CMS
ik S e, ] _ ;: Tune Z1
= ) £ 1.0E-03 =
3 E 900 GeV 7Tev
‘§ &, E 1.0E-04 =
~ 10E-03 +----—-—-——-————- g,o,o,c,;,e\,/, ‘!5- ,,,,,,,,,,,, ;
T N 1.0e-05 + “Underlying Event”
E: Normalized to 1
C?al‘lr?je_lfj lPal\rtzic(I))es Tune Zl 1.08-06 S Charged Particles (|n|<2.0, PT>0.5 GeV/c) II
all PT, |n|<2. T
1.0E-04 } { } 1.0E-07 T T T T T T T
0 20 40 80 100 0 5 100 15 20 25 30 35 40
Number of Charged Particles Number of Charged Particles
=» Generator level charged multiplicity ® CMS uncorrected data at 900 GeV and 7
distribution (all pT, |n| < 2) at 900 GeV TeV on the charged particle multiplicity

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

CMS NSD data.

ECT* - QCD at the LHC
Trento September 28, 2010

distribution in the “transverse” region
for charged particles (pr > 0.5 GeV/c, |
< 2) as defined by the leading charged
particle jet with PT(chgjet#1) > 3 GeV/c
compared with PYTHIA Tune Z1 at the
detector level {.e. Theory + SIM).
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Y RIA fUne 21

Charged Particle Multiplicity

CMS 7 TeV CMS Preliminary

- - Tune Z1
Min-Bias
NSD All pT

1.0E+00

Underlying Event
"Transverse" Region

pT > 0.5 GeVic
PT(chgjet#1) > 20 GeV/c

Probability

1.0E-03

1.0E-04 Normalized to 1 Tu ne Zl

Charged Particles (|n|<2.0)

0 é 1‘0 1‘5 2‘0 2‘5 3‘0 3‘5 40
Number of Charged Particles
=®» CMS uncorrected data at 7 TeV on the charged parti@ multiplicity distribution in the
“transverse” region for charged particles (g > 0.5 GeV/c, 1| < 2) as defined by the leading
charged patrticle jet with PT(chgjet#1) > 20 GeV/c cmpared with PYTHIA Tune Z1 at the
detector level {.e. Theory + SIM). Also shows the CMS corrected NSD mitiplicity
distribution (all pT, | n| < 2) compared withTune Z1 at the generator.

DAmazing what we are asking the Monte-Carlo modelsntfit!]
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Y RIATURE Z1

Charged Particle Multiplicity

1.0E+00

CMS 7Tev CMS Preliminary

Tune Z1
Tune Z1

Min-Bias
NSD All pT

Probability

1.0E-03

Underlying Event

"Transverse" Region
pT >0.5GeV/c
PT(chgjet#1) > 20 GeV/c

Normalized to 1 -

1.0E-04

Charged Particles (|n|<2.0)
| |

1.0E-05 - \ \ \
0 20 40 60 80 100

Number of Charged Particles

=®» CMS uncorrected data at 7 TeV on the charged parti@ multiplicity distribution in the
“transverse” region for charged particles (g > 0.5 GeV/c, 1| < 2) as defined by the leading
charged patrticle jet with PT(chgjet#1) > 20 GeV/c cmpared with PYTHIA Tune Z1 at the
detector level {.e. Theory + SIM). Also shows the CMS corrected NSD mitiplicity

distribution (all pT, | n| < 2) compared withTune Z1 at the generator.

DAmazing what we are asking the Monte-Carlo modelsntfit!]
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Production ‘.J’

- Pythia-Perugia-0
0 I I 111 | I — | I | IS |
0.5 1 1.5 2 2.5

p, (GeV/c)

:— —e— ALICE,\'s = 900 GeV Factor of 2!
“ - —s— E735,\s = 300 GeV | + :
L -
= 2= o5 — E735,\s = 540 GeV | _T_
. v T F ——E7sNs=1000Gev || T
T [+ E735\s-1800GeV | | | /
X 0.4 | ALICE preliminary T
stat. error onIL FES
03 4T
- ﬂ\ ......
o2 &t -
- — Phejet
Foa gt e Pythia/ATLAS-CSC
01r-.4¢ . Pythia D6T

=» A lot more strange mesons at large pthan predicted by the Monte-Carlo
Models!

=» K/mratio fairly independent of the center-of-mass energy
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=®» More strange baryons than expected!
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L ong-Range Samesid

Correlations
High Multiplicity “Min-Bias” High Multiplicity “Min-Bias”
(d) N>110, 1.IIG-W::-=p1<3.ﬂGnW¢: (d) N>110, 1.0-Ea‘ﬂc-=p1-=3.ﬂﬁew‘c

— Observation of a Long-Range, Near-Side angular correlations
at high multiplicity in pp events at intermediate pr (Ridge at A¢ ~ 0)

Not there in PYTHIA8! Also not there in PYTHIA 6 and HERWIG++!
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L ONg-Range Samesic

Correlations
High Multiplicity “Min-Bias” High Multiplicity “Min-Bias”
(d) N>110, 1.0GeVic<p _<3.0GeVic (d) N>110, 1.0GeV/c<p_<3.0GeV/c

PYTHIA8 .-

— Observation of a Long-Range, Near-Side angular correlations
at high multiplicity in pp events at intermediate pr (Ridge at A¢ ~ 0)

New type of “underlying event” Would like to remove all the ordinary QCD
jets and MPI from the event and look for a long rangecollective phenomena!
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L &85 Prolon-Froton Vs AU-AUl
Protroton Collisions 7 TeV Gold-Gold Collisions 200 GeV
(d) N>110, 1.0GeVic<p _<3.0GeV/c

Similar “ridge” in high multiplicity pp
(even similar p; dependence)

=®» | am not ready to jump on the
guark-gluon plasma bandwagon
guite yet!
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JelrJet Correlations

=» Are the “Ieadlng log” or “modified leading-log” QCD M onte-Carlo Models missing

an important QCD correlation? Fx-anis

=» The leading jet and the incident protons proton
form a plane (yz-plane in the figure). This "l“';"‘l‘“F' Iz-aX|s
is the plane of the hard scattering. +* Initial or Final-

' State Radiation

= |nitial & final-state radiation prefers to lie in t his plane. This is a higher order
effect that you can see in the-23 or 2—4 matrix elements, but it is not there if
you do 2-2 matrix elements and then add radiation using a ri@e leading log
approximation (i.e. independent emission).

=» | do not know to what extent this higher order jetjet correlation is incorporated in
the QCD Monte-Carlo models.

= | would think that this jet-jet correlation would p roduce a long range (inAn)
correlation with Ag@= 0 from two particles with one in the leading jet ad one in the
radiated jet. Why don’t we see this in the Monte-@rlo models?
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Proton

=» |nitial & Final-State Radiation: There
should be more particles “in-the-plane” of
the hard scattering (yz-plane in the figure)
than “out-of —the-plane”.

®» | do not understand why this does not
result in a long-range same-side
correlation?

ECT* - QCD at the LHC Rick Field — Florida/CDF/CMS Page 66
Trento September 28, 2010



MPI o
Correlations R (d) N>110, 1 .IlGlWﬂp'-ca.nﬁnw::
o A—
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Z-axis g
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=4

=» Large multiplicity implies a large number
of multiple-parton interactions (MPI).
Maybe there are MPI correlations {.e.
prefer to lie in a plane)?

®» |[n the current MPI models the
individual MPI are not correlated!
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) Min-Bias Summary €2

»We are a Iong way from having a Monte-Carlo modelHat will fit all the
features of the LHC min-bias data! There are more soft particles that
expected!

»\\Ve need a better understanding and modeling of difeiction!

= |t is difficult for the Monte-Carlo models to produce a soft event (.e. no
large hard scale) with a large multiplicity. There seems to be more “min-
bias” high multiplicity soft events at 7 TeV than predicted by the models!

®» The models do not produce enough strange particled'have no idea what is
going on here! The Monte-Carlo models are constraineby LEP data.

Diffraction

Connections
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We needa better understanding and modellng of dlfﬁctlon'

A
U Explore by defining “diffractive enhanced” data samges! (a\/
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See the talk by Lauren Tompkins at the LPCC MB&UE@LHC Meeting September 6, 2010,
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) Min-Blas Summary &

»We are a Iong way from having a Monte-Carlo modelHat will fit all the
features of the LHC min-bias data! There are more soft particles that
expected!

»\\Ve need a better understanding and modeling of difeiction!

= |t is difficult for the Monte-Carlo models to produce a soft event (.e. no
large hard scale) with a large multiplicity. There seems to be more “min-
bias” high multiplicity soft events at 7 TeV than predicted by the models!

®» The models do not produce enough strange particled'have no idea what is
going on here! The Monte-Carls/models are constraineby LEP data.

4
'%(@2)

Diffraction

Here it is important to study both the
absolute rate {.e. cross section and the"s
ratios K/Tmtor K/(all charged) etc.!

4
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