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®» CMS-ATLAS-ALICE ( corrected) UE dataat (900 GeV and 7
TeV) and comparisons with the LHC tunes.

®» Baryon and Strange Particle Production at the LHC:
Fragmentation tuning.
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QCD Moente-Cario Vieaels:
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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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) Traditional Approach

| CDF Run 1 Analysis

. ' Leading Calorimeter Jet or
Charged Jet #1 Charged Particle Ag Correlations g

Leading Charged Particle Jet or
Direction I:)T > I:)Tmin |T]| <Ncut ; arged Particle or

“Transverse” region Away Region g=loN{og!

very sensitive to the Leading Object

u i 4| “Toward-Side” Jet - -

underlying event”! Direction TR

\/ \ﬁ(P Region
N
¢ “Toward”

Leading
Object

Toward Region

rse” “Transverse” .-~ “Transverse”

Transverse
Region

Away Region
‘Away-Side” Jet

= |ook at charged particle correlations in the azimuhal angleA@relative to a leading object {.e.
CaloJet#1, ChgJet#1l, PTmax, Z-boson). For CDF PTmin 0.5 GeV/cn, = 1.

= Define |[Aq| < 60 as “Toward”, 60° < |Ag| < 120 as “Transverse”, and |Ag > 120 as
“Away” .

= All three regions have the same area in-@space AnxA@= 2n.,*<120 = 2n.,x213. Construct
densities by dividing by the area im-@space.
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Charged particle multiplicities in p p
interactions at ¥ s=0.9and 7 TeVina
diffractive limited phase-space

and a new Pythia tune.

Judith Katzy (DESY)
On behalf of the ATLAS Collaboration

g THE ROYA
SOCIETY

Minimum bias and Underlying Event
studies with Monte Carlo tune for pp

events with the ATLAS detector

A

Judith Katzy LPCC
MB&UE working group
meeting,May 31, 2010.

Emily Nurse ICHEP,

July 24, 2010.

Emily Nurse
(for the ATLAS collaboration)
ICHEP, Paris
24t July 2010 ATLAS-CONF-2010-031
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€9 ATLAS Tune AMBT1 {2

Example: pythia6 predictions

S ——— &
1~ -
R p >500MeV,Inl<25n =1 3 ﬁ 0.1

P, >500 MeV, In|<25,n 21 3

|

Resulting number of events:

Ngp=1 Ny, =6
7TeV: 369673 231665
900 GeV: 326201 157896

Parameters used for tuning

Parameter related model MC09¢ value  scanning range AMBTI value
PARP(62) 1SR cut-off 1.0 fixed 1.025
PARP(77) CR suppression 0.0 025---1,15 1.016
PARP(8) CRswength 0224 02---06 038
PARP(83) MPI (matter fraction in core) 0.8 fixed 0.356
PARP(B4) MPI (core of manter overlap) N 00=-==10 0.651
PARP(B2) MPI (pT™) 2.31 21---25 2292
PARP(90) MPI (energy extrapolation) ).2487 018 - - (28 0.250

Boost 2011, Princeton, NJ
May 23, 2011

Rick Field — Florida/CDF/CMS

Subset of the
“min-bias” data!

=» Attempt to fit a subset of
the “min-bias” data
(Nchg=> 6) where the
contamination due to
diffraction is expected to
be small
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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!

Boost 2011, Princeton, NJ Rick Field — Florida/CDF/CMS
May 23, 2011
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PYTHIA Tune Z1

e

Parameters not
shown are the

PYTHIA 6.4 defaults!

Boost 2011, Princeton,
May 23, 2011

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
NJ Rick Field — Florida/CDF/CMS Page 8



"Transverse" Charged Particle Density: dN/dnd@

1.2

T CMS Preliminary
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"Transverse" Charged Particle Density: dN/dnd@

T CMS Preliminary

| datauncorrected

pyZ1 + SIM

| CMS

Tune Z1

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

o

20 25 30 35 45 50

PT(chgjet#1) GeV/c

5 10 15 40

=®» 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

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

Boost 2011, Princeton, NJ
May 23, 2011

Rick Field — Florida/CDF/CMS

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).

Tune Z1 is a PYTHIA 6.4 using
pr-ordered parton showers and
the new MPI model!
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Y I'IHIA ©
/AN O
Parameter Tune AW Tune DW Tune D6
PDF CTEQS5L CTEQS5L CTEQ6L ~
UE Parameters MSTP(81) 1 1 1

MSTP(82) 4 4 4
PARP(82) 2.0 GeV 1.9 GeV 1.8 GeV
PARP(83) 0.5 0.5 0.5
PARP(84) 0.4 0.4 0.4
PARP(85) 0.9 1.0 1.0
PARP(86) 0.95 1.0 1.0

SR PRI PARP(89) 1.8 TeV 1.8 TeV 1.8 TeV fiitdourcoef IiA8I71P58:2)0b9yS

AN PARP(90) 0.25 0.25 0-25| Everything élse.the séme!

PARP(62) 1.25 1.25 1.25
PARP(64) 0.2 0.2 0.2
PARP(67) 4.0 25 2.5
MSTP(91) 1 1 1 Tune A energy dependencel
PARP(91) 2.1 2.1 2.1 (not the default)
PARP(93) 15.0 15.0 15.0

Intrinsic KT

%)
CMS: We wanted a CTEQG6L version of Tune Z1 in a hury!
Boost 2011, Princeton, NJ Rick Field — Florida/CDF/CMS Page 10

May 23, 2011



PYTHIA TTune Z

Parameter Tune Z1 Tune Z2
(R. Field CMS) | (R. Field CMS)

Parton Distribution Function CTEQS5L CTEQG6L
PARP(82) — MPI Cut-off 1.932 1.832
PARP(89) — Reference energy, EO 1800.0 1800.0
PARP(90) — MPI Energy Extrapolation 0.275 0.275
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 1
MSTP(95) — strategy for color reconnection 6 6

Boost 2011, Princeton, NJ
May 23, 2011

Rick Field — Florida/CDF/CMS

Reduce PARP(82) by
factor of 1.83/1.93 = 0.95
Everything else the same!
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Parameter Tune Z1 Tune Z2
(R. Field CMS) | (R. Field CMS)
Parton Distribution Function CTEQS5L CTEQG6L
PARP(82) — MPI Cut-off 1.932 1.832
PARP(89) — Reference energy, EO 1800.0 1800.0
PARP(90) — MPI Energy Extrapolation 0.275 N 0.275
PARP(77) — CR Suppression 1.016 \\1.016
PARP(78) — CR Strength 0.538 ONG8 e
PARP(80) — Probability colored parton from BBR 0.1 01\\ Everything else the same!
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(90) same
PARP(93) — primordial KT-max 10.0 10.0 For Z1 and Z2!
MSTP(81) — MPI, ISR, FSR, BBR model 21 21
MSTP(82) — Double gaussion matter distribution 4 4
MSTP(91) — Gaussian primordial kT 1
MSTP(95) — strategy for color reconnection 6 6
Boost 2011, Princeton, NJ Rick Field — Florida/CDF/CMS Page 12
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PYTHIAS

'unes

R. Corke and T. Sjostrand CTEQ6L  MRST LO* CTEQ6L
Parameter Tune 2C | Tune 2M | Tune 4C
SigmaProcess:alphaSvalue 0.135 0.1265 0.135
SpaceShower:rapidityOUrder on on on
PTO = PARP(82) SpaceShower:alphaSvalue 0.137 0.130 0.137
SpaceShower: pTORef 2.0 2.0 2.0
MultipleInteractions:alphaSvalue 0.135 0.127 0.135
"MultipleInteractions:pTORef 2.320 2.455 2.085
| Multiplelnteractions:ecmPow 0.21 (.26 0.19
MultipleInteractions:bProfile 3 3 3
£ = PARP(90) MultipleInteractions:expPow 1.60 1.15 2.00
BeamRemnants:reconnectRange 3.0 3.0 1.5
SigmaDiffractive:dampen oft oft on
SigmaDiffractive:maxXB N/A N/A 65
SigmaDiffractive:maxAX N/A N/A 65
SigmaDiffractive:maxXX N/A N/A 65
Tevatron LHC
Pro(W)=pro(W/W ) €=PARP(90) go=PARP(82) W=E,
Boost 2011, Princeton, NJ Rick Field — Florida/CDF/CMS Page 13
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PYTHIA Tune Z2

PARP(90) much

different!

Parameter Tune Z2 PY8 Tune C4
(R. Field CMS) | (Corke-Sjostrand)
Parton Distribution Function CTEQ6L CTEQ6L
PARP(82) — MPI Cut-off 1.832 2.085
PARP(89) — Reference energy, EO 1800.0 1800.0
PARP(90) — MPI Energy Extrapolation 0.275 N\ 0.19
PARP(77) — CR Suppression 1.016
PARP(78) — CR Strength 0.538
PARP(80) — Probability colored parton from BBR 0.1
PARP(83) — Matter fraction in core 0.356
PARP(84) — Core of matter overlap 0.651
PARP(62) — ISR Cut-off 1.025
PARP(93) — primordial kT-max 10.0
MSTP(81) — MPI, ISR, FSR, BBR model 21
MSTP(82) — Double gaussion matter distribution 4
MSTP(91) — Gaussian primordial kT
MSTP(95) — strategy for color reconnection 6
Boost 2011, Princeton, NJ Rick Field — Florida/CDF/CMS

May 23, 2011
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"Transverse" Charged Particle Density: dN/dnd@

1.6 —
TCMS Preliminary
- I data corrected
= 1Tune Z1 generator level 7TeV
% 1.2 + i L] I—I_
o ERiElgE TEE R
o
S
508 000Gey T
o T e
2 CMS
o> 1
G 0.4
s 1 Tune Z1
Charged Particles (|n|<2.0, PT>0.5 GeVi/c)
0.0 ‘ 1

10 20 30 40 50 60 70 80 90 100
PT(chgjet#1) GeV/c

o

"Transverse" Charged PTsum Density: dPT/dnd@

1 CMS Preliminary

data corrected

900 GeV

I TuneZ1
g Charged Particles (|n|<2.0, PT>0.5 GeV/c)

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

®» CMS preliminary data at 900 GeV and 7
TeV on the “transverse” charged particle
density, dN/dndq, 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 corrected and compared with

PYTHIA Tupe Z1 at the generator level.

=®» CMS preliminary data at 900 GeV and 7
TeV on the “transverse” charged PTsum
density, dPT/ndq, 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 corrected and compared with
PYTHIA Tune Z1 at the generator level.

@

CMS corrected
datal

CMS corrected
data!

Boost 2011, Princeton, NJ
May 23, 2011

D Very nice agreement!

Rick Field — Florida/CDF/CMS
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"Transverse" Charged Particle Density: dN/dndtpl "Transverse" Charged PTsum Density: dPT/dnd@
o TCMS Preliminary “0 1 CMS Preliminary 13 g
data corrected T ata correcte
g 12 7T171r1e727279€n7er7at701 |79‘iel 7777777777777777777 ?,T?/ 77777777 P %j 16 1 TunedZZ generatordlevel rTev rXa¥s L]
g 8 T & - Q
@ > 12 e e oo
£ o087 T T smoeey T 2
2 e )
3 1 Tune Z2 2 08 900 GeV
R e | 2 Tune Z2
5 1 R i R ) R e
Charged Particles (|n|<2.0, PT>0.5 GeV/c) Charged Particles (|n|<2.0, PT>0.5 GeVic)
0.0+ ‘ | | | | | ‘ ‘ ‘ 0.0 ‘ | | | ‘ ‘ | | |
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
PT(chgjet#1) GeVl/c PT(chgjet#1) GeV/c
=®» CMS preliminary data at 900 GeV and 7 =®» CMS preliminary data at 900 GeV and 7
TeV on the “transverse” charged particle TeV on the “transverse” charged PTsum
density, dN/dnd¢, as defined by the leading density, dPT/dndq, as defined by the leading
charged patrticle jet (chgjet#1) for charged charged patrticle jet (chgjet#1) for charged
particles with p; > 0.5 GeV/c andiy| < 2.0. particles with p; > 0.5 GeV/c andj| < 2.0.
The data are corrected and compared with The data are corrected and compared with
PYTHIA Tyne Z2 at the generator level. PYTHIA Tune Z2 at the generator level.

@

D Not good! Bad energy dependence

CMS corrected
datal

CMS corrected
data!

Boost 2011, Princeton, NJ Rick Field — Florida/CDF/CMS Page 16
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"Transverse" Charged Particle Density: dN/dndg|

1.6 —
T CMS Preliminary
- 1 data corrected
b~ +PY8 Tune C4 generator level 7 TeV
[a)] 1 =¥ 1
() 4
o 1
£ 0.8+
g 1 900 GeV
3 | PY8 Tune C4
= 1
© 0.4+ [)
5 4
I Charged Particles (|n|<2.0, PT>0.5 GeV/c)
0.0+

0 10 20 30 40 50 60 70 80 90
PT(chgjet#1) GeV/c

100

"Transverse" Charged PTsum Density: dPT/dnd@

2.0
CMS Preliminar
T data corrected / L] I I
Py 7 TeV i
S 1.6 1 pvgTune CageneratorTevel -~~~ T . 3 sl el
) 1 E X
o T CxEE EEEE
127 .y
£ T
@ T
S T
D 08 R A (N 9 70707G7 7\/7 777777777777777777777777777777
IS T e
R PY8 Tune C4
E 04+
I Charged Particles (|n|<2.0, PT>0.5 GeV/c)
0'0 Il Il Il Il

0 10 20 30 40 50 60 70 80 90
PT(chgjet#1) GeVi/c

100

=®» CMS preliminary data at 900 GeV and 7
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 andiy| < 2.0.
The data are corrected and compared with

PYTHIA 8 June C4 at the generator level.

®» 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 corrected and compared with
PYTHIA 8 Tune C4 at the generator level.

@

CMS corrected
datal

CMS corrected
data!

Boost 2011, Princeton, NJ
May 23, 2011

U Not good! PTsum too small!

Rick Field — Florida/CDF/CMS
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'ransverse R

"Transverse" Charged Particle Ratio: PTsum/Nchg "Transverse" Charged Particle Ratio: PTsum/Nchg
Lo T CMS Preliminary Lo I CMS Preliminary f
data corrected |_ 7 TeV data corrected | _ 7 TeVv E I I I I I
I 1.4 1 Tune Z1 generator | I 1.4 1 Tune Z2 generator Igyel I I I
> T > T
€127} S124
§ 900 GeV g '_-f""E;FE'! 900 GeV
g 107 E Lo g |
2 Tune Z1 2 1] Tune Z2
> o087 % 08+
Charged Particles (|n|<2.0, PT>0.5 GeV/c) T Charged Particles (|n|<2.0, PT>0.5 GeV/c)
0.6 + : : : : : : : ; | 0.6 + : : : : : : : ; ;
0 10 20 30 40 50 60 70 8 90 100 0 10 20 30 40 50 60 70 80 90 100
PT(chgjet#1) GeV/c PT(chgjet#1) GeV/c
=®» CMS preliminary data at 900 GeV and 7 "Transverse" Charged Particle Ratio: PTsum/Nchg
TeV on the “transverse” ratio PTsum/Nchg L8 T WS Preliminary !
as defined by the leading charged particle jet | datacorrectd: 7 Tev pii { 1 1
. . . — 14 | PY8TuneCagenergto Ieve‘r**************I*Ei*E** e e I
(chgjet#1) for charged particles withg > 0.5 | $ ¢ IIHHE it
GeV/c and fj| < 2.0 compared withPYTHIA  [S127 B P L e
Tune Z1, Z2, and PY8C4at the generator s 1 P ,f“:,;;'!
level £ 1.0 7 ] imm **************************************
' 2 1 il PY8 Tune C4
) o8 Hff---------flo-eo
T Charged Particles (|n|<2.0, PT>0.5 GeV/c)
Z1 good! PY8C4 and Z2 Bad! T S —
0 10 20 30 40 50 60 70 8 90 100
PT(chgjet#1) GeVi/c

Boost 2011, Princeton, NJ Rick Field — Florida/CDF/CMS Page 18
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"Transverse" Charged Particle Density: Ratio

3.0
T CMS Preliminary -
T data corrected T ' PY8sc4
O 2.5 + generatorteveltheory -~~~ -~ -~~~ -f{----~—~—~-|-=—--[4--/ /- —— -~
o T
@ _|_ .
=1
220 - ——r T
" il
g T I o A /A
[a] ] - =" L 1
- 15+----- e e Ay A==/ E-———-
! 71
I + L I 1
8 T
O 1.0 T
7 TeV divided by 900 GeV Charged Particles (|n|<2.0, PT>0.5 GeVi/c)
0.5 f f f f f
0 5 10 15 20 25 30

PT(chgjet#1) GeVic

Charged Density Ratio

"Transverse" Charged PTsum Density: Ratio

3.0 —
17 CMS Preliminary
data corrected - PY8C4
2.5 1 generator level theory . L
2.0 ; _. N f ". o, o wfm =7
T .= il 71
=+ 4 - L
157 . 79
4 ¢ -
1.0 +
7 TeV divided by 900 GeV Charged Particles (|n|<2.0, PT>0.5 GeV/c)
0.5 | | | | |
0 5 10 15 20 25 30

PT(chgjet#1) GeVic

=» CMS data on the energy dependence (7 TeV = CMS data on the energy dependence (7 TeV

divided by 900 GeV)of the “transverse”
charged particle density as defined by the
leading charged patrticle jet (chgjet#1) for
charged particles with p; > 0.5 GeV/c andn|
< 2.0 compared withPYTHIA Tune Z1, Z2,
and PY8C4at the generator level.

divided by 900 GeV)of the “transverse”
charged PTsum density as defined by the
leading charged patrticle jet (chgjet#1) for
charged particles with p; > 0.5 GeV/c and|
< 2.0 compared withPYTHIA Tune Z1, Z2,
and PY8C4at the generator level.

@

CMS corrected
datal

CMS corrected
data!

Boost 2011, Princeton, NJ
May 23, 2011

D Z1 and PY8C4 good! Z2 Bad!

Rick Field — Florida/CDF/CMS
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Charged Density Ratio

"Transverse" Charged Particle Density: Ratio - rged PTsum Density: Ratio
301 _—""" 1 CMS Preliminary

CTEQS6L: PARP(90) = 0.19

T CMS Preliminary - = T
T data corrected T . PY8C4 T data corrected _ PY8C4
2.5 | generatorfevel theory - - - ————————~J——————— | o~ F -7 /T~ o 2.5 | generator level theory . n
T - I T Tt1
T T . 04 I
= T > T -
20 +-—-——-————-——-—--—T el s Il e e =220+ | | n _. o m wm= =
il n 2 T A el =
- L (] -
+ - o T . - 21
15+ ----F & e - = h o 151 s "
I S 1 . 2
T 5 T
T = T
1.0 T O 1.0 T
7 TeV divided by 9 Charged Particles (|n|<2.0, PT>0.5 GeV, 7 TeV divided by 900 GeV Charged Particles (|n|<2.0, PT>0.5 GeVic)
| |

0.5 I f f f f 0.5 1 f f f f f
Q 5 / L 15 20 25 10 15 20 25 30
CTEQS6L: PARP(90) =0.275 |et#1) GeVic CTEQSL: PARP(90) =0.275 PT(chgjet#1) GeVic

=» CMS data on the energy dependence (7 TeV = CMS data on the energy dependence (7 TeV

divided by 900 GeV)of the “transverse” divided by 900 GeV)of the “transverse”
charged particle density as defined by the charged PTsum density as defined by the
leading charged particle jet (chgjet#1) for leading charged particle jet (chgjet#1) for
charged particles with p; > 0.5 GeV/c andn| charged particles with p; > 0.5 GeV/c and|
< 2.0 compared withPYTHIA Tune Z1, Z2, < 2.0 compared withPYTHIA Tune Z1, Z2,

and PY8C4at the generator level. and PY8C4at the generator level.

<

Boost 2011, Princeton, NJ Rick Field — Florida/CDF/CMS Page 20
May 23, 2011

Duh! The energy dependence depends on
both PARP(90) and the structure function!

CMS corrected
data!

CMS corrected
datal




PYTHIA Tune Z2* (2

Parameter Tune Z2 Tune Z2* PY8 Tune C4
(R. Field CMS) (CMS) (Corke-Sjostrand)
Parton Distribution Function CTEQG6L CTEQ6L CTEQ6L
PARP(82) — MPI Cut-off 1.832 1.927 2.085
PARP(89) — Reference energy, EO 1800.0 1800.0 1800.0
PARP(90) — MPI Energy Extrapolation 0.275 0.225 \ 0.19
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 _ \
CMS GEN Group: Working

PARP(84) — Core of matter overlap 0.651 0.651| on an improved Z2 tune (Tune
PARP(62) — ISR Cut-off 1.025 1025 “Knice g m. atara)
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 1
MSTP(95) — strategy for color reconnection 6 6

Boost 2011, Princeton, NJ Rick Field — Florida/CDF/CMS Page 21

May 23, 2011



AlTLAS UE Data

"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

10 +-------- - T

05t

o
D
Loy
T

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 5 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 GeV and 7 ®» ATLAS published data at 900 GeV and 7
TeV on the “transverse” charged patrticle TeV on the “transverse” charged PTsum
density, dN/dndq, as defined by the leading density, dPT/dq, as defined by the leading
charged particle (PTmax) for charged charged particle (PTmax) for charged
particles with p; > 0.5 GeV/c andny| < 2.5. particles with p; > 0.5 GeV/c andn| < 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
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"Transverse" Charged Particle Density: dN/dnd¢ "Transverse" Charged Particle Density: dN/dnd

16 16

T RDF Preliminary . ; T RDF Preliminary
- I data corrected CMS Chgjet#l > 1 data corrected
= +Tune Z1 generator level %‘
D12+ < 1.2 T —
a8 1 a8 1
) + o +
© 1 ) +
t 08+ < 0.8 +
I i IS 1
o 1 CMS (red) o 1 CMS (red)
B3 + ATLAS (blue) ?» - ATLAS (blue)
o + o 1
T 04 ---{ATLAS: PTmax |---—-—-—----TFuneZ1 - BOA Y- TunezZt-—---—-
(@) O |

7 TeV Charged Particles (PT > 0.5 GeVi/c) 1 7 TeV Charged Particles (PT > 0.5 GeV/c)
0.0 } } } } } 0.0 T f T T T T T T T
0 5 10 15 20 25 30 0 10 20 ) 30 40 50 60 70 80 90 100
PTmax or PT(chgjet#1) (GeV/c) PTmax or PT(chgjet#1) (GeV/c)

=®» CMS preliminary data at 7 TeV on the “transverse” charged particle density, dN/dyde@, 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/dnde, 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!
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"Transverse" Charged Density

"Transverse" Charged Particle Density: dN/dndg

PTsum Density (GeV/c)

25

1 RDF Preliminary

1 ATLAS ted dat
2.0 | Tune Z}Zf.::f g ;HE E—E—Eﬁi&j— g i 'S %* _ j, ;i_
15 + PT > 0.1 GeV/c

] Tune Z1
1.0 +
Sy MLAS

Charged Particles (|n|<2.5)

0.0 f f f f f f f

0 2 4 6 8 10 12 14 16 18

PTmax (GeV/c)

20

N
o

N

o

=

=

o

o©

"Transverse" Charged PTsum Density: dPT/dnde

1 RDF Preliminary
1 ATLAS corrected data
T Tune Z1 generator level

Tune Z1

(&)
TR

o
T R

(&)
T R

Charged Particles ([n|<2.5)

o
L

10 12 16 18

PTmax (GeV/c)

o
N
P
o]
[ee]

14

» ATLAS published data at 7 TeVon the

“transverse” charged particle density,

®» ATLAS published data at 7 TeVon the

dN/dndgq, as defined by the leading charged

particle (PTmax) for charged particles with

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

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

“transverse” charged PTsum density,

dPT/dndg, 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
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ATLAS UE Data (2

o5 _Transverse” ch "Transverse" Ratio: PT > 0.1 and > 0.5 GeV/c pity: PTdndy

> " 1 RDF Preliminary 4.0 '

g 7 ATLAS corrected data RDF Prelimi o1 oovic

é 2.05 0 h Particle Densi ATLAS c:rere::ezadr;/ta :|

§1.5 1 § N 1 Charge Particle Density Tune Z1 generator level g i LI I

g 107 g

- € 0 CSSTEREREANERE G £ G g ¥ 5 4 g ATLAS

g 05 %) ]

3 oo % 77777777777777777777777777? 777777 E — Ch}argedPe}lrt|cles(|}n|<2.5)

° ’ ‘ ° ': Charge PTsum Density 7 TeV - ° ? *
] Charged Particles (|n|<2.5)

» ATLAS publishe] °° s a4 s s w0 b 1‘4 e 1‘8 ,, |[TeVon the
“transverse” che 1 density,
dN/dndg, as de- PTmax (Gevic) » leading charged
particle (PTmax) for charged particles with particle (PTmax) for charged particles with
pr > 0.5 GeV/cand p> 0.1 GeV/c (f] < 2.5). pr > 0.5 GeV/cand p> 0.1 GeV/c (]| < 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 generator level.

9

Vs

ATLAS publication —arXiv:1012.0791
December 3, 2010
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"Transverse" Charged Density

"Transverse" Charged Particle Density: dN/dnd@

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

5 10 15 20
PTmax (GeV/c)

o

25

PTsum Density (GeV/c)

"Transverse" Charged PTsum Density: dPT/dnd@

1.5
1 RDF Preliminary 7 TeV ;
| ALICE corrected data _ -
: Tune Z1 generator level f
1.0 +
05 +--A4---"-"2 -8 - -
ALICE
| Tune Zl Charged Particles (|n|<0.8, PT>0.5 GeV/c
0.0 T T T T
0 5 10 15 20

PTmax (GeV/c)

25

» ALICE 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| < 0.8.

The data are corrected and compared with

PYTHIA Tune Z1 at the generator level.

=®» ALICE 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| < 0.8.

The data are corrected and compared with

PYTHIA Tune Z1 att‘he generrator level.

read the points off | (9 A| |CE UE Data: Talk by S. Vallero
MPI@LHC 2010 Glasgow, Scotland
N November 30, 2010
Boost 2011, Princetorn,NJ Rick Field — Florida/CDF/CMS
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"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.

Boost 2011, Princeton, NJ
May 23, 2011

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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UE Summarny & Conclus

| still dream of a

=»\\e now have lots of corrected UE data from .
“universal” tune that

the_L_HC! Tune Z1 (CTEQSL) does nice job fits the UE at all
of fitting the CMS, ATLAS, and ALICE UE energies! Need to
data at 900 GeV and 7 TeV!But Tune Z1 is simultaneously tune
a little high at CDF (1.96 TeV)! S LHC plus CDF

(“professor” tune)!

®» CTEQ6L Tune: PYTHIA 6.4 Tune Z2 and
PYTHIA 8 Tune C4 both use CTEQG6L, but do
not fit the LHC UE data as well as Tune Z1.

Outgoing Parton

Proton

» Next Step:More PYTHIA 6.4 and
PYTHIA 8 tunes. Time to look more
closely at Sherpa and HERWIG++!

Underlying Event Underlying Event

Final-State

Outgoing Parton Radiation

=» ATLAS Tuning Effort (A. Buckley, J. Katzy et al.): AMBT1, AUET1
(Herwig+Jimmy). Coming soon AUET2 (Herwig + Jimmy), AMBT2!
Four stage approach: Flavor, FS fragmentation, ISRMPI.
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| still dream of a
“universal” tune that

the_L_HC! Tune Z1 (CTEQSL) does nice job fits the UE at all
of fitting the CMS, ATLAS, and ALICE UE energies! Need to
data at 900 GeV and 7 TeV!But Tune Z1 is simultaneously tune
a little high at CDF (1.96 TeV)! S LHC plus CDF

(“professor” tune)!

» CTEQGL Tune: PYTHIA 6.4 Tune Z2 and
PYTHIANR Tune C4 both use CTEQG6L, but do
not fit the UE data as well as Tune Z1.

Outgoing Parton

» Next Step:M

PYTHIA 81 CMS GEN Group: Working on an Sorry not enough time to

C|Qse|y at S improved Z2 tune (Tune Z2*) and an show all the LHC tunes!
improved PY8C4 tune (Tune C4%*) using

the Professor (A. Knutsson & M. Zakaria). Outgoing PN
=» ATLAS Tuning Effort (A. Buckley, J. Katzy et al.): AMBT1, AUET1
(Herwig+Jimmy). Coming soon AUET2 (Herwig + Jimmy), AMBT2!
Four stage approach: Flavor, FS fragmentation, ISRMPI.

HIA 6.4 and

Underlying Event
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‘Charged Particle Density: dN/dnl ‘Charged Particle Density: dN/dnl
8 CMS Data ® ALICE Data
_EGPYTE'AIU“jza e L T e Lt ) 2 INEL=NSD+SD  ALICE
s IRs ~ 8 4
2 CMS Tune 71 g; |
o 2
° NSD (all pT) eV S)))/é]]-. 'I\\IIZI;SzSoTiZd © INEL (all pT) 900 GeV pg;;ﬂizgfzz:zd
0 f f f f f f f 0 | f f f f f f
-4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4
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 the with PYTHIA Tune Z1. The plot shows the

average number of particles per NSD 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
Okay not perfect, but remember
we know that SD and DD are not modeled well
/ \
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Saryon & Strange e article

r Y a'l 1 Y '
f Production at the LHC
=» Strange Particle Production in Proton-Proton Colligons at 900 GeV with
ALICE at the LHC, arXiv:1012.3257 [hep-ex] Decemberl8, 2010.

| INEL

=» Production of Pions, Kaons and Protons in pp Colligins at 900 GeV with —
ALICE at the LHC, arXiv:1101.4110 [hep-ex] January25, 2011. o

L NEL

=» Strange Particle Production in pp Collisions at 90@5eV and 7 TeV, CMS [FR.

Paper: arXiv:1102.4282 [hep-ex] Feb 21, 201%&,bmitted to JHEP.
Step 1'Look at the overall particle yields (all pT)

Step 2:Look at the ratios of the overall particle yields all p;).
(K*™+ K) _ Strange Meson Kshot _ _ Strange Meson
(n'+m) Non-strange Meson (n+ ) Non-strange Meson

| know there are

more nice results
from the LHC, but
this is all | can show
today. Sorry!

NSD

(p+p) _Non-strange Baryon (A +A) _Single-strange Baryon (= +=) _Double-strange Baryon

(m+m) Non-strange Meson 2K short Strange Meson 2Kshort Strange Meson

Step 3:Look at the p; dependence of the particle yields and ratios.

Boost 2011, Princeton, NJ Rick Field — Florida/CDF/CMS
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Kaon Proauction

Kshort Rapidity Distribution: dN/dY

Kshort Rapidity Distribution: dN/dY
0.4

CMS Data CMS & ALICE Data
PYTHIA Tune Z1 CM S PYTHIA Tune 71 INEL = NSD + SD

900 GeV

dN/dY

e i T I | R Rt Ao B
L
~
X = M SR
7 pyZ1 NSD = solid
NSD (all pT) Tune Zl TU ne Zl pyZ1 INEL = dashed
0.0 1 1 1 1 1 1 1 0.0 | ‘ ‘ 1 ‘ ‘
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 K, rapidity
distribution at 7 TeV and 900 GeV
compared with PYTHIA Tune Z1. The plot
shows the average number of l,,; per NSD
collision per unit Y, (1/Nysp) dN/dY.

=®» CMS NSD dataon the K, rapidity
distribution at 900 GeV and theALICE point
atY =0 (INEL) compared with PYTHIA
Tune Z1. The ALICE point is the average
number of K. per INEL collision per unit
YatY =0, (1/Nyg ) dN/Y.

“Minimum Bias” Collisions

0]

D 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 (K<) sz ALICE (KOt 1)
E" 0.2 f -
% § o1 :/7 |—t—| —
INEL (all pT) 900 GeV TU ne Zl pp);zzllTl\?EDL dSaOSITjd INEL (all pT) 900 GeV Tune Zl
: ; | | ‘ | | 0.0 1 1 1 | |
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 the compared with PYTHIA Tune Z1.
average numbe_r of charged kaons per INEL (K*+ K Strange Meson
collision per unit Y at Y =0, (1/NygL) — =
dN/dY (Tr'+ 1M) Non-strange Meson
' “Minimum Bias” Collisions

0]

D No overall shortage of Kaons in PYTHIA Tune Z1!

-
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Kaon Preaduction

Charged Kaons Rapidity Distribution Ratio: Kshort/Kaons Ratio: Kaons/Pions
0.6 0.8
S AL s SIS (= (< Ht
% 0.6 +
N o — 1
3 S 04 b
° g_m-s ﬂ—i o
% 0.2
INEL (all pT) 900 GeV INEL (all pT) 900 GeV Tune Z1
0.0 | | | 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 the compared with PYTHIA Tune Z1.
average numbgr of charged kaons per INEL (K*+ K) Strange Meson
collision per unit Y at Y =0, (1/NygL) — =
dN/dY (TT+ ) Non-strange Meson
' “Minimum Bias” Collisions o

D No overall shortage of Kaons in PYTHIA Tune Z1!

-
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Kaon Preaduction

T —— CMS measures (1/Ngp) dN/dY
Kshort Rapidity Distribution: dN/dY
. e e
CMS Data w{_.—@._.}._@__ oy cus: |
0.4 + PYTHA Tune =t —= /—/ g By H ot
N T, SLLLLITTY \
% 02+---———-—----—+ FLL iiiiiiiliiiiiii LLT 1 e r"-lF";
o1l o i T LA A
NSD (all pT) | have plotted the same data twice! DOSE T Remes . emaas | This is the
o . . . . \ i N R @ rrf correct way!
Rapidity Y versus |Y| from 0— 2
=» Rick’s plot of the CMS NSD dataon the =» Real CMS NSD dataon the K, rapidity
Kshort Fapidity distribution at 7 TeV and 900 distribution at 7 TeV and 900 GeV. The plot
GeV. The plot shows the average number of  shows the average number of K. per NSD
Kshort P€F NSD collision per unit Y, (1/Nysp) collision per unit Y, (1/Nysp) dN/dY, versus
dN/dY, versus Y from -2— 2. Y| from 0 — 2. a

ﬂ Warning: | am not plotting what CMS actually measures!

| am olduand | like to see both sides so | assumaegmmetry about Y = 0 and plotted the same data ondbh
sides (Y— -Y). The way CMS does it is the correct way'But my way helps me see better what is going on.
Please refer to the CMS publication for the officidplots!
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| ampoa Production

(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 + HHH o 04
o
5 015 F - T © 03 -~y L TTTITTIITIIITI- 48
T, it i i
© 1l =" o -mNBARNSTTYERERNpg - TTw_____ o -]
0.10 ] Ei EE }E i § s0oow 1 E 0.2
/ \ 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 to

rapidity distribution at 7 TeV and 900 GeV 2Kshort rapidity ratio at 7 TeV compared with
compared with PYTHIA Tune Z1. The plot PYTHIA Tune Z1.
shows the average number of particles per (A+A) _Single-strange Baryon
NSD collision per unit Y, (1/Nysp) dN/dY. 2K aron = Strange Meson
snor
“Minimum Bias” Collisions o

UOops! Not enough Lambda’s in PYTHIA Tune Z1!

-
Boost 2011, Princeton, NJ Rick Field — Florida/CDF/CMS
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Produc

clion

(Cas+CasBar) Rapidity Distribution: dN/dY Rapidity Distribution Ratio: (Cas+CasBar)/(2Kshort)
0.03 0.05
CMS Data — CMS Data ==
PYTHIA Tune Z1 (=+= PYTHIA Tune 71 C M S (Z+=)/(2Kshor)
o 004
0.02 - L H + H* $$ 7 Tev
© 003 f-------—--- g TR
Z 3
© L0021 -Factorof 2+ |-
0.01 + o i
zZ
1 - | © o001+t
.’W Tune Z1 \ NSD (all pT) Tune Z1
0.00 | ; ; | | | | 0.00 | ; | |
-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 CascaderAntiCascade s CMS dataon the Cascade-AntiCascade to
rapidity distribution at 7 TeV and 900 GeV 2Kshort rapidity ratio at 7 TeV compared with
compared with PYTHIA Tune Z1. The plot PYTHIA Tune Z1.
shows the average number of particles per (Z+Z) _Double-strange Baryon
NSD collision per unit Y, (1/Nysp) dN/dY. 2Khort

“Minimum Bias” Collisions

Strange Meson

[0

UYikes! Way too few Cascade’s in PYTHIA Tune Z1!
— —

Rick Field — Florida/CDF/CMS
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Faramelers

Can we increase the overall rate of strange baryonsithout messing up
anything else?
=» PARJ(1) : (D =0.10) is P(qq)/P(q), the suppressianf diquark-antidiquark pair production in
the colour field, compared with quark—antiquark production. Notation: PARJ(1) = qqg/q

» PARJ(2) : (D =0.30) is P(s)/P(u), the suppressiai s quark pair production in the field
compared with u or d pair production. Notation: PARJ(2) = s/u.

» PARJ(3) : (D =0.4) is (P(us)/P(ud))/(P(s)/P(u))he extra suppression of strange diquark
production compared with the normal suppression oftrange quarks.
Notation: PARJ(3) = us/u.
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Rapidity Distribution Ratio: Kaons/Pions

Rapidity Distribution Ratio: (Lam+LamBar)/(2Kshort)

0.5

03
CMS Data —
ALICE Data (K +KO)/ (T8 +77) PYTHIA Tune 71 (N+N)(2Kshor)
PYTHIA Tune Z1
o QO
& 021 &
s cosl { e
FLIITIAETILIENT
o . Qg2 :,,-,,-::,:::,-,,-,:::,:,-,,'::,,,,-,,-,,'::,:,-,,-,
% 01 5 —
3 = Fis/: 0.4 101
01T " R o |siu:03->05 71 default | 77777777
NSD (all pT) 7 TeVv
0.0 : : : | | | | 0.0 : : :
-4 -3 -2 -1 0 1 2 3 -4 3 -2 -1 0 1 2 3 4
Rapidity Y Rapidity Y
» PYTHIA Tune Z1C: Same as Tune Z1 Rapidity Distribution Ratio: (Cas+CasBar)/(2Kshort)
exceptgq/q is increased 0.1- 0.12and M T cws pata E V)
P PYTHIA Tune Z1 o st
us/s is increased from 0.4~ 0.8, o004 . ey
& TTT NS
2003 - - ‘
5
b 002 F -
>
i
0.01 + s/u: 0.3->0.5 S
NSD (all pT) 7 TeV
0.00 : : : : : : :
-4 -3 -2 -1 0 1 2 3 4
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Kaon Preaduction

Kshort Rapidity Distribution: dN/dY Kshort Rapidity Distribution: dN/dY
0.5 0.5
CMS Data CMS Data Tune Z1C
| PYTHIA Tune Z1 o o4l PYTHIA Tune Z1C qg/q: 0.1 ->0.12
=l us/s: 0.4 ->0.8 7TeVv
i
> % 0.3 1
zZ
© % 02 - R
=4 900 GeV
G 0.1+
NSD (all pT) CMS Tune Z1C
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 Ky, rapidity » CMS dNSD ataon the Kqyo rapidity

distribution at 7 TeV and 900 GeV compared  distribution at 7 TeV and 900 GeV compared
with PYTHIA Tune Z1. The plot shows the with PYTHIA Tune Z1C. The plot shows the

average number of K, .. per NSD collision average number of Ko per NSD collision
per unit Y, (1/Nysp) dN/dY. per unit Y, (1/Nysp) dN/dY.
“Minimum Bias” Collisions 5

U For Kaon production Tune Z1 and Z1C are almost identtal!
-
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Kaon Preaduction

Kshort Rapidity Distril Rapidity Distribution Ratio: Kaons/Pions dtion: dN/dY
05 0
CMS Data ’
PYTHIA Tune Z1 ALICE Data (K++K')/(T[++T[')
) PYTHIA Tune Z1 & Z1C 7 Tev

dN/dY

——

900 GeV

dN/dY Particle Ratio
o
N

i —_
0.1
Tune Z1C
qg/g: 0.1 ->0.12 Tune Z1C
INEL (all pT) 900 GeV us/s: 0.4 ->0.8 | |

0.0 | | | ; | ‘ ‘ ‘ ‘ ‘
-4 -3 -2 -1 0 -4 -3 -2 -1 0 1 2 3 4 1 2 3 4
rand Rapidity Y 'Y

®» CMS dNSD ataon the K., rapidity

=®» CMS NSD dataon the K, rapidity
distribution at 7 TeV and 900 GeV compared

distribution at 7 TeV and 900 GeV compared :
with PYTHIA Tune Z1. The plot shows the with PYTHIA Tune Z1C. The plot shows the

average number of K, .. per NSD collision average number of Ko per NSD collision
per unit Y, (1/Nysp) dN/dY. per unit Y, (1/Nysp) dN/dY.

“Minimum Bias” Collisions

— -

U For Kaon production Tune Z1 and Z1C are almost identtal!
—
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| ampoa Production

(Lam+LamBar) Rapidity Distribution: dN/dY (Lam+LamBar) Rapidity Distribution: dN/dY
0.25 0.25
CMS Data _ CMS Data _
PYTHIA Tune Z1 7 Tev (A+N) PYTHIA Tune Z1C 7 Tev (A+N)
0.20 * H 2 0.20
©
mmﬁ mmm :
3]
B 0.5 T~ — = e e
kS
o
3 010 F---————————— - BEB T NN
% 900 GeV
< 0.05 & Tune Z1C
© 0057 NSD (all pT) qg/g: 0.1 ->0.12
us/s: 0.4 -> 0.8 Tune Z1C
0.00 | ; | | ;
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 rapidity distribution at 7 TeV and 900 GeV
compared with PYTHIA Tune Z1. The plot compared with PYTHIA Tune Z1. The plot
shows the average number of particles per shows the average number of particles per
NSD collision per unit Y, (1/Nysp) dN/dY. NSD collision per unit Y, (1/Nysp) dN/dY.

“Minimum Bias” Collisions

D Not bad! Many more Lambda’s in PYTHIA Tune Z1C!
—
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(Lam+LamBar) Rapidity [ Rapidity Distribution Ratio: (Lam+LamBar)/(2Kshort) istribution: dN/dY
0.25 0.5
PYCT'\H/E TDLlit‘?aZl PYTHI(;:A'\'/II'uSn[zgia& zic (A+N)(2K ghor) I 7 TeV (A+7\)
0.20 + 1
] 5
| ) — LFCTLIITTITTTIT L
§ O T .
g EI 900 GeV
S | Tune Z1C
| oo AR s TuneZziC
4 a2 R 12 3 e
Rapi Rapidity Y tyY
=®» CMS NSD dataon the Lambda+AntiLambda = CMS NSD dataon the Lambda+AntiLambda
rapidity distribution at 7 TeV and 900 GeV rapidity distribution at 7 TeV and 900 GeV
compared with PYTHIA Tune Z1. The plot compared with PYTHIA Tune Z1. The plot
shows the average number of particles per shows the average number of particles per
NSD collision per unit Y, (1/Nysp) dN/dY. NSD collision per unit Y, (1/Nysp) dN/dY.

“Minimum Bias” Collisions

D Not bad! Many more Lambda’s in PYTHIA Tune Z1C!
— —
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Proguction ¢

(Cas+CasBar) Rapidity Distribution: dN/dY (Cas+CasBar) Rapidity Distribution: dN/dY
0.03 0.03
CMS Data = CMS Data (=-+=_-)
PYTHIA Tune 71 (E+= o PYTHIA Tune Z1C 7 Tev -
g
0.02 A * 002 +-- —C—M—S— 7777777777777777777
> S
3 g
© 8 4
0.01 A 001l +-----—-—--—-—__§MFg¥ri--L11 R e
8 900 Ge
1 b O Tune Z1C
1 qqg/g: 0.1 ->0.12 Tune Z1C
-’m, Tune Zl\. NSD (a“ pT) usls: 0.4 ->0.8
0.00 | | | | | | | 0.00 | | | | | | |
-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-+AntiCascade- » CMS NSD dataon the Cascade-+AntiCascade-

rapidity distribution at 7 TeV and 900 GeV rapidity distribution at 7 TeV and 900 GeV
compared with PYTHIA Tune Z1. The plot compared with PYTHIA Tune Z1. The plot
shows the average number of particles per shows the average number of particles per NSD
NSD collision per unit Y, (1/Nysp) dN/dY. collision per unit Y, (1/Nysp) dN/dY.

“Minimum Bias” Collisions

U Wow! PYTHIA Tune Z1C looks very nice here! 7
—
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ade Production € 2

(Cas+CasBar) Rapidity [ Rapidity Distribution Ratio: (Cas+CasBar)/(2Kshort) stribution: dN/dY
03 T s para 0.05 — -
CMS Data =+2)/(2K E+2)
PYTHIA Tune Z1 v THIA Tune 71 & 210 ( N (2Kshort)
o 0.04 Fo-mmm T oo
0.02 - 5 [ ﬁ
> 2 003 :
Z pud
e ©
s 002+
0.01 - > o 2 o
> — 900 Gé
b -c001,,,,,,,,,,,,,,,,,,,,,,,M ,,,,,,,,,,,,,,,,,,,,, T ZlC
’ gg/g: 0.1 ->0.12 12 une
.—W’_—— NSD (all pT) e 0408 71 -
0.00 f f f 0.00 ‘ ‘ ; ; f f |
-4 -3 -2 -1 -4 -3 -2 0 2 3 4 1 2 3
Rapi Rapidity Y vy

=®» CMS NSD dataon the Cascade-+AntiCascade- » CMS NSD dataon the Cascade-+AntiCascade-
rapidity distribution at 7 TeV and 900 GeV rapidity distribution at 7 TeV and 900 GeV
compared with PYTHIA Tune Z1. The plot compared with PYTHIA Tune Z1. The plot
shows the average number of particles per shows the average number of particles per NSD
NSD collision per unit Y, (1/Nysp) dN/dY. collision per unit Y, (1/Nysp) dN/dY.

“Minimum Bias” Collisions

U Wow! PYTHIA Tune Z1C looks very nice here! 7
—

Rick Field — Florida/CDF/CMS
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e Production 2

(Cas+CasBar) Rapidity C

0.03
CMS Data

PYTHIA Tune Z1

0.02 +

dN/dY

0.01 +

-4 -3 -2 -1
Rapi

0.00

dN/dY Particle Ratio

Rapidity Ratio: (Cas+CasBar)/(Lam+LamBar)

CMS Data E+E)IAN)

PYTHIA Tune Z1 & Z1C

Tune Z1C
qq/q: 0.1 ->0.12

NSD (@l pT) us/s: 0.4 ->0.8
| |
T

-4 -3 -2 =i 0 1 2 3

Rapidity Y

stribution: dN/dY

(=+2)

900 Ge

182 Tune Z1C

1 2 3 4
tyY

=®» CMS NSD dataon the Cascade-+AntiCascade- » CMS NSD dataon the Cascade-+AntiCascade-
rapidity distribution at 7 TeV and 900 GeV
compared with PYTHIA Tune Z1. The plot
shows the average number of particles per NSD
collision per unit Y, (1/Nysp) dN/dY.

rapidity distribution at 7 TeV and 900 GeV
compared with PYTHIA Tune Z1. The plot
shows the average number of particles per
NSD collision per unit Y, (1/Nysp) dN/dY.

“Minimum Bias” Collisions

U Wow! PYTHIA Tune Z1C looks very nice here! 7
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1.0E+01

1.0E+00

I'ransyerse viomentum

Pistrputions

PT Distribution: Lam+LamBar

PT Distribution: Kshort

CMS Data
PYTHIA Tune Z1 & Z1C

7 TeV

1.0E+00

1.0E-01

CMS Data
PYTHIA Tune Z1 & Z1C

7 TeV

o ~ (A+A)
S 1.0E-01 S

3 E 1.0E-02

2 1.0E-02 =

= &

& S 1.0E-03

S 1.0E-03 z

©

Tune Z1C
qq/q: 0.1 ->0.12
us/s: 0.4->0.8

Tune Z1C
qqg/q: 0.1 ->0.12
us/s: 0.4 ->0.8

1.0E-04
1.0E-04
NSD (Y] < 2)) NSD (|Y] < 2))

1.0E-05 -

1.0E-05 ~

PT (GeV/c)

PT (GeV/c)

®» CMS NSD dataon the Lambda+AntiLambda
transverse momentum distribution at 7 TeV
compared with PYTHIA Tune Z1 & Z1C .
The plot shows the average number of
particles per NSD collision per unit g,
(1/Nysp) dN/dp; for Y] < 2.

“Minimum Bias” Collisions

U PYTHIA Tune Z1 & Z1C are a bit off on the p; dependence‘]
——

Rick Field — Florida/CDF/CMS

=®» CMS NSD dataon the K, transverse
momentum distribution at 7 TeV compared
with PYTHIA Tune Z1 & Z1C . The plot
shows the average number of particles per
NSD collision per unit p;, (1/Nysp) dN/dp;
for |Y| < 2.
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I'ransyerse viomentum

Pistriputions

PT Distribution: Cas+CasBar Cas+CasBar PT Distribution: dN/dPT
1.0E-01 + 1.0E+00 T
I CMS Data 7 TeV T CMS Data 7 TeV
PYTHIA Tune Z1 & Z1C PYTHIA Tune Z1 & Z1C _
_ E+3) (E+=
3 r
> 10E-02 5 LOE-0L NEe—
3 3
3 :
S 1.0E-03 + B LOE-02 £ m e m e I m oo
© T Tune Z1C T Tune 71C
I qa/q: 0.1 ->0.12 I qa/q: 0.1->0.12
L NSD (Y[ <2) us/s: 0.4->0.8 L NSD(YI<2)  us/s:04->08  Normalized to 1
1.0E-04 f f f f N N 1.0E-03 f f f f f N
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
PT (GeV/c) PT (GeV/c)

®» CMS NSD dataon the CascaderAntiCascade = CMS NSD dataon the Cascade-rAntiCascade

transverse momentum distribution at 7 TeV transverse momentum distribution at 7 TeV
compared with PYTHIA Tune Z1 & Z1C . (normalized to 1) compared withPYTHIA
The plot shows the average number of Tune Z1 & Z1C.

particles per NSD collision per unit g,
(1/Nnsp) 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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fj.'._';?

S Versus PT +.¢

1
o

PT Particle Ratio: (Lam+LamBar)/(2Kshort) Particle Ratio: (Lam+LamBar)/(2Kshort)
0.8 0.8
CMS Data — T _

| PYTHIA Tune 71 & Z1C (A+N)/(2Ksnon) 1  ALICE Data (A+N)(2Kshort)

1 1 PYTHIA Tune 1 & Z1C
LSt o 1 S 06T {
= i
g 1 §¢
o + 2 T E
C04+---—-TH - - I 5 04+
g 047 AR
g 1 L 1 -
= 1 1
n-02,, - = _______ s, ______ 02,, T

<1 qq/q: 0.1 ->0.12 < Tune Z1C
us/s: 0.4->0.8 T 900 GeV qq/g: 0.1->0.12
1 NSD(Y|<2) 7 TeV Ik INEL (]Y| <0.75) us/s: 0.4 ->0.8
0.0 1 1 1 1 1 1 1 1 1 0.0 f f f f
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6
PT (GeV/c) PT (GeV/c)

®» CMS NSD dataon the Lambda+AntiLambda = ALICE INEL data on the Lambda+AntiLambda

to 2K ratio versus py at 7 TeV (|Y| < 2) to 2K, Fatio versus p; at 900 GeV (Y| < 0.75)
compared with PYTHIA Tune Z1 & Z1C . compared with PYTHIA Tune Z1 & Z1C
(A +A\) _Single-strange Baryon (A +A\) _Single-strange Baryon
2K short Strange Meson 2K short Strange Meson
“Minimum Bias” Collisions 8

U Tune Z1C is not too bad but a bit off on the p dependence!

——

Boost 2011, Princeton, NJ Rick Field — Florida/CDF/CMS Page 49
May 23, 2011



PT Particle Ratio: (Cas+CasBar)/(2Kshort)

o1 1 cMsData
CMS Data = 1

il =74z TPYTHIA Tune 71 & 1C
| PYTHIA Tune z1 & Z1C (E+=)(2Kshor) 1 une

.
—0—
—m—
j_'
PT Particle Ratio

Tune Z1C

Tune Z1C ZiC 0.05 Z ****************** qq'/q‘: 91=s0.12 "~~~ "~~~ ~"~"=~=——=—=°=-°
qa/q: 0.1 ->0.12 z1 1 NsD(v|<2) [TeV us/s: 0.4 ->0.8
us/s: 0.4 ->0.8 T
‘ ‘ 1 1 1 1 1 0.00 1 1 ‘ ‘ 1 ‘ 1
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
PT (GeV/c) PT (GeV/c)

=» CMS NSD dataon the CascaderAntiCascade ® CMS NSD dataon the CascaderAntiCascade
to 2K Fatio versus py at 7 TeV (|Y]| < 2) to Lambda+AntiLambda ratio versus p; at 7

compared with PYTHIA Tune Z1 & Z1C .. TeV (Y| < 2) compared withPYTHIA Tune Z1
(= +Z) _Double-strange Baryon & Z1C. (= +Z) _Double-strange Baryon
2Kshort Strange Meson (A+/A)  Single-strange Baryon
“Minimum Bias” Collisions 8

U Tune Z1C is not too bad but a bit off on the p dependence!

——
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PT Particle Ratio: Kaons/Pions

;?

1
L

Rapidity Distribution Ratio: Kaons/Pions

0.3
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T (K™+K)/(1T +11) ALICE Data K +KO)(T+TE
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T INEL (all pT) 900 GeV us/s: 0.4->0.8
‘ ‘ ‘ 0.0 : ; ; ‘ ;
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PT (GeV/c) Rapidity Y

=» ALICE INEL data on the charged kaons to
charged pions ratio versus p at 900 GeV (]Y| <
0.75) compared withPYTHIA Tune Z1 & Z1C .

(K'+ K)
(T0'+ )

_ Strange Meson

Non-strange Meson

“Minimum Bias” Collisions

=» ALICE INEL data on the charged kaon to

charged pion rapidity ratio at 900 GeV
compared with PYTHIA Tune Z1.

)

U Tune Z1C is not too bad but a way off on the pdependence!

——
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L

Rapidity Distribution Ratio: Kaons/Pions

PT Particle Ratio: Kaons/Pions
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ALICE Data by -
T (K™+K)/(1T +11) ALICE Data K +KO)(T+TE
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Rapidity Y

PT (GeVic) Tails of the p; distribution.

Way off due to the wrong prl

=®» ALICE INEL data on the chargto—eoro— —ICE 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 & Z1C . compared with PYTHIA Tune Z1.
(K*™+ K) _ Strange Meson
(T0'+ M) Non-strange Meson
“Minimum Bias” Collisions 8

U Tune Z1C is not too bad but a way off on the pdependence!

——
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Particle Ratios versus F

PT Particle Ratio: (P+Pbar)/Pions Rapidity Distribution Ratio: (P+Pbar)/Pions
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ALICE Data T F o ALICE Data T F
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=» ALICE INEL data on the Proton+AntiProtonto = ALICE INEL data on the Proton+AntiProton
charged pions ratio versus p at 900 GeV (Y] < to charged pion rapidity ratio at 900 GeV
0.75) compared withPYTHIA Tune Z1 & Z1C . compared with PYTHIA Tune Z1 & Z1C .

(p +p) _ Non-strange Baryon

+ -
(T0+ ) Non-strange Meson
“Minimum Bias” Collisions 8

U Tune Z1C is not too bad but way off on the pdependence!

——
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S VEISUS =

PT Particle Ratio: (P+Pbar)/Pions Rapidity Distribution Ratio: (P+Pbar)/Pions
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PT (Gevic) Tails of the p; distribution. Rapidity Y
Way off due to the wrong g!
=®» ALICE INEL data on the Proton— ~~————rr—E INEL data on the Proton+AntiProton
charged pions ratio versus p at 900 GeV (Y] < to charged pion rapidity ratio at 900 GeV
0.75) compared withPYTHIA Tune Z1 & Z1C . compared with PYTHIA Tune Z1 & Z1C ..
(p +p) _ Non-strange Baryon
— =
(T'+ ™) Non-strange Meson
“Minimum Bias” Collisions 8

U Tune Z1C is not too bad but way off on the pdependence!
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rTagmentation Summary s =

= Not too hard to get the overall yields of K short

baryons and strange particles roughly right @ .

at 900 GeV and 7 TeV.Tune Z1C does a ] _

fairly good job with the overall particle
yields at 900 GeV and 7 TeV. @ ‘ ‘

=» 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 mistributions. 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)! N
Minimum Bias” Collisions

» ATLAS Tuning Effort: Fragmentation proton Proton
flavor tuning at the one of the four stages.

=» Other Fragmentation Tuning: There is additional tuning involving jet
shapes, FSR, and ISR that | did not have time to inctie in this talk.
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