Rick Field Q...

University of Florida Cﬁm.

Lecture 1: Outline Soft Side of the LHC
June 11- 19,2011
®» Review: The CDF Tevatron “underlying event” tunes zak-..:ﬁ:narje. Poland

(Tune A, B, D, AW, DW, D6, DWT, D6T)' vZakopane, PoIand,Junel-lQ, 2011

® Predicting the behavior of the “underlying event” atthe
LHC . What we expected to see.

®» How well did we do at predicting the behavior of tfe
“underlying event” at the LHC (900 GeV and 7 Te\)?/cusing raron

®» |LHC PYTHIA Tunes:
PYTHIA 6.4 tunes
(AMBT1, 71, Z2) and
PYTHIA 8 Tune C4.

Proton e -

Underlying Event

Final-State
Radiation

Cracow School of Physics Rick Field — Florida/CDF/CMS

Zakopane, June 12, 2011
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Rick Field Q...

University of Florida Cﬁm.
Lecture 2: Tomorrow namics Soft Side of the LHC
June 11- 19,201°
®» How are “min-bias” collisions related to the zmp;:_}; Pmm}]g{

“underlying event”. :
Zakopane Poland, June 11-19, 2011

®» How well did we do at predicting the behavior of “mn-
bias” collisions at theLHC (900 GeV and 7 TeY?

®» Baryon and Strange Particle Production at the LHC:
Fragmentation tuning.

+
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Tewarad an Unaerstanding oi

Hadion:iHaaron ColliSIon
DFrom Feynman -Field to the LHC

Q... Rick Field
c@:ﬁ University of Florida

L ecture 3: Tuesday Evening

®» Before Feynman-Field Phenomenology:
The Berkeley years.

®» The early days of Feynman-Field
Phenomenology.

®» From 7 GeV/cTP's to 1 TeV Jets!
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QCD Moente-Cario Vieaels:

rJ llransverse viomentum Jet

Hard Scattering

Outgoing Parton

Initial-State Radlatlon PT(hard)

A\
.
e,
-,
e,
*
.,
D
».

“Hard Scattering” Component

—_—

AntiProton

: Final-State Radiation
v

Outgoing Parton
Underlying Event

Proton AntiProton

s Jetil-State Radiation
Outgoing Parton v

Underlying Event Underlying Event

“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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/"

% € VP, HJ|~~ Up, and Overlap €
M

=» MPI: Additional 2-to-2 parton-parton
scatterings within a single hadron-hadron
Fgdiat collision.

Underlying Event

Final-State
Radiation

Outgoing Parton

Proton Proton Proton

Proton

Pile-Up

Interaction Region

=» Pile-Up: More than one hadron-hadron collision in tre bea
crossing.

Overlap = Overlap: An experimental timing issue where a hadra-hadron
_ collision from the next beam crossing gets includeith the hadron-
hadron collision from the current beam crossing becase the next
crossing happened before the event could be readtou
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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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ISAJET 7.5 (WJFrJOIJFM )

~1rAa m“\/erj; Densit\

ISAJET uses a naive leading-log
parton shower-model which does
not agree with the data!
ISAJET
Charged Jet #1 "Transv%e\\id Particle Density: dN/dnd(pl ﬁ
Direction 1.00 A
CDF Run 1Data
? data uncorrected
2 1 theory corrected
8 0.75 %
§7 § li- I
“Transverse” 4@ “Transverse” g 050 Lo i > {7 . § i %%§§ ] ﬁ el ] D 7% 77777 0108 |
N
2 i, e
% [f— """"= S e e e e e
y . M Feb 25. 2000 Hard”
: epruar
J : y 1.8 TeV [n|<1.0 PT>0.5 GeV Component
Beam-Beam 0.00 - | | | | | | | | |
Remnants 0 5 10 15 20 25 30 35 40 45 50
PT(charged jet#1) (GeV/c)

= Plot shows average “transverse” charge particle deity (|n|<1, p;>0.5 GeV) versus P(charged jet#1)
compared to the QCD hard scattering predictions of SAJET 7.32 (default parameters with
P;(hard)>3 GeVI/c) .

® The predictions of ISAJET are divided into two catgories: charged particles that arise from the
break-up of the beam and targetijeam-beam remnant}, and charged particles that arise from the
outgoing jet plus initial and final-state radiation (hard scattering componenj.

Cracow School of Physics Rick Field — Florida/CDF/CMS Page 7
Zakopane, June 12, 2011



HERWIGI6IZN(WithoutIVIPI)

“ransyverse: Densit\

HERWIG uses a modified leading-
log parton shower-model which
does agrees better with the data!

Charged Jet #1 TN W—Qartlcle Density: dN/dndcpl

Direction 1.00
Herwig 6.4 CTEQ5L HERWIG
PT(hard) > 3 GeV/c ﬁ

CDF Run 1Data \l\\

data uncorrected
theory corrected

A\

“Transverse” 4& “Transverse”

o
N
a1
1
L
7
1
[

/4

ansverse" Charged Density
o
ul
o
|
T
HH
HEH
HEH
i
-
-
i
—a—
.
—a—
_|
0
a+—
HH
—H—
HH
HH
0
1
HH

"Remnants” 1.8 TeV [n|<1.0 PT>0.5 GeV ¥
T 1 1 1 T I f ! ! “Hal’d"
Component

' Tr
o -
o
S
o 4

Beam-Beam/ 5 10 15 20 25 30 35 40 45 50
Remnants PT(charged jet#1) (GeV/c)

= Plot shows average “transverse” charge particle deity (|n|<1, p;>0.5 GeV) versus P(charged
jet#l) compared to the QCD hard scattering predicbns ofHERWIG 5.9 (default parameters with
P;(hard)>3 GeV/c without MPI).

®» The predictions of HERWIG are divided into two catejories: charged particles that arise from the
break-up of the beam and targetljeam-beam remnant}, and charged particles that arise from the
outgoing jet plus initial and final-state radiation (hard scattering componen.

Cracow School of Physics Rick Field — Florida/CDF/CMS Page 8
Zakopane, June 12, 2011



Tuning| PYTIHIA 6.2: A

Multiple Parton lnteraction; Parameters &% =

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

PARP(84) 0.2 Double-Gaussian: Fraction of the overall hadroA
radius containing the fraction PARP(83) of the _ _
Multiple Parton Interaction _

total hadronic matter. M
%**  Color String

PARP(85) 0.33 | Probability that the MPI produces two gluons Color Stri;éM
with color connections to the “nearest neighbors/' =

PARP(86) | 0.66 | Probability that the MPI produces two gluons Multiple Partf Determine by comparing
either as described by PARP(85) or as a closed > with 630 GeV data!

gluon loop. The remaining fraction consists of

i . ““.-n‘c
guark-antiquark pairs. y /
AéTol
/

PARP(89) | 1TeV | Determines the reference energy E Hard Scattering qu
PARP(82) | 1.9 | The cut-off Py, that regulates the 2-to-2 PYTHIA 6 206 7
GeV/c | scattering divergence 1/PT—1/(PT?+P;,%)? \\4 ———————————————— ~/ s
Q Take E,=1.8 TeV >

PARP(90) 0.16 | Determines the energy dependence of the cut-off

Pro as follows Ry(Eq) = Pro(Eci/Eo)® With SNk
£ = PARP(90)

TO (GeVi
T
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
l
|
N
|
|
)
|
|
|
|
|
|
L

¥

PARP(67) 1.0 A scale factor that determines the maximum
parton virtuality for space-like showers. The 100 Aoo 10,000 100,000
larger the value of PARP(67) the more initial- e
state radiation.

Reference point
at1.8 TeV
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Tuning| PYTIHIA 6.2: A

Multiple Parton lnteraction; Parameters &% =

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

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

radius containing the fraction PARP(83) of the _ _
Multiple Parton Interaction _

total hadronic matter .
PARP(85) 033 P Determines the energy e I - m@r String
' dependence of the MPI! . ColorsrringM
W, P “nearest nelghbors/' "
PARP(86) 0.66 Pro t  Affects the amount of [luons Multiple Part Determine by comparing

with 630 GeV data!

e del initial-state radiation! @ ClOSCU Ly

loop. sists of

ark-antiqup}/ / et O /
ﬁTOl
/

PARP(89) 1T/9'/ Determipf/ //eference energy £ Hard-Scattering Cy

5 /

PARP(82) 9 The PTO that regulates the 2-t0-2\ PYTHIA 6.206
evic | s ing divergence 1/PT—1/(PT?+P;,2)?2 NN\ e
Take E;= 1.8 TeV

/

PARP(90 0.16 /oétermines the energy dependence of the cut-off § JoNe Y T T 7~ ]
Pro as follows Ry(Eq) = Pro(Ec/Eo)® with  “SNle
£ = PARP(90) >
PARP(67)/ 1.0 A scale factor that determines the maximum
parton virtuality for space-like showers. The 100 Aoo 10,000 100,000
CM Energy W (GeV)

larger the value of PARP(67) the more initial-
state radiation.

Reference point
at1.8 TeV
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MPI constant
probability
scattering

r PYTHIA default parameters ]

"Transverse" Charged Particle Density: dN/dnd@

Parameter | 6.115| 6.125| 6.158| 6.206 CDF Data Pythia 6.206 (default)

) data uncorrected MSTP(82)=1
MSTP(81) 1 1 1 1 / & 75 | theovcorrected ____ PARP(B1)=19GeVic ______ % ,,,,,,, %

ot Tebsastal ]
MSTP(82) | 1 1 1 5 ol iimﬁ ﬂ{ Faiozad %mﬁﬁ;% ﬁ%
PARP(81) | 1.4 1.9 1.9 1.9 g . { ________
PARP(82) | 1.55| 2.1 | 21 | 19 |§°*] T

= 1.8 TeV [n|<1.0 PT>0.5 GeV
PARP(89) 1,000| 1,000f 0.0 | | | | | | | | |

0 5 1 15 20 25 30 35 40 45 50

PARP(30) e | DL / PT(charged jet#1) (GeV/c)
PARP(67) | 4.0 4.0 1.0 1.0 [— —creQaL [/ | cTEQaL CTEQSL ® CDFMin-Bias O CDF JET20
= Plot shows thg‘Transverse” charged particle density versus R(chgjet#1)compared to the

QCD hard sgattering predictions ofPYTHIA 6/206 | (Py(hard) > 0) using thedefault
parameterg foy multiple parton interactions ghd CTEQ3L, CTEQA4L, and CTEQ5L.

Default parameters give
Note Change very poor description of

PARP(67) = 1.0 (> 6.138)

Cracow School of Physics Rick Field — Florida/CDF/CMS Page 11
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CDF Default Feburary 25, 2000!
o ——g———-airticle Density: dN/dndo

PYTHIA 6.206 CTEQSL]

Parameter | Tune B e A CDF Preliminary i PYTHIA 6.206 (Set A)
data uncorrected PARP(67)=4 : Runl AnalySiS

MSTP(81) 1 < 0.75 +- theory corrected S : . S
MSTP(82) | 4 / S

5 050 -
PARP(82) | 1.9 Gev [ERXICIAVA -
PARP(83) 0.5 f 2 025

g PYTHI 06 (Set B)
PARP(84) 0.4 0.4 e CTEQSL 4 67) 1 1.8 TeV |n|<1.0 PT>0.5 GeV

| | / / | | | | |

PARP(85) 1.0 0.9 0.00 +——— | A
PARP(86) 1.0 0.5 //%chargedjet#l) (GeVic)

PARP(89) | 1.8 TeV [EE:RIC _ _
PARP(90) 0.25 . lot shows thé'transverse” charged particle density
versus B (chgjet#l)compared to the QCD hard
scattefing predictions of twotuned versions ofPYTHIA

6.206 (CTEQSL, Set B(PARP(67)=1) andSet A

PARP(67) 1.0 4.0

=4)).
Old PYTHIA default
New PYTHIA default (more initial-state radiation)
(less initial-state radiation)
Cracow School of Physics Rick Field — Florida/CDF/CMS Page 12
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“ ['ransverse’ Cones

VS~ Iransverse: Regions

2n U “Cone Analysis” ]

Y Rz Transverse (Tano, Kovacs, Huston, Bhatti)
Cone:
Transverse T(0.7¢=0.491 L 6 o yaxData CDF PRELIMINARY
Region @ — MAX Herwig+QFL
8|— O MAX Pythia6.115+QFL (tuned)
o 5 - A MINData
Leading ¢ Leading === MIN Herwig+QFL T+
Jet Jet - A MIN Pythia6.115+QFL (tuned) o _[]_'”
Toward Region 4 B
'¢"I'JI]"¢' -4} 1T |1
Transverse Transverse -
N Region: T

3 - +
213=0.671 : ﬁ $ 1
Away Region L T
_ 0 1 4T> 1 2L ﬁ

=» Sum the P of charged particles in two cones of radlus I
0.7 at the same] as the leading jet but with Ad| = 1r

= Plot the cone with the maximum and minimum P'gum I Mﬁﬁ*ﬁ#ﬁ%@f&
versus the E of the leading (calorimeter) jet. [ M ‘
0 50 100 150 200 250
E. of leading jet (GeV.
Cracow School of Physics Rick Field — Florida/CDF/CMS Page 13
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=nergy bepenaence

of the “ Underlyi Ny Event

CDF PRELIMI NARW

“Cone Analysis”

.
S L @ MAX Data CDF PRELIMINARY
§2.5 - — m§ a:trsvigﬂgFL (Tano Kovacs, Huston, Bhattl)} MAX Herwig+QFL

8 [ O MAX Pythia6.115+QFL (tuned) o [ O MAX Pythia6.115+QFL (tuned)

o

- A MINData R
T T MIN Herwig+QFL 630 GeV o5 4 N Data 4
A MIN Pythia6.115+QFL (tuned) | == MIN Herwig+QFL J} T

F A MIN Pythia6.115+QFL (tuned)

2 i 1,800 Gev\g\ 111
tsL %ﬁé—;i H ﬁ*‘ﬁ#%

Y

]
B PYTHIA 6.115
P, =14 GeV

il _:i:* o i PYTHIA 6.115 |1} bt
Lot T F | P 220GeV || et
30 40 50 60 70 ¢ 0 50 100 150 200 250
E; of leading Jet (GeV) E; of leading jet (GeV,
» Su > of charged partlcles (B > 0.4 GeV/c) in two cones of radius 0.7 at the sameas the leading

jet bt withN A®P| = 9C. Plot the cone with the maximum and minimum PT, versus the E of the
leadilg (cal&meter) jet.
= Note fhat PYTNA 6 115 is tuned at 630 GeV with 1?0 = 1.4 GeV and at 1,800 GeV with i = 2.0 GeV.

=» For thg MIN cone 0°25 GeV/cin radius R = 0.7 |mpI|sa PT,, density of dPT, rn/dr]d(p= 0.16 GeV/c
and 1.4 GeV/c in the MAX cone implies dPJ, /dndg= 0.91 GeV/c (average 1., density of 0.54

GeV/c per unitn-¢).

Cracow School of Physics Rick Field — Florida/CDF/CMS Page 14
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0.40 + -

020+ Je0 V-4~
CTEQ5L

Charged PTsum Density (GeV)
Charged PTsum Density (GeV)

$30 GeV |n|<1.0 PT>0.4 GeV

35 40 45 50

0 GeV |n|<1.0 PT>0.4 GeV
| | |

35 40 45

50

0.54 GeV/g determined from the Tano, Kovacs,
Huston, and Bhatti “transverse” cone analysis at
630 GeV.

Cracow School of Physics Rick Field — Florida/CDF/CMS

Zakopane, June 12, 2011

€= 0.25 (Set A)) vz
7/

I

4
PYTHIA 6.206 4
/7

100 10,000
CM Energy W (GeV)

100,000

Reference point
E,=1.8TeV
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Frcm Vverse: ©

s S

) )

£ 040 + 2

8 8

£ £

g 2

< 0.20 - T B A
g Increasing € produces less energy

b dependence for the UE resulting in

000 | | | less UE activity at the LHC! 0 GeVIni<L.0PT>0.4 Gev
0 5 10 15 20 25 /3’0 35 40 45 5 I 0 5 10

Lowering P, at 630 GeV (.e.
increasinge) increases UE activity
resulting in less energy dependence

35 40 45 50
PT (GeV/c)

Hard-Scal

;—Off PTOl

O\

/YTHlA 6.206

€=0.16 (default

ot acM Rick Field Fermilab MC Workshop
630 Gev. October 4, 2002!

Cracow School of Physics
Zakopane, June 12, 2011
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COE RUAML =(Z

PYTHIA 6.2 CTEQSL

wmeters Z-Boson Transverse Momentum
Parameter Tune A Tune A25 Tune A50 0.12 -
1 O CDF Run 1 Data
MSTP(81) 1 1 1 5 —pyTHIATunea | CDF Runl
3 | ——PYTHIA Tune A25 |  Published
A9 ——PYTHIA Tune A50
STP(82) 4 4 4 2 0.08 -+ N uneA50|_____________|
—
PARP(82) 2.0 GeV 2.0 GeV 2.0 GeV _§
=} 1
'Q w
PARP(83) 0.5 0.5 0.5 F T .
z ]
PARP(84) 0.4 0.4 0.4 h
PARP(85) 0.9 0.9 0.9 0.00 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 2 4 6 8 10 12 14 16 18 20
PARP(86) 0.95 0.95 0.95 Z-Boson PT (GeVic)

ISR Parameter

; PARP(89) 1.8 TeV 1.8 TeV 1.8 TeV

=» Shows the Run 1 Z-boson pdistribution
0.25 0.25 0.25 (<p1(2)> = 11.5 GeV/c) compared with
i i i PYTHIA Tune A (<p;(2)> = 9.7 GeV/c),
Tune A25(<p;(2)> = 10.1 GeV/c), and
Tune A50(<p;(2)> = 11.2 GeVl/c).

MSTP(91) 1 1 1

S s | N

PARP(93) 5.0 15.0 25.0

Vary the intrensic KT!

Intrensic KT

Cracow School of Physics Rick Field — Florida/CDF/CMS Page 17
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| [

PYTHIA 6.2 CTEQSL

Tune used by the
CDF-EWK group!

Z-Boson Transverse Momentum

Parameter Tune A
MSTP(81)
MSTP(82)
PARP(82)
PARP(83)
PARP(84)
PARP(85)

PARP(86)

UE Parameters 1

4

PARP(89)
PARP(90)
PARP(62)
| PARP(64)
PARP(67)
MSTP(91)
PARP(91)

ISR Parameters

\

PARP(93)

Tune AW _

|40\

1
4
2.0 GeV
0.5
0.4
0.9
0.95
1.8 TeV
0.25
1.25
0.2
4.0

2.1
15.0

PT Distribution 1/N dN/dPT

0.12

0.08 +

0.04

0.00

"o O CDFRun 1 Data
' = = PYTHIA Tune A CDFRun1
1 PYTHIA Tune AW published
' 3
' 1.8 Tev
~
' i Normalized to 1
,,,,,,,,,,,,,,,,,,, NN
-
[ ] -~ =0
0 2 4 6 10 12 14 16 18 20

8
Z-Boson PT (GeV/c)

=®» Shows the Run 1 Z-boson pdistribution (<p +(2)>

Intrensic KT

Cracow School of Physics
Zakopane, June 12, 2011

Effective Q cut-off, below which space-like showerare not evolved.

=~ 11.5 GeV/c) compared witlPYTHIA Tune A
(<p1(2)> = 9.7 GeV/c), andPYTHIA Tune AW

(2)> = 11.7 GeVic).

\

The @? = k-2 in a,for space-like showers is scaled by PARP(64)!

Rick Field — Florida/CDF/CMS
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A@Jet#l-Jet#2
Y DO

4? ® pmax > 180 GeV (x8000)
E 0 130 < pI'™* < 180 GeV (x400)

r 100 < p"®* < 130 GeV (x20)
O

Jet#1-Jet#2Aq@ Distribution

Aq)%

» MidPoint Cone Algorithm (R =0.7, fyqe=0.5) ' |
» £= 150 pb! (Phys. Rev. Lett. 94 221801 (2005)) 2

% —_
o o
W

1/0gje1, AOgijer | AAG ey

—

=]

N
TTTIT T T 1111

10 |

HERWIG 6.505
-=-=- PYTHIA6.225

10 ¢
=» Data/NLO agreement good. Data/HERWIG agreement — Ella?!? ISR
good. A
= Data/PYTHIA agreement good provided PARP(67) = ™2 3n/4 m
1.0—4.0 (i.e. like Tune Abest fit 2.5. A e (rad)
Cracow School of Physics Rick Field — Florida/CDF/CMS Page 19
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PYTHIA 6.2 CTEQSL Z-Boson Transverse Momentum
Parameter [Eii=Rn)Y Tune AW 012 O  CDF Run 1 Data COE Run 1
n
UE Parameters| MSTP(81) 1 1 & — ﬁ;’;\'ﬁ;“”e bW publisl‘l;led
MSTP(82) 4 4 é 0.08 1 j
PARP(82) NN, 2.0 GeV = 4 3 18Tev
' PARP(83) 05 05 '% 1 Normalized to 1
i E o4+ -------- N7
PARP(84) 0.4 0.4 2 =
— I
PARP(35)/fERC m' B .
PARP(86) 1.0 0.00 ; 1 1 1 1 1 1 1 1
PARP(89) 187V EETREY 0 2 4 6 8 w-ol2oo1a 1618 20
ISR Parameters Z-Boson PT (GeV/c)
— PARP(90) 0.25 0.25
PARP(62) 195 125 =» Shows the Run 1 Z-boson pdistribution (<p +(2)>
' PARP(64) 0.2 0.2 =~ 11.5 GeV/c) compared witlPYTHIA Tune DW ,
PARP(67) ‘ 40 and HERWIG .

/

MSTP(91) 1

PARP(91) 2.1 2.1 \
PARP(93) 0

Tune DW uses DO’s perfered value of PARP(67)!

Intrensic KT

Tune DW has a lower value of PARP(67) and slightlgnore MPI!

Cracow School of Physics Rick Field — Florida/CDF/CMS Page 20
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=Y EIIA 6.

All use LO ag

with A = 192 MeV! Parameter Tune AW Tune DW Tune D6
PDF CTEQS5L CTEQSL CTEQ6L ~
UE Parameters N MSTP(81) 1 1 1
MSTP(82) 4 4 4
PARP(82) 2.0 GeV 1.9 GeV 1.8 GeV
S PARP(83) 0.5 0.5 0.5
PARP(84) 0.4 e ) 0.4 Tune A energy dependencs!
PARP(85) /’ 0.9 1.0 10
PARP(86) Na_ 0.95 1.0 1.0 >
SR PRl PARP(89) 1.8 TeV T8 1ev 1.8 TeV
AN PARP(90) 0.25 0.25 0.25
N 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
PARP(91) 2.1 2.1 2.1
PARP(93) 15.0 15.0 15.0

Intrinsic KT

Cracow School of Physics Rick Field — Florida/CDF/CMS Page 21
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| Alluse LO ag
with A =192 MeV!

=Y EIIA 6.

UE Parameters

ATLAS energy dependence]

ISR Parameter

=T

Intrinsic KT

Cracow School of Physics
Zakopane, June 12, 2011

Parameter Tune DWT Tune D6T ATLAS
PDF CTEQSL CTEQ6L CTEQS5L

L MSTP(81) 1 1 1
MSTP(82) 4 4 4
PARP(82) 1.9409 GeV | 1.8387 GeV 1.8 GeV

| PARP(83) 0.5 0.5 0.5
PARP(84) 0.4 0.4 0.5
PARP(85) 1.0 1.0 0.33
PARP(86) 1.0 1.0 0.66
PARP(89) 1.96 TeV 1.96 TeV 1.0 TeVv
PARP(90) 0.16 0.16 0.16

F  PARP(62) 1.25 1.25 1.0
PARP(64) 0.2 0.2 1.0
PARP(67) 25 25 1.0
MSTP(91) 1 1 1
PARP(91) 2.1 2.1 1.0
PARP(93) 15.0 15.0 5.0

Rick Field — Florida/CDF/CMS

Page 22



=Y EIIA 6.

All use LO ag

with A = 192 MeV! Parameter Tune DWT Tune D6T ATLAS
PDF CTEQSL CTEQ6L CTEQS5L

L MSTP(81) 1 1 1

UE Parameters MSTP(82) 4 4 4

PRP/ [)74 1.9400 GeV\"%838] Sey/ | 1.8Gev
4‘ o5 |\
Tune AW <% Tune B

rA — /———7

/ B 1.0 |4 66
e ! /Iép\}g) 196TeV | 1.96|Av N 10Tev

Z

V
ARP(90) 0.16 0.16 0.16
PARP(62) 1.25 1.25 1.0
PARP(E4) | n O/ 0.2 1.0 /L

Cracow School of Physics Rick Field — Florida/CDF/CMS Page 23
Zakopane, June 12, 2011



Min-B

@la]

"Transverse" Charged Particle Densit

0.3

@ JJ

r|r(|er| PArtIc

35% more at RHIC means
26% less at the LHC!

7 RDF Preliminary
) generator level

o
[N

"Transverse" Charged Density
o
=

o) e

J J—:):)

oclat
€ DensIity.

nsverse" Charged Particle Density: dN/dnd(pl

"Transverse" ChargediDensi

T
! PY Tune DWT |

Min-Bias Min-Bias )
0.2 TeV Charged Particles (Jn|<1.0, PT>0.5 GeV/c) 14 TeV Charged Particles (n|<1.0, PT>0.5 GeV/c)
0.0 } } } T T T T T T 0.0 ] } } } T T T T T T
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
PTmax (GeV/c) PTmax (GeV/c)
PTmax Direction PTmax Direction
0.2 TeV— 14 TeV
RHIC (~factor of 70 increase

“Transverse” I “Transverse”

=» Shows the “associated” charged particle density irhie “transverse” regions as a function of
PTmax for charged particles (3 > 0.5 GeV/c, )| < 1,not including PTmax) for “min-bias” events
at 0.2 TeV and 14 TeV from PYTHIA Tune DW and Tune DWT at the particle level {.e. generator
level). The STAR data from RHIC favors Tune DW!

Cracow School of Physics
Zakopane, June 12, 2011
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Min -Blas™ As

o

Charged Particle Der

"Transverse" Charged Particle Density: dN/dnd@

=
N

RDF Preliminary  mMin-Bias 14 TeV
7 py Tune DW generator level

o
©

°
~

"Transverse" Charged Density

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

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

0.2 TeV— 1.96 TeV
(UE increase ~2.7 times

1.96 TeV— 14 TeV
(UE increase ~1.9 time

— | HC

=» Shows the “associated” charged particle density ime “transverse” region as a function of PTmax
for charged patrticles (p; > 0.5 GeV/c, 1| < 1,not including PTmax) for “min-bias” events at 0.2
TeV, 1.96 TeV and 14 TeV predicted by PYTHIATune DW at the particle level {.e. generator
level).
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‘s \fi = How can we measure the UE?
RHIC’s View of Hadron Collisions Lets do what RICK did!
1st look at Back-to-Back Di-Jet Events in which the jet energies are
relatively close so as to minimize radiation in transverse region.
P-P Collisions at RHIC
STAR Detector and Triggers e ?warcé:egion; ”
< : 5 Away Region
Hard Scattering at RHIC kinematics A L,ﬂmd higlﬂLst pT jet —
The STAR Jet-Finders Region
| Underlying Event at STAR 3 Away Region:
. s e |A[P| >120 1 |r]|s 1 [ Leading
- o From leading jet Jet
Renee Fatemi Toward Region|
For the STAR Collaboration ~ ...~ Transverse Region:
3 120< |A@| < 60, |n|<1
1]
UK 1st Joint Workshop on Eﬂe_rgy Scaling of Hadron Collisions *R - , : : -1
: Apvi 27, 2009 Access Underlying Event Distributions HERE!

®» At STAR they have measured the “underlying event at W = 20GeV (|| < 1, p- > 0.2 GeV)
and compared their uncorrected data with PYTHIA Tune A + STAR-SIM.

Cracow School of Physics Rick Field — Florida/CDF/CMS Page 26
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e Unaerlying Event: at

!

Conclusions

» At STAR
and com

V.

Hadron Collisions at RHIC take place at an order of magnitude smaller ¥ s than
the Tevatron. Nevertheless, jets are observed and reconstructed down to pT=5
GeV and are well described by pQCD

Comparisons between several jeffinders reveal consistent results

Interest in the Underlying Event at RHIC Kinematics is driven by the need for jet
energy scale corrections as well as pure physics interests (see talks by M. Lisa
and H. Caines)

UE at RHIC appears to be independent of jet pT and decoupled from hard
interaction

. CDF Tune A provides an excellent description of the UE at ¥ s =200 GeV
hanks Rick!)

V1.

ViI.
VIIL.

Underlying Event distributions in general smaller than those at CDF. Tower &
Track Multiplicities are the exception, but this may be due to the 0.2 (STAR)
versus 0.5 GeV (CDF) pT/Et cut-off.

For a cone jet with R=0.7 UE contributes 0.5-0.9 GeV.

Comparison of Leading Jet and Back-to-Back distributions indicate that large
angle radiation contributions are small at RHIC energies.

Cracow School of Physics
Zakopane, June 12, 2011

Rick Field — Florida/CDF/CMS
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"Transverse" Charged Particle [ "Transverse" Charged Particle Density: dN/dnd@
I\ N | lllde——— T T T T T 7 _—
0.8 1 . =) PYATLAS | | PY Tune DWT .
2 | RDF Preliminary PY64 Tune P329 RDF Preliminan,, o 2" aa-a” = - - o emaw
g : generator level .U) < generatir kvﬁ' ---------- A" m m m m m m =
8 06 1 p
1 ~ 1 —————
el 7
> B ' - e
= < 1 N - = = 3N
&8 ] 8 1 1 - AR
5 04+ 508+ -
% I /2 N N N . 5 ] ’ “\~. | PY64Tune P329
2 | g S / NS
g i \ Nmmmmm e g i I I__\ Mmoo o
9 02 - e D04 +--Bf-------- ~ .1 PY64TunesS320 1
5 1 J minBias T _ g 1§ MinBias  "rooomoooooeod
= 1 1.96 TeV Charged Particles (|n|<1.0, PT>0.5 GeV/c) : 1 14 TeV Charged Particles (|n|<1.0, PT>0.5 GeVi/c)
0.0 | | | | | | | | | 0.0 | | | |
0 2 4 6 8 10 12 14 16 18 20 0 5 10 15 20 25
PTmax (GeV/c) PTmax (GeV/c)
PTmax Direction PTmax Direction

=» Shows the “associated” charged particle density inhe “transverse” region as a function of PTmax
for charged patrticles (p; > 0.5 GeV/c, 1| < 1,not including PTmax) for “min-bias” events at 1.96
TeV from PYTHIA Tune A, Tune S320 Tune N324 and Tune P329at the particle level {.e.
generator level).

® Extrapolations of PYTHIA Tune A, Tune DW, Tune DWT, Tune S320 Tune P329 and pyATLAS to the
LHC.
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] RDF Preliminary N\ ga»w| [ AN/ T  [€e e tmETEETE e o a mls

generatorlevel B2 @0~ /N1 =Y |4 m s m = = = - m m W m m m m m m =

0.6 -

N e

_________________

.
(V)

- -
—————————
1

vin &I If the LHC data are not in

;o \ the range shown here then <& o
we learn new (QCD) physics! %

Rick Field October 13, 2009 S

"Transverse" Charged Density
o
N

es (In|<1.0, PT>0.5 GeVi/c)

g
o

o

PTmax Direction

Teva
\/
=» Shows the “associated” cf .ged pa nsity nsverse” re as a function of PTmax
for charged particles (pr > 0.5 GeV/c A,notinc j PTmax) for “m\n-bias” events at 1.96

TeV from PYTHIA Tune A, Tune S3}  /ne N324 a une P329at the particle level {.e.
generator level).

® Extrapolations of PYTHIA Tune A, Tune DV, / Tune DWT, Tune S320 Tune P329 and pyATLAS to the

LHC.
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-

Charged DerJS]'tya;é_;

el AN C Y el rl
[ TANSVEISE

"Transverse" Charged Particle Density: dN/dnd<p|

=Y
(o]

RDF Preliminary
py Tune DW generator level 7 TeV

| PTmax
0.8 \r— z
\ ChgJet#1

1 DY(muon-pair)
70 < M(pair) < 110 GeV

; | Charged Particles (|n|<1.0, PT>0.5 GeV/c)
0.0 - | | | | | | | | |

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

e%y

“Transverse” “Transverse”

Tran\verse"fCharg

Muon-Pair Direction

“Toward”

“Transverse’

=» Shows the charged particle density in théransverse” region for charged particles (g > 0.5
GeVic, h| <1) at 7 TeV as defined by PTmax, PT(chgjet#1)nd PT(muon-pair) from PYTHIA
Tune DW at the particle level (.e. generator level). Charged particle jets are constreted using
the Anti-KT algorithm with d = 0.5.
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Min-Bi

\/f]flfg

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

1.2
> RDF Preliminary  win-Bias 14 TeV 1 RDF Preliminary LHC14
‘D 1 py Tune DW gen or level ! B .
= b - m m U mC Ve I ,W m = _r - M
8 i - e e - - — - "
3 08 —— S 3T LHC10
g’ 08 | (‘é)’ U.O - LHC7
8 1 1.96 TeVv g PR
O |
R oY o »* Tevatron
= 0.4 + e a ;|
g =] — e=dde—b2 900 GeV
2 A 2 PTmax = 5.25 GeV/c
s |/ .. -@———e—a—c—cc == E ; RHIC |
& , Charged Particles (Jn|<1.0, PT>0.5 GeVi/c) : — Charged Particles (|n|<1.0, PT>0.5 GeVic)

0.0 | ; ; | 0.0 ‘ ‘ 1 1 1 1

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

0.2 TeV— 1.96 TeV
(UE increase ~2.7 times

——) | eVvatron e

1.96 TeV4y 14 TeV
(UE increasd \~1.9 time

LHC

function of PTmax
"events at 0.2

=®» Shows the “associated” charged particle density i “transverse” region
for charged patrticles (p; > 0.5 GeV/c, | < 1,not including PTmax) for “min-

TeV,0.9TeV, 1.96 TeV, 7 TeV, 10 TeV, 14 TeV predaed by PYTHIA Tu y o article
level (.e. generator level). near scale:
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Viin=Bia

Charged

"Transverse" Charged Particle Density: dN/dnd g "Transverse" Charged Particle Density: dN/dnd@
1.2 1.2
RDF Preliminary  jin-gjas 14 Tev RDF Preliminary
: py Tune DW gen or level : py Tune DW generator level

L0deVa w = = =

7TeV

o
0

o
©

o
D
T T T S SO N
T T

1.96 TeV

0.9 TeVv

I
'S

.- PTmax =5.25 GeV/c

"Transverse" Charged Density
"Transverse" Charged Density

J Charged Particles (Jn|<1.0, PT>0.5 GeV/c) RHIC Charged Particles (|n|<1.0, PT>0.5 GeVi/c)
0.0 . | | | 0.0 L LA I o f L LA R o f L R
0 5 10 15 20 25 0.1 1.0 10.0 100.0
PTmax (GeVic) Center\ef-Mass Energy (TeV)

PTmax Direction

PTmax Direction

7 TeV — 14 TeV
(UE increase ~20%)

Linear on a log plot!

function of PTmax
"events at 0.2

=®» Shows the “associated” charged particle density i “transverse” region
for charged patrticles (p; > 0.5 GeV/c, | < 1,not including PTmax) for “min-

TeV,0.9TeV, 1.96 TeV, 7 TeV, 10 TeV, 14 TeV predaed by PYTHIA Tu 1 ol article
level (.e. generator level). 09 scale:
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. E#5 Conclusions Novembe

=®» We are making good progress in understanding and nakeling the
“underlying event”. RHIC data at 200 GeV are very important!

Proton 7 e

=®» The new Pythia @ ordered tunes (py64 S320 and py64 P32¢€
are very similar to Tune A, Tune AW, and Tune DW. At
present the new tunes do not fit the data better ¢8n Tune AW
and Tune DW. However, the new tune are theoretically

derlying Event

Final-State

Outgoing Parton Radiation

prefe rred I ‘Hard—Scattering Cut-Off PTO|
=» It is clear now that the default value PARP(90) = A6 is T P
not correct and the value should be closer to theuhe A . | comean | 7
- :g ;
value of 0.25: S >
=®» The new and old PYTHIA tunes are beginning to g -
converge andl believe we are finally in a position to make | :f— i
some legitimate predictions at the LHC! ="
= All tunes with the default value PARP(90) = 0.16 a& o wemn

wrong and are overestimating the activity of min-bas and
the underlying event at the LHC! This includes all my

“T” tunes and the (old) ATLAS tunes! UE&MB@CMS

=» Need to measure “Min-Bias” and the “underlying
event” at the LHC as soon as possible to see if thers
new QCD physics to be learned!
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"Transverse" Charged Particle Density: dN/dnd@

0.8

1 RDF Preliminary

Fake Data

4 pyDW generator level
0.6 +

ChgJet#l <+
"

N

0.4 -

02+
il 900 GeV
Charged Particles (|n|<2.0, PT>0.5 GeV/c)

"Transverse" Charged Density

Prediction!

0.0 -

4 6 8 10 12 14 16 18

\

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

=» Fake data (from MC) at 900 GeV on the
“transverse” charged particle density,
dN/dnde, as defined by the leading charged
particle (PTmax) and the leading charged
particle jet (chgjet#1) for charged particles
with pr > 0.5 GeV/c andi| < 2. The fake
data (from PYTHIA Tune DW) are
generated at the particle leveli(e. generator
level) assuming 0.5 M min-bias events at
900 GeV (361,595 events in the pljt

Cracow School of Physics
Zakopane, June 12, 2011

Leading Charged
Particle Jet, chgjet#1.

<P

“Transverse” “Transverse”

PTmax Direction

\e¢

Leading Charged
Particle, PTmax.

“Transverse” “Transverse”

~

Rick Field — Florida/CDF/CMS

Rick Field
MB&UE@CMS Workshop
CERN, November 6, 2009
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gt® Iransverse C

» Transverse" Charged Particle Density: dN/dnd@ Rick Field
2 - ] RDF Preliminary MB&UE@CMS WOFkShOp
g |py Tune DW generator level ey CERN, November 6, 2009
B 08
g U
5 factor of 2!
2 900 GeV
5041 f o eee—————
@
:g PrediCtion! Charged Particles (|n|<2.0, PT>0.5 GeV/c)

0.0 T T } T T T } }

0 2 4 6 8 10 12 14 16 18 20
PTmax (GeV/c)
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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0.8

"Transverse" Charged Particle Density: dN/dnd@

1 RDF Preliminary

] Fake Data
4 pyDW generator level

0.6 + +
: " el

"Transverse" Charged Particle Density: dN/dnd@

0.8 —
1CMS Preliminary

] datauncorrected

1__pybw+siM O NN\
E A ?'

poeeed { *** crg e Plu

o
o

"Transverse" Charged Density
o
S

,,,,,,,,, “T’?’f _ -
} =TT
o/ B -
02 /S 02 900 GeV
e
Monte-carIO! Charged Particles (?rﬂgzie;/'bo 5 GeV/c) Real Data: Charged Particles ([n|<2.0, PT>0.5 GeVic)
0.0 \ \ ‘ ‘ ‘ ‘ _ N 0.0 ‘ ‘ | | ; | |
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
PTmax or PT(chgjet#1) (GeV/c) PTmax or PT(chgjet#1) (GeVi/c)
=» Fake data (from MC) at 900 GeV on the =®» CMS preliminary data at 900 GeVon the

“transverse” charged particle density,

dN/dnde, as defined by the leading charged

particle (PTmax) and the leading charged
particle jet (chgjet#1) for charged particles
with pr > 0.5 GeV/c andi| < 2. The fake
data (from PYTHIA Tune DW) are

generated at the particle leveli(e. generator

level) assuming 0.5 M min-bias events at
900 GeV (361,595 events in the pljt

“transverse” charged particle density,
dN/dnde, as defined by the leading charged
particle (PTmax) and the leading charged
particle jet (chgjet#1) for charged particles
with pr > 0.5 GeV/c andnj| < 2. The data are
uncorrected and compared with PYTHIA
Tune DW after detector simulation 16,215
events in the plo}.
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"Transverse" Charged PTsum Density: dPT/dnd(pl

0.8
| RDF Preliminary
E Fake Data

1 pyDW generator level

900 GeV

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

0 2 4 6 8 10 12 14 16
PTmax or PT(chgjet#1) (GeV/c)

PTsum Density (GeV/c)

0.8

041N g - .

"Transverse" Charged PTsum Density: dPT/dnd¢

1 CMS Preliminary

data uncorrected

R i J% ************

02 900 GeV

1 |

il Real Data! Charged Particles (|n|<2.0, PT>0.5 GeV/c)
0.0 f f f f f f f f

0 2 4 6 8 10 12 14 16

PTmax or PT(chgjet#1) (GeVic)

18

=» Fake data (from MC) at 900 GeV on the
“transverse” charged PTsum density,

dPT/dnde, as defined by the leading charged
particle (PTmax) and the leading charged
particle jet (chgjet#1) for charged particles
with pr > 0.5 GeV/c andi| < 2. The fake
data (from PYTHIA Tune DW) are generated

at the particle level {.e. generator level)

assuming 0.5 M min-bias events at 900 GeV

(361,595 events in the pljt

Cracow School of Physics
Zakopane, June 12, 2011

Rick Field — Florida/CDF/CMS

®» CMS preliminary data at 900 GeVon the

“transverse” charged PTsum density,

dPT/dndg, as defined by the leading charged

particle (PTmax) and the leading charged
particle jet (chgjet#1) for charged particles

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

uncorrected and compared with PYTHIA

Tune DW after detector simulation 16,215

events in the plo}.
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"Transverse" Charged Particle Density: dN/dnd@

1.2
TCMS Preliminary
> T datauncorrected 7Tev E E
3 pyDW + SIM - EE L]
S T UL LT LT LT T L Pl |
0 08—+----- = e———— e
2 €
(&S]
CMS
004+ fuon B g~ ——r
o 1
I
5
1 Charged Particles (|n|<2.0, PT>0.5 GeV/c)
0.0

20 25 30 35 40 45

PT(chgjet#1) GeV/c

10 15 50

"Transverse" Charged Density

"Transverse" Charged Particle Density: dN/dnd@

1.2

1 RDF Preliminary

| ATLAS corrected data E E 7 Tev

| Tune DW generator I T T I
0.8+ 1 T I +

i 900 Gev ATLAS
0.4 + $ -1

| IRIK!

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

0 2 4 6 8 10 12 14 16 18 20

PTmax (GeV/c)

=®» CMS preliminary data at 900 GeV and 7 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

Cracow School of Physics
Zakopane, June 12, 2011

Rick Field — Florida/CDF/CMS

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

1.2 3.0
TCMS Preliminary 1 cMSs Preliminary
2 | datauncorrected 7 Tev E 1+ datauncorrected
G T pyDW+SIM EE ] E > i N
g 1 g 20 ] pyDW + SIM o L
S 2
£ e
a ~ 1
kS 8 10+
g g 1
5 Charged Particles (|n|<2.0, PT>0.5 GeVic) 1 7 Tev/900 Gev Charged Particles (In|<2.0, PT>0.5 Gevic)
0.0 | 1 1 1 1 1 1 1 1 1 0.0
0 5 10 15 20 25 30 35 40 45 50 0 2 4 6 8 10 12 14 16 18
PT(chgjet#1) GeVic PT(chgjet#1) (GeVic)
=» CMS preliminary data at 900 GeV and 7 TeV ® Ratio of CMS preliminary data at 900 GeV
on the “transverse” charged particle density, and 7 TeVon the “transverse” charged

dN/dnde, as defined by the leading charged particle density, dN/dnde, as defined by the
particle jet (chgjet#1) for charged particles with leading charged particle jet (chgjet#1) for

pr > 0.5 GeV/c andiy| < 2. The data are charged particles with pr > 0.5 GeV/c andij]|
uncorrected and compared with PYTHIATune < 2. The data are uncorrected and compared
DW after detector simulation. with PYTHIA Tune DW after detector

PT(chgjet#1) Direction SI m u Iatl O n ] PT(chgjet#1) Direction
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Ratio: 7 TeV/900 GeV

lcms Preliminary
-+ datauncorrected
r pyDW + SIM %
2.0 + ——
1.0 +
7 TeV /900 GeV Charged Particles (|n|<2.0, PT>0.5 GeV/c)
0.0 T T T T T T T T
0 2 4 6 8 10 12 14 16 18

PT(chgjet#1) (GeV/c)

7 TeV/900 GeV

Ratio:

" LRDF Preliminary
TATLAS corrected data
T pyDW generator level { ; I
20 +-----------~- S E?Lfffu:l -
1.0 +
7 TeV /900 GeV
1 Charged Particles (|n|<2.5, PT>0.5 GeVi/c)
0'0 | | | |

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

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

Cracow School of Physics
Zakopane, June 12, 2011

=» 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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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

Cracow School of Physics
Zakopane, June 12, 2011

=»| am surprised that the

Tunes did not do a better job
of predicting the behavior of

the “underlying event” at
900 GeV and 7 TeV!

‘"Transverse" Charged Particle Density: dN/dndq)l

1.2
TCMS Preliminary
> T data uncorrected 7TeVv E E
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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

Cracow School of Physics
Zakopane, June 12, 2011

=»| 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!

‘"Transverse" Charged Particle Density: dN/dndq)l

Rick Field — Florida/CDF/CMS
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1CMS Preliminary
41 datauncorrected
pyDW + SIM

"Transverse" Charged Density
o
N

0.0 1

=»| am surprised t
Tunes did as w
at predicting the beha
the “underlying event
900 GeV and 7 TeV!

Cracow School of Physics
Zakopane, June 12, 2011

Warning! All the UE studies look
at charged particles with p- > 0.5 GeV/c.
We do not know if the models correctly
describe the UE at lower p values!

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

T T T T
5 30 35 40 45 50
V/c

\
\1arged Particle Density: dN/dndq;l

CMS Prelimf
data uncorrected
pyDW + SIM

7 TeV /900 GeV Charged Particles (|n|<2.0, PT>0.5 GeV/c)

0 2 4 6 8 10 12 14 16 18
PT(chgjet#1) (GeV/c)

Rick Field — Florida/CDF/CMS
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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
Cracow School of Physics Rick Field — Florida/CDF/CMS Page 44
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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

Cracow School of Physics
Zakopane, June 12, 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!

Cracow School of Physics Rick Field — Florida/CDF/CMS
Zakopane, June 12, 2011

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

Proton



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
Cracow School of Physics Rick Field — Florida/CDF/CMS Page 47
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Charged Particle Density

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

"Transverse" Charged Particle Density: dN/dnd@

1.2

T CMS Preliminary
T datauncorrected
pyZ1 + SIM

0.8 +

900 GeV
0.4 1
1 CMS
Tune Z1

0.0

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

20 25 30 35

PT(chgjet#1) GeV/c

0 5 10 15

40 45 50

=®» 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

simulation (SIM).

Color reconnection suppression.
Color reconnection strength.

®» 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 andn| < 2.0.
The data are uncorrected and compared with
PYTHIA Tune Z1 after detector simulation

. Q)

Tune 71 (CTEQSL) |
PARP(82) = 1.932
PARP(90) = 0.275
| PARP(77)=1.016
™~ PARP(78) = 0.538

)

Cracow School of Physics
Zakopane, June 12, 2011

—/

(SIM).

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

Rick Field — Florida/CDF/CMS
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Y I'HIA 6
/AN O
Parameter Tune AW Tune DW Tune D6
PDF CTEQS5L CTEQ5L 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 fii?ourcci‘ E'A‘8|71P§§8:2)0b9y5

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 25
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

D
CMS: We wanted a CTEQG6L version of Tune Z1 in a hury!
Cracow School of Physics Rick Field — Florida/CDF/CMS Page 49
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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

Cracow School of Physics
Zakopane, June 12, 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
Cracow School of Physics Rick Field — Florida/CDF/CMS Page 51
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PYTHIAS

'unes

PTO = PARP(82)

£ = PARP(90)

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
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
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,
Rick Field — Florida/CDF/CMS Page 52
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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
Cracow School of Physics Rick Field — Florida/CDF/CMS

Zakopane, June 12, 2011
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"Transverse" Charged Particle Density: dN/dnd@

1.6 —
TCMS Preliminary
- I data corrected
= 1Tune Z1 generator level 7TeV
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2 CMS
o> 1
G 0.4
s 1 Tune Z1
Charged Particles (|n|<2.0, PT>0.5 GeVi/c)
0.0 ‘ 1
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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!

Cracow School of Physics
Zakopane, June 12, 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!

Cracow School of Physics Rick Field — Florida/CDF/CMS Page 55
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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
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I Charged Particles (|n|<2.0, PT>0.5 GeV/c)
0.0+
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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
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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)
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=®» 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!

Cracow School of Physics
Zakopane, June 12, 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
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=®» CMS preliminary data at 900 GeV and 7 "Transverse" Charged Particle Ratio: PTsum/Nchg
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level £ 1.0 7 ] imm **************************************
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"Transverse" Charged Particle Density: Ratio

3.0
T CMS Preliminary -
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0.5 f f f f f
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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
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7 TeV divided by 900 GeV Charged Particles (|n|<2.0, PT>0.5 GeV/c)
0.5 | | | | |
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=» 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!

Cracow School of Physics
Zakopane, June 12, 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
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=» 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.

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

CMS corrected
data!

CMS corrected
datal




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
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"Transverse" Charged PTsum Density: dPT/dnde
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1 ATLAS corrected data
T Tune Z1 generator level
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» 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:rerer(;r:erc]ladr;/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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AlTLAS UE Data

"Transverse" Charged Particle Density: dN/dnd@ "Transverse" Charged PTsum Density: dPT/dnde

: +

§ :Tunezmener gem 8 L % :Tun921generat0r|eVe; ani ]

§, 08 0 10— g2

f ] - I L’OO Gev § | ) }900 GeV

g 0.4 i T ATLAS ; 05 ATLAS
:.C_‘E ] Tune Z1 Charged Particles (In|<0.8, PT>0.5 GeVic) - 1 TUNE Z1  charged Particles (| < 0.8, PT > 0.5 Gevic)
0.0 ‘ \ \ \ 0.0 1 1 1 1
0 5 10 15 20 25 0 5 10 15 20 25
PTmax (GeV/c) PTmax (GeV/c)

» ATLAS preliminary data at 900 GeV and 7 = ATLAS preliminary data at 900 GeV and 7
TeV on the “transverse” charged particle TeV on the “transverse” charged PTsum
density, dN/dndq, as defined by the leading density, dPT/dndg, as defined by the leading
charged particle (PTmax) for charged charged particle (PTmax) for charged
particles with p; > 0.5 GeV/c andrj| < 0.8. particles with p; > 0.5 GeV/c andj| < 0.8.
The data are corrected and compared with The data are corrected and compared with
PYTHIA Tune Z1 at the generator level. PYTHIA Tune Z1 at the generrator level.

ATLAS-CONF-2011-009
February 21, 2011
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"~ | RDF Preliminary
4 ATLAS corrected data

"Transverse” Charged Particle L Pc c MB&UE Working Group Meeting

rged PTsum Density: dPT/dnde

February 7 & 8, 2001

LHC P."/w\]%irfi‘ Centre at CERN

Min-Bias Common Plots

"Transverse" Charged Density

Tune Z1

PTmax (GeV\

£ c------ Rick Field g@
ﬂ:h University of Florida

® The first MB “common plots” were shown (on behalf of
CMS-ATLAS-ALICE) at the LPCC MB&UE working
group meeting on Mon-Tues, but not yet posted on the
agenda webpage. They were made by Regina (ATLAS).
The plan is to post them on the agenda webpage, if you
approve.

g Pt | e
CMS Geneval Weekly Méeting Rivk Field — Flovida/CMS
CERN February 9, 2004

» 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| < 0.8.
The data are corrected and compared with
PYTHIA Tune Z1 at the generator level.

P

ATLAS

_1 Charged Particles (|n| < 0.8, PT > 0.5 GeV/c)
| | |
T

PTmax (GeV/c)

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

ATLAS-CONF-2011-009

February 21, 2011
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"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@

15

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
i n
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
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"Transverse" Charged Particle Density: dN/dnd@

1.2
> 1 RDF Preliminary 7 TeV
‘» 1 ALICE corrected data +
g :Tune Z1 generator level i i % §
go08+-—-—-—-M----- -
=g |
£
(@) 900 GeV
5 |
2 04+
[5)
5 ALICE
c
g Tune Zl Charged Particles (|n|<0.8, PT>0.5 GeV/c)
00

0 5 10 15 20
PTmax (GeV/c)

25

"Transverse" Charged Particle Density: dN/dnd@

1.2 — T
> ' ] RDF Preliminary 7 Tev +
% 4 ATLAS corrected data
S “Tune 1 generatar |gvel 8 +
a) |
B 08—
> i
©
<
@)
:q) B !
504 & e e
o |
: ATLAS
©
= ] Tune Z1 Charged Particles (|n|<0.8, PT>0.5 GeV/c)
0.0 T T T T
0 5 10 15 20 25

PTmax (GeV/c)

» 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.

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

"Transverse" Charged PTsum Density: dPT/dnd@

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.

Cracow School of Physics
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Rick Field — Florida/CDF/CMS

1.5 1.5 }
7 RDF Preliminary 7 TeVv ; 7 RDF Preliminary 7 TeV +
S | ALICE corrected data _ - S | ATLAS corrected data
% ] Tune Z1 generator level f % 7Tune Z1 generator level al ! i
O 1.0 + ©10+----—--- —
2 1 > 1
£ B
c c
g 900 GeV 8
€ 05 € 05
ALICE ATLAS
] Charged Particles (|n|<0.8, PT>0.5 GeVic 1 Tune % Charged Particles (|n| < 0.8, PT > 0.5 GeVic)
0.0 \ \ \ \ 0.0 | | | |
0 5 10 15 20 25 0 5 10 15 20 25
PTmax (GeV/c) PTmax (GeV/c)
» ALICE preliminary data at 900 GeV and 7 ®» 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 andn| < 0.8.
The data are corrected and compared with
PYTHIA Tune Z1 at the generrator level.
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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.

Cracow School of Physics
Zakopane, June 12, 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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MPI Cut-Off Pro(Wem)

{ RDF Very Preliminary
|
CMS 900 GeV
0 2000 4000 6000 8000

Center-of-Mass Energy W, (GeV)

S

Pro(W)=p1o(W/WO0)*®

=» 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

Pro 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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PYTHIAS

'unes

PTO = PARP(82)

£ = PARP(90)

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
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  |[g—ebiyi— 2035
| Multiplelnteractions:ecmPow 0.21 (.26 0.19
MultipleInteractions:bProfile 3 3 3
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,
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UE Summarny & Conclus

=»\\/e now have lots of corrected UE data from “ur'“f/tg::;ﬁ?&gftﬁat
the_L_HC! Tune Z1 (CTEQS5L) 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

» Next Step:More PYTHIA 6.4 and
PYTHIA 8 tunes. Time to look more

closely at Sherpa and HERWIG++!

Proton

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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=»\\/e now have lots of corrected UE data from | still dream of a

the LHC! Tune Z1 (CTEQSL) does nice job el e
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 HIA 6.4 and
L 1 1 Jerlving Even Underlying Event
PYTH |A 8 [ 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.
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