,,:.;;ﬁi: I'ne LHC Physics En\/]ronrnerrtwﬂjf;

"Talk 2. Extrapolatlons from the ””‘:ir:ZVZZIYvi‘:;":r’zgﬂozd‘%”

Tevatron to RHIC and the LH

RICk Fleld nﬂantum ]
University of Florida |
Outline of Talk ), mamics

®» The PYTHIA MPI energy scaling parameter
PARP(90). »

®» The “underlying event” at STAR.
Extrapolations to RHIC.

® |HC predictions for the “underlying allk
event” (hard scattering QCD &
Drell-Yan).

®» “Min-bias” and “pile-up” at the LHC.

= Correlations: charged particle <p>
versus the charged multiplicity in “min-
bias” and Drell-Yan.

®» Summary & Conclusions.

® Early LHC Thesis Projects.
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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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High P+ Z-Boson Production Outgoing Parton e
Initial-State Radiation ~ fasesssr*™" ¥ PSR ward Scattering” Component

—_—

AntiProton

Proton

Z-bosor

Proton AntiProton

Underlying Event

Underlying Event

“Underlying Event”

=» Start with the perturbative Drell-Yan muon pair produ ction and add initial-state gluon radiation (in the
leading log approximation or modified leading log @proximation).

=®» The “underlying event” consists of the “beam-beam rennants” and from particles arising from soft or
semi-soft multiple parton interactions (MPI).

=» Of course the outgoing colored partons fragment it hadron “jet” and inevitably “underlying event”
observables receive contributions from initial-sta¢ radiation.

2009 CTEQ Summer School Rick Field — Florida/CDF/CMS Page 3
July 1, 2009



2n AnAQ= 4rT= 12.6 Charged Particles CDF Run 2 “Min-Bias”

. = pr>0.5GeVich| <1 7

CDF Run 2 “Min-Bias” v Average Density
Average .
Observable per unit n-@

Number of Charged Particles

Nchg (pr > 0.5 GeV/c, | < 1) 3.17 +/-0.31 | 0.252 +/-0.025
¢ 0 PTsum Scalar p,. sum of Charged Particles
~ | (Gevio) (B> 05 Gevie § < 1) 2.97 +/-0.23 | 0.236 +/-0.018
3 charged particles N\ /

- \ ) )
P N~ dNchg/dnde= 3/4t=0.24

3 GeV/c PTsum Divide by 41t

0 T—— \

. +1 dPTsun/dnd@= 3/4nGeV/c = 0.24 GeV/c

= Study the charged particles (p > 0.5 GeV/c, 1j| < 1) and form the charged
particle density, dNchg/dnde, and the charged scalar psum density,
dPTsun/dnde.
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#5  lransver:

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

RDF Preliminary 1.96 TeV

y Tune A generator level

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

nsit
o
(]

o
»
|

o
N
|

“Transverse” “Transverse”

nsverse" Chdrged De
o
N

N

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

0 5 10 15 20 25 30
PT(jet#1) or PT(chgjet#1) or PTmax (GeV/c)

o
o

“Toward”

“Transverse

=» Shows the charged particle density in thétransverse” region for charged particles (g > 0.5

GeVic, h| <1) at 1.96 TeV as defined by PTmax, PT(chgjet#1and PT(jet#1) from PYTHIA
Tune A at the particle level {.e.generator level).
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Tuning Y IHIA:
| lnter

Vitltiple Partor f[action Parameters

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

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. W/ _
»*  Color String

PARP(85) 0.33 | Probability that the MPI produces two gluons color S”';E;M
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

quark-antiquark pairs. 4/7 /

PARP(89) | 1TeV | Determines the reference energy g ard-Scatering Cyf =

PARP(82) 1.9 The cut-off Py, that regulates the 2-to-2 PYTHIA 6.206
GeV/c | scattering divergence 1/P¥—1/(PT2+P;2)2 NG
Take E,= 1.8 TeV

7

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

yi

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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' : 72U
Tuning PY THIA (e

Multiple Parteninteraction; 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!

ej del initial-state radiation! aclosed___»

loop. sists of

ark-antiqu?}/ / et o /
ﬁTOl
/

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

7

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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“ ['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.
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=nergy bepenaence

of the “ Underlyi Ny Event

CDF PRELIMINAR W

“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-¢).
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Y —
0.40 S T e T = -

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.

2009 CTEQ Summer School Rick Field — Florida/CDF/CMS

July 1, 2009

€= 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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0.40

[Tsum Density (GeV)

0.20 +

Increasing € produces less energy
dependence for the UE resulting in
less UE activity at the LHC!

0 5 10 15 20 25 /3’0 35 40 45 5 I 0 5 10 35 40 45 50
. : PT (GeVic)

Lowering Py, at 630 GeV (.e.

increasinge) increases UE activity Hard-Sca NOff PTO)

. . N\ N\
resultlng in less energy dependence,
PYTHIA 6.206

Charged PTsum Density (GeV)

0 GeV |n|<1.0 PT>0.4 GeV
0.00 ‘ ‘

ot acM Rick Field Fermilab MC Workshop
630 Gev. October 4, 2002!
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=Y EIIA 6.

All use LO ag

with A = 192 MeV! Parameter Tune AW Tune DW Tune D6
PDF CTEQ5L CTEQ5L 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
Tune A energy dependence!
PARP(84) pam = S (not the default) e‘
PARP(85) 0.9 1.0 1.0
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 25
MSTP(91) 1 1 1
PARP(91) 2.1 2.1 2.1
PARP(93) 15.0 15.0 15.0
Intrinsic KT
2009 CTEQ Summer School Rick Field — Florida/CDF/CMS Page 12
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| Alluse LO ag
with A =192 MeV!

PYIHIA

M,
0

J .

UE Parameters

ATLAS energy dependence]

ISR Parameter

=T

Intrinsic KT

2009 CTEQ Summer School
July 1, 2009

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

(PYTHIA default)

Page 13



B PYTHIA G,
|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 1,040 GeVg38] Ney | Lagpev
4‘ o5 |\
Tune AW <% Tune B

rA — /——’—r

/ B 1.0 |4 66
e ! /I%DVQ) 196TeV | 1.96|Av N 10Tev

V
ARP(90) 0.16 0.16 0.16
PARP(62) 1.25 1.25 1.0

PARP(E4) |, O]

ATLAS energy depgindencel!

Z

2009 CTEQ Summer School Rick Field — Florida/CDF/CMS Page 14
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| Alluse LO ag
with A = 192 MeV! Parameter Tune QWT Tune D6T

PDF CT/ \ CTEQ6L J/
L MSTP(81) / 1

UE Parameter \ \UX%% j //'

) 4 energy dendenc!

These are “old” PYTHIA 6.2 tunes!
N There are new 6.420 tunes by
\ \ Peter Skands (Tune S320, update of SO
Peter Skands (Tune N324, NOCR)
Hendrik Hoeth (Tune P329, “Professor”
—

3
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“Peter's Pythia Plots

February 2009 @ P. Z. Skands

Navigate these pages by using the menu to the left. More plots will be added, as new tunes
become available, and as the available data increases. The default for each topicis a
comparison of a small numbar of tunes to available data (or just to each other if no data exists),
but look for links at the top of each page for comparisons with more models.

Apr 2002; Full descriptions and paramaters of the "Perugia” tunes (submitted to the Perugia
MPI workshop proceedings)

Dec 2007; Some interesting min-bias distributions for early LHC runs (submitted to the 2007 Les
Houches workshop proceedings)

The tunes currently available on the plots are (numbered as in PYTUNE):
Tun in 2-0r m |

= 100 A: Rick Field's Tune A to Tevatron Underlying-Event Data, Uises the "old" UE and
shower models, with a double-gaussian matter profile, 1 GeV of primordial kT, and
naar-maximal color cormelations. [Oct 2002)

= 103 DW: Bick Figld's Tune DW ta Tevatron Underlying-Event and Dezll-Yan Data. Similar
fo Tune 4, but has 2 GeV of primordial kT and uses a very smail renoemialization scale for
inltlal-state radiaion (L2, more 15K radiglion). |t elen has completely madmal color

5= IS S 53

= 104: DWT; Variant of DW using the Pythia 6.2 default collider energy scaling (has worse
agreement with Tevatron energy scaling quantities than DW). [Apr 2008]

» 106: ATLAS-DC2 {"Rome"); first ATLAS tune of the Q2-ordered showers and old UE
framework. Does not give very good agreement with Tevatron min-bias quantities.

= 107 A-CR; variant of Tune A using the Pythia 6.2 default color connections but with the
new "color annealing” color reconnection model applied as an afterburner. Is intended as
an example of strong color reconnections. [Mar 2007]

» 108: D8: Rick Field's Tune D6 to Tevatron data, using CTEQSL1 PDFs.

= 110 A-Pro: Tune A with LEP tune from Professor, [Oct 2008]

« 113 DW-Fro: Tune DW with LEF tune from Professor, [Ciet Z008]

« 114: DWT-Pro: Tune DWT with LEP tune from Professor. [Oct 2008]
= 116 ATLAS-DC2-Pro: ATLAS-DC2 with LEP tune from Professor. [Oct 2008]

= |

Ca
N

DO

» 117: A-CR-Pro: Tune A-CR with LEP tune from Professor. [Oct 2008]

» 118: DB-Pro: Tune D& with LEP tune from Professor, [Oct 2008]

« 129 Pro-0Q20: Tune of the Q2-ordered showers and old UE framework made with
Professor, an automated tuning tool. [Feb 2008]

Tunes intermediate between Q2- and pT-ordered models
= 201: A-PT: Retune of Tune A with pT-ordered final-state showers, [Mar 2007]
* 211: A-PT-Pro: Tune A-PT with LEP tune from Professor. [Oct 2008]
= 221: Perugia A-PT: "Perugia” update of A-PT-Fro. [Feb 2009]
« 226 Perugia AB-PT: "Perugia” update of A-PT-Pro, using CTEQEL1 PDFs. [Feb 2009]

Tunes LlSiI"Ig ET—ordered model

* 300: SO First Sandhoff-Skands Tune of the "new" LIE and shower framework, with a
smoother matter profile than Tune A, 2 GeV of primordial kT, and "colour annealing” color
reconnections. Uses the default Pythia energy scaling rather than that of Tune A. [Apr
2006]

« 303: S0A: A variant of SO which is identical to S0 at the Tevatron, but which uses the Tune
A energy scaling of the UE activity, [Apr 2006]

= 304: NOCR: Sandhoff-Skands "best try" without color reconnections, Gives less good
agreement with Tevatron data. [Apr 2006]

= 308: ATLAS-CSC: first ATLAS tune of the pT-ordered showers and new UE framework.
Does not give very good agreement with Tevatron min-bias quantities.

= 313: SDA-Pro: A variant of SOA revamped with a comprehensive retune of the
fragmentation parameters to LEP data (by the "Professor” tool, hence the name), [Oct
2008]

* 314: NOCR-Pro: NOCR with LEP tune from Professor. [Oct 2008]

+ 320 Perugia @ "Perugie” update of 50-Fro. [Feb 2009

« 321: Perugia HARD: Systematically "hard"” variant of Perugia 0. [Feb 2008]
* 322: Perugia SOFT: Systematically "soft" variant of Perugia 0. [Feb 2009]

+ 323 Perugla 3: Variant of Perugia 0 with different ISR/MP| balance and different collider
energy scaling. [Feb 2009]

= 324: Perugia NOCR: "Perugia” update of NOCR-Pro. [Feb 2009]

« 325: Perugia X: Variant of Perugia 0 using MRST LO* POFs. [Feb 2009]

» 326: Perugia 6 Variant of Perugia 0 using CTEQEL1 POFs. [Feb 2009]
showers and new UE frarmewock made with

& J29 Pro-pT Tune of the pT-
Frfezeor, an automatad Wwning ool [Feb 2004]

= http://home.fnal.gov/~skands/leshouches-plots/

2009 CTEQ Summer School
July 1, 2009
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ol

Peters Pytnia Tune:

Pammmeter  Type | S0A-Pro P-0 P-HARD P-50FT P-3 P-NOCH P-X -6 Joct 2008]
Peter's PytH . | | 2 . :
MSTF (51] PDF 7 7 7 T 7 T 20650 10042 poos)
February 2009 @ P METP [5Z] PDF ] 1 1 I I I b 2 framework made with
METE (£4] ISR 2 3 3 2 3 3 3 3
Mavigate these pages by using the menu to the lef] TARP (84 ISR 1.0 1.0 0.25 2.0 (K13 1.0 2.0 1.0
become available, and as the available data increas{ werp (7] ISR 3 5 5 2 7 2 7 . pT-ordered models
rktieslbidloiiseniieheleolt tusshnd I 10 (T a0 | 10 40 05 L0 10 10 1.0 |owers par2007]
MSTF(70] ISR 2 2 0 1 L 2 2 2 bt 2008]
Apr 2008: Full descriptions and parameters of the ")l ..o [£2] ISR z g |35 2 125 3 E '
MPI workshop proceedings) : = N - Pel
Dec 2007: Some interesting min-bias distributions ] PREE (81] ISR = - = L5 5 = - -L
Houches workshop proceedings) METF{72] ISK il 1 I ¥ 2 | i | FTEQSL1 PDFs, [Feb 2009
The tunes currently available on the plots are (nu PARP(T71] FSR 4.0 20 4.0 1.0 2.4} 2.0 2.0 20
- PRRJ(81] FSR 0257 | 0.257 .3 0.2 03257 0257 0257 0257
Tun in 2-0r m y |shower tramework, with a
o PART(82] FSR 08| 08 0.8 08 08 08 0.8 08| o0 iour anesing” color
B3 xgﬂfﬁﬂ:'&;‘bﬁgﬁx‘nﬁ:ﬂ MSTP(81] UE 71 2 21 LT 21 21 2} [ than that of Tune A. [Apr
near-maximal color correlations. [Oct 2002] FARF(82] UE |.85 2.0 23 1.9 22 1.9% i | 195
fetron, but which uses the Tune
« 103 DW: Rick Fisld's Tune DW to Tevatron oLl 'RT '."'.; JH.I;I.__IH!“ il ._“'u.":.' Ll e
1o Tune 4, but has 2 GeV of primordial kT anc|| PARE ST HE 025 | 02 0 IR T W R T S .
initial-state radiation (1.2 more ISR radistior) | MSTP (82) UL 3 £ £ 5 5 3 3 % [nections, Gives less good
e pARPi83] UE 16 1.7 1.7 15 17 18 1.7 153
« 104: DWT; Variant of DW using the Pythia 6.2 ers and new UE framework.
agreement with Tevatron energy scaiiﬁquan MSTE(88] BR o o o o o o o 0 Jquantities.
106: ATLAS-DC2 ("Rome): frst ATLAS tune d PARP (79] BR 0 2.0 20 2.0 2.0 2.0 2.0 a0 hsiva retina ot iria
frarneivork Doss ot ghve vory ghod egfaemer]  PARF{80)  BIR a0l | 005 001 005 003 0.01 005 0.05 fool, hence the name), [Oct
107 A-CR: varant of Tune A using the Pythi METE(91] BR I I 1 1 I | | |
» 107 . varian une A using the ia n c
T Ol ek 6t ] BABFIST) HR w| 2 1o 20 1S 20 20 20200
» 108: D6: Rick Field's Tune D6 to Tevatron datd MSTF |95 CR 6 L] 3] & 6 ] ¥ [} }ia 0. [Feb 2008]
EARE (78] CR 0.2 G323 03i7 015 035 .0 0.33 033
- . FARF(77] CR .o 0.9 4 0.3 0.6 .0 0.0 0,0 O [Feb 2008]
+ 113 DW-Fro: Tune DWW with LEF tune frorm - balance and different collider
< 114 DWT-Pro. Tune DWT with LEP tune fron| 010 (111 HAD P 3 : * 3 § § 3
BART (21] HAD 0313 | 0,313 034 028 0313 313 0313 0313 i
* VIEATLASICAPM ATLASDCIWINLERY pajit(41) HAD 049 | 049 0.49 0.49 040 049 049 049
PARJ {4 Proceadings of the Perugia MP1 Waorkshop 2008 1.2 ] o
PART [46] ¥ i ; i i 1.0 i 1.0 |00} [Feb 2009]
PART (47] HAD 1.0 1.0 1.0 I.0r 10 1.0 1.0 I.HW
1
K
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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 PTmay 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!

2009 CTEQ Summer School
July 1, 2009
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Min-Blas ™ Associat:

Cmamecl Particie Density

About a factor of 2.7 increase in
Associated Charged Particle Dens the “transverse” region! ociated Charged Particle Density: dN/dnde|
16 =
RDF Preliminary Min-Bias ] RDF Preliminary Min-Bias

2 | py Tune DW generator level 1.96 TeV 2 | py Tune DW generator level 0.2 TeV "Away"
I T ey g
8 ] "Toward" 008 - """ T
Q 1 2
© . L2 . " "
g 08 1 = | Toward
o | "Transverse" o 1
B ——— B 04 fommmm T T -
o 1 o
g 04+ ul "Transverse"
< b <
o _ O

i Charged Particles (|n|<1.0, PT>0.5 GeVic) Charged Particles (In|<1.0, PT>0.5 GeVi/c)

0.0 T T T T T T T T T 0.0 } T } } }
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14
PTmax (GeV/c) PTmax (GeVic)
PTmax Direction PTmax Direction
1.96 TeV— 0.2 TeV

“Toward”

T (~factor of 10 increase)
evatron [ — RH I C

=» Shows the “associated” charged particle density inhie “toward” , “away” and “transverse” regions
as a function of PTmax for charged particles (p > 0.5 GeV/c, 1§] < 1,not including PTmax for
“min-bias” events at 1.96 TeV and at 0.2 TeV from PYTHA Tune DW at the particle level {.e.
generator level).
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Charged Particle Density

0.0 1

©
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.
N
T

Min-Blas ™ Associat:

Associated Charged Particle Dens the “transverse” region!

Cmamecl Particie Density

About a factor of 2 increase in

Charged Particle Density: dN/dnd¢|

F Preliminary Min-Bias
W generator level 14 TeV

"Transverse"

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

RDF Preliminary Min-Bias \
] py Tune DW generator level 1.96 TeV é‘ 2.0
————————————————————————————————————————— g ]
"Toward" [a] ]
@ 15—+
"Away" L ]
I ]
"Transverse" O 11
- =

>

2
5 0.5 +

Charged Particles (n|<1.0, PT>0.5 GeV/c)
‘ ‘ 0.0
0 2 4 6 8 10 12 14 16 18 20 0
PTmax (GeV/c)

5 10 15 20 25
PTmax (GeV/c)

PTmax Direction

“Toward”

Tevatron [ T

1.96 TeV— 14 TeV
(~factor of 7 increase)

PTmax Direction

=» Shows the “associated” charged particle density inhie “toward” , “away” and “transverse” regions
as a function of PTmax for charged particles (p > 0.5 GeV/c, 1§] < 1,not including PTmax for
“min-bias” events at 1.96 TeV and at 14 TeV from PYTHRA Tune DW at the particle level {.e.
generator level).
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Min -Blas™ As

o

Charged Parti

"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

1.96 TeV— 14 TeV
(UE increase ~1.9 time

— | HC

0.2 TeV— 1.96 TeV
(UE increase ~2.7 times

=» Shows the “associated” charged particle density ime “transverse” region as a function of PTmax
for charged particles (p; > 0.5 GeV/c, 1| < 1,not including PTmay 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.
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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.

2 GeV)

2009 CTEQ Summer School

July 1, 2009

Rick Field — Florida/CDF/CMS
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Charged PTsum Density: dPT/dndcp'

100.0

CDF Run 2 Preliminary

data corrected
pyA generator level

"Transverse"
= o = x X ¥

s 1
X
"Leading Jet"
MidPoint R=0.7 [n(jet#1)|<2

Charged Particles (n|<1.0, PT>0.5 GeV/c)
0.1+ 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400
/ PT(jet#l) (GeVic)

Charged PTsum Density (GeV/c)

Jet #1 Direction Jet#1 Direction

“Toward”

“Leading Jet”

“Toward”

“Transverse” “Transverse”

“Transverse”

“Transverse”

Jet #2 Direction

8r g Charged PTsum DenS|ty
- i "Backto-Back ————0u. o e
7 [ Charged Particies (j<1.8PT50.2 GeV/c‘
C i ‘Data uncorrecte ; ! s
6 [ PYTHIA-Fune A-+STAR-SIM-- e
sp - “Toward”
Al
3
2F
1 “T'r'éih'S'\'/"é'FS'é”""f """""" """""
0.37 - O
0 |\\II‘IIII‘\II\‘I\\Il\\llll\\I‘\II\‘II\
b 5 A 10 15 35 40

PT(jet#l) (GeV/c)

“Back to-Back”

= Data on the charged particlescalarp, sum density, dPT/d)dg, as a function of the leading jet pfor the

“toward”

2009 CTEQ Summer School
July 1, 2009

Rick Field — Florida/CDF/CMS
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. 8 :
"Transverse" Charged PTsum Density: dPT/dnde i i Charged PTsum DenSIty
20 — | . BaCktOBACK g
° CDF Run 2 Preliminary T A Charged Particles (f|<1.0_PT>0.2 GeV/c
E 16 data corrected to particle level L : Data uncorrecte i ; :
= 1.96 TeV £ 1 g - PYTHIA Tune A+ STAR-SIM- i  a
Z "Leading Jet" L - b & m B ; | | i i i
s T ! ! !
& 12 +--{PYTuneA | ------ S S == ~ B ; | | | ; ;
£ : ! T 5L Toward”
2 os At - - e 1 1 § | g
Y 1
0 L’ Back-to-Back 4; ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
% EX5335335335353 s - e 0.55 B "EAW&y”
s oa o - § ----- - - =
g MidPoint R = 0.7 |n(je% R T - anns [ Y W IR
" 00 } ‘ ___ Charged Particles (In|<1.§, PT>0.5 GeVic) E | M .
0 50 100 150 200 250 300 350 400 450 || ~1.5 P e e I S eliiPRERY -
PT(jet#1) (GeV/c) C 1 i i s 3
N Jet #1 Direction 1 :_ ; “Transverse” ----------- ---------
Jet #1 Direction : ! ! : :
0.37 - — | C. [ B S, S
\ 0 | [ ‘ [ ‘ I ‘ (| | [ | (| ‘ I ‘ [
“Leading Jet” “Toward" f 0 > A 1015 3% 40

PT(Jet#l) (GeV/c)

) ’ “Transverse” “Transverse”
“Transverse” “Transverse”

“Back to-Back”

Jet #2 Direction

= Data on the charged particlescalarp, sum density, dPT/d)dg, as a function of the leading jet pfor the
“toward” , “away”, and “transverse” regions compared with PYTHIA Tune A.

2009 CTEQ Summer School Rick Field — Florida/CDF/CMS Page 25
July 1, 2009



Viin -Blas  ASSO

Charged Particle Dent

: RDF LHC Prediction! : :
"Transverse" Charged Particle [ "Transverse" Charged Particle Density: dN/dnd@

0.8 T~ Ol s T amias | ' o

- PY ATLAS
1 RDF Preliminary PY64 Tune P329
] generator level

RDF Preliminary, . & w-=-a-a-
0.6

W T
=<
=
c
=
[©]
%

generator RevEI __________ A" m m m om o m =

Transverse" Charged Density
’
1
1
1
1
1
1
1
1
Transverse" Charge
o
<)
ad
-
-
]
1
1
1
1 \
a
|
// 1
/’// ‘
/ |
T
<
(o2}
N
r
c
=}
[¢]
T
w
N
[{e}

0.4+

________________________

4 1
02 4~ e EEEEEEE TR
Min-Bias" _ 1
1.96 Tev Charged Particles (|n|<1.0, PT>0.5 GeVic) : 1 14 TeV Charged Particles (In|<1.0, PT>0.5 GeVic)
| |

. - ~ f
0.4,,,, 77777777 777—: PY64 Tune S320 !

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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Min-Bias ™

Che lrrjerl Pa

- - .
.-Transverwrged Particle [ ; — V " . ity
e — _
' \‘ / - s | o Tome o

08, — T . U 16/ = [ ovaras !
> ] RDF Preliminary & 329 e m = ETETE SR m e mlocemewa
g 1 generator level EI ______ - m m AT = m om om om =
8 o6 5
3 1 . / e ———
>
E AN
(@)
L 2 N NS
7
c
@ _
:i__ ] 1.96 TeVv es (|n|<1.0, PT>0.5 GeV/c)
: If the LHC data are not in

20

0 2 4 \

the range shown here then o

PTmax Direction

we learn new (QCD) physics!
2
Tevs

\7

®» Shows the “associated” ¢

ged pa nsity nsverse” re as a function of PTmax
for charged particles (pr > 0.5 GeV/c A,not inc j PTmay 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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L

-Boson:™ llewards:

J

REGION t 2

“Toward" Charged Particle] RDF LHC Prediction! "Toward" Charged Particle Density: dN/dnd

RDF Preliminary DreM\ RDF Preliminary ! PY Tune DWT ! /_

1.96 TeV I~ generator level

[
[«

generator level

|

_________ PY64 Tune P329 .
70 < M(pair) <110 GeV

"Toward" Charged Density
o
S

Toward" Ch¥fged
o
o]
i T
|
T
<
R/
3
5 1
[©]
0
w
B
I |

0.2+ ! PY64TunesS320 | 044 -——------ o mmmmmsemmm—ee
““““““““ Drell-Yan 70 < M(pair) <110 GeV
Charged Particles (|n|<1.0, PT>0.5 GeVi/c) : 14 TeV Charged Particles (Jn|<1.0, PT>0.5 GeV/c)
0.0 f f f f f 0.0 f f f f f
0 25 50 75 100 125 150 0 25 50 75 100 125 150
Lepton-Pair PT (GeV/c) Lepton-Pair PT (GeV/c)

Z-BosonDirection Z-BosonDirection

.

“Toward”

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

I evat ro n [ Transverse” ;e Transverse”
ot ",
oo S
‘O‘ 0..
8 ..

= Data at 1.96 TeV on the density of charged particlesiN/dndg, with p; > 0.5 GeV/c andnj| < 1 for “Z-
Boson” events as a function of RZ) for the “toward” region from PYTHIA Tune AW, Tune DW, Tune

S32(Q and Tune P329at the particle level {.e.generator level).

®» Extrapolations of PYTHIA Tune AW, Tune DW, Tune DWT, Tune S32Q and Tune P329 and pyATLAS
to the LHC.
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SON: " llewar

generator level

"Towarh\ arged Particle] RDF LHC Pre/ Ntion! Iard" Charged Particle Density: dN/dnd¢
0.8 ] 16 F : [ Pyatas |
RDF Preliminary ' PY Tune DWT /—

—————————

W' PY64 Tune S320

< M(pair) < 110 GeV

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

| If the LHC data are not in \ |
i BN the range shown here then %ev,;;m

150

s WE learn new (QCD) physics!

Tevg

® Data at 1.96 TeV on the de of charg
Boson” events as a function of RZ) for th
S32(Q and Tune P329at the particle level

clesiN/o
Ard” regio
nerator leve

th p; > 0.5 Ge_Yandn| < 1 for “Z-
PYTHIA Tune AW, Tune DW, Tune

® Extrapolations of PYTHIA Tune AW, Tuné
to the LHC.
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The CDF “Min-Bias” trigger
picks up most of the “hard
core” cross-section plus a
small amount of single &

double diffraction.

(wn]

Elastic Scattering Single Diffraction

N
Oiot = O T OgptOpptO0ic
1.8TeV: 78mb = 18mb +9mb  + (4-+ (47-44)mb

The “hard core” component l: CDFE “Min-Bias” trigger
contains both “hard” and ard Core 1 charged particle in forward BBC
“soft” collisions. AND

“Inelastic Non-Diffractive Component” 1 charged particle in backward BBC

\ “Hard” Hard Core (hard scatte

Beam-Beam Counters
3.2<|<5.9

ﬁ(g%)ng Parton

Y\ T Underlying Event
e
""""""" |-State
3 iation
% Final-State

% Radiation

“Soft” Hard Core (no hard scattering)

Proton AntiProton
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Jne A
S Predictions

Hard-Scattering in Min-Bias Events

PYTHJ \ )

LIHC Min

Charged Particle Density
10E+00 N 12% of “Min-Bias” events
] have R (hard) > 10 GeV/c! Pythia 6.206 Set A

oy --- - - -~ -~ -~~~ -~~~ —~"—~—~—~—~—————~—~—~—~—~—~—~—~—~f- 4
—8—PT(hard) > 5 GeV/c
—8—PT(hard) > 10 GeV/c

Pythia 6.206 Set A

1.0E-01 1

30%

1.0E-02 4

% of Events

S eeeE,Y,S,YS,Yl,kekkZsfr nr—LHir

1.0E-03 +
] 0% ----—-———————"—~—"~"-J;F~ TN

100 1,000 10,000 \
N—————

CM Energy W (GeV)
LHC?

1.0E-04 +

0%

Charged Density dN/dndedPT (1/GeV/c)

1.0E-05

®» Shows the center-of-mass energy dependence
» | of the charged particle density,
arged) (Gevic) dN¢,/dndedPy, for “Min-Bias” collisions

hg\/,()eog‘(w;%?ifsluoe\éeer{i?c! compared with PYTHIA Tune A with
P, (hard) > 0.

®» PYTHIA Tune A predicts that 1% of all “Min-Bias” events at 1.8 TeV are a result of a hard
2-to-2 parton-parton scattering with P;(hard) > 10 GeV/c which increases ta2% at 14 Te\

1.0E-06 -
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Charged Particle Density: dN/dn Charged Particle Density: dN/dn
> RDF Preliminary 20 RDE Prelimi PY64 Tune P329
sang T reliminary am
2z orievel _ AbpSCE] BECEZe, > mm
240 +- _generator level B - DEr.,. NG~ = generator level a M = a = ! ! ! E = R PY Tune DW
c c 1.5 +-- el ¥ At L -
o) Om™ A © A ® [ ]
[a} ,'I:‘ n®, o A 0O 0f 4,
(] 4+ -—-————— eomil-—-—-g7/™—™—— /|- - - - /- - — - - — ()
s 30 - N I T /PE.A
£ Tl By £10( N R
& 20 | PYG4TuneS320 |- D g -- o a0h e mmmmes t. Be,
B3 e ﬁ 3 u} I PY64TuneS320 | u}
o Q o A! _______________ !A
8 10l __gW ______|Pve4TunepPs2o | m_ 8 OS5 T - wAg "o aAs,
S - Min-Bias b § 5 i". Min-Bias .l"
7 A Charged Particles (all PT) 1.96 TeV ! ? ] Charged Particles (PT>0.5 GeVi/c) 1.96 TeV ]
0.0 | | | | | | | 0.0 8 | | 1 1 1 1 1 g
-8 -6 -4 -2 0 2 4 6 8 -8 -6 -4 -2 0 2 4 6 8
PseudoRapidity n PseudoRapidity n

= Charged particle (all p;) pseudo-rapidity = Charged particle (p>0.5 GeV/c) pseudo-
distribution, dNchg/dnde, at 1.96 TeV for  rapidity distribution, dNchg/dnde, at 1.96

inelastic non-diffractive collisions from TeV for inelastic non-diffractive collisions
PYTHIA Tune A, Tune DW, Tune S320 from PYTHIA Tune A, Tune DW, Tune
and Tune P324 S32Q and Tune P324
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Charged Particle Density: dN/dn

5.0
RDF Preliminary
% 4.0 generator level
c
()
a A
% 30 +--------- o
= : E O
I
3 0 [ ﬁ E, _
3 .
> ]
S 104- gt
S l 2 . Min-Bias
¥ Charged Particles (all PT) Charged Particles (all PT) 14 TeV
0.0 } } } T T 0.0 T T T T T }
-8 -6 -4 -2 0 2 -8 -6 -4 -2 0 2 4 6 8
PseudoRapidity n PseudoRapidity n
“Minumum Bias” Collisions “Minumum Bias” Collisions

Proton AntiProton Proton Proton
i% % ::-: Tevatron ﬁ LHC

= Charged particle (all p;) pseudo-rapidity distribution, dNcng/dnde, at 1.96 TeV for
inelastic non-diffractive collisions from PYTHIA Tune A, Tune DW, Tune S320and

Tune P324

= Extrapolations (all pT) of PYTHIA Tune A, Tune DW, Tune S320Q Tune P324 and

ATLAS to the LHC.
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Charged Particle Density
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o

! ! Charged Particles (all PT) 1.96 TeV ! !
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o
o

PseudoRapidity n

-8 -6 -4 -2 0 2 4 6 8

Charged Particl

0.0

Charged Particles (all PT)

Min-Bias
14 TeV

-6 -4 -2 0 2
PseudoRapidity n

4

“Minumum Bias” Collisions

= Charged particle (all p;) pseudo-rapidity distribution, dNcng/dnde, at 1.96 TeV for
inelastic non-diffractive collisions from PYTHIA Tune A, Tune DW, Tune S320and

Tune P324

= Extrapolations (all pT) of PYTHIA Tune A, Tune DW, Tune S320Q Tune P324 and

ATLAS to the LHC.

2009 CTEQ Summer School
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“Minumum Bias” Collisions

Proton AntiProton Proton Proton
i% % ::-: Tevatron ﬁ LHC
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Min-Bias

If the LHC data are not in

e \ the range shown here then <u o

we learn new (QCD) physics!
Proton —— >.

< :: Proton
Tey S e
= Charged particle (all p;) do- dist , dNchg/0 at 1.96 TeV for
inelastic non-diffractive €ollisions PYTHIA e A, Tune DNV, Tune S320 and
Tune P324

= Extrapolations (all pT) of PYTHIA| lne A, Tune DW, Tune S320Q Tune P324 and
ATLAS to the LHC.
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harged Particle Density:dN/dn &2

Charged Particle Density: dN/dn

Charged Particle Density

2.0 PY64 Tune P329
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generator level " | - |
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] Charged Particles (PT>0.5 GeV/c) 1.96 TeV
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PseudoRapidity n

RDF LHC Prediction!

RDFT

generator [evs

Charged Particle Density: dN/dn

T -
PY Tune DWT |

I s PYATLAS | | pye4 Tune P329
~
.:\\&llllllg
X!.z

OB AAANAAAAAAR®

PseudoRapidity n

| PY64 Tune S320 ! 8" QR?EDQEEEQ

_________ — ‘.U W.‘ o

N \,.’ﬁ ,,,,,,,,,,,,,,,, ’iA, ,,,,,,,,,,

A\i‘oﬁ Beys
A‘ bl o ‘A
aal o8an
A‘.D D.‘A
élﬂn D.Aﬁ
SBHD Min-Bias DHES

ﬁﬁ Charged Particles (PT>0.5 GeV/c) 14 TeV ﬁﬁ
-8 -6 -4 -2 0 2 4 6 8

“Minumum Bias” Collisions

Tune P324

“Minumum Bias” Collisions

Proton AntiProton Proton Proton
i% % ::-: Tevatron ﬁ LHC

= Charged particle (p; > 0.5 GeV/c) pseudo-rapidity distribution,dNchy/dnde, at 1.96 TeV
for inelastic non-diffractive collisions from PYTHIA Tune A, Tune DW, Tune S320 and

= Extrapolations (p; > 0.5 GeV/c) of PYTHIATune A, Tune DW, Tune S32Q Tune

P324 and ATLAS to the LHC.
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harged Particle Density:dN/dn &2

RDF LHC Prediction!
Charged Particle Density: dN/dn \ Charged Particle Density: dN/dn
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@ A! | PY64TuneS320 !A g A‘.DD Dn.‘A
§05 —————— L R i b ohs - 5 1.0 1 Afo ofia
8 A A A < ﬁan L Daﬁ
5 "'l Min-Bias ."i S SB Min-Bias BS
2 Charged Particles (PT>0.5 GeV/c) 1.96 TeV ] ﬁ ﬁ Charged Particles (PT>0.5 GeV/c) 14 TeV ﬁ ﬁ
0.0 -® ‘ ‘ ‘ ‘ ‘ ‘ ‘ & 0.0 : : : : 1 ‘ ‘
-8 -6 -4 -2 0 2 4 6 8 -8 -6 -4 -2 0 2 4 6 8
PseudoRapidity n PseudoRapidity n

Minumum Bias” Collisions “Minumum Bias” Collisions

Proton AntiProton Proton Proton
i% % ::-: Tevatron ﬁ LHC

= Charged particle (p; > 0.5 GeV/c) pseudo-rapidity distribution,dNchy/dnde, at 1.96 TeV
for inelastic non-diffractive collisions from PYTHIA Tune A, Tune DW, Tune S320 and
Tune P324

= Extrapolations (p; > 0.5 GeV/c) of PYTHIATune A, Tune DW, Tune S32Q Tune
P324 and ATLAS to the LHC.
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harged Particle Density:dN/dn ¢ =

Charged Particle Density
= = N
o ol o

o
3]

o
o

RR: LHC Prediction!

C}}jeQParticle Density: dN/dn

f:harged Particle Density: dN/dn

RDF Preliminary

generator level

PY Tune A

Proton

= Charged particle (p, >0/ €
for inelastic non-diffractrve collisid

Tune P324

= Extrapolations (p; > 0.5 GeV/c) o

PY64

If the LHC data are not in
the range shown here then
we learn new (QCD) physics!

(4]
i
ﬁé
. [m]
in-Bias !BS
14 Tev 8

0 2 4 6 8
ity

Te . ——
Ic jo-r8 istributio chg/dnde, at 1.96 TeV
pm PY Tune A, Tuiw\ DW, Tune S320Qand

P324 and ATLAS to the LHC.
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July 1, 2009

Rick Field — Florida/CDF/CMS

THIATune A, Tune DW, Tune S320 Tune
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) MPI; Pile-Up, and OVenap: +:.

MPI: I\/Iultlple Parton Interactions

=» MPI: Additional 2-to-2 parton-parton
scatterings within a single proton-
R g antiproton collision.

Outgoing Parton

Underlying Event

Final-State

Outgoing Parton Radiation

ntiProton

Pile-Up

Interaction Region

=» Pile-Up: More than one proton-antiproton collisionin the
beam crossing.

Overlap = Overlap: An experimental timing issue where a prota-antiproton
_ collision from the next beam crossing gets includeith the proton-
antiproton collision from the current beam crossingbecause the next
crossing happened before the event could be readtou
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iweyingl Plie-Upat CDIE

High PT Jet

CDF Run 2

Proton AntiProton

ﬁ

=®» The primary vertex is the hihest PTsum of charged articles pointing towards it.

= Normally one only includes those charged particleshich point back to the primary
vertex.

=®» The primary vertex is presumably the collision thatsatisfied the trigger. Maybe not
for “min-bias” events?

» |s the pile-up biased?
=»|s the pile-up the same for all triggers?

=» Does pile-up conspire to help satisfy your trigger?
=» How well do we model pile-up?
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Charged Particle Multiplicity Distribution

0.05 /
Generator Level
(]
2 ﬁ.
S 5 n Charged Particles (|n|<2.0, all pT)
D_ _ il
[ ] Mean = 24.39
< 0.03 _' n
s . L ® pyDWT <Nchg> = 24.39 |
2 ] ."lh
= [ ]
o)
© [ ]
o
o
a

70 80

T
60
Number of Charged Particles: Nchg

30 40 50 90 100

() )
Tune DWT “Hard-Core”

No Trigger (ct =10mm) |
arged Particle PSeuoRapidity Distribution
@ pyDWT <Nchg> = 81.7 Generator Level
HCMB 14 TeV
c 3 e
2 EEEpg mEEg
> ot - "mgan” Ll .
S ol e _ o _________ a__________
- [
& - -
s (] (]
% [ ] [}
Vo o1+ .. " [ ]
- [ ] [ ]
Charged Particles (all pT)
0 T T T T T
-8 -6 -4 -2 0 2 4 6 8
PseudoRapidity n

=®» Shows the charged multiplicity distribution (n|
< 2, all p;) for Npile = 1 (i.e. shows, on the
average, what one event looks like). The plot
shows the probability of finding 0, 1, 2, ... etc.
charged particles. The sum of the points is
equal to one. The mean is 24.39 charged
particles ando = 19.7.

2009 CTEQ Summer School
July 1, 2009

Rick Field — Florida/CDF/CMS

=» Shows the charged particle pseudo-rapidity
distribution (all p 1) for Npile = 1 (i.e. shows,
on the average, what one event looks like). The
plot shows the <Nchg> in a 0.4 bini.¢. not
divided by bin size). The sum of the points
with |n| < 2 is 24.39.
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Charged Particle Multiplicity Distribution

0.08
Generator
[%]
] HCMB
S o
= 0.06 + L
n«f . m Charged Particles (|n|<2.0,
S i
5 0.04 - - - ——ac_ n Meow=2439_}_______| B pyDWT <Nchg>=243.9
Q .ﬁ‘ ® Npile = 1 with Nchg->10*Nchg
2 ° ~
= s Y . Npile = 10
8 0.02 ° n I.
o o u
a J u
[ ]
L.
0.00 1 1 1
0 100 200 300 400 500 600 700 800 900 1000

Number of Charged Particles: Nchg

Probability per 50 Part

0.16 \
Generator Level
HCMB 14 TeV
012 +-----—--——-®#H-——————- .
True for any P;(min) cut!
oo &+ -1 #&\v ] —a—pyDWT <Nchg>=1219.5
® Npile = 10 with Nchg->5*Nchg
® Npile =1 with Nchg->50*Nchg
(R e e
Npile =50
0.00 secsesssenfiimm™ | § T niEREROOSOS

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Number of Charged Particles: Nchg

=» Shows the charged multiplicity distribution
(In] < 2, all p;) for Npile = 10 (.e.shows, on
the average, what 10 events looks like). The
plot shows the probability of finding 0, 10, 20,
... etc. charged particles. The sum of the
points is equal to one. The mean is 243.9
charged particles ando = 62.3. Also shown
is the Npile = 1 distribution scaled by a
factor of 10 (.e.Nchg— 10X Nchg).

2009 CTEQ Summer School
July 1, 2009

Rick Field — Florida/CDF/CMS

=» Shows the charged multiplicity distribution (jn|

< 2, all p;) for Npile = 50 (.e.shows, on the
average, what 50 events looks like). The plot
shows the probability of finding 0, 50, 100, ...
etc. charged particles. The sum of the points is
equal to one. The mean is 1219.5 charged
particles ando = 138.9. Also shown is the
Npile = 1 distribution scaled by a factor of 50
(i.,e.Nchg— 50x% Nchg) and the Npile = 10
distribution scaled by a factor of 5 {.e. Nchg —
5% Nchg).
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Charged Particle Multiplicity Distributionl O

0.08
Generator Level Charged Particles (|n|<2.0)

(]
S 006 HCMB 14 TeV 8 All PT <Nchg> = 24.39
§ ' —8—PT >1GeV/c <Nchg>=4.87
- —e—PT>25GeVic <Nchg>=0.636
S 0044 \-—g----cem--——-——————1 —0-PT >5GeVic <Nchg> =0.0466 |-
z —8-PT>10GeVic <Nchg> = 0.0025
=
3
g 0.02 [ g Mg TP
o

Probability per 1 Particle

1.0E+00

1.0E-01 -

1.0E-02 +

1.0E-03 +

1.0E-04

Charged Particle Multiplicity Distribution

Generator Level
HCMB14.TeV _ _ _ _ _ __ _ o ____________

Charged Particles (|n|<2.0)

0.00 6000000000000 | T T HREEEREREEEE 1.0E-05 H Pa— ‘ ‘ ‘ ‘
0 5 10 15 20 25 30 35 40 45 50 0 25 30 35 40 45 50
Number of Charged Particles: Nchg Number of Charged Particles: Nchg
=» Charged multiplicity distribution (] n| < 2) for Npile = 1 {.e.shows, on the average, what one
event looks like). The plot shows the probability bfinding 0, 1, 2, ... etc. charged particles.
The five curves correspond to p(min) =0, 1.0, 2.5, 5.0, and 10.0 GeV/c.
=» Shows the charged particle pseudo-rapidity distribtion for Npile = 1 (i.e. shows, on the
average, what one event looks like). The plot showise <Nchg> in a 0.4 bini(e. not divided
by bin size). The five curves correspond to4fmin) =0, 1.0, 2.5, 5.0, and 10.0 GeV/c.
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0.08

Probability per 1 Particle

Charged Particle Mt

0.06 ~

0.04 +F

0.02 ~

Generator Level
HCMB 14 TeV

0 5 10 15 20

Number of C

| na-Scecalel

<Nchg>in 0.4 bin

Charged Particle PseuoRapidity Distribution

tiplicity Distribution

1.0E+01

1.0E+00 -+

1.0E-01 +

1.0E-02 -

1.0E-03

1.0E-04 +
-8

All PT <Nchg> = 81.7

-6 -4 -2 0 2
PseudoRapidity n

Charged Particles (|n|<2.0)

25 30 35 40 45
harged Particles: Nchg

50

=» Charged multiplicity distribution (] n| < 2) for Npile = 1 {.e.shows, on the average, what one
event looks like). The plot shows the probability bfinding 0, 1, 2, ... etc. charged particles.
The five curves correspond to p(min) =0, 1.0, 2.5, 5.0, and 10.0 GeV/c.

=» Shows the charged particle pseudo-rapidity distribtion for Npile = 1 (i.e. shows, on the
average, what one event looks like). The plot showise <Nchg> in a 0.4 bini(e. not divided
by bin size). The five curves correspond to4fmin) =0, 1.0, 2.5, 5.0, and 10.0 GeV/c.
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<Nchg>in 1 GeV/c bin

Charged Particle PT Distribution

1.0E+02
] Generator Level
1.0Ev0L = HCMB 14 TeV
1.0E+00 1 ---- W
- W pyDWT <PT> = 693 MeVi/c |

1.0E-01 +--------- oot mmm—mm————— oo

[ Charged Particles (|n|<2.0)
1.0E-02 |

. [ |
1.0E-03 .
B g -
[ ]
10E-04 4~ g -
g C

1.0E-05 f

<Nchg>

P; (GeVi/c)

1.0E+02
Generator Level
1.0E4+01 +\\---—-—---- - HCMB-14-TFeV* - - -
10E+00 +-----B - - -
B pyDWT
— fit
1.0E-01 + !

1.0E-02 +

LOE-03 f - N By
Charged Particles (|n|<2.0)

1.0E-04 1 1 1 1 1 1 1 N ‘ ‘ ‘ ‘
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Minimum P+ (GeV/c)

=» Shows the charged particle p distribution

(In| < 2) for Npile = 1 {.e.shows, on the

average, what one event looks like). The plot
shows the <Nchg>in a 1.0 GeV/c bin.€. not
divided by bin size). The sum of the points

gives 24.39.

=®» Shows the average number of charged particle

the P;-cut (|n] < 2) for Npile = 1 {.e.shows, on
the average, what one event looks like). The
first point corresponds to <Nchg> = 24.39.
The fit corresponds to
<Nchg>=24.39exp(-1.4g(min)).
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Charged Multiplicit

<AssocNchg>+1 > > <Nchg>!

—M— Npile = 1 <Nchg> = 0.0466
~ | —O—Npile =1 <AssocNchg>=0.277

Probability per 1 Particle

Nchg or AssocNchg

<AssocNchg>+X <Nchg>!

Charged Multif

J'ncrry—mvcrcrrcu—mu-\

—M—<Nchg>
—0— <AssocNchg>

| —e—<AssocNchg>+1

Generator Level
____HCMBI14TeV _______

Charged Particles (pr > 5 GeV/c, |n|<2.0)

11 21 31

41 51 61 71 81 91
Number of Pile-Up Events

101

=» Shows the charged multiplicity distribution (p; > 5 GeV/c, f| < 2) for Npile = 1 {.e.shows, on

the average, what one event looks like). The plobhsws the probability of finding O, 1, 2, ... etc.
charged particles. The plot also shows th@ssociated multiplicity” distribution (open squarey,

<AssocNchg> = <Nchg> -1, for events with at leashe charged particle with p. > 5 GeV/c {.e.

the overall average multiplicity is <AssocNchg> +]. Note that <AssocNchg> +1 = 1.277 and
<Nchg> = 0.0466. There are many more particles gvents with at least one charged patrticle
with pr > 5 GeV/c, than in an average “min-bias” event. Als, note that the probability of

getting an additional particle in an event with atleast one charged particle with p > 5 GeV/c

(i.e. AssocNchg = 1 is greater than the probability of géhg one particle in a typical “min-bias”

event, Nchg = 1).
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Charged Particle Multiplicity Probability
1.0
—M— Prob(Nchg 2 2)
08 +{ ® Prob(Nchg=21) | ____-~“%_ __________——T_ T ____
—{—Prob(AssocNchg 2 1)
Z 06+
5 Generator Level
.5 04l HCMB 14 TeV
g O
0.2
Charged Particles (pr > 5 GeVic, |n|<2.0)
0.0 1 1 ‘ ‘ ‘ ‘ ‘ ‘ ‘
1 11 21 31 41 51 61 71 81 91 101
Number of Pile-Up Events

Correlation
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0.0

Charged Particle Multiplicity Correlation

Generator Level
HCMB 14 TeV

Corr =1 - Prob(AssocNchg 2 1)/Prob(Nchg 2 2)

Charged Particles (pr > 5 GeV/c, |n|<2.0

41 51 61 71 81 91 101
Number of Pile-Up Events

1 11 21 31

=» Shows the probability of finding Nchg2 1 and = Shows the “correlation” (Corr = 1 -

Nchg2 2 (p; > 5 GeVi/c, || < 2) versus Npile,
where Npile = 1 means one event, Npile = 10

P
N

rob(AssocNchg 1)/Prob(Nchgz 2)) versus
pile, where Npile = 1 means one event, Npile

means 10 events, etc.. . The plot also shows the= 10 means 10 events, etc.. . This correlation
is very large for one eventi(e. Npile = 1) and
diminishes as Npile becomes large.

probability of finding AssocNchg2 1 (overall
multiplicity 2 2) for events with at least one
charged particle with p; > 5 GeV/c. For Npile =
1 (i.e.one event) there is a strong correlation
since Prob(AssocNchg 1) is much greater than
Prob(Nchgz 2). However, this correlation
diminishes as Npile becomes large!

2009 CTEQ Summer School
July 1, 2009
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Average PT (GeV/c)

1.4

0.6 1 f f

Average PT versus Nchg

1 CDF Run 2 Preliminary

data corrected

Min-Bias
1.96 TeV

generator level theory

1 Charged Particles (|n|<1.0, PT>0.4 GeV/c)

0 10 20 30 40

Number of Charged Particles

50

l

0.9

0.8

0.7

0 5

Inl< 1 and p;> 0.4 GeV
= Data Runll MB+HM

—— Pythia TuneA, hadron level

10 15 20 25 30 35 40 45
multiplicity

50

® Data at 1.96 TeV on theaverage @ of charged particles versus the number of chargedapticles (p; >

0.4 GeVlc, | < 1) for “min-bias” collisions at CDF Run 2. Thedata are corrected to the particle level
and are compared with PYTHIA Tune A at the particlelevel (.e. generator level).
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S: AVErage > I versusNe

Average PT versus Nchg =% Beam-beam remnantsi(e. soft hard core) produces
1.4 low multiplicity and small <p> with <p.>
1 CDF Run 2 Preliminary , ¢ o . p ty ) .p.T Pr
data sorrected Min-Bias independent of the multiplicity.
5121 generator level theory P ’ 1.96 TeV ) )
s L’ q ‘ ® Hard scattering (with no MPI) produces large
o 4 oz . - .
C ol oo T TTLL multiplicity and large <p >
(] 7 L4
g ] y ~J_® Hard scattering (with MPI) produces large
<08 2 { ultiplicity and medium <p >
] E Charged Particles (|n|<1.0, PT>84 GeVic)
0.6 f f f f f f
0 5 10 20 25 30 35 40
Number of Cegd Particles This observable is sensitive
to the MPI tuning!
“Hard” Hard Core (hard scatt ﬂ&)ng parton
“Soft” Hard Core (no hard scatgring)
DF “Min-Bias”
— Proton /‘-\" tiProton Proton AntiProton
— ———————— + Underlying Eyent Al e Underlying Event
§ e
Multiple-Parton Interactions /ougoing Parton Outgoing Parton /-y
Proton .""".,_-,..'\.,, AntiProton
The CDF “min-bias” trigger + Undering Event BN g Evet
picks up most of the “hard
core” component! % fina-stte
Outgoing Parton, :;Rad\auon
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Average PT versus Nchg Average PT versus Nchg
14 25 I
1 CDF Run 2 Preliminary L Min-Bias T CDF Run 2 Preliminary U HwW
data corrected ’ 1 generator level theory -- -3 .-
- generator level theory P 1.96 TeV £
g1z T 20 f----mmmmmmmm [PV s e
% . ’ % "Drell-Yan Production”
O I —— : gust . v) 70 < M(pair) < 110 GeV
Ro10 i PYAOMPLY K15+
g) ] (4] T -s = '
< > :
0 o
z 210+ S -
ﬁ I Charged Particles (In|<1.0, PT>0.5 GeVic)
] Charged Particles (|n|<1.0, PT>0.4 GeVic) T excluding the lepton-pair
0.6 1 1 1 1 1 1 1 05 - | | | | | |
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35
Number of Charged Particles Number of Charged Particles
-

. h |
Drell-Yan Production ' Lepton

“Minumum Bias” Collisions

AntiProton AntiProton

Underlying Event Underlying Event

Anti -Lepton

®» Data at 1.96 TeV on theaverage p of charged particles versus the number of chargedasticles (p; > 0.4 GeV/c, 1j| <
1) for “min-bias” collisions at CDF Run 2. The data are corrected to the partie leveland are compared with
PYTHIA Tune A, Tune DW, and the ATLAS tune at the particle level (i.e. generator level).

= Particle level predictions for theaverage g of charged particles versus the number of chargedasticles (p; > 0.5
GeV/c, f| < 1, excluding the lepton-pair) for forDrell-Yan production (70 < M(pair) < 110 GeV) at CDF Run 2.
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Average PT versus Nchg

Average PT versus Nchg

1.4 2.5 —= |
| P P .
1 CDF Run 2 Preliminary . Min-Bias T CDF Run 2 Preliminary l
data corrected * - data corrected
generator level theory 1.96 Tev enerator level theor
312 " ’6\2.0”7779 77777777777 Y - N (U G D S B
> . 3 "Drell-Yan Production”
o gust . o 70 < M(pair) < 110 GeV
= = 1
o o 15+ \
o) o T > -
& > ;
o o
o ]
2 210 g 2" e
ﬁ i Charged Particles (In|<1.0, PT>0.5 GeVic)
i Charged Particles (|n|<1.0, PT>0.4 GeVI/c) T excluding the lepton-pair
0.6 f f f f f f f 05 ; ; ; ; ; ;
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35
Number of Charged Particles Number of Charged Particles
. h |
Drell-Yan Production & Lepton
“Minumum Bias” Collisions o
AntiProton

AntiProton

Underlying Event Underlying Event

Anti -Lepton

®» Data at 1.96 TeV on theaverage p of charged particles versus the number of chargedasticles (p; > 0.4 GeV/c, 1j| <
1) for “min-bias” collisions at CDF Run 2. The data are corrected to the partie leveland are compared with
PYTHIA Tune A, Tune DW, and the ATLAS tune at the particle level (i.e. generator level).

= Particle level predictions for theaverage g of charged particles versus the number of chargedasticles (p; > 0.5
GeV/c, f| < 1, excluding the lepton-pair) for forDrell-Yan production (70 < M(pair) < 110 GeV) at CDF Run 2.
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= Z-boson production (with low p.(Z) and no MPI)

s produces low multiplicity and small <p;>.
T CDF Run 2 Preliminary L HW i _ .
[ g coreed . ® High p; Z-boson production produces large
G 20 T \\§ - - '4 . . . .
S 200 v roduction R, multiplicity and high <p >.
) 70 < M(pair) < 110 GeV (l‘l
R P - X “ 2N | ™ Z-boson production (with MPI) produces large
o) - ::_;’ T .
§ o multiplicity and medium <p >.
10Tyt - B R
Charged Particles (|n|<1.09LT>0.5 GeVi/c)
T excluding the leptoNypair
0.5 1
0 25 30 35
Number of Cha
Drell-Yan Production (no MP ,~“Lep.on High Py Z-Boson Production Outgoing Parton
Drell-Yan f’ ....... ey
Proton ,/"';‘—% AntiProton Proton
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Drell-Yan Production (with MPI)
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Underlying Event Underlying Event

Anti-Lepton
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‘ PT(zZ-Boson) versus Nchg

1 CDF Run 2 Preliminary TCDF Run 2 Preliminary

data corrected generator level theory —  ____
[ ] [ 1
S 20 T ___generator level theory s fe T T Y] ‘\>3 60 4 ——c- oo _l"YV"
® "DreII—Yan‘ Production” - 8 "Drell-Yan Production” A
©} 70 < M(pair) < 110 GeV = 70 < M(pair) < 110 GeV
- T - 8 -
o 15—+ - 40 +--—--"""" g =
) 1 - w»s ™ o 4
()] s (0]
® - - o
) o Ik
:: 1.0 + - @™ s e g 20 |
Charged Particles (|n|<1.0, PT>0.5 GeVi/c) Charged Particles (n|<1.0, PT>0.5 GeV/c)
T excluding the lepton-pair - excluding the lepton-pair
0.5 f f f f f f 0 T f f f f f f
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 40
Number of Charged Particles Number of Charged Particles
High Pr Z-Boson Production  /ougong earen = Predictions for the average P(Z-Boson) versus
the number of charged particlegp; > 0.5

Proton AntiProton

GeVl/c, h| < 1, excluding the lepton-pair) for for
Drell-Yan production (70 < M(pair) < 110 GeV)
at CDF Run 2.

Z-bosor

= Data on theaverage p of charged particles versus the number of chargedapticles (p; > 0.5 GeV/c,fj| < 1,
excluding the lepton-pair) for for Drell-Yan production (70 < M(pair) < 110 GeV) at CDF Run 2. The data are

corrected to the particle level and are compared h various Monte-Carlo tunes at the particle leveli.e.
generator level).
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PT(zZ-Boson) versus Nchg

TCDF Run 2 Preliminary
R data corrected

generator level theory !
"Drell-Yan Production”
70 < M(pair) < 110 GeV

excluding the lepton-pair

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

0 5 10 15 20 25 30 35
Number of Charged Particles

40

High P Z-Boson Production

Outgoing Parton

.,
v,
,
22,

Proton AntiProton

Z-bosor

= Predictions for the average P(Z-Boson) versus

the number of charged particlegp; > 0.5
GeVl/c, h| < 1, excluding the lepton-pair) for for

Drell-Yan production (70 < M(pair) < 110 GeV)
at CDF Run 2.

= Data on theaverage p of charged particles versus the number of chargedapticles (p; > 0.5 GeV/c,fj| < 1,

excluding the lepton-pair) for for Drell-Yan production (70 < M(pair) < 110 GeV) at CDF Run 2. The data are

corrected to the particle level and are compared h various Monte-Carlo tunes at the particle leveli.e.

generator level).
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P;(Z) < 10 GeV/c

TCDF Run 2 Preliminary
+ data corrected
generator level theory

o 1.2+
3 No MPI!
e
[
o —~
o
=)
g
o
>
<
70 < M(pair) < 110 GeV Charged Particles (|n|<1.0, PT>0.5 GeV/c)
PT(Z) < 10 GeVic excluding the lepton-pair
0.6 1 1 1 1 1 1
0 5 10 15 20 25 30 35

Number of Charged Particles

Drell-Yan Production

X
.‘.’ Lepton
K
o
‘0

AntiProton

Underlying Event Underlying Event

.
Anti-Lepton &

® Data theaverage p of charged particles versus the number of chargedapticles (p; > 0.5 GeVi/c,fj| < 1,
excluding the lepton-pair) for for Drell-Yan production (70 < M(pair) < 110 GeV,P,(pair) < 10 GeV/qg at

CDF Run 2. The data are corrected to the particledvel and are compared with various Monte-Carlo tuns at
the particle level (.e.generator level).
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70 < M(pair) < 110 GeV Charged Particles (|n|<1.0, PT>0.5 GeV/c)
PT(Z) < 10 GeVic excluding the lepton-pair
0.6 1 1 1

I//

o 1.2 A ', . ’2\ 1.2 +

3 S

% [

Q e

£ E 104

(] o |
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~ ICDFRun 2 Preliminary [ T I|T7T 1. r---- 1 CDF Run 2 Preliminary ~ Drell-Yan PT>05
+ data corrected m :_ M B data corrected
T generator level theory b generator level theory

Min-Bias PT > 0.4 GeV/c

Charged Particles (n|<1.0)

0 5 10 15 20 25 30 35 0 10 20 30
Number of Charged Particles Number of Charged Particles

40

Drell-Yan Production

o
R
o

Remarkably similar behavior!
Perhaps indicating that MPI
playing an important role in

both processes.

AntiProton

Underlying Event Underlying Event

X /
< !
& Lepton

=]

.
Anti-Lepton &

“Minumum Bias” Collisions

AntiProton

® Data theaverage p of charged particles versus the number of chargedapticles (p; > 0.5 GeVi/c,fj| < 1,
excluding the lepton-pair) for for Drell-Yan production (70 < M(pair) < 110 GeV,P,(pair) < 10 GeV/qg at
CDF Run 2. The data are corrected to the particledvel and are compared with various Monte-Carlo tuns at

the particle level (.e.generator level).
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‘% 1.0 , ,/ / PY64 Tune P329
5]
. Z |
Min-Bias ___P\_(?“_T_u_n?[\‘fzf__, 08 T Min-Bias
] 1.96 TeV Charged Particles (|n|<1.0, PT>0.5 GeVi/c) ] 14 TeV Charged Particles (In|<1.0, PT>0.5 GeVic)
0.6 ; ; ; | ; ; 0.6 1 | ; ; ; ; ; ;
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 40
Number of Charged Particles Number of Charged Particles

“Minumum Bias” Collisions “Minumum Bias” Collisions

Proton AntiProton Proton Praton
Tevatron ﬁ LHC

®» The average g of charged particles versus the number of chargedapticles (p; > 0.5

GeV/c, | < 1) for “min-bias” collisions at 1.96 TeV from PYTHIA Tune A, Tune DW,
Tune S320 Tune N324 and Tune P324

= Extrapolations of PYTHIA Tune A, Tune DW, Tune S32Q and Tune P324to the
LHC.
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Number of . 2d Particles
Number of Charged Particles

“Minumum Bias” Collisions “Minumum Bias” Collisions

Proton AntiProton Proton Praton
Tevatron ﬁ LHC

®» The average g of charged particles versus the number of chargedapticles (p; > 0.5

GeV/c, | < 1) for “min-bias” collisions at 1.96 TeV from PYTHIA Tune A, Tune DW,
Tune S320 Tune N324 and Tune P324

= Extrapolations of PYTHIA Tune A, Tune DW, Tune S32Q and Tune P324to the
LHC.
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| believe because of th&TAR analysis we are now
in a position to make some predictions at the LHC!

“Minumum Bias” Collisions

Proton AntiProton

®» The amount of activity in “min-bias” collisions.

PTmax Direction

Charged P¥ticle Density

RDF Prellmlnary

generator level

Charged Particles (all PT)

Min-Bias
14 Tev

Proton Rl

Underlying Event

“Transverse” “Transverse”

Final-State
Radiation

Outgoing Parton

/

®» The amount of activity in the “underlying event” in hard
scattering events.
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®» The amount of activity in the “underlying event” in Drell*
Yan events.
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B [ A
| believe bm ‘ | : ,
in a position some predictio the LHC! IRty 2t am e, L i
| \/ o]

®» The amount of activity in “mix

Min-Bias
14 Tev
|

T If the LHC data are not Iin

\,

- the range shown here then

we learn new (QCD) physics! ------_-_5
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However, | believe that the
better fits to the LEP
fragmentation data at high z
will lead to small improvements

=®» We are making good progress in understanding and nakeling the of Tune A at the Tevatron!
“underlying event”. RHIC data at 200 GeV are very important! T it Radaton

Proton e AntiProton

= The new Pythia @ ordered tunes (py64 S320 and py64 P329)0> <= e
il 4’"‘ derlying Event
are very similar to Tune A, Tune AW, and Tune DW. At 7
present the new tunes do not fit the data better #n Tune AX
and Tune DW. However, the new tune are theoretically

2 _:__;- bs  Summary & Conclu

=

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 AT_LAS_ 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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Eanly LEHC Thesl:

“Minumum Bias” Collisions

Thesis 1: Measure dNchg/q and <PT> versus Nchg
in “min-bias” collisions.

Proton Proton

PTmax Direction ChgJet#1 Direction Z-Boson Direction

hesis 2: Measure the “toward”, “away”, and “transverse”
region as a function of PTmax in “min-bias” collisionrs.

“Toward” “Toward” “Toward”

“Transverse” “Transverse” “Transverse” .-" “Transverse”

“Transverse

Outgoing Parton

Thesis 3: Measure the “toward”, “away”, and “transverse”
region as a function of PT(chgjet#1).

Initial -State Radiatior
N

Proton

Underlying Event Underlying Event

Final-State
Radiation

Thesis 4: Measure the “toward”, “away”, and “transverse” Outgong Paron
region as a function of PT(Z) for Z-boson productia.

. N
Drell-Yan Production :.’ Lepton

*
o
*

’
.0

Proton Proton

Underlying Event Underlying Event

Thesis 5: Measure PT(Z) and <p> versus Nchg
for Z-boson production (all PT(Z), PT(Z) < 10 GeV/g.

J
Anti-Lepton ¢

2009 CTEQ Summer School Rick Field — Florida/CDF/CMS Page 62
July 1, 2009



