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®» The Pythia MPI energy scaling cimo-
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®» “Min-Bias” and the “underlying
event” at the LHC.

®» The “underlying event” in Drell-Yan
lepton-pair production.

® |_HC predictions!

®» Summary & Conclusions.

CDF Run 2

: ] CMS at the LHC

® Early LHC Thesis Projects.
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QCD Vionte-Carlo IVIodels:
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“Underlying Event”

and add initial and final-
approximation).

= Start with the perturbative 2-to-2 (or sometimes 2-to-3) parton-parton scattey”’
state gluon radiation (in the leading log approximation or modified leadi

=» The “underlying event” consists of the “beam-beam remnants” an
semi-soft multiple parton interactions (MPI).

rticles arising from soft or

» Of course the outgoing colored parton 1Ne “underlying event” is an unavoidable 1)y, «,,nderlying event”

. S background to most collider observables
observables receive contributions fron and having good understand of it leads to

more precise collider measurements!
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Proton AntiProton

Underlying Event

Underlying Event

“Underlying Event”

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

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

=» Of course the outgoing colored partons fragment into hadron “jet” and inevitably “underlying event”
observables receive contributions from initial-state radiation.
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Parameter | Default Description

PARP(83) 0.5 Double-Gaussian: Fraction of total hadronic
matter within PARP(84) O

PARP(84) 0.2 Double-Gaussian: Fraction of the overall hadron\, Multiole Parton Interacti
radius containing the fraction PARP(83) of the uftiple Farfon Interaction

. Color String
total hadronic matter. %
Color String “,:
PARP(85) 0.33 | Probability that the MPI1 produces two gluons / "

with color connections to the “nearest neighbors. Multiple Par{ Determine by comparing
PARP(86) | 0.66 | Probability that the MPI produces two gluons  lpy, with 630 GeV data!
either as described bv PARP(85) or as a closed
Affects the amount of p fraction consists of
initial-state radiation! [ard-Scattering Cyf c

PARP(89) | 1TeV /D/ /rﬁes the reference energy E,,. \ ’
PYTHIA 6.206

PARP(90) 0.16 /ﬁrmines the energy dependence of the cut-off

P+, as follows P(E,) = Pro(Ec/Ep)® With
£ = PARP(90) ~N

PARP(67) 1 10 A scale factor that determines the maximum
parton virtuality for space-like showers. The
larger the value of PARP(67) the more initial- .
State radiation. 100 Aoo oM Eneray W (Go) 10,000 100,000
Reference point
at1.8 TeV

A

(GeVic

/
Wi

w
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F ransverse: Cones

“ransy /erse“ Regions

2n D “Cone Analysis” ]

Away Region Transverse (Tano, Kovacs, Huston, Bhatti)

Cone:
2_ ~—~~
Transverse n(0.7)?=0.49n 9 6 e maxDaa CDF PRELIMINARY
Region ] — MAX Herwig+QFL
S O MAX Pythia6.115+QFL (tuned)
'_
a 5+ 4 MINData
Leading ) Leading | == MIN Herwig+QFL 1
Jet Jet A MIN Pythia6.115+QFL (tuned) + o {}”
Toward Region 4 -|1]- .¢._¢_+
F —+ | -8+
Transverse Transverse I {}J} o T41L
Region Region: 3L + * T
21t/3=0.67m I
Away Region | T hd

_14T> 1 2L

=» Sum the P, of charged particles in two cones of radius

0.7 at the same m as the leading jet but with [A®| =900, 1 - %’
=» Plot the cone with the maximum and minimum PT_, I @Wﬁﬁ*ﬁ## :ir-ér
versus the E; of the leading (calorimeter) jet. [ N ‘ ‘
0 50 100 150 200 250

E; of leading jet (GeV)
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rgy Dependence

“U mrlér]\

“Cone Analysis”
MAX Data CDF PRELIMINARY

5 2 MAx ora i OFL (Tano, Kovacs, Huston, Bhatti) }MAX Herwig+QFL
O MAX Pythia6.115+QFL (tuned)

O MAX Pythia6.115+QFL (tuned) S

- A MINData 3 l .

A MIN Herwig-+QFL 630 GeV & 5 4 MINData &

- A MIN Pythia6.115+QFL (tuned) L == MIN Herwig+QFL T
2 - / A MIN Pythia6.115+QFL (tuned) ki

15 j)_ %: i 1,800 GeV f . il
| %#ﬁ;# Rj{h ey dacey | ﬁ*ﬂ*ﬁ

CDF PRELIMI NARW

P % (I(\BJeV/c)
ul

! .. | PYTHIAGL15 |1}
..:Ei—A— PTO:ZOGeV : el
40 50 60 70 80 0 50 100 150 200 250
E; of leading Jet (GeV) E, of leading jet (GeV
» SumitheNg; of charged partlcles (p; > 0.4 GeV/c) in two cones of radius 0.7 at the same M as the Ieacilng
jetbi twi =90°. Plot the cone with the maximum and minimum PT,, versus the E; of the

=» Note ghat PYTNA 6.115 is tuned at 630 GeV with P, = 1.4 GeV and at 1,800 GeV with P, = 2.0 GeV.
igpli = PARP(90) should be around 0.30 instead of the 0.16 (default).

=» For th} MIN cone 025 GeV/c in radius R = 0.7 implies a PT, density of dPT, /dnd¢ = 0.16 GeV/c
and 1.4 GeV/c in the MAX cone implies dPT, /dnd¢ = 0.91 GeV/c (average PT ., density of 0.54
GeV/c per unit n-9).

sum
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(Inl<1, P+>0.4 GeV)
GeV predicted by
GeV/c, CTEQ5S

rsus Pr(charged jet#1) at 630
RWIG 6.4 (P(hard) >3

= Also showyf are the PT,,, densities (0.16 GeV/c and
0.54 GeV/c) determined from the Tano cone
analysis at 630 GeV
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Hard-Scattering Cut-Off PTOI

AHIA 6.206 , 7
/ §=0.25 (Set A)) 7/
y 7/
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0.60

0.40 -

[Tsum Density (GeV)

2T Increasing e produces less energy
dependence for the UE resulting in
less UE activity at the LHC!

0 5 10 15 20 25 ﬁ) 35 40 45 5 I 0 ) 10 35 40 45 50
PT(charged je PT (GeVic)

Charged PTsum Density (GeV)

0.00

0 GeV |n|<1.0 PT>0.4 GeV

Lowering P, at 630 GeV (i.e.
®» Shows the “transverse increasing €) increases UE activity Hard-Sca S (‘?ﬁf PTo]
resulting in less energy dependence. ,
(nl<1, Py>0.4 GeV) e p .
GeV predicted by MERWIG 6.4 (Py(hard) > / 82025 (Set A) /

GeV/c, CTEQS

Vd
7

and € =0.25 ( referred)).

PTO
\
E \
2 \
o \
“c_’

ssicv {0 Rick Field Fermilab MC Workshop

analysis at 6

October 4, 2002!

Workshop on Early LHC Physics Rick Field — Florida/CDF/CMS
May 6, 2009

Page 8



| Alluse LO a,
with A = 192 MeV!

UE Parameters

ISR Parameter

N

Intrinsic KT

Workshop on Early LHC Physics
May 6, 2009

Parameter Tune AW Tune DW Tune D6
PDF CTEQ5L CTEQ5L CTEQS6L ~
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 I« VS 0.4
PARP(85) /’ 0.9 1.0 1.0 ~
PARP(86) \ 0.95 10 1.0
PARP(89) 1.8 TeV T8 eV 1.8 TeV
PARP(90) 0.25 0.25 0.25
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

Rick Field — Florida/CDF/CMS

Tune A energy dependence!
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Alluse LO a,
with A =192 MeV!

PYTHIA 6.2 Tunes

UE Parameters

ATLAS energy dependence!

ISR Parameter

N

Intrinsic KT

Workshop on Early LHC Physics
May 6, 2009

Parameter Tune DWT Tune D6T ATLAS
PDF CTEQ5L CTEQS6L CTEQ5L
N 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 TeV
PARP(90) 0.16 0.16 0.16
PARP(62) 1.25 1.25 1.0
PARP(64) 0.2 0.2 1.0
PARP(67) 2.5 2.5 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
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i  PYTHIA 6.2 Tunes

Alluse LO a,

with A = 192 MeV! Parameter Tune DWT Tune D6T ATLAS
PDF CTEQ5L CTEQ6L CTEQS5SL
N MSTP(81) 1 1

UE Parameters MSTP(82) 4

1
4
V\RP/E 1.9409 GeV \4\@217/ v/ | 186ev

4( 05 |
Tune AW <% Tune B

rA & //l

oA pT T la ANE
r@meter 5 /I%F\ﬁ) \ 196 Tev 1.96'\ 1.0 TeV

/ARP(90) 0.16 0.16 016 7]
L PARP(62) 1.25 1.25 10
PARR(4) |, 0] 0.2 1.0 /[
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Alluse LO a,
Parameter Tune D6T
PDF CTEQ6L
MSTP(81) / 1
UE Parameters \ \‘33% J 5 ‘

st
These are “old” PYTHIA 6.2 tunes! =
A There are new 6.420 tunes by ‘(
\ Peter Skands (Tune S320, update of S0) 3|

AN Peter Skands (Tune N324, NOCR)

Hendrik Hoeth (Tune P329, “Professor”,

A 7
L2 * iﬁ
A
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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
comparnison of a small number of tunes to available data (or just to each ather if no data esdsts),
but look for links at the top of each page for comparisons with more models.

Apr 2009; Full descriptions and parameters of the "Perugia” tunas (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 ing 02- m |

= 100: A; Rick Field's Tune A to Tevatron Underlying-Event Data, Uses the "old" UE and
shower models, with a double-gaussian matter profile, 1 GeV of primordial kT, and
near-maximal color correlations, [Oct 2002]

« 103: DW: Rick Field's Tune DW to Tevatron Underlying-Event and Drell-Yan Data. Similar
to Tune A, but has 2 GeV of primordial kT and uses a very small renormalization scale for
initial-state radiation (i.2., more ISR radiation). |t also has completely maximal color

Lorelations, [Apr 20061

= 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 2006]

» 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 afterburmer. Is intended as
an example of strong color reconnections. [Mar 2007]

= 108: D8 Rick Field's Tune D& to Tevatron data, using CTEQSEL1 PDFs.

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

= 113 DW-Pro: Tune DW with LEP tune from Professor. [Oct 2008]

= 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]

=» http://home.fnal. gov/~skands/|eshouch

Rick Field — Florida/CDF/CM
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« 117: A-CR-Pro: Tune A-CR with LEP tune from Professor. [Oct 2008]
« 118: D6-Pro: Tune D6 with LEP tune from Professor, [Oct 2008]

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

~—lt

Tunes intermediate between Q2- and pT-ordered models
s 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]
s 221: Perugia A-PT. "Perugia” update of A-PT-Pro. [Feb 2009]
« 226: Perugia A6-PT: "Perugia’ update of A-PT-Pro, using CTEQBL1 PDFs. [Feb 2009]

Tunes using pT-ordered model

+ 300: 50: First Sandhoff-Skands Tune of the "new" UE and shower framework, with a
smaother 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: 8DA: A variant of S0 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]

= 306: 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 S0A revamped with a comprehensive retune of the
fragmentation pararmeters to LEP data (by the "Professor” tool, hence the name). [Oct
2008]

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

& 220 Paruaia O "Perunia” undsate of S0.Bma [F
&« 320 Perugia O Penugia update of SU-HT

o, (F

ab 2
ab 200

2

« 321: Perugia HARD: Systematically "hard" variant of Perugia 0. [Feb 2008]

+ 322: Perugia SOFT. Systematically "soft" variant of Perugia 0. [Feb 2009]

« 323: Perugia 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* PDFs. [Feb 2009]

« 326 ngla 6: Variant of Perugia 0 using CTEQSL1 PDFs, [Feb 2009]




[

Parameter Ty S0A-Pro | P-0 P-HARD PSOFT P33 PNOCR  P-X P& foct 2
Peter's Pyt xee | | =
MSTE(51) PDF 7 7 7 7 7 720650 10042 foog)
February 20000 F| MSTF (52] PDF 1 1 1 1 1 1 2 | P
METE (64 ISR 2 3 3 2 3 3 3 3
Navigate these pages by using the menu to thelef] PARD (64] ISR 1.0 1.0 025 20 1.0 1.0 20 1.0
become available, and as the available data increas woTp (57) ISR 2 2 7 2 7 2 2 ') pT-ordered models
mmm l?;:ss:tﬂ:;p"ﬁ?'ﬂ::;ﬁm, BARE (67] ISR 40 1.0 40 0.5 1.0 1.0 1.0 1.0 Jowers. [Mar 2007]
MSTP (70] ISR 2 2 0 I 0 2 2 2 bt 2008)
Apr 2009; Full descriptions and parameters of the " BARE(£2] ISR iz . 125 h 175 i i :
MPI workshop proceedings) " - - Do)
Dec 2007: Some interesting min-bias distributions f] PARF (811 ISR 5 = 1 1.5 = " 5 L
Houches workshop proceedings) MSTP(72] ISR 0 1 [ 0 2 I [ | FTEQ6L1 PDFs. [Feb 2009]
The tunes currently available on the plots are (numfl FPARP (71] FSR 4.0 20 40 I.0 2.0 20 20 20
. PARJ (81) F5R 0,257 | 0,257 0.3 0.2 0257 0.257T 0257 0.257
- i hower fr . with
Tun ing Q2 m PART(82] FSR 08| 08 0.8 08 08 R D8 WA [
» ;qm ﬁ :is“ﬂ;hT:'&xbtl‘;;:ﬂ;:"nﬁ:ﬁ: MSTE(81] UE 21 21 2 21 21 21 21 31 [rthan that of Tune A, [Apr
near-maximal color correlatiens. [Oct 2002] PARP (82) UE 1.B5 2.0 23 1.9 2.2 1.95 2.2 1.95
P fatron, but which uses the Tune
« 103: DW: Rick Field's Tune DW to Tevatron : : . e —— Ll L e b Sl L
to Tune A, but has 2 GeV of primordial KT ngl PARE {90 LE| 025 | 016 030 | (024 | 032 0 024 02F 0E2 .
initial-state radiation (i.e., more ISR radiation). | MSTE [82) UE 3 5 3 5 H 5 H 4 nections. Gives less good
oo O 20 ]  DARD (R3] UE 1.6 .7 i7 1.5 1.7 1.5 1.7 1.7
= 104: DWT: Variant of DW using the Pythia 6.2 ers and new UE framework.
agreement with Tevatron energy scaling quany Mo 1 F (B8] BR 0 o 0 o 0 0 0 0 Jquantities.
_ o PARP(79] BR 20| 20 2.0 20 20 X T R | I—
At stmzrfuf‘;‘vfaé;";o‘zd' L“"Sag wred paRP(80] BR 001 | 00s 0.01 0.05 003 001 005  0.05 b hence the name). [Oct
_ o _ | msTR(91] BR 1 1 1 1 1 1 1 |
el avifostos flotssplonsh bl [ T G 1 20| 20 10 20 15 20 20 20|08
« 108: D& Rick Field's Tune D6 to Tevatron datd MSTF (95)] CR 4 & & ] 6 6 & Glao [Feb 2008]
o 116 APro: Tune A it LEP wne fom Profed  FAREL7H)  CR 02| 033 037 015 035 00 033 033
- = =) FarF{7v7] CR 00| 089 04 05 06 00 09  pgfo[Fep2009
# 1138 DW-Fro. LUng LV with LEF Tune rom - .
balance and different collider
= 114 DWT-Pro. Tune DWT with LEP tune fron] o1+ (11 HAD 2 . - e g ] : =
) BARJ (21) HAD 0313 | 0313 034 0,28 0313 0313 0313 0313 i
CHIBATLAB-DC: P, STLASDCEWN LEPY saprydil) HAD 049 | 049 0049 049 040 040 040 pan O
PART (4 S, Proceedings 1.2 .2 |5 [Feb 2009]
PARJ (46) A0 i 1.0 L4 i 1.0 i 1.0 1.0 | [Feb 2009]
PART(47) HAD 10| 10 1.0 10 10 10 10 10 [e—
| §

=» http://home.fnal.gov/~skands/leshouches-plots/
Rick Field — Florida/CDF/CMS
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1**Woerkshop en Energy Scaling

N Hadron-Haadren Cellisions

1st Joint Workshop on 1st Joint Workshop on Energy Scaling
Energy Scaling of Hadron Collisions: siais
Theory / RHIC / Tevatron / LHC of Hadron Collisions
27-29 April 2009 Fermilab
L
APRIL 27-29, 2009, FERMILAB e Home > Timetable f
Agenda
¥ Registration [ Bi.sp!a-y uﬁtiuns [-Dther views]
. - REQISIF-EIIOH Farmi 5
We'come & EXhortatlon ’Li!i: a'rems't"an“ Show day - - all days - - Show session - - all sesslons - -
Detail lavel session View mode Parallel
Peter Skands (Fermilab) w.auRnort —
Peter Skanas! | 1t 1 -
Monday, 27 April 2009

08:00
09:00 [0] Welcome & Exhortation B sies
by Pebar SKANDS [Fermiab)
{09:15 - 10:00)

10:00 el B snaes
LD (L Florida }

{10:00 - 10:45)

break
11:00 (10:45 - 11:15)
(2] . I B sbdes
ucky}
(11:15 - 12:00)
12:00 *x% Lynch ***
(12:00 - 13:30)
13:00

ory models of hadron collisions Bl shtes
by Peter SKANDS (Ferrmiah)
14:00 {1330 - 14-1%}

3] The Art and Science of Tuning Bl shicies
by Hendrikc HOETH {Lund L)

{14:15 - 15:00)

Renee Fatemi gave a talk on the
“underlying event at ATAR!

“On the Boarder” restaurant, Aurora, IL
April 27, 2009

Workshop on Early LHC Physics Rick Field — Florida/CDF/CMS Page 15
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RHIC’s View of Hadron Collisions

P-P Collisions at RHIC

STAR Detector and Triggers

Hard Scattering at RHIC kinematics
The STAR Jet-Finders

Underlying Event at STAR

Renee Fatemi
For the STAR Collaboration

UK 1st Joint Workshop on Energy Scaling of Hadron Collisions R
E April 27, 2009

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.

Charged Jet #1

Direction Toward Region:

|Ap| =60, n|=1 A
Tawarit Side” Jet Around highest pT jet

Away Region:
|Ag| > 120, 0|1 &
From leading jet

~ .. Transverse Region:
’ 120< |Ag| < 60, |n|< 1 v

Leading

Access Underlying Event Distributions HERE! -

=®» At STAR they have measured the “underlying event at W = 200 GeV (jn| < 1, p;> 0.2 GeV)

and compared with Pythia Tune A.

Workshop on Early LHC Physics
May 6, 2009

Rick Field — Florida/CDF/CMS
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RHIG Conclusions
rgies are
Egion.

. 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 | |l
GeV and are well described by pQCD -

Il.  Comparisons between several jetfinders reveal consistent results e

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

IV.  UE at RHIC appears to be independent of jet pT and decoupled from hard W

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

VI.  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)
» At STA versus 0.5 GeV (CDF) pT/Et cut-off 2 GeV)
and com i s :

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

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

Workshop on Early LHC Physics Rick Field — Florida/CDF/CMS Page 17
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=IrOLON=ATR

at the

The CDF “Min-Bias” trigger
picks up most of the “hard

) ) ) core” cross-section plus a
Single Diffraction small amount of single &

%\ double diffraction.

|

Ot = OgL T OspTOppTOnc
1.8TeV: 78mb = 18mb +9mb + (4-7) + (47-44)mb
The “hard ” t CDF “Min-Bias” tri
cc?ntai?lrs b%c;Le“;::?jE%r:ledn \AHard Core 1 charged par'lc?clelia:fo:\:\?:fg BBC
“soft” collisions. AND

(ww]

Elastic Scattering

1 charged particle in backward BBC

“Inelastic Non-Diffractive Component”

\ “Hard” Hard Core (hard scattg

Beam-Beam Counters
3.2<n| <59

O !J[;]lgr)g Parton

Ar'uton

“Soft” Hard Core (no hard scattering)

Proton

AntiProton

/A T Underlying Event
l l ............. I-State
E: Final-State -
% Radiation
Outgoing Parton
Workshop on Early LHC Physics Rick Field — Florida/CDF/CMS Page 18
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" |RDE Preliminar m ' | PY64 Tune P329
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220+ 8 PY64 Tune $320 R o of v © i, Be
? B\ N\ meeeeeeeeeeeee 8 ? ] ' PY64Tuness2o ! N
> . . > bl DR g
c m- | Pye4TunePs2o | 7 B g 0.5 8 g
5 10T 7.7' 777777777 Min-Bias '. 5 L Min-Bias ."i
™ Charged Particles (all PT) 1.96 TeV [ | 8 . Charged Particles (PT>0.5 GeV/c) 1.96 TeV [~
0.0 | ‘ | | ‘ ‘ 0.0 B | | | | | | | u
-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/dnd¢, at 1.96 TeV for rapidity distribution, dNchg/dnd¢, at 1.96

inelastic non-diffractive collisions from TeV for inelastic non-diffractive collisions
PYTHIA Tune A, Tune S320, and Tune from PYTHIA Tune A, Tune S320, and
P324. Tune P324.
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RDF Preliminary
2 4.0 generator level M | 8 [ ;
2 4 6.0
o} OUm o}
a) m® a)
© 304~ e Dge @
o h o ©
z oH ' He t 4.0
g m- ' I g
2 20 I PYB4 Tune S320 2
kS n A (RS~ B a ®
2 L | >
210 o " 5 20
o Min-Bias O . Min-Bias
™ ¢ Charged Particles (all PT) 1.96 TeV . - Charged Particles (all PT) 14 TeV
0.0 } } } } t t 0.0 T T T T } T
-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 (all p;) pseudo-rapidity distribution, dNcng/dnd¢, at 1.96 TeV for
inelastic non-diffractive collisions from PYTHIA Tune A, Tune S320, and Tune P324.

® Extrapolations of PYTHIA Tune A, Tune S320, and Tune P329 to the LHC.
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Average PT versus Nchg § CDF Runll Prelimi
1.4 — (TR
1 CDF Run 2 Preliminary o Q)
data corrected Min-Bias —
generator level theory 1.96 TeV A
g 12 1.2
- £
: ] .-.Ii \4 l .=
i0o0+- = _—"_gms®c" _
> UATLAS | T — |
¢ P
2
< 0.8 1
1 & Charged Particles (|n|<1.0, PT>0.4 GeVi/c)
0.6 1 1 | |
0 10 20 30 40 50 0.9
Number of Charged Particles i< 1 and p,= 0.4 GeV

08 = Data Runll MB+HM

—— Pythia TuneA, hadron level

0.7

0O 5 10 15 20 25 30 35 40 45 50
multiplicity

= Data at 1.96 TeV on the average p, of charged particles versus the number of charged particles (p; >
0.4 GeV/c, In| < 1) for “min-bias” collisions at CDF Run 2. The data are corrected to the particle level
and are compared with PYTHIA Tune A at the particle level (i.e. generator level).
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Average PT versus Nchg
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“Soft” Hard Core (no hard scalgring)
DF “Min-Bias’

Proton

The CDF “min-bias” trigger
picks up most of the “hard
core” component!
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®» Beam-beam remnants (i.e. soft hard core) produces
low multiplicity and small <p> with <p,>
independent of the multiplicity.

® Hard scattering (with no MPI) produces large
multiplicity and large <p;>.

® Hard scattering (with MP1) produces large
ultiplicity and medium <p>.

This observable is sensitive
to the MPI tuning!

~

Underlying Event
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Average PT versus Nchg
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CDF Run 2 Preliminary ‘
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Loy !
o
T RS N R

Average PT (GeV/c)
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40
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I CDF Run 2 Preliminary

Average PT versus Nchg

data corrected
generator level theory

"Drell-Yan Production”
70 < M(pair) < 110 GeV

0.5 +

Charged Particles (|n|<1.0, PT>0.5 GeV/c)
excluding the lepton-pair
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Number of Charged Particles
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AntiProton
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Anti-Lepton

® Data at 1.96 TeV on the average p; of charged particles versus the number of charged particles (p; > 0.4 GeV/c, n| <
1) for “min-bias” collisions at CDF Run 2. The data are corrected to the particle 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 the average p; of charged particles versus the number of charged particles (p; > 0.5
GeVl/c, In| < 1, excluding the lepton-pair) for for Drell-Yan production (70 < M(pair) < 110 GeV) at CDF Run 2.
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No MPI! - i i
Average PT versus Nchg = Z-boson production (with low p(Z) and no MPI)
25 ‘ produces low multiplicity and small <p;>.
T CDF Run 2 Preliminary | HW | i ) )
[ o amconected . = High p, Z-boson production produces large
S0l ¢ enerator level theory | pyAw | ™ NS SERSEN e .
% "Drell-Yan Production” . e l; mUItIpIICIty and hlgh <pT>'
o 70 < M(pair) < 110 GeV (lil
bo15 o - L~ -\ | ™ Z-boson production (with MPI) produces large
g N multiplicity and medium <p;>.
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0.5 f f f f
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Number of Cha
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Average P
\\V/E cll|e
No MPI!
Average PT versus Nchg PT(zZ-Boson) versus Nchg
25 === T ‘ 80 . - N 4

T CDF Run 2 Preliminary LHW i TCDF Run 2 Preliminary

T data corrected N + data corrected r----
G 2.0 |- generaorieveltheory oS fa T TR | S g [ generorievelineory il ' |
> "Drell-Yan Production” 1 @ + "Drell-Yan Production” R < /
Q 1 70<M(pair) <110 Gev S 1 70<M(pair) <110 GeV
E1s5f T o e T 1Tl Faot
(] T \ 2 - o T - -
(o)} (0] -
© o 2
@ o T
I 10+ - et g 20 + 1

In|<1.0, PT>0.5 GeV/c) T 0.5 GeV/c)
T excluding the lepton-pair excluding the lepton-pair
0.5 1 1 1 1 1 1 0 - ‘ ‘ ‘ ‘ 1 1 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

High Py Z-Boson Production ‘Outgoing Parton

= Predictions for the average P(Z-Boson) versus
the number of charged particles (p; > 0.5

AntiProton GeV/c, n| < 1, excluding the lepton-pair) for for

Drell-Yan production (70 < M(pair) < 110 GeV)

at CDF Run 2.

Initial-State Radiation
Ve

Z-boson

= Data on the average p, of charged particles versus the number of charged particles (p; > 0.5 GeV/c, |n| < 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 with various Monte-Carlo tunes at the particle level (i.e.
generator level).
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Average Charged PT versus Nchg
1.4 —
TCDF Run 2 Preliminary m---- | /
+ data corrected :_ Jli\/l_ _:
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O e , - -
2 1 No MPI!
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< 08 T “breliYan Production”
70 < M(pair) < 110 GeV Charged Particles (In|<1.0, PT>0.5 GeVi/c)
PT(Z) < 10 GeVic excluding the lepton-pair
0.6 | | | 1 1
0 5 10 15 20 25 30 35
Number of Charged Particles

. A J
Drell-Yan Production & epton
K
.Q
*

K
Q

AntiProton

Underlying Event Underlying Event

L
Anti-Lepton &

= Data the average p, of charged particles versus the number of charged particles (p; > 0.5 GeV/c, |n| < 1,
excluding the lepton-pair) for for Drell-Yan production (70 < M(pair) < 110 GeV, P(pair) < 10 GeV/c) at

CDF Run 2. The data are corrected to the particle level and are compared with various Monte-Carlo tunes at
the particle level (i.e. generator level).
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‘ Average Charged PT versus Nchg

1.4 1.4 — "
1CDF Run 2 Preliminary ——— e | 1 CDF Run 2 pre“mmary Drell-Yan PT >.0.p GgV PF(Z) < 10 GeV/c
1 data corrected m ;o dIMo / i data corrected
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> T >
I Tttt 081+ g® 7~
< 08 Drell-Yan Production <
70 < M(pair) < 110 GeV Charged Particles (In|<1.0, PT>0.5 GeVi/c) )
PT(Z) < 10 GeVic excluding the lepton-pair 1 Charged Particles (|n|<1.0)
0.6 f f f f f f 0.6 / f f
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Number of Charged Particles Number of Charged Particles

40

Drell-Yan Production .’{epton / L

Remarkably similar behavior! “Minumum Bias™ Collisions

Perhaps indicating that MPI
= Underying Event playing an important role in
N both processes.

AntiProton

=}

AntiProton

Underlying Event

Anti-Lepton &

= Data the average p, of charged particles versus the number of charged particles (p; > 0.5 GeV/c, |n| < 1,
excluding the lepton-pair) for for Drell-Yan production (70 < M(pair) < 110 GeV, P(pair) < 10 GeV/c) at

CDF Run 2. The data are corrected to the particle level and are compared with various Monte-Carlo tunes at
the particle level (i.e. generator level).
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Min-Bias i _FYSLTUneN®2e 0.8 & Min-Bias
] 1.96 TeV Charged Particles (|n|<1.0, PT>0.5 GeV/c) ] 14 TeV Charged Particles (In|<1.0, PT>0.5 GeV/c)
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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 Proton
Tevatron ﬁ LHC

= The average p- of charged particles versus the number of charged particles (p; > 0.5

GeV/c, In| < 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 S320, and Tune P324 to the
LHC.
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Highest p;
charged particle!

not include PTmax!

NPTmax Direction

®» Use the m
at the the
1).

= Shows the

“Associated” densities do
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Associated D/fsity
PTmax not included

0.5
CDF Preliminary
204 data uncorrected
g
8 Charge Density
* 2 03 - = = === - = - -
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Correlations in ¢ G 01
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Charged Particles
|n|<1.0, PT>0.5 GeV/c)
| | | |
T T T

/
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Ao (degrees)

:\_\Li.m_l_l.m_n_abs_lca.n.d_m_v/
It is more probable to find a particle
accompanying PTmax than it is to

find a particle in the central region!

Anmn*, PTmax, to define

1 direction and look
+>0.5GeV/c, n| <

n-bias” collisions (

liated”” charged particle density,

dNchg/dnd¢, for charged particles (p+ > 0.5 GeV/c, |n| < 1, not including PTmax) relative
to PTmax (rotated to 180°) for “min-bias” events. Also shown is the average charged
particle density, dNchg/dndd, for “min-bias” events.
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Rapid rise in the particle
density in the “transverse”

region as PTmax increases!
. . . ' / I
Associated Particle Density: dN/dnd¢l max > 2.0 GeV/c
PTmax Direction 1.0 ‘
= PTmax > 2.0 GeV/c
2 o PTmax > 1.0 GeV/c
2 08 T|eprmax>05Gevic| g
()
[a) Transverse
“Toward” S e 7 Region
5
a

“Transverse” “Transverse”

0O 30 60 90 120 150 180 210 240 270 300 360
Ad (degrees)

Ave Min-Bias PTmax > 0.5 GeV/c

0.25 per unitn-¢

= Shows the data*m the A¢ dependence of the “associated” charged particle density,
dNchg/dndé, for charged particles (p; > 0.5 GeV/c, |n| < 1, not including PTmax) relative
to PTmax (rotated to 180°) for “min-bias” events with PTmax > 0.5, 1.0, and 2.0 GeV/c.

= Shows “jet structure” in “min-bias” collisions (i.e. the “birth” of the leading two jets!).

Workshop on Early LHC Physics Rick Field — Florida/CDF/CMS Page 30

May 6, 2009



PY Tune A

PTmax > 2.0 GeVic Associated Particle Density: dN/d/Aﬁl

PTmax Direction AN

o PTmax > 2.0 GeV/c
e PY Tune A . . CDF Preliminary
e * datauncorrected - __

“Transverse” “Transverse”

Ad 8 T |ePTmax>05Gevic[ . & .
\ 3] . une theory + CDFSIM
“Toward” 2 06 o ?ransverse ﬁ ﬁ {ﬂ {{ PY Tune A 1.96 TeV H-“i
W o U Region Transverse
< I Region -ﬁi
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T T T T
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o
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= Shows the data on the A¢ dependence of the “associated” charged particle density,
dNchg/dnd¢, for charged particles (p+ > 0.5 GeV/c, |n| < 1, not including PTmax) relative
to PTmax (rotated to 180°) for “min-bias” events with PTmax > 0.5 GeV/c and PTmax >
2.0 GeV/c compared with PYTHIA Tune A (after CDFSIM).

®» PYTHIA Tune A predicts a larger correlation than is seen in the “min-bias” data (i.e.
Tune A “min-bias” is a bit too “jetty”).
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Charged Particle Density

10.0 g
RDF Preliminar “ ” ;
1 Y “Toward” Region
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o PTmax > 2.0 GeV/c 1
1.0 4 7777| PTmax > 5.0 GeV/c _ mgg® ':_.‘__:_7_;::::::1777
] “Transverse” g o.® o g
0.1 +
1 Min-Bias PTmax > 1.0 GeV/c ’jPTmax > 0.5 GeV/c
1.96 TeV Charged Partlcles (|n|<1 0, PT>O 5 GeV/c)
0.0
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Ad (degrees)

PTmax Direction

“Transverse” “Transverse”

= Shows the Ad dependence of the “associated” charged particle density, dNchg/dndé, for charged

particles (p > 0.5 GeV/c, [n| < 1, not including PTmax) relative to PTmax (rotated to 180°) for
“min-bias” events at 1.96 TeV with PTmax > 0.5, 1.0, 2.0, 5.0, and 10.0 GeV/c from PYTHIA

Tune A (generator level).
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Associated Charged Particle Density: dN/dnd¢ Associated Charged Particle Density: dN/dndé
10.0 1.6
] RDF Preliminary “Toward” Region 1 RDF Preliminary Min-Bias
2 1 pyTuneAgeneratorlevel  © =TT T TR ——— 2 1 py Tune A generator level 1.96 Tev
g | p————— - | PTmax>20GeVic L2 e
X . ——— e —— ~
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S 3 Transverse” @ com.® ; L ]
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5 ] Min-Bias PTmax > 0.5 GeV/c G ]
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0'0 0.0 T T T T T T T T T
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Ad (degrees) PTmax (GeV/c)

= Shows the Ad dependence of the “associated” charged particle density, dNchg/dndé, for charged
particles (p > 0.5 GeV/c, [n| < 1, not including PTmax) relative to PTmax (rotated to 180°) for
“min-bias” events at 1.96 TeV with PTmax > 0.5, 1.0, 2.0, 5.0, and 10.0 GeV/c from PYTHIA

Tune A (generator level).

PTmax Direction

=» Shows the “associated” charged particle density in the “toward”, “away” and
1. “transverse” regions as a function of PTmax for charged particles (p+ > 0.5

o GeV/c, In| <1, not including PTmax) for “min-bias” events at 1.96 TeV from
PYTHIA Tune A (generator level).
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Charged Particle Density
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Charged Particles (|n|<1.0, PT>0.5 GeV/c)
T t } |
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= Shows the Ad dependence of the “associated” charged particle density, dNchg/dndé, for charged

particles (p > 0.5 GeV/c, [n| < 1, not including PTmax) relative to PTmax (rotated to 180°) for
“min-bias” events at 1.96 TeV with PTmax > 0.5, 1.0, 2.0, 5.0, and 10.0 GeV/c from PYTHIA
Tune A (generator level).

PTmax Direction

Workshop on Early LHC Physics

“Toward”

=» Shows the “associated” charged particle density in the “toward”, “away” and
“transverse” regions as a function of PTmax for charged particles (p+ > 0.5

GeV/c, In| < 1, not including PTmax) for “min-bias” events at 1.96 TeV from
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MR-

Charg

Associated Charged Particle Density: dN/dnd¢ "Transverse" Charged Particle Density: dN/dnd¢
10.0 - 1.2

RDF Preliminary “Toward” Region

1 py Tune A generator level

- RDF Preliminary  mMin-Bias 14 TeV R
1.0 1 py Tune A generator level

77| PTmax > 5.0 GeV/c  A® ':_- __________ 1

1.0 g | _PTMax>50GeVic e eppny === _ _
] “Transverse” g oeo® o

0.1 -
1 Min-Bias PTmax > 1.0 GeV/c PTmax > 0.5 GeV/c

Charged Particle Density

"Transverse" Charged Density
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= Shows the Ad dependence of the “associated” charged particle density, dNchg/dndé, for charged
particles (p > 0.5 GeV/c, [n| < 1, not including PTmax) relative to PTmax (rotated to 180°) for
“min-bias” events at 1.96 TeV with PTmax > 0.5, 1.0, 2.0, 5.0, and 10.0 GeV/c from PYTHIA
Tune A (generator level).

PTmax Direction

=» Shows the “associated” charged particle density in the “toward”, “away” and
1. “transverse” regions as a function of PTmax for charged particles (p+ > 0.5
GeV/c, In| <1, not including PTmax) for “min-bias” events at 1.96 TeV from
PYTHIA Tune A (generator level).
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Associated Charged Particle Density: dN/dnd¢d Associated Charged Particle Density: dN/dnd¢
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0O 30 60 90 120 150 180 210 240 270 300 330 360 0 30 60 90 120 150 180 210 240 270 300 330 360
Ad (degrees) Ad (degrees)

= Shows the Ad dependence of the “associated” charged particle density, dNchg/dndd, for charged
particles (p; > 0.5 GeV/c, [n| < 1, not including PTmax) relative to PTmax (rotated to 180°) for
“min-bias” events at 1.96 TeV with PTmax > 0.5 GeV/c for PYTHIA Tune A, Tune S320, Tune
P320 (generator level).

= Shows the A$ dependence of the “associated” charged particle density, dNchg/dndé, for charged
particles (pr > 0.5 GeV/c, [n| < 1, not including PTmax) relative to PTmax (rotated to 180°) for
“min-bias” events at 1.96 TeV with PTmax > 2.0 GeV/c for PYTHIA Tune A, Tune S320, Tune
P320 (generator level).
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Associated Charged Particle Density: dN/dndé Associated Charged Particle Density: dN/dnd¢
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=» Shows the “associated” charged particle density in the “toward”, “away” and “transverse” regions
as a function of PTmax for charged particles (py > 0.5 GeV/c, |n| < 1, not including PTmax) for
“min-bias” events at 1.96 TeV from PYTHIA Tune A and Tune S320 at the particle level (i.e.
generator level).
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Associated Charged Particle Density: dN/dnd¢

| RDF Preliminary
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=» Shows the “associated” charged particle density in the “toward”,

PTmax Direction

away’” and “transverse” regions

as a function of PTmax for charged particles (py > 0.5 GeV/c, |n| < 1, not including PTmax) for
“min-bias” events at 1.96 TeV from PYTHIA Tune A and Tune S320 at the particle level (i.e.

generator level).
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"Transverse" Charged Particle [
0.8
2 | RDF Preliminary Pv64 Tune P329 ™
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PTmax (GeV/c) PTmax (GeV/c)
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Tevatron ﬁ LHC

=» Shows the “associated” charged particle density in the “transverse” region as a function of PTmax

for charged particles (p+ > 0.5 GeV/c, |n| < 1, not including PTmax) for “min-bias” events at 1.96
TeV from PYTHIA Tune A, Tune S320, Tune N324, and Tune P329 at the particle level (i.e.
generator level).

® Extrapolations of PYTHIA Tune A, Tune DW, Tune DWT, Tune S320, and Tune P329 to the LHC.
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Charged Particle Density: dN/dndé Charged Particle Density: dN/dnd¢
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= Data at 1.96 TeV on the density of charged particles, dN/dnd¢, with p; > 0.5 GeV/c and |n| < 1 for “Z-Boson”
and “Leading Jet” events as a function of the leading jet p; or P(Z) for the “toward”, “away”, and
“transverse” regions. The data are corrected to the particle level (with errors that include both the statistical
error and the systematic uncertainty) and are compared with PYTHIA Tune AW and Tune A, respectively, at the
particle level (i.e. generator level).
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"Transverse" Charged Particle Density: dN/dnd¢
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= Data at 1.96 TeV on the density of charged particles, dN/dnd¢, with p; > 0.5 GeV/c and |n| < 1 for “Z-Boson”
and “Leading Jet” events as a function of the leading jet p; or P(Z) for the “toward”, “away”, and
“transverse” regions. The data are corrected to the particle level (with errors that include both the statistical
error and the systematic uncertainty) and are compared with PYTHIA Tune AW and Tune A, respectively, at the
particle level (i.e. generator level).
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"Transverse" Charged Pz "Away" Charged Particle Density: dN/dnd¢ Tune (PTJI_MI— 3.6)
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= Data at 1.96 TeV on the density of charged particles, dN/dnd¢, with p; > 0.5 GeV/c and |n| < 1 for “Z-Boson”
and “Leading Jet” events as a function of the leading jet p; or P(Z) for the “toward”, “away”, and
“transverse” regions. The data are corrected to the particle level (with errors that include both the statistical
error and the systematic uncertainty) and are compared with PYTHIA Tune AW and Tune A, respectively, at the
particle level (i.e. generator level).
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= Data at 1.96 TeV on the charged particle average p-, with p; > 0.5 GeV/c and |n| < 1 for the “toward”

region for “Z-Boson’ and the “transverse” region for “Leading Jet” events as a function of the
leading jet p; or P(Z). The data are corrected to the particle level (with errors that include both the
statistical error and the systematic uncertainty) and are compared with PYTHIA Tune AW and Tune
A, respectively, at the particle level (i.e. generator level). The Z-Boson data are also compared with
PYTHIA Tune DW, the ATLAS tune, and HERWIG (without MPI)
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= Data at 1.96 TeV on the density of charged particles, dN/dnd¢, with p; > 0.5 GeV/c and |n| < 1 for “Z-
Boson” events as a function of P(Z) for the “toward” and “transverse” regions. The data are
corrected to the particle level (with errors that include both the statistical error and the systematic
uncertainty) and are compared with PYTHIA Tune AW and HERWIG (without MPI) at the particle

level (i.e. generator level).
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= Data at 1.96 TeV on the density of charged particles, dN/dnd¢, with p; > 0.5 GeV/c and |n| < 1 for “Z-
Boson” events as a function of P(Z) for the “toward” and “transverse” regions. The data are
corrected to the particle level (with errors that include both the statistical error and the systematic
uncertainty) and are compared with PYTHIA Tune AW and HERWIG (without MPI) at the particle
level (i.e. generator level).
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= Data at 1.96 TeV on the density of charged particles, dN/dnd¢, with p; > 0.5 GeV/c and |n| < 1 for “Z-
Boson” events as a function of P(Z) for the “toward” and “transverse” regions. The data are
corrected to the particle level (with errors that include both the statistical error and the systematic
uncertainty) and are compared with PYTHIA Tune AW and HERWIG (without MPI) at the particle
level (i.e. generator level).
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= Data at 1.96 TeV on the density of charged particles, dN/dnd¢, with p; > 0.5 GeV/c and |n| < 1 for “Z-
Boson” events as a function of P(Z) for the “toward” region from PYTHIA Tune AW, Tune DW, Tune
S320, and Tune P329 at the particle level (i.e. generator level).

® Extrapolations of PYTHIA Tune AW, Tune DW, Tune DWT, Tune S320, and Tune P329 to the LHC.
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= Data at 1.96 TeV on the charged PTsum density, dPT/dndé¢, with p; > 0.5 GeV/c and |n| < 1 for “Z-Boson”
events as a function of P(Z) for the “toward” region from PYTHIA Tune AW, Tune DW, Tune S320, and

Tune P329 at the particle level (i.e. generator level).

® Extrapolations of PYTHIA Tune AW, Tune DW, Tune DWT, Tune S320, and Tune P329 to the LHC.

Rick Field — Florida/CDF/CMS Page 48

Workshop on Early LHC Physics
May 6, 2009



| believe 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.
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® The amount of activity in the “underlying event” in Drell
Yan events.
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| believe e now in a position to
some <tjons at the LHC!
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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 modeling the of Tune A at the Tevatron!
“underlying event”. 7 gt Gadation

Proton e T AT

=» The new Pythia p; ordered tunes (py64 S320 and py64 P329) " v, e
are very similar to Tune A, Tune AW, and Tune DW. At
present the new tunes do not fit the data better than Tune A
and Tune DW. However, the new tune are theoretically
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Final-State

Outgoing Parton Radiation

p refe r red ! ‘Hard-Scattering Cut-Off PTOl

= |t is clear now that the default value PARP(90) = 0.16 is THIA 6208 ,
not correct and the value should be closer to the Tune A :
value of 0.25.

PTO (GeVic)

=» All tunes with the default value PARP(90) = 0.16 .
are wrong and are overestimating the activity of
min-bias and the underlying event at the LHC!

CM Energy W (GeV)
This includes all the ATLAS tunes!

» Need to measure “Min-Bias” and the “underlying -
event” at the LHC as soon as possible to see if there is UE&MB@CMS

new QCD physics to be learned!
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“Minumum Bias” Collisions

Thesis 1: Measure dNchg/dn 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” collisions.

“Toward”

“Transverse” “Transverse”

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

oW

Proton o ——a e

Underlying Event Underlying Event

Final-State

77 L& -
Radiation

Thesis 4. Measure the “toward”, “away”, and “transverse” Ougeing parton
region as a function of PT(Z) for Z-boson production.

. A
Drell-Yan Production :" Lepton

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/c).

J
Anti-Lepton o'
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