Extrapolations from the
Tevatron to RHIC and the LHC

Q... Rick Field

C.on  University of Florida
®hnamics Outline of Talk

® Studying the formation of the
“underlying event”’.

% The PYTHIA MPI energy scaling

parameter PARP(90). Bih=
AN N
% The “underlying event” at STAR -
* CDF Run 2
Extrapolations to RHIC. o Onderring Ergy

% LHC predictions for the “underlying event’
(hard scattering QCD & Drell-Yan).

% LHC predictions for “Min-bias”.

®» Summary & Conclusions. CMS at the LHC
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Hard Scattering ‘Outgoing Parton

Initial-State l;adiation PT(hard)
“Hard Scattering” Component

—_—

AntiProton

Proton

i Final-State Radiation
v

Outgoing Parton

Underlying Event Underlying Event

g‘jﬁl’l’-State Radiation
v

Proton AntiProton

Outgoing Parton Underlying Event Underlying Event

“Underlying Event”

and add initial and final-
approximation).

» Start with the perturbative 2-to-2 (or sometimes 2-to-3) parton-parton scatte
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

The ‘“underlying event” is an unavoidable

background to most collider observables

and having good understand of it leads to
more precise collider measurements!

®» Of course the outgoing colored parton|
observables receive contributions fron

ply “underlying event”
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CERN - August 14, 2009



High Py Z-Boson Production

Outgoing Parton 1

.» Final-State R :
JUOPPR 2 “Hard Scattering” Component

—_—

AntiProton

Initial-State Radiation @ = 4, ses

Proton

Z-boson

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.

Joint Meeting on Early LHC Physics Rick Field — Florida/CDF/CMS Page 3
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Elastic Scattering

Single Diffraction

N

The CDF “Min-Bias” trigger
picks up most of the “hard
core” cross-section plus a
small amount of single &
double diffraction.

=

Giot = OEL T Ogp+Opp+OHC

1.8 TeV: 78mb =

“soft” collisions.

The “hard core” component I_\_
contains both “hard” and ard Core

18mb +9mb + (4-7)mph’s (47-44)mb
CDF “Min-Bias” trigger
1 charged particle in forward BBC

“Inelastic Non-Diffractive Component”

AND

Joint Meeting on Early LHC Physics
CERN - August 14, 2009

“Soft” Hard Core (no hard scattering)

~

Beam-Beam Counters
3.2<Inl<5.9

AntiProton

Rick Field — Florida/CDF/CMS

1 charged particle in backward BBC

“Hard” Hard Core (hard scattg

ing)
utgéntig Parton

<V . _ Alloton
Un jing Event g/ i Underlying Event
........ I-State
3 iation

% Final-State

% Radiation
A

Outgoing Parton
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2n

0

AnAd=4n =12.6

\\

.
3 GeV/c PTsum

a1 ¢ g

+1

Charged Particles
pr>0.5GeV/icinl <1

CDF Run 2 “Min-Bias”

/

CDF Run 2 “Min-Bias”
Observable

v Average Density
Average .
per unit n-¢

Number of Charged Particles

3 charged particles

Nchg (P, > 0.5 GeVie, Il < 1) 3.17 +/- 0.31 | 0.252 +/- 0.025
PTsum Scalar p; sum of Charged Particles
(GeV/c) (py> 0.5 GeVie, Il < 1) 2.97 +/- 0.23 0.2436 +/- 0.018

~ \

\

dNchg/dnd¢ = 3/4n = 0.24

N/

Divide by 4n

dPTsum/dnd¢ = 3/4n GeV/c = 0.24 GeV/c

® Study the charged particles (p; > 0.5 GeV/c, Inl < 1) and form the charged
particle density, dNchg/dnd¢, and the charged scalar p; sum density,
dPTsum/ dT]d(I).

Joint Meeting on Early LHC Physics
CERN - August 14, 2009
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‘Charged Particle Pseudo-Rapidity Distribution: dN/dn

CDF Published

1 -t/ ® CDF Min-Bias 1
O CDF Min-Bi

0 — [ | | | 1 1 0.0 = | | 1 1 1
-4 -3 -2 -1 0 1 2 3 4 -4 2 -1 0 1 2 3 4
Pseudo-Rapidity n Pseudo-Rapidity 1

Charged Particle Density: dN/dnd¢

CDF Published

0-2 1[5 CDF Min- 30Gev| ]
= CDF Wj 1.8 TeV all PT

/ L

<dNg/dn>=4.2 M <dN,, /dndé> = 0.67

% Shows CDF “Min-Bias” data on the number of charged p
at 630 and 1,800 GeV. There are about 4.2 charged particles p€

collisions at 1.8 TeV (Inl < 1, all py).

® Convert to charged particle density, dN,,/dnd¢, by dividing by 2.
There are about 0.67 charged particles per unit n-¢ in “Min-Bias”

collisions at 1.8 TeV (Inl < 1, all py).

icles per unit pseudo-rapidity
it n in “Min-Bias”

AnxAp=1

Ap=1

N
0.25

® There are about 0.25 charged particles per unit n-¢ in “Min-Bias”

—
An=1

collisions at 1.96 TeV (Inl < 1, pp> 0.5 GeV/c). <dN,/dn>=1.6!

Joint Meeting on Early LHC Physics
CERN - August 14, 2009
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Highest py

“Associated” densities do

h ticle! not include PTmax!
charged particle @arged Particle Density: dN/d'rldtp'l7
\PTmax Direction Piimax Direction
GRF Preliminary
2 0.4 Heayncorrected Associated De/fsity
' PTmax not included
g - N ""-:- 777777777777777777777
£ 5y T s/ | i i
S
2
Correlations in ¢ 001 - I SR ér;;r;;éél;;r;i&;;””
. . . ax
Correlatidtisidias Inl<1.0, PT>0.5 GeV/c)
Q.0 - 1 1 ] 1 1 1 1 1
) 30 120 150 180 210 240§ 270 300 330 360
A¢ (degrees)
® Use the mp= aasasa s —oboucod e ijn*, PTmax, to define a direction and look
at the the | 1t1S more prf)bable to find a [.)a}’tlcle n-bias” collisions (g > 0.5 GeV/e, Inl <
1). accompanying PTmax than it is to
find a particle in the central region! |. . .
% Shows the P & iated”” charged particle density,

dNchg/dnd¢, for charged particles (py > 0.5 GeV/c, Inl < 1, not including PTmax) relative
to PTmax (rotated to 180°) for “min-bias’ events. Also shown is the average charged
particle density, dNchg/dnd¢, for ‘“min-bias” events.

Joint Meeting on Early LHC Physics

CERN - August 14, 2009

Rick Field — Florida/CDF/CMS
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Rapid rise in the particle
density in the “transverse”
region as PTmax increases!

' / |

PTmax Direction 1.0

= PTmax > 2.0 GeV/c
o PTmax > 1.0 GeV/c
| | « PTmax > 0.5 GeV/c
Transverse

“Toward”’ . Region

“Transverse” “Transverse”

Ave Min-Bias
0.25 per unit n-¢

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

PTmax > 0.5 GeV/c

® Shows the data *)n the A¢ dependence of the “associated” charged particle density,
dNchg/dnd¢, for charged particles (py > 0.5 GeV/c, Inl < 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!).

Joint Meeting on Early LHC Physics Rick Field — Florida/CDF/CMS Page 8
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Associated Charged Particle Density: dN/dnd¢ "Transverse" Charged Particle Density: dN/dnd¢

-
N

10.0 -

PTmax > 10.0 GeV/c

RDF Preliminary RDF Preliminary  min-Bias 14TeV —

“Toward” Region

> 1
2 1 pyTune Ageneratorlevel =7 70T TEESTTT — —— @ 1.0 ]
2 ] I : PTmax > 2.0 GeV/c : 8 ]
g 10 . ,| PTmax > 5.0 GeV/c %"i 7777777 . ;:_ S B 0.8 1
2 e “Transverse” =27 ansverse” e =
5 jm"”“"’"%d‘ G 06
° © .
o e e b §0-41
© ] @ ]
=
o Min-Bias PTmax > 1.0 GeV/c ’_P‘Tmax > 0.5 GeV/c | § 0.2 1
oo ‘1.96 TFV | Qhargeq Parliqles (|ﬂ|f1 0, PT>0'5 (?eV/c) : Charged Particles (|n|<1.0, PT>0.5 GeV/c)
8 T T T T T T T T T T 0.0 } } } }
0 30 60 90 120 150 180 210 240 270 300 330 360 0 5 10 15 20 25
A¢ (degrees) PTmax (GeV/c)

= Shows the Ad dependence of the “associated” charged particle density, dNchg/dndé, for charged
particles (py > 0.5 GeV/e, Inl < 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

“transverse” regions as a function of PTmax for charged particles (py > 0.5
GeV/c, Inl < 1, not including PTmax) for ‘“min-bias” events at 1.96 TeV from
PYTHIA Tune A (generator level).

“Toward”

Joint Meeting on Early LHC Physics Rick Field — Florida/CDF/CMS Page 9
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"Transverse" Charged Particle Density: dN/dnd¢

RDF Preliminary

nsit
o
L)

o
(«)]
|

nsverse" Chdrged De
o
=Y

¢

o
o

o
N
|

y Tune A generator level

1.96 TeV

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

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

15 20 25

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

30

0.6

=» Shows the charged particle density in the “transverse” region for charged particles (p; > 0.5
GeV/c, Inl < 1) at 1.96 TeV as defined by PTmax, PT(chgjet#1), and PT(jet#1) from PYTHIA

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

Joint Meeting on Early LHC Physics Rick Field — Florida/CDF/CMS
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Tuning PYTHIA:

Multiple Parton Interaction Parameters

fard Core

7z P
N

Multiple Parton Interaction

>*" Color String

Spuunn®

"a,
/ Color ¢ Strml/b\/V\E

Multiple Part

Determine by comparing

]

with 630 GeV data!

“
/"\7 /
.®

Hard-. Scatterlng C

PYTHIA 6.206

7

Take E, = 1.8 TeV

TO (GeV/

7

J

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 hadron
radius containing the fraction PARP(83) of the
total hadronic matter

PARP(S5 033 P Determines the energy .

(85) ) ] dependence of the MPI! Lz T g-uons
W] nearest neighbors.

PARP(86) 0.66 | Pro {  Affects the amount of [|uons

el des| initial-state radiation! [losed
loop. - sts of
ark-antiqu; /zs/

PARP(89) 1 T})’/ Determin/ eference energy E,,.

PARP(82) 4 The Py, that regulates the 2-t0-2\

eVic | s ing divergence 1/PT*—1/(PT?+P,2)>

PARP(90 0.16 etermines the energy dependence of the cut-off
Py, as follows Pry(E,,) = Pry(Eo/Eg)e with SN
€ = PARP(90)

PARP(67)/ 1.0 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.

&= 0.16 (default)

100,000

:1,000 10,000
CM Energy W (GeV)

Reference point
at 1.8 TeV

Joint Meeting on Early LHC Physics
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Away Region

Transverse
Region

Leading
Jet

Toward Region

Transverse
Region

Away Region

Transverse
Cone:
7(0.7)2=0.497

Transverse
Region:
21/3=0.67x

Leading
Jet

P2 (GeV/c)

-14T>

+1

% Sum the P, of charged particles in two cones of radius
0.7 at the same 1 as the leading jet but with IA®I| = 90°.

» Plot the cone with the maximum and minimum PT,
versus the E; of the leading (calorimeter) jet.

Joint Meeting on Early LHC Physics
CERN - August 14, 2009

“Cone Analysis”
(Tano, Kovacs, Huston, Bhatti)

® MAX Data CDF PRELIMINARY
— MAX Herwig+QFL
O MAX Pythia6.115+QFL (tuned)
A MIN Data
= MIN Herwig+QFL
A MIN Pythia6.115+QFL (tuned) ay

%; )

Mwéﬂ%&

Rl ‘ \ ‘
50 100 150 200 250
E, of leading jet (GeV)
Rick Field — Florida/CDF/CMS Page 12



2 CDF PRELIMINAR “Cone Analysis™

> . | MAXData CDF PRELIMINARY
32.5 - Bl EZ:SViga,QFL (Tano, Kovacs, Huston, Bhatti) J MAX Herwig+QFL

g | E' MAX Pythia6.115+QFL (tuned) [ O MAX Pythia6.115+QFL (tuned)

A MIN Data

oo MIN Herwig+QFL
- A MIN Pythia6.115+QFL (tuned)

630 GeV i“ 5+ A MIN Data o |
.| T% - a m:: :::t‘:latﬂ;toﬂ (tuned) ++ il) &
L 4 3
) t*; $_ i¥ 1800GeV £ ¢¢¢¢¢¢+ $ I
| ; ;M T : & | -
Ass i E—— ot
PYTHIA 6.115 | | * 1
j Pro=1.4 GeV 5L

05 -

. _..+li.wi.~=#:¢ —Arl %AF— PTO - 2.0 GeV E P’Ma‘i}*‘* -?g:_-"r
30 40 50 60 70 80 0 50 100 150 200 250

E, of leading Jet (GeV) E; of leading jet (GeV

» Sumlhed\; of charged particles (p; > 0.4 GeV/c) in two cones of radius (.7 at the same 1 as the lea(iing
Jet bt witR|A®| = 90°. Plot the cone with the maximum and minimum PT versus the E; of the
leadifg (caldWgmeter) jet.

» For th§ MIN cone 0:25 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-¢).

Joint Meeting on Early LHC Physics Rick Field — Florida/CDF/CMS Page 13
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"Min Transverse" PTsum Density: dPTsum/dnd¢

0.20 .
Increasing € 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 (GeVic)

Lowering Py, at 630 GeV (i.e.

increasing €) increases UE activity Hard-Sca NOff PTO|

resulting in less energy dependence. N
(ni<1, Py>0.4 GeV) yérsus P

0.60 0.3
< < Pythia 6.206 (Set A)
[}] Q
S s
£ 0.40 £ 02
3 - ;=
: s |y
2 2 . ya
o
(7]
o
g
K=
[$]

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

0.00

(default) andk = 0.25 (prefetred)). /| 1 ...~ /| _________|

100,000

0.54 GeV/c)

Huston, an Rle Fleld Fermllab MC Workshop
630 Gev- October 4, 2002!
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PYTHIA 6.2 Tunes

| with A = 192 MeV!

73
N

Parameter Tune AW Tune DW Tune D6
X PDF CTEQ5L CTEQ5L CTEQG6L ™~
UE Parameters N MSTP@EI) 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) 04 I | v W— 0.4
PARP(85) /’ 0.9 1.0 1.0 S
PARP(86) N 0.95 1.0 1.0
ISR Parameter
PARP(89) 1.8 TeV W 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 2.5 2.5
MSTP(91) 1 1 1
PARP(91) 2.1 2.1 2.1
PARP(93) 15.0 15.0 15.0

Intrinsic KT

Joint Meeting on Early LHC Physics
CERN - August 14, 2009
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Tune A energy dependence!
(not the default)
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All use LO o
with A = 192 MeV! Parameter Tune RWT Tune D6T

PDF CT/ \\ CTEQ6L J/

N MSTP(81) / \ 1
UE Parameters \ :'32(8@ / 7
) S energy dep ‘ dence!

These are “old” PYTHIA 6.2 tunes!
N There are new 6.420 tunes by

\ Peter Skands (Tune S320, update of S0)
D Peter Skands (Tune N324, NOCR)

Hendrik Hoeth (Tune P329, ‘“Professor’’

—
MST}’ A
PAR ‘ [ A :

PAJ

Joint Meeting on Early LHC Physics Rick Field — Florida/CDF/CMS Page 16
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- Parameter  Type | S0A-Pro | PO P-HARD P-SOFT  P-3 P-NOCR  P-X  P-6 [Oct 2008)
Peter's Pyth
MSTR(51] PDF f 7 7 T 7 T 20650 10042 008]
February 2009@ P METP(52] FDF | | 1 | 1 1 2 2 T
METE[64) I5E 2 3 3 2 3 3 3 3
Navigate these pages by using the menu to the lefy PARD [£4] ISR 1.0 1.0 0.25 20 1.0 1.0 2.0 1.0
become available, and as the available data increas MSTP(67) ISR 3 3 2 - o 7 3 7 pT-ordered models
g ,ﬁ;iﬂ;"&"?‘ﬁ::é‘};ﬂ, PRRD (67] ISR 40| 10 40 05 Lo 10 L0 1.0 |owers. (Mar 2007
METP{70)] ISR 2 2 ] | 0 2 2 2 et 2008)
Apr 2009; Full descriptions and parameters of the "{ PARF(£2) ISR = -2 125 2 |15 4 e/ 3
MPI workshop proceedings) g . ¥ T -
Dec 2007: Some interesting min-bias distributions fig PFARF{81] ISR ] T 3 1.5 = = i L
Houches workshop proceedings) MSTF(72] ISR 0 1 1 i 2 | 1 | FTEQEL1 PDFs. [Feb 2009]
The tunes currently available on the plots are (nu FARF{71) FSR 40 20 40 1.0 20 20 2.0 2
FARJ(81] FSR 0.257 | 0.257 0.3 0.1 0257 Weat Gt o Qeyd [ghower framework, with a
eaaiea) FSR| 08| o8 0% ox 08 03 0% 08 ot e
= 100 A; Rick Field's Tune A to Tevatren Und i pr than that of Tune A, [Apr
sh models, with a double-gaussian matt MSTR{81) L.E 21 21 21 21 21 21 21 21
near-maximal color correlations. [Oct 20021 PARF(82] 1.B5 2.0 23 1.9 22 1.95 2.2 1.95
fatron, but which uses the Tune
« 103 DW: Rick Field's Tune DW to Tevatron _I.H:I.I‘ii — Ll - LEL - LU - Ll 1,5_(1& L
to Tune A, but has 2 GeV of primardial kT and FARF (9 ﬂ: 025 | 036 030 T SR e 024 023 {rd2 . .
inftlal-state radigtion (Le, more 18R radiation) | MSTPR(82) ] 5 5 5 5 5 H 4 nections. Gives less good
% DARE[(81) |_|1: 1.6 1.7 L7 1.5 1.7 1.8 1.7 1.7
= 104: DWT: Variant of DWW using the Pythia 6.2 ers and new UE framework.
abreamert vl Teuaiing ity esingGan NETEL88) (BE ] i} ] 0 i 0 0 0 |quantities.
H——— PARF({79) BR 20 20 20 2.0 2.0 2.0 2.0 20 s v
. - ome”): une g
; FE Dose fiighe: Very. caca pseier] NAREARO) - BE 001 | 005 0.01 005 003 001 005 005 byl hence the name), [Oct
107 ACR. variant of Tune A using the Pyhi MSTE(91] BER I 1 1 1 1 | 1 [
. L . varian une A using the ia 4 ~ 2 z L] Bl
new "color annealing” color reconnection mod PARF{91) BR 20 2.0 1.0 2 1.: 2.0 2.0 2.0 | 2008
» 108: D6: Rick Field's Tune D6 to Tevatron datd METFP [95] R & ] 6 & 6 ] o % Lia 0. Feb 2008]
. 110 APro: Tune Awith LEP tune from Profes] PARP (78] CR 02| 033 037 015 035 0.0 0.33 033
i - FARF(77] CR po| 09 04 05 06 00 09 oo [0 [Feb2009
s 113 DW-Pro: Tune DW with LEP tune from ~TT : > - 5 = : : : balance and different collider
+ 114: DWT-Pro: Tune DT with LEP tune from{ = 5 | L 1) : ) E s E : : )
) PARJ(21) HAD 0,313 | 0313 034 0,28 0313 0313 04313 0313 ]
* HEATLAS-DC2 Pro: ATLASIOCZWINLERY ShiT(4i) HaD 049 | 049 0.49 049 0.40 040 049 040 O
PARJ (4 Proceadings of the Perug ¢ 1.2 |2 |p- [Feb 2008]
PRRJ (46] L} 0 i A i I. i 1.0 1.0 | [Feb 2009]
PARJ (47] HAD 1.0 1.0 1. 1.0 1.0 1.0 1.0 I.ﬂlFfmmwm.mmawwm,|I

» http://home.fnal.gov/~skands/leshouches-plots/
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35% more at RHIC means
"Transverse" Charged Particle Density 26% less at the LHC! insverse” Charged Particle Density: dN/dnd¢

0.3

1 RDF Preliminary

generator level

__________

©
(V)

_______

o
-

Min-Bias Min-Bias

"Transverse" Charged Density

Transverse" ChargedDensi
T
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

0.2 TeV Charged Particles (|n|<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 T T T 0-0 1 T } 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
(~factor of 70 increase)

LHC

®» Shows the ‘““associated” charged particle density in the “transverse” regions as a function of
PTmax for charged particles (py > 0.5 GeV/c, Inl < 1, not including PTmax) for “min-bias” events
at 0.2 TeV and 14 TeV from PYTHIA Tune DW and Tune DWT at the particle level (i.e. generator
level). The STAR data from RHIC favors Tune DW!
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About a factor of 2.7 increase in
Associated Charged Particle Dens the “transverse” region! ociated Charged Particle Density: dN/dnd¢
1.6 T =
RDF Preliminary Min-Bias | RDF Preliminary Min-Bias
2 | py Tune DW generator level 1.96 TeV % | py Tune DW generator level 0.2 TeV "Away"
[7]
c 1.2 + c ]
8 ] "Toward" 8 08 +-----"-"-"-""""""""""——
2 o i
L = 7
E08f1------ ) o - ]
© ©
o | "Transverse" =% |
B ] ——— ® 04+
(o)) 7 (o]
s 04+ . "Transverse"
L b - =
o l ) o |
] Charged Particles (|n|<1.0, PT>0.5 GeVic) ] Charged Particles (|n|<1.0, PT>0.5 GeV/c)
0.0 1 1 | | | 1 1 1 1 0.0 1 1 1 | | |
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14
PTmax (GeV/c) PTmax (GeV/c)
PTmax Direction PTmax Direction

1.96 TeV — 0.2 TeV
(~factor of 10 increase)
Tevatron o e RHIC

“Toward” “Toward”

®» 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, Inl < 1, not including PTmax) for
“min-bias” events at 1.96 TeV and at 0.2 TeV from PYTHIA Tune DW at the particle level (i.e.

generator level).

Joint Meeting on Early LHC Physics Rick Field — Florida/CDF/CMS Page 19
CERN - August 14, 2009



Charged Particle Density: dN/dnd¢

F Preliminary Min-Bias
W generator level 14 TeV

"Toward"

"Transverse"

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

About a factor of 2 increase in the
Associated Charged Particle Dens “transverse’ region!
1.6 T N
RDF Preliminary Min-Bias
..Z‘ | py Tune DW generator level 1.96 TeV *? 20
[7] (7] -
g 1.2 + g
[ ] "Toward" a ]
o 9 15 +
2 "Away" © 1
€08+ = t
© ©
o ] "Transverse" o 1
B 8 o
o 1 o
s 04 S
5 : o 0.5 -
, Charged Particles (|n|<1.0, PT>0.5 GeV/c)
0.0 | : : : : | | : : 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

1.96 TeV — 14 TeV

“Toward”

(~factor of 7 increase)

PTmax Direction

“Toward”

Tevatron “Transverse” “Transverse” — LH C “Transverse” “Transverse”

®» 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, Inl < 1, not including PTmax) for
“min-bias” events at 1.96 TeV and at 14 TeV from PYTHIA Tune DW at the particle level (i.e.

generator level).
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"Transverse" Charged Particle Density: dN/dnd¢

Y
N

RDF Preliminary Min-Bias

14 TeV

7 py Tune DW generator level

o
©
T

1.96 TeV

I
E~Y
I

"Transverse" Charged Density

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

o
=)

0 5 10

15

PTmax (GeV/c)

20 25

TS 0.2 TeV — 1.96 TeV
(UE increase ~2.7 times)

— Tevatron

PTmax Direction

4
&

1.96 TeV — 14 TeV
(UE increase ~1.9 times)

PTmax Direction

®» Shows the ‘“associated” charged particle density in the “transverse’ region as a function of PTmax
for charged particles (py > 0.5 GeV/c, Inl < 1, not including PTmax) for “min-bias” events at 0.2
TeV,1.96 TeV and 14 TeV predicted by PYTHIA Tune DW at the particle level (i.e. generator

level).
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®» At STAR
and com]

Conclusions

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 jetfinders 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.

) GeV)
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PT(jet#1) (GeV/c)

"Transverse" Charged PTsum Density: dPT/dnd¢
2.0
° CDF Run 2 Preliminary
% data corrected to particle level
C16+-—-—-vgp+y -~~~ ————~——~"~——"—"—"————"——\—z$—H4-——~———- -----
> 1.96 TeV
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< I
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: cAE Pl
E 0.8 - - — T _e ,: ,,,,,,,,,,,,,,,,,,,,,,,,,,,,, L
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g E333353335535s
204,, S -— , o = = = m =T T -
8 MidPoint R = 0.7 [n(jet#
'—
: 0.0 ‘ ‘ Charged Particles (|n/<1.Q, PT>0.5 GeV/c)
- T T T T T T ~ T -
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Jet #1 Direction Jet #1 Direction

___/

“Leading Jet”

“Toward”

“Toward”

N “Transverse”
“Transverse’

“Transverse”

Jet #2 Direction

“Transverse”

8r 5 Charged PTsum Density
70
E i Data uncorrected
6 j'”""'PYTHIA Tune A + STAR-SIM Femend
R N d ------
055 | “‘F
3 :— T
- =
~1.5 | oF i . AR winary
L e R “T‘rﬁﬁsVéfSé S B
0.37 Co [ | | | i | qfh o
00 5 A 10 15 20 25 30 35 40
PT(jet#1) (GeV/c)
“Back-to-Back”

® Data on the charged particle scalar p; sum density, dPT/dnd¢, as a function of the leading jet p; for the
“toward”, ““away”’, and “‘transverse” regions compared with PYTHIA Tune A.
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generator level

_ ~ RDF LHC Prediction!
HT A " . . .
ransvermrged Particle [0 : V rse" Charged Particle Pensny dll\l/dndd) L
0.8 T ' P PY ATLAS 17' PY Tune DWT :7
] RDF Preliminary \>> o ‘ Y, o T E e E e e e b I

o
()

I
>

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

PY64 Tune P329

___________

o
()

1957 If the LHC data are not in

"Transverse" Charged Density

0.0 : ;
0 2 4 6 15 20 25
\ the range shown here then <Q
o~ yye Jearn new (QCD) physics!
< >
\/
=®» Shows the ‘““associated” chy _ed parti sity in ansverse” re, Y as a function of PTmax
for charged particles (py > 0.5 GeV/c, , hot inch ¢ PTmax) for “min-bias’ events at 1.96

TeV from PYTHIA Tune A, Tune S32 ine N324, a une P329 at the particle level (i.e.
generator level).

® Extrapolations of PYTHIA Tune A, Tune D une DWT, Tune S320, Tune P329, and pyATLAS to the
LHC.
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u+p- Mass (GeV)

» Shows the Drell-Yan Lepton-Pair (u*p°) cross
section, do/dM, at the 1.96 TeV (Tevatron
Run 2) and at 14 TeV (LHC) versus the
lepton-pair invariant mass from PYTHIA
Tune AW.

Joint Meeting on Early LHC Physics
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Z-Boson Production at the Tevatron Z-Boson Production at the LHC
o 60% —
60% RDF Preliminary > | RDF Preliminary Drell-Yan 14 TeV orof t
50% | Tune DW generator level 509 | TuneDWgeneratorlevel  Drefl-Yan 1% 1eV proton-proton |
) Drell-Yan 1.96 TeV proton-antiproton 7]
S 40% A £ 40%
& 70 < M(u*p) < 110 GeV E
S 30% - S 30%
£ 5.8% heavy flavor at the g
o
£ 20% - Tevatron! 5 20% -
o o
10% - V 10% -
0% [ 0%
u ubar d dbar s sbar c cbar b bbar u ubar d dbar s sbar c cbar b bbar
Tevatron Run2 R .
1.0E-07 3 ; } } \ } \ Yan Lepton-Pair (u*y) cross section, do/dM,
0 250 500 750 1000 1250 1500

versus the lepton-pair invariant mass from
PYTHIA Tune AW.
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<pr(ptp)>is much
larger at the LHC!

Proton

Under lying Event

Drell-Yan Production " o™ )
Semea  Lepton-Pair Transverse

Ou fgoing Parton

Q
S

Radiation

distribution at the Z-boson mass.

Momentum
AntiProton
Underlying Event
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80 1
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Average Pair PT
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®» Average Lepton-Pair {
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Tune DW and HERW

do/dPT (pb/GeV)

Drell-Yan PT(p+p-) Distribution
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[n(p-pair)| < 6 Tevatron Run2
1.0E-04 | 1 1 1
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PT (p+p-) (GeV/c)

250

Drell-Yan

generator level

PY Tune DW (solid)
HERWIG (dashed)

70 < M(p-pair) < 110 GeV
[n(p-pair)| < 6

V/c)

pp distribution at the
‘ron and the LHC for
IERWIG (without MPI).
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lard" Charged Particle Density: dN/dnd¢
[

i : PY ATLAS
. RDF Preliminary inary | PYTune DWT | /—
= enerator level
£ 0.6 | s
[=]
g 0.4
o
§ 021 | PYeaTumeSz2o—1— >
e | T . _ < M(pair) < 110 GeV
o | If the LHC data are l’lOt in PartlTIes (Inl<1.0, PT>0.5 GeV/c)
0 25 75 100 125 150
i~ the range shown here then <,@V,c)
e We learn new (QCD) physics!
@
Teva
= Data at 1.96 TeV on the densj 6f charged es, dN/c h p; > 0.5 Gen \and Inl < 1 for “Z-
Boson’ events as a function of P(Z) for th ard”’ regio PYTHIA Tune AW, Tune DW, Tune
S320, and Tune P329 at the particle level ( erator level)

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

Charged Particle Density: dN/dnd¢
0 CDF Run 2 Default [-—- \ \
CDF Published 1.0E+00 - — \\
] —Pythia 6.206 Set A
-cs'e' 1.0E-01 : O CDF Min-Bias Data
5 = :
Z 04- 3 ] 1.8 TeV |n|<1
< 1.0E-02 1
E ] 12% of “Min-Bias’ events
O T ——pmmemosaa | T 3 ] have P(hard) > 5 GeV/c!
® CDF Min-Bias 1.8 TeV 1.8 TeV all PT S 4 0E03 - =
0.0 t } } } } } } °
-4 3 2 - 0 1 2 3 4 = 1% of “Min-Bias” events
Pseudo-Rapidity 1 E’ 10504 | have Py(hard) > 10 GeV/c!
. S 1
% PYTHIA regulates the perturbative 2-to-2 1.06-05
parton-parton cross sections with cut-off | CDF Preliminary
ot i - ‘ ‘ 1938
Lots of “hard” scattering in ne to run “"‘lth ’ 10806 0 2 ; é é 1‘0 12"“ ' '14
“Min-Bias” at the Tevatron! |ulate both ‘““hard
PT(charged) (GeV/c)

and “soft” colli ne program.
d” versus ‘“soft”’ depends on the cut-off and can be tuned.

®» The relative amount o

® This PYTHIA fit predicts that 2% of all “Min-Bias” events are a result of a hard 2-to-2
parton-parton scattering with P(hard) > 5 GeV/c (1% with P(hard) > 10 GeV/c)!
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Charged Particle Density

Hard-Scattering in Min-Bias Events

1.0E+00 7 ‘\

1.0E-01
1.0E-02 |
1.0E-03 E

1.0E-04 -

Charged Density dN/dnd¢dPT (1/GeV/c)

1.0E-05 -

1.0E-06 -

1% of “Min-Bias” events
have Py(hard) > 10 GeV/c!

Pythia 6.206 Set A

12% of “Min-Bias’ events
have Py(hard) > 10 GeV/c! Pythia 6.206 Set A

4‘000 P e |
—8—PT(hard) > 5 GeV/c
=&~ PT(hard) > 10 GeV/c

w
S
2

% of Events

20% f - - - - —mmmmmmmmm e

10% 1

0%
100

1,000 10,000

Rl

LHC?

CM Energy W (GeV)

% Shows the center-of-mass energy dependence
of the charged particle density,
dN,,/dnd¢dPy, for “Min-Bias” collisions
compared with PYTHIA Tune A with
Pr(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 Pr(hard) > 10 GeV/c which increases to 12% at 14 TeV!
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Charged Particle Density: dN/dn Charged Particle Density: dN/dn
5.0 — 2.0 PY64 Tune P329
. RDF Preliminary o RDF Preliminary N
= enerator level = [ ] [ ]
a0 _generator level__ I e lovel L ! s !; T 5;!! . B
[ [T AU 9
[a] A a A a0 of A
% 3.0 7-mmmmm ey o % Ao o ri oA
=] in F] sl s/ Og
= amb 10 - 7' o = L S
=N 20 - 3 H a (] H ________ 4 L H [ ]
- “ uf o A r i A
S ﬁ @ PY64 Tune S320 | A
) 8 o A8 T fa
5 [ | 505+---— 7S T A g
10— -go-—— -~ AA R A
S ll 5 .'l! Min-Bias l."
| A Charged Particles (all PT) 1.96 TeV A 9 ] Charged Particles (PT>0.5 GeVi/c) 1.96 TeV ]
0.0 | | | | : | | 0.0 8 | | | | | : : 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/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 DW, Tune S320, and from PYTHIA Tune A, Tune DW, Tune
Tune P324. S320, and Tune P324.
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C\\\qe\d Particle Density: dN/dn / \ l:harged Particle Density: dN/dn
\ - b f

CRTRNEE T LN L. ;
230
§ 20+ :r
§ 1.0 - o - _
oo B N If the LHC data are not in S L
-8 -6 -4 2 4 6 8
\ the range shown here then <@n

“Minumum Bias” Collisje We learn new (QCD) phySiCS!
= >‘ Proton

Proton : - - ,,‘\,
Tev 1\ ————
® Charged particle (all p;)/ _ado-r dist 1, dNchg/0 at 1.96 TeV for
inelastic non-diffractive €ollisions { Y THI2 e A, Tune DW) Tune S320, and
Tune P324.

®» Extrapolations (all pT) of PYTHIA| /Ane A, Tune DW, Tune S320, Tune P324. and
ATLAS to the LHC.
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R/l{F LHC Prediction!

Charged Particle Density: dN/dn

- -
! PY Tune DWT |

__________

2.0

RDF Preliminary

generator level

-
(3]

Charged Particle Density
o g
3] =)

If the LHC data are not in Come
the range shown here then <@f o
— we learn new (QCD) physics!

o
o
|

— —
Tev, T -
® Charged particle (pp> 0, V/c) -rap stributio chg/dnd¢, at 1.96 TeV
for inelastic non-diffractive collisic m PY Tune A, Tune PW, Tune S320, and
Tune P324.

®» Extrapolations (pr> 0.5 GeV/e) of HIA Tune A, Tune DW, Tune S320, Tune P324.
and ATLAS to the LHC.
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I believe be
in a position t

e of the STAR analysi
some predictiony

are now
e LHC!

“Minu
Proton ,‘
— =\

® The amount of activity in *

Proton e\

Underlying Event

®» The amount of a
scattering eve

Drell-Yan Production ‘I’l,cpum
o

s
o

AntiProton

Underlying Event

s
Anti-Lepton &

® The amount of activity in the “underlying e

Yan events.
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However, I 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”. RHIC data at 200 GeV are very important! 1 Ty gtate Radiaton

""""""""" AntiProton

®» The new Pythia p ordered tunes (py64 S320 and py64 P329) l;r:“:: , e m—
are very similar to Tune A, Tune AW, and Tune DW. At presen /
the new tunes do not fit the data better than Tune AW and TFdne Fina State
DW. However, the new tune are theoretically preferred! M O

‘Hard-Scattering Cut-Off PTO|

®» It is clear now that the default value PARP(90) = 0.16 is
not correct and the value should be closer to the Tune A
value of 0.25.

% The new and old PYTHIA tunes are beginning to
converge and I believe we are finally in a position to make
some legitimate predictions at the LHC!

PYTHIA 6.206

PTO (GeVic)

100 1,000 10,000 100,000

» All tunes with the default value PARP(90) = 0.16 are OM Energy W (GeV)

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

“T” tunes and the ATLAS tunes! UE&MB@CMS s

®» Need to measure “Min-Bias” and the ‘“underlying
event’ at the LHC as soon as possible to see if there is
new QCD physics to be learned!
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