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Rick Field
I C I e uﬂﬂt“m The Abdus Salam International Centre for Thesretical Physics (ICTP), in collaboration with the leallan

Institute for Nuclear Physics (INFIN), will hold the

University of Florida c::mmo- 7th International Workshop on

Qutline of Talk @yaamics Muitiple Partonic Interactions
®» Early days of Field-Feynman phenomenology. at the LHC
®» Early studies the underlying event at CDF andlune A. = :;::"f:":’:’;‘sgg

®» Early days of UE@MB at CMS.

®» LPCC MB&UE Working group and the “common plots”.

Final-State
Radiation

®» UE@CMS at 13TeV.

®» CMS “Physics Comparisons & Generator Tunes group”
and CMS UE Tunes

®» The last CDF UE Publication. CDF “Tevatron Energy Scan”

_ 300 GeV, 900 GeV, 1.96 TeV ] ;
®» Mapping out the energy dependence of the UE, CMS at the LHC
Tevatron to the LHC. 900 GeV, 7 TeV, 13 TeV
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Toward anad Understanding o
Hadron-Hadron: Cellisions

Feynman‘ o and

®»From 7 GeV/cTPs to 1 TeV Jets.
The early days of trying to
understand and simulate hadron-
hadron collisions.

Underlying Event

Final-State
Radiation

QOutgoing Parton
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Toward anad Understanding o
Hadron-Hadron: Cellisions

Feynman

®»From 7 GeV/cTPs to 1 TeV Jets.
The early days of trying to
understand and simulate hadron-
hadron collisions.

Underlying Event

Final-State

Outgoing Parton Radiation
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1973'1983 “Feynman-Field

Jet Model”

» FF1: “Quark Elastic Scattering as a Source of HighTransverse Momentun
Mesons”, R. D. Field and R. P. Feynman, Phys. Rev. D1%20-2616 (19

» FFF1: “Correlations Among Particles and Jets Produed with Large
Momenta”, R. P. Feynman, R. D. Field and G. C. Fox, NudPhy
(1977).

=» FF2: “A Parameterization of the properties of Quark Jet
Feynman, Nucl. Phys. B136, 1-76 (1978).

=» F1: “Can Existing High Transverse Momentum Hadron Experiments be
Interpreted by Contemporary Quantum Chromodynamics ldeas?”, R. D. Field,
Phys. Rev. Letters 40, 997-1000 (1978).

» FFF2: “A Quantum Chromodynamic Approach for the Large Transverse
Momentum Production of Particles and Jets; R. P. Feynman, R. D. Field and G.
C. Fox, Phys. Rev. D18, 3320-3343 (1978).

. R.D. Field and R. P.

= FW1: “A QCD Model for e *e Annihilation” , R. D. Field and S. Wolfram, Nucl.
Phys. B213, 65-84 (1983).

My 1stgraduate
student!
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FF1 1977

=» What happens when two hadrons
collide at high energy? Hadron Hadron
_

=®» Most of the time the hadrons ooze
through each other and fall apart {.e.
no hard scattering). The outgoing
particles continue in roughly the same
direction as initial proton and
antiproton.

Parton-Parton Scattering

Outgoing Parton
“Soft” Collision (no large trangverse momentum)

= Occasionally there will be aarge Hadron

transverse momentum meson
Question: Where did it come from?

=®» We assumed it came from quark-quark Outgoing Parton

elastic scattering, but we did not know
how to calculate it! k

“Black-Box Model”
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P

Hadron-Hadron Collisions: ¢
FF1 1977

=» \What happens when@
collide at high energ

Feynman quote from FF1 H Hadron

% Most of the time th “The model we_shall choqse IS not a popular one,
so that we will not duplicate too much of the
_ work of others who are similarly analyzing
no hard scattering|  various models (e.g. constituent interchange
particles continue | model, multiperipheral models, etc.). We shall

through each othe

direction as initial |  assume that the high P particles arise from EMNG /6 ug0ing paron
antiproton. direct hard collisions between constituent trangverse momentum)
quarks in the incoming particles, which
=» Occasionally t fragment or cascade down into several hadrons.’

transverse Mo —Z e <
Question: Where did it come from?

=®» We assumed it came from quark-quark

elastic scattering, but we did not know
how to calculate it! &

“Black-Box Model”
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Quark-Quark Cross-Section
Unknown! Deteremined from
hadron-hadron collisions.

MPI@QLHC ICTP Rick Field — Florida/CDF/CMS Page 7
Trieste, November 23, 2015



Quark Distribution Functions
determined from deep-inelastic
lepton-hadron collisions

(c)

T [ I I
08 Qu\ Distributions —
(a) Proton

MPI@QLHC ICTP
Trieste, November 23, 2015
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Quark Fragmentation Functions
determined from ee annihilations

Quark-Quark Cross-Section
Unknown! Deteremined from
hadron-hadron collisions.
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Quark Distribution Functions
determined from deep-inelastic
lepton-hadron collisions @

Feynman quote from FF1
“Because of the incomplete knowledge of
our functions some things can be predicted
with more certainty than others. Those
experimental results that are not well _ _
e ( predicted can be “used up” to determine L. AN

1072 1 I 1
0.4

T

A °“‘\’\ Riny putions 7 these functions in greater detail to permit | 00 oz

(a) Proton

better predictions of further experiments.
Our papers will be a bit long because we
wish to discuss this interplay in detail.”

J

\. \\,' —
s \'_\ . 3
i \ > 205" (2) |

o N

0-2 | 1 .\, % | Quark Fragmentation Functions
Lk : 10 etermined from e'e annihilations

7
Fig. 9

hadron-hadron collisions. |
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Predict
particle ratios
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Fig. 20

MPI@QLHC ICTP
Trieste, November 23, 2015
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7 GeV/c1P's!
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Predict
increase with increasing
CM energy W

Towards Trigger

Target Jet Towards
= e
Away
Jet
Predict
overall event topology
(FFF1 paper 1977)
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Predict
particle ratios

0 . ; . : -
(a) A
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log {E do/d>p [ ub/(GeV/c)?]}

FF1 1977

5)
'. pp—=m7+X vs P,
4 o
)
K o W=053 (rt+7)/2
3= .. x W =53 70
o
> o W=19.4 70
1 g v W=194 70
[ 3?\ o W=194 (rt+7)/2 ]
L The beginning of the
“underlying event”!
O =
Sl
_2 E%
_3 —
_4 L
= | | ]
0.0 1.0

Rick Field — Florida/CDF/CMS

7 GeV/c1P's!

| | /
PO NSO a0 50 0 70
P GeV/c

Predict

increase with increasing

CM energy W

Towards Trigger

Target Jet

Away
et

Towards

“Beam-Beam
Remnants”

Predict

overall event topology
(FFF1 paper 1977)
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Approach: Quarks & Gluens; v+,
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TABLE I. Cross sections for the various constituent
quark-quark, quark-gluon, and gluon-gluon subpro-

h cesses.® The differential cross section is given by dd/df
(@) A[%/382, where ay(@?) is the effective coupling

given by Eq. (3.1).
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QC KS & GlUons

\

Quark & Gluon Fragmentation

Functions
Q? dependence predicted from QCD __ 8

TABLE 1. Cross sections for the various constituent

(@
P?rton Distribution F_unctlons Feynman quote from FEF2
Q2 dependence predicte “We investigate whether the present _—
. . 0 in Proton E M
QCD experimental behavior of mesons with i Sl
. R R T e + \\,‘g_
large transverse momentum in hadron-hadron | ... ST I o
collisions is consistent with the theory of e a ] ;
yWo (x, guantum-chromodynamics (QCD) with —x= Q2 =500 |
asymptotic freedom, at least as the theory BN s oo
. . 0 : n, and gluonjglu-on gubpro— e,
is now partially understood. — W eedal e s
J ]
SCALE BREAKING A=0 i LT T T T ) mE T ) ] lap
0:0)3&;:;?5;0““ tructure Function (b) 0.1 .__ - 1 ﬁ2 +22 3 122—1-22 _' _%
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i 04 0.6 0.8 1.0 i . / . 08 s A
: . Calculated from QCD )
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Proton AntiProton

i

= | joined CDF in January 1998.

MPI@QLHC ICTP Rick Field — Florida/CDF/CMS Page 14
Trieste, November 23, 2015



I'ne fFermian Ievatron g

My wife Jimmie on shift with me! ' :

Acquired 4728 nb! during '
= | joined CDF in January 1998. 8 hour “owl” shift!
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| CDF Run 1 Analysis

Charged Jet #1 Charged Particle Ag Correlations

Direction PT > PTmin |n| <Neut 2n
“Transverse” region Away Region
very sensitive to the Leading Object
“ F ) “Toward-Side” Jet - :
underlying event”! Direction Transverse
\/ \A(p Region
N
¢ “Toward”
\ b\ @ Leading
* Object

Toward Region

rse” “Transverse” .-~ “Transverse”

Transverse
Region

Away Region
‘Away-Side” Jet 0

= |ook at charged particle correlations in the azimuhal angleA@relative to a leading object {.e.
CaloJet#1, ChgJet#l, PTmax, Z-boson). For CDF PTmin 0.5 GeV/cn,, = 1.0 or 0.8.

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

= All three regions have the same area in-@space AnxA@= 2n.,*<120 = 2n.,x213. Construct
densities by dividing by the area im-@space.

MPI@QLHC ICTP Rick Field — Florida/CDF/CMS Page 16
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| S r\JFF/ (WJFrJOIJFM )

~ 1 re m“\/erj; Densit\

ISAJET uses a naive leading-log
parton shower-model which does

not agree with the data! ISAJET
Charged Jet #1 "Transv%e\\id Particle Density: dN/dnd(pl L/

Direction

N\

1.00

CDF Run 1Data
data uncorrected

E theory corrected
§ 075 w
“Transverse” & “Transverse” g 0.50 L-———_ i ). ol {7 ) § E§§%§§ [] ﬁ 01 Lt ﬁ,%§ I] © Ili
% i~. §
2 Hard’
February 25, 2000 Component

Beam-Beam 0.00 - ‘ ‘ ‘ ‘ ‘ ‘ | | |
0 5 10 15 20 25 30 35 40 45 50

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

JT . 1.8 TeV |n|<1.0 PT>0.5 GeV

Remnants

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

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

MPI@QLHC ICTP Rick Field — Florida/CDF/CMS Page 17
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HIE

<Wbo‘ - (Without MP1)

“rans ver“f’ Densit\

Charged Jet #1
Direction

“Transverse” 4& “Transverse”

Beam-Beam'/
Remnants

1.00
CDF Run 1Data Total "Hard" | Herwig 6.4 CTEQ5L
2 data uncorrected PT(hard) > 3 GeV/c
% 0.75 & theory corrected
d ?
3 q % -
S sl
a S
5 050 + EHE E i :
»
2]
g "
P 2 i L S S ey §
“Remnants” 1.8 TeV |n|<1.0 PT>0.5 GeV
0.00 - ‘ ‘ }
0 5 10 15 20 25 30 35 40 45

"Transverse" Charged Particle Density: dN/dndcpl

A\

/4

PT(charged jet#l) (GeV/c)

50

W

¥

“Hard”
Component

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

®» The predictions of HERWIG are divided into two catejories: charged particles that arise from the
break-up of the beam and targetijeam-beam remnant}, and charged particles that arise from the

outgoing jet plus initial and final-state radiation (hard scattering componenj.

MPI@QLHC ICTP
Trieste, November 23, 2015
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Tuning| PYTIHIA 6.2: A

Multiple Parton lnteraction; Parameters &% =

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

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

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

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

with 630 GeV data!

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

MPI@LHC ICTP Rick Field — Florida/CDF/CMS Page 19
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MPI constant
probability
scattering

r PYTHIA default parameters ]

"Transverse" Charged Particle Density: dN/dnd@

Parameter | 6.115| 6.125| 6.158| 6.206 | CDF Data - Pythia 6.206 (default)
) data uncorrected MSTP(82)=1
MSTP(81) 1 1 1 1 / é 0.75 | theory corrected E ,,,,,,, ___. PARP(81)=19GeVlc _____ F ,,,,,,, %
> i &
MemRER)| 4 | 4 || 4 oo gttt til }ﬁ sitbsst etaflot el ﬁ
PARP(81) | 1.4 | 1.9 | 19 | 1.9 |¢ { ________
PARP(82) | 155 | 2.1 | 21 | 1.9 | 5% T T
& 1.8 TeV |n|<1.0 PT>0.5 GeV
PARP(89) 1,000| 1,000f 0.0 | | | | | | | | |
PARP(QO) 016 016 0 5 J/ 15 20 -25 30 35 40 45 50
PT(charged jet#1) (GeV/c)
PARP(67) | 4.0 4.0 1.0 1.0 [— —cteQaL/ | cTEQaL CTEQSL ® CDF Min-Bias O CDF JET20

= Plot shows thg‘Transverse” charged particle density versus R(chgjet#1)compared to the
QCD hard sgattering predictions ofPYTHIA 6/206 | (Py(hard) > 0) using thedefault
parameterg foy multiple parton interactions ghd CTEQ3L, CTEQA4L, and CTEQ5L.

Default parameters give

Note Change very poor description of

PARP(67) = 4.0 (< 6.138) ; : ,
PARP(67) = 1.0 (> 6.138) the “underlying event”!

MPI@QLHC ICTP Rick Field — Florida/CDF/CMS Page 20
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CDF Default Feburary 25, 2000!
o ——g———-airticle Density: dN/dndo

PYTHIA 6.206 CTEQSL]

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

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

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

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

| | / / | | | | |

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

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

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

PARP(67) 1.0 4.0

=4)).
Old PYTHIA default
New PYTHIA default (more initial-state radiation)
(less initial-state radiation)
MPI@LHC ICTP Rick Field — Florida/CDF/CMS Page 21
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0.40 + -

020+ Je0 V-4~
CTEQ5L

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

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

35 40 45 50

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

35 40 45

50

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

MPI@LHC ICTP Rick Field — Florida/CDF/CMS
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€= 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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ansSyverse:

AT "f 1= C)Y De
: Rick Field Fermllab MC Workshop |

| October 4, 2002!

0.40 + 3 S

Tsum Den5|ty (¢
l\)
:
|
N
|
)
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
/

|
)
|
|
|
|
|
|
|
I
5
|
|
|
|
|
|
|

0.20 + .
Increasing € produces less energy

dependence for the UE resulting in
less UE activity at the LHC!

‘ ‘ | I ] ) 10 T 3‘5 4‘0 4‘5 50
PT (GeV/c)
Lowering P, at 630 GeV (.e.

Charged PTsum Density (GeV)

0 GeV |n|<1.0 PT>0.4 GeV
0.00 ‘

increasinge) increases UE activity Hard-Sca S (‘Ciff PT0)
resulting in less energy dependence, ,
/YTHlA 6.206 4
/
7/
v
0.54 GeV/9 determined from the Tano, Kovacs, / oo o
Huston, and Bhatti “transverse” cone analysis at )
Reference point
630 GeV. E,= 1.8 TeV
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Proton AntiProton Rick Field The Underlying Event:
+— University of Florida beam-beam "_9111‘“?““ ________
The CDF Collaboration initial-state radiation Froton :
multlple-parﬁon interactions Undlerlying Fvent

= Use the CDF “min-bias” data in conjunction with the CDF JET20

rfie underlying event in a hard scattering

data to study the growth and development of “charged particle jets”. process is a complicated and not very well D
i 5 F understood object. It is an interestin
= Study a variety of “local” leading charged jet observables and region since “jpmbes the intartice 2 b II::u:rlcﬁlr)fd i
compare with the QCD “hard” scattering Monte-Carlo models of between perturbative and non- - R';ck FM;
5 : f erturbative physics.
Klerwigs Isafet, and Exthiy L E‘here are lhrse):ﬁ:DF analyses which Dayid Stuart
= Study a number of “global” observables, where to fit the observable quantitatively study the underlying event | Run 1 CDF” Rich Haas
- . o - - - £
the QCD Monte-Carlo models have to describe correctly the entire R o e LD L wCiiny o] )
event st.ructure. In particular, examine carefully the “underlying * [t imporeant tomodel this region wel o e Run I1 CDF
event” in hard-scattering processes. !Min-BiasHETZﬂ data since it is an unavoidable background to | Joey Huston “Jet Shapes & Energy Flow™
= Compare the “underlying event” in dijefVersus Z-boson production. s m]hder. “hsﬁrv-ahle-s' :} B wencod o Bincks Martinte
3 good model of “min-hias™ collisions.
DPE2000 Rick Field - Florida/ CDF f‘f{g’r_’ | Fermilalr Wine & Cheese Rivk Fleld - Florida/COF Page 24

Ocrober 4, 2002

DPF 2000: My first presentation

on the “underlying event”! First CDF UE Studies

Rick Field Wine & Cheese Talk
October 4, 2002

MPI@QLHC ICTP Rick Field — Florida/CDF/CMS Page 24
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.Ncim VErsus PT(cnargsﬂJnl.m}I
25 L
CDF Preliminary e T 3
L data umcorected AL 7 1 % EL
E " ) ; H.ﬁééé’??%ﬁf}&i }{”} % i
“Toward o it 5 51338 % 5 %
el i 3. _ L 8778
e R e _l"i i I ﬁaﬂﬁﬁ“%ﬁqh“ ol f {
o LI e
" "gll::gfﬂliz ghuha;ﬂinixxln!!xnsgi}ixx“i
. L ) |I . . lx'eu.'hll[‘(l.ﬂP.Tﬂl!GaU-

Underlying event Zlichopen o) (000)

=> The underlying ¢ventis very similar in dijet and the Z-boson production as

= The number of charged particles per unit rapidity (height of the “plateau™) is

= None of the QCD Meonte-Carlo models correctly describe the underlying event.

Refer to the Min-Bias + JET20 data
as the “dijet” data.

* Dijef on the average number of “toward™ (|Ad|<60"), “transverse™ (60<|Ag|<120"), and “away”

charged particles (P, > 0.5 GeV, |n| < 1, including jet#1) as a function of the transverse
of the leading charged particle jet. Each point corresponds to the <Nchg> in a 1 GeV
(open) points are the Min-Bias (JET20) data. The errors on the (uncorrected) data
atistical and correlated systematic uncertainties.

DPE2000 Rick Field - Florida/CDF Py

I

predicted by the¢ QCD Monte-Carlo models. The “toward” region in Z-boson
production is a direct measure of the underlying event.

at least twice that observed in “soft” collisions at the same corresponding
energy.

Herwig and Pythia 6.125 do not have enough activity in the underlying event.
Pythia 6.115 has about the right amount of activity in the underlying event, but
as a result produces too much overall multiplicity. Isajet has a lot of activity in
the underlying event, but with the wrong dependence on P (jet#1) or P (Z).
None of the Monte-carlo models have the correct P dependence of the beam-
beam remnant component of the underlying event.

DPF2000 Rick Field - Florida/CDF Puge 36

Need to “tune” the QCD MC models!

My first look at the
“underlying event plateau”!

MPI@QLHC ICTP
Trieste, November 23, 2015
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The Underlying Event:

initial-state radiation : T AntiProton
multiple-parton interactions

» ¢ underlying event in a hard scattering

heam-beam remnants T Qe o /

Workshop on Physics at TeV Colliders,
Les HouchesMay 30, 2001.

process is a complicated and not very well . T S D
understood object. It is an interesting Cuipeing it =
region since it probes the interface between f@ D) CDF
perturbative and non-perturbative physics. — ; .
% There are two CDF analyses which _ CDF WYSIW Y_G"'M'
quantitatively study the underlying event QFL+Cones Rick Field
and compare with the QCD Monte-Carlo Valeria Tan David Stuart
models. Eve Kovaes \ Rk?”
= It is important to model this region well e Toeton. >
since it is an unavoidable background to all ;:g?;ﬁ; \% < -
collider observables. Also, we need a good @ : _
model of min-bias(zgro-bias) collisions. : Ph.D. Thesis
Different but related problem! |
Les Howches 2007 Rick Field - Florida CDIF Page |
MPI@LHC ICTP Rick Field — Florida/CDF/CMS Page 26
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The Underlying Event:
heam-beam remnants

| initial-state radiation

»

p

u

rq

My = What happens when a proton and an
* T antiproton collide with a center-of-

q mass energy of 2 TeV?

A= Most of the time the proton and

"J antiproton ooze through each other
» 1 and fall apart (Le. no hard seattering).

si

The outgoing particles continue in
roughly the same direction as initial
proton and antiproton.

=  Occasionally there will be a “hard”
partan-parton collision resulting in large
transverse momentum outgoing partons.

(o1
n

Proton

Les

*  The “underlying event” is everything
except the two outgoing hard scattered oo

to many collider observables.

Cambridge Workshop Rick Field - Florida CINY
July 20, 2002

IitiabState Ralindim
AntiProion

&1 98 e
LTSS

“Hard™ Scattering

Flihard)

Triigming 'artom

“Underlying Event”

“jets”. It is an unavoidable background Besm-Beam Remnanty

Workshop on Physics at TeV Colliders,
Les HouchesMay 30, 2001.

Cambridge Workshop on TeV-Scale
Physics,July 20, 2002.

Crrgolig Farten

AntiProton

AmntiProton

-Bear Retnints
M M.

ool ey

FPage |

MPI@QLHC ICTP
Trieste, November 23, 2015
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The Underlying Event:

heam-beam remnants T Qe o

. .I.I tat I. I- e T AntiProton

P r‘[*lr‘f| 1’4||‘r1—tr‘lr|U

The “wnderiving ¢vent™ consists of
hard initial & final-state radiation
plus the “beam-beam remnants™ and
possible multiple parton interactions.

CERN MC4LHC Workshop
July 2003
During the workshop the theorists, ATLAS/CMS
gxptr].memaﬂ, and I mnstrlltled a “wish list* nl’da‘lx
from CDF relating 0 “min-bias” and the
“underlying event” and 1 promised to do the analysis
: and make the data available,

widlnd sy [Eodistiig
® AntiProton

A

New CDF Run 2 results!

Two Classes of Events: “Leading Jet” and “Back-to-Back”.

Two “Transverse” regions: “transMAX™, “transMIN"™, “transDIF”,
PTmax and PTmaxT distributions and averages.

Ad Distributions: “Density” and “Associated Density”.

<p;~ versus charged multiplicity: “min-bias” and the “transverse” region.
Correlations between the two “transverse” regions: “trans1” vs “trans2”.

+$ 533353

HERA/LHC Workshop Rick Field - Florida/CDF Page {
Cetober [, 2004

Workshop on Physics at TeV Colliders,

Les HouchesMay 30, 2001.

Cambridge Workshop on TeV-Scale
Physics,July 20, 2002.

MPI@QLHC ICTP
Trieste, November 23, 2015

HERA and the LHC Workshop, CERN,
October 11, 2004.

Rick Field — Florida/CDF/CMS Page 28



2

The “wnderlying event” consists of
hard initial & final-state radiation
plus the “beam-beam remnants™ and
possible multiple parton interactions,

CERN MC4LHC Workshop
July 2003
During the workshop the theorists, ATLAS/CMS
experimenters, and 1 constructed a “wish list™ of data
from CDF relating to “min-bias™ and the
“underlying event” and 1 promised to do the analysis
-and have the data available by the time of
the Santa Barbara workshop in February 2004,

o

New CDF Run 2 results!

$3535533

Chulgning Partin

Proton

Visleifving Evear

Final->tiie
Halintinn

I bwlgniing Pariis

Two Classes of Events: “Leading Jet” and “Back-to-Back™.

Two “Transverse” regions: “transMAX", “transMIN”, “transDIF”.
PTmax and PTmaxT distributions and averages.

A Distributions: “Density” and “Associated Density”.

<p;= versus charged multiplicity: “min-bias™ and the “transverse” region.
Correlations between the two “transverse” regions: “trans1™ vs “trans2”.

KITP Collider Workslop Rick Fleld - Flarido/CDF Page |

Februey 17, 2N

MPI@QLHC ICTP
Trieste, November 23, 2015

Rick Field — Florida/CDF/CMS

Page 29




&8 KITP Collider Workshop 2004 {2

Together with Torbjorn Sjéstrand and his
graduate student Peter Skands!

The “wnderlying event” consists of
hard initial & final-state radiation
plus the “beam-beam remnants™ and
possible multiple parton interactions,

During the workshop the the
experimenters, and 1 constructed a “wish list™ of data
from CDF relating to “min-bias™ and the
“underlying event” and 1 promised to do the analysis
and have the data available by the time of
the Santa Barbara workshop in February 2004,
S

ﬁ“ﬁSfCMS X Hitink :ull‘kllll_'lllll

Proton

Visleifving Evear

New CDF Run 2 results!

Two Classes of Events: “Leading Jet” and “Back-to-Back™.

Two “Transverse” regions: “transMAX", “transMIN”, “transDIF”.
PTmax and PTmaxT distributions and averages.

A Distributions: “Density” and “Associated Density”.

<p;= versus charged multiplicity: “min-bias™ and the “transverse” region.

$3535533

Correlations between the two “transverse” regions: “trans1™ vs “trans2”.

KITP Collider Workslop Rick Fleld - Flarido/CDF Page |
Februey 17, 2N
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Charged Particles
Away Region Pr>0.5GeVich| <1 34 41 Direction

2n

Area = 4176

Transverse
Region 1

AVE “transverse” “Toward”
(Trans 1 + Trans 2)/2

@ Leading
. Jet

“Trans 1” “Trans 2"

Transve se
Region 2

“AWay"

1 charged particle in the
“transverse 2” region

~

S dNchg/dnde= 1/(4176) = 0.48

Away Region
0

= Study the charged particles (p > 0.5 GeV/c, | < 1) in the“Transverse 1” and “Transverse
2” and form the charged particle density dNchg/andg, and the charged scalar psum
density, dPTsum/dnde@.

®» The average “transverse” density is the average dftransverse 1” and “transverse 2”.

MPI@QLHC ICTP Rick Field — Florida/CDF/CMS Page 31
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“‘Away -Side” Jet 7 j

Min-Bias

Log Scale!
10.0
~— ]
“Toward -Side” Jet ]
ﬂﬁﬁﬂﬁﬂﬂﬁéﬁﬂ 77

Charged Particle Density: dN/dnd@

CDF Preliminary

data uncorrected

harged Particle Density
|_\
o

30 < ET(jgt#l) < 70 GeV

2 K2
"Transverse" II IE
Region g %
IIIEIIIMIKIIIII IIIIIIII}}Iﬁzi’ﬂi

L
-

Charged Particles

- J?l
I I I

-\

0.1
0 30 60

(Inl<1.0, PT>0.5 GeVic)
| | | |
T T T

A (degrees) Leading Jet

90 120 150 180 210 240 ZYO 300 330 360

0.25 per unitn-@

®» Shows theAgdependence of the charged particle densityiINchg/dnde, for charged
particles in the range g > 0.5 GeV/c andij| < 1 relative to jet#1 (rotated to 27¢) for
“leading jet” events 30 < E(jet#1) < 70 GeV.

= Also shows charged particle density, dég/dnde, for charged particles in the range p >
0.5 GeV/c and )| < 1 for “min-bias” collisions.

MPI@QLHC ICTP
Trieste, November 23, 2015
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Jet #1 Direction

“Toward -Side” Jet

Min-Bias
0.25 per unitn-@

C

=4

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

T T

Log Scale! Charged Particle Density: dN/dndg
10.0
™~ 1 CDF Preliminary 30 < ET(jgt#1) < 70 GeV
- data uncorrected
@ 1 k3
8 "Transverse" Y
2L Region $ [}
S 1ol I
© . ] I{ Klﬁg Igll
;B — it itiinsiss
S e L il

H
[
=

30

60 90 o N
n
Ag (degrees) cading Je

120 150 180 210 240 ZYO 300 330 360

®» Shows theAgdependence of the charged particle densityiINchg/dnde, for charged

particles in the range g > 0.5 GeV/c andij| < 1 relative to jet#1 (rotated to 27¢) for
“leading jet” events 30 < E(jet#1) < 70 GeV.

= Also shows charged particle density, dég/dnde, for charged particles in the range p >

0.5 GeV/c and )| < 1 for “min-bias” collisions.

MPI@QLHC ICTP
Trieste, November 23, 2015
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Refer to this as a
“Leading Jet” event

Charged Particle Density: dN/dndcpI

] 100 - = ;
f 1 CDF Preliminary [= Back-to-Back 30 < EN(sh) < MO Ceaw

data uncerrected e Leading Jet
= Min-Bias

“Transverse” “Transverse”

Refer to this as a
“Back-to-Back” event

t #1 Direction

harged Particle Density,

Charged Particles
“Transverse” “Transverse” (Inl<1.0, PT>0.5 GeV/c) t
01 ———————————————

® 30 60 90 120 150 180 210 240 O FD FWD B0
A (degrees)

Jet #2 Direction

= | ook at the “transverse” region as defined by the leading jet (JetClu R = 0.7g| < 2) or
by the leading two jets (JetClu R = 0.71| < 2).“Back-to-Back” events are selected to
have at least two jets with Jet#1 and Jet#2 nearlfpack-to-back” (A@,, > 15C) with
almost equal transverse energies (Eet#2)/E;(jet#1) > 0.8).

=®» Shows theAg@dependence of the charged particle densityiNcngdnde, for charged
particles in the range g > 0.5 GeV/c andifj| < 1 relative to jet#1 (rotated to 27¢) for 30
< E;(jet#1) < 70 GeV for“Leading Jet” and “Back-to-Back” events.

MPI@LHC ICTP Rick Field — Florida/CDF/CMS Page 34
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“Leading Jet”

“Transverse”

“Back-to-Back”

“Transverse”

Jet #1 Direction

“Toward”

“Transverse”

Jet #1 Direction

“Transverse”

CDF Preliminary

data uncorrected

Jet #2 Direction -

(Inl<1.0, PT>0.5 GeV/c)

Polar Plot

Charged Particles D

8
| [
I

|
]
¥

\
holed M I

\
) ‘r"“ 2‘.\\4
\
)
H
7

=®» Shows theAg@dependence of the charged particle densityiNchg/dnde, for charged
particles in the range g > 0.5 GeV/c andifj| < 1 relative to jet#1 (rotated to 27¢) for 30
< E;(jet#1) < 70 GeV for“Leading Jet” and “Back-to-Back” events.

MPI@LHC ICTP

Rick Field — Florida/CDF/CMS

Trieste, November 23, 2015
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SlEensSVeErse =ESUMIPDENS Jr/

ENANEIANIUREIARVSIHIERVVIG

Jet #1 Direction

“Leading Jet”

"AVE Transverse" PTsum Density: dPT/dndq|

L
N

“Toward”

CDF Preliminary
i data uncorrected
theory + CDFSIM

=
N

“Transverse” “Transverse”

“Back-to-Back”

Jet #1 Direction

“Toward”

"Transverse" PTsum Density (GeV/c)

1-9?4/ Charged Particles (|n|<1.0, PT>0.5 GeV/c)
O O | | | |

50 100 150 200 250
ET(jet#1) (GeV)

“Transverse” “Transverse” ’ /

| Now look in detail at “back-to-back” events in
the region 30 < E(jet#1) < 70 GeV!

®» Shows theaverage charged PTsum densitydPTsuw/dndg, in the “transverse” region (p;
> 0.5 GeV/c, | < 1) versus E(jet#1) for “Leading Jet” and “Back-to-Back” events.

®» Compares the (incorrected) data with PYTHIA Tune A and HERWIG (no MPI) after
CDFSIM.
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Chalged PASUmiDERSILY
it

ENAIRIANIUREATVSIRIERVVIG

Charged PTsum Density: dPT/dndq)l ‘Charged PTsum Density: dPT/dndq)l
100.0 ¢ 100.0 ¢
— 1 | e Back-to-Back Charged Particles 30 < ET(iet#1) < 70 GeV — 1 | e Back-to-Back Charged Particles < . <
3 «PY Tune A (In<L.0, PT>0.5 GeVic) (et#1) Q S (Inl<1.0, PT205 Gevigy 30 < ET(et#1) <70 GeV
3 w 3 1 =
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Chang

IR

o PAISI JmJen [0/

Une A Vs

=0
Ti

HERWIG (W|thout multiple parton
interactions) does not produces
enough PTsum in the “transverse”
region for 30 < E (jet#1) < 70 GeV!

Charged PTsum Density: dPT/dndd)

Charged |

100.0 g 100.0 g
— 1 | o Back-to-Back Charged Particles 30 < ET(iet#1) < 70 GeV — 1 [= Back-to-Back Charged < ET(i
et#1) < 70 GeV
S * PY Tune A (Inl<1.0, PT>0.5 GeVic) i ) s o HERWIG (Inl<1.0, PT 0 )
3] 3]
e hed o =
2 100 i xx 2 100+ o~ xx
E ¥ = 2 E X X
S ] x = rox 3 ] LI LI
[a) L x a ¥ X
¥ S L x 3 ® T 3 ¥
g L ¥ L3 x E ¥ ¥ T T
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Maximum p+ particle in “Associated” densities do PTmaxT

“Toward”

the “transverse” region! Jet #1 Direction not include PTmaxT!
Jet#2 | Jet#l

Region ' Region

Ag
PTmaxT f

® Use the leading jet in‘back-to-back” events to define the “transverse” region and look at

the maximum p; charged particle in the “transverse” region, PTmaxT.

“TransMAX” “TransMIN” Direction

PTmaxT \

Jet #2 Direction

= | ook at the Agp dependence of the “associated” charged particle anéTsum densities
dNchg/dndeand dPTsun/dndefor charged particles (pr > 0.5 GeV/c, 1| < 1,not including
PTmaxT) relative to PTmaxT.

® Rotate so that PTmaxT is at the center of the ploti . 180).
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“Associated” densities do

not include PTmaxT! Associated Particle Density: dN/dnde|
PTmaxT 10.0
] CDF Preliminary Charged Pjrticles Back-to-Back
2 : data uncorrected (In[<1.0, PT>®5 GeVic) 30 < ET(jet#1) < 70 GeV
@ ] PTmaxT not iicluded
g |
Q
L
8 10+
Jet#2 A Jet#l 3 R
Region Region ®
‘tj,/f = PTmaxT > 2.0 GeV/c
(%]
< . o PTmaxT > 1.0 GeV/c PTrllaxT "Jet#l"
?? / e PTmaxT > 0.5 GeVic 1 Region
0.1 f f 1 ‘ L] ‘ ‘
0 30 60 90 120 150 180 210 240 270 300 330 360
Log Scale! Ag (degrees)

® ook at the Apdependence of the “associated” charged particle deitg, dNchg/dndefor
charged particles (g > 0.5 GeV/c, | < 1,not including PTmaxT) relative to PTmaxT
(rotated to 18C) for PTmaxT > 0.5 GeV/c, PTmaxT > 1.0 GeV/c and PTmak> 2.0
GeV/c, for “back-to-back” events with 30 < E(jet#1) < 70 GeV

®» Shows"jet structure” in the “transverse” region (i.e. the “birth” of the 3 ™4 & 41 jet).

MPI@LHC ICTP Rick Field — Florida/CDF/CMS Page 40
Trieste, November 23, 2015



“Associated” densities do
not include PTmaxT! Associated Particle Density: dN/dnde|

10.0
] CDF Preliminary Charged Pjrticles Back-to-Back
2 : data uncorrected (In[<1.0, PT>®5 GeVic) 30 < ET(jet#1) < 70 GeV
] PTmaxT not ijhcluded

ia¥ed Particle Dens
N
o
|

Jet #2 Jdat#1 Jet #1 - 7 o
4 T " ( = PTmaxT > 2.0 GeV/c
g { o PTmaxT > 1.0 GeVic pTrllaxT "Jet#1"
A HA?7? e PTmaxT > 0.5 GeV/c Region
7 /0.1 | | | ‘ 1 ‘ ‘
0 30 60 90 120 150 180 210 240 270 300 330 360
Log Scale! Ag (degrees)
® ook at the Apdepandence of the “associated” charged particle deitg, dNchg/dndefor

charged particles (g > 0.5 GeV/c, | < 1,not including PTmaxT) relative to PTmaxT
(rotated to 18C) for PTmaxT > 0.5 GeV/c, PTmaxT > 1.0 GeV/c and PTmak> 2.0
GeV/c, for “back-to-back” events with 30 < E(jet#1) < 70 GeV

®» Shows"jet structure” in the “transverse” region (i.e. the “birth” of the 3 ™4 & 41 jet).
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“Back-to-Back”

Charged Particle Density: dN/dnd¢|
charge densit . :
L v CDF Preliminary W m e T — 0 . 30 < ET(jet#1) < 70 GeV
datauncorrected = g a0 ) o~ h N . Back-to-Back
= - ‘e ;:-,"-'l"—'"—-ﬁL P N <
- -, NS '/'«..: . o~ - N
“T 7 “T " 310 ]"‘/ - - :. ) .. : N .: = AN \iﬁa
ransverse ransverse M_A e LI o /jet#l\ Ay 'I f N N “
— <1 \
© / / ey o N \
2 / // \‘ . s \ \
o4/ // // v ' :b,' N \\ i\~
/ / / W :‘,\ \\ \ \ "
“ " 28 / // // ‘., \\ \\ \ \m
Back-to-Back Jet #2 Direction ’l "Transver/ée" / \\ | \\ \\ %
“associated” density 2 Region | "Tf;gsvefsye" 1
ion |,
! ’ : ;} o
Jet#l |
Region //
/ 1
PTmaxT /
Direction
'I Jet#2

Region

J Charged Particles ™~

'@
Polar Plot (INl<1.0, PT>0.5 Gevic)  ~ * v 1w

Associated Density
PTmaxT not included

=®» Shows theAgdependence of the “associated” charged particle deityg, dNchg/dnde, p; > 0.5

GeVi/c, | <1 (otincluding PTmaxT) relative to PTmaxT (rotated to 180) and the charged

particle density, dNchg/dnde, p; > 0.5 GeV/c, ij| < 1 relative to jet#1 (rotated to 27¢) for
“back-to-back events” with 30 < E(jet#1) < 70 GeV
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“Back-to-Back”
charge density

Jet #1 Direction

“Transverse” “Transverse”

“Back-to-Back”
“associated” density

Jet #2 Direction

PTmaxT
Direction

CDF Preliminary

data uncorrected @

w2
— .
314 / i ¢
>
“—L s e
05

™I Region
[ ! (S il

£
aaaa

»
{ ]
@
\
200 ‘e
/ v
a5 / / /4 -

= | "Trdnsverse" /3. &

A \ \
\ "Trahsverse"

| PTMaxT et
\

274
270
266

Polar Plot
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. SN e 2
Charged Particles =~ ‘e
Nt
.

(Inl<1.0, PT>0.5 GeVic) e

» . . 30 <ET(jet#1) < 70 GeV
"~ _ Back-to-Back

I |

Associated Density

PTmaxT > 2 GeV/c
(not included)

=®» Shows theAgdependence of the “associated” charged particle deityg, dNchg/dnde, pr > 0.5
GeV/c, f| <1, PTmaxT > 2.0 GeV/crfot including PTmaxT) relative to PTmaxT (rotated to

18() and the charged particle density, dbhg/dnde, p; > 0.5 GeV/c, fj| < 1, relative to jet#l

(rotated to 27() for “back-to-back events” with 30 < E;(jet#1) < 70 GeV
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Associated Particle Density: dN/dnd

PTmaxT

10.0

1 CDF Preliminary

data uncorrected

Charged Particles Back-to-Back
(In|<1.0, PT>0.5 GeV/c)

Jet#2
Region

| |=95<ET(et#1) < 130 GeV
o 30 < ET(jet#1) < 70 GeV

PTmaxT > 2.0 GeV/c (notgficluded)
S~ i 0.1 1 1 1 1 ‘

Jet#2 3 Jet#l
Region Region

sociated Particle Density

X

0 30 60
Log Scale!

= Look at the Apdependence of the “associated” charged farticle deitg, dNchg/dnilg, pr > 0.5
GeVi/c, h| <1 (ot including PTmaxT) relatiye to PTmayT (rotated to 180) for PTinaxT > 2.0
GeV/c for “back-to-back” events with 30 £ E;(jet#1) < 70 GeVand 95 < E(jet#1) < 130 GeV

= Very little dependence on E(jet#1) in the “transverse” region for “back-to-back” events!
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PTmaxT > 0.5 GeV/C ociated PTsum Density: dPT/dndnpl ‘Associated PTsum Density: dPT/dndnpl
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P \(_r J_J J/—\ _r LJ r] w3 ,—\ \_/ J = HERIG (without multlple pton
interactions) does not produce
enough “associated” PTsum in the

. . :
PTmaxT > 0.5 GeV/C ociated PTsum Density: dPT/dndnpl ‘Associated PTsu direction of PTmaxT!
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PTmaxT > 2 GeV/C ssociated PTsum Density: dPT/dndnpl ‘Associated PTsum Density: dPT/dndcpl
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\S:‘ E @ f r l]ff] [ For PTmaxT > 2.0 Gev botn

- - ' PYTHIA and HERWIG produce
P \( rj_l J/—\ ru f] e /—\ \_/5 J— = slight.ly too much_“associated”
/I PTsum in the direction of PTmaxT!
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QCD Four Jet Topology

CDF Preliminary v T "‘\\\\ . 30 <ET(jet#1) <70 GeV

Chargeﬂ Particle Density: dN/dnd@

3~ 0o00. . ~ _
datauncorrected =~ _ie, . Back-to-Back
W COAKTTT T e AN
a,” P P er ™ N
an 7/ RL e ] [EENN N sa
/ P! | L e \
=, o ) R . \
Yy / L Do N \*
- /@ . P o
/ L 3 - \ \
ey , S e R . \\ \
/ / // \‘.\( \\ \ \
s [ // / /{’: A\ \\ \ ) Y
= "Transyhetett3 (8§ T
m il L% . .
/ Region wmeddl " \ "Trahsverse"

Jet #2 o

230 N N :.. \ N \ N g . .
TN o AN I, . Associated Density
Charged Particles >~ ‘g SR Y PTmatx_T >| zdezwc
volar Plot (Inl<L0, PT>0.5GeV/c) ™ = (not included)

18

=®» Shows theAgdependence of the “associated” charged particle deityg, dNchg/dnde, pr > 0.5
GeV/c, f| <1, PTmaxT > 2.0 GeV/crfot including PTmaxT) relative to PTmaxT (rotated to
18() and the charged particle density, dbhg/dnde, p; > 0.5 GeV/c, fj| < 1, relative to jet#l
(rotated to 27®) for “back-to-back events” with 30 < Eq(jet#1) < 70 GeV
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1/0POIBTIES

QCD Four Jet Topology Chargeg Particle Density: dN/dndg
CDF Preliminary =\ 77 i | 30 <ET(jet#1) < 70 GeV
datauncorrected =~ ° ey “~_+ _ Back-to-Back
Jet #1 322// K ] \\4Z
s - b N
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Jet #2 N\ N\ '
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AN AN 8 \ o / s

AN ANV ‘A <o i
/ 2 \ S : H 'n‘
m;\\ IRy I I Associated Density
Charged Particles S At o It PTmaxT >| 2dG3V/c
olar Plot (INI<1.0, PT>05 Gevic) ™= ih * % o\ ™ (notincluded)

=®» Shows theAgdependence of the “associated” charged particle deityg, dNchg/dnde, pr > 0.5
GeV/c, f| <1, PTmaxT > 2.0 GeV/crfot including PTmaxT) relative to PTmaxT (rotated to
18() and the charged particle density, dbhg/dnde, p; > 0.5 GeV/c, fj| < 1, relative to jet#l
(rotated to 27®) for “back-to-back events” with 30 < Eq(jet#1) < 70 GeV
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Jet Miultiplic

Max p in the
“transverse” region!

Jet #1 Direction

“Toward”

“TransMAX” “TransMIN”

4\

Jet #2 Direction

PTmaxT

——

Data have about equal amounts

I\

50%

40%

Percent of Events

109

0%

of 3 and 4 jet topologies!

30%

20% 1

Jet Multiplicity

3 4 5

CDF Run 2 Pre-Preliminary

data uncorrected
theory + CDFSIM

Back-to-Back
30 < ET(jet#1) < 70 GeV
PTmaxT > 2.0 GeV/c

6 7 8 9 10

Number of Jets

=» Shows the data on thewumber of jets (JetClu, R = 0.7, | < 2, E(jet) > 3 GeV)
for “back-to-back” events with 30 < E;(jet#1) < 70 GeV and PTmaxT > 2.0

GeV/c.
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Max p in the
“transverse” region!

Jet #1 Direction

“Toward”

“TransMAX” “TransMIN”

4\

Jet #2 Direction

PTmaxT

——

Data have about equal amounts

50%

30%

20%

Percent of Events

109

0%

of 3 and 4 jet topologies!

Jet Multiplicity

40%

@ Data CDF Run 2 Pre-Preliminary

®PY TuneA| __ _ _ _ _ _ _ _ __________._ data uncorrected
theory + CDFSIM

Back-to-Back N
30 < ET(jet#1) < 70 GeV
PTmaxT > 2.0 GeV/c

0 1 2 3 4 5 6 7 8 9 10
Number of Jets

=» Shows the data on thewumber of jets (JetClu, R = 0.7, | < 2, E(jet) > 3 GeV)
for “back-to-back” events with 30 < E;(jet#1) < 70 GeV and PTmaxT > 2.0

GeV/c.

® Compares the (incorrected) data with PYTHIA Tune A after CDFSIM.
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Jet Multiplicity

Max p+ in the Jet Multiplicity

“transverse” region!
Jet #1 Direction 50%

O Data - CDF Run 2 Pre-Preliminary
mHERWVIG| data uncorrected

40% -+ theory + CDFSIM
| Back-to-Back
30 < ET(jet#1) < 70 GeV
PTmaxT > 2.0 GeV/c

“Toward”

f Events
w
o
X

e

“TransMAX” “TransMIN”

\

HERWIG (without multiple parton
interactions) does not have equal
amounts of 3 and 4 jet topologies! 0% |

PTmaxT 20% +----—-—--————————

=
(=]
°

0 1 2 3 4 5 6 7 8 9 10

Data have about equal amounts
g . Number of Jets
of 3 and 4 jet topologies!

=» Shows the data on thewumber of jets (JetClu, R = 0.7, | < 2, E(jet) > 3 GeV)
for “back-to-back” events with 30 < E;(jet#1) < 70 GeV and PTmaxT > 2.0

GeV/c.
= Compares the (incorrected) data with HERWIG (no MPI) after CDFSIM.
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JIMMY tuned to agree
with PYTHIA Tune Al

Jon Butterworth

Jeff Forshaw
‘Charged PTsum Den . ‘Charged PTsum Density: dPT/dr|d
100.0 - Mike Seymour 100.0 3

) 1| o Leading Jet Charged Parg so~TTycorI~To<eV — i Preliminary Charged Particles 30 GeVic
E 1o BY Tune A (Inl<1.0, PT>0.5 GeV/c) § generator level (Inl<1.0, PT>0.5 GeVic)
e w 5
g S
2100 4 2 100 g pogn o~ — - ——————————— o I
c ] [
a § "Transyerse"
c c Region
2 :

[y
£ 10 O 10 Lo P e N, Mg
° E B 1
o ] _ 2
5 ] CDF Preliminary "Transverse" Jet#l 8
6 data uncorrected Region O

theory + CDFSIM 5]
0.1 } } } } } } } 0.1 + T T T T T T o
0 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
Ag (degrees) Ag (degrees)

= (left) Shows the Run 2 data on thA@dependence of the chargescalar PTsum density (f|<1, p;>0.5
GeV/c) relative to the leading jet for 30 < E(jet#1) < 70 GeV/c compared with PYTHIA Tune A @fter
CDFSIM).

® (right) Shows the generator level predictions of PYTHIA Tine A and a tuned version of JIMMY
(PT,,,=1.8 GeV/c) for theApdependence of the chargescalar PTsum density (h|<1, p,>0.5 GeV/c)
relative to the leading jet for PT(jet#1) > 30 Ge\W. The tuned JIMMY and PYTHIA Tune A agree in
the “transverse” region.

®» (right) For JIMMY the contributions from the multiple par ton interactions (MPI), initial-state
radiation (ISR), and the 2-to-2 hard scattering pls finial-state radiation (2-to-2+FSR) are shown.
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=» The forefront of science is moving
from the US to CERN (Geneva,
Switzerland).

Proton

®» The LHC is designed to collide protons with protonsat
a center-of-mass energy ofl4 TeV (seven times
greater energy than Fermilal!
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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 patrticles (p; > 0.5 GeV/c, 1| < 1,not including PTmax) for “min-bias” events at 0.2
TeV, 1.96 TeV and 14 TeV predicted by PYTHIATune DW at the particle level {.e. generator
level).
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1st Joint Workshop on
Energy Scaling of Hadron Collisions:
Theory / RHIC / Tevatron / LHC

APRIL 27-29, 2009, FERMILAB

Welcome & Exhortation

Peter Skands (Fermilab)

Peter Skands!

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

MPI@QLHC ICTP
Trieste, November 23, 2015

¥ Homaepage
Agenda

¥ Registration
Reglstratlan Form

1 support

¥ List of reglstranu

1st Joint Workshop on Energy Scaling

1SWorksnop on Enengy: S

Scaling

oNns

of Hadron Collisions
27-29 April 2009

e —
Home > Timetable

Display optioens [other views]

Show day - - all days - -

Datail leval session

08:00
09:00

10:00

11:00

12:00

13:00

14:00

Fermilab

Show session - - all sesslons - -

View mode Parallel

_apgly |

Monday, 27 April 2009

[0] Welcome & Exhortation
by Pelar SKANDS [Ferrmiab)

{09215 - 30:00)

1] Rick's view

U Flarida
{10:00 - 30:45)

break
(10:45 - 11:15)

[ﬂW
v ML{L Kentucky)

{11:18 - 12:00)

**%¥ Lunch ***
(12:00 - 13:30)

ory models of hadron collisions
by Peber SKANDS (Fermiab)

{13:30 - 14:15)

3] The Art and Science of Tuning

by Hendrik

HOETH {Lund U)
{14:18 - 18:00)

@

Bl shides

Bl sfdten

[

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

MPI@QLHC ICTP
Trieste, November 23, 2015

Rick Field — Florida/CDF/CMS
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1.96 TeV4y 14 TeV
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LHC

function of PTmax
"events at 0.2

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

TeV,0.9TeV, 1.96 TeV, 7 TeV, 10 TeV, 14 TeV predaed by PYTHIA Tu y o article
level (.e. generator level). near scale:
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Linear on a log plot!

function of PTmax
"events at 0.2

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

TeV,0.9TeV, 1.96 TeV, 7 TeV, 10 TeV, 14 TeV predaed by PYTHIA Tu 1 ol article
level (.e. generator level). 09 scale:
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Initial Group Members
Rick Field (Florida)

Darin Acosta (Florida)
Paolo Bartalini (Florida)
Albert De Roeck (CERN)
Livio Fano' (INFN/Perugia at CERN)

Filippo Ambroglini (INFN/Perugia at CERN)
@ Khristian Kotov (UF Student, Acosta)

J
=» Measure Min-Bias and the “Underlying Event”
at CMS

= The plan involves two phases.

= Phase 1 would be to measure min-bias and the “undging event”
as soon as possible (when the luminosity is low)knaps during
commissioning. We would then tune the QCD Monte-G# models
for all the other CMS analyses. Phase 1 would besarvice to the
rest of the collaboration. As the measurements beme more
reliable we would re-tune the QCD Monte-Carlo moded if
necessary and begin Phase 2.

= Phase 2 is “physics” and would include comparing thenin-bias and
“underlying event” measurements at the LHC with the
measurements we have done (and are doing now) at E@&nd then
writing a physics publication.

Perugla Italy, March- 2006

UE&MB@CMS |

Florida-Perugia-CERN
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LPCC  MB&UE Working Group

LRC /Pf/uj‘ifrcb Centre at CERN
MB & UE Common Plots

o aantum
c hromo-
@yaamics

®» The LPCC MB&UE Working Group has suggested
several MB&UE “Common Plots” the all the LHC
groups can produce and compare with each other.

“Minimum Bias” Collisions

Proton ; é é Proton
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PT(chgjet#1) Direction

"Transverse" Charged Particle Density: dN/dnd@

0.8

1 RDF Preliminary

] Fake Data
4 pyDW generator level %

ﬁ- “Transverse” _a “Transverse’
-

o
o

o
N

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

"Transverse" Charged Density
o
S

o
o

‘ ‘ | | PTmax Direction
2 4 6 8 10 12 14 16 18

PTmax or PT(chgjet#l) (GeVic)

o

=» Fake data (from MC) at 900 GeV on the
“transverse” charged particle density,
dN/dndeq, as defined by the leading charged
particle (PTmax) and the leading charged
particle jet (chgjet#1) for charged particles
with pr > 0.5 GeV/c andi| < 2. The fake

“Transverse” . “Transverse’

data (from PYTHIA Tune DW) are (] __
generated at the particle leveli(e. generator Rick Field
level) assuming 0.5 M min-bias events at MB&UE@CMS Workshop
900 GeV (61,595 events in the pl)t CERN, November 6, 2009
U
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"Transverse" Charged Particle Density: dN/dndeg "Transverse" Charged Particle Density: dN/dnd@
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@ . DWFake Da;ta ovel P 1 datauncorrected
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PTmax or PT(chgjet#1) (GeV/c) PTmax or PT(chgjet#1) (GeVic)

=» Fake data (from MC) at 900 GeV on the =®» CMS preliminary data at 900 GeVon the

“transverse” charged particle density, “transverse” charged particle density,
dN/dnde, as defined by the leading charged  dN/dndg, as defined by the leading charged
particle (PTmax) and the leading charged particle (PTmax) and the leading charged
particle jet (chgjet#1) for charged particles particle jet (chgjet#1) for charged particles
with pr > 0.5 GeV/c andi| < 2. The fake with pr > 0.5 GeV/c andnj| < 2. The data are
data (from PYTHIA Tune DW) are uncorrected and compared with PYTHIA
generated at the particle leveli(e. generator Tune DW after detector simulation 216,215
level) assuming 0.5 M min-bias events at events in the ploj.

900 GeV (361,595 events in the pljt
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"Transverse" Charged PTsum Density: dPT/dnd(pl
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18

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

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

at the particle level {.e. generator level)

assuming 0.5 M min-bias events at 900 GeV

(361,595 events in the pljt

MPI@QLHC ICTP
Trieste, November 23, 2015

Rick Field — Florida/CDF/CMS

®» CMS preliminary data at 900 GeVon the

“transverse” charged PTsum density,

dPT/dndg, as defined by the leading charged

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

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

uncorrected and compared with PYTHIA

Tune DW after detector simulation 216,215

events in the plo}.
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Charged Particle Density

"Transverse" Charged Particle Density: dN/dnd@
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20

=» CMS preliminary data at 900 GeV and 7 TeV & ATLAS preliminary data at 900 GeV and 7 TeV

on the “transverse” charged particle density,
dN/dnde, as defined by the leading charged
particle jet (chgjet#1) for charged particles with
pr > 0.5 GeV/c andij| < 2. The data are
uncorrected and compared with PYTHIA Tune
DW after detector simulation.

MPI@QLHC ICTP
Trieste, November 23, 2015

Rick Field — Florida/CDF/CMS

on the “transverse” charged particle density,
dN/dnde, as defined by the leading charged
particle (PTmax) for charged particles with p; >
0.5 GeV/c andfj| < 2.5. The data are corrected
and compared with PYTHIA Tune DW at the
generator level.
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"Transverse" Charged PTsum Density: dPT/dnde
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»

CMS preliminary data at 900 GeV and 7
TeV on the “transverse” charged PTsum

density, dPT/ddg, as defined by the leading

charged patrticle jet (chgjet#1) for charged

particles with p; > 0.5 GeV/c andnij| < 2. The

data are uncorrected and compared with

PYTHIA Tune DW after detector simulation.

®» ATLAS preliminary data at 900 GeV and 7
TeV on the “transverse” charged PTsum
density, dPT/dq, as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 2.5. The data are corrected and
compared with PYTHIA Tune DW at the
generator level.
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gt® Iransverse C

"Transverse" Charged Particle Density: dN/dnd@ Rick Field
1.2
2 1 RDF Preliminary MB&UE@CMS WOFkShOp
§ :pyTune DW generator level ey CERN, November 6, 2009
J e
B 08
g \.)
5 factor of 2!
2 900 GeV
5041 f o eee—————
@
8
=I: Charged Particles (|n|<2.0, PT>0.5 GeV/c)
0.0 T T T T T T T T T
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PTmax (GeV/c)
PTmax Direction PTmax Direction

900 GeV— 7 TeV

=» Shows the charged particle density in thétransverse” region for charged particles (g > 0.5
GeVic, h| <2) at900 GeV and 7 TeVas defined by PTmax from PYTHIA Tune DW and at the
particle level (.e. generator level).
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Ratio: 7 TeV/900 GeV
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7 TeV /900 GeV Charged Particles (|n|<2.0, PT>0.5 GeV/c)
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1 Charged Particles (|n|<2.5, PT>0.5 GeVi/c)
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12

=®» CMS preliminary data at 900 GeV and 7

TeV on the “transverse” charged particle

density, dN/ddq, as defined by the leading

charged patrticle jet (chgjet#1) for charged

particles with p; > 0.5 GeV/c andnij| < 2. The

data are uncorrected and compared with

PYTHIA Tune DW after detector simulation.

®» ATLAS preliminary data at 900 GeV and 7
TeV on the “transverse” charged particle
density, dN/dndq, as defined by the leading
charged particle (PTmax) for charged
particles with p; > 0.5 GeV/c andnj| < 2.5.
The data are corrected and compared with
PYTHIA Tune DW at the generator level.
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"Transverse" Charged Particle Density: dN/dnd@
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0.8

T CMS Preliminary
| datauncorrected
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=®» CMS preliminary data at 900 GeV and 7

TeV on the “transverse” charged patrticle

density, dN/dndq, as defined by the leading

charged patrticle jet (chgjet#1) for charged
particles with p; > 0.5 GeV/c andn| < 2.0.

The data are uncorrected and compared with

PYTHIA Tune DW and D6T after detector

®» CMS preliminary data at 900 GeV and 7
TeV on the “transverse” charged particle
density, dN/dndq, as defined by the leading
charged patrticle jet (chgjet#1) for charged
particles with p; > 0.5 GeV/c andn| < 2.0.
The data are uncorrected and compared with

D PYTHIA Tune Z1 after detector simulation

Trieste, November 23, 2015

simulation (SIM). G (SIM).,
. ) Tune Z1 (CTEQ5L)

Color reconnection suppression. PARP(82) = 1.932 ~
Color reconnection strength. PARP(90) = 0.275 Tune Z1 is a PYTHIA 6.4 using
<\ PARP(77) = 1.016 pr-ordered parton showers and

[T PARP(78) = 0.538 the new MPI model!
)
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®» CMS preliminary data at 900 GeV and 7

TeV on the “transverse” charged PTsum

density, dPT/dndg, as defined by the leading

charged patrticle jet (chgjet#1) for charged
particles with p; > 0.5 GeV/c and| < 2.0.

=®» CMS preliminary data at 900 GeV and 7

The data are uncorrected and compared with

PYTHIA Tune DW and D6T after detector

simulation (SIM). D

Color reconnection suppression.

Tune Z1 (CTEQS5L)

Color reconnection strength.

PARP(82) = 1.932
PARP(90) = 0.275
PARP(77) = 1.016
— PARP(78) = 0.538

MPI@QLHC ICTP
Trieste, November 23, 2015

J
Rick Field — Florida/CDF/CMS

\‘ Tune Z1 is a PYTHIA 6.4 using

TeV on the “transverse” charged PTsum

density, dPT/dq, as defined by the leading

charged patrticle jet (chgjet#1) for charged
particles with p; > 0.5 GeV/c andn| < 2.0.

The data are uncorrected and compared with
PYTHIA Tune Z1 after detector simulation

(SIM).

p;-ordered parton showers and
the new MPI model!
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» ATLAS preliminary data at 900 GeV and 7
TeV on the “transverse” charged patrticle
density, dN/dndq, as defined by the leading
charged particle (PTmax) for charged
particles with p; > 0.5 GeV/c andnj| < 2.5.
The data are corrected and compared with

PYTHIA Tune Z1 at the generator level. Q)
C
0
Color reconnection suppression. Tune le(zc-[EQ;:lg_; J
Color reconnection strength. PARP(82) = 1.
PARP(90) = 0.275
~L_ | PARP(77)=1.016
PARP(78) = 0.538
J
MPI@LHC ICTP N\
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®» ATLAS preliminary data at 900 GeV and 7

TeV on the “transverse” charged PTsum

density, dPT/dq, as defined by the leading

charged particle (PTmax) for charged

particles with p; > 0.5 GeV/c andn| < 2.5.
The data are corrected and compared with
PYTHIA Tune Z1 at the generrator level.

Tune Z1 is a PYTHIA 6.4 using
p;-ordered parton showers and
the new MPI model!
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Ratio: 7 TeV/900 GeV
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and 7 TeV (7 TeV divided by 900 GeVpn the
“transverse” charged particle density as
defined by the leading charged patrticle jet
(chgjet#1) for charged particles with g > 0.5
GeV/c and | < 2.0. The data are
uncorrected and compared withPYTHIA
Tune DW, D6T, CW, and PQOafter detector
simulation (SIM).
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=» Ratio of CMS preliminary data at 900 GeV = Ratio of CMS preliminary data at 900 GeV

and 7 TeV (7 TeV divided by 900 GeVpn the
“transverse” charged particle density as
defined by the leading charged patrticle jet
(chgjet#1) for charged particles with g > 0.5
GeV/c and | < 2.0. The data are
uncorrected and compared withPYTHIA
Tune Z1 after detector simulation (SIM).

Page 76




Ratio: 7 TeV/900 GeV
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and 7 TeV (7 TeV divided by 900 GeVpn the
“transverse” charged PTsum density as
defined by the leading charged patrticle jet
(chgjet#1) for charged particles with g > 0.5
GeV/c and | < 2.0. The data are
uncorrected and compared withPYTHIA
Tune DW, D6T, CW, and PQOafter detector
simulation (SIM).
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=» Ratio of CMS preliminary data at 900 GeV = Ratio of CMS preliminary data at 900 GeV

and 7 TeV (7 TeV divided by 900 GeVpn the
“transverse” charged PTsum density as
defined by the leading charged patrticle jet
(chgjet#1) for charged particles with g > 0.5
GeV/c and | < 2.0. The data are
uncorrected and compared withPYTHIA
Tune Z1 after detector simulation (SIM).
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"Transverse" Charged Particle Density: dN/dndg|
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=» Ratio of the ATLAS preliminary data on the
charged particle density in the“transverse”
region for charged patrticles (g > 0.5 GeV/c,
In| < 2.5) at900 GeV and 7 TeVas defined by

PTmax compared withPYTHIA Tune Z1 at

the generator level.

=» Ratio of the ATLAS preliminary data on the
charged PTsum density in thé‘transverse”
region for charged patrticles (g > 0.5 GeV/c,
In| < 2.5) at900 GeV and 7 TeVas defined by
PTmax compared withPYTHIA Tune Z1 at
the generator level.
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CMS Common Plots g2

Observable 900 GeV
MB1: dN,/dn Ny, =1 Done Done
In| <0.8 3 >0.5 Gev/c & 1.0 GeV/c|IRol®pEliZ0 QCD-10-024
MB2: dN /dp; Ny, =1 0| < 0.8 Stalled Stalled

MB3: Multiplicity Distribution
In| <0.8 3 >0.5GeV/ic & 1.0 GeV/qg
MB4: <p.> versus Nchg

In| <0.8 g >0.5GeVic & 1.0 GeV/qg
UE1: Transverse Nchg & PTsum as
defined by the leading charged Done Done

particle, PTmax FSQ-12-020 FSQ-12-020
In| <0.83>0.5GeV/c & 1.0 GeV/c

Stalled Stalled

Stalled Stalled

Direct charged particles (including leptons) correted to
the particle level with no corrections for SD or DD
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g ChVS Common Plots &
MB1: Nepg21 D Done
Inl<0.8 & 1.0 QCZ Saay’)-024
MB2: chhg/dp\> btalled
Note that all the “common plots” require
|n| <0 at least one charged particle with
MB4: <p-> v pr > 0.5 GeV/c andrj| < 0.8!
' TB> This was done so that the plots are

Ini<0.8 less sensitive to SD and DD.

\one
FS& RO 2-020

defined by the leadin
particle, PTmax

N|<0.83>05G

Direct charged partic
the particle level wit

5 (including leptons) correted to
o corrections for SD or DD
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__ Common Plots’ €=
Observable

300 GeV 900 GeV 1.96 TeV
MBL: dN g, /dn Ny, > 1

ey Done Done Done
In| <0.8 3 >0.5Gev/ic & 1.0 GeV/c

MB2: dN,/dp N,,=11n| < 0.8 Stalled Stalled Stalled

MB3: Multiplicity Distribution
In| <0.8 3 >0.5GeV/c & 1.0 GeV/c

Stalled Stalled Stalled

MB4: <p.> versus Nchg

Stalled Stalled Stalled
In| <0.8 3 >0.5GeV/c & 1.0 GeV/c
UE1: Transverse Nchg & PTsum as
defined by the leading charged pr > 0.5GeV/c p;>0.5GeV/ic p;>0.5GeV/c
particle, PTmax Done Done Done

In| <0.8 3 >0.5GeV/c & 1.0 GeV/c

Direct charged particles (including leptons) correted to
the particle level with no corrections for SD or DD

R. Field, C. Group, and D. Wilson.
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"Transverse" Charged Particle Density: dN/dnd(pl

"Transverse" Charged PTsum Density: dPT/dndq
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"Transverse" Charged Particle Density: dN/dndg| "Transverse" Charged PTsum Density: dPT/dnd¢|
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Charged Particle Density
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"TransAVE" Charged PTsum Density: dPT/dndg|
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®» CDF and CMSdata at 900 GeV/mn the

charged particle density in the “transverse”
region as defined by the leading charged
particle (PTmax) for charged particles with
pr > 0.5 GeV/c andi| < 0.8. The data are

corrected to the particle level with errors that

include both the statistical error and the
systematic uncertainty.

=®» CDF and CMSdata at 900 GeV/mon the
charged PTsum density in the “transverse”
region as defined by the leading charged
particle (PTmax) for charged particles with
pr > 0.5 GeV/c andi| < 0.8. The data are
corrected to the particle level with errors that
include both the statistical error and the
systematic uncertainty.
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®» CDF and CMSdata at 900 GeV/mn the

charged particle density in the “transverse”
region as defined by the leading charged
particle (PTmax) for charged particles with
pr > 0.5 GeV/c andi| < 0.8. The data are
corrected to the particle level with errors that

include both the statistical error and the
systematic uncertainty.

MPI@QLHC ICTP
Trieste, November 23, 2015

Rick Field — Florida/CDF/CMS

®» CDF and CMSdata at 900 GeV/mn the

charged PTsum density in the “transverse”
region as defined by the leading charged
particle (PTmax) for charged particles with
pr > 0.5 GeV/c andi| < 0.8. The data are

corrected to the particle level with errors that

include both the statistical error and the
systematic uncertainty.
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CMS underlying event and double parton scattering tunes

The CMS Collaboration

Abstract

Three new PYTHLA-S onderlying event (LE) tunes are constructed, one using the
CTEQSLT parton distribation fanction (PRE), coe using FIERAPDE 1.5 leading vrder
(LEK, and one using the NMNFDFZAL0 PIF; vwo new PYTHEA-S UE tunes, one for
the CTEQAL PDE and ané for the HERATDE 1.5 [0, and one new HERWIG | UE
tane for the CTEQARL] PIF are also avallable. Simultancowus fts g0 COF UE data at
WL, 900G, and 106 TeV, together with UMY UE data at 71V, check the UE
models and consteain their parameters, providing theeeby more precise predictions
for proton-priston collisions at 13 Tebs In addition, several new double-parton scat-
terityg (1) tunes are investigated when the values of the UE parameters from fits
tor ebservables ave corssistent with the values determinesd from fitting DPS-sensitive
aobscevables. Also examined is how well the new UE tunes predict "minimum bias”
{MB]} events, jet and Prell-Yan (4§ =&/ 7" =slepton-antileptons jets] observables, as
well as the MBand UE observables @t 13 TeV,
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» PYTHIA 6.4 Tune CUETP6S1-CTEQG6L: Start with Tune Z2*-lep and tune to the PTmaxDirection
CDF PTmax “transMAX” and “transMIN” UE data at 300 GeV , 900 GeV, and
1.96 TeV and the CMS PTmax “transMAX” and “transMIN” UE data at7 TeV.

®» PYTHIA 6.4 Tune CUETP6S1-HERAPDF1.5LO: Start with Tune Z2*-lep and {1 iR
tune to the CDF PTmax “transMAX” and “transMIN” UE dat a at 300 GeV, 900
GeV, and 1.96 TeV and the CMS PTmax “transMAX” and “transMIN” UE
data at 7 TeV.

» PYTHIA 8 Tune CUETP8S1-CTEQGL: Start with Corke & Sjostrand Tune 4C and tune to the

CDF PTmax “transMAX” and “transMIN” UE data at 900 GeV , and 1.96 TeV and the CMS
PTmax “transMAX” and “transMIN” UE data at 7 TeV. Exclude 300 GeV data.

» PYTHIA 8 Tune CUETP8S1-HERAPDF1.5L0O: Start with Corke & Sj6strand Tune 4C and tune
to the CDF PTmax “transMAX” and “transMIN” UE data at 900 GeV, and 1.96 TeV and the
CMS PTmax “transMAX” and “transMIN” UE data at 7 TeV. Exclude 300 GeV data.

®» PYTHIA 8 Tune CUETP8M1-NNPDF2.3LO: Start with the Skands Monash-NNPDF2.3LO tune
and tune to the CDF PTmax “transMAX” and “transMIN” UE data at 900 GeV, and 1.96 TeV
and the CMS PTmax “transMAX” and “transMIN” UE data at 7 TeV.Exclude 300 GeV data.

» HERWIG++ Tune CUETHS1-CTEQG6L: Start with the Seymour & Siédmok UE-EE-5C tune
and tune to the CDF PTmax “transMAX” and “transMIN” UE data at 900 GeV, and 1.96 TeV
and the CMS PTmax “transMAX” and “transMIN” UE data at 7 TeV.
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"TransAVE" Charged Particle Density
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=®» CMS data at 7 TeV and CDF data at 1.96 TeV, » CMS data at 7 TeV and CDF data at 1.96 TeV,
900 GeV, and 300 GeWwn the charged particle
density in the“transAVE” region as defined by

the leading charged particle (PTmax) for

charged particles with pr > 0.5 GeV/c andiy| <

0.8. The data are compared with PYTHIA 6.4

900 GeV, and 300 GeWn the charged particle
density in the“transAVE” region as defined by
the leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c andij| <
0.8. The data are compared with PYTHIA 8

Tune Z2*. Tune CUETP8S1-CTEQG6L excludes 300 GeV
in fit).
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"TransAVE" Charged Particle Density
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=» CMS data at 7 TeV and CDF data at 1.96 TeV, » CMS data at 7 TeV and CDF data at 1.96 TeV,
900 GeV, and 300 GeWwn the charged particle

density in the“transAVE” region as defined by

the leading charged particle (PTmax) for

charged particles with pr > 0.5 GeV/c andiy| <

0.8. The data are compared with the PYTHIA 8

Tune Monash-NNPDF2.3L0O.

900 GeV, and 300 GeWn the charged particle
density in the“transAVE” region as defined by
the leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c andij| <
0.8. The data are compared with the PYTHIA 8
Tune CUETP8M1-NNPDF2.3LO xcludes 300
GeV in fit).
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UE@13TeV

Livio Fano' (University of Perugia)
Diego Ciangottini (University of Perugia)
Rick Field (University of Florida)
Doug Rank (University of Florida)
Sunil Bansal (Panjab University Chandigarh)
G Wei Yang Wang (National University of Singapore)j

®» Measure the “Underlying Event” at 13 TeV at CMS

ChgJet#1 Direction

PTmax Direction

“TransMAX” I “TransMIN”

Measure the UE observables
as defined by the leading
charged particle, PTmax, for
charged particles with p. >
0.5 GeV/c andt| < 2.0 and
In| < 0.8.

Measure the UE observables
as defined by the leading
charged particle jet,
chgjet#1, for charged
particles with p; > 0.5 GeV/c
and |n| < 2.0.

“TransMAX” l “TransMIN”

----
------------
Sunse

Livio & Rick were part of the
CMS Run 1 UE&MB team!
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"transAVE" Charged Particle Density "transAVE" Charged PTsum Density
2.1 2.4
CMS Run 2 Preliminary 1 CMS Run 2 Preliminary
| Corrected Data (Bayesian Unfolding) 13 TeV ) | Corrected Data (Bayesian Unfolding) 13 TeVv
Generator Level Theory > ] Generator Level Theory
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CMS Tune CUETP8S1-CTEQ6L E CMS Tune CUETP8S1-CTEQ6L
1 Charged Particles (In|<2.0, PT>0.5 GeVi/c) . Charged Particles (In|<2.0, PT>0.5 GeV/c)
0.0 f f f f f f f } } 0.0 - T T T i f f f f f }
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PTmax or PT(chgjet#1) (GeV/c) PTmax or PT(chgjet#1) (GeV/c)

=» Corrected data (Bayesian unfolding) onthe = Corrected data (Bayesian unfolding) on the
“transAVE” charged patrticle density with p > “transAVE” charged PTsum density with p, >

0.5 GeV/c and 1| < 2.0 as defined by the 0.5 GeV/c and 1| < 2.0 as defined by the
leading charged particle, PTmax, and as leading charged particle, PTmax, and as
defined by the leading charged patrticle jet, defined by the leading charged patrticle jet,
chgjet#l. The data are compared with chgjet#l. The data are compared with
PYTHIA 8 tune CUETP8S1-CTEQGL at the PYTHIA 8 tune CUETP8S1-CTEQGL at the
generator level.. generator level..
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"transMAX" Charged Particle Density "transMAX" Charged PTsum Density
2.4 — 3.0 ‘
| CMS Run 2 Prgllmlnary 13 TeV | CMS Run 2 Preliminary 13 TeV
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=» Corrected data (Bayesian unfolding) onthe = Corrected data (Bayesian unfolding) on the
“transMAX” charged particle density with p + > “transMAX” charged PTsum density with p ; >

0.5 GeV/c and 1| < 2.0 as defined by the 0.5 GeV/c and 1| < 2.0 as defined by the
leading charged particle, PTmax, and as leading charged particle, PTmax, and as
defined by the leading charged patrticle jet, defined by the leading charged patrticle jet,
chgjet#l. The data are compared with chgjet#l. The data are compared with
PYTHIA 8 tune CUETP8S1-CTEQGL at the PYTHIA 8 tune CUETP8S1-CTEQGL at the
generator level.. generator level..
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"transMIN" Charged Particle Density
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=» Corrected data (Bayesian unfolding) on the

“transMIN” charged particle density with p >

0.5 GeV/c and 1| < 2.0 as defined by the
leading charged particle, PTmax, and as
defined by the leading charged patrticle jet,
chgjet#1l. The data are compared with
PYTHIA 8 tune CUETP8S1-CTEQGL at the
generator level..
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=» Corrected data (Bayesian unfolding) on the

“transMIN” charged PTsum density with p ; >

0.5 GeV/c and 1| < 2.0 as defined by the
leading charged particle, PTmax, and as
defined by the leading charged patrticle jet,
chgjet#l. The data are compared with
PYTHIA 8 tune CUETP8S1-CTEQGL at the
generator level..
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"transDIF" Charged Particle Density
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=» Corrected data (Bayesian unfolding) on the
“transDIF” charged particle density with p + >

0.5 GeV/c and 1| < 2.0 as defined by the
leading charged particle, PTmax, and as

defined by the leading charged patrticle jet,

chgjet#l. The data are compared with

PYTHIA 8 tune CUETP8S1-CTEQGL at the

generator level..

=» Corrected data (Bayesian unfolding) on the

“transDIF” charged PTsum density with p >

0.5 GeV/c and 1| < 2.0 as defined by the
leading charged particle, PTmax, and as
defined by the leading charged patrticle jet,
chgjet#l. The data are compared with
PYTHIA 8 tune CUETP8S1-CTEQGL at the
generator level..

MPI@LHC ICTP Rick Field — Florida/CDF/CMS Page 95

Trieste, November 23, 2015




UE Puplications

"Underlying Event" Publications
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20 o

Many LHC
07 UE|Stuglies | ————

Number

0
. . . . % Q. % . Q. Q. O 0 0 Y, Y, 0
% QG b G b b B v G b Y XY X% % %

Year

=» Publications on }/ \derlying ¥(2000-2015).

The Underlying Event in Large
Transverse Momentum Charged Jet and
Z—-boson Production at CDF, R. Field,
published in the proceedings of DPF 2000 Charged Jet Evolution and the Underlying Event in
Proton-Antiproton Collisions at 1.8 TeV,

CDF Collaboration, Phys. Rev. D65 (2002) 092002.
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HERWIG++ UE Tune, M.
Seymour and A. Siédmok

Monash Tune,
Peter Skands

"Underlying Event" Publications

30 Perugia Tunes,
OOther Peter Skand$

Gavin Salam! - >\ N Y
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/\ \ year T¥
®» Publications on / \Q!erlying \ A Study of the Energy Dependence of the Underlying

Event in Proton-Antiproton Collisions,

O, <O 90\7 <0
<

The Underlying Event in Large CDF Collaboration, submitted to Phys. Rev. D.
Transverse Momentum Charged Jet and (August 24, 2015)!
Z—boson Production at CDF, R. Field,
published in the proceedings of DPF 2000, Charged Jet Evolution and the Underlying Event in

Proton-Antiproton Collisions at 1.8 TeV,
CDF Collaboration, Phys. Rev. D65 (2002) 092002.

MPI@QLHC ICTP Rick Field — Florida/CDF/CMS Page 97
Trieste, November 23, 2015



CDE UE Publication € .

Divgft PRI} Version &

Submitted to PRD

A Study of the Energy Dependence of the Underlying Event
in Proton-Antiproton Collisions

The CDF Collaboration
CDF Run 2 Avgust 2, 2013
Tevatron Energy Scan Abstraci

300 GeV, 900 GeV, 1.96 TeV

We shady churged parbicle produchon (pp = 003 GeVie, n| = 4.8} in proton-antiproten eollisions ol
J00 CieW, 900 GieW, and 1.9% TeW. We use the direction of the charped particle with the largest
iransverse mormenium o each event io define thres regions of 1-¢ spece; “towerd”, “away”, and
tramsverse’,  The average number and the average scalar prosum of charged particles m the
Iransvesse teglon e sensitive w the medeling ol the “underlying event™ The tunsverse region is

I I divided mio 0 MAX and MIN mansverse region, which helps separate the “hard component”

S O r ry to b e S O S I OW e (initial o final-staie madiation) from the “beami-beamn semmant” and multiple gamon imieractien
commponents of Us scattering. The center-of-mass energy depandence of the varous compononts

ol the evenl wre studied in detmil. The doty presented here can be vsed 1o constrom and omprove

QU1 Monte Carlo models, resulimg m more precese predictions at the LHC energies of |3 ond
14 TV,

Outgoing Parton

The goal is to produce data (corrected to the
e gte Bacator particle level) that can be used by the theoristt

Proton ] sV

tune and improve the QCD Monte-Carlo models
that are used to simulate hadron-hadron
collisions.

Underlying Event

Final-State

Outgoing Parton Radiation

http://arxiv.org/abs/1508.05340

MPI@QLHC ICTP Rick Field — Florida/CDF/CMS Page 98
Trieste, November 23, 2015



fevatron™ to the L=

My s —
dream! "TransAVE" Charged Particle Density: dN/dr]d<p|
= RO sarey
Do i!i ig o . - § E E
2 : ; {
g 10T gy ¥ BT oo i ********* CMS
g u ... 7 TeV
.
8 1.96 TeV
3 .....lil il @ ] ' CDF
g OS5 7~ Sm guwww & o & - S E ~oo0cev CDF
l.-
|l L E 300GeV CDF
'l Charged Particles (|n|<0.8, PT>0.5 GeV/c)
0.0 | | | | |
0 5 10 15 20 25 30
PTmax (GeVic)
Mapping out the Energy Dependence of the UE
(300 GeV, 900 GeV, 1.96 TeV, 7 TeV, 13 TeV)
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Charged Particle Density
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RDF Preliminary
Corrected Data 13 Tev
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Fake datagenerated
by Rick using the
Monash tune with
the statistics we
currently have at
CMS!

Mapping out the Energy Dependence of the UE

(300 GeV, 900 GeV, 1.96 TeV, 7 TeV, 13 TeV)
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13 TeV UE data
coming soon
from both
ATLAS and
CMS!

N

"TransAVE" Charged Particle Density: dN/dndg@
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Mapping out the Energy Dependence of the UE
(300 GeV, 900 GeV, 1.96 TeV, 7 TeV, 13 TeV)
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=» Richard Haas (CDF Ph.D. 2001)The Underlying Event in

Hard Scattering Collisions of Proton and Antiprotanl.8
TeV.

=» Alberto Cruz (CDF Ph.D. 2005):Using MAX/MIN

Transverse Regions to Study the Underlying EveRUmM2 /e
at the Tevatron

=» Craig Group (CDF Ph.D. 2006):The Inclusive Jet Cross Section in Run 2 at CDF

®» Deepak Kar (CDF Ph.D. 2008)Studying the Underlying Event in Drell-Yan and High
Transverse Momentum Jet Production at the Tevatron

®» Mohammed Zakaria (CMS Ph.D. 2013):Measurement of the Underlying Event Activity

in Proton-Proton Collisions at the LHC using Leaglifiracks at 7 TeV and Comparison
with 0.9 TeV.

=®» Doug Rank (CMS Ph.D. Expected 2016)fhe Underlying Evant via Leading Track and
Track Jet at 13 TeV.,
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Rick & Jimmie CALTECH 1973
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e Happy Anniversary 49 Years!

855

Jimmie and Rick Married
November 24, 1966




