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Basic Phenomenology

The Underl ying Event

✧Composite nature of hadrons (+ �) � collisions
with multiple parton–parton interactions possible.

✧Even for proton–proton, underlying event (UE) is
not (yet) well understood.

✧At the LHC, min-bias and UE in � � collisions will:
✧Allow to probe partonic substructure of protons.
✧Present a background to other physics studies.

✧Lots of data great topic for phenomenology
right now. (maybe learn about � and heavy ions too?)
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Basic Phenomenology

Consider just QCD
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Basic Phenomenology

1:
✧ 798;: 8 : hadron-hadron collisions. 798;: 8 < =>? @ 7 >
✧ 7BA C A : parton–parton collisions. 7BA C A < =>? @ D 7 >
✧ Many interactions / event:

EGF H I

2:

✧ Breakdown of perturbative QCD, colour
screening.

� � J K �
GeV (') L : inverse colour screening distance.)
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Why care?

M�N OQPSR T U VW XY K 2 – 4,

M�N O[Z \ ] K 5 – 10

Multiple interactions are responsible for:

☞ Large fraction of total multiplicity.
☞ Fluctuations to large multiplicities.
☞ Rapidity correlations in activity.

☞ Multiple (mini)jet production.
☞ Jet profile and jet pedestal.
☞ Shifts in jet energy scale.

^ _ precision physics involving jets or underlying
events impossible without good understanding
of multiple interactions.

This talk is about PYTHIA 6.3
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Towards a realistic model
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How are the hard scattering initiators and beam
remnant partons correlated:

☞ In impact parameter?
☞ In flavour?
☞ In longitudinal momentum?
☞ In colour?
☞ In (primordial) transverse momentum?

(How) are the showers correlated / intertwined?
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Correlations in flavour and dfe

Consider a hadron:g

to find flavours

hjilk k k hnm with momentaoi k k k om in hadron probed at scales ilk k k m :
?

eqpsr r r eut vGw xzy y y w D{ |xy y y |
D }

Experimentally, what we got is .

ISR

...

INTERACTION

Help: scatterings ordered in .
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Correlations in flavour and dfe
Q: What are the pdf’s for a proton with 1 valence quark, 2
sea quarks, and 5 gluons knocked out?

1. Overall momentum conservation (old):

Ensured by ‘squeezing’ the distributions in �.
For the �’th scattering:
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Normalization and shape :

✧ If valence quark knocked out.

Impose counting rule: .

✧ If sea quark knocked out.

Postulate “companion antiquark”:

✧ But then momentum sum rule is violated:

Assume sea+gluon fluctuates up when a valence quark
is removed and down when a companion quark is added.
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✧ If valence quark knocked out.« Impose counting rule:

¬
­ ® ¯ ° ± ²´³ µ·¶¤¸ ¹ º¼» ½¶ ¾ ¿ ¯ ° ±²´³ .

✧ If sea quark knocked out.« Postulate “companion antiquark”:

ÀÂÁ ÃSÄ
­ ® ÅÆÇ ² µ·¶È ¶ÊÉ » ½¶ ¾ ËnÌ

✧ But then momentum sum rule is violated:¬
­ ¶

Í
² ® ²´³ µ ¶¸ ¹ º¼» Î-Ï ³ µ ¶¸ ¹ º¼» Ð ½¶ Ñ ¾ Ò

« Assume sea+gluon fluctuates up when a valence quark
is removed and down when a companion quark is added.
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Correlations in flavour and dfe
Remnant PDFs

ÓÔ ÕÖ ×�ØÙ ÚÛ�Ü ÝßÞ à á âã
ä

å æ ç è éÛ�Üæç è éÛê Úç è éÛê ë Þ ã ì í î ïñð ò Ú óô èÛê ë Þ ã ì í î ïñð õ Ú ö÷øùÛê ë Þ ã ú Þüûù ï ýþ

Ú ö÷ øÛê ÝßÞ ú Þüû à á ÿ ��� ÝßÞ ð Þû à
Þ ð Þû ��� ��� 	�� ÞûÞ ð Þû ú 
�� 
��
ê Ú ö÷øÛê ÝÞ ú Þû à� Þ á â

� � Ô �� ØÙ �Ü ÝßÞ à á òã �ê ë Þ ã ì í î ï

ò á â � � Û æç è éÛÜ � Þ ç è éÛê � � � Û�� õ � Þ ö÷øùÛê �

â � � Û æç è éÛê � Þ ç è éÛê � 10
-3

10
-2

10
-1

1

10
-4

10
-3

10
-2

10
-1

xs = 0.001
p=4
p=0

xs = 0.1
p=4
p=0

x �

xq � c(x;x
s)

Companion Distributions

Used to select a sequence of hard scatterings, with parton showers.

Finally, flavour conservation flavour content of beam remnant.
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Hooking it up
Assume initial valence topology + gluons (one parent
gluon for each sea pair). Some colour flow must exist,
but no perturbative information available.

What is the colour flow?
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Hooking it up

✧ Physical colour flow.

+ possible non-perturbative ordering mechanisms:

✧ Minimization of total potential energy (string length).

✧ Formation of composite objects in beam remnant
(e.g. diquarks).

Some possibilities are (PYTHIA 6.3):
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Intertwined showers and/or FS reconnections ?
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Primor dial 4 and B.R. kinematics

✧ Correlated primordial

576 .
Assume gaussian distributed primordial

8:9 for each initiator:; <>=
; 8@? ; 8@A BC D E FHG IJ FKL M J KN OQP R M�S TVU WX OQP R KY[Z \[] U MJ KN T OQP R M S N OQP R K^ _ ` MJ K�a b M S < OQP R Kc deZ f ]gh M

Recoils along colour neighbours or onto all initiators and
beam remnant partons equally (MSTP(90)).
(

Eji rescaled to maintain energy conservation.)

Solid:
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Sharing of y{z |} in beam remnant
Each hard scattering subsystem has light-cone momenta:~�� � � �� �� �[� �� � � �� �[� �� � � � � �� �� �� � � � � �� �

� � � ���� � ����� � �� ~ � � �� � � ~ � � �� � � �

� ���� ��� �

~� � � �� � � � �� �� �[� �� � � �� �[� �� � � ���� ��� �

Remaining light-cone momenta available for BR:
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Def:“

Æ

” side partons have fractions ÇÉÈ I E of Ê Ë] da .

✧ Assume ÇÌÈVÍ E distributed according to generalized pdf’s
and fragmentation functions (with

ÎÏÑÐ Ê Ò conserved).

✧ NB: composite BR systems (w. pion/gluon clouds?) 3

larger Ç?
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Outlook – Multiple Interactions
☞ Overwhelming amount of data confirms basic idea.
(AFS, UA1, UA5, E735, H1, CDF)

☞ Past modelling has consisted of simple parametrizations
+ some more or less crude/unphysical models.

Much
remains

uncertain!

★ ~ �ÔÓ Õ×Ö Ø ~ �Ù cutoff.
★ Impact parameter dependence.
★ Energy dependence.
★ Multiparton densities in incoming hadrons.
★ Colour correlations and colour reconnections.
★ Interferences between showers.

☞ Important to understand for hadronic collisions.

☞ A new physical model for detailed studies available in
PYTHIA 6.3. More work in progress.

☞ (Extensions to diffractive topologies, baryon flow in heavy
ion collisions, and to meson/photon beams planned.)
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Forecast for the LHC (preliminar y!)

LHC: charged multiplicity
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Tune 1: Example with colour reordering: MSTP(95)=1.

Tune 2: Example without colour reordering: MSTP(95)=0.
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Forecast for the LHC (preliminar y!)

LHC: ΣpT(hadr.)

ΣpT

dP

Old MI - tune A

New MI - tune 1

New MI - tune 2

0

0.005

0.01

0.015

0.02

0 50 100 150 200

LHC: |η|< 2 jet ET

ET
dN

je
t Ú/d

E
T

je
t

Old MI - tune A
New MI - tune 1
New MI - tune 2

10
-3

10
-2

10
-1

0 10 20 30

A New Model for Multiple Interactions, P. Z. Skands – p.16/17



Forecast for the LHC (preliminar y!)

LHC: ET vs. η
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