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Proton-proton collisions at the LHC

= p-p collisions at \'s = 14TeV

> 'L=2x103cm-2s1
(£ =20 fb-/year)
> 'L =103%cm2s1

(£=100 fb-1/year)

= Essentially all physics at LHC are connected to the
Interactions of quarks and gluons (small & large
transferred momentum).
Hard processes (high-pT): well described by
perturbative QCD

Soft interactions (low-pT) : require non-perturbative

phenomenological models (strong coupling constant, e(Q?),
saturation effects,...)

The underlying event is dominated by
“soft” partonic interactions.
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— HERWIG/UAS model (S.U.E.) 1.

(http://hepwww.rl.ac.uk/theory/seymour/herwig/ )

Soft partonic scatters matched to hard 2 — 2 scatters:

Questionable modelling for:
Energy dependence;
”E”::> 2. Minimum-bias and UE hard
component;

« PYTHIA (several options)
(http://www.thep.lu.se/~torbjorn/Pythia.html) Oint

J‘ dp 2 n-~ Gint
t
3 dptz L 1Pty Tn

(and vice-versa)

« JIMMY (multiple parton interactions — b-space
picture)
(http://jetweb.hep.ucl.ac.uk/JIMMY/index.html )

« PHOJET (based on DPM)
(http://www-ik.fzk.de/%7Eenagel/phojet.html)
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Underlying event in charged jet evolution

(CDF analysis — Run | data) Phys. Rev. D, 65092002 (2002)

= All particles from a single particle collision except the process of interest.

= Sometimes, the underlying event can also be defined as everything in the collision except
the hard process.

= |t is not only minimum bias event!

= The underlying event has hard (multiple “semi-hard” parton scatterings) and soft
components (beam-beam remnants).
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Similarly to the observed for min-bias distributions,
varying the lower p; cut-off also changes the particle
density (and p; density) in the UE.
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CDF analysis — Run | data

Phys. Rev. D, 65 092002 (2002)
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Examples of MC tunings for the UE
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Predictions for the UE: from Tevatron to LHC energies

JIMMY4.1 PYTHIA6.214
Measurement Tuning A Tuning B ATLAS Tuningﬁ CDF Tuning PHOJET1.12
<N.g> 2.4 2.3 2.4 2.3 21
S pT,. > 10 GeV
©
> <pT,,.> 2.5 2.1 2.3 2.6 0
L PTe > 10 GeV
<N.g> 12.2 9.2 6.6 4.7 3.0
O PTe > 10 GeV
T
— <pT,,.> 11.5 8.5 7.5 6.5 3.5
PTe > 10 GeV
XS x4 X3 X 2
< x 1.5
LHC
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The underlying event in Hard Interactions at the Tevatron ppbar
collider, CDF Collaboration, PRD 70, 072002 (2004).
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= The underlying event is measured for
jet events at two different colliding

energies:

= This will provide important

information on how to model the

in UE models.

= s =630 GeV

Vs =1.8 TeV

\/ Vs =14 TeV
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Conclusions:

Current underlying event data can be described with appropriate tunings (pvHiA,
PHOJET and HERWIG+JIMMY ).

There are sizeable uncertainties in LHC predictions generated by different
models.

We need to understand better how to tune the energy dependence of the event
activity: multiple parton scattering rate?

New MC models (e.g. PYTHIAG.3) and measurements can provide us with more tools

to understand minimum-bias and the UE, and also to estimate more precisely this
physics at the LHC.

At the LHC, the best chance to the UE is at the low (very low?) luminosity runs.
We are currently studying strategies to perform these measurements at ATLAS.
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: hep-ex/0409040 Sep. 2004
Run 178796 Event 67972991 Fri Feb 27 08:34:15 2004 Jets are defined in the centra' region using seed.

ET scale: 436 GV . L/ based cone algorithm (R=0.7)

leading jet p;"& > 75 GeV
second leading jet p,™a > 40 GeV
both leading p; jets: |y,.| < 0.5

Dijet production in hadron-hadron collisions

result in AQ e = | Piet1 — Pjeto |=min
the absence of radiative effects.

A¢dijet = Tt — exactly two jets, no further radiation

AQijet small deviations from Tt — additional soft
radiation outside the jets

AQ jijet as small as 27/3 — one additional high-p;
jet

small A¢dijet - no limit — multiple additional hard
jets in the event

IOP Conference, 215t - 234 March 2005 29



kT 5
2T DD
=1
o J ° P
~ 10 'Fo 130«
i
F m 100 <
- 1[]3 O 75«
@
=
L
- 10°
10
]
-1
10
S
-2
10
-3
10
e

hep-ex/0409040 Sep. 2004

? A. M. Moraes

T
AQ yijet (rad)

IOP Conference, 215t — 23 March 2005

23



PARP(67) defines the maximum parton
virtuality allowed in ISR showers
(PARP(67) x hard scale Q?)

PARP(67)=1 (default): distributions

underestimate the data! Need to increase the
decorrelation effect, i.e. increase radiative and

multiple interaction effects.

Increasing PARP(67) (from 1 to 4) the azimuthal

decorrelation is increased.

Best value is somewhere between
PARP(67)=1 and 4!
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