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The Large Hadron Collider: 
ATLAS data collection

ATLAS luminosity (public plots): https://twiki.cern.ch/twiki/bin/view/AtlasPublic

‣ ATLAS pp collisions recorded thus far:

Integrated 
Luminosity

Centre-of-mass 
Energy

7 μb-1 900 GeV

0.1 μb-1 2.36 TeV

0.25 pb-1 2.76 TeV

> 5 fb-1 7 TeV

‣ 2012: expect to accumulate ~15fb-1 of 
p-p collisions at √s = 8 TeV.

LHC News: http://lpc.web.cern.ch/lpc/

https://twiki.cern.ch/twiki/bin/view/AtlasPublic
https://twiki.cern.ch/twiki/bin/view/AtlasPublic
http://lhc.web.cern.ch/lhc/News.htm
http://lhc.web.cern.ch/lhc/News.htm
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ATLAS: A Toroidal LHC ApparatuS

The ATLAS Collaboration, G. Aad et al., The ATLAS Experiment at the CERN 
Large Hadron Collider, JINST 3 (2008) S08003

Inner tracking detectors: 
sensitive to charged particles with pT > 100MeV and |η| <2.5

Electromagnetic and hadronic calorimeters:

sensi&ve	  to	  electrons/photons	  (|η|<3.2)	  and	  hadrons	  (|η|<4.9)	  	  that	  
have	  ET	  >	  a	  few	  hundred	  MeV.
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• Essentially all physics at high-energy hadron 
colliders 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 

p

p

QCD at the LHC

3

 On average, inelastic hadron-hadron collisions have low transverse 
energy, low multiplicity.

 Soft Interactions: Problems with strong coupling constant, αs(Q2), 
saturation effects,…

 Inelastic hadronic events are dominated by “soft” partonic 
interactions. 

 Most pile-up events are (soft) inelastic collisions.
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Minimum bias and underlying event

How to simulate MPI ?
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Our imagination of events is mostly driven
by Q2-factorisation (DGLAP-evolution):

Matrix elements � parton showers

Secondary hard interactions ⇥ MPI

Hadronisation � Hadron decays

So what is MPI simulation then about ?

Matrix elements & parton showers

Connection to hard collision

Ideally ME & PS for MPI simulated
along the same lines as primary collision
� guideline for models (consistency) !

Beam remnant assignment and
colour handling are nontrivial !
Various scenarios at large NC

Keep in mind: BFKL-type models exist as well !

Stefan Höche Modelling the underlying event

‣  Minimum bias: experimentally defined to select events with the minimum 
possible requirements to ensure an inelastic collision occurred. 

 Note: exact definition depends 
on experiment (and analysis).

‣  The underlying event:  All particles from a single particle collision except 

the process of  interest (typically a hard process). 

 parton showers (ISR/FSR)

 multiparton interactions

 colour field connecting hard-scatter to 
beam remnants

 beam remnants
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ATLAS soft-QCD measurements

 Rapidity gap cross sections: arXiv:1201.2808 [hep-ex] (submitted to EPJC)

 NEW! Two-particle angular correlations: arXiv:1203.3549 [hep-ex] (submitted to JHEP)

 NEW! Forward-backward correlations: arXiv:1203.3100 [hep-ex] (submitted to JHEP)

 NEW! Azimuthal ordering of  charged hadrons: arXiv:1203.0419 [hep-ex] 
(submitted to PRD)

 Charged particle multiplicities: New J Phys 13 (2011) 053033 and Phys Lett B 688 
(2010) 21

 Underlying event with charged particles: Phys Rev D 83 (2011) 112001

 Underlying event with charged and neutral particles: EPJC 71 (2011) 1636

 Inelastic p-p cross section: Nature Comm 2 (2011) 463 

 Ks and Λ production : Phys Rev D 85 (2012) 012001

More can be found at: 
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults#Soft_QCD

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults#
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults#
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Measuring “minimum bias” events at ATLAS

 Event display: pp collision at √s=900GeV

 First physics publication with ATLAS 
measurements: Phys Lett B 688, Issue 1, 21-42

 Event display: pp collision at √s=7 TeV

 Results for 7 TeV p-p collisions as 
well as 2.36 TeV and 900 GeV can be 
found in: 

New J Phys 13 (2011) 053033

http://dx.doi.org/10.1016/j.physletb.2010.03.064
http://dx.doi.org/10.1016/j.physletb.2010.03.064
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Charged particle density in η: 
√s=900 GeV, 2.36 TeV and 7 TeV

‣ Measurements at different c.m. energies are crucial for an accurate 
understanding (prediction) of  the evolution of  inelastic hadronic processes.

8 TeV
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 Charged particle multiplicity 
distributions: high nch tail not 
described by MC tunes! Problems 
also in low nch bins.

Charged particle 
multiplicity distributions <pT> vs nch

 As low-pT particles are added to the 
measurements, MC models no longer 
describes the data. Generated 
particles are, on average, harder than 
what we see in the data.
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Forward-backward correlation

 Measurement of  the correlation between 
charged particle multiplicities in the 
forward and backward regions of  the 
ATLAS detector.

 nf and nb are the multiplicity (per event) 
in a forward and backward pseudorapidity 
intervals.

 The data is corrected for detector-related 
effects that would reduce the correlation.

 Latest MC tunes adequately capture the 
correlations observed in the data.

as:

!nfb =
!(nf " !nf #)(nb " !nb#)#

!

!(nf " !nf #)2#!(nb " !nb#)2#
=

"

xnfx
n
b

N"n
f "

n
b

. (2.1)

Here, nf and nb are the respective multiplicities of particles of interest in two chosen

forward and backward intervals in an event, ! # denotes a mean over the events in the

sample, N is the total number of events, xnf , x
n
b are the di!erences between nf , nb and

their means, and "n
f , "

n
b are the standard deviations of nf and nb about their means. The

sum in the right-hand side of the equation is taken over the events in the sample. In the

present measurement, particles of interest are those above a given pTmin value. Intervals

in pseudorapidity of size #$ = 0.5 were chosen, which allows good statistical accuracy on

each measured point while preserving a sensitivity to physically interesting variations with

pseudorapidity $. A range "2.5 < $ < 2.5 was considered, corresponding to the inner

tracking detector acceptance, divided into five forward and five backward intervals.

The FB momentum correlation, !pTfb , between two summed transverse momentum

(
"

pT) values is defined similarly:

!pTfb =
!(
"

pfT " !
"

pfT#)(
"

pbT " !
"

pbT#)#
#

!(
"

pfT " !
"

pfT#)2#!(
"

pbT " !
"

pbT#)2#
=

"

xpTf xpTb
N"pT

f "pT
b

, (2.2)

where
"

pfT and
"

pbT are the sums of the absolute transverse momentum values of the

charged particles in the two chosen forward and backward intervals in an event, xpTf , xpTb
are the di!erences between

"

pfT,
"

pbT and their means, and "pT
f , "pT

b are the respective

standard deviations. The pTmin values used in measuring the correlations are discussed in

the sections below.

3 Azimuthal distributions

To obtain sensitivity to the presence of jets and jet-like structures in the events, the highest-

pT charged particle in a given |$| region in an event is identified and termed the “leading

particle”. The azimuthal di!erence"% between the leading particle and any other accepted

charged particle is the unsigned angle (in the range 0 – &) between the two particles in the

transverse plane. The variable NT is defined as the number of selected charged particles,

taken over the entire event sample, in a given interval of "% of width #%, where #% takes

the value &/50 in the present analysis. A pT > pTmin requirement is again imposed on the

selected particles.

In the general case of jet production, it is expected that the distribution in NT should

show peaks at "% = 0 and at "% = &, with a minimum lying in between. As observed

in the present study (figure 1a), this minimum takes the form of a flat contribution, or

pedestal, which arises from the overall charged-particle activity in the event [24] together

with uncorrelated backgrounds that are hard to model, such as fake tracks in the detector.

The present study focuses on the peak structure, suppressing the influence of the pedestal

on the measurement by performing a subtraction. Since the pedestal subtraction is per-

formed in a corresponding way on the MC models tested, the latter do not need to model

– 4 –

 arXiv:1203.3100 [hep-ex] (submitted to JHEP)
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Two-particle angular correlation

 Measurement of  two-particle angular correlations in 
pseudorapidity (η) and azimuthal angle (ϕ) for charged particles.

which favours higher �⌘ values compared to the non-di↵ractive contribution. Second, the

e↵ect of any track reconstruction ine�ciency is larger in low multiplicity events compared

to high multiplicity events because a small number of mis-reconstructed tracks has a pro-

portionally larger significance in the former. As an example, consider a low multiplicity

event with a small number of correlated track clusters; the loss of a small fraction of tracks

could easily remove completely one of the track clusters, thus changing the overall correla-

tion. The loss of the same fraction of tracks in a higher multiplicity event is less likely to

remove such a feature; it will instead simply reduce the overall number of track pairs. Cal-

culating a multiplicity independent background distribution, B (�⌘,��), using hdn/d⌘i
ch

,

which is already averaged over all multiplicities, therefore has the advantage of diluting

the e↵ect of the experimentally more troublesome lower multiplicity events. Such an ap-

proach slightly reduces the sensitivity of the observable to di↵raction. However, di↵raction

is not the motivation for this measurement. The final expression used for the inclusive

two-particle correlation function is then given by

R (�⌘,��) =
h(n

ch

� 1)F (n
ch

,�⌘,��)i
ch

B (�⌘,��)
� hn

ch

� 1i
ch

. (2.6)

In practice, the expression h(n
ch

� 1)F (n
ch

,�⌘,��)i
ch

is constructed by taking each

pair of particles within a single event, calculating their absolute ⌘ and � separations and

filling one quadrant of a two-dimensional distribution at those values using a weight of

2/n
ch

. The other three quadrants are filled by reflection, making the distribution symmetric

around (0,0). This distribution is normalised by dividing each bin by the number of events

entering the distribution. The background is determined by taking random pairs of events

and, for each particle in one event, the |�⌘| and |��| values with each particle in the other

event are calculated and used to fill another two-dimensional distribution, in the same way

as done to the foreground distribution, which is then normalised to unit integral.

Projections of the two-dimensional correlation function along both �⌘ and �� help

reveal more details of the structure of the correlations and permit easier comparisons

with di↵erent models. These projections are calculated by first integrating separately the

foreground and the background distributions before taking the ratio between the two, and

normalising with the average track multiplicity.

3 The ATLAS detector

The ATLAS detector [6] is one of the two general-purpose detectors at the LHC [7]. Colli-

sion events are reconstructed by layers of tracking, calorimeter and muon systems covering

almost the whole solid angle around the collision point. For the analysis presented in this

paper, the tracking detectors and trigger systems are the most relevant.

At the centre of ATLAS lies the inner detector (ID), which is responsible for recon-

structing the trajectories and measuring the transverse momenta of charged particles and

reconstructing the vertices from which they originate. The ID has complete azimuthal cov-

erage and consists of three sub-systems, which cover the pseudorapidity range of |⌘| < 2.5.

– 4 –

 Two-particle angular correlation is defined as:

 Observable is sensitive to the underlying mechanisms of  soft particle production.

- correlations between final states can indicate a common origin of  production. 

- gives indication about multi-particle dynamics in heavy-ion collisions.

21 November 2011 M. Leyton, MPI@LHC 25

Two-particle correlations

● Sensitive to underlying mechanisms for soft particle production

– Correlations between final states can indicate a common origin of production

– Gives indication about multi-particle dynamics in HI

● Two-particle angular correlation function:

Foreground (F): all particle pairs in 
same event (correlated + uncorrelated 

pairs)

Background (B): particle pairs from 
different events (uncorrelated pairs)

Event i

Event j

Δη, Δφ

Δη, Δφ

 arXiv:1203.3549 [hep-ex] (submitted to JHEP)
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(a)

(c)

(b)

(d)

Figure 5. Corrected R(�⌘,��) two-particle correlation functions at
p
s = 7 TeV for n

ch

� 2 (a)
data and (b) Monte Carlo (AMBT2B), and for n

ch

� 20 (c) data and (d) Monte Carlo (AMBT2B).
These plots are symmetric around �⌘ = 0 by construction.

ranges of
�
0 : ⇡

2

�
(near side) and

�
⇡

2 : ⇡
�
(away side). Figure 7 shows that, when only the

near side is included, the peak at (0, 0) becomes narrower, higher and more pronounced,

which indicates a stronger correlation between nearby particles. Tune 4C of pythia 8

provides the best description of the data across the entire �⌘ range for the n
ch

� 2 event

samples at both energies, while the AMBT2B tune provides the most reasonable description

of events for which n
ch

� 20.

The ⌘ correlations on the away side are shown in figure 8, and here most of the tunes

(with the exception of herwig++) display a better agreement with data. The Perugia 2011

tune shows a particularly good agreement with data across the �⌘ range at both collision

energies.

– 15 –

Two-particle angular correlation

“Near-side” correlations: sharp peak 
at (Δη, Δϕ) ≈ (0, 0) can be attributed 
to high-pT processes.

“Away-side” correlations: ridge at 
Δϕ ≈ π can be attributed to 
momentum conservation.

Gaussian ridge: Δη ≈ 0 decay of 
particles with low-pT (decays of 
resonances, strings or cluster 
fragmentation).

MC models are able to predict structure seen in data BUT 
fail to reproduce the strength of  the correlations. 

 arXiv:1203.3549 [hep-ex] (submitted to JHEP)
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Azimuthal ordering of  charged hadrons

 Spectral analysis of  correlations between 
the longitudinal and transverse 
components of  charged hadrons

 Data corrected for detector inefficiencies 
and the measurement is presented at 
particle level.

 Too much correlation in typical MC, for 
high-pT charged particles (top plot), but too 
little correlation for low-pT charged 
particles (bottom plot).

2

II. OBSERVABLE QUANTITY

The presence of azimuthal ordering, stemming from the un-
derlying QCD string structure, is studied for two different
variants of the helix-like ordered gluon field. As suggested
in [12], the azimuthal ordering of hadrons should be observ-
able with the help of a power spectrum defined according to
the expected structure of the helix field. Assuming the break-
up of the string occurs via tunneling [10], with the partons
emerging at rest, the azimuthal direction of the hadron’s in-
trinsic transverse momentum coincides with the phase of the
helix string in the centre of the string piece which forms the
hadron. Hence, the azimuthal opening angle of two direct
hadrons measures the phase difference between two corre-
sponding points along the string, with the transverse plane
defined with respect to the string axis. The analysis takes ad-
vantage of the fact that in soft pp interactions, the QCD strings
tend to be aligned along the beam axis.
In close analogy with [12], where the authors assume the

helix winding is proportional to the rapidity difference be-
tween hadrons, we define the power spectrum

Sη(ξ ) =
1
Nev ∑event

1
nch

|
nch
∑
j
exp(i(ξηj!φj))|2, (1)

where ξ is a parameter and ηj (φj) is the pseudorapidity (az-
imuthal angle) of the j-th hadron, Nev is the number of events,
and nch is the number of charged hadrons in the event. The in-
ner sum runs over charged hadrons in the event and the outer
sum over events in the sample.
It is important to note that the form of the helix field is

not well constrained and that it is possible to find several
parametrisations of the helix field conforming to the assump-
tions made in [12]. One possible scenario [14] corresponds to
a static, regular helix structure with the phase difference Δφ
proportional to the amount of energy stored in the string

Δφ = S κ Δl = S ΔE, (2)

where S is a parameter, κ is the string energy density, Δφ is
the difference in the helix phase between two points along the
string and Δl and ΔE are the length and energy, respectively,
of the string piece separating the two points in the rest frame of
the string. The energy-distance ΔE along the string between
direct hadrons is not directly observable but for well-aligned
hadronic systems, the string can be loosely approximated by
a chain of hadrons ordered in pseudorapidity. For the purpose
of measuring the azimuthal ordering, we thus retain two pa-
rameters for each final hadron: the azimuthal angle φ and the
position X along the chain, evaluated as

Xj = 0.5 Ej+
k<j

∑
k=0

Ek, (3)

where Ek is the energy of the k-th hadron in the chain, and the
position of the hadron is associated with the centre of the cor-
responding string piece. Accordingly, we define an alternative

power spectrum

SE(ω) =
1
Nev ∑event

1
nch

|
nch
∑
j
exp(i(ωXj!φj))|2, (4)

where ω is a parameter. The inner sum runs over
pseudorapidity-ordered charged hadrons in the event.
The presence of a helix-like angular ordering of hadrons of

either type would manifest itself as a peak in the correspond-
ing power spectrum; the position of the peak would indicate
the density of the helix winding. It should be stressed that,
though formally very similar, SE and Sη are only loosely cor-
related. A modified form of the helix string implies a differ-
ence in the experimental signature, such that the presence of
a helix gluon field creating a peak in SE does not necessarily
result in a peak structure in Sη and vice-versa.
The power spectra can also be expressed as a sum of con-

tributions from pairs of hadrons

Sη(ξ ) = 1 +
1
Nev ∑event

1
nch∑i"=j

cos(ξΔηij!Δφij),

SE(ω) = 1 +
1
Nev ∑event

1
nch∑i"=j

cos(ωΔXij!Δφij), (5)

where Δφij = φi! φj is the opening azimuthal angle between
hadrons, Δηij = ηi!ηj is their pseudorapidity difference and
ΔXij = Xi!Xj their energy-distance as defined above. The ab-
sence of correlations corresponds to Sη(ξ )=1 and SE(ω)=1.

III. ATLAS DETECTOR

The ATLAS detector [15] covers almost the entire solid an-
gle around the collision point with layers of tracking detec-
tors, calorimeters and muon chambers. It has been designed
to study a wide range of physics topics at LHC energies. For
the measurements presented in this paper, the trigger system
and the tracking devices are of particular importance.
The ATLAS inner detector has full coverage in φ and cov-

ers the pseudorapidity range |η |< 2.5. It consists of a silicon
pixel detector, a silicon strip detector (SCT) and a transition
radiation tracker (TRT). These detectors are immersed in a 2 T
axial magnetic field. The pixel, SCT and TRT detectors have
typical r–φ position resolutions of 10, 17 and 130 µm, re-
spectively, and the pixel and SCT detectors have r–z position
resolutions of 115 and 580 µm, respectively. A track travers-
ing the full radial extent would typically have 3 silicon pixel
hits, 8 and more silicon strip hits and more than 30 TRT hits.
The ATLAS detector has a three-level trigger sys-

tem: level 1 (L1), level 2 (L2) and the event filter (EF). For
this measurement, the L1 trigger relies on the beam pickup
timing devices (BPTX) and the minimum bias trigger scintil-
lators (MBTS). The BPTX are composed of electrostatic beam
pickups attached to the beam pipe at a distance z = ±175 m
from the center of the ATLAS detector. The MBTS are
mounted at each end of the detector in front of the liquid-
argon endcap-calorimeter cryostats at z = ±3.56 m and are

  arXiv:1203.0419 [hep-ex] (submitted to PRD)
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The underlying event

- At least one selected track or cluster with pT > 1.0 GeV 
(this reduces diffraction significantly,ie. <1% )

 UE characterised by activity in ϕ region 
transverse to the leading particle (= highest pT 
track or cluster)

 Track-based measurement:

‣ Reconstruct ID tracks of  charged particles

‣ Corrections for vertex, trigger and tracking efficiency 
similar as for minimum bias studies

 Cluster-based measurement:

‣ Use energy depositions in calorimeters associated to 
charged and neutral particles

‣ Correct cluster distributions to stable-particle level 
using correction factor derived from MC

‣ Cross-check using data/simulation comparison of  
N(clusters) vs. N(tracks)
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Transverse Number Density 

‣ The number density in data is higher than predicted by any of the MC tunes (also observed 

in comparisons to minimum bias densities).

‣ The difference is more significant at 7 TeV (energy extrapolation!). They get even 
larger as low pT particles are added to the measurement.
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Transverse Sum pT Density

‣ The higher number density in data implies a higher pT density as well.

‣ The summed charged particle pT in the plateau characterises the mean 
contribution of the underlying event to jet energies.
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Transverse Number and Sum pT Density: 
900 GeV vs 7 TeV

‣ Comparing number and sum pT densities for 900 GeV and 7 TeV measurements: 
crucial information for a better understanding on how to model the energy 
extrapolation!
‣ Charged particle density in the UE (plateau) compared to minimum bias (pT>500MeV):

- 900 GeV: 2.5 (UE) vs 1.3 (MB) chg. particles per unit η
- 7 TeV: 5 (UE) vs 2.4 (MB) chg. particles per unit η

‣ UE measurements used to re-tune MC (e.g. AUET1 & AUET2) benefiting from 
information on the energy dependence.
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Conclusions

q  Challenges  presented  by  the  data:

q  Minimum  bias  and  underlying  measurements  have  been  measured  by  ATLAS  at  different  
centre-‐‑of-‐‑mass  energies.  

‣ Diffraction: single and double diffractive interactions contribute to low nch regions. 

q  Data  -‐‑  MC  comparisons  show  there  is  a  need  to  continue  improving  models/MC  
tunings.
‣ new MC tunes using ATLAS data have already been produced. This benefits from 

several observables as well as multiple points at different √s.

‣ new results on particle correlations expose strengths and weaknesses of MC models

‣ measurements are presented with well defined phase-space selection & corrected 
back to “particle level” (i.e. directly comparable to MC predictions)

‣ Low-pT particle production. Models tuned to measurements made with higher pT 
particles fail to describe the low pT data.

‣ very useful for preparations for 2012 data taking (8 TeV).

‣ non-perturbative dynamics still very challenging: MPI, colour reconnection, etc.
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Extra material...
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Pile-up events

20 vertices 

2 vertices 
reconstructed!

4 vertices 

7 vertices 

2010 2011
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Minimum Bias Trigger Scintilator

Segmented into 16 counters on each 
side.

Plastic scintillator planes connected 
to photomultiplier tubes.

Highly efficient trigger on charged 
particles.

MBTS is the primary Minimum Bias 
trigger.

‣ 2.1 < |η| < 3.8

MBTS
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Charged particle density in η: 
√s=900 GeV, 2.36 TeV and 7 TeV

‣ Measurements at different c.m. energies are crucial for an accurate 
understanding (prediction) of  the evolution of  inelastic hadronic processes.
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Measuring the inelastic cross-section at 
√s = 7 TeV with ATLAS

‣ Measurement made with data from first stable fill in 2010 (~21μb-1) using the MBTS 
to select inelastic collisions.  Extrapolation done using MC models for diffraction.

 σinel = 57.2 ± 6.3 mb. 

 Nature Comm 2 (2011) 463 
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Azimuthal ordering of  charged hadrons

  arXiv:1203.0419 [hep-ex] (submitted to PRD)
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The underlying event: ATLAS measurement

‣ Event selection:

- Single-arm trigger: require ≥ 1 MBTS counter to fire on either side

- At least one primary vertex reconstructed (constrained by the beam-spot)

- No additional primary vertices

Measuring “minimum bias” events at ATLAS

‣ Data:

- 900 GeV sample: ~455K events / ~7 μb-1 (PLB March’10)

- 7 TeV sample: ~10M events / ~190 μb-1 (arXiv:1012.5104v2 [hep-ex] )

- Phase space:

Nchg |η| pT

> 1 2.5 > 500 MeV

> 2 2.5 > 100 MeV

> 6 2.5 > 500 MeV

- 2.36 TeV sample: 8,151 events / ~0.1 μb-1 (arXiv:1012.5104v2 [hep-ex] )

(most inclusive)
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The underlying event: ATLAS measurementMeasuring “minimum bias” events at ATLAS

‣ Number of events & tracks in the three phase-space regions:

Phase spacePhase space √s = 900 GeV
Full tracks

√s = 900 GeV
Full tracks

√s = 7 TeV
Full tracks
√s = 7 TeV
Full tracks

√s = 2.36 TeV
ID Tracks

√s = 2.36 TeV
ID Tracks

Nchg
min pT

(MeV)
Events Tracks Events Tracks Events Tracks

> 2 100 357K 4.5M 10M 209M - -

> 1 500 334K 1.9M 9.6M 97M 5.9K 39K

> 6 500 125K 1.3M 5.4M 86M - -

Trigger efficiency ~99% (slightly lower for low-pT analysis)
Cosmic ray background < 10-6 and beam backgrounds <0.1%
Pile-up removal ~0.2%, residual rate from pile-up ~0.01%
“Peak” luminosity for the 7 TeV data in this analysis: 1.9 x 1027 cm-2s-1
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Brief  comment on MC tunes...

 AMBT1, AMBT2: PYTHIA6 tune (“new” MPI model: pT ordered) developed by 
ATLAS. Focus on minimum bias results for both 900GeV and 7 TeV. 

 DW: PYTHIA6 tune (“old” MPI model: virtuality ordered) developed by CDF. Drell-Yan 
CDF measurements 

 PYTHIA8: new diffraction model with harder component.

 PHOJET: alternative model to the PYTHIA based tunes. PHOJET is based on 
DPM.

 MC09: ATLAS reference tune for PYTHIA6 tune (“new” MPI model: pT ordered). 
“Pre-LHC” tune! 

 AUET1, AUET2: PYTHIA6 (from AUET2 and newer) and HERWIG+JIMMY tunes 
developed by ATLAS. Focus on underlying event results for both 900GeV and 7 
TeV. 


