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THE BIG 
PICTURE

Separation of scales
Just Living Like This with Lyme
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DIFFERENT PHENOMENA HAPPEN AT DIFFERENT TIME-SCALES
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DIFFERENT PHENOMENA HAPPEN AT DIFFERENT TIME-SCALES

Red: Hard Scattering

Blue: Parton Shower

Purple: softer Underlying Event

Green: Hadronization

Dark Green: Hadron Decays



HARD SCATTERING

Typically a 2 → 1 or 2 → 2 process

2 → 22 → 1

σn-bodies ~ αn ⇒ start considering process with lowest number of interactions
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AN EXAMPLE
A heavy  muon
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Figure 1: Simulated pp! �̃+1 �̃�1 + jet event, with long-lived charginos. The �̃+1 decays into a low-momentum pion
and a �̃0

1 after leaving hits in the four pixel layers.

Two signal processes are studied in this paper. One search targets direct electroweak gaugino pair
production where the final state contains a disappearing track, a jet from initial state radiation, and E

miss
T .

The second search targets gluino pair production with a final state composed of a disappearing track, four
jets, and E

miss
T .

This paper is organised as follows. A brief overview of the ATLAS detector is given in Section 2. In
Section 3, the signal processes (electroweak pair-production of charginos and strong pair-production of
gluinos) are described. The data samples used in this analysis and the simulation model of the signal
processes are described in Section 4. The reconstruction algorithms and event selection are presented in
Section 5. The analysis method is discussed in Section 6. The systematic uncertainties are described in
Section 7. The results are presented in Section 8. Section 9 is devoted to conclusions.

2 The ATLAS detector

ATLAS [18] is a multipurpose detector with a forward-backward symmetric cylindrical geometry, covering
nearly the entire solid angle around a collision point of the LHC.2 The inner tracking detector (ID) consists
of pixel and micro-strip silicon detectors covering the pseudorapidity region of |⌘ | < 2.5, surrounded
by a transition radiation tracker (TRT), which improves the momentum measurement and enhances
electron identification capabilities. The pixel detector spans the radius range from 3 to 12 cm, the strip
semiconductor tracker (SCT) from 30 to 52 cm, and the TRT from 56 to 108 cm. The pixel detector has
four barrel layers and three disks in the forward and backward directions. The barrel layers surround the
beam pipe at radii of 33.3, 50.5, 88.5, and 122.5 mm, covering |⌘ | < 1.9. These layers are equipped with
pixel read-out elements with a pitch of 50 µm in the transverse direction. The pitch sizes in the longitudinal
direction are 250 µm for the first layer and 400 µm for the other layers. The innermost layer, the insertable
B-layer [19, 20], was added during the first long shutdown, and improves the reconstruction of short tracks

2 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point in the centre of the detector.
The positive x-axis is defined by the direction from the interaction point to the centre of the LHC ring, with the positive y-axis
pointing upwards, while the beam direction defines the z-axis. Cylindrical coordinates (r, �) are used in the transverse plane, �
being the azimuthal angle around the z-axis. The pseudorapidity ⌘ is defined in terms of the polar angle ✓ by ⌘ = � ln tan(✓/2)
and the rapidity is defined as y = (1/2) ln[(E + pz )/(E � pz )] where E is the energy and pz the longitudinal momentum of
the object of interest.
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MUON AND NEUTRON LIFE-TIME

τ ∼ 900 s

τ ∼ 10-6 s

Γ ∼ 1/τ ~ GF(mn -mp )5

τ ∼ 0.1 ns ⇒ cτ =3 cm

Mass of χ+ ~ 100 GeV - 1 TeV



HOW TO SEARCH FOR IT?



ELECTRON-POSITRON COLLISION
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Figure 4: Sketch of the di erent background components to the search for pixel tracklets. Thin solid and dotted
red lines show trajectories of charged and neutral particles respectively. Thick blue lines show reconstructed pixel
tracklets. (a) A hadron undergoing a hard scattering can yield track segments in the pixel and SCT detector that are
not recognised as belonging to the same track, thus faking a disappearing tracklet. (b) A lepton emitting hard photon
radiation could be identified as a disappearing tracklet through a similar mechanism. (c) Finally, a disappearing
tracklet can arise from a random combination of hits created by di erent nearby particles.

6.1 Signal and background templates

The main SM background processes for the two analysis channels are from tt and W+jets (with W ! e⌫, ⌧⌫)
production, where the electrons or the hadrons, usually pions, come from the ⌧ leptons. Hadrons or leptons
can be classified as a tracklet if they interact with the detector material and any hits in the tracking detectors
after the pixel detector are not associated to the reconstructed track. This may happen because of severe
multiple-scattering, hadronic interactions or, in the case of leptons, bremsstrahlung. Another category
of background is fake tracklets, which originate from random combinations of hits from more than two
particles. A schematic view of the three background categories are shown in Figure 4.

Templates for these backgroud components are estimated from data. The pT spectra of hadrons and leptons
scattered by the ID material are estimated from the pT distribution of tracks associated to non-scattered
hadrons and leptons, selected in dedicated control samples, by smearing them to take into account the
poor pT resolution of pixel tracklets. The pT spectrum shape of the fake component is also obtained in a
dedicated control region.

The smearing function is extracted from Z ! µµ events in data by re-fitting the muon candidate track
using only the hits in the pixel detector. The Z ! µµ events are selected by single muon triggers and
by requiring two opposite sign muons with di erence in azimuthal angle larger than 1.5, and with an
invariant mass between 81 GeV and 101 GeV. The q/pT resolution of pixel tracklets is calculated from
the distribution of the di erence between the q/pT of the pixel tracklet and the original standard track.
This distribution is shown in Figure 5 (a). The q/pT di erence distribution is modelled by the following
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EVENT 
GENERATION

https://launchpad.net/mg5amcnlo



HOW TO RUN THE HARD SCATTERING EVENT GENERATOR

➤ qsub -I -l host=wn-01-01-01.cluster.roma3 

➤ wget https://launchpad.net/mg5amcnlo/2.0/2.6.x/
+download/MG5_aMC_v3.0.0.beta.tar.gz 

➤ tar zxf MG5_aMC_v3.0.0.beta.tar.gz 

➤ python -V      #check python version is 2.7  

➤ cd MG5_aMC_v3_0_0 

➤ ./bin/mg5_aMC

https://launchpad.net/mg5amcnlo/2.0/2.6.x/+download/MG5_aMC_v3.0.0.beta.tar.gz
https://launchpad.net/mg5amcnlo/2.0/2.6.x/+download/MG5_aMC_v3.0.0.beta.tar.gz
https://launchpad.net/mg5amcnlo/2.0/2.6.x/+download/MG5_aMC_v3.0.0.beta.tar.gz


HOW TO RUN THE HARD SCATTERING EVENT GENERATOR

➤ MG5_aMC> tutorial  

➤ MG5_aMC> help import 

➤ MG5_aMC> import model MSSM_SLHA2 

➤ MG5_aMC> display particles x1+
Particle x1+ has the following properties: 
{ 
    'name': 'x1+', 
    'antiname': 'x1-', 
    'spin': 2, 
    'color': 1, 
    'charge': 1.00, 
    'mass': 'mdl_Mch1', 
    'width': 'mdl_Wch1', 
    'pdg_code': 1000024, 
    'line': 'straight', 
    'propagator': '', 
    'is_part': True, 
    'self_antipart': False, 
    'type': '', 
    'counterterm': {} 
}



HOW TO RUN THE HARD SCATTERING EVENT GENERATOR

➤ MG5_aMC> generate e+ e- > x1+ x1- 

➤ MG5_aMC> launch

The following switches determine which programs are run:

/=================== Description ===================|============= values ==============|======== other options ========\

| 1. Choose the shower/hadronization program        |        shower = Not Avail.        |     Please install module     |

| 2. Choose the detector simulation program         |      detector = Not Avail.        |     Please install module     |

| 3. Choose an analysis package (plot/convert)      |      analysis = Not Avail.        |     Please install module     |

| 4. Decay onshell particles                        |       madspin = OFF               |     ON|onshell                |

| 5. Add weights to events for new hypp.            |      reweight = OFF               |     ON                        |

\=======================================================================================================================/



HOW TO RUN THE HARD SCATTERING EVENT GENERATOR
Do you want to edit a card (press enter to bypass editing)? 

/------------------------------------------------------------\ 

|  1. param : param_card.dat                                 | 

|  2. run   : run_card.dat                                         | 

\------------------------------------------------------------/

BLOCK MASS #

…      

1000024 1.816965e+02 # mch1

# Running parameters

…      

     1500.0     = ebeam1  ! beam 1 total energy in GeV

     1500.0     = ebeam2  ! beam 2 total energy in GeV

more information in /storage/DATA-05/gridrm3/franceschini/Particelle/MG5_aMC_v3_0_0/HardScattering/index.html



HOW TO RUN THE HARD SCATTERING EVENT GENERATOR



HOW TO RUN THE HARD SCATTERING EVENT GENERATOR



HOW TO RUN THE HARD SCATTERING EVENT GENERATOR



GOODIES
➤ cat /proc/cpuinfo #to see how many cpu you have on the node 

➤ w #to see how many computing resources are used in the node 

➤ ssh -fnNT -L 2022:ui-01.roma3.infn.it:22 
USERNAME@amaldi.fis.uniroma3.it #to open a ssh tunnel 

➤ sshfs -p 2022  
USERNAME@127.0.0.1:PATH_YOU_WANT_TO_ACCESS ~/
ssh_local #to mount locally the remote folder accessible only from ui-01, 
you need to install sshfs 

➤ open -a Google\ Chrome.app /Users/roberto/ssh_local #if you 
use Chrome on Mac OS X 

➤ https://twiki.cern.ch/twiki/bin/view/CMSPublic/MadgraphTutorial

https://twiki.cern.ch/twiki/bin/view/CMSPublic/MadgraphTutorial


LES 
HOUCHES 

FILE FORMAT
hep-ph/0609017 - A standard format for Les Houches Event Files 
http://arxiv.org/abs/hep-ph/0609017



LHEF LIBRARIES

➤ http://home.thep.lu.se/~leif/LHEF/  for C++  

➤ https://github.com/lukasheinrich/pylhe for Python 

➤ http://pdg.lbl.gov/2017/reviews/rpp2017-rev-monte-carlo-
numbering.pdf

2) Event information, repeated as many times as there are events  

a) one line with common event information:  

NUP IDPRUP XWGTUP SCALUP AQEDUP AQCDUP 

 
b) NUP lines, one for each particle I in the range 1 through NUP  

IDUP(I) ISTUP(I) MOTHUP(1,I) MOTHUP(2,I) ICOLUP(1,I) 
ICOLUP(2,I) PUP(1,I) PUP(2,I) PUP(3,I) PUP(4,I) PUP(5,I) 
VTIMUP(I) SPINUP(I)  

http://home.thep.lu.se/~leif/LHEF/
https://github.com/lukasheinrich/pylhe
http://pdg.lbl.gov/2017/reviews/rpp2017-rev-monte-carlo-numbering.pdf
http://pdg.lbl.gov/2017/reviews/rpp2017-rev-monte-carlo-numbering.pdf


LHEF EVENTS 

<event> 

 4      1 +2.1222900e-01 6.00000000e+02 7.81653100e-03 9.20023900e-02 

      -11 -1    0    0    0    0 +0.0000000000e+00 +0.0000000000e+00 +3.0000000000e+02 3.0000000000e+02 0.0000000000e+00 0.0000e+00 1.0000e+00 

       11 -1    0    0    0    0 -0.0000000000e+00 -0.0000000000e+00 -3.0000000000e+02 3.0000000000e+02 0.0000000000e+00 0.0000e+00 -1.0000e+00 

  1000024  1    1    2    0    0 -3.5774676505e+01 +6.6624747301e+01 +1.0668324877e+02 3.0000000000e+02 2.7000000000e+02 0.0000e+00 1.0000e+00 

 -1000024  1    1    2    0    0 +3.5774676505e+01 -6.6624747301e+01 -1.0668324877e+02 3.0000000000e+02 2.7000000000e+02 0.0000e+00 -1.0000e+00 

</event> 

2) Event information, repeated as many times as there are events  

a) one line with common event information:  

NUP IDPRUP XWGTUP SCALUP AQEDUP AQCDUP 

 
b) NUP lines, one for each particle I in the range 1 through NUP  

IDUP(I) ISTUP(I) MOTHUP(1,I) MOTHUP(2,I) ICOLUP(1,I) 
ICOLUP(2,I) PUP(1,I) PUP(2,I) PUP(3,I) PUP(4,I) PUP(5,I) 
VTIMUP(I) SPINUP(I)  

px py pz E mID status



ANALYSIS
With Jupyter



ALL IN ONE SOLUTION



NOTEBOOKS INTERFACE

➤ jupyter notebook --no-browser

Copy/paste this URL into your browser when you connect for the first time, 

    to login with a token: 

        http://localhost:8888/?token=0c332205b79a1ebdc9cc80b7a890f620b96893abe1c7ffaf



PHYSICS LIBRARY

➤ https://github.com/lukasheinrich/lorentz/ 

➤ https://github.com/RobertoFranceschini/PyLHEAnalysis

https://github.com/lukasheinrich/lorentz/
https://github.com/RobertoFranceschini/PyLHEAnalysis

