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C h i p p  i n  A  n U t S h e l l :

CHIPP is an Association according to Swiss law 
and – since 2012 – a member society of the 
Swiss Academy of Natural Sciences SCNAT. 

The purpose of the CHIPP Association is to 
strengthen particle, astroparticle and nuclear 
physics in Switzerland by being active in particu-
lar in the following fields:
a. To help towards a successful participation 

of Swiss groups in projects;
b. To advise the Universities/ETHs on vacant 

professorships and academic strategies, 
and 

c. To ensure a proper Swiss representation in 
relevant national and international bodies.

d. To promote public awareness on particle, 
astroparticle and nuclear physics.

The CHIPP Association is organized as a two-
level system: 
•	 the	 strategic	 level	 comprises	 the	 Plenary	

meeting – the supreme body of the Associa-
tion – and the Board, where all Professors 
active in particle, astroparticle and nuclear 
physics assemble. Subcommittees are 
 dealing with specific issues.

•	 the	operational	 level,	where	the	day-to-day	
business of the Association is handled by 
the Executive Board composed of the Chair-
man and up to three Vice-Chairs.

Members of the CHIPP Association are the 
 par ticle, astroparticle and nuclear physicists 
 holding a Master in physics and working for a 
Swiss institution, as well as the Swiss PhD 
 nationals working at CERN.

For further and more detailed information see 
www.chipp.ch. 
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i n t r o d U C t i o n

Prof. Ulrich Straumann,  
Project leader of the C15 project.

The Workshop, hosted by the Physik-Institut of 
the University of Zurich-Irchel was dedicated 
to the LHC1 activities of Swiss research groups. 
It was organised by CHIPP2 and the ‘Swiss Cen-
tre for Advanced Studies in Particle Physics in 
the LHC Era’. In 2007, the promoters had pro-
posed to create such a Centre, which would – 
among other activities – create scholarships 
of highest international reputation aiming to 
attract the best young scientists worldwide to 
study in Switzerland. The proposal had been 
accepted by the SUK (Schweizerische Univer-
sitätskonferenz) and the ETH-Rat under the 
 label ‘C15’. 

The purpose of this Workshop was to bring to-
gether the achievements of the C15 PostDocs 
working for and funded by the Centre3 as well 
as the PhD student students associated with 
the Centre’s work and funded by SNF’s ProDoc 
graduate school programme. After 2/3 of the 
period covered by the SUK/ETH-Rat funds has 
elapsed, it seemed the right time take stock of 
the achievements and results of the people 
involved. 

CHIPP was (and still is) convinced that the 
combined effort of all involved Swiss universi-
ties4 is essential to maintain a high quality of 
education for graduate and post-graduates 
students in a cost efficient way. Therefore, the 
PostDocs and PhD students have been 
 assigned to the existing research groups for 
their research work. For their daily scientific 
work, the PostDocs follow the guidelines of 
their individual university group leader. In 
 addition to their own work, they supervise the 
activities of the PhD students who are 

 assigned to him/her. Further, PostDocs con-
tribute to the education programme of the 
school by teaching (on specific topics) and by 
leading exercise sessions. 

Seen under this angle, the six PostDocs and 
six PhD students presented in this workshop a 
very interesting and representative sample of 
the Swiss universities’ work associated with 
the LHC. Their work covered all LHC detectors 
with Swiss participation (ATLAS, CMS, LHCb) 
as well as Theory, but did not – as it is usually 
the case – show in a very equilibrated way the 
work of a whole collaboration but focussed on 
the speakers’ own contributions during the 
past few years, covering all aspects including 
detector operation, maintenance and perfor-
mance, analysis achievements and computing 
service experience. In this way, the individual 
activities of each of the beneficiaries of the 
Centre’s funds became very visible and it was 
a very rewarding moment to see that the 
 Centre’s goals and aims had worked out so 
well.

In more detail the analysis results show the 
importance of:

– well understanding the functioning of the 
triggers to increase their efficiency but at the 
same time choosing the right one to filter 
out the dominating multijet background 
without loosing in parallel also the interest-
ing supersymmetry events decaying in many 
jets. In order to achieve this goal, several 
updates had been introduced to the ATLAS 
triggering system in 2010 (Ancu [PostDoc], 
Agustoni [PhD student], both ATLAS);

1 large hadron Collider, the 
collider operating at present at  
the Cern in geneva .

2 Swiss institute of particle physics 
(www .chipp .ch) 

3 the Centre’s funds come from the 
SUK (Schweizerische Universitäts-
konferenz) and the eth-rat and 
amount to 3 .3 MChf for the period 
2008-2012

4 the term Universities is used 
according to the Swiss law on 
promoting the Swiss law for the 
promotion and coordination of 
higher education institutions and 
comprises the Cantonal Univer-
sities as well as the federal 
institutes of technology .
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trons have been identified by the ATLAS 
 detector and to identify the production rate 
of electrons from the decay of hadrons 
(Pásztor [PostDoc], ATLAS);

– looking in detail into specific methods of 
the vast supersymmetry search programme 
of the CMS. A novel method – the so called 
jet-Z balance – was first used in the 2011 run 
of the LHC in final states. No signs of super-
symmetry particles have been found yet, but 
these methods were shown to be very sensi-
tive for such searches (Ronga [PostDoc], 
CMS);

– being able to accurately identify jets con-
taining b quarks. The characteristic proper-
ties of b-hadron decays were exploited and 
excellent agreement found with the detector 
simulation. The performance of the b-tag-
ging algorithms has now been measured to 
a precision of better than 10 % (Schmidt 
[PostDoc], CMS);

– disposing of precise theoretical predictions 
for the relevant observables used for the 
LHC data analysis. To deeper understand 
the electroweak sector of the Standard 
 Model of particle physics, work has started 
to calculate the production rate of a pair of 
vector bosons (Tancredi [PhD student], 
 Theory);

Furthermore operation experience with the 
highly sophisticated detector elements was 
reported:

– knowing the performance of the detector 
 elements, like the Silicon Tracker at LHCb, 
where the data collected in 2010 has been 
used to determine the optimal time and 
spatial alignment of the detectors, the 
 intrinsic efficiency and resolution, and of 
the radiation damage (Tobin [PostDoc], 
LHCb). 

– the alignment of the LHCb detector and 
more specifically of its tracker elements. A 
new procedure using data recorded without 
magnetic field has been developed and 
 introduced for this unusual geometrical 
 arrangement of the LHCb spectrometer 
 (Dupertuis [PhD student], LHCb);

– simulating standard model physics events 
in large samples thereby cooperating close-
ly with the Swiss CSCS Computing Centre 
and the German cloud computing grid (Gou-
lette [PostDoc], ATLAS and computing);

– measuring the inelastic proton-proton colli-
sion cross section, in particular the so called 
strangeness production. This offers also a 
probe for testing the production models and 
some sensitivity to new physics (Muresan 
[PostDoc], LHCb);

– deepening the understanding of the diffrac-
tive processes in proton-proton collision, 
which leave a large part of the detector with-
out particle deposition. The detailed study 
underway discriminating experimentally 
 between diffractive and non-diffractive 
 interactions will deepen the understanding 
of these processes, which lack a precise 
 description in theory and in simulations 
(Sanchez [PhD student], CMS);

– disposing of suitable discriminators to filter 
signal-like events out from the background. 
A kinematical variable based solution has 
been developed for the search of supersym-
metry particle produced in proton-proton 
collision recorded with CMS (Nef [PhD stu-
dent], CMS);

– reconstructing electrons for both the precise 
measurement of known particles and for the 
search for new ones. Measurement methods 
had been developed and extensively used 
to establish the efficiency with which elec-



 6 

– understanding the aging process of the 
commercially produced near-infrared lasers 
used for the optical fibres that link the de-
tection modules with the off-detector data 
acquisition unit. When studying the power 
spectra of lasers in different conditions, 
 humidity was identified as an important 
 degrading factor (Rosbach [PhD student], 
ATLAS);

The presentations explained many details of 
the immensely complicated detector opera-
tion and analysis activities. They triggered 
lively discussions and resulted in a very good 
atmosphere of communication. It has certainly 
been rewarding for the young scientist to pre-
sent and highlight their achievements in the 
Centre’s PostDoc and PhD programme. It will 
be discussed at the CHIPP Board if the Swiss 
PostDocs and PhD students should be brought 
together regularly in this kind of events. This 
would contribute to establishing transversal 
structures between the main directions of 
 existing and future research efforts in Switzer-
land.

sign. Ulrich Straumann

 6  i n t r o d U C t i o n
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28/29 July 2011, Physik-Institut, Universität Zürich-Irchel, Raum 16 G 15

Presentation of the results and achievements of the PostDocs and PhD students working for the 
‘Centre of Advanced Studies in Particle Physics in the LHC Era’ (C15).

Thursday, 28 July 2011

14:00–14:10 Opening remarks Ulrich Straumann
14:10–14:35 SUSY searches in di-lepton events at CMS Frédéric Ronga
14:35–15:00 Searches for supersymmetry in hadronic final  
 states with the CMS detector Pascal Nef
15:00–15:25 Jet triggers studies for Supersymmetry searches 
 in the ATLAS experiment at LHC Marco Agustoni
15:25–15:50 Performance of the LHCb Silicon Tracker Marc Tobin
15:50–16:15 Y Alignment of the LHCb Tracker Frédéric Dupertuis
16:15–16:40 Diffraction at CMS  Ann-Karin Sanchez 

16:40–17:15 Coffee break 

17:15–17:45 X-ray Phase Contrast Imaging by Grating Interferometry Vincent Revol 5

Friday 29 July 2011

09:00–09:25 Contribution to the ATLAS experiment, CERN and the UniGE Marc Goulette
09:25–09:50 Study of TX-VCSEL failures in the SCT subdetector at ATLAS Kilian Rosbach
09:50–10:15 Towards two-loop corrections for vector boson pair production Lorenzo Tancredi

10:15–10:45 Coffee break 

10:45–11:10 Strangeness production studies at LHCb Raluca Muresan
11:10–11:35 Electron performance and inclusive electron cross-section
 measurements with the ATLAS detector Gabriella Pasztor
11:35–12:00 Jet Triggering at ATLAS Lucian Ancu

12:00–12:10 Concluding remarks Ulrich Straumann

Swiss Institute of
Particle Physics

5 vincent revol’s thesis defence 
was not part of the Centre’s 
activities, but included for 
organisational reasons . no further 
details are provided in this 
brochure .
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Frédéric Ronga (PostDoc), ETH Zurich
SUSY searches in di-lepton events at CMS
One of the aims of the LHC is to shed light on 
the shortcomings of the current theory that 
 describes particle physics phenomena, known 
as the “standard model” (SM). One of the 
most popular candidate theories that goes be-
yond the SM is called supersymmetry (SUSY). 
This theory answers many of the open ques-
tions of the SM, and predicts a rich spectrum 
of new particles that could potentially be seen 
at the LHC. SUSY searches are, therefore, one 
of the main focuses of the LHC experiments. In 
this talk, we present the SUSY search pro-
gramme of the CMS experiment and put in per-
spective one of the searches, in a particular 
final state. This search uses a novel method 
that was first applied on CMS data in 2011. No 
sign of SUSY is found yet, but prospects for the 
future are promising.

Pascal Nef (PhD student), ETH Zurich 
Searches for supersymmetry in hadronic final 
states with the CMS detector 
Supersymmetry is one of the most popular ex-
tensions of the Standard Model (SM) of par-
ticle physics: the theory that summarizes our 
current understanding of the fundamental par-
ticles and their interactions. The CMS experi-
ment at the Large Hadron Collider is well 
 suited to probe physics beyond the SM, 
 including supersymmetry. In this talk, a search 
for supersymmetric particles produced in 
 proton-proton collisions recorded with the 
CMS experiment is presented. This search is 
based on a kinematic variable suitable to 
 discriminate signal-like events from the large 
SM backgrounds. The search strategies as well 
as the data-driven methods to predict the 
Standard Model backgrounds are discussed.

Marco Agustoni (PhD student),  
University of Bern
Jet triggers studies for Supersymmetry 
searches in the ATLAS experiment at LHC
This talk focuses on selecting interesting 
events with the Atlas Experiment at the Large 
Hadron Collider. Because of the high frequen-
cy of interaction between the protons pro-
ducing about 40 million events per second, it 
is impossible to record all of them without a 
filter called “trigger”. A special type of trigger, 
which combines the energy information of 
multiple jets (which are bunches of particles 
flying roughly in the same direction) is particu-
larly suitable for searches for supersymmetry 
which predicts the existence of new particles. 
The results of studies I made using the new 
LHC collisions recorded in 2011 are shown.

Mark Tobin (PostDocs), University of Zurich
Performance of the LHCb Silicon Tracker
The LHCb experiment is one of four major ex-
periments at CERN’s Large Hadron Collider 
(LHC). It aims to understand the differences 
between matter and anti-matter that are ob-
served in our (matter dominated) universe. 
This is done by using the LHC to recreate the 
conditions that existed when the universe was 
a hundredth of a billionth of a second old. 
Beams of protons are accelerated to almost 
the speed of light and then smashed into each 
other to produce new particles, for example, b 
and anti-b quarks. These particles rapidly de-
cay to a range of other particles which then 
pass through the different parts of the LHCb 
detector. Each of these particles leaves a 
 characteristic signature in the different mate-
rials of the various LHCb sub-systems and 
these signatures can be used to reconstruct 
the path of the particles analogous to the way 
that high flying aeroplanes can be traced by 
the trail of water vapour they leave behind. 
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The talk shows the performance of the one of 
the sub-detectors – the LHCb Silicon Tracker 
– which is used to reconstruct the trajectory of 
charged particles as they pass through the de-
tector. These trajectories together with signals 
from other sub-detectors are ultimately com-
bined to reconstruct the original particles pro-
duced in each collision.

Frédéric Dupertuis (PhD student),  
EPF Lausanne
Y Alignment of the LHCb Tracker
The LHCb experiment is designed to perform 
high-precision measurements of the so-called 
CP violation (which indicates that the laws of 
physics must have acted differently for matter 
and antimatter) and of rare decays of B had-
rons at the Large Hadron Collider. The current 
LHCb alignment procedure is not able to re-
trieve correctly and accurately the vertical po-
sition of the LHCb tracker elements. A new 
procedure has been found to deal with vertical 
alignment using track extrapolation using data 
recorded without magnetic field. The method 
and selected results are presented.

Ann-Karin Sanchez (PhD student), ETH Zurich 
Diffraction at CMS
A considerable fraction of the proton-proton 
collisions at the LHC can be ascribed to so-
called diffractive processes. These processes 
have the particular characteristic of leaving a 
large part of one of the detector hemispheres 
without particle deposition. This very clear 
 signature serves as an experimental handle to 
discriminate between diffractive and non- 
diffractive interactions. A detailed study of 
such collisions can be used to deepen the 
 understanding of these processes which so far 
lack a precise description as much in theory  
as in simulations.

Marc Goulette (PostDoc), University of Geneva 
Contribution to the ATLAS experiment, CERN 
and the University of Geneva

The talk focuses on the production of some 
important standard physics processes using a 
specific particle generator. In addition, tests 
and checks of the availability, performances 
and general status of the Swiss Tier2 Comput-
ing node at the CSCS in Lugano are presented 
and the link between CERN, the computing 
grid in Germany ‘Cloud’ and the University of 
Geneva are described. Thirdly, the 2011 geo-
metry and materials changes for one detector 
of the ATLAS experiment are explained.

Kilian Rosbach (PhD student),  
University of Geneva 
Study of TX-VCSEL failures in the SCT sub-
detector at ATLAS
The semi conductor tracker (SCT), part of the 
ATLAS inner detector, consists of four concen-
tric cylinders of 1.5 m length and up to about 1 
m in diameter, as well as nine disks at each 
side of the cylinders. Inner and outer surfaces 
are covered with 4088 rectangular modules, 
each comprising 768 silicon strips which de-
tect passing charged particles. Communi-
cation between modules and off-detector data 
acquisition is done via optical fibres. The near-
infrared lasers that are generating the optical 
signals fail at an increasing rate, frequent re-
placements are necessary. Power spectra of 
lasers in different conditions were studied, 
and the aging process was characterized. 
 Humidity was identified as an important de-
grading factor. Possible solutions are under 
discussion.
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Lorenzo Tancredi (PhD student), 
University of Zurich 
Towards two-loop corrections for vector  boson 
pair production
One of the most outstanding tasks at the LHC 
is achieving a deeper understanding of the 
electroweak sector of the Standard Model of 
Particle Physics, and in particular of the so 
called Spontaneous Symmetry Breaking 
 mechanism, which seems to provide all the 
known particles with their masses. Now, al-
most three years after the official start of the 
LHC physics programme, a huge amount of ex-
perimental data has already been collected 
and is under analysis. To allow a sensible com-
parison between such precise experimental 
results and the underlying theory, we need 
now more than ever precise theoretical pre-
dictions for the relevant observables. In this 
framework, the aim of my PhD project is the 
calculation of the production rate of a pair of 
vector bosons, which are the particles that 
mediate the electroweak interaction.

Raluca Muresan (PostDoc), EPF Lausanne 
Strangeness production studies at LHCb
The Standard Model (SM) explains the particle 
physics in terms of properties and interactions 
of a small number of particles: quarks, leptons 
and gauge bosons. Although the SM was 
proved to have to have a high predictive power 
there are few open points that hint that new 
physics and/or new particles are still to be dis-
covered. A thorough knowledge of the basic 
properties of inelastic proton-proton (pp) colli-
sions plays a key role in all New Physics 
searches for all the LHC experiments, and the 
study of strangeness production offers one of 
the best probes for testing the production 
models. In particular LHCb as the one and only 
LHC experiment fully instrumented in the for-
ward direction has an important contribution 
to the pp collision production models. The 
strangeness production results presented 
here offer a very interesting insight on the 

 baryon number transport, on the baryon sup-
pression and for the production models in 
general.

Gabriella Pásztor (PostDoc),  
University of Geneva
Electron performance and inclusive electron 
cross-section measurements with the ATLAS 
detector
The ATLAS detector was designed to measure 
precisely proton-proton collision events at the 
Large Hadron Collider LHC at CERN. Electrons 
can be produced by the decay of heavier par-
ticles, such as the W and Z bosons trans-
mitting the electroweak interaction or the 
sought-for Higgs boson presumably respon-
sible for giving mass to the elementary par-
ticles. The reconstruction of electrons is, 
therefore, essential both for the precise 
 measurement of known processes and for 
searches for new physics. Using the data 
 collected during 2010, we measured the effi-
ciency with which electrons are identified by 
the ATLAS detector using the decays of well-
known particles, such as the W and Z bosons 
and the J/ψ meson. We also measured the 
 production rate of electrons from the decay of 
hadrons containing a, b or c quark providing a 
test of Quantum Chromodynamics (QCD), the 
theory describing the strong force.

Lucian Ancu (PostDoc), University of Berne
Jet Triggering at ATLAS
While the LHC accelerator is designed to de-
liver collisions to the ATLAS experiment at 40 
MHz (that is 40 million collisions/second) not 
all the collisions are of interest to be recorded 
by physicists. In order to reduce this rate 
 ATLAS uses a three layer trigger system that 
selects interesting physics objects in an event 
(i.e. electrons, muons, jets, missing trans-
verse energy). Jets are the most copious pro-
duced physics objects in the final state at LHC 
and hence one should understand very well 
their triggering. The talk focuses on a series of 
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updates to the ATLAS jet triggering system that 
have been introduced in the last year of LHC 
running in order that the efficiency of trigger-
ing on jets is increased. These updates in-
clude: transition to the offline reconstruction 
algorithm in full scan of the calorimeter at the 
high level trigger, inclusion of early rejection 
of some of the jets due to noise in the calori-
meter.

Alexander Schmidt (PostDoc)6,  
University of Zurich
b-jet tagging in CMS
The unprecedented collision energies at the 
Large Hadron Collider (LHC) might produce a 
multitude of so far undiscovered resonances 
and particles such as the Higgs Boson or su-
persymmetric particles. Many of these par-
ticles are expected to decay into b-quarks im-
mediately after their production. Thus it is of 
great interest to identify (“tag”) the presence 
of b-quarks in the collision debris. A b-quark 
gives rise to a collimated “jet” of particles con-
taining a B-hadron. To discriminate these b-
jets from other jets, the characteristic proper-
ties of B-hadron decays are exploited. The 
most important of these is that, during its life-
time of about 1.5 pico-seconds, the B-hadron 
moves a noticeable distance before it decays, 
creating a secondary vertex which is displaced 
from the primary vertex of the original proton-
proton collision. The CMS experiment at the 
LHC managed to commission algorithms using 
these properties for the identification of b-
jets. The excellent agreement with the detec-
tor simulation can be considered to be a major 
success. The performance of the b-Jet tagging 
algorithms has now been measured to a preci-
sion of better than 10 %.

 6 Alexander Schmidt did not 
present his research, because he 
fell sick the day before the 
workshop . for completeness, his 
work is included at least in the 
compilations . 
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Frédéric Ronga – ETH Zurich
(PostDoc)

SUSY searches in di-lepton events at CMS

Scientific Abstract:

Events with two leptons in the final state, together with jets and missing 
energy, offer an excellent playground to the search for physics beyond the 
standard model. First, the supersymmetry search programme of CMS is 
 summarised and the use of leptons in the final state is motivated. We then 
illustrate these searches with recent results obtained in the first 2011 run of 
the LHC in final states in cluding a Z boson, using the novel “jet-Z  balance” 
method. In the absence of any  signal, exclusion limits are reported.
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Pascal Nef  – ETH Zurich 
(PhD student)

Searches for supersymmetry in hadronic final states with the CMS detector

Scientific Abstract:

A search for supersymmetry or similar new physics in fully hadronic final 
states using pp collision data collected by the CMS experiment at the Large 
Hadron Collider is presented. This search is based on the transverse mass 
variable MT2, which allows to discriminate Standard Model back-grounds 
from signal-like events. Two complementary analyses are performed tar-
geting regions of parameter space with medium to high squark and gluino 
masses as well as regions with a light gluino but heavy squarks. The search 
strategy as well as the data-driven methods to predict the Standard Model 
backgrounds are discussed. 
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Marco Agustoni – University of Bern 
(PhD student)

Jet triggers studies for Supersymmetry  searches in the ATLAS experiment 
at LHC

Scientific Abstract:

At the ATLAS experiment at the LHC, the trigger system has to filter out 
about 300 of the about 40 million events per second coming from proton-
proton interactions. Because of the high mass of the short-lived super-
symmetry particles, their decay products carry high  momenta. The online 
selection of supersymmetry events can therefore be done by requiring 
 decay products with high transverse momenta. 

This talk focuses on a special type of jet trigger, which combines the energy 
information of multiple jets. This type of trigger is designed to have good 
acceptance for supersymmetry events decaying in many jets. At the same 
time it rejects well the Standard Model multijet background which is do-
minating at the LHC.
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Marc Tobin – University of Zurich
(PostDoc)

Performance of the LHCb Silicon Tracker

Scientific Abstract:

The LHCb detector is designed to study the decays of B-mesons in proton-
proton collisions at the Large Hadron Collider (LHC). The detector is a 
 single arm forward spectrometer with excellent tracking and particle iden-
tification capabilities. The Silicon Tracker consists of two detectors both of 
which are constructed from silicon micro-strip detectors which cover the 
region with highest occupancy around the beam axis. The first operational 
experience will be shown together with problems encountered during the 
commissioning and running of the detector.

The performance of the detectors in high energy collisions at the LHC is 
presented. The data collected in 2010 and 2011 has been used to determine 
the optimal time and spatial alignment of the detectors. A detailed study 
has also been made of the intrinsic detector efficiency and resolution. First 
measurements of the observed radiation damage are also shown. 
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Frédéric Dupertuis – EPF Lausanne
(PhD student)

Performance of the LHCb Silicon Tracker

Scientific Abstract:

The LHCb experiment is a single-arm spectrometer located along the LHC 
collider ring. The tracking system is composed of a vertex detector called 
VErtex LOcator (VELO), the Tracker Turicensis (TT) and three T stations (T1...
T3) which include the Inner Tracker (IT) and Outer Tracker (OT). The tracking 
system is distributed on both sides of a dipole magnet to measure charged 
particle momenta. All the tracking system is made of silicon micro-strips 
except for the OT which is made of gaseous straw-tube based detectors.

The alignment performed with default magnet-on collision data relies 
strongly on the LHCb magnetic field map quality since there is no tracking 
system inside the magnet. This can be studied by using magnet-off data. In 
addition, the track vertical (Y) position is retrieved for IT, TT, OT subdetec-
tors by the combination of a vertically oriented and a 5° Stereo module. 
This induces a “weak” mode when aligning for Y coordinate between Y and 
relative horizontal (X) translation of X-Stereo elements. A solution has been 
found using magnet-off data and extrapolating VELO tracks to the IT, TT, OT 
modules. By computing residuals between found and expected hits posi-
tion, a direct X misalignment measurement can be obtained. This leads to 
a strong validation of magnet-on versus -off for a given VELO alignment. 
The misalignment of the Y coordinate can be  measured directly by adding 
knowledge of insensitive part of the detector perpendicular to the Y axis 
and looking for shifts of gaps or/and edges with respect to their expected 
positions in the track’s Y distribution.
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Ann-Karin Sanchez – ETH Zurich
(PhD student)

Diffraction at CMS

Scientific Abstract:

The observation of the production of W and Z bosons at the LHC in pp colli-
sion events with a large rapidity gap is presented. Using data collected by 
the CMS experiment in 2010, corresponding to an integrated luminosity of 
36 pb-1, a detailed study of the event structure and the energy distribution 
in the forward region of W and Z events is presented. These contain also 
event samples which are dominated by diffractive interactions.
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PP-INTERACTIONS AT THE LHC

σtot = 

non-diffractive inelastic

elastic

≈ 10 mb

≈ 70 mb

+

single-diffractive single-diffractive central-diffractive

≈ 10 mb ≈ 10 mb ≈ “small”

+ +

+
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PP-INTERACTIONS AT THE LHC

σtot = 

non-diffractive inelastic

elastic

≈ 10 mb

≈ 70 mb

+

single-diffractive single-diffractive central-diffractive

≈ 10 mb ≈ 10 mb ≈ “small”

+ +

+

processes (still) lack a complete 
understanding and modeling in MC 

Ann-Karin Sanchez

Introduction

In single diffractive events one of  the colliding 
protons emerges intact from the interaction.

May be ascribed to the exchange of  the 
vacuum quantum numbers (“Pomeron”)

The color flow is interrupted over a large 
rapidity range

➡ The final state particles are well separated 
in rapidity: Large Rapidity Gap (LRG)

5

SIGNATURE OF DIFFRACTION

LRG

p

p

p

IP (Pomeron)

X

rapidity range in 
detector devoid 
of  hadronic 
activity: LRG

Ann-Karin Sanchez

Introduction

Diffraction can be observed in minimum bias 
events but also in events where heavy objects as 
jets or W or Z bosons are produced

Around 1% of  W/Z events are expected to be 
observable single diffractive events 

The signature is a centrally produced W or Z 
together with a region devoid of  hadronic activity 
(i.e. a LRG) 

6

DIFFRACTION WITH A W OR A Z

W

LRG

p

p

p

Y

X

IP (Pomeron)

LRG

Proton
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Ann-Karin Sanchez

Introduction

The observation of  hard diffraction such as events with a W or a Z boson together with a large 
rapidity gap (LRG) is strongly influenced by the underlying multi-parton interactions (MPI). The 
extensive study of  such events can be used in the implementation and understanding of  detailed 
simulations of  diffraction together with MPI.

The goal of  this analysis is to present the first measurement of  W/Z diffractive events in pp 
collisions together with a study of  the underlying event structure in terms of  forward energy flow, 
track multiplicities and correlations between them.

7

MOTIVATION AND GOALS

PIp

W/Z

IP

W/Z

IPp

W/Z

IP

W/Z

p

hard diffractive production hard diffractive production 
+ 

non-diffractive MPI

hard non-diff. interaction
+

diffractive MPI

hard diffractive production
+

diffractive MPI

* by former Director-General Robert Aymar
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Analys" Strategy:
sample selection and 

observation of  
diffraction

* by former Director-General Robert Aymar

#e Compact Muon Solenoid: CMS

Total 

weight:

12’500 t

Overall 

length:   

21.6 m

#e Lar$ Ha%on Collider: LHC

Pixel:       66M channels for ~1m2

Tracker:   9.6M channels for ~210 m2

ECAL:     76k PbWO4 crystals

HCAL:     interleaved scintillator/brass

Muons:     redundant DT (CSC) and RPC

HF:           steel absorbers / quartz fibers 

Restart of  the machine in November 2009

First 7 TeV collisions in March 2010

Integrated luminosity 2010 recorded by CMS: XX pb-1

Integrated luminosity 2011 recorded by CMS: XX pb-1 

Solenoid 

coil: 4 T

Overall

diameter:

15 m

9
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1   Selection of  subsample by triggering events with centrally produced W or Z boson

Analys" Strategy
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SAMPLE SELECTION

Electron and muon selection: 

isolated

good track quality

high transverse momentum

W selection:  

1 electron or 1 muon

large missing transverse energy

transverse mass > 60 GeV

Z  selection:

2 opposite sign electrons or muons 

60 GeV < invariant mass < 120 GeV
➡ well understood,  almost 

background  free sample (< 1 %)
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SAMPLE SELECTION

1   Selection of  subsample by triggering events with centrally produced W or Z boson

2   Removal of  pile-up from the selected sample 

     particles coming from pile-up fill up the LRG!

     → “only” technical problem, but makes the measurement unfeasible with increasing inst. luminosity

     → up to 2010 data taking (~36 pb-1) corrections with zero bias data 

Ann-Karin Sanchez

Analys" Strategy
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DIFFRACTION SIGNATURE

1   Select a clean and robust subsample by triggering events with centrally produced W or Z boson

2   Removal of  pile-up from the selected sample

3   Dedicated forward detectors to study the particle flow in the forward region
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* by former Director-General Robert Aymar

#e Ha%on Forward Detector: HF

Located at 11.2 m from the interaction point

Rapidity coverage: 2.9 < |η| < 5.2

Steel absorbers and embedded radiation hard 

quartz fibers

13

Hadronic 

Forward (HF)

CMS

2.9 < |η| < 5.2

CASTOR 

Hadronic 

Forward (HF)

-6.6 < η < -5.3
ZDC 

140m

ZDC 

140m

|η| > 8.3
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DIFFRACTION SIGNATURE

EHF: energy deposit in the HF calorimeter

select events with no energy deposit above noise 

threshold in one of  the forward detectors HF

noise threshold in HF ~ 4 GeV

NTHF: number of  calorimeter towers in HF

select events with NT = 0 in    HF+ or HF-

count towers above a threshold of  4 GeV

ηmax, ηmin:

pseudo-rapidity of  most forward/backward 

particle 

Variables reflecting a LRG:
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1   Select a clean and robust subsample by triggering events with centrally produced W or Z boson

2   Remove pile-up events from the selected sample

3   Dedicated forward detectors to study the particle flow in the forward region
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DIFFRACTION SIGNATURE

EHF: energy deposit in the HF calorimeter

select events with no energy deposit above noise 
threshold in one of  the forward detectors HF

noise threshold in HF ~ 4 GeV

NTHF: number of  calorimeter towers in HF

select events with NT = 0 in    HF+ or HF-

count towers above a threshold of  4 GeV

ηmax, ηmin:

pseudo-rapidity of  most forward/backward 

particle 

Variables reflecting a LRG:

 [GeV]±HF  E!

-110 1 10 210
3

10

±
H

F
 

E
!

d
N

/d
 

0

20

40

60

80

100

-110 1 10 210
3

10
0

20

40

60

80

100
"µ # = 7 TeV,  W s,  

-1
 L dt = 36 pb$

 > 4 GeVHF TowerE

Data, HF+

Data, HF-

 10%±HF Energy Scale 

PYTHIA 6 D6T

PYTHIA 6 Z2

PYTHIA 6 ProQ20

PYTHIA 8 2C

CMS Preliminary 2010

➡ no diffractive peak can be observed

➡ forward energy flow is strongly tune 
dependent

1   Select a clean and robust subsample by triggering events with centrally produced W or Z boson

2   Remove pile-up events from the selected sample

3   Dedicated forward detectors to study the particle flow in the forward region
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Analys" Strategy

pp scattering: factorize in hard process + underlying event

Underlying multi-parton interactions (MPI) fill the LRG 
reducing the observed yields of  hard diffractive events

➡ “gap survival probability”

16

HF ENERGY AND TRACK MULTIPLICITY CORRELATIONS
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IPp

W/Z

IP

W/Z

p

Fraction of  LRG events after corrections for 
undetectable pile-up (e and μ combined):

W: 1.46 ± 0.09 (stat.) ± 0.38 (syst.) %

Z:  1.57 ± 0.25 (stat.) ± 0.42 (syst.) %

consistent with Tevatron results
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Analys" Strategy

pp scattering: factorize in hard process + underlying event

Underlying multi-parton interactions (MPI) fill the LRG 
reducing the observed yields of  hard diffractive events

➡ “gap survival probability”

MPI is MC tune dependent (so far tuned to central 
observables in minimum bias)

MC has so far no diffractive MPI component

➡ expect different correlations of  forward energy flow 

and central track multiplicities
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HF ENERGY AND TRACK MULTIPLICITY CORRELATIONS
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CORRELATION STUDIES
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central track 

multiplicity

Fwd energy flow

Split in 3 different energy regions, 
tagging on HF− :

1) 20 GeV <  EHF−  < 100 GeV

2) 200 GeV <  EHF−  < 400 GeV

3) EHF−  > 500 GeV

tag event
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* by former Director-General Robert Aymar
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Results:
correlations and 
observation of  

diffraction

Ann-Karin Sanchez
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CORRELATION STUDIES
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CORRELATION STUDIES
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CONCLUSION: 

strong positive correlations are 

observed in data and MC

but none of  the MC tunes 

describes data in their entirety

Ann-Karin Sanchez

Results
An asymmetry* of  events where the lepton is in the 
opposite rapidity hemisphere to the gap is observed 
in data:

A = - 0.22 ± 0.06 for W tagged events and 

A = - 0.20 ± 0.16 for Z tagged events

The same variable is flat for non-diffractive MC 
whereas diffractive MC shows an asymmetry

The fraction of  single diffractive MC component 
which describes the observed asymmetry is 

50 ± 9.3 (stat.) ± 5.2 (syst.) % 

Such an asymmetry can be understood looking at 
the diffractive PDF component which on average 
has a lower x then the quark PDF
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signed ηlepton =  ηlepton ∗ (sign of  gap side)

*A =
Npos

evts − Nneg
evts

N tot
evts

Ann-Karin Sanchez

Conclusions

Hard diffraction with W or Z events has been observed through an asymmetry in data

A 50 % single diffractive component in MC can describe this asymmetry

Forward energy flow, central track multiplicity and their correlations in W and Z events have been studied 
and it is found that in general the existing Monte Carlo tunes differ significantly from data

These measurements can be used to improve the understanding and tuning of  diffractive Monte Carlo 
models at the hard scale
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Marc Goulette – University of Geneva  
(PostDoc)

Contribution to the ATLAS experiment, CERN and the University of Geneva

Scientific Abstract:

The talk focuses on Monte-Carlo production (MC@NLO), where official W/Z 
into leptons input files needed for the MC10 and MC11 physics campaigns 
are produced. Tools needed and the complicated procedure is described 
and lists of samples and main campaigns are provided. In addition, the 
tests and check of the availability, performances and general status of the 
Swiss Tier2 at CSCS in Lugano are shown and the link between CERN, the 
Grid German Cloud and the University of Geneva is described. Thirdly, the 
2011 updates of the TRT detector simulation, including geometry and mate-
rials changes is presented.
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Kilian Rosbach  – University of Geneva 
(PhD student)

Study of TX-VCSEL failures in the SCT subdetector at ATLAS

Scientific Abstract:

The semi conductor tracker (SCT), part of the ATLAS inner detector, com-
prises 4088 silicon modules with 768 strips each, organized in 4 cylin-
drical barrel layers and 2x9 end-cap disks. Timing and control information 
is sent to the modules as bi-phase mark encoded near-infrared signals, 
generated by commercially produced vertical cavity surface emitting lasers 
(VCSELs). Early into the 2010 data-taking, VCSELs started to fail at an in-
creasing rate. The power spectra of virgin and used lasers were compared 
with optical spectrum analyzers, showing a significant narrowing of the 
spectra. Further tests with VCSELs in nitrogen and air revealed humidity as 
an important degrading factor. The studies are ongoing, possible solutions 
include replacement of the VCSELs or an improved packaging.
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Lorenzo Tancredi – University of Zurich 
(PhD student)

Towards two-loop corrections for vector boson pair production

Scientific Abstract:

One of the most outstanding tasks at the LHC is probing the electroweak 
sector of the standard model and testing the spontaneous symmetry 
 breaking mechanism. In particular, a precise estimate of the background 
in the Higgs search, both for heavy and light invariant masses, requires a 
very precise theoretical knowledge of the production rate of vector boson 
pairs, whose main contribution is given by QCD. To this aim, during the 
first year of my PhD I focussed my attention on the evaluation of the two-
loop helicity amplitudes for the W photon and Z photon production.

The helicity amplitudes have been evaluated analytically in terms of 
 Harmonic Polylogarithms, the UV divergences have been renormalized in 
the modified minimal subtraction scheme, and the IR poles have been 
 subtracted using Catani’s formula.
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Raluca Muresan  – EPF Lausanne 
(PostDoc)

Strangeness production studies at LHCb

Scientific Abstract:

The LHCb experiment, designed to look for New Physics through precise 
measurements of CP violation and rare decays in the b- and c-hadrons, has 
also an interesting soft-QCD physics program. Due to the unique pseudo-
rapidity coverage of the detector and to the possibility of extending the 
measurements to low transverse momenta, the 2009-2010 LHCb data gave 
an insight in the strangeness production mechanisms in a kinematical 
range where QCD models are divergent. Measurements of the production 
cross section of K0S at 0.9 TeV will be presented together with results on 
the production ratios of anti-Λ/Λ and anti-Λ/K0S at 0.9 and 7 TeV.
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Gabriella Pásztor – University of Geneva 
(PostDoc)

Electron performance and inclusive electron cross-section measurements 
with the ATLAS detector

Scientific Abstract:

The first measurements of the electron identification efficiency of the ATLAS 
detector at the LHC using the decays of the Z, W and J/ψ particles observed 
in the data collected in 2010 at √s = 7 TeV, corresponding to an integrated 
luminosity of almost 40 pb-1, were performed. A fraction of the data col-
lected by an unbiased electromagnetic trigger and amounting to 1.3 pb-1 
was used to measure the differential cross-section for inclusive electron 
production from the decay of heavy flavour hadrons as a function of the 
electron transverse energy in the range 7 < ET < 26 GeV and |η| < 2 excluding 
1.37 < |η| < 1.52. The results are found to be in good agreement with the 
theoretical prediction using a Fixed Order NLO calculation with high-pT 
 resummation.



 p r e S e n tAt i o n S 61



   62 p r e S e n tAt i o n S



 p r e S e n tAt i o n S 63



 64 p r e S e n tAt i o n S



 p r e S e n tAt i o n S 65



 66 p r e S e n tAt i o n S

Lucian Ancu – University of Berne 
(PostDoc)

Jet Triggering at ATLAS

Scientific Abstract:

Jets are fundamental physics objects for many analyses at the LHC and 
hence the jet triggering system of ATLAS is fundamental for such analysis. 
I will present the performance of the jet triggering system in 2010 and 2011 
data with special emphasis on changes that were recently implemented in 
the system. These changes include transition to the anti-kT algorithm, tran-
sitioning to a full scan of the calorimeter and applying online jet cleaning 
at the event filter level of the trigger system.
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Alexander Schmidt – University of Zurich 
(PostDoc)

b-jet tagging in CMS

Scientific Abstract:

The first 7 TeV proton-proton collisions delivered by the LHC and recorded 
by the CMS experiment have been used for the commissioning and calibra-
tion of the detector in the beginning of 2010. One of the most important 
tools which were commissioned in that period is b-jet tagging. Jets that 
arise from b-quark hadronisation and decay are present in a wide range of 
physics processes of interest, such as the decay of top quark, Higgs  bosons, 
and various supersymmetric processes. The ability to accurately identify 
b-jets is vital in reducing the otherwise overwhelming background to these 
channels. The excellent agreement of the most important observables 
(such as the impact parameter) with the detector simulation can be con-
sidered to be a major success. The performance of the b-jet tagging algo-
rithms in terms of efficiency and misidentification rate has now been 
 measured to a precision of better than 10%.

(presentation not available)
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