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 38 
Research Plan (Items 1-9 not to exceed 10 pages) 39 

1. Introduction  40 

1.1   Motivation 41 

The field of High Energy Physics (also known as particle physics) has become one of 42 
the most interesting and promising topics of research among the scientific community 43 
during the last years, not only because the direct consequences on the understanding 44 
about the most fundamental constituents of matter and their interactions, but also be-45 
cause the collateral contribution on the development of new technology that has poten-46 
tial applications in many fields, for instance, in medicine with the improvement of imag-47 
ing techniques for the detection and evaluation of terminal diseases like cancer [1], also 48 
in computer science with the design and construction of more powerful and faster hard-49 
ware for storing and distribution of information around the world and in the development 50 
of state of the art electronic devices to detect and process very fast signals (in a time 51 
window of the order of nanoseconds or even shorter), just to mention some of the appli-52 
cations.   53 

The recent discovery of a new subatomic particle with a mass of 125 GeV [2] and with 54 
properties consistent with the long-sought Higgs boson has triggered a new era of R&D 55 
projects towards the accurate measuring of its properties and understanding of its true 56 
identity. Whether this is the particle predicted by the Standard Model as the one re-57 
sponsible to give mass to all the elementary particles, or it is part of a more exotic theo-58 
ry such as Supersymmetry in which not only one but few Higgs boson-like particles are 59 
predicted, in any case, the conclusion will dramatically change the way we understand 60 
the universe and the forces and interactions at the subatomic scale.  In addition to 61 
measuring the properties of this new particle a number of unsolved mysteries are await-62 
ing for an explanation, some of them for example like the observed non-zero neutrino 63 
masses or the origin of the cosmological dark matter, none of them fit into the Standard 64 
Model of particles and there are many indications suggesting that new physics may be 65 
discovered at the energy scale accessible in the particle accelerators located around 66 
the world. 67 

1.2   The Large Hadron Collider and the CMS experiment 68 

The Large Hadron Collider (LHC) [3] is the world’s largest and most powerful particle 69 
accelerator, located at the border between France and Switzerland, it consists of a 27-70 
kilometre ring of superconducting magnets with a number of structures to boost the en-71 
ergy of the particles along the way. Inside the accelerator, two high-energy proton 72 
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beams travel in opposite direction at close to the speed of light with such an extraordi-73 
nary alignment to make them collide, the product of those collisions is a shower of all 74 
types of elementary particles, by measuring the position, energy and momentum of the-75 
se particles the scientists try to understand the basics laws governing the interactions 76 
and forces among the elementary particles.  77 

 78 

 79 

  80   80 

 81 

Around the LHC tunnel there are a number of experimental facilities designed to detect 82 
and record the information form the particles originated from the proton-proton colli-83 
sions. The Compact Muon Solenoid (CMS) [4] is one of two main experimental facilities 84 
at the LHC. The CMS is a state of the art detector designed and built by an international 85 
collaboration of scientist and technicians from all around the world. Its main purpose is 86 
the accurate tracking and energy and momentum measurement of particles produced 87 
from the collision point. It is composed with a number of subsystems each one equipped 88 
with a sophisticated readout and fast data processing electronics, an efficient and com-89 
plex trigger system and a powerful computing framework for the reconstruction, storage 90 
and distribution of data for further analysis. 91 

The CMS experiment has a cylindrical symmetry, with three main subsystems; the in-92 
nermost layer (closer to the collision point) is a silicon-based tracker. Surrounding it is a 93 
scintillating crystal electromagnetic calorimeter, which is itself surrounded with a sam-94 
pling calorimeter for hadrons. The tracker and the calorimetry are compact enough to fit 95 

Figure 1. Schematic view of the Large Hadron Collider 
tunnel with the location of the most important detectors 
around it. 
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inside the CMS solenoid, which generates a powerful magnetic field of 3.8T. Outside 96 
the magnet are the large muon detectors. 97 

 98 

      99 

 100 

 101 

 102 

The CMS is one of the largest international scientific collaboration in history, involving 103 
more than three thousand particles physicists, engineers, technicians, students and 104 
support staff from 179 universities and institutes in 41 countries. 105 

Our research group at Texas A&M Qatar has started a very ambitious program in col-106 
laboration with our colleagues from the main campus in College Station (TX, USA) with 107 
the final goal to consolidate a strong research group that could be recognized by the in-108 
ternational scientific community because its contribution to the development, monitoring 109 
and installation of new technology systems for the LHC upgrades and the contribution 110 
on the search of new physics phenomena with the data collected in the coming years. 111 

1.2   LHC status and future outlook: High Luminosity and High Energy 112 

After the very successful first LHC data-taking period (2010-2012) operating with a max-113 
imum collision energy of 8TeV and culminated with the discovery of the Higgs boson. 114 
The LHC is currently under maintenance and some of the subsystems will be upgraded 115 
with new technology to afford the expected increase in luminosity (number of collisions 116 
per second) and the collision energy.  As of the current schedule the LHC is expected to 117 
ramp to 13-14 TeV collision energy starting in 2015. A second and third upgrade peri-118 

Figure 3. Schematic view of the CMS 
experiment with the main subsystems 

Figure 2. Cross section view of the 
CMS experiment. 
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ods are planned around 2019 and 2030 respectively, after those, it is expected to reach 119 
a collision energy of about 30 TeV. These upgrades are motivated mainly by physics 120 
requirements and the large amount of data needed to perform precision measurements 121 
and of course the possibility of new physics phenomena discovery once we are able to 122 
explore energy ranges never reached before by any particle accelerator in the world. 123 

Our research groups at Texas A&M University in Qatar and College Station are part of 124 
this upgrade taskforce, focusing in the design, performance studies and the future in-125 
stallation of new detector technology to improve the CMS muon detection, triggering 126 
and reconstruction in the forward region, such improvements are crucial since a number 127 
of physics analysis are characterized for having muons as the final decay product, for 128 
instance, one of the most important Higgs boson decay modes is the four muon channel 129 
in which the Higgs boson decay to a pair of neutral Z bosons each one further decays to 130 
a pair of opposite sign muons (H->ZZ->µ+µ-µ+µ-). With the imminent increase in lumi-131 
nosity a huge number of particles will be generated and hit the detectors every second, 132 
with the actual muon detection in the forward region the performance is expected to be 133 
degraded, specially if the CMS very forward region (|η|>1.6) relies only in one muon de-134 
tector. Adding a second muon detector will improve the quality of the reconstructed mu-135 
ons and at the same time reduce the trigger rate by not selection wrongly measured 136 
muons. 137 

       138 

Figure 4. Invariant mass distribution of 
the four muon final state, showing the 
recently discovered resonance around 
125 GeV. 

Figure 5. View of the CMS muon systems 
in the forward region, showing the com-
bine CSC+RPC systems in the pseudo-
rapidity range |µ|<1.6, the only CSC sys-
tem for |µ|>1.6, and the proposed new 
GEM based detectors in red. 
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 139 

2. Statement of the problem 140 

Our research plan consists of two well-defined projects, in both of them we are looking 141 
to have a strong presence inside the collaboration and produce important results that 142 
allow the successful completion of the work. The first project is related to the upgrade of 143 
the CMS muon system, by adding a new technology based on Gas Electron Multipliers 144 
(GEM) detectors we aim to improve the CMS capabilities for muon detection in the High 145 
Luminosity LHC scenario. The second project is related to the analysis of the LHC data 146 
specifically searching for exotic scenarios in which the Higgs boson can be produced 147 
and with this find hints to confirm or reject its consistency with the particles predicted in 148 
the Standard Model. 149 

2.1 Upgrade of the CMS muon system: GEM technology 150 

In the forward region the CMS muon detection relies on two subsystems, the Cathode 151 
Strip chambers (CSC) and Resistive Plate Chamber (RPC), both of them are gaseous 152 
detectors designed to provide a robust, fast detection and reconstruction of muons, in 153 
the pesudorapidity range (|η|<1.6) CSCs and RPCs work together as one system for the 154 
correct tracking and momentum measurement of the muons, unfortunately in the very 155 
forward region (|η|>1.6) the CMS muon detection relies only in the CSCs with no redun-156 
dancy in the detection. In the LHC high luminosity scenario the rate of particles in the 157 
forward region is expected to reach tens of kHz/cm2, these high rates will degrade the 158 
performance of the muon reconstruction, our proposal is the installation of a second 159 
muon subsystem based on Gas Electron Multiplier (GEM) technology which will add re-160 
dundancy in the detection and improve the efficiency and quality of the reconstructed 161 
muons. 162 

The GEM is an amplification device that consists of a thin polymer foil (50 µm tick) metal 163 
coated on each side, and perforated regularly by a high density of holes [5]. The hole 164 
diameter can vary between 40 and 140microm, and the hole spacing between 90 and 165 
200microm. With a suitable voltage of a few hundred of volts, applied between the two 166 
sides of the GEM foil, and electric field of up to 100 kV/cm is reached in the holes.  167 
When a charged particle or an ionizing radiation crosses the detector, it ionizes gas 168 
molecules inside the detector active volume, creating pairs of electron-positive ions. By 169 
applying an adequate electric field, electrons will drift towards the positive anode creat-170 
ing a signal that can be measured by appropriate readout electronics.  GEM based de-171 
tectors are characterized by an excellent spatial resolution (100 µm) and temporal reso-172 
lution (5ns), and are able to cope with particle rates up to 10MHz/cm2 which make them 173 
the perfect candidate to complement the CSC system in the very high-eta region. 174 



          PDRA proposal #: 

 
QNRF Form RP (October 2013)      
Page    
 

6 

       175 

 176 

The GEM project is also an international effort, due to the complexity of the project it re-177 
quires the collaboration of a group of dedicated scientist in which the tasks are divided 178 
to produce results in a time scale demanded by the CMS upgrade schedule.  Full GEM 179 
prototypes has been built according to the dimensions of those that will be finally in-180 
stalled in the CMS detector in order to extract important experimental parameters such 181 
as the spatial resolution, detection efficiency, gain, cluster size, etc. The prototypes 182 
have been exposed to beams of muons and pions in a special experimental facility 183 
called RD51 inside the CERN laboratory, preliminary results show a good performance 184 
of the detector prototypes, after that the most challenging part of the project comes 185 
when the GEM system has to be integrated to the whole CMS detector and act together 186 
with the rest of the subsystems. The following are some of the most important tasks that 187 
have to be completed in a time scale of one year and also correspond to some of the 188 
topics our research groups are working on: 189 

 190 

a)  Study of the experimental and expected performance of the GEM detector using 191 
Monte Carlo simulation and experimental data from the test beam campaigns. In 192 
the case of simulation a special software named GARFIELD [6] is used to simu-193 
late the creation of signal inside the detector and the evolution of the electron-194 

Figure 6. Simulation of the creation of a 
signal inside a GEM chamber, the 
charged particles interact with the gas 
creating an avalanche of electrons, 
which are registered as a signal in the 
readout systems 

Figure 7. Triple layer GEM detector cross 
section, as the one that will be installed in 
the CMS experiments, the triple layer design 
was probed to be the optimal option in terms 
of signal gain and low voltage required 
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positron avalanche until it reaches the readout systems, with this tool we can ex-195 
tract important parameters such as the detection efficiency, cluster size, uniformi-196 
ty across the detector, etc.  The results from the simulation can be compared 197 
with the actual experimental measurements from the data recorded in the test 198 
beam and in case of disagreement identify possible data acquisition problems or 199 
some detector optimization needed before the final prototype construction and 200 
installation. 201 

b)  Estimate the impact of the noise in the performance of the detector in terms of 202 
reconstruction and triggering. Due to the high collision rate and the amount of 203 
energy released a hostile radiation environment is created around the CMS ex-204 
periment. The enormous number of neutrons and photons from nuclear interac-205 
tions can interact with the material inside the detector and create fake signals, 206 
which can potentially mess with the reconstruction and triggering systems, it is 207 
extremely important to evaluate the contribution of these backgrounds in the High 208 
Luminosity scenario. In order to predict its impact a special software called 209 
FLUKA [7] is used, such sophisticated simulation package can accurate describe 210 
the particle transport and interaction with matter of about 60 elementary particles 211 
including neutrons and photons, together with a correct description of the CMS 212 
geometry and material composition we can have a good estimate of the expected 213 
rate of these “noisy” particles hitting our detectors and conclude the impact on 214 
the overall performance. 215 

c)   Integration of the GEM detector with the rest of the CSM muon system. A com-216 
plete and functional trigger and reconstruction algorithm has to be designed and 217 
tested before data taking to be able to take advantage of the individual and com-218 
bined potential of both detectors and produce the best results in terms of effi-219 
ciency, quality of the reconstructed muons and trigger rate reduction. 220 

 221 

 222 

 223 

2.2 Search for Exotic decays of the Higgs boson in a final state with multi-muons 224 

TO BE COMPLETED……. 225 

 226 

 227 
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 228 

 229 

3. Methods and research questions 230 

According to the tasks described in the previous section, the collaboration has decided 231 
to start dedicated and extensive simulation studies.  In case of the integration of the 232 
GEM and CSC systems, one of the most important questions is how to optimize the 233 
combined system in terms of reconstruction and triggering. The CSC trigger system se-234 
lect good muon candidates based on predefined patterns which are constructed based 235 
on the number of hits recorded in each one of the chambers, the bigger the number of 236 
hits the better the quality of the reconstructed muon, by adding the GEM detector a new 237 
degree of freedom is added as well giving the opportunity to constraint the position of 238 
the muon based on the signal coincidence between the two detectors, this effectively 239 
improve the quality of the reconstructed muons and reduce the rate of the fake ones, 240 
the reduction in the rate (figure 8) is one of the most attractive features and experi-241 
mental benefits from having two detectors working together, however there are still 242 
some remaining questions to be understood: 243 

a) Which is the best GEM-CSC pattern combination to fire a muon signal?.  As ex-244 
plained above by requiring a large number of hits in the CSC increase the quality of the 245 
reconstructed muons, but at the same time reduce the statistics, by including GEM into 246 
the equation we can lower the number of hits in the CSCs and effectively increase the 247 
statistic with the same quality results, in order to optimize the results all possible combi-248 
nations have to be studies using simulation and the best one used as the benchmark 249 
option during the data-taking. 250 
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 254 

 255 

Concerning the hostile radiation environment, as commented before, the flux of neu-256 
trons and photon is more intense in the forward region (as shown in figure 9). This is 257 
precisely the place in which our new detector technology will be installed, in addition to 258 
an accurate estimate of the expected flux of neutrons and photons crossing our detector 259 
another piece of information is needed and this is the detector sensitivity to these kind 260 
of particles. The sensitivity is defined as the probability that a neutron or photon hitting 261 
the detector produce an interaction such that the electron-positron avalanche is gener-262 
ated and a signal is registered in the readout system. In order to estimate this probabil-263 
ity a GEANT4 [8] simulation is used. This simulation uses as input the GEM detector 264 
geometry description (realistic dimensions and materials), then the simulation uses a 265 
source of neutrons or photons to hit the detector, finally an energy threshold has to be 266 
chosen to decide whether or not a signal has been fired. The sensitivity is a quantity ex-267 

Figure 8. Comparison of the trigger rate using only the CSC 
system versus the combination of GEM-CSC information, 
assuming a instantaneous luminosity of 4*1034cm-2s-1. A 
strong rate reduction is achieved using the combined sys-
tem with a high efficiency in the detection. 
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pressed as a function of the incident particle (neutron or photon) energy and preliminary 268 
studies shown an average value of 0.1% in case of neutrons. Some of the research 269 
questions are the following:  270 

 271 

a)  How accurate is the estimate of the flux of neutrons and photons?. As explained 272 
previously a dedicated software tool has been used to simulate the production of 273 
these particles from nuclear interactions, such tool has been validated over the 274 
years in different kind of experiments and the comparison with experimental data 275 
shows good agreement.  However this tool uses as input a geometry description 276 
of the experiment, so far the CMS geometry description used is not the most up-277 
dated one and it does not include most of the subsystem upgrade descriptions, 278 
this is extremely important since the flux of neutrons and photons strongly de-279 
pend on the material description and work need to be done to have a CMS ge-280 
ometry description as close as possible to the one that will be used during the 281 
data-taking in 2015. 282 

b)  In case of the GEM sensitivity to neutrons and photons, the biggest uncertainty 283 
comes from the selection of the energy threshold used to decided if a signal is 284 
created or not.  So far this value has been taken as a convention and the number 285 
used is five time the average ionization potential of the gas mixture inside the de-286 
tector, a deeper study is needed to extract a more realistic value and check the 287 
consistency of our results. 288 

 289 

 290 

 291 

 292 
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 294 

 295 

4.  Anticipated results   (NEED TO BE REWRITED) 296 

Given that the goals and specific aims of the proposal are well articulated, evaluating 297 
success of this project will be straightforward. In addition, the long expertise and good 298 
reputation of the collaborators and their involvement in the LHC project serves as an-299 
other factor for success. 300 

 301 

5. Benefit to Qatar (TO BE COMPLETED) 302 

6. Plans for disseminating research results 303 

There are a number of ways our results will be disseminated and shared with the inter-304 
national scientific community, the first one is by publishing them in top quality scientific 305 
journals, the second one is by presenting our results in major international conferences 306 
and symposiums around the world. Locally speaking, Qatar host different events such 307 
as the Qatar Foundation Annual Research Forum in which major research projects are 308 
presented and awarded and it is one of the optimal places to share our results and mo-309 
tivate people to joint the effort in the near future. 310 

7. 7. Postdoctoral Scholar's role in proposed research (TO BE COMPLETED) 311 

Figure 9. Flux of neutrons all over the CMS 
experiment, obtained using the FLUKA simu-
lation tool and assuming an instantaneous 
luminosity of 1034cm-2s-1 and collision energy 
of 14 TeV. 

Figure 10. Characteristic neutron energy spec-
trum for particles hitting the area in which the 
new GEM detectors will be installed 
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8. 8. Planned other duties of postdoctoral scholar (TO BE COMPLETED) 312 

9. 9. Career intent following the completion of the GSRA (TO BE COMPLETED) 313 

10.  	  314 
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