
Abstract Background 

The Shashlik Crystal Design 

My project was to test a new potential electromagnetic forward calorimeter for the 
CMS detector at the LHC. The current forward calorimeter is becoming in-
operational due to extensive radiation and will need to be replaced in a few years. My 
research consisted of running simulations of particle collisions under the specifications 
of a new detector to test the efficiency according to several factors, especially event 
pileup due to higher events per second that will continue to increase during the LHC's 
lifetime. The objective of the project was to determine if the new model should be 
used to replace the current one and if not, alter the design to better fit the needs of 
the experiment. 

Figure 1: A cut away view of the CMS detector at the LHC. A silhouette of a person can be 
seen to show the size of the machinery. The Forward Calorimeter’s placement can be seen at 

the bottom right. The rest of the detector is densely set up in layers to detect particles in 
three dimensional space. [1] 
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The CMS Detector: 
 

The Compact Muon Solenoid (CMS) Detector is one of the two largest detectors at the 
Large Hadron Collider (LHC) where protons are collided in an attempt to discover the 
answers to many fundamental questions. Being the largest particle collider in the 
world, the LHC is able to accelerate particles to unprecedented energies. The highest 
energy per proton that the LHC has achieved thus far is 4 TeV and this number is 
scheduled to increase to at least 7 TeV in just a few years. [4] The number of collisions 
per second (currently about 40 million) is also scheduled to increase in the coming 
years. While increasing these numbers will give us more precise data, it also requires 
more sensitive materials than the ones currently present in the detector.  

 
The Current Electromagnetic Calorimeter: 

 
The current ECAL is a series of lead tungstate crystals that scintillate when a charged 
particle passes through them causing the emission of a photon that can then be 
registered by a photodetectors. In total, there are 75,848 crystals that make up the 
ECAL and each one is 3 x 3 x 22 cm in the end cap.  [1] Unfortunately, the section of the 
calorimeter that is parallel to the beam line has undergone a great deal of radiation 
and as such will be completely in-operational in a few years.  

Simulations were  run to test the functionality of the Shashlik Crystal design using a 
combination of a program called Pythia and a toolkit called Geant4. Many types of 
simulations are were run using different particles at different energies and the data 
output was analyzed using ROOT. By analyzing the histograms that these programs 
output, we were able to determine the amount of energy that the Shashlik Crystals is 
capable measure as well as the accuracy with which they do so.  

Significance of Study 

The CMS detector is one of the world’s leading detectors in the study of high energy 
physics. Along with its sister detector ATLAS, the CMS detector was responsible for the 
recent discovery of a Higgs-like particle. It is also used to study astronomical unkowns 
such as dark matter and dark energy as well as the structure and behavior of nuclei. [1] 
Being such an important detector, it is vital that all the sub-detectors work at their 
optimal performance but unfortunately, the current electromagnetic calorimeter 
endcap has taken too much radiation and needs to replaced. Because the scientists at 
CERN do not want to have similar problems in the future, a new calorimeter must be 
designed, tested, and eventually applied to the CMS framework.  

Method 

The new design that is being tested uses Shashlik Crystals instead of lead tungstate 
crystals like the current calorimeter uses. Like the current design, this design utilizes 
bunches of crystals but unlike the current design, the new set will be layered with 
several materials instead of just a solid crystal. The new “towers” will consist of 2 mm 
thick LYSO (Lutetium Yttrium Orthosilicate) crystal plates, 4 mm Pb or 2 mm W 
absorbers, and 0.15 mm Tyvek paper layers. [5]  LYSO crystals hold the advantage of 
having high light output and resolution while still having a reasonable cost. Another 
very important advantage is that the characteristics of the crystals suggest that they 
should be able to perform well enough as needed under higher events/second. [2] 
Tests are still being done but it is believed that these crystals will hold up better under 
heavy radiation as well.  

Figure 2: (Left) A picture of the lead tungstate crystals that make up the current 

electromagnetic calorimeter. [1] (Right) A picture of the proposed Shashlik cells. [5] 
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Results 

Some very interesting results have arisen from this project.  The proposed Shashlik 
detector does a fair a job measuring correctable energy but struggles to achieve the 
resolution that scientists at CERN desire. Figure 3 below shows the Shashlik detecting  
electrons with 50 GeV of energy. The left plot shows what the detector measures when 
only the electrons are sent through the simulation while the right plot shows the same 
stream of electrons with a large amount of minimum bias pileup. It can be seen that 
when the pileup is introduced, it is difficult for someone to determine how much 
energy came from the electrons and how much came from the unwanted pileup.  

There is also a very clear dependence on where in the detector we fired our particle 
guns. Closer to the beam line, the pileup is much worse and thus our error is much 
greater. This can be seen in the graph below. Much of the “interesting physics” occurs 
further from the beam hole so this may be acceptable but further studies need to be 
done on what will be considered interesting physics in the future. Future analysis will 
involve comparing these results to the current ECAL as well determining the e over π 
ratio for the Shashlik design. 

Figure 4: The RMS error of the Shashlik ECAL using 50 GeV electrons and varying pileup. 

Figure 3: A 50 GeV simulated electron gun was sent into the ECAL with no pileup (left) and 
140 minimum bias of pileup (right). 
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