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I. Introduction 
The test beamline at DESY is uniquely situated to test equipment such as scintillators for use 

in particle physics, given its reliability and uniqueness in providing multi-GeV particles . Scintillators 1

in this beamline (such as the EJ-200)​ ​have useful characteristics like a fast response time and variety 
of possible shapes , but suffer from issues like radiation damage  and a variable scintillation efficiency2 3

. Apart from specialized physics usage, scintillators possess a range of everyday uses, such as 4

detectors for cancer therapy ,  or dosimetry  for medical imaging. Given this range, it is important to 5 6 7

characterize their efficiency in measurement and how such efficiency changes under different 
particles. 
 
II. Why We Want to Go 

Last year, our school participated in the BL4S competition for the first time. While our 
proposal fell short, it was a fascinating experience to gain greater​ ​insight​ ​into the physics and 
requirements that go into such accelerator experiments. We were driven by that same​ ​curiosity​ ​in this 
year’s proposal, and throughout this year’s​ ​odyssey​ ​have had the chance to expand on that through our 
research. The​ ​opportunity​ ​BL4S presents us would not only allow us to see such physics actualized — 
and in experiment! — but also to promote science in our own school: a high-profile showcase of what 
research and hard work can bring. Our studies have been such an amazing experience, and one we 
hope to have the chance to share. 
 
III. Experiment  
Aim 

We aim to characterize the relationship between luminosity of and energy deposition in a 
scintillator with both electrons and positrons, using Birks’ law as a model. 
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Theory 
Plastic scintillators are composed of a base and a fluor(s). As ionizing radiation passes 

through the scintillator, the molecules of the base are excited and emit photons. These photons are 
absorbed by the fluors which then emit them at a wavelength which is more convenient for detection 
and less at-risk for self-absorption. The mechanism is shown in the following picture (from [3], p. 11):  

 
However, plastic scintillators do not emit luminescence directly proportional to the energy 

deposited, due to quenching that reduces luminescence return on ionization density​6​. A causal 
interpretation is that proposed by Birks  which proposes that the excitons created by the ionizing 8

radiation may be annihilated without creating a photon​7​. This is described by Birks’ law ,  9

dx
dL = L0

dx
dE

1+kB dx
dE  

which is a widely-accepted model used across organic scintillators. In reference to those at DESY, 
Birks’ law fits the experimental data (R​2​=0.9992) in a study with the similar EJ-309 scintillator  10

(albeit at lower energy levels). 
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Experimental Setup 

 

 
 

1. The beamline is collimated to select for a specific momentum and polarity. We will iterate 
through a range of momenta (1-6 GeV) for both electrons and positrons. 

2. The beamline passes through a plastic scintillating slab, which fluoresces. Photons pass 
through the light guide and are recorded by the PMT. Multiple scintillator thicknesses will be 
used at each beam momentum. 

3. The electrons/positrons continue through a halo counter. The opening will be set to the 
experimentally-determined divergence of a beam (with no targets) by that distance. 

a. This allows us to record any unlikely particles which scattered significantly on the 
scintillator. 

4. The electrons/positrons pass through the BRM and their paths are bent. Subsequently, they 
pass through a set of three DWCs  oriented orthogonal to the beamline direction. The angle 11

deflected due to the BRM can be inferred from the impact point on the DWC. 
5. Finally, the electrons/positrons impact the calorimeter so their final energy can be measured. 

 
Methods 

By varying the thickness of the scintillator, we are able to vary the amount of energy 
deposited by the electrons/positrons in it. This energy is then the difference between the known initial 
energy the beam was collimated for and the final energy, as determined by the calorimeter or from the 
DWC-determined momentum (which we can find given the equation ). Usingpc) m c )  E2 = ( 2 + ( 0

2 2  
both methods helps verify our accuracy. These measurements, in addition to the luminescence 
obtained from the PMT, allow us to determine three relationships: 

- Luminescence as a function of energy deposited, L(E) 

11 ​We propose to use DWCs instead of MicroMegas because, although having a lower resolution, they allow 
faster particle tracking 



 

- Luminescence as a function of distance the particle traversed in the scintillator (scintillator 
thickness), L(x) 

- Energy loss of the particle as a function of distance travelled in the scintillator, E(x) 
 
Using this, we can obtain the scintillator efficiency and proportionality, as well as the fit to Birks’ law: 

● The scintillator efficiency is the rate at which deposited energy is converted into photons, 
corrected for the PMT efficiency. 

● The proportionality of the scintillator is the linearity of the L(E) graph. 
● Birks’ law is a multi-step process: 

1. dL/dx​ and ​dE/dx​ can be obtained by numerically differentiating L(x) and E(x). 
2. At low ionization densities (low ​dE/dx​)  is negligible  so .kB · dx

dE L/dx E/dx  d ∝ d  12

Thus, by measuring with thinner scintillators, we can find ​L​0 
3. We may then use thicker scintillators to find k​B​ ​and the closeness of fit of Birks’ law 

to the data. 
By repeating this procedure at different beam momenta, we can shift the energy levels and get better 
data for L(E) over greater ranges of E. 

Furthermore, this will be done for both positrons and electrons. This will allow us to find the 
difference between electrons and positrons in terms of efficiency, scintillator proportionality, and 
applicability of the model. Based on previous research  and an evaluation of the positron-annihilation 13

probability  we expect a slightly lower luminescence for positrons, but not more than 1-2%. 14

 
IV. What We Hope to Take Away 

While working on our proposal, we explored a huge range of ideas, from Askaryan radiation 
to channeling radiation in crystals. While we ultimately landed on an investigation of scintillators, the 
process of exploring the world of particle physics was extremely rewarding. Not only was there the 
chance to learn about (and use to evaluate feasibility) scattering cross sections and reaction rates, there 
was also the invaluable experience of reaching out to the physics community at our local university. 
We hope that going to DESY would help us expand and develop the skills we relied on as we 
developed our experiment, and that we can come back to our school better able to share this method 
with those around us. 
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