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Special thanks in 
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experiment to 
Markus 
and Cristóvão! 2



A Brief Introduction
What do we aim to do in our experiment?
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Shoot electrons and positrons at a scintillator
Measure 

scintillator
luminosity

Determine energy 
loss from 

scintillator

Model out how energy deposition is related to luminosity 
output & possible e+/e- differences!
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Why did we pick it?
Choosing and learning about our experiment
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Scintillator 
Radiation 
Damage

Inverse 
Compton 

Scattering
Askaryan 

Effect Channeling 
Radiation

Determining 
Nuclear Size

This wasn’t the first idea we thought of…
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Nor even just one of several

…it was a very exploratory process.
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A touch of background (radiation)
Scintillators, mostly, and stuff about them
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Scintillators
- Organic scintillator: plastics e.g. 

PVT and fluors
- Fluoresce when struck by 

ionizing radiation
- Photon is emitted, with a shifted 

wavelength (Stokes shift). 
● New wavelength is often more 

convenient for detection and less 
likely to self-absorb
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Potential Nonlinear Behavior (? energy levels)

Birks’ law

At high enough ionization densities, rather than luminosity increasing as energy is 

deposited, it is quenched through a variety of processes

- Does this model work well in our circumstances? 
(energy levels, scintillator, etc.)?

- Some models have a second order (dE/dx)2 term
- Quenching may be insignificant at this energy 

level
- Is luminescence proportional to energy deposited?

- Threshold tipping point
- Do positrons annihilate and create significant 

differences? (calculations suggest low probability)
- Efficiency of scintillator?
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A brief interlude
Fun facts about our experimental proposal
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Mars Rovers

Morse Code
-.-. .... . -.-. -.- / - .... . / .--. -- - / --- ..- - .--. ..- - / ..-. .-. --- -- / - .... 
. / . .-.. . -.-. - .-. --- -. ... .-.-.-

Opportunity

Odyssey

Insight

Curiosity
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The nitty-gritty
Exploring the important details of the experiment
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Beam Production (Bremsstrahlung 
photons → secondary target → pair 

production)

Selection for specific 
energy of e+/e- with 

collimator

Particles pass through 
scintillator of varying 

lengths

HC screens for 
unlikely large 

angle deflections

MM#1 & other 
takes initial 

impact point of 
particle

BRM 
deflects 
particles

MMs/DWCs help 
reconstruct 

paths + trigger

Calo 
provides 

final energy 
check
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Data Collection Methods

- Luminescence as a function of energy 

deposited, L(E)

- Luminescence as a function of distance 

traveled (aka scintillator thickness), L(x)

- Energy loss of the particle as a function of 

distance travelled in the scintillator, E(x)

& What We Can Do With It

Scintillator efficiency is the factor at which 

energy deposited is transformed into 

luminescence

Scintillator proportionality is the linearity of L(x)

Birks’ law via numerical fitting

- L(x) and E(x) -> dL/dx and dE/dx

- When dE/dx is low, we can find the 

scintillator efficiency alone (L0)

- Thicker scintillators may start to reach 

Birks’ law

Data Collected
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1: Scintillator 
Thickness 

ESTAR database, based 

on polyvinyl toluene

How much scintillator 

material do we need to 

result in a noticeable ∆E?  

- Range of scintillator 

thicknesses
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~0.5 cm for solid energy loss w/ 3 GeV e-



2: MMs and DWCs

• Both are gaseous 

detectors

• Different 

readouts and 

timescales

• Reconstructing 

particle tracks
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requires multiple tracking chambers



3: Magnets and 
Bremsstrahlung

Is the Bremsstrahlung 

radiated by the electron 

when passing through 

the BRM significant?
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No



4: Bending Angle

• What is the 

resolution we can 

gain?

• How do we 

determine it?

• Aligning 

detectors
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0.012 GeV is 
optimistic

Distance difficulties 
(resolution v. 

alignment)

Size of detectors 
means placement will 

be altered as we 
iterate through 

energies



5: The Calorimeter

● The calorimeter will be 

used to record the final 

energy of the 

electrons/positrons. 

● Acts as redundancy for 

energy measurement 

/calculation

○ In conjunction with 

BRM

20The lead glass scintillator we saw yesterday!



Questions?
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