
Correlations between scintillation and Cherenkov light

Plot from classic paper https://arxiv.org/abs/1712.05494

Gives out canonical equations



Sara noted an unusual pattern in the Cherenkov 
versus scintillation light for our fiber calorimeter

How can we understand this?
The triangle is just GEANT’s origin marker

Although the dual readout correction works

Green Cherenkov 
Red scintillation
Blue dual readout



First let’s note that this is gendet=3.  so we are looking at energies deposted into each type of fiber.   
We are not actually looking at generated light.  (for gendet=1, we are looking at generated light) 
Let’s also note that that the lines of code relevant are:  

We can see that for gendet=3, the scintillating 
fibers (ifiber1) count the whole energy while the 
quartz fibers (ifiber2) count only the relativistic 
energy.

There is a “debug” mode gendet=4 which uses the 
full energy for each fiber. 

So can we rephrase the problem this way: this a 
different way: the bigger the total energy in the 
fibers, the smaller the relativistic energy



Her’s is gendet=3, but this persists for gendet=1



Fiber eneries.  This code is the full energy

Fiber 2 is the quartz. Higher energy deposit in quartz 
than in scintillation.  Since the diameters are the 
same, this is just due to the difference in material.



Same plots with quartz replaced with non-scintillating polystyrene

Energy deposit now the same



For gendet=4, we see a different behavior.

We see the resolution in the Cherenkov is 
narrow than in the scintillation.  This is 
consistent with the larger energy deposit.

We also see no correlation between the fibers.

This constrains possible causes.  It cannot be 
just the shower happened near one type of 
fiber so it was enhanced and the nearby 
decreased.



Here we see the behavior of the total calorimeter energy 
deposit, deposit in scint, deposit in quartz versus the 
number of inelastic collisions in the pion shower.  Here we 
see we have better containment of the shower when the 
number of inelastic collisions is low.  We see little 
correlation between the relativistic energy and the number 
of collsions.  We see a positive correlation between the 
scintillation energy and the number of collsions



A compensating calorimeter is one where the loss in energy due to 
nuclear binding energy is “compensated” by a boosted response to 
neutrons (as these are made when nuclei break up)

This works best for hydrogen-based materials (like polystyrene).

If you get perfect balance, the response does not depend on the EM 
(relativitistic) fraction of the shower

This seems to happen, though, when the sampling fraction is low.  So 
what you gain in resolution due to removing variation in f, you lose in 
resolution due to the low sampling fraction



Try changing the diameter of the absorber

Maybe the large 
diameter one looks 
a little more 
normal, but still not 
really what we 
expect



Try changing the integration time to reduce effect of neutrons

Timing distribution of energy deposits

Green electrons
Red pion



Timing cut of 7 ns Time cut 400000 (largest time was 16000)

Using total 
relativistic 
energy in both 
polystyrene and 
quartz fibers

Using total 
energy only in 
polystyrene and 
relativistic in 
only quartz 
fibers

This looks more like it



Same plots replacing quartz with non-scintillating polystyrene



Large annulus absorber



Small annulus absorber
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