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Conventional vs Flash Beams
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1 pulse ~ 1 pulse ~



Parameters in Flash Beams
Beam Accelerator Energy 

[MeV/u]
Average Dose 
Rate [Gy/s]

Repetition 
Rate Pulse Duration Dose per Pulse  

[Gy]
Max Dose 
in 100 ms

p Cyclotron 
(FLASH mode) 60 - 250 40-200 ~ 100 

MHz
Almost continuous in a 
full treatment of 200 ms

12C Synchrotron 
(FLASH mode) 300 80 Gy/s >8 Gy

p Synchro-Cyclotron 
(FLASH mode) 60 - 250 100-200 ~ 650 Hz 1-10 µs 0.1-0.3

e- Conventional electron LINAC 
(FLASH mode) 8-20 40-200 100-200 

Hz ~µs

e- IORT LINAC 
(FLASH mode) 7-9 up to 500 1-30 Hz ~ µs up to 20 50 Gy

e- Electron FLASH ~ 5-7 0.1-4000 Gy/s 100 Hz ~ µs ~ 40

p Laser/driven 10 - 60 1 - 70 Gy/min 
@ 1 or 10 Hz ~ 1 Hz 10 - 100 ns 1-10 not 

applicable

e- Laser/driven 20-250 1 Gy/s 10 Hz 200 fs > 0.5 >1 Gy
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For FLASH, instantaneous dose and the dose per pulse quantities 
can be orders of magnitude higher than in conventional therapy, 
leading to issues of saturation, and non-linear response of 
standard dosimeters at large doses. 

• Dose Rate Linearity 
• Spatial Resolution 
• Time Resolution

1. Risoluzione  spaziale ~ 1 mm

2. Risoluzione temporale compatibile con il 

fascio (1 Hz di fascio, pulse di 1 µm) ~ns

3. Risoluzione sulla dose.. 3%?

4. Indipendente dall’energia del fascio

5. Indipendente dalla dose-rate istantanea

6. Sensibile alla quantità di ossigeno punto 

per punto
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best detectors but with threshold
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Fluorescence in Air 
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The fluorescence yield Y is the number of photons produced by one electron per 1 m of path-length. The unit of the fluorescence 
yield, [photons/m], has practical reasons and was introduced to use the fluorescence yield for air shower measurements. 
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Since collisional cross sections in mixtures can be expressed as a sum of their single contribu-
tions, reference pressures, too, are additive. They can be added for mixtures, but have to be
weighted by the proportions of the components fi and, in the formulation of above, a factor for
mass-correction bmi has to be used. Thus, the reference pressure of air (mixture of 79% nitrogen
and 21% oxygen) can be derived as
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Here, σO2
denotes the nitrogen-oxygen collisional cross section. The parameter p�

O2
has, strictly

speaking, no physical meaning, since it corresponds to the nitrogen-oxygen quenching in a gas
mixture without nitrogen. Nevertheless, this new quantity of the reference pressure of oxygen
is very usefull in the later analysis, since it can be used to decouple the reference pressures of
nitrogen and air, and thus enhances the analysis.

2.3.3 The Fluorescence Yield
The fluorescence yield Y is the number of photons produced by one electron per 1 m of path-
length. The unit of the fluorescence yield, [photons/m], has practical reasons and was intro-
duced by the first collaboration that needed to use the fluorescence yield for air shower mea-
surements. The fluorescence yield is defined here in this unit.
In order to get a hold on the fluorescence yield, another quantity, the fluorescence efficiency Φ

has to be defined, first. The fluorescence efficiency is the ratio of radiated energy to deposited
energy at a given wavelength

Φλ =
radiated energy

deposited energy
=

nλ · Eλ

Edep
, (2.38)

with number of emitted photons nλ. If the number of excited molecules is proportional to the
deposited energy, the fluorescence efficiency can also be formulated using the decay lifetimes.
It reads then
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This can be reformulated by using the reference pressure p� and defining the pure fluorescence
efficiency Φ0

λ = τ0/τFL, at wavelength λ without quenching, and can then be combined with
Equation (2.38)
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. (2.40)
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Here, ne is the number of electrons and dEρ∆x the deposited energy of one electron 
according to the Bethe-Bloch equation along a path of length ∆x in a gaseous medium of 
density ρ. The fluorescence yield can be determined for the number of emitted photons 
nλ per electron and path length.
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Here, ne is the number of electrons and dE
dX ρ∆x the deposited energy of one electron according

to the Bethe-Bloch equation along a path of length ∆x in a gaseous medium of density ρ.
The fluorescence yield can now be determined by solving Equation (2.40) for the number of
emitted photons nλ per electron and pathlength. For the sake of clarity, all constant factors are
merged into Cλ, but since the density ρ depends on pressure, this factor p is excluded from Cλ.
Thus the fluorescence yield Y can be expressed as

Y = Y (λ, p, T, σ) =
nλ

ne · ∆x
=

Cλ · p

1 + p
p�

. (2.41)

The pressure dependence can be seen explicitly and the dependence on temperature is included
in the p�-factor that is proportional to

√
T . The influence of the gas composition is also hidden in

the reference pressure, since it depends on the total collisional cross section σ. The wavelength
dependence can be found in Cλ or Φλ and is reflected in the fluorescence spectrum, because the
intensity of the lines is proportional to the fluorescence efficiency. Furthermore, the reference
pressure p� is the same for all lines that belong to the same band system, since their intensity
ratios do not change, which means that they have to depend in the same way on pressure.
In this thesis the fluorescence yield is always, unless explicitly mentioned, defined in units of
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2.3.4 The Effect of Argon and Water Vapor
After nitrogen and oxygen, argon is the most common component of air with a relative abun-
dance of 1%. It is therefore the only additional air-component, whose effect on the fluorescence
yield cannot be, a priori, assumed to be negligible.
Argon is on the one hand a quenching partner, and on the other hand a source of secondary
electrons, that can excite nitrogen. These effects are expected to be at the 1% level, but should
almost cancel for the 2P system. Thus, if the effects are significant, they are expected to affect
the 1N(0,0)-transition most, because its upper state is excited by primary electrons, thus the
quenching effect should be dominating. An early but elaborate study of the effects of argon is
[29].
Like the effect of argon, the effect of water vapor has to be studied. It is believed, that a rel-
ative humidity of 100% at sea level has a supressing effect of 20% on the fluorescence yield.
Some experiments have already given first results on investigations of the water vapor effect
[14, 48, 55, 69].
AIRFLY will look for the effects of argon by means of a comparison of measurements in air and
air mingled with 1% argon. Measurements of AIRFLY are carried out without water vapor or at

The fluorescence yield is always, unless 
explicitly mentioned, defined in units of photons/
m but some authors express it in photons/MeV:

PHD Thesis: The Fluorescence Yield of Air excited by Electron 
measured with the AIRFLY Experiment 

BTF: F.Arciprete et al. AIRFLY: Measurement of the fluorescence yield in 
atmospheric gases January 2006 Czechoslovak Journal of Physics 56:A361-A367

If the number of excited molecules is proportional to the deposited energy, the fluorescence efficiency can also be formulated as:

In order to get a hold on the fluorescence yield, another quantity, 
the fluorescence efficiency Φ has to be defined. The fluorescence 
efficiency is the ratio of radiated energy to deposited energy at a 
given wavelength (with number of emitted photons nλ):
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2.2. The Spectrum of Molecular Nitrogen 21

λ System(νi, νf ) Aνi, νf

(nm) (106 s−1)
310.40 2P(4,3) 3.02

†311.67 2P(3,2) 5.94
†313.60 2P(2,1) 10.1
†315.93 2P(1,0) 11.9
326.81 2P(4,4) 3.71

†328.53 2P(3,3) 2.85
329.34 1N(4,2) 3.19
329.84 1N(3,1) 2.08
330.80 1N(2,0) 0.90

†330.90 2P(2,2) 0.80
†333.90 2P(1,1) 0.59
†337.13 2P(0,0) 13.1
344.60 2P(4,5) 0.12

†346.90 2P(3,4) 0.12
†350.05 2P(2,3) 1.71
353.26 1N(5,4) 6.63

†353.67 2P(1,2) 5.54
353.83 1N(4,3) 7.46
354.89 1N(3,2) 8.09
356.39 1N(2,1) 7.88

†357.69 2P(0,1) 8.84

λ System(νi, νf ) Aνi, νf

(nm) (106 s−1)
358.21 1N(1,0) 5.76
364.17 2P(4,6) 1.00
367.19 2P(3,5) 2.35

†371.05 2P(2,4) 4.04
†375.54 2P(1,3) 4.93
†380.49 2P(0,2) 3.56
385.79 2P(4,7) 2.33
385.79 1N(2,2) 0.93
388.43 1N(1,1) 4.03
389.46 2P(3,6) 3.00

†391.44 1N(0,0) 11.4
†394.30 2P(2,5) 3.14
†399.84 2P(1,4) 2.43
†405.94 2P(0,3) 1.10
409.48 2P(4,8) 2.09
414.18 2P(3,7) 2.01
416.68 1N(3,4) 2.32
419.91 1N(2,3) 3.47
420.05 2P(2,6) 1.57
423.65 1N(1,2) 4.28
427.81 1N(0,1) 3.71

Table 2.1: Details on band heads of N2 and N+

2
between 300 nm and 430 nm. The analysis of this thesis

includes transitions marked with “†”. Given are their wavelength (from [56]), transition label and their
Einstein-coefficients Aνi, νf (from [27]).

2.2.2 The Spectrum

In Table 2.1 band heads of the spectrum are listed together with their wavelength, corresponding
transition, and their Einstein-coefficients [27] that have only meaning within their band system.
Band heads, that are intense enough to be analyzed in this thesis, are marked with “†”.
The fluorescence spectrum recorded by AIRFLY is shown in Figure 2.8. It was recorded in
dry air at a pressure of 800 hPa. The energy of the electrons used for excitation was 3 MeV.
The band heads marked in Table 2.1 are labeled with the transition system and the respective
vibrational quantum numbers. It can be seen, that the 2P(0,0)-transition is the most intense, and
that the remaining background is very low. For comparison the fluorescence spectrum reported
by Bunner [15] in 1967 is shown in the upper right corner.
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Figure 2.8: Fluorescence spectrum of air between 280 nm and 430 nm recorded by AIRFLY with transi-
tion labels. The gas was excited by 3 MeV electrons at a pressure of 800 hPa. In the right upper corner,
the spectrum reported by Bunner (1967) is shown [15].

2.3 The Process and Yield of Fluorescence
In general, fluorescence is a form of luminescence. It is the emission of light from an excited
atom or molecule, with a lifetime of the excited state around 10−8 s. Here, the molecule is
nitrogen and it is excited via electron impact. The mechanism of this type of excitation has been
the subject of several studies [5, 9, 12, 15, 21, 25, 26, 37, 69] that investigated the excitation
cross section, and most of these studies also investigate the relaxation process (in particular
[9, 16]). A summary of the current experimental status and theoretical considerations can be
found in [41].
The following section gives a short overview on how nitrogen is excited and how it relaxes.
Then a model of the fluorescence yield will be introduced that is used later in the analysis.

2.3.1 Excitation
Electrons that hit a gaseous target dissipate their energy by ionization according to the Bethe-
Bloch formula. This can excite nitrogen to the B2Σ+

u state of N+

2
directly:

N2(X
1Σ+

g
) + e −→ N+∗

2
(B2Σ+

u
) + 2e. (2.18)

This produces additional secondary electrons with lower energy. The initial electronic state of
the 2P-system cannot be excited by high energy (primary) electrons, because the molecule’s

9

• Photons energy spectrum in the range 300-430 nm

Details on band heads of N2 and N+2 between 300nm and 430nm 
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Figure 2.8: Fluorescence spectrum of air between 280 nm and 430 nm recorded by AIRFLY with transi-
tion labels. The gas was excited by 3 MeV electrons at a pressure of 800 hPa. In the right upper corner,
the spectrum reported by Bunner (1967) is shown [15].
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Then a model of the fluorescence yield will be introduced that is used later in the analysis.
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This produces additional secondary electrons with lower energy. The initial electronic state of
the 2P-system cannot be excited by high energy (primary) electrons, because the molecule’s

Fluorescence in Air 
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• Beam (BTF):  
• 50-450 MeV electrons 
• Multiplicity approximately constant

32 Chapter 3. The AIRFLY Experiment

Pick−Up coil

Beam exit

(a) Alignment of beam and PMT at AWA without
chamber.

Pick−Up coil

to PMT

(b) Pick-Up coil at the beam exit at the Van-de-
Graaff accelerator.

AIRFLY chamber Beam

(c) AIRFLY chamber at AWA.

A
IR

FLY cham
ber

Beryllium
window

Beam exit

(d) Entrance window of the chamber in front of
beam exit.

Figure 3.3: Photos of AIRFLY, taken during the measurements in February and July 2006.

together with a Leybold Capacitron DM 21 pressure gauge, a precise adjustment of pressure
inside the chamber within ≈ 0.5 hPa.
Both nitrogen and dry air (with or without argon) was used in a pressure range of 4-1000 hPa.
Dry air denotes a mixture of nitrogen and oxygen (79%:21%), that could be mingled with 1%
argon (i.e. 78%N2:21%O2:1%Ar). Measurements conducted without chamber used the natural
air of the laboratory. In the following the artificial mixtures used will be referred to as “air” or
“air with argon” respectively.

3.1.3 Measuring Devices

AIRFLY’s measuring devices consist of a spectrometer and a photomultiplier to observe the
emitted fluorescence light, as well as a Pick-up coil and a Faraday cup to monitor the number of
electrons per bunch. Photographs of the setup, showing the Pick-up coil, are given in Figure 3.3.

At APS and VdG the spectrometer was used. It is an Oriel spectrograph MS 257 with a
focal length of 25.7 cm. It has a resolution in wavelength of ≈ 0.1 nm and is equipped with

30 Chapter 3. The AIRFLY Experiment

to DAQ
gas system

PMT

spectrometer

exit windows

PickUp

to DAQ

to DAQ

window
beryllium

AIRFLY chamber

filter
(337nm)

beam axis

coil

accelerator

beam exit FL−LIGHT
quartz

Figure 3.1: Scheme of AIRFLY’s setup. The important components are the accelerator, chamber, gas
system and measuring devices (Pick-up coil, PMT and spectrometer). Also the PMT and the spectrometer
do not measure simultaneously.

This thesis includes measurements taken at the Argonne National Laboratory (ANL) [44], near
Chicago (USA), at three different accelerators. Additionally, there have been measurements at
the DAΦNE Test Beam Facility in Frascati (Italy), that are not considered here, since they are
analyzed elsewhere [4].
Figure 3.1 illustrates the setup of the AIRFLY experiment and labels all important parts, that are
described in the next sections.

3.1.1 The Accelerators
AIRFLY uses three accelerators at the ANL, that cover different energy regions and use different
techniques.

The Advanced Photon Source (APS) uses 7 GeV electrons in a storage ring as a X-ray source.
These photons produce a very stable electron beam in the keV region due to the photo-
electric effect. The electrons are then used to measure the fluorescence spectrum.

The Van-de-Graaff (VdG) is a linear accelerator, that uses an electrostatic generator to build
up voltage. The VdG at the ANL is designed for energies of 1-3 MeV, and can be oper-
ated in continuous or pulsed mode. For AIRFLY the pulsed mode was used with ≈ 1010

e−/bunch (a few 10−9 Coulomb) at a rate of 50 Hz. The beam spot is relatively large

• PMT H7195P (integration gate 100 ns) 
• During the measurements, the 

spectrometer and the PMT were shielded 
with lead bricks to reduce background. 

- Hamamatsu H7195P model and was chosen for low background. It has a bialkali photocatode with a diameter of 46 mm and a peak 
sensitivity at 420 nm. The bialkali catode has a quantum efficiency at 337 nm of about 8% and a very low dark current.  

- The interference filter, used to delimit the wavelength region of the light reaching the PMT, has a peak transmission of about 50% at 340 
nm and a width of 10 nm (FWHM). With this filter, the light reaching the PMT originates to 98.3% from the 2P(0,0)-transition at 337 nm.
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• Beam (BTF):  
• 50-450 MeV electrons 
• Multiplicity approximately constant 
• 1-1010 particles/bunch  
• 1Hz

Flat in dE/dx.. => linear response, 
function of kinetic energy of the electrons
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• 1-1010 particles/bunch  
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function of kinetic energy of the electrons
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Figure 3.2: Illustration of the energy ranges of the three accelerators used
by AIRFLY, marked with red arrows. The data points show the results for
the air fluorescence yield of Kakimoto et al. [39]

and oscillates within the beam exit window. The beam quality is good enough for the
spectrometer, but PMT measurements have to be treated very carefully.

The Advanced Wakefield Accelerator (AWA) is a special type of linear accelerator, that uti-
lizes a low-energy electron beam to accelerate a second beam called “witness beam”.
This beam rides on the low-energy electron’s wake. The AWA has a range in energy of
3-15 MeV and operates at 2 Hz.

Figure 3.2 shows the energy ranges of the accelerators in a plot of the results for the air fluo-
rescence yield of Kakimoto et al. [39], which are compared to the Bethe-Bloch function. One
of AIRFLY’s aim is to check the energy dependence of the fluorescence yield over the range
marked.

3.1.2 The AIRFLY Chamber
The volume, in which the measured fluorescence light is produced, is defined by the AIRFLY

chamber. It is made of 3 mm thick, black painted aluminum. The chamber is cylindrical in
shape, 200 mm in diameter and 400 mm in length along the beam axis. At the entrance and
exit 0.5 mm thick beryllium windows are placed. At each side are two quartz windows to allow
light detectors to be placed perpendicular to the beam axis. On top of the chamber sensors for
pressure, humidity and temperature can be inserted, and an aluminum cap holds a mirror, that
can be lowered into the chamber for Cherenkov-light measurements. For some measurements
with the spectrometer another mirror could be placed at the opposite side of the beam, in order
to catch more light with the spectrometer. For photographs of the chamber see Figure 3.3.
The Cherenkov mirror consists of a 1.5 µm thin aluminized mylar foil that is applied to a thick
support. It has a reflectivity of 83%. The gas system can be remotely controlled and allows,



Expected photons

13

Per elettroni da “13” MeV ci aspettiamo:
- 4 ph. al m di fluorescenza (@4π)
- Cherenkov sotto soglia

Per elettroni da 20 MeV ci aspettiamo:
- 4 ph. al m di fluorescenza (@4π)
- 6 ph. al m di Cherenkov (~ 0.1o)

Per elettroni da 130 MeV ci aspettiamo:
- 5 ph. al m di fluorescenza (@4π)
- 70 ph. al m di Cherenkov (~ 1.4o)
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According to the detector we decide to implement.. SIT LIAC machine

Per elettroni da “13” MeV ci aspettiamo:
- 4 ph. al m di fluorescenza (@4π)
- Cherenkov sotto soglia

(1)

(1):
• 0.04 ph x 10 cm x 0.1 x 10^10 (elet./pulse)  ~ 4 10^8 ph 
• ~ 8 10^7 ph.el

PERISCOPIO



Periscopio@SIT: 30.7.2020
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According to the detector we decide to implement.. SIT LIAC machine

Per elettroni da “13” MeV ci aspettiamo:
- 4 ph. al m di fluorescenza (@4π)
- Cherenkov sotto soglia

(1)

(1):
• 0.04 ph x 10 cm x 0.1 x 10^10 (elet./pulse)  ~ 4 10^8 ph 
• ~ 8 10^7 ph.el

PERISCOPIO

=pmt analogico 

pmt discriminato
segnale ‘macchina’

PMT: H10580
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Preliminary analysis
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OUT IN
Beam IN and OUT of the detector
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864

4,6,8 MeV



Preliminary Conclusion with PERISCOPIO
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OUT IN

We do see the beam IN and OUT 
difference in the detector. 

We observe some ‘dependency’ in the 
detector response as a function of the 
beam, probably we are mainly sensitive to 
the secondary products.  

It can be everything : ) 
We are too close with the PMT. 
The “applicatore” produces background



Expected photons
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According to the detector we decide to implement.. SIT LIAC machine

Per elettroni da “13” MeV ci aspettiamo:
- 4 ph. al m di fluorescenza (@4π)
- Cherenkov sotto soglia

(1)

(2)

(1):
• 0.04 ph x 10 cm x 0.1 x 10^10 (elet./pulse)  ~ 4 10^8 ph 
• ~ 8 10^7 ph.el
➡ PMT troppo dentro l’alone del fascio

(2):
•  0.04 ph/cm x 5 cm x 0.005 (sottostima/sovrastima geometria*) x 
10^10 (elet./pulse)  ~ 1 10^7 ph 

• ~ 2 10^6 ph.el
➡ L’applicatore produce troppo fondo che arriva ai PMT!
➡ Senza applicatore siamo in grado di vedere l’IN/OUT beam

* riflessione on/off

TUBBBONE

PERISCOPIO



MC FLUKA SIMULATION
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By Gaia, Antonio (and Battistoni for support)
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• # Electrons: 107 

• Energy: 13 MeV

A B

6.4E6

1.7E6

MC FLUKA SIMULATION By Gaia, Antonio (and Battistoni for support)

just for time-consuming reasons.. 
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A B

Energy of particles reaching the PMT 

* 95% photons 
* 5% electrons and positrons

MC FLUKA SIMULATION
• # Electrons: 107 

• Energy: 13 MeV



MC FLUKA SIMULATION: Optic photons card activation
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A B

Released energy in the Air target

y [cm]

E r
el
 [M

eV
]

BA

-40 400 y [cm]

beam axis

The wallets are reflective at 90% 
(Teflon sheet from Thorelabs)

• # Electrons: 107 

• Energy: 13 MeV
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A B

BA

-40 400 y [cm]

beam axis

Optical Photons Fluence - FLUKA generated [# ph./(cm2 primary)]

The wallets are reflective at 90% 
(Teflon sheet from Thorelabs)

MC FLUKA SIMULATION: Optic photons card activation
• # Electrons: 107 

• Energy: 13 MeV
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A B

BA

-40 400 y [cm]

beam axis

photons 10^3 / 10^5 electrons

Only 3 Emission lines have been implemented

The wallets are reflective at 90% (Teflon sheet 
from Thorelabs). Black configuration decreases 

the number of photons of a factor 100.

MC FLUKA SIMULATION: Optic photons card activation
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Tubone@SIT: 22.3.2021

๏ The LIAC HWL shoots 1010 
electrons with energy 6 MeV 
in a pulse 4µs long at a 
frequency of 10Hz.


๏ The first run was performed 
with the beam shooting 
straight at the center of the 
dosemeters (ref. up, abs. 
down).
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Tubone@SIT: 22.3.2021

๏ 1st question: can we observe in-beam/off-beam difference?

➤ From sim.: (with 1010 el./pulse) MC FLUKA IN BEAM OFF BEAM RATIO

#opt.phot. 1,05E+08 1,6E+05 ~1.5 10-3

OUTIN

10 cm
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Tubone@SIT: 22.3.2021

๏ 1st question: can we observe in-beam/off-beam difference?

IN
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Tubone@SIT: 22.3.2021

๏ 1st question: can we observe in-beam/off-beam difference?

OUT
IN

~2µs

Macchina
PMT
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Tubone@SIT: 22.3.2021

๏ 1st question: can we observe in-beam/off-beam difference?

OUT
IN

RATIO: 2 10-3

Funziona!
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Tubone@SIT: 22.3.2021

➤ From sim.: (with 1010 el./pulse) MC FLUKA IN BEAM SHIFTED BEAM RATIO

#opt.phot. 1,05E+08 7,06E+07 ~2

SHIFTEDIN

20 cm

๏ 2rd question: What if one of the PMTs is farther from the aperture?
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Tubone@SIT: 22.3.2021

SHIFTED

IN

RATIO: 2

๏ 2rd question: What if one of the PMTs is farther from the aperture?
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Tubone@SIT: 22.3.2021

➤ From sim.: (with 1010 el./pulse) MC FLUKA REFLECTIVE ABSORBER RATIO

#opt.phot. 1,05E+08 1,05E+06 ~10-2

REFLECTIVE

๏ 3rd question: What difference do reflective and absorber make?

ABSORBER
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Tubone@SIT: 22.3.2021

๏ 3rd question: What difference do reflective and absorber make?

REFLECTIVE

ABSORBER
RATIO: 0.3➤ Note (1): In the simulation, the walls of 

the detector are all perfectly absorbing 
(reflectivity 0%). 

➤ Note (2): In real word only two faces of 
the detector are reflective, so the reduction 
is not the one expected of a factor 100.
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Tubone@SIT: 22.3.2021

DETECTOR IN-BEAM 
[pC]

OFF-BEAM 
(10 cm) [pC]

OFF-BEAM/ 
IN-BEAM

SHIFTED 
(58 cm) [pC]

SHIFTED 
(33 cm) [pC]

REFLECTIVE TOP 180 4 2 10-2 / /

ABSORBER TOP 56 0.8 1.5 10-2 30 /

REFLECTIVE BOTTOM 208 16 7 10-2 113 SATURATE

➤ We can see the IN beam from the OFF beam  

➤ The response of the detector is sensitive to position and geometry 

➤ The study reflectivity/absorption with MC and data is coherent with expectancy.. 
probably a not-reflective detector is a better choise . 

➤ Filters study => to do.. 



Preliminary Conclusion with TUBONE
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 We can see the IN beam from the OFF beam 

 The response of the detector is sensitive to position and 
geometry

 The study reflectivity/absorption with MC and data is 
coherent with expectancy.. probably a not-reflective detector 
is a better choice .

 Filters study => to do.. 

DETECTOR IN-BEAM 
[pC]

OFF-BEAM 
(10 cm) [pC]

OFF-BEAM/ 
IN-BEAM

SHIFTED 
(58 cm) [pC]

SHIFTED 
(33 cm) [pC]

REFLECTIVE TOP 180 4 2 10-2 / /

ABSORBER TOP 56 0.8 1.5 10-2 30 /

REFLECTIVE BOTTOM 208 16 7 10-2 113 SATURATE



Expected photons
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According to the detector we decide to implement.. SIT LIAC machine

Per elettroni da “13” MeV ci aspettiamo:
- 4 ph. al m di fluorescenza (@4π)
- Cherenkov sotto soglia

(1)

(2)

(1):
• 0.04 ph x 10 cm x 0.1 x 10^10 (elet./pulse)  ~ 4 10^8 ph 
• ~ 8 10^7 ph.el
➡ PMT troppo dentro l’alone del fascio

(2):
•  0.04 ph/cm x 5 cm x 0.005 (sottostima/sovrastima geometria*) x 
10^10 (elet./pulse)  ~ 1 10^7 ph 

• ~ 2 10^6 ph.el
➡ L’applicatore produce troppo fondo che arriva ai PMT
➡ Senza applicatore siamo stati in grado di vedere l’IN/OUT beam

* riflessione on/off

TUBBBONE

TUBINO

(3)
(3):
•  0.04 ph/cm x 2 cm x 0.003 x 10^12* (elet./pulse)  ~ 2 10^8 ph 
• ~ 5 10^7 ph.el
➡Senza applicatore

PERISCOPIO

PMT: H10580

PMT: XP1911

PMT: H6524
*FLASH machine in 100 times more intense
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Tubino@SIT: 05.07.2021 (dal futuro con < 3)

๏ We plan to take the FLASH beam.. 

๏ The inside is not reflective. Less 

saturation effects, less geometry 
dependence.

Vediamo se 
questa mano vi 

piace quanto 
l’altra.. 
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Tubino@SIT: 05.07.2021 (dal futuro con < 3)

๏ We plan to take the FLASH beam.. 

๏ The inside is not reflective. Less 

saturation effects, less geometry 
dependence.


๏ For the moment we just     
equalised the PMT response.. 


๏ “New”.. less noice and more stable

๏ Test with UV Filters.. 
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Tubino@SIT: 05.07.2021 (dal futuro con < 3)

๏ We plan to take the FLASH beam.. 

๏ The inside is not reflective. Less 

saturation effects, less geometry 
dependence.


๏ For the moment we just     
equalised the PMT response.. 


๏ “New”.. less noice and more stable

๏ Test with UV Filters.. 

๏ We plan to change the current of 

the beam and see if we can follow 
the 

Matteo Pacitti: 

A parità di lunghezza dell'impulso 
possiamo variare la corrente di fascio 
da 73 mA fino a 130 mA. 
Considerando un impulso 
rettangolare di durata 4 us, quindi 
approssimando leggermente, andiamo 
da 1.8 x 1012 elettroni a 2.9 x 1012 
elettroni. 
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Future prospective.. 
๏ I definitely find very ‘romantic’ that an empty detector can produce light.. 

๏ It is certainly true that this light can be correlated with the electron beam (on/off, shift, …)

๏ We have to make the step further and go from a very ‘qualitative measure’ a a raw 

‘quantitative measure’.. and than decide what to do.. 

๏ The new geometry should help.. but it is not the best choice ever.. 


๏ => charge average study

๏ => wavelength study

๏ => geometry optimisation


๏ We still need to prove that we can correlate with the number of electrons.. !! 


