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The need for diagnostics

U Machine commissioning

V Adjusting machine parameters in order to achieve the design param

A RF source: power, frequency, pulse length, repetition rate.

r

A Solenoid: position, current

r

A Gun: Voltage, current

A Prebunchemphase, voltage

r

A é

U Machine operation




1. Introduction

Parameters to be measured and the energy range

Current

Energy

Energy spread

Transverse Profile

Beam size

Derivative of the Beam size
Emittance

Position

Bunch length 15MeV 5MeV 8 MeV

50 keV l l l
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2. Beamcurrent




2. Beam current measurement

Faraday cup

U A metal as a beam stopper
U Wide range current measuremei® (p ™ !)
U Simple structure.

0 CD and pulsed current measurement.




2. Beam current measurement

N

Faraday cup design

U Beam energy (penetration depth) metal thickness.

U Electron backscattering
V Increases with target atomic number.
V Decreases with Beam energy.

Backscatteregercentat different
energiedrom differenttargets]].

— suggesting a cup shape | enersy ‘

(keV) Be Al Si Cu Ge Ag Au U

9-3 5 17-5 183 31:3 33:6 40-7 47-8 49-8
11-0 5 17-1 17-8 310 336 41:1 48-0 50-2
13-4 5 164 184 314 32:4 40-2 49-1 51-3
17-3 5 159 17-8 31-0 32-7 406 49:2 51'6
25-2 4-5 15-1 16-5 30-7 32-7 40-3 501 52-7
41-5 4 14-5 15-5 30-1 31-7 40'5 507 524
62-1 4 137 149 29-9 31-9 399 51-3 54-1
81-8 4 13:5 145 29-4 315 40-2 51-0 54-2
102 3:5 133 14-5 291 31-3 399 513 562

[1] E. H. Darlington 1975 J. Phys. D: Appl. Phys85.




2. Beam current measurement

Faraday cup design

U Secondarelectron emissiol ¢ ma{
V Long cup
V \oltage suppression
V Magnetic fieldsuppression

U Thermal aspects: radiation




2. Beam current measurement

Faraday cup design

U Time structure of the beam

Bunch current (ps)
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3. Transverse beam profilemonitor

Transvers profile

U Particle density in the transverse plan.

U Includes information mogif beam parameters of interest.

V directly
A Beam size
A Beam position

Measured
~—— Gaussian fitting

V After a focusing element
A Derivative of the beam size
A Emittance

4 3 210 1 2 3 4(mm)
= Measured
— Gaussian fitting

V After a dipole magnet
A Energy
A Energy spread




3. Transverse beam profilemonitor

Methods of the measurement

u Scintillator view screen

V

\Y
henceparticledensity

V

V Highresolution
U Thermal aspects [1]

V Linearity

Integrated Intensity

o
S

Readout system: mirror, lens, CCD camera.

Visible photon emission as a result of interaction with ionization radiation.

The intensity of the emitted photonsis proportionalto the energydepositand
Linearity
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[1] D. W. Storey i A/iew Screerbeamprofile monitorfor the ARIEL e-linacat TRIUMFO Ma s t thesigUniversityof Victoria,

(2017).2008(chapter3).



3. Transverse beam profilemonitor

Methods of the measurement

U wire
V Wire scanner or harp

V Beam stopper at low energy and secondary emission at high energies.
V Readout system: signal amplifier

U Thermal aspects

V Melting point
V The only cooling mechanism: radiation
V Power rating: < W/mm [2]

[2] P.Forck Lecture Notes on Beam Instrumentation and Diagnostics, 2015.
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Profile measurement at thdPM Linac

U YAG:Cescintillator

0 Size:3cm 3cml 30em
V resolution

U Aluminumsubstrate
V Heat transfer

V Avoiding charge accumulation
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Profile measurement at thdPM Linac

U Experimental setup
V Waiting for the Vacuum chamber

Al mirror Lens
/ / ,/
. / ~ N

J,,/

— - Visible photons
 — y

Window

CCD camera

Electron beam
_ -/

4[— j Light tight camera box (Pb shielded)

, Al substrate
. S — /

— 5 Rall

l ) > Scintillator holder vacuum chamber

v
YAG scintillator layer
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4. Emittance measurement

12

Solscan process

U Beam size; The only accessilpl@rameter from the profile

o Tb) Sol 1 pca)cn_e S\/%do)(cbe)e 00w

U Thebasic of theésolscan emittance measurement
V Using a solenoid and measuring the beam sizdifi@rrentfocusing strength.
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Emittance calculation in Sotscan process

U Beam size; The only accessilpl@rameter from the profile

o Tb) SOlTpca>Q-eSﬁd))(cbe)e (d)@)ge
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Minimum number of measurememist be 3

The more the measurement, the more the accuralteast-squares fit method



4. Emittance measurement

Leastsquares fitmethod

U Looking for the best fit
V Example

10

10
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Leastsquares fit method
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4. Emittance measurement

Error estimation
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[B]P. H. Richter, fAE-SYHumat b nMPA FHEogresa RepartdB22,(1985a s t
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U Drift-solenoiddrift

Transfer matrices | X

i Drift: LF; ;]
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Emittance sensitivity of beam envelope

U Envelope equation
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‘Sol—scan processProfile measurement dfiNy Beams ‘

Profile measurement resolution.
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Resolution

=
=

U The concept &ﬁtll*;“

V' Smallestmeasurable interval. ([
V  Accuracy of the measurement =

U PointSpread FunctiorRSH =

V Response of an optical system to a point
source of light.

V Quantitative measure of the resolution.

—
—
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Resolution limits; Scintillator view screen

U Multiple scattering of electrons
V GEANT 4 simulation

U Geometric effect

illuminated area
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5. Profile measurement resolution
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Resolution limits; Optical system

u CCD camera

V Pixel size
V Noise



