


Beam Diagnostics Instruments at the IPM Linac

Shahin Sanaye Hajari

School of Particles and Accelerators, Institute For  Research in Fundamental Science (IPM), Tehran, Iran

IPM Linac workshop, Bahman 28-30, 1396



Contents

1. Introduction

2. Beamcurrent measurement

3. Transversebeamprofile monitor

4. Emittance measurement

5. Profile measurementresolution

6. Energy spectroscopy

7. Combinedfunction diagnosticbox



1. Introduction



1. Introduction                                                         1

The need for diagnostics 

ü Machine commissioning

V Adjusting machine parameters in order to achieve the design parameters.

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

Á Solenoid: position, current

Á Gun: Voltage, current

Á Prebuncher: phase, voltage

Á ể

ü Machine operation
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Parameters to be measured and the energy range 

1. Current

2. Energy

3. Energy spread

4. Transverse Profile

5. Beam size

6. Derivative of the Beam size

7. Emittance

8. Position 

9. Bunch length

50 keV
1.5 MeV 5 MeV 8 MeV
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Faraday cup 

ü A metal as a beam stopper.

ü Wide range current measurement. (Ὅ ρπÐ!)

ü Simple structure.

ü CD and pulsed current measurement.
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Faraday cup design 

ü Beam energy (penetration depth) metal thickness.

ü Electron backscattering

V Increases with target atomic number.

V Decreases with Beam energy.

suggesting a cup shape

Backscatteredpercentat different

energiesfrom differenttargets[1].

[1] E. H. Darlington 1975 J. Phys. D: Appl. Phys. 8 85.
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Faraday cup design 

ü Secondary electron emission( ςππὩὠ)

V Long cup

V Voltage suppression

V Magnetic field suppression

ü Thermal aspects:   radiation
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Faraday cup design

ü Time structure  of the beam 

ü RC circuit

V † Ὑὅ

V ὠ ὙὍ
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Transvers profile

ü Particle density in the transverse plan.

ü Includes information most of beam parameters of interest.

V directly
Á Beam size

Á Beam position

V After a focusing element
Á Derivative of the beam size

Á Emittance

V After a dipole magnet
Á Energy

Á Energy spread
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Methods of the measurement

ü Scintillator view screen

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

V The intensity of the emittedphotonsis proportionalto the energydepositand

henceparticledensity. Linearity

V Readout system: mirror, lens, CCD camera.

V High resolution

ü Thermal aspects [1] 

V Linearity

[1] D. W. Storey, ñAView Screenbeamprofile monitor for theARIEL e-linac at TRIUMFò,Masterôsthesis,Universityof Victoria,

(2011).2008(chapter3).
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Methods of the measurement

ü wire

V Wire scanner or harp

V Beam stopper at low energy and secondary emission at high energies.   

V Readout system: signal amplifier.

ü Thermal aspects

V Melting point

V The only cooling mechanism: radiation

V Power rating: < 1 W/mm [2]

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

ü YAG:Cescintillator

ü Size: 3 cm Ĭ3 cm Ĭ30 ɛm

V resolution

ü Aluminum substrate

V Heat transfer

V Avoiding charge accumulation  
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Profile measurement at the IPM Linac

ü Experimental setup

V Waiting for the Vacuum chamber

CCD cameraLensAl mirror

Al substrate

Rail

Scintillator holder vacuum chamber

Visible photons

YAG scintillator layer

Window

Electron beam
Light tight camera box (Pb shielded)
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Sol-scan process

ü Beam size; The only accessible parameter from the profile

ὥ ὼ
Solīscanprocess

‐ ὼ ὼᴂ ὼὼᴂ

ü The basic of the Sol-scan emittance measurement

V Using a solenoid and measuring the beam size for differrentfocusing strength. 



4. Emittance measurement                                     13

Emittance calculation in Sol-scan process

ü Beam size; The only accessible parameter from the profile

ὥ ὼ
Solīscanprocess

‐ ὼ ὼᴂ ὼὼᴂ

ü Transfer matrix

ὼ
ὼᴂ

ὓ ὓ
ὓ ὓ

ὼ

ὼ

ὼ ὓ ὼ ὓ ὼ

ὼ ὓ ὼ ςὓ ὓ ὼὼ ὓ ὼ

Minimum number of measurement must be 3

The more the measurement, the more the accurate Least-squares fit method.

ὥὥ ὼὼᴂ

ὥ ὓ ὥ ςὓ ὓ ὥὥ ὓ
‐

ὥ
ὥ

ᾀ ᾀ
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Least-squares fit method

ü Looking for the best fit

V Example:
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Least-squares fit method

ὥὍ ὓ Ὅὥ ςὓ Ὅὓ Ὅὥὥ ὓ Ὅ
‐

ὥ
ὥ

ὃὍ ὄ Ὅὃ ὄ Ὅὃ ὄ Ὅὃ Fit function

Ὅ, Ὥ ρȟȣȟὔ
ὃ, Ὥ ρȟȣȟὔ

N point

„ ,    Ὥ ρȟȣȟὔ errors

ὄ Ὅ ὄ ,          Ὥ ρȟȣȟὔ, Ὦ ρȟςȟσ

… ὃ ȟὃ ȟὃ
ὃ ὃὍȟὃ ȟὃ ȟὃ

„

Minimizing… π, Ὦ ρȟςȟσ



Error estimation

ὃὍ ὄ Ὅὃ ὄ Ὅὃ ὄ Ὅὃ

ὃ :            ὃ , Ὦ ρȟςȟσ

ὄ :              ,          Ὥ ρȟȣȟὔ, Ὦ ρȟςȟσ

ὃ :               ,          Ὥ ρȟȣȟὔ

ü Covariance Matrix: ὅ ὄ ὄ

„ ὅ

ὃ ὄ ὄ ὄ ὃ
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[3] P. H. Richter, ñEstimating Errors in Least-Squares Fittingò, TDA Progress Report 42-122,(1995).



Transfer matrices

ü Drift -solenoid-drift

ü Drift: 
ρ ὒ
π ρ

ü Larmorframe:

ὼ Ὧᾀ ὼ π
ὼ
ὼᴂ

ÃÏÓὯɝᾀ ÓÉÎὯɝᾀ

ὯÓÉÎὯɝᾀ ÃÏÓὯɝᾀ

ὼ

ὼ

Ὧᾀ

ὓ ὓȢὓȢȣȢὓ
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Emittance sensitivity of beam envelope

ü Envelope equation

ὥ Ὧᾀὥ π

ὥὍ ὓ Ὅὥ ςὓ Ὅὓ Ὅὥὥ ὓ Ὅ ὥ

Sol-scan process: Profile measurement of Tiny Beams.

Profile measurement resolution.
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Resolution

ü The concept

V Smallest measurable interval. 

V Accuracy of the measurement.

ü Point Spread Function (PSF)

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

ü Multiple scattering of electrons

V GEANT 4 simulation

ü Geometric effect 

Scintillator resolution  Scintillator thickness = 30 ɛm
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Resolution limits; Optical system

ü CCD camera

V Pixel size

V Noise
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