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ΔP/P Measurement

❖ A Faraday Cup measures coasting beam size when the beam is 
accelerated by empty RF bucket.

❖ The data includes a  beam size information.

❖ Schottky Analysis gives direct measurement of ∆P/P. 
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Longitudinal Schottky Spectrum delivers:
 Mean revolution frequency fo , incoherent spread in revolution frequency ∆f  / f0

 in accelerator physics: mean momentum po , momentum spread ∆p / p0

 For bunched beams: synchrotron frequency fs

 Insight in longitudinal beam dynamics including non-linearities
Transverse Schottky Spectrum delivers:
 Tune Q i.e. number of betatron oscillations per turn

 Chromaticity ξ with ࡽ∆
૙ࡽ

= ࣈ  · ࢖∆
૙࢖

 i.e. coupling between momentum and tune

 Transverse emittance (in most case in relative units) 
For intense beams: 
Modifications of the spectrum is used to probe beam models 
Installed at nearly every proton, anti-proton & ion storage ring for coasting beams
Installed in many hadron synchrotrons for bunched beam investigations
The basic ideas for standard applications & detection scheme are discussed!

Beam Parameters obtained from Schottky Signal Analysis

*IBIC2017, Tutorial on Beam Measurements using Schottky Signal Analysis: 
https://accelconf.web.cern.ch/ibic2017/talks/mo2ab1_talk.pdf
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time t / t 0

I(t)
Particle 1 rotates with t0 =1/f0
Particle 2 rotates t2 =1/(f0 + ∆f)
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Fourier trans. or 
spectrum analyzer

I(f)

harmonic number h = f / f 0

Particle 2: lines at f2 = h⋅ ( f0 + ∆f )
Particle 1: lines at f1 = h⋅f0
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fh ∆⋅

rev. time
t0 = 1/f0

Particle 2 of charge e rotating with t2 = 1/( f0 + ∆f) : 
Current at pick-up  ܫ૛ ݐ = ݁ ଴݂  ·   ∑ ߜ ݐ − ଶݐࢎ

ஶ
ୀିஶࢎ

 ૛ܫ   ݂ = ݁ ଴݂ + 2݁ ଴݂ · ∑ ݂)ߜ − ࢎ · [ ଴݂ +∆݂ ])ஶ
ୀଵࢎ  

Important result for 1st step: 
 The entire information is available around all harmonics
 The distance in frequency domain scales with h⋅∆f

Particle 1 of charge e rotates with t1 = 1/f0 : 
Current at pickup  ܫ૚ ݐ = ݁ ଴݂  ·   ∑ ߜ ݐ − ଴ݐࢎ

ஶ
ୀିஶࢎ

 ଵܫ ݂ = ݁ ଴݂ + 2݁ ଴݂ · ∑ ݂)ߜ − ࢎ ଴݂)ஶ
ୀଵࢎ  

injection extraction

Schottky pickup

Schottky noise analysis is based on the power spectrum 
for consecutive passage of the same finite number of particles 

Longitudinal Schottky Analysis: 1st Step  
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Longitudinal Schottky Analysis: 2nd Step 

Averaging over many particles for a coasting beam:
Assuming N randomly distributed particles characterized by phase θ1, θ2 , θ3 ... θN
with same revolution time t0 = 1/ f0 ⇔ same revolution frequency f0
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The power at each harm. h is:

measured with a pickup of transfer impedance Zt
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0
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Important result for 2nd step: 
 The integrated power in each band is constant and ∝ N
Remark: This random distribution is the connection 
to shot noise as described by W. Schottky in 1918 

For observations much longer than one turn: average current ܫ ௛ = 0 for each harm. h ≠ 1
but In a band around each harmonics h the rms current ܫ௥௠௦ ℎ = ଶܫ

௛ remains:

t0 = 1/f0

Schottky pickup

θ1

The total beam current is:                                                                                                
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Pickup for Schottky Signals: Capacitive Pickup

A Schottky pickup are e comparable to a capacitive BPM: 
 Typ. 20 to 50 cm insertion length
 high position sensitivity for transverse Schottky
 Allows for broadband processing
 Linearity for position not important
Example: Schottky pickup at GSI synhrotron

Transfer impedance: 
Coupling to beam Usignal = Zt ⋅ Ibeam
Typically Zt = 1 ...10 Ω, C = 30 ... 100 pF  fcut ≈ 30 MHz  
 operation rang  f = 30 ... 200 MHz

i.e. above fcut but below signal distortion ≈ 200 MHz

vertical pickup

horizontal  pickup

80 mm beam

ele. feedthru
N-type

CF200

Example: Schottky for HIT, Heidelberg
operated as capacitive (mostly)  or strip-line

CF∅ 250mm

horizontal
pickup

250mm

70mm

Typical transfer impedance
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Electronics for a typical broadband Pickup 

Analog signal processing chain:
 Sensitive broadband amplifier
 Hybrid for sum or difference 
 Evaluation by spectrum analyzer

Challenge for a good design:
 Low noise amplifier required
 For multi stage amplifier chain: 

prevent for signal saturation

Choice of frequency range:
 At maximal pickup transfer impedance
 Lower f higher signal 
 Higher f better resolution
 Prevent for overlapping of bands

Enhancement by external resonant circuit :
 Cable as  λ/2 resonator 
 Tunable by capacitive diode
 Typical quality factor Q ≈ 3 ... 10
 resonance must be broader 

than the beam’s frequency spread



P. Forck, GSI: Tutorial on Schottky Signal Analysis IBIC 2017, Grand Rapids18

Example: Coasting beam at GSI synchrotron at injection  
Ekin = 11.4 MeV/u ⇔ β = 15.5 %, harmonic number h = 119  

Example of longitudinal Schottky Analysis for a coasting Beam

Application for coasting beam diagnostics: 

 Injection: momentum spread via ୼௣
௣బ

= − ଵ
ఎ

· ୼௙೓
௛ ௙బ

 as influenced by re-buncher at LINAC

 Injection: matching i.e. fcenter stable at begin of ramp
 Dynamics during beam manipulation e.g. cooling
 Relative current measurement for low current below the dc-transformer threshold of ≈ 1µA

fast span: 1 MHz

5 dB 0.1 MHz

10 kHz

5 dB

high resolution: 0.1 MHz span, 0.1 s
∆fh ∝ h⋅∆p

spectrogram 

 ∆p/p0 ≈ 10 -3

t =0.2s 

f =1MHz

fcenter = 25.7MHz 
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2 Some examples to get started

2.1 How to create Sections and Subsections

Simply use the section and subsection commands, as in this example document! With Overleaf, all

the formatting and numbering is handled automatically according to the template you’ve chosen. If

you’re using Rich Text mode, you can also create new section and subsections via the buttons in the

editor toolbar.

2.2 How to include Figures

First you have to upload the image file from your computer using the upload link in the file-tree menu.

Then use the includegraphics command to include it in your document. Use the figure environment

and the caption command to add a number and a caption to your figure. See the code for Figure 1 in

this section for an example.

Note that your figure will automatically be placed in the most appropriate place for it, given the

surrounding text and taking into account other figures or tables that may be close by. You can find

out more about adding images to your documents in this help article on including images on Overleaf.

Figure 1: This frog was uploaded via the file-tree menu.

1

Assuming that ΔP/P=0.005, 
f0=2.985MHz and h=1 at 50MeV, 
Δf1 = 11.7kHz (k=7.5). 
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