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Outline
• CERN & Beam instrumentation
• Instruments in SY-BI-IQ

• Fast beam current transformers
• Beam position monitors
• Tune monitors
• Potpourri of other instruments
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Beam instrumentation
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• What do we mean by beam instrumentation?
• The “eyes” of the machine operators 

• The instruments that observe beam behaviour
• Enable beam optimization (steering, stability, lifetime, luminosity, …)

• What does work in beam instrumentation entail?
• Design, construction & operation of instruments to observe particle 

beams
• R&D to find new or improve existing techniques to fulfill new 

requirements
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Colliding beams luminosity
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LHC: 
Collisions: ,  per bunch crossing

 

Goal is to maximise !!! 

• Minimise beam losses (i.e. keep  as large as possible for as long as possible)
• Maximise beam stability (measure and control tune, …)

• Measure and control beam position
• Measure and optimize beam separation

• Minimise transverse beam sizes
• Luminosity can also be measured directly

 

Beam instrumentation
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Beam intensity measurement

• Need to cover  5 ∼ 5 
orders of magnitude

• > 1% of full-scale, 
relative error < 0.03%
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Calibration intensity

DC Beam Current Transformers 
LHC
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Beam instrumentation – who are we?

• Technicians, Engineers, Physicists
• Mechanics
• Electronics (analog + digital)
• Software
• Instrumentation physics
• Beam physics

9Jagiellonian University12/12/22



Beam instrumentation – where are we?
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Beam Instrumentation
• Mechanics
• Electronics

Vacuum
Cabling

Beam

Mechanics 
design office

Electronics 
design office

Beam operations Beam physicsOur clients!!!

• Software
• Physics
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Beam instrumentation group structure at CERN

Work across instruments
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(Some) instruments in the IQ section
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Instrument Where? What do we measure?

Fast Beam Current Transformers • All transfer lines
• Most circular machines

Beam intensity, bunch intensity

DC Beam Current Transformers • Most circular machines Beam intensity

Tune measurement systems • All circular machines Tune (resonant beam oscillations)

Beam position monitoring • AD, ELENA and LEIR
• SPS and LHC (DOROS)

Beam position

Schottky monitors • ELENA, LEIR and LHC Momentum distribution, synchrotron tune, 
betatron tune, chromaticity, …

Head-tail + Instability monitoring • SPS and LHC Intra-bunch oscillations

LHC beam-based feedbacks • LHC Orbit feedback, tune feedback
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Fast Beam Current Transformers
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Fast Beam Current Transformers

14Jagiellonian University12/12/22



Fast Beam Current Transformers
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Ampere’s law:

Faraday’s law:

¿𝑅 /𝐿 
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Fast Beam Current Transformers
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Differentiation Proportionality
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Fast Beam Current Transformers – transfer line

How to fix it? – Easy, make

• Increase     by increasing

BUT

• Decrease 

Again, the price to pay is

¿𝑅 /𝐿 
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Fast Beam Current Transformers – circular machine

droop

1 bunch with
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Fast Beam Current Transformers – circular machine

𝑓 0 
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Fast Beam Current Transformers – live measurements
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Fast Beam Current Transformers – droop mitigation

• Compensation at low freqs  lower low cutoff  increase ⇒ lower low cutoff ⇒ increase ⇒ lower low cutoff ⇒ increase 𝜏 (droop time)
• General accuracy and resolution aims ~ 1%
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Fast Beam Current Transformers – live measurements
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Document reference 23

~ 70 installations
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Beam Position Monitors
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28.02.2023 Document reference 25
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Beam current

Beam displacement

ℓ A2𝛼 0 

Beam Position Monitors

Electrode charge
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𝜔 0 

Beam Position Monitors
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Beam Position Monitors
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Beam Position Monitors - ELENA

Resolution and 
accuracy 

 

Beam current 
independent!
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BPM-based intensity

≈1 

𝜔 ≫1/(𝑅𝐶 ) 

• Beam spectrum
— Instrument response
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BPM-based intensity

No DC!!!
 

A4=A2+A3A1=A4+A5
No DC ⇒ lower low cutoff ⇒ increase 

A1=A6!!! Beam intensity,  independent!!!  𝛽 independent!!!

Bunched 
beam

Unbunched 
beam𝐼 𝑏≲500𝑛𝐴 
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Tune monitors
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• Characteristic frequency of the magnetic lattice

• Given by the strength of the quadrupole magnets

• Defined as the number of transverse oscillations in a 
single turn

• Controlling the fractional part is crucial for beam stability

QF
QF QF

QDQD QF
QF QF

QDQD

SF
SF

SF
SD SD

Tune – what is it?

Tune value

Fractional part
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Tune - beam stability
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Tune – early energy ramps in the LHC
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Tune – a beam position monitor with special electronics
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BPLX
D6R4.B1

BPLX
B6R4.B2

Tune – a beam position monitor with special electronics
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Tune measurement in the PS ring
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Tune feedback in the LHC
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Potpourri of other instruments
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Schottky

• Synchrotron tune
• Betatron tune
• Chromaticity
• Bunch shape
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DC Beam Current Transformers

Total beam intensity
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Beam Position Monitors with DOROS electronics
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Head-tail beam position monitors

Horizontal

Vertical

Jagiellonian University12/12/22



45

Kalman filter – longitudinal phase space reconstruction
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LHC beam-based feedback system

1
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Spare slides
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BPM-based intensity

Horizontal

• Simulation using 
finite element EM 
solvers (e.g. CST)

• Measured H pos 
independent of V 
offset

• Sum signal 
independent of beam 
offset (position)
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