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Outline

• Instrumentation and diagnostics for the Muon Campus

• Beam measuring techniques

• Phase-space mapping techniques
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Muon Campus beam monitoring
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Monitoring example

• Beam monitoring in the secondary beam lines relies mainly 

on PWC or SEM (beam profile) and IC (beam intensity) 
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Proportional wire chambers (PWC)
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PWC

Monitor

• Measure the beam profile:

– Beam ionizes the gas inside the device and the resulting charge is 

collected by the wires

– Nobel prize in 1992 to G. Charpak for his invention and development 

of particle detectors, in particular the multiwire proportional chamber

• Very sensitive: Can measure beam intensities down to 103

per 12 Hz pulse



Secondary emission monitors (SEM)
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Monitor

• Measure the beam profile:

– Under the impact of the beam particles on some solid material, 

electrons are liberated from the surface and thus are producing a flow 

of current

• Not so sensitive: Can measure beam intensities down to 107

per 12 Hz pulse



Ionization chambers (IC)

7

Monitor

• Measure the beam intensity

– Beam ionizes the gas-filled-chamber that is placed between two 

electrodes that are at voltage potential

– The charge from the created ion-pairs are a measure of the beam 

intensity 

• Sensitive: Can measure beam intensities down to 105 per 12 

Hz pulse



Diagnostics along the Muon Campus
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PWC monitoring example
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Monitoring of the 

beam as it 

circulates the DR



Multiple scattering
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• Muon will be deflected due to Coulomb scattering from 

nuclei

• The angle has a roughly Gaussian distribution of width 𝜃0:        

𝜃0 =
13.6 MeV

𝛽𝑐𝑝

𝑥

𝐿𝑅
1 + 0.038ln

𝑥

𝐿𝑅

Type equation here.



Emittance growth from scattering

• For an individual particle after 

scattering: 𝑥′ = 𝑥0
′ + ∆𝜃

• Taking second order moments:   

– 𝑥2 = 𝑥0
2

– 𝑥′2 = 𝑥0
′ + ∆𝜃 2

– 𝑥𝑥′ = 𝑥0𝑥0
′

• The new emittance after scattering is: 

𝜖 = 𝑥2 𝑥′2 − 𝑥𝑥′ 2 or                             

𝜖 = 𝜖0 1 +
𝑥0
2 𝜃𝑟𝑚𝑠

2

𝜖0

• Emittance growth depends on size 

and material
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M. Syphers, GM2-doc-2343



PWCs scattering effect in the DR
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Momentum scrapers
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• Momentum scrapers in dispersive 

areas can be used for:

– Cutting unwanted momentum particles

– Selecting particles at certain momenta 

and therefore allowing measurement of 

the dispersion downstream



Measuring the beam phase-space
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• Recall that 𝜎 = 𝛽𝜀; with PWCs we measure only 𝜎. Not enough!



Importance of Twiss parameters
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• Every simulation requires this input

• Muon Campus has several diagnostic stations to measure 

the beam sizes x and y

• But we don’t measure momentum x’ and y’

• Assuming wrong initial conditions gives wrong results:

• KNOWLEDGE of the beam phase-space is important 

G4Beamline Example



Recall the final focus…
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• Last five magnets can be adjusted to a wide range of 

focusing strengths in order to maximize performance

Froemming, gm2-docdb-6938



Phase-space Tomography
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• An object in n-dimensional space can be recovered from 

a sufficient number of projections onto (n-1)-dimensional 

space



Tomography with muon beams

• No additional hardware needed: Only a profile monitor 

and quadrupole. Very simple!!!
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Phase space rotation by a magnet

x
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Phase-Space projections
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Profiles collected
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Reconstruction process
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Proof-of-principle: End of M5
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Quadrupole scan technique

• We can estimate the rms emittance by measuring the beam 

spot size as a function of the focal length of the quad
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Profiles collected at PWC021
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Measuring beam optics at the end of M5

26

P
W

C
0
2
5

P
W

C
0
2
1

P
W

C
0
2
0

P
W

C
0
1
4

To inflector

PWC020 PWC020

June Beam June Beam



First demonstration reference
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