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 There is no exact definition of a beam halo. 

 It depends on the system and the definer. 

 For this presentation, we will make several 
assumptions: 
◦ The beam has a Gaussian shape. 

◦ It is a continuous beam in a storage  

 ring. 

◦ The beam halo only includes particles 

 beyond 4σ. 

◦ The beam halo is only in the  

 transverse plane. 
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 Particle processes 
◦ Collisions, gas scattering, (quasi) elastic and 

inelastic Bremsstrahlung, thermal photon, beam 
instabilities and resonances, etc. 

 Optics related 
◦ Mismatch, coupling, dispersion, non-linearities 

(requires tracking for the “real” machine) 

 Beam hitting RF surfaces 
 Capture losses at the beginning of the ramp, 

RF noise, out-of-bucket losses, injection 
losses, and dump losses 
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 Several factors change the shape of the beam, 
and therefore the shape of the beam halo: 
◦ Magnetic/electric fields 

◦ Elements in the beam pipe 

◦ Beam instabilities 

 Examples of beams defined by other 
parameters: 
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LHC HL-LHC FCC-hh 

Cms Energy [TeV] 14 14 100 

Luminosity [1034cm-2s-1] 1 5 5 

Bunch Distance [ns] 25 25 25 

Background Events/bx 27 135 170 

Bunch Length [cm] 7.5 7.5 8 



 In a circular beam, the energy stored in the 
beam halo can be calculated using 
 

 𝐸ℎ = 𝐸𝑏 1 −   𝑓 𝑥, 𝑦 𝑑𝑥𝑑𝑦
4𝜎𝑦
−4𝜎𝑦

4𝜎𝑥
−4𝜎𝑥

 

 𝐸ℎ = 𝐸𝑏 1.2668 × 10
−4  
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LHC HL-LHC FCC Tevatron 

Eb [MJ] 360 678 8000 2 

Eh [kJ] 45.6 85.9 1013 0.253 

The LCH has total beam energy of Eb=360MJ 
[c] 

The  energy in the beam halo is Eh=45.6kV 
The future HL-LHC has total beam energy of 
Eb=678MJ [b??] kinda talked about on pg 4  
graph of [m] 

The energy in the beam halo is Eh=85.9kJ 
The future FCC has total beam energy of 
Eb=8GJ [b] 

The energy in the beam halo is Eh=1.013MJ 
 

 From “Protection of Hardware: Powering 
Systems (PC, NC and SC Magnets) [k] 

𝐸ℎ = 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝑡𝑒 𝑏𝑒𝑎𝑚 𝑎𝑙𝑜 
𝐸𝑏 = 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝑡𝑒 𝑡𝑜𝑡𝑎𝑙 𝑏𝑒𝑎𝑚 
𝑓 𝑥, 𝑦 = 𝐺𝑎𝑢𝑠𝑠𝑖𝑎𝑛 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 

 



 To know the position of the beam. 

 To measure the emittance, know the quality 
of the beam. 

 To predict and prevent potential damage. 
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 Harps (wire scanners) 

 Using secondary photons 
◦ Particles hit material, secondary photons are 

measured 

 Aperture Monitors measure beam halo 
◦ Intercepts fraction of the beam near the aperture 

 Thermocouples  
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 Use BPM  
◦ Measure frequency spectrum dependence 

𝑥 𝑡 =  𝑑 𝐽𝑥𝜌 𝐽𝑥 𝑒𝑥𝑝 2𝜋𝑖 𝑣𝑥0 + 𝑎𝑥𝑥𝐽𝑥 𝑡  

𝜌 𝐽𝑥 =  𝑑𝑡 𝑥 𝑡 𝑒𝑥𝑝 −2𝜋𝑖 𝑣𝑥0 + 𝑎𝑥𝑥𝐽𝑥 𝑡  
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 Electric field pulls halo away from beam 
center without affecting beam 

 Pull halo particles into separate path & clean 
out the bad particles 
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 Minimize the impact of halo losses 

 Optimize the background in the experiments  

 Handle the losses rather than losing the beam 
in an uncontrolled way 

 Controlled and safe way to dispose of beam 
halo particles produced by unavoidable beam 
losses 
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 From [e] 

 From [m,n] 



 Single-stage collimator 

 Multi-stage collimator 

 Adjustable collimators  
◦ Automatic or by operator 
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 From [e] 

 From [m,n] 



 Bending crystal collimators  
◦ Currently in R&D at CERN 

 

USPAS - Newport Beach, CA - 
November 5-13, 2014 12 



 [1] Fedotov, A. (2005). Halo Formation in High-Intensity Beams. Brookhaven National 
 Laboratory: Collider-Accelerator Department. 

 [2] Ross, M. (2014). Machine Protection and Interlock Systems - Linear Machines. Joint 
 International Accelerator School on Beam Loss and Accelerator Protection. 

 [3] Kim, S.-H. (2014). Protection of Accelerator Hardware: RF Systems. Joint Accelerator 
 School. 

 [4] Redaelli, S. (2014). Beam Cleaning and Collimation Systems. Joint International Accelerator 
 School. 

 [5] Schmidt, R. (2014). Machine Protection and Interlock Systems - Circular Machines - 
 Examples for LHC. Joint International Accelerator School on Beam Loss and Accelerator 
 Protection. 

 [6] Schulte, D. (2014). CERN's Vision on Future Colliders. 

 [7] Plum, M. (2014). Protection Related to High Power Targets. USPAS/Joint International 
 Accelerator School: Beam Loss and Accelerator Protection. 

 [8] Schmidt, R. (2014). Introduction to Accelerator Protection Course. Joint International 
 Accelerator School on Beam Loss and Accelerator Protection, 51. 

 [9] Wenninger, J. (2014). Machine Protection and Operation for LHC. Joint Accelerator School. 

 [10] Lomberg, B., Zhang, H. D., & Welsch, C. P. (n.d.). Beam Halo Monitoring. University of 
 Liverpool - Quasar Group. 

 [11] Shea, T. (2014). Beam Instrumentation for Machine Protection. JAS. 

 [12] Shiltsev, V. (2010). Bent Crystal Proton Collimation: Now a Reality. IPAC 2010. 

 

 

 
 

 

 

 

 

 

 

USPAS - Newport Beach, CA - 
November 5-13, 2014 13 

http://extras.springer.com/2003/978-0-7354-0166-2/cdr_pdfs/indexed/stage3_copyr/53_1.pdf
http://extras.springer.com/2003/978-0-7354-0166-2/cdr_pdfs/indexed/stage3_copyr/53_1.pdf
http://extras.springer.com/2003/978-0-7354-0166-2/cdr_pdfs/indexed/stage3_copyr/53_1.pdf
http://uspas.fnal.gov/programs/JAS/JAS14RossLecture1.pdf
http://uspas.fnal.gov/programs/JAS/JAS14RossLecture1.pdf
http://uspas.fnal.gov/programs/JAS/JAS14RossLecture1.pdf
http://uspas.fnal.gov/programs/JAS/JAS14RossLecture1.pdf
http://uspas.fnal.gov/programs/JAS/JAS14KimLecture.pdf
http://uspas.fnal.gov/programs/JAS/JAS14RedaelliLecture.pdf
http://uspas.fnal.gov/programs/JAS/JAS14SchmidtLecture2.pdf
http://uspas.fnal.gov/programs/JAS/JAS14SchmidtLecture2.pdf
http://uspas.fnal.gov/programs/JAS/JAS14SchmidtLecture2.pdf
http://uspas.fnal.gov/programs/JAS/JAS14SchmidtLecture2.pdf
http://uspas.fnal.gov/programs/JAS/JAS14SchmidtLecture2.pdf
http://uspas.fnal.gov/programs/JAS/JAS14SchmidtLecture2.pdf
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=10&ved=0CFcQFjAJ&url=https://indico.fnal.gov/materialDisplay.py?contribId=3&sessionId=4&materialId=slides&confId=7864&ei=yOteVMH_CMv7oQSFl4CwAw&usg=AFQjCNG8hH_7F9S01XpHpsgrANhNzcQR-g&sig2=1J6saAJ4cShiABNsqkhkKg&bvm=bv.79189006,d.cGU
http://uspas.fnal.gov/programs/JAS/JAS14PlumLecture2.pdf
http://uspas.fnal.gov/programs/JAS/JAS14SchmidtLecture1.pdf
http://uspas.fnal.gov/programs/JAS/JAS14WenningerLecture.pdf
http://www.liv.ac.uk/quasar/research/beam-instrumentation/beam-halo-studies/
http://uspas.fnal.gov/programs/JAS/JAS14SheaLecture1.pdf
https://accelconf.web.cern.ch/accelconf/IPAC10/talks/tuoamh03_talk.pdf

