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M2 Beam Line and AMBER



Beams from SPS
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North Area beamlines - schematic

9/30/2021 RF separated beam | A. Gerbershagen 4

T6

T4

T2

T2 wobbling

T4 wobbling

T10 NA62

NA61 H2

H4

H6

H8

M2

P42

P6

K12

NA64

AMBER



COMPASS and AMBER
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Very optimistic. 

Current estimates: LHC Run 5 



Atherton formula (parametrisation of measured 

particle production data from NA20) with 

following assumptions:

• No particle enrichment (e.g. RF separation)

• Dp/p = 1% RMS

• Angular acceptance = 17.6 msterad

• 1.5 x 1013 ppp on T6

• 500 mm BE target

• Distance T6 to Amber target: 1138 m

• Electrons are not considered

K- and ഥ𝒑 vs momentum at AMBER target
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RP Limitation: 4∙108 particles per spill
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RF Separated Beam Principle



The RF-separated beams
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• Particle species discrimination: same momentum but different velocities

• For M2: Interest in K
-

and  antiproton beams

• Time-dependent transverse kick by RF cavities in dipole mode

• RF1 kick compensated or amplified by RF2 depending on velocity, i.e. particle species

• Studies to evaluate the feasibility for physics have started. 

• Studies for M2 beam line profit from synergies with a completed K12 study
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RF-frequency calculations
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• 𝐿 is the distance between the cavities (should increase with momentum)

• First version of beam optics reached 𝐿 ≈ 830m

• Phase difference between two particles given by 
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• Frequency to separate the two species by Δ𝜑
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Kaon-antiproton phase Pion-antiproton phase Pion-kaon phase
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• Kaon beams with Δ𝜑pion
antiproton

= 2𝜋. For 𝑝 = 75 GeV/𝑐 one gets 𝑓 ≈ 4.72 GHz

• Antiproton beams with Δ𝜑pion
antiproton

= 𝜋. For 𝑝 = 105 GeV/𝑐 one gets 𝑓 ≈ 4.63 GHz

Kick of the cavities
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Kaon beams (𝟕𝟓 𝐆𝐞𝐕/𝒄) Antiproton beams (𝟏𝟎𝟓 𝐆𝐞𝐕/𝒄)
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Beam Optics for RF Separated Beam



The RF-separated beam optics in M2
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• First optics up to the AMBER target position done

• Aim for momentum resolution ≤1%, if ok for RF

• Beam spot size in the two RF cavities optimized and distance between the cavities maximized (𝐿 ≈ 830m)

• Implementation of two RF-deflectors

• 5 m of space reserved for dump system 

• Beam as parallel as possible at CEDAR location



Primary beam 

from SPS

Beam in the cavities
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Focused optics: Minimize beam size in the cavities

Parallel optics: Minimize beam divergence in the cavities
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Focused and parallel beams
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Beam large in X’, small in X
 Relative kick is small

 Beam fits well through apertures

Focused beam

Parallel beam

X

X’

Effect of a kick

Beam small in X’, large in X
 Relative kick is large 

 Better separation

 Beam is limited by apertures
 Beam size determined by beamline angular 

acceptance and R12 optical function

 Emittance is constant (Liouville’s theorem), hence 

higher parallelism means larger beam size and hence 

larger aperture losses

X
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Effect of a kick



Parameters of Beam Optics
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• Several versions of the optics:

• Focused beam

• Parallel beam with R12 = 50, R12 = 5, and R12 = 7.5

• Separation and transmission depend on many 

parameters, like 

• Beam initial distribution in X, Y 

and momentum (impacts time of flight)

• Cavity type 

• Assumptions based on the design of the crab cavities for ILC

• RF frequency 3.9 GHz

• Iris size d=30 mm (consider impact on effective iris aperture due to beam deflection)

• Kick of 5 MV/m * 10 m 

RF1 RF1

RF1



Kick in the First Cavity
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• SPS beam is extracted over a 

given time period

• Particles arrive at RF1 with all 

possible phases

• Angular distributions after RF1 

look the same for all species

• Simulated with a maximal kick 

of 50 MeV/𝑐 (≙ 1.5 mrad) per 

cavity

Tracking with focused optics only for principle demonstration.

For the current tracking status see F. Metzger’s presentation.



Angular Distribution after RF2
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• Angle drops significantly at about 

1 mrad for antiprotons and pions

• For kaons angle peaks at around 

1 mrad

• “Small” angular difference only 

visible at “large” distances 

between RF2 and beam dump

• For kaons: max. 1.5mrad

• For the others: max. 0.9mrad

Tracking with focused optics only for principle demonstration.

For the current tracking status see F. Metzger’s presentation.



Absorption
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• Before the dump • After the dump

Tracking with focused optics only for principle demonstration.

For the current tracking status see F. Metzger’s presentation.



Summary
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• AMBER Phase 2 requires higher intensity of kaon 

and antiproton beams

• The share of kaons and antiprotons in the beam is 

limited by their production share at the target and 

the kaon decay

• The overall intensity of the beam is limited by RP 

considerations in EHN2

• RF Separated beam technique is an option to 

increase the share of kaons/antiprotons in the M2 

beam

• Different optics designs are under study 

(see next talk by F. Metzger for more details)
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Thank you for your 

attention!

9/30/2021 RF separated beam | A. Gerbershagen


