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MultiMulti--turn extractionturn extraction –– II
The main ingredients of The main ingredients of 
the novel extraction:the novel extraction:
The beam is separated in The beam is separated in 

the horizontal phase space the horizontal phase space 
using using 

Nonlinear magnetic elementsNonlinear magnetic elements
((sextupolessextupoles ad ad octupolesoctupoles) to ) to 
create create stable islandsstable islands..
Slow (Slow (adiabaticadiabatic) horizontal tune ) horizontal tune 
variation to cross an variation to cross an 
appropriate resonance.appropriate resonance.

CERNCERN--specific requirementsspecific requirements
Extraction over five turns Extraction over five turns --> > 
44thth order resonanceorder resonance
Equally populated turns Equally populated turns --> > 
(20(20±±1)%1)%
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The predecessor of MTE: Continuous Transfer (CT)The predecessor of MTE: Continuous Transfer (CT)
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Implementation of MTEImplementation of MTE

Sext/oct

Sext/oc
t
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Transverse dynamics Transverse dynamics -- II
SextupolesSextupoles and and octupolesoctupoles are used toare used to
Generate stable islandsGenerate stable islands
Control size/position of islandsControl size/position of islands
Control linear chromaticityControl linear chromaticity
Control nonControl non--linear coupling (linear coupling (using an additional set of using an additional set of 

octupolesoctupoles, normally used to combat instabilities, normally used to combat instabilities))

yxy

yxx

JhJhQ
JhJhQ

2,01,1

1,10,2

+=
+=

δ
δ

hh2,02,0 --> detuning with amplitude (H> detuning with amplitude (H--plane) plane) --> > ∝∝ ββxx
22 KK33

hh1,11,1 --> non> non--linear coupling linear coupling --> > ∝∝ ββxxββyy KK33

hh0,20,2 --> detuning with amplitude (V> detuning with amplitude (V--plane) plane) --> > ∝∝ ββyy
22 KK33
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Transverse dynamics Transverse dynamics -- IIII
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Phase space at septum Phase space at septum 
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Transverse dynamics Transverse dynamics -- IVIV
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To achieve good sharing of beam intensity between To achieve good sharing of beam intensity between 
islands and core various parameters islands and core various parameters optimisedoptimised (h(h1,11,1 is is 
rather crucial). rather crucial). 
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Evolution of beam distributionEvolution of beam distribution
Horizontal beam profiles in Horizontal beam profiles in section 54section 54 have been taken have been taken 
during the capture process (total intensity during the capture process (total intensity ~~2.12.1××10101313).).



Massimo Massimo GiovannozziGiovannozzi IPAC'10 IPAC'10 -- May 27th 2010May 27th 2010 1818

Evolution of beam distributionEvolution of beam distribution
Horizontal beam profiles in Horizontal beam profiles in section 54section 54 have been taken have been taken 
during the capture process (total intensity during the capture process (total intensity ~~2.12.1××10101313).).
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Extraction efficiencyExtraction efficiency
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Regular fluctuations in Regular fluctuations in 
the extraction efficiency the extraction efficiency 
are also observed and are also observed and 
seem well correlated to seem well correlated to 
spill fluctuations.spill fluctuations.
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CT vs. MTE: extraction lossesCT vs. MTE: extraction losses

For the same extracted intensity, the CT features more losses,For the same extracted intensity, the CT features more losses,
about the double, compared to MTE.about the double, compared to MTE.
The CT losses are spread around the ring whereas for MTE theThe CT losses are spread around the ring whereas for MTE the
losses are more concentrated on the extraction septum as anticiplosses are more concentrated on the extraction septum as anticipatedated 
in the MTE Design Report.in the MTE Design Report.

CT MTE
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MTE performance in SPSMTE performance in SPS

2009: the MTE beam was delivered to SPS as of 2009: the MTE beam was delivered to SPS as of 
midmid--September. Total intensity delivered was about September. Total intensity delivered was about 
33××10101717 pp
2010: commissioning activities started as of 2010: commissioning activities started as of 
February. Physics run started with MTE beam instead February. Physics run started with MTE beam instead 
of CT.  of CT.  
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High intensity beam: peak performance

Lower trapping in Lower trapping in 
islands generates islands generates 
beam loading in the beam loading in the 
cavities, thus cavities, thus 
limiting the limiting the 
performance of performance of 
the SPS.the SPS.
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Longitudinal dynamicsLongitudinal dynamics

Momentum
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Longitudinal Longitudinal 
coupledcoupled--bunch bunch 
instability of instability of 
quadrupolarquadrupolar modemode

Transverse splittingTransverse splitting

The beam is de-
bunched prior to 
extraction
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OutlookOutlook

First MTE beam delivered to the SPS by midFirst MTE beam delivered to the SPS by mid--September September 
2009 (about 1.52009 (about 1.5××10101313 p/extraction).p/extraction).
Equal sharing between islands and core achieved by the end Equal sharing between islands and core achieved by the end 
of 2009.of 2009.
In February 2010 the commissioning was resumed. In February 2010 the commissioning was resumed. 
High intensity beam was extracted (about 2.1High intensity beam was extracted (about 2.1××10101313

p/extraction) with record intensity 2.6p/extraction) with record intensity 2.6××10101313 p/extraction.p/extraction.
2010 physics run at SPS was started using MTE beam.2010 physics run at SPS was started using MTE beam.
Open issues:Open issues:

Periodic variation of the fraction of particles trapped in Periodic variation of the fraction of particles trapped in 
islands.islands.
Activation of extraction septum due to the extraction losses Activation of extraction septum due to the extraction losses 
related to the longitudinal structure of the extracted beam related to the longitudinal structure of the extracted beam 
(de(de--bunched as needed by the SPS).bunched as needed by the SPS).
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