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Injection-Extraction @CERN
A CERN ABT group

i Accelerator Beam Transfer, website

i The ABT group is in charge of the design, development, construction, installation, exploitation
and maintenance of |nject|on and extraction related equipment and beam-transfer systems

) Kicker Design and Construction
(KDC) ) Pulsed Power Engineering (PPE) ) Septa (SE)



https://sy-dep-abt.web.cern.ch/
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Introduction

A Accelerators have limited ranges of energies

i Asynchrotron have a typical range of energy of 20x
LHC from 450GeV to 7000TeV for protons (x15)

SPS from 14GeV to 450GeV for protons (x30) ALICE T . /\ North Area Ch

i Particles get accelerated in a chain of accelerators

A Injection and extraction between stage needs ™
careful consideration

1142

T AWAKE
2016 ]

HiRadMat
I }\\I‘m.

i to maintain the beams properties, in particular brightness D "ea
. . . ! ) ) Q | 1972 (157 m) | )
i To deliver beams with required properties to fixed target . \ - m“‘
experiments oo ; Y
A The limits of this lecture \ =
i No (synchro-)cyclotrons, rodhotron, FFA, electrostatic e

i Most principles discussed here are applicable to any
type of accelerator

i Focus on synchrotrons, more specifically alternating
gradient synchrotrons




Basic principle

Injected beam
T intensity injected beam

Septum magnet

N circulating beam
T kicker field \
H Circulating beam

> _—
e

F-quad D-quad Kicker magnet

A Septa compensate for the relatively low kicker strength, and approach

closely the circulating beam (spatial separation)
A Kickers produce fast pulses, rising their field within the particle-free gap in

the circulating beam (temporal separation)




Layout

A
A
A Hardware system
i Septum
i Kicker
A
A
.
:
'
.
A




Hardware systems : septum

A Electrostatic septa (DC)
A Magnetic septa (DC and pulsed):

Direct drive septum
Eddy current septum (pulsed only)
Lambertson septum (deflection parallel to septum)

Region A Region B

Field free region
(E,=0and B, =0)

Uniform field region
(E,il 0 ,dr OB
QX0

o

unperturbed circulating beam deflected extracted beam

Challenge: low leakage field

Challenge: field uniformity




Hardware SYyStems : Example of pulsed magnetic septum

Bake-out lamps for UHV Beam screen

magnet yoke (laminated steel) septum

\< conductor

___________________

rear / circulating
conductor | | | | beam
y B | | extracted
beam
‘ :‘Z 0 ! | I
; X
X L. | septum
‘‘‘‘‘ (typically 3 to 20 mm)
Beam “monitor” Septum
Usually in vacuum, to minimise distance between circulated and extracted beam even

A
more
A Single-turn coil to minimise inductance, bake-out up to 200 °C (~10-9 mbar)
A

Pulsed by capacitor discharge (7 i 40 kA), Cooling water flow rate from 17 80 I/min




Hardware systems : Example DC electrostatic septum

Bake-out lamps for UHV Grounded support Foil Tensioners

circulating beam ¢ (typically 10 to 35 mm)
support N

septum foil | §
(Mo or Z-Re)

V (up to 300 kV)

‘ electrode
(Al, Ti, SS)
y - E
Z (up to 10 MV/m
| i in UHV) I extracted
X beam

Foll
A Thin septum ~ 0.1 mm needed for high extraction efficiency: Flectrode (V)

i Foils or stretched wire arrays provide thinner septa

A Challenges include conditioning and preparation of HV surfaces, vacuum in range of
10° 7 1012 mbar and in-vacuum precision position alignment




Hardware systems : kicker Magnetic field

HV conductor Return conductor 5 a?N ] E
y @ 3§ V
ap
_____ Derivati on: reme
. Laws $B.dl = pl,,
Vertical aperture A
Vap (o) Magnet inductance
[per unit length]
Typically 3kA and 1
LS @maﬁi\l2 H,, C
mag/m —:
A C-core geometry, | : 8 V g
commonly used at CERN = - . .
| Horizontal ' Deri vati on: remen
aperture, H,, Laws Fg=Qvdt and v=Ldl/dt

A Pulsed magnet with very fast rise time (<100 nsi few €s)
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A reminder on phase space & normalised phase space

Real phase space

X 0 (“s-)\/E%
S S—
; Je Lt \
= e | Vo Jg
X(s)
Area=p e

X =V €r D

e=g0’ +2a X&X+bX?

Normalised phase space

X'(u) 1
X =Ve
% ds
Dm= in—b(s)
Drr =
Area=p e X(‘u)
X _=Je
e=X>+X"




A reminder on phase space & normalised phase space

A In normal phase space.:

Dipole kick gives shift

8 8 7 it
& ) ‘.3, . '\"’ ot -
6 6L ff}' .; 6l cofs o
v, R e
ﬁ 2+ Aol . E 2 L et
o a
x -2 r g e
- 4t )
- s .
- i —d -8 i
) 5 5 i) ) 5 5 i) i i |
X (mm~0.5) X (mm~0.5) 10 - 5 10
X (mm~0.5)
Beam transport IS equwalent to rotation
B
3 - A
~ .
ot R S
i’t o
7 2 B il
@ s i a
by - .
£ E
E ® -7 0
B3
4|
&l
-8 I I
10 = 5 10
X (mm~0.5)

X (mm*~0.5) X (mm~0.5)
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Injection techniques : Fast injection

Injected beam 6boxcard stacki

T intensity injected

J H H H ! beam
T icker field \_

Septum magnet

Circulating beam o .

F-quad D-quad Kicker magnet




Injection techniques : Fast injection
A Principle

i Beam is directly injected into the ring

i Conservation of the beam brightness in
all 3 phase spaces Circulating beam

Septum magnet

A Cha”enges D-%‘ad Kicker magnet
i Injected beam needs to be matched and
aligned to the lattice and trajectory of the ‘|‘ intensity injected
ring J H H H 7 beam
i Injection kicker(s) needs to be fast -% B
enough to deflect only the injected beam
A Applications T Kicker field \
i AtLEIR to PS, PS to SPS and SPSto
t
LHC —




Injection techniques : Fast injection

A Seen from the ring

i in the normalized transverse phase space in the plane of injection
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Injection techniques : Fast injection

A Seen from the ring
i in the normalized transverse phase space in the plane of injection

Circulating bean

S >
]

Kicker magnet

I




Injection techniques : Fast injection

A Seen from the ring
i in the normalized transverse phase space in the plane of injection

Septum magnet

Circulating beam




Injection techniques : Fast injection
A Example of the LHC injection

MSis (P8)
Injected beam
" 1N
. 4.5K 45K 45K 19K
Kicker. .
o Septum
FBM  DFBM
|| ver) s ML | MQY
[ . | /4/% (superconducting
el b 5 LHC quadrupole)
3.633 N
15.306 3.4 20.106 218 24.113 M K I S
22.565 7181 66.519 8.567 23.132 1.167 I
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Fast injection
Errors, filamentation and blow-up




Injection techniques . Fast injection, dipole error
Alnjection with an error, here of o

Septum magnet

Circulating beam

T

Kicked magnet

ekicker -A




Injection techniques . Fast injection, dipole error

A In the normalized phase space
i The beam rotates around the closed orbit

After 1 turn...

Septum magnet

Circulating beam




Injection techniques . Fast injection, dipole error

A In the normalized phase space
i The beam rotates around the closed orbit

After 2 turns...

Septum magnet

Circulating beam




Injection techniques . Fast injection, dipole error

A In the normalized phase space
i The beam rotates around the closed orbit

After 3 turns etc...

1

1

1

Septum magnet :
1

1

1

1

1

1

1

Circulating beam - 1

A ——

Kicker:magnet
1

I




Injection techniques : Fast injection, filamentation

A Filamentation

i Mismatch between the injected position and ring
closed orbit leads to a dipole oscillation around
the closed orbit :

i Mismatch between the injected shape and ring |
closed solution leads to a quadrupole oscillation
of the beam i}

i Both errors lead to filamentation, and a

reduction of the beam brightness |

A Turn after turn the brightness of the of

beam decreases as its emittance
Increases

i This effect is due to non-linear behaviour: &
particles at different distances from the center
do no rotate at the same speed |
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Injection techniques : Fast injection, filamentation

A Filamentation

i Mismatch between the injected position and ring
closed orbit leads to a dipole oscillation around
the closed orbit .

i Mismatch between the injected shape and ring |
closed solution leads to a quadrupole oscillation
of the beam i}

i Both errors lead to filamentation, and a

reduction of the beam brightness |

A Turn after turn the brightness of the of

beam decreases as its emittance
Increases

i This effect is due to non-linear behaviour: &
particles at different distances from the center
do no rotate at the same speed e




Online example used by

Injections techniques . Fast injection, optical matching 5021 JIA students

Extract a beam out of one machine C initial beam parameters
Transport this beam towards the following machine (or experiment)
Inject this beam into a following machine with a predefined optics

C Transfer line optics has to produce required beam parameters for matching

1.
2.
3.

Transfer
Ml(: 2



https://github.com/ydutheil/Transfer_lines_demo
https://cds.cern.ch/record/2774589?ln=en

Injections technigques : Fast injection, optical matchin

Initial
matching
section

Independently powered
(tuneable) quadrupoles

-

e N

Fina
matching
section

Independently powered (tuneable)
guadrupoles and (in this case) passive

protection devices

mumommmm

A

1000

SPS [ "

 ———

Extraction
point

2000 3000
s (m)

Regular lattice (FODO) (elements all powered in
series with same strengths)

SPS to LHC Transfer Line (3 km)

4000 5000

LHC

Injection
point




Injections techniques . Fast injection, optical mismatch

A Filamentation fills larger ellipse with same shape as matched ellipse
A Dispersion mismatch at injection will also cause emittance blow-up

Time




Injection techniques : Fast injection

A Observables
i For a steering error the beam centroid oscillate around the
closed orbit, which can be observed using a BPM

i For a shape, or optical mismatch

the beam profile needs measured turn after turn for a direct
measurement

Indirectly, by comparing the measured beam equilibrium emittance to
expected values

A Important point

i Any error and the induced filamentation will lead to an
increase in emittance and a loss of brightness

i This applies to both transverse and longitudinal phase
spaces
A Mitigation techniques

i Measurement of injected beam shape and trajectory
correction and their correction

i Transverse damper can mitigate the effect of filamentation
by damping the injection oscillations

Injection oscillation

Position as a function of time at

one BPM
12

1

0.8

0.6

0.4+

0.2+

-0.24

04

=0.6

1;

-

keference closed orbit
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Injection techniques : Multi-turn injection
A Principle

i Injected beam is injected in a small part of
the available phase space Injected beam

i The injected trajectory is moved relative to (“sua!lvfrom alinac)
the closed orbit during the injection process

i Allows to accumulate intensity and “paint’
the phase space with a beam smaller than
the available ring acceptance, typically from
a linac to a ring

Septum magnet

A Cha”enges . g Circulating beam
i Complex manipulation of the injected beam [ | R e LN
and ring closed orbit during the injection
process Programmable closed orbit bump

A Applications
i At CERN PSB until LS2
i At GSI SIS18 heavy ions injection




Injection techniques : Multi-turn injection

A In the case of the PSB (pre-LS2) the beam is injected in the
horizontal plane and the ring fractional tune is close to 0.25

Turn1

On each turninject a new
batch and reduce the
bump amplitude

Septum magnet

Circulating beam

x|

:

Septum




Injection techniques : Multi-turn injection

A In the case of the PSB (pre-LS2) the beam is injected in the
horizontal plane and the ring fractional tune is close to 0.25

Turn 2

Septum magnet

Circulating beam

I

N

Septum




Injection techniques : Multi-turn injection

A In the case of the PSB (pre-LS2) the beam is injected in the
horizontal plane and the ring fractional tune is close to 0.25

Turn 3

Septum magnet

Circulating beam

I
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Septum magnet

Circulating beam

I




Injection techniques : Multi-turn injection

A In the case of the PSB (pre-LS2) the beam is injected in the
harizontal plane and the ring fractional tune is close to 0.25

Turn 7

Septum magnet

Circulating beam

I




Injection techniques : Multi-turn injection
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Turn 8

Septum magnet

Circulating beam

I




Injection techniques : Multi-turn injection
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Turn9

Septum magnet

Circulating beam

I




Injection techniques : Multi-turn injection

A In the case of the PSB (pre-LS2) the beam is injected in the
horizontal plane and the ring fractional tune is close to 0.25

urn 10

Septum magnet

Circulating beam




Injection techniques : Multi-turn injection

A In the case of the PSB (pre-LS2) the beam is injected in the
hori
T

urn

Circulating beam
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Injection techniques : Multi-turn injection

A In the case of the PSB (pre-LS2) the beam is injected in the
horizontal plane and the ring fractional tune is close to 0.25

urn

Septum magnet

Circulating beam




Injection techniques : Multi-turn injection

A In the case of the PSB (pre-LS2) the beam is injected in the

horizo
Turn 15

Circulating beam




Injection techniques : multi-turn injection [1]

10+
A Other example at the GSI SIS18, injection of -
- g 4 -
heavy ions from the UNILAC £ gl
x ol
=518
=4k .
A CO”C'US'O” %60 40 —20 0 2;?“"?;0 60 80 100 120
i Disadvantages inherent in using an injection septum: s Yaaln o i e gt et i gt T
Width of several mm reduces aperture 0 :
Beam losses from circulating beam hitting septum: :ZH GA
Typically 30 7 40 % for the CERN PSB injection pre-LS2 25: T GAwith sc effect
Limits number of injected turns to 10 - 20 E 2]
i Allows to accumulate intensity into a ring, from a much |
smaller beam source, typically a linear accelerator st
- - - ﬂ - . - :
i Is complex to optimize, with few observables as °oop 0 a1
individual beamlets Cannot be measured Fig. 7. The PA front for the multiplication factor and MTI loss. GA found a much better

PA front than the previous simulation studies.

[l]SAppeIOBo ne-Frankenheim, and F. Petro , ol |eolsy|u‘nmtonqsng mi

i algor|th s6, Nu ment and M!hod
Spect omete s Detectors and Associated Equ pment l oI 852 pp 73 79 Ap 2017, do
10.1016/j.nima.2016.11.069.
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Injection techniques . Charge exchange
A Principle

Injected beam changes charge states
through stripping in the injection region

Since both injected and circulating beam

can cross the same space at the same
time, longer injection times and higher
brightness are reachable

A Challenges

More elements than in other injection
scheme

A Applications
At CERN PSB since 2020
At BNL AGS-Booster since the 1992

Circulating p* 7

"¢

Circulating p*




Injection techniques . Charge exchange
A Principle

Injected beam changes charge states
through stripping in the injection region
Since both injected and circulating beam
can cross the same space at the same
time, longer injection times and higher
brightness are reachable

A Challenges

More elements than in other injection
scheme

A Applications

At CERN PSB since 2020
At BNL AGS-Booster since the 1992

66 mrad chicane dipoles
1

380 380 118
316

380 380 |
316 |

5

Proton 7 ]

stripping
foil

waste beam
dump  main dipole

Electron

E. Renner, CERN proton booster (PSB), SY-ABT-BTP (2018)




Injection techniques . Charge exchange
A Example of the PSB

i Paint uniform transverse phase PSB
space density by modifying closed injection
orbit bump and steering injected 4 rings
beam stacked

i Foil thickness calculated to double-
strip most ions (&99 %)

200 ¢9Y(. &entnof CY)
Carbon foils generally used i very fragile
i Injection chicane reduced or switched
off after injection, to avoid excessive
foil heating and beam blow-up

Foils cassette
developed by
SY-ABT 4

-..‘ ;. N tn S ‘M\.




Injection techniques . Charge exchange
A Carefull adjustment of the injection parameters allow to produce very different

beams

This beam has a high intensity at a small beam size.
This maximum density beam is called high brightness

x-angle [a.u.] y-offset [cm]

Distance from the foil [m]

3 W injected beam 31 Projection of the beam
ontothe transvers:
2 circulating beam 2 .Mh:“"gle."ph";v
14 £ o1
0 - i -
-1 !
2 X-¥ cross section of -
the beam at the
-3 — location of the foil -3
Projection of the beam y-angle [a.u.]
onto the transverse
‘offset-angle’ plane: X
‘- Turn: 1
2 10{@customized ti
@ L ustomized magnetic
47 Trajectory of injected = field of the painting
and circulating beam g o8 kicker magnets
2 in the injection region I g6l or time
o
e £ 044
1
g 024
21 g
2 00 1-
-4 5
2 -0.2
-10 -8 — —4 -2 0.0 0.5 10
x-offset [cm] time [ms]

beam and is required for the LHC experiments.

E. Renner, SY-ABT-BTP (2018)

o N L e 3{ Projection of the beam
lating b ontothe transverse
2 circulating beam 21 ‘offset-angle’ plane: Y
il - EYy -
g 0 ie
3 5 -1
I X-Y cross section of I
the beam at th:
-3 _ location of the foil -3
Projection of the beam y-angle [a.u.]
onto the transverse
— ‘offset-angle’ plane: X
3
8
E =
=) B
2 ; Turn: 1
<
=
= @ 1.0 {®Customized magnetic
E 4 Tra!:ci!nry; "‘1 I“]i‘;"d % field of the pa’;ntlnu
= and circulating beam 0.8
5 5] inthe injection region £ kicker magnets
£ = 06
£ =
E 0 mp— £ 04
g =
= ]
g2 a0z
5 2 00t
# ]
8 _4 2 -
=) 2 -02
-10 -8 -6 -4 -2 0.0 05 1.0
x-offset [cm] time [ms]

This beam has a large beam size to accommodate a very high intensity (large
number of protons).

The large beam size is required to avoid that the protons repel each other.
Similar high intensity beams are required for experiments in the ISOLDE
facility.
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Injection techniques : Lepton Injection

Injected beam

A Principle

i In a synchrontron-radiation dominated lepton
ring one can take advantage of the fast
damping of oscillations

i Can use transverse or longitudinal damping: ci .
irculating
Transverse - Betatron accumulation beam

Septum magnet

]

Closed orbit bumpers or kickers




Injection techniques : Lepton Injection

A Pri

nciple

In a synchrontron-radiation dominated lepton
ring one can take advantage of the fast
damping of oscillations

Can use transverse or longitudinal damping:
Transverse - Betatron accumulation
Longitudinal - Synchrotron accumulation

Injected beam
p=pot+Ap

Septum magnet

B .
- ......?TE?.‘.’._.C_!TFLIIREHQ_ bﬂai‘ﬁ' ———

Closed orbit bumpers or kickers o X, = D, . Ap/p,

RF bucket

Injection 2 (turn N + Qy/

@ Stored beal
Injection 1 (turn N)




Injection techniques : Lepton Injection

A Pr|nC|p|e Injected beam
i In asynchrontron-radiation dominated lepton P=po+Ap
ring one can take advantage of the fast Serum magnet

damping of oscillations
i Can use transverse or longitudinal damping:

Transverse - Betatron accumulation o

Longitudinal - Synchrotron accumulation p

=pg ..E?TE?‘?E!'rculaun P — I % ;
A Challenges o beaii
i Injection scheme and model needs to account ' [x.=D, Aplp,
Closed orbit bumpers or kickers

for the synchrotron radiation damping
experienced by the beam

i The ring acceptance and dynamic aperture
need to be large enough for both injected and
circulating beam

A Applications
i At CERN LEP injection

i In most synchrotron light sources, where it
allows continuous injection, allowing
continuous operation ~constant current f

RF bucket

Injection 2 (turn N + Qy/

@ Stored beal
Injection 1 (turn N)




Injection techniques : summary
A Several different techniques using kickers, septa and bumpers:

i Single-turn injection for hadrons
Boxcar stacking: transfer between machines in accelerator chain
Angle / position errors Y injection oscillations
Uncorrected errors Y filamentation Y emittance increase
i Multi-turn injection for hadrons
Phase space painting to increase intensity
H- injection allows injection into same phase space area
i Lepton injection

May take advantage of SR damping

Injection errors translates into lower efficiency
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Extraction technigues : Fast extraction

A Principle

A Challenges

A Applications
.I.
,

Extracted beam

Septum magnet

Mirror of the fast injection technique

Circulating beam is moved close to the septum
magnet Circulating

beam
A fast kicker magnet imparts a final deflection to
channel the beam towards the septum aperture

RIRRRRNY

NNNRNNRINNNY RN |
Kicker magnet

Closed orbit bumpers

and the extraction line F-quad D-quad

intensity
Higher energies require stronger elements than TJ H H H
for injection

T kicker field

At CERN PSB, SPS, AD and more

At many other synchrotrons around the world —




Extraction technigues : Fast extraction
A Example of the LEIR extraction

Extracted beam

Septum magnet

Septum

Circulating
beam

) Kicker magnet
Closed orbit bumpers 9

F-quad D-quad

Kicker

Gis link and panoramic



https://gis.cern.ch/gisportal/general.htm?n=%5b%27150/1-204%27%5d
https://edms.cern.ch/panoramas?id=36262111
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Extraction techniques . Multi-turn extraction

A Principle
i Somewhat mirrors the principle of multi-turn
injection
i Circulating beam is brought close to an Fxtracted beam Magnetic
septum

electrostatic septum and partially pushed trough
using fast kicker

i The beam is shaved over a few turns

A Challenges

i The electrostatic septum is used for its thin blade ¢
(down to a few tens of um), but limited effect on

Electrostatic —

%septum

high energy beams L] L] ]

i This scheme is intrinsically lossy and will create
activation around the extraction elements, and in
particular the electrostatic septum

i Large inefficiency, ~15% losses
A Applications
i At CERN PS until 2015




Extraction technigques : multi-turn extraction
A CERN PS to SPS: 5-turn continuous transfer

Q,=0.25 septum
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Extraction technigques : multi-turn extraction
A CERN PS to SPS: 5-turn continuous transfer
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Extraction techniques : resonant extraction, Multi-turn extraction
A Principle

i Direct evolution of the PS continuous extraction,
significantly lower losses (no particles at the septum in transverse plane)
Phase space matching improved with respect to existing non-resonant multi-turn extraction -
Obeamletsdéd have similar emittance and optical par a
i Adi abatic capture of beam in stable #@Aisl ani
Use non-linear fields (sextupoles and octupoles) to create islands of stability in phase space

A slow (adiabatic) tune variation to cross a resonance and to drive particles into the islands
(capture) with the help of transverse excitation (using damper)

Variation of field strengths to separate the islands in phase space

A Challenges

i Highly non-linear, and complex, beam-dynamics

A Applications
i At CERN PS




Extraction techniques . Resonant extraction, PS Multi-turn extraction (MTE)
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Unperturbed beam

Increasing non-linear fields
Beam captured in stable islands
Islands separated and beam

bumped across septum 1
extracted in 5 turns




Extraction techniques . Resonant extraction, PS Multi-turn extraction (MTE)
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Extraction techniques : Resonant extraction, slow extraction

A PrInCIple Extracted beam M ’
i Slow bumpers move the beam near the Sepfurn
septum % _
Tune adjusted close to nth order betatron EL:‘:H:,IStat'c ]
resonance Sy
Multipole magnets excited to define stable area in
phase space, size idepends

i Provides a continuous
experiments, over any length of times from
milliseconds to hours

Closed orbit bumpers Ce

A Challenges
i Non-linear beam dynamics
i Lossy process

A Applications

i At CERN PS and SPS
i At BNL AGS until 2000 and Booster




Extraction techniques : Resonant extraction, slow extraction

A 3rd order resonances
i Sextupole fields distort the circular normalised phase space particle trajectories.
i Stable area defined, delimited by unstable Fixed Points. /

R

\M

prllz - DQ cgk:l;
2

A Sextupole magnets arranged to produce suitable phase space orientation of the stable
triangle at thin electrostatic septum

AStable area can be reduced byé
i Increasing the sextupolest r engt h, or é

i Fixing the sextupole strength and scanning the machine tune Qh (and therefore the resonance) through
the tune spread of the beam




Extraction techniques : Resonant extraction, slow extraction

A Evolution of the phase space for slow extraction
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A Evolution of the phase space for slow extraction
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Extraction techniques : Resonant extraction, slow extraction

A Evolution of the phase space for slow extraction
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Extraction techniques : Resonant extraction, slow extraction

A Evolution of the phase space for slow extraction

Extracted beam

Magnetic
septum

Electrostatic —

%septum

I

Septum wire




Extraction techniques : Resonant extraction, slow extraction

A Evolution of the phase space for slow extraction

Extracted beam
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Extraction techniques : Resonant extraction, slow extraction from the SPS

i extraction TPST magnetic )
Septa tanks o Se(laep(t:hrr?]szztéc) (22]?7A bumper mask  septum QFA magnetic septum (MSE) To

(MST) N A
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Extraction techniques : Resonant extraction, slow extraction from the SPS

i extraction TPST magnetic .
OFA Seéep(ihrr?]szgtéc) QDA bumper mask  septum QFA mMagnetic septum (MSE)
216 217 (MST) 218
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Extraction technigues : summary

A Single-turn fast extraction:
i for transfer between machines in accelerator chain, beam abort, etc.

A Non-resonant (fast) multi-turn extraction

i slice beam into equal parts for transfer between machine over a few turns.

A Resonant low-loss (fast) multi-turn extraction
i create stable islands in phase space: slice off over a few turns.

A Resonant (slow) multi-turn extraction

i create stable area i n phase space
many thousand turns.

and

s |

oOw




A Conclusion
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