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We discussed

Goals

e three subjects

Foll scattering

® bump magnets

Beam line to ERIT and AD
e Dbending magnet to ERIT

SR

® quadrupole magnet to ADSR
Schedule

e Sometime this winter
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Goal of the KURRI-FFAG experiment

Can FFAGs have similar magnitude of space charge tune
shift/spread as synchrotrons?

e Resonance lines are more dense in tune space.

e (Could be large ratio between horizontal and vertical beam size?

Can we keep large ratio of beam size to accommodate
more particles?

How space charge affects ionisation cooling?
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Want to finish before doing experiments

Modelling of capture process in longitudinal

® maximise peak intensity to give the maximum tune shift.

Modelling of multi-turn injection process in 3D with foll
scattering.

Modelling of space charge effects in 3D at the first few ms.

Understanding diagnostics.

e Beam profile measurement by scraper.



Tools

e OPAL
e 3D field map

e 3D space charge

e foil scattering
® Simpsons
e 3D space charge

e foil scattering

e ORBIT
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Simpsons as an example

e Actively used for J-Parc and CERN-PS.

e Simple scattering model (tested for ERIT) seems to work.

e Simply | did not spend time for KURRI modelling.
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Plan after Cyclotron conference

® Decide whether we should go ahead (Mori, Prior, Meot,
Machida, others at Cyclotron conference/FFAG workshop).

® A couple of weeks long beam time in December 2013.
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29 Aug 2013 Y. Ishi

Available Monitors in ADSR-FFAG Ring

| | | List of monitors
6 L 7 ports for radial probes ( blue arrow, ICF70)
4 portable radial probes remote cntrl'd
2 portable radial probes manual cntrl’d
| unportable radial probe ( green arrow )
3 bunch monitors
4 +— | faraday cup / | screen monitor
| perturbator
5 Sl radial probe
Fl radial probe
S2 radial probe / hor. perturbator
0 S3 vert. perturbator
F5 radial probe
S6 radial probe
-2 (F6) Faraday cup / screen monitor
S7 bunch monitor
F7 radial probe
-4 - S9 radial probe
SI1 bunch mon.( array of triangle plates)
S12 bunch monitor
-6 - -
| | | | | | |
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S| target ( stripping foil )
S2 iron shield

S3 beam scraper (h/v)
$4 vacuum pump

S5 rf cavity

S6 CT

S7 bunch monitor

S8 vacuum pump, viewing port




S-Pod

another experiment at Hiroshima University in Japan

* \We have discussed at FFAG 12 in Osaka.
 Much progress for the last several months.
e To be published shortly.
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Slides from Cyclotron 2013 (1)
H. Sugimoto (KEK)

Use a Paul Trap?

» Paul trap found in Wikipedia.

LXeXo) Quadrupole ion trap - Wikipedia, the free encyclopedia
[ 4[> [ [ + W ntp://enwikipedia.org/wiki/Quadrupole_ion_trap Bz ¢ | (Q- iontrap

m # Indico Redmine KEK Active! mail KEKB internal Google Google ¥¥7 Wikipedia directory 7y 7JL (4061)v Amazon.cojp Yahoo! JAPAN News (44963)v
‘Quadrupole ion trap - Wikipedia, ..
% 00 o Article  Talk Read Edit source View history Q
%
“
e
WIKIPEDIA Let your voice be heard! ®

The Free Encyclopedia Give your input on the draft of our new privacy policy. e

sl

e page .
Contnts Quadrupole ion trap
Featured content From Wikipedia, the free encyclopedia
Current events

A quadrupole ion trap or quadrupole ion storage trap (QUISTOR) exists in both linear and 3D (Paul Trap, QIT) varieties and
refers to an ion trap that uses constant DC and radio frequency (RF) oscillating AC electric fields to trap ions. It is commonly
used as a component of a mass spectrometer. The invention of the 3D quadrupole ion trap itself is attributed to Wolfgang Paul,
who shared the Nobel Prize in Physics in 1989 for this work. (112!

Random article
Donate to Wikipedia
Wikimedia Shop

~ Interaction

Help Contents [hice]
About Wikipedia 1 Theory
‘Community portal 1.1 Equations of motion
Recentchanges 2 Linearion trap ‘
3 Cylindrical ion tray Scheme of a Quadrupole ion trap of classical setup with a &-
Sl oo arelo ofpoii chargo (G 100 urtoundod b a coua
» Toolbox References of similarly charged particles (light red). The electric field £
5 Bibliography
» Prinvexport 5.1 Patents.
6 External links
+ Languages o !
Deutsch
R Theory [edi source]
b The 3D trap itself generally consists of two hyperbolic metal electrodes with their foci facing each other and a hyperbolic ring electrode halfway between the other two electrodes. The
Polski ions are trapped in the space between these three electrodes by AC (oscillating, non-static) and DC (non-oscillating, static) electric fields. The AC radio frequency voltage oscillates

#Editlinks between the two hyperbolic metal end cap electrodes if ion excitation is desired; the driving AC voltage is applied to the ring electrode. The ions are first pulled up and down axially while
being pushed in radially. The ions are then pulled out radially and pushed in axially (from the top and bottom). In this way the ions move in a complex motion that generally involves the
cloud of ions being long and narrow and then short and wide, back and forth, oscillating between the two states. Since the mid-1980s most 3D traps (Paul traps) have used ~1 mtorr of
helium. The use of damping gas and the mass-selective instability mode developed by Stafford et al. led to the first commercial 3D ion traps.*!

The quadrupole ion trap has two configurations: the three dimensional form described above and the linear form made of 4
parallel electrodes. A simplified rectilinear configuration has also been used.!*! The advantage of the linear design is in its
simplicity, but this leaves a particular constraint on its modeling. To understand how this originates, it is helpful to visualize the
linear form. The Paul trap is designed to create a saddle-shaped field to trap a charged ion, but with a quadrupole, this saddle-
shaped electric field cannot be rotated about an ion in the centre. It can only flap'the field up and down. For this reason, the
motions of a single ion in the trap are described by the Mathieu Equations. These equations can only be solved numerically, or
equivalently by computer simulations.

The intuitive explanation and lowest order approximation is the same as strong focusing in accelerator physics. Since the field
affects the acceleration, the position lags behind (to lowest order by half a period). So the particles are at defocused positions
when the field is focusing and vice versa. Being farther from center, they experience a stronger field when the field is focusing
than when itis defocusing.

Linear lon Trap at the Universiy of Calgary
Equations of motion | edit source]
fons in a quadrupole field experience restoring forces that drive them back toward the center of the trap. The motion of the ions in the field is described by solutions to the Mathieu
equation. ! When written for ion motion in a trap, the equation is
2.
d

o+ [0 — 2q,cos(2)Ju =0 (1) 3

http://en.wikipedia.org/wiki/Main_Page
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Scheme of a Quadrupole ion trap of classical setup with a &
particle of positive charge (dark red), surrounded by a cloud
of similarly charged particles (light red). The electric field £
(blue) is generated by a quadrupole of endcaps (a, positive)
and a ring electrode (b). Picture 1 and 2 show two states
during an AC cycle.
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Slides from Cyclotron 2013 (2)
H. Sugimoto (KEK)

Advantages

= \Very compact and low cost
- Several tens of thousands dollars
for the whole system

» High flexibility of fundamental parameters
- Beam density, operating point, lattice function, etc.

- Faraday cup, micro-channel plate
Laser induced fluorescence (LIF)

» Radio-activation free
- Experiment with any strong beam instability.
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Slides from Cyclotron 2013 (3)
H. Sugimoto (KEK)

S-POD Application to Integer Resonance Crossing

S.L.Sheehy et al., IPAC’13 2677.

» Crossing of multiple integer resonances in EMMA NS-FFAG.
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S-Pod reproduces very similar results of

EMMA.

From S-Pod collaboration meeting (1)
K. Moriya (Hiroshima University)

Time evolution at integer resonance

S-POD
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The left pans". 5., v S 20D results and the right panels show EMMA results.

The top par. 's sho ' time evolution at n=8, the bottom panels show time evolution at n=12.

The abscissa axi. ~f these graphs can be normalized
with the product of dipole amplitude and duration time.
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From S-Pod collaboration meeting (2)
K. Moriya (Hiroshima University)

We believe amplitude dependent tune shift
from higher order multipoles causes smearing
after integer tune crossing.

Time evolution of phase space(simulation)

oo SP TGS S DTS | Dbl it o) |2 In EMMA, tune spread due

° to natural chromaticity and
momentum spread causes
smearing after integer tune
crossing.
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