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FFAG: Fixed Field Alternating Gradient
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FFAG — KUCA ADS system
schematic diagram ( original ) 2008 - 2010

Main ring

InJ ector Booster

(ion-beta)

Target
Crltlcal Assembly
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FFAG — KUCA ADS system
schematic diagram ( upgraded ) from 2011

Main ring

H+

H- charge

exchange Target

| Critical Assembly
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FFAG — KUCA ADS system
schematic diagram ( upgraded ) from 2012
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summary of Machine Time ( FY 2012 )

23%

. Beam study
106 hr

60%
1 7%
Irrad. exp.
274 hr

unit May. - Oct. Nov. Dec.

Beam Study  hr 77 21 5
ADS EXp. hr 0 0 28
Irrad. EXxp. hr 0 9 0
Ext. Energy MeV 100/150 150 100
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Require ultra low intensity ( but quite stable ) beams to avoid piling up
of neutron counting. e.g. 5pA - |OpA 1/1000 ordinary intensity
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Two-layer target study (235U-core) - 2013
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Neutron energy [MeV]
Fig. Neutron spectra (W vs. W+Be)
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Fig. Core configuration of 23°U-loaded cores (100 MeV protons)
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—w— Pb-Bi (single)
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Normalized reaction rates [1/cn’?/s/source]




Beam Line and Chamber for Irradiation Experiments
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Upgrade of control system

X/ /Users/kuriyama/Bin/EpicsADE/edm/IBBT-ST06.edl

IBBT-ST-M06

INP (10bit) 1+
X504001 - X504010

0:-
[of [of [of [of [off [of [of [of [of [off [+

Decimal
0.00

Monitor Val. 0.00
R.V. +- 15 [A]

1:4

OUT (14bit)
Y504033 - Y504046

0:-
o]0 o= io =S io S io = oS io = io = io = io = io = io = io | ]
0.00

Decimal ©
Setting Val. .00

R.V. +- 15
ON | Emergency Stop

The control system of FFAG accelerator at KURRI has
been upgraded with EPICS under collaboration with the
KEK accelerator control group. Some parts of the system
are using LabView on Windows XP, but they are going to
be replaced by EPICS based program for more reliable
and secure system.




View of Control Room

Accelerator Control Network

3
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. e -k il : Operator Interface
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CA protocol

1
T =4 o i ‘ X protocol

. \ ' Windows x 9 Equipment Control
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" L= Om NE: File Server
\

s

Gateway&Proxy Server

Institute Local Network

The FFAG accelerator control room. Only one
person can operate whole system. There are
two Macs link to Windows and LINUX PCs
which command PLCs to control accelerator
devices.
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H- injection

Beam injection to the main ring
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H- injection

Beam injection to the main ring

T T T T T T

F-mag D-mag

D-mag

main magn

i

FFAG main ring

H- ion source linac

/ harge exchange foil

FFAG-ERIT ring




CTs installed in vacuum
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down stream
L= 50mH
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L = 20mH
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Beta functions calculated from backward tracking in the main ring
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Bx

T T T
"fort.52" using ($1/1000):3 ——
"fort.52" using ($1/1000):5 ———

"fort.53" using ($1/1000):(-$7) ———

matching |

Bz

injection point

path length (m )
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H- injection

Beam injection to the main ring
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injection

Beam injection to the main ring
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H- injection

Beam injection to the main ring
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H- injection

Beam injection to the main ring
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g : ‘-} -.,’:','5; A ‘
- - Added a Faraday cup
| A for calibration of the
~Main magnet leakage bunch monitor and to
fleld can be used for estimate transparency

secondary electron of the first half cell of ’
suppressor. the ring. »

- s




Farad ay cu p Long tailed decay in bunch monitor signal

seems to be back scatter of the secondary
electron ( suppression is not perfect )
— RC constant

R=IMQ (inputimpedance of the amp)

25

faraday cup signal is read
thru 50Q2 at 20Hz rep.
rate

f Vecodt 9
50

20

Loy




Beam injection to the main ring

6

The aperture of the
up stream Faraday
cup might not be
sufficient.

3 ) _

A
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Results from beam stuc

this summer




Injection Studies in ADSR-FFAG Ring
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Bunch monitor signal is amplified
by preamp ( x 200 Zin = IMQ)).
In the Straight section S7/, the
monitor can detect both H- and
H+ beam.

A~
>
—"
)
0.0
S
i
O
>
=
-
al
)
-
O

t (us)

Beam signal from the bunch monitor




Survival ratio vs turn number

Survival ratio

. . o . .
: : : . [ ) ; .
E— S e g0 ©0g000,0,

From the bunch:signal in previous slide,

boocoocoocooocooonocdocoooooconooooooboo

“survival ratio for each turn is calculated

ffffffffffffffffffffffffffffffffffff PEoess=ss95==9=9 =

Bunch Area of i-th turn
Bunch Area of 0-th:turn

Survival ratio =

1

|

| |
25
Turn number




Emittance growth due to the multiple scattering

by charge stripping foll .
brand-new foll
20 ug/cm?2
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CARBON FOIL SURFACE DENSITY (ug'cm)

after 1.5 years..






L

-

-




—A%B‘Eﬁl@fzﬁﬁ
s IEEBEEDER (RS 1828
HE - IHEXE 7v7
DR L (20Hz = 100-200 Hz)7 v~

HIEIC LD E—LOXDER
« R5E T A JLDFEFE (20ug/mm2 — 10ug/mm?2)

E—LETAMILDERICLDITI VY v ABKZ |
V=) FICKBDBRET VT
« CODfHIE (E—LAZH%R - f1EEIFREN)
PIN—F v —DHLK
HIEIC L% E—LDOXDIETR
« TAFT VI IR F 18
« ZEEBARRDIE




PETAL CORE CAVITY

1. New installation of
another rf cavity to obtain
higher accelerating
voltage. (4kV — 2 x4 kV)
2. Reuse of damaged
circular core for wide
aperture cavities.

3. A low-power
measurements has been
done.

4. With this new cavity,
rep. rate 100 Hz can be
accomplished.

w2 (5000F NA) |
--—|Z| (ﬁg&oscr)

.h_ﬁ

4.0 50 6.0 7.0 8.0 9.0
8BS (MHz)
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COD#1E

“footprint.xy” using 1:2
"fort.21" using 1:2
e " using 1:2




COD correction by the correction dipoles

. measured point
N RL cavity ie. COD sotfdé |
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9>  7*b(a+D) )
—2.25 x 107° m™? x (4. m® + 3. m* + 14004. m?)
—0.315

3.125 x 10 /ring ({RiZ) 1 pA-20 Hz MY
—18
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MEFIRE (LinaceX—X)

Neutron
target

3.5MeV 7MeV 11MeV

RFQ DTL DTL proton beam
E =30 MeV
| =1 mA~5mA

duty 10 % ( max)
22 fE B (e X R D FRA

proton beam
E =150 MeV
| = lJUA-EfE
short pulse ( ~ 40ns)
Neutron
target

Ep (MeV)




RF stacking at the extraction energy

Some users desire low splill rate
at, i nj.gebi.on cRakdy ( ~10 Hz ) for the experiments e.g.

neutron radiography using TOF

" TG cads AN which needs to get rid of

Sttt (0L UL (M L Contamination ﬂ”om the pu|se O]C
at extraction energy different timing

rf stacking

|

FFAG rings can provide long
interval pulse for users, while the
machine operation itself is kept at
high repetition rate by using rf

rep. rate : e.g. 10Hz extracted beam

>
.
(7p)
c
()
.
=
5
qv]
()
O

stacking after acceleration[ | ].

tinme .
This scheme reduces space charge
effects at injection energy.

[ 1] S.Machida,"RFStackingatExtractionMomentum” ,FFAG Workshop 2003,0October |3-17,2003 at
BNL, http://www.cap.bnl.gov/mumu/conf/ffag- 0310 | 3/Machida2.pdf.



http://www.cap.bnl.gov/mumu/conf/ffag-

Machine parameters used In the simulation

field index k 7.7
Kinetic energy 1T 11 - 150 [MeV]
momentum p 144 - 551 [MeV/c]
circumference C 28.8-33.6[m
momentum compaction factor o 0.115

rf voltage V¢ 8 [MV]

rf frequency f.s 1.6-4.4[MHZ]
harmonic number A 1




buket area (eVs)

RF Scenario

s
RF voltage

6
time(ms)

bucket area

6
time (ms)

160

140

120

100

80

60

40

kinetic energy

6
time (ms)

In the real machine operation, we use similar scenarios in
which synchronous phase @s and rf voltage are fixed at 30
degree and 4 kV respectively during all the acceleration
period. On the other hand, in the scenario used in this
simulation study, s is dropped off linearly from 30 to zero
degree when the energy of the beam is between |45 and
150 MeV for soft- landing. The rf voltage is also reduced in
this region so that the bucket area is constant in order to
make momentum spread small at the end of acceleration.
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2nd batch,
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ok

4

#of particles.

Stacking processes are simulated
using | 000 test particles for each
acceleration batch.After first ac-
celeration, full width of momentum
spread is about 0.5%, the final
momentum spread after |0 stacks is
2.5% of full width.




Without soft-landing the fina
momentum spread after |0 stacks is
5% of full width i.e. twice as large as
with soft-landing.

#0f particles

| st batch

G et
Seop i

IS i

#of particles

5th batch

dplp (%)

| Oth batch

#of particles

w/ soft-landing




Perturbation from the rf bucket to the coasting beam

LEeo 8kV 30deg
4kV 30deg
8kV 40deg

fiev (MHz)

Check if the acceleration bucket affects the stacked beams coasting around the extraction orbit.
Generate zero emittance test beam (100 MeV ) with Ap/p = 0 and uniformly distributed in the rf
phase.

Check if momentum spread is blowing up, while the accelerating bucket is coming up.

There are two steps around 2 MHz and 4 MHz in each case.

Step around 4 MHz : direct disturbance of the bucket.

Step around 2 MHz : f_drive = |/2 f_rev(stack)

It seems that coasting beam can be affected when the accelerating bucket is passing through the
frequency which is half of revolution frequency of the coasting beam.
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