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Introduction

Not only the beam power itself but RCS
has to control also the extracted beam
emittance/profile pulse~to-pulse
between MLF and MR.

Injection /
beam dum
(4 kw)

For MILF: Wider beam profile X,

To reduce damage on the neutron production target |}/

Switching magnet for beam

destination to the MR

N Beam transportline from
Ny RCS to the MLF (3-NBT)

N\ Extraction
WA |beam dump

/J /

@ S 8kw)
4 =/ > [toMLF
% Secondary collimators
Transverse primary collimator \\ Beam transport
v pri Y : | line from RCS to

the MR (3-50BT)

Primary stripper foil (1st foil)
Injection section

| Longitudinal primary
.ﬁ\\colllmator RF ca

Beam transportline from

For MR: Narrower beam profile o

Linac to the RCS (L-3BT)

In order to reduce beam loss 3t the
3-50BT collimator as well as in the MR

line aperture.

® Multi-turn H- stripping injection.
® Injection Energy: (181) 400 MeV
® Extraction Energy: 3 GeV

® Repetition: 25 Hz

e Beam power (design): 1MW

I\/IR MLF

3 No beam

40

4ome MLF

1 2 3 4 5 6......
e 0o 0 0 0 o

because of much narrower beam
56 1

AR A A

Extracted beam is simultaneously delivered to the MLF and MR



Ry~
‘ti‘-ﬁﬂﬂc Design apertures of 3-NBT,

3-50BT and MR

3-NBT (Beam transport of RCS to MLF target) aperture:
3247t mm mrad (Same as RCS primary collimator).

3-50BT (Beam transport of RCS to the MR) aperture:
120t mm mrad.

3-50BT collimator: 541t mm mrad.
(limit: 2 kW)

MR aperture: 817t mm mrad.

MR collimator: 70 mm mrad.
(limit: ~2 kW)



RCS injection and transverse

painting scheme o ‘
> 2
o

SB1~4: Injection chicane magnets

PBH1~4: Hori. painting magnets

PBV1~2: Verti. painting magnets

. DUMP-Q K%
PSTR1,2: Pulse steering magnets MWPM6 DSEP2 guf¥8

- RCS injection area
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Transverse injection painting method

.........
.
s

Orbit bump offset

Closed orbit
variation
. for painting

X

Primary /

collimator aperture

(3247 mm mrad) /

Ring acceptance
(4861 mm mrad)

" \
Circulating beam/elllp\e \
with a painting e:trllttancehx1
of 100m mm mrad \

e IIlJECtlDIl beam ellipse
— (47 mm mrad)

»
ot
-t

®
....
-----------

s
"""

® -

----------

I_‘r;j ection angle change
for painting

Horizontal plane:

Injected beam is fixed at foil.

Closed orbit is varied during injection
for paintinginjected beam center

to outside in the circulatingphase
space.

Vertical plane:

Injected beam angle is varied during
injection.

Center to outside

- Correlated painting
Outside to center:

- Anti-correlated painting
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48 -pamc Transverse injection painting method

FBVI Close view of injection and circulating
'K beam orbits during painting process To injection
beam dump
PBV2 !
ISEP1 .
STRL ~ ISEP2 DSEPZ /
L-3BT PSTR2 Cstfoll g psep1 /7
(Injection point) .
2nd fo1i
| H + ,..’
Begil.lni.ng H&\ H+E 1
of painting painting
X
b i
_—— —_— el o - - — — . L/ B B B OB BN AL R o o — — —— -
S ] Circulating
beam
PBH1-2 QFL Chicane magnets SB1-4) QDL PBH3-4
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Painting area vs. transverse beam profile and
extracted beam emittance

No paintin 40 [T | | RERERERE | |
28 3 o,é 3 = o Injection painting for
w0 oo | 08) E 3 216 nmmmrad
20 F T 8% 3 = . \ — 150 m mm mrad ]
0ok efpe 05 E g 0| 100 7 mm mrad —
20 | it 04 | = . ;
_48 FENSEE 03 | o
: 02 F ) = 25
gg L 0'(1) A s
50 050 50 0 50 E wf
with painting (2167 mm mrad) @
80 1 g = 15 F
60 F ---iiiii 09 F —_ X T"'__;,
=40 | ooisesssen: 0.8 | .Y =
£ 9o [ iR O = 0F
E - o0 O 0.6 3 = C
E o} i 03 | N
> 0| e 03 | s S5
rreocgocooe 02 F
-60:‘\’."."\.‘ L 0.1}'\ ‘ L L {]_IlllllllllIlIIIIIIIIIIIIIIIIIIIIIIIIIII_
B e — 0 =0 0 30 0 2 4 6 8 10 12 14 16 18 20

Uniformed transverse distribution

Time (ms)
2167 = 1007 injection painting
- 25% reduction of rms emittance

IS obtained by painting
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{ % mmme Methods for changing painting
area pulse-to-pulse

Horizontal direction:

Viethod 1 : By using Pulse Steering magnets (PSTR1,2).
+ Horizontal painting magnets.

Viethod 2 : By using only Horizontal painting magnets.

Vertical direction:

By using vertical painting magnets.

P.K. Saha HB2014 10
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O S PRRLC
15 . ——— T r
i Painting for MLF {216x mm mrad) ———
Horizontal | Painting for MR {(144x mm mrad) ———
10 F i Injected beam (4x mm mrad) — |
| | ForMLF —>»
5 F
H
0 —
‘E’ foil
¢
5}
Ring Center
-10 F SB height for MLF
==
SB height for MB
-15 L

y (mrad)

g7

Method 1: To change painting area

pulse-to-pulse by PSTR magnets

-50 0 50

|80 -40 20 0 20 40 &0
y (mm)

100 150 200

Center to outside in vertical
plane: Correlated painting

Qutside to center in vertical

| plane: Anti-correlated painting

e PSTR1,2 are placed in the
injection beam transport line.

® For MLF, x and x” of the inj. beam at the foil
In the hori. direction are adjusted and fixed
by two Injection septa, ISEP1,2 (DC).

e For changing painting area MLF to MR,
angle (x’) of the injected beam at foil is
controlled by PSTR1,2 keeping its
position (x) unchanged.

e SB height for MR is also increased
by ~10% than MLF.

e In the vertical direction, size of the
injected beam angle (y’) is controlled
pulse-to-pulse for MLF and MR.

11
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Design specification of the

PSTR magnets

Purposes:

1. To change horizontal painting area pulse-to-pulse

between MLF and MR.

2. No painting (center) injection in to compensate inadequate
power capacity of the ISEP2 (at 400 MeV inj.).

We considered two independent as well as bipolar
power supplies for each magnets.

For 1) AC PS with max =

= 0.45 KA (0.026 Tm ; 8 mrad)

For 2) DC PS with max &= 3.0 KA (0.174 Tm ; 54 mrad)

P.K. Saha

HB2014 12
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Current (Arbitrary unit)

PSTR1:33A(-1.9x103Tm; 0.59mrad)
PSTR2:-15A (0.86x103Tm; 0.27mrad)

For MLF

Current (Arbitrary unit)

0 05 1.0 15 20 0 05 1.0 15 2.0
Time (ms) Time {ms)
TokBE 2
For MR beam triggers Waveform of PSTR1
PSTR ON during user operation

I x i For MLF beam tnggers

l
||«——PSTR OFF | ———>
|

400ms

& 7 (2211H2012)
S60mV L 106:20.56 |

250kS/s
®e \ 1M points

PSTR1 WF online

Inject ed beam position (H)at [BPM (mm)

Injection energy: 181 MeV
For MLF: 1507t; For MR: 1007t

For MLF
H: 150m mm mrad
V: 507 mm mrad

Far MR
H: 1007 mm mrad
Vi 1007 mm mrad

107
{ In ected |

81 -‘l—lnjemd hiam
= '_Chi:ane B
"; e :hump |
- ]
2 4
EL 2 /( PBV1~2
< [

0 pimsle

=2 I

1] 200 1000 1500 2000 O 500 1000 1500 2000
Time (us) Time (us)
S FoMR +
ol Expected For ML
64| . . .
Injected beam position in
between ISEP 1 &2

61 i i o
60— . . .
e 0 e e B 1) e Vo Ty Vi) G 8 ) Ty § Vi 1
IT:00:00 17:12:00 IT:24:00  17:36:00 IT-48:00  1E:00:00

Date & Time

Experimental study with PSTR magnets
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Counts {arh. unit)

Counts (arh. unit)
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Beam emittance control by changing injection painting area in a pulse-to-pulse
mode in the 3-GeV rapid cvcling synchrotron of Japan Proton Accelerator
Research Complex

P.K. Saha.™ H. Harada. N. Hayashi. K. Horino, H. Hotchi,

T TTena and % Wa

=T mm
x

|

— Sumulation

& Data

reemir 350 KW-eq

!

=

For MR
0= 7.2 mm

40 20 0 20
® (mnn)

40 20 0 20 40
x (mmn)

[ o= 6.6 mm

- — Simuolation

[ Data

[ reeve 150 kW-eq.

10 [

40 20 0 20
® (mnn)

40

40 20 0 20 40

x (mm)

Experimental demonstration of

the pulse-to-pulse beam emittance
control between MLF and MR

xd 9 December 2013)

The corresponding simulations were
performed by using ORBIT 3-D code.

The simulation results agreed well
with experimental data.

Transverse beam profiles

are well controlled
as expected!
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46%emmc  Methods for changing painting
area pulse-to-pulse

Horizontal direction:

Viethod 2 : By using only Horizontal painting magnets.

P.K. Saha HB2014 15
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_Method 2: Use only painting magnets for

changing painting area pulse-to-pulse

' Painting for MLF [E1é’.lt mm mrac'!] —
Painting for MR (144x mm mrad) ——
Injected beam (4x mm mrad) ——

For MLF —»

y

Ring Center | .
-t -
| SB height same for |
E both MLF and MR i

-50 0 A0 100 150
X (mm)

20

Both x and x’ of the injected
beam at foil is fixed for

| both MLF and MR.

PBH is used to control closed
orbit variation for MLF
and MR.

16



/e Method 2 cont’d:

P PAAC
PBH pattern for painting
B lI . LI L] T
20 For 2167 mm mrad pain Painting for MLF (216x mm mrad) ——
For 144z mm mrad painting (ust 6 F mtmg IGQER (141?: mm mrag}
.. For changing 200x to 144 mm mrad paini gted beam (4m mm mrad)
4 =
— 15
<
= ~ 2}
- e
@ L
5 10 £ 0r
o =
= 2|
o
o 5 } 4}
_5 n
0 L L . - -8 1 L 1 1 L
0 0.2 04 0.6 60 40 -20 0 20 40 60

Time (ms) X (mm)

It was first tried after injection energy was upgraded to 400 MeV.
Upgraded PBHs PS now have enough margin and also better controllable.

P.K. Saha HB2014 17



(8 Method 2: Experimental results

v).,-pﬂﬂc
Injection: 400 MeV
MWPM @ 3NBT Extraction: 3 GeV
100 mm mrad transverse painting Beam power: 553 kW-eq.
. }é‘;./nl:lf 4240 ;;1 1215 C . i gr-,,.” 1878 _xﬂ :.a
orizontal “ | op0n Mertical e
2000 4 oy e 1708

c,=7.6mm c,=10mm

1000 ‘
e —_— NS
D | | | 1 I. L | | | ] L1 | | | Ll L1 G | | | | | | | | 1 | | | |- | | | ‘
- 50 0 a0 —50 { S0 ]
C Courtesy: S. Meigo
50T mm mrad transverse painting
B w/rndf 4388 28 L ¥/mdf 1788 / @
5 D DD - F1 2580, - ) P 20085
Horizontal /i, |= &%  Mertical 1 |- L
N P4 4742 2000 __ '| Bi 4745
2000 N
- c,=6.1mm - - c,=9mm
1000 :_ 1000 — ]
1 = L= e T e B =y R e e
D _I | - I. I — | ] | - | | ) G _I | L | | 11 | | | — | | L1 |
- o0 0 a0 —50 { 20

v" Reduction of horizontal rms emittance ~34%
v" Reduction of vertical rms emittance ~20%



V& MR beam loss dependence on the

"J’-PHHE . .
RCS transverse painting coumesy:v. sato
T - jnfsfmtﬂ ?:I:L@Lﬁwlm o T w”m f{:l@mgmgu'dig

:.hghgl:l :.:.:.:.:.:.....hsa'nal:.l

- RCS painting [ P

3 w 00 d ] 3 . RCS painting _

z Lo b o Do
: - 7rmm mrd ]2 N 507zmm mrad EEE
gmm..:" | : &~y [ i ST
= o : .

g

E Eﬂm I A S |

g |
i) el L AN e b e Sl sl el ol cdkd] ] Y| 7P P R P | | 1 4| T I il
0 L0 20 30 40 B o0 T 90 90 100 140 130 130 140 150 180 170 180 190 200 210 0L 20 30 40 50 80 T 30 90 100 110 120 130 1do 150 180 170 1B 190 200 210
BLH nunmber BLH rumber

RCS painting MR Total loss

100t mm mrad 230 kW ~250 W

50 mm mrad 230 kW ~170 W

~30% loss reduction
P.K. Saha HB2014 19
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esLrrac Summary

m A pulse-to-pulse direct control of the injection painting emittance
is considered and is also shown to be very effective for controlling
extracted beam emittance in simultaneous operation.

m A reduction of 20~34% in rms emittance for the MR as compared
to MLF is obtained for an equivalent beam power of 550 kW.

m Twoindependent methods, especially for changing painting area
in the horizontal direction are considered and are also successfully
applied in the real machine.

m The systemis already in service with good reliability even for the
present RCS operation with 300 kW beam power.
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