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Topics in this present&fion
e Title in the program is

Il ation system experience”

Dr. Ikegami
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@L3BT scraper...Did not use since linac bei o koseki

® 3—5_()BT a_nd MR co!limator...Did not have MR commissioning leader
commissioning have just started

Topic Is RCS collimator
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Outline of presentation

e Motivation

e Research and Development of
RCS collimation system

e Results of first beam
commissioning

e SuMmMary
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F = Motivation ®=~

The RCS ring is designed to deliver the 3GeV, 1MW pulsed proton
beam to the spallation neutron target and the MR, hence our
motivation is to achieve such high intense beam.

In order to achieve such high intense beam, the most important
iIssue is to reduce and control(localize) the beam loss.

We have designed the beam collimator system for the purpose of
the beam loss localization.

The design issues of the beam collimator system are:

1) High localization efficiency of the beam loss. (< 1W/m)
2) Enough shielding thickness to reduce the residual dose.
3) Easy maintenance system to save a labor close to the collimator.

4) Choice/development of the rad-hard components.
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Construction of the , &
- o
RCS collimator

We use the two stage collimation system for the RCS collimator

Primary collimator
Imm Tungsten plates (2 horizontal & 2 vertical) ~ Secondary collimator
324mmm-mrad. 200mm Copper blocks (2 horizontal & 2 vertical)

{ Momentum primary collimator 400mmm-mrad.

0.1mm Carbon (2 horizontal)

324mmm-mrad.+1% A ar 1300mm
T F—
/ = 2 /
1400mm - = I g
— P i i
L N7 T tin s
s Emittance ameter
A oK
L il Injection beam 4 1 mm-mrad.+0.1% Ap /p
Painting 216 m mm-mrad.
Pri. Collimator 324 T mm-mrad. +1% Ap /p
Sec. Collimator 400 T mm-mrad.
Physical acceptance > 486 1 mm-mrad. +1% Ap /p
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RCS Parameters®=

L Pt

4
T,

it .

]
¥

Secondary £F&
Y T Transverse

CollimatorsJ[# . o
Primary

> _11 Collimator -

O L L L ‘:I i I':OI': 1 L IT‘.O 1 1 1 1 ll::l L I‘“’ 1‘: Il L :"l L L Il 1 li: 1 1 “:JI '.:I 1 l.‘“ L
[ n 5 0 50 100 150 200 250 300
S [m]
° Transverse primary collimator Divol ;
Secondary collimators 1Poie maghe Quadrupole magnet  Injection Magnets
o ° & i
" Longitudinal? |
- ;A%\ pongtudinal- ull il
from L-3BTY, “XyPrimary [ | - |
Collimator Injecﬁocnagglihattor RN pctraction kickers Longitudinal primary collimator
. A :
\ 3GeV RCS Twiss Parameter

Aug. 2008 Kazami Yamamoto 6



@Calculated by STRUCT code
(FNAL)
Linear transfer matrix
multiple scattering

@®Beam Halo Transverse:324 <¢_
<344 1t mm-mrad. 4 KW were
assumed

®Maximum loss point is first
secondary collimator (1.2 kW).

@98 % lost particles were

localized in the collimator region.

—1 W/m criteria was almost
cleared!
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Beam loss distribution
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Results of Transverse Halo Collimation
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Residual dose estimation

We designed the shielding wall for the sake of residual
dose suppression less than 1W/m level (<1mSv/hr.)

@Calculated by MARS code (FNAL)

@®Covered with 300mm inner iron and 500mm outer concrete

@®Assumed that 400MeV, 1.2kW loss is localized on the secondary collimator
®Residual dose rate after 1 month irradiation/1 day cooling

i Concrete Shield ' ' =
- 10m~100 ¢ Sv/h T34

[

Outside of shield: ~handreds of uSv/h=1 W/m order
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Results of first beam

commlssmnlng

4.40E+012 The total beam power was

i restricted by the capacity of
extraction dump(Capacity is an
average of 4kW an hour).

g 430EH0I = We usually use a few kW beam
3 ' for continuous beam
% commissioning, but only few
3 i minutes we can accelerate high
g 4.20EH0L2 intensity beam (more than
5 ' 100kw)
£ e In this case, the number of
S L0E+011 particles per bunch correspond
' | to more than 50kW (4.3x101?)
was accelerated. The painting
bump did not excited and all
T r | S R R R injection beam have entered
0.000 0.005 0.010 0.015 0.020 into the ring center orbit in piles.

Acceleration time [sec] e The loss during the acceleration
period was 3.4%.
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BLM signals appeared at

1mi Yamamoto

Entrance of transverse primary
collimator chamber

HO dump branch point
Transverse collimators
1st extraction septum

It is remarkable that the BLM of each
collimator is put on the outside of shielding,
those are further than the other BLMs,
nevertheless signals were much larger !!
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Actual collimator acceptance

We investigated the actual
transverse primary
collimator acceptance.

In this study, we shifted the
injection bump height and
the linac beam came into the
outside of beam
center.(Offset injection)

Then, we measured the
survival rate by the wall
current monitor.

The beam current suddenly
decreased at 10mm bump

height and it corresponded
to about 324mmm-mrad.

The position of the
transverse primary
collimator was approximately
right.

Aug. 2008
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Dispersion Max poin I
i

lJl%"gﬂlﬁé@.t point: 140uSv/

Crotch Q{E dump CT cham s Dllimgu‘ uhambcr

Colll
HE dumpbranch 330 Svihr. .
tntrance of primary collimator ch{

Yaused By the foil scattering of ci

HO dump branch

Caused by a mistak ",_ dalise
of septum setting,; £ |T

Practically, each collimator would have much larger reS|duaI dose. but we
could not measure the inside of collimator shielding. We could detect only the
reS|duaI dose on the out3|de of shleldlng and It Is a background level.

Mo N Dhvncmnen v T8O M

Beam collimator system has good performance!!
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Does the system perform as expected? Did
the simulations/calculations performed
during the design stage accurately predict
the actual performance?

—For the moment, We think our
collimation system has enough
performance according to above reason.
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Acceptance ratio of#*
prlmary and secondary

Prlmary 324nmm mrad. Secondary 400nmm mrad.
Prlmary 2007tmm mrad. Secondary 4007rmm mrad.
Prlmary 200nmm mrad. Secondary 2507cmm mrad.

BLM signals [arb. unit]

' i i
I i I I
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

W WWMMWM««WW i wwmu Mm ww MWWWM o

0 1 2 3 4

Acceleration time [msec]

BLM signals of dispersion maximum
point after collimator region

g
yar

Black

:Designed acceptance

Pri. 324n : Sec. 400n = 4:5

Red

:’Unbalanced” acceptance ratio
Pri. 200xn : Sec. 400 = 1:2
Green

:Design acceptance ratio

Pri. 200x : Sec. 250n = 4:5

—Unbalanced acceptance ratio
caused leakage loss from
collimator region

Designed acceptance has enough performance

Aug. 2008
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Longitudinal collimatief

e However, the collimation system did not
WOork as our expectation in some respects.

@®Fortunately, at present there was no
ongitudinal halo in usual operation
pecause of good performance of the ring
RF system and the Linac chopper.

— It was not a problem for tqe moment.
; I E BL.M signals of ' were lead on the
dispersion transverse
maximum10int o secondary
' collimators, but
BLM signal of
000000 the dispersion
_SELMIS o 5B 1 _I maximum point
Not insert the Insert the longitudinal was scarcely
longitudinal collimator collimator

reduced. 16
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What are the major limitations in
performance? Were they known iIn
the design stage?

e \We did not reach the technical
limitation because now limitation is
caused by the dump capacity.

e High power(more than 100kW) test
will be carried out next December and
major limitation will become clear.
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If someone were to begin now
designhing the same type of system for a
similar machine, what is the one piece

of advice that you would give them?

e The most important issue iIs measures for high
radiation.

(Easy maintenance system and choice/development
of high durability component)

e you should make effort to reduce the source of
longitudinal halo.

(Longitudinal collimation is difficult. Reinforce not
the longitudinal collimator but the ring RF system
or linac chopper system)
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Summary

e \We optimized the collimation system
for J-PARC RCS and developed the
collimator components as the
requirements.

e Our collimation system had enough
performance during the first
commissioning period.

Aug. 2008 Kazami Yamamoto 19



-
ép"

=

Thank you for your
attention
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Radio-activation sample

We put many gold samples

on the vacuum chamber, Iin Sample: Au
the Shielding WaIIS Of 75 1 | IIIII! I LI ]IIIEI I T T TTTrTl I T T T 1T
collimators, or on the
tunnel wall. 65 ; 5 §

Sample ID 55 i i 5
The most radio-activated point |
is 4th secondary collimator. Commator
On the other hand, the E --------------- reglon
CaICUIation |ndlcated 1St (NN L1 lJIlIl (| IIIIJ L1 LIIILIJ

secondary collimator is highest 10°

loss point. 4th secondary
Collimator
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@Collimation efficiency

Lost particles in the collimator region

All lost particles

@ Acceptance ratio

Physical acceptance [rmm-mrad. ]

Collimator acceptance [rmm-mrad. ]

Aug. 2008

Collimation Efficiency [#]
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Acceptance optimize»*

Design Value

1.0

0.8 -
0.7 -
0.6 -
0.5 -

04 F

- C : A —&— v=(6.72,6.35) Transverse halo

02 L : ‘A ; - -®--v=(6.68.6.27) Transverse halo
EEsan £y -~ v=(6.72,6.35) Longitudinal halo

N  wlibe ---§--- v=(6.68,6.27) Longitudinal halo

M
17 18 19 20

W i
1.6

1.5

0'0'..h:r'-';;'...I....I....I..
1.0 1.1 1.2 1.3 1.4

Acceptance ratio [#}

Collimation efficiency dependence
on the collimator acceptance
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Residual dose estimation

Shielding design for the sake of residual dose suppression
under 1IW/m level (<1 mSv/hr.)

@Calculated by MARS code (FNAL)
@®Covered with 300mm inner iron and 500mm outer concrete
@®Assumed that 400MeV, 1.2kW loss is localized on the secondary collimator

. Concrete -

Collimator
block

P

- Shielding model and particle trajectories 25



Development of /"
Rad-Hard Components

Gamma-ray irradiation
experiment of the collimator
components (motors, cables,
connectors) were performed by a
Co-60 gamma-ray irradiation
facility.

T ——

Established high rad-hard
components, especially the
stepper motor had high durability
over 100MGy gamma-ray
irradiation.

Aug. 2008 Kazami Yamamot{ s =~ 55
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Remote clamp system é”

@® We developed the remote clamp handling system to reduce the
radiation exposure during the maintenance procedure.

@®\We can maintain several meter away from the collimator
chamber by using the nutrunners and the remote clamp
handling system.

@® First we connect the nutrunners on the screws which move its
frange and clamp.

Mot moommesrs comtbre) Uhe torquiesomd The tooom mmamlbers.

=)
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Remote clamp systen{”

@® The nutrunners control the separation of each flange and
closing torque of quick-coupling clamp.

OFlange movement Oclamp closing

quick-clamp

. *closing screws

@® 1mm positioning error of flange can be
corrected by the inner guide.

@® Finally we connected all remote
clamps less than 5*10-11Pa-m3/sec He

leak rate.
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Results of first beam

9
commissioning

e During the first commissioning, we
set the all collimators as designed
acceptance.

(Pri. Collimator 324 t mm-mrad. +1% Ap /p, Sec. Collimator 400 © mm-mrad.)

e |n this condition, the beam loss
monitor signals appeared at next
point:

Aug. 2008 Kazami Yamamoto 29
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Beam Tracking &%
with Space Charge

|

T {mml
o

—

Yoimr
o

IR T T [N SN TR S TR ST SR T TR N Y U TR T 1
—id an a0

1]
T fmm)

@Calculated by ACCSIM code (TRIUMF)

@®Particle number corresponded to 1MW
beam power.

@ Include painting injection process.

Kazami Yamamoto 30



Aug. 2008

Kazami Yamamoto

-Calculation result of
PHITS,DCHAIN-SP and

-~ QAD-CGGP2 codes

-400MeV,1.2kW loss at first
secondary collimator

- Calculation include the
effect of all activated
materials (Collimators,
shields,chambers and tunnel
walls)

 Residual dose rate after 1
year irradiation/1 week
cooling

at point No.1 : 15.9mSv/hr.
at point No.2 : 2.78mSv/hr.
at point No.3 : 36.5mSv/hr.
at point No.4 : 189mSv/hr.
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Remote clamp system @’

First step : We set the nutrunner on the flange separation screw from
several meter away from the collimator chamber.

[\ |\1<u 2580 Il.irlmu

1~

flang& sen:
b1 \
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Remote clamp system é”

Second step : The nutrunner close the separation of each flange.
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Fourth step : The nutrunner
control the closing torque of
quick-coupling clamp.

35
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Inside of the beam coimator shielding.

Inside of the collimator chaer.
4 absorbers were Ested™wAath TiN.
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XY [mrad.]
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Transverse:344 > ¢, > 324 n mm-mrad. 4

k WZARTE

2

0.965

0.9601 4

0.955

P [GeV/c]

0.950

0.943

Kazami Yamamoto
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quick-clamp
. *closing screws
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1230] 660
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No.1 : 15.9mSv/hr.
e No.2 : 2.78mSv/hr.
B e, N0.3 : 36.5uSv/hr.
No.4 : 189uSV/hr.
ERADETHNIK
Hands-on maintenance 8] BE
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PBI

cﬂ;[CHz‘ 5” =LH CH EH‘CHZIECHS

Flig.2.58ynthesis of aromatic
polybenzimidazole (PBI).
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Remote clamp system @)

First step : We set the nutrunner on the flange separation screw from
several meter away from the collimator chamber.

[\ |\| 2530 n.num Jer

1~
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Remote clamp system

Second step : The nutrunner close the separation of each flange.
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Remote clamp system %v

Third step : The nutrunner 1s remounted from the flange separation
screw to the quick-clamp closing screws.

B

;‘I J gy §
S eCDALS CHE|
-“,../pr.,!l L DLCaE




Fourth step : The nutrunner
control the closing torque of
quick-coupling clamp.

50



i
M|

Aug. 2008 Kazami Yamamoto 51



.nnnllll%l

b ||

Aug. 2008 Kazami Yamamoto 52



MAIEE DRI

SRRy Y R—R7—LEARLL
Te—k 2oL, SRR TH :

- ANSYS ZAWT ., HR—r7—
LDEIREIZ LB AN DL

368.046
377.338
386.63

B R—F7—LZF@140 mmEL LD
ASITTHIE. ZFRABRET00 W
THEEIX150°CLLTIZ&R =N 5,

ANSYSEtE#E R

Aug. 2008 Kazami Yamamoto 53



AHHEDRHGST

AEH CHEREIT B R. ERAIZBONIIRETHI00 WETTHNIEHZRKE
EA130°CUATICA LGNS, -, BEIZAFTITHEAIX. 700 WD AZTH120°CLLTF
[ZHNZ 5N HEH FIBH

!

BENEGDERAENDIGATICIE, 3@%']:mﬁﬁ0317’5¢7l~§:_7m ERR A LY ZE
K[EEYRALENTELLIITEE, >TAYIZEIS0°CLLTIZEREFATEE

— [

u -3

s .
s

Wi e R HR—FF—L —p "
3T R BHZNTAR T2 09T l

= 1)

2 N comaec | 0 | I A1) e
o 1
2 | 1l ﬁ ‘ - s A
| N ' (il SHTOyY
o
. ! b . .
g :

] e

o =~

) A—REZEEREFET EERIK BEERZANOYA—E2TOvY

Aug. 2008 Kazami Yamamoto 54



e
A K HERE (D 12 5 G~
RIENDHMENRERELIILE—LOXANREL-I5E

—S1FPEZILVE—LDNEHSLTH., BE LF (X420 KFERE,

EREIE. MPSIZEDT1/LADTILE—LARDRFEELT-

AN SSSSSS

STEP=1

ssssssssss

ANSYSEHE#E®D ANSYSETE#HE®Q

Aug. 2008 Kazami Yamamoto




	The Beam Collimator System of �J-PARC Rapid Cycling Synchrotron�
	Topics in this presentation
	Outline of presentation
	Motivation
	Construction of the�RCS collimator
	RCS Parameters
	Beam loss distribution
	Residual dose estimation
	Hardware development items
	Results of first beam commissioning
	Beam loss point
	Actual collimator acceptance
	Residual dose distribution
	Does the system perform as expected? Did the　simulations/calculations performed during the design stage accurately predict the actual performance? 
	Acceptance ratio of �primary and secondary
	Longitudinal collimation
	What are the major limitations in performance? Were they known in the design stage?
	If someone were to begin now designing the same type of system for a similar machine, what is the one piece of advice that you would give them?
	Summary
	Thank you for your attention
	Slide Number 21
	Slide Number 22
	Radio-activation sample
	Acceptance optimize
	Residual dose estimation
	Development of �Rad-Hard Components
	Remote clamp system
	Remote clamp system
	Results of first beam commissioning
	Beam Tracking �with Space Charge
	Residual dose estimation
	位相空間内での粒子の運動
	Remote clamp system　②�
	Remote clamp system　③
	Remote clamp system　⑤
	Inside of the beam collimator shielding.
	12/7　再測定①
	12/7　再測定②
	トラッキング初期条件
	リモートクランプシステムの開発②
	ガンマ線照射試験
	コリメータの真空処理
	コリメータ銅ブロックのプリベーク
	残留線量②
	インピーダンス測定
	ＰＢＩ
	Remote clamp system　②
	Remote clamp system　③
	Remote clamp system　④
	Remote clamp system　⑤
	ビームエンベロープ①
	ビームエンベロープ②
	冷却機構の検討②
	冷却機構の検討③
	冷却機構の検討④

