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veam dump

Overview of the 3-GeV RCS Fxtraction

(4kW)
Circumference 348.333 m Injection b
. AV
g o dicit 3 beam dumy N
uperperiodicity (4KW) N
Harmonic number 2 \ To MLF
No of bunch o) Transverse primary i
00T PERE collimator JoUBT
Injection energy 181 MeV = 400 MeV &\/
Extraction energy 3 GeV To MR
Repetition rate 25 Hz
Particles per pulse 2.5e13 - 5el3 = 8.3el3
Output beam power  300-600 kW = 1 MW
o From
Transition gamma 9.14 GeV Linac
Number of dipoles 24 - - -
quadrupoles 60 (7 families) | nJ ection energy u pg raded In 2013
sextupoles 18 (3 families) 181 MeV 9 400 MeV
steerings 52
RF cavities 12 (11 at present) Peak current: 30 mA - 50 mA
| - . During 2014 summer shutdown period
Collimator Limit 4 kW( 3% @ injection for IMW) ..
= 1 MW trail in Oct. 2014
1 MW user operation scheduled in 2015




4;? History of RCS beam operation

ACS installation

E,=181 MeV _ E,,;=400 MeV
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< 300
=
o
Q 200
4
5
2 100 'II i |
= |
© 0 e w Lam m 1 |
A G A A Ay Gy Wy gy N
R N A P N U B L &
I R @\G\\ o A Present
study

v" Output beam power has been steadily increasing following progression
in the beam tuning & hardware improvements since startup of the
user program in December 2008.

v" Beam commissioning of RCS with E; ;=400 MeV : January 2014~
v" Re-startup of user program (300 kW output beam power) : February 2014~

v' Successfully demonstrated high intensity beam trials up to 550 kW
tfor both E; ;=181 MeV and E, ;=400 MeV.



% L
A J— Motivation

A hybrid-type 20% Boron doped Carbon foil named HBC foil is used for
multi-turn H- stripping injection in the 3-GeV RCS of J-PARC.

Naturally, a long lifetime foil is desirable for stable operation at 1 MW.

However, a complete failure is not always a lifetime as foil degradation such
as foil thinning and pinhole formation caused by the beam irradiation
increases the waste beam so as the heat load on the dump.

The waste beam dump capacity is only 4 kW.

A foil thickening on the other hand increases the foil scattering beam loss.

One has to replace the foil with a new one and that limits the lifetime.

A foil degradation could be a foil breaking signal but the
degradation scenario could be different for different foil type.
An accurate monitoring can thus provide important information
on the foil breaking mechanism.

It can also determine an appropriate foil replacement time so as
to avoid foil failure during operation.



RCS H- stripping injection system

‘ HO Dump

3 strippers foils, Type: HBC

Primary (1°t) @400 MeV: 340 ug/cm? S
@181 MeV: 200 pg/cm? &

Stripping efficiency: 99.7% &fg)

Waste beam: 0.3% (mainly HO)

HO 2> H* @ 2" foil 2 HO dump MWPME DEP2
. ) znd Foil ‘\iyv;,.-,( ol e 3 ’
Un-stripped H-(if any): @ N3 Foll & g \ax\::\
\
H- > H* @ 3" foil : O ge?

MWPM3

- HO dump

QDL SB1~4: Chicane bump magnets

PBH1~4: Hori. painting magnets
PBV1~2: Verti. painting magnets
ISEP1,2: Inj. Septum magnets
DSEP1,2: Dump Septum magnets
PSTR1,2: Pulse steering magnets
MWPM: Multi-wire Profile Monitor

MWPM?2

ISEP2
ISEPl PST



2. Foil thickness vs. Stripping efficiency

Parameter list

Fraction
[}

Energy (MeV) 400 181
Foil thickness }— |

, 333 200
(ng/cm?) ~ |
Stripping
efficiency (%) 99.7 99.7
Waste beam
fraction (%) 0.3 0.3
Inj. Beam power
max (kW) 133 36
Waste beam
vower (kW) 04 0.14
Dump limit (kW) 4 4

P.K. Saha
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R.C. Webber el. al. W.Chou et. al.
IEEE. Nucl. Sci. NS-26(1979) NIM A 590 (2008)
E,,; = 181 MeV E,,; = 400 MeV
SI/ H* g 0.8 \ /
0
6 HO ;50.6 W
o o Stripping efficiency
4 / Stripping efficiency E 0.4 99 7%
[ mae B
0 100 200 300 400 0 100 200 300 400
ug/ cn’ ug/ e

Thicker foil - increases stripping efficiency
but it increases foil scattering beam loss too.

Thinner foil = increase the waste beam
m Needs larger dump = require space and money
m Maintenance of injection area gets difficult

INTDS 2014 @ Tokyo 8



Injection

. . beam dum
a) Single-pass extraction mode P

H- beam

\\{;T Linac
SgT& st

\—--.\ foil [ et .
. -
\H-I—#—‘ "—F”'_HD._ _k__.-lit"’ Center of
""'\ 2nd Q-?agnet
] H+

1. HOCT Circulatir_lg

HO and H-yields in the single pass ext. mode are separately - QDL beam orbit

measured by removing the in the 3™ and 2" foil, respectively.

2. MWPM7 Injection
e beam dump

H® and H- yields can be simultaneously measured by the
MWPM7 as two profiles are more than 70 mm apart.

HO fraction = HO yield (a) /Total yield (b)
H- fraction = H- yield (a) /Total yield (b)

Where, a and b denote operation modes.

I Center of
: . . nd Q-Magnet
B Increasing /decreasing HO fraction s /
-> Foil thinning/thickening Circulating
. o heam orbit
B Increasing H™ fraction R4 QDL
-> Pinhole formation, foil deformation, etc..




(% Measurement technique: HOCT

v,
O j-PRRC
I I I I I
— with wasie beam
— with oo beam
03 - —
2 3
| ) :
= 0 ' =
= =2
g 2
= 05 . ‘E
Averaging 64 shots

1o 10 200 300 20 00
Time (us)
Typical waste beam signal measured by a CT

Very identical w/ beam and w/ no beam

— Hard to extract real information /
107 : : .
" 110 mm Linear scale 1 = Dt @l © pulse&\
P 0.25°F rw . - — Data id:2 (un-stripped beam) d
N — | Emwmqm) —_ — Data id:3 (no beam)
4 25mm %]0‘] S ot ol ]
E f’ | E (0.380.03)% - 1 Woms0102011)
& o
= Injected beam 7 § 10
! Full width: 14mm (40) —
3
- 10 E ﬂ jection
0 : : : afhn (1 : : 940 MHz
0.9 0.95 1 1.05 1.1 0.9 0.95 | 1.05 1.1

Frequency (MHz) Frequency (MHz) 10
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Measurement by MWPM7

Lh

— 1* foil removed  (Tbeam=2.7x10"") "

4.5 , ; R
— 1" fail 52 pg/cm” (Ibeam=1.2x10""y I,

4 — 1™ foil 100 pgfem” (Theam=5.0x10"") "
— 1™ foil 200 pug/cm” (Tbcam=2.5x10"") « §

3.5 .

Injection beam dump mode

ad

B ~ Allinjected H- to the dump ¢ -
g 2.5 ,
ER A< H'—>:
R it _ HE
{ : Foil . ':_1
: i1 52puglem? i i
0.5 { Y

0

-0 -60 -40 -20 O 20 40 6D BO
Horizontal position (mm)

H® and H- yields can be simultaneously
by MWPM?7.

The H% and H- fractions are obtained by
normalizing their yields by the H-yield
measured in the injection beam

dump mode.

The results were consistent with
HOCT measurements.

Injected beam intensity is controlled
so that profile doesn t saturate.

For Injection dump mode Ibeam is 1/100 of full intensity.

P.K. Saha
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£ e Measurement of 181 MeV H stm;.opmg
cross sections by carbon foil
Ly HOCT v MWPMY7 "
. o easur, s
3 Shown efily H° yieid, _ ggtﬂr?-? and199
= 08+ . E+ (unit: 10°*° cm?) 1
o o Mo foi

E Swub:‘h Lreseqy dyi) Carbon foil 48 gfcm
Zos | s sty || 0.0 #Q.011 = 0.00L cimomin ifen
= 10 B ﬂ .‘ Dotted lings: Bﬂeﬁ%ﬂﬂ,éﬂkg%ﬂﬁfw 0—10 = jl_ 603 + 0 006 Carbon foil 193 pg/em’
& | P i ol =0.633 —|Jr 0.003 "
E 0.4 ; | C]:'ID:'E'EESENLDIBS q‘i ]13131 %"[e?j:r‘] GOL S Y- * i
2 19f & &ﬁhﬁle experlmental data!
@ 0. x
Z ited to NWA %
B '-: ;e P
E 10 ’M_ S S i ;
E 0" j5'3{5"?:-’ N ] g f i

Carbon fu:ri'] 1’&1 J:: ' ;

el :
0.89 0.94 0.99 104 1.09 80 -60 -40 -20 0 20 40 60 80

Frequency (MHz) Horizontal position (mm)
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(& Experiment results of the
foil degradation during operation

Foil thickness: 1st measurement

HOCT  :195%1.8 pug/cm?
MWPM7: 196+2.7 ug/cm?

PP HBc foil -
. : Ci ti
= Thickness:195 pg/cm? @',rf,:;:c;?fn .

Injected beam

16 mm(4c)
5 §
4 H
10 . 4.5 v
— HO dump mode (b). 1" foil out — HO dump mode (b), 1™ foil out
= —— One third mode (a). all foils in 4 (]bealn:E.ixlD”}
g 10 3 — One third mode (a), 3" foil out 3.5 — One third mode (a), all foils in
: — No beam data (background) T (Ibeam=2.5x10"")
:E ._.‘5 3 — One third mode (a), 3™ foil out
_ 13
:g 0 5 a " s (Ibeam=2.5x10"")
£ Foil mis MWPM?7
n' -—
E “1S H’
< 10 | !
E N
| 0 ——
-80 -60 -40 -20 0 20 40 60 80

0.9 0.94 0.98 1.02 1.06 1.1 _ R
Frequency (MHz) Horizontal position (mm) 12
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FFT Amplitude (Arb. unit)

'z Trend of the H? and foil missing

P S PRRC
H- yields during 6 months operation
* T oi2AoT —— 4
’ — 2012/10/17
35 | | 2012212 — 2012/12/12 .
- 20130319 —— 2013/03/19 !
a0 | gggg"‘ﬁgg | 2013/04/24 '
Iu - — 2012/05/22 [\
25 | Only H yield = :
g 0.8
2 06
.20
]
0.4
0.2 if
0 R N potd s U n .
0.9 081 092 093 094 095 096 097 098 099 A -80 -60 -40 -20 O 20 40 60 80
Frequency (MHz) Horizontal position (mm)

e HO was measured to be continuously decreased.

- Foil thickening!!

e However, foil missing H- was gradually increased

- Foil deformation, pinhole, shrinkage, curling....... 14



(2 Analysis of the foil degradation

O _j-PRRC

230

0.3

o I] (HOCT) " ; HE{HUCT]
0.45 HYMWPMT) 7= ~ HY{MWPMZ
& D4 eru'l.lf.r[t[]rfr!.'z S /_/ ‘ = U-‘*\ L Fnir?gliizﬁ!:nﬂfiﬂwgﬁﬂ . 2200~
Photographs of foil in use
Oct. 17, 2012 Dec. 27, 2012 May 22, 2013

Newly mounted foll Injected Charge:400 C @ Injected Charge:1300 C

Injected beam
center _ —
Avg. hit of each injected proton:~20

195 pg/cm? 2 216 ug/cm?. > Total charge on the foil X 20

The un-stripped H  was gradually increased may be because

of foil deformation gradually getting worse?
Nevertheless, the foil last for 7 months and still survived!

15



Observation of foil thickening:
SR data

Past Los Alamos P

%10 | e
5 wes®
g . \\'\C«\k
E gj." . '\\
3§ |od
(,_ _ - _ . i
0 10 20 30 40 50

Total Charge Injected via Foil [C]
Figure 5: The foil “thickness™ variable, obtamed by
dividing a foil scattering loss signal by the foil current,
changed dramatically withmn two weeks for the DLC foil,
mdicating strong wrinkling or curling.

14
<2 HBC foil
£ ,
=10 ’ )
% ! |
AR ana YT WY " |
A TR
= !
3 :
z B0 :

4

0 100 200 300 400

Total Charge injected via Foil [C]
Figure 7: The foil “thickness™ variable for the HBC foil
does not yet indicate any deterioration.

LANL foil:

il

Beam exposure: Several weeks

Developed at KEK & LANL

Courtesy:
T. Spickermann, HB 2008 WS
R. Macek, Los Alamos

NC foil: Developed at SNS

ec

Figure 1: Photograph of a LANL foil newly mounted on Figure 2: Photograph of an NC foil before installation in
the frame (left) and of a foil after several weeks of beam PSR (left) and of a foil after several weeks of beam

exposure (right).

6.0E03

A0ED3 f--——————— - R - ——

BOED3 - ————mm e mm e T e -

0.0E+0D

exposure (right).

"ist Turn" Loss Rate (per proton) for 200 pq.rcrn’ foil (1992)

Trend of the 1% turn loss from
the HO excited states

Foil edge distorted with time
and becomes thicker leading
to fewer excited states.
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Kuramochi et al.

The 14 Symp. on Acc. Sci. and Tech.
Tsukuba, Japan 2003

ACCSIM + ANSYS
Peak temperature: 1079 K

However, depending on foil
edge margin and injection bump

Operation scenario at 1 MW

@®During the present study, injected beam power
was only 18 kW (15% of the design 133 kW at 1IMW).

@®Foil degradation rate would be much faster at 1MW
due to foil peak temperature rising much higher.
Because, there was no such a foil degradation as we
measured for comparatively a lower beam power
(INTDS 2012)

Foil degradation even a little is very crucial at 1IMW!

® 15 foils can be mounted in a foil magazine.
One foil should last for at least 2 weeks.
(2 weeks X 15 foils ~7 months)

foensurerel |t may be interesting to

falling speed, peak foil temperature StUdy Other f0|| typesl

could be >> 1500 K

At present w/ 300 kW operation: ~600 K

P.K. Saha
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(2
esL-rrrc Summary

We have established an efficient measurement techniques for
monitoring foil degradation during accelerator operation.

An absolute change of the foil thickness Is accurately measured.
The foil is measured to be gradually thickening and it was more
than 10% at the end of six months operation.

However, there was no clear indication on the pinhole formation yet.
We will continue the measurement with present 400 MeV injection

and also planned to measure an intensity dependence of the foll
degradation rate.

The present study may provides important information on the
foil breaking mechanisms and can also play an important role
to ensure best uses of the stripper foils at 1 MW operation.

P.K. Saha INTDS 2014 @ Tokyo 18
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INTDS 2012: Foil thickness trend

240 T |
2350 2 = = = = 4 months operation:
230 P & é & % = . . .. 21
= S B I T Beam irradiation: 2.7 X 10
Fo 225 = = » - : = :
€ : : : E 5 : 08 ©AImost No change of the H° yield!
T 220 2 ‘
Es = = =& =5 = 8 ©No H seen!
= 215 0.7
ﬂ
ju 210 0.6 — April 07,2012
E 105 — April 26, 2012
=~ 0.5 — May 16,2012
200 = — Junc 06, 2012
195 a 0.4 — June 20, 2012
= Jule 02, 2012
190 : : =
[ W WO p ] = ]
= 1 — = 1 =]
= =t L) ] w0 =
= = L o] [ =
i i i i i i
= = = = = =
L | L | il ] L | il

Measurement error: =2% in thickness

m No observable foil degradation so far!
There was no any missing H- throughout the end.

W Thickness increases a little (~1%) in the beginning.

Horizontal position (mm)
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FFT amplitude {Arb. unit)

Signal (V)

Foil: HBC

110 x 30 mm?
348 pg/cm?

le—>
12mm

! 0T 2z |

| H° y?ield

12

1. 25
Frequency (MHz)

400 MeV inj.
; Chopplng freq.: 1.22833 MHz

2014/3/27 —
2014/4/113 ——

400 MeV foil
degradation

Starting from March 2014

Measured also
where no beam hits «

56mm

5 2014/3127 ——
Foil Edge: 56 mm 2014/4113 ——
35t ; 201464 ——
%‘“ Wk ol
% | No change of
£ 2,]theHOy/eld/
E- 15 .............. T S
e
e 1wFo e
11 115 12 125 1 3 1.35 14
Frequency (MHz)
05 SowarE —
2014/4113 ——
2014/6/4 —
o4k Nocangeo
. the H° yleld !
3 N()lsy channels |
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Injected Charge on foil (C)
0 30 300

OHO(HOCT) —
H'MWPM7) —+—
Foil thickness (HOCT) - -® -

Foil thickness (MWPM7) - @ ]

@ beam spot
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1 360

1 350
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Starting with a new foil, similar
foil degradation (thickening) has
also been observed at 400

MeV injection.

Data analysis Is in progress and
data taking will resumed from
Oct. 2014.
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Configurations of HOCT and MWPM7

Charge Integrator

_1 turn calibration signal

calibration time

T

connected only at

Pulse Generator

I

o system |
! PPS
M system 2 interlock

1 Oscilloscope

EPICS
10C

Monitor
Client

Accelerator | Maintenance | Control
Tunnel : Tunnel : Room
I I
I I
HOCT : :
I beam signal |
20 turns ! | Buffer
: ! Amp
+—» Pre Amp(x100 : *
I Px190) I (xI)
I I
I I
I I
I I
1 1
1 1
1 1
| 1
| 1
I I
I I
I I
| 1

HOCT and data taking logic:

(Used as a PPS interlock system through

upper part logic at present).

For foil studies and online monitoring of the waste

beam, we fed buffered signal to an oscilloscope

and is controlled by an OPI.

INTDS 2014 @ Tokyo
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MWPM7 configuration:

U plane: 15 wires (pitch 20 mm)
V plane: 48 (pitch 4 mm )
Scan direction: X

For profile:
100 shots @ 1 Hz
Scan Ax=0.2mm/s
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