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e|on Source:

* RFQ:
* DTL.:

L Inac overview

«Separated DTL(SDTL):
«Annular Coupled Structure (ACS):
sSuperconducting Linac (SCL):

* Particle:
* Energy:

» Peak current:

volume production type
pi-mode stabilized loop to eliminate effects of deflecting field
3 tanks, electro-quadrupoles are installed in DT
32 short tanks(each tank has 5cells), no quad in DT
good axial symmetry (not installed in Day-1)

H- (negative hydrogen)
181 MeV (Day-one)
400 MeV (with ACS)

30 mA @181MeV
50 mA @400 MeV

* Repetition: 25 Hz (RCS Injection)
50 Hz(2nd phase)
 Pulse width: 0.5 msec
50KeV IMeV 50MeV 190.8MeV
RFQ DTL SDTL ACS
IS [ ypami] | 324MFi iz 979MHz
31m °M  927.1m g1.2m 15.1 09.3m

First phase, but not installed in Day-1

Second phase

wide aperture, high acceleration gradient (Second phase)

to RCS

600MeV

SCL
972MHz

o8m

+
to ADS




Linac components

Front-end part

lon source, LEBT, RFQ, MEBT (with 2 choppers , 2 bunchers and BM)



Linac components (cont.)

DTL (27m)

SDTL (84 m)




Output Power [MW]
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Output Power [MW]

2.6

324MHz Klystron

Peak Power
Pulse Width
Repetition
u-Perveance
Gain

Efficiency

Beam Voltage
Beam Current
Mounting Position
No of Klystron

2.5 (max. 3.0) MW
650 us

50 Hz

1.37 AV 3/2

50 dB

55 %

105 (max. 110) kV
45 (max. 50) A
Horizontal
23=20+3(spare)

25
2.4
23+
22
21

19|
18|
17 -
16 L

322.

5

323

3235 324

Frequency [MHZz]

324.5

325 32




Beam commissioning schedule of linac

Oct., 2006 ~ . Off beam commissioning
Nov. 20, 2006~  : Beam commissioning (1st stage)
Sep., 2007 ~ : Beam commissioning (2nd stage)

/ \ 90-deg dump ||
Beam dumps O-deg  30-deg 90-deg 100-deg | 100-deg dump \ =T
1st stage: \ i ol
Until Jul., 2007 0.6 kW 0.1kW N/A N/A i “?‘}
2nd stage: -

\From Sep., 2007 0.6kW 54kw 0.6kW 2kW J

]

Front-end ==
(7 m) Debuncher 2 30-deg dump
DTL SDTL Debuncher 1 '
—> e > < = T . .. o 1N
(27 m) (84 m) ' T 4 V%

= 3 MeV 50 MeV 181 MeV

Front-end = IS + LEBT+ RFQ + MEBT

0-deg dump

.cf-‘% T T R
L. 3 BB OB OB @ 2w




Commissioning history of linac

Tek Run | f 11— ] Trig'd
—ﬁ:A 496mV
z . 1@ 544my
............................. S L JA: 73.6us
+ boi@ 31.2us
LEBTSCT -
Dhowe®  MEBTSCTL ~ 1| N
zr : e .w i % I.u
ST T > BT T TR e T AP
Ch3| 200mv 20 Nov 2006
i[69.00 % | 16:03:47
o, MEBT RFQ LEBT  on source Beam Current vs. Time

Nov. 20th: First beam from RFQ, 3 MeV, 5 mA, 50 us, 5 Hz
Dec. 19th: First beam form DTL1, 20 MeV, 5 mA, 20 us, 2.5 Hz
The operation from IS to DTL1 has been already demonstrated in KEK in 2004.
Dec. 20th: First beam from DTL3, 50 MeV, 5 mA, 20 us, 2.5 Hz
Jan. 24th: First beam from SDTL, 181 MeV, 5 mA, 20 ps, 2.5 Hz



FCT pairs for SDTL tuning

Long TOF pair apart by 21\

——————————————

DTL3 SDTL1A SDTLlBE SDTL2A SDTL2B SDTL3A SDTL3B

Beam | v i
— o4 eiH &g eliH  elg  EHF

A\

Short TOF pair
apart by ~2pA

Klystron K Klystron Klystron

-

- e e e e e e e o o o= o= o=

Phase scan O FCT (Fast Current Transformer)

Short and long TOF pairs are prepared for each klystron.
Short TOF pair is utilized to avoid miscounting of wave numbers in the long pair.



Output energy (MeV)

1st trial of SDTL phase scan

70 — 120 — 190 —
SDTL1 || SDTL8 || SDTL15
& i
60 — 110 180 —
=3
ey
&g
g 1054 175 —
L ¥
=
&
g 100 170 .
954 165 - ®
o
40_|[||;I1|1[1|1goﬂ"["["l"‘"50“|I]||!]||||||
-180-150-120-90 -60 -30 0 30 60 90 12015018C -180-150-120-90 -60 -30 0 30 60 90 120150180 180-150-120 -90 -60 -30 0O 30 60 90 120 150 180
Phase shift (deg) Phase shift (deg) Phase shift (deg)
Lines: simulation, Filled circles: measurement “ RUN3

 While the SDTL tuning is still rough, 181-MeV acceleration has been
achieved without notable beam loss.



Energy profile for the 1st 181MeV acceleration

200 —
T80 —| = $ressrliosi et pssiiaieia

Design value
160 —

140 —

SDTL1 exit SDTL15 exit

120 —

100 —

Measured beam energy (MeV)

80 The measured energy at SDTL15

exit was 181.3MeV.

60 —

40 —

| ' | 1 | l | ! | “RUNS“
40 80 120 160 200 .
Design beam energy at monitor location (MeV)




RCS(Rapid Cycling Synchrotron) overview

* Three fold symmetry, three dispersion free SS.
» Rapid cycle of 25 Hz
* Multi-purpose machine:
Neutron/muon source and booster of the MR.
Two beam transport lines
3NBT:transport line to the MLF
3-50BT: transport line to the MR

Circumference
Superperiodicity
Repetition rate
Injection Energy
Extraction Energy
Harmonic number
Transitiony
Typical tune
Transverse emittance
Injection beam
Painting
At extr. for MR
Number of dipoles
guadrupoles
sextupoles
steerings
Number of rf cavities

348 m

3

25 Hz

181 MeV/400 MeV
3 GeV

2

0.14

6.72, 6.35

6/4 tmm-mrad
216 tmm-mrad

54 tmm-mrad

24

60 (7 families)

18 (3 families)

54

10

0.94/1.23-1.67 MHz

Rf frequency \

Muon target

73 7
7.4 ¢ ‘
Nt b ==
a
Gl

Neutron target



Installation and test operation of main magnets
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Core length Bore/Gap

QFC 500 mm 330 mm
SFX 400 mm 330 mm
CHN 100 mm 330 mm

ﬁ%iﬁ/»“ﬂi
—HIGDTFHMRELSD,

Field

4.46 T/Im @3 GeV
-13.3 T/Im"2 @3 GeV
0.045T

PO48 &7 AB D T % (HEARRE FEEE370 mm)

EFRDOEAEHE TOHISREZENR.,
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Beam injection

Charge exchange injection, Painting injection
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REFEMAEBEERIAAIL
Hybrid Boron mixed Carbon (HBC) stripper foil D FF M

KEK-PS BIERINZEz: (Ovo o078 ZRHWV-8KEZAFE—L DB AR

| 34

H-E—/\. 650 keV, DC200 pA, MDE#i RSt
AER (T MILRET1800 °C) E1TD,
SHIZEIKIZEWTNe DB REBREITS,

BEFI/N—ETAMILDEERIFE

RER.BRKITIWN—TIZLBXEHY,




Comparison of the foll lifetime

Foil Experiments by DC Beam during April~July, 2006.

Foil Sugai HBC Commercial Carbon SNS Diamond
Thickness 290 460 350 307 388 330 428 300 533 317 433
(ug/cm’) (#538) (#539) (#537) (#540)
dc beam Ne H H Ne H Ne" _ H
Duration (total sum) m 5/26 6/22 5126 ¥ 5/26 l 6/14 :: 6/22 l 6/13 i 6/14 6:’21@ 67V
R= 4= = '
= g g
e g | Z| £ [om" -
= £ L i = A 2
& 614 " g =
2 & o
6/9 =
Z
=
o
o
w
= g
= g
A I
£
6/9 7/23 8
Ave. Current (LA) 2.5 220 135~225 250 100~200 125~145 | 2.5 25 120~175
Ave Heat Deposit.(W) | 8 36.1 22.1 26.5 21.5 213 8 8 17.4
Meas'd Temperature 1900~ 1642~ 1993~ 1850~
(Celsius degree) 2100 1920 2013 2000
Sandwiched by SiC
Yi Y Yo Yo
fibers (10umd) es es es es
Figure # 0 o) 0 o
Comments Crack and big hole concave small Tantalum Ta-mask | Ta-mask (0.1mm) | Si substrate
turnup at sides, toward beam hole 0.Imm- (0.1mm) |, Sisubstr. partly | broken by
many small direction thick hit by beam, back | H beam hit
holes masking Si bending to the
substrate beam direction

Ne': TIT Van de Graaff 3.2MeV, beam core size~6mm¢
H™: KEK Cockcroft-Walton 650keV, beam core size~5mm wide x 3mm high



Injection/extraction sections

Extraction kicker chamber (5 kickers)

QuickTimey G2
TIFFAIalRKC»CA] BLIEEVEGEOEAEA
C™CtGAESENE EECY:A0CECZCYC .. COIKOVG-GIAB

Beam collimator Switchyard



MR(slow cycling Main Ring synchrotron) overview

Circumference
Superperiodicity
Repetition rate
Injection energy
Extraction energy

Harmonic number
Number of bunches
Transitiony

Typical tune
Transverse emittance
At injection

At extraction
Number of dipoles

guadrupoles 216 (11 families)

sextupoles
steerings
Number of rf cavities

Beam power

1567.5m

3 bort li Fast extraction

0.3 Hz Beam abort line _/ — = — Hadron

3 GeV o= Experimental Hall

30 GeV (Day-one) Rf cavities

50 GeV (Second phase)
9 \\\i\ / E/
W /i Neutrino beamline
§ RCS \,V\\\\
J31.7 L
22.4,20.8

54 mm-mrad
10 tmm-mrad(30 GeV)
96

72 (3 families)+8(slow ext.)
186

6 To Super-Kamiokande
10 (Second phase)

0.75MW at 0.3 Hz, 50 GeV

——



Construction status of MR
IC

Fast EXtrasction

Eal e p— Tl i iy
; : p— = J | =, '] -,
; 3 = ﬁ- L13) W SN Ewperments at the Hadron Hall
L N . r1
i .Il-i-.-
z MR
22
E .\:;: :."-.I_ r'_:-m;I- El-b.
7o - i
o £F Slowe Extraction

= B EMAEC)
Powwver supply builkdings are 01 D2 03 A“i

L-oobng v ater and Ar-Londifonng bulomge e a1, 2

Camying builkdings ae 1,02
Civil construction of the accelerator tunnel has been completed at the end of June 2006.

Status of Installation

1. Main Magnets - Arc-C,B and IC, 3-50BT

2. Vacuum+*BPM — Arc-C center, Arc-B progress

3. Alignment — Arc-B, C finish

4. Power supply(D3,D2,D1) — D3(50%) . D2(30%) . D1 (30%)
5. Wiring — just start
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Installation status (3-50BT)

QuickTimey G2
_ TIFFAILZ iEEVEGEOEA
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BT collimator (~ 54rmm.mrad)

Slope downstream of BT collimator



Installation status (MR)

.......

Dipoles and quadrupoles in
Arc-C

wr ,-,af-

Vacuum evacuation test at Arc-B



BPM
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Pickup: Electrostatic Diagonal cut BB
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Injection devices

AFET2LNGHRESE T2 L)
REMMATE D,
Alternative (O3 BRET2L) EHEITH,

3 GeV beam dump

MWPM (3KW)

i~ Injection Septa I7ection Kickers  Dump Kickers

R /-
AIR I o — — v
e .Q = I:»—@D@—fﬁ—:}—@—m
3-50BT :; ]\l {\ / Collimators o : =

AftFuh— B AGiET 5L B BT TALI
RIS . RS ER TiREBRFEH. Sk FABRTORRHGER BEBAIOMS S —/L R



Fast extraction devices
5ENDXYH— . 8X28NTETALTRYHLE—LAIFUVTRAIZ. 7TR—FE—LAITZSEIZIFY RS,

Kicker Magnets

BPMs Q magnets MWPMs(H/V)
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Slow rise time of the kicker magnet

1.6use
requirement

0.8 0 .
Extrad : | | : Rise time <1.1 u sec
ﬁ N R N . — P i
é 0.4
-
= I N e _ BROEBAEH LD

: ! : : ; 5 LAY EFREZRIE
e/ N N » BRORELISEHIS LAY
' : ; : : : BFfEl D i E
1.1usec¢
-0.2 ; — -6

""""""""""""""""""""""""""""""""""""""""""""""""""""

Pralimiary data of \FX-Kiéker #agnet

.....................

Intezrated field (a.u.)

—_ L B s B s | L B s B s | —_ —_ = =
. . . . . . . . . . .

time (=zec)



o pRFER D RIEL
IGBT PFN Trans Coax. Cable Magnet
550 nsec /760 NS€C 260 nsec 160 n %c 60% ?fec
T/ £
- = g =
—EZU ) ;:j H@ Rise time (1-99%)=1.6pisec
Energy Bank flatness +1%
IGBT PFL(PFN) Trans Magnet PEN
950 nsec 160 nsec 260 nsec 600 nsec = remove
N /
_r *r— _i_ 4 _;L  d 4
/ = -

Energy Bank + transmission

Rise time (1-99%)=1.2usec
flatness =1.2% (calculation)
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EOVERY L

2007 FEDBEFEZTUTOHRZTEME
EHREDEB/BEZRT,

Electro—static septum: R&D

Thin septum magnets, 1.5 mm, 3.5 mm, 7.5 mm : R&D
Strong field septum magnets, : fast extraction

Shift bump magnet: conventional

Power supplies; existing/conventional

MROE —LIaZvyiaz= Y ek, 2008 DB LLEARIPIZEREFE.
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)25 DK
- A /4R ZER (ET1427)
T TR IZMA(magnetic alloy) : EWVERIKEIZDHETuAMEILLIELY,
AKELSYVIZKYEVWERKRENEFIRATED, 20V mA A BE,
J-PARCTORES : KENEBETOATIZRENELS vy Al),

This side(gap side) damaged

Beam
B
| 1
| I
"~ Electric Field
Distribution
By T. Kageyama
| CEE(C L BIBE
Ceramics MA Core Cooling Water a7 DEREEAAR

Accelerating Gap
Metallic Frame
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Vertical Winding

M DT —T1ZSi0,D i R IEE
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AT DESHELR

Vertical winding —horizontal winding
Weak tension
-1JiR>MDQC

R>70%. ZRENDIZIRELGE

-Hvbka7 (MR) VBT ENIEZE E
WI+k 51 B EE

Q/10mm(Average)

NGTO05023

Type D:

0 50

ol B A .. . .. B A .. ..

100 150 200 250
Position in mm from inner

Tension (Strong)

S NGT05009A
2000 ; : : . 2000
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1500 [ ! 1 1500
!
1000 - 1 1000
|
i - . .
500 - 500 -
I :
0 I - L 1 i 0
0 50 100 150 200 250
Position in mm from inner
Horizontal Winding
600 , -
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100 _Z‘ N0
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200 250
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[
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00 50 100 150 200 250



RCSH7VAvha7 D ERREEERER

horizontal axis: TANK No.

{%) after 300hr (%) after 300hr {%) after 300hr (%) after 300hr (%) after 1000hr
) L eersra el [ | | SSSSSSUSSm———— ) | | [ —— ) 1 L —

........

105 105 105 105 105

100

100

95 95
1 23456 1 23456 1 23 456 1 23456 1 23 456
RUN II RUN III RUN III-2 RUN III-3 (1000hr)
2006.4.17-5.12 2006.5.29-6.16]  2006.6.26-7.14 2006.7.26-10.3
- 45KV (3-gap) - 45kV (3-gap) - 45KV (3-gap) - 45KV (3-gap)
- 3sec/priod, duty30% - 3sec /priod, duty30% - 3sec /priod, duty30% - 25Hz, duty30% (9/47)

X: A damaged core found in the tank

F
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Schedule of construction and commissioning
- not official -

JFY2006 JFY2007 _ JFY2008 JFY2009

12| 1
Linac _ _ _
EE

1] 2| 3] 4] 5| 6] 7] 8] 9]10]11]12 1;234 7| 8] 9[10[11 2| 314, 5/ 6] 7, 8 9
EN NN ]

RCS ok -
_u
*

5 6
a .
—
MLF
A
Hadron t
* M
Neutrino
n__ Bl
. Beam % Start of off beam commissioning
Installation / Off beam commissioning f Government inspection of PPS
Building construction A Government inspection of radiation shield under beam operation
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Parameters of MR on day-one

Injection energy
Extraction energy for HD
Extraction energy for NU
Typical repetition period
Injection
Acceleration
Flat top for HD
Flat top for NU
Reset
Harmonic number
Number of bunches

Number of rf cavities

*1f we can solve the kicker problem, the number of bunches is 8.

3 GeV
30 GeV
30 GeV

3.04 sec (NU), 3.64 sec~ (HD)

0.17 sec

1.9 sec

0.7 sec (typical)
0.1 sec

0.87 sec

9

probably 6 *

(due to the rise time of Fx kicker)

6

FEHEAD/INF—>
(h=9)

0.17s

19s

0.1s(NU), 0.7s~(HD)

3.04s, 3.64s~

0.87s




Initial operation and intensity upgrade plan

Tuning for the HD users

Extracted beam power will be increased gradually keeping a low beam loss
criterion (For example, ~100 W).

Requirement from the T2K collaboration

Up to the 2010 summer shutdown, 0.1MW operation for >107 sec (several

months) is required in order to publish the first result of the long baseline
experiment with large impact.

Initial intensity upgrade plan in the MR

The way to increase intensity without hardware replacements is to increase
repetition rate. The repetition rate is limited by the power supplies of the main
magnet system. The maximum repetition rate is 0.5 Hz(~2.0 sec) for 30 GeV.
(Seven rf systems are preferable for safety margin.)

E=30 GeV, h=9 (6 bunches);
Rep=2.0s: Py,r=0.1MW for Pr-s=0.17 MW
Rep=3.0s: P,,r=0.1IMW for P,..=0.25 MW
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