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0¥ J-PARC Facility Layout at Tokai, JAEA Site

J-PARC
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(# Neutrino Oscillation (T2K)
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J-PARC

Stable operation
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"  Hadron Experimental Hall
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g;ZSummaly until Mar. 11 (Earthquake)

» Beam power has been gradually increased: 200 kW
for 3 GeV, 145 kW for Main Ring at 30 GeV.

» 400kW@3GeV demonstrated with allowable loss

» Neutrino Facility: Started to take data at Super
Kamiokande. 6 electron-neutrino candidate events
were detected. Possibility of large 6,.

» Hadron Facility: Ready to run for many experiments.
First data for penta-quark search were completed.

» Materials and Life Science Facility: Neutron and
muon beams already produced many fruitful data and
the results are being published.

Accelerators had been working
well just before the earthquake.
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J-PARC

Recovery from the earthquake
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" The East Japan Great Earthquake

J-PARC
>  The great earthquake occurred on March 11, 2011 at 14:46 JST.

>  Although tsunami (>5m) came to the Tokai-site coast, it was well below the floor
level of J-PARC.

»  The seismic intensity was 6-7inus (JMA scale) at J-PARC.

* Epicenter

Intensity
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. Entrance of the Linac

About 1.5 m drop over a wide area.
Seismic Intensity (Data from

National Research Institute for Underground electric wires and

Earth Science and Disaster water pipes were all damaged.
Prevention ).
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" Linac: Flooding in the Tunnel

Linac tunnel has many piles that reached to a
basement rock. These piles minimized a direct
damage to the tunnel. However, groundwater leaked
into the tunnel and the water depth increased to 10 cm
(100 tons) within two weeks after the earthquake.

Repairihg water leaks in the
tunnel is almost completed.
11
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" Restoration of the Linac

Investigation for the inside of cavity

Damage of Monitors
*About 15 current il
monitors had '

No serious problems were found

Vacuum pumps - Many bolts were
with waters dropped from the crane.

bolts

42 Pumps with waters Cracks seen on the pillar
inside. for the crane -




(2 3 GeV Synchrotron (RCS)
. There was no damage in RCS beam line component!.

There were severe damages on many facilities around the RCS building.

The restoration work was started after repaved roads for carrying in materials and instruments for the
. T

Immediately after

work. |
Immediately after the Eartpdiiake

The road was repaved. The bentk étage was repaired. Power was
supplied to the RCS building after 5 month.

After having electricity in September, we were able to start the restoration
of the utility systems (cooling water system, air conditioner,) and the
13

detailed check of the components.
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" Main Ring (MR) Synchrotron

- Repair of water leaks was done. The facilities for electric power supply and cooling
water supply were restored as well.

- All electromagnets (~400) are being realigned at 5 magnets/day.

- Magnets moved more than 1 cm are needed to change a stage position (Photos).

 Pulling out the stage to put ne
Jacking up an electromagnet Hanging up the magnet Iotll‘lg;e?hel;ght-adjugt scrz\lljvs W

to make a space between theg
magnet and the stage

Sometimes we need to
place an adapter to put a
new longer anchor bolt.

14



o Experimental hall

Immediately after the Earthquake

Neutrino Experimental Facility Hadron Experimental Facility



o Recovery Schedule

2011 2012
4 > 6 7 8 9 10 b 1> 1 2 3

— e m— D SN SED GED SR GED GED G S S e e —

Infrastructure

MLF User Operation
LInvestigation Recovery
RCS N - - - >
3GeV synchrotron < Cooling Water >
Investigation Test with

NU or HD Operation
—=

SRR
MR <
50GeV synchrotron C thnmeni >

MLF VUGN shieding recovery __BL Components __ CNew Hg Toger om injeciLF User Program
. ey

EE';; Experimental 4 nvestgation — Recovery Beam Injection HD Experlmerg
,’:lela'mno Experinentsl IneesnRdNOn Recovery — Beam Injection NU Experiment
Facility

® \We released a recovery schedule in May 2011.
» Start beam tuning from December.
> Restarted user program of 44 days until the end of March 2012. 16



, Measured Displacement of the Linac and
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« The maximum subsidence and horizontal deformation are about
43 mm and about 25 mm, respectively.

- To aim at an early restart of the beam operation, we decided to
steer the beam at the steering magnets downstream of the DTL
section horizontally and vertically.

- The dashed line shows the target realignment line in the straight
section. 17
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"Measured Displacement of the MR

- There were no serious damages on all MR equipment/instruments, such as electromagnets, but they
misaligned in both vertical and horizontal directions.
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Red: Reference positions of electromagnets

Blue: Actual positions after the earthquake

(Please note the magnitude of displacement is
amplified x2000.)

Electromagnet displacement in a
vertical direction

- All the magnets were realigned and set to zero position by the end 19
of November 2011.



Highlights of accelerator
operation after recovery

20



[ 4 Operation summary in JEY2011

2011 Accelerator ma/ntenance & Uses operat/on p/an
11

J-PAGEcember

Run#39

January
Linac

RCS
MLF
MR

February
Linac

RCS
MLF
MR

Run#41

March
Linac

RCS
MLF
MR

23i 241 25% 261 27 28 29% 30¢ 31

MR user operation
MR half day user operation

Maintenance Tuning&Study beam delivery

W Half day delivery Al

- After 9-month beam shutdown, J-PARC accelerators resumed beam operation. Beam transport from
the linac to the MLF and NU targets with nominal beam energies was successfully achieved in
December 2011.

Jan. 24-: Beam delivery to the MLF.

Jan. 28-Feb. 21 : Beam delivery to the HD hall.

March 5 - : Beam delivery to the the T2K experiment. 21

March 22 — April 5 : Unscheduled shutdown was caused by a trouble on an HV-PS of the linac klystron.

LF user operation
LF half day user operation:




Vé ':‘ Trouble with the 110kV rectifier for klystron power supply of the linac

Z:H Klystron and power supply system
Coax. Cable Gallery
|Capacitor (max 100m length)
Rectifier [(25.5uF) Crowbar Modulator Elgbron
Tr Thyristor Ty - \Y
6.6kV N J A7
0 0
Cu Plate]
"D [
Down AVR Set-up
Trans. Trans.

The transformer and rectifier 1
are set in the large tank, —
- which filled with insulation
il. B

The oil tank was replaced with a spare ( used in rf test bench)
= Linac resumed the beam acceleration from April 5, 2012.



(,«r Operation summary in JFY2012

2012: Accelerator maintenance & Operation plan

10 11 L 14 15! 161 17, 181 19] 20 21

RCS i : : : i £ : : : i i : : i ¢ i
i : : 2 i : £ : i H ; : : i i : : : S 2012Mavy-J

: : E : g £ : i g ; i g ; i i ; i i ay-June

LF e i r o o o ¢ 3 ¥ o 2 ¥ i o o o o o - g o -

June
Li
RCS
MLF
MR

July 2: 3¢ 4i 5¢ 6f 7: 8: 9: 10 11 12} 13 14: 15i 16; 17; 18i 19: 20: 21: 22! 23: 24: 25 26: 27: 28 29: 30 31

Li - 3 Lt
RCS
MLF
MR

Maintenance ;Tuning&Study ibeam delivery ;MLF user operation ’_EMR user operation

*Half day delivery 114 MLF half day user operatiord{idé M R half day user operation
April 8 -: Beam delivery to the MLF and NU for user operation restarted.
June 9 : Operation mode of the MR switched from FX to SX. Beam delivery to the HD users
started. 23
July 2 : Beam operation was stopped. The 3-month maintenance period started.



"% Linac and RCS
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In the last three days, 275 kW beam was delivered from the RCS to the MLF. 24
Stable operation of 275 kW was successfully demonstrated.



/ b Linac status: THO3A

' '] I '] '] .
gl The change of the linac residual radiation dose M. lkegami

MEBT2-2 4.3 1.5 22 |8 5 R 150 070 10 0.77 040 0.60 0.0

ACS10-11 3.6 2.0 2.5 10 2.5 25 1.8 1.8 i I | 1.0 1.1 0.60

SDTL7B - - - - 1.4 3.4 0:68 | 075 028 037 027 |-
SDTL8A - - - - 2 3 041 043 016 030 026 0.05
L3BT-DB2 0.08 0.11 0.23 0.22 0.33 0.64 0.65 140 60 NIER N E16 [mSv/h]
L3BT- 0.03 0.06 0.05 0.02 002 067 26 16 024 -
(11
*Re-alignment of cavities *Lattice optimization *Modification of the
*SDTL5 RF level *SDTL4 RF beam orbit to remove
109%—116% 100%—83% protons.
MEBT SDTL7, 8 Acs1o-1x o
-
- — T
T Lﬁ | ]| [ 7
wl g L3BT-DB2 L3BT-BM1

The residual dose is gradually decreasing by the linac tuning. =

L I ¥ n 1 4 - p ]



(% RCS beam loss before the
earthquake TUOSC
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Observed dose rates at surface o]
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220KW Operation : 4 ~6 MSV/N ¢ quifgii©  « o ' HO Inj. Paint

Branch mag.
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(r,: RCS beam loss TUO3C
J-PARC H.Harada

16

.14

Ratio of BLM signal level is almost
same as ratio of output power.
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- Beam Stop at 7:00 on 2nd July, 2012
: Measurement at 13:00 on 2nd July, 2012
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The residual radioactivity ==
is acceptable level.

The RCS is ready for the £
beam delivery of 300 kW 100dca.dump windov
to the MLF from the |

autumn of 2012.
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(. MR

J-PARC Yoichi Sato

In the MR, not only the restoration from the earthquake but a lot of
improvements have been performed.

> Installation of additional shields and absorbers of ring collimators

> Installation of new collimator in the slow extraction straight section

» Replace the injection kicker system

> Installation of 7th and 8th RF cavities

> Installation of skew quadrupoles and octupoles for resonance collection
and suppression of instabilities

> Installation of solenoid coils on the rf excitor and new Ripple Quadrupole

power supply for spill feedback system for slow extraction

N

From these improvements, the maximum delivered beam power was increased
to 200 kW by fast extraction mode and 6kW by slow extraction mode.

29



/;? High power operation in FX mode THO1C
i ( March 5 to June 9, 2012) Yoichi Sato

Delivered beam power to the T2K experiment ; 160 - 200 kW
MR cycle time is 2.56 s, Bunch by bunch feedback ON,
Chromaticity is set to ~ -3

200kw | MR Power [kW] . _
— — — ~~\
150 | L l l __,l
100kW | “
einamaT  cacvam | caciaer | daer  cwaes sy ez |Present limit of beam loss
1000W NNt 450W, capacity of the MR
|~ | Beam loss [W , collimator)
600W | Beam loss:
1msAvelLoss+Acceleraion loss
400W Beam loss
o 10usAveloss+Acceleration loss

OZ L0 2012 OF 242012 Q4 OF /2012 e b= = 05 052012 O5/19, 2012 QG QX2 20, 2
[eleb-guelebts o) feisbgelebdule) Oe0 30y 3 Oa 20y O [eleEgules e u [eiebtuleftule} Ou(1 2000 200

Beam power is limited by beam loss in the collimator section.

The periods shown in the dotted circle, beam power was limited 30
another reason.



‘;:‘ Power limitation(1) : Deterioration of matching resistors

J-PARC

250

MR POLER (k)

200kw | MR Power [kW]

100kW |

L]

L)
OFA 10 2012 OES 24,2002 Q4 OFS20L2 O 2L 202 05405 /2012 OS5 1DS 202
O 300 3000

The beam power was limited by beam loss in the
injection timing by deterioration of injection kicker

performance due to discharge problem of matching Mlatching resistors 1
resistors. The damaged resistors were replacedonthe | 5 is0causs)
scheduled maintenance days and then, performance | e S ——
recovered. —
Thyratron switch e
.. i
HVPS PFL {‘7 Transm|53|on |
-~
| |
V~50kv 1 Impedancd
O =33 :
Z , J mse , l\ matching gircuit
= | Ri: 1390 x 15p =9.3Q | | \
= | R2:98Qx 10p=9.8Q | 31
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L7 Power limitation (2) : Radioactivity in exhaust gas
J-PAR = T
. MR Power [kW _ ‘ The beam power was
200kW [W] limited to ~ 160 kW to
‘ oo L > suppress the radioactive
100kW | level of the exhaust gas at
the machine building No.3
50 of the MR .
Machine building No.3 1‘
as The averaged radioactive level in
H : the exhaust gas becomes higher
ot machine .
room than 0.5mBg/cc (the permitted
- "b,x—_,l value by law) for > 180 kW
I L~ R operation.
MR vl v v we - Dampers of the air conditioner
Tunnel .o system are replaced by new ones
3 b — SLUb'tu“"e' which has a better airtightness.
I T

Air conditioner system keeps negative
pressure in the sub-tunnel during
beam operation.

32
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os” Demonstration of 210 kW eq. beam operation

J-PARC

MR DCCT Monitor - Normal_Version(100point_Average

Extracted beam is 1.41x10"'4 ppp
~ 213 kW at 2.56 s cycle

MR BLM SignalBias=-1605Y

Soooorosoo1on o "AueRingBlt-gnuplot,dat” C——
SRR EEEREREEERL . .
S Ipjection&collimator area . = W in the 210 kW operation
o "] Sensitivity x 11
= O I A
_l 5 @ H &0 ¥ # ¥ . § 5 f O wm & @ 3 & 2 &8 & ¢
il R SRR ‘
0 10 20 30 40 50 B0 70 80 90 100110 120 130 140 150 160 170 180 130 200 210
THO1C

Yoichi Sato 33



THO1C

: Operation in SX mode  voicnisato
) 6 kW beam delivery 2012/06/09-2012/07/02
. started since June 21. | MR cycle time is 6.0 s
1 | [ — Typical efficiency ~99.5 %
_ Deﬂgr::aié;\stration of 14 kW ; T ;
jfﬁfffffffﬁﬁﬁf\ﬁffffffff?i - E

I(t): PM signal
sampled at 100KHz

(1.7e13 ppp

) operation

|

0

[ 1]

through 10KHz

point (10%/20000point/2uC

Duty = LPF
2 7. t=0: spill start
]‘ dt T Idt t=T: spill length
. 0 0 ‘ ‘ :
0 1000 2000 o) 3000 4000 5000

duty factor =

Peak flatness of extracted < ave. duty factor 33.7%

beam

5 i ils ¥ s
g000 b |o- . L o be
B
................... a
0 . 0 P RN 5 1 5 z 25
time (s)
0 10 20 30 40 50 60 70 80 90 100110120130 140 150 160170 180 130 200 210
BLM number 4 T T T T T
=°F =
- - ) 2“;, -
ave. efficeincy 99.51% i+ WWW :
% L 1 1 1 L i3
5 1 15 F3 25
time (s)

User operation with a beam power > 10 kW beanyy
can be started in the next run.
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w“ Summary

In spite of difficult situation, we completed the recovery work in only nine months with
sustained efforts of all J-PARC members.

In the operation of 6 months (January to June 2012) after the earthquake, J-PARC
accelerator delivered the beam to the experimental facilities.

For the MLF,
- 120 - 200 kW beam delivered, 275 kW beam delivered in the last three days.

For the MR high power operation and beam delivery to the T2K experiment,

- 160 — 200 kW beam was delivered, 212 kW equivalent beam was demonstrated in
single shot mode.

- User operation with a beam power > 210 kW beam can be started in the 2012
autumn/winter run.

For the HD,

- 3.5-6 kW beam was delivered with duty factor of ~30 % . Extraction efficiency was ~
99.5 %.

- 14 kW equivalent beam was demonstrated in shingle shot mode. Efficiency was ~
99.5 %.

- User operation with a beam power > 10 kW beam can be started in the 2012
autumn/winter run.
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