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1. Introduction

Main Parameters of Linac

lon species: Negative hydrogen ion
RF frequency: 324 MHz (972 MHz for ACS cavities)

Output energy: 181 MeV

(to be increased to 400 MeV by adding ACS cavities)
Peak current: 30 mA (50 mA) ]

RCS injection

JBT 2nd arc

Pulse width: 0.5 msec

Repetition rate: 25 Hz

Chopper beam-on ratio: 56 %

Beam power: 36 kW (133 kW after 400 MeV upgrade)
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DTL[ SDTL  J —]
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S RFQ

Transverse
halo scrapers
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1. Introduction

Beam Instrumentations
+ Commissioning Tools for 181 MeV Operation

BPM: Beam Position Monitor

BLM: Beam Loss Monitor

SCT: Current Monitor (Slow Current Transfer)
FCT: Phase Monitor (Fast Current Transfer)
WSM: Profile Monitor (Wire Scanner Monitor)

+ Development for Energy Upgraded Linac (400 MeV)
Scintillation Beam Loss Monitor (X-ray less sensitive)
Longitudinal Beam Profile Monitor (Bunch Shape Monitor)
Non-destructive Profile Monitor (Laser-based)

+ Diagnostic Devices for Beam Physics
Beam Loss Track Measurement
Measurement of HO / Intra-beam Stripping (IBSt)
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2. Commissioning Tools

Commissioning Tools

BPM: Beam Position Monitor
SCT: Slow Current Transformer (Current Monitor)
FCT: Fast Current Transformer (Phase Monitor)
WS: Wire Scanner Monitor (Trans. Profile Monitor)

Front-end

BLM: Beam Loss Monitor L3BT & dumps
Future ACS 48 BPM
MEBT DTL&SDTL 17 BPM 11 SCT
8 BPM 29 BPM 3 SCT 5FCT
6SCT 18 SCT 4 FCT 24 WS
SFCT 47 FCT 4 WS 38 BLM
o aws 4 WS 30 BLM
4 BLM
53 BLM L3BT
SDTL~",  Future ACS
(84 m)

" 3MeV 50 MeV

o

181 MeV

Debuncher 1

O-IA |

Debuncher 2




2. Commissioning Tools

Beam Position Monitor (BPM) | EQuadrupoIe Magnet

Strip-line type is employed.

Resolution
AxX<~0.1 mm
Ay<~0.1 mm



2. Commissioning Tools

Beam Current (SCT: Slow Current Transformer)
Phase Monitor (FCT: Fast Current Transformer)

Annular magnet core “FINEMET" is employed for Laser Tracker
(Corner Cube Reflector)
the current transformer. a0 |
L R Flange
Dynamic Range Y. =77 —
SCT: 0.1 -80 mA e O ceramic
FCT: > 30dB ‘ Break

Winding coil,
SCT: Fifty turns
FCT: Single turn

‘ Beam
% >

A

Resolution,
SCT: Albeam < 1.0 %,
Imin ~ 0.1 mA |
FCT: Apbeam < 1.0 deg. |
Energy: < 0.1 % -




2. Commissioning Tools

(e. g. at SDTLO3)
Energy Measurement, Phase Scan |+ —aaean
Beam energy is measured with the aid of FCT iy Line: Simulation e
based on the TOF (Time-OF-Flight) method. " | Point: Measured Value 3
17 !

FCT2 ]

FCT1
| Beam >
= Cavity o '
c
L :
° S yo | '-.i,
Phase Delay Difference of Phase Delay . 4
K/MeV] =m,(y-1) : 4 Jf
0] llJ.
y = 1/sqrt(1-f), f=L / (At *c) | Mt
At [sec] =A/ (360 x 324 MHz) - ANNEENENENLCCA LT LN
A@ [deg.] = Oper; — Opery £ (nx 360 ) Phase Set Point
gf Klystron 9 9 In order to seek an adequate set-point,
matching is implemented by the phase scan.
N H N (N+1) ] (N+1) (N+2) [Jf (N+2) | The set-point is determined from the best
A B ATl B A B matching point between the measurement
and model simulation.

Long TOF pair apart by 21 A
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2. Commissioning Tools

Comparison of the Performances Between FCT and BPM

Measured performance data of FCT and BPM using network analyser are
shown. Measured signal level is corresponding to 82 mV for FCT and 25 mV for
BPM respectively. Signal level from FCT is three times higher than that from
BPM.

L ot ChiTraoe. I Rempords ] Siwls 4 Mapingyss 5 insr Sate

=1 3 E_-' MHz - E
Yellow: Reflection of the input RF
Water: Response from BPM

Yellow: Reflection of the input RF
Water: Response from FCT

y 324MHz
324MHz

f

1 |Start 100 kHz

I |t B kF

Performance of FCT Performance of BPM
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2. Commissioning Tools
Beam Loss Monitor (BLM)

Sensitive for charged SDTL Caly 8 Quadrupole Magnet ‘

particle, X-ray and
gamma-ray

Fast time response
It is enough fast to
alarm the protection

system.
Gas Proportional BLM, E6876 - 600 1<1.0 pus
Toshiba Electron Tubes & Devices Co. Ltd.,

Length: 600mm
Diameter: 50.8 mm s
Gas pressure: 1 atryf / 3

Anode Pt Wire,®50um Scitillation Monitor

(Gas: Ar+CO2) -

I




2. Commissioning Tools

Beam Loss Measurement
125 BPMs are delivered in the beam line.
Beam loss profile at 20 kW operation Jan., 13, 2009, Run 21.

BILM Display

.4

0.3

Around Bend Magnet
.

- |
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Bl
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-0.1

T T
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T
0.0

|
DTL !

2000

Future ACS |

SDTL |

X-ray emitted from the SDTL cavities is detected by the BLM.
---> Suppression of X-ray noise should be considered using another detector.
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2. Commissioning Tools

Beam Profile Monitor

Carbon

Plate for
Vertical
Beam Size
Ceramic Frame

0x<0.1mm
oy < 0.1 mm

Four WSs are located in each matching section periodically.

Dynamic range reaches four orders.

10° 3 - SDTLO3A

Beam density (arb.)

Horizontal Profile
Example of Transverse Profile

o
<
(2]
BN O R
I
Q
j
—

- 200 mV/div, 40 us/div
(40.0us T [
@ 200mvV @% Jl@+v10.6000us 10k points —168mv 7_\J'12 18 2012]

Ul A T 0 EESimel20:0337

Signal Obtained at the Peak of
Beam Pulse
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2. Commissioning Tools

Transverse Matching

WSs are located periodically.
Quadrupole magnets located before the WSs are tuned to have the same beam width at

the wire scanner locations.

After matching of collimator section,
June, 6, 2008 (Run 16)

Twiss Plot . .
Pink and blue lines are the simulated beam P'”k-_ Vertical (x) _ Peak current
envelope evolution. : Horizontal (y) 5 mA
These are referred to find the adequate set - 5.5
values of the quadrupole magnets. s
4.5 - e
g 4.0 4.0
= w L3BT \ ' _ _
= §% L3BT Collimator L3BT 3% By,
=, I . | H H Ssx{measure
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3 25- Matching section }\ - 2.5
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2. Commissioning Tools - unigue app
SDTL Longitudinal Acceptance

Simulation indicates the acceptance has enough margin to beam profile,
however we have to check

- actual acceptance is as large as simulation or not.

- the actual acceptance margin is enough for beam profile or not.

Measure the acceptance on A¢, direction by phase scan, in which we change the
driven phase of all SDTL cavities, we take beam transmission through SDTLs.
As the results, acceptance has enough margin for the beam.

[ ' Experiment
s 1.57SI m Ulat|0n _. - 1.2 p —s— Transmission (left axis) |—qp* —
g - .:'E L —a=— Beamloss (right axis) E E
= = =
- o 8
W1 A g
: ;
05— 0.8 ] 2
: : i
C i
- = _ln? @
0 E 0.6 ::'ﬂ
0.5 0.4
C o?
- SDTL |njection Beam 0.2
B [ SDTL Acceptance : =10
4 b T T . HE e s s e i
1-%0 20 0 20 40 60 80 00 20 0 20 40 60

Ags (deg) A !dauug]
Beam transmission by SCT : Beam core information
Beam loss by BLM : Beam halo information
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2. Commissioning Tools - unique apg

HO Particle Measurement

H° was observed with a wire scanner
monitor at the straight beam dump
with bending magnet on.

Dipole H- beam Wire scanner

magnet B monitor
— =

0-degree
beam dump

0.02

-0.02

-0.04

-0.06

Length [mm]

30

40 50 60 70

Soco pl Tl £ :::"wur'
0.00 (¥ 0§ ST MeREiin]

O Background
mmmm No-chopped

mmmm Chopped with 560 ns ||
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2. Commissioning Tools - unique &

Optimized phase can be

Chopper Tunlng taken by the hyperbolic
All beam pulse is kicked by the tuned phase of RF chopper. approximation.
Wave form disappeared in the CT signal.
= | : e/ \
(e) 2. o
L 2. -8 01
(O] i
@ . S |
; 0. X-40 20 0 20 40
= - S o
O I 0 200 400 600 800 1000 0 250 500 750 10001250150017 502000 o 0 200 400 600 800 1000 _g / o \
(a) Before Kicked (b) Kicked by Detuned (c) Kicked Beam © 0.2 \
Chopper T¢ °

cans of RF Phase --- Optimization

=
5‘ E 0o- & - E “ ] E o
o 5 g oo-pNAMARILE 1L | URRRIN |
0 9 % %
03_ S ~0.27 IR S 04— - 2 -m B
% e ! -0.2 -0.2 o
8 o000 1000 000 1000 sooe 1000 .02
(a) Kicked by Detuned (b) During Phase (c) Kicked by Tuned
Chopper. Beam pulse Scanning. Small beam  Chopper. No beam e
still remains. pulse still remains. pulse remains. Wave form taken by WS.

Over 100 shots are averaged.
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3. Development for Energy U

Scintillation Beam Loss Monitor (under study)
Gas proportlonal BLM is sensitive to X-ray from the cavity.

Pink: S13B SClntlllator
Green: S13B_BLM

"I.,7=-:'lsf*;ﬂ15*5’;;‘1‘.f‘:'1.*.'"-,h'"'m"‘f'r,F‘:.'x"’.~"r";" i iy

R R NI TR =
e a Ry
Lot 4]

| shv
|i BNC

” Plastic Scintillator Photo-multiplier

Photo-multiplier: Hamamatsu H3164-10

(gain : 1.1 x 108, peak wavelength : 420 nm)
Plastic scintillator: Saint-Gobain BC-408

(peak emission wavelength: 425 nm)

LILEA The plastic scintillation monitor with less X-ray

sensitivity is employed to measure the beam
loss.

Clear beam loss signals with low noise is
successfully measured and the high time
resolution of the beam loss is confirmed.

40ns  160ps 160ns | Scintillator |



3. Development for Energy Upgr

Beam Loss Measurement at DTL Section

*

Higher residual radiation was recognized at the surface of drift tube linac
(DTL) cavity.

Scintillation beam loss monitors are installed at some points with particularly
high radiation to investigate the cause of the radiation.

Although the DTL section is low energy part of the linac, fine structure of the
beam loss was observed by the scintillation BLM.

We measured the beam loss occurred at the DTL varying the beam orbit.

erIIow: Beam Currént
‘Purple: Beam Loss (+x direction
Sreen: Beam Loss (:x direcf]

erIIow: Beam Currént
Purple: Beam Loss (+x direction
 Green: Beam Loss (-x directi

Beam orbit is slightly shifted.
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3. Development for Energy Upgradec

Bunch Shape Measurement for Energy Upgraded Linac

Three bunch shape
monitors are installed in
order to tune the
longitudinal matching,
because the different
acceleration frequency is
employed between SDTL
(324MHz) and ACS
(972MHz).

Installation

Position of BSMs in ACS Section
- - - Assembling & Tuning in Test Bench

Buncher 1 Buncher 2 WSM WSM WSM
II]D'D".'”D“"."“”"i'” "&'” "i'” e

SDTLA1 6 MEBT2 ACS01 ACS02 ACS03 ACS04

I -




3. Development for Energy Upc

Non-destructive Profile Monitor (Laser-based)

Beam current is
decreased to 90%.

To Oscilloscope

Electron cT2

coil 40G - T collector

CTT Helmholtz

! Photo detached
. electron signal

I / \\xx."""-———""f. )< -
Nd:YAG Laser ———" photo detached
Spot (movable) electron

Spot size:~0.4mm
Laser power:~200mJ

Signal from MPT
(Laser timing)

Laser beam is injected into MEBT1 horizontally.
Good S/N ratio, stable signal was observed.
The feasibility of Laser profile monitor was clearly demonstrated.

e s
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4. Diagnostic Devices for Beam Pk

Recent Topics: Measurement of Intra-Beam-Stripping

+ For the continual beam operation, a major operation goal is
the decrease of beam loss.

+ It has been recently suggested that intra- (H-) beam-stripping
contributes significantly to beam losses in an H- linac.

In LINAC2012 conference (held at Tel-Aviv at sept. 9 — 14.)

+ Contribution of intra-beam-stripping was tested experimentally
at SNS by accelerating a proton beam with an inverse optics.

+ SNS presented that the experimental analysis results are in
good agreement with the theoretical estimates with emphasis
on understanding beam loss in terms of intra-beam-stripping.

V. Lebedev, LINAC10, THP080
J. Galambos, LINAC12, MO2A02
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4. Diagnostic Devices for Beam Phy

Recent Topics: Measurement of Intra-Beam-Stripping

Electron Detector Faraday Cup
H— H + ¢ : 210 .
G e Faraday Cup or ol
‘:“\\1 Electron Multiplier ectron
B




4. Diagnostic Devices for Beam P

Proton Track Measurements with Scintillating Fibers

Count the number of H+ from HO (residual gas interaction)
+ One H+ corresponds to one lost H-

+ Reconstruct a track passing through all fiber planes _
+ Energy measurement with time of flight £ 116 scintillation fibers
+ By fiber positions, emission point can be measured! g

'

Beam loss distribution along beam duct: “Proton i

telescope”

~—___ ! Acryl frame . M
H+ e L WEEE R RRERHiL . :
—__E HURH M Be-mm H+ emission point
\; i gim\\H -------------- Int . th
P THHE nteraction wit
V1 = [ | residual gas
VO f |
s H2 Hi-To-t

Fiber planes
Interaction with beam duct i
H. Sako, IPAC2011, MOPS078 Ti beam duct

H. Sako, LINAC12, TUPB082 (2mm thick)
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4. Diagnostic Devices for Beam Ph

Proton Track Measurements with Scintillating Fibers

We measured charged particle tracks Up o
using scintillating fiber detectors detector
with a fast trigger scheme. -

Clear time-of-flight peaks of protons,
which are consistent with proton
energies in the simulation.

Detector is upgraded!

Addition: both horizontal and vertical
tracks reconstruction

Remotely-controlled detector: moving
system (horizontal and vertical)

Detector System Upgrade |

27
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5. Recovery from the Earthquake
The East Japan Great Earthquake K Hosegawa, LINAGT2, FRIAGY

K. Hasegawa, LINAC12, FR2A01

The great earthquake occurred on March 11, 2011.
The seismic intensity: 6-minus (JMA scale) at J-PARC.

Although Tsunami hit the Tokai-site coast, the height was fortunately below the floor
level of J-PARC.

SR

» Epicenter

{IMA scale)
|
B &
-5
‘i B s-
: J-PARC | =14
- 1 , *‘_‘_ o
. . Entrance of the Linac
Seismic Intensity (Data from About 1.5 m drop over a wide area.
National Research Institute). All electric wires and water pipes were damaged.

I -



5. Recovery from the Earthquake

Flooding at the Linac Tunnel

Corroded pre-amplifier boxes on
the floor by strong alkaline.

Inside of underg

Groundwater leaked into the tunnel: depth of
10 cm (150 tons) within two weeks

-

Some flooded iumis were broken.

30



5. Recovery from the Earthquake
Subsidence of the Tunnel e

Subsidence: 40 mm (DTL and SDTL section) and 20 mm (now BT, future ACS section)
Continued floor elevation change by June: precise alignment carried out after that.

10 >0 Arc
-E < - . * . -
£ ° T8
=
‘tgw -0 Expansion joints
E 5o -
% - - 20mm settlement
=-so -
= - - .
E-a0 Y. Floor subsidence by the earthquake
More tham 40 mm settlement
-50
o 50 100 150 200 250 3200 350 400 450
Longitudinal position [m]
u
E oO.5
= g = 2 =2 2 =
S © pFwg o |
S os | e o £ - Zoa1yasze Floor level change b
= Z o8 2011/5/13 g y
o - Fo O - 2011/5/26
= 2 2 o1 June, 2011
-1.5 =
(] 100 200 300 400

Longitudinal position [m]
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5. Recovery from the Earthquake

Damage of Beam Monitors and Bellows K Hasegana, LINACT2, FREAOT
Distorted bIst between SDTL tanks Broken current transfp[.r;ner

YRl T it A Y
» ,.-*."""" :1""'"‘__‘ “ﬁ
!

T . T T -y

£ S Lc"

Detouchment of the
monitors could not brazing section

stand for these between the ceramic
flexibilities and i | o e o h L S2 e T litube and stainless duct
broken. T v

Bellows and

P—— " 1
' T




5. Recovery from the Earthqua

Summary

Numbers of Installed and Damaged Monitors

Section Number BPM with
Bellows

MEBT1 Installed

6 5

Damaged 1 0 0

DTL Installed 0 3 3
Damaged 0 2 2

SDTL Installed 32 15 44
Damaged 6 0 17

+ About one-thirds of FCT monitors had damaged in SDTL section.

+ All damaged monitors had been exchanged until the end of
November, 2011.

+ Beam commissioning started from December, 2011.
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+ We employed following monitors as commissioning tools:
Strip-line type beam position monitor,
Gas proportional beam loss monitor,
Slow / fast current transfer as the current / phase monitor, and
Wire scanner for beam profile measurement.

+ For energy upgraded project, we developed
Scintillation beam loss monitor (X-ray less sensitive),
Bunch shape monitor for longitudinal profile measurement and
Laser-based non-destructive profile monitor.

+ For the increasing of output energy, key word is a “intra-beam
stripping (IBSt)” as the cause of beam loss.

- 2
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