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1. Introduction
2. Transverse beam halo measurement in the RCS.

—  Wire scanner type with beam loss monitors
—  Correction formula
—  Reconstruction of the beam profile
3. New BLM development for the Intra-bunch
beam halo measurement
—  Scintillation-type BLM of lead glass
—  Cherenkov-type BLM of quartz or UV acrylic

—  Trial beam test

4. Conclusion
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o0V -raac Overview of J-PARC 3GeV RCS
o Configuration of the Accelerator Complex of J-PARC

Neutrino Experimental

Fagility o Exper SNy J-PARC = Japan Proton Accelerator Research Complex

g Three accelerators:
« 400MeV LINAC /3GeV RCS / 50GeV MR

Multi purpose research facility with high power proton beam
*  Nuclear and Particle Physics

-

I\l-zlteljials and Lil'e. '-J:H. d g g g
Scitatt Wae ey (MLF) =) . Material and Life Science

W
3 "

3

0 Extraction scheme:

, Fast extraction with
- kicker and septum

1st arc
section

o J3GeV-RCS

Injection
from section oS boan . magnet
parameter Extractien
LINAC ; Circumference 348.333m  section ' 2 bunched
4‘1? Superperiod 3 structure
A Harmonic number 2

multi-intermediate Injection energy 400MeV
pulse structure formed 39 arc Extraction energy 3GeV
by the RF Chopper section Repetition rate 25Hz

Particles per pulse 8. 3e13

D Injection Scheme: A.h. Average current 333mA

Output beam power 1MW

to MLF

Charge-exchange Bods |
multi-turn injection RF section - . on
with stripping foil to MR
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Beam Halo Measurement

The J-PARC RCS successfully achieved 1-MW beam acceleration in January 20135.

To provide such a high power proton beam for the MR and MLF, it 1s required to
improve the extraction beam quality, namely to achieve the Low-Halo and High-
Intensity beam by finer beam tuning in the RCS.

Therefore the measurement of the transverse beam profile including both of the
beam core and the beam halo is one of the key 1ssues for the high power beam
operation in the RCS. ‘ -

Extraction
beam dumyp

Transverse primary
collimator

njection section

] (4kW)
Injection
beam dump ‘ £ T .\:
(4kW) A B
\ ] To MLF
Bl

monitor

Longitudinal
primary collimator &
o

B RCS beam halo monitor 1s installed at the
extraction beam transport line (3NBT).

o~ RF cavifies

From
Linac

Beam halo
monitor

2015/09/16(Wed.) WEBLAO2 (IBIC2015@MELBOURNE)



g;g._,,mf Beam Halo Monitor in the 3GeV-RCS

B Beam halo monitor 1s combined a wire scanner
and several beam loss monitors.

260

200 275

il

B By using several BLMs with the various
sensitivities, the ultra-wide dynamic range

can be achieved. retracted wire scanner
= background signal

750

Z T A gl B wire scanner inserted wire scanner
Cle = = whole signal
g T = scraper W g
- — s |radfati > Al :
i l === 3 pure beam loss signal at
== 3 g the wire scanner
L] ‘ i 4
" L AL | NT . .. .
. | B BLM detects the whole radiations which
) are generated at the various place around
Several heam loss monitors the monitor.
Wlth, yarious setsitivig ‘3& —~—; W By subtracting the background signal
p— e Ll -

“from the whole signal, pure beam loss
signal at the wire scanner can be obtained.

‘ 21N 998k 90k ‘ 176 inn 176 ATR ‘Fﬁ
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Various sensitivity of BLMs (I)

Large scintillator BLM

B Plastic scintillator and Bt
photomultiplier (PMT) ENCHRY S S== PMT: H64H=
assemblages were adopted o
as the BLMs with quick time |
response. o=t : e W o ) b

Small scintillator BLM
B In order to achieve the ultra-wide BP0 20T [ ight gui |

dynamic range, we need to
control the sensitivities of the
BIL.Ms. :

Vlewmg from .

B By changing the volume of the P2 = e Lingerior of‘ ‘.
plastic scintillator, the | \
sensitivity-difference can be
achieved.

HE: ‘2mm(2mm insig
in the light guide)

2015/09/16(Wed.) WEBLAO2 (IBIC2015@MELBOURNE) 6



/2

& — Various sensitivity of BLMs (lI)

B Another method to achieve the sensitivity difference is changing the
distance from the wire scanner to the BLMs.

&/ T MLF’TGT
/ O_AIl h !\4_ *

P""'T\ 1‘1

High sensitivity

.’___)

arge PS BLM 7’L

Low sensitivity
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L% -0 Calibration of Beam Loss Monitors
B [In this system, BLMs can detect the only radiations caused by hitting the beam

into the wire scanner.

B Thus BLMs signal should be proportional to the number of the hitting particles.
B (Calibration formula (N, / Spry,) for each BLM can be obtained by using

the matched beam intensity with each sensitivity.

@  High sensitivity detector:

Injection bump
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Low sensitivity detector:
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Reconstruction of the transverse profile

Raw data

|

(m]

8

|

macro = 500us
O CHI: LS-BLM m3
] CH2:LS-BLM (1)
A CH3:LS-BLM (2)

= m
DEQEEEEE E%ﬁﬂé

| |
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=
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290

300
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Vertical position [mm]

number of perticle

Using each
sensitivity
calibration formula

350

10

After calibration

T Imllllll T IIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T T TTTIT

s

g

9 —

3

[l macro = 500us @E]

8 O near small type S-BLM ]

[J near large type S-BLM E

A far large type S-BLM ]

7 | | | | | L]
290 300 310 320 330 340 350

Y scan [mm)]

B Only by using sensitivity calibration formula for the each BLM, transverse
profile including both the beam core and beam halo can be reconstructed directly

( Any other correction is not necessary to join together all measured plots.)

B In this scheme, it is possible to expand the dynamic range by using the higher
sensitivity BLMs.
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{,,i._mﬂf Intra-bunch beam halo measurement

B The beam halo monitor, which is combined with the wire scanner and
several BLMs with various sensitivities, can reconstruct the transverse
beam profile including both the beam core and halo.

B Our final goal of this halo monitor is also to measure the intra-bunch
beam halo of extracted two bunches from the RCS.

Ts L
(= L
FLrLF Transverse beam profile
=Ll FlL
ALl br o o | —
I | — —— Near Small PS-BLM
L ol e projection o
- - E 40 /
Mt rehposy : SRVIRR [ ﬁ 20 / \\
m“/—v\"ﬂmﬂwﬁ*wmﬁm 10
T MWM“W’VVWJW\N‘\I 0 //
| 290 300 310 320 330 340 350mm

Y position [mm]
~ projection
L
Intra-bunch beam profile
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& P Reconstruction 2D-profile

B 2D-profiles ( bunch length vs beam size ) were reconstructed from
the two BLMs with low sensitivity.

350mm
340

330

Near Small
PS-BILM

Y position

320

310

300

290
0.0 0.5 1.0 1.5 2.0ps

350mm
340

330

Y position

320

310

300

290
0.0 0.5 1.0 1.5 2.0ps

time

B Two 2D-profiles differ in the time distribution. = why ?
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& — Distortion of the bunch signal
Wire scanner g
MLF-TGT (3Gev proton beam) N 3GeV-RCS
il A i il )'='*' 1 R 1 I =2
ﬂf;f;-ﬂj'// - | |

B The plastic scintillator | 1
BLMs detected not only | v v - i '
the radiation from the ~ z *° \‘ !‘ . m
wire but also reflected 2 I \ | ] 18 \\' —
One from Other deViceS 2 :2:200 0.5 1.0 1.5 2i0 2i5 777777 :0 - 10-00 0.5 1.0 1.5 2|0 255 3.0
and wall. e ] e ]

B To obtain the bunched beam structure from the BLM clearly, it i1s necessary to
suppress these reflected radiation.

B Therefore we develop new-type BLMs, which are scintillation-type BLM of lead
glass and Cherenkov-type BLM of quartz or UV acrylic.

2015/09/16(Wed.) WEBLAO02 (IBIC2015@MELBOURNE) 12



(2 new-type BLMs

@ Scintillation-type BLM @ Cherenkov-type BLM of quartz
of lead glass | or UV acrylic
ﬁ PMT: H6521
PMT: H6410
PMT: H6521
200mm
i | 19mm" g
g =
é, LG "
s ., P : 20mm

B These new-type of BLMs have high sensitivity toward the faster gamma-
ray or electron.

B Thus the suppression of the reflected radiations may be expected.

2015/09/16(Wed.) WEBLAO2 (IBIC2015@MELBOURNE) 13
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Trial beam test with new-type BLM

B To see if the new-type BLMs work as they were expected to, they were
installed near the wire scanner and trial beam tests were carried out.

(Particle stmulation with GEANTH4 is starting now.)

Wire scanner

MLF-TGT (3GeV proton b

3NBT-BD

B To enhance the effect of the reflected radiation,
the beam destination from the RCS switched
from MLF-Target to 3ANBT-Beam Dump.

B At first, the ultra-low intensity beam was used
to prevent the saturation of the BLM.

B Next, the high intensity beam was used for the
high power beam commissioning.

2015/09/16(Wed.) WEBLAO2 (IBIC2015@MELBOURNE) 14
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Ultra-low intensity beam test

B Ultra-low intensity beam (1-intermediate bunch with thin chopped width)

B By switching the beam destination from MLF-TGT to 3NB

PS-BLM [V]

LG-BLM [V]

0.0 @ —————————————————————— |
02 \ {
-0.4 . . : .
Plastic scintillator
-0.6 k |
N —— MLF-TGT
0.8 V —_— 3NBT-BD 777777777 ]
i
0.0 0.5 1.0 1.5

-0.05

timeI [us]

Lead Glass

-0.10 ]
—— MLF-TGT
015 ‘ — SNBT—BD 777777777 ]
i i
0.0 0.5 1.0 1.5
time [us]

UVA-BLM [V]

QG-BLM [V]

l l
. ‘
-10
20 ’
UV acrylic
230 ry ]
-40 —— MLETGT| ]
—— 3NBT-BD
-50x10” i
0.0 1.0 15 2.0
timelz [us] '
-
-10
220 3
“ Quartz Glass
~40 — MLETGT|
3 —— 3NBT-BD
-50x10 -
|
0.0 0.5 1.0 15 2.0
time [Us]

B All new-type BLMs can suppress the reflected radiation drastically.
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High intensity beam test (I)

B High intensity beam test (747kW-eq.)

B Bema destination is fixed to 3NBT-BD, compare between inserted and retracted the
wire scanner.

: | ; Vaay
) / Ve Se—— 1 -' '_"
) \)L/f / m———— ; | — wovie | ]
-6 _W/lc: wirc? - — s \ u subtraction
-8 V-, — subtraction| ____] 0
A - W B s
— 2 1
= R
3 -2 V : = 3 . ]
o | Plastic scintillator - g ([ TUV acrylic ] ]
i l l ) M l
80 1 2 3 4 0 1 2 3 4
g-gﬁT‘ o ::;:_}laﬁﬁ 0 \l ' | [,ﬁ’m-ﬁf]
° Vo[ 2 .
0.4 — — 1
N — wowire |
oo \H! \H’ _ wwirg ] ! \ , H —_— su/btraction ,,,,,,,
- — timenon]_] P -
S N 1 _ = 2 W,
=B | || LeadGlass - = 'l || Quartz Glass ]
S I N \ o |
oo I c U ;
0 1 2 3 4 0 1 2 3 4
time time[us]

B All bunch signaﬁ] measured by new-type BLM were almost not distorted.

= The transverse profile can be measured in the 3ANBT-BD operation.
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High intensity beam test (ll)

B Transverse beam profiles were measured with new-type BLM in the

3NBT-BD operation with various beam intensity (138 ~ 747kW-eq).

Plastlc sc1nt111ator

N AN
— 0.5
Vi s AR
= 0.0
- NS
2 05 e HV_T47kW- -eq.
/A\f\\ —&— HV=550kW-eq.
1.0 \ —B— HV=343kW-eq.
—A— HV=138kW-eq.
300 310 320 330 340 350
Y-posttiontmm
0400% L x«,u"“ fm-m
=, AN /
Z ols Lead Glass
m
9 \\\ o / e EV_TATEW.
— -0.2 R -eq.
0-20 "*...J' —&— HV=550kW-eq.
025 / —— HV=343kW-eq.
. —A— HV=138kW-eq.
300 310 320 330 340 350

B The Plastic scintillator signal was saturated due to the reflected radiation from
the 3NBT-BD, and transverse profile was distorted.

B New BLM signals can obtained the beam profiled.

Y-position [mm]

UVA-BLM [V*us]

QG-BLM [V*us]

-0.5

-1.0

-1.5

0.0

-0.2
-0.4
-0.6
-0.8
-1.0
-1.2
-1.4
-1.6

Iy

{

7

UV acrylic

i |
—o— HV=747kW-eq.
y —8— HV=550kW-eq.

—— HV=343kW-eq.

—A— HV=138kW-eq.

300

330

340 350

(e

e

Iy

e

r/

i
i

|

/

PI..!I

—o— HV=747kW-eq.

/

—@— HV=550kW-eq.

R4

—— HV=343kW-eq.
—A— HV=138kW-eq.

ha WY e

300

310

320

330

Y-position [mm]

340 350

Quarti Glass
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L 0¥ oo Trial of the reconstruction

B Calibration formula of the each new-type BLM were calculated roughly

B The transverse beam profiles were reconstructed .

Rough calibration formulas Beam power: 747[kW-eq.]

_ @@gg% 5835580000,
60x10" b 2 200 ©eg,
= 10 ) og
E og K 4
E 50 % 20 og
K= \\ \ = 00° %
> = 11
E 40 & 0
O —_ o ¢
2 \ = ~ O747I[‘12}W—cq4] o
= )
A 3
£ 30 A ‘ E BN G © UVA o 4
£ - o A GA
® LG:Y=0*X+-10383711535104 o ‘ : N
20| & UVA:Y=0%X+-10383711535104 \\ ° i i °
QG: Y=0*X+ -10383711535104 300 310 320 330 340 350
A 0—@
-40 -30 -20 -10 BeamPower [kW]
integral signal - -
0! 9 .
10" . £69°° 2008, 10" 500°° 8e i &85 =
8 g e ofg 4 o 88
—_ gf sg — o8 880 — 8 @
g 88 N g o 6g g 2 g8 o8
g 1 S 8 £ &° % £ o8 °s
% 10 & = * 10” 60 ) 10“ b
> 3 > 20 8 > 5
= i = 042 88 =
< 80 0 oio < o < 4
=i 10 =i o Q io =]
oo 10 " .20 085 ho o ) .
@ %% @ 10]0 A R 17} A 5R%
E ) ~ 550[kW-eq.] = ~343[kW-eq.]] © E 0 o ~ 138[kW-eq.] o
@ o © o LG 85 L © o LG L oaa|® 10 o LG
= 1007 e e o & UVA = & UVA 1= 1 ¢ uvva
550[1{\7\}_@(1] A GA 0 B 343[1( W-eq] |2 ca % 2 e 138[kW-eq] 12 ca
' T ' I I 2
10° 1 1 1 | | | | | | ° ] ] | |
300 310 320 330 340 350 300 310 320 330 340 350 300 310 320 330 340
BeamPower [kW] BeamPower [kW] BeamPower [kW]

B Transverse beam profile can be obtained in the 3ANBT-BD operation.
= It1is good advantage for beam commissioning in the RCS.
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The transverse beam profile including both the beam core and beam halo can be
reconstructed by using the several BLMs with the various sensitivities.

Only by using sensitivity calibration formula for the each BLM, transverse
profile including both the beam core and beam halo can be reconstructed directly.

In this scheme, it 1s possible to expand the dynamic range by using the higher
sensitivity BLMs.

The time structure of the bunch signal measured by the plastic scintillator was
distorted, because of the reflected the radiation.

The new-type BLMs, which are scintillation-type BLM of lead glass and
Cherenkov-type BLM of quartz or UV acrylic, can be reduced the reflected
radiation drastically.

In order to achieve the intra-bunch beam halo measurement, the new-type BLMs
have to progress.

Thank you for your attention !
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