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Monitors in J-PARC

X,y (horizontal, vertical)
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BSM: beam size mon.

ACS: under construction
Additional devices are
in preparation.

I\ACS 400MeV

42 BPM
21 SCT
41 FCT
4 WS

21 BLM

3 BSM ~

. . RCS & inj. BT T TO ama
Monitors in J-PARC ‘ y
54 BPM(COD, turn-by-turn)
3 BPM (RF)
4 BPM (fast) Abort dump line
X,y 1 BPM (tune)
* 2 DCCT/SCT
7 MCT, FCT, WCM 3NBT
2 IPM (up to 3N dump)
Profile 7 MwPM | FcT
90 BLM (proportional) 3 BPM
24 BLM (ionization)
20 BLM (scintillator) 32 BIM! y BT
2  Exciter 2 Halo | ECT
monitor
HO dump lig
7 FCT
2  WCM
AOBT 186 BPM (COD, turn-by-
MEBT DTL/SDTL 181MeV L3BT & d turm)
4 8 BPM 29BPM | 17 BPM | 48 BPM 2 BPM(stripline)
Loss 6 SCT 18SCT | 13 SCT |11 SCT 3-50BT 238 BLM (proportional)
5FCT 47FCT | 4 FCT 5 FCT 5 FECT 36 BLM (ionization)
4 WS/BSM |4 WS/BSM 4 24 14 BPM 2 BLM (scintillator)
4 BLM 53BLM | WS/BSM 'WS/BSM 5 SEEM 1 SEEM
30BLM /38 BLM 50 BLM (proportional) g :_Fl)JI\rFlnescence screen Hadron
\r 4  BLM (ionization) 5 Flying wire BT
2 Exciter L

*Monitors not counted for beam transport lines to the utilities,

Bunch Shape Monitor
(INR)

3N BT, Hadron BT, v BT



Bunch Shape Monitors (LINAC)

A. Miura et al.

® Developed by A.V.Feschenko, P.N. Ostroumov et al, INR, Moscow
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Profile Monitors Flying Wire Profile Monitor from T. Toyams

%Scintillaxor

Residual gas lonization Profile Monitor: S. Igarashi et al. Multi Ribbon Beam Profile Monitor
—— HV feedthrough I] l} Y. Hashimoto et al.

IPM
K. Satou et al. %
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Beam Position Monitor (BPM)

® Same position as Q magnets (information of focus/defocus points)

Alz

Diagonal cut electrode type
(Main Ring)

y = 00131 x - 00023 |

RE=10000 "1
o
e
U"If /.’
e
.'.,/
X i T
*’O:%SO 50 -40 —30 20 jﬁﬁ 10 20 30 40 B0 60: 7
7 1

4]

E (=
g

A
TR

,l/

1
t 1
— FHull aqerture —_—>

Wire position

T. Toyama et al.
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(Transport line)
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Main ring (MR)

Fast extraction (FX)

Neutrino \

RF cavity

Hadron

Injection

Slow extraction
(SX)

500 m

Total length 1568 m
Energy 3-30 GeV

B 0.9715-0.9995
Lorentz vy 4,22-33.21
Harmonic 9

No. Bunches 8

Periods 5.38-5.23 usec
RF freq. 1.67-1.72 MHz

Bunch length
(time)

70~200 nsec

Bunch length 20~60 m

(space)

Tune FX:v,=22.40, v,=20.75
SX:v,=22.30, v,=20.78

No. of BPM 186 (1 BPM/7-8 m)

High intensity=reduction of beam loss

<

Stable beam orbit




2.5 i i " 2007 tune H22.41 Y¥20,76 V1=80KY V220 mmmmm
- 2010 AUG tune H22,41 ¥20,76 V1=80kV V2=
2. —

2011 JUN tune H22,41 ¥20,76 V1=80kV V2=

Corrected COD
2 SCTR simulation

» Alignment errors are inevitable 2 for MR 150 KW eq.
- NEEDS COD correction 5

w USING steering magnets based on
BPMS CASE2 (2011 Jun)

» Accuracy of BPMs is a BIG KEY P e

0 Time (ms) 120

CASE1 (2010 Aug)

Model Simulated Simulated Simulated beam

Alignment (DX-QCX) rms (DY-QCY) rms loss in injection for
MR 150 kW eq.

CASE1 (2010aug) 0.22 mm 0.19 mm 120 W (0.8%)
CASE2 (20111un)  0.42 mm 0.37 mm 220 W (1.5%)
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J-PARC@Beam Position Monitor (BPM)

Electrode shape:
“diagonal cut’

Horizontal
Electrode L

Vertical

Layout of electrode
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BPM processing circuit (BPMC)
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BPM system

V, Vg, V,,Vp: digitized signal

(ADC out)
BPM ATT10dB BPM processing circuit
(beam position monitor) & (BPMC)
LPF 800kHz
(Ext. ATT-LPF)

RF trans. Att.  Buffer LPF Amp ADC /Data )
10,20, [V <2V 3-h x2,5.10,  14bit buffer DSP CPU

30dB 10MHz  20,50,100 SOMS
LPF ~
—@—vﬂ;—l: : HAH \ h ,r{fv’_ { $
. , v S |
High

. PLic E:> [> Level

5

<~

CNTL
~—|LPF
At o _\3 At \ A _.\f,_.@
: | e A

Low Pass Filter Amp. Gain

Different setup depending on beam intensity T. Toyama




Position calculation

~ x 0., Jr: 9, O | Gains from electrode divided by Left gain (= g,). 9,=1,
V., =g, (1 + E) V|, Vg, Vi, Vp | Signal strength from electrode L,R,U,D
A Beam intensity passing through BPM
Ve =g (1 — g) X,y Beam positions (horizontal, vertical)
< a Effective radius from BPM center

BPM alignment errors correction
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Beam Based Alignment (BBA) [2]

(1) Most effective method

V —V " (2) Gain errors
X = L/ 91 r/ IR q to correct BP_M position error (signal transfer, electric circuit)
Vi/gr +Vr/9gr —very effective but takes long term
(several days ~ 1 week)
_ Vu/9v —Vp/9p a

Y V | -
u/9u +Vo/ 9o Beam Based Gain Calibration (BBGC) [3]
—data acquisition is easier than BBA (a few~ several hours)

[2] T. Toyama et al., PASJ meeting (2014).
[3] K. Satoh and M. Tejima, Proc. of PAC95, p. 2479 (1995).



BBGC (Beam Based Gain Calibration)

1) Kick the COD by steering magnet—larger amplitude
2) Orbit data with various amplitudes are acquired. Signal from each
electrode varies depending on beam positions (below fig.).
3) Gains (g,, dr, 9y, 9p) are determined as reproducing the all signal strength from the electrodes.

y' (mrad)
7 X': 5 points (X',y')=(ZSH001, ZSV216)
><+0.4 Y': 5 points (ZSH210, ZSV209)
XY 4 points
-0.2,+0.2 +0.2 Totall4 points
( >< ) >< >< (+0.2,+0.2) — 14 points X 10 shot X 2 sets=280 data
-0.4 -0.2 +0.2 +0.4 %2 phases pattern
A4 A4 / A4 \/ ’ ' :
PV PN > X » X' (mrad) gains of BPM at nodes are not well reproduced
>< > < >< Amelltude
(+0.2,-0.2) N TN
(-0.2,-0.2) N RS e
>< -\,\\y'//_’s\,\‘y'//—’\\\\ » Beam direction
0.4 N A N




BBGC data analysis

VL=/19L(1+2) _
VU:/LgU(l-F%) A=%<Z—Z+
VD:AQD( —%) )

® m equations, m:number of data

/—R1 Uy D1\

\—Rm U, Dm)

()
\L./

VR)
IR

VD)
9p

A X b

fx _ Vi/91 _VR/gRa
Vi/g9L +Vr/9r

y = Vu/9v —Vp/9p a
Vu/gu +Vn/9p

Position <

.

Remove A

1 1 1
V,=——Vp+—Vy +—Vp (g =1
:> L gn RY g Yut b (gL=1)

D
_I__
9p

R U
_I_

dr Yu
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Simplified: —

Calculation of gains

%

Solve the A-x=b equations




Method

(1) Least Square Fitting (LS

= .

:

Minimize: residual AR

—/ R, U D 2
AR=Z<— L+ 4 ’—L,-)
=\ 9r Gu 9o

(2) Total Least Square Fitting (TLS)

s o1 -os ) o5 '1
il
Minimize: total distance AD

m 2
AD = Z( I L)
||Gl||2j_ gr 9v 9p

G, = <_1, — t 11 > G, : plane equation in L,R,U,D:

9dr 9u 9p R U D
—L — + + =0
dr Yu Yb

vector perpendicular to the plane




Method

(1) Least Square Fitting (LS (2) Total Least Square Fitting (TLS)
T . . . & . . . . . . . © . . .
0 : Al
l l o
o5t i“’? ﬁ | 05
FE oF ':b ; { L
15 ‘L i 1 o
2 15 1 05 o 0 0.5 1 T1s 2 15 1 05 N 0 0.5 1 s
Calculation procedure
o [Alx = b A: unknown const.
Alx =b I: Unit matrix
[AT][A]x = [AT]b [[47104] - 1] x = (471D
- -1 -1
(AT A]-1[AT][A]x = [ATA]-1[AT]b |[a7][4] - 21| " |[AT1[A] - 1| x = [[AT][A] — a1| " [AT]b

~x = [ATA]"1[AT]b VX = [[AT 1[A] — /11]_1 [AT]b



Simulation

X
@: Preparation of Gains V, = 1g; (1 + —) (9., 9r» 94 9p) = (.00, 1.01, 1.005, 0.975)

(2: Determine positions Vv, = 1g; (1 n _)

X
3: Determine the signal for each position and gain V, = Ag, (1 + E)

a
X

a

@: Noise generation for V assuming AV/V = 0.2% with Gaussian distribution

®): 500 data points are generated for 1 position

L. Coef. of beam int.
a: calibrated value by offline

Counts

—2<Xx<2,-2<y<2, 25 points (right fig.)

y (mm)
A

X 25
X 13

50 | [ [ [ [ [
~ (a)V dist. 7

40 - AVN=02(y0 TT®

30 L

20

6.00%10° 6.05%10°

V

L

6.10x10°

-1 0
X =13

X =27

X X=X X X



Simulation « ~ODETE

60 T T T 1 T T T T
— Conditions: 50 |- (c)xdist. | _
® True gains: ol Ax=0.1mm | |
(9., 9r: 9us 9p) = (2.00, 1.01, 1.005, 0.975) € a0l .
® —2<x<2 -2<y<2 generated for 25 points S
® Noise generation for V|, Vg, Vi, Vg 20 - 7
AV/IV = 0.2% Gaussian distribution 10 |- . .
® 500 points per 1 position L —— '
-0.5 0 0.5
yﬂo)gq-?; 4 | I I | |
05 - 5
n 3
ok
0.5

Counts



Fitting results

No Corr. e
Or Ju 9o 3l LS o
True |1.010 | 1.005 |0.975 _ : .
LS 1.034 | 1.015 | 0.988 21 i
TLS |1.012 [1.005 |0.977
LS: Least Square Fitting 1 b SO S S R R TR S i
TLS: Total Least Square Fitting ’é“
# of data: m=25 x 500=12500 > | ' L
/_ R, U, Dl\ / L1\ T -
Y 9 I S - ]
S | I o I
\—Rm Up, Dm/ \Lm/ 7 A SR NN SN U R SR N

TLS method can adequately reproduce the true gains.




Analysis (Beam data)

® Gains vary depending on the settings of the circuit

tor,
(Ext ATT-LPF)
1

Low Pass Filter

ATT10dB
&
LPF 800kHz

Amp. Gain

Proton/8-bunch Amp. gain | Low Pass Filter e
Low Int. |2x 1013 x5 OFF
High Int. | 1x 1024 X 2 ON e
Waveform from each electrode FFT spectra of waveform
3000 LOW Int. — T T T T T T T T T T T T T 6.0e+05 — LOW Int — T
2000 ’ ' ' ! ' ’ | 50e+05 | ]_ 6r7 |\/|H h 0 i
O 1000 | 40e+05 | | 5.01 MHz 1
-8 o W/ 1 |J|F—~—| "I,IJ .-1| | |AJ‘ ] |r—~‘| |JJJ|JH |y || |(J |'J 3.0e+05 L || ‘| |1 i
o Ir—JllrrJlr"|r‘|r| ol r-‘lr|r|r~ . ,fﬁrl |/| ( lﬁr Al lem : | | ||
B -1000 ‘ 2.0e+05 |- | | l §
2D 2000 1.0e+05 |- 1 - | | .
il L L A S S 000:00 o ANANN INANANANANANAANANAANDN A AA A
CE) 0 5 10 20 25 30 ) 1 2 3 4 5 G
fzn&nHighlnt 18107 - High Int. ——————— ]
T 1500 - 1 14es07 |- 3.34 MHz (used for analysis)
D 1000 j ' ‘ ‘ |‘ "_ 126407 ]
ol ﬂ W |\|‘|I‘ ”' M MM"' |, |\|“|||| IH\ﬂ I n ] eonser ,, :
-500 } \ J| | / | | ‘ | ‘ -' [V l L’ l“ L/ lE 3‘32133 I ‘ :
_-IDDD D‘D‘E‘:"I'DD Pl |. |. JI | Ll | . .‘ o ] | |. II |. . ]. [0 | Aol .] | I A P
5 10 15 ED 25 30 0 2 3 4 5 5
Time (usec) Fregency (MHz)

Gains are calculated for 3.34 MHz peak (signal strength from L,R,U,D)



Results of gain calculation

e Low Int.
108 ¢ High Int.
1.06 F
1.04 £
1.0

Y | ‘ 4 ' 8| I ]
'f ity H‘1}"'!1)'1’i'}*"”*(' LA e Tl ‘ v '* ”T‘* 1

Maximally a few-several %
difference

0.92 | 1

0.9 f .

1.08 [ .

1.06 [ .
[ R ) \ . 1 i
r*-“ Lalidati ki x

: !} 1 ', ‘[l [ve BBGC is needed depending
on beam intensity
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BPM address No.



Difference of gains by derived by different Runs

Low Int. High Int.
e 14/04/01 o 14/11/05-06
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Difference of gains by derived by different Runs

Agu/gL AQRr/0,

AQD/QL

jJJ Run53-59 gR 3.34MHz ——

W T T L e L e ey e oy S Lt s e T T T L T
| Run53-59 gl 3.34MHz -

Run53-59 gD 3.34MHz

- High Int.

ﬂwmu’ﬂm.mfmﬂ’wﬁnﬂ-ﬂ"ﬁmﬂ.

Run58-59 gR 3.34MHz

w\*&'\-fj Al “"-"u'r"‘-r w«"‘-".w-h—w Yy Jm! N

Run58-59 glJ 3.34MHz

Run53-59 gD 3.34MHz

Lo 2 e W AT 'i.-“"""-—-llaqll""""'l.l""-'-'\"'ﬂ’ WWWW,MMLHW

0 10 20 30 40 50 60 70 80 90100110120130140150160170180190200210 @ 10 20 30 40 50 60 70 80 901001101201301401501 601 70180190200210
BPM address No.

BPM address No.



Evaluation of the results

® Evaluated by Root Mean Square (RMS)=

2
in/n of COD position for Low and High beam intensities

3 LOWIﬂt AN LS LN LA I LN LR AL RAARN L anan I e H|gh Int L L L L L L R LR Ll R L R LR LY AR LRl LLRRR LR R
2 xLawlnt ga| (ref] — 1 3L 1 % Highlnt ga_m(ref] 1
1 l ’ gal] (gal) || gain(cal) ——
~ 2 -
£ o "" U W"ﬂ “‘ A ”b‘ *“‘ Wy ot 1 LA Atk A o Ml e
a1k i ¥ I [ : 1l H. | 1 ’ 1 I !
é 2L |0 - [ Illg "1'.' I'I | (1 I ] a}'. I‘Tl * ‘ l-r f | |'-| .Il. . fLA W
X 3L 1 -1 F A fr I&‘| $ho L 1 | | ; R L
-4 | black ref. gam blue cal. galn 1 -2r ! .
_5 1 sl av v by sl aaaly 1l paa b T b sl e By b by by bon s baaa s by aas by aal sl _3 s be v e Lo v vl ov o by vny Pov vl opr o byvne Py vn by v boan by bov v boovn o bes s lo vy Bovnalarralvpabyvoalynaaling
D 10 20 30 40 50 60 ?D 80 890 1001101201301401501601?0180150200210 0 10 20 30 40 50 60 70 80 90 1001701207307401750160 1701807130 200210
22 T I I TTTT I I I I”II”III”II””I”IIII”ll_lg]ll'l.u:\llllr":t”gléarl"lllfrle.!f;]”II””II” 25 ""I""I""I""I""I-""I""I""I""I""I"'.'I""I""I""I""I;II' Iilngllr":t”gléErl"lllfrle!ﬁ”II”III”I
S0 gain(cal) —— 1§ “black: ref. gain, red: calc. gain | gain(cal) —— |
~~ 15 | a ' I

E 9t . T | ; - I |
0.5 - i ! I | ﬁ 1 —

S osl| r‘ ) L) : | odl b b il s b AL )
—~ 0 i ‘-h . A Mer _'l. 4"1,1' 0 i 1L B AR [ | fhe My 1) . l i'e il i
> 03 [{14] M H ! M I '.’ \J' N lf' I'Tﬂi' . -'1- gy, / 05 * Al AR B (L) ‘- Lk 1 |'||i| | Y LIy
1k - -1+ -
1.5 + -15 | . ! | :
_2 pr v ber v by v b v by v v bev v b ol b v b v by v by v by bovv v bov v s lvwv s by s byl lonr byl _2 po vl e be v v te v bev oy by v by v be v v bvrvabov v by aan by by by nv s boon s by s by rabyvr s bvpralonalerraling
0 10 20 30 40 50 &0 70 80 90 100717072013017401501760170180190200210 0 10 20 30 40 50 60 70 80 90 10017171012017301740150760170180790200210

BPM addr. # BPM addr. #
Low Int. High Int.
RMSx |[RMSy [RMSx |[RMSYy
Ref. gain 0.896 0.506 0.871 0.460
Cal. gain 0.773 0.555 0.779 0.549




Summary (mainly Beam Based Gain Calibration)

® 186 BPMs are used in J-PARC MR for COD correction
® Required accuracy ~ a few 100 um
Correction of alignment errors of BPMs is necessary
® BPM gain has individuality by signal transfer or electric circuit.
Beam Based Gain Calibration (BBGC) is effective method to correct position error
along with Beam Based Alignment (BBA)
® Gains vary with the setting of electric circuit depending on beam intensity.
BBGC has been done for “Low” and “High” beam intensity.
RMS of COD was improved for x position
while RMS of y became worse—under investigation (real difference in gains or some errors?)

€ Establishment of BBGC for various beam intensities and will be applied for corrections of
position errors.
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