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1. Introduction: SRILAC and B(E)PMs
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Superconducting RIKEN LINAC: SRILAC

= Super-heavy element synthesis: [119], [120], ...
. * Production of useful RIs such as 211At, Mo, ...
28GHz SE-E CRIS | * Injector for RI Beam Factory
rpoo—oml=pf -
|
FL L 3
Num. of Cryomodules
Num. of Cavities 10 (SC-QWRs)
Frequency 73 MHz (CW)
Operating Temperature 45K
Ein 3.6 MeV/u
. 6.5 MeV/u for M/q=6
Eout (dGSIgn) (tunable)
: o
Total voltage (design) ~ 18 MV ol =N




Beam control after SRILAC: Q-scan method

7540 mm _ ﬁ
CM2 CM3 W
‘ f, k ST/ 13+ »
: : ) . Faraday cup + BEPM V d fGW tenS GHA / k
-:)L ?L ’ PFe00 ? FCel1
Jekl Lt NI o) () el

! P PSS L (N () .) |
S Differential Differential...~
£ | vacuum pressure ~ PUTPnE 0.54 =% | % pumping” = 4.0048 m -

Floor 8 ~1 0-5 Pa "=  ~10°Pa .. ~1 0_5 Pa
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Beam control after SRILAC: Q-scan method
7540 mm _ ﬁ
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-1 Faraday cup + BEPM 51V13+ a few tens CMA / ~kW
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mp—K hloootoda bdoootodon - Eamps—t =
Beam— . R . R L i R THT | | A J P I D I -
leferential ot SEm¥ e sl Namy RE “# |Differential....~"

Vacuum pressure ~ Pumping 0.33 Ly WWOME - W pumping” < 4.0048 m —
Floor® |  ~107Pa ' m —— ©Pa ~10> Pa

’ Spot .
Schematic view of Superconducting RIKEN LINAC (SRILAC) @G ARISpO tlal?geg}e(\/iewer)é
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. . 't?f grasees ...;4 ....... (denunannnnanannns 77 N7 . :
signal of profile monitor  E Y S T — T T L 2727 L relatively large size
1.45— — - ¥ 5 gg 5 §§
— " horizontal a5l E— I R S—— I— ' % inot to damage the target;
) 08;— el | * misSEEEEEEEEEEEEEEEEEEN
S = [ : ]
: gj;: % 3 * ----------------------------------------- t -------------------------------------------------------------------------------------  ——— O I'lZOIltal Beam Envelope
— 025_ Q - ..................
OD 0 — - I *. .................... * ................................................................................................................................. * ....................
C‘. e E 2.5 ™ * ¥
C 14 = : | - i I | T
£ 12 - = = ’ :
7 . vertical g ] e e o | T 8h~ 3.1 amm mrad: —_— ] ........................................................
§ e S 1.5 -------- horizontal beam size H :  Beam 1s narrowed at :
i S — ] — - Measurement by PE/Rt it s differential pumping system:
-0 8 6 4 2 0 2 4 6 8 10 =2 T N DR T S S S T R S T TR S T W S T
mm T 0 5 4 6 8 o Beam loss < a few %

optics setting# s~6Smmmmrad ..., (measured by FC)

i relatively small size
T Expression: SQRT(Y, YIAZ*YY42*TY, YTV, .
to increase target duty_ "I I/




Motivation: Beam envelope / loss control

* Control beam envelope / loss 1s essential especially for SRF cavities....
* Destructive monitors (wire scanner called profile monitors etc...)
— not 1nstalled between cavities to avoid dust creation
* Conventional Q-scan and simulation based on transfer matrix
— works well / needs to reduce beam intensity (~100 enA) and to change optics to several modes
* For continuous monitor during beam supply, we needs non-destructive method

: Plotiin - GEA/DRF /rfu/DAGM , ,
e 120 asse m] nad EStImMated beam envelopes based on Q-scan  signal of profile monitor
o | =i
= 203 OTvila  OTwWile  GTelis =08 5
= A O 1 (DL Ll == e LI R 57 nh : e ] [ =1 C!; : ;
E 0= R T R o vt 1 (o 1 = L= T S — R S—— # =y : gj 3
3 —2() = | : =y
3 — E 02 | BD —
_4|:|__ C‘11-4—___..._.._... R T
T T T | T | T | T | T | T T T | T T T | T T T | T T T | T — é 12;_
i Z 4 G z 10 12 14 v 1
Position Lm) — osf
c O.GE—
04—
40 3 | .(,/‘2 02f-
—~ o0 3 | OTWala _ GTwals. . OTella =08 1Y o
= 3 mony i e I 1 11 1 1 1 i e ) | 1 e e m——— s e =09 S N B A B :
E D'E .................. e o e | 3 e i e e . = 04 mm .
=2l 3 | E 00 profile monitor (@ €00
-40 =

I T | T | T | T | T | T I T | T I T | T I T | T I T | T —

0 2 £ A = 10 12 14
Position [m)
.
oRIM=N



Candidate: Beam Energy Position Monitor (BEPM)

Eﬂ . j; . 40 ) 8 B(E)PMs are 1nstalled in beam line
AT TR CM1 s M3 1 » Position at each BEPMs
B | @W;@ -1 Faraday cup T BEPM
| | MM s e || 7 8 - Energy at each sections (2 BEPMs)
FC6A1 1o, | . PFEOO . FCell
Beam VAL LI TILT Jnm e L 25 Iy U R I R (i (g are continuously monitored.
- leferentlal = | | — | ~ |
£ | vacuum pressure  PumPIne 033 m“‘ Rl | Oabm g pumping < 4.0048 m —
Floor 3y ~10°Pa cC R =—E © Pa ~10 Pa - — utilize these BEPMs

for beam envelope measurement

Signals from BEPM#3
E ' : : : : : : :
<=
(d) Cross Sectlon N I th [nner ?_:D
ame eng =
— j‘ in this talk BEPM# of electrode | radius Shape =
Type A 1~6 50 mm 20 mm E
Ceramlc/ [ SMA yp COSZO gﬂ
insulator I"- y Feedthrough Type B 79 8 60 mm 30 mm CB
670 v . .
S 330 @ @b#i <X Typel, II: A Typelll: B
ona T (@mypel (13195) higher sensitivity for

T. Watanabe et al.,

position, timing and quadrupole moments
Proc. of IBIC2020, pp. 718-723, (2020) ﬁ N
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2. Beam envelope estimation by BPM signals

SRER



10
Quadrupole measurements by BPMs

Emittance measurements by BPMs are studied in decades...
- R. H. Miller et al., Proc. HEACC’83, pp. 603-605 (1983)

= A. Sounas et al., Proc. HB2018, pp. 399-403 (2018)
— —_ — 21— M2 — 2 )
Q= ;- 0oy = X°0- - XCE+ Iy

second-order quadrupolar term
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A. Sounas, M. Gasior, and T. Lefevre,
Proc. HB2018, pp. 399-403 (2018)
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Quadrupole measurements by BPMs

higher order term

A. Sounas, M. Gasior, and T. Lefevre,
Proc. HB2018, pp. 399-403 (2018)

Emittance measurements by BPMs are studied in decades...
- R. H. Miller et al., Proc. HEACC’83, pp. 603-605 (1983)

= A. Sounas et al., Proc. HB2018, pp. 399-403 (2018)

Q= of- 00 = X°L-

_%ﬁ+%+%+%

X

“The1r application has been proven to be limited ....”
 low sensitivity for quadrupole momentum Q

—>

M, - D2+ D2

VR+ VL_ VU_ VD

2
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Vet Vi + V+ V' 7 YV + Vet V) +

(neglect higher order term / K, = G/ Gy / Ky, = ¢/ 2¢)
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second-order quadrupolar term

- D¢+ D]

VU - VD

" parasitic position signal incorporated into the measured Q

—>
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Quadrupole measurements by BPMs

higher order term

A. Sounas, M. Gasior, and T. Lefevre,
Proc. HB2018, pp. 399-403 (2018)

Emittance measurements by BPMs are studied in decades...
- R. H. Miller et al., Proc. HEACC’83, pp. 603-605 (1983)

= A. Sounas et al., Proc. HB2018, pp. 399-403 (2018)
Q= of- of = X°[-

= M,— D2+ D2

VR+ VL_ VU_ VD

2

_%ﬁ+%+%+%

VR_ VL

“The1r application has been proven to be limited ....”
 low sensitivity for quadrupole momentum Q
— Relatively large beam size (~ a few mmm mrad)

D)

- X

-+

D)

12

second-order quadrupolar term

- D¢+ D]

VU - VD

VLRV + VY Y+ Vet V) +

(neglect higher order term / K, = G/ Gy / Ky, = ¢/ 2¢)

" parasitic position signal incorporated into the measured Q
— Small contribution from higher order term (by cos20 shape)

FenRIM=NH



Quadrupole moments and beam envelope

a,,(0)
Q) (M1 0B, = 2ML1 0 M1 0)1p, M1 07— M1 0731, ) | 5e(0)

Q| _ [ M2 071, - 2My2 0)M(2 0)1p, M2 0, ~ My2 0%y, 01 | | FHx(©)

s . G,(0)
2 _ 2 _ 2
Qs M8 0)3;, - 2M(8 0),;M(8 0);5, M(8 0)3,, -~ M8 0)3,,0 || Fw(0)
GVV(O)
1_% 1_% - 7540 mm .
a1 1A ] CM1 i CM 2 . CM3 1
I e : Lm? i 40%\ B n@ 1 Faradayrcup BEPM
| 5C01 5C02 5C03 5C04 | 5005 Sﬂgﬂﬁsrg%%fi ) o T
| J \ \ s 4 \ 00 I ! PFe00 S FCelt
W Uy adn (N () iy °
' & T ] [ TR A A M b ) um iy
£ iffe e : . - . ) - - _“'_;;“4%7 -+ |Diffeent id
5 Vacuum pressure pumping r " e 54 m I ! 054 =~1__ _|t|_ pumpingr 4.0048 m
Floor@ | ~107 Pa 033 mer==5""""~108Pa ~107 Pa
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Quadrupole moments and beam envelope
Phase Ellipse at input point

Q, M1 0)31, = 2M(1 0)1yM{1 0)1p, M(1 0)5p, = M1 Oy,
Q2 — MX(2 0)11, - 2M (2 0)11 (2 0)12, MX(Z O)%z, - M)XZ O)%'I’ [ ]
[ [

Q) | M8 0)%, ~ 2M(8 0);My(8 0)5, My(8 02, = M8 0)3y, -

x' [mrad]

1 - 1 i 5 - 7540 mm .
= >, o . P
AT TTIA2 CM1 Ay O©M2 . CM3 1
' : Lm? D%\ B n@ 1 Faradayrcup BEPM
SCO1 SC02 SC03 5C04 | 5005 gmggmsrgasﬂqm Sqps'son T
J \ \ |2 4 s 8 I ! PFe00 FCel1
i e e
\ + ]
| : : g1 da ool ma s il | MBI um iy
iffe e ' it | D iffe entid
g Vacuum pressure pumping 054 n i i 0 5' =:-;'='__ : pumpingr —~ 4 0048 m —
Floor@ | ~107 Pa 033 mer==5""""~108Pa ~107 Pa
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Quadrupole moments and beam envelope

Beam Envelope (calc. by TraceWm)

otWin — CEASDRF/Trfu/DACM
Ele: 125 [14382 m] NGOOD : 99813 / 100000

Q) (M1 0%, = 2M1 0) M1 0)1p M1 0)fp, = M1 O3,
Q| _ | M2 0%, - 2M2 0); M2 0);p, My2 02, = Mf2 0)%,

] ]
) | M(8 0)3),~ 2M(8 0);1M(8 0);5, M(8 0)%,, = M8 0)%,

40 —

Ll

horizontal | — r

Al A2 | | CM’ o JIEIL . A 1 :

| ey masitaiv | 5 7] —1: Faradayrcup BEPM :

14 I : ﬁ'}éﬁs@g“."‘ "? - : T :
i ER (M s ¢ :

i : i - : PFe00 . FCeli
ﬂid: el WA S i § » ¢ | (HE() LD LIX -L - ]

| @j | SEGRASEISS ST () () EE T

£ Diffefgntid at> - . , ) - ; : ATt Diffeentid % :

€ | Vacuum pressure pumping 0 '54 : I ! 0 '54 _m ' ;' pumpingr 4.0048 m
S — 5 ™m :

Floor S ~107% Pa 033 mEr == ~108 Pa '~107 Pa

SR



16
Quadrupole moments and beam envelope

Signals from BEPM#3

Q| (M1 0% = 2M (1 0)yMy(1 0}y M1 0)fp, = M1 O)%,

Q (L [ Md2 0031, = 2M(2 0)1sM,(2 0)1p, M(2 0)3, = M2 0)%;,
L] ]
M8 0)%1, ~ 2M(8 0) M8 0)1p, M8 0)7,, ~ M8 O)3, [

Signal Strength [V]

- - 0.“ 0."‘ > i —
L&ﬂA-l == AZHF“\ '.GM_I : .............
Al 1 Faradayrcup
4| 2 = H
T
dodr el L )
P | 1T
£ Diffeer_1tid <> <— S
§ Vacuum pressure pumping 0.3 et 4.0048 m
Floor® §  ~107 Pa Mg =" ~107 Pa
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Quadrupole moments and beam envelope

Q| (M1 0% = 2M (1 0)yMy(1 0}y M1 0)fp, = M1 O)%,

Q|L | M2 033, - 2My2 0); M2 0}y, M2 O, = My2 03,
] ]

M(8 0)%1, — 2M(8 0)My(8 )15, M8 02, — M8 0)3;, -

Phase elllipses are estimated

o . e ter 0 7540mm 000 e
j; b= A eM2 M3 e to reproduce measured Qs
Al TTIAZ ]~ €M gy OM2 . CM3 . e I '
ot R ~1 Faradayrcup TBEPM
12 J \ \ PFe00 é FCel1
I ! e €
ik o)1 1L () cend
P _ () CICC0T
g Vacuum pressure Eli"f:s?:;d - " 4.0048 m
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Outline

3. Signal distortions caused by BPM shapes with short bunch beam
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First trial to reproduce experimental data

Q /ze - Gy2 [mm]

Measured

7540 mm

Qs

M1 0%y, = 2M(1 0) M1 0)p, M1 0%, = M1 02,

M2 0%, = 2M(2 0)11M2 0)1, M2 035, = M2 0)3, =
]
M8 031, = 2M(8 0);1M(8 0)1, M8 0)3,, — M8 0)3;, =

Could NOT reproduce exp. data...
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{
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Fit
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First trial to reproduce experimental data

Measured Fit

R Q)| (M O = 2M1 0)M(1 O)ip M1 OF = M1 O,

S0
40
30
2 Q [L [Md2 0%, = 2M A2 0)iiMy2 )i, M2 O = M2 O,
A0 (]

- 5 : 5 5 ' 5 5 | L

o- ; | ; ; ; ;

10

20

SN N T A N A T Q)| | M8 0%, = 2M,(8 0)1;M8 0)1, M(8 0)%, = M8 O)3,

‘300 R R S S Could NOT reproduce exp. data...

upstream

; 5 | oy Vdownstream tends to be smaller than Vupstream
S S B -f in both experimental and simulation data.

V,

upstream = b X Vdownstream

R LEEEEc - . Bk S EEE TP O  CEEL LR R R

Ol T /KRR » LR S L L N L L R R R R

llllllllll

o NF O . data | downstream b (bias factor) : 1.03 O 1.06

line: sim.
SR

Signal Strength [V]

I_4I | I_2I | Iol 1 I2I 1 I4I 6 8 I10




Origin of the bias: BEPM structure / short bunch length

21

CST simulation with TypeA BEPM

Calculation of the output voltage with structure effect (L =50 mm / 6™ ~ 0.5 ns < 10° for RF)

T. Adachi et al., Proc. of PASJ2023, THOA4 (2023)

Coverage of electrode ¢ (1)

1.0 _—
: Down
04 Up
0.2
e EEEE—— -~ Position [mm]
~20 -10 10 20
Shape functions of Up and Down electrode
L vz @)
Vit) =—] —V(t—1/Bc) dl
7 —L/2 ¢
parameter explanation
t time
V(1) output voltage at time t w/o structure effect
L electrode length
B longitudinal position of an electrode
P averaged electrode coverage angle
o(1) electrode coverage angle at 1
, C velocity of beam and light

B=0.11 B=0.50 B =0.99

0,.2%M = 15 mm 0,0%m = 75 mm oM = 150 mm
g : : 5 : 1.27 g : g g : g : : ;

—h
N

1.2

© o o ©
O N £ O OO a

Signal Strength [a.u.]

| | |
© o o
o~ N

_II{IiIIIIiJJJIillllillllillllill_
6 7 8 9 10 11 12

Time [ns]

This effect become significant when bunch length ¢,°¢*™ = L
c.f. 5,.°%min SRILAC~ 10 mm

Lelectrode = S0 mm (typeA) / 60 mm (typeB)
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Solution A: bias factor correction

o
o
| |

gth [V]

Si%nal Stren
=

© o

o

S o

TRiup e

Bias factors can be estimated
to reproduce QQ-scan results.

Signals from BEPM#3

L
] L L]

N
] LI

2f

-ﬁ
L L]

I P _oqlllllll

qﬂ 12 14 16 18 20 22 24 0 12 14 16 18 20 22 24

Time [ns]
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Phase Ellipse at proﬁle monitor €00

horizontal ------------
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Solution A: bias factor correction

w/0 bias correction

Phase Ellipse at proﬁle monitor €00

10

‘“horizontal ------------

|
.-.-hNON-hO!

| R A
oo h~NO

—
(=

SRER
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Solution A: bias factor correction *

/0 b1 t1
W70 Dlas cotrection Phase Ellipse at proﬁle monitor ¢00

50 : : : : : : : : 10

T a*horlzcmt'al ---------- T T —

Q /ox” - 6y [mm]

profile monitor (@ €00

g— --------- ------------- ------------- ------------- ----- /R ---------- SVN75 .........

— | N S A e ....... e
e U U DU P DU U U U U 15 L (=1 1 e e O e e - Result of Q-scan

0 1 2 3 4 5 6 7 8 09 LIS FE S S | 72 . 75 --------- Result of BEPM analysis

—8:_ ......... IR SRR eseesenanens Fronedrannsnnn i b

_10—...i...i...i...i...i...i...i ............
-10 -8 -6 -4 -2 0 2 4 6 8 10

Measured Qs are not reproduced by the fitting w/o bias correction...
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Solution A: bias factor correction

w/ bilas correction

b =1.060/1.044 (typeA/B) Phase Ellipse at proﬁle monitor e00

10

- S*hOI'IZOIIt'al """"" """"""" """"""

__ ......... ............. ............. S W/ 6 W S s

e fitresultf -

0B
10 8 6 4 -2 0 2 4 6 8 10

Measured Qs are well reproduced by the fitting with fixed emittance!

¢ Analysis w/o fixed emittance will be discussed latter...

25

profile monitor (@ €00

il R osult of Q—scan
0 1 2 3 4 5 6 7 8 9 ary = I S B "f...:ﬁﬁﬁﬁIiifﬁﬁﬁfﬁffiIii.ﬁfi...IﬁIIZ:ZI?:: Result of BEPM analysis
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Solution B: Integral wave form signals

Solution B: Use double integrated signals

The effect caused by
time difference from different part of electrode
— The effect disappear for the integrated signals.

Coverage
1.0
0.8

6

04

0.2

Down

Position [mm]
-20 -10 10 20

Shape functions of Up and Down electrode

Qutput signal [A.U.]

26

4E-08 2.0E-05
3E-08 - 1.5E-05
2E-08 - 1.0E-05 =
<
1E-08 - 5.0E-06 <
0
v
5
0 0.0E+00 &
5
O
1E-08 - -5.0E-06 ©
48]
&0
Q
-2E-08 1.0E-05 €
—Original
-3E-08 v -1.5E-05
Peak to Peak —ntegrated
-4E-08 ‘ -2.0E-05
5 6 7 8 9 10 11 12 13

Time [ns]
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Solution B: Integral wave form signals

T. Adachi et al., Proc. of PASJ2023, THOA4 (2023)
Patent application number 2023-128268 (JP)

CST Simulation

) Raw signal Double integration of the signal seems promising
o0 upstream for eliminating the bias effect.
oy | CST simulation shows no bias Max
o —\l', =", for double integration in any 3 / bunch length.
- — LD - LR ]I-ll -;ET
. 1.08
a4 i O
' 106
0,001 7 0.0035 - %
0.0008 pees 7p)
L0 a.jj:lj% * "CE 1.02
0.0004 L?Lmn o [T
LNER .- . Ll 1 .O — ——
JD LA — i o ) o1 02 03 04 05 06 07 08

—— Max —@8—PP Integral Integral2

" Paumzw
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Solution B: Integral wave form signals

Measured data

Time [ns]

Simple integration 1s not robust for offset of the signal.

SRER



Solution B: Integral wave form signals

Signal Strength [V]

Measured data

0.2

0.15

0.1
0.05

0
0.05
-0.1 : : B ‘ :
ST ST s s reﬂectmn
030 '1i2“‘1i4‘”1i6“‘1la 211_ -zz ‘2l4'

Time [ns] Time [ns]

Simple integration 1s not robust for offset of the signal.

— After the correction of the slope (cyclic boundary condition) and offset 1n integration,

double integration and corresponding Qs are calculated.

0 = k I1i +1gi — 1y — Ip;
=

VI + Ig + Iy + Ip;

1600 F

1400:

1

1

— (x!)? + (y')?

l§l llgll

o 5 8 & 8

Time [ns]

29

reflection

X kq 1s the same as for the peak to peak values. / {(x) , (y) should be also re-calculated with integrations.

SRER



Solution B: Integral wave form signals

Fit with Q!
calculated by double integration

Phase Ellipse at profile monitor 00

-t

horizontal

|
m&mom&mmo
srnna AR A AN AR AL

BEPM #

Measured Qs are again well reproduced as with calculated Q with bias corrections.

X €n, €v are still fixed!

SRER
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Comparison between solution A/B

Bias correction

Phase Ellipse

at profile monitor €00

11 1 |

Y e RRRLERPRRIRS S A O I SO

s=hori

M B B B B B B R RN S

fit result

-10E

§Ivertcal """""""" T E'"fféiiﬁ:iffiEZiﬁifﬁiiﬁfﬁfiifiﬁ:éffﬁif:

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

-10

31

* Both method works well

 Double integration method 1s more
comprehensive / robust for beam conditions.

 So far, only peak to peak values are
archived 1n data base.

(wave form signals are not archived)

Q! /ox* - 6y> [mm]

-----------------------------------------------------------------------------------------------------------------------------

rizontal

fit result

10F

10 _

-6 -4 -2 1] 2 4 6 8 10

— We are preparing program upgrade to archive

double integration for coming beam series.

Result of Q-scan
Result of BEPM analysis

SRER



32

Comparison between solution A/B

Phase Ellipse

Bias correction

* Both method works well
 Double integration method 1s more

W
o
ANRNRERRRRRRRRRRRN
0o AN ONAOOOOO

- | I I |
1o
LR L A AL LA L

b
o
|
o
-]
o
)
N
=]
N
&
o
-]
o

comprehensive / robust for beam conditions.

(=)
|

»‘Vemcal - So far, only peak to peak values are
D RS S S 74 RO -

_30(;||||||1|]tresu]t ______ i N T
e+ (wave form signals are not archived)

e archived in data base.

— We are preparing program upgrade to archive

double integration for coming beam series.

e N In both methods,
L R sensitivities for en, &vare poor...

Q! /ox* - 6y> [mm]

SBT3 Ta s 6 78 |fit result Result of Q-scan

BEPM # REL 4 _2 0 2 4 63 mResult of BEPM analysis ﬁ
o RIM=N




33

Outline

4. Improvement of sensitivity for beam emittance
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Improvement of sensitivity for beam emittance

Phase Ellipse at profile monitor €00
with double integral method

|1 1
oo hR~MMONM OO

|
-
(=]

—

o

—

| S
oo kN ONM A OO

|
—
=
-y
o

Result of Q-scan
Result of BEPM analysis
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(1) Limitation of balance between en / &y

ratio between € and &y — expected to be robust in some range
Fit 1s performed under the following condition,

‘E ‘ — ‘M‘ < ().1.% Ae ~20% mn maximum
asyi En + €y
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Improvement of sensitivity for beam emittance >

(1) Limitation of balance between en / &y

ratio between € and &y — expected to be robust in some range
Fit 1s performed under the following condition,

Phase Ellipse at profile monitor €00
with double integral method

— M < > Ag ~ 20% 1n maximum
o €asyml = | | < 0.1,

EE Eh + Ev

ol (2) Utilize profile monitor data in the fitting

Quadrupole momentums ox? - 6y* have less sensitivity

o for absolute beam size.
E — Additional beam size in one point will improve the fitting result.
i; r _ signal of profile monitor |
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Improvement of sensitivity for beam emittance

Phase Ellipse at profile monitor €00

with double integral method

+ (1), (2)
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Improved so much!!

(1) Limitation of balance between en / &y

ratio between € and &y — expected to be robust in some range

Fit 1s performed under the following condition,

€Enh — €y

€ = | —
asyml = |2

(2) Utilize profile monitor data in the fitting

Quadrupole momentums ox? - 6y* have less sensitivity

for absolute beam size.

‘ < (0.1 % Ag ~20% m maximum
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— Additional beam size 1n one point will improve the fitting result.
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Operation procedure of the improved method (plan) g

(1) Beginning of the beam supply
* Measure the beam emittance by Q-scan and check balance between &n / €y

(2) During the beam supply
 Check the beam size by profile monitors once a day
* Calculate transfer matrix in the beam line from the setting values
 Continuous display of the beam envelope during beam supply

— “semi” non-destructive beam envelope monitor
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Outline

5. Example of analysis with experimental data
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Examples of estimated beam envelopes
2022 Nov. 5th
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Result of Q-scan
Result of BEPM + PF analysis

While the absolute € tends to be small,
beam envelope shape 1s well reproduced.
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Examples of estimated beam envelopes
2022 Oct. 26th
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Result of Q-scan
Result of BEPM + PF analysis

In this case, emittances are also
well reproduced by BEPM + PF data.
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Examples of estimated beam envelopes

¢ These analysis based on bias factor correction method

2023 June 16th

Ele: 129 [14382 m] I

2023 July Sth

Ele: 128 (14382 m)

Plothiin — GEASDRF rfusDACH

Estlmated beam envelopes based on BEPM + PF analys1s‘1

Position (m)

A0 T vt st
~ on 3 orizontal ;, S— O OTvate —OTella A 0.8
£ 3 : : e — 0§
E l:l - & " I : o i |:|4
= =20 3 5 E 02
-40 3 | z z | z |
| | | | | [ [ [ l I ' I — 0
[ 2 4 f%i 10 12 14
— . . . . . . . 1
Al = Vel...tlcal ........... R R s e E_ .
gy = : : : : oL !ZZIT'-.-.‘Ela ....... D_'J.'!-.-‘E'Lln ......... GDTella............. e
£ 3 ' 3 s . . . - = 0.
"'\-\_-E" [:] —] . :r: . | il . . g e I:Iq_
= =00 ; o ..................................... .................. E [I.E
5 TR TRUUUOPOPOJOOts SUveoststtptsto0000000000000 0 0T S — SR — S S R '
| | I | | | I | | | I | | | — 0
[ ? 4 b = 10 12 14

Flothilin - GEASDRF TrfusDACH

Estlmated beam envelopes based on BEPM + PF analysis|:

Fosition (m)

4 —_F g A
= 202 horizontalt — TOTV3E _OTvile — OTells E— = 08
E 02 - = —— =
=20 3 e ..................................... . E IJIE
]l g R SN USSR SRR TR '
| | I i | | | i | i | i I | =1
0 E 4 5 2 10 12 14
Position [m)
— . . . . . . . 1
4[:] 3 xravtvaal oo -h.-.- ..................................... . ..................................... -h.- ..................................... . .................. E
—~ o0 3 vertical : : : E o OTEls nmram ......... OTella...... I = 08
£ 73 5 ™ 5 3 = 06
E 0 e - : : - = 14
= =20 ; i i i ; |
0 s s ; ; ; EDE
! | ' | | [ l | I | I | I i — 0
il 2 4 & 2 10 1z 14

41

Result of BEPM + PF analysis in June 16th
Result of BEPM + PF analysis in July 5th

Estimated beam envelope has slightly
changed in a few weeks during beam supply.
— We need to check this change is real or not...
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Outline

6. Future outlook and Summary
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6. Future outlook and Summary

* We developed “semi” non-destructive
beam envelope measurement using BPMs.
- With double integration of the signals,
we obtained consistent result with Q-scan method.
* So far information from some destructive monitors
are essential to estimate accurately.
* An improved program for the measurement will be
introduced 1n the coming beam supply series.

Remained Issue:

Operation display for BEPM
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- Estimation uncertainty of the analysis

Beam envelope will be displayed simultaneously 1n future
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 Further development w/o wire scanner info.

(Location of BEPM considering optics etc....)
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