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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 Rls such as ?**At, Mo, ...
28GHz SC-ECRIS ‘ - Injector for Rl Beam Factory
S N L ey Ay Ay
. 18 MV "
‘ : 0 2 . 19m )
Num. of Cryomodules 3
Num. of Cavities 10 (SC-QWRs)
Frequency 73 MHz (CW)
Operating Temperature 4.5 K
Ein 3.6 MeV/u
. 6.5 MeV/u for M/q =6
Eout (design) (tunable)
Total voltage (design) ~ 18 MV X




Beam control after SRILAC: Q-scan method
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Beam control after SRILAC: Q-scan method
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Motivation: Beam envelope / loss control

* Control beam envelope / loss 1s essential especially for SRF cavities....
* Destructive monitors (wire scanner called profile monitors etc...)
— not mstalled 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

- Plotitfin = GEA/DRF /Ffu/DACM . . .
e 108 [azse ] nad ESTIMated beam envelopes based on Q-scan signal of profile monitor
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Candidate: Beam Energy Position Monitor (BEPM)

j; . i . a0 ) 8 B(E)PMs are installed in beam line
AT TIAZ T CM1_ M2 CM3 1 - Position at each BEPMs
[k =T nmm e Wl ER == -1 Faraday cup T BEPM _
| | ll nmmi s MM - g + Energy at each sections (2 BEPMs)
FC6A1 1L_1L L, b jPF_eOO e 1 FCel1
Beam AL L LIT L] 000 e ) R < e e B -~ are continuously monitored.
E | vacuum pressure ~ PumP8 “‘ il el T (). : 0.11'3_4bm ST pumping. =T e m T o
Floor® 4 ~10~Pa o —— o ~10”Pa ~10° Pa - — utilize these BEPMs
Schematic view of Superconducting RIKEN LINAC (SRILAC) for beam envelope measurement
: : : Signals from BEPM#3
List of BEPMs in SRILAC beam line . NS M PR
E ‘
A con Name Length Inner =4
D
ot in this talk BEPM# | Gt electrode | radius | SMaPe 7
/ Type A 1~6 50 mm 20 mm ©
ICeraimlc [ SMA c0s20 =
nsulator w_ Feedthrough Type B 7,8 60 mm 30 mm N
L \ % Typel, II: A Typelll: B
A (13109) higher sensitivity for

T. Watanabe et al., position, timing and quadrupole moments
Proc. of IBIC2020, pp. 718-723, (2020) ﬁ .zl I/_



Outline

2. Beam envelope estimation by BPM signals
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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)
Q= &= G = (X) = (¥y) = (N2 +(Y)?

second-order quadrupolar term

VR = Ibeam(CO + C1Dx +
VL = lpeam(Co ~ C1Dx t
Voo = logan(@ + ©.D, -
Vb = lpeam(Co ~ C1Dy B

A. Sounas, M. Gasior, and T. Lefevre,
Proc. HB2018, pp. 399403 (2018)

SR
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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)

Q= g - g = (x) = (¥ = ()W +(y)°

= M, - D2+ D2 second-order quadrupolar term
Ve+V -V, V
= K, RT LU D p2y D2
Vr+ V + Vy+ Vp
VR = lpeam(Co + Dy + D, = k. V= V| D = Vu~ Vb

Ve+ V +V,+Vy 7 kva+ Ve+ V,+ Vp
(neglect higher order term / k; = G /G /Ky = €/2C)

“Thelr application has been proven to be limited ....”

- low sensitivity for quadrupole momentum Q
A. Sounas, M. Gasior, and T. Lefevre, N

Proc. HB2018, pp. 399-403 (2018) - parasitic position signal incorporated into the measured Q

SR

VL = lpeam(Co — €Dy +
Voo = logan(@ + ©D, -
Vb = lpeam(Co ~ C1Dy B

higher order term

—>
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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)

Q= g - g = (x) = (¥ = ()W +(y)°

= M, - D2+ D2 second-order quadrupolar term
Ve+V -V, V
= K, RT LU D p2y D2
Vr+ V + Vy+ Vp
VR = lpeam(Co + Dy + D, = k. V= V| D = Vu~ Vb

Ve+ V +V,+Vy 7 kva+ Ve+ V,+ Vp
(neglect higher order term / k; = G /G /Ky = €/2C)

“Their application has been proven to be limited ....”

- low sensitivity for quadrupole momentum Q

A. Sounas, M. Gasior, and T. Lefevre, — Relatively large beam size (~ a few tmm mrad)

Proc. HB2018. pp. 399405 (2018) + parasitic position signal incorporated into the measured Q

— Small contribution from higher order term (by cos20 shape)

FenRIM=N

VL = lpeam(Co — €Dy +
Voo = logan(@ + CD, -
Vb = lpeam(Co ~ C1Dy B

higher order term
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Quadrupole moments and beam envelope

N ()
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Quadrupole moments and beam envelope
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Quadrupole moments and beam envelope

Beam Envelope (calc. by TraceWin)
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Quadrupole moments and beam envelope

Signals from BEPM#3
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Quadrupole moments and beam envelope
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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

FC6A1T

Measured

Could NOT reproduce exp. data...

7540 mm

i
>
|
Q
<

g‘; ; 1 Faradayrcup
Q05 "5Q065G07 50z GOIT ST

PFeOO

MX(l O)%].’ - 2I\/IX(1 O)llMX(l 0)121 Mx(l O)%Z, — My(l O)%l’
M2 071, = 2My2 0)sMy(2 0)1p, My(2 0), = M(2 0)F, -+

Mx(8 O)il’ B 2Mx(8 O)llMx(8 0)121 Mx(8 O)%z, - My(8 O)%l,

1 | 3 4 8
- = :i: g e g: Cots =il lui: . }( ]( ) ( )( ]( J— — :'
Beam — :F GGG Ij_q:' : U] DT I T
= Diffeentid B Il > . iffeentid 4 004 —
£ Vacuum pressure pumping ..H hed _HH;-:::-‘I 054 m T, W | W ner ' & m
Floor 8 y  ~107 Pa PAsmEr=="2""""~108pPa ~107 Pa
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First trial to reproduce experimental data

Measured

MX(l O)%].’ - 2I\/IX(1 O)llMX(l 0)121 Mx(l O)%z, — My(l O)%l’
M2 071, = 2My2 0)sMy(2 0)1p, My(2 0), = M(2 0)F, -+

Mx(8 O)il’ - 2Mx(8 O)llMx(8 0)121 Mx(8 O)%z, - My(8 O)%l,

Q /ox? - oy?2 [mm]

Could NOT reproduce exp. data...

upstream

Vdownstream tendS to be smaller than Vupstream
In both experimental and simulation data.

4 6 8 10

2

7 Vupstream = bx Vdownstream

5 - downstream b (bias factor) : 1.03 ~ 1.06
A OTilmlez[lns]

SR



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 / 62" ~ 0.5 ns <> 10° for RF)

T. Adachi et al., Proc. of PASJ2023, THOA4 (2023)
Coverage of electrode ¢ (1)

ot 12— 1%
5 Down > 1N 1
p Sios- /AL o

B=0.11 B=0.50 B=0.99

o7°%M = 15 mm zczbeam =75 mm 5;,°%M = 150 mm
' 1 1

1.21

0.6]

0.2 06

Position [mm] GC) 0.4 0.4
- i

20 -10 10 20 = |
Shape functions of Up and Down electrode ¢ 9-2 0.2
L .2 () c 0 %
V(t) — Zf_L/z { a V(t — 1/ﬁC)} dl .5_)5’_0_2 02
0.4 0.4f
parameter explanation -0-e 0.6~
t ti :
T Time [ns]
V(t) output voltage at time t w/o structure effect _ S
1 electrode length This effect become significant when bunch length ¢,%2™ = |
1 longitudinal position of an electrode c.f. 6:°%Min SRILAC ~ 10 mm
¥ averaged electrode coverage angle Lelectrode = 50 mm (typeA) / 60 mm (typeB)
o(D) electrode coverage angle at | ﬁ
, C velocity of beam and light ® RI l’l: N



Solution A: bias factor correction

Blas factors can be estimated Phase Elllpse at proflle monitor e00
to reproduce Q-scan results. 1 . —

[+ -]

o
o
| |

-Signals from BEPM#3

| R
oocn::-mom::-m
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(=)
]

—
(=)

gth [V]

g
)

-
=
-
-
=
=
=
b
=
=

: 2

'cn

Signal Stren
-

: : : : D i ! : : T : : § 0

S A A T R S -2
B s s o W s W st 4
R U . TR 5
' ' " ' | | ; ' | : ' 8

- » . - L : . : : : : -
'I l | I | l oqlllllllllll!lllllllllllllllll
-

% 12 14 16 18 20 22 24

0 12 14 16 18 20 22 24 -10

Time [ns]
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Solution A: bias factor correction

Q [6x° - Gyz [mm]

w/0 bias correction

Phase Elllpse at proflle monitor e00

10
8

|
.-.-hNON-hO!

| R
oo RANON

—
(=
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Solution A: bias factor correction *

w/0 bias correction

Phase Elllpse at proflle monitor e00

10

profile monitor @ e00

SR SN S N S N _~75 jjj
= e b - Result of Q-scan
S 273 4 5 6 7 8 9 '85__::::::é:::::::;:.::5:.::é:.:.::.:é:::.:.::E::é::.::.:5':;':.':.:T::.:Z.:é:.:;..ReSUIt of BEPM analysis

Measured Qs are not reproduced by the fitting w/o bias correction...

SRER



Solution A: bias factor correction *

w/ blas correction

b =1.060/1.044 (typeA/B) Phase Ellipse at proflle monitor e00
50 : : : : : : : : 10 =

+horizontal oo

Q [ox? - (Ty2 [mm]

profile monitor @ e00

2__::::::::§:::::::::::::§:::::::::::::é:::::::::::::é:::: ::: :::?:::::"__:::éiii:::::::':'f':":::—:%:;::71;:5::::::: jjj
S ............. ............. ............. .......... ................................................ Result Of Q SCan

I 71| I O BN S S DU D S fit result -

0 1 2 3 4 5 6 7 8 9 _8;_-ﬁEfﬁ§§§f§§f§§§ﬁfffffff@ffffffffﬁffff@fffffffffffff@ffff;;;fffffffffffgffffffffffﬁffffffffff;?ff?fffff Result of BEPM analysis

Measured Qs are well reproduced by the fitting with fixed emittance!
> Analysis w/o fixed emittance will be discussed latter...

SRER
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Solution B: Integral wave form signals

Solution B: Use double integrated signals

The effect caused by Max

time difference from different part of electrode o A——

— The effect disappear for the integrated signals. T | e
2E-08 - 1.0E-05 S
Coverage . <
_ > 1E-08 - 5.0E-06 2
1.0 < 5
0.8 3 E:” 0 0.0E+00 5
6 own §' -1E-08 . _5.0E-06 E
| 2E-08 - -1.0E-05 Eﬂ

v —Original
-3E-08 -1.5E-05
| N Peak to Peak —intégrated
. éo | 10 a o 10 - 20 POSItIon [mm] -4E-08 ‘ -2.0E-05
- - 5 6 7 3 9 10 11 12 13

Time [ns]

Shape functions of Up and Down electrode

SRER
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Solution B: Integral wave form signals

- : T. Adachi et al., Proc. of PASJ2023, THOA4 (2023)
CST Simulation Patent application number 2023-128268 (JP)
) Raw signal Double integration of the signal seems promising
oo upstream for eliminating the bias effect.
o CST simulation shows no bias Max
o] for double integration in any  / bunch length. -
o — D R 111 ;2
a4 1 B ]
' 4= 15
0002 - QA035 —r O
0.003 O
0.001 R W= 104
00008 L ﬁ":l: )
0.0006 juz . CE 107
. o
...... 0000S 1@ B
——up — I8 _ ——UuD —IR o () o1 o02 03 04 05 06 07 08

—8—Max —8—PP Integral Integral2

" Raumzw



Solution B: Integral wave form signals

Measured data

Signal Strength [V]

Time [ns]

Simple integration is not robust for offset of the signal.

28
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Solution B: Integral wave form signals

Signal Strength [V]

Measured data

14}
12

-
10

29

1600
1400:

1

lgillgil

1

0 i s ol
'%0 12 14 16 18 20 22 24

Time [ns] Time [ns]

|
| N 2 N & 1 ‘L
Ll ' "MARSARASBAAE AN

o 8 8 8 8

Time [ns]

Simple integration is 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.

ol =k

X Kq is the same as for the peak to peak values. / (x)

I1; + 1g; — Iy; — Ip;
Tl + Igi + Iy; + Ip;

— (x!)? + (')’

reflection

, {y?> should be also re-calculated with integrations.

SRER
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Solution B: Integral wave form signals

Fit with Q'
calculated by double integration

Phase Ellipse at profile monitor e00

Q1
o

horizontal

|
o A NODN -l:-cnooo
sennnl AR AR ARN

9 -8

_19:

BEPM #

Measured Qs are again well reproduced as with calculated Q with bias corrections.
X €h, &v are still fixed!

SRER



Comparison between solution A/B .

Phase Ellipse
at profile monitor e00

Blas correction

“horizon @l - Both method works well
. (/=72 . Double integration method is more
comprehensive / robust for beam conditions.
- S0 far, only peak to peak values are
archived In data base.
(wave form signals are not archived)
— We are preparing program upgrade to archive
double integration for coming beam series.

Q /ox? - oy? [mm]

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

Q' /ox? - oy? [mm]

_____________________________________________________________________________________________________________________________ Result of Q-scan

~75 Result of BEPM analysis ﬁ
oRIlM=H




Comparison between solution A/B >

Phase Ellipse
at profile monitor e00

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

Blas correction

- Both method works well

- Double Integration method Is more
comprehensive / robust for beam conditions.

- S0 far, only peak to peak values are
archived In data base.
(wave form signals are not archived)

Q /ox? - oy? [mm]
N
T
T
=¥
o

N
|

CARRRREEER <
Y T o

Qg it resUlt

1910 _

— We are preparing program upgrade to archive
double integration for coming beam series.

e e e e e et aea el e s ea s a sl e e s e e s sle st e e e e e e e e e e e e e e e s e e e e s et e aae s deaea et aaa et

In both methods,
sensitivities for €n, €y are poor...

Q' /ox? - oy? [mm]

ol fit result ...... o Result of Q-scan

BEPM # Y/ =62 |Resultof BEPM analysis ﬁ
oRIM=N
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Outline

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

Phase Ellipse at profile monitor e00
with double integral method

| I 1
oA N ON OO ®O
TP e e ee ey reeg

Result of Q-scan
Result of BEPM analysis

34

(1) Limitation of balance between en / ev

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

€Eh — €y

€ = | ————
asyml = 1"

< (0.1 .% Ag ~20% m maximum
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Improvement of sensitivity for beam emittance >

(1) Limitation of balance between en / ev

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

Phase Ellipse at profile monitor e00
with double integral method

\E ‘ — ‘M‘ < ().1.% Ae ~20% In maximum
asym| — — U. 1.

o Ep T €y

e (2) Utilize profile monitor data in the fitting

—h

|
oo kN ONM A OO
| |

Quadrupole momentums ox? - 6y* have less sensitivity
;vetlcal for abSOIUte beam Slze

v v

________ — Additional beam size 1n one point will improve the fitting result.

~signal of profile monitor

ab b A b g e B £
B I L R ;O_Q;ho“zoma'
Result of Q-scan - 7540 mm .

—
(=

o o

—
>
M s
el
o o4E
' CM3 D E _
Result of BEPM analysis e S Farsdayap L oeew o e —
FA e — 12F t I
[“I | “” 5 6 Tﬂ 7 PEC00 8 1(/: 15 vertiCa
: ;i i g | i} | TS = 7,_5 22:
Bh gl - imere ——  4.0048 m  —— c M
~108pa " ~10° Pa N
| o ~—— 3

B — 48 8 10
mm
o RIM=NH



Improvement of sensitivity for beam emittance >

(1) Limitation of balance between en / ev

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

Phase Ellipse at profile monitor e00
with double integral method

3 ‘6 ‘ — ‘M‘ < (0.1 .% Ag ~20% m maximum
T ey ey

(2) Utilize profile monitor data In the fitting
Quadrupole momentums ox? - 6y* have less sensitivity

N
f =]
I

10
: for absolute beam size.
4: ° ° ° ° ° ° ° °
i — Additional beam size in one point will improve the fitting result.
:tzé r ~signal of profile monitor |
-6 14f-
: ?”;: horizontal
T, ool
Result of Q-scan | . — 7540 mm - o
Result of BEPM + PF analysis | L CM:@;;? - Farsdaycp L aemm P
Fesall 2 [T « T e T 7 oo 2 s @ Verica
™ : B R R P R LR e o e o e r—= 0 T oef
Improved SO mUChI I Beamjg“ L = 2 THE T o nofenl L g0e 0 E 04
loor & 10° B ==3034M _1g8pa 4" ~10°5 Pa VA S

o

6 4 =2__0 2 4 6 8 10
mm
e RIM=NH
O —



Operation procedure of the improved method (plan) Y

(1) Beginning of the beam supply
- Measure the beam emittance by Q-scan and check balance between en / ev

(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

Plotiin - GEASDRFTrfu/DACHM

Fle-120 14382 ] M Estimated beam envelopes based on BEPM + PF analysis

= - 1
40 = , 3
= 20 Ehorlzontal . I OTWEla OTWals  OTedla — 0.4
3 T T I B )= S, O 11111y 1O 0 T O O, e 1 W0 — — 06
S R e |
= : 0.2
=40 = !
I | I I I | I I I | I I I | I I I | I I I | | | I | 1 I 1 E_ I:I
0 2 4 G 3 10 12 14
Pasition [m)
= = 1
10 2 vertical E..
] d C eu.la .
- LA = 0f
— 04
E 0.2
| | | | | | | — 10

T T T T | T T | T T T T T | T T | T T T T T
[ 2 £ 4 = 10 12 14
Position (m)
-
RIM=N
O | =
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Outline

5. Example of analysis with experimental data
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Examples of estimated beam envelopes
2022 Nov. 5th

Ele: 128 (14382 m)

PlotWin — CEASDRF rfusDACHM

“Estlmated beam envelopes based on BEPM + PF analysEL
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Fosition (m)

PlotWin - CEASDRF Trfu/DACHM

Ele: 128 (14382 m) NGOOD - 9

__________________________________________________________ Estimated beam envelopes based on Q scan !
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= 3 5 ' . @ i = 0f

E 03 — =04
= =20 3 E I].E
=40 = : : |
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N 2 4 G 2 10 12 14

Fosition (m)

Result of Q-scan
Result of BEPM + PF analysis

While the absolute € tends to be small,
beam envelope shape Is well reproduced.
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Examples of estimated beam envelopes
2022 Oct. 26th

Ele: 128 (14382 m)

PlotWin — CEASDRF rfusDACHM

|Estimated beam envelopes based on BEPM + PF analysEL
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PlotWin - CEASDRF Trfu/DACHM

Ele: 128 (14382 m)
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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

2023 June 16th

Ele: 128 (14382 m)

}Ifi':mm:'

I
I o
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Y (rm)

I
b o
A T o T T S Y

2023 July

Ele: 128 (14382 m)

4
2

¢ These analysis based on bias factor correction method

PlotWin — CEASDRF rfusDACHM

IEstlmated beam envelopes based on BEPM + PF analysEI
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Fosition (m)

5t h PlatiWin = CE&SDRF A Triu/Dac M

Estlmated beam envelopes based on BEPM + PF analysis|
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Fosition (m)
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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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—== ___|Operation display for BEPM 43
6.Future outlook and Summary |~ EEEERSEEE

-
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- With double integration of the signals )
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To F—Ft T — S M2

we obtained consistent result with Q-scan method. Sy
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Remained Issue:
- Estimation uncertainty of the analysis Beam envelope will be displayed simultaneously in future
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- Introduction of this system to other beam line % e ORI — -k

- Further development w/o wire scanner info. : : 4 ; : o 2 r
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Quadrupole moment and cos20 shape BPMs

= — ] - —~— - 7 +— | i e — :

™! | ; U2 |_ BB e 58 o ,, ol A L) ] =

-RlKENjBPM”%odem' esl GO g ool | )

:: lines; 2nd order polynomial fit
g = T 3
= . ['n'e] sponos|e g 1e
| v 193 YiBuans [dubis 2 o
— | / ® 0526
LT - 30 20 -10 0 10 20 30

position from beam line center [mm]

Co0s20 shape realize ideal 2nd order dependence of signal ><.
- Remove higher order effect
- Separate Dipole / Quadrupole moment clearly
- Improve the precision of Q (=ox? - 6y?)measurement

% G.Nassibian, CERN-SI-NOTE-EL- 70-13, 1970.
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Origin of the bias: BEPM structure / short bunch length
CST simulation with TypeA BEPM

Calculation of the output voltage with structure effect (L = 50 mm / 62" ~ 0.5 ns <> 10° for RF)
T. Adachi et al., Proc. of PASJ2023, THOA4 (2023) 1.08 -
Coverage of electrode ¢ (/) -
10} 1.075 S N
\ RN N A N —
y o
4 © 1,065 T
2 S F - ox | |
~  Position [mm] “u-, 1.06 E_x -----------------------------------------------------------------
- B 1,055 o R
Shape functions of Up and Down electrode 0 - | 5 ; 5 5
112 o) 108
V() =—)_ L, [—=V(t—1/Bo)dl S
L / 0 1045 R e Ko
- 1.04:|||i|||i|||i|||i|||i|||
parameter explanation 4 6 8 10 12 14 16
t time olz:eam [mm]
V(1) output voltage at time t w/o structure effect ]
L electrode length blaS faCtOr StrOng|y
| longitudinal position of an electrode depends on bunch length szeam
P averaged electrode coverage angle
o(D) electrode coverage angle at |
, C velocity of beam and light 4 RI I/I= N




Transfer matrix: calculated by TraceWin

Beam Envelope (calc. by TraceWin)  TraceWin Feature from manual

.."]Irfu

FlotWin — CEASDRF A Trfud DA

- h " I — | TraceWin is used for linear and non linear calculations for 2D or 3D
orizonta - ~[=" lions or electrons beams. It permits fast beam envelop computations
£ o AT . |or/and can be used as a GUI for Toutatis and Partran (macroparticle
I ' — [ transport in linacs).
4 . 2 ] _
.1 Vvertical m -+ Transfer matrix elements are calculated by TraceWin
P e me—mwgl® |~ - NOT consider non-linear effect

(beam 1ntensity ~ a few puA— space charge: still small)

SRR N - Phases / HV of superconducting RF cavities
-25 deg. . .

63 T '“’e'gg- — Calibrated by energy measurement with BEPM
5 e e - Simulated beam energy after acceleration
S 6.1 [Focus Region, » Defocus Region .
N T T N T T T — Reproduced exp. values well even after Phase / HV tuning
8 sol e || e (AE < 0.2%)
sl BN
8 57 k AAAAAAA ,. ® CMBZBeamEngrgy(MeV/u) .‘ VVVVVVVVVVVVVV d

5.6»:.* ; e B 1 L";?“

2200 -150 -100 -50 O 50 100 150

RF Phase (deg.) 260 E
o RIM=N



