Super
KeEKB
&

Injector RF and LLRF

Takako Miura
for the Linac RF Group

The 23rd KEKB Accelerator Review Committee, July 8-10, 2019



Super

<<= List of Installation and Replacement

New Installations for SuperKEKB

* Injector Master Oscillator Phase Shifter (HER/LER Injection Phase Control)
* S-band Phase Shifter for DR Downstream (for Bucket Selection)

* Phase Drift Compensation System between Linac MO and Ring MO

* LLRF Control Unit (Amplitude/Phase Control, EVR, VSWR Meter)

* RF monitor (AMP/Phase Detection, EVR) & Applications

* Beam Induced RF Monitor

* Klystron KL_DN/KL_DS Units

* High Precision Pulse Modulator (installed in KL_A1A)

Replacement

e SHB1 (114MHz) / SHB2 (571MHz) Solid State Amplifier(SSA) replacement to new one

* RF Reference Signal Transfer Line : Coaxial Cable -> Phase Stabilized Optical Fiber
to each sector

* Seven pulse modulators were replaced to small inverter-type for making space
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LINAC Main Station

Linac Reference RF Distribution System

SuperKEKB Control Room

LINAC-MO Main MO
Sync et < » ot
) Towrz 1/51 1< « 7oV Y e
571.2 MHz ’
510MH
MO Phase Shifter z
Injection phase ¢
¢ 1 controller until Phase-I Main Ring

Linac reference RF phase is changed to HER/LER
injection phases depending on the beam mode.

Laser system cannot accept such a high speed phase change.

Master Oscillator Phase Shifter (MOPS) has been installed.
» RF phase for laser system is kept 0,
» Linac RF phase is switched 0,1 /0, r
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MHz @4_ I:E/O :
571
Sector A/B/C/1/2/3
[eve] ;
LLRF Cont Unit

to RF Monitors

TD4V

Grid Pulser
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Sampling freq. for LLRF Control Unit, RF Monitor
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¢1 = Ongr

PS1

LINAC-MO 1Q
571.2MHz

¢, =0 (HER, PF, PFAR)
¢2 = O1gr — Ougr (LER)
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MO Phase Shifter (MOPS)
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In the operation of SuperKEKB,
phase change speed :

PS1= 1deg/ms
PS2 =100 deg/ms
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<=<= Linac Reference RF Distribution System

&
LINAC Main Station SuperKEKB Control Room
LINAC-MO Main MO
Sync —— . »
vz 1/51 [« q ) ne
571.2 MHz
MO Phase Shifter >10MHz
¢ 1 Main Ring
Freq Multi/Div  [+— - S-band phase shifter
2 LER: :OLER - OHER
HER: 0 .
oz RF phase downstream of DR will be changed
S1r 42 for higher synchronization rate against MR bucket selection.
(Phase will be controlled by "bucket selection" and set by
Freq Multi/Div "EVG" for each pulse )
Event |
System 114MHz 2856 Phase Shifter for DR
§7 :7 ‘7 :7 Sector3 Sector4 Sector5
571 Sector A/B/C/1/2/3 OJE O/E
[E?R MHz )
LLRF Cont Unit
571 MHz IN—] e to RF Monitors to RF Monitors
y
TD4V
SHB1 SHB2
Grid Pulser
ThermionicGun |~ \KLY/ = = = ===« DR | \~/ """~ *""
w
Laser RF LINAC
System Gun 6

Sampling freq. for LLRF Control Unit, RF Monitor



Phase Range : 0° - 400°
Resolution :0.015°

RF
REF@sector3

LO
REF@sector2

RF monitor can detect phase
difference of Ref(LO) & RF.
RF is generated by using
Reference signal.

=> we cannot detect
reference phase change.

By using upstream REF signal,
ref phase rotation can be
detected.

<= Test of S-band Phase Shifter

KBP phase was set by embedded-EVR via data-buffer of event record.
Phase was changed every 10 degree.
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——LIiIRM:KL_DN:REF_PHASE_AVE:KBP:105
— LIiIRM:KL_DN:REF_PHASE_AVE:KBE:10S
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Thermostatic chamber : 28 + 0.05 °C

_ Reference Signal Generator
Freq Mult/Div (#0)  Freq Mult/Div (#1) S-band Phase shifter (Frequency Multiplier/Divider)

Reference RF Control Station

MO Phase Shifter Amplifiers (for sect.3- sect.5) e N

:@ 114.2 MHz

»(0) 10.38 MHz

:@ 2856 MHz

@ 508.8 MHz

|
|
|
|
|
|
|
i

| .“:.:—-#;_':r— J
571 MHz » 1/5
phase det.
P/D |« 1/5 » 1/11
2856 MHz
VCO
197 MHz ¥
83 MHz
3053 MHz
VCO
» 1/6 >
10.38 MHz
phase det.
A 4
P/D |«
Linac Master Oscillator Sampling oscilloscope for
571.2 MHz phase monitoring of the

reference signals
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<e<=  Block Diagram of MO Synchronization System

~ &
— linac gallery — KEKB control room
PLL MMO
510 MHz » /@, 510 MHz @
10 MHz — PS 1/51
linac MO 10 MHz
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PSI@L il il DR MO MR MO aD
MOPS 0 |* | : 508.9 MHz 508.9 MHz \
! Phase Drift Hirs| g
PS2| & : Compensation System :
[ A I %
RF-Dist.&PLL

RF-Dist.&PLL
REFSG1 REFSG2 O/E
E; 2 PSOF
b))
C

Laser Gun Trigger | Ps PS 2| Ps
System System
""""" RO
------- ~c---{RF Gun | {LER | | HER
g [ v . . \ 2z
0 “.--4 Thermionic Gun | Injector linac BCSY ECS
TSRS A ___________________________________________________________::.___.?t’; _______

MR MO and DR MO phases have been locked by PLL.
< Linac MO phase had not been locked to Ring MO phase.

Phase monitor system for Linac MO (571.2 MHz) and Ring MO(508.9 MHz) was installed at Linac side.

The phase drift compensation system was also installed.
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Linac MO & Ring MO phases are monitored with the

|

clock based on Linac MO
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This phase drift has strong correlation with Ring MO room
temperature (by T. Kobayashi)

Large phase drift between Linac MO and Ring MO

® Making BCS@RTL tuning difficult
BCS RF : 2856 MHz (Linac MO x 5)
® Drift of MR injection phase

iéﬁ’fé Phase Drift between Linac MO & Ring MO

BCS Cavity DR
BPM1 (BPM before BCS cavity in RTL)
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Linac MO Phase Feedback

For the drift compensation between Linac MO & Ring MO,
Linac MO phase is changed to follow Ring MO phase by using MO Phase shifter.
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Slow drift was
disappeared
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[ RF monitors are installed for all RF sources (60 Klystron units & SHB1/SHB2) ]

X RF Monitor Waveform Viewer

[E=R|E=E 5
Moni: 5 Ch File RF Monitor Waveform Viewer v0.2
Sect: A —|KLv: KLA2 —|SIG: KL_A2KLYPF —|Type: AmpiPhase — | Event: NIM -|
Rep' rate: 50 Hz Server:| rfmonvxiaz  RecordMame: | LIRM:KL_AZ:KLYPF_WAVE_A:NIM Start | Stop |Serial:| 146047 cal:| OFF ﬂlﬂl
—>Reference WF Update:| 2016710718 11:22:35.198347688  Interval: 100 — | [ms] Offsetl: -52 @: 28 Angle: 0
Amp Peak: 5070 Amp Ave.: SDWSS PeakfAve Range: 500 - 520 _|

cH:[ 1 @entmde:l 139Cuunter:| 135 (ShotiD:| 30039)

10000 —

_ KLY P Amplitude
KLY so00 — SLED Pf

SLED % r—> Kly Pf

u | u |
— Pb 1000 2000
% Pf ~Range
Vertical: W auto min: |D max: |1DD Horizontal: W auto min: |D max: [100 Set I |
—> Acc out

CH:| 2 EventCode:| 181 Counter:| 135 ShoulD:| 30089

Phase(deg)

_l _l _l 200__ :-; \

1UU—_ H
"EVR" is built-in. o

< : > : =>
Identify the Event code & Shot ID ACC timing 1000 Stand-by timing 2000
Range
!7 V:rtical: W auto min: |D max: |1DU Horizontal: W auto min: |D max: |1DU Set |

For each pulse, RF & BPM data can be linked by Shot ID 13



@_&5 Short Term RF Stability

Measurement result of short-term KLYPF RF stabilities

ility - 0 - 0
KLY HV Stablllty. 03A> pk pk (0056 rmS) PY Mame : LIiRM:kL_36:KLYPF_AMP_AYE:MIN | cohnect. |
11350
2| 11340
Amplitude stability 2/ 11370
AAJA(%)= 5/4 AV/V(%)= 0.063% rms § 11720
11310 -

Phase stability
AO = 4deg*A V/V(%)= 0.2 deg rms
(from -4deg/%)

I
19/06/28

[ [
13/06/28 13/06/28
1d+27+30 1d+r28:20 14:23:10
Time Axis

Masct 11351.857 Min: L1302, 34€ [ Ave: 11327.706 Std:| 7.757 | AA/A= 0.068% rms

Consistent

Phase (deg)

K(Perveance) = 1/V3/2
P=mIV = 1 KV3/2V = 1) KV5/2,
AP/P=5/2 AV/V.

AA/A =5/4 AV/V

PY Mame 2 LTiRM+EL_36+ELYPF_PHASE_AVE :MIM | cohhect |

343 —

348,50 —

245 | #

[
15/06/28

[ I
19/ 06,/28 19/06,/28
1427430 14+28:20 14+29+10
Time Axis

Max: | 349,043 Min: 347,727 fve: 348,754 [5td:] 0,184 | AO=0.18deg rms
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Application of RF monitor
The Last Waveform Saving at Klystron Interlock

The cause of interlock is identified from the last RF waveform.

13_20190616_11075 VSWR SHOTID:43419,43420,43421)
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Application of RF monitor
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Super ) °
cece K ystron Pulse S ortening Detection
T 4
Klystron pulse-shortening events detected by using RF monitor data
KL 54 KL_54_20190621_060914_148_NIM_pw_pulse_width (SHOTID:38287,36288) w_pulse_width (SHOTID:15589,15590)
12000 T KLYPFCD) — 12000 —= o KLYPF : — 12000 —— . . KLYPF_ ‘ .
10000 - | | - 10000 ~ | . 10000 | [ | —
8000 | | Normal | ‘e[ | Short - 800 [ | | Short -
6000 |- \ . 6000 - l a 6000 [ -
4000 —‘ \ . 4000 —‘ | b 4000 7‘ K .
L - [ R — [ W .
2008 I I Imw | I ! ! | 2003 ! L W g | ! . ! I 2003 i N ) } ) | N
0o 2 4 & 8 10 12 U 16, 0o 2 4 & 8 10 12 U 16, o 2 4 6 8 10 12 14 16,
14000 S SLEDPF(-1) | 14000 | SLEDPF | - _ sieoer |
12000 |- - 12000 - ] r 4
10000 ~4 10000 - y B ]
8000 [ . 8000 . R ]
6000 | 1 6000 - ] . .
4000 y 4000 s u ]
2000 [ . 2000 - . c ]
0 | I | | | 1 0 1 | L L 1 L 1 | | 1 |
0 2 4 5 8 10 12 W 16, o 2 fp 5 & 10 12 1 1 (ws] o 2 4 6 8 10 12 1 16

Beam might be injected the MR

608 ————————————1 l-day History of Klystron Pulse Shortening +—————+—+—+—+—+—+———
KL B4 HG Fulse N
a88 500
If high voltage is reduced, pulse shortening decrease or disappear.
488
300 | KL- €2
222
288
KL_.54
1Elﬂi? 69
37 32
ﬂ 1 1 1 1 1 1 1 1 1 1 1 g 1 _I4_ 1 1 1 1 1 1 1 1 g 1 1 1 g 1 1 1 1 1 g 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1

A2ZAJ A4B1 B2B3 B4 B5B6 B¥BAC1 C2C3CACOCECTCE11 1213 141516171821 2223 2426 27 2832 33 3435 36 37 38 41 42 43 44 44 45 46 47 48 51 52 53 54 5556 57 61

unit nane
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Motivation

Beam Induced RF Monitor

Monitored RF phase is affected temperature drift of cable and monitor system.
By comparing the phase of driving RF and beam induced RF in the accelerating
structure, we can expect to get the beam phase against RF without system drift error.

Amplitude estimation
ACC Grad : 20 MV/m

-40.9 dB
Beam Induced: small

180 kV/m @ 2nC, 3.3ps

Fast ATT switching module

/ 30dB or 40dB
@_/5— ATT —0,(:\._

®
[Beam & Hv_off]7 Fast Switching

Judged by

~

Sect: B — | kLY: KL_BF —|SIG: KL_BEF:ACC —-|Tgpa: Amp/FPhase

Server

UF Update:

- | Event: KEE — | Last: Mone

=

rfmonwxib?  Recordbame: LIiRM:kL_B7 tACC_WAVE_A:KEE

Start | Stop | Serial: | 152007 Cal: | UnKnown

U] | OFF

2018/12/10 17:55:47, 400847554 Interval: 100 — | [ms] Offset It -2 0O -6 Angle: 300

\ beam trigger & HV trigger

fmp Ave,: 2202 Phase Ave,: 263 PeakAfve Range 1559 - 1569 W fmp2 fve,: 726 Phase2 Awe.: B9 Range: 520 - 550 M
CH:| 7 EwentCode: | 31 Countery| 198 ShotID: | -24233

2000 — | d

1000 - Beam induced

i i At
< >
1000 2000
ACC T|m|ng STB Timing

Rang
’V Vertical: M auto ming |0 macd (100 Horizontal: ™ auto 0 nax [100 Set. || [0 CH -~ TIME(w )|
CH:| 8 EwentCode:| 31 Counter:| 198 ShotIDi|-24233

200 - s 4 | T fn s iy || i | | I

] |1‘ e Sl | RO RN A i lil"!"-IlL ! | | ’
N 7 3 H g MRS S M L g 10 81 ;I
200 I A ll I? 1P ||!“ .i‘ (- L '“Il ||\r_||.|n. il I‘
1| M I & | Ik l$ (4 k ‘|
100 | Iles 28: | il ; H -||
t by G " II | |
P ase | il
I
1000 2000

Rang K oaxi
’V Vertical; M auto min: |0 maxs [100 Horizantals @ auta ming |0 maxg (100 Set. || [’ CH ~ TIHE(us)|
2018/12/10

Installed Unit : A2, B7, C1, 12, 22, 38, 45, 53, 57

17
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<EKD Measurement of Beam Induced RF

~

Sect; 4 —|KLY: KL.45 —|SIG; KL4IACC — | Tups: AmprPhase — |Event: KBE —|Last: Mene — Amp“tUde Of Beam |ndU ed RF VS Bun h ha rge
C . chcC
Server:| rfuomuxids  Recordiane: | LTiRH:KL_453ACC_UAYE_ATKEE Start | Stop [Serials| 152026 Cal:[unknon  oN | oFF

|mF Update: [2019/06/79 20:53:41.96153259% Intarval: 100 — |[ns] Offset It -4 0: & Update ItJ0 u:lo_J fnglet 0 mnglazlo,o__l 1.1 T T T
Anp Aue,i 22066 Phass Aus.t 242 Peak/Ave Rangs: 1540 - 1550 M WflﬁJ Anp2 fve.: BBL Phass? Ave.: 26  Range: 515 - 540 M [E1g |- [540 y = 1_4773E-4 X + 2_963 6E-3
CH:| 7 EventCode:| 31 Counter:| 57  ShowiD:| 27164 | 105 L i
20000 g
KL_45: KBE o 4] i
10000 \G..;
o
c 095 | 1
’ S
1000 ‘ 2000 %
o % ax c 09 L .
Wertical: M auto min: [0 nec 100 Horizontal: W auto ming 0 nex[100 et | ’—0 v TIME(us)‘ 5
oH:| 8 EventCode:| 31 Counter:| 57 shotiD:| 27154 <
, © 085 | .
o ‘ o skt i 3 @KL_45:KBE
200 li', ) B 'H o I?”'--’f'.:‘iu H|| f e n 0.8 X X N
i . i 1 il ¢ j
0 \1 ] (e "; ‘ | !' | 4!1 . Hi 5500 6000 6500 7000 7500
& LR I ol
® 24 Amplitude of Beam Induced RF (a.u.)
10‘00 ‘ 20‘00
Amplitude of beam induced RF is proportional
2019/06/30 00:00:00 ~2019/07/01 00:00:00 to bunCh Charge' (pIOttEd at the same ShOt |D)
3000 30 ®
7800 Beam-Induced-RF Phase et o
7600 * e *
7400 ~g28 KL_45: KBE
7200
7000
When beam phase changed
G300 26
6600 _} @2019/6/30 10:18,
6400 o : R .:E ;‘; “® beam charge increased.
*
G200 24 :2’ IS 0. ’.0‘ .0 . . ’. ’:‘
G000 *e .
o0 s Beam-Induted-RF Amplitude
5600 Moo @ & LIRM:KL_45:ACC2_AMP_AVE:KBE:10S
5400 @ LIRM:KL_45:ACCZ2_PHASE_AVE:KBE:105
5200
5000 20
19/06/30 19/06/30 19/06/30 19/06/30 1906/30 19/06/30 19/06/30 19/06/30 19/06/30 19/06/30 19206/30 19/06/30 19/07h 18

00:00:00 02:00:00 04:00:00 06:00:00 08:00:00 10:00:00 12:00:00 14:00:00 16:00:00 18:.00:00 20:00:00 22:00:00 00:001
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* Linac reference RF control system are almost established by installing injector MOPS,
S-band PS, and MO phase drift compensation system.

* RF monitors are installed for all RF power sources.
Not only stability confirmation, they are utilized the investigation of interlock event

and the klystron pulse-shortening detection.

* Beam induced monitor is currently under development.
Beam phase information is so useful to confirm the operating condition.
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Future Work

* Amplitude & phase controllers with digital mode are required for SHB1/SHB?2.

* Replacement of old coaxial cable in RF distribution line is necessary due to contact failure.

e Change RF drive line from sub-booster drive to SSA drive (Sect 1: already done)

2856 MHz

2856 MHz

LLRF
control
unit

LLRF
control
unit

Sub-booster

Solid state
amp.

klystron

60 kW

not available

19A

0 dBm 23 dBm
Mecl:galzical 16A| [190A| |1dA]| |16A]| |10A| [10A| |10A
High power
klystron\/\/\/\/\/\/\/\/
Solid state
amp.
0 dBm 23 dBm

Mechanical |14 A IpA 1A IpA IpA 1A IpA
IpA
600W

Solid state
amp.

High power

klystron

VV VYV VVVYV

Instead of sub-booster,
600W SSA will be installed
in each unit.

20
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Back up
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Diagnostics of RF Stability by RF Monitor

Water Temperature vs. RF Phase of ACC Structures

117 31 [ LiRM:KL_BS:ACC_PHASE_AVE:NIM:10

Sdeg 30.98 E l LIIRM:KL_B3:ACC_PHASE_AVE:NIM:10

30.96

316 # . LIiDL:GL_BB:KL_BT:ACC_IN

30.94

1 ACC_PHASE@KL_B3
315 ACC_PHASE@KL_B5

3092
30.9

3088
314

30.86

o AT=0.26°C

a0.82 '
308

313

312 we A@=5 deg
Water Temperature 10,78
an 20,74
3072
310 "307

19/06/24 19/06/24 19/06/24 19/06/24 19/06/24 19/06/24 19/06/24 19/06/24 19/06/24 19/06/24
00:00:00 02:00:00 04:00:00 06:00:00 05:00:00 10:00:00 12:00:00 14:00:00 16:00:00 18:00:00

Cooling Water Temperature fluctuation is causing RF phase fluctuation
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A n g 0 v v 0 v g
223 230 240 250 260 270 280 290 300 310

(1) Beam energy is split

Application of Beam Induced RF monitor

Beam Phase Confirmation for Energy Spread Tuning

| ) S e I3 e
223 230 240 250 260 270 280 290 300 30

Beam tail

correctioE

@screen (SC61H1)
PV Name : |
131 —
“og 1 *
Dil| 130 o t
B i y 2
. C1: ACC_RF_Phase 1
T T I T I T
181211 18211 a2
19:53:20 19:56:40 20:00:00
Time Axis
PY Name :|  LRM:KL_Cl:ACC2_PHASE_AVE:KBE | connect |
g) (2 R 1. PP (=)
W BRI 0.0 a¢ ol
Q 212 >
3| SCY .,
o ... LL" ~ ¥ ] L]
e » C1:ACC_Beam Induced_Phase
18.‘1!’2."11 I 18.‘1!’2."11 I 18.‘1!2."11 I
195320 195540 20:00:00

(2) SHB1(114MHz) +1.5deg
Beam phase: -2deg
LERM:KL_C1:ACC_PHASE_AVE:KBE [ connect

20 300 310 3W I

(3A) Buncher +1deg.
Beam phase: recovered

Correct procedure

g v v v 0 ot
310 320 330 340 350 364

(3B) All S-band RF -2deg
(except for buncher)

Crest phase => shift
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LLRF Control Unit

presented in KEKB Review2014
IPAC2018, WEPAKO18

LLRF cont. unit

60 kW Sub-booster kly.

LLRF cont. unit

we T
8 klystrons 40 MW Klystron
SLEDD-I SLEDD-I
B N B

Driveline by sub-booster klystron(left) and
independent driveline (right)

Frequency

RF output level
Linearity of amp.
RF pulse rise time
Phase setting-range

2856 MHz
+10 dBm (100%)

0.3% rms and max < +0.5%

<35 ns (0 -90%)
0-400°

Video out 1-4
Touch Panel
Armadillo
(CPU)
- 114.24MHz
Interlock le— - CLK
RF ON/OFF |=———pt FPGA VSWR c
og
- board = AD/DA — AN = KLY Pf
TTL ©
Pulse gate —— 2 board — Log r KLY Pb
0°/180° gate —> S &5 EL
@]
. = [
Event fiber T y
- I/Q +—— RFIN
t

system SFP | EVR 43 Demodulator (e—

EPICS @ | LO

10C . i/a — RF OUT

»  Modulator
8ch Level Out — Q LO
EXT
Ref.
Amp ctrl > AD/DA |
Phase ctrl > 2856 MHz

(0-10V)

< Functions of LLRF control unit >

Pulse modulation (AMP & Phase)
VSWR meter (Power detection)

1ch RF moni

tor

Event receiver

Pulse shortening detection
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Installation of LLRF Control Unit

KEKB Review2014
IPAC2018, WEPAKO18

R
- B7:

BUN, RF-Gun

RF GUN for low
emittance 5nC beam

Installed this summer

26 (+1) LLRF cont. units
in operation

For BCS@J-arc  Energy Knob
Buncher Prebuncher SHB2 ~ SHB1 ~ Thermionic GUN for
Sector B Sector A 2856MHz 2856MHz571MHz 114MHz positron generation
B e e e | — e-
o N s Y s Y s |
10kW Solid State H H n Hp— n
it RF phase is set in "Digital mode
40MW Klystron | A High power N
10A 10A I0A DA IOA 'gg’;w solid's ATT/phase
olid State shifter (IQA) H Hp H
Sub-booster Amplifer (SSA) RECEIVE d |g|ta| data d | reCt|y
LLRF LLRF (S8)  [LIRE LLRF LLRF : : :
cont. ) cont. cont cont. from EVG via optical fiber
u2it uiit unit unit unit
1 _SB-B 90m . e o7
Event & TV Low noise & good reproducibility
Clock
System 571MHz
= Coaxial cable line
Laser . . . i
_ — Optical fiber line Thermostatic
system chamber
X Main drive system
N 509 MHz i SB-5
MR Cont. ¢ Optical link
Sector R 510 MHz Frequency 2856 MHz >
1751 4 —
Ry Phase shifter
/divider
10 MHz —— 5 6-1
Linac MO ,_0 571 MHz | Mu_lti_plier LLRF LLRF
571 MHz Phase shifter /divider 0 cont. cont.
1= : unit unit
2856 MH
80m r 30m * TRE LLRE LLRE
[5B1 cont. [sB3 SB-4 cont. con
- unit unit
60kW Kly.
v oo
ing 1.1 Ge
I0A I0A I0A o, 10A oA | OA | OA | oA 2.5GeV,0.1nCX 1
e
] 00>
e+ capture compression § 4ff Compress\on m m For LER
T L‘fj&p L‘fj&l_ lfmimfp mmmmmm 40 Gevancx2

e- bypass orbit

Sector C Sector 1

E-Knob

Sector 2

Sector 3

E-Knob BCS, ECS

Sector 4

Sector 5

For HER
7.0 GeV,5nCX 2
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Monitored phase with the clock based on Linac MO

9 T T T T T T 9
g - |—LINAC MO (571.2 MHz) lg
— | |=——Ring MO (508.9 MHz) |
@] [
[} o
S 6 16 3
o S,
n 5+ 15 ()]
£ g
4+ 4
0 o
=3 3
5 =
I 2 J 12 2
Z - —
I 11 &
0 Nomammaaimmians AN A ANRAAN AN rard ()
_.1 1 1 Il Il Il 1 1 1 _1
0 8 16 24 32 40 48 56 64 T2
Time [hours]
Phase drift between Linac MO and Ring MO
® Making BCS@RTL tuning difficult
BCS RF : 2856 MHz (Linac MO x 5)
® Drift of MR injection phase
f —;' :::: | : Ring MQ Room Temp. [deg g:j:: 5 \
Strong correlation with A NV\]\NWN . B
Ring MO Room Temp. ® - N 2 §
. b 22 =
(by T. Kobayashi) £ g
g 141.0 {——Ring RF_Phase monitored at Linad 20 '-’:E
K 8 85 Ti::)u - 95 100 j

== Phase Drift between Linac MO & Ring MO

DR

BCS Cavity
BPM1 (BPM before BCS cavity in RTL)
I BPM2 (BPM after BCS cavity in RTL)

— 1

-
ra

Horizontal Beam Position [mm)]

Phase [deg]

o]

S
T

o

o

b

jl RTL (BCS)

Sector 1 Sector 2 Sector 3

Positron Target

|— Phase Difference‘

@571.2 MHz
1 2 3 4 5 6 7 8 9
Time [hours]
490
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<e<z  Under-sampling Technique for Linac MO & Ring MO

LMO(571-2 MHZ):RMO(508-9 MHZ)=55:49 ¢ fLMO/f:S‘ — SS/M — 55/12 g:r:pi:\;irgfﬁiﬁMHz
El "~ﬂy 1l | l\ i |
- tvo 17| } {1111 (R E A
Temperature Stabilized Chamber £ | 1 l T | i | !
Phase Monitor AL StAENOL R ALY
372 m PSOF Ethernet «——»| EPICSIOC . L ) 7
from Ring MO - = 9 M = 4'9 12 zgdn?p:gsgig(kzmmawz
0 e }/_ADCZ_DDC_’ |fRMO/|fS/.(T / N
1| Ps2 s (i IR R
SG Pel 2 > apc1 HHppe [—3 AA@AAAJ;};‘Q;T# |
571.2 MHz LMO ¥ Ql S !
. Clock 2 M-l 2% - N
Clock Generation = = zInl cos .n
a2 o (T
fs=124.63MHz n=0
M-—-1
fi 2 2 - N
LMO - 1 .
fi = 5 Q= ¥ Zm[n]sm( A7 n)
4+ n=0
12
I M1=12

y

LMO: 571.2 MHz — AIT)CI DDCI% N1=7 ) Prmo = tan~1( Q1 /1)

2 Ormo = tan"1(Q,/1,)
M2=12
RMO: 508.9 MHz—< ADC2 DDC2
f Q2 N2=1

A 4
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<EKD Measurement of Beam Induced RF

Trend graph of beam induced RF @KL_38:KBE

P Name LIiRM:KL_385ACC2_AHP_AVE:KEE Pulse shortenlng @ KL_B4
N KL B4 20181210 183659 739 KBE pw pulse width /
g 460 9000 - |’H"_"th KLYPF(-1) — 9000 - ‘r_ﬂh‘__jh‘ . KLYPF . .
i 7000 F E 7000 [ E
6000 - | ] 6000 - ‘ g
2 | 40+ e ' Normal I 1 | 2018/12/10 18:36:59 KBE
e . i I ]
- L 1 A L 1 L L 1 L L L L i Il
g 400 - 0 2 4 6 8 10 12 14 16 [us] 0 2 4 6 8 10 12 14 16 [us]
= 18 C T T T SL\EDPF‘]D T ] 18! O T T T ?LEDPF\ T T .
, , 13888 [ 1 18 F ]
I I I 12000 |- E 12000 |- E
18712710 18712410 18/12/10 10800 F 1 1goo0 b .
18136340 18138120 18:40:00  S888 ¢ ] 2000 ]
Time Hxiz 2 C 1 | I | | L | 2 L | I L L 1 L |
0 2 4 6 8 10 12 14 16 [us] 0 2 4 6 8 10 12 14 16 [us]
Maxs | 472,281 Min:|399.991 Awe: | 450.797 Std:| 6.418
3000 T SL\EDPB(]D T 3000 T SlLEDPB\ T
W Hame + LIiRM:KL_38:ACC2_PHASE_AVE:KBE || connect | Ersed 1 e ]
1500 - 1500 B
1000 8 1000 |- 8
500 - - 500 A
— 0 . L O [\, Wy L
%D 0 2 4 6 8 10 12 14 16 [us] 0 2 4 6 8 10 12 14 [us]
-5 265 —
~ ACC(-1) ACC
) i 18000 - . : T — 18000 - . . \ T ]
s >deg it & :
= 2607 19800 £ 1 L ]
([a 6000 — - 6000 1
_ 4000 - 4000 1
L S L S S s BN e e o A S S S
T T T T T T 0 2 4 6 8 10 12 14 16 [us] 0 2 4 6 8 10 12 14 16 [us]
1812410 18712710 1812410
18:36:40 18;39:20 18540500 )
Tine Axis Peak amplitude was almost the same,
| Maxt | 269,243 Ming | 256,709 Awer 266,827 Std:| 0,313 but pulse width became shorter.

Amplitude is not so high.
Phase jitter (error) is 5 deg pk-pk.

For more high precision, parameters of attenuator and amplifier will be revised.
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Linac RF System

RF GUN for low

emittance 5nC beam
Buncher Prebuncher SHB2 ~ SHB1 ~ Thermionic GUN for

Sector B Sector A 2856MHz 2856MHz571MHz 114MHz positron generation

B-6 B-5 SB-B
e I e e e IO e e e s I e B e Y O s 1
ﬂﬁ 'ﬂ? 'ﬂﬁ ‘¢T —
o o =] [N=] 10kW Solid State
Amplifier
40MW Klysti
0 ystron High power
IOA IOA I0A IDA IOA I0A ATT/phase
60kwW 600W Solid State shifter (IDA)
Sub-booster Amplifer (SSA)
LLRF LLRF (5B)  [LIRE LLRF LLRF
cont. cont. cont. cont. cont.
unit unit unit unit unit
A A {"SB-B A 90m A 4
Event & ) 114 MHz
Clock
System 571 MHz
= Coaxial cableline
Laser . . ) .
— Optical fiber line Thermostatic
Iy Main drive system chamber
y 509 MHz i . . SB-5
MR Cont.  somm: . SR T Optical link
requency z
ys1 P >
Multiplier Phase shifter m'
/divider
10 Mz v T Frequency Y 6-1
linac MO @ 571 MHz Muttiplier N LLRF LLRF
571 MHz Phase shifter /divider '.p cont. cont.
L : unit unit
2856 MH
80m r 30m * —RE D E— LLRF LLRF
SB-C [SB1 cont. SBA cor!t. con.t,
. unit unit
unit
Damping For PF
Ring 1.1 GeV
IGA 3 IOA I0A '. | OA £ | DA | DA | DA | DA 2.5GeV,0.1nCX 1
o o>
— — Energy
e+ capture Compression W fff Compression [ T (=] = (=] m For LER
ey Ty oy Yy O B ey ey ey ey 40 Geviancx
e e e R ——— ettt -ttt t—t—+ *e
. 5-1 5-2 SB-5
Sector C Sector 1 e- bypass orbit Sector 2 Sector 3 Sector 4 Sector 5 For HER

7.0 GeV,5nCX 2
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