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KEKB Accelerator @
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K. Akai et al.,

Crab cavities mstalred
In four months operation
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Table 2: Achieved parameters during beam operation.

LER HER | unit

Beam current (detuned) 1700 1350 | mA
Beam current (crab ON) 1300 700 | mA
Number of bunches 1389 1389
Crab voltage (max) 1.5—1.1 1.8 MV

Crab voltage (operation) 0.9 1.45 | MV
Tuner phase stability +15 +1 deg
Crab phase stability +0.1 +0.1 | deg
HOM power 11.5 12 kW
Average trip frequency 1.57 1.27 | /day

Beam- Ioadlng on crab cavity

—Ax 0 mm (1. 4MV)
el A x = 1 mm {1L4MV)
—Ax = 0mm (2.0MV)

RF power (kW)
— [
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. 2
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The phase fluctuation faster
than 1 kHz is less than +
0.01°, and slow fluctuation is
about + 0.1°. They are much
less than the allowed phase
error for the crabbing beams

Lii Akai et al., Proc. B-factories, SLAC-400 p.181 (1992).)
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Poster session: M.Tobiyama:
Bunch-by-bunch Feedback System Using iGp Feedback Signal Processor

Bunch-by-bunch feedback
systems using IGp
feedback singal processor

M.Tobiyama, J.W.Flanagan, T.Obina,
M.Tadano(KEK),J.D.Fox, D.Teytelman,
J.Dusatko(SLAC), A.Drago(INFN-LNF)

Supported by US-Japan collaboration in High Energy Physics

LLRF-07 KEK lab talk Shin MICHIZONO




Poster session: M.Tobiyama:

Bunch-by-bunch Feedback System Using iGp Feedback Signal Processor

Block diagram

509MHz
Timing /
Clock
distribution

Bunch
position

FPGA

Vertex |1
XC2Vv6000-6
(FF1152)
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V

32bit GPIO

Feedback

Ethernet
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IGp 2nd board (KEKB)

Poster session: M.Tobiyama:
Bunch-by-bunch Feedback System Using iGp Feedback Signal Processor

IGp board

-
. B

- mini-1TX
(Core2 Dug
T5600 wit
1GB
memaory)
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Poster session: M.Tobiyama:
Bunch-by-bunch Feedback System Using iGp Feedback Signal Processor i)

ADC(MAX108)

DC/D}&_;'chéhyé rter
e .
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> »

USB IF(FT2232L)
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Poster session: M.Tobiyama: (E)

Bunch-by-bunch Feedback System Using iGp Feedback Signal Processor

Longitudinal feedback experiment at KEK-PF

DC-11GHz
14dB Prog. Ait

AQL> nblicp b

RF, frev

RF, frev

!

QPSK
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Circulator PowerAmp

[ ]

Monitor
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Poster session: M.Tobiyama:
Bunch-by-bunch Feedback System Using iGp Feedback Signal Processor

-
* REF 13.43 dBm
REF 13.43 dBm 10.0dB/  *AVrte Auto B Blank Aulo

10.0dB! *AWrite Auto B Blank Aulo

AUTO  MHL

CENTER 1.000 GHz SPAN 1.000 GHz
START 500.000000 MHz STOP 1.500 GHz RBW 3 MHz ¥BW 3 MHz SWP 20 ms ATT 30 dB
RBW 3 MHz VBW 3 MHz ATT 30 dB

Transient domain analysis using grow/damp function of iGp
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For detall, contact at poster session
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introduction (1) -- J-PARC Facility
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Pacific ocean

RCS beam commissioning began in October 2007,
MR first beam is to be in May 2008.
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J-PARC Facility ©

Hadron Experimental

Phase 1 Facility

Phase 2 8 GeV Synchrotron Materials and Life
(25Hz) Experimental Facility

1

Nuclear
Transmutation

Linac
(Superconducting)

40d Mee

Linac
(Normal Conducting)

50 GeV
Synchrotron

Neutrinos to
SuperKamiokande

The Japan Proton Accelerator Research Complex (J-PARC) will be one of the highest intensity
proton accelerators in the world.

It consists of a 400-Mev H™ linac, a 3-GeV 1-MW rapid-cycling synchrotron (RCS), and a 50-
GeV synchrotron (main ring, MR)
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J-PARC Linac

(Present State)

- Accelerated particles: H™ (negative hydrogen)

- Energy:

181 MeV, The last two SDTLs are debunchers

- Peak current: 30 mA (50 mA for IMW at 3GeV)

- Repetition:

25 Hz

- Pulse width: 500 us (Beam), 650 us (RF)
-Acceleration Frequency 324 MHz

-Cavities

Normal conducting (Ql ~20,000) 3-Gev
Synchrotron

RFQ: Radio Frequency Linac
DTL: Drift Tube Linac (3 modules)
SDTL: Separate-type Drift Tube Linac (15 modules) L3BT

Buncher(x2)
Chopper Debuncherl Debuncher2

IS=

REQEHDTL [ sbtt M| ]

H- lon

Source

3m 3m 27Tm A 91m )[\ o
MEBT1

3 MeV 50 MeV 181 MeV

< 300m g
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Monday'’s talk T.Kobayashi: Performance of J-PARC Linac RF System

RF Reference Distribution System ¥

KLYSTRON GALLERY 3-Gev Ring
19-inch Rack —_—
at the first LLRF . ”"'-'— 400 m = L3BT
control station 23| #17 . (@} (Phase Stabilized Optical Fiber (PSOF)) (Deturcher)
3 ﬂ L
Optical @g I s rJ-Ten‘u:uera'ture of optical cables T ]
L= Amp. c%m = and dividers are controlled by
1550 nm 3 S 17 Optical Lines \ cocling water system J:H
&% : 1x5 1x5
e
+21d8m | "¢ | #02 . cPCI Module
== ToE Tem ergilurel: O/E -3-0d
— #01 Yo tablizer ¥ x 80 LLRF Stations
P79 LLRF
312 MHz 11 FB System
| |

e 524 MHz

€
El_ RFQ LN oiL | SDTL
T 00 972 WAz

H lan $ ‘T
o E reh b Bunchar(x2) q
SOUSE g ey Ch:wg[‘*z' 50 Meav 191 Me ¢ 400 MaV (Phasa I} [ 500 Mav

. vy

Master
Osc. KLY

Optical Signal:

Blactrical Skgnal:

ADS
e 972 MHz —
ACS

The 312-MHz RF reference is distributed to all LLRF control systems through optical links.

It is optically amplified and divided into 17 transfer lines, then furthermore divided into 5; one of
them is returned back to the first station for phase monitor.

Optical cable is the Phase Stabilized Optical Fiber (PSOF). (The thermal coefficient is 0.4 ppm/°C.)
Temperature of the optical components (E/O, O/E, cables, couplers) are controlled to be constant.
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Stability of RF Reference

Return

-
[ I i A
The phase of returned signal from L3BT Build was outdoo Bl
measured. (total about 800m line) buiFied pine
Transmitter and Divider
|'_ Optical Coupler _1 — {
: ~ ! )
: &0 =L : ' DTL3
| Optical |~ [Pt IE_DTDLT]Lz Insulated Duct
) P T RS | &= (with Cooling Water)
: Oven :
| 312MHz : }‘ total about 800m
Phase trend ||
for 4 days ||! Klystron Gallery
e T T T T e
T L Cooling Water Temperature
SO0 ey 270
< -98.20
— = Monday'’s talk T.Kobayashi: Performance of J-PARC Linac RF System
U 5
g a0 = Stability Measured Spec.
= 0 Result
[ -98.50 i O
oo EASY = Gallery Temp. +1.7°C within =2°C
waro f Phase of Ref. +0.06° within £0.3°
[ Klystron Gallery Temperature
-98.80 L i i i i 20.0
0 20 40 4] B0 100

Time [hours]
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Low Level RF System Ao

Monday'’s talk T.Kobayashi: Performance of J-PARC Linac RF System

EPICS CTRL System EPICS LLRF PLC
-LAN : -
Signas VME/ 10C
—— |Beam Gate Fart ?LYKI;’f,EF;rf P 3stub ; )
NIMn|m|ng Interlock i AT Phase =
————/RFGate E!—Yﬁr@' Shifter
%1p2t?';:lz Py Pl gain set Tgrfmfg Arc —
Reference Dlgltal FB /cPCI CPU } FB- ONfOFF
RF&CLK Generator M _F ’ ih ?%mngonuollable
pLLvco \324MH Pulse AnaogEe : (1
1126 am --Mcéd IQMm Tank1 Funer
Ny RF SW| 20dB oD
Beam
Gate (1/Q | I/
b_||o | KLY FB Loop
Tank1 Mon.
312MHz - Tank2 Mon. Cavity FB Loop
] = ]
» One klystron supplies powers 2 cavities in SDTL section.
EPICS IO . . N .
» Digital FB system (FPGA & DSP) is used for the cavity field stabilization.
I » The FB system controls the vector sum of the 2 cavity fields. The RF
LLRF PLC  __Interlock reference is 312-MHz optical signal (received by O/E converter) .

System > Cavity-tuners are controlled from cPCI by way of PLC.

> Fast hardwire interlock is connected to Pulse Modulator (outside cPCI).
» Analog fast FB will be used for klystron FB loop. (It is optional.)

cPCI FB system
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J-PARC linac Digital FB Control System @)

CPTT  ACP-128-1 Ethernet | ———> EPICS LAN+

cPCl is adopted for the crate. Pertinl/] 66 Hae Ethemnet 3§ €—> FLC LANY

COM 1| €—> PLZ PC Link 2+
ot 1« Display/Key-Board/M ouse ——
L. CPU Resat.,
FPGA based digital FB system
) CTRL IO | control|l€«—> PLC DI, D0
FPGA: Mezzanine card of the Trig/Crate| €—— NIM/Timing~
commercial DSP board Serial [ €—> PLC PC Link 1«
Slot 2

Ba Ic HM -

DEF  Barcelona

RF&CLK
CPU Mixer&l/Q [psp1] (psp2) (psea) (pspa)
DSP/FPGA
lle) U
Digital Analog

~ | e—— Tank1 Ve
e |\l [
) @_} M & Tank 2 Pfe
;t:f‘MH i —> 24MEFE
» 2-FPGAs (2x VirtexII 2000) are =
installed with 4x14bit-ADCs and4x14bit- e TR [
DACs at 48 MHz sampling 324 MHz, M : Eﬁﬁiﬁiﬁj
> DSP board enables to calculate complex :j;;MHZHCU{ 120 > 312 MHz LK
diagnostics such as cavity control. Slot 3¢ = > 324MHzERe
» FPGAs are used only for fast feedback.
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Beam Loading Compensation @

No FF control

4100 [ T T 1 -120.0
|—CaV|ty Amplltudel @DTL2 ]
S 4000 | A -122.0 A
S +-2.7% ] &
o —r— y | =)
2 3900 ¥ -124.0 ¥y
= r . 1 g‘
a [ ()
=) ; IN | +-15deg. &
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g : - -#‘J 0(3
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I e
8 3700 Beam Start | ¢ W 128.0 %
- Beam Loading ]
I 50 us, 26 mA ]
3600 bt 0] 21300

200 250 300 350 400 450 500
Time [ps]

Beam Loading in DTL cavity field with
only FB control.

Peak Current: 26 mA, Pulse width: 50 us,

The amplitude change: =2.7% ,
Phase Change: 1.5 degrees

\Al:fl’\ Lood 'Fr\r\nlgrnl /I:I:\ cnn t a

LR "A A |

T VVIAT A /\JUI

with FF control

4100 —————rr—rrr—rr—rr————— -120.0
— 4000 | | 1220
=S -I — Cavity-Amplitude | @DTL2 ] g?
. [ <
=, +0.2% 1 =
S 3900 | -124.0
= . =
:a 50-ps, 26-mA Beam ] &
I o
L -+ 1
g 3800 puswsw ‘ ;2;—3% -126.0 el
' I ug
g | == -Cavity-Phase I o
S 3700 | | ' <
@) [ Beam Start DAC Output
Z : ] 2
3600 Lot il iy e §
200 250 300 350 400 g\—DAcm.,Ampmm o
. & nao i g
Time [us] | 2 b T
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By using the FF control
the beam loading was successfully compensated.
(Amplitude change: +£0.2% , Phase change: 0.2 deg.)

However, it is necessary to adjust a timing of a
control gate by 0.1-us step for optimization.

Optimum values of the FF amplitude and phase depend on
beam current.
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Long Term Stability @

The stability of the RF feedback system in long-duration operation was evaluated..

The trends of the amplitude and phase of the DTL2 Cavity (Input Power 1MW)
measured by external monitor (indenendent of FB svstem) for 2 davs
Monday'’s talk T.Kobayashi: Performance of J-PARC Linac RF System
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RCS and MR machine status @

Wednesday'’s talk F.Tamura: L LRF Control Systems for J-PARC
Synchrotrons

RCS beam commissioning started in Oct 07
MR 15t beam will be in May 08

MWPM4
LBPM(324) MWFPM3

MWPMe MWPM7
MWPM5

nd & 3rd foils
A‘j’]N"’

sep1 | MWPM2

' ISEP2 | I
T
K-BPM (324) QDX FE1 PE2

—y————
‘_

| ?mA S0us-
i A= % i I
QFL SB1 SB2 | SB3 SB4 QDL PB3 PB4 QFM e Y : .
Big-BPM1 1st foil Big-BPM2 i e
HOUT” H"‘"" :
RCS: “HO-dump mode” only, beam has not yet been
circulating
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LLRFfor RCS and MR  ©

Wednesday'’s talk F.Tamura: LLRF Control Systems for J-PARC
Synchrotrons

Cavity Q=2 (RCS), 10~20 (MR)
LLRF systems are designed to handle multi-harmonic RF signals

Full-digital, DDS (direct digital synthesis) based

Common feedbacks for stabilizing the beam

Beam feedfoward system for compensating the heavy beam loading.
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RCS LLRF block diagram (MR is similar)

MAIN BLOCK FEEDFORWARD BLOCK

SPG module Y e x 12

Dedect

13 vector . T
h=245FF BCA
! H m—

+ + 4
Frequency FB imag Phase FB

Dipde hag
BE.

{1.12) Cavity

Block diagram of RCS LLRF system (MR LLRF has similar blocks)

Blue: common for the whole system, Red: for each of the 12 cavities

Wednesday'’s talk F.Tamura: LLRF Control Systems for J-PARC
Synchrotrons
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Wednesday'’s talk F.Tamura: LLRF Control Systems for J-PARC
Synchrotrons

FRFG board

e RCS hardware completed, MR
ongoing

e VME based, 9U boards

e FPGA (Virtex-ll etc.)

— strong computing power

LLRF-07 KEK lab talk Shin MICHIZONO
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Tek_S_t-_::-_pE - — L~ Wednesday’s talk F.Tamura: LLRF Control Systems for J-PARC D

f Synchrotrons

Ch1 Pk—Pk
624my

Ch2 Pk—Pk
632mv

Ch3 Pk—Pk
636mv

Ch4 Pk—Pk
636my

Chi| 200mv < (Ch2| 200mv<: M4.00ms A Ext 7 400mvV|
Ch3| 200mv & 200mv 3 Oct 2007
i1+ [9.60000ms | 15:02:28

Voltage monitor signals of four cavity (12.5kVpeak) , AVC is
working

*RCS LLRF has been tested with high-power system

*3 GeV acceleration will be in November-December
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o
Plan of Superconducting RF Test Facility (STF)

PNC b 9
i
PNC
modulator
AR-east mod}:lato "
cryogenic
s;ystegm S5MW Iv *new SMW kly modulator
2K 20W line ‘ new
new UV Lase S0 10MW
(ILC struc.) MB klystron
270Me\
- —0 0 Ollo_© 0Il0 O O TOONY g
Beam Diagnostics \ Beam Diagnostics PNC
200kV DC gun RFgun beam dump
of ERL develop
new 12m (8 cavities) Cryomodule x 3
(TESLA shape 35MV/m)
\

/
new 5m Cryomodule Nhew 5m Cryomodule
(45MV/m 4 cavity)

(35MV/m 4 cavity)

V3.0 Hitoshi Hayano, 12/02/2005
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Presenter
Presentation Notes
Many rf cables are wired from accelerator tunnel to service tunnel.


STF phase 1/ phase 2 \(@)

. Phase 1 (2005 -2008)
— Operate 8 cav. Vector sum with cPCI digital FB system

— Stability requirements: 0.3% in amplitude and 0.3 deg. in phase

— Install EPICS to the lIrf and other systems and operate with EPICS
— Data acquisition using EPICS

— FB algorithm development

— Survey of field stability and perturbation (shared with world-wide LLRF
team)

 Phase 2 (2008 -2010)
— Operate 26 cav. Vector sum with HA digital FB system
— Stability requirements: 0.3% in amplitude and 0.3 deg. in phase
— Install EPICS to the lIrf and other systems and operate with EPICS
— Develop 32ch receivers and FPGA board (or IF-mixture)




SO

Phasi

STF long-term Plan

H. Hayano 04112007
RDR

2006 2007 2008 2009 TDR 2010
4 8 12 1 4 8 12 1 4 8 12 1 4 8 12 1 4 8 12
cool down 270MeV beam ON end of Phase1
(phase 0.5) - (phhse 1.0) - (phase 1.5)
[ e et BRCTT 4+ 4 cavity cryomodule
""" : Cryogenic System
| Fabrication operation for STF phasel Fabrication for phase2 [ phase2 uperalion|
for coupler test for coupler test #1 Modulator(re-use), SMW klystron(re-use) |
Fabrication operation #2 new Modulator, new SMW klystron,
| WG, RF control
[ Design [ Fabrication [ st ] operation e-source, beamline, acc. system (phase 1.5)
| operation clean-room for phase 1 string buildup
[ Fabrication ﬁ cav. process facllitieeI(EP, CP, HPR etc)
I EP process & test I smgle-cell study
S0 tightloop [[KEK cavities/US cavities /L

(3-!-3-!-3 ““wtwﬂ SFipr g
QN nraductinn_lika shidu 10 csvdtiae Eahsinat,

STF phase 1 will start from 2008. |
STF phase 2 will start from end of 2010. 1

ILC cryomodules [ Design | Document  [iiSSIbn Fabrication
permission permission 3 cryostats, 24 cavities Final
process receive inspection
start
Cryogenic System| Design Document -n Fabrication | test lconnection]
Mod. & 10MW MBK | Design | Fabrication operation |

tunnel access hall| Design | Construction




Digital LLRF FB control @STF phasel

©

JPARC linac
LLRF

324 MHz
Max. 2 cav.
IF=12 MHz

LO=312 MHz
Sampling=48 MHz

STF phase-1

1300 MHz
Max. 8 cav.

16 bit ADCs
IF=10 MHz
LO=1310 MHz
Sampling=40 MHz

STF phase-2

1300 MHz
Max. 26 cav.
IF=10 MHz
LO=1310 MHz
Sampling=40 MHz

Digital
cavity simulator

J-PARC STF Phase-1 L. .
Concept of the digital system is based
Cavity Normal Super
on J-PARC.
Frequency 324 MH z 1300 MH z
Gvale -~ > We developed new custom FPGA board
Rise time 100 us 500 us for STF
Pulse width 650 us 1.5ms
Phase ~30deg. ~60deg.
difference
Pulse voltage Lorentz detuning
others Microphonics
Amp. Stability +1% 0.3%rms
Phase stability +1deg. 0.3deg.rms
ER Innr\ 1lus 1S,
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LLRF system @STF Phasel @

J-PARC based LLRF system
Digital FB system using a FPGA board

|. T i /
m 200 W Amg

PLC LAN LLRF PLC
Timin
Signals PCLink  RS232C DA s
; iy Arc ) IFCA rc
1Roer¥| Hz 1 Detector .Camy A
. Fast J - Cavity 8 Arc
] | nter lock <_‘
CPU VSWR - Kly Pf,Pr
M eter “Circ PT,Pr
BUS
i @ e Circulator .

y
RFECLK oo (170 Pulse W Lo oon o2 4
Mod |/ ; 1£

DSP
BUS| [ pac

10 MHz/ FPGA
40 MHz Dsp

——— 1310 MHz ~ Mixer Cavity Vc
k_xg)7_mwmon pf 31




FPGA & DSP boards @STF Phasel ©

=1 Custom FPGA board

: Mezzanine card of the commercial DSP board
10 16bit-ADCs and 2DACs + 2Rocket IO

40 MHz clock

| External HOST!

Ethernet

PLC

Commercial DSP board (Barcelona)

(same to J-PARC system)

‘4x T1 C6701 DSPs

Can access to FPGA like an external memory of DSP

000006 F OEONO) 5
e ﬁ(gﬁ D @) (&) (= (e e Real time intelligent diagnostics by DSP board
S S g g S g § g .C.PU board i I,.f'D board .
L - CREREREREEREREEE § s Output max
FEEEEL R s A
5 T 3 £ |
m 1% VirtexNIPro XC2VP30
<4'\ DSP board RF off
PEM Spectrum Barcelona . . .
— | @ ceron (by diagnostics in DSR)
40 MHzTrig
10ADG+2DAC+1FPGA
L Y - MRF-03 (Hirose)

Low-profile coaxial multiple contact connector

fft power [dB]

Poster session S.Michizono: Status of the low-level RF system at KEK-STF

N 10 MHz IF input

with 40 MHz sampling
N=4,000
|

~140, 5 10 15 20
frequency [MHz]
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Cavity simulators installed into PC

«XtremeDSP was used for cavity simulator
*Four XtremeDSPs are installed into PCl b

(corresponding 4 cavity simulators)

~Open FPGEA Card
Interface |USE =1 Gard Mo |1

Cavity Simulator
(Xilinx Xtreme DSP Kitll )

Beam FPGA
Table (Virtex-11)

aoc H— Electrical Mode

Q dv/dt = A*v+B Matrix
| (v[n+1]=Ad*v[n]+Bd)
vV A Aw

mechanical
A w=Ckw+D*vv

;I Open

Fhe card driver for this card iz a BenONE USE Card Driver. The
=

rds motherboard type iz 10.

DAC Qutput Set

L 74 ML A

& 10 MHz IF and detuning O Directly from the ADCs
O Baze band 1YQ of the cavity voltage

Q Flash b

O Redon @ DMA G

—Gavity Simulator Settines

A0C Clock Frequency (fs, MHz) Fl[l
RF Frequency (f0, MHz} 300
Loaded Quality Factor (AL PQDDDDD

Thjection Timedis)

Eeam Current Ir (mi) F T (mds) F

Loaded Shunt Impedance (RL. MOkhm) 1176

Mode 1 Mode 2 Mode 3
Frequency ¢Hz) a0 fa0 {20
Quality Factor F aa F aa F oa
D(atzu/nr\iilm\?%onstant 4 n3 nz

| Enablz the Larsnz Detuning

F81 82 [~ Enable Beam

[8Emt ] [ Losd Defautand Resst |

M &alibration

DG Calibration Ensure the cavity input is zero.

i Detuning Set

Pre-Detuning {Hz? ﬁ [¥ Enable Detuning Table

e

Select Display I'I 1/0 component of the cavity voltage ﬂ Save Data to File

ersion

Poster session S.Michizono: Status of the low-level RF system at KEK-STF
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FB algorism

©

PEM FFPGA Doard

calibration
= 5
| b a_l
AD6644uI T
DC I
Q Q
foYe I I
Q Q
foye I I
Q Q
ch—| ! I
Q Q
! I
Q Q
foYe I I
Q Q
foye I I
Q Q
ch—| ! I
Q Q
calibration

(53]

JUUPP VPV Y

Poster session S.Michizono:

I/Q read| - — | set table FF I table
tabic - —_ _
‘ - - - Rotation
[Pgain] L —— i Calibration
Digital a'(’i
1 L_J ug i - A
L limit
Tref
1 (10 MHz) DA
Im N o K 076
- — Ttim
- (10 MHz) _| FF_Q table
i ftrig
| (40 MHz) | | | | | | | | |
Amplitude Y, Q
Baseband ﬂ I F I I
Signal
phase

Simple Vector-sum and Pl control

Status of the low-level RF system at KEK-STF
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RF&CLK

FB results

Poster session S.Michizono: Status of the low-level RF system at KEK-STF

©

L0=1. 31 GIHz 30000 // \ — ADCO081
- — ADCI101
1Q mod. 2008 r40dB #1| Mixer 25000 \\\ cuml
F=1.3 GHz [ / \
T T 20000 7 \
I Q 4
i 15000 A
FPGA/ADC/DAC | ADC #1 . . IF=10 MKz /
<« | cavity simulator 10000
(#1)
—— 5000
< cavity simulator| ¢ |
ADC #2 (#2) 0 |—
(P 500 1000 1500 2000 2500
- 5000
Amp
Noise:0.04%rms(amplitude), 0.03deg.rms (phase)
28090 29000 — ADCO08 1
28800 — ADCIO I
28070 Amp} 28600 suml
28400 (e v
28050 28200 |
98030 28000
27800
I 0.07 % [
28010 M 27600 |
27400 [
27990 27200
27970 27000
0 500 1500 2000 2500
27950
500 1000 1500 2000 2500
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STF-lIrf R&D(1) -FPGA interlock system- (E)

Poster session S.Michizono: Status of the low-level RF system at KEK-STF

SUZAKU-V (SZ310-U00) by ATMARK TECHNO

FPGA(XC2VP4 ) with 70 1/O and LAN

OS: Linux

MPS by FPGA and monitor by Ethernet

3.3V
ﬂ-){ DC-DC H

Xilinx
Virtex-llpro

CON

Drv/Rev

CPU
PowerPC

USER

CONTROLLER

USER

EXPANSION
AREA

<——— Config
TEFT20
(TED)

.

JTAG —

Flash
aMB

SDRAM
azme

LAN

|

100Base-Tx

— RJ45

Cheap commercial FPGA card
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Interlock system inside FPGA @

Poster session S.Michizono: Status of the low-level RF system at KEK-STF

il SDRAW 5
g I 3
Vit ; —{UARTO[ 3
signals | : — UARTT [ 3
»  Logic [ UART2 —) PowerPC
> Calc. HURTS | with || M |lgly[Host PC
Inter lock _[UARTA ) AT control ler
Qutput UARTS -3
Hardware
- _{UART6 -3
reset UART7
Power On > < T
reset \_FPGA A )
SUZAKU-V » Flash Memory
%, J

« Fast interlock detection is done at inside logic circuit.
« Communication between host and FPGA is via Linux, which can be slow.

 This is our first step to use PowerPC inside FPGA at new FPGA board for lIrf
control.

LLRF-07 KEK lab talk

Shin MICHIZONO
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STF-1lrf R&D(2) -Arc detection- @

Poster session S.Michizono: Status of the low-level RF system at KEK-STF —

« Conventional arc detectors are photo-coupler with thick optical fiber
(such as 1 mm in diameter).

* Instead of this, we adopted high sensitive photosensor (H5783).

« Owing to the high sensitivity, we can use commercial multi-mode
optical fiber (50 um in diameter)

005d

 Head on module using Metal package PMT Spectral response of 300nm -
650nm. Has no amp and uses a low power consumption HV supply

e Capable of detecting light levels 1/10000 as low as those detectable with
semiconductor photodiodes.

For detall, contact at poster session
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STF-lrf R&D(3) -IF-mixture-

Poster session T.Matsumoto: Development of Low-level RF System using IF Mixture Technique

« Concept is like digital

mgercannen| ][ [T ULUUUTUUUUUUL receiver

F1(8 M) /\/\/\/\/ e Two IF are mixed in analog
circuits.

1F2(12 M) M/V\/V\/  Two signals are separated at
digital processing.

Mxed signal ¢
(IF1H4F2)

averagi ng

(IF2 17v) |
->1F1 signal
averagi ng

(IF1 19) ]
->1F2 signal

Multi-IF measurement
[F1(8MHz) [F2 (12MHz)

N,
>

frequency
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Concept of the IF-mixture technique (E)

Poster session T.Matsumoto: Development of Low-level RF System using IF Mixture Technique

- Conventional single IF method - IF-mixture technique
Super Conducting Super Conducting Super Conducting Super Conducting
Cavity #1 Cavity #2 Cavity #1 Cavity #2
OOOO 1.3GHz 1.3GHz
Combiner
IF . IF2
1.3GH 1.3GH IF1 +IF
+ |
IE r ' IF1 - .
i 1.3GHz+F
Local Oscillator(LO) LO #1 LO #2
1.3GHz+IF 1.3GHz+IF1 1.3GHz+IF2
. One Local Oscillator (Common IF) - Two Local Oscillators with Different Frequency
. No. of ADCs = No. of Cavities - Each 1Q component of cavities are calculated
by DSP inside FPGA
-Advantages - No. of ADCs = half (No. of Cavities)

# of ADCs reduce 1/4 (In case of 4 IF)
-Disadvantages

Need 4 LO

less bit-resolution/signal

more latency
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Performance of IF-mixture technique (4 IF signals)

©

Poster session T.Matsumoto: Development of Low-level RF System using IF Mixture Technique

« ADC Sampling Frequency, FPGA Clock: 40.625MHz

 |IF3: 13.542MHz
 |F4: 10.156MHz
e |F6: 6.771MHz
e IF8: 5.078MHz

(= 40.625MHz/3)
(= 40.625MHz/4)
(= 40.625MHz/6)
(= 40.625MHz/8)

IF8 IF6 IF4 IF3
% Agilent 21:49:50 Oct 1@[ 2007
Mkrd 5.88 MHz
Ref @ dBm Atter| 16 dB -27.138 dBm
*HUQ \ 4 A 4
Log
16 4 4 1
dB/ & o DC Coupled
PAvg
28
H1 52
Start B Hz Stop 28,31 MHz
#Res BW 108 kHz VEH 188 kHz Sweep 7.76 ms (G@L pts)
Marker Trace Type ¥ Axis Anplitude
1 (&) Frag 13.54 MHz -27.83 dEm
2 (&) Frag 18.16 MHz -21.93 dEm
3 (1 Freq E.77 MHz -18.72 dBEm
4 (&) Frag E.B8 MH=z -27.13 dEm

 Frequency Spectrum of combined IF

signals
(Input signal to ADC)

[-component

7500

amplitude

=)
o
=
=

G000

« FB operation (P control only)
set point of flattop: 7000, P gain: 98

IF-mixture test with cavity simulators

T ]

: IFS ............
IF&
Fe |
IFg
WetorSum [T
.......... St
50 1000 T
time [us]
Amplitude (Vector sum)
: : : \.I'etorSuml
--------- Set

1000 T 2000

time [us]

500

4AIA = 0.043% (RMS)

IF3
IF6
IF4
IF8
WetarSum

1000 1500 2000

time [us]

E0

Phase (Vector sum)

WetarSum

1000 1500 2000

time [us]
4 = 0.036deg. (RMS)

500




)

Cavity Simulator 21 21, oaate i
@—- Poster session T.Matsumoto:
T L\ - L o Development of Low-level RF System using
Cavity Simalator %2 o o, IF Mixture Technique

Cimne

40, 625MHz
[ ————
—

Q

[
® 4 A/A[% (4 TF- Mixture)
Cavity ‘.\mul,-..l.\r B4 . Cavity Simalator &4 0,06 u AA é [deog] (4 IF' Mi).(ture)
econventional single IF o4 |F-Mixture A 8 A/ADAConventional)
_ O A ¢ [deg.](Conventional)
7500 : — %OOS L 2 o & O b
5 : 5 —_
: : «.50.04 A
Pl ] =~
3 3 =i A A A
2 3 s [ ] EEE
£ 500 s gF%O 03 [ O. 0 o o
Mmoo
=
SUDUD /00 1000 1500 2000 _TD /00 100) 1500 2000 .E 0'02
time [ug time Jlus] @
250 200 HISTOGR.AM f‘rom Ss]lto ‘!SEDUS 0: 0 01 B
v |
: RO F ]
: : 5 0.00
00k ... ....... . ....... 0 50 100 150 200 250
E ol TN _ P gain
ok ........ ....... Errors (RMS)
N f Conventional: 0.036%(amplitude), 0.029deg.(phase)
_ 4 IF Mixture : 0.047%(amplitude), 0.031deg.(phase)
EQDD 6910 6920 69‘30 6240 *Eb 1 -00s a ans ai o015
Amplitude Phase [dez]

For detail, contact at poster session
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Summary of KEK lIrf system
(KEK-Tsukuba and J-PARC)

Shin MICHIZONO, KEK

KEKB
*Crab cavity operation _ _
Poster session: M.Tobiyama:
'BunCh'by'bunCh FB Bunch-by-bunch Feedback System Using iGp Feedback Signal Processor

J-PARC

eLinac llrf Monday'’s talk T.Kobayashi: Performance of J-PARC Linac RF System
-Synchrotrons Wednesday'’s talk F.Tamura: LLRF Control Systems for J-PARC Synchrotrons

STF (Superconducting rf test facility)

oStatus of STF llrf Poster session S.Michizono: Status of the low-level RF system at KEK-STF
|F mixture Poster session T.Matsumoto: Development of Low-level RF System using IF Mixture Technique
—>ERL
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Proposed 5-GeV ERL for the Future Light Source In Jap@

300 | .\\

E=25-50GeV
C=1253m

212 m

A0T M Sepercordactng Liser Accderior

\U
615 m
Machine parameters
Beam energy 5 GeV _
Average beam current 100 mA nght source parameters
Circumference 1253 m Spectrum range 30 eV - 30 keV
) . Brilliance from ID’s (@ 1021 — 1028

Normalized emittance ¢, 1-0.1 mm-mrad 0.1 nm) oh/s/0.196/mmz/mrad?
Beam emittance at 5 GeV 100 - 10 pm-rad Average flux > 1016 ph/s/0.1%
Energy spread (rms 4x10°

gy sp (rms) ) Bunch length (rms) (short <100 fs
Bunch length (rms) 1-0.1ps pulse mode)

Number of insertion devices 20-30

RF frequency 1.3 GHz
Accelerating gradient 10 — 20 MV/m
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Possible layout of the 5-GeV ERL @

—

300 400 (m)

100 200
| |

0
L

LLRF-07 KEK lab talk Shin MICHIZONO 45



Planned ERL test facility ©

In the East Counter Hall at KEK. Approved to use the
building.

il AT Ll 0wl Il Lo
; [T T E|E
r - -
=y g T b T ] T 1 1 T 1 T i

R . - / L . R —
S e, P OO0 [ ]
2 =1 L FR LT Hn | __ . NN - - =
- Power Supplies ]

-

1

[

“|

; ____- He Systems 1, Y
,}% = w9 | A pmemmmmee ._ N T \ o i
. U:{—,—, ) NEEEEEEE .mEEEE '-—._- |11
'l e = [7] Radiation Shields | | ||
_‘---"'___-l_-i'l I f‘_! o BE f’_}' - Ry . N - : [ 119
= el ! t . _-'-__'l Ii i
N EEYSE Kl b Il

k )= A4 | |

12GeV-PS H ey = | i |§ f [::]' ‘f

1Y T el ] "__‘ el 0 i pESS S NN S S

I L COOLING TOWER etc.
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Tentative parameters of the test ERL

Injection energy 5 MeV (10-15 MeV)
Injector beam power 500 kW (1 MW)
Beam energy in arcs ~60 MeV (160-200 MeV )
SC cavities for main linac Ocells x 4: single module
(two modules)
Normalized emittance 1 mm-mrad (0.1 mm-mrad)
Beam current 10 mA (100 mA)
Rms bunch length Usual mode : o =1-2ps
Short bunch mode : o_~ 100 fs?
Test undulator No undulators

(with an undulator)

Initial goals. Final goals are in ().

LLRF requirements are
107-3 in amplitude and 0.1deg. in phase (initial)
107-4 and 0.01 deg. (final).
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Summary ©

KEKB started crab cavities operation.

sFast FPGA board is used for beam FB at KEKB.

L LRF of J-PARC linac stabilizes rf field ~+/-0.2%, +/-0.2 deqg.
*Synchrotron at J-PARC is ready for beam.

*STF’s lIrf system is based on J-PARC linac and stability is <0.1% and
<0.1 deg.

*Baseband experiments of IF mixture (to reduce the number of ADCs)
shows similar performance.

*ERL is under designing of the test facility.

Many of these topics are presented at posters or talks in this LLRF-07.

Poster session: M.Tobiyama:
Bunch-by-bunch Feedback System Using iGp Feedback Signal Processor

Monday'’s talk T.Kobayashi: Performance of J-PARC Linac RF System
Wednesday'’s talk F.Tamura: LLRF Control Systems for J-PARC Synchrotrons

Poster session S.Michizono: Status of the low-level RF system at KEK-STF

Poster session T.Matsumoto: Development of Low-level RF System using IF Mixture Technique
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