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Facilities using MTCA at KEK ()

High Energy Accelerator
Research Organization (KEK)
@ Tsukuba site, Japan a@°

SuperKEKBI Upgrade project from KEKB
_ * Aiming at 40 x L of KEKB
s,' L= o i

T = * Asymmetry double ring collider
3 AP of e* & e~ . (circumference:~-3km)
* To Explore new physics

beyond the standard model
*509-MHz RF, NC&SC, CW op.

STF| Superconducting Test Facility

!z‘ »
.
#"| + R&D facility for ILC RF system.

i « 1.3-GHz RF. SC, Pulse op.

Photon Factory ™
{PF)

P Injection Linac
for PF & SuperKEKB gl

=114 MHz, 571MHz,
2856 MHz RF,

| e+ Damping Ring NC, Pulse op.,

for SupeKEKB 600 m in length
008

st Facility for a future 3-GeV ERL
1.3-GHz RF, SC, CW op.

o B . a1 rags, Dgt: s 2 [y —
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P MicroTCA based board @E‘% rif

2 4 developed in KEK Accelerators -1- == aes

* |n 2008, the development of digital board based on
MTCA.O was started for the aim of common use at RF
control among SuperKEKB, cERL, and STF in KEK.

» Digital board (Cavity field controller/monitor)
- Multi-channels of ADC/DAC Max. 4 channels
- FPGA (Virtex-5 FX)

= Linux installed on PPC 400 *  FPGA (Virtex 5 FX),
= EPICS-10C running Channel Access * 4 x16-bit ADCs (Max. 130MSPS)
* 4 x16-bit DACs
* Digital I/O
Mitsubishi Electric TOKKI System Co., Ltd
Digital board (MTCA.0)
LAN
—-<ch || FPGA EPICS-10C |« .
Cavity signal -><‘\DO — PPC:Linux )
(Input, Reflected, —| PAC)—> «  FPGA (Virtex 5 FX)
i —( ADC — ,
and Pickup) < PI feedback control Cavity drive signal « 2 x 14-bit ADCs (Max. 400MSPS)
—><¢\D0 || with feedforward |_| pacN— * Digital I/O
Mitsubishi Electric TOKKI System Co., Ltd.
07Dec. 2017 The 6th MATSUMOTO, Toshihiro (KEK) 4

MicroTCA Workshop



(E) MicroTCA based board @EE T J' _f
devel A o el b

oped in KEK Accelerators -2-

Configuration of ILC LLRF system
In 2013, the development of digital board for & | : Y

ILC LLRF control was started.

First candidate PEYIEREYINY S H

In the ILC, 39 SC cavities are operated under cavity-

Optical link
field vector-sum feedback control.

connection board

But... Expensive,
WindRiver Linux support for PPC is finished.
(Virtex-5 and PPC 440 = ?)

Newly developed board based on MTCA.4

* New digital board was developed.

- Based on MTCA.4
- New FPGA (Zyng-7000) and CPU
= ARM-linux installed on Cortex-A9 2 % SEP

= EPICS-IOC running e 1xRI-45 e 2 FPGAs
* Digital I/O (Zyng-7000, Spartan 6)
* 14 x 16-bit ADCs
* 2 x16-bit DACs

07 Dec. 2017 The 6th _ . - .
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@) Present status of KEK Accelerators @EE
using MTCAs -

® SuperKEKB Ring
LLRF control system (feedback control)
=> Newly installed at Damping Ring
Reference system (feedback control)
Beam Orbit feedback control at Interaction Point

® SuperKEKB Linac
Reference system (monitor => feedback control)

® STF (Superconducting rf Test Facility)
LLRF control system (feedback control)
Reference system (monitor => feedback control)

® CcERL (Compact Energy Recovery Linac)

LLRF control system (feedback control)
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(E) Damping Ring RF system QE

Belle II detector

 ——

DR commissioning will be started in Dec. 2017
before Phase-2.
All RF system is ready for the commissioning.

DR cavities had been installed,
and high power conditioning was
completed successfully in June 2017.

Design of Cavity for DR

WAFE—Ls1T

Damping &
e’ source

ring for e' \

HOMLREO—F

< ADov;nistream FiRZEiR

Qo:~30000, R/Q: 150
Vc = 0.7MV/cav. (Pc=150kW)

3 cavities will be driven by one klystron

In the present plan, two cavies of U-
and D-cav. are used for operation; M-
cav is omitted, so dummy chamber was
installed between the two cavities
instead of M-Cav.

7 Dec. 2017 The 6th . .
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@) LLRF Control System for DR @EE J'J'_f

Basically DR-LLRF control system is same as that for MR, except vector sum control of 2 ( or 3)

cavities. By courtesy of Kobayashi
f_rf = 508.9 MHz .. LLRF Cont. Sys. for DR .. A

PTG : Pulse Train Generator Tuner Driver [

RF Reference

(S| e | f_clk = 84.8 MHZ  werire g

J— S o, —
System from C.CR bl 3 (Kiy Pr VSWR, Arc, ) || BLC  ac.. Tomp ) DR Cavities

cwicew

Arc

RF : 508.9 MHz

™

Driver Amp. ~"

Klystron v uTCA-based FPGA boards ! Q
Y -
(] Tuner prg PTG ° Cont
-mi—l o (D) () Rotation @ KLy
t x| s
cLK 5| (Pgsin Pgain > ( P1-Cont. |
[ I y
LO & CLK s (m) dow < 15 Rj'—o
Distributor i [VectorSam |
Above ground i Ly ! ? 44 44
[ ) M 8L =
.................................................................................. 3 iz
| croRBEE| L
v Acc. Tunnel 42.4 K 3/ADC

| =

1,0
Beam (?4_1':4 pad f cL : @ vo:amplinu
NS ey o AL AT
Dummy chamber \ ) I_ o "®‘TL‘W
Upstream for the middle-cavity  Downstream LO: 519.5 MHz T® Ocav Pickp () - -
®, ® U-Cav Input (iu) e -
D-Cav Input (id)
New LLRF System Good performance in vector sum control of the two cavities was
IE—E ¢ .t mgm - mgw .
: ! demonstrated and conditioning of the cavities was accomplished smoothly
NFOmoturll A L | 1 ¥ . ) in June 2017
MTCA Crate o i Stablllty of 2-Cav. Vector Sum

vc‘:-wlzﬁ;"m‘;npl:m * ‘ It | =l ¥ 4 |- P P PP B o | =l
: ' Amplitude! 0.03% ms  “1.. Phase 0.02 deg. rms
WSt | - it , 7850 ] g Lade
- - ey | g 03 | U-Cav Vector-Sum
(IDch EPFI M er) g 7800 é, - ‘ '
L 2750 ] U-Cav 0.
04 <€ 48ms >
7679850 \ATSUMOTO, Toshihiro (KEK) 0643
ADC1 —ADC2 —SEL FL I ADC1 —ADC2 1 —SEL FL

_JADC1 (¥|ADC2 [ |ADC3 (#|ADC4 [¥|SEL [ |FL [[JDCA1 [|DCA2 _|ADC1 [v|ADC2 [ |ADC3 [v|ADC4 (v|SEL [ |FL ~|DCAL [ |DCA2



@ Beam Orbit feedback control
) at Interaction Point -1-
* Typical vertical rms size at the collision point (IP) is 50 nm.

» Position offset at IP is to be corrected by steering magnets based

on data of BPMs near IP in order to maintain stable collision e-
e+ QC2

QC2 oct QCl
BPM BPM ‘ corrector( steering)
QC

\ ‘ ‘ ‘ A QC2

* Orbit Feedback System

MTCA.4

BPM detector [0 supply power magaet Down-covert 508.8MHz
controller

PID tuni component to intermediate

ning

frequency (IF) of 16.9 MHz with
an analog mixer.

Y

UTCA

AD conversion

Digital filters (2 CICs, 1 FIR)

Position calculation

=
“}ifﬁplanl?osition data is send to feedback

Digital processor board (BPM detector’ :,_,_‘_‘_,_,___,_,_,_,_,_T_' __________________________ p rocessor via uTCA back plane.

MicroTCA WOFkShOp IVIAIDUIVIV IV, 10SNINITO (KEK)
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(E) Beam Orbit feedback control

at Interaction Point -2-

* Feedback calculation is done in the feedback processor by using data from four
BPM detectors.
 The feedback processor board and the power supply controller are connect with
optical fiber.
* Feedback processor * Power supply controller

FabricA RTM FPGA board FMC DAC board
FPGA Vertex SFXT | GTX [¢p—
16bit
Corrector P.S. -l— GTX MAEEQKB;%:;::k+X - from BPM digital (;:::;:‘;zll) is #1
. : GTX e processing boards — SFP |—{|SeiDes
Extention SFP Generator optical link , )
S — |
GbE server !
e cay
RIS oAc Loz
GbE p— -
PHY [H
(update rate 32kHz)
Twelve DAC outputs controls the magnet current.

07 Dec. 2017 Thesth 1 heSE prototype boards are now under test.
MicroTCA Workshop MATSUMOTO, Tosqnhlro (KEK) By Courtesy Of Fukhoma



Construction of Phase Monitoring System @:i
(E«) at SuperKEKB Injector LINAC J)<== =i 31f©

Superconducting rf Test Facility

In order to measure the phase stability of RF reference system, the monitoring system that
uses the digital board developed by cERL and SuperKEKB was constructed.

‘ 124.8 m

Thermostatic
chamber

— Coaxial cable line
— Optical fiber line
— e-beam line

e+ beam line

4883n*

Setup of phase monltorlng system

WTCA Board
ADC Sampling Freq, 114.24 MHz

—» CLK

oy Trigger 14.28 MHz e
f_rf = 2856 MHz — gCL 5]
F _lo =2870 MHz S J= p )
f clk = 114.24 MHz : , == 4x 16 bit ADC
114.24 MHz from MO ”Tﬁ?ﬁ'“{':” 2870.28 MHz 8’_@ ( LTC2 208 )
Bl O 9 S GO ’
T 4 x 16-bit DAC
2856 MHz kﬁﬁﬁw . ! i ‘:::‘Z(;Em (AD9783)
‘ gy o e L Mitsubishi Electric TOKKI

In order to stabilize the RF reference system we proceed with ...

1) EvaIuatlon of phase variation caused by temperature and humidity
07'Dec. 2017 Theb
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Superconducting rf Test Facnllty

() STF-2 : Prototype of ILC-TDR (2015- )

* InSTF-2, two digital LLRF boards connected with optical

STF-2: Prototype of ILC-TDR
communication are configured for operation.

One 10-MW MBK drives 12 SC caV|t|es

RF conditioning of 8 SC cavities i‘
(Oct. — Nov., 2016)

—> minimal combination of ILC LLRF system.

M-1(12m) M-2a(6m

RF system in ILC main linac

| 4 Cavities ‘ | 4 Cavities ‘ | 4 Cavities

3x LPDS (39 cavities)

shield wall

8 SC cavities were operated with _
average 30.5 MV/m under vector- f—rf = 1300 MHz
sum feedback control. f lo =1310 MHz

CaV|ty -field vector-sum in digital board #1 f_dk = 81.25 MHz

40,

S ---CAVOD1 —vs1 150 —vs1
\Y - JR— R
—_ ) g\ | cavoz VS 1 = vs3 100 vss
E 30 i \‘.\ ———CAVO03 E 30 \* =~~~ —Total V5 —Total ¥§
3> /f—— AR 3 N ---REF 3 - - -REF
E i N\ —-CAvVo4 =) E / S 50
S é;’,’ ‘i\\\ —Vs1 2 o =
£ 20 i R p £ 20 z 0
] \\ @ =1 I
= ! NN 2 = E 50
o 3 N = = : £
E 10 Dy Ew : -100
< Y < :
S,
= VS3 :
- 0
0 1000 2000 3000 4000 0 1000 2000 3000 4000 0 1000 2000 3000 4000 0 1000 2000 3000 4000
Time [ps] Time [ps] Time [ps] Time [ps]

Cavity-field vector-sum in digital board #2

||
A
3

30.53 0.5
- --Cav08 150 : . —--CAV08 : 04 : :
_ ———cavio ——-CAV1D _ 3052 o3 : AA/A =0.006%rms
E grz=my ——-cAv11 100 /| ---cavii £ 02| : 0.07%@ILC
3 === —CAVI2 - A e 3 30,51 bl = o : :
% 1 ‘t{‘ —vs3 g ——vs3 E- L g o P (0. ? )
E = E 30.5 A : f— = g : o
= £ i f 2 30.49) E : FSPrY W TS S N R R Ad) =0 03deg rms
E 10 -100 8 : = R H 048 03 f : d ) )
| : SN F : : : . y : : : 4 . . I-
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(E) Technological Development

and Research at STF

IF Mixture Performance IF-mixture Technique

» Cav 01 0 —cavol
—Cav —Cav
_Cav 02 _Cav 02 I Cavity 1 | | Cavity 2 | | Cavity 3 | | Cavity 4 |
_ —cav03]|  1q0 —Cav 03 / _ J _ _ _
§ —Cav04) —Cav 04 [ N 13 a1 e 1ot eF
——Cav05{ o ——Cav 05 *#
%. = —Caz 06 ﬁ 0 — i/ g—caz 06 || ®_|:% ®_‘Fi? IF3 ®_-TF?§
E 0 —Cav07| g — Cav 07 <
g Vector Sum A Cavosl) = Vector Sum Ad Cav 8
5 =0.007 %.rms 100 = 0.045 deg.rms
o, V) ~
. (0.07 %.rms @ILC) o (0.35deg.%.rms @ILC) f rf =1300 MH
0 1000 2000 3000 4000 0 1000 2000 3000 4000
Time [us] Time [us] f_CIk =81.25 MHz
By using IF signal with different frequencies, 8 SC cavities are operated with 2 ADCs.
The measured performance fulfilled the ILC stability requirement. MitsubishiElectric TOKKI

SIMULTANEOUS MEASUREMENT OF RF AND LO SIGNAL

By using direct sampling technique, RF signal and LO signal are measured simultaneously.

Thermostatic chamber

for RF/LO generation et —— )
y24 RF and LO signals :
' 1Q mod. j;: — AA/A=0.09 %.rms

R Freq. _ y— e Ad = 0.08 deg.rms
Mitsublshi Electric TOKKI divider HF:OAOSIHSZE:I;.; [L%:So].uawa,s dee.
2 ADCs (ADS5474) o 1 By adopting a filter,
f_rf =1300 MHz %;420— —r improvement of accuracy
f lo =1310 MHz MTCAO | a0 can be expected.
- \ -160 : s - T T T T
f_Clk - 172 MHZ 5 10 15 20Time [2gs] 0 3 40 45
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KeEeKB
C Summary ksl - = =)

At KEK, LLRF control systems using MicroTCA standard have been developed for
common-use hardware in SuperKEKB, STF and

KEKB Ring

In Damping Ring, new LLRF system was installed and two cavities vector sum feedback
control was demonstrated with good performance.

The beam orbit FB control system at the collision point was development by using
MTCA.O and MTCA.4 standard. It is now under evaluation.

KEKB Linac

Phase monitoring for the RF reference system was constructed. In order to stabilize the
RF reference system, the feedback control system will be installed.

STF

The minimal combination of ILC LLRF system by using two digital boards was
demonstrated.

IF mixture feedback control and phase monitoring of RF reference line were evaluated.
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Damping W T
ring for e‘

KEKBAIRSR IRt RF-gun
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