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Overview of Linac

Beam Operatio
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Accelerator Complex in KEK Tsukuba Campus

e Linac
— 600-m-long e-/e+ Injecto

{Four rlngs share one |njector Ilna

8 GeV e- 1 n&k2 bunch
3.5GeVe+l1nE2

(10 nC primary e-)

e Two Light Sources:
— PF25GeVe-0.1nC
— PF-AR 3 GeV e- 0.2 nC
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Original Beam Operation

for KEKB e-/e+, PF
« KEKB e-/e+ : every 90 min.

 PF (PFAR) : twice dalily
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Improvement of KEKB Injection
Continuous inj.

2?5 w Mltﬁt“ﬁﬂﬁ? (2005)

-F urther stability of stored current

i KEKB and PF to- up at the same tm

90 min, 2 bunch inj. inj,
(2000)

(2003)

E%
'z‘ig

DCCT Current [mA]
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Fast Linac Parameter Switching

« Common DC magnet setting for different beam mode

e Several pulsed steering magnet

« Event-based timing system and fast LLRF phasercbnt

Timing
switching | |
o A
- i - - -~

RF pulse ‘

: : Beam

) ® KEKBS GeV e-

. ’ ™ KEKB3.5GeV e+

Zi] ms (50 HE} ) PF 2.5 GeV e-




o Stored beam current stability since Apr. 2009
- KEKB: 1 mA (~ 0.05%) : e-:12.5Hz, e+: 25 Hz
- PF: 0.05 mA (~ 0.01%) 0.5 Hz
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Linac BPM System

« BPM x 100 for 600-m-long Linac
— Stripline-type (four electrodes)
— Installed at Quad
— Position and Charg
measurement
— Orbit and Energy
Feedback

e DAQ System
— X 20 DAQ Stations
(One DAQ station typically handle BPMx4)
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— Oscilloscope (Tektronix TDS680B

— VME CPU (0S-9/ MC68060 50 MHz)
% 5 GSal/s, 8 bit, 2ch, 1 GHz B

Maonitor Station J [Linac Network
GPIB (low noise immunity)
— DAQ rate: ~1 Hz

Digital Oscilloscope (5GS/s)
VME/ OS9

X

Cable Combiner Box

~

8ch-Combiner 8ch-Combiner

*x dgugogouougo ;UUUUUU
[ i

Vyl Vy2 Vx1 VXZ\ K]ystmnGa]lery I

| ] |
\ Linac Tunnel

i l* Delay Cable (7—n8)" P
BI’'M

o =

Oscilloscope

Cable Combiner BOX




Analog signal from BPM

I 0.5 V/div .- signals from one BPM

CH1: W1, Vy2 e
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Beam Position Calculation
Measured amplitude is used
OrdinaryA/Z method
Third order polynomial from mapping data
Beam charge: sum of amplitude and calibration coefficient
Position measurement precision (3-BPlb;y ~100um

H”{,Jxl.-'fz_r r: LIJ_._." E_L. Jj

R VoAl

y= % hl_]'{‘dtf-;”.dlfl :IJ'

,j=1

4
Q=G) V.
k=1

Here.

Vertical Position (mm)

Ae=g1 Vi —g3Vis, Zx=q1Vi +g3V3

Broadband Terminator Girder
Transformer

Ay =g2Vy — gaVa, 2y, =@2V2 +gaVs

Horizontal Position (mm)

Telescope Stage

T. Suwada et al., NIM A 440 (2000) pp307'319M Satoh/ KEK Linac Control




e Using multiple linear regression analysis
— Determine coefficients A, B, C from measured posipan X3)
Xy =Ax; + Bx; +C

— Compare measuredsdnd predicted Xfrom above Eqg.

1 i;FL"C_'-i_i — (Axy; + Bxy; + O III]J-:

=57 1+ 4%+ B Sl | T. Suwada et al., NIM A 440 (2000) pp.307-31E




Current DAQ System
(WindowsXF-basec

Oscllloscope)




BPM DAQ Upgrade

 Difficulty of maintenance (Old oscilloscope/VME

 Fast DAQ Is strongly required (50 Hz) for
simultaneous topup operation

e Old system has been replaced by new one In
summer 2008
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— WindowsXP-based Oscilloscope (Tektronix DPO7104)

0.1/1 nC

(200 mV/d |V) ULinac nctwork

Fast digital oscilloscope (10 GS/s) : EPICS 10C

CH1 CH2 CH3 CH4 . .
y < y(lO_nC)X(H‘IIC)E‘WmeWSXP

— 10 GSal/s, 8 bits, 4ch, 1 G
BW, Ethernet connection

— DAQ rate: > 50 Hz

T;Tﬂ ILINGRVLIYI- EPICS I0C running on

l Cable combiner box [

8 ch combiner 8 ch combiner

g | I I I N N * [ S [ Ny

Klystron gallery

ILinac tunnel

1 * Delay cable (7 ns)
. BPM

Oscilloscope (R3.14.9)

Control



Oscilloscope performance

# of used ch.:
# of used ch.:
# of used ch.:
# of used ch.:

175 Hz (ch. 2, 2 k-points) I

N
T
g
©
o
<
a

P —

O 50 100 150 200 250 300 350 400 450 500
Data length (k-points)
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Synchronization w/ Event system

LIIEV:sa

EPICS PV name @ Event generator

LIiIEV:sa

(PV name) 32 (KEB e-)

53 (PF e-)

2(KEBevy = jmessssees

EPICS 1OC
l,:Hl“I"."l I_L"'h.li',‘::_l::l Tonitor T.IIEV :sa
— i
. - YWavelorm
| Digitize and Cal.

Wrile

LIIBM:xx:xx: KBE : - " *
LIIBMI:xx:xx: KB LIiBM:xx:xx:PFE. ========--




© Qﬁ:ﬁﬁﬁ[: BPM DAQ System for KEKB Injector Linac
Beam position calculation
_(Previous software

Rle  cenf

EFM OECE | E¥EnL=

Ugrdaln = 01 FEGIEE 1212275 BRPEERCS

B
. [ N

X A I lBeam direction |_§

| into the paper

100 —

4

[j:fiiicm: _| auto min: |-128 max: 123 HoHzontal: _| auto min: [0 max: 250 AX,- = K ¥ A + ':: == _‘Y OFFSET
(K, ¥ )

Maximum and minimum values
are used for calculation

r r
T T = i V,~V,)
SP3 | PF-Ale 50 5 1698 1 100 DEVS Y = K B D — Y
SP5 100 5 1704 0 80 L B37 Ins] ¥ r OFFSET
SPE | ARe- GU 32 10 5 177062 1 100 ( V . V )
PF e- GU_32 200 5 176921 1 100 Update teksp. B D
mmmmmm t userm
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Beam position calculation
(Current software)

Va = Valz + Vazz + Va32 + Va42 oo




== » 3-BPMresult
Ox,y ~ S0um




Future System toward

SuperKEKB projec




Issue for future system (SuperKEKE

Beam injection for SuperKEKB: Oct. 2014

Low emittance electron beam w/o DR
enx,y < 20 mm-mrad, 5 nC (KEKB: 100 mm-mrad, 1
High precision beam orbit control

—Beam position measurement precistorilO um
—Current system- 50 um

Libera Single Pass Brilliance was tested last.year
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* Libera Single Pass Brilliancexy ~ 10um (original performance)
e System requirements for SuperKEKB Linac

— 2 banch beam measurement (96 ns intexval

— Filter specification
o SAW filter: fc ~ 522 MHz
« BW: 24 MHz
« A/DC: 125 MSa/s, 16
— Fast attenuator control in every 20 ms

e Evaluation result:
— ox,y ~ 20um (3-BPM)
— ox,y ~ 10um (test pulser)
— Sometimes attenuator control failed (due to network traffic)

24




cra
1OP 2012

Digitized data by A/DC

11 points

21 poimts

fc ~522 MHz (24 MHz bw)
125 MSa/s (8 nS)




Phase matching required
(SMA connector insertion

SP 34 4
Before I After

(1.5 ns) (100 ps)

Fie | Ectt | vertiea | Horiziaca | Ty | cispley | cursors | measure | Mask | meth | Myscope | ansyze | wtities | Her (PR Tek | M B ric | et | vertical | Horiwaca | Trig | Display | Garsors | Messure | Mask | Math | heScone | ansiyze | Utiies | Heln ‘n‘
T

s s B S By s B Sy B B B B B e S S S B B e B B B S E e T L By e e B B B B s B B S S S e B B S S y

Ll Ll Ll
@TH 200mV/div 500 O™/ 550mv 500psidiv 10.0GS/s IT 5.0ps/pt B 200mVidiv | £ / 525mv

250psidiv 10.0G8/s IT  2.5ps/pt
&7 200mV/div 500 Horz Dly: 1.91635ps & 200mVidiv

Horz Dly: 1.91655ps Preview
AT 200mV/div 500 31 acgs RL:1.0k £ 200mVidiv b 0acqs RL:1.0k

T 200mV/div 500 Auto  November 28, 2011  15:13 08 &TH 200mVidiv

Auto  November 28, 2011  15:19:36




Current Status:

* Libera Single Pass E based.:
— A/DC was replaced: 125 MSa/s => 160 MSal/s
— Target precision < 10m
e Test pulserresultatiTe ~ 2.5um
O Event based attenuator control in 50 Hz via SFP
O Phase shifter inside for phase matching
— Basic test and beam test will be started soor=dt K
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Pulser test

L eakage signal of 1st bunch
/A may affect 2nd bunch beam
/| position.

Input signa




Summary

e Current BPM DAQ System:
— EPICS IOC (WindowsXP-based digital oscilloscope)

— Old system (20) has been replaced by new one (24)

— Successful in stable beam position measurement
e 50 Hz, 2 bunch measurem

e Synchronization with beam mode via EVG PV
— Similar system is used for KEKBT
 Towards to SuperKEKB, New System is Required.:
— Higher position measurement precision (<)

— Libera Single Pass E based one is candidate.
 Evaluation will be started soon.
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Thank you for

your attentior




