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KEK-ATF(Accelarator Test Facility for JLC)
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The Optics model improved after the correction. ( data Juee 6,1998 )
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Horizontal dispersion.
Measured (plots) and model calculation (line).
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Measured vertical dispersion.
Before and After dispersion Correction
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Ofugi
Horizontal Emtttanc/

Evaluation

Two different methods are used for horizontal emittance evaluation.
One is a waist scan method, and the other is a four wire method. The
waist scan method is the method to evaluate a beam emittance by m-
easuring a beam size with single wire scanner while changing streng-
th of a quadrupole magnet located upstream of the wire scanner.The
four wire method is the method to evaluate a beam emittance by me-
asuring beam sizes with four wire scanners.

(a) MW1X Waist Scan (b) MW2X Waist Scan
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Waist Scan MW1X 1.474+0.06 1.03 £ 0.07
Waist Scan MW2X 1.27 4+ 0.06 1.00 +0.03
Waist Scan MW3X 1.38 + 0.05 1.02 £ 0.05
Four Wire All Monitors 1.29 £0.11 1.06 +0.34
Average 1.37 £0.03 a:3.83 3,:6.77




Assembly result of magnets on mover tables
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Bunch Population
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Stored Beam Intensity
( We did not change to all of the accelerator parameters )
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Beam Energy for Stored Beam
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Beam Energy for Stored Beam
( We did not change to all of the accelerator parameters )
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Single bunch
low emittance beam generation

DR beam tuning
Magnets alignment

Vacuum level
keep ave. pressure less than 1 E-6 Pa

COD correction
correct within +/- 0.5 mm both x and y

Dispersion correction

correct Y dispersion within +/- Smm
without disturbing Y COD

Coupling correction
by skew-Q component from SX trim coil

minimizing Y orbit response from X steer kick

minimizing tune separation at coupling resonance

reduce betatron coupling less than 0.2%

Extracted beam tuning

Orbit correction within +/- 1 mm

Dispersion correction at wire scanner

correct X, Y dispersion less than 10mm

L Somar ( m«w«y )

2/27/2001 Hayano



2.0 mm peak to peak Horizontal COD
1.0 mm peak to peak Vertical COD

Horizontal Emittance
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Recent progress in Accelerator Test Facility at KEK

K. Kubo, KEK, Tsukuba, Japan, for ATF Collaboration

Abstract

The mission of the ATF at KEK is to test the
feasibility of the production of multibunch beams with
extremely low transverse emittance for future linear
colliders. Until this summer the main goal had been to
produce low emittance beams with single bunch
operation. Recently, we established a tuning method of
the damping ring for the small vertical dispersion and
small x-y orbit coupling. Simulation studies indicate that
low vertical emittance should be attainable with this
tuning. Substantial progress has been made in the past
year in reducing the measured vertical beam emittance at
ATF. We observed that the beam emittance and beam
momentum spread vary, depending on the bunch
population and RF voltage. This suggests the existence of
strong intra-beam scattering effects in the beam with very
low vertical emittance in the ring. Some technical issues
associated with the beam size measurements are also
noted. Multibunch operation is another main program of
ATF. A bunch train consisting of 18 bunches was
produced, accelerated in the linac, injected in the damping
ring and extracted to the extraction line. Development of
bunch-by- bunch instrumentation is also reported.

1 INTRODUCTION

ATEF consists of an S-band linac, a damping ring and an
extraction line[1]. The ring has been designed to produce
extremely low emittance beam. The designed natural
horizontal emittance is 1.1x10rad-m and the target
value of vertical emittance is 1% of that. History and
summary of the past beam operation are reviewed in
references [1]{2].

The initial stage operation of ATF has been focussing
on confirmation of low emittance beam production at a
low repetition rate (1.56 Hz). As detailed in Section 2 of
this paper, substantial commissioning experiences have
been accumulated, and the target vertical emittance has
been achieved at the bunch intensity of about 2x10°.
Thus, studies are currently also being started on
muyltibunch beam which is essential for future linear
coiliders. Beam loading compensation of the multibunch
beam in the injector linac has been successfully tested.
However, issues with uniformity of the bunch intensity
and bunching still remain. They are discussed in Section
3. Section 4 describes the hardware improvement
programs at ATF.

2 SINGLE BUNCH OPERATION

2.1 Low emittance tuning in DR

Our tuning method of the damping ring for low vertical
emittance is a series of corrections as follows:

e COD correction.

e Vertical COD + dispersion correction.

e Coupling correction.

The strengths of a set of steering magnets is calculated
to minimize

2
Zxrzneas and Zymeas ey}
BPM BPM
in the COD correction and to minimize
3 Vmeas + 77 LTIy meas @
BPM BPM

in the vertical COD + dispersion correction. Here, x,,,.,,
Ymeas@ 7y mens are beam horizontal position, vertical

position and vertical dispersion measured at each BPM. In
this COD + dispersion correction, both the vertical COD
and vertical dispersion are considered simultaneously. The
factor r is the relative weight of the dispersion and COD,
and it was chosen to be 0.05 based on a simulation study.
For the coupling correction, trim coils of all 68 sextupole
magnets are wired so as to produce skew quadrupole fields.
The strengths of these skew fields is calculated to
minimize

) [ Z(A)’steer)z/ Z(Axsteer)z] 3

steer | BPM BPM
Here, Axg,.,.and Ayy,,are measured horizontal and
vertical position responses to each horizontal steering
magnet. Usually, two horizontal steering magnets, which
are apart by approximately 3/27z in horizontal and 1/27
in vertical phase advance, are chosen for this correction.
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Fig. 1, Distribution of simulated vertical emittance after
damping ring tuning.
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Simulations were performed to study this tuning
method where realistic magnet misalignment and random
errors of BPM are considered [3]). Fig. 1 shows the
distribution of the vertical emittance from 500 random
seeds for magnet alignment errors and BPM errors in the
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Coupling correction using skew-Q of SX trim

minimizing Y orbit response by X steer kick
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Tungsten Wire Scanner in EXT-line

5 monitors installed in Ext line

10 and 50um gold plated tungsten wire
7 wm Carbon wire
down to 5um beam size measureable

Air cherenkov+PMT vy-detector for single bunch

Air cherenkov+APD y-detector for multi-bunch



Wire Scanner Wire mount

+/-10 degree wire, 7.um Carbon wire

moving direction
45deg

- beam

’ degm
. degree
SOum -/ ‘

Tungsten wire
10pm ,
Tungsten wire

Tum
Carbon wire

0.5pm-step stepping moter stage
0.5pm resolution digital scale



B[ aser wire monitor (principle)

* use thin laser light

(laserwire) as a target Optical Resonatar 202 0701
¢ deteCt COmptOn - _g}ggt:{t)_r}_kzgildb - /,//_; gammidetect,or
compton scattered photon
scattered gamma ray LaserWire

~—(enhanced and focused laser light)

* scan laserwire position
measuring gamma ray
yield

detector count rate
L__T_T_FT‘I‘T‘T‘]“" T rTT rT‘T‘r’“r‘YT T rT’T T V‘]’ T

LCO02 at SLAC



Double Slit

SR interference monitor (X) f=600mm Lens  ¢p interference monitor (Y)

£ - 4@@ Polarization filter
- "0 4 4 <N
6045 _ CCD Camera Streak
»
»

2nd Mirror Camera

x5 magnifier Lens

Mirror Band Pass Filter 500nm

2nd Lens

- 1st Lens @
<> C) Mirror e
Fresnel zone plate Lgps . X-ray CCD Camera
) T R 3 /\\\
2010 X-ray SR ‘ Source Point
Mirror Mirror ‘ B ~ Bending Magnet
> -Source Point
L 1st Mirror
0 Bending Radius 5.73m
Electron Beam
crystal

2nd SR port

SR monitor optics set-up

X-ray SR port in Jan. 2002



Experimental layout

to beam dump

screen monitor

D13

Y - detector

N
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PMT energy range ~ 0.3 - 0.65um



ODR and OTR measuerd by IIT at one shot
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s WITHOUT optical filters
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Cavity BPM installation in EXT line

relative position measurement
Jor precise dispersion control

max. resolution_Q.2um_ for 100um range
mover stage resolution 0.3um

dispersion can be reduced less than 2mm
2mm dispersion -> 1.6um beam size effect

2mm dispersion -> 5.2um position shift by 4kHz freq. change



Dispersion measurement

The dispersion in the extraction line is measured by detecting
the orbit change induced by changing of rf frequency in the
ring. At injection into the ring, rf frequency has to be synchro-
nized with the linac rf. A few 100 us after the injection, the rf fre-
quency is ramped over a time period of 50 ms. The beam is
extracted from the damping ring about 450 ms after the end of
the frequency ramp. The orbit change is proportional to nAf /o,
where o is momentum compaction factor. The n and n’ at the
extracted point from the ring and(¥c are fit by the measured
coefficients. The energy spread was measured using screen
monitor at the place of large dispersion.
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extraction line (plot) and fitted result (line).
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Vertical Emittance Evaluation
from Momentum Spread Enhancement

Vc Dependence of Momentum Spread Vertical Emittance Evaluation
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Emittance(m)

Current Dependence of Vertical Emittance
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Beam Current [mA]

Vertical Emittance Evaluated
by the Touschek Beam Lifetime

Example of the Current Decay Vertical Emittance Evaluation
(Ve=280kV)
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At the Zero-Current, The Vertical Emittance was Roughly 0.005 nm.



Low Emittance
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Single Bunch Y emittance
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Wire scanner multibunch detection

waveform from APD [mV]
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C-hand R&D

Experimental Test at FFTHB
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Summary

Luminosity

Low emittance tuning has been established. dE/E, X emittance were
consistent with IBS theory prediction. 3pm Y emittance at zero current is
expected.

(EXT Y emittance is larger than expected.)

Instrumentation
Laser wire in DR, EXT wire scanner, EXT cavity BPM are worked well. EXT
OTR, ODR, X-ray SR monitor are commissioned. BBA is under the study.

Multibunch operation

Ring scrubbing by Multibunch beam makes vertical emittance reduced.
Multibunch wire scanner is commissioned and Multibunch BPM is under the
study.

Misc. studies

Pol.-positron study: pol. High brilliance Gamma-ray was generated.

Photo-cathode RF-gun was tested. Multibunch RF-gun study is in progress.
02. PR BPM upgrade is in progress.




