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Abstract tical kicker magnets for beam extraction. The first kicker

. . s pl in th ing ri 3i
A double kicker system which extracts the ultra-low emr[-IS placed |n.t c damping fing aqd the second ongiftar
compensation in the extraction line.

tance multi-bunch beam stably from ATF damping ring was The ATF extraction kicker consists of 25 electrode pairs

Sg\r/nelc;ﬂid' thoeeri)te 'rift?;n\f\llﬂﬁes?rr tlzekiséfgrer;xtvrv ;;is:]us:(\e/ﬂth ferrite loaded in a vacuum chamber. A ceramic tube
P 9 J 9 with TiN coated inside is used for beam channel in the

tlma'.[ed from the_anaIyS|s of the extrac_t|on orbits. Thl.:" "Sitication of the kicker is summarized in Table 1.
duction was confirmed for the double kicker system within

a resolution of BPMs. More precise tuning of the system

with a wire scanner has been tried by changimtfanction Table 1: ATF Extraction Kicker magnet

at the second kicker to get more reduction of kick angle jit- Kick angle 5 mrad

ter. The results of these studies are described in detail. Impedance 50 Q
Magnet length 050 m

1 INTRODUCTION M_agnetic field . 513 Gauss

Rise and Fall time 60 nsec

KEK/ATF is an accelerator test fiity for an injector part Flat top 60  nsec

of a future linear collider. It consists of an S-band injector Maximum voltage 40  kV

linac, a beam-transport line, damping ring and extraction Maximum current 800 A

line [1]. The main purpose of ATF is to generate and mea-
sure ultra-low emittance multi-bunch beam (2.8nsec spac-
ing, 20bunch) and develop technology that can stably sup-

ply the beam to the main linac. 2 DOUBLE KICKER SYSTEM
The double kicker system consists of one pulse power sup-
Extf(azggglgkggker ply ar_1d tvx_/o klcker magnets separated py phase advanpe
Iy Extracted Septum It is, in principle, able to compensate kick angle variation

Extraction Line %

Bewag”el Extz’ilclt:(or; k)icker of the extraction kicker in damping ring. When each kicker
/ st kicker, . .
! has a kick angle variationd; andAd,, (z, ') at the sec-
bamping Ring Injection kicker Imected\ v Dsmslng Ond kICker Can be ertten as

Beam | (5/) Mo (Aogl) N (AOHZ) )

Fectonte / = Here, M;_, » is a transfer matrix from the first kicker to the
KEK/ATF i second one. Since a phase difference of the two kickers is
(Accelerator Test Facility) ) Beam Transport
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Figure 1: Layout of injection/extraction region of ATF
The stable beam extraction from the damping ring is es- r=0,2"=—/ éAel + Af, 3)
sential for linear collider to achieve high luminosity, be- P2

cause the position jitter would be magnified by transversare obtained. When the two kickers are identical, that is
wakefields in the linac and reduce the luminosity. ThereA#, = Af,, the variation could be canceled with the same
fore, the jitter tolerance of extraction kicker magnet is verys function. If the two kickers are not identical, compen-
tight and estimated to bex 10~* assuming?, = 10m[2].  sation also can be done by adjustifidunction. In case

It will be applied not only to a uniformity of pulse magnetic of multi-bunch extraction, only the similarity of the flat-
field for the tolerance of multi-bunch but to a pulse-to-pulséop waveform between two kickers is required for the jitter
stability. In ATF, double kicker system was developed foreduction in each bunch. A tight flatness requirement for
the stable beam extraction [3]. The system uses two ideavery bunch in a multi-bunch is noeoessary.
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3.2 Result of jitter reduction
Thgtron % |_| a—pﬂ'-oad Table 2 shows the comparison of the position jitter caused
L

15t Kicker by kick angle variation in both modes at the BPM where
Coaxial cable (néarerarna) - Coaxial cable has the maximung®; » from the kicker.
| 4 N Load Tricker Was calculated by using model value®f, and
ord Kicker fitting value of kick angle variation oéach shot. The ef-
(in & tne) fect of jitter reduction was compared in the two kick an-
gle region. As a result, the double kicker system reduced
m the jitter down to the resolution of BPM which is about
AB1 Beam . . ..
Aéz’\ PR ‘ goﬂm in case of sma!l _klck .varlatlon, howevgr the r_ed.uc—
= 09 kicker Tt Kiokor tion rate was not sufficient in case of large kick variation.

In both cases, the position jitter reduction was observed for
the double kicker configuration, however, a precise tuning
of the system and a high resolution position monitor are
still necessary for a further reduction.

Figure 2: Double kicker system

3 ORBIT JITTER REDUCTION

We measured horizontal beam orbit jitter of the extraction ] : :
line in single bunch operation and compared the perfor- ~ M0d€ | # O Ficker | # O Ohicker

Table 2: Comparison of position jitter measurement

mance of the double kicker system with the case of extrac- T meas.  [m] r:eSis' LLZT
tion withoutthe second kicker which we defined as asingle ~ douPle | 115 37
kicker mode. single | 60 78 248 34

The operation condition at the measurement was single Af, >0.007mrad| A6, <0.007mrad

bunch mode, beam energy 1.3GeV, and repetition rate is
0.78Hz. The beam is extracted from damping ring to the
extraction line by one kicker magnet and three DC septum
magnets. Kick angle of the kicker is designed to 5mrad. In 4 OPTICS TUNING

sri]ngle kic'éeL.kade’ a dipole magnet was installed '”Steﬂﬂ order to get more jitter reductiop, function at the sec-
the second kicker. ond kicker was surveyed using high resolution position

The peam orbit shot b_y shot was measured by strip-ling, i one of the wire scanners was used as a position
BPMs in the extraction line [4]. Total 14 BPMs are useqitterdetector [5].

for the measurement and analysis.

) 4.1 Jitter measurement with wire scanner
3.1 Analysis method , . . _
The wire scanner which have 1 diameter tungsten wire

The horizontal beam position jitter in the extraction linewas used for the jitter measurement. Scattered gamma rays
came from a kick angle jitter of the extraction kickers androm the wire are detected by air Cherenkov detector with
a momentum fluctuation of the beam. The horizontal dishoto multiplier. Before orbit measurement we measured
placement at a point after the second kicker can b#em horizontal beam profile and set the wire at the position
as which is middle of the slope of the profile. The distribu-

tion of detected gamma rays is converted to the distribution

of the position with beam profile. Horizontal beam size
Azpicker + ATmomentum was around 10@m in these measurements.

, A
= Riz(1,9)A01 4+ R12(2,9) A0 + m?P )

Al‘i

4.2 Optics tuning method

. ) Changing? function at the second kicker, a minimum po-
wheref;,(1, ¢) is a transfer matrix component from thejtion jitter was surveyed. However, the condition of jitter
first kicker to the pointi R,,(2, ) is from the second one o mpensation was different in each opticttiag because
andy; is a .dlspersm.n.. In this analysiag, ,Aﬂz andAp/p dispersion and orbit was corrected in eacttisg indepen-
were obtained by fitting the measured da@ment from  genty Then the position jitter caused by kick angle vari-
the average position at BPMs with eq(4hekicker WAS  ation was compared by normalizing eadmdition with 3
calculated by subtraction; 22 from the displacement at function 2.5m at the wire and phase advancerdfm the

each BPM. In single kicker mode, the same analysis alsQ.cond kicker. The result is summarized in Table 3 .
has been done, butd, was set to zero because the dipole \yjith these values @ function of maximum jitter re-

magnet installed as the second kicker is DC magnet.  gction and kick angle jitter are estimated. Assuming

model optics and kick angle rati, kick angle variation
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Figure 3: Beam jitter measurement using wire scanner
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Table 3: Result of optics tuning Figure 4: Position jitter dependence @rfunction at the
B2 function  estimated g function phase second kicker
2nd Kicker opicner wire advance
5.0 [m] 114 pm]  2.47 [m] 1.507 f] BPM in small kick variation. The survey of the maximum
6.0 11.0 2.49 1.501 reduction optics changing function at the second kicker
8.0 10.9 2.65 1.492 was performed with wire scanner. Thyefunction which
10.0 11.4 2.59 1.482 gave a minimum position jitter was found. Estimatéd
12.0 12.9 181 1.501

function for it was 7.13m and this corresponded to the kick

angle ratio of the two kickers 0.833.

will be Ad, = kA#,, horizontal displacement is vten
bY Azpicker = Ria(l, wire)Af; + Ry2(2, wire)Aby =
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tion and angle jitter. The resolution of this position monitor
using wire is estimated about:fn, then it seemed that the
beam orbit of damping ring had fluctuation in these mea-
surements. The kick angle ratio 0.833 is not explained by
the difference of the cable length between the two kickers
(9.4m). It seemed that the difference of ceramic coating
between the two kickers caused the much difference of the
field strength.

5 CONCLUSION

The performance of the double kicker system was studied
with measurement of horizontal orbit jitter in single bunch
mode. The system has the jitter less than the resolution of
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