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Ip Need very flat beam and high intensity multi-bunch I@
o ATF (Accelerator Test Facility)

Pulsed Laser Wire scanner
Beam size monitor

Cavity BPM
nm resolution
Ene .28 GeV beam position monitof Extraction line
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1 ~ 20 bunches/train
3 trains/ring
1.56 Hz

& ~ 1.5nm/4pm

: Damping Ring
# Low emittance beam generation
& Study on beam instability
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|a Laser wire beam size monitor in

14.7um laser wire for X scan

300mW 532nm Solid-state Laser 2-7Hm for Y scan
fed into optical cavity (whole scan: 15min for X,

6min for Y)
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.'IF Multi-bunch Turn-by-turn monitor T. Naito (KEK)
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The beam blowup at tail bunches was measured ¢ 0 1ou _ Vertical Emittance of Multibunch

by the laser wire in ATF, which is assumed | s N

coming from FII effect. In order to observethe | 20w A 6310

individual beam oscillation in the multi-bunch E f \/\

beam, multi-bunch turn-by-turn monitor has 5 30107

been developed. This monitor consists of front 5 / 37x10°
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The preliminary results shows the different oscillation % o1 ez a2 % w1 oz va 04
amplitude. of the tune-X and the tune-Y. for the 1st and 2nd
bunches at just after injection. Tune-X Tune-Y
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."F L ast few bunches show the oscillation in a train.
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Figure 6: The bunch oscillation information from streak camera.
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Posssible location for Fast lon Study

Gas I nlet Chamber N2 etC. 2007 /Mar/02 N.Terunuma, KEK

L aser wire monit




Possible location of Gas inlet chamber for fast ion study

South straight section of ATF damping ring
2007 /Mar/02 N.Terunuma, KEK

To make good pressure bump

Use the existing chamber
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From thereport in thisyear,
by G. Xia (DESY).
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(Data come from measurement on Dec 10, 2007)

Gas flow controller in ATF DR
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Figare 3: Change the flow controller (Data come from measurement on Dec 14, 2007)
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- I f® Theultimate goal Isto ensure that the design (including
I specification of feedback system, vacuum levels, and bunch

train patterns) is such that the damping rings will be capable
of delivering a beam with the required quality.
AcCHg rectrveswitl involve the following tasks:

1.Validate existing theoretical models and simulation tools for the
fast ion instability by carrying out suitable measurementsin
available storage rings.

2.Refine existing simulation tools beyond their current state or
develop new tools if necessary to achieve acceptable agreement
with the experiments.

3.Demonstrate the existence of viable machine designs capable of
meeting the specifications for beam quality and stability, and
show experimental feasibility of these designs using existing
machines if possible.

4.Explore the effectiveness of avariety of mitigation techniques (such

as clearing electrodes), iIf necessary.
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ulE The main deliver ables will be:

Experimental validation of theoretical models and
simulation toolsfor the fast ion instability.

Indrcation of machine design parameters (including bunch filling
patterns, lattice optics, feedback and vacuum specifications) capable of
delivering a beam with the required quality and stability without
limitations from ion effects.

Guidance for optimization of design of vacuum and feedback systems,
and optimization of the optics design, to avoid limitations from ion
effects.

If the Objectives are not met, the ability to deliver the required beam
specifications at extraction could be compromised, resulting in reduced
luminosity.
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Schematic of the Fast-Beam lon Instabllity

= Critical issues : ion-induced beam instability and tune
shifts due to ultra-low vertical emittance.

= For mitigating bunch motion, alow base vacuum pressure
less than 107 Pa and bunch-by-bunch feedback systems
with a damping time of about 0.1 ms are necessary.

= Toreducethe coreion density, mini-gapsin thetrain are
essential.
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Bunch ID

Build-up of CO* ion cloud at extraction. The total number of bunchesis 5782
(118 trains with 49 bunches per train). The beam has a bunch separation of two
RF bucket spacings, and atrain gap of 25 RF bucket spacings. There are 0:97 x 101°

particles per bunch, and the partial vacuum pressureis 1 nTorr.
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,','E Plan for fast ion instability study

al ATF

+

= Required information : ion density (related
parameters include vacuum pressure, average
neam line density, emittance, betatron function
and beam fill pattern), bunch train gap, detail data
to benchmark simulations with experiment.

= Déliverables: reliable ssmulation codesto
evaluate the vacuum level, fill pattern and bunch-
by-bunch feedback system.

= Resources: SLAC, LBNL, KNU, DESY, KEK
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Preliminary result of

Fast lon Instability simulation

Results obtained in 2004
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Schematic of the Fast-Beam lon Instabllity
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11 Measured beam profile by XSR monitor
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Single bunch/single train
2 X 10% bunch/train

Ave: 2X 107 Pa

X :49.5+2.3um
Y: 81+0.7um

This profile was appeared
on normal beam operation
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U Measured beam profile
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oy. XSR monitor in the
N north 1on pump off

Single bunch/single train
2 X 10% pbunch/train

Ave: 2X 10° Pa (Maybe)

X : 46.8+2.9 um
Y: 84+0.8um

We have not found
vertical beam size blow-up
In this vacuum condition
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,',IE Measured beam profile by XSR monitor on 3

train mode

Vacuum : 1 X10° Pa

200,

2

WI.I'juL—IJu_‘l.I.I.I.I.

200, . B00 o WS

=]

'ju'?u_‘|||||||||||

~ profile

e L
|I':|'?ru\3||?'|lul

A et b e
Lttt L

P e S
Pl Lo

2l

On a3 train mode at 2 X 10'° /bunch, sudden large vertical beam blow-up appeared.
On X SR monitor, measured vertical beam size was not fixed on same sizes. We also

see a vertical beam oscillation by turn-by-turn-monitor. Thisisnot FI1?
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1L = Measured beam profile by XSR monitor

| on 3 train mode (2) vacuum: 2x10¢ Pa
pr0f|| 2 |
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Ona3tran mode at 2<X10° /bunch (1/10 reductlon than before) vertlcal beam bI ow
up also appeared. But this amplitude was reduced on X SR monitor. The measured
beam sizeswere 32.5=0.9 um horizontally and 24.7=4.7 um vertically. After
changing single train, we did not find this vertical beam blow-up.
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west arc

Laserwire

Experimental Condition in 2007 April

east arc

Figure 3: Sections that ion pumps were turned off in this experiment

Table 1: vacuum pressure in the measurements

jon pump status

SmA

| 0mA 20mA

normal
south straight OFF
toth arcs and south straight OFF

16x10°" Pa
20x107% Pa
3.4x107% Pa

5.0x10 " Pa 1.0x10°° Pa
27x107°8Pa 5.5%107°% Pa
52%x107% Pa

2008/3/4
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Figure 9: emittance of multi-bunch beam at 20mA | 20bunches
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Experimental Results measured by laser wirein DR

Table 2: vacuum pressure n 2004

lon pump status | [ ImA 26mA JmA

normal

40x107"Pa €0x107"Pa 6.5x107"Pa
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Figure 10: data taken in X004
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u’E Study from Feb. to April in 2007.

+

= Wefound thevertical beam blow-up at 3 train mode above
2 X 106 Pa between 2X10° and 2X 10 /bunch.

= Wedid not find the vertical beam blow-up at single bunch/
singletrain mode below 2X 10° Pa.

= Wemeasured vertical emittance of each bunch in a
20bunchestrain with alaser wire monitor. Even if weturned
off ion pumps of several section of the DR to enhanceion
effects, no clear blow-up in atrain was seen up to
20mA/train beam current. One of thereason may bethe
bigger vertical emittance compared with the data taken 2004.
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,-'l'l: Summary of Spring preliminary
experiment for fast ion instability

i at ATF

Our conclusion is that we need more total stored current than
20mA/train and should generate 5pm vertical emittance like 2004
beam experiment in order to realize the beam blow-up due to the fast
lon instability.

Sincereliable data for the study of Fll are necessary, we continue
this experiment from 2007 Nov. operation with the installation of the
Gas (N,) inlet system.
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,,',f Necessary preparation and good
i mal ntenance

= Multi-bunch energy compensation system
In ATF Linac (We need energy margin.)

= Ready laser wire and X-SR monitor
= 10GHz signal sampling system in DR
= Tuning for high quality beam injection

(beam stability, high current injection more
than 70mA/train)
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1 Goals of the experiment
(according to Two proposals)
i (G. Xia, E. Elsen, L. Wang and T. Raubenheimer )

= Distinguish thetwo ion effects: beam size blow-
up and dipole instability.

= Quantify the beam instability growth time and
tune shift. Thegrowth rateisrelated totheion
density (vacuum pressure, aver age beam line
density, emittance, betatron function and so on).

= Quantify the bunch train gap effect

s Providedetailed data to benchmark
simulations with experiment.
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u'c': Detailed Experimental plan

i M easur ement of vacuum pressure and the main
components of gas species.

B. Effects of pressure and bunch current:
With different pressure conditions (2.0x10> Pa
In pressure bump) by injecting nitrogen gas);
With different beam: 1train, N of bunch =2~20,
5x10°~2x10%/bunch
C. Gap effect
repeat B with 2 and 3 bunch trains,
repeat B with different length of gaps.

repeat above with a different emittance
(emittanceratio :changed by skew quads from
0.5% t0 10%.)

2008/3/4 Sendai-GDE 2008 27



,,',': To make efficient inter national

collabor ation

TF Web isinvolving and making inter national data communication page.
SGCson Dec. 21 at KEK last year

m Call for new R& D proposalsat ATF

= Studiesabout the Fast 1on Instability

Thisisastarting point for data sharing within the collabor ation of the fast-ion
R& D program. Therefore we have no tools converting the internal data for mat
into your environment at present. Raw data are distributed in some computers
at ATF because the developments of monitorsare done by several groups. Each
beam-monitor system hastheir own format on the different operating system, 8,
16, 32 or 64 bits. It isvery difficult to gather them in a server at present. Your
help or work to establish the data sharing toolsfor near futureis necessary.
Anyway, we will keep to upload the resultsfor your works.

by Nobuhiro Terunuma, March 1st, 2007.
Data and Summary

Logging into the ATF web system isrequired. If you have no account on the ATF
web system, please visit the user registration page . (http://atf.kek.jp/collab/)

2007/Feb/23, 28 ----- 2007/April
2008/M arch/7, 2007/Dec/14 , 2007/Dec./10
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