Status of ATF Fast lon Study

 Brief summary of past studies

« Results of the vertical emittance tuning
Tuning details will be reported by S.Kuroda (April 19)

e Status of resumed Fast lon Study
 Plan for coming months

TILCO9, 4/18/2009, Tsukuba, N.Terunuma (KEK)



Devices for Fll study
* Screen Monitor
-Ene:_rgy Spread- one Path

Laser Wire
-Emittance meas.-
bunch by bunch

Exposure ~15 min.

Superposition of multi-turn

Turn-by-turn Monitor
-position meas.- o
bunch by bunch Gas Injection System

: 3 -N2 or others-
% . One Path & multi-turn Pressure bump 10-7Pa to 10-3Pa

X-ray SR Streak Camera One Path
———®¢—-Emittance meas.-=**-Bunch length meas.-
Exposure ~20 msec. Bunch by bunch

Superposition of multi-turn




Gas Injection system at ATF-DR
-South straight section-
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Control Panel

Gas Injection System ~ B2
5 -N2 or others- ok e

] Pressure bump 10-7Pa to 10-3Pa
2.32E-06Pa|| 2.83E-06Pa|| 1.27E-06Pa e
e Scaled by

monitored pressure.




Selup of AoKR
—MoOntor

53 4m

Principle

=Reduce the diffraction limit from SR-light.
- Two Fresnel zone plates (FZPs) are used,

- Monochromated X-ray SR(3.235keV) Is used.

=0Obtain 20 times magnified beam image on CCD.
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3423mm of XSR monitor
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Mechanical shutter installed on April 2005
(opening shutter time <1lms) [previous >20ms]

1 EBGEV' Damplng Ring

£7 6m

Expected spatial resolution
IS less than 1um.
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Real time
beam Size measurement
for lower emittance tuning

I=5.0mA, Shutter time = 1ms
(2005/06/07)
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Beam profile 2005/06/07 (horizontal, 5.0mA/1bunch )
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Beam profile 2005/06/07 (vertical, 5.0mA/1bunch )
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L aser wire beam size monitor In

14.7um laser wire for X scan

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

6min for Y)



Normal condition
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Turn by turn position monitor

The scope can store the waveform up to 2ms
with 100ps time resolution.

BPM electrodes

DPO7254

>
>

[

L

Noetwork

Analyzer
computer




Previous R&Ds at ATF

File Shifter

' 200mV Q Rions A Chi . -i150mv

' AT S

T

Title H
cl Ochi#53]
c2 Och:#53]
peak  B21ch:32065
fwhm  35ch:20788
area 9257772
mean 578.58
sigma 45.39

Channel{LPC530115 CH2 |

Shifter |

! Monitor| Stop

Channel |LPC530115 CH2 j

j

ons A Chl | -140mV

Sl TAY ffSewr

v I i Title H W
Och:pEza? cl Och:8850 Och: 9964
Och:paz? (] Och:8850 Och: 9964
426ch:51793 peak 522ch:32856 426ch:49418
4ch:30810 fwwhm 8ch:20903 4ch: 20691
9257772 area 9892852 9682982
425,92 mean 522.79 425,85
1.29 sigma 1.88 1.34

0.4E10/bunch, 20bunch

1.0E10/bunch, 20bunch



FIl study on 2007/3/13-14

5mA/20bunches

10mA/20bunches

20mA/20bunches
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Figure 7: emittance of multi-bunch beam at 5mA/20bunches
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Figure 8: emi

ttance of multi-bunch beam at 10mA /20bunches

igure 9: emittance of multi-bunch beam at 20mA /20bunches

We measured emittance of each bunch in a 20-bunch
beam In the DR with a laser-wire monitor. No clear
emittance blow-up along a train was observed up to

20mA/train.

One of the reason may be the bigger vertical
emittance compared with the data taken in 2004.




FIl study on 2007/3/13-14 (2)

Vertical emittance of 20 bunches in ATF DR

Table 2:

vacuum fpressure 11 ZUU4

Table 1: vacuum pressure in the measurements

ion pump status |

11mA

26mA 31mA

ion pump status | 5mA 10mA

20mA

normal

| 4.0x10° Pa

6.0x107 % Pa [ 6.5x107" Pa

vertical emittance [pm rad]

70

60 |

501

40

30+

20 1

101

both

46x10~7 Pa 5.9x1077 Pa
20x107% Pa 2.7x107% Pa
34x107% Pa  5.2x107° Pa

normal
south straight OFF
arcs and south straight OFF

1.0x107% Pa
5.5x107% Pa

—— A:31.1mA

=¥ C:11.3mA

2004 spring run

2004
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Bunches arLeLaLIready bigger.
Single bunch is also bigger.



R&D results on Dec 2007

First shift with the gas injection system.

Vertical emittance was about 40pm but we need
10pm or less.

Multi-bunch beam was not well tuned.

Vacuum in DR, North/South, was higher than usual.

— Beam line was opened to install Gas system, Laser-Compton
system and the fast kicker chambers in fall 2007.
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Vertical emittance became larger

« 5~10 pm had been achieved after emittance
tuning describea.

* Recently, about 20~30 pm, after the same
procedure of the tuning. |from 20062

* Apparent vertical dispersion and x-y coupling
are worse. (7 may not be always 7)

* Optics model may be bad. (e.g. tunes and orbit
response to steering magnet do not fit with the
calculation.)

We need to solve the problem.
— ATF2 assumes ~10 pm.

— Many instrumentation develooment need small beam
Size. and Fast lon Study!

— |LC damping ring requirement is 2 pm.

By K. Kubo



What should be done for Fll study at ATF

« Vertical emittance recovery/tuning
— Need to understand what makes 20~50pm emittance in recent DR.
— Re-align the DR magnets and see what is happened.
— keep DR tuned for each operation period

e Multi-bunch beam tuning
— because DR is usually tuned for the single bunch beam for other R&Ds
— It will take at least one shift just before Fll shifts.
— RFgun and Linac tuning due to beam loading, capturing in DR

— We will Improve the timing system of the RFgun laser to avoid the rise
and fall edge of pockels cell voltage.

« Minimize the effect by vacuum breaks to see a clear effect

— Beam extraction R&D by Fast Kicker
» Exchanging chambers and kickers every time for 2 weeks R&D

— Laser-Compton system for pol. e+ R&D



Vertical emittance recovery

History of Emitance tuning; ATF-DR
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Resuming the Fll study

 Multibunch study for Fll was tried yesterday.
e 1 shift time; ~8h

e System check for ...
e tunability of the multi-bunch beam injection
e avallability of the Laser-wire monitor
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Resuming the Fll study

Raw Gy by LW@DR 090417

Preliminary!

beam intensity ~ 0.3x10 " &'/bunch

Table 2: vacuum pressure in 2004

ion pump status | 11mA 26mA 3lmA

normal [ 4.0x10°Pa 6.0x10 " Pa  6.5x10"° Pa

vertical emittance [pm rad]
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e Vertical emittance in DR I1s almost recovered
about less than 10 pm.

* Fast ion study should be well scheduled with
other ATF/ATF2 programs.

e Multi-bunch beam tuning should be well done
just before the FII study.

Local and remote participation for FIl beam time
are welcome.
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