BEAM COMMISSIONING OF STF ACCELERATOR AT KEK
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Abstract

A compact high-brightness X-ray source based on inverse Compton scattering has been developed on the
Superconducting Accelerator Test Facility (STF) at KEK. The beam line has an L-band normal conducting photo
cathode RF gun, one Capture cryomodule with two 1.3 GHz 9-cell 1-m long superconducting cavities, a laser super-
optical cavity, and a beam dump. This is caled quantum beam (QB) accelerator supported by MEXT in Japan. From
accelerator, quasi-monochromatic X-ray via inverse Compton scattering is obtained. Our goal in the superconducting
RF accelerator system is to establish the stable operation of a 20 MV/m accelerator field for a 1 ms-long pulse train,
then to obtain 10,000 nC/pulse. We are attempting to demonstrate a high-brightness X-ray generation with target value
of 1.3 x 10710 photons/sec 1% band width and with a 10-20 micron head-on collision. The beam commissioning for
the photo injector was started from end of Feb 2012. About 7 mA flat beam with 1 ms pulse width was generated at
Mar 2012. A cooldown of the capture cryomodule was started from middle of Feb 2012 for the rf process of the
superconducting cavities. The gate valves of the capture module were opened to accelerate the electron beam to 40
MeV and to transport to the beam dump at middle of April 2012, then the commissioning of the beam tuning was
started. The 1 ms beam with 3.2-6.5 mA peak current and 40 MeV was achieved at middle of July. The normalized
emittance was achieved less than 1.5 mm mrad at the mirror collision point, and the 36 micron beam was also achieved
at collision point without a beam loss. And an inspection of facility for the radiation safety was passed at middle of July.
The beam operation will restart at Sep 2012, and the X-ray will be generated by the super optical cavity. In this report,
the commissioning of the photo injector and the beam tuning will be reported.
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(40 MeV)
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Beam Line Layout
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Standard Operation mode,
- Cooldown for Capture module

Beam Operation

[ startup and Beam operation : 4 day % 9 hours / Wik

[0 maintenance and Other study

< RF gun, Laser, LLRF etc... Cryogenic Operation

: Total 72 hours [/ week
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L 27/Feb 12April: SC-Gate valve open Pa
I cool-down for Capture module
- RF gun commissioning Total: 34 day operation for the cryogenic.

15 day operatien for the Photo-injector,

[ Beam commissioning 42 day operation for the Beam tuning
[ maintenances and Other studies

RF gun process, Photo-cathode
Laser, LLRF, Capture Module etc...
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Operation mode (1)

1 ms-long bunch

Operation mode (2)

Beam focus

RFgun | 22 MW, 1050 us,5Hz | 3.5 MW, 250 us, 5 Hz
(Epk = 34.6 MV/m) (Epk = 43.7 MV/m)
Ave. 11.6 kW Load Ave. 4.4 kW Load
(Recovery time: 10~20 | (recovery time: 1~2
min) min)
For beam tuning: For beam tuning:
4-200 bunches 4-200 bunches
Max 162,448 bunches Max 32,500 bunches
Laser spot size: 6 3mm | Laser spot size: ¢ 1 mm
Capture | ImsFlat top, 5 Hz 1ms Flat top, 5 Hz
module | Eacc: 10-25 MV/m Eacc: 10-25 MV/m
Optics Commissioning optics Collision optics (fig. 3)
Beam 20 MeV for Phase 2
energy

40 MeV for QB
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Date Number of | Bunch Charge | Beam

bunches (peak current) | Energy

20/April/201 10,000 20-25pC 40 MeV
2 (3.2-4mA)

31/May/2012 80,000 25-40 pC 20 MeV
(4-6.5mA)

22/June/2012 30,000 50-57 pC 40 MeV
(8-9.2mA)

10/July/2012 162,448 20-40 pC 40 MeV

(3.2-6.5mA)
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