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Abstract

We have been developing a compact X-ray source based on laser Compton scattering (LCS) between an electron beam
and a laser pulse stored in an optical cavity at Laser Undulator Compact X-ray source (LUCX) accelerator in KEK. A
multi-bunch electron beam is generated by a 3.6cell photo-cathode RF-gun and accelerated to 18-24MeV by a 12cell
booster. A laser pulse in a 4-mirror planar optical cavity is enhanced by stacking injected laser pulses. And then 6-10 keV
X-rays are generated by LCS between the beam and the laser pulse. Presently, we have achieved the generation of 24MeV
beam with total charge of 600nC in 1000bunches. The energy difference is within 1.3% peak to peak. The beam-loading
is compensated by delta T method and amplitude modulation(AM) of the RF pulse of the 12cell booster. However, there
is the energy difference at the RF-gun. It is assumed that this causes the reduction of the X-ray flux due to change of the
focused beam size. To compensate the energy difference, AM is also applied to the RF pulse for the gun. We will show
the results of the beam-loading compensation and the generation of X-rays.
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Figure 1: The beamline of the LUCX accelerator.
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Figure 2: 4-mirror planar laser cavity.

22 X MRHHZE

Figure 3 OJHIZ, X #RIL, WIAERA CTEFE—2A
LB /E\%’?"I//\“‘%LU\ &2 805 6.5m 1212
JEZ 300um @ Be OB RKHICHED HSLD, 2
Z2RUNTED X BRIREE DR A BET D72 Th D,

/\I?":c//\*aljﬂ 1%, X BRIRE ORI E DT DD
Micro-channel plate(MCP)% &% & L TV 5, MCP |52
NRLS NV TN T EAE— LEDOME I LD LCS-X

DORFfEIEE AT LM TED, F2, 2D MCP (45—
N—=ZXoT X B4 E~DOH LA ARETHY,
XA A= T HEIZIE MCP 251 EnsbBI & HL X
A2 THICRBELI-A A= H R ;j\ﬁ"fﬁﬂé LINT
XD XA A=Y 7 BASH O HZRIZ1E RIGAKU 1
o HyPix-3000[8]&fF HL T\ 5,
Be window: t 300pum

HyPix-3000 Collision point
\ / MCP g

—l-— +{,w,,,,,,+,,,—,,£H,,,,,,,;, ;

420mm

Figure 3: This picture shows the setup of X-ray
detectors. The MCP measures the intensity of X-rays.
The HyPix-3000 is an image sensor which has the active
area of 77.5mm x 38.5mm and the pixel size of 100um
x 100um.
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Figure 4: The left figure shows the bunch-by-bunch
energy when the beam-loading was compensated by AT
method. The right one shows the energy when the
loading was compensated by both AT method and
amplitude modulation.
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Figure 5: X-ray signal measured by MCP without the
beamloading compensation at the gun.
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Figure 6: The result of the scan of the position between
an electron beam and a laser pulse without the
beamloading compensation at the gun.
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Figure 7: This graph shows an electron beam energy at
the exit of the RF-gun without the beamloading
compensation at the gun.
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Figure 8: This graph shows an electron beam energy at
the exit of the RF-gun with the beamloading
compensation at the gun.
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Figure 9: X-ray signal measured by MCP with the
beamloading compensation at the gun.

S il 200 , : :
7 NN RMS(FIT) =

150

100 - i

% % ¥ L R e
* |

Width [pum]

50

Head 0
-200 0 200
Vertical Position [pum]

0 0.5 1 15 2 25

Time [ps]

Figure 10: The result of the scan of position between an
electron beam and a laser pulse with the beamloading
compensation at the gun.
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Table 1: Parameters of Electron Beam and Laser Pulse

Electron beam Laser pulse

Energy 22MeV 1.17eV(L: 1064nm)
Intensity 0.3nC/bunch 3.4ml/pulse

Beam size: 6x, 0y  80um, 60pum 64um, 41um

Pulse length 15ps(FWHM) 7ps(FWHM)
Number of bunch ~ 1000bunches/train
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