arXiv:physics/0008037 11 Aug 2000

ELLIPTICAL X-RAY SPOT MEASUREMENTRoger A. Richardson, Stephen Sampayan, John Weir, LLNL, Livermore, CA, USAAbstractThe so-called roll bar measurement uses a heavy metalmaterial, optically thick to x-rays, to form a shadow ofthe x-ray origination spot. This spot is where an energeticelectron beam interacts with a high Z target. The material(the �roll bar�) is slightly curved to avoid alignmentproblems. The roll bar is constructed and positioned sothat the x-rays are shadowed in the horizontal and verticaldirections, so information is obtained in two dimensions.If a beam profile is assumed (or measured by othermeans), the equivalent x-ray spot size can be calculatedfrom the x-ray shadow cast by the roll bar. Thus theellipticity of the beam can be calculated, assuming theellipse of the x-ray spot is aligned with the roll bar. Thedata is recorded using a scintillator and gated camera. Datawill be presented from measurements using the ETA IIinduction LINAC. The accuracy of the measurement ischecked using small elliptical targets.1˚˚INTRODUCTIONThis paper describes a �rollbar� diagnostic used todetermine the spot size of a pulsed x-ray source. Theinnovation described here is a rollbar in two dimensions,so that the beam ellipticity (with respect to the rollbaraxis) and center can be measured. A gated camera is usedso that a time history of the spot size can be generatedusing multiple shots or cameras. 2˚˚EXPERIMENTAL SETUPThe diagnostic is basically the same as described inreference 1. A thick block of Tungsten alloy metal is usedto image a x-ray spot generated by the focused beam ofthe ETA II LINAC [2]. The edge of the block has a large(1 meter) radius (�rolled�) so that alignment is not critical.The modification described in this paper is that two edgesof the rollbar (perpendicular to the line of sight) areradiused, so that the spot size can be determined in twodimensions and the horizontal & vertical components ofthe beam can be measured. A fit to the data gives thespot size and position of the x-ray spot in thesedirections.The shadow of the x-ray spot is projected onto ascintillator (1 cm Bicron BC-400), which is then imagedusing an intensified gated camera. The cameras used totake the data were a Cohu SIT tube, with a typically 10nsgate, and/or the DiCAM Pro camera from Cooke, with a5 ns gate.The advantage of a rollbar measurement over a true 2Dmeasurement (such as a pinhole) is that the signal can beaveraged in one dimension, and photon statistics arevastly improved. These image lineouts are typically fittedto an integrated gaussian function (erfc) to obtain the spotsize. The spot size is defined as the full width at halfmaximum (FWHM) of the gaussian. Alternatively thelineouts can be fitted to a double gaussian, or the FFT canbe done.To measure the resolution of the diagnostic, the rollbarwas placed adjacent to the scintillator, which gave ameasured edge blur (using an erfc fit) of 2.7 mm. At theradiographic magnification of 4 used to take this data, thisgives a resolution of 0.67 mm. The magnification is theratio of the distances from the rollbar to the scintillatorand from the rollbar to the spot.A sequence of four accelerator shots with identicalsettings were used to estimate a 7% error in the measuredRMS (root mean square) spot size, and a 14% error in theratio of horizontal/vertical (ellipticity). This measurementis the basis for the error bars on the plots in this paper.3 ˚ ˚ D A T A 3.1˚Elliptical targets The accelerator beam is typically focused on a flat, 5 miltantalum target to produce x-rays detected by thisdiagnostic. To check the accuracy of this measurement, atarget was constructed that consisted of small tantalumbuttons, which were glued onto a thin sheet of Mylar.The targets were small (on the order of the spot size of thebeam), elliptical in shape, 1 x 1.5 mm, and oriented toalign with the rollbar axis (�horizontal� and �vertical�). Asuccessful shot is shown in Fig. 1, which is a 10 ns gatedimage, centered temporally in the middle of the pulse. Thedata is somewhat noisy because the outer part of the beammissed the target and created noise x-rays. Gaussian fits ofthe image lineouts in the horizontal and vertical directionsgives a measured spot size of 1.1 x 1.6 mm, whichcompares well with the target size and shape, especiallyconsidering the minimum resolution of ~0.7 mm

Figure 1: Two-dimensional rollbar image. 3.2˚˚Quadrapole magnet variation A quadrapole magnet in the beamline of the acceleratorwas varied to adjust the beam ellipticity. This produced anelliptical x-ray spot size as illustrated in Fig. 2. The electron beam leaves a witness hole in thetantalum disk after a shot. These holes were elliptical inshape during this data series, and the measured ellipticityof the holes linearly increased with the quadrapole current,Fig. 3. The hole shapes also confirmed the direction ofthe long axis of the ellipse (horizontal). In general, thewitness holes do not give an accurate measurement ofspot size, however in this case they did correlate well withthe ellipticity.

1.61.822.22.42.62.80123456verticalhorizontal

Spot Size, mmQuadrapole Current, Amp Figure 2: Spot size variation due to quadrapole magnetcurrent.

0.811.21.41.61.80123456X-Ray SpotHole size

EllipticityQuadrapole Current, Amp Figure 3: Spot size ellipticity compared to target holeshape. 3.3˚˚Tuning curve The final focus of the accelerator is minimized byadjusting the final magnet and plotting the spot size asdetermined by the rollbar. A typical tuning curve isshown in Fig. 4. In this tune, the beam is almost roundat the spot size minimum, and become elliptical as thespot size increases.

11.522.53870880890900910920930940 verticalhorizontalrms

Spot Size, mmFocus Magnet, Amp Figure 4: Accelerator tuning curve. 3.4˚˚X-Ray spot vs. time By changing the delay of the gated camera, a timehistory of the spot size can be constructed with multipleshots. A typical data series is shown in figure 4. Thisillustrates the beam degradation during the rise and fall ofthe pulse due to energy variations in the beam.

0123456-2002 0 4 0 6 0 8 0 100120VerticalHorizontalRMS

Spot size, mmTime, ns Figure 5: X-Ray spot size vs. time. 3.5˚˚Beam motion The x-ray spot center can also be calculated from thedata and plotted. Figure 5 shows some data taken using agas cell for the final focus [3]. This experiment used asmall cell filled with nitrogen gas to focus the beamwithout using a magnet. The electron beam ionizes thegas in the cell, and the resulting plasma neutralizes thespace charge of the beam, causing the beam to pinch dueto self-magnetic forces. Because the focusing magnet isturned off, the beam now has freedom of motion on thetarget and moves during the shot.

- 1 -0.500.511.5-0.8-0.6-0.4-0.200.20.40.6

Vertical, mmHorizontal, mm-15 ns+15 ns+5 ns-5 ns Figure 6: Spot centroid motion. Data points are 10 nsapart, labeled with respect to middle of pulse.4 ˚ ˚ S U M M A R Y The two dimensional rollbar technique gives an accuratemeasurement of the spot size in two dimensions (in therollbar orientation). The data can be analyzed to give thex-ray spot ellipticity and centroid. It is a valuablediagnostic for tuning a radiographic accelerator andstudying beam-target interactions. REFERENCES [1]Richardson, R. A., �Optical Diagnostics on ETA IIFor X-ray Spot Size�, Proceedings of the PAC�99,New York, NY, (1999). [2]S.Sampayan, et. al. �Beam-Target InteractionExperiments For Bremsstrahlung ConvertersApplications�, Proceedings of the LINAC2000,Monterey, CA, (2000). [3]To be published.ACKNOWLEDGMENTSThis work was performed under theauspices of the U.S. Department of Energyby University of California LawrenceLivermore National Laboratory undercontract No. W-7405-Eng-48.