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   During the LCLS Diagnostics and Commissioning Workshop held at UCLA on January

19-20, 2004, the group discussed a series of issues with the conflicting constraints of

the intraundulator x-ray diagnostics for the high power mode of the SASE FEL. In particular: 1) the high absorption of x-ray power for the full operating conditions was projected to melt any material at 15 angstroms and all above carbon at 1.5 angstroms;

2) the beam energy jitter of 0.1%, or 0.2 % in wavelength, compared to the bandwidth of 10-5 for a diamond crystal monochromator proposed for the SASE diagnostics seemed like a mismatch; and 3) the high level of the spontaneous emission radiation (SER) for a  3% bandwidth (BW) was projected to mask the SASE radiation in the first 40 m of the undulator string. Of course in a 0.3 % BW the SASE would be apparent sooner in z. 

   During the workshop Bill Fawley mentioned the 37% microbunching fraction calculated by GINGER at saturation and followed with a short note on 1/21/04 on the narrowing spectral bandwidth of microbunching by the 15.8-m point in the undulators.

He left it as an “exercise to the reader” to come up with a way to measure the bunching

in a narrow BW at x-ray wavelengths in the presence of SER and SASE. Several of us had discussed in the workshop the need for spectral, spatial, angular, or attenuation filters for sorting the sources to detect the z-dependent FEL performance. I have come up with

a combination of concepts that should provide a look at the microbunching evolution. A

start-to-end simulation  including the diagnostic (S2ED) would be very helpful.

    We propose adapting our coherent optical transition radiation (COTR) techniques

tested in the VUV-, UV-, and visible regimes at APS [1,2] to the coherent x-ray transition radiation (CXTR) regime. However, our simple use of a thin foil to block completely 

the much stronger SASE and SER signals compared to UV-Visible COTR is not practical for the x-ray beams. We instead will use the sorting of spectral, angular distribution, and

possibly polarization effects to separate the CXTR from the SASE and SER signals. We

use the fact that CXTR will be off-axis in an annulus around the SASE, but not redshifted 

like SASE or SER at that angle. In addition, we may be able to boost the XTR by a decade-old technique. The features of the diagnostic technique are summarized below. We assume that low –z foils can survive in the 1.5 Angstrom regime as reported at the workshop by Yang, or a lower-power commissioning beam might be used.

1.Conversion mechanism: The transition radiation generated at the boundary of

a material and the vacuum as the e-beam transits the interface is the basis of the technique. Although the yield is lower in the x-ray regime than the visible regime

there are still photons, and for a single foil we have two interfaces producing x rays

in the forward direction. The signal goes as the square of the number of interfaces if the

thickness is an integral phase step so we gain a factor of 4. The foil would be inserted at the 0-m, 10-m, 20-m station, etc. to sample the beam. One would expect about 104     
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photons in a 1% BW at  ~8 keV from a carbon foil and 1 nC beam (D.Rule). In this case, we assume the foil-induced scattering or energy straggling will not drastically reduce the microbunching fraction. This should be checked.

2. Resonant X-ray Transition Radiation (RXTR): To boost the XTR signal, we propose evaluating the RXTR technique developed by a number of laboratories a decade or more ago [3,4] to make an x-ray source based on relativistic e-beams transiting a foil stack with M foils. They demonstrated that by choosing the thickness and the separations in integral phase steps, they could enhance the radiation angular density by M2. We need to evaluate if one can scale the beam energies by 50 and still make a realistic (compact) radiator at 8 keV.  Typical radiators used a few-micron thick foils with separations of 4-48 microns to enhance the 2- to 6-keV x rays. The sharpness of the annulus of RXTR depends partly on M, and the angle of course on 1/gamma and the material plasma frequencies. 

3. Annular crystal: At a downstream position (+20 m from the foil for 14.3 GeV), we would have an annular crystal to interact with the off-axis XTR concentrated in a ring at a radius of ~600 μm. This crystal would Bragg-select the 1.5-Angstrom x-rays to be directed with 99% efficiency in its BW (~2x10-4 for Ge or Si) to the x-ray detector. The on-axis SASE, SER, and e-beam would go through the on-axis hole in the crystal. The off-axis SASE or SER would be redshifted ~15% by the (2(2 term (at 30 μrad) of the FEL resonance condition and not satisfy Bragg’s condition. A very significant enhancement of the signal to background ratio should result. The off-axis SASE intensity would be down four orders of magnitude at a position 4σ away, and the Bragg condition should be selective against the red shifted wavelengths by that amount as well.  To address the 0.1 % BW regime, we would need to investigate the use of mosaic crystals.

4. CXTR: In addition, the microbunching of the e-beam in the SASE process would enhance the CXTR signal at 1.5 angstroms by several orders of magnitude by the 100-m point. The z-dependence of the growth of the CXTR should be measurable in principle, if

the sorting aspects work. Details of the coherence length and the effective number of electrons radiating coherently need to be addressed. 

5. X-ray detection:  The detection of the x rays could be with an area detector or perhaps a YAG:Ce crystal with an imaging system. Some candidates are in the CDR. We estimate

generation of 104 to 105 or so x-ray photons per 1-nC micropulse without microbunching. 

6. Other issues: Foil survivability, mosaic or bent crystals for larger BW, commissioning

beam charge and rep rate, another wavelength, beam effects on annulus symmetry and shape, debunching, divergence and pointing, polarization , parametric x rays, etc. are topics to consider. It would be very instructive to use SPPS for tests of foils, radiators, annular crystal, and detector to establish the XTR source strength near 8 keV.

7. Feasibility: I would like to proceed with a full feasibility study to develop the concepts in more detail and to design and perform the prototype experiments as warranted. 

                                                                -3-

                                                           References

1. A.H. Lumpkin et al., Phys. Rev. Lett. Vol.86 No.1, 79, January 1, 2001.

2. A.H. Lumpkin et al., Phys. Rev. Lett. Vol.88 No.23, 234801-4, June10, 2002.

3. M.L. Ter-Mikaelian, High Energy Electromagnetic Processes in Condensed Media, (Wiley-Interscience, New York, 1972) 

4. M.A. Piestrup et al., Phys. Rev.A, vol.45 no.2,1183, 15 January 1992. (as one

example)

