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Highlights and Holiday Greetings from the Jefferson Lab FEL Team

   Despite a short run this week, we produced some very interesting experimental results with the FEL Upgrade at 2.8 microns that are described below. In addition, we prepared to shut down the JLab FEL for the end of year break for both the FEL hardware and the FEL staff.  The machine was put to bed at 3:00pm on Wednesday, and today we are performing some maintenance activities.  We plan to bring the FEL back on-line when Jefferson Lab re-opens for operations on Monday January 3rd. Next week will be our first break in activities since the 2003 holiday break. Our year was devoted to the 10 kW campaign which reached a crescendo in July, followed by the installation activities for the new short wavelength wiggler, THz chicane and modified optical cavities in August through October, and ending with our successful re-start with this hardware over the last two months.  The entire team is looking forward to bringing this exciting machine on line for users early in 2005 and continuing to push the frontier on high power FEL development.

  On behalf of all of the FEL team and our colleagues at Jefferson Lab, I want to thank all of our stakeholders in ONR, NAVSEA PMS-405, JTO, AFRL, US Army NVL, DOE, the Commonwealth of Virginia, and our user community for your continuous support and encouragement during this past year. You were there for our successes and our frustrations and it was appreciated by all.

 We wish all of you an enjoyable holiday season and a happy, healthy and productive start to the new year.

 Now a short synopsis of what we learned this week:

· We operated the FEL with the injector voltage lowered from 9.2 MV to 7.2 MV.  This was necessary to decrease some field emission induced vacuum problem with one of the injector cavities. However, we had proposed for our 100 kW design operating the injector at 7MV to lower the RF power costs and increase the energy recovery efficiency.  So, we can claim an early test of this configuration.

· Steve, Dave and Michelle were able to demonstrate kW/mA lasing efficiencies with this set-up.

· Steve was able to demonstrate continuous and rapid tunability across the bandwidth of the 2.8 micron mirror set by tuning from 2.5 to 3.15 microns with the FEL lasing cw at 

400 watts. This is a very important capability for many of our users including the experiments planned by our NRL colleagues and a variety of photochemical studies.

Details follow below along with a special holiday view of the synchrotron emission and laser harmonics observed at a port on the THz chicane as we tune the wiggler.

We call this our Aurora ala FEL in honor of the season.

Beam Improvement Activities (Steve Benson and Dave Douglas)

   On Monday we tried to carry out some pulse power processing on the injector cryounit to try to decrease the field emission loading we observe on cavity 3 at normal drive high gradients.  We were plagued by waveguide trips, which kept us from getting to high gradient in the cavity.  On Tuesday we decided to try operating at a low gradient in the injector.  To do this properly we need to do a series of simulations optimizing the injector setup. We would then need to set it up using an injector phasing routine with the lower gradients.  Since our injector guru is off in Mexico (on a well deserved break!) we decided to try lowering the injection energy and optimizing it the best we could.  The resulting setup was not much worse than what we had at the standard injector energy.  We spent some time trying to improve the match around the machine, with some success. 
   On Wednesday we continued optimizing the FEL with the new injector setup.  Optimizing the Arc 1 sextupoles seemed to help the efficiency.  With 0.6 mA of beam current we got over 

600 W cw  (i.e., 1kW/mA).  We were able to tune continuously from 2.5 to 3.15 microns with about 400 W of cw power.  We then measured the gain and loss of the cavity.  The loss looks pretty much as expected at first glance.  The gain looks lower than expected.  We have some evidence that there is a tail in the charge distribution, which would reduce the gain and efficiency.  Both are lower than expectations.  This is more incentive to come up with a better optimized injector setup.  The current in this configuration was limited by losses at the cryounit exit.  No evidence of loss was seen at the cryounit entrance.  We will work toward an injector setup that produces a smaller beam at the cryounit exit. 

   There are some interesting "features" to the longitudinal phase space, it appears to be fairly bright, producing not only good lasing efficiency but also giving apparently yielding short bunches (Happek interferometer measurement of under 400 fsec) at low (under 1% full) momentum spread in the recirculator. The transverse emittance doesn't look all that bad either. One might therefore ask, "what is the real optimum injection energy?" This becomes an important question for us to investigate as we continue machine optimization and modeling next year along with the relevance of the answer to next generation FEL designs which incorporate energy recovery.


Optics Developments

   Operations this week kept the current at a sufficiently low value that we were producing under a kW of power.  With reduced flow to the mirrors, we can slightly refine our absorption values to less than 300 ppm with the installed 2.8 micron mirror set.  We noted that we have a new damage site on the HR, located about a beam diameter away from the first site, although no observable effects on beam performance.  No updates on the 1.06 micron mirrors, the HRs are on schedule for receipt after the holiday, and we are still doing metrology on the OCs.

Happy Holidays from the Jefferson Lab FEL Team:

   Aurora ala FEL     

Views of the synchrotron emission (white) from the driver accelerator beam

and the FEL harmonic emission (in various colors) as we tune the electromagnetic wiggler
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