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ABSTRACT 

REPORT OF THE REVIEW PANEL FOR 

PHOTOINJECTOR FOR 100 Kwatt FEL 
THE DESIGN REVIEW OF HIGH-AVERAGE-CURRENT RF 

January 21 & 22,2004 at Advanced Energy Systems. 

Gerry McMichael, ANL 
Larry Rybarcyk, LANL 

Dale Schrage, LANL, chair 

A formal design review of the high-average-current RF photoinjector for a 100 Kwatt 
FEL was held on January 21st and 22nd, 2004, at Advanced Energy Systems in Medford, 
New York. The main conclusion of the review was that reducing the accelerating gradient 
in the third cell would reduce the thermal loads to an acceptable level. The panel 
recommended that this revision be made. 
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REPORT OF THE REVIEW PANEL FOR 

PHOTOINJECTOR FOR 100 Kwatt FEL 
THE DESIGN REVIEW OF HIGH-AVERAGE-CURRENT RF 

, 

January 21 & 22,2004 at Advanced Energy Systems. 

Gerry McMichael, ANL 
Larry Rybarcyk, LANL 

Dale Schrage, LANL, chair 

A design review of the high-average current RF photoinjector for the 100 Kwatt FEL was 
held at Advanced Energy Systems in Medford, NY, on January 21st and 22nd, 2004. The 
agenda for the review is attached. 

SUMMARY: 
The presenters did an excellent job. The presentations were very well-prepared and were 
presented clearly. The presenters are to be commended for their openness and willingness 
to consider suggestions from the panel and other attendees. 

The main concern of the panel and presenters was that the thermal test of the photoinjector 
at full CW cavity fields be successful. The consequence of failure and the time and treasure 
that would be expended in a re-design/re-test effort would be unacceptable. Toward that 
end, methods of increasing the probability of success were considered. The consensus was 
that the main threat to a successful thermal test of the photoinjector was the 200 watt/cm* 
heat flux on'the irises. The most straightforward method of reducing the heat flux is to 
reduce the accelerating gradient in the 3rd cell. 

The unanimous and enthusiastic conclusion of the panel and the presenters is that design of 
the cavity should be revised to reduce the accelerating gradient in the 3rd cell (which 
contains the waveguide irises) to 5 Mvolt/meter. This is identified as the "7,7,5 design." 
Reducing the accelerating gradient in the 3rd cell will reduce the thermal load in the vicinity 
of the irises to about 100 watts/cm2 which is comparable to the level that was achieved on 
the LEDA RFQ. Lloyd Young and Dinh Nguyen have performed calculations that show that 
this will have no effect upon the emittance delivered to the wiggler. The trade-offs for this 
are shown on the table on the following page. 

There has been some slippage in the schedule with regard to the original plan. In order to 
catch up some of the time, the panel recommends that fabrication commence immediately, 
prior to the completion of the revisions to the drawings which will incorporate the 7,7,5 
configuration. Rough machining and annealing steps can proceed at this time leaving 
generous finish machining tolerances. 
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REDUCES THERMAL LOADS & STRESS 
BY 50% TO LEVELS OF LEDA RFQ 
REDUCE KLYSTRON POWER 

TABLE I: TRADE-OFFS FOR 7,7,5 DESIGN 

INCREASED COST OF DESIGN & 
FABRICATION 
DELAY OF DESIGN & FABRICATION 

, .  
ADVANTAGES I DISADVANTAGES I 

REQUIREMENT TO 750 Kwatts 
SMALL IMPROVEMENT IN 

SCHEDULE 
POSSIBLE AXIAL DEFLECTION OF SEPTUM 

I EFFICIENCY (BEAM LOADING I #2/3 I 
INCREASED FROM 26% TO 28%) 

SMALL REDUCTION IN OUTPUT energy 
I I (from 3.0 to 2.6 MeV) I 

RESPONSE TO SPECIFIC OUESTIONS IN THE CHARGE TO THE PANEL: 
1. Can this PI be built? Tuned? Installed? Operated at full structure power? 

1.1. YES. The machining and brazing are diflicult, but the manufacturing plan is based 
on past experience. 

1.2. YES. There is  a draft tuning plan that is  based on past experience with similar 
linac structures. 

1.3. YES. Installation is quite simple. 
1.4. Y E S .  The change to  the 7,7,5 configuration significantly mitigates thermal loads 

and stresses a t  f i l l  structure power. 
Have prudent design margins been applied to heat transfer coefficients? Maximum 
temperatures? Maximum thermal stresses? 
2.1. YES. The heat transfer coeflicients were calculated using generally accepted 

empirical relations. Experience with the LEDA RFQ and measurements made for  
the LEDA CCDTL have shown these formulae to  be conservative. 

2.2. YES. The maximum temperatures are less than 100 *C and will befirther reduced 
with the 7,7,5 design. 

2.3. YES. W e  restrict the allowable maximum predicted von-Mises stress for  
combined thermal, pressure, vacuum, and gravitational loads t o  one-half of the 
yield strength of the respective materials. Past experience with CW linacs has 
shown this to be prudent. 

What factors or features have been overlooked? 
3.1. There are two  additional transient analysis cases that need t o  be run: 

2. 

3. 

3.1.1. Sudden loss of RF power with continued cooling 
3.1.2. Sudden loss of RFpower and loss of cooling. 

4. 

5. 

6 .  

Does this ”micro-channel” cooling scheme seem adequate to the task? 
4.1. YES. The ”micro-channel” design is adequate. 
Are the channels too large? Too small? 
5.1. The coolant channel size is  adequate and provides suitable margins.. 
Are the “steady-state” and transient thermal analyses credible? 
6.1. YES. The analyses have been performed using a commercial F E A  code (ANSYS) 

with the thermal loads verified by SUPERFISH and MICROWAVE STUDIO. 
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7. Are there unseen flaws in this approach? 
7.1. NONE. At the present time, the design appears t o  be quite sound. Some issues may 

arise during manufacturing. 
Have appropriate materials been chosen? 
8.1. YES. Use of dispersion-strengthened copper provides the required high yield 

strength along with good thermal conductivity. I t  is  compatible with the brazing 
process. Grade 1006 steel must be used for  the magnet iron. 

Is the manufacturing plan adequate? 
9.1. IN PROCESS. The manufacturing plan is under development. Wha t  has been 

completed is suitable. 

8. 

9. 

10. Are there sufficient quality checks throughout the fabrication process to reasonably 
assure success? 
10.1. IN PROCESS. The prima ry "quality checks" will be in-process measurements of 

the RF resonant frequency and the RF field distribution. Mechanical inspections 
along with f low,  pressure, and vacuum tests will also be performed. 

11. Is the schedule realistic? 
11.1. INPROCESS. A detailed, resource-loaded schedule i s  being developed. I t  will be 

iterated with participants from AES,  LANL, Techsource and vendors. 
12. What additional design analysis is needed? 

12.1. All analyses will be re-run for  the 7,7,5 design. 
12.2. Two- additional transient analyses cases must be run: 

12.2.1. Rapid loss of RF power with continued cooling 
12.2.2. Rapid loss of RF power and loss of cooling. 

12.3. An additional structural analyses case must be run with the boundary condition 
on the photocathode wall changed t o  reflect the presence of the bucking coil 
magnet. 

12.4. Calculate temperatures and stresses for  in increased cavity wall thickness in the 
coolant passages. 

13. What design changes should be considered? 
13.1. The panel recommends the following changes be studied: 

13.1.1. Increase the cavity wall thickness a t  the coolant passages. This would reduce 
costs in the manufacturing process and increase mechanical margins.. 

13.1.2. Deepen the outer coolant passages on the septa. This will provide better 
cooling in the corners of the cells. 

13.1.3. Revise the vacuum pumping cavity such that all eight of the pumping ports 
are identically angled. This will simplify the manufacture of this cell. 

13.1.4. A d d  "tuning rings" t o  all of the cells. Tuning rings on the diameter to lower 
the frequency as well as on the septa t o  raise the frequency should be 
considered. This will simplify the manufacturing process. 

water-to-vacuum braze joint that goes through the most reheats. 

14.1. The panel feels very strongly that the following change must be made: 

13.1.5. OFE noses could be brazed on the septa. This would provide a back-up for  the 

14. What design changes are needed: 
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14.1.1. Reduce the acceleratinggradient in the 3rd cell (with the waveguide irises) t o  
5 MVoltslmeter. This will reduce the predicted maximum surface heat flux at  
the waveguide irises t o  about 100 wattslcm2 which is comparable t o  the 
values on the RLWGs of the LEDA RFQ. This design is identified as ”7,7,5.” 
Without this change the maximum surface heatflux a t  the waveguide irises is 
200 w attslcrn2. 

15. Is this mechanical design ”Good Enough,” or do we need to make it “Better” 
somewhere. 
15.1. Use of an acceleratinggradient of 7 Mvoltslmeter in the 3rd cell (with the 

waveguide irises) produces thermal loads of up t o  200 wattslcm2 a t  the waveguide 
irises. This is  an unnecessary risk. Reduction of the acceleratinggradient in this 
cell t o  5 Mvoltlmeter will provide assurance of success while note aflecting the 
emittance delivered t o  the wiggler.. 

ACTION ITEMS: 
The panel recommends that the following action items be addressed promptly: 

A. Redesign the cavity to correspond to the 7,7,5 configuration. (AES, LANL, & 

B. Investigate increasing the cavity wall thickness of the coolant passages to add 

C. The inconsistency on the estimation of the structure power between AES, LANL, and 

D. Resize the RLWG irises to match the 7,7,5 design. (AES & LANL) 
E. Two additional transient analysis cases need to be run (AES) 

a. Sudden loss of RF power with continued cooling 
b. Sudden loss of RF power and loss of cooling 

Techsource) 

robustness. (AES) 

Techsource, while small, must be resolved. (AES, LANL, & Techsource) 

F. Run an additional structural analysis case with the boundary condition on the 
photocathode wall reflecting the presence of the bucking coil magnet. 

G. Incorporate tuning rings to facilitate tuning without iterative plating steps. (AES & 
Techsource) 

H. Establish the tuning sensitivity of the vacuum cell end plug (Techsource) 
I. Establish the specification for the tilt of the RF fields (Techsource) 
J. Establish the bandwidth of the klystrons. (LANL) 
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AGENDA 

Wednesday, January 21,2004 
TIME 
9:oo AM 
9:15 AM 
9:30 AM 
1O:OO AM 
10:45 AM 
11:oo AM 
12:OO PM 
1:15 PM 
2:45 PM 
3:45 PM 
4:OO PM 
4:30 PM 
5:OO PM 

SPEAKER 
J. Rathke 
R. Wood 
L. Young 
T. Schultheiss 
Break 
S. Kurennoy 
Lunch 
T. Schultheiss 
V. Christina 
Break 
L. Young 
T. Schultheiss 
Adjourn 

Thursday, January 22,2004 
TIME SPEAKER 
9:00 AM J. Rathke 
9:15 AM R. Wood 

T Schultheiss 
. Christina 9:45 AM { + 

1o:oo AM R. Wood 
10:30 AM Break 
10:45 All 
12:OO PM Adjourn 

TOPIC 
Welcome & Introductory Remarks 
Charge to Panel 
Cavity Physics & Magnet Design 
Cavity Thermal/Structural Analysis 

RLWG/Iris Physics Design 

RLWG/Iris Thermal/S tructural Analysis 
Manufacturing Plan 

Tuning Plan 
Schedule 

TOPIC 
Open Issues from Previous Day 
Auxiliary Equipment (Support, Cooling, Vacuum, etc.) 
Magnet Procurement & Fabrication 

Preliminary Thermal Test Plan 

Discussion & Recommendations 
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