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(AWA) to provide

1) number of bunches = 300 or about;

2) charge per bunch = 80 nC;

3) bunch size, transverse < @ 4mm;

4) bunch size, longitudinal < 2 - 3 mm;

5) bunch energy spread, Pk-Pk < 10%;

6) frequency = 1.3 GHz for bunch spacing;

7) bunch energy =3 - 10 MeV,

8) total beam power, peak ~ 0.3 -1 GW,;

9) beam power, average ~ 80 - 240 W @ 1Hz;
10)conservative number of klystrons at 100 MW =4 - 12;

(Omega-P R&D) note: the frequency of our structure = 10.4 or
11.7 GHz (+ third harmonic, by design);



Suppression of Surface Pulsed Heating “Quadratic Dependence” Effect

E, , E, normalized to the same
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also, modified Poynting vector S, and total RF power P, are reduced.

Two harmonic mode superposition could
suppress pulsed heating — a possible precursor to breakdown.



TMg10+TMpy, Cavity

A A A
n. mode |
standing wave T™M,,, . TM,,, Bimodal Cavity Pillbox A Pillbox B Nose-cone
effective gradient 1st harmonic 3" harmonic 84% 1°t 15t harmonic 15t harmonic 1%t harmonic
E,..~100 MV/m alone alone +16% 3" only only only
frequency (GHz) 11.9942 35.9826 11.9942 11.9942 11.9942
effective shunt
impedance (MQ/m) 100.73 24.65 A 124.19 100.43 99.18 127.7
transit time factor 0.753 0.633 0.762 0.758 0.749
max E,; (MV/m) 209.8 359.2 V¥V 178.0 206.7 178.0 218.6
max Hg,; (MA/m) 0.309 0.776 0.339 0.309 0.309 0.267
max S, (W/um?) 2.365 9.700 V¥ 1.670 3.190 3.181 3.68
max AT (K) @
200ns pulse length 24.46 261.8 V¥ 19.15 24.46 24.46 17.65
wall loss (MW) 1.241 5.069 ¥V 1.006 1.244 1.260 0.979
2-mode superposition compared to Bimodal (16%) Nose-cone
fundamental mode alone in the same effective gradient E, 150 150 MV/m
cavity : effective shunt 124.2 127.7 MQ/m
impedance
] maxE,, 267 327.9 MV/m
0 pulsed heating temperature {,22% max H,,,, 0.509 0.401 MA/m
¢ effect shunt impedance 123% max S, 3.76 8.28 W/pum?
0 peak surface E-field |,19.4% max AT @ 43.1 39.7 K
0 dified Povntin tor 1, 30% 200ns pulse length
moditied Foynting vecto o wall loss 2.26 2.20 MW

0 total RF power {4, 19%



Bimodal Cavity for Pulsed Heating Suppression
TMy,,+TM,,, (f + 3f)

elliptical cavity TM,,, 12 GHz TM,,, 36 GHz

a/A=0.1 E H E H

pulsed heating temperature modified Poynting vector S,  surface E-field along periphery
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Path Length (cm) Path Length (cm) on axis

Path Length (cm) Effective acceleration gradient 100 MV/m

2-mode superposition compared to fundamental mode alone in the same MHC :

0 pulsed heating temperature ,22 0 effect shunt impedance 123%
0 peak surface E-field J,19.4% 0 modified Poynting vector J,30%
0 total RF power J, 19%



Electron Gun 350-500kV; 129-220 A Coils

Vacuum Bunching Test Cavity

Chamber Yoke Prive Cavity Cavities

Cathode

Solid State Marx Modulator
500kV, 250 A, 1.2 ps, 5 Hz

Challenge: High Current Drive Beam
Solution: Thermionic Beam using
Klystron-like  Bunching  without
actual X-band Klystron

Test cavity

Gap = 0 by adjusting bolts
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Challenge: Low Energy Drive Beam
(0.5 MeV) can be reflected by high
field (1.8 MeV loss)

Solution: addatwo-frequency output
cavityand coupletotest cavity Matching coil
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Field probe position Test beam
in simulation Test cavity
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6 mm diameter 350 keV, 128 A '
drive beam

beam pipe

/
Drive cavity 15t bunching 2"d bunching _ N
cavity cavity HOM drive cavities

Steady state of a 350 keV, 128A beam going through the
system. Drive power in drive cavity is 30 W, beam radius is 2 ' |

mm, and longitudinal magnetic field is 3000 G. A high energy Left: Fundamental mode field pattern.
(100 MeV), negligible current (1 pA), and small size (0.4 mm Right: 3" HOM field pattern.
diameter) test beam is sent through the test cavity to test the
acceleration.
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Electric field vs. time at probe location of figure 11. The peak
field reaches 313 MV/m. The peak energy gain of the test beam
is 1.92 MeV.
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to test these directly... we need something else;
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+ use a variable A® to map the accelerating/decelerating
fields on axis



lesser drive

same gradients

same wall fields

almost no test bunch — low beam loading (low efficiency), but we can...

...demonstrate that BDR is reduced (as the 1st step);
+ we can use a small test charge to map the fields on axis to show that they are a real combo of the 15t and 379 harmonics
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1) number of bunches = 300 or about;
2) charge per bunch = 10 nC;

3) bunch size, transverse < @ 4mm;

4) bunch size, longitudinal < 2 - 3 mm;

5) bunch energy spread, Pk-Pk < 10%;

6) frequency = 1.3 GHz for bunch spacing;

7) bunch energy =3 - 10 MeV,

8) total beam power, peak ~40-120 MW,

9) beam power, average ~ 10-30 W @ 1Hz
10)conservative number of klystrons at 30 MW =2 - 4;




