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Landau Cavity Improvements,
and Issues with Drift Tube Linac Upgrades
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Landau cavity issues with higher beam intensities

= Beam Loading
- Beam current “overpowers” the cavity @ intensity > 2.4e9 ions per bunch
- QOver 400KV induced on the gap by the beam
- 10kV command from the LLRF

400000

300000

200000

100000

0

400kV

104525 10:42:26 10:42:27

lOkV Time (Start Fill = 19780)

——— cavTuneloop,da-rf-y201-1,3:probelagInVoltsScaleddsvaluel, ] (D) — ey-ygtstart

f‘ U.S. DEPARTMENT OF
\@3‘ ENERGY

10:42:28

ey-ygannat

BROOKHFAVEN

NATIONAL LABORATORY



Blue Landau System 2017 Au Run

At the higher intensities the landau cavities were tripping at transition

200

causing beam aborts.
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e 2 kW solid state PA
= 205Q

e Critically Coupled

N
L
=
—
o
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Solution options using existing hardware

» Rotating the drive loop to increase
the coupling factor to a maximum
=6

*Use a tetrode PA (brute force)

Externally Increase 3

Generator @

/3 : coupling factor

lq Voo I5
P
— <= @ Beam
% ¢ L R L=R/(Ow,)
T C—O/Rw,)
Cavity
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Chosen Solution:
External Loading Network

* No vacuum work required
« Can modify impedance on the fly
* Reduces stress on existing circulator

* Made from off-the shelf components
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Parameter

B
Qu
Re (MQ)
Zin (Q)

FFB Gain (dB)

PA

Critically Coupled
1
22,000
3.63
50

40

Ideal Externally Loaded

5
8,000
1.21
10
33
12.5Q
Zo=50Q) | Z0o=500
Z0=50Q
£=N\/2
|
Z0=50Q
£=N4

External
Loading
Network

Cavity




e Network not yet fully

optimized
e Bonly26

B
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Loading Network Implementation

* 4 hour machine development (6/8/17)
« 2017 Au run did not require high intensity beam

RHIC Beam Intensity
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Testing Blue Landau’s Limits

Efforts were made to test higher beam intensities

*The machine could not provide high intensity so bunch patterns were modified to simulate
higher beam intensity at landau harmonic

Drop every 16" Bunch, Drive Power up 10%

RHIC Beam Intensity
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Blue Landau Conclusions

« Extrapolating from 2017 Au data, the forward power requirement for
IS approximately

« Landau power amplifier capable of linear

« Even with a 3 of only 2.6 proof of principle a success!
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200 MeV Linac RF Pulse width increase

e Medical Isotope program requests higher average
beam current

e Proposed beam pulse width increases from 450uS to
900uS

e RF pulse width increases from 650uS to 1100uS
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RF Equipment Upgrades

e 200kW Driver Cap bank increases from 25uF to 40uF
e 5MW PA Cap bank increases from 50uF to 84uF
e Transformer upgrades in modulator

e System performed well in test dock to 1100uS
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Increasing Pulse Width on Tank 5
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Opening Tank 5 for inspection

LOOk/ING

CUT AW

TOWIED
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Component:

Orientation: Qutside
3D Maximum [¥{m]: 43.95e+06
Frequency: 204.1092
Phase: 0

AESEMEBLY

Abs

linear -
3.09e+06

2.81e+06
2.53e+06
2.25e+06
1.97e+06
1.69e+06
1.41e+06
1.12e+06
8.43e+05
5.62e+05
2.81e+05
a



e Drift tube stem and collars were
overheating

RF Spring ring remnants
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e Silver plated
beryllium copper RF
spring ring melted

é BeCu melting point =

* 800-900°C

12 of 96 stems/collars suffered damage

RN



Where did feasibility study go wrong?

e Thermal analysis
shows < 1°C rise
over the normal
operational
conditions.

e Max of 24.2 °C




How was the thermal analysis

performed?

e Scaled Messy Mesh
power dissipation
calculations from 1968
by 170%

e Assumed even
distribution of RF
heating and perfect
thermal junctions

o o g-21-1L

Dot Tobe S-20 L
__ D23~ m-®89
MURA LINAC CAVITY CALCULATIONS RUN NU. 32334
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Using CST simulation to find out what’s

actually happening

e Only simulated a 5 cell cavity Surface H field simulation
shown here




Charge crowding at stems!

Mode 5 SC
Mouse Position: -13.5, 9.54, 44.58
Result at Mouse Position: 698.5
Component: Abs
t 5 Outside

204.2434
a0



Fields cancel down the length of the collar and
stem, but not before dissipating ~ 50W into the
collar.
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How to remove the heat

RF Heat Source

/’/ & E\\\\\
® Water Cooling b
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Testing RF Spring thermal junction

e A test setup was installed on a spare stem and collar assembly
e (2) 30W resistors were mounted to the collar to simulate RF heating
e Thermocouples were used to measure the junction’s AT

e The entire assembly was then stuffed and wrapped in nomex to simulate
vacuum
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Steady State Thermal Testing Results

Thermal Resistance

interface Fit CCw) e Interference fit performed
Loose 1.24 by shrink-fitting method
.140” BeCu spring ring i
Interference 51 e Loose fit comparable to

current installation
methods

e Difficult to recreate
consistent results with

Cu Conflat vacuum Loose 1.28

gasket

Interference .225

- spring ring
*Thermal Runaway conditions e Conflat seal too tight to
not shown remove
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* New method to be installed on Tank 5 and Tank 7 this shutdown
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Fallures!
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200 kW Driver




High Voltage Capacitor







7835 PA
Input Section
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8618 Modulator




Thank You!
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