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Let’s do this!
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Introduction

 Junior Electrical Engineering student at the University of Kentucky

« 2"dyear returning SIST intern working on a project at IARC(lllinois Accelerator
Research Center)

« Supervisors: Michael Geelhoed, Ram Dhuley
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Who am I

Second year returning sist intern

Steve Hays – EE support in the Accelerator Department.

This is the building I would have been in if we didn’t have a pandemic going on.


IARC accelerator program

Two types: normal conducting and superconducting accelerators

Superconducting accelerators are energy efficient but need Liquid Helium for
operation.

Liquid helium is operationally complex and expensive.
IARC is developing a cryogen free accelerator for industrial applications.

Vacuum vessel

»lm

Thermal shield
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*slow down*

-two types of accelerators
-superconducting accelerators
-traditional a LH bath is used 
-LH is operationally complex and expensive
-IARC is working on a cryogen free accelerator for industrial applications
- Below The IARC accelerator with all of its components and at its heart is the superconducting RF cavity.



Engine of the accelerator

« During fabrication, transportation and testing, the cavity will have varying pressures
both internally and externally.

650 MHz Nb,Sn cavity

Coupler port

] e-beam ‘ -- - REQC - ,
Heat Frequency Light £
e i

Thermionic §
gun port

Conduction rings
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(define problem)

There are many steps involved with designing and developing a cavity, some of those steps can be seen on the right.
The cavity will go through many variations in pressure both internally and externally during this time and steps need to be made to make sure the cavity doesn’t become deformed. 

That’s where my internship comes in, I helped create a four-bar structure to support the cavity during this process. 


Fixture Design Process
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Fixture design requirements
Challenges
Solution

The goal of the fixture design of the 1.5 cell is to provide structural support for the cavity once a vacuum has been pulled on the cavity and it is used for the liquid helium baseline test. For the mechanical simulations on the 4-bar structure on the 1.5 cell I used COMSOL. 



Fixture Design Results

Membrane
Stress Pm
(Mpa)
Iris 4.4
outer
stiffening 8.3
ring
inner
stiffening 34
ring
half cell
equator 92
6 8/3/2020

Allowable
stress (A)
Mpa

Ratio
(Pm+Pb)/A

15/25 .18

15/25 0.332

15/25 0.136

15/25 0.0368
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Iris

outer
stiffening
ring

inner
stiffening
ring

half cell
equator

Membrane Stress
+ Bending Stress
Pm+Pb(MPa)

5.16

1.07

3.61

1.41

Allowable Ratio
stress (A) MPa  (Pm+Pb)/A

22.5/38 0.137

22.5/38 0.0285

22.5/38 0.096

22.5/38 0.0376
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Fixture design is to stop deformation of cavity. Cavity geometry is integral to cavity operations.
50 micrometers
**allowable stresses column?
**FEA analysis deformation picture needs to be larger
**small image of mesh


HOM Analysis

« How does a cavity work?

2% Fermilab
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(background)
-The idea is that we want to accelerate a charged particle using an electric field. In this case we want an electron to enter the cavity on the left and exit through the right.
-To do this we supply the cavity with AC power at a specific frequency to create a standing wave for accelerating charged particles.
-The frequency is determined by the geometry of the cavity we are trying to get a standing wave to form at.
-180 degrees out of phase the e-field flips.


HOM analysis

Each cell has its own resonate frequency
» Operating frequency of 650MHz

» Multiples of the fundamental frequency, such as
1300MHz and 1950MHz

JE H
3¢ Fermilab
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(define problem)
The cavity is electromagnetic resonator with infinite number of resonate modes but only one of them is useful.(accelerating mode) 
The other modes are called higher order modes and are not useful. 
The challenge in cavity design is twofold; 
The first is to make sure HOM frequencies are not near its fundamental frequency or its harmonic, 
and the second is to make sure any HOM near the fundamental or its harmonic has a low R/Q value.

R/Q is a normalize shunt impedance and the amount of power stored in any mode is proportional to its R/Q. 
Ideally, we want all input power to be stored in the fundamental frequency mode since that’s the main accelerating mode.


-What challenges did I have



HOM analysis

Frequency (MHz)

 What did | have to do?
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644.942

646.09

647.862

649.405

650.021

R/Q (Q)

8.480229

9.386036

10.57334

10.84468

657.3929
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error

3.35E-08

3.72E-08

5.37E-08

5.10E-08

6.47E-08
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R/Q is a normalize shunt impedance and the amount of power stored in any mode is proportional to its R/Q. 
Ideally, we want all input power to be stored in the fundamental frequency mode since that’s the main accelerating mode.

State requirements
	-what frequencies are creating standing waves along the beam path at resonance frequencies of out main accelerating mode
Challenges 
Want power to go into fundamental mode which is main accelerating mode


HOM analysis
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Frequency(MHz)
644.942
646.09
647.862
649.405
650.021
1185.499
1188.923
1193.714
1198.032
1376.733
1381.654
1389.034
1396.003
1415.581
1532.955
1761.69
1774.985
1795.08
1815.592
1902.883
1905.529
1906.921
2012.885
2030.612
2055.034
2083.673
2109.417
2120.488
2285.557
2341.627

8/3/2020

RIQ(Q)
8.480229
9.386036
10.57334
10.84468
657.3929
3.126159
2.072631
45.75199
133.8583
0.552395
0.530997
0.677806
0.355496
23.74861
24.75373
4.744791
4.491849
0.122324
0.024954
3.486004
1.406817
30.95568
8.554

3.930114
2.386919
13.40303
16.16926
35.73229
19.81638
0.99798

error
3.35E-08
3.72E-08
5.37E-08
5.10E-08
6.47E-08
7.53E-08
9.06E-08
1.04E-07
1.23E-07
3.91E-07
3.75E-07
5.03E-07
7.01E-07
5.61E-08
1.34E-07
4.61E-07
9.38E-07
2.85E-07
1.04E-07
9.74E-08
1.44E-07
1.29E-07
5.17E-07
7.28E-07
6.66E-07
7.76E-07
3.31E-07
4.25E-07
1.06E-06
1.03E-06

0008 0:0-
4855875240
e
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Didn’t find any monopoles sitting around operating frequency or it’s resonance frequencies



B
HOM analysis

Vim
2.85e+06
2.4e+06
2e+06
1.6e+06
1.2e+06
Be+05
4e+05
1]
Mode 5 E-Field
Crientation COutside &
Component Abs
Frequency 650,021 MHz
Phase 0=
Cross section A —%J
Cutplane at £ 0.000 mm
Maximum on Plane (Plot) 2.85357e+06 V/m
Maximum (Plot) 2.85357e+06 V/m

This was the main operating frequency with the highest R/Q
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Result 
Want power to go into fundamental mode which is main accelerating mode



Conclusion

» Huge thank you to Michael Geelhoed, Ram Dhuley, and the SIST program.

« Stay safe!
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