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Microphonics arise when external noise sources excite various mechanical modes within an 

accelerator’s superconducting radio frequency (SRF) cavities. Reliable tuning systems are 

needed to counteract the detuning of cavity resonance frequencies caused by these mechanical 

vibrations. Cavity detuning induces errors in the amplitude and phase of the accelerating 

gradient, which must be kept stable for proper electron beam acceleration. The SRF cavities 

being installed as part of Jefferson Lab’s 12 GeV upgrade have an increased quality factor, 

resulting in a correspondingly decreased bandwidth. This property causes them to be particularly 

susceptible to microphonics detuning, raising the importance of corrective compensation. 

Compensation can be achieved by the low-level radio-frequency (LLRF) control system, but this 

method requires employment of RF power, which is limited in supply. The objective of this 

study is to investigate an alternative compensation method using piezoelectric tuners to 

mechanically damp microphonics in SRF cavities. Measurements were taken in the CEBAF 

tunnel and the cryomodule test facility (CMTF) to characterize the background microphonics 

spectrum of each environment and the frequency response of the piezo tuner. A mathematical 

model, coded in Matlab, was used to reproduce and analyze the frequency response between the 

piezo tuner and the cavity detuning (amplitude and phase). Analysis of the mathematical model 

revealed that the system’s previously mysterious phase behavior can be attributed to a 

combination of either positive or negative transient detuning responses from excitation of the 

cavity’ different mechanical modes. Both measurement and simulation aided in the development 

of a more detailed understanding of the microphonics spectrum and the tuner-cavity system. 

Mechanical compensation based upon this characterization is a compelling solution for tuning 

cavities in continuous wave (CW) mode. The next step is to use a negative feedback signal 

representing the cavity’s detuning angle (from the LLRF chassis) to drive the piezo actuator, 

potentially reducing the overall detuning amplitude. The ability to use piezoelectric components 

to tune the SRF cavities would allow RF power to be utilized more efficiently to create high 

accelerating gradients in the future. 
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The scattering of electrons from nuclear targets is one of the best tools available to physicists to 

look inside the nucleons that form our world. By bombarding atoms with electrons and 

measuring the probability of interaction (nuclear cross section), one can calculate the distribution 

of the quarks and gluons inside the nucleons. While this is a straightforward process for a proton, 

the desire to explore the structure of the neutron necessitates the use of the deuteron and other 

light nuclei as targets. However, in the case of a deuteron target, for a certain range of kinematic 

variables, the electron scattering results in a nucleon inside the deuteron getting knocked out 

intact, producing a final state with two nucleons. This process is known as quasi-elastic electron 

scattering.  The focus of this project was to develop and test new theoretical models to predict 

the cross section for quasi-elastic electron-deuteron scattering, while allowing for the struck 

nucleon to be off-mass-shell, or in other words, bound. This was done by treating the interaction 

as the exchange of a single virtual photon between the electron and one nucleon, while the other 

nucleon was considered a spectator, playing no part in the process. Based on this assumption, 

previously derived results for deep inelastic electron scattering were applied to the quasi-elastic 

case and used to obtain equations for the deuteron cross section.  These equations were then used 

to compare the theoretical model with existing experimental data. It was found that the computed 

cross section values had a very good agreement with the experimental data, whereas the off-

mass-shell corrections made a negligible contribution to the results. Based on this, it could be 

concluded that the theoretical model used is an accurate description of quasi- elastic scattering, 

and that more complicated interactions between the nucleons, such as meson exchange currents 

or final state interactions, do not play a significant role in the process. The comparison of the 

calculations with the collected data can also be used to gain information about the momentum 

distribution of the nucleons inside the deuteron, especially in the relatively unexplored region 

where the momentum of the nucleons is large. 
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The Polarized Electrons for Polarized Positrons (PEPPo) experiment is a proof-of-principle 

experiment designed to produce and then measure polarized positrons at the Continuous Electron 

Beam Accelerator Facility (CEBAF) located at the Thomas Jefferson National Accelerator 

Facility (JLab).  A highly spin-polarized electron beam will strike a thin tungsten foil and 

produce positrons through the two-step process of polarized Bremsstrahlung and pair creation.  

The polarization of the collected positrons will be analyzed in another two-step process, firstly 

Bremsstrahlung to produce polarized gamma rays and then Compton scattering of the gamma 

rays with a thick polarized iron target. The goal of this project is to model and measure the 

magnetic properties of the iron target used in the PEPPo experiment, which is immersed in a 

powerful magnetic field at the core of a solenoid magnet.  To model the nature of the magnet, the 

finite element electromagnetic solver code Poisson was used, and implemented for the 

configurations planned for the experiment.  Because the analyzing magnet is operated in 

saturation mode, realistic curves relating the magnetic induction (H) to the magnetic field (B) are 

considered.  The model of the magnet could then be compared against measurements of the 

magnetic flux passing through the iron core as determined by measuring the electromotive force 

(EMF) of pick-up coils encompassing the iron core.  By comparing the model to the measured 

EMF, it was found that the model predicted EMF’s that did not closely match the experimental 

values. While the model predicted the general behavior of the EMF, the experimental values 

where several times larger than the predicted EMF’s. This would indicate that a more thorough 

test, such as the measurement of the external magnetic field, is needed to further evaluate the 

model.  While results from the measurement of the external magnetic field could dramatically 

change the characteristics of the model, it was impossible to take them due to time constraints. 

With the knowledge of the external magnetic field, it would be possible to improve the model, so 

that the magnetic field within the iron core may be precisely known. With a precise model of the 

iron core, it would be possible to use the magnetic polarization in the calculation of the 

transmission rates in the Compton scattering of photons.  
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In the proposed experiment Gep(5), the structure of the proton will be studied through elastic 

scattering of electrons off of stationary protons. This allows for the measurement of the proton 

elastic form factors, which are functions of the electron momentum transfer, Q
2
. These form 

factors are fundamental constants of the nucleon and describe the internal structure of the proton. 

In order to ensure that the scattering events are elastic the proton angle and energy will be 

measured with a magnetic spectrometer, and the electron angle and energy will be measured with 

a lead glass calorimeter, called BigCal. An aluminum shield is typically placed front of BigCal to 

shield the calorimeter from unwanted radiation, but this is also causing a loss of resolution in the 

measured energy.  A simulation was carried out to determine whether replacing the shield with 

radiation hardened lead glass would significantly improve the resolution of the calorimeter. A 

Monte Carlo simulation was made to examine the event of an electron striking the shield and 

BigCal. The simulation was run with the aluminum shield in place, and then again with the new 

radiation hard lead glass shield. With the new shield, the energy lost in the electron was added to 

the energy measured in BigCal in order to obtain the total energy.  Comparing the new total 

energy to the original value in BigCal it was found that the resolution improved by a factor of 2 

with the lead glass shield. This result confirms that the energy lost in the shielding material is 

directly related to the energy of the scattered electron. This improvement in resolution will be 

useful in isolating elastic events, and analyzing the proton form factors.  
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