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_ In an accelerator employing a photoinjector,

electron optics in the beamline downstream of
the injector are used to transport, manipulate,
and characterize the electron bunch.

To configure a photoinjector to reproduce a given electron bunch with the
desired characteristics, it is necessary to adjust the operating parameters
with high precision. The fine-tunability of the laser parameters are of ex-
treme importance as we try to model further applications of the photoinjec- Delivering a laser pulse to the photocathode
tor. The laser pulse incident on the photocathode critically affects the bunch typically involves several optical elements to
3D phase space. | transport the pulse from the remote laser area to
the radiation environment of the electron gun.

_ _ Partial mitigation of this effect and other detri-
Shaping optics are menta effects is achieved by the use of Fourier

usually placed close to g|ay imaging throughout the laser system and
the photocathode, and  trangport optics.

diagnostic  elements
are also as close to the
photo-emission gun as
possible to provide ac-
curate measurements

.

Control of ° Parameter ®
Electron Bunch Control

This optical configuration
consists of a series of
image planes transferred
through the system by

The ability to produce arbitrary laser intensity Parameters such as the Laser pulse transverse
distributions enables better control of electron shape, total energy, and temporal profile (fixed)
bunch transverse and longitudinal emittance must be controlled independently, and unde-
by affecting the space-charge forces through- sired laser pulse variation over both short and

out the bunch long-time scales also requires correction. R S——— lens pairs in a 4f ar-
: : P rangement. An initial
% the photocathode. . :
\ Re—— object plane is repeated-
J Commonly used metal photocathodes are very ly imaged to critical ele-
[ robust and long-lived in operation. Their work ments such as amplifiers
functions are 3-4 eV, and so UV laser pulses are and harmonic generation
Laser delivery to photoinjector already incorporates Fourier relay imaging transport from laser room used to generate photoemiSSion, With typical Crystals in the |asel'
e — : . " Y 77 Beom wavelengths between 250-300 nm. This places system, and finally to the
Ay — i ssz=2 28R lcm T . ! stringent requirements on optical fabrication tol- photocathode.
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= 1/4 micron YAG = photocathode and its uniformity is disturbed generation crys.ta s for intensity controI of the
spatial Fitter through ion bombardment and increased sg;ond haSrm:nlc of thfe A'I;\F hNd.YA(.B aser at
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S oo — - vacuum pressure which thereby changes and °32 nm. Subsequent fourt Iarmonlc gefpera
and SLM location i ~ Flane alters the electron density from a given laser tion and image relaying will allow the profile a?t
A e ) shape the photocathode to be controlled and opti-
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aeuum fube We will apply Feedforward Neural Network (FFNN) with the different number of
@ S + # ' f%'!&‘t}.zﬂ First Method In this project, we aim to use layers and with different Inputs. The feed-forward model is the simplest form of a
22 R a | @\ LT eate _— a liquid crystal based SLMs to ) o ) o )
Es o= . Harmonic |, N control the fransverse shape neural network as information is only processed in one direction. While the data
g g Generation * pam + An image of the photocurrent can be formed
i3 M ;N 1= downstream with the magnetic o?tlcs that re- of the second harmonic of a may pass through multiple hidden nodes. Schematic for the internal structure of the
| S T . ’E, 4 \ mgggces the emission profile at the photoca- Nd:YAG laser at 532 nm.
@ i k- ’ feedforward Neural Network is given below:
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SLM will modulate phasefronts and cause beam i
reshaping through diffraction
Inserting SLM between second and fourth . NG . Second, at each iteration of the neural net-
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Modulated green beam profile is transferred to uv These two methods can be compared for efficienc tion _Of laser prOfIIe for a a
and imaged to photocathode sminey s e ompimenay,  Speciic. photoinjector and nputs: Parameter -y OUIpLIS: Frecron
Higher-order energy diffracted out of central a learning phase is required Bunch
beam is filtered by aperture or limited acceptance K to train the neural network. ) ) .
\ angle of fourth harmonic crystal (~few mradian) / \ \_;,f{‘ j
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The choice for training function is plenty especially for a FFNN » Levenberg Marquardt algorithm : Lo
such as: » Tansig symmetric sigmoid transfer function ThIS matenal IS based upon WOI'k
\ + Levenberg-Marquardt. * Nguyen-widrow layer optimization supported by the Center for Bright
Nil Ultraviolet laser fransverse profile Ni| Adaptive electron beam shaping gradient descent method and Gauss-Newton method.  * Sequential order incremental adoption Beams (CBB), support of the Na-
ﬁ . . ﬁ usina a photoemission gqun i i St « Gradient descent with momentum . . .
shaping for improving x-ray il w RS PrlRITREL tional Science Foundation and
free elechon Iaser performance Gnd Spaﬁdl "ghf modU'qfOI' « Scaled Conjugate Gradient. * Mean Squared err(.)r. N
« Conjugate Gradient with powellBeale Restarts. * 70% of the.dat:.a will be taken for traflnlng, Technology Center (NSF).
Li et. al. demonstrated that ultraviolet laser On the other hand, Maxson et. al. [8] used a 15 Toe sl g Ll Tor el
transverse profile shaping could be utilized to SLM for shaping the drive laser of a dc \ 7\ J
improve X-ray free electron laser performance photoemission gun. ™
[71.
N i Tt References:
€ authors employed a digital micromirror The authors created a simple shaping algorithm —_
‘ ik 12 comiel o &haps- e 255 1 e ‘ which resdlts in a detailed transverse laser 1. Accelerator Test Facility.” BNL, www.bnl.gov/atf.
aser at the linear coherent light source. hapi ith high fidelity. . " . . .
B e 2. S. Li, S. Alverson, D. Bohler, A. Egger, A. Fry, S. Gilevich, Z. Huang, A. Miahnahri, D. Ratner, J. Rob-
TP An scive Jﬁffaiicfhzyfﬁfaﬁ:: polfplurs; inson, and F. Zhou, “Ultraviolet laser transverse profile shgping for improving x-ray free electron laser
i g e s image, and then create accurate detailed laser performance” Phys. Rev. Accel. Beams 20, 080704 — Published 17 August 2017.
limited in its applications shaping further contributing to better efficiency. . . - . . .
\ / 3. J, Maxson, H. Lee, A. C. Bartnik, J. Kiefer, and |. Bazarov, “Adaptive electron beam shaping using a
S photoemission gun and spatial light modulator.” Phys. Rev. ST Accel. Beams 18, 023401 — Published
\ /| 23 February 2015. a

Supported by National Science Foundation award No. PHY-1549132. .@; Email: aaslam@unm.edu



