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 Flat beam introduction
* Motivation & theory

 Flat beam transform at Pegasus
— Hardware overview
— Current status
— Future plans
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Dielectric Laser Acceleration, relativistic electron microscopy

FBT originally developed for electron cooling & colliders [1], [2], [3], [4], [5], [6]

At Pegasus, new FBT regime: ultralow charge (<1pC)
Working for ultra-small emittances (not high emittance ratio)
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K. Soong et al. AIP Conference Proceedings 1507, 516 (2012)
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eoretica

« Conserved quantities

— 4-D Emittance

— Gromov's hon-squeezing

theorem

» Another symplectic invariant

Tr((Jo*P)?) < €] + €3

— Eigenemittance is the lowest

limit of projected emittance
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otivation

The Symplectic Camel: It is impossible to move a ball of radius > 1 symplectically
from one side of the wall to the other.
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FI1GURE 2.3. Can the ball go through the hole?

6The name of this problem is a somewhat “in” joke, of the kind appreciated by many mathematicians
The reference is to the saying that it would be easier for a camel to go through the eye of needle than
for a rich man to get into heaven. (This saying is probably a mistranslation of a sentence in the bible.)
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* Flat beam transform strategy: @
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— Make one eigenemittance small OC o

: . : : 4D _ 4
— Retrieve it as projected emittance 0 = @

e Add angular momentum
— Beam born into magnetic field

« Skew quadrupole triplet can be tuned to remove angular

momentum
MTE eB
— 2 _ c 2
Ei:\/G%-FLQﬂ:L:Geff:l:L €u — ch g. L—QmCO'C
€~ MTE €+: large and small eigenemittances

eB.c €4 ~ 2L + € B.: magnetic field on cathode

o.: electron spot size at cathode
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Pegasus General Information

Generally, for flat beam
experiment, run around 3.5
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« Dark current decreases rapidly with magnetic field on cathode

» QE also decreases by ~20%
» Possible explanations related to dark current
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Manual Optimization

Maximized up-right aspect
ratio on screen downstream
After focus upstream

Based on results in particle
tracking simulations

Collaboration with

- Measurements |
=~ NN Predictions
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350
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ew Quadrupole Optimization

Machine Learning

Machine model able to tune quad

gradients with same efficacy as
manual tuning

* Model very consistent within a day
« Somewhat consistent day-to-day
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- Measurements
NN Predictions

0 5.0k

10.0k 15.0k
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Neural network (NN) predictions of
spot size measurements. Data after
red line was taken on a new day.

Left: NN was trained only on data from
before the red dashed line. Right: NN

was trained on data from all days.
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Flat Beam First Evidence

Screen 9.2cm from Screen 70.2cm from Screen 144.6cm from
third skew quad third skew quad third skew quad
g %107
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wo Quadrupole Magnet Scans

* Following Prat and Aiba (2014) [8]

<x2>s — R%l <x2>s0 + R%2<x/2>so + 2R11R12<xx,>s0’ %108

1.5 o
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= S 4 |
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(xy) =

 Can fit the remaining terms with a
sufficient number of shots

[8] Phys. Rev. ST Accel. Beams 17, 052801, 2014 »
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* Large emittance scales as initial spot size squared

« Small emittance approximately constant

— Smaller than thermal emittance of equivalent round beam
(i.,e. 80 nm with 100 um rms spot size on cathode)

— Emittance Ratio >20
— Small emittance an order of magnitude larger than expected
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Single Shot Emittance Measurement

. Theory: « TEM grids
* In progress: current status
_Zijlijx,zj
T Tl — Similar to quad scan
<xx>=zzl—)§x — Smaller than cathode emittance of equivalent round beam
. « Geometry of grids/pepper pots will preclude full 4-D

Z[jlij(xlzzj + 6,2(;])

Sl reconstruction

oy il « Small emittance still larger than expected
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Phys. Rev. Accel. Beams 21, 102802, 2018 12



Ma dance vieasuremen

* Possible explanations:

— Extraneous quadrupole

— Measurement Limitations
* Quad Scans
« TEM Grids

— And others...
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e 80um Laser Spot Size, 100fs Bunch Length
80um Laser Spot Size, 1ps Bunch Length
160um Laser Spot Size, 100fs Bunch Length
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* Flat beam transform theory and motivation
« Hardware considerations
* Optimization

— Manual

— Machine learning
* Flat beam verification

— Three screen measurement

— Spot sizes
» Effect of Magnetized Cathode
 Measurement

— Quadrupole scans

— TEM grid-based measurement
* Future work

— Removing extraneous quadrupole moments
* Questions?

Supported by National Science Foundation award No. PHY-1549132. ,@f ”



Correction

Simulations and preliminary
measurements suggest that additional
quadrupole moments exist in our beam

Need to be cancelled to be able to obtain
single nanometer emittances

Two quadrupoles 45 degrees relative to
each other make an arbitrarily rotated

quadrupole.

Emittance Ratio for an SQC scan for different Gradients
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