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Introduction — Research Background
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Introduction — Basics

B Emittance

Description of electron in the electron beam
in phase space:

* Position space (x, y, z)

* Momentum space (p,, p,, p,)

Beam distribution in 1-D (x) phase space

Normalized RMS emittance

() (p2)= (.

1
Egy =——
m,.C

B [ntrinsic emittance

Emittance determined only by photoemission
Without influence of Field, Space Charge, etc.

For normal source, x and p, are not correlated
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g ,=——— 0,RMSBeam Size
’ m.C

B Brightness

Transversal brightness
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Methods — Measurements Principle

B Physical principle B Data acquisition
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Methods — Apparatus Design and Setup

B Mechanical Design B Setup

Cathode stage
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Insulator S

g Anode ~
_ - (gold coated quartz glass) ™
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Scintillator screen

Adjustable Functions
Photon energy® In-situ annealing R
Laser intensity® Ion beam a{f?'f/:
Incident angle® In-situ film n
Polarization

AIP Advances 8, 055225 (2018)



Methods — System Verification

B [ntrinsic emittance without space charge effect

Thermal emittance (um/mm rms)

Laser spot control
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Multiphoton emission induced emittance
INCrease

B Thermal limit of intrinsic emittance B Abnormal increase of intrinsic emittance with

12— . further lower photon energy
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Multiphoton emission induced emittance

INCrease

B Emittance minimum 0.39 um/mm at the
photon energy 4.10 eV

Fowler’s theory to determine the work function
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B Abnormal increase of intrinsic emittance with
further lower photon energy
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Multiphoton emission induced emittance
INCrease

B Possible reason — electron temperature B Abnormal increase of intrinsic emittance with

1D two-temperature model further lower photon energy
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Multiphoton emission induced emittance

INCrease

B Possible reason — multiphoton emission

Multiphoton photoemission
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Multiphoton emission induced emittance
INCrease

B Verified reason — multiphoton emission B Ratio of the n-photon photoemission
Multiphoton photoemission Assume J=0,l+0,l?
J=>13,=>a,l" Wiy _ oyl +20,1° 3,
n=0 n=0 _ i dl,, ol+o,l’ J’
Intensity (GW/m®) Intensity (GW/m") 1.6 —r . —_—
- .0.1.2.3.4. - 0'1.0'3.].3 ) : o {oa
E E ey g 10°k + ho-426eV | a Prox Tn == m £
< 900 Linear fit 1 < Slope 1.02 ' 2moOnl™ o3 £
T | ¢ ho386eV T [ ¢ hw=3.86eV L4r . =
600} Eq.(9) fit 1 = Slope 1.5 g | . /P ]
= E o0 = 1 3k * g
O Q107 = =
T 300 42| | . =
5t { B 12F . : 1018
= of @] 8 ) | A Y-
) PR H U MRS N RO | Ulol L1 PR I | 1.1k ¥ 40.0
0 5 10 15 20 25 2 4 10 20 e
Intensity (GW/m?) Intensity (GW/m®) 3 0 * 2
Photon energy (eV)
m, (nhaw — . .
* For n-photon process N < pf} = \/ ( 2 2,  Lower photon energy = Higher 2-photon ratio

- Higher emittance
Phys. Rev. B 51, 13560 (1995); Phys. Rev. ST Accel. Beams 12, 074201 (2009)




Multiphoton emission induced emittance
Increase

B Verified reason — multiphoton emission

Further confirmation of multiphoton photoemission
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B Ratio of the n-photon photoemission
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Summary

» We built an apparatus to measure the intrinsic emittance based on free expansion method.

» Investigate the intrinsic emittance without space charge effect of copper photocathode illuminated by

femtosecond pulses as a function of photon energy.

» For femtosecond pulses, it may be infeasible to reduce intrinsic emittance to room temperature limit by

decreasing the photon energy lower than the work function of photocathode.
» The result could be interpreted by the introduction of two-photon photoemission.

» There would be an optimized photon energy value near the work function to obtain the lowest emittance for

pulsed laser pumped photocathode,
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Methods — Apparatus Error Analysis

B Uniformity of electric field

> ®  Silica anode with Au film
€ .| ® Sitanode

3.2x10*

B Laser spot size & Grid hole as electron-lens
Measured mean squared displacement (MSD)
2 ]2 2 2
(€ ) =0 )00 )+ 060}

MSD of | Ideal | | Lens induced | part

100 um FWHM

Lead to less than 0.5% increase of measured emittance

* Holelensinduced displacement

X —ix
H 4g e
X, incident electron displacement (max: 11 um)

d / g distances from grid to screen / cathode

Lead to max displacement of 137 um and

less than 2% increase of measured emittance



