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Introduction — Research Background

Need of
Bright electron source

SSRL@Shanghai
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 Synchrotron radiation light  Free-electron laser  Ultrafast electron Microscopy
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Introduction — Basics

Transversal brightness

Description of electron in the electron beam 

in phase space:

• Position space (x, y, z)

• Momentum space (px, py, pz)

 Emittance

 Brightness
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 Intrinsic emittance

Emittance determined only by photoemission 

Without influence of Field, Space Charge, etc.

σx RMS Beam Size

For normal source, x and px are not correlated 
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Introduction — Emittance Measurement

1. Dao Xiang et al. Proceedings of PAC07 4. Q. Wu et al. Proceedings of PAC07
2. Bazarov et al. Appl. Phys. Lett. 98, 224101 (2011)

First principle concept1 Solenoid scan technique2 “Pepper-Pot”thechnique3

Electron optics transformation4

3. Naoto Yamamoto et al. J. Appl. Phys. 102, 024904 (2007)
5. Vecchione et al. Appl. Phys. Lett. 99, 034103 (2011)

Free expansion method5

4



Methods — Measurements Principle

APPLIED PHYSICS LETTERS 99, 034103 (2011)
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Formulat the RMS displacement 

 Physical principle  Data acquisition

Photoelectrons
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Record the position distribution of electrons

Fit the distribution with a double Gaussian function
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Methods — Apparatus Design and Setup

 Photon energy

 Laser intensity

 Incident angle

 Polarization

 Adjustable Functions

 Mechanical Design

 In-situ annealing

 Ion beam etching

 In-situ film growth

 Setup

Aligned light 
path

MCP & CCD

Picoammeter

Measurement 
System

（Ultrahigh Vacuum）

Preprocessing System
（Sample transfer）

AIP Advances 8, 055225 (2018)
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Methods — System Verification
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Multiphoton emission induced emittance 
increase 

Appl. Phys. Lett. 107, 134101 (2015)

 Thermal limit of intrinsic emittance

Intrinsic emittance flattens out to a constant

• Photon energy near and below work function

• Lattice temperature limited

 Abnormal increase of intrinsic emittance with 

further lower photon energy

Laser driven plasma 
light source

Pulsed laser
~100 fs
80 MHz

Averaged electron 
number per pulse
0.6-1

Our results for polycrystalline copper photocathode of SJTU-MeV UED/UEM
AIP Advances 8, 055225 (2018)

Sb film
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Fitted WF
4.12 eV

Multiphoton emission induced emittance 
increase 
 Emittance minimum 0.39 μm/mm at the 

photon energy 4.10 eV

 Abnormal increase of intrinsic emittance with 

further lower photon energy

Pulsed laser
~100 fs
80 MHz

Effective work function (Schottky reduction)
• 4.09 eV (just near 4.10 eV)

Fowler’s theory to determine the work function
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Averaged electron 
number per pulse
0.6-1

Phys. Rev. 38, 45 (1931); Phys. Rev. ST Accel. Beams 9, 
063502 (2006)

Our results for photocathode of SJTU-MeV UED/UEM; AIP Advances 8, 055225 
(2018)
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Multiphoton emission induced emittance 
increase 
 Possible reason – electron temperature  Abnormal increase of intrinsic emittance with 

further lower photon energy

Pulsed laser
~100 fs
80 MHz

Only about 1K increase of electron temperature
• 3.22 MW/cm2 (upper power limit)

Averaged electron 
number per pulse
0.6-1

1D two-temperature model

     

   

e
e e c e l d

l
l l c e l

dT
C T g T T P t

dt

dT
C T g T T

dt

   

 

  2 01
seche

d p

p

R t t
P t I

d 

  
  

 

Nucl. Instrum. Methods Phys. Res., Sect. A 865, 99 (2017) Our results for photocathode of SJTU-MeV UED/UEM; AIP Advances 8, 055225 
(2018)
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Multiphoton emission induced emittance 
increase 
 Possible reason – multiphoton emission  Abnormal increase of intrinsic emittance with 

further lower photon energy

Pulsed laser
~100 fs
80 MHz

• For n-photon process

Averaged electron 
number per pulse
0.6-1

Multiphoton photoemission
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Phys. Rev. B 51, 13560 (1995); Phys. Rev. ST Accel. Beams 12, 074201 (2009) Our results for photocathode of SJTU-MeV UED/UEM; AIP Advances 8, 055225 
(2018)
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Multiphoton emission induced emittance 
increase 
 Verified reason – multiphoton emission  Ratio of the n-photon photoemission

• For n-photon process

Multiphoton photoemission
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Phys. Rev. B 51, 13560 (1995); Phys. Rev. ST Accel. Beams 12, 074201 (2009)
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• Lower photon energy  Higher 2-photon ratio

 Higher emittance
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Multiphoton emission induced emittance 
increase 
 Verified reason – multiphoton emission  Ratio of the n-photon photoemission

Further confirmation of multiphoton photoemission
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• Lower photon energy  Higher 2-photon ratio

 Higher emittance

average electron numbers per 
pulse 0.2 to 0.8

Laser intensity ↑  2-photon probability ↑

 Higher 2-photon ratio

• Photon energy > WF  No n-photon process
• Photon energy < WF  n-photon process
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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,

14



Acknowledgement

Prof. Dao Xiang, Shanghai Jiao Tong University

Prof. Jun Feng, Lawrence Berkeley National Lab

Prof. Weishi Wan, ShanghaiTech University

Prof. Jiasen Zhang, Peking University

Dr. Xiaopeng Hu, Tsinghua University

Prof. Jun Xu, Peking University

Yaqi Liu, Peking University

Chenjie An, Peking University

15



Rui Zhu 

Electron Microscopy Lab

School of Physics, Peking University

Photocathode Physics for Photoinjectors (P3) Workshop
October 15, 2018
Santa Fe, New Mexico

Thank you very much!



Methods — Apparatus Error Analysis
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• Laser spot 100 μm FWHM

 Uniformity of electric field  Laser spot size  &  Grid hole as electron-lens

xe incident electron displacement (max: 11 μm)
d / g  distances from grid to screen / cathode

Measured mean squared displacement (MSD)

MSD of | Ideal | Laser spot induced | Lens induced | part

Lead to less than 0.5% increase of measured emittance

• Hole lens induced displacement

Lead to max displacement of 137 μm and

less than 2% increase of measured emittance
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