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The Center for Bright Beams

Develop electron sources 

that increase beam 

brightness by a factor of 

100.

Innovative:

• Photocathodes

• Photoinjectors

Develop next-generation 

superconducting radio 

frequency (SRF) cavities 

that outperform today's 

cavities by a factor of ten in 

cryogenic efficiency and by 

a factor of two in 

accelerating field strength. 

Develop a) beam transport 

systems that preserve 

beam brightness in 

electron microscopes and 

in linear accelerators and 

b) beam optics that 

increase equilibrium beam 

intensity in electron 

storage rings for light 

sources and for high 

energy physics. 

http://cbb.cornell.edu
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Motivation I: materials science for photocathodes

• Control of the photocathode 

physical&chemical properties

– Example: surface roughness

• Ordered materials:

– Grown in MBE (or other…)

– Measured in ARPES (band 

structure), STM (surface properties), 

XPS (composition)…

SOLUTION

• Transfer of samples between:

Δεi=0.36 µm/mm

@ 20 MV/m

Δεi=0.12 µm/mm

@ 20 MV/m

K2CsSb

GROWTH

MATERIAL 

CHARACTERI

ZATION

BEAM 

EMITTANCE 

MEASUREM

ENTS

MBE

ARPES

STM

Some techniques (and some samples) require UHV

J. Feng et al., JAP 121, 044904 (2017)



Motivation II: low intrinsic emittance

• Current frontier of photocathode 

research: MTE<10 meV

• 6 meV measured on (100) Cu at 

cryogenic temperature (S. Karkare

talk)

NEW INSTRUMENT NEEDED

• 1 meV resolution

• Cryogenic (down to LHe)

• Realistic operating condition

– Gradient similar to injector (>10 

MV/m)

– RF injector operating T

• Previous experience at Cornell: 

Cryogenic DC gun

• But better:

– Higher gradient (10  >15 MV/m)

– Lower temperature (40K≈4K)

– Dedicated to emittance 

measurements (high resolution)
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Instrument concept

• Small DC gun:

– V up to 100 kV

– 3.5 to 6.5 mm gap

• Emittance measurements:

• UHV transfer of samples possible 

with vacuum suitcase

• Cryogen-free cooling with closed 

cycle cryostat

• Low vibration
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Sample transfer from alkali antimonides growth 

chamber to STM on omicron flag holder



Sample exchange system: STM+MBE/ARPES

• How to use an omicron style flag 

holder in a high gradient DC gun?

STM-XPS

M. Hines group

MBE-ARPES

K. Shen group

Sample 

carrier 

plug

Leaf springs

to

cryo
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Inspired to Cornell Cryo-gun design

Sapphire RodCompatible with 

many thin film 

growth and 

characterization 

systems!



Instrument concept

Exchange chamber 

for UHV vacuum 

suitcase connection

beamline

Electrode 

chamber with 

closed cycle 

cryostat

To HV feedthrough

screen for 

waist meas.

solenoid

screen for 

V-scan

Optical table 

and cryostat 

low vibration 

support



ANSYS simulations and cryostat selection

• High cooling power cryostat

ARS-CRYO DE215S (1W@4.2K)

• Connected with sapphire rod

• 5-9 OFHC copper used for most 

parts

• HV connected via a 4mm OD SS 

wire (low thermal conductivity)

• Radiation shield to reach 

temperature below 30 K

• low emissivity surfaces to reduce 

radiative heat transfer

• Final design:

Sample

T=5.6 K

Radiation

Shield

T=30 K

Anode

HV cable

60 kV

Cryostat 

stage

T=4 K

Power: 0.65 W



Beam simulations: aberrations

• Evaluation of spurious 

contributions to emittance:

– Anode field aberration

– Solenoid aberration

– Magnetic field on the cathode

– Offset from gun axis

• GPT simulations + LBT fit of 

simulated data

• No space-charge (CW 

measurements)

MTE: 1 meV

rms laser: 50 um

V: 60 kV

Fit result:

MTE=0.99±0.02 meV

Cathode solenoid distance: 140 mm

Cathode screen distance: 1000 mm

Solenoid bore: 3” – iron free to avoid residual fields

Laser spot: up to 400 um (100 um rms)

Anode design: inspired by old TE-meter

H. Lee et al. RSI 86, 073309 (2015) 



Beam simulations: aberrations

• Evaluation of spurious 

contributions to emittance:

– Anode field aberration

– Solenoid aberration

– Magnetic field on the cathode

– Offset from gun axis

• GPT simulations + LBT fit of 

simulated data

• No space-charge (CW 

measurements)

MTE: 1 meV

rms laser: 50 um

V: 60 kV

Fit result:

MTE=0.99±0.02 meV

Minimum beam size

10 um

Cathode solenoid distance: 140 mm

Cathode screen distance: 1000 mm

Solenoid bore: 3” – iron free to avoid residual fields

Laser spot: up to 400 um (100 um rms)

Anode design: inspired by old TE-meter

H. Lee et al. RSI 86, 073309 (2015) 



Beam simulations: supply noise

• Evaluation of noise effect on 

emittance measurements

– Solenoid power supply:

70V, 0-3 A 

accuracy: 0.1% + 2mA

ripple: <2mA

– High Voltage supply:

125 kV

accuracy: 0.5%+250V

ripple: <0.1%

V=10 kV+ripple

MTE=2 meV

Laser=25 um

Difference of fit result from initial MTE due to V ripple

20% error at 10kV

<10% error at 60 kV

Accuracy error more important, need to measure V!

Current noise do not affect 

fit results within the 

associated error



Optical system: beam size measurements

• Optical system components
– Ce:YAG scintillator screen (5 um thick)

– Objective (10X magnification)

– Infinity corrected optic

– CCD camera (3.45 um pixel)

• Electron beam is converted to 
photons by the scintillator screen

• GEANT simulations performed to 
study the deposited energy 
distribution as a function of z and r

Thin screen 

ensures that 

the beam 

image can be 

focused 

correctly

For a point electron 

source the deposited 

energy distribution is 

wider at higher energy.

Preliminary calculations 

show that the effect of 

tails are negligible for 10 

um beams

5kV

10kV

30kV

60kV



Optical system: beam size measurements

• Test of image acquisition system

Test target: up to 

228 lp/mm

Focused/defocused

The LSF is modeled as a Gaussian with 

sigma between 1 and 3 μm

𝜎𝑖𝑚𝑔
2 = 𝜎𝑏𝑒𝑎𝑚

2 + 𝜎𝐿𝑇𝐹
2

Fit of “blurred data”

200 um

60 kV

1 meV

σERF= 1-3 um



Laser source

• Ideally CW measurements

• We want to have the capability of 

performing pump-probe 

measurements 

– Pulsed, fast source (≈1ps), two 

different wavelengths photons

• Large photon energy range to test 

different materials

SUCH LASER SOURCE 

AVAILABLE AT BRIGHT BEAMS 

LABORATORY!

(Expert operators available too!)

Pulse duration: 200 fs @ 40 MHz

Wavelength range: 160-2600 nm

Multiple wavelength output

Power: 20 W average



Status of the project

• Electrode machined – assembly 

tests in progress

• Polishing tests with tumbler 

polisher

• Chamber machining in progress

• Beamline elements design in 

progress

• Waiting for the cryostat (to be 

delivered soon…)

• Commissioning to start in two 

months
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ANSYS simulations and cryostat selection

• Static simulation results:

– Power at II stage: 0.65 W @ 4 K

– Power at I stage: 9.21 W @ 30 K

• Compare with ARS-Cryo DE-

215S cryostat specs

• Important parameters:

– Use of high purity materials  high 

thermal conductivity at cryogenic 

temperature

– Use of low emissivity surfaces 

reduces the radiative load (for 

example: Ni-plated radiation shield)

Problem: the sapphire 

thermal conductivity 

drops below 25 K

This prevents us to get 

a temperature <5K at 

the sample



Beam simulations: aberrations

• Evaluation of spurious 

contributions to emittance:

– Anode field aberration

– Solenoid aberration

– Magnetic field on the cathode

– Offset from gun axis

• GPT simulations + LBT fit of 

simulated data

• No space-charge (CW 

measurements) Cathode solenoid distance: 140 mm

Cathode screen distance: 1000 mm

Solenoid bore: 3” – iron free to avoid residual fields

Anode design: inspired by our TE-meter

Anode design from: H. Lee et al. RSI 86, 073309 (2015) 

Sample

2-60 kV

Anode

ground

12 mm ID hole

E=76% of 

maximum gradient

Hole chosen to reduce grid non-

uniformity and laser diffraction

Pipe reduces stray fields


