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Outline
 Spin polarized electron source applications
 GaAs photocathode and the standard activation method

 𝐶𝑠2 𝑇𝑒 activation
 𝐶𝑠 − 𝑆𝑏 − 𝑂 activation

 Future works
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Spin polarized electron source application (1)
 Electron-Ion collider
 Deep Inelastic scattering (hadron-lepton scattering)
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Contribution of gluons to the total spin of a proton
Spatial distribution of gluons, quarks in nuclei

“The 2015 Long Range Plan for Nuclear Science” Report
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Spin polarized electron source application (2)
 Spin polarized low energy electron diffraction (<30 eV)
Co/Ru(0001). N'diaye et al. Characterization of Materials (2002): 1-14.

 Spin polarized Transmission Electron Microscope (10s - 100s keV)
Kuwahara et al. APL 105, 193101 (2014)
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GaAs photocathode
 At Γ valley, circularly polarized light (±ℏ spin

angular momentum) is used to extract spin
polarized electrons.

𝑃=

𝑁↑ −𝑁↓
𝑁↑ +𝑁↓

=

3−1
3+1

= 50 %

 High Quantum Efficiency (QE)

 𝑄𝐸 ≔
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# of electrons emitted
# of incident photons
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Negative Electron Affinity (NEA)
 NEA activation is required for
spin-polarized
photoemission of GaAs
photocathode.
 𝐶𝑠 + 𝑁𝐹3 , 𝐶𝑠 + 𝑂2 are
commonly used.
Liu et al. J. Appl. Phys. 122, 035703 (2017)
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Relevant Parameters
 Current (~50 mA)

𝑄𝐸 𝑞 ~ 𝑒 −𝑞/𝜏𝑐

 State-of-art charge extraction lifetime

(~1000 C) only allows ~10 hours of
operational lifetime.

 Spin polarization (~80%)

Grames et al. Phys. Rev. ST Accel. Beams 14, 043501 (2011)

 Fast switching of spin polarization allows

removing systematic asymmetries.
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𝐶𝑠2 𝑇𝑒 activation layer
 𝐶𝑠2 𝑇𝑒 is popular solar blind
photocathode material known for high
chemical resistance.
 Successful NEA activations were
reported with 𝐶𝑠2 𝑇𝑒 semiconductor
layer.
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Bae, et al. Applied Physics Letters 112.15 (2018): 154101.
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trons whose momentum is less than the vacuum potential,
are captured in CsKTe conduction band. A fraction of electrons can escapes to vacuum. This description is consistent
to the steep drop of QE at less than 1.43 eV and the small
QE at 1.43 eV. Considering these phenomena, the emission
with 1.43 eV photon from the CsKTe-GaAs cathode strongly
suggests the NEA activation of GaAs with CsKTe thin ﬁlm.

𝐶𝑠2 𝑇𝑒 activation layer (2)
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Lifetime Measurement

O.ofRahman
et al., IPAC
2019,was
TUPTS102
Lifetime
the CsKTe-GaAs
cathode
measured. After the activation, QE evolution in time was observed. This
time, we measured the lifetime without beam emission, i.e.
thebeam current isnegligibly small. In thiscase, thecathode
QE isdecreased by residual gaspoisoning. Theeffect should
depend on the vacuum pressure and gas species. By assuming the gas species does not change during the measurement,
QE evolution ⌘
(t) can be expressed as
Ø

−

⌘
(t) = ⌘
0e

Pdt
⌧

,

(1)

IPAC2019, Melbourne, Australia
JACoW Publishing
where ⌘
P is vacuum pressure,
and ⌧is the
0 is a constant,
doi:10.18429/JACoW-IPAC2019-TUPTS026

lifetime. The dimension of ⌧is Pa.sec.

Electron emission with 1.43 eV photon is not from CsKTe
states [11]. Surface intermediate states is a possibility to
explain this emission, but the steep drop of QE at less than
1.43 eV is not consistent. The emission with 1.43 eV photon
is consistent to the hetero-junction structure of GaAs and
CsKTe thin ﬁlm. 1.43 eV photon can penetrate the CsKTe
thin ﬁlm because the energy is less than the band gap of
CsKTe. The photon excites the valence band electron of
GaAs to the conduction band. Because the electron in the
conduction band has almost no momentum, it moves to
CsKTe by diffusion. Electrons in CsKTe obtains some momentum due to the energy difference between GaAs and
CsKTe. Electrons in CsKTe are thermalized and some electrons whose momentum is less than the vacuum potential,
are captured in CsKTe conduction band. A fraction of electrons can escapes to vacuum. This description is consistent
to the steep drop of QE at less than 1.43 eV and the small
Bae QE
et al.,
Appl.
Phys. Lett.
112
(2018) 154101
at 1.43
eV. Considering
these
phenomena,
the emission
with 1.43 eV photon from the CsKTe-GaAs cathode strongly

Figure 4 shows QE evolution for 2.06 eV photon. Te
thickness was 37Å for this data set. Because the preceding
researches evaluated thelifetime with this photon energy, we
used thesamephoton energy for comparison. Thehorizontal
axis show the exposure in 10−3 Pa.sec. The line is a ﬁtting
curve according to Eq. (1). t = 0 is the end of evaporation.
The data points < 2.0 ⇥10−3 Pa.sec are not included to
evaluate the ﬁtting curve. 1/e lifetime is evaluated as 6.49 ±
0.01 ⇥10−3 Pa.sec. This number should be compared to the
preceding studies [13, 14] which are summarized in Table 1.
Table 1: Lifetime of NEA GaAs Cathodes
Cathode
CsKTe-GaAs
CsO-GaAs
CsO-GaAs

Lifetime[10−3 Pa.sec]
6.49 ± 0.01
0.29 ± 0.03 [13]
0.40 ± 0.02 [14]

CsKTe-GaAs
CsO-GaAs
CsO-GaAs

6.49 ± 0.01
0.29 ± 0.03 [13]
0.40 ± 0.02 [14]

The lifetime of CsKTe-GaAs cathode is 16–22 tim
longer than that of CsO-GaAs cathode.
The lifetime with 1.43 eV photon of CsKTe-GaAs ca
ode was 2.75 ± 0.05 ⇥10−3 Pa.sec. 1.43 eV photon is us
for spin-polarized electron generation. According to th
number, operational lifetime under various condition can
estimated. If we assume pressure in an RF gun and DC g
as 1.0 ⇥10−7Pa and 5.0 ⇥10−10Pa, the expected operation
lifetimes are 7.8 hours and 1540 hours for RF and DC gu
respectively. The results are summarized in Table 2.

Table 2: Expected Operational Lifetime of CsKTe-GaA
Cathodes
Gun
RF gun
DC gun

Pressure[Pa] Operational lifetime [h]
1.0 ⇥10−7
5.0 ⇥10−10

7.7
1540

CONCLUSI ON

We perform the experimental study of NEA activati
with CsKTethin ﬁlm. Electron emission with 1.43 eV phot
was observed and the result strongly suggested the NE
activation with CsKTe. The lifetime was measured wi
this cathode and the lifetime was 6.49 ± 0.01 ⇥10−3 Pa.s
with 2.06 eV photon which was 16–22 times longer than th
with CsO-GaAs cathode. The expected operational lifetim
of 1.43 eV photon with RF gun is 7.7 hours. The resu
demonstrated the effectiveness of NEA activation with t
hetero-junction hypothesis and improving the robustness
theNEA GaAs cathode. It suggestsapossibility of polariz
RF electron
with
this cathode.
9
M. Kuriki
et al.,gun
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𝐶𝑠3 𝑆𝑏 activation layer
 𝐸𝑣𝑎𝑐 − 𝐸𝐹 < 𝐺𝑎𝐴𝑠 𝐸𝑔
 Band gap of activation layer > GaAs band gap
 Doping control is not needed to achieve NEA.

Spicer et al. J. Appl. Phys. 31, 2077 (1960)
9/27/2019
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Cs-Sb-O activation
 Steep drop of QE at 1.43 eV implies NEA achieved.
 Lifetimes are improved by orders of magnitude.
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Double dipole layer

GaAs

 Cs-O forms wider dipole layer.
 Sb atoms interacts directly with dipole
layer on the surface in case of Cs only
activation.

 The second dipole layer might help
isolating dipole layer at GaAs surface
from 𝐶𝑠3 𝑆𝑏.
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Su, C. Y., W. En Spicer, and I. Lindau. Journal of Applied Physics 54.3 (1983): 1413-1422.
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Thickness variation
 QE and lifetime tend to decrease and increase as the activation layer
gets thicker, respectively.
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Depolarization
 Ultrafast femtosecond scale spin relaxation (~ 10 fs) was observed.
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J. Bae et al, NAPAC 2019, MOPLH17
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Superlattice GaAs
 Superlattice GaAs are used to produce highly spin polarized (~90%)
electrons.
 We attempted to activate superlattice sample with our method.
Same ESP @ 780 nm

1/3 QE @ 780 nm
0.12% to 0.04%

9/27/2019

15

Future works (1)
We are completing the installation of a dedicated beamline:
 Old CU-ERL gun 400kV @ 100 mA;
 Ion clearing electrodes;
 High power lasers;
 75 kW beam dump;

9/27/2019
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Future works (2)

Liu et al. J. Appl. Phys. 122, 035703 (2017)

 Spin polarization can be improved at low temperature

9/27/2019
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Next steps
 Surface studies (XPS, STM, Auger …) are needed for Cs-Sb-O layer.
 Vacuum suit case allows transferring samples to Hines lab.
 MTE of cesiated GaAs is determined by thermal limit near the
photoemission threshold. MTE measurement of coated GaAs is
important for high brightness photoinjector applications.
 NEA allows electrons to escape after relaxation down to the bottom of
the conduction band, and it results in long response time. Coating layer
might help filtering out the long tail.
9/27/2019
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