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Vacuum ! !

photon beam

electron spectrometer

photoelectrons

vacuum chamber (10-'° torr)



Methods for Vacuum Generation: 1

Positive displacement: use a mechanism to repeatedly expand
a cavity, allow gases to flow in from the chamber, seal off the

cavity, and exhaust it to the atmosphere (rotary vane, scroll
pump, roots blower)




Methods for Vacuum Generation: 2

* Momentum transfer: use high speed jets of fluid or rotating
blades to knock gaseous molecules out of the chamber
(diffusion, turbomolecular)




Methods for Vacuum Generation: 3

* Entrapment: capture gases in a solid or absorbed state
(cryopumps, getters, ion pumps)




Probability of everything working at once ~ (98%)3° = 55%
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photon source energy analyser

UHV - Ultra High Vacuum
(p <107 mbar)
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X.J. Zhou"P* B, Wannberg®, W.L. Yang™", V. Brouet™", Z. Sun®, J.F. Douglas?, D. Dessaut,
Z. Hussain®, Z.-X. Shen?

Space charge effect

Space charge effect and mirror charge effect in
photoemission spectroscopy

From ALS undulator beamline 10.0.1
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Space chargefysZi

Photoemission yield (arb. units)
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Kinetic energy (eV)

Struct. Dyn. 7, 014303 (2020)
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photon source energy analyser

UHV - Ultra High Vacuum
(p <1077 mbar) l
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= typical energy resolution ~ 0.1 to 0.0 eV.
Best systems are ~ 0.001] eV.
e-

O e—)
* most electron analyzers operate using

electrostatic optics (magnetic fields harder
to control)

* detectors are typically channel plates
(electron multipliers) with a CCD or
current pulse output

* detecting & manipulating electrons is Detector
relatively easy




Retarding and focusing
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Preretarding stage

Usually a preretarding stage is used prior to
the energy analysis. Electrons enter the
analyser with a specified pass energy. One
can decelerate (or accelerate) electrons
(almost) without changing their absolute
energy spread. Measured kinetic energy:

Ek;'n,A — Epass — Uret







Potentials on hemispheres

For transmission of electrons
with initial emergy Eg along a

path with Ry = (Ri, + Rout)/2
the potential has to be

Vout — Eﬂ[3 — Z(RD/Rﬂut)]

Vin = Eo[3 — 2(Ro/Rin)]

Resolution

AE w 5
Epass B 2RD

+ @

w  width entrance slit
«a  acceptance angle




Microchannel Plate
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rormalized intensities [arb. units]

Heimann, 1977
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ARPES : circa 1996
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»Energy Resolution:
better than 2meV
#Angular Resolution:

0.1°
»Angular Acceptance:
2D * 15°
#Deflection mode:
+15°
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Direct transition

Excitation in the solid Vacuum Spectrum
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Inner potential and determination of k,

Free-electron final state F;(k) =

because h?kﬁ /2m = FE}, in Sin® ¥ Er=FEpin+o Vo = |Eo| + ¢

|
- k-L — ? \/2???"(Efﬁh'i cos? ) + ‘/70)
!

Excitation in the solid Vacuum Spectrum
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Inner potential and determination of k,

(a)

hv

((-c) Ek=hU_W_EB \
J2MeEE .
K7, = 2k Sin(0) cos() k, = ¥2Esin(0) cos(®) =k,
. _ J2mgEy . _
Invacuum: k7, = ©22%sin(6) sin() In crystal: ky = *—"sin(0) sin(¢) =k,
W 2meE 2m,* 2m,E;,
k kY, = 7;:.2 REDS(H) k. =\f ::z (Ex +V,) — *n;z ¥sin?@ + kVz

DOI: 10.1126/science.1245085
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Inner potential and determination of k,
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Binding energy (eV)

Photon-energy dependence of ARPES
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Nature Communications 8, 13942 (2017)
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PHYSICAL REVIEW B VOLUME 21, NUMBER 8 15 APRIL 1980
Angle-resolved photoemission, valence-band dispersions E (k), and electron and hole lifetimes
for GaAs

T.-C. Chiang, J. A. Knapp,* M. Aono,” and D. E. Eastman
IBM Thomas J. Watson Research Center, Yorktown Heighrs, New York 10598
(Received 3 December 1979)

E4(k) =h®[k[/2m + E, =H*(k} + K2 )/2m + E, Final Bloch states.

_ . E, = “bottom of Muffin tin” —
E¢(k)=E (k) +hv starting point for parabolic band
E;=FE,+ed dispersions = -9.34 eV for GaAs.
fiki = (2mE,)"" sinf Direct or k-conserving transitions.

=[2m(E,; +hv - e®)|'? sinf ed = work function of sample,

ik, =[2m(E, cos?8 - V,) /2 E =kinetic energy

_ /2
={2ml(E, +hv - e®) cos®6 - V, ]} V_=E_- ed =“Inner potential”.
Usually just a fitting parameter.

Normal emission: theta=0 #k =0 %k, =[2m(k; +ed - E )]'*
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