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Motivation: Mo(001) MTE data UIC

500 — . - . : —
| Mo(001) _ NOTE:
400 | ! % - Deviation from
' i 1 % _ expectations for
o N ho > 4.6eV
£ £ | (AE > 0.9eV)
. ,E
200 - # _
= 0=3.7eV B
£
100 B rm=zzoTTTTTTC I _
® ‘: MTE = ?AE !
0 " 1 ) 1 . I .
3.5 4.0 4.5 5.0 5.5
hw (eV)

’ D.H. Dowell & J.F. Schmerge, Phys. Rev. ST — Acc. & Beams 12 (2009) 074201 [



— Laser / NLO based radiation source
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— OPA 1 is temperature tuned (NCPM); OPA 2 is critically phase-matched
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One-step photoemission analysis UIC
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Photoemission theories: MTE UIC

— Ag(100): ¢ = 4.36eV, & =5.4%V, T, = 300K, and m* =m,
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— Ag(100): ¢ = 4.366V, & = 5.49V, T, = 300K, and m* = m,
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Simulation results: & ~ AE UIC

— MTE for ‘Ag(100)-like’ photocathode: ¢ = 4.36eV, & = 0.5eV, T, = 300K, and m* =mj,

Three regimes:
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— QE for ‘Ag(100)-like’ photocathode: ¢ = 4.36eV, & = 0.5eV, T, = 300K, and m* =m,
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Band structure: Mo
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Band structure: Mo

UIC

— Parabolic band approximation
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Mo(100): MTE UIC
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Mo(100): ¢ extraction from QE UIC
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Band structure: W

— Full relativistic DFT calculation
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Band structure: W UIC

Parabolic band approximation
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W(100): MTE UIC
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W(100): ¢ extraction from QE

UIC
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— ~1077 torr vacuum chamber

= Observed A ~ — 0.8eV o (eV) o (eV) | Ao (eV)
work function reduction (clean surface) | (measured)

. Oxide thickness on Mo and W Mo(100) | 4.46(+0.11) | 3.7(+0.05) | —0.76
known to be 1.0(+0.5) ML W(100) | 4.70(x0.06) | 3.9(x0.05) | —0.8

Negligible effect of

0 @——=>@ Mo/w ~1 ML surface oxide on
v MTE(hw) measurements

Metal Vacuum ... ¢.f. UV absorption depth
ol = 6-7nm =~ 40 ML

G.N. Derry et al., J. Vac. Sci. & Tech. A 33 (2015) 060801
O. Kubaschewski & B.E. Hopkins, J. Less Common Metals 2 (1960) 172
F.P. Fehlner & N.F. Mott, Oxidation of Metals 2 (1970) 59




Summary UIC

Band structure interpretation of Mo(100) and W(100) emission
— MTE(ho) and QE(hw) data using tunable 3.0-5.3eV UV radiation source

= One-step photoemission simulation

— Extended an exact 1-D triangular barrier quantum transmission solution:
p; conservation, local DOS, T, , AND vacuum state physics

= W/(100) and Mo(001): MTE(hw) consistent with analysis
— Parabolic bands approximation (m, and m) to real emission states

= QE = A(ho—¢)" ; power n is function of emission band(s) details
— (QE)Y" vs. ho plot = ¢ extraction

FUTURE WORK:

Direct evaluation of MTE (and absolute QE ?) from band structure
— (p, E, local DOS) from DFT — One-step photoemission simulation



Thank Youl



Mo(001): Emission bands UIC

— DFT evaluation
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Outline UIC

= Motivation

= Tunable UV radiation source
— Laser / Nonlinear optics based (how = 4.2-5.3eV)

= Mo(001)
— Mean transverse energy (MTE) vs. ho
— QE (npg) vs. ho ; ¢ extraction
— Comparison to ‘one-step’ photoemission model

= PbTe(111)

— Low m* emitter = ultralow MTE ...

— MTE and npg vs. ho

— Comparison to ‘one-step’ photoemission model

— Deleterious effects: Eqpei0n » Dand non-parabolicity, CB emission ...

= Summary
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