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Energy scales: superconducting gap

-—=—==f-==- 2A=35k1TC

/
/
/
/,



Energy scales: superconducting gap
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Peierls transition and Fermi surface nesting
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Valence band Conduction band Phonon spectrum EDC
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2., monolayers

hv -> Photoelectron escape depth + Matrix elements
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Energy

Photon energy — an important parameter

photon energy 45 eV
photon energy 64 eV

photon energy 81 eV
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Waterfalls in cuprates
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Discharge Light Source with Quartz Capillary




Discharge Light Source with Quartz Capillary S ch S
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ARPES anatomy

1*1*1 = "13 ARPES"




ARPES with Synchrotron Light
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Cyclotron
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Cyclotron

f qB cyclotron resonance
 9rm frequency
muv? . )
Fo = centripetal force
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Lawrence's 60-inch cyclotron, with
magnet poles 60 inches (1.5 meters)
in diameter, at the University of
California Lawrence Radiation
Laboratory, Berkeley, in August, 1939,
the most powerful accelerator in the
world at the time.

Was used it to discover plutonium,
neptunium, and many other
transuranic elements (1951 Nobel
Prize in chemistry).

A modern cyclotron used
for radiation therapy.
The magnet is painted
yellow.

https://en.wikipedia.org/wiki/Cyclotron



Synchrocyclotron =
Cyclotron + relativistic frequency correction
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Superconducting Ring Cyclotron (SRC) to accelerate heavy ions:

six separated superconducting sectors, 19 m in diameter and 8 m high.
Maximum magnetic field is 3.8 T. The total weight is 8,300 t.
Maximum beam radius ~ 5 m.

Accelerates uranium ions to 345 MeV per atomic mass unit.
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TRIUMF, Canada's national laboratory for nuclear and particle
physics, houses the world's largest isochronous cyclotron:

The 18 m diameter, 4,000 t main magnet produces a field of 0.46 T while a 23
MHz 94 kV electric field is used to accelerate the 300 uyA beam. Its large size
is a result of using negative hydrogen ions rather than protons.
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ARPES with Synchrotron Light
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Proton synchrotron
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Large Hadron Collider (LHC)

1998 — 2008
7.5 billion euros (approx. $9bn)

27 km in circumference, 175 m deep

3.5 TeV per beam in 2010 and 2011
4 TeV in 2012

upgrades to 6.5 TeV mid-March 2015
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ELBE. Institute of Radiation Physics




ELBE. Institute of Radiation Physics

ELBE (Electron Linac for beams with high Brilliance and low Emittance)

IM Radiation
bg% Undulator u27 U100

Wavelength [jam] 4-22 18 - 250

on beam >

Average 0.1-40 || 0.1-40
output power [\W]

electr

Pulse energy [HJ] 0.01-3 | 0.01-3
beamdump
Electron beam Undulators

Kinetic energy [MeV] 12 - 34 Undulator u27 U100
Bunch charge [pC] 77 Undulator period [mm] 27.3 100
Bunch repetition rate [MHz] 13 Number of periods 234 38
Average beam current [mA] 1 Undulator parameter 03-0.7 05-2.7
Long. beam emittance [keV*ps] 50
Transverse beam emittance 13

[mm*mrad]




Synchrotron Light
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Modern momentum resolving techniques
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