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Time structure of neutron sources

from K Anderson



TAS and ToF

Triple axis spectrometer

Time of flight spectrometer



Triple Axis Spectrometer

Triple‐axis spectrometer installed at NRU in 
Chalk River, 1958 Bert Brockhouse (1918 –2003), 

Noble prize, 1994



Triple Axis Spectrometer



Typical cross sections

from H Ronnow



Scattering Law



Schematic of inelastic scattering experiment
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(continuous) source



Resolutions and Phase Space



Definitions



Resolutions and Phase Space

small deviations



Qualitative properties of the resolution function

http://neutron.ujf.cas.cz/restrax/

Programs to calculate resolution function:

RESTRAX

http://www.mcstas.org/McStas
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Direct geometry Time‐of‐time Spectroscopy

MAPS

MERLIN

LET

Spectrometers at ISIS



Direct geometry ToF (one detector or a line)

sample

detectors

(pulsed) source



Direct geometry ToF (line of detectors)

and 1D system...



Rotating sample 

credit: R Ewings

constant  energy transfer 
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credit: T Perring

constant energy spheres
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Example of ‘Horaced’ data

D. L. Quintero-Castro et al., PRB 81, 014415 (2010)

Spin dimer antiferromagnet Sr3Cr2O8  MERLIN

cut through 4‐D space of data
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• 2() F() from 
SIS tunnelling • phonon DOS, F() 

SIS Tunnelling in Conventional Superconductors

“Phonon glue” in lead



Magnetically mediated pairing

Pairing Interaction

Gap equation

favours states where k changes sign over Fermi surface



Gap functions

cuprates
pnictides

Mazin et al, PRL 08
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Spin fluctuations in La2-xSrxCuO4



Inelastic neutron scattering
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The response function ”(q,)

things we would like to know .......
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Magnetic Excitations  in La2CuO4



MAPS with 2‐D system

Qz

Q||

 = 0

Q

 > 0

kI

kF
Q

k’
F

Q’

credit: T Perring



MAPS with 2‐D system

Qz

Q||

Q

 > 0

kI

kF
Q

credit: T Perring



MAPS with 2‐D system
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Spin waves in La2CuO4 :MAPS

E=250 meV



Spin waves in La2CuO4

Coldea, Hayden, Aeppli, Perring, Frost, Mason, Cheong, Fisk,PRL 86 5377 (2001). 

Headings, Hayden, Coldea, Perring, Phys. Rev. Lett. 105, 247001 (2010)



Spin wave dispersion

SW dispersion along BZ (3/4,1/4) to (1/2,0) subject to two 
competing effects):
1) Quantum fluctuations (beyond SWT) raise (3/4,1/4) wrt (1/2,0)
2) for large t/U the opposite happens due to higher order 

exchange terms.

t = 0.30  0.02 eV, U =2.2  0.4 eV,
J =146 4 meV, and Jc = 61  8 meV).

A. H. MacDonald PRB (1990)



Spin waves in La2CuO4

Coldea, Hayden, Aeppli, Perring, Frost, Mason, Cheong, Fisk,PRL 86 5377 (2001). 

Headings, Hayden, Coldea, Perring, Phys. Rev. Lett. 105, 247001 (2010)



La2CuO4 : q‐dependent slices



Magnetic Excitations in La2CuO4



=0.470.05 =0.930.08

Generalization of continuum 
scattering lineshape of the 1D 
Heisenberg AF chain (=1)

‘‘Spinon’’ power law 
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La1.84Sr0.16CuO4  ( Tc=38.5 K, MAPS



fitted parameters (x=0.16)



La1.84Sr0.16CuO4

key features
• double-peaked structure (two energy scales 18,50 meV)
• rapid broadening of pattern near 40 meV
• possible “rotation of pattern” at high energies
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Overdoped Sample La2-xSrxCuO4 (x=0.22,Tc=26K)



Overdoped Sample La2-xSrxCuO4 (x=0.22,Tc=26K)



Collapse of intermediate frequencies 
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Evolution with doping



The evolution of (q,) in La2-xSrxCuO4 with doping



J. Hwang et al., 
PRL 100, 137005 (2008)

Optical Conductivity

spin fluctuations probably 
the glue...
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