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1)What excitations are relevant to pairing in the

cuprates?
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SIS tunnelling

SIS Tunnelling in Conventional Superconductors




Direct Probes of
Bosonic Excitations

* heutrons
* X-rays

« Raman

Electronic
(quasiparticle)
spectroscopies

*ARPES

* Tunnelling

*Optical conductivity

» de Haas-van Alphen




2 )What is the relationship between the (magnetic)
excitations and the phase diagram of the cuprates?
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La,_ Sr,CuO, YBa,Cu;0.,
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What does inelastic neutron scattering tell us?
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The response function ¢"(q,»)




Example: spin waves in La,CuO,
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Example: spin waves in La,CuO,
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Spin Fluctuations in La,_ ,Sr,CuO,

(new stuff)
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Spin excitations in La,_, Sr,CuO,

(a) LapCuO, (T = 295K)

et

g v ¢

(b) LaygeSrg14CuOy4 (T =17K) |

O Risg
® |SIS

" (@) (i eV~ fuh

4
3
2
1
0
4
3
2
1
0

100 150 200 250
ho (meV)




La; 91Srg09CuO, (underdoped)

La; g4Srg1,CuO, (optimal)

La; 74Srg 2,Cu0O, (overdoped)




La, 415.0eCU0,
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Modified Lorentzian Cross Section (Sato-Maki Cross section)

xs(®) amplitude

6 incommensurability

k(w) inverse correlation length

A anisotropy parameter




La, 4,Sr, ,,CuO
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La; 91Srg09CuO, (underdoped)

La; g4Srg1,CuO, (optimal)

La; 74Srg 2,Cu0O, (overdoped)
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fitted parameters
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La; 84Sro 16CUO,
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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




La; 91Srg09CuO, (underdoped)

La; g4Srg1,CuO, (optimal)

La; 74Srg 2,CuO, (overdoped)




La, Sr,CuO, (x=0.22, T,=26K)  Overdoped Sample
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La1 .788r0.220u04 (T=6K)
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La1 .788r0.220u04 (T =6 K)




Evolution with doping
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The evolution of x"(q,0) in La,_ Sr,CuO, with doping
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Spin Excitations and the Pseudogap
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APRES Pseudogap in Bi2212
Norman et al, Nature 392, 157 (1998)




Phenomenological self energy
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Pseudo gap and ARPES in La; go55rg 105CUO,

T=41K, A=25.5meV (d)
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Effect of Pseudogap




La, 4,Sr, ,,CuO
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Superconducting Gap- One Gap or Two ...... ?

Energy [meV]




Spin Fluctuations and the Resonance

in YBa,Cu;0,,,
(older stuff)




The local susceptibility of YBa,Cu;O, ;5
(antiferromagnet)
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(b) optical
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S. M. Hayden, G. Aeppli, T. 6. Perring, H. A. Mook, F. Dogan,
Phys. Rev. B 54, R6905-R6908 (1996).




The local susceptibility of YBa,Cus;0, ¢
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The formation of the resonance
mode in YBa,Cu;0, ¢
H. A. Mook, P. Dai., S. M. Hayden, G.
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Nature 395, 580-582 (1998).
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YBa,Cu30,

similar results on detwinned crystals:-
V. Hinkov et al. Nature Physics 3, 780 (2007)




“Superconducting spin gap”
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The local susceptibility of YBa,Cus;0, ¢
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YBa,Cu,05 (T=10K)

High-energy magnetic excitations in YBa,Cu s
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Hourglasses
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La; g75Bap 1,5CU0,
J. M. Tranquada , H. Woo, T. 6. Perring ,

H. Goka ,6.D.6u, 6.Xu, M. Fujita, K. Yamada,

Nature 429, 534 (2004).
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RPA calculations of %(q.0)
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e.g. M. R. Norman, PRB 2007




Is there a "Resonance” mode in La,_,Sr,CuQ,?

e.g. I. Ememin et al., PRL 94, 147001 2005

S. M. Hayden, et al, Nature 429, 531 2004.




Possibly ...
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Summary




Summary

- double-peaked structure at optimal doping

» overdoping results in the collapse of the 50 meV peak

Is 50 meV peak responsible for SC?
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