TO Iya La rl(i N :Fifty years of pioneering science.

20, Mascow, 1956, Freeman Dysen (front, left), talking with I. Pomeranchuk and Lev Landau.

Early Critical phenomena, Many body physics,
superconductivity, magnetism, particle physics,
localization, gauge theories, flux lattices... and many
students.
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- Motivation.
- Failure of SU(N)
- Time reversal and SP(N)

- Frustrated Magnetism
- Kondo Lattice
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Strongly correlated electron physics: no small parameter.

Large N - family of models which retain the key physics
and can be solved in the limit N — OO

Z= 3 e Nxsi

configs




ExamPIQ: RPA Electron gas
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behaves as a classical variable when N

N spin components: . :
is sent to infinity.
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screened Coulomb interaction 4rre?

(Pines and Bohm, 1951) Verr(q,0) = P2 + K2




*Large S expansion Magnetism (Anderson, Dyson, Maleev 50s)
*Spherical model Critical phenomena (Berlin & Kacs,Wilson 50-70’s)

*SU(N) expansion Heavy electrons (Read & Newns, PC..... 80’)
2D Magnetism  (Affleck & Marston, Auerbach & Arovas ‘80s)

*SP(N) group Read and Sachdev (1992): frustrated magnetism
Palrlng in fermionic g
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| 8K Heavy Fermion S.C
PuCoGa;
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Co-operative
Kondo effect?

100 150 200 250

T(K)
J. Sarrao et al, Nature 420,2002. How might we describe the simultaneous
quenching of moments and development of
superconductivity?

Existing large N approaches can not
unify the Kondo effect and
superconductivity.



Frustrated magnetism J1-J2 Heisenberg Model

Ising Phase transition.
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P. Chandra, PC, A. Larkin (90)
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RVB instability? @/ (1+0)
Capriotti et al (04)




SU(N) “Designer made for particle physics”

* Singlets: Mesons wlwa (particle-hole )

* Baryons (N-particle bound-states) wif w; i zp;f\, (27 Electron shells)

Not in SU(N)
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Read and Sachdev (1992):
symplectic group SP(N) (N even)
Two particles can pair.

g= N2

Z Sgn(0)¢0¢_a

oc=—N/2

| -Frustrated magnetlsm

Y
T
',

is a singlet under SP(N)
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The link with time reversal.

Inversion of spins under time reversal:
defining symmetry of magnetism

Y]
l
N

Spin x time reversed spin —> singlet




Time reversal = antiunitary operator = U K

0 = 109K (Kaly) = a" K|))

eg Oih(x,t) = igew™ (x, —t)

Opd~ =p* =p" = —p




Invariance of time reversal under rotations U:

Ul =0U (U=e*

N|Qy

Qi
~—

So that:

UUT = 0

But
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THE GOOD, THE BAD ..........

~ 5, "Good” (A)
‘|—S)\ “Bad” (B)

SU(N), spins divide into two U2S>\TU2 _ {
groups according to whether they
flip under time reversal.

e.g SU(4)

The good spins form a subgroup called SP o [ 02 ]
(N), or symplectic N. et doila




Symplectic N: construct large N Hamiltonians exclusively from “good”

spins

Since [Sg, 59 ] ~ S7 | the dynamics of a
Hamiltonian

H = H[SY

is closed within the plane of symplectic spins.
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(P = [68,85 — &BO P05

Schwinger boson: (n, = NS),
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Applications to Quantum Magnetism

$°(4) = bl.Sabips (a € {good})

JS9 . 89 = J|AL, Ay — B, Bal,

B;H—Zob* B Asy— Bl = Zb bio

Bond pair Bond resonance
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Decoupling the interactions: fermions

f
| fﬁ

@ e.g. Kondo Model fo = . SP(2k)
fm
\

fk:l
J
H = WK;SAwla;“dwd)

= ) + (foatuanh)

SU(2) gauge symmetry — COS Sin o T
(Affleck et aI 89) for aII N R fCLO' QS fa’a = ¢ fa,—a
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Pu: 115 1= { .71
Two channels!?

Co-operative Kondo Effect

Coleman, Andrei, Tsvelik, Kee
(97)

As(z) = (Un—2]th1) ()92, (2)SF (2)| ¥ ).

Symplectic N
provides a controlled

realization
(Dzero et al)




pA

experiment (Curro et al., 2005)
c—o theory

Curro et al, Nature, 434,622 (2005).




Future prospects

® t-] model.

Wen and Lee SU(2) formulation of Hubbard
operators form a symplectic algebra, first
controlled treatment of RVB
superconductivity.

T o Electron gas (short range mteractlon
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