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1D Spin Chain
=

4444444

— —>
J1 a

Where:
O “a”is the distance between two adjacent spins
O “)." is the exchange energy term between 2 near netghbors

O “)" is the exchange energy between 2 next near netghbors
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Abitormath 4 4 "’3@4 ; 4

s —]Zgnng_l

_Z](an)SnSm = _ZJ(Q)SQS—Q 1> a o

R s the g that
maximize the |
function (Energy
mintmized)

ZJ n)exp(—igRy,)

J(q) s Jleiqa+Jle—iqa_|_Jzei2qa _I_Jze—i2qa

using Bulero
H cowespowols to

", the ordering vector

of @
J(q) = Ji2cosqa + J,2cos2qa = 2J cos2nth + 2Jycos4nh

= 2J1cos2mth +2J,[2cos*2mth — 1]
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Some more math

we blind Lg[ believe that:

E=-NS?J(Q)  Dispersion relation for spin waves

Linearizing the above expression, the following equation can be obtaineo

fio(q) = 25((Q) ~ 5/(0 +4) ~ 5/~ a)]lI(Q) ~I(a)]}

We need to minimize the energy maximizing the j(q)

Differentiating the ) (q) function we can find 3 solutions
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Dispersion relations

The SDL(/LtLO WS Df J(h) = 2Jycos2nh + 2J,[2cos*2mh — 1]

1 J
are H = 5 cos2mH = ——-

4J,
That leads to the following dispersion relations
ho(h) =2(J1(1 —cos2mth)) + J,(1 — cos(4nh))

ho(h) = 4S{[—2J, + 2J, — 2J>cos4mh]? — [2J,cos2mh]*} !/

J2
ho(h) = { ( —4J,+ 2—112c052ﬂ:h — (

2

J 1/2
— 4]2) COS227'Ch) ( — ﬁ —2J, —2Jicos2mh — 2J» (2c0522ﬂ:h — 1) }
D

Ji
27,
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= 2¢cosQ + 2sinQ

T ——

1+ 7sin2(|))
sinQ
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Helical
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Phase diagram

(J(0) =J(1/2))

A

bhed | $béé

/

it
tan¢ = 1/4

(J(1/2) = J(H3))

helicotdal
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Phase diagram

J>

b 44
.

tangp =1/4
(J(1/2) = J(H5))

helicotdal
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tangp =1/4
(J(1/2) = J(H5))

helicotdal
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| Phasediag raim

Dil i
Q®/ =15,n=-1/4 EEzSiisScocEstt:
®  =-1,=-1 $$$4

‘)

Ji

tanp = —1/4

helicotdal

VIl School of Neutron Scattering F. P. Ricci - S. Margherita di Pula Sept 2006 -




/ \

0BT
-0.75 05 0.25 025 05 0.75 3
X

|

Concluding observations:

Development from nearly fervo to nearly antiferro

Awngle between two consecutive interacting spins

Bragg pears
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