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what can happen to a magnon?
I. [subjective] overview of m-m interactions
II. novella on disorder
III. common message
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what IS magnon?
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standard lore …

• spin waves, 1930, Felix Bloch 

• quantized theory: Holstein-Primakoff, Anderson-Kubo, Dyson, …

• 1957,  experiment, INS:  Brockhouse, …

➔ sharp peaks = quasiparticles = quanta of spin waves
well defined elementary excitations in D>1

N. B. Christensen etal., PNAS 104, 15264 (2007) 2D spin-1/2 quantum antiferromagnet copper 
deuteroformate tetradeuterate (CFTD) 
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• Heisenberg, 1928, (where is the H-model??)
• Bloch, 1930
• metals, no classical waves
• no word “Spinwellen”

• Bethe, 1931, B-ansatz, ➾ first time word “Spinwellen” for Bloch’s solution

• HP, Anderson, Kubo, Dyson, never used “magnon”; where is Neel, LL?

• 1D: Jordan-Wigner, 1928, fermions, Bethe, 1931 (is it a fermionic description)?

• 1941: first magnon is a fermion (*)

nuances …
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fermion or boson?
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magnons ≈ bosons, why natural?

B
S

• spin operators commute on different sites!
• order! ➾ effective (Weiss) field for each spin

local raising (lowering) operators ➾ bosons 

• ordered state ➾ classical wave ➾ quantization is bosonic
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I. bosonic path

Musée de Cluny, Paris
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magnons in Cr2O3 =     CrO-magnons ...
o where they there all the time?
o indeed, must have existed for long time
o are like humans, ➾ first you care how they look
o then ➾ how they interact (with others) 
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how do “bosons” interact?, I
• normal Bose gas ➾ density-density 

• # of bosons preserved  

• exactly that for Heisenberg ferromagnet

• GS and excitations are e-states of 
• GS 
• magnon     
• magnon # preserved    
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more is different
                      PWA                  

o is simplest = general 
and complicated = special?

o or, simplest = restrictive
and complicated = general?
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how do bosons interact? in an AF, II
• in an antiferromagnet (define AF!)

• GS is the superposition of states 
      with different          [PWA’82]  
• no definite spin for a magnon!
• magnon # not preserved: 

HKHH, 71

V. G. Bar’yakhtar, V. L. Sobolev, and A. G. Kvirikadze, ZhETP 65, 790 (1973);
S. M. Rezende and R. M. White, PRB 14, 2939 (1976); 18, 2346 (1978); 
Yu. A. Kosevich and A. V. Chubukov, Sov. Phys. JETP 64, 654 (1986)]; 
S. Tyc and B. I. Halperin, PRB 42, 2096 (1990); 
P. Kopietz, PRB 41, 9228 (1990). 

o true for collinear Heisenberg or XXZ models
o only 2 ➾ 2, 1 ➾ 3, 0 ➾ 4, parity or U(1)
o seems similar to BEC problem, but it is not!
o here ➾ , no canting, but 
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is less also different?
                Zach Fisk                  

o interactions I and II (FM and AFM) ➾ universal and leading
o dipole-dipole, DM, field-induced canting? ➾ small corrections
o different from other bosons! BEC, phonons, etc. 
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BEC = XY AF

different class of reality: more interactions

MZ and SC, RMP 85, 219 (2013)

• # of bosons not preserved

• Bogolyubov substitution
• cubic anharmonicities (as for phonons!) 

• new reality?: non-collinear magnets, interactions ~J, not small 
• AFs in a field
• spirals 
• DM, dipolar, SOC!

• new phenomena: 1 ➾ 2 decays
T. Matsubara and H. Matsuda, Prog. Theor. Phys. 16, 569 (1956);
E. G. Batyev and L. S. Braginskii, Sov. Phys. JETP 60, 781 (1984). 

BEC AF: “transverse” magnetization
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“collinear” vs “non-collinear”
non-collinearity → transverse-longitudinal coupling → 3-boson terms 

only T-T or L-L         strong T-L

transverse (T) longitudinal (L)
“one-magnon” “two-magnon”

MZ and SC, RMP 85, 219 (2013)

square +H, triangular: MZ and SC, PRL (1999); PRL (2006); 
PRB (2009); RMP (2013); M. Mourigal, MZ, and SC, PRB 
(2010); W. Fuhrman, M. Mourigal, MZ, and SC, PRB (2012); 
PRB (2013); P. Maksimov, MZ, and SC, PRB (2016)
+phonons, triangular: J. Oh, et al., Nat. Commun. (2016)
+H, exp: Tao Hong, etal., Nat. Commun. (2017)

kagome: SC, PRB (2015); MZ and SC, PRB (2015)
honeycomb: P. Maksimov and SC, PRB (2016)

dipolar, YIG: SC, PRB (2012); 
DM, FM Kagome topological: P. Maksimov & SC, PRL (2016)

SOC: Winter, et al., Nat. Comm. (2017); Smit et al., PRB (2020); 
P. Maksimov & SC, PRR (2020); C. Gallegos & SC,PRB (2024)
+exp: C. Kim, et al., Nat. Phys. (2023); T. Xie, etal., PRL (2024)

o SOC ➾ don’t need non-collinearity for T-L coupling
o populated exchange matrix
➾ off-diagonal terms
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theory vs reality
early theory, sq+H ✓ QMC! 

✓ ED!

✓ some exp!

triangular ???

1D Ising chain+ SOC

honeycomb, SOC

triangular J1-J2 +H

LSWT

ED

theory

o quantitative comparisons, 
needs detailed calculations 
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II. disorder?
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 =  

SC, M. E. Zhitomirsky, N. Martin, and LPR, Lifetime of gapped excitations in collinear quantum antiferromagnet, PRL 109, 097201 (2012)

Louis Pierre Regnault



lifetime of the optical mode, history …

Mike Zhitomirsky
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neutron-scattering spin-echo

• resolution   ~ 1eV (≈0.01K) !
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• S = 1, 2D, planar (XY)
• honeycomb lattice ➾

gapped and acoustic modes

 = 



BaNi2(PO4)2

Eymond (1969); LP review, (1990); SC, M. E. Zhitomirsky, N. Martin, and LPR, PRL (2012)
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damping, theory expectations

p

k p’

k’

• local distortions → D, J → conventional impurity scattering (2D):

• gapped on thermally excited gapless: 

• (and on gapped):

• g’s for m-m scattering are known/derivable as all J’s and D are known from the spectrum!
                              * ~T 5 not in HKHH

• linewidth in a “simple” AF
• spin waves:  scattering on?

• impurities
• themselves
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standard lore:

generous overestimate 
of the m-m part

SC, M. E. Zhitomirsky, N. Martin, and LPR, Lifetime of gapped excitations in collinear quantum antiferromagnet, PRL 109, 097201 (2012)
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better theory: impurity-assisted scattering

• impurity facilitates stronger m-m scattering 
                                               vs

• →  lower power of T in 

• reasons for “stronger” potential:
• “regular” m-m interactions are singular but cancel out
• impurities violate that cancellation

• “weak Kondo”, optical spin-flip “sits” at impurity, 
            scatters acoustic mode stronger …

p

k p’

k’

SC, M. E. Zhitomirsky, N. Martin, and LPR, Lifetime of gapped excitations in collinear quantum antiferromagnet, PRL 109, 097201 (2012)
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beyond the standard model …

SC, M. E. Zhitomirsky, N. Martin, and LPR, Lifetime of gapped excitations in collinear quantum antiferromagnet, PRL 109, 097201 (2012)

“usual” m-m mechanism 
is totally subleading!
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better picture …

7.5K
10K

12K

SC, M. E. Zhitomirsky, N. Martin, and LPR, Lifetime of gapped excitations in collinear quantum antiferromagnet, PRL 109, 097201 (2012)

“usual” m-m mechanism 
is totally subleading!
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cross-checks, predictions
T=0  and T>0  impurity terms must be related (                                   )
 true, in our fit: 
does disorder strength make sense?
 estimate:
translates into a (very reasonable) statement that in BaNi2(PO4)2, strong modulation of 

magnetic couplings of order 1 is spread over 1 in 100 unit cells

predictions:
 3D:
 AFs with non-collinear order → 3-magnon coupling

new diagrams:

no change in m-m
lower power of T in impurity-induced: 

SC, M. E. Zhitomirsky, N. Martin, and LPR, Lifetime of gapped excitations in collinear quantum antiferromagnet, PRL 109, 097201 (2012)
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quo vadis?
o is simplest = general and complicated = special?
o or, simplest = restrictive and complicated = general?

o lower-order anharmonicities = more general, new effects, 1 ➾ 2 vs 1 ➾ 3

o after many years, the technology is able to test theoretical ideas of HKHH in reality:
➾ general case: low-T  lifetime is completely dominated by simple disorder

o "The great tragedy of Science — the slaying of a beautiful hypothesis by an ugly fact.”
Thomas Huxley
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conclusions 
 the world (CM version) is not ideal: 
➾ symmetries are lowered ➾ different phenomena
➾ disorder breaks some locally

 there is still universality

 theorists: embrace reality!
CM=“physics of dirt”
["Schmutzphysik"]
Wolfgang Pauli
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better picture …
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the ON’s
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word magnon … visionary, or misguided?

 solid oxygen! ➾
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