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Motivating Questions

Can we achieve further understanding of magnon neutron cross section?
Intensities, linewidths.

What are the effects of magnon interactions on 
topological magnon band structures?



Electronic Band Topology



Kagome ferromagnet with DM interactions

• Photonic floquet topological insulator

Rechtsman et al., 
Nature (2013) 

Rechtsman et al.  
Nature (2013)

Chisnell et al.  PRL 
(2015)

Bosonic Band Topology
Cu-1,3-benzenedicarboxylate



Selected Examples of Topological Magnons
Magnon Analogue of Haldane Model

Honeycomb ferromagnet with DM exchange Owerre (2016)

Dipolar Micromagnetic Array
Shindou, Matsumoto, Murakami, Ohe (2012)

Weyl Magnons

Li, Li, Kim, Balents, Yu, Chen (2016)Breathing Pyrochlore

Jian, Nie (2018)AIAO Pyrochlore

Dirac/Nodal Line Magnons
Honeycomb Pershoguba (2018)

Cu3TeO6 Li et al. (2017)

Dimer magnets

Romhanyi, Ganesh, Penc (2015)Shastry-Sutherland

PAM et al. (2017)

Kitaev Magnets
PAM, X Y Dong, M Gohlke, F Pollmann, R Moessner, K Penc (2018)



Differences between Magnon and 
Electronic Chern Insulators

Generally no quantized response

Interactions generically present and may be crucial



Magnon-Magnon Interactions
Magnon-magnon interactions from Holstein-Primakoff beyond 1/S

H3 =
1
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ak3 + h.c.) + . . .

Generally number non-conserving terms

✏k3 = ✏k2 + ✏k1

Single particle picture may not survive in any detail
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Magnon edge states are nonuniversal

But can they be experimentally robust quasiparticles?
Chernyshev, Zhitomirsky (2013)



Magnon-Magnon Interactions
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Surface states originating from magnon Chern bands can be experimentally robust states

DMRG calculation of magnon edge states

PAM, X-Y Dong, M Gohlke, F Pollmann, R Moessner, K Penc PRB(R) 98, 060404 (2018)



 Magnon Interactions in Topological Magnon Systems

The case of linear touching points

Work in collaboration with Jeff Rau  
MPI PKS           University of Windsor, ON

PAM and J G Rau, PRB(R) 100, 100405 (2019)



Non-Hermitian Hamiltonian from Magnon Interactions

Effect of interactions encoded in self-energy defined from retarded Green’s function
G(k,!) ⌘

⇥
(! + i0+)�3 � (Mk +⌃(k,!))

⇤�1
.
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Suppose self-energy is small so that single magnons have quasi-normal modes

det
�
(Ek � i�k + i0+)�3 � [Mk +⌃(k, Ek + i�k)]

�
= 0
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defined through poles of retarded Green’s function.

Strategy: focus on single magnon states and effectively trace over multi-magnon 
states

Expect effective non-Hermitian Hamiltonian for single magnons 

He↵(k,!) = H(k) + ⌃(k,!)
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Ek↵ � i�k↵ = ✏k↵ + V †
k↵�3⌃(k, ✏k↵)V k↵
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Now consider touching point - local in energy and momentum and expand self-
energy around this point

⌃(k,!) ⇡ ⌃(k,!0) + (! � !0)@!⌃(k,!0) + · · ·
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Effective non-Hermitian Hamiltonian

Neglecting energy dependence of the self-energy arrive at non-Hermitian Hamiltonian

Constraint from causality (no driving): imaginary parts of quasi-normal modes negative

Single magnons treated within non-Hermitian effective theory have renormalized band 
structure and finite lifetime

Picture can break down for strong coupling and around van Hove singularities in multi-
magnon density of states 

M e↵
k ⌘

⇥
Mk +⌃0(k,!0)

⇤
+⌃00(k,!0)
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Non-Hermitian Topology 
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EP

EP

Exceptional points topologically protected - can only be annihilated in pairs

Focus on universal physics in vicinity of two-band touching 

Four parameter non-hermitian part:

Re[!] ⇠ |k|1/2
<latexit sha1_base64="N5EI3cVqcRUZGLAtBoCIWz7rWM8=">AAACFHicbVDLSgMxFM34rPVVdekmWARBqDNF0KXoxmUV+4CZsWTS2xqaTIYkI5RxPsKNv+LGhSJuXbjzb8y0Xfg6EHI4517uvSdKONPGdT+dmdm5+YXF0lJ5eWV1bb2ysdnSMlUUmlRyqToR0cBZDE3DDIdOooCIiEM7Gp4VfvsWlGYyvjKjBEJBBjHrM0qMlbqV/SxQAl9C7gdSwICEgWYC3wWR5D09EvbLhvnddeYd1PNuperW3DHwX+JNSRVN0ehWPoKepKmA2FBOtPY9NzFhRpRhlENeDlINCaFDMgDf0pgI0GE2PirHu1bp4b5U9sUGj9XvHRkRutjQVgpibvRvrxD/8/zU9I/DjMVJaiCmk0H9lGMjcZEQ7jEF1PCRJYQqZnfF9IYoQo3NsWxD8H6f/Je06jXPrXkXh9WT02kcJbSNdtAe8tAROkHnqIGaiKJ79Iie0Yvz4Dw5r87bpHTGmfZsoR9w3r8Ah+SfGw==</latexit><latexit sha1_base64="N5EI3cVqcRUZGLAtBoCIWz7rWM8=">AAACFHicbVDLSgMxFM34rPVVdekmWARBqDNF0KXoxmUV+4CZsWTS2xqaTIYkI5RxPsKNv+LGhSJuXbjzb8y0Xfg6EHI4517uvSdKONPGdT+dmdm5+YXF0lJ5eWV1bb2ysdnSMlUUmlRyqToR0cBZDE3DDIdOooCIiEM7Gp4VfvsWlGYyvjKjBEJBBjHrM0qMlbqV/SxQAl9C7gdSwICEgWYC3wWR5D09EvbLhvnddeYd1PNuperW3DHwX+JNSRVN0ehWPoKepKmA2FBOtPY9NzFhRpRhlENeDlINCaFDMgDf0pgI0GE2PirHu1bp4b5U9sUGj9XvHRkRutjQVgpibvRvrxD/8/zU9I/DjMVJaiCmk0H9lGMjcZEQ7jEF1PCRJYQqZnfF9IYoQo3NsWxD8H6f/Je06jXPrXkXh9WT02kcJbSNdtAe8tAROkHnqIGaiKJ79Iie0Yvz4Dw5r87bpHTGmfZsoR9w3r8Ah+SfGw==</latexit><latexit sha1_base64="N5EI3cVqcRUZGLAtBoCIWz7rWM8=">AAACFHicbVDLSgMxFM34rPVVdekmWARBqDNF0KXoxmUV+4CZsWTS2xqaTIYkI5RxPsKNv+LGhSJuXbjzb8y0Xfg6EHI4517uvSdKONPGdT+dmdm5+YXF0lJ5eWV1bb2ysdnSMlUUmlRyqToR0cBZDE3DDIdOooCIiEM7Gp4VfvsWlGYyvjKjBEJBBjHrM0qMlbqV/SxQAl9C7gdSwICEgWYC3wWR5D09EvbLhvnddeYd1PNuperW3DHwX+JNSRVN0ehWPoKepKmA2FBOtPY9NzFhRpRhlENeDlINCaFDMgDf0pgI0GE2PirHu1bp4b5U9sUGj9XvHRkRutjQVgpibvRvrxD/8/zU9I/DjMVJaiCmk0H9lGMjcZEQ7jEF1PCRJYQqZnfF9IYoQo3NsWxD8H6f/Je06jXPrXkXh9WT02kcJbSNdtAe8tAROkHnqIGaiKJ79Iie0Yvz4Dw5r87bpHTGmfZsoR9w3r8Ah+SfGw==</latexit><latexit sha1_base64="N5EI3cVqcRUZGLAtBoCIWz7rWM8=">AAACFHicbVDLSgMxFM34rPVVdekmWARBqDNF0KXoxmUV+4CZsWTS2xqaTIYkI5RxPsKNv+LGhSJuXbjzb8y0Xfg6EHI4517uvSdKONPGdT+dmdm5+YXF0lJ5eWV1bb2ysdnSMlUUmlRyqToR0cBZDE3DDIdOooCIiEM7Gp4VfvsWlGYyvjKjBEJBBjHrM0qMlbqV/SxQAl9C7gdSwICEgWYC3wWR5D09EvbLhvnddeYd1PNuperW3DHwX+JNSRVN0ehWPoKepKmA2FBOtPY9NzFhRpRhlENeDlINCaFDMgDf0pgI0GE2PirHu1bp4b5U9sUGj9XvHRkRutjQVgpibvRvrxD/8/zU9I/DjMVJaiCmk0H9lGMjcZEQ7jEF1PCRJYQqZnfF9IYoQo3NsWxD8H6f/Je06jXPrXkXh9WT02kcJbSNdtAe8tAROkHnqIGaiKJ79Iie0Yvz4Dw5r87bpHTGmfZsoR9w3r8Ah+SfGw==</latexit>

a0
<latexit sha1_base64="gwD//9HljKVxM0QjC+ybfbqSX7M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfa9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AecTjYg=</latexit><latexit sha1_base64="gwD//9HljKVxM0QjC+ybfbqSX7M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfa9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AecTjYg=</latexit><latexit sha1_base64="gwD//9HljKVxM0QjC+ybfbqSX7M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfa9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AecTjYg=</latexit><latexit sha1_base64="gwD//9HljKVxM0QjC+ybfbqSX7M=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfa9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AecTjYg=</latexit>

constant damping

HNH = v (kx�x + ky�y)� i (a0 + a · �)
<latexit sha1_base64="YTbYSKCvn1hEkVbxksi0EDv4JjA="></latexit><latexit sha1_base64="YTbYSKCvn1hEkVbxksi0EDv4JjA="></latexit><latexit sha1_base64="YTbYSKCvn1hEkVbxksi0EDv4JjA="></latexit><latexit sha1_base64="YTbYSKCvn1hEkVbxksi0EDv4JjA="></latexit>

Vector part leads to splitting of touching point into line connecting (non-diagonalizable) 
exceptional points.

Length

Arc perpendicular to 

2|a|/v
<latexit sha1_base64="XHWvN/jUDI4OfbeOGIHsiuTulIg=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiZF0GXRjcsKthaaUCaTSTt0MhNmJoUSunLjr7hxoYhbv8Gdf+MkzUJbDwxzOOde7r0nSBhV2nG+rcrK6tr6RnWztrW9s7tn7x90lUglJh0smJC9ACnCKCcdTTUjvUQSFAeMPATjm9x/mBCpqOD3epoQP0ZDTiOKkTbSwD5uesbW0AsEC9U0Nl+GZrAQzycDu+40nAJwmbglqYMS7YH95YUCpzHhGjOkVN91Eu1nSGqKGZnVvFSRBOExGpK+oRzFRPlZccYMnholhJGQ5nENC/V3R4Zila9oKmOkR2rRy8X/vH6qoys/ozxJNeF4PihKGdQC5pnAkEqCNZsagrCkZleIR0girE1yNROCu3jyMuk2G67TcO8u6q3rMo4qOAIn4Ay44BK0wC1ogw7A4BE8g1fwZj1ZL9a79TEvrVhlzyH4A+vzB1p1mQo=</latexit><latexit sha1_base64="XHWvN/jUDI4OfbeOGIHsiuTulIg=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiZF0GXRjcsKthaaUCaTSTt0MhNmJoUSunLjr7hxoYhbv8Gdf+MkzUJbDwxzOOde7r0nSBhV2nG+rcrK6tr6RnWztrW9s7tn7x90lUglJh0smJC9ACnCKCcdTTUjvUQSFAeMPATjm9x/mBCpqOD3epoQP0ZDTiOKkTbSwD5uesbW0AsEC9U0Nl+GZrAQzycDu+40nAJwmbglqYMS7YH95YUCpzHhGjOkVN91Eu1nSGqKGZnVvFSRBOExGpK+oRzFRPlZccYMnholhJGQ5nENC/V3R4Zila9oKmOkR2rRy8X/vH6qoys/ozxJNeF4PihKGdQC5pnAkEqCNZsagrCkZleIR0girE1yNROCu3jyMuk2G67TcO8u6q3rMo4qOAIn4Ay44BK0wC1ogw7A4BE8g1fwZj1ZL9a79TEvrVhlzyH4A+vzB1p1mQo=</latexit><latexit sha1_base64="XHWvN/jUDI4OfbeOGIHsiuTulIg=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiZF0GXRjcsKthaaUCaTSTt0MhNmJoUSunLjr7hxoYhbv8Gdf+MkzUJbDwxzOOde7r0nSBhV2nG+rcrK6tr6RnWztrW9s7tn7x90lUglJh0smJC9ACnCKCcdTTUjvUQSFAeMPATjm9x/mBCpqOD3epoQP0ZDTiOKkTbSwD5uesbW0AsEC9U0Nl+GZrAQzycDu+40nAJwmbglqYMS7YH95YUCpzHhGjOkVN91Eu1nSGqKGZnVvFSRBOExGpK+oRzFRPlZccYMnholhJGQ5nENC/V3R4Zila9oKmOkR2rRy8X/vH6qoys/ozxJNeF4PihKGdQC5pnAkEqCNZsagrCkZleIR0girE1yNROCu3jyMuk2G67TcO8u6q3rMo4qOAIn4Ay44BK0wC1ogw7A4BE8g1fwZj1ZL9a79TEvrVhlzyH4A+vzB1p1mQo=</latexit><latexit sha1_base64="XHWvN/jUDI4OfbeOGIHsiuTulIg=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiZF0GXRjcsKthaaUCaTSTt0MhNmJoUSunLjr7hxoYhbv8Gdf+MkzUJbDwxzOOde7r0nSBhV2nG+rcrK6tr6RnWztrW9s7tn7x90lUglJh0smJC9ACnCKCcdTTUjvUQSFAeMPATjm9x/mBCpqOD3epoQP0ZDTiOKkTbSwD5uesbW0AsEC9U0Nl+GZrAQzycDu+40nAJwmbglqYMS7YH95YUCpzHhGjOkVN91Eu1nSGqKGZnVvFSRBOExGpK+oRzFRPlZccYMnholhJGQ5nENC/V3R4Zila9oKmOkR2rRy8X/vH6qoys/ozxJNeF4PihKGdQC5pnAkEqCNZsagrCkZleIR0girE1yNROCu3jyMuk2G67TcO8u6q3rMo4qOAIn4Ay44BK0wC1ogw7A4BE8g1fwZj1ZL9a79TEvrVhlzyH4A+vzB1p1mQo=</latexit>

a? ⌘ (ax, ay)
<latexit sha1_base64="fWBU1dAdpMtGVoaPOpM5AinlhSs=">AAACEXicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BLx4jmAdkw9I76SRDZh/OzAbDkl/w4q948aCIV2/e/Btnkxw0sWCYoqqb7i4/Flxp2/62lpZXVtfWcxv5za3tnd3C3n5dRYlkWGORiGTTB4WCh1jTXAtsxhIh8AU2/MF15jeGKBWPwjs9irEdQC/kXc5AG8krlFw/Eh01CsyXwthL3RhlPKYu3id8SEvgPZxS8EYnXqFol+0J6CJxZqRIZqh6hS+3E7EkwFAzAUq1HDvW7RSk5kzgOO8mCmNgA+hhy9AQAlTtdHLRmB4bpUO7kTQv1HSi/u5IIVDZ0qYyAN1X814m/ue1Et29bKc8jBONIZsO6iaC6ohm8dAOl8i0GBkCTHKzK2V9kMC0CTFvQnDmT14k9bOyY5ed2/Ni5WoWR44ckiNSIg65IBVyQ6qkRhh5JM/klbxZT9aL9W59TEuXrFnPAfkD6/MHiC2dZQ==</latexit><latexit sha1_base64="fWBU1dAdpMtGVoaPOpM5AinlhSs=">AAACEXicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BLx4jmAdkw9I76SRDZh/OzAbDkl/w4q948aCIV2/e/Btnkxw0sWCYoqqb7i4/Flxp2/62lpZXVtfWcxv5za3tnd3C3n5dRYlkWGORiGTTB4WCh1jTXAtsxhIh8AU2/MF15jeGKBWPwjs9irEdQC/kXc5AG8krlFw/Eh01CsyXwthL3RhlPKYu3id8SEvgPZxS8EYnXqFol+0J6CJxZqRIZqh6hS+3E7EkwFAzAUq1HDvW7RSk5kzgOO8mCmNgA+hhy9AQAlTtdHLRmB4bpUO7kTQv1HSi/u5IIVDZ0qYyAN1X814m/ue1Et29bKc8jBONIZsO6iaC6ohm8dAOl8i0GBkCTHKzK2V9kMC0CTFvQnDmT14k9bOyY5ed2/Ni5WoWR44ckiNSIg65IBVyQ6qkRhh5JM/klbxZT9aL9W59TEuXrFnPAfkD6/MHiC2dZQ==</latexit><latexit sha1_base64="fWBU1dAdpMtGVoaPOpM5AinlhSs=">AAACEXicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BLx4jmAdkw9I76SRDZh/OzAbDkl/w4q948aCIV2/e/Btnkxw0sWCYoqqb7i4/Flxp2/62lpZXVtfWcxv5za3tnd3C3n5dRYlkWGORiGTTB4WCh1jTXAtsxhIh8AU2/MF15jeGKBWPwjs9irEdQC/kXc5AG8krlFw/Eh01CsyXwthL3RhlPKYu3id8SEvgPZxS8EYnXqFol+0J6CJxZqRIZqh6hS+3E7EkwFAzAUq1HDvW7RSk5kzgOO8mCmNgA+hhy9AQAlTtdHLRmB4bpUO7kTQv1HSi/u5IIVDZ0qYyAN1X814m/ue1Et29bKc8jBONIZsO6iaC6ohm8dAOl8i0GBkCTHKzK2V9kMC0CTFvQnDmT14k9bOyY5ed2/Ni5WoWR44ckiNSIg65IBVyQ6qkRhh5JM/klbxZT9aL9W59TEuXrFnPAfkD6/MHiC2dZQ==</latexit><latexit sha1_base64="fWBU1dAdpMtGVoaPOpM5AinlhSs=">AAACEXicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQY9BLx4jmAdkw9I76SRDZh/OzAbDkl/w4q948aCIV2/e/Btnkxw0sWCYoqqb7i4/Flxp2/62lpZXVtfWcxv5za3tnd3C3n5dRYlkWGORiGTTB4WCh1jTXAtsxhIh8AU2/MF15jeGKBWPwjs9irEdQC/kXc5AG8krlFw/Eh01CsyXwthL3RhlPKYu3id8SEvgPZxS8EYnXqFol+0J6CJxZqRIZqh6hS+3E7EkwFAzAUq1HDvW7RSk5kzgOO8mCmNgA+hhy9AQAlTtdHLRmB4bpUO7kTQv1HSi/u5IIVDZ0qYyAN1X814m/ue1Et29bKc8jBONIZsO6iaC6ohm8dAOl8i0GBkCTHKzK2V9kMC0CTFvQnDmT14k9bOyY5ed2/Ni5WoWR44ckiNSIg65IBVyQ6qkRhh5JM/klbxZT9aL9W59TEuXrFnPAfkD6/MHiC2dZQ==</latexit>

Dispersion about EP



Non-Hermitian Topology II

⌫nm = � 1

2⇡

I

�
rkarg (En(k)� Em(k)) · dk

<latexit sha1_base64="9PM5t0p4ps4IyKYsokMTLARV47s="></latexit><latexit sha1_base64="9PM5t0p4ps4IyKYsokMTLARV47s="></latexit><latexit sha1_base64="9PM5t0p4ps4IyKYsokMTLARV47s="></latexit><latexit sha1_base64="9PM5t0p4ps4IyKYsokMTLARV47s="></latexit>

Exceptional points topologically protected 
- can only be annihilated in pairs

Eigenvalues swap discontinuously passing through arc

Topological invariant

where loop is taken around exceptional point

⌫ = ±1/2
<latexit sha1_base64="lPgjtJvvxgRjjh5Z6C1KEfBhlcA=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU02KoBeh6MVjBfsBSSib7aZdutkNuxOhhP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0oFN+C6305pbX1jc6u8XdnZ3ds/qB4edYzKNGVtqoTSvYgYJrhkbeAgWC/VjCSRYN1ofDfzu09MG67kI0xSFiZkKHnMKQEr+YHMboI0wd5Fo1+tuXV3DrxKvILUUIFWv/oVDBTNEiaBCmKM77kphDnRwKlg00qQGZYSOiZD5lsqScJMmM9PnuIzqwxwrLQtCXiu/p7ISWLMJIlsZ0JgZJa9mfif52cQX4c5l2kGTNLFojgTGBSe/Y8HXDMKYmIJoZrbWzEdEU0o2JQqNgRv+eVV0mnUPbfuPVzWmrdFHGV0gk7ROfLQFWqie9RCbUSRQs/oFb054Lw4787HorXkFDPH6A+czx/d15BP</latexit><latexit sha1_base64="lPgjtJvvxgRjjh5Z6C1KEfBhlcA=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU02KoBeh6MVjBfsBSSib7aZdutkNuxOhhP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0oFN+C6305pbX1jc6u8XdnZ3ds/qB4edYzKNGVtqoTSvYgYJrhkbeAgWC/VjCSRYN1ofDfzu09MG67kI0xSFiZkKHnMKQEr+YHMboI0wd5Fo1+tuXV3DrxKvILUUIFWv/oVDBTNEiaBCmKM77kphDnRwKlg00qQGZYSOiZD5lsqScJMmM9PnuIzqwxwrLQtCXiu/p7ISWLMJIlsZ0JgZJa9mfif52cQX4c5l2kGTNLFojgTGBSe/Y8HXDMKYmIJoZrbWzEdEU0o2JQqNgRv+eVV0mnUPbfuPVzWmrdFHGV0gk7ROfLQFWqie9RCbUSRQs/oFb054Lw4787HorXkFDPH6A+czx/d15BP</latexit><latexit sha1_base64="lPgjtJvvxgRjjh5Z6C1KEfBhlcA=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU02KoBeh6MVjBfsBSSib7aZdutkNuxOhhP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0oFN+C6305pbX1jc6u8XdnZ3ds/qB4edYzKNGVtqoTSvYgYJrhkbeAgWC/VjCSRYN1ofDfzu09MG67kI0xSFiZkKHnMKQEr+YHMboI0wd5Fo1+tuXV3DrxKvILUUIFWv/oVDBTNEiaBCmKM77kphDnRwKlg00qQGZYSOiZD5lsqScJMmM9PnuIzqwxwrLQtCXiu/p7ISWLMJIlsZ0JgZJa9mfif52cQX4c5l2kGTNLFojgTGBSe/Y8HXDMKYmIJoZrbWzEdEU0o2JQqNgRv+eVV0mnUPbfuPVzWmrdFHGV0gk7ROfLQFWqie9RCbUSRQs/oFb054Lw4787HorXkFDPH6A+czx/d15BP</latexit><latexit sha1_base64="lPgjtJvvxgRjjh5Z6C1KEfBhlcA=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU02KoBeh6MVjBfsBSSib7aZdutkNuxOhhP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0oFN+C6305pbX1jc6u8XdnZ3ds/qB4edYzKNGVtqoTSvYgYJrhkbeAgWC/VjCSRYN1ofDfzu09MG67kI0xSFiZkKHnMKQEr+YHMboI0wd5Fo1+tuXV3DrxKvILUUIFWv/oVDBTNEiaBCmKM77kphDnRwKlg00qQGZYSOiZD5lsqScJMmM9PnuIzqwxwrLQtCXiu/p7ISWLMJIlsZ0JgZJa9mfif52cQX4c5l2kGTNLFojgTGBSe/Y8HXDMKYmIJoZrbWzEdEU0o2JQqNgRv+eVV0mnUPbfuPVzWmrdFHGV0gk7ROfLQFWqie9RCbUSRQs/oFb054Lw4787HorXkFDPH6A+czx/d15BP</latexit>

Appearance of exceptional points generic for Dirac touching points 

Lifetime of magnon branch discontinuous passing through arc
Shen, Zhen, Fu (2017)



H = �
3X

n=1

X

hijin

JnSi · Sj +D

X

hiji2

(�1)ir̂ij · (Si ⇥ Sj)

<latexit sha1_base64="+fwOZXGQkU+pOKDx1WVrj9WitX4="></latexit><latexit sha1_base64="+fwOZXGQkU+pOKDx1WVrj9WitX4="></latexit><latexit sha1_base64="+fwOZXGQkU+pOKDx1WVrj9WitX4="></latexit><latexit sha1_base64="+fwOZXGQkU+pOKDx1WVrj9WitX4="></latexit>

Example: Honeycomb FM with in-plane DM

J2/J1 = 0.2
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J3/J1 = 0.1
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Collinear ground state with full rotational symmetry

Put moment along x direction to preserve two-fold 
rotational symmetry and compute spin waves

Spectrum has symmetry protected Dirac points with 
energy independent of coupling D.

Dzyaloshinskii-Moriya little affects quadratic spin waves but leads to 
spontaneous magnon decay when interactions are considered.

Illustration of non-Hermitian magnon topology:
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D/J1 = 0.125
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For in vicinity of touching point

This gives non-Hermiticity of effective single-magnon Hamiltonian

Significant off-diagonal elements relative to diagonal elements

Leading contribution to self-energy - bubble diagram



2.5

2.5125

2.525

2.5375

2.55

2.5625

2.575

2.5875

!/J1 =
2.6

� K0

K

M

!
/J1
=

2.30

!
/J1
=

2.55

!
/J1
=

2.80

!/J1

kx
ky

Spectral Function
Spectral function of honeycomb ferromagnet with DM on constant energy slices

Characteristic pattern of linewidth:

In lower band largest on one side of K point

In upper band largest on opposite side of K 
point

�0.1

�0.05

0.0

0.05

k y
�

K
y

!/J1 = 2.525

Analytic (c)

!/J1 = 2.55

(d)

!/J1 = 2.575

(e)

�0.1 �0.05 0.0 0.05

kx �Kx

�0.1

�0.05

0.0

0.05
k y
�

K
y

NLSWT (f)

�0.1 �0.05 0.0 0.05

kx �Kx

(g)

�0.1 �0.05 0.0 0.05

kx �Kx

(h)

Agreement between effective non-Hermitian problem and full momentum-energy 
dependent spectral function 

A(k,!) ⌘ � 1

⇡
ImTr[G(k,!)]

<latexit sha1_base64="QHDdBT0i7rLNYIZoHUQdvIeOd/0="></latexit><latexit sha1_base64="QHDdBT0i7rLNYIZoHUQdvIeOd/0="></latexit><latexit sha1_base64="QHDdBT0i7rLNYIZoHUQdvIeOd/0="></latexit><latexit sha1_base64="QHDdBT0i7rLNYIZoHUQdvIeOd/0="></latexit>



Neutron Scattering Cross Section: No Interactions

Shivam, Coldea, Moessner, PAM (2017)

Characteristic anisotropy of neutron intensity around linear touching points

Comes from projection of momentum space pseudo-spin onto some direction 
determined by location of touching point in momentum space 

He↵ = vk · �
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Neutron Scattering Cross Section
Neutron measures dynamical structure factor not spectral function per se.

Around linear touching points, neutron intensity has characteristic anisotropy 

High intensity on one side of K point in upper band, opposite side in lower band

But…

Anisotropy directions of intensity and line-
shape are generally different - the latter 
following the direction of the exceptional 
line

Result is distortion of crescent pattern as 
shown



Outlook
Mechanism leading to exceptional points (2D) and lines (3D) around touching 
points is generic in the presence of magnon interactions

Magnitude of effect relative to diagonal broadening is model dependent

Discussion focused on spontaneous decay but temperature induced decay 
leads to similar physics

Winding signature of non-Hermitian topology in principle visible using inelastic 
neutron scattering, NRSE, perhaps THz spectroscopy

Magnetic field lifts two-magnon states relative to single magnon state

- In 2D potentially tunable van Hove singularities enhancing magnon decay

- For large enough field, can switch off magnon decay altogether



Summary

Chern Bands: Chiral edge states can be robust quasi-particles despite, or 
even because of magnon interactions

Magnon touching points - Dirac and Weyl:

Neutron intensities have characteristic features coming from pseudo-
spin in momentum space

Neutron line shapes have characteristic pattern arising from presence 
of exceptional points
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