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Abstract
While the understanding of altermagnetism is still in a very early 
stage, it is expected to play a role in various fields of condensed 
matter research, for example spintronics, caloritronics and 
superconductivity [1]. In the field of optical magnetism, it is still 
unclear to which extend altermagnets as a class can exhibit a 
distinct behavior. Here we choose RuO2, a prototype metallic 
altermagnet with a giant spin splitting, and CoF2, an 
experimentally known insulating altermagnet, to study the light-
induced magnetism in rutile altermagents from first-principles.

Computational methods
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Conclusions

üAltermagnets are a fruitful platform for exploiting the complexity of IFE

üThe colossal magnitude of IFE can be further manipulated by the application magnetic 
fields or used for angular momentum injection

üThe large IFE normal to the Néel vector may give rise to significant optical torques

üOrbital ferri-altermagnetism: the colossal light-induced orbital magnetism may be used 
for Néel order manipulation  
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2nd order spin magnetization

Keldysh formalism
LASER 
polarization• Response formula

• Response tensor

• Retarded and Advanced Green’s function 

2nd order orbital magnetization 

• Replace

LASER 
intensity

LASER

I = 10	GWcm./

𝜖0𝜖1∗ =
D1 2 −𝑖 D𝜆 2

𝑖 D𝜆 2 D𝜆/ 2

𝜖 = ⁄(1, 𝑖𝜆, 0) 2

LASER 
frequency

<latexit sha1_base64="hErEO82xQy/PXEDHiX07B2habx8=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2A9ol5JNs21okl2TrFCW/gkvHhTx6t/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6sJOEBZIMFY84JdZJnZ7hQ0n6vF+ueFVvDrxK/JxUIEejX/7qDWKaSqYsFcSYru8lNsiItpwKNi31UsMSQsdkyLqOKiKZCbL5vVN85pQBjmLtSlk8V39PZEQaM5Gh65TEjsyyNxP/87qpja6DjKsktUzRxaIoFdjGePY8HnDNqBUTRwjV3N2K6YhoQq2LqORC8JdfXiWti6p/Wa3d1yr1mzyOIpzAKZyDD1dQhztoQBMoCHiGV3hDj+gFvaOPRWsB5TPH8Afo8wcdopAI</latexit>�i
<latexit sha1_base64="hiKtWFWTyGzTx0qEH2yw59m26Qc=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfTHgg2rNq3tz4FXiF6QGBZqD6ld/GNNUMmWpIMb0fC+xQUa05VSwWaWfGpYQOiEj1nNUEclMkM1vneEzpwxxFGtXyuK5+nsiI9KYqQxdpyR2bJa9XPzP66U2ugkyrpLUMkUXi6JUYBvj/HE85JpRK6aOEKq5uxXTMdGEWhdPxYXgL7+8StoXdf+qfvlwWWvcFnGU4QRO4Rx8uIYG3EMTWkBhDM/wCm9Iohf0jj4WrSVUzBzDH6DPHwKxjjs=</latexit>

li

RuO2 CoF2 

RuO2 - noSOC CoF2 - noSOC

RuO2 – SOC // [110] CoF2 – SOC // [110]

Studied systems

RuO2 – non-relativistic orbital photomagnetization

• Strongly non-collinear 
response at each Ru atom

• Staggered components vanish 
for a simple AFM - purely 
altermagnetic effect!

Ru3↓ Ru3↑

Ru/↓ Ru/↑

no spin-orbit!

Ru3↓ Ru3↑

Ru/↓ Ru/↑

δL6
↑ ↓ ,78! = δL6

↓ ↑ ,78" non-staggered δL9,:
↑ ↓ ,78! = −δL9,:

↓ ↑ ,78" staggered
<latexit sha1_base64="ixv8AkC3pnh8hOc+u6hI9WxiPcA=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUmkVJfFbtwIFewD0hAm00k7dPJgZiLUtOCvuHGhiFu/w51/47TNQlsPXDiccy/33uMnnEllWd/Gyura+sZmYau4vbO7t28eHLZknApCmyTmsej4WFLOItpUTHHaSQTFoc9p2x/Wp377gQrJ4uhejRLqhrgfsYARrLTkmcdO3csqjxM0HqNbL3Ns23InrmeWrLI1A1omdk5KkKPhmV/dXkzSkEaKcCylY1uJcjMsFCOcTordVNIEkyHuU0fTCIdUutns/Ak600oPBbHQFSk0U39PZDiUchT6ujPEaiAXvan4n+ekKrhyMxYlqaIRmS8KUo5UjKZZoB4TlCg+0gQTwfStiAywwETpxIo6BHvx5WXSuijb1XL1rlKqXedxFOAETuEcbLiEGtxAA5pAIINneIU348l4Md6Nj3nripHPHMEfGJ8/ruqUrg==</latexit>

[C4z||M[110]]

CoF2 – orbital and spin photomagnetizations

• Similar values with RuO2 – 
response independent of SOC

• Laser frequency tuned to 
match the altermagnetic 
splittings

• The large peaks originate from 
the group of d-bands at -1.5eV

• The secondary peaks originate 
from the group of d-bands at 
0eV

• Universal results for all rutile 
altermagnets in term of 
symmetry of the response

Non-collinear 
induced moments
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~! = 0.25 eV

RuO2 – orbital and spin photomagnetizations
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Colossal IFE along Néel vector: 
𝛿L, 𝛿S ~ 0.1 𝜇B ~ FePt  

Enormous staggered IFE 
normal to Néel vector:
𝛿L, 𝛿S ~ 0.002 𝜇B

FePt: 0.0003 𝜇B
Mn2Au : 10-6 𝜇B

Large Torques expected!

Orbital ferri-altermagnetism
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