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Strengthening of FM order in YTiO3
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Spin wave renormalization for TO mode perturbation

Jayakrishnan SS and D. Bansal. “Effect of spin-phonon coupling on phonons and magnons in 
the antiferromagnet NiO.” PRB, Vol. 111, 104306, 2025.
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Spin wave renormalization for TO mode perturbation
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dependency with 
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Phonon renormalization in NiO
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Phonon renormalization in NiO
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Phonon renormalization in NiO
Coupled spin-lattice Hamiltonian

Phonon shift due to magnon renormalization
Δ⍵=	0.4 meV (3 cm-1)

Ĥ&'( = Ĥ) + Ĥ' + Ĥ&' + Ĥ'&
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Phonon renormalization in NiO
Coupled spin-lattice Hamiltonian

Phonon shift due to magnon renormalization
Δ⍵=	0.4 meV (3 cm-1)

Ĥ&'( = Ĥ) + Ĥ' + Ĥ&' + Ĥ'&

Δ⍵ =
2.09
𝑚*⍵

𝜕+J,-
𝜕𝑑+

𝑚,𝑚-

Summary
• Exchange interaction changes by 0.3 meV.
• Spin wave changes by 1 meV.
• Phonon changes by 0.4 meV.

Jayakrishnan SS and D. Bansal. “Effect of spin-phonon coupling on phonons and magnons in the 
antiferromagnet NiO.” PRB, Vol. 111, 104306, 2025.
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Yttrium orthochromite (YCrO3)
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Exchange interaction in unperturbed YCrO3

Jayakrishnan SS and D. Bansal*. “Coherent phonon excitation induced 
evolution of spin dynamics and spin-phonon coupling in yttrium 
orthochromite.” Physical Review B, 112, 214419, 2025. 7
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Spin wave renormalization in YCrO3
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Phonon renormalization in YCrO3

Jayakrishnan SS and D. Bansal*. “Coherent phonon excitation induced 
evolution of spin dynamics and spin-phonon coupling in yttrium 
orthochromite.” Physical Review B, 112, 214419, 2025. 9



Phonon renormalization in YCrO3

Δ⍵

Not to scale

B3u(8)
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Phonon renormalization in YCrO3
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Not to scale
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Phonon renormalization in YCrO3

• Exchange interaction changes by 0.1 to 0.6 meV.
• Spin wave changes by 0.5 to 1.5 meV.
• Phonon changes by 0.1 to 0.25 meV.

Δ⍵

Not to scale

B3u(8)

Jayakrishnan SS and D. Bansal*. “Coherent phonon excitation induced 
evolution of spin dynamics and spin-phonon coupling in yttrium 
orthochromite.” Physical Review B, 112, 214419, 2025. 9



K.I. Kugel and D. Khomskii, Sov. Phys. Usp. 25, 231 (1982) 
Science 288, 462-468 (2000) 
PRL 130, 036801 (2023)

Kugel-Khomskii-type interaction 

• Coupling of orbital degree of freedom with a spin exchange
o responsible for colossal magnetoresistance, enhanced magnetoelectric 

response, and photoinduced high-temperature magnetism 

[( x2 ! y2)-ordered], and C [(3x2 ! r2)-
ordered] states. As a general trend, the de-
crease of hole doping enlarges the F region,
whereas the increase (decrease) in the c/a
ratio stabilizes the C (A) state as expected. In
fact, thin films of La1!xSrxMnO3 ( x " 0.5)
epitaxially grown on three different perov-
skite substrates show the respective ground
states (F, A, and C) and the similar transport
properties to those shown in the case of
Nd1!xSrxMnO3 (Fig. 2A).

The orbital ordering in the manganese
oxides occasionally accompanies the con-
comitant charge ordering. The most prototyp-
ical case, namely the CE type shown in Fig.
3A, is realized at a doping level ( x) of 0.5. In
the pseudo cubic perovskite, the ab planes
are coupled antiferromagnetically while
keeping the same in-plane charge and orbital
pattern (22, 23).

Theoretically, a band calculation with the
local density approximation (LDA) combined
with the on-site Coulomb interaction U has
successfully reproduced the observed spin/
charge/orbital–ordered state for Pr1/2Ca1/2

MnO3 (24). It is an important issue to iden-

tify the major driving force of the spin/
charge/orbital ordering. The experimental ob-
servation in Pr1/2Ca1/2MnO3 that the transi-
tion temperature of charge ordering is higher
than that of antiferromagnetism suggests that
the former is the driving force.

Once the zigzag chain structure is as-
sumed for the orbital ordering, the electronic
structure becomes 1D, and the sign alterna-
tion of the transfer integrals due to the anti-
symmetric combination of x2 and y2 in ( x2 !
y2) plays some important roles (25, 26).

In the single-layered perovskite
La1!xSr1#xMnO4 ( x " 0.5), having the
so-called K2NiF4 structure like La2CuO4, the
same charge-orbital pattern (Fig. 3A) was
confirmed by the resonant x-ray scattering
method (27). In this compound, the charge
and orbital ordering occurs concomitantly at
the charge-ordering temperature TCO " 220
K, and then the CE-type spin-ordering tran-
sition occurs at the AF temperature TN " 150
K. At temperatures above TCO, the average
structure of the crystal is tetragonal, and
hence, the optical property is isotropic in the
lateral plane. Upon the orbital ordering, the

crystal is deformed to orthorhombic, though
hardly detected by conventional diffraction
measurements. However, the anisotropic or-
dering of the orbital causes a fairly large
in-plane anisotropy in the optical electronic
transitions (28); hence, in the image with
cross-polarized light, we can visualize the
orbital-ordered domain (Fig. 3B). The orbit-
al-disordered state above TCO is optically
isotropic in the plane, giving the extinction of
cross-polarized reflection light, whereas we
observe the globally bright image for the
orbital-ordered state below TCO, where the
orthorhombic domain structure and domain
walls (dark stripes) are clearly visible. (A
periodic structure of the domains perhaps
arises from the slight residual strain intro-
duced during the process of the crystal
growth.)

The CE-type orbital/charge–ordered state
in the manganese oxides is generally amena-
ble to an application of a magnetic field. The
variation of the orbital/charge–ordered state
is shown (Fig. 4) in the plane of magnetic
field (H) and temperature (T ) for the x "
0.5 perovskite manganites R0.5

3# A0.5
2#MnO3,

with various combinations of (R, A) (R and A
are trivalent rare-earth and divalent alkaline-
earth ions, respectively). The change in the
average size of the (R, A) site controls a
deviation of the Mn–O–Mn bond angle from
180° and hence controls the eg electron-hop-
ping interaction t through a change in Mn 3d
and O 2p hybridization. With a decrease of
the ionic radius, say from (Nd, Sr) to (Sm,
Ca), the H-T region for the stable orbital/
charge–ordered state is enlarged (Fig. 4).
There are two types of orbital/charge/spin
phase diagrams (29). In a relative wide-band-
width system like Nd0.5Sr0.5MnO3, the ferro-
magnetic ordering first occurs at the critical
temperature Tc in the cooling process, and
then at a lower temperature, the orbital,
charge, and spin (AF) ordering occurs con-
comitantly at TCO " TN (type I). The type I
crystal undergoes the CE-type orbital/charge/
spin–ordering transition only at the doping
level very close to x " 1/ 2. In the smaller
bandwidth system, say Pr0.5Ca0.5MnO3, first
the orbital and charge–ordered state appears
concomitantly at TCO ! 250 K, and then the
AF spin ordering takes place at a lower tem-
perature TN (type II). The ferromagnetic and
metallic state is only realized under a mag-
netic field in this type. The crossover from
type I to type II shows a complicated feature
(30), but near such a multicritical point for
the orders of orbital/charge and spin, a very
large fluctuation and a critical field suppres-
sion seem to appear as typically seen in the
CMR behavior.

The aforementioned orbital-charge corre-
lation is a source of the high-resistance state
above the ferromagnetic transition tempera-
ture TC, which causes the CMR upon the

Fig. 2. Spin-orbital phase diagram in the perovskite manganese oxide. The top panel shows the
orbital and spin order realized in the hole-doped manganese oxides. (A) Temperature dependence
of resistivity in various magnetic fields $0H for Nd1!xSrxMnO3 with the respective magnetic
phases (F, A, and C). The numbers in parentheses represent the uniaxial lattice strain, c/a ratio,
indicating the coupling of the magnetism to the orbital order as shown in the top panel. (B) The
schematic phase diagram in the plane of lattice strain c/a and doping level x. The data labeled LAO,
LSAT, and STO represent the results for the coherently strained epitaxial thin films of
La1!xSrxMnO3 grown on the perovskite single-crystal substrates of LaAlO3, (La,Sr)(Al,Ta)O3, and
SrTiO3, respectively. LSMO-bulk and NSMO-bulk stand for the results for the bulk single crystals of
La1!xSrxMnO3 and Nd1!xSrxMnO3, respectively.

21 APRIL 2000 VOL 288 SCIENCE www.sciencemag.org464
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Kugel-Khomskii-type interaction induced enhanced magnetoelectric 
response 
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Kugel-Khomskii-type interaction: Effect on phonon lifetimes 

PRL 130, 036801 (2023)
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Evidence of Kugel-Khomskii-type interaction in CrVO4 at 4TN

A.P. Roy et al. “Evidence of strong orbital-selective spin-orbital-phonon coupling in CrVO4.” PRL 132, 026701, 2024. 15
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Evidence of Kugel-Khomskii-type interaction in CrVO4 at 4TN
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Evidence of Kugel-Khomskii-type interaction in CrVO4 at 4TN: But Why?

A.P. Roy et al. “Evidence of strong orbital-selective spin-orbital-phonon coupling in CrVO4.” PRL 132, 026701, 2024.

dc

5 K Simulation

65 K 130 K

a b

Fig. 2 Rev 3
INS measurements of spin excitations

16



Evidence of Kugel-Khomskii-type interaction in CrVO4 at 4TN: But Why?
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Short-range spin correlations could 
not be the reason for anomalies seen 
at 4TN as they start right above TN
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Evidence of Kugel-Khomskii-type interaction in CrVO4 at 4TN: But Why?
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Evidence of Kugel-Khomskii-type interaction in CrVO4 at 4TN: But Why?

A.P. Roy et al. “Evidence of strong orbital-selective spin-orbital-phonon coupling in CrVO4.” PRL 132, 026701, 2024. 18
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Evidence of Kugel-Khomskii-type interaction in CrVO4 at 4TN: But Why?
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For PrMnO3, NdMnO3, SmMnO3 and 
LaMnO3  ranges between 175 to 220 meV/A2
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In a nutshell

A.P. Roy et al. “Evidence of strong orbital-selective spin-orbital-phonon coupling in CrVO4.” PRL 132, 026701, 2024.

• Extremely strong Orbital-Selective Spin-Orbital-Phonon Coupling (two exchange 
pathways) – controls anomaly in phonon energy

• Continuous orbital fluctuations of the Cr+3 orbitals are suppressed at 4TN on 
cooling – controls anomaly in phonon linewidth
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Fig. 4 Rev 6
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In a nutshell

Jayakrishnan SS and D. Bansal. “Coherent phonon excitation induced evolution of spin dynamics and spin-phonon coupling in YCrO3.” PRB, 112, 214419, 2025.
Jayakrishnan SS and D. Bansal. “Effect of spin-phonon coupling on phonons and magnons in the antiferromagnet NiO.” PRB, Vol. 111, 104306, 2025.

• Transient evolution of spin-phonon coupling
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