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Outline/Results

Zero-spin quasiparticles!
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A. Kamra, U. Agrawal, and W Belzig, Noninteger-spin magnonic excitations in untextured
magnets, Phys. Rev. B, 96, 020411(R) (2017).
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Outline/Results
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A. Kamra and W Belzig, Spin pumping and shot noise in ferrimagnets: bridging ferro- and
antiferromagnets, arXiv:1706.07118 (2017). 5
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Silicon age: electronics
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Exotic quasiparticles

Artistic illustration of Fractional quantum Hall effect
www.nationalmaglab.org
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Spintronics

Giant Magnetoresistance (GMR)
Nobel Prize in Physics 2007
P. Gruenberg and A. Fert

A. Fert, Nobel Lecture: Origin,
development, and future of spintronics.
Rev. Mod. Phys. 80, 1517 (2008).

MRAMS

J. Akerman, Toward a Universal Memory,
Science 308, 508 (2005).

www.everspin.com
Everspin Technologies
The MRAM company
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Spintronics with magnetic insulators

Magnetic Insulator Conductor
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Magnetic Monopoles

Real space observation of emergent Unwinding of a skyrmion lattice by
magneic monopoles.... magnetic monopoles, P. Milde, ....
Nature physics, 7, 68 (2011). Science, 340, 1076 (2013).
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Spintronics with magnetic insulators

Magnetic Insulator
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Quasiparticles in a ferromagnet

RERRRNRRARR

C. Kittel, Introduction to Solid State Physics (John Wiley & Sons, New York, 1953)
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Quasiparticles in a ferromagnet

RIRARERRARR

C. Kittel, Introduction to Solid State Physics (John Wiley & Sons, New York, 1953)
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Magnon
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C. Kittel, Introduction to Solid State Physics (John Wiley & Sons, New York, 1953)
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Magnon
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+

Delocalized i h

Considering only exchange interaction and Zeeman energy!
C. Kittel, Introduction to Solid State Physics (John Wiley & Sons, New York, 1953)
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Quasiparticles in a ferromagnet

With magnon annihilation operators bq

Hp = Z Agblibg
—
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Classical Hamiltonian

Hr = / d>r (HZ + Haniso + Hex + Hdip)
VE

C. Kittel, Quantum Theory of Solids (John Wiley & Sons, London 1963).

Akashdeep Kamra
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Classical Hamiltonian

HF — / dgr (HZ + Haniso + Hex + Hdip)
Vi

Linearization about equilibrium orientation:
Magnetization saturated along z direction

C. Kittel, Quantum Theory of Solids (John Wiley & Sons, London 1963).
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Classical Hamiltonian

HF — / dgr (HZ _I’Haniso‘l’Hex_I’Hdip)
Vi

Linearization about equilibrium orientation:
Magnetization saturated along z direction

| - Wza 2 2

Hy + H.ioo = TR (Mm + My)
J2) A M2+ (VM)
T M2 [( )+ (VM) }

C. Kittel, Quantum Theory of Solids (John Wiley & Sons, London 1963).
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Classical Hamiltonian

Mean-field description of dipolar interaction:
Demagnetization field

1
Hdip — _§M0Hm - M

C. Kittel, Quantum Theory of Solids (John Wiley & Sons, London 1963).
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Classical Hamiltonian

Mean-field description of dipolar interaction:
Demagnetization field

1
Hdip — _§M0Hm - M

H, =H,+ H,, M:Mu_l’Mnu
H,=-NMy;z— NMy,y— N, M,, 2

C. Kittel, Quantum Theory of Solids (John Wiley & Sons, London 1963).

Akashdeep Kamra

32

Uni Konstanz 31° July 2017




Quantization: HP transformations

With @' (r), a(r) the magnon ladder operators in real space

1
- 2 2
M. = +\/2|y|hM, (1 - g\’%afa) 7

1
. A 3
M_ = /2]y [hiMal (1 _ ;\’J a*a)

M, = M, — |y|ha'a.

T. Holstein and H. Primakoff, Field Dependence of the Intrinsic Domain
Magnetization of a Ferromagnet, Phys. Rev. 58, 1098 (1940).

C. Kittel, Quantum Theory of Solids (John Wiley & Sons, London 1963).
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Quantization: HP transformations

With @' (r), a(r) the magnon ladder operators in real space

M—|— = \/Qh/mMs

SR

M_ = \/2|y|iM,al

M, = M, — |y|ha'a.

T. Holstein and H. Primakoff, Field Dependence of the Intrinsic Domain
Magnetization of a Ferromagnet, Phys. Rev. 58, 1098 (1940).

C. Kittel, Quantum Theory of Solids (John Wiley & Sons, London 1963).
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Quantum Hamiltonian

With Bq the magnon annihilation operators in Fourier space

Hp =) {AQB};BQ + BIbibT o+ Bq?}q?}_q}
q
Ag = A_g=h(wa—w,N. + Dg* + =

3 (N + Ny)og0 + =2 sin 9)

2 2

Bq B_q — h( N$y5 0 + Z sin 9 812@59’)

D = 24]4|/M, ws = [y|poM, N,, = N, — N,
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Quantum Hamiltonian

With Bq the magnon annihilation operators in Fourier space

i = 3 [Aqbfby + BHb' o + Bybab_g|

q
Aq — A_q = h (Wza — wsV, + %(NSU + Ny)éqp )

Ws = "}/‘MOMS N:,r:y = N — Ny
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Sgueezed-magnons

Bogoliubov transformation to new guasi-particles

P~

Bq = Ugbg — ”U;Fr_q

7:ZF = Z hqu;Bq
q
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Spin of sqgueezed-magnon

/V (83 (r))dr = ST T 2Pl + S Bl
3 q

A Kamra and W. Belzig, Super-Poissonian shot noise of squeezed-magnon mediated
spin transport, Phys. Rev. Lett. 116, 146601 (2016).
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Spin of squeezed-magnon
h* = h(1 4 9)
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Specimen in the shape of a film
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Effect of dipolar interaction In Ferri-
and Antiferromagnets?
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Two Interpenetrating sublattices

A. Kamra, U. Agrawal, and W Belzig, Noninteger-spin magnonic excitations in untextured
magnets, Phys. Rev. B, 96, 020411(R) (2017).
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4-D Bogoliubov Transform

Ferromagnet:
= S gt
Bq = ugbq — v b’
Ferrimagnet:

. i . ;
Qg =Uglq + Vgbl , + wqa Tqbg

A. Kamra, U. Agrawal, and W Belzig, Noninteger-spin magnonic excitations in untextured
magnets, Phys. Rev. B, 96, 020411(R) (2017).
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Ferrimagnets

Frequency

Wavenumber

A. Kamra, U. Agrawal, and W Belzig, Noninteger-spin magnonic excitations in untextured
magnets, Phys. Rev. B, 96, 020411(R) (2017).
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Ferrimagnets
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A. Kamra, U. Agrawal, and W Belzig, Noninteger-spin magnonic excitations in untextured
magnets, Phys. Rev. B, 96, 020411(R) (2017).
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A. Kamra, U. Agrawal, and W Belzig, Noninteger-spin magnonic excitations in untextured
magnets, Phys. Rev. B, 96, 020411(R) (2017).
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Ferrimagnets
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Frequency

ol Squeezing
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Wavenumber Wavenumber

A. Kamra, U. Agrawal, and W Belzig, Noninteger-spin magnonic excitations in untextured
magnets, Phys. Rev. B, 96, 020411(R) (2017).
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Antiferromagnets

Frequency

Wavenumber

A. Kamra, U. Agrawal, and W Belzig, Noninteger-spin magnonic excitations in untextured
magnets, Phys. Rev. B, 96, 020411(R) (2017).
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Antiferromagnets

Zero-spin quasiparticles!

A. Kamra, U. Agrawal, and W Belzig, Noninteger-spin magnonic excitations in untextured
magnets, Phys. Rev. B, 96, 020411(R) (2017).
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Antiferromagnets

Zero-spin quasiparticles!

Spin (h)
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A. Kamra, U. Agrawal, and W Belzig, Noninteger-spin magnonic excitations in untextured
magnets, Phys. Rev. B, 96, 020411(R) (2017).
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Sgueezing vs. Hybridization

Squeezing:

Bq = quq — ”U;ET_Q

Hybridization:

A. Kamra, U. Agrawal, and W Belzig, Noninteger-spin magnonic excitations in untextured
magnets, Phys. Rev. B, 96, 020411(R) (2017).
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Sgueezing

C. Gerry and P. Knight, Introductory Quantum Optics (Cambridge University Press) .
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Sgueezed Vacuum

((AN,)?) = IW\ZMO <(AMy)2> _ |7|7;M0

AMy
[0)

1N w
|/

H = hwa'a

C. Gerry and P. Knight, Introductory Quantum Optics (Cambridge University Press) .

Akashdeep Kamra

89

Uni Konstanz 31° July 2017




Sgueezed Vacuum

((ant,)) = 1Mo - ((ant,?) = D18

A 1
S(§) = exp [Z(s*az - éa”)] $ 0,

K/ >
C. Gerry and P. Knight, Introductory Quantum Optics (Cambridge University Press) .
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Sgueezed Vacuum
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C. Gerry and P. Knight, Introductory Quantum Optics (Cambridge University Press) .
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Sgueezed Vacuum
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Sgueezed Vacuum
S(€)dST (&) = dcoshr + ¢ 4" sinhr,
(G +d'v) &) =0
i = coshr v = e'? sinhr

S(€) = exp B@WZ — éaﬂ)]
E=vr el t H = ﬁwaTa

C. Gerry and P. Knight, Introductory Quantum Optics (Cambridge University Press) .
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Spontaneously Sqgueezed Vacuum
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H = hAa'a + hBaa + hB*a'a" = hwa'a
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Spontaneously Sqgueezed Vacuum
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Sgueezed-magnon
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Excitation Transmutation
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Excitation Transmutation

Magnon @ /\ O
g, F | N
ho cos wt < Lf;

Viewpoint: Spin-magnon transmutation
Bauer and Tserkovnyak
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Excitation Transmutation

Magnon @ 4N electron-hole pair
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Excitation Transmutation

Squeezed @ /\ O
Magnon

HO F A N

hg cos wt < I é\j

100

Uni Konstanz 31° July 2017

Akashdeep Kamra




Squeezed
Magnon
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Gordon Research Seminar (GRS)

 Held a day before the Gordon Research Conference and
merges into it

* Primarily aimed at “young” scientists

» Keynote speaker
- One talk giving broad introduction to the field
* Mentorship component
- Talk/discussion on the non-scientific aspects of a scientific career

e Chairs are also young scientists and elected from within
the participants
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GRS on Spin Dynamics (2017)
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GRS on Spin Dynamics (2017)

Next in 2019/

105

Uni Konstanz 31° July 2017

Akashdeep Kamra




Squeezed
Magnon

0.6 -
04 4

0.2 4

_ B

Excitation Transmutation

ho cos wt

Akashdeep Kamra

®1'O
N

g, F

2

LT

Squeezed
electron-hole pair

0.6

0.4

@n

0.2

00 I

T T T T
0 1 2 3 4 5 6 7 8 9 10
n—1

106

Uni Konstanz

31° July 2017



A
Sguagnon
Hy I
ho cos wt
SnOA-
00 - - I

Excitation Transmutation

Akashdeep Kamra

®1'O
N

2

LT

Squeezed
electron-hole pair

0.6

0.4

@n

0.2

00 I

T T T T
0 1 2 3 4 5 6 7 8 9 10
n—1

107

Uni Konstanz

31° July 2017



A
S-magnon
Hy ¥
ho cos wt
Sn0.4-
B =

Excitation Transmutation

Akashdeep Kamra

®1'O
N

2

LT

Squeezed
electron-hole pair

0.6

0.4

@n

0.2

00 I

T T T T
0 1 2 3 4 5 6 7 8 9 10
n—1

108

Uni Konstanz

31° July 2017



Excitation Transmutation
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Summary

» Dipolar interaction mediated squeezing and hybridization of
magnons

» Greater (Lesser) than 1 spin of squeezed (hybridized)
magnons

e Spin-zero excitations in Ferri- and Antiferromagnets
» Squeezed e-h pair (Sgair) quasi-quasiparticle
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