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The Bose–Einstein condensation (BEC) corresponds to the formation of a collective quantum state in which 
macroscopic number of particles is governed by a single wave function. The magnon BEC forms by excited non-
equilibrium magnons and manifests itself by coherent precession of magnetization even in an inhomogeneous 
magnetic field. The magnon BEC is very similar to an atomic BEC, but the potential of the interaction between 
magnons may variate very significantly. The superfluid phases of 3He are the best antiferromagnetic system for
investigations of magnon BEC and spin superfluidity. The 6 different states of magon BEC were observed in 
3He. Recently magnon BEC was observed in antiferromagnets with Suhl–Nakamura interaction and ferrites.
Here we review for the first time the switch off NMR method, when magnon BEC forms during a long radiofre-
quency pulse. The new experimental results are discussed. 

PACS: 67.30.H– Superfluid phase of 3He;
75.10.Kt Quantum spin liquid; 
75.76.+j Spin transport effects; 
76.60.–k Nuclear magnetic resonance. 

Keywords: BEC of quasi-particles, non-linear NMR, spin superfluidity, supermagnonics. 

1. Introduction

 The magnetic resonance of magnetically ordered mate-
rials is described by magnons, the elementary quanta of 
excitations of magnetically ordered system with spin equal 
to 1. In this article we will deal only with a magnons with 

= 0,k  which correspond to a homogeneous precession of 
magnetization. Usually there is a thermal distribution of 
magnons, which characterized by its temperature. The 
magnetic resonance corresponds to a creation of new, non-
equilibrium magnons. In the case of pulse NMR excited 
coherent magnons radiate an induction decay signal. But 
they loose the coherence at a short time, named *

2T  after
the RF pulse due to inhomogeneity of the local conditions. 
Even for the ferromagnetic and ferrite states the coherence 
length of exchange interaction is very short and the time of 
decay signal is very short. Indeed, in some special cases 
magnons may form non-diagonal long range ordering state 
which shows all the properties of coherent quantum state. 
This state corresponds to a Bose–Einstein condensate. 

The formation of Bose–Einstein condensed state of 
bosonic excitations was predicted by Einstein in 1925. The 
BEC was observed experimentally in dilute gas of cold 
atoms (in 1995). Earlier (in 1984) [1] the BEC was discov-

ered experimentally for the magnons in superfluid 3He–B.
The magnon BEC is the spontaneously emerging state of 
precession of the transverse component of the magnetiza-
tion, created by RF pumping. This state preserves the 
phase coherence across the macroscopic volume of the 
sample even in an inhomogeneous external magnetic field 
and even in the absence of energy pumping. This is equiva-
lent to the appearance of a coherent superfluid condensate, 
when all spins precess coherently with the amplitude: 

0= sin ,M M⊥ β  (1) 

where 0M  — equilibrium magnetization, β  — the mag-
netization deflection angle. This coherent precession is 
manifested as a huge and long-lived induction signal [1]. 

The first BEC state of magnons in superfluid 3He–B was
named Homogeneously Precessing Domain (HPD) [1]. It 
manifests itself by a region where the magnetization is de-
flected on a large angle (which corresponds to a «magic» 
angle of 104°) and is precessing coherently even in an in-
homogeneous magnetic field. The transverse component of 
magnetization in HPD is described by the wave function 

ei tM ω +ϕ
⊥ . It possesses all the properties of the spin

superfluidity. The spatial gradient of phase ϕ  leads to a spin 
supercurrent which transports the magnetization. Phase-slip 
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processes at the critical current [2,3], spin current Josephson 
effect [4], spin current vortex [5], Goldstone modes [6–8] 
were observed in superfluid 3He–B. The comprehensive 
review of spin superfluidity in superfluid 3He can be found 
in [9] and recent one in [10–13]. 

2. Magnon BEC versus atomic BEC 

The terms of Spin supercurrent and magnon BEC were 
used by different authors for the different systems. Ones 
use it for a texture of magnetization in a magnetically or-
dered systems. Others use it for describing a magnetic 
phase transitions [14,15]. In the first case the system is 
stationary and described by a diagonal terms of the density 
matrix. Non-diagonal terms remains equal to zero. In the 
second case the system becomes softly unstable towards 
the growth of one of the magnon modes. The formation of 
this mode leads to a soft transition to ferromagnetic and/or 
antiferromagnetic states. This magnetic transition changes 
the ground state (quantum vacuum) of the system. Again, 
only diagonal terms of the density matrix rest non-zero. 
Both of this cases correspond to the equilibrium magnetic 
states with a chemical potential equal to zero. Contrary the 
atomic BEC corresponds to a coherent wave function with 
a correlation of non-diagonal terms of density matrix, the 
same like in mass superfluidity and superconductivity (see 
discussion in the book [13]). The magnon BEC, we de-
scribe in this article, corresponds to a coherence of non-
equilibrium deflected magnetization, that is correlation of 
non-diagonal terms of density matrix, in a complete analo-
gy with atomic BEC. The coherence of non-diagonal terms 
directly corresponds to formation of transverse magnetiza-
tion which precesses and radiates the induction signal. The 
magnon BEC is formed by a non-equilibrium magnons, 
which can be pumped by a magnetic resonance. These 
magnons play the same role as the atoms in the case of 
classical atomic BEC [16]. The atoms are also excitations 
of quantum vacuum of our universe, it does not matter that 
they are very long living excitations. What is the matter is 
that the magnons are able to form the BEC state faster than 
its life time, particularly in superfluid 3He. The direct anal-
ogy between the magnon and atom BEC formation was 
analyzed in [17]. 

The magnon BEC may be formed by pulse or cw NMR. 
In the first case NMR creates the non-equilibrium mag-
nons. Even being created by a coherent RF pulse, they 
quickly dephase due to inhomogeneity. Later magnons 
form spontaneously the state with coherent precession. It 
was demonstrated at the ideal conditions of pure superfluid 
3He–B. The timescale of magnon BEC decay is a few or-
ders longer than for the non-coherent case [11]. It means 
that the magnon BEC state compensate the inhomogeneity 
of magnetic field by an internal magnon-magnon interac-
tion. The density of magnons decreases with time due to its 
relaxation (evaporation) and the amplitude of induction 

signal decays, but the states remain coherent. Similarly the 
density of atoms in the BEC state decreases with time due 
to its evaporation from the trap. 

The other method of magnon BEC formation is the apply-
ing of a small continuous waves (cw) RF pumping. In this 
case the external RF field frequency determines the chemical 
potential for magnon creation. In the conditions of the BEC 
the density of coherent magnons (the NMR signal) should 
correspond to a given chemical potential (frequency of 
pumping) and not to a power of RF pumping [18]. In this 
case the magnon BEC state is supported by pumping of new 
magnons. This is possible since the magnons do not thermal-
ize, particularly in the case of superfluid 3He. We are able to 
keep the BEC of excited magnon state permanently, which is 
not possible for atomic BEC. It is not necessary that the 
magnon pumping should be coherent — it can be chaotic: the 
system chooses its own (eigne) frequency of coherent preces-
sion, which emphasizes the spontaneous emergence of co-
herence from chaos. Furthermore, we was able to support 
permanently the magnon BEC in one cell by exciting the 
magnons in the other cell connected by a channel of a length 
about few cm. 

And finally the third method, let us say a combined 
method, the switch off of a long RF pulse. Let us first re-
consider the properties of atomic BEC. In this case the 
atoms are concentrated in a trap that employed both mag-
netic and optical forces. Evaporation cooling increased the 
phase-space density by 6 orders of magnitude within seven 
seconds. Condensates contained up to 5·105 atoms at den-
sities exceeding 1014 cm–3. “Temperature and total number 
of atoms were determined using absorption imaging. The 
atom cloud was imaged either while it was trapped or fol-
lowing a sudden switch-off of the trap and delay time of 6 
ms. Such time-of-flight images displayed the velocity dis-
tribution of the trapped cloud” [19]. This citation from the 
Nobel Prize article shows the absolute analogy between the 
atomic BEC and magnon BEC. In the first case there is the 
analogy with cw NMR, but at the conditions of relatively 
short cw NMR pumping. The time-of-flight method is a 
direct analogy of observation of induction decay signal 
after switching off the RF pumping. The famous picture 
from the Nobel lecture of Ketterle [20] Fig. 7 (left side) 
shows the potato distribution of atoms cloud, cooled to just 
above the transition point; (middle) just after the conden-
sate appeared and (right) after further evaporative cooling 
has left an almost pure condensate. There was demonstrat-
ed only the records after a 6 ms of time-of-flight. But if 
one measured the distribution of clouds in others moments 
of fly, he would be see just the analogy with induction de-
cay signal after switching off NMR pumping. The first 
picture, which shows the potato shape distribution of the 
atoms, corresponds to a normal thermal distribution of the 
atoms and to a usual induction decay signal of magnons. 
The second and third pictures show the slow flying com-
ponents of atom clouds, which was considered as a proof 
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of BEC atoms. For magnon system it corresponds to a long 
living induction decay, which is the decay of BEC state of 
magnons. 

Again, the non-condensed atoms create a wide distribu-
tion with the dimensions corresponding to broadening of 
atomic impulse. In the case of magnon BEC we are able to 
register the induction decay signal. The non-condensed 
magnons radiate the usual induction decay signals which 
decay time corresponds to the inhomogeneity of the mag-
netic field. Contrary, the coherent magnons create a coher-
ent long lived signal. From this example one can see a sim-
ilarity of magnon and atomic BEC. Furthermore, the 
magnon BEC may be prepared by the procedure, very sim-
ilar to the atomic BEC formation. In the case of atomic 
BEC, atoms are concentrated in a trap and then are cooled 
down to the temperature below the critical temperature of 
the BEC. Similarly, magnons are created in the trap with 
the temperature below the critical temperature of magnon 
BEC. The best way of formation of magnon BEC is to 
pump magnons by a very long but small RF excitation. For 
usual magnetic systems the induction decay signal is very 
small or even absent after switching off the long RF pump-
ing. In the case of coherent magnon state, the induction 
decay signal is very big and long living. That is why the 
RF switch off method is so important for a magnon BEC 
observation. Magnon BEC may be formed and observed by 
a usual short pulse method or by a continuous wave meth-
od, but the switch off method is the best for many cases. In 
the case of HPD in pure 3He–B there is no difference be-
tween pulse NMR and switch off methods [18]. 

The magnon BEC has a few advantages in compare 
with atomic BEC. First of all, the magnon BEC state can 
be supported by pumping of new magnons. This is possible 
since the new magnons do not thermalize, particularly in 
the case of superfluid 3He. We are able to keep the magnon 
BEC state permanently, which is not possible for atomic 
BEC. It is not necessary that the magnon pumping should 
be coherent — it can be chaotic: the system chooses its 
own (eigne) frequency of coherent precession, which em-
phasizes the spontaneous emergence of coherence from 
chaos. Second advantage, which is also very important, is 
the big number of different types of interactions between 
magnons in different magnetic systems, which leads to 
many different types of magnon BECs. Up to now we have 
observed 6 different BEC states in superfluid 3He at differ-
ent conditions [13]. Furthermore the magnon BEC was 
found in solid antiferromagnets with coupled nuclear-
electron precession [21–24] and can be found in many oth-
ers magnetically ordered materials [25]. Recent investiga-
tions shows the possibility of magnon BEC formation in 
ferrites. We have observed the magnon BEC in Yttrium 
Iron Garnet film for spin waves with k = 0. This magnon 
BEC differs significantly from the one, observed for big k 
[26]. The preliminary results of this investigations one can 
found in [27]. All this conditions correspond to a different 

quantum vacuum, i.e. magnetically ordered states. In the 
case of atomic BEC we are deal with only one quantum 
vacuum of our Universe. 

3. Magnon BEC in superfluid 3He 

The superfluid 3He–B is a very perfect quantum vacu-
um for formation of magnon BEC. The processes of mag-
netic relaxation are very weak and very well studied [13]. 
But the interaction between magnons in superfluid 3He is 
very strong, which is manifested by a non-linearity of 
NMR, a strong dependence of resonance frequency on the 
density of magnons (chemical potential). The first ob-
served state of magnon BEC (HPD) was formed in a trap, 
constructed by the gradient of magnetic field and the walls 
of the experimental cell. The duration of the HPD induc-
tion decay may be up to few seconds. 

The best analogy with the atomic BEC is demonstrated 
by a BEC state which is now known as Q-ball. The Q-balls 
are the compact objects — coherently precessing states 
trapped by orbital texture [28]. If N  magnons are pumped, 
then the system is similar to the Bose condensate of the 
ultra-cold atoms in harmonic traps, while at larger N  the 
analog of the Q-ball in particle physics is developed [29]. 
The Q-ball in superfluid 3He–B was discovered by chance 
as a very strange coherent signal of small amplitude (below 
10% of HPD) but extremely long (up to one hour) duration 
[30]. Later it was found that the frequency of the signal 
grows up, contrary to the case of HPD [31]. It means that 
the mechanism of Q-ball formation is very different from 
HPD. In the works [32,33] the steady state of Q-balls have 
been maintained by cw RF pumping. Again, in contrast 
with HPD, the signal was excited by sweep field up (fre-
quency down). Finally the signal was explained as a for-
mation of the Q-ball in a texture trap [29]. It was found 
that the Q-ball can be excited even by an off-resonance 
excitation [28,34]. The recent detailed experimental inves-
tigations of Q-balls formed in the specially prepared and 
the well controlled traps were made in [35]. The main 
source of magnons relaxation is the texture of 3He–B near 
the walls of the cell, parallel to a magnetic field [36,37]. 
The Q-ball does not touch the walls. That is why it can 
radiate the induction signal so long as an hour at a frequen-
cy of 1 MHz! 

4. BEC in a systems with impurities 

The superfluid 3He is an ideal pure system without im-
purities. The other magnetic systems, particularly solid 
state magnetically ordered materials, are characterized by a 
density of different impurities. Therefore, it is very im-
portant to study the effect of impurities on the formation of 
magnon BEC. It is possible to introduce the quasi impuri-
ties by immersing the superfluid 3He in a very porous ma-
terial called aerogel. The first experiments with formation 
of magnon BEC in a systems with impurities gave a very 
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interesting results. The coherent NMR spectroscopy 
proved to be extremely useful for the investigation of the 
superfluid order parameter in this novel system — super-
fluid 3He confined in aerogel [38–42]. 

Indeed, there is a general problem for the magnon BEC 
formations in the systems with impurities. If magnons are 
created by a short RF pulse, its density is redistributed 
throw the sample for creation a single BEC state. For the 
pure systems, like a superfluid 3He–B there is no problem. 
But in the case of the inhomogeneous distributed impuri-
ties the long distance transport of deflected magnetization 
can be suppressed. As a result the few BEC states are 
formed in the different places of the sample. In this case 
the induction decay signal has the beatings between the 
few signals of BEC states. The signal of BEC for this case 
is presented schematically in a Fig. 1. 

 As it was mentioned at Ch. 2, the switch-off NMR 
technique was developed for improving the observation of 
BEC formation. In this case, a very long NMR pulse is 
applied to the sample for creation the BEC. Then we 
switch-off the RF field and observe the smooth long lived 
induction decay signal as shown in Fig. 2. Usually, when 
spins have been pumped for long time, one expects that 
only those resonating exactly at the pumping frequency 
will be deflected while all other spins will dephase. How-
ever, if a coherent state is excited, all spins in the sample 
may be deflected and precessing at the same phase and 
frequency. The observed long lived signal is then the sig-
nature of the magnon BEC which decays without loss of 
coherence. The confirmation of this method was shown in 
the experiments with superfluid 3He–A in aerogel [43,44]. 
Particularly, relatively short signals have been seen after a 
short RF pulse. Indeed, it was significantly longer than the 
signal from non-BEC magnons at the same sample. After a 
long signal one was able to see the very long living signal. 
Indeed the starting amplitude was about the same as after a 
short pulses (see Fig. 3 in the article [43]). 

5. Magnon BEC in antiferromagnets 

The most remarkable property of the antiferromagnets 
with Suhl–Nakamura interaction is the coupled nuclear–
electron precession of two completely different magnetic 
subsystems. Electron spins are ordered by an exchange in-
teraction while the nuclear spins are in the paramagnetic 
state. Due to coupling through the hyperfine field, the fre-
quencies of magnetic resonance are changed. The frequency 
of the electron magnons increases, while the nuclear mag-
netic resonance frequency decreases and becomes signifi-
cantly lower than the Larmor frequency of the nuclear spins. 
Let us mark the low frequency quasi NMR mode as nucle-
ar–electron magnetic resonance (NEMR) mode and high 
frequency quasi antiferromagnetic resonance mode as elec-
tron–nuclear magnetic resonance (ENMR) mode. The prop-
erties of magnetic subsystems change significantly due to 
the coupled precession. The hyperfine gap appears in the 
spectrum of antiferromagnetic spin waves. The quasinuclear 
spin waves appear, with the antiferromagnetic length of co-
herence. In other words, the nuclear magnetic system gets 
some properties of magnetically ordered system due to in-
volvement of electron subsystem. In a good approximation, 
the non-shifted frequencies of the nuclear and electron reso-
nances 0nω  and 0eω  and the shifted frequencies nω  and 

eω  can be described by the following relation 

 0 0 = .n e n eω ω ω ω  (2) 

The energy of interaction between the nuclear and electron 
branches is determined by the hyperfine field resulting 
from the nuclei acting on the electrons 

 e e 0= = cos ,e
hf zH A m A mγ γ β  (3) 

where zm  is the projection of the nuclear magnetization on 
the electron magnetization, which is controlled by the nuclear 

Fig. 1. The scheme of BEC formation after a short NMR pulse. 
The magnons are condensed in a different parts of the sample 
owing to the inhomogeneity of the aerogel. The induction signal 
shows the beating between different BEC states. 

Fig. 2. The scheme of BEC formation after a long NMR pulse. 
During the pulse the magnons are condensed on a single BEC 
state. After the switch off the RF power the BEC state radiate a 
smooth induction signal, which is relaxing but remains coherent. 
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magnetization 0m  and may be reduced by heating or by de-
flecting the angle β . In the latter case, we may speak about 
an interesting non-linear phenomenon, i.e., the frequency 
dependence of the spin excitation, as was theoretically dis-
cussed by de Gennes et al. [45]: 

 0
0= cos .n n

pω ω − ω β  (4) 

This dynamical frequency shift of the nuclear magnetic 
resonance, caused by the so-called «pulling» effect, pos-
sesses many similar properties with the frequency shift in 
superfluid 3He–A: The NMR frequency depends strongly 
on the deflection angle of the magnetization. For the 
CsMnF3 and MnCO3 antiferromagnets the nuclear mag-
netic resonance (NMR) frequency 0nω  of 55Mn is very 
high, being about 600 MHz, while the electron AFM res-
onance (AFMR) frequency 0eω  might be very low at 
small external magnetic fields H. The frequency shift 

0pω  may be so big as hundreds of MHz! 
The dynamic properties of coupled nuclear–electron pre-

cession in a considered antiferromagnets are very similar to 
a 3He–A in aerogel [24]. That is why we have made a search 
of magnon BEC signals in these antiferromagnets. It is very 
important to mention, that the magnon–magnon interaction 
for the ENMR mode is attractive, while for NEMR mode is 
repulsive. Consequently the BEC state formation is not pos-
sible for the first case and possible for the second case. And 
particularly, the BEC state was observed for NEMR mode 
[21]. Furthermore, the magnetic relaxation of nuclear 
magnons does not describes by Bloch equations, but by 
Landau–Lifshitz equations due to a strong interaction with 
magnetically ordered electron state [25]. 

6. Minimization of free energy 

As in the case of the atomic BEC the essential physical 
picture of the magnon BEC can be described by the 
Ginzburg–Landau free energy functional F  which (in the 
reference frame rotating with the RF frequency )

RF
ω  is 

given by [10]: 

    
2

3 2 4| |= [ ] | | | | )
2 2

n
k RF

M

bd r
m

 ∇Ψ + ω − ω Ψ + Ψ 
  

∫ . (5) 

For magnon systems the complex order parameter ( , )r tΨ  is 
the vacuum expectation value of the magnon field operator 
ˆ ( , )r tΨ : ˆ( , ) = ( , )r t r tΨ 〈Ψ 〉 . For homogeneous precession 

the magnon number density n  can be related to the deflec-
tion angle β  via 2= | | = (1 cos ).n mΨ − β  The first term in 
the Eq. (4) describes the kinetic energy of magnons with the 
effective mass 2

p 0= 2/Mm rω . The resonance frequency of 
homogeneous (k = 0), low amplitude (β = 0) NMR: 

0(0,0) = (0)n n n
k k pω ≡ ω ω − ω , plays the role of an external 

potential in atomic condensates. The last term with 
= /pb mω , originating from β-dependence of ( )pω β  

describes the dynamical frequency shift up and, within 
Eq. (4), can be interpreted as a self-similar non-linear 
contribution to the potential energy of magnons due to 
their repulsion. 

The atomic BEC forms in a trap, which is usually a 
trap of potential energy. The same type of trap used for 
Q-ball in superfluid 3He–B at very low temperatures, 
where the trap formed by spatial texture and by minimum 
of magnetic field [35]. The trap for HPD formed simulta-
neously by inhomogeneity of magnetic field, walls of the 
cell and dipole-dipole energy [10]. In the case of 3He–A 
in aerogel and considered here antiferromagnets the traps 
formed only by the energy of interaction. Let as calculate 
the Ginzburg–Landau free energy (Eq. (5)) for the condi-
tions of real experiment, we will consider here. The po-
tential for this conditions is shown in Fig. 3. One can 
clearly see the minimum of potential. This minimum is 
reached at = 0∇Ψ  (i.e., for homogeneous excitation–
magnons with k = 0) and for 2| | = n

kRF
b Ψ ω − ω . This 

can be identically rewritten as condition of homogeneous 
nonlinear NMR: 

 0
0= ( ) = (0)cosn n

pRF
ω ω β ω − ω β . (6) 

It means that the magnetization of all the sample may 
condensed in the state, corresponds to minima of poten-
tial at the angle β 18° at the conditions of Fig. 3. It is very 
important to note that in the case of inhomogeneity of 

nω  the minimum of potential would appear for a slightly 
different angle of deflection. In other words the inhomo-
geneity of local field can be compensated by Suhl–
Nakamura interaction and all the magnetic moments 
would rotate at the same frequency all over the sample. In 
this case, after switching off the NMR pumping the spin 
system should radiate a big and very long living induc-
tion decay signal. 

Fig. 3. The profile of Ginzburg–Landau potential in CsMnF3 at a 
frame rotating with the frequency of RF pumping. The parame-
ters are : ωRF/2π = 562 MHz, 0 /2nω π  = 554.8 MHz. 
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7. Switch-off NMR in antiferromagnets 

The switch-off method plays a crucial role for the 
magnon BEC investigations in antiferromagnets with 
Suhl–Nakamura interaction. The experiment was per-
formed on CsMnF3 at the temperature of 1.5 K and RF 
frequency of about 562 MHz. We have applied the external 
magnetic field at which the induction decay signal with 
maximal amplitude was observed after a very short but 
intensive RF pulse. It corresponds to shift of about 2 MHz 
of the RF pumping frequency from the resonance frequen-
cy at given magnetic field. The signal is shown in Fig. 4. 
From the induction decay signal we can estimate the inho-
mogeneity of the NMR line, which characterized by decay 
time constant *

2T . Furthermore, we have applied the se-
quence of two pulses with time delay and observed the 
spin echo signal. By this method we were able to measure 
the 2T  of the system at our experimental conditions, which 
is about 1.4 µs. As a result, we know all main parameters 
of linear NMR signal. Now let us change the experimental 
conditions for the observation of BEC of magnons. For this 
purpose we have changed the magnetic field which corre-
sponds to resonance at a frequency 554.8 MHz. The RF 
frequency remains the same meaning the increasing of 
frequency shift 0= (0)n

RF∆ω ω − ω  up to 7.2 MHz. This 
frequency shift provides the deflection angle of about 

18β ≈   according to Eq. (6). Then we have applied a long 
RF pulse. We observed a very long induction decay signal 
(Fig. 4) with the intensity comparable to the intensity after 
a short pulse. We have varied the length of the pulse and 
the amplitude of excitation. The signal amplitude does not 
depend on the length and intensity of the RF pulse starting 
from some critical conditions (RF power is more than 40 
mW and the pulse length is more than 100 ms [46]) but 
corresponds well to the condition (1) of magnon BEC. 
What is very important to mention is that the length of the 
induction signal is even longer than the transverse relaxa-
tion time 2T  measured after a short pulse! 

8. Conclusion 

In this article we described the application of a switch 
off method of magnetic resonance for creation of magnon 
BEC in the samples with a big concentration of impurities. 
The method was used early for an observation of a long 
induction decay signals in superfluid 3He–A [43] and 
CsMnF3 [22]. This method is the best for demonstration of 
the formation of magnon BEC in the antiferromagnets with 
Suhl-Nakamura interaction. The magnon BEC formed dur-
ing the long pulse. The magnons condensed to the mini-
mum of Ginzburg–Landau potential and are described by a 
single wave function with a fixed phase and frequency. 
Usually there is an inhomogeneity of local NMR Larmor 
frequency on the sample. This inhomogeneity is compen-
sated by the small local variation of angle β . That is by the 
density of magnons. At the moment of switch off the RF 
pumping the magnons remain at the same state for a long 
time and demonstrate the coherence of precession even at 
the inhomogeneity of local conditions. We have found that 
the length of the BEC induction signal is even longer than 
the characteristic time of spin-spin relaxation 2T . 

Let us now show that the experimental results clearly 
demonstrates the formation of magnon BEC in CsMnF3. 

1. First of all the amplitude of induction decay of 
magnon BEC is significantly bigger than the amplitude of 
a signal after a short resonance pulse [22]. From point of 
view of usual magnetic resonance the amplitude should 
decrease with the increasing of the length of the pulse ow-
ing the relaxation in a rotating frame. After a very long 
pulse the induction decay signal should vanish. 

2. The amplitude of BEC signal does not depends on 
the amplitude of RF field [22] in agreement with the theory 
of magnon BEC! In the case of usual NMR a small induc-
tion signal may appears at the moment of switch off. This 
signal should linearly increase with increasing of RF field. 

3. The amplitude of BEC signal grows with increase 
of frequency shift of RF field from the Larmor frequency 
[22] in a perfect agreement with the BEC theory. The 
signal should decrease with the frequency shift if it is due 
to heating of spin system, as was suggested in early pub-
lications [47,48]. 

4. There were observed a very long induction decay 
signals, an order of magnitude longer then the reverse in-
homogeneity of magnetic field, which determines the 
length of the signal in usual case. Someone can say that the 
long pulse may excite only the narrow part of the spectrum 
of magnons, which may decay longer. Indeed, the signal 
should not be longer than the T2. The length of BEC signal 
is significantly longer then T2, as shown in this article. 

5. And finally, the formation of magnon BEC was 
clearly demonstrated in superfluid 3He–A. Particularly 
the amplitude of BEC signal was well calibrated by the 
signal in 3He–B [44]. To make calibration of the BEC 
signal in CsMnF3 is difficult. Indeed, the non-linear spin 

Fig. 4. The free induction decay in CsMnF3 after a short RF pulse 
(pulse NMR technique) and after a long RF pulse (switch-off 
technique). 
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dynamics of nuclear branch of magnetic resonance in 
CsMnF3 is very similar. And the experimental results, we 
have observed, corresponds one to one to a results of 
BEC in 3He–A. 

The new method of magnetic resonance, the switch off 
method is very appropriate for the investigations of 
magnon BEC. This method is very similar to one, used for 
atomic BEC formation. This method excludes the transient 
processes of BEC formation which can violate a BEC for-
mation in the case of pulsed magnetic resonance. It is also 
favorable in comparison with cw resonance method. In the 
latter case the signal of the BEC mixed with the signal of 
RF pumping. Finally, the switch off method is most favor-
able for the case of solid magnetic materials, which are 
characterized by a high density of impurities and high level 
of local inhomogeneity. 
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