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A brief review of spin glass
magnetometry techniques

Jennifer Freedberg* and E. Dan Dahlberg

University of Minnesota Twin Cities, School of Physics and Astronomy, Minneapolis, MN, United States

Spin glasses are inherently dynamical. Taken properly, measurements of these
materials can capture their dynamics and provide a wealth of insight into the
physics of the spin glass state. In this methods review, two magnetometry
methods are directly compared–ac and dc. Because these measurements
are taken differently, the resulting data of each method will contain different
information about spin glass behavior. This review will specifically focus
on how the out-of-equilibrium effects of aging, rejuvenation, and memory
manifest in each of these techniques, and how to construct protocols to
measure these effects. We then describe the physical significance of each
type of measurement and how to interpret their results. Finally, we explicitly
detail which applications are most appropriate for which method. This will
help the reader select the most helpful technique to carry out their own
future experiments.
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1 Introduction

Broadly speaking, spin glass magnetometry measurements come in two “flavors,”
ac susceptibility, and dc magnetization. Due to the fact that spin glasses are out-of-
equilibrium, it is crucial to understand how a prototypical ac and dc measurement
differ from each other so that the dynamical behavior measured can be better
understood. The purpose of this review is to provide insight for both types of
measurements and when they are most appropriately used. This will be accomplished
by introducing an ac protocol which exhibits the phenomena of aging, rejuvenation,
and memory, and then briefly describing them. Analogous dc protocols will then
be discussed.

Since the typical ac susceptibility measurement more easily lends itself to temperature
sweeps than the typical dc measurement, this discussion will be framed from an
ac perspective. The purpose of this review is to discuss spin glass magnetometry
techniques, and so the focus will be on exemplifying the out-of-equilibrium
dynamics seen in dc and ac experiments. Then, where it is necessary, we will
point out how various pictures of spin glass behavior can be used to explain these
observations.

Before introducing protocols with out-of-equilibrium effects, however, it is
instructive to first show spin glass measurements without dynamics in both dc and
ac settings. In a dc experiment, one can find the dynamical freezing temperature,
T f by measuring the so-called “onset of irreversibility,” shown in Figure 1. This is
the point where a field cooled (FC) and a zero field cooled ZFC curve begin to
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FIGURE 1
Field-cooled [(a) and (c)]/zero-field-cooled curves [(b) and (d)] as a
function of temperature for 1.08 and 2.02 at% Mn. All measurements
used an applied field of 5.90 Oe. This figure was reprinted with
permission from [1].

differ.This difference was experimentally measured for the first time
in [1] and reproduced in Figure 1.

In a FC protocol, the spin glass is always in the presence
of a field. We now consider a temperature sweep from above to
below the glass transition temperature, Tg. Above Tg, the system is
paramagnetic, and thus the magnetization will first increase until
T = Tg. At this temperature, the spins will begin to freeze and stay
roughly constant to the lowest temperatures measured. This FC
magnetization is usually thought of as static, though in reality,
it varies slightly as illustrated in [2,3]. It is then compared to a
ZFC curve, which is brought to the (experimentally selected) base
temperature in zero field, and then raised above Tg in an applied
field.This magnetization increases with temperature until Tg, where
the spins then unfreeze. At this point, since there is no longer any
frozen-in order, the system will behave exactly the same way as
the FC curve.

A typical ac susceptibility measurement is shown in Figure 2.
As the temperature is swept (typically from above to below the
transition), the real part of the magnetic susceptibility, χ′ has a cusp
and the imaginary part, χ′′ has an inflection point. Above Tg, the
system is a paramagnet, so there is no dissipation (χ′′ = 0) and the
real part of the susceptibility behaves like a Curie-Weiss law. At the
transition, the dissipation increases sharply as the spin glass freezes,
and the in-phase response begins to decrease as spin glass order sets
in. Despite the fact that χ′′ is typically a few orders of magnitude
smaller than χ′, most experimentalists studying ac susceptibility
analyze χ′′ because the size of the out-of-equlibriumeffects observed
are relatively larger than in χ′.

Under the application of any magnetic field, spin glasses
exhibit crossover behavior, known in theory as the de Almeida-
Thouless line [5]. Experimentally, the effect of an applied magnetic
field is clearly demonstrated by the experiments in [6, 7]. This
means that any measured transition temperature will always
be a freezing temperature and not the true glass temperature,
Tg. However, this effect can be reduced if the experimentalist
selects the lowest field possible for their sample to still obtain
conclusive results. For example, the applied field in Figure 1

FIGURE 2
Real part of the ac susceptibility (top) and imaginary part of the ac
susceptibility (bottom) as a function of temperature. The magnitude of
the ac field is 0.1Oe and the measuring frequency is 234Hz. These
measurements were carried out on a sample of AgMn2.98at.%. This
figure was reprinted with permission from [4].

is 5.90Oe and the amplitude of the ac field in Figure 2 is
0.1Oe. However, it is important to emphasize that experimental
parameters such as applied field and cooling rate are known to
change the dynamical freezing temperature [4, 8]. To properly
determine the glass temperature Tg as opposed to the dynamical
freezing temperature T f , one must conduct a scaling analysis as
discussed in [4, 8].

Now, we return to measuring the dynamical effects observed
in spin glasses. Due to the fact spin glass measurements are very
protocol-dependent, it is imperative to have a control protocol for
comparison. In a prototypical ac measurement, the sample starts
above Tg and is then lowered at a finite rate until some chosen
base temperature is reached, for example, as shown in Figure 2.
When comparing directly to protocols with aging, rejuvenation, and
memory, this is called the “reference curve”. To demonstrate the
differences between these protocols, the temperature profile as a
function of time is displayed on the left panel of Figure 3, and the
resulting susceptibility is displayed on the right panel of Figure 3. In
this figure, the reference curve is denoted by the teal dashed line.
In a dc experiment which has multiple waiting temperatures, the
measurement is compared to individual protocols which only wait at
one temperature. In this case, the reference protocol is called either
the “isothermal” or “native” aging curve, as can be seen in [9, 10],
respectively.

2 Aging

A spin glass has a rugged energy landscape, meaning it possesses
a large range of barrier heights corresponding to a wide range
of relaxational timescales. Because the spin glass is seen to be
dynamical on laboratory timescales, the barriers are expected to
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FIGURE 3
A simple waiting time protocol which exhibits aging, rejuvenation, and memory shown on the left and the resulting susceptibility shown on the right.
The reference curve is shown as the dotted teal line in both cases. On both sides, the label a) corresponds to the aging, b) to rejuvenation, and c) to
memory, which will be discussed later in this Review. This figure is adapted from [12].

have a height that gives rise to experimentally confirmed timescales
of at least up to weeks1.

Theprocess of hopping over barrierswill induce relaxation as the
system reduces its energy in a process known as “aging”. If measured
in a lab, this exploration manifests as a decrease in the magnetic
susceptibility, which is then attributed to the growth of the spin
glass order [13, 14]. Regardless of the mechanism used to describe
this growth, the community generally agrees that it grows with time
spent in the spin glass state, and that this growth is very slow [13,
15, 16].

Within both the Droplet [17] and Hierarchical [18] models,
aging is associated with thermal activation processes whose energy
barriers are determined by the spatial size of emerging spin glass
order.The larger this length scale, the higher the energy barrier. The
spin glass order grows from flipping spins, which thereby induces
changes to the overall magnetization [15, 19–21].

2.1 Measurements

Aging is the most easily measurable quantity in both ac and dc
experiments. In this subsection, these methods will be juxtaposed
to highlight the uses of each technique. While the measurements
themselves differ based onwhether or not ac or dcmethods are used,
there is some overarching commonality. During aging protocols, the
system is brought to a waiting temperature Tw and allowed to sit at
this temperature for some waiting time tw. As discussed above, this
will give the spin glass time to explore the energy landscape.

2.1.1 Ac protocols
Once the reference measurement has been taken, we proceed to

investigate the out-of-equilibrium effects. We begin the experiment

1 The longest experiment we are aware of was an unpublished result from

our group at the beginning of COVID-19 lockdown taken by David C.

Harrison. Even after a month of continuous measurement, aging was

still seen.

FIGURE 4
Aging as a function of time for both χ′′ (left) and χ′ (right) in a single
crystal of CuMn 7.92 at.%. The two curves are overlaid on each other
and plotted on linear axes to highlight that the relaxations in either
susceptibility have nearly identical form. However, by looking at the
axis scale, it becomes clear that the relative change in χ′′ is larger than
that in χ′. Thus, almost all ac studies only report on χ′′, since the
effects are stronger. The measuring field is 10 Oe with a frequency of
1 Hz. The sample is quenched to the waiting temperature T/Tg = 0.72,
or T = 30 K and then aged for 200 min.

in the same way, except instead of cooling at a continuous rate to the
base temperature, cooling is stopped at an intermediate temperature,
as shown by the label a) in Figure 3.

In this part of the protocol, the ac susceptibility, defined as
χ ≡ χ′ − iχ′′, relaxes over time in both the in-phase, χ′, and out-
of-phase, χ′′, components. This relaxation marks a departure from
the reference curve, and thereby establishes the spin glass as an
out-of-equilibrium system. This is the most standard type of aging
experiment in ac susceptibility measurements and is depicted by the
vertical drop on the right side and the flat line on the left side of
Figure 3. This relaxation as a function of time is shown in Figure 4.
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FIGURE 5
The three most common dc magnetization measurements are shown. In each protocol, an example set of data is plotted. From left to right columns,
zero field cooled (ZFC), thermoremanent magnetization (TRM), and field cooled (FC). The top row indicates the external magnetic field applied as a
function of time, the middle row is the magnetization as a function of time, and the bottom row is the resulting S(t) ≡ ∂M

∂(log t)
curve as a function of time.

The positive x−axis is plotted on a log scale, with the time before the measurement starts (the waiting time) is plotted on a linear scale. The
measurements during the waiting time are displayed to illustrate what the magnetization or S(t) curves are expected to look like during this time and
are denoted by the dot-dash lines. The key feature of the S(t) curves is the presence of the peak ∼ tw. The waiting time is denoted by the vertical grey
dashed lines in all nine panels of the figure. As can be seen, in both the left and center columns, the peak in S(t) curves falls roughly on this dotted line.
Note that in the center column, the S(t) → S(t) × − 1 for visual clarity. In the rightmost column, the field cooled magnetization is shown. This figure can
be found in [12]. This figure was made in the Julia programming [41] language using the Makie package for plotting [42].

By definition, ac susceptibility measurements are sensitive to
the dynamicmagnetic response of the system–that is, the measured
signal is related to the number of spins responding to the ac field. In
a spin glass, as the spin-glass-order grows (and more spins become
frozen), the system becomes less responsive to the applied field.
Thus, during an aging experiment, we measure the growth of the
spin glass order through the decay of the magnetic fluctuations.

2.1.2 dc protocols
Measurements which utilize dc magnetometry, compared to the

protocol shown in Figure 3, are most frequently taken only at a fixed
temperature. A typical dc protocol has two parts–an aging portion
and a measurement portion. The field can either start off, as is the
case in zero -field-cooled (ZFC) measurements, or on, as is the case
in thermoremanent magnetization (TRM). A schematic of these
protocols is shown in Figure 5.Themain difference between the two
is when the field is applied: for a ZFC measurement, the applied
magnetic field is held at 0Oe from above the glass temperature to
the target temperature and then aged at that temperature. When the
aging is completed, the field is applied. For the TRM measurement,
the applied magnetic field is kept at some selected finite value from
above the glass temperature and then maintained until the aging
portion is complete, and then the applied field is removed.

There are other, more nuanced protocols, detailed in [22]
which explore the effect on the spin glass order when a magnetic
field is turned on in a variant of a TRM protocol (i.e., before

or after settling at the waiting temperature). For readers who are
interested in learning about the history of TRMmeasurements in the
development of the field, [23] in this collection has a comprehensive
overview. However, for brevity, these will not be discussed here.

To emphasize–dc measurements have two parts, and only the
first is traditionally called “aging.” In Figure 5, this is denoted by the
dot-dashed lines at negative times. However, when people discuss ac
experiments, typically any time in the spin glass state is called aging.
This is a subtle difference in naming conventions between the two
sets of experiments which is not typically discussed.

To process dc magnetization data, the logarithmic derivative
of the resulting magnetization is plotted as a function of
time (traditionally on a log scale). This curve is known as
S(t) ≡ dM/d log (t), first measured by Lundgren, Svedlindh,
and Beckman [24]. It is observed that the relaxation of the
magnetization displays an inflection point at approximately the
waiting time (tw), so S(t) will be peaked at this value. The value of
the peak, teffw , and the width of the S(t) curve are determined by
many factors, such as waiting time, external magnetic field, and
temperature. As a rule, teffw is interpreted as containing information
about the barrier distribution. Below, we investigate why this is.

To illustrate this, we consider a TRM (ZFC) protocol. In
the aging stage of the experiment, the waiting time determines
the average barrier surmounted and thus the average size of a
spin glass order. After aging, once the magnetic field is removed
(applied), the spin glass begins to relax to zero (the FC value for
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the) magnetization. If the spin glass energy landscape is made up
of a distribution of Arrhenius-like barriers, then the change in
magnetization as a function of time will contain information about
the distribution of energy barriers of the system. If this function is
peaked, the peak positionwill be related to themost probable barrier
in the distribution [24, 25].

We then can ask why the aging portion of the experiment causes
a peak in the S(t). As discussed above, during aging, the spin glass
order grows to some typical size. Thus, the peak in S(t), a function
which is a measure of the relaxation rate, will occur on the order of
the typical size of spin glass order [25].

3 Rejuvenation

Aging occurs when the sample stays below the transition
temperature for some fixed amount of time, as shown in Figures 4,
5. Of all the spin glass phenomena, it is the best understood.
Rejuvenation occurs as the temperature is changed (traditionally
decreased) after an aging protocol. Remarkably, as is observed
in both ac and dc experiments, after some sufficient temperature
difference, δT, the spin glass loses any knowledge of its aging history,
and behaves afterwards as though it had never aged in the first
place (see Figure 3).

Rejuvenation can occur with either positive or negative
temperature shifts, and has been studied, for example, in Refs.
[4, 9]. While there are differences in how rejuvenation manifests,
the re-initialization of the aging process is common to both positive
and negative temperature shifts. However, this Review will focus
on the overall protocol, rather than the specific results obtained
in each case.

In the following subsections, we investigate how rejuvenation
appears in experiments, and their implications. Additionally, we
briefly mention one possible mechanism for rejuvenation and
reference experiments and simulations which test this model.

3.1 Measurements

3.1.1 Ac protocols
After an aging process is completed at Tw1 for tw1, the

temperature is then changed again. In Figure 3, the temperature
is then decreased from Tw1. In this case, naïvely, we might expect
the susceptibility to decrease with decreasing temperature, since
the thermal energy (and therefore thermal fluctuations allowing
us to explore the energy landscape) decreases with decreasing
temperature. Indeed, this is seen in the reference curve. However,
for procedures where the temperature is lowered following aging,
the susceptibility rises back to the reference curve as if no aging
occurred at all. This is known as rejuvenation. After some change in
temperature, δT, the reference curve and the curve with aging and
rejuvenation become the same. This effect is shown in Figure 3 in
the range where χ′′ is increasing back to the reference curve upon
cooling after aging.

In the case of a positive temperature shift (e.g., the temperature
is raised following aging), it is traditionallymore common to quench
rather than heat continuously, as done in [9].

3.1.2 Dc protocols
From the description of aging using dc methods, it should be

clear that it is difficult to develop dc protocols which study multi-
temperature effects. Due to the fact that temperature sweeps in TRM
or ZFC dc protocols face this challenge, there are generally two
paths utilized2.

The first way to observe rejuvenation in dc measurements is
using the FCmagnetization and observing differences in decays over
time, as done in [2,3]. This technique is similar to ac protocols,
since for this type of experiment, there is no aging time before the
measurement starts. In this case, the system is quenched to the first
waiting temperature Tw1 for time tw1, then changed to the second
waiting temperature Tw2 for tw2. If, upon shifting the temperature,
he aging process “restarts,” rejuvenation is said to occur. Otherwise,
the aging is said to be “cumulative,” or “accumulative” [2, 3].

The second way to observe rejuvenation in a dc protocol is to
measure M(t,Tw1,Tw2) from ZFC or TRM protocols and construct
an S(t) curve using a temperature-step protocol, as described in
[3, 9, 27]. In this case, the system is quenched to the first waiting
temperature Tw1 for time tw1, then brought to a second measuring
temperature Tw2 and immediately applying (or turning off) the field
and measuring the ZFC (TRM) curve.

If rejuvenation has occurred, the character of the resulting
S(t) curve will be different than the isothermal S(t) curves at the
measuring temperature. The specific details of how exactly the S(t)
curve evolve are complicated, but very well characterized in [4, 9].
To summarize their findings briefly: if aging is cumulative, then
the peak in S(t) will occur at slightly larger tweff

than that of the
isothermal aging curve, corresponding to the fact that the aging at
tw1 corresponded to the growth of spin glass order at the measuring
temperature. If the aging is not cumulative, then the peak in S(t)will
occur at smaller values of tweff

.
Note that even if the aging is not cumulative, there tend to be

long “tails” in the S(t) curve, meaning that, despite the fact the
sample has rejuvenated, the system still contains some knowledge
of its aging at Tw1. This hints at the last dynamical effect which will
be discussed in this Review: memory.

It is important to note here that there is a major discrepancy
seen between rejuvenation in ac and dc measurements. In ac
measurements, rejuvenation appears in the susceptibility, whereas
in dc measurements, rejuvenation appears in the character of S(t).
Both have been associated with temperature chaos [2, 10, 28, 29].
However, in ac experiments, rejuvenation tends to takes place over a
fewkelvin (as in Figure 3, and [9, 29]), while dc experimentsmeasure
ranges of ∼0.5K, as seen in [2,3].The reason behind this discrepancy
is not well-understood.

4 Memory

The final step in the experiment shown in Figure 3 is to raise
the temperature from the base temperature back to its starting
point (both chosen by the experimentalist). In the past, it was

2 It is possible to design a protocol in other ways, such as described by

the simulations in [26], but this Review will focus on the most commonly

utilized protocols.
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FIGURE 6
Left: the original memory experiment with two waiting temperatures (12 K and 9 K). Despite waiting at the low temperature for 40 h, the memory is still
apparently perfect. The inset shows the reference (line) and heating (scatter) curves in the canonical spin glass, copper manganese. Right: A series of
multiple aging steps upon cooling, leading to perfect memory upon continuous heating. The inset shows the temperature profile as a function of time.
Both figures use the same insulating spin glass (although the ac frequencies are slightly different). The left figure is taken from [29] and the right figure is
taken from [30].

often the case that the heating rate differed from the cooling
rate such as in [30]. While commonplace, it has been recently
found that the relaxational dynamics markedly changes as a
function of cooling rate [31], and therefore the most controlled
experiments would be where all temperature changes occur at
the same rate.

Like the protocols outlined for rejuvenation, Tw2 need not
be lower than Tw1. Examples of both cases are shown in [4, 9].
However, the following discussion will not focus on the specific
results obtained in each case. Instead, in the following subsection,
we detail how memory manifests in both ac and dc experiments,
and what the signatures of these measurements tells us about the
spin glass state.

4.1 Measurements

4.1.1 Ac protocols
Following the canonical protocols described in Figures 2, 6, the

temperature is increased from the base temperature at a constant
rate. After the temperature rises beyond the aging temperature, the
spin glass has an apparent memory of its previous cooling history.
Since the ac susceptibility is related to the magnitude of magnetic
fluctuations, a decrease in the susceptibility relative to the reference
curve indicates that the spin glass is becoming more frozen relative
to the reference curve as it approaches and surpasses the waiting
temperature upon heating.

A few remarkable examples of the memory effect is in Figure 6,
where despite either the many temperature steps or an extremely
long waiting time, memory is clearly retained upon heating. This is
in contrast to the data shown in Figure 3 where, despite only aging
for an hour, significant memory loss is seen. Across the literature,
it can be seen that memory is often incomplete in metallic spin
glasses [11, 32], but is often almost perfect in insulating spin glasses
[29, 30].

4.1.2 Dc protocols
In a dc protocol investigating the memory effect, one completes

a temperature cycling protocol.The first part of the experiment is the
same as described in Section. 3.1.2. Now however, instead of simply
turning on (or off) the field at the second temperature, the sample
is aged again for tw2 at Tw2. In the final step of the experiment, the
sample is heated back to Tw1 and the field is applied (or removed).
Because of the aging at Tw2, the S(t) curve will now have two peaks.
The location of these peaks can yield important information about
the glassy dynamics.

In this case, it becomes clear why dc experiments need a control
protocol. The control measurement is just an isothermal aging
experiment for tw1 at Tw1 or for tw2 at Tw2, and so the S(t) curves
obtained from these two sets of measurements can be directly
compared. One can see that if twef f from temperature cycling is
smaller than the isothermal twef f for Tw1, then memory is reduced,
as seen in metallic spin glasses in [9].

The double peak in the S(t) curve is interesting in its own
right as well. It indicates that there are two different typical length
scales present in dc experiments where Tw1 and Tw2 are sufficiently
separated. This has been interpreted to mean that the growth of
spin glass order between the two temperatures are independent
of each other. One of the proposed mechanisms to explain this is
called “temperature chaos.” In their 1978 paper, Bray and Moore
find that a sufficiently large change in temperature will destabilize
the energy landscape and cause the breakup of spin glass order
[33]. While this explanation has evolved since its inception, the
core idea–that the metastable state at one temperature need not
be metastable at a different temperature–remains the same. Recent
experiments and simulations have sought to characterize the exact
nature of temperature chaos to see if this explanation can account
for rejuvenation, including [2, 3, 9, 10, 30, 32, 34, 35].

The results of the ac and dc experiments, taken together, indicate
that the spin glass order developed at the first waiting time somehow
is preserved, despite rejuvenation. Since its discovery [29], there have
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been many studies which have investigated this effect such as Refs.
[9, 11, 30, 32, 35–38] to name just a few. While the details differ,
a common explanation centers around the following description:
as the temperature increases again, the larger regions of spin glass
order which were previously frozen-in at the lower temperatures
“unfreeze” and become active once more [9, 11, 30, 36, 38].

5 Pros and cons of each technique

The essence of spin-glass magnetometry is that the out-of-
equilibrium dynamics are characterized by a dependence on two
timescales. In ac experiments, these timescales are the ac frequency
and the waiting time as shown in Figure 3. In dc experiments,
meanwhile, the two times are the waiting time and the measuring
time. Their impacts are measured using a protocol that constructs
an S(t) curve as shown in Figure 5. Because of the differences in
how the measurements are taken, some applications are best suited
for an ac measurement, while others are better suited for a dc
measurement.

In spin glass research, ac susceptibility is a better tool to
measure the effect of changing temperatures. In dc measurements
which produce S(t) curves, one cannot construct a protocol
undergoing a continuous temperature sweep, because recording
the magnetization is always the second step in the measurement.
In either case, while temperature cycling protocols can be
constructed which provide meaningful insight about the spin
glass state, it is inherently more challenging in dc measurements
than in ac measurements. Because of this, it is much easier
to study rejuvenation and memory using ac susceptibility.
Additionally, it is virtually impossible to determine the effect the
cooling rate has on the evolution of the spin glass state in dc
magnetometry, while this measurement is very straightforward
using ac susceptibility.

On the other hand, dc magnetometry is better suited to study
aging than ac susceptibility.This is because much of the dynamics in
dcmeasurements can bewrappedup in a single physically significant
number – teffw . It is thus relatively simpler to characterize the many
factors which affect the value of teffw such as waiting temperature,
waiting time, and magnetic field. Additionally, the value of teffw is
robust against experimental realities such as the change in signal
which comes from simply needing to reload a sample. As such,
characterizing the behavior teffw more straightforwardly allows for
comparisons between quantities which are accessible in theory
and simulations. This is to be contrasted with ac susceptibility
measurements, where it is not as clear if a single parameter exists
which captures the behavior of an aging system. Because of this, it
is more difficult to quantitatively compare between ac aging curves
via simulations or theory, especially since the absolute magnitude of
the susceptibility depends on experimental conditions.

5.1 Experimental considerations

There are a few experimental parameters which are important
to discuss. In ac experiments, the ac frequency must be sufficiently
low to ensure that the dynamical relaxational effects are still
visible. However, because the time it takes to acquire a single

data point increases as frequency decreases, the experimentalist
must determine the lowest reasonable frequency within their own
logistical constraints. The effect of ac frequency on resulting spin
glass measurements is examined in another submission to this
collection [39].

The results in [7, 22], and [40] show that the time it takes
to turn the magnetic field on or off affect the S(t) curve like a
waiting time effect would. If the time it takes to turn on the field
is slow, this would introduce, in effect, a second waiting time in
the experiment. Indeed, differences in the resulting character of the
S(t) measurements persist, even at very long waiting times. On the
other hand, dc measurements taken in a constant field (FC) will
not have these artifacts and thus can be performed in a standard
magnetometer.

Likewise, both ac and dc experiments are affected by the fact that
temperatures cannot change instantaneously, even when cooling at
the fastest rate the instrument can. This also can act like another
waiting time, as seen in [7, 22], and [31].

One final note: while the spin glass community at large
treats ac and dc measurements as equivalent in the limit of zero
frequency, this is hard to verify in practice because the types of
experiments are typically conducted very differently from each
other. As discussed in [31], there are large discrepancies between
certain dc and ac results which indicate that the physics relating the
two is not as straightforward as is typically assumed.
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