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ABSTRACT

Recently, the availability of new high-spatial and -tengloesolution observations of the solar photosphere hawad the study of
the oscillations in small magnetic elements. Small magreéments have been found to host a rich variety of osahatidetectable
as intensity, longitudinal or transverse velocity fluctoas which have been interpreted as MHD waves. Small magaktinents, at
or below the current spatial resolution achieved by modetargelescopes, are though to play a relevant role in theggrimidget
of the upper layers of the Sun’s atmosphere, as they are fisucaler a significant fraction of the solar photosphere.ddohately,
the limited temporal length aymt cadence of the data sets, or the presence of seeing-thdffeets have prevented, so far, the
estimation of the power spectra of kink-like oscillatiomssmall magnetic elements with good accuracy. MotivatedHis, tve
studied kink-like oscillations in small magnetic elemerutg exploiting very long duration and high-cadence dataiaed with the
Solar Optical Telescope on board the Hinode satellite. i work we present the results of this analysis, by studyirggower
spectral density of kink-like oscillations on a statistibasis. We found that small magnetic elements exhibit aelamgmber of
spectral features in the range-12 mHz. More interestingly, most of these spectral feataresot shared among magnetic elements
but represent a unique signature of each magnetic elenseift it
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~ 1. Introduction It is likely that small magnetic elements may represent a
promising mean through which the energy can be transferred
Jdf@m the photosphere to the upper layers of the Sun’s at-

2

™~ Solar surface magnetism manifest over a wide range of sc . ; . . .
<I" (Solanki et all 2006), from sunspots down to the small elameff'0SPhere. This point has been raised many times at first by

O\l of the order of 130- 150 km {Lagg et al. 2010) or groups of€ans of theoretical considerations and numerical sinonist
" them at larger scales=(1000 I‘<m)v.vAt the smallest and inter-From the the_oretlcal point of view it has been_ shown that
mediate scales, they are detectable either as spectropetac  SMall magnetic elements can support a large variety of waves

; ; P ; i : from magnetoacoustic waves to kink, sausage and torsional
signals or bright points is-band intensity images (Wiehr et al. — .
©) 12004 Mt et al. 2006: Viicchié et AL 2010: Utz elal. 20t Mmodes (Roberts & Webh 1976: Sprit 1981, Edwin & Roberts

! mention a few), although the magnetic field is not a necessA983; Roberts 1983; Musielak et al. 1989; Steiner gt al. /1998

= condition for the appearance of a bright point (Berger &eritfiasan etall_2003; Musielak & Ulmschneicer 2003a, to name

'~ 2001). The recent availability of high-cadence and -spatf €W)- This scenario has been also confirmed by means of

> resolution data of the solar atmosphere has given acceke toate-of-the-art MHD simulations accounting for more it

(T detection of MHD waves in small magnetic elements in tf2}d_ complex_physical_conditions _(Nakariakov & Verwichte
solar atmosphere. These studies have been mainly mOttheﬂzOO::j Khomenko et al. 2008; F_edun etlal, 2001, Migeeshiet al.
the necessity of assessing the role of magnetic eIementﬁainZ.Ol‘; Nutto et al. 2012). In particular, Nakariakov & Verivie
framework of the chromospheric and coronal heating detiate(2005) have reviewed in detail the excitation of waves in a
has been estimated, indeed, that small magnetic elemetfts \P'ag_netl_c cylinder. The_y have demonstrated_ thf_it Kink wands a
diameters comparable to or below the present resolving pofve'0Ngitudinal compressive waves may coexist in the same flux
the current solar telescopes {00— 150 km) cover a significant tube, _these being excited by the horizontal motion of the f_I_ux
fraction (= 1%) of the solar photosphere (Bonet et al, 20124Ube itself. Hasan etall (2003) and Hasan & van Ballegaoijen
thus small scale magnetism is though to play a significart r¢£008) argued that the photospheric forcing of magnetic
in the energy budget of the upper layérs (SHruit 1981) . mveglements can generate enough energy, in the form of high

works have also addressed thefution and the advection of 'eduency wavesy(> 10 mHz), sificient to heat the magne-
small magnetic elements in the solar photosphere by me zed chromosphere. To this regard, Musielak & Ulmschneide

of turbulent plasma flows (see for example Manso Sainzlet 40032) and_Musielak & Uimschneider (2003b) have argued

2011;[Abramenko et &l. 2011; Lepreti et al. 2012; Chitta et A'at many MHD modes can be excited at the same time in
20121 Giannattasio et al. 2013). small magnetic elements, at the hands of the photospheric
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granular bifeting. Through non linear interactions they indee

demonstrated that kink oscillations induced byftbting can I — 100
be easily converted into longitudinal waves inside the flubet ot By :

itself, that should be then detectable as Doppler velodity a 200(% 80
intensity fluctuations. It has been shown that the rapiddoiott 60
motion due to the turbulent granular fBeting can &ectively 190,

excite kink waves who can propagate upward and eventue 40
couple with longitudinal waves (Kalkofen 1997; Hasan et & 180f

2003). % 170 0
On the other hand, despite the extensive theoretical ¢ ¢ 1o 2
numerical work on the wave excitation and propagation 5160, -
small magnetic elements, only more recently these aspe 1=20
have begun to be commensurably addressed from the 1501 1-40
servational point of view | (Molkmeretal. 199%; Jess eta

2009; [Martinez Gonzalez etlal._2011; Jess etlal. 2012¢ 1-60
Jafarzadeh et al. 2013; Stangalini gt'al. 2013). More inillet: : 1_g0
Jess et al. | (2012b) have detected slow upward propagat 130} L& :
longitudinal waves in small magnetic elements, using hic S0 80 90 100 110 120 130 140 150 — —l00
cadence broad band 2D data, visible as periodic intensity flt X [arcsec]

tuations in the range 110 600 s. In addition, Stangalini et/al.

(2013), by exploiting the high-spatial and temporal reBoflu Fig 1. Time averaged magnetogram obtained by averaging over the
provided by SunriséMaX, have reported the signature of thyhole four-hours data set (saturated betwe#00 G and 100 G). The
interaction between the horizontal oscillations of the fiulkes red dots indicate the mean position of the longest-lived matig ele-

and the longitudinal oscillations detected as Doppler igfo ments considered in the analysis.

oscillations within the flux tubes themselves, which mastife

as a fixed phase lag between the two kind of oscillations.

By using the longest lived magnetic features in the data, t@ong with the standard SQFG calibration procedure (the IDL
same authors have also estimated the mean power spectruogeprep-fg available in the Hinode Solarsoft package), we also
both kink-like and longitudinal velocity oscillations imm&ll  applied an additional calibration to limit thefects of jitter and
magnetic features. They mainly found that kink-like ostins  tracking residuals. The visual inspection of the data havadt
have a comparatively broader spectrum of oscillations witByealed a low frequency trend in the tracking and a few sudde
respect to longitudinal waves, with power upte 8-10 mHz, shifts of the FoV which were not properly handled by the aalib
i.e. periods of 126- 100 s. Unfortunately, only a few magnetigjon code. Since we are mainly interested in the study ofstran
elements were found to live enough to allow a good frequenggrse oscillations of small magnetic elements, it is imgutrto
resolution. The goal of this work is to extend these resuligoperly co-align the data set with subpixel accuracy. As:eg
by exploiting the excellent statistics provided by seéfire® tration procedure allowing subpixel accuracy must be appli
Hinod¢SOT data. Our primary aim is therefore to study thghis procedure is based on FFT cross-correlation and esiliz
power spectrum of kink-like oscillations in magnetic elense the whole FoV to estimate the misalignment between two im-
in the solar photosphere with high frequency resolutionc&i ages. We applied iteratively the FFT registration, untl thean
very small scale magnetic elements are found to live for & veiesiduals were minimized. This happened in three registritt
limited amount of time (a few minutes, Mostl et al. (2006)E Werations.

restrict our attention to longer-lived magnetic structuréith To study the dynamics of small magnetic features we ap-
larger diameters (800 1000 km). Similar magnetic structuresplied the YAFTA tracking algorithni (Welsch & Longcdpe 2003;
has been found to host Alfvén waves, which are also relevan3eForest et al. 2007). This algorithm identifies and trackgm
the chromospheric heating debate (Jess/et al. 2009). netic pixels belonging to the same local maximum. To ensure
the reliability of the results, three constraints were &ggblEach
magnetic feature tracked must lie above a threshold and must
have an area slightly larger than the full width at half macim
The data set used in this work consists of a sequence of h{§WwHM) of the PSF (a box144 pixels in our case) and a lifetime
spatial resolution magnetograms acquired by ST, the nar- long enough to ensure a high spectral resolution. The tbtésh
row band imager on board Hinode satellite (Tsunetalet aB200on the magnetic signal is chosen to he. Following|Liu et al.
The magnetograms were obtained in the Na 1.688n spectral (2012) we estimated the sigma of the magnetic signal byditin
line from shutterless V and | Stokes filtergrams taken on 20@aussian to the low-field pixels with absolute value of thgma
August 18, close to the disc centre. The cadence of the dataesic flux density below 200 G. This resulted in a sigma aB11
30 s. The diraction limit in NFI filtergrams at 588 nm is 024 G. Lastly, only the magnetic elements with a lifetime greate
arcsec, while the pixel scale is set at®arcsec. This results inthan 1800 s are considered in the analysis. Among the whole
a slight spatial downsampling in the focal plane, providing- sample of elements tracked we restricted our attention tara n
pixel Nyquist spatial sampling of.82 arcsec (o~ 230 km on row subset of elements with diameter in the range 8Ad00

the solar photosphere). km. This is done to select only similar magnetic elementss It
The field of view (FoV) is approximately 8Q 80 arcsec, and worth noting that ther chosen does not represent the instrumen-
the total duration of the time sequence is approximatelywt$io tal noise, therefore its choice is completely arbitraryr Guain

In Fig.[ the average magnetogram is shown. The FoV encogoal is to limit the detection of spurious magnetic signdtse
passes a few supergranules whose borders are highlighted byor below the noise level. This is indeed also ensured by the us
network patches visible in the figure. of the area threshold and and by restricting the analysisaset

2. Data set and analysis
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components is considered. In order to avoid this drawbattkan
spectral analysis we considered only tkecomponent of the
25 horizontal velocity, hereafta, for simplicity.

3. Results

3.1. Statistical distributions of the sample of magnetic
elements

Before analysing the spectral propertieswpf in this section
100 we report the characterizing statistical features of tmepda of
magnetic elements collected. As aforementioned, we cesinr
@ attention to only those features living more than 1800 s, ibie-
ing the limit imposed on the further analysis, discussechi t
following section. This limit is set in such a way that a higé-f
35 guency resolution is preserved in the spectral analysis.
30 In Fig.[2 we show the statistical distributions of the sfbtiav-
eraged magnetic fiel8 and of the lifetime of the magnetic el-
ements as obtained from the tracking. In Fig. 2 the distiglout
of |B| (panel a) is shown. It is computed as the average value
over the area of each magnetic element. From this distabuti
10 it is clear that most of the magnetic elements have valudsan t
5 range 60- 75 G. In panel (b) of the same figure, we show the
6655035005550 3000 25505000 histogram of lifetimes which are Ilmlted. by a threshold ab28
Lifetime [s] put to ensure a good frequency resolution over the whole Eamp
(b) of magnetic elements, for spectral analysis purposes.ralife)
we also show the distribution of the equivalent diameteiciliis
20 defined assuming the magnetic elements to be circular. As men
tioned above this parameter has been used to restrict tige ran
of values, in order to select similar magnetic elementsrim tef
physical conditions.
2 Rather than being representative of the magnetic populatio
210 the photosphere, these distributions should be betteiidenesl
© as representative of the sampled population of magnetisries
5 with the aim of explicitly providing its characterizatiom ierms
of dynamical properties. It is worth stressing, in factttiiathe
distributions indicate the presence of a very small classaof-

70 80
B [G]

700 B0 e [op0 1100 1200 pled magnetic features. In particular the average magfietit
© is limited to a very narrow range of values indicating simila

magnetic elements in terms of physical parameters.
Fig. 2. (a) Histogram ofB for the collected magnetic elements. (b) His-

togram of the lifetimes of the selected magnetic elemas)tklistogram

of the equivalent diameter of the selected elements. 3.2. Spectral analysis

Itis well known that the sample periodogram estimated frém e
ther the FFT or the autocovariance function (ACF) is a biased
magnetic features living for more than a given temporaltiimiestimator of the true power spectral density (see for exampl
the latter will be further discussed later in the followiregtons. [Scargle 1982). To estimate the periodogranvpfcorrespond-
Thornton & Parnell[(2011); Stangalini et al. (2013) havesext ing to the kink-like oscillations of the tracked flux tubes ¥ol-
sively tested this tracking code on high resolution data. lowed the commonly accepted procedure described in Chaatfiel
In Fig.[I (panel b) we show the average position of each mg@003, Chapter 7) and listed below:
netic element tracked. We only plot magnetic features with a
minimum lifetime equal to 1800 s which are those considened iL. Prewhitening: the time seriggis detrended with a first order
the analysis described in the following sections. The totah- function.
ber of magnetic elements fulfilling the above criteria anmtdon 2. Windowing:v, is then windowed by using a Hanning win-
146. dow.
From the position of each magnetic element given by the tracR. Periodogram estimation: the FFT of the sample AC#,a$
ing algorithm the horizontal velocities were estimatede Plo- computed.
sition of the magnetic elements is estimated with subpigella 4. The periodogram so obtained is then smoothed by averaging
racy as a flux-weighted average of the coordinates of thdgixe its ordinates in sets afi values. The size of the bins is com-
constituting the magnetic element itself. The computatibiine monly chosen to b = N/40, whereN is the total length of
horizontal velocity using both theandy components may suf-  the time series.
fer from a frequency doubling if the components themselves a
oscillating around zero. This is a direct consequence ofitie At least three ffects must be carefully taken into account
inition of the total velocity in which the squared value oEthwhen estimating the power spectral density of a time setfies:
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Fig. 3. Upper panels: three examples of power spectral densitiggifeious line) associated to three typical magnetic efesnehosen among
the longest lived ones. The dashed line represents the eanidevel obtained through a randomization test (see hightl axis of the same
plots).The red area represents the frequency resolutipased by the duration of the time series associated.

Bottom panels: horizontal velocity relative to the powespa shown.

variance of the periodogram, the spectral leakage and e tiset of magnetic features collected, but represent a fewaypk-
series truncation. While the truncation can be mitigatedioy amples of the spectral features of the sampled class of aklsme
tiplying the sequence by a window function with the aim ofhe time series of the horizontal velocity show oscillatievith
smoothly reducing theffect of the edges of the sequence, whicamplitudes between- 2 knys and, occasionally, short duration
constitutes a substantial source of spectral noise, thenae of transients which can reach larger amplitudes up to fskiwe

the periodogram is in turn probably the most important probl recall here that the first order trends have been removedtirem
The variance of each spectral bin of the periodogram does ndginal time series, by previously fitting a polynomial.

decrease as the length of the sequence increases, indéets Tihe associated periodograms (upper panels) show a large num
because when the length of the time series increases theadpeber of spectral features and the presence of multiple péaiks s
resolution increases too, so that the spectral samplingtipre- lar to harmonics, although their spacing is not always aipialt
served. To this regard, one possibility is to average thinatds of a fundamental frequency. Most of these features havela hig
of the power spectral density. This is done, unfortunatelihe confidence level above 75%. These spectral features arel foun
detriment of the spectral resolution and a traffenust be cho- over a broad range of frequencies, from low frequenciesedios
sen as in point 4 (Chatfield 2003, Chapter 7). the resolution limit (indicated by the red area), up-td2 mHz,

The goal of the procedure listed above is therefore to limése with confidence levels above 80%.

effects and to provide a robust and consistent estimate of Were interestingly, the spectral features appear to betindis
power spectral density. For a detailed analysis of the bia$e signature of the physical conditions of each magnetic etenhe

the power spectral density and the countermeasures thabeughe power spectrum of panglfor instance, most of the energy is
adopted, we refer the reader|/to Chatfield (2003, chapter 7 amhtained in the band-45 mHz and little energy is contained at
references therein). higher frequency. In contrast, in the case plotted in panelost

In Fig.[3 we show the power spectral densities associateg abf the energy is instead contained at larger frequencies b

of three of the longest lived magnetic features (upper ravd) amHz), and no strong counterpart of the peaks atd mHz of
their respective time series (bottom row). In the same plats case of panedh is found. The spectral features offdirent mag-
also show the confidence level obtained through a randoimizatnetic elements are unique and appear to be distinctive df eac
test (dashed line) which was performed to estimate thehiklia magnetic element.

ity of the results. The higher the confidence level, the highe This fact can be better seen in Hig. 5 where we plot the median
probability that the corresponding peak in the power spettr power spectrum obtained from more than 400 cases (panel a).
is not due to noise. The normalization test is obtained by-shiThe spectral density is obtained by considering only thimse t
fling the time series 1500 times. At each permutation the- peseries with at least 1800 s of total duration. In order to i@
odogram is computed again. The number of times a peak in the same frequency resolution, longer time series are atedc
power spectrum is smaller than what found in the real timieserat 1800 s. For each of these time series, the periodogranmis co
gives the probability that a certain peak is due to noise.i-si puted and from them the median value is estimated in each fre-
lar analysis has been already performed.in O’Sheal et al1§20@uency bin. In this case we did not smooth the frequency dxis o
The examples shown in Fig 3 are not peculiar among the whelach periodogram to reduce the variance as explained hafore
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the variance reduction is instead achieved by mediating aveof the solar photospheric granulation. They have found that
large number of cases. the power spectrum of the horizontal granular velocity show
From the plot it is clear that the whole set of magnetic fezdura double power-law shape with a break-at4.7 mHz. This
sampled does not share the same spectral features. In thig woesult has been also introduced in numerical simulatiotudys
have been the case, in fact, a common spectral feature wauldihe energy budget of MHD waves driven by the photospheric
main after mediating a large number of power spectra ageaciaconvection, and demonstrating the feasibility of cororesting

to thev;, of different magnetic elements. Conversely, the resulbrough these kind of mechanisms_(Matsumoto & Shibata
ing averaged power spectrum appears rather smooth, arel t2610). In Fig.[5 (panel b) we also plot in log-log scales the
is not any apparent spectral feature. resulting spectrum obtained from_Matsumoto & Kitai (2010),
The error bars in the plot represents the standard erromelota for comparison with our estimated power spectrum of kire-li
from the median absolute deviation. In the same plot we alsscillations in small magnetic elements. The two spectarty
show the power spectrum obtained from a randomization tekffer in shape with the average spectrum obtained from the
(dashed line). In contrast with the case shown in Eig. 3, @hdracking of magnetic elements hosting much pore power dt hig
the randomization test is performed by randomlyfiing the frequencies and less in the low frequency band, comparédd wit
time series data 1500 times and estimating from that the -cortffie result by Matsumoto & Kitaj (2010).

dence level in terms of probability, in this case we onlyfiled

the data once for each magnetic element and then we condidere It is worth pointing out that when looking at power spectral
the median value computed over all the randomized spediis. Tdensities, what is seen is the convolution of the forcingtby
randomization is therefore not used to estimate the corfenhe intrinsic response function of the element itself. Tthes
level at each spectral position, but gives instead the ifledat observed oscillatory power can be written as follows:

would have been a spectrum of random fluctuations.

Pobs(v) = F(v) ® R(v, i), 1)

where the symbolg’ denotes the convolution in the Fourier

In the previous section we have shown that the power specip@ceF (v) represents the frequency dependent forcing term, and
of individual magnetic elements are characterized by high f R(v) the response function of the magnetic element depending on
quency features (12 13 mHz) with very high confidence level.the frequency and on the physical conditions of the flux tele,

Of course the ability of detecting such a high frequency opressed for simplicity by the set of variables Using the forc-
cillations depends on the ability to detect very small shift ing spectrum given by Matsumoto & Kitai (2010) we can there-
the given time interval (30 s in our case). Since the veloafty fore estimate the mean response function of the flux tubésdgo t
the magnetic elements is of the order of 1/&rand the period forcing. Assuming the average spectrum discussed in the-pre
associated to the Nyquist frequency (the highest frequeeey 0OUs section to be the convolution of the forcing term with the
tectable with the provided cadence of the data) is 60 s, we cerage response function of the flux tubes, we can estimate t
estimate the amplitude of oscillation of a magnetic elenaant forcing term as a simple deconvolution in the Fourier spaiegu

30 km in the high frequency range. This displacement is muéH. 1:
smaller than the pixel scale (120 km). However, the position

of each single magnetic element is estimated from the tngcki _
algorithm as a flux-weighted average of the coordinates cf o0 @) = Pons(v) @ F() ", ©

pixel constituting the magnetic element tself, thus witbpixel  the estimated response function deconvolved is also shown
accuracy. To test the reliability of these estimates weetetite Fig.[3 (panel b). This is characterized by a suppression of
tracking code with simulated data. A syntetic magnetic eletm power at low frequencies’(< 4 mHz), and an amplification

with gaussian shap&WHM = 4 pixels) is shifted many times of the power at shorter periods. This implies that the energy

by a known amount (a fraction of pixel) using an FFT techniqugs the photospheric velocity field is best converted intokkin
and its position is then estimated again through the tracéln ggillations at high frequencies.

gorithm. The shifts are uniformly distributed betweem12 and
0.12 pixels, corresponding to the minimum distance a magnetic

element with 1 krys of velocity must pass through in 30 s (the

temporal cadence of the data set). If fij. 4 we compare the rdaDiscussions and conclusions
position of the magnetic element with the one estimated by t
tracking algorithm (upper panel). In the same figure we aleb p
the residuals between the original position and the estichae
(lower panel). As clear the tracking algorithm is able toedet
very small shifts of the magnetic element. This proves that
high frequency features shown in the power spectra of iddadi
magnetic elements (fif] 3) are reliable and their amplitiades
well in the range of capabilities of the tracking algorithm.

3.3. Test of reliability of the tracking algorithm

Pn this work, by exploiting the fast cadence and the long dura
tion of the SOTHinode data at our disposal, we have studied the
spectrum of kink-like oscillations in small magnetic elertsein
tthe solar photosphere, with very high frequency resolut@ur
results shows many distinct spectral features over a widgera
of frequencies; from low frequencies (1 mHz) up~d2 mHz.

In addition, we have found that occasionalfyshows large tran-
sients with amplitudes up to 5 6 knys. By performing a ran-
domization test, it is found that most of these spectralifesst of

3.4. Estimation of the response function of the flux tubes to the power spectra have a high confidence lexeB%) even in

the granular buffeting the high-frquency regime & 8mH2). _
More interestingly, our results also demonstrate that saajle

Matsumoto & Kitdi (2010) have estimated the power spectrumagnetic element exhibits its own spectral sighature caego
of the horizontal velocity in the solar photosphere by usingby a series of peaks which are not commonly shared among the
local correlation tracking technique on loband sequenceswhole set of magnetic elements tracked. This result can re mo
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Fig. 5. Upper panel: median power spectrum obtained from 147 cddes)( and randomization spectrum (dashed line). Loweepaame
spectrum in log-log axes, fieting spectrum obtained from Matsumoto & Kitai (2010) (greend deconvolved spectrum (red).

easily inferred by looking at Fid.l5, where we plot the mediaall the cases (e.g. the restoring force provided by the ntagne
power spectral density obtained by mediating over more thamsion is comparable). Since it is unlikely that the exaéforc-

140 magnetic elements. In this plot there is no clear evidenag is different for each magnetic element (this would imply a
of isolated spectral features that would have appearetdads totally different convection regime like for example in the prox-
if any common periodicity was present in most of the magnefimity of a large sunspot), we can reasonably argue that theeca
elements. This means that the observed oscillations dependf the diferences observed in the spectral signature (i.e. the re-
the magnetic element itself and the spectral features caoiibe sponse of the flux tube to the external forcing) of each magnet
sidered as the signature of each flux tube and its physical cetfement are associated to non-local parameters indeec: &om
ditions. We can therefore reasonably assume that the stlibng ample could be the topological connection of the flux tube and
ferences seen in the periodograms of single magnetic elsmets length. However, the data at our disposal are not ideii-to
are due to the intrinsic response of each of them to the exteestigate this and from them we can only conclude thatvthe
nal plasma forcing. However, as shown in Secl, 3he class spectra of oscillation are determined by non-local physioa-

of sampled magnetic elements appears rather restricteddo a ditions. This of course does not mean that local parameterfs s
row spectrum of physical conditions expressed by the lighitas B and the temperature do not take place in determining the
spread of magnetic field values and diameters. This resthiet spectral features observed, but simply that the narrowildlist
number of possibilities to explain the variation of the gpac tion of B associated to our sample does not allow to study the
signatures observed since the magnetic flux is very similar feffect of the local physical parameters.
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It is worth noting, however, that the median power spectrum where w,c represents the acoustic cfitavhich is ~ 5.3
does show a small peak at53mHz. Although the error barsmHz, andg the gas to magnetic pressure ratio. Under typical
are not small enough to ensure its significance this may renditions the transversal ctdifdrequency in a flux tube is at
resent a signature of the interaction between longitudanal least twice as low as the acoustic diitd@ his value is therefore
transverse waves similar to that found by Stangalini ePal18). well above the frequency resolution of our data, in the &dst
Small scale magnetic elements have been found to host fiv@age of the power spectral density diagram. Similarly to
minute acoustic-like MHD waves, indeed (see for examp#eoustic waves, waves below the diitare evanescent, while
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