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Abstract. Tidal Disruption Events (TDEs) are a common feature between Active and Quiescent
Galactic Nuclei; the study of these events is a very useful tool to probe phenomena that relate to
the formation of an accretion disc or a jet. Also, the accretion rate at the beginning of the tidal
flare is expected to be significantly super-Eddington and might result in high energy emission
(in soft X-rays but sometimes up to the gamma regime, as in the the case of Swift J1644, see
Komossa, 2015). These events may even play an important role in the newborn field of the
Multimessenger Astronomy. This work is set within this context. Indeed, it is a study of genera-
tion of Gravitational Waves (GWs) from the hot accreting torus resulting after a TDE. Since the
torus has only formed recently, magnetic fields are not expected to be strong enough, so that the
torus is likely to be unstable to the Papaloizou-Pringle Instability (PPI), producing a strongly
varying mass quadrupole. Here, the study of the evolution of such tori is developed, using both
analytical calculation and a Smoothed Particle Hydrodynamics simulation (SPH). In particular
the goal of this work is to determine the GW waveform and to compute the characteristic strain
of these GWs in order to see if they are detectable by the Laser Interferometer Space Antenna
(LISA).
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1. Introduction

TDEs are known to be important sources of electromagnetic radiation; in addition,
they could also be sources of gravitational radiation. As a matter of fact, during these
events huge masses are involved, which undergo very high accelerations as they move
close to the event horizon of a Supermassive Black Hole (SMBH). This work aims at
studying the GW emission of a hot, thick accretion disc, resulting after a TDE, which is
unstable with respect to the PPI. The work is divided in four parts: 1) an analytical study
of the system, in order to see if these waves are detectable by LISA; 2) a numerical study
of the system, starting from a simulation made by Nealon et al., 2017, with PHANTOM,
a Smoothed Particle Hydrodynamics and Magnetohydrodynamics code; 3) the study of
the waveforms; 4) an extension of all the previous calculation in the case of rotating
Black Holes.

2. Analytical estimates

In this first part we assume that the TDE occurs in the Virgo Cluster, at a distance
of 16 Mpc. Results can be easily rescaled to other distances, since the strain scales
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Figure 1. The plot shows the trend of hc with respect to f , for Main Sequence Stars. The
BH mass is M6 = 1. The penetration factor β varies between βmin = 1 and βmax =Rt/RS.

inversely with distance. In particular, we perform a study of the parameters of the system,
considering different masses of the central Black Hole (BH), different types of stars that
could be tidally disrupted and different closest approach between the star and the BH.
We provide an analytical calculation of the magnitude of the gravitational wave strain
tensor, using the approximated formula (e.g. see Thorne, 1998),

h≈ 1

r

4GEkin

c4
, (2.1)

where h is the magnitude of the stress tensor which stands for the amplitude of the ripple
in the fabric of space-time, G is the gravitational constant, c is the speed of light, Ekin is
the kinetic energy and r is the distance of the source. The main goal of this study is to
see if the characteristic strain, that is hc

.
= h

√
f−1 , where f is the GW frequency, that

we assume to be of the order of the Keplerian frequency at the circularization radius of
the debris (see Bonnerot et al., 2016), is above the LISA sensitivity curve.

3. Results

One important parameter for the study of this problem is the penetration factor
β =Rt/Rp, where Rt is the tidal radius of the star, i.e. the maximum distance for the star
to be disrupted by the BH and Rp is the pericentre of the stellar orbit before disruption.
This factor varies between 1 (when Rp =Rt), and a maximum value, when Rp is equal to
the Schwarzschild radius of the BH. We found that these waves may be detected by LISA,
if discs resulting by Main Sequence (MS) and Red Giant (RG) stars are considered. In
particular figure 1 shows the gravitational signal for MS stars; a BH of mass M6 = 1 (that
is MBH = 106M�) is considered. Each color represents a particular value of the stellar
mass, which varies from 0.1M� to 10M�. The factor β grows from left to right. It can
be seen that, while β increasing, the gravitational signal is above the LISA sensitivity
curve. We obtained a similar plot also for RG stars (not shown here). We expect that
our analytical results overstimate the GW signal, because we suppose a 100% density
perturbation. Thus, after our analytical study, we began a numerical study of the system
based on the simulation by Nealon et al., 2017, where they considered Mdisc = 1M�,
β = 5 and M6 = 1; we rescaled their data to different values of the parameters involved.
From this numerical study we estimate that the signal is two order of magnitude lower,
but it is still in part above the LISA sensitivity curve, especially for the most penetrating
events.

https://doi.org/10.1017/S174392131800368X Published online by Cambridge University Press

https://doi.org/10.1017/S174392131800368X


Gravitational Wave emission during the Tidal Disruption Events 277

References

Komossa S., 2015, Journal of High Energy Astrophysics, Vol. 7, p 148-157
Thorne K. S., 1998, University of Chicago Press, p. 41
Nealon R., Price D. J., Bonnerot C., Lodato G., 2017, MNRAS, 1737-1745
Bonnerot C., Rossi E. M., Lodato G., Price D. J., 2016, MNRAS, 455, 2253

https://doi.org/10.1017/S174392131800368X Published online by Cambridge University Press

https://doi.org/10.1017/S174392131800368X

	On the likelihood of Gravitational Wave emission during the Tidal Disruption of stars by Super Massive Black Holes
	Introduction
	Analytical estimates
	Results



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


