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V-band optical continuum
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Declination

Filamentary Structure in M87
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- Multiphase (Ha, [C 1], C IV, multiphase ICM)
- filaments avoid radio lobes

- filaments contain 1 keV (1077 K) plasma...
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Forbidden Fe lines
ground-state magnetic
dipole transitions

produced from 10*7 K plasma
in CIE

often seen in Solar flare spectra
[Fe XXI] 1354A is the strongest

opens the possibility of measuring
ICM kinematics at FUV
spectrograph resolution
(COS: A~3000 cm?, Av ~ 15 km/s)



Archival HST/COS spectrum of filament

observed wavelength (A)
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- low-resolution spectrum
- C IV A1549 and He Il A1640 are clearly detected (Sparks et al. 2012)
- tentative (2.20) evidence for [Fe XXI] as well



New HST/COS spectrum of filament

M87 wavelength (A)
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FUV continuum?
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FUV continuum due to “FUV excess” from M87

Remains somewhat mysterious, but seems
to be produced from evolved low-mass stars
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Line fitting: C 11 1335 and N V 1238
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Line fitting: C 11 1335 and N V 1238
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Line fitting: C 11 1335 and N V 1238
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Line fitting: C 11 1335 and N V 1238
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Line fitting: C 11 1335 and N V 1238
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Line fitting: C 11 1335 and N V 1238
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Line fitting: C 11 1335 and N V 1238
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Line fitting: Lya

transmission
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Lya is narrow and shows self-absorption

Line fitting: Lya

transmission
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Lya is narrow and shows self-absorption

Line fitting: Lya

transmission
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Overall Lya has same vr as C |l and N V, and slightly higher o due to resonant

scattering.



Line fitting: [Fe XXI]
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[Fe XXI] is detected at 4.4-5.10, depending on the binning

Parameters are roughly consistent with our 2.2 measurement using
archival data, but this measurement is much more precise

Note the blueshift and the narrowness of the line



Line fitting: [Fe XXI]
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Collisional Excitation or Recombination?
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Lya : Ha is an excellent diagnostic of the excitation mechanism

We have Lya, and can get Ha from archival HST observations
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Lya : Ha is an excellent diagnostic of the excitation mechanism
We have Lya, and can get Ha from archival HST observations

Result: the filament seems to be collisionally excited



Emission measures of collisional plasmas
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Emission measures of collisional plasmas
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Emission measures of collisional plasmas
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Emission measures of collisional plasmas

Ne [cm™3]

107 101

He Il is the Ha transition in He+
so it is especially sensitive to
He+ recombinations.

&
= 1019 He Il Ha and Lya are also
E anomalously bright in the Sun,

and are thought to be boosted
by recombinations




Emission measures of collisional plasmas
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Blueshifted [Fe XXI]?

Hitomi Collaboration (2016)
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Conclusions
M87 filament seems to be largely collisionally excited

FUV emission comes from extremely narrow boundary layer

[Fe XXI] is detected from 1 keV ICM at 4.4-5.10

1 keV plasma is kinematically decoupled from the filament
(vr =-92 +34 -22 km/s, 0 =69 +79 -27 km/s)

Only the second direct measurement to date of ICM turbulence

Our HST/COS observations of [Fe XXI] used ~38 ks of observing time
Hitomi observations of Fe XXV used 230 ks of observing time

These techniques are complementary!

But, when 1 keV plasma is present, [Fe XXI] can be very efficient



