Pulsations in Solar and Stellar Flares and

MHD Seismology
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ajor Mechanisms of QPPs in the Flaring Regions :

(1) Periodic motions of energetic Particles in flaring loops !

Driver and Periodic Re-connection :

D Modes:;

> If it is present, a novel chc
plasma Conditions of the localized sc¢
e.g., magnetic field; scale height/exps
period ratio); transport phenomena, etc.
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Pulsations in Stellar Flares and Possible Diagnostics
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OBSERVATIONS OF X-RAY OSCILLATIONS IN £ BOO: EVIDENCE OF A FAST-KINK MODE IN THE

Xl BOO-A : 22 Light STELLAR LOOPS
Years Away; 5551 K
surface temperature, J. C. PANDEY AND A. K. SRIVASTAVA

binary star, 6.2 times Aryabhatta Research Institute of Observational Sciences, Nainital 263 129, India
larger rotation than Received 2009 February 13; accepted 2009 April 27; published 2009 May 12

Sun; Young star of
MYR age. ABSTRACT

We report the observations of X-ray oscillations during the flare in a cool active star & Boo for the first
time. £ Boo was observed by EPIC/MOS of the XMM-Newton satellite. The X-ray light curve is in-
vestigated with wavelet and periodogram analyses. Both analyses clearly show oscillations of the period
of ~1019 s. We interpret these oscillations as a fundamental fast-kink mode of magnetoacoustic waves.

Key words: stars: activity — stars: coronae — stars: flare - MHD — waves
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Table 2

Derived Parameters
Theoretically Estimated Period Observationally

Slow Mode Fast-Kink Mode®? Fast Sausage Mode® Estimated Period

Hydrodynamic

Rise and decay

Pressure balance
Haisch’s approach

(s)
1586 + 353
1718 +222
1586 + 377
1674 £92

()
1004 + 391
1087 + 374
1004 + 407
1059 + 343

(s)
313 £121
339+ 116

313 4+ 127
330 £ 107

(s)

Notes.
4 Large error bars are due to the large density error.
® Loop width was determined by assuming a/L = 0.1.

Remarks: [1] One of the earlier works on stellar coronal pulsations !
[2] An approach though considering the possibility of MHD modes.

[3] Clues of decay-less oscillations are mentioned in this paper,
more prior before they are observed in solar corona !!!.

[4] Opens further the search of MHD modes in stellar coronae !
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EVIDENCE OF MULTIPLE SLOW ACOUSTIC OSCILLATIONS IN THE STELLAR FLARING
LOOPS OF PROXIMA CENTAURI
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ABSTRACT

We present the first observational evidence of multiple slow acoustic oscillations 1n the post-flanng loops of
the corona of Proxima Centaun using XMM-Newton observations. We find the signature of penodic oscillations
localized in the decay phase of the flare in itz soft (0.3-10.0 keV) X-ray emissions. Using the standard wavelet tool,
we find multiple penodicities of 1261 s and 687 s. These bursty oscillations persist for durations of 90 minutes
and 30 minutes, respectively, for more than three cvcles. The intensity oscillations with a penod of 1261 5 may
be the signature of the fundamental mode of slow magnetoacoustic waves with a phase speed of 119 kms'ina
loop of length 7.5 = 107 cm, which is initially heated, producing the flare peak temperature of 33 MK and later
cooled down in the decay phase and maintained at an average temperature of 7.2 MEK. The other penod of 687 s
may be associated with the first oventone of slow magnetoacoustic oscillations in the flanng loop. The fundamental
mode oscillations show dissipation with a damping ime of 47 mainutes. The penod ratio Py /P7 1s found to be 1. 83,
indicating that such oscillations are most lhikely excited in longitudinal density stratified stellar loops. We estimate
the density scale height of the stellar loop system as ~23 Mm, which is smaller than the hvdrostatic scale height of
the hot loop system, and implies the existence of non-equilibnium conditions.

Nearest Sun-like star to us; 4.25 (or 1.3 pc) away from us; 0.1
Msun; 0.1 Rsun; 82 days rotation period.
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Marmalized Flux vs Time
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power (< 3016.9 sec,)
= 1261.73 sec.

Prob. level: 99.5%

Kormokized Flux

Tlmn (5]
Intensity Wovelet Glebol Wovelet

Pesiod (5)

16
Tirme (ka)
Level of Probability

Table 1

15l Periad= 1261.73 ¢ (1—p)= 0.995000
The Summary of Detocied Periodicitios wsing Wovelel Analysis

2nd Peripd= BB7.0 i (1= 1.00000

Probability (%)

Binning Timc Cyoles Feriods Probability

[ %) =l %)
=3 1274 and 6524 = O
=3 1286 and 701 = O
=3 1261 and 687 = O
=3 1250 and 682 =07

Time (k8)

i Q.0005 O00H O00MH5s 0002 0025 0003
Frequency (Hz)




by
=
=
T
H
i
s
=




Summary of Results

POy knowingivolume

-'y (ne)s numberoifioops

[2] Phase speed is turning/out ;13 KImy/Sibased on/loop iengthrand
detected Period, which IS foundito be sub-sonic during the' post flare
temperature Of 7.5 MK.

3] Period ratio is 1.834, which suggests for the stratified loops.:

[2.] Density scale height is 23 Mm, which is well below the hydrostatic
scale height and indicates the non-equilibrium.



| propose the following works to the ISSI team with their slight
description and underlying objectives

(i) The present ISSI team focus on the solar flare QPPs and related
physics. However, as we know that recently the another ISSI team
(Broomhall et al.) have been explored the stellar flares and
related oscillations. Therefore, we must also make some linkage
on solar-stellar connection !

(ii) We can revert back even some idea from these QPPs back to
the solar flaring regions in order to diagnose them !

(iii) These works can open a window that our group is in major
dealing with solar flare QPPS, but we are open with a parallel
forum to deal with solar stellar connections !
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PROPOSAL 1: Sun-like Wave Propagation on EK DRA
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Table 1: Loop parameters of EK Dra

Parameters Value

Decay Time (74) 4234 + 98s

Tona 9.14+2.7x 10" K
17, 8.6 x 10° K

Loop Length(L) 9.9+ 3.1 x 10'% cm

Electron Density (n.) 2.5 x 10! cm™
Pressure (p = 2n.kT) 628 dyne cm™2
Magnetic Field (B)! 126 Gauss

mimimum magnetic field to confine the plasma

1

(Scelsi et al. 2005)

Srivastava et al (in
prep for Ap]JL)

+ ISSI-B) Team

(Interested
members may join)
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[1] We got that equilibrium atmosphere changes with the near
Gaussian shaped change of the temperature.

[3] It will change the behavior of the medium for the wave, and
later short period waves will channel over the flaring region.



PROPOSAL 2 : Sun-like QPPs in ABDOR (in Progress)

*We have analyzed>
30 Flares and their
QPPs on a single star

* We have enough
statistics to check the
scaling law in P vs
Damping time as seen
in solar flares.
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* We have spectral
observations,
plasma parameter
estimation, and
estimated loop
parameters to
understand the
physical scenarios
underlying the
oscillations.
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[1] While, we focus on the solar flare and associated QPPs, the stellar coronal
pulsations and related projects will bring additional elements to our 1SSI-B)
team.

[2] Exploitation of these oscillations, keeping the view of solar analogy, will
diagnose the local properties and dynamics of the plasma there. This is still
an important task as far as the solar and stellar pulsations are constrained as
it constrain the existing theories.

[3]1] My proposition to the group are herewith :

(a) Sub-groups with broader themes we have discussed;

(b) Cross-talk between subgroups;

(c) Master Event list based on the objectives of all sub-groups;

(d) Solar-stellar connection as an additional project (s) [To make a bridge between
Broomhall's group and stellar community.];

(e) Topical issue (lets say in Solar Physics) : All the papers can be published in a single
volume and it will be a visibility to the ISSI-B) Team.
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