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CometC/2014 Q2 Lovejoy

C/2014Q2 (Lovejoy)wasdiscoveredon 17 August2014by TerryLovejoyusing
a 0.2-meter (8ΩΩύSchmidtςCassegraintelescope. It wasdiscoveredat apparent
magnitude15 in the southernconstellationof Puppis. It is a long-periodcomet.
It is the fifth comet discoveredby TerryLovejoy. ByDecember2014the comet
had brightened to roughly magnitude 7.4 making it a small telescope and
binocularstarget. Bymid-Decemberthe cometwasvisibleto the nakedeyefor
experiencedobserverswith dark skies. In January2015 comet c/2014 Q2
becameone of the brightestcomet locatedhigh in the darkskyin years. In this
period its magnitudewas about 4m. Before entering planetary region comet
Lovejoyhadan orbital period about 11 000year. After leavingthis regionit will
haveanorbital periodabout8 000years.

Orbitalcharacteristics:
Orbitalperiod- about 11000years
Perihelion- 1.29ˢ¦
Eccentricity- 0.99811
Lastperihelion ς30 january 2015.
Inclination- 80х.301

Another interesting fact about this
cometis that it hasonly ion tail.
The blue color of the ion tail is
dominated by recombining carbon
monoxide molecules,while the green
color of the coma surrounding the
headof the comet is createdmostlyby
a slight amount of recombining
diatomiccarbonmolecules.

òIt is the theory that decides what can be observed.ó -
Albert Einstein



/ƻƳŜǘΨǎ Tail 
Cometsare smallastronomicalobjectsmainly composedof
ice,dust, rockyparticles,carbondioxideand impuritiesfrom
other minerals. Often cometsare comparedwith dirty snow
balls. Theyorbit around the Sunin highly elongatedorbits,
whoseeccentricityequals1. Theorbiting period of comets
varies. There are both short periodic and long periodic
comets. Comets, whose period is short come from the
KuiperBelt and those with the long period come from the
OortCloud.

The comets have several different components: nucleus, come and tails.

Thecometnucleuscanvaryfrom 100m to more than 40 km in
diameter. They are composedof rocks, dust, ice and frozen
gaseslike carbon dioxide, methane and ammonia. Also they
can include methanol, hydrogen, hydrogen cyanide,
formaldehyde,ethanolandethane. It is alsobelievedthat they
can contain more complicated molecules like hydrocarbons
with a longchainof aminoacids. Thecometnucleusesareone
of the darkestobjectsin the universe. Theyreflect just 4% of
the light that reachesthem.

When the comet comas closeto the Sun,her cold and hard
bodystartswarmingup andshestartstransforming. Theflows
of gas and dust, which start to vapor create an enormous
atmosphere around the nucleus of the comet. This
atmosphereis calleda coma. Shealsovarieswhen it comesto
the sizeof her diameter and can reach thousandkilometers.
Thecoma,formed aroundthe core is very thin. Eventhougha
cloud from Earth'satmosphereis 10 000 times thinner then
the comet'scoma.

When the comet comescloserto the Sunthe nucleus and the comacontinue to transform. Theheavier
particlesand debrisare releasedfrom the vaporizedice of the comet. Theyform a different part of the
comet - the dust tail. Thistail is influencedmainly from the orbital path of the comet. Whichmeansthat
she bendsbehind the nucleus becauseit goesaround the Sun. Thedust tail can be more than one. An
exampleof this is the cometMcNaughtC/2006P1.

Maybethe most interestingpart of the
comet is her ion tail. The neutral
particles of the coma excite from the
solarwind andstart ionizing. Prolonged
disruption of the comet's nucleus
causes a continuous flow of neutral
particles, which a constantly ionizing.
Thisis why an ion tail forms. Thistail is
alwayslocatedoppositeof the Sun. The
corpuscularsolarwind flows contribute
towards this. It is like this becausethe
dust and gas exuded from the comet
follow different trajectories. Also the
gasesare affected a lot from the solar
wind and they are blown to the
oppositedirection of the Sun,contrary
to the dust who almost completely
remainsin the orbit of the comet.

An interestingfact is that everycomet leaveson its orbit debrisof dust from its dust tail. TheEarthrotate aroundthe Sunfor 365, 2425days. If the Earth
crossthe cometaryorbit, duringthisperiodwe canwatcha meteorshower.



Our Photographies

13.01.2015- Haskovo, Bulgaria.

During January this year we made 4 consecutive photographic observations of the 
comet C/2014 Q2 Lovejoy.
Instrumentsthat we usefor observationsandphotograhingthe comet are:
ü 2 camerasCanon EOS 60D
ü 2 camerasCanon EOS 350D
ü 2 Canon Lens EF-S 18-55mm
ü Sigma Lens 70-300mm
ü Telescope-refractor 80/1200

Thefirst observationwasconductedon 13.01.2015from the Astronomical
observatoryin Haskovo. Duringthis observationwe made picturesof the
cometusingboth a tripod andclockdrivetelescope.

Thefirst picture wasmadefrom a tripod. Thelight pollution in our town is
a lot and our observatoryis locatedin the center of the town. Becauseof
this we can't draw any information and that is why we decidedto makea
coupleof uniquepictures. Thispictureisoneof them.

A little bit later duringthe night we started filming the cometusinga clock
drive. Thefilming with clockdrive we did like this: we placethe cameraon
the counterweightof a telescope-refractor 80/1200 and the lens which
we usedisSigma70-300mm. Theaim of this picturewasto capturethe tail
of the comet. The photography,which we showedyou, was achievedby
stacking12different frameswith a 20secondexposition.

14.01. 2015ςHaskovo, Bulgaria

On the next day we continued
to film the comet using clock
drive. Here we can see the
comet near to the open
clusters Pleiadesand Hyades
and the star Aldebaran from
the Taurusconstellation.

Duringthe observationrealised
on 15.01.2015we capturedthe
comet through our telescope
refractor 80/1200. The aim of
this was to see not only the
specific color of the comet's
comabut her ion tail.

15.01. 2015 ςHaskovo, Bulgaria

CanonEOS60D
ISO2500
Exposure10s

CanonEOS 60D
Stack12 photos
ISO 3200

CanonEOS 60D
ISO 1600
Exposure30s

CanonEOS 60D
ISO 4000
Exposure163s

Canon350D
ISO 1600
Exposure30s

Also on this observation we
took pictures of the comet
usinga tripod. Onthe tripod we
placedcamerawith Sigma 70-
300mmlens.



Becauseof the light pollution in Haskovowe decidedto
makeanexpeditionto the nearmountainpeakAida.

CanonEOS 350D
ISO 1600, Exposure20s

CanonEOS 60D
ISO 6400, Exposure30s

CanonEOS 350D
ISO 1600
Exposure10s

CanonEOS 350D 
ISO 1600

Exposure20s

We had 7 cameras on tripods. Unfortunately we
ŎƻǳƭŘƴΩǘusein the mountainour clockdrive telescope
to make some really good pictures of the comet and
her tail. Thatiswhy we took someartisticpictureswith
the comet.

16.01.2015 ςpeakAida, Haskovo

We also took picture of the comet
when it was almost in the smallest
anglural distance from the open
clusterPleiades(M45).



Whilewe wereseeingpicturesof the cometC/2014Q2 Lovejoyin theǎǇŀŎŜǿŜŀǘƘŜǊΨǎgallery,
we noticedthat it hadsomeinterestinganomalies. Unfortunatlywe ŎƻǳƭŘƴΨǘshootedit.

We are interestedin theseanomalies. Becauseof that we started
to searchhow they formedandwhat causethem.

Whatisdisconnectionevent ?
Disconnection events (DEs) are the most dramatic
interactionsbetweenthe solarwind or coronalmassejection
(CME)on the one hand and the cometson the other hand.
Duringsuchevents,the entire plasmatail is uprooted while a
new tail grows,usuallyaccompaniedby the appearanceand
disappearanceof tail rays.

In the scientistic litrature these anomalieshave specific termin.
Theyarenameddisconnectionevents.

моΦлнΦнлмр͎Φ
MaximilianTeodorescu

Hisayoshi KatoFrom the definition we can understand that these events are
connectedwith the solaractivity.

Anomalies



SolaractivityWhat actually are solar wind, solar flares, coronal mass ejections and coronal holes?

Thesolar wind is a steamof plasmareleasedfrom
the upper atmosphereof the Sun. It consistmostly
electrons, protons and alpha particles. These
particlescan escape{ǳƴΨǎgravity becauseof their
high energy from the corona. These steam also
variesin density,temperature and velocityover the
time andthe sunlongitude.

Solarflaresare flashof brigtness observedover the
{ǳƴΨǎsurface or the solar limb. They appears
around active areas (around the sun spots) and
have irregular shape. The flares are classified
accordingto their strength in 5 classes( A, B, C,M
and X).

Coronalmassejection(CME) is a burst of gas
and magnetic field arising from the solar
corona. It releasea hugequantitiesof matter
and electromagneticradiation into the space
above the {ǳƴΨǎsurfaceor farther into the
planet system. The ejected material is a
plasma consisting mostly electrons and
protons. Theplasmafrom the coronalmass
ejections are flow into the solar wind.
Coronalmassejectionsare often associated
with solar flares and prominenceeruptions
but they can also occur in the absenceof
either of theseprocesses.

Coronalholesarepart of the{ǳƴΨǎsurface.
They are areas where {ǳƴΨǎcorona is
darker,and colder,and havelower density
the average. Coronalholes are regionsof
the corona where the magnetic field is
open and reachesout into space rather
than looping back down onto the surface.
Particles moving along those magnetic
fields can leave the sun rather than being
trapped near the surface. Theseparticles
fall in the solarwind andmakeit gusty.



Theory About 
Disconnection Events.

Howdisconnectioneventsobtain?
Therearesomereasonswhichexplaindisconnectioneventsandtheir occurrence.

Oneof this reasonscanbe the solarwind.
Observationsof cometary tails have been our first

indication of the existenceof a solar wind . The tail
forms when the cometary ionosphere is channeled
radially away from the Sun by the inter-planetary
magnetic field (IMF) draping around the cometary
ionosphere. The continuous interaction between the
solar wind and the comet can occasionallyresult in a
the disconnection event of tail of the comet. The
conditions that lead to these DEsare not universally
accepted. Two mechanismsare being consideredfor
the onsetof DEs:
ωIncreasesin the ambientsolarwind pressurecangive
riseto plasmainstabilitiesin the tail andcouldalsolead
to a DE.
ωMagnetic reconnection, either sunward when the
comet crossesan IMF boundary. Recentobservations
and theoretical modeling support the idea that the
majority of DEs are caused by sector boundary
crossings. However, a significant number of them,
rangingbetween 25% and 50%, appearto occuraway
from sector boundaries and must have a different
origin.
But scientist think that the velocityof the solarwind is
not enoughtto causethe DEof the comets.

Another reasoncan be coronalmassejection
(CME).

DEsmayhavebeenobservedaroundthe time
of the predictedpassageof the CMEover the
comet location. In all cases,the comet-CME
interaction has not been observed directly,
leaving open the question of how the CME
plasmainteractswith the comettail.

Thereconnectionevent ispart of eachof the theoryaboutthe DE.
Thetail wasripped awaywhen magneticfields bumpedtogether in an explosive
processcalled "magnetic ǊŜŎƻƴƴŜŎǘƛƻƴέ. Oppositely directed magnetic fields
aroundthe comet "bumpedinto each"by the magneticfields in the CMEor solar
wind . Thesefields linked together - they "ǊŜŎƻƴƴŜŎǘŜŘά- releasinga burst of
energy that rent the comet's tail. A similar process takes place in Earth's
magnetosphereduring geomagneticstorms fueling, among other things, the
NorthernLights.
Thereconnectionagentcouldbe either the changein the magneticfield direction
or the changein the !ƭŦǾŞn velocity,or both. Thistheory predictsbrighteningof
the tail, tail thinning,anddownwardaccelerationof the disconnectedtail.

In this schemewe can see what CMEand the
reconnectionevent causeto the comets.



CometIkeya-Zhang

CometEncke
Therearesomeexampleswhichprovethat DEsareformedby CME.

ü Thereare threedifferent coronalmassejectionsin 2002whichcausedDEin the tail of comet Ikeya-Zhang. It
is the first time the Sun'sejectionshavebeenshownto affecta cometin thisway.

ü The disconnectionevent on April 20, 2007on comet 2P/Encke, causedby a coronalmassejection. During
their interaction, both the CMEand the comet are visiblewith high temporal and spatial resolutionby the
STEREO-A spacecraft. It is believethe tail wasactuallyrippedoff by magneticfieldsin the solarejection. The
magneticfield in the solarejectionmust havebeenoriented oppositeto that of the comet'smagneticfield.
Thefieldsmayhavesuddenlyjoinedtogether in what is knownasa "reconnectionevent," releasinga blastof
energythat tore the comet'stail apart.

Anotherandmostpossiblereason for obtainingthe DEis
SolarSectorBoundaryCrossing.

Asthe solarwind flows awayfrom the Sun,the
interplanetary magnetic field (IMF) is carried
with it and hasa spiral shape. Alongthe direct
line between the sun and Earth, the IMF
generallyhas 2 or 4 sectorsper solar rotation
(27 days)where it is pointed toward or away
from the Sun. The surface separating the
polarities is called the heliospheric current
sheet. A sectorboundarycrossingoccurswhen
the polarity of the IMFreverses. A well defined
sector boundary crossinghas a uniform field
direction for about 4 daysbefore and after the
crossing.

In the solar wind a comet plays the role of a wind vane that moves three-dimensionally in the
heliomagnetospere. Amongthe solarsystembodies,only cometshavea wide rangeof inclinationanglesof
their orbital planesto the eclipticplanerangingfrom 0хto 90х. Therefore,observationsof cometaryplasma
tailsareusefulin probingthe heliomagnetosphericconditionsin the highheliolatitudinalregions.

Thereare someDEs of the different cometswhich prove the theory that the DEs are formed by
Solarsectorbounarycrossingandsolarwind.
ü DEof cometP/Brorsen-Matcalfandthe Earth,August13, 1989
DEis causedby a magneticfield line reconnectionat the daysideassociatedwith a sectorboundary
crossing. However,that a night-side reconectionassociatedwith a rapid increaseof a dynamic
pressurecausedby a high-speedstream.
ü DEof cometOkazaki-Levy-Rudenkoandthe Earth,November16, 1989
singlesolarflare gaveriseto the DEof the magnetospheresof both CometO-L-Randthe Earth. The
propagatingspeedof the shockwavefrom the flare to the cometisabout740km/s.

Magneticfieldof the solarwind



Disconnectionevent is really interestingphenomenon. If all these theory are proved, we can developastro-archelogist. Thismeansthat we
mightuseold cometphotographsor drawings to reconstructthe frequencyof thesesolareruptionsovertime.

ForexampleHalleycomethadDEsfrom 1910and1985. Thismight be archaeologicalevidencefor coronalmassejections.

Other examplesof DEs of ŎƻƳŜǘΨǎ
tails.
ü CometBorrely
ü Comet C/213R1 Lovejoy
ü Comet Lullin
ü CometC/2012F6 Lemmon
ü Comet Churumov-Gerasimenko
ü CometBiela
ü Comet 1P/ Halley

CometLullin
CometC/2012 F6 Lemmon

CometBorrely

CometBiela

Another interesting fact about DEis
that it can formed both in the
ŎƻƳŜǘΨǎtail andcoma.

Thetelescopeswhichregistreratethe
DE andCME are:
Å LASCO coronagraphs 
Å STEREO-A spacecraft
Å SECCHI telescopes 
Å Subaru Telescope
Å Solar and Heliospheric

Observatory 



Disconnection Events  in Comet 
/κнлмп vн [ƻǾŜƧƻȅΨǎ Tail

Thefirst disconnectionevent in comet[ƻǾŜƧƻȅΨǎtail
was shooted by Emil Ivanov on 8 January
(http:// www.irida-
observatory.org/CCD/CCD.html#a5 ).

Therewas some really strong solar flares and two
big coronal holes on the Sunsome daysbefore the
disconection event. We ŘƻƴΨǘhave information
whether the cometcrossthe bounarysector. Forthat
reasoinwe think that this DEwas formed by solar
wind.

8 January2015

The next time when he took pictures of
DEwason 15January2015.

Emil Ivanov(member of our astronomicalclub Heliosand one of the best
astrophotoghrapers) had an opportunity to shootedsomeof theseDEs. He
providedto ushispicturesto make useit for our project.

On 13 January2015there wasa hugeCMEand
someflaresform classM.

Equipment:
Optic(s): ASA 12" Astrograph @ f/3.6 (Newton)
Mount: ASA DDM85 Standard
Camera: SBIG STL 11000 M
Filters: Luminance, Red, Green, Blue, Astronomikfilters

15 January 
2015

Fromthe this diagramwe can
see the difference between
the teprature, density and
velocity of solar wind arrived
to the Earth and to the
comet.
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The comet had a
disconnection event on
13February2015.

This time the event was
reallydistinguishable.

Somedaysbefor the DE,the Sunwas really active. Therewas both CMEand flares from
class M. Forthat reasonwe think that this DEwasformed byCMEnot bya solarwind.

This is our
picture of the
solar flare
(classM) made
through the
PSTCoronado.

Emil Ivanovshooted the
DE from 20 February
2015

13 February2015 20 February2015

Two days before the DE there was really powerful coronal
massejection. Alsoin this periodthere were three bigcoronal
holesand someflares(classC). Becauseof that we canŎŀƴΨǘ
supposewith an acurancywhetherCMEor solarwind formed
the DE.

To sum up from our comparison we can saythat the DEs are formed by CMEand
solar wind. Also the comet can crossedthe bounary sector when the DEs had
happenedbut weŘƻƴΨǘhavethis information.


