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{1 Observations
A typical on/off source observation run span is around 40 minutes. Background

Instruments Abstract

g — The radiation mechanism of very high energy gamma ray emission, from blazars and crucial parameters like runs were taken either immediately before or after (sometimes both before and
HAGAR R - . : H A magnetic field, size of the emitting region are not well understood yet. To understand the above mentioned after) the source run by aligning all telescopes to a dark region (a region with the
| wy (5 properties of blazars, we observed five nearby TeV* gamma ray emitting blazars zﬂ'?nat;%r;ﬁ Satcva;yofﬁgfif%‘i,ffrf“Stavrﬁ';hz‘l'f,ﬁfﬁegﬁ,;Q);aizcek%rso?h”adt rffg'tﬁg
High Altitude GAmma Réy (HAGAR) experiment uses an arrayof A (IVIrk421,Mrk501,1E52344+514,1E51218+304 and 3C4543) and one radio galaxy (M87) using the ngh e. The observation log isiven in table below:
seven telescopes located at the Hanle base camp in Ladakh, at Altitude GAmma Ray (HAGAR) telescope. HAGAR is an array of seven telescopes located at Hanle, India to Object Type on (Hrs) OFf (Hrs)
the altitude of 4300 m. HAGAR array has seven telescopes in the : 3 . T ,
detect Cherenkov light caused by extensive air showers initiated by gamma rays. Mrk421 was observed
form of hexagon with one teIescope'q_ﬂthe centre. - _ _ . _ e : _
HAGAR expe”ment is bas nx:y tmospheric * Cherenkov undergo one of its brightest flaring episodes on 2010 February 17, and detected by various experiments - - " -
nique more rec.se| on wave front samplmg . rays and gamma rays. HAGAR observations of this source during 2010'February 13 -19, in the energi
: ‘ r— T’ 250 GeV show an enhancement in the flux IeveI with a flux of 6.Crab units being detected on 2010 Fek 01 e HBL 43 >3
_ \—-* ' 17. We pr'esent the spectral energy distribution of the source durmg this flarlng eplsode and mvestlga e i 3C454.3 HBL 15 15
*Threshold: 200°GeV (Fout . or Vertical showert_L\ 1ES1218+304 HBL 10 12
-Effectlvé.c,Z)IIectlon area: 3.2 2 »
& r | - = | .n M87 RG ) )
| - presented' 1ES2344+514 HBL 80 93

Analysis Method

Most of the Cherenkov emission of the air shower originates
from shower maximum region which is at height of about 5 km

Scientific motivation for AGN Studies in VHE gamma rays
*Emission mechanisms (especially for high energy component)

RXTE | N N MRK421 .

The PCA is an array of five proportional counters with

. a total collecting area of 6500 square cm. *Leptonic (IC of synchrotron or f ) ‘ | from Hanle and follows a spherical wavefront with a large radius
_ ) *Hadronic (proton synchrotron, ) o | of curvature and thickness of around 1 meter at observation
eEnergy range :2-60 keV R : - Seh ' . Earth . v .
.Energy ,esf,ution . < 18% at 6 keV Location of Emission Blob . ®. 8 cnire Iype: HIL § level. This wavefront can be approximated by a plane front at the
e B0 DR *Particle acceleration mechanisms * RA .- 11 04 27 3 (hh :
me resolution  : 1 microsec Shocke Bl k e Ao -3 (hh mm ss) observation level.
: . *SNOCKS, blan or naje Dec.: 38 12 32 (dd . : y . .
eld of View : 1 degree FWHM . J § e i (dd mm ss) The arrival direction of each shower in Cherenkov light pool could
: Jet composition ; Gal Long: 179.83 (deg) _ _ _ ,
A Poyntinefli DO Gal Lat: 65.03 (deg) be computed by measuring the relative arrival times of shower
e i ists of thiee wide-angle shadow cameras -Jet confinemens m , j Distance: 2=0.031 front at different telescopes by using TDC module. A plane front is
equipped with proportional counters with a total . . Flux: 0.3 (Crab Units) - . . . .
Ble . or50 o’ . -External pressure, magnetic stresses , Energy Threshold: 500 GeV fitted te the shower, which .IS a good aprarommatlon . at
: > 4 Spectral Index: 2.2 observation level. Normal to this plane front gives the arrival
tEnergyrange :2-10keV . yre . ' |Extended: No direction of the incident shower.
¢ Spatial resolution : 3' x 15’ oS S Discovery Date: 1992-08

The angle between direction of the shower axis and pointing

oField of View : 3 shadow cameras each with 6 X Discovered By: Whipple : ; .

90 degrees FOV X direction of the telescope is called Space angle. Space angle
eDetector: Xenon proportional counter, position- : between this arrival direction and the pointing direction of the
sensitive .

telescope axis is constructed for every event.

escans 80% of the sky every 90 minutes.

-
>250 GeV of data on February 17, 2010

PNty S ate of Activity . : H
| We obtained a quasi-simultanec Q . N
| > > 0 . P Five Fold Spdke Angle Distributations of m783 vs. mb784
SWI FT : s  light curve of" Mrk421 by using jotal duration e 550{\/Unute,s o S | “ i% ]
| ELCOIELREIER T 9 S e AW R EREXCess number of on source events ' 6684 , 2 g o
. Y # Fermi-LAT Light Curve >200 MeV of data on February 17, 2010 6 .9 5, G BOCkgrou nd
Bukst Alert Telescope (BAT) is a highly sensitive, large l board RXTE hard X-ray data frqm B/ L' Mean gamma ray rate ~12 +/- 1 /Minute o S 5 o
> = |on board Swift and gamma ray data Sianifi S w 19 ?{ 5 a g
= . I from LAT on *board Fermi W|th B ance (Sigma) : AN g 2
% . “"f Aperture : Coded mask ' observed HAGAR (>250 GeV) data for |- . i L. s S
.( : - Deteetlng Area : 5200 cm? | ' month of February 2010 with one day | ."‘*s | Above plot shows Light Curve of source on 17 February | $pace Angle
' " Detector : CdZnTe | b|nn|ng in X-ray and gamma ray | . ¢ | **, | 2010. Intra night variability is detected by HAGARas !
"= "\ Detector Operation : Photon counting . bands. ' —— Al * L wellas Fermi(LAT). | !
Sy 22 C1E. ASM v I HAGAR: 30 minutes Scale |
Energy Range  :15-150 ke | Correlated variability in x-rays and I' r e S - |

-

ASM vs FERN 0.81

Igamma rays is also investigated by| Rate Plots of a data file

‘Field of View 1.4 sr (partially-coded) , _ i | using several instruments. We found I ASMws HAGAR | ,1,2 | 0.61, 0.64. ~One Day .
*Detector Size : 1.2 c:;ZO}G m (32,768 pieces of 4 x 4°x 2 mm | ' Correlation Coefficient 0.87 with 1 , BAT Vs FERMI 0.1 - 0.67,0.56 Results .
. g , -
) | day lag in Ha;d X-rays :f\':ddat“d V"'Z ' BAT vs HAGAR 1 . 0.87
1 ugamma rays by using ata and |
HAGAR vs FERMI -1, .5,0.4
 HAGAR data . = iH] 2 2,0 .

FERMI-LAT

. . . . d Spectral Energy Distribution (SED) of Mrk421 on 17 February 2010 Mrk421 o March — May 12 7.3 1.6 7.9
The LAT is an imaging high-energy gamma-ray telescope cavering i 2009
the energy range from about 20 MeV to more than 300 GeV. The 10
LAT's field of view covers about 20% of the sky at angy time, and it » :
HE - o 107 Mrk421 March —April 11.2 4.3 0.85 5.1
f@ns continuously, covering the whole sky every three hours. & . 2010
- P "|§ on Tracker : Silicon-strip detectors (direction) E g
: (CsI(TI)) (energy) . X 3 T Above Figure contains daily light curve of '
- 20 MeV- 300 GeV 2 g i mrk421 during the high state of the X- ray : X Mrk501 June 09 . 2.8 -5.2 2.0 U.L.
Magnetic Feild [G] = 0.4 . and gamma ray frem February to April :
« _ + PCA (2 KeV-60 KeV) | 2010. The top panel has HAGAR data
0.1 Bulk Lorenz facor = 20 o Fermi (> 100 MeV) T ¢ . Mrk501 March-June10 10.5 4.3 1.6 4.85
. taat 10 GeV : ' Radius [cm] = 3x10"15 nH?’-\rg;\F{ (>250 geV) : points (>259 GeV) and ASM data points l
| [Eneray density stectrons fergicciLo.0as| = ﬁwggogg%pton | are plotted ip bottom panel. It's clearly : l A quasi-simultaneous light curve of Mrk 421 is obtained in X- : '
101010 ToF ppes ppe= : seen in the HAGAR as well as ASM light | | ray and gamma ray bands by using archived data of soft x-ray | 1es2344+514 Sep —Dec.08 4.4 -6.6 1.6 U.L.
Frequency [Hz] : curve that source was in brightest state | | by ASM on board RXTE, hard X-ray data from BAT on board '
| | inthe monéh of February in both Gamma : Swift and gamma ray data from LAT on board Fermi as well as :
: BESEEOREomogeneous SSC model (Krawczynski et al. 2004) is fitted | rays and X-rays. Activity of the source | | observed HAGAR (>250 GeV) data for month @f February | Crab Sept-Dec 2008 12.2 7.1 0.8 9.8
- | to the X-ray & gamma data to obtain the SED. This mbdel assumes a | I h d din th ths of March and 2010 with d binni (dail ) in th b I
| spherical blob of radius R and uniform magnetic field B, moving with II. | 11d5 TeCUCe RSO TSION Manoe:an | With one day Dinning tdatly average) in Jhg, above |

| figure. The top 4 panels correspond to ASM, BAT, Fermi (100 :
MeV -1 GeV) and Fermi (1-300 Gev) respectively. The bottom :
panel in the plot corresponds to HAGAR data. |

: respect to thé observer with the Lorentz Factor delta whlcrr is filled | ' April but it was still brighter than it's
| with a homogeneous non-thermal electron population. Best fit SED is : quiescent level flux.
' obtained for the parameters given above. g |

Observations & Data Analysis

Source is observed in high state of activity during the 13 -19 February observation
period by HAGAR, FERMI, SWIFT & RXTE .

*HAGAR: Direction and energy of gamma rays are estimated by relative time delays and
densities of photons at the each telescope [1,2].

*ASM: ASM light curve is obtained by the method discussed in [3]. |
HAGAR telescope has detected a VHE gamma ray flare from Mrk421 on 17 February 2010, above 200 GeV with 5 S|gma |
confidence in less than 40 minutes of observation. Intra night flux varlat(ons were seen by HAGAR and Fermi-LAT during |
this flare. The maximum flux above 250 GeV is found to be betwee Crab unites by HAGAR. :

hat eIec‘trons are accelerated to hlgher energies and | |

*PCA: Data reduction and analysis is done by FTOOLS & XSPEC packages distributed as a

part of HEASOFT. . .
»HiGRO ( Himalayan Gamma-Ray

Observatory) collaboration also setting
up a 21 meter diameter MACE ( Major
Atmospheric Cerenkov Experiment)
Cerenkov imaging telescope at HANLE.

*BAT: Standard light curves are downlogded from

these electrons are responsible for produciy

photons.
The X-ray data from RXTE (PCA) and Gamm ata from_
flare of Mrk421 is successfully modelec zZone Synchrotron Self Compton (SSC) (Krawczynski et al. 2004) A h|nt '
of correlated variability at X-rays and gamma rays is seen, which strengthens the belief that gamma rays are produced via | i
References SSC in Mrk421. oo |
2 HAGAR has also detected Mrk421 during March — May 2009 above 250 GeV with average flux of 1.5 Crab unit and Mrk501 during |
I
I
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eFermi: Likelihood analysis (unbinned gtike) is used to determine the flux, spectrum and
location of a source.
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