
The Whipple 
AGN Era

John Quinn



Active Galactic Nuclei
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Broad line radio galaxy

Quasar,

(if no jet -> Seyfert II)

Narrow line radio galaxy

(if no jet -> QSO, Seyfert I)

(FSQR ,BL Lac)

Cygnus A, (NRAO)Urry & Padovani, 1995



Early Targets

37-pixel camera



Early Targets

37-pixel camera



Early Targets

37-pixel camera







1992: Markarian 421
• 109-pixel camera

• 2nd TeV source and first extragalactic TeV source detected with the IACT.

• 7.5 hrs of observations between March and June yielded a 6.3σ detection.

• Flux 0.3 times that of Crab Nebula - incredible luminosity if isotropic. 

Punch et al., 1992
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EGRET AGN
NASA’s Compton Gamma-Ray Observatory,  April 1991 - June 2000

EGRET (100 MeV to ~1 GeV) onboard 
CGRO ultimately detected 93 AGN.

IAU Circular in March 1992 announcing 
detection of Mrk 421 with EGRET 
(Michelson et al., 1992)
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• it demonstrated AGN emit into the TeV regime.
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EGRET AGN

• Whipple detection of Markarian 421 significant because:

• it demonstrated AGN emit into the TeV regime.

• Markarian 421 was EGRET’s weakest blazar.

• Markarian 421 is a very bright X-ray source.

• Markarian 421 is the closest blazar.

• 1992-1995 Whipple Collaboration targeted 35 AGN, 15 of which had EGRET detections, 
but with no new detections (e.g. Kerrick et al.,1995).

NASA’s Compton Gamma-Ray Observatory,  April 1991 - June 2000

EGRET (100 MeV to ~1 GeV) onboard 
CGRO ultimately detected 93 AGN.

IAU Circular in March 1992 announcing 
detection of Mrk 421 with EGRET 
(Michelson et al., 1992)



1993: Markarian 421?
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1994-1995: Markarian 421
• Markarian 421 detected again.

• Confirmation of TeV emission by HEGRA (Petry et al., 1996)

• Highly variable emission: day-scale flares and periods below the sensitivity of the 
telescope. 

Buckley, et al., 1996



1994-1995: Markarian 421
First multi-wavelength campaigns... 

Buckley, et al., 1996

Use of Large Zenith Angle technique to 
extend the spectral range beyond 5 TeV.

Krennrich, et al., 1997



1995: Markarian 501 through the drizzle
• Observing program expanded to target 

nearby,  X-ray bright blazars not necessarily 
detected by EGRET 
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1995: Markarian 501 through the drizzle
• Observing program expanded to target 

nearby,  X-ray bright blazars not necessarily 
detected by EGRET 

• Results: 

• 1st success: preliminary detection of 
Markarian 501 in March-May 1995.

• Internal collaboration memo....

On/Off: 3.0σ Off/On: 1.7σ

Tracking: 4.2σ



1995: Markarian 501 detected

• Detected at 8σ (On/Off, 38 hr) and 9σ (Tracking, 31 hr) (Quinn et al., 1996)

• Steady (average flux ~8% that of the Crab nebula) - apart from one night.

• 2nd closest BL Lac.

• Not an EGRET source at the time  - detection came later (Kataoka et al., 1999)

• first extragalactic gamma-ray source discovered from the ground.

• Confirmation by HEGRA (Bradbury et al., 1996)



1995-1997: 1ES 2344+514
• 2nd success of new strategy

• Not an EGRET source

• Signal primarily from one flare night. 
(6σ, 60% Crab flux)

• 3rd closest blazar.

1995/96

1996/97

Catanese et al., 1998



1996: The Most Violent Place in the Universe
Markarian 421 extreme flares:

• May 7th:

• flux reaches 10 Crab 

• 56σ in 2hrs

• May 15th:

• flux reaches 5 Crab.

Gaidos et al., 1996



1996: The Most Violent Place in the Universe

• May 7th - doubles in ~30 mins (peak at 50x its quiescent state)

• May 15th - from 0 to 25x its quiescent state and back again in 30 mins.

• Implication: relativistically boosted (δ>10) and compact emission region (<10 light hours)

• May 7th flare witnessed by distinguished guests...

Gaidos et al., 1996



1996: The Most Violent Place in the Universe



1995 - 1997: Markarian 501 

Quinn et al., 1999



1995 - 1997: Markarian 501 

Quinn et al., 1999



1995 - 1997: Markarian 501 

Quinn et al., 1999



1995 - 1997: Markarian 501 

Markarian 501, 
(Kranich et al., 1999)



1997: Markarian 501

Protheroe et al., 1997

Detections by:

• CAT (Punch, 1997)

• the Telescope Array 
Project (Hayashida et al. ,
1998)

• TACTIC (Bhat, 1997)



1997: Markarian 501

Aharonian et al, 1999
figure from Konopelko, 1999:
• Whipple points (open circles) from Krennrich et al, 1999,
• HEGRA points (filled circles)

• Spectrum to >10 TeV



Markarian 421: Multiwavelength Variability

Jordan et al. ,2001



Markarian 421: Spectal Energy Distribution



Markarian 501:  SED - An Extreme Blazar



H1426+428
• Multi-year observations yielded 

small, consistently positive 
excess.

• 2000/2001 Whipple 
Observations motivated by 
Beppo-Sax X-ray observations 
that found 4 more Extreme 
Blazars (Costamante et al., 
2000, 2001) 

• Whipple detections at 3.3σ 
(2000) and 5.5σ (2001) levels.

• Flux max. at ~10% Crab.

• Spectrum steeper than Crab

• z=0.129: furthest yet. Horan et al, 2002





The TeV Blazars c. 2002

Horan (2002)



Blazar Classification

SEDs of Blazars form a continuum
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Science from TeV Blazar Detections
Spectral Variability & Cutoffs (e.g. 
Markarian 421, Krennrich et al., 2003)

Extragalactic Background Light: TeV - EBL Coupling
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Conclusions
• The discovery by Whipple of TeV gamma-ray emission from blazars 

opened a new window on the extragalactic universe and revitalised 
AGN science.

• The Whipple discoveries were instrumental in establishing TeV 
astronomy as a viable and important branch of astronomy.

• It was incredibly exciting and a privilege to be at the Whipple 
observatory during the 1990s.

• Trevor’s drive, leadership, encouragement, optimism and support were 
critical to the successes that were achieved.



The 10m as a Blazar Monitor

• Once VERITAS operational the 10m used to monitor the classical TeV Blazars.

• Markarian 421: 16 years (October 1995 to May 2011) monthly averages:
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Figure 4: The monthly X-ray and gamma-ray light curves for Mrk421 (1995–2009). Top: RXTE ASM (2–10 keV); bottom:
Whipple 10 m telescope (> 400 GeV). The RXTE data are shown as circles for periods during which Mrk421 was observable
with the Whipple 10 m telescope (typically from November-December to May-June each season) and as triangles for intervals
when it was not.
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