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The STACEE Collaboration




The STACEE Detector

64 Heliostats (40 m? each)
Each with separate alt/az drive
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Optics/Electronics:
"¢ 1 heliostat = 1 PMT

Recent heliostat upgrade iaug " ' Digital delay (1 ns)
* faster slewing (1 min to = « Two-level trigger system

GRB location) _ (24 ns window):
(See poster by A. Jrvis for - cluster: ~ 10 kHz

more details.) _array: ~ 7 Hz



STACEE AGN Observations 2003-
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STACEE observes in ON/OFF mode.
- typically 28 min ON source, followed by 28 min OFF source
- OFF source data used for hadronic background rejection




STACEE Data Analysis

Analysis:

*Cuts for data quality

* Correction for unequal NSB levels
* Cosmic ray background rejection
* Significance & flux determination

Recent improvements in analysis: (See J Kildea's poster)

* Significant advances in analysis, using full power of FADC data
* Event reconstruction
* Gamma-hadron separation
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STACEE AGN Observations - Mrk 421
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PCA data courtesty of W.Cui, Blazejowski et al 2005 (for publication in ApJ

Mrk 421 was in a high X-ray state in Spring 2004 (RXTE)
- Total livetime ON source: 9.1 hours (after cuts).
- STACEE detection: 5.8 ¢



STACEE AGN Observations -
H1A4A2R4+ 128

111426+428
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Understanding SEDs of Blazars

To date, all confirmed blazars
1 I T T T L T I 1

i o/‘-\ ] detected at TeV (10'2eV) energies by
48 | FSRQs n det/ected\by = ACTs have been low z, HBLs.
- f«CTS above1 TeV i

47: i > \ e\ STACEE's low energy threshold allow:
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The lack of sufficient number of GeV-TeV blazars limits our understanding

of the y-ray emission, and our ability to extrapolate results to the larger
population of radio sources



STACEE Observation of 3C 66A

VHE Gamma-Ray Sources

* z= 0.444

* Low-frequency peaked BLL

* Strong source at energies—~—-
< 10 GeV (EGRET)

* Unconfirmed detection
at TeV energies (Crimea) -
(Stepanyan et al. 2002)
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Attractive STACEE tarqget for several reasons:

* LBL - Synchrotron peak at higher energies than typical LBLs.
* Relatively high redshift # attractive target for optical/IR EBL studies.

* Previous EGRET detection (3EG D222+ 4253).
* STACEE observations in 2003-2004 were part of an extensive MW camp




3C 66A (2003-2004)

The STACEE data set:
* 85 ON-OFF pairs: 33.7 hours on-source livetime before data-quality
cuts.
* Data-quality cuts --

Hardware problems, HV trips, heliostat problems.

Bad weather, changing atmospheric opacity.

* Software padding - to counter the effects of field brightness
differences
x ] livet| . 11s & padding: 16.3 hours

3C 66A integral flux ULs
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3C 66A - Multi-Wavelength Observations

Subject of extensive MW
monitoring uly 2003 -
Apr 2004 (core period:
Sep-Dec 2003).

* Radio/IR/optical with

WEBT-ENIGMA
* VLBA

* RXTE

* STACEE

* VERITAS

3-10 keV X-ray flux was
at its historically high,
spectrum soft. Low freq.

component of the
broadband SED extends
beyond ~ 10 keV.
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STACEE Observation of W Comae

VHE Gamma-Ray Sources

*x z=0.102
% Hard EGRET spectrum

\
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= Other

Attractive STACEE target for several reasons:

* LBL - X-ray spectrum shows clear evidence of HE component beyond ~ 4
* Relatively high redshift # attractive target for optical/IR EBL studies.

* Previous EGRET detection, with hard spectrum: a = 1.73.
* STACEE flux limit (Scalzo et al. 2004).
* Predicted to be excellent test case for leptonic/hadronic modelling studic




Models of W Comae

Predicted differences around 100 GeV
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Leptonic models Hadronic models
0 emission predicted above 100 GeWignificant emission above 100 Ge

BeppoSAX measurements allow strong constraints for modelling studies of SEI
~100 GeV interesting range for study.



STACEE Observation of W Comae - 2003-2005
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Unfortunately, total livetime in 2003 13.5 10.5 0.67
2004+ 2005 less than that in 2003.2004 9.7 4.6 0.2
2005 9.4 5.1 -1.5




Summary & Future Prospects

STACEE is fully operational and stable.

STACEE AGN observations will continue atleast until mid-2006
Sources will include:

* “standard” TeV sources: Mrk 421, Mrk 501

* Intermediate and low-frequency-peaked BL Lacs: 3C 66A

* Other non-AGN sources

Main thrust in the future will be on the analysis front:
* Continued improvements in data analysis, advanced event
reconstruction, take full advantage of FADC data
* Re-analyze data on 3C 66A & W Com using improved data
analysis methods, event reconstruction techiniques recently
developed by STACEE
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Why Solar Tower?

y-ray horizon plot defining relation between

distance (z) and cut off energy 1,(z,E) = 1

" tealo (r= 1}
=y 5 —_Late BF {v= 1}
E G wBalpeter (7= 1)
ql-l' l\}}‘;}\..\
QN More sources are
i3 2R 1 | accessible to
STACEE \"\\% STACEE because
| threshold % of its low energy

threshold.

gamma ray attermation edge: =(r

STACEE uses the large areas of heliostats to achieve a low energy
threshold --

- 64 heliostats provide a total collection area of ~ 2400 m?
- Energy threshold ~ 100 GeV range



STACEE: Possibilities for AGN
Studies

Indirect measurement of the optical/IR extragalactic background li
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STACEE: Possibilities for AGN
Studies

Study the physics of blazars
One-zone, relativistic jet model

>t powered by accretion of
matter onto supermassive, U |
central object_ trarelativistjc

- _ particles
Current paradigm: GeV/TeV)
 Synchrotron self njected into hlob
Compton

e« External Compton
e Proton induced cascades
« Proton synchrotron

Energetics, formation &
collimation Fig: Boettcher et al. 1997

of jet, nature of plasma, accel.
mechanisms, & magnetic fields

ol ol

See e.g. Boettcher 2002 (leptonic) ~ ~100 GeV y-ray observations can
Reimer 2003 (hadronic) distinguish between models

® Accretion disk




STACEE - More Pictures from the Field

STACEE Secondary optics & camera

160" platform

i (Heliostats)



; L | E I I | | 1]
E
ﬁ 0 E_ ................................................... .
3 ¢ Pedestal :
< -100|— —~
8 bit Flash ADCs - HitTime—") | | S i .
*one per channel (64) o ’ Threshold |
*1 GS/s -300|— Expected Time -
=00 |:_ [ iy gig | :‘._ .Ci.‘alrg.e. vfi'.“fo.w. L |_:
60 70 80 20 100 110 120
Time (ns)

Recent heliostat upgrade
*faster slewing (1 min to
GRB

location)
(See poster by A. Arvis for more
details.)




STACEE Advantages / Disadvantages

® 2-level trigger system ¥

good hardware rejection of hadrons

e GHz FADCs ¥
pulse shape information

o Large mirror area (64X37m2) ¥

low energy threshold

But...

 Limited off-line cosmic ray rejection

Differential Trigger Rate (s'1 GeV") |
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¥ limited sensitivity: 1.4a/hour on the Crab Nebula
« Compare to Whipple sensitivity: 3a/hour above 300 GeV




“1” for electronic integration time -- at the trigger level

« As earth rotates, 1 ns changes in optical paths occur ~twice per minute.
« Single photoelectron rates are 1 GHz per PMT, or more.
« STACEE has discriminators, then pipeline delays, then coincidences.
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STACEE: Possibilities for AGN
Studies

Study the physics of blazars
One-zone, relativistic jet model

>t powered by accretion of
matter onto supermassive, U |
central object_ trarelativistjc

- _ particles
Current paradigm: GeV/TeV)
 Synchrotron self njected into hlob
Compton

e« External Compton
e Proton induced cascades
« Proton synchrotron

Energetics, formation &
collimation Fig: Boettcher et al. 1997

of jet, nature of plasma,
acceleration mechanisms, & mag.

® Accretion disk

See e.g. Boettcher 2002 (leptonic)
Reimer 2003 (hadronic)



STACEE: Possibilities for AGN
Studies

Indirect measurement of the optical/IR extragalactic background li

* Difficult to measure optical 1041 ' '
background directly: 1021
* y-rays pair produce with EBL ol _ \
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STACEE Observation of W Comae - 2004-5

Year

Total Hrs

Hours
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STACEE Response

W Comae 2004 -
Assumed diff. photon
r=-1.73
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No significant
emission detected
from W Com in
either 2004 or 2005.

Unfortunately, total livetime in 2004+ 2005 less than that in 2003.



3C 66A (2003-2004)

The STACEE data set:
* 85 ON-OFF pairs: 33.7 hours on-source livetime before data-quality
cuts.
* Data-quality cuts --
Hardware problems, HV trips, heliostat problems.
Bad weather, changing atmospheric opacity.
* Software padding - to counter the effects of field brightness

| 3C66A Pairwise Sigma Dist. | pairwise_sigma
= Entries 87
= 45 — Mean 0.1735
bor RMS 0.8801 _ _
E b 2/ ndf 4.435/3 Total livetime after cuts &
£ constant | +-%:>%] padding: 16.3 hours.
=0 Sigma  0.7846 = 0.0846

25 On-source excess: 2.2 0
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| | _ Bramel et al. 2005; astro-ph/0504515
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3C 66A - Detector Simulations

3C66A Gamma Effective Areas

"2‘105 [ —®— Zen=20 Az =300.97 Gammas B L : j '7;
{ L= e TR T :
g F —e— js:.;.?;; Pt 8 8 5 ? .-G
<t ® - Tenw 40, Az« 6243 Gammas e 3 "o
@ @ Zen = 40, Az = 207,57 Gammas a B 9
a 10— —® Ze=BiAzaCGanmas g § il )
Q2 E *s P
g = . o ® g
m | . 8 o F o
L g ¢ a
3 b 7] E
10 E= &® s & =3
5 4 . =
3 ! =
wE . {4 = /
& ! 01 b 1 g Lo g s g i ) i g g L8
L 4 [ l ' * 100 200 300 400 500 600 700 800 900 1000
.+.?|| ' ] S S . _— Energy (GeV)
2

10°

Energy (GeV)

y-ray effective areas for STACEE for STACEE response curve, assuming diff.
different hour angles photon spectral index -2.5.

=™ E=200*
Spectral Index Eiresh® 09%CLe Eipresh” 99%CLe
—2.0 200 <10 150 <19 3C 66A integral flux ULs
—2.5 184 <12 150 <19 Units: 10-10 ph cm2s!
—3.0 150 o 142 < 2.1

—3.5 147 < 1.8 137 < 2.3




The 3C 66A Redshift



