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HESS COLLABORATION
B

3 continents
8 countries
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NEXT-GENERATION ACTs (PLANNED./ COMPLETED)
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PHYSICS TARGETS FOR GAMMA-RAY _ASTRONOMY

~ Galactic:
4? Supernova Remnants (SNR), Pulsars, uQuasars

§ ExtraGalactic:
Active Galactic Nuclei (AGN)

Exotic:
Gamma-Ray Bursts
Spectral or line emission from WIMP annihilation ...

Test of the hypothesis of SNR as the source of
Galactic Cosmic Rays (or ...)

Understanding of the acceleration mechanisms,
identification of emitting particles,
mechanisms of jet formation

Probing the Infra-Red Background...
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s Using the Ground-based
§ Imaging Atmospheric Cherenkov Technique

Correlations with Gamma- and X-ray satellite detectors|: .
radio and optical telescopes
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HESS PHASE-| ESSENTIAL CHARACTERISTICS

-

Mg e ZhM

Four-Telescope network

Sited in Namibia, 23°S, 15°E,
1800 m altitude

Telescope separation: 120 m
Telescope Structures

Mirror dishes: 4 x 107 m”

Diameter: 12 m, Focal length: 15 m
Mirrors

380 x 60cm circular facets

PSF after alignement (rSO%)

1.3"/ 0.38 mrad on axis

Pointing precision 8’
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Angular distance Ay [deg]
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HESS PHASE-| ESSENTIAL CHARACTERISTICS

* (Cameras
e 960 photomultiplier pixels
e Pixels of 0.16° / 2.8 mrad
Wide field of view, 5°

= 16ns integration window,
fast trigger coincidence

All electronics integrated in-camera §

3 cables (1 power , 2 optic fibres)

Fits in 2 m cube
Weight ~ 900 kg

* Telescope Threshold ~100 GeV
#1 "‘E:%:-




ELECTRONICS FRONT-END

Hrae

...................
VLN x 3 1 ] grran

processing
Trigger
circuitry in
e Large dynamic range, good linearity (up to 1600 ye) on-bfard
crates
 Single photoelectron peak resolution (at 80 d.c.) 8
= Storage of signal in analogue memory FIFOs, DAQ system

during trigger formation time (~70ns)

On-board data acquisition
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THE ATMOSPHERIC CHERENKOV TECHNIQUE

- B
Gamma- Detection of

- high-energy
gamma rays

using Cherenkov
telescopes
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THE ATMOSPHERIC CHERENKOV TECHNIQUE
B
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THE ATMOSPHERIC CHERENKOV TECHNIQUE
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ACT: ADVANTAGES OF STEREOSCOPY

Shower seen from different angles: |
Better discrimination between
gammas and hadronic background

Geometrical determination
of the gamma-ray origin
on the sky
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Geometrical determination
of the shower impact
parameter on the ground ||
— better energy resolution

Triggers from isolated muons are
over half of mono-telescope events

Muon elimination = lowering of threshold
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STEREO:. TELLS WHERE THE SHOWER CAME FROM

) B
Reconstructed

Geometrical determination of Shower Axis
the source position in the camera
... HESS angular resolution 0.10—0.06° per photon

Source ,p
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STEREO: TELLS WHERE THE SHOWER HIT

B
e Shower origin
Image centre of gravity

Geometrical determination of the
shower impact point on the ground
= resolution of the energy / impact parameter degeneracy

HESS energy resolution ~15%

Not to scale




MUON SUPRESSION WITH STEREO TRIGGER

Muons: In single telescope mode, give rings

(as in RICH) = useful for calibration.
Efficiency of camera overtime —crs

P 0.04 — CT2
€

per rumm.oss
0.03

0.025

0.02

0.015

0.01 Conversion factor ~ 4 %

6 weeks

030309 030316 030323 030330 030406
Date

Companson Of — good channel

__ damaged

*individual channels | Lhannel
Plots from

N. Leroy, LLR

6600 6800 7000 7200 7400 7600 7800 |



MUON SUPRESSION WITH STEREO TRIGGER
I

But

Far from telescope muons give events
which can mimic gamma-ray images
= difficult background

0.01 D.02 0.03 0.04 0.05 0.06 0.07 0.08 009 0.1
Length/Size (rad./p.e.)




HESS-I: A TIGHT INSTALLATION SCHEDULE

I
First design: '96;  Collaboration founded '98; Groundbreaking '00;

First telescope structure July '01; Mirrors on 1* telescope Septer&nber '01
L

Camera 1 J
(011113 v: A

+Upgrade of camera 1

Camera 3

Here we are

' Note:
Data taking continued
throughout the installations

— Heterogeneous data-set
e Varymg thresholds, Comphc
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HESS-I: A HETEROGENOUS DATA-SET

Time Telescopes Telescope rate | System rate

July 2002 — CT3 ~ 250 Hz -
Feb. 2003

Mar. — July CT2,3 ~ 250 Hz ~ 30 Hz
2003 (independent)

Aug. — Sepit. CT2,3 ~ 2 kHz ~ 110 Hz
2003 (coincidence)

Oct. — Nov. CT2, 3,4 ~ 2 kHz ~ 210 Hz
2003 (2 out of 3)

Since Dec. CT1,2,3,4 ~ 2 KHz ~ 350 Hz
2003 (2 out of 4)

Increased Single-telescope rate
Increased System rate
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— decreased threshold
— increased collection area
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THE COMPLETED HESS PHASE |

First 4-fold event
December 10, 2003



AN OVERVIEW OF THE HESS OBSERVATIONS

B Galactic Extragalactic

4.~ PSRBI706 (43h) PKS 2155 (92h)
Vela (26h)  PKS 2005 (52h)
SN 1006 (107h) M 87 (32h)
RX J1713 (50h)  NGC 253 (34h)
Sgr A (34h)
Cen X-3 (32h)

Plus other sources with less observation time ...

Publications underway
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OUR CALIBRATION SOURCE: THE CRAB NEBULA

October 2003 (3 tel.)

* Live time: 4"1™53°

* Mean zenith angle (2): 47°

* Energy Threshold: 325 GeV (at this Z)

Preliminary

Standard Analysis:
» Significance: 53.5 o (26.6 o/hr0->) AR ]
*» Excess: 10.8 + 0.2 y.min"

Signal easily detected,
stable in time
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HESS SENSITIVITY, CURRENT STANDARD ANALYSIS

—_—
At 20° zenith angle, 1ull array,
after selection cuts
0 Crab: Sensitivity:
3r “F1TeVy= 0.01 Crabin ~25 hrs

—
=

(1 35+O 45) ><1O8 m s 0.05 Crab in ~1 hr

| - | 0.10 Crab in =20 min
0.50 Crab in =75 sec
1.00 Crab in =30 sec

—
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Threshold (trigger, selected):
(105,125) GeV at 0°
(115,145) GeV at 20°
(265,305) GeV at 45°
(785,925) GeV at 60°

TFlux (crabs)'® with current standard analysis
(threshold = peak in event rate
for Crab-lilgg spectrum)




PKS2155-304

B
e Prototype HBL (high-peaked BL Lac),

peak energy density in X-rays

e Redshift z=0.116
— ~4 times more distant than Mrk421/501

* Very bright AGN at all wavelengths, few bright emission lines
— previous observing campaigns in '90s (X-ray, optical, radio...)

* First “Southern” TeV blazar (Durham collab., Chadwick et al, '99)

* Observed by HESS in 2002/2003

Observation  Observation  Observing Post-cuts
period time mode Threshold (Z=20°)

~4 hrs Single dish 305 GeV
~10 hrs Single dish 305 GeV
~10 hrs 2 independent tels. 255 GeV

| ~50 hrs 2/3 tel. in coincidence 165 GeV




HESS FLUX MEASUREMENTS OF PKS2155-304
o

HESS Preliminary
July 2002
October 2002
June-Oct. 2004

Durham 1996/97
- Uncorrelated 2D Excess Map, Stereo Data

®1387 Nov

®1256 May clon-d04

1D 20

log v |Hz
Model from Costamante et al., A&A 2002
45 5, (5.7 o/hr™)

1.20 = 0.03 y/min
hard spectral index .. _
hnk to IR abs@-ﬁpuon ? TR R e

RA (huurs)




RXTE / HESS OBSERVATION CAMPAIGN
o

« HESS Target of Opportunity (ToO) proposal for RXTE
on PKS2155-304, triggered by HESS on 18™ October 2003

52 ksec in October, 19 ksec in November, 2-10 ksec/night

Quasi-simultaneous observations, ~14h in October (2/3 tel.),
November still under analysis (some technical problems)

o 4 XTEllghtcurves
' 2-10 keV




RXTE / HESS OBSERVATION CAMPAIGN

o 4 XTE light curves s

per-pointing
2-10 keV (~30 minutes)

run-by-run

-7 HESS light curves : (~30 minutes)
>165 GeV \




FUTURE ON PKS2 155304
¢ More work to be done: B

 Investigation of short-term

e g ene Useful for trigger,
flux variability 99

not for correlation studies

Cross-correlation of lightcurves

Spectrum and spectral variability [2 - 10 keV] PCA
90 min orbit with Earth occultation
58 min / orbit on source

Source modelling

= Comparison to other blazars at

varying gz for IR background studies 230 ksec (63,8 h)

90 min orbit with Earth occultation

. :
Future campaign 58 min / orbit on source

August 2004

* 14 nights HESS 9or1lcm+21cm
(larger zenith-angle range)

230 ksec RXTE

e Oth;f?telescop S..
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A “NEW” SOURCE: MRK 421
B

First extragalactic VHE source (Whipple, Punch et al., Nature, 1992).
Nearby: z=0.03, “Northern source” (dec. 38°12'31.8")

Source culminates at Zenith angle > 60° at HESS latitude

= High threshold

= Very large collection area, so
possibility to determine spectrum at highest energies

Strong activity seen by ASM aboard RXTE
e Historical level of 110 mCrab in mid-April !!

e Decreasing to 20-40 mCrab late April

April Campaign of observations also with
Whipple, Bordeaux radiotelescopes, others...
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HESS OBSERVATIONS OF MRK 421
S

 All Mrk 421 data taken with 4 telescopes Plots by A.Lemiere
£ PCC Paris

Average zenith angle 62° $
S
.\§

» Jan 2004, low-state Q&

6 o in 2.12h, “%eee,, EXcCeSs 0f 8167 gammas
(vs. ~10 sigma/hr®> for Crab, @ Z=62°) o*eetersaqes
April 2004 active state !! . TR _ o

Thsq (deg."2)

* Excess of 8167 gammas in 11.5h
95.7c  (28.16 c/hr%>) I
~ 11.8 y/min

1-2 Crab flux level (@ z=62°)

L]
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: 4 1105 {1 10/95
At | RA‘(ho_urs)
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MRK 421 TIME VARIABILITY IN APRIL
- s
HESS Mrk 421 flux goes up to roughly ~3 Crab at maximum

Whipple first results reported at 3 Crab in April also

Bordeaux
radiotelescopes
show high-level,
but stable emission

Campaign should provide much
information on this source
up to the highest energies

Mkn 421 - 2004

Date (arbitrary)
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* Shell-type SuperNova Remnant
» Observed by HESS in 2003 (14 h)

» No signal seen by HESS

 Signal has been claimed by CANGAROQO §

CANGAROO
(Tanimori et al, 2001)
(1996: 5.30 ; 1997: 7.70)

Ceclinaticn (J2002, deg}

2264 2262 226.0 2258 225,86 2754
[ i Right Ascensicn (J2000, deg)
M
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HESS Preliminary
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SN1006

* Shell-type SuperNova Remnant

» Observed by HESS in 2003 (14 h)
» No signal seen by HESS

* Signal has been claimed by CANGAROO EZ

CANGAROO
(Tanimori et al, 2001)
(1996: 5.30 ; 1997: 7.70)

|
b
=

|
b
to

—42.0

Ceclinaticn (J2002, deg}

—42.2

2264 226.2 226.0 225.8 225,86 225.4 i
(7 Right Ascension {JZ000, dag) Ay - = J k] ol oAl & (208005
E— | B i L e T T R | 1 ] - Thsq (deg."2)
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SN1006: NE RIM (“HOT-SPOT”)

Nuclear y-ray
emission

0 (N,)2 |

Parameters
favoured
from other
wave-bands: m;._
D =22kpc [N
N, = 0.05- L"

L]

0.2cm™® -

Broad-band

synchrotron +
X-ray structure:
B =120 -

int™
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SN1006 : WHOLE REMNANT
- .

Nuclear y-ray
emission

0 (Ny)? |

Parameters
favoured
from other
wave-bands:
D =2.2Kkpc
N,=0.05-

0.2cm™

Broad-band
synchrotron +
X-ray structure:
B. =120 -

int™
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OTHER GALACTIC SOURCES
B
« PSR 1706-44
SuperNova Remnant
Upper limit...
See preceding talk from W. Hofmann

« PSR B1259-63
Binary system with pulsar in eccentric orbit about Be star
Detection by HESS near to periastron
See following talk from M. Beilicke

* Etc...
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CONCLUSIONS
—

HESS-I installed and now functioning at full sensitivity

 Most sensitive detector worldwide: 0.01 Crab in 25 h

Galactic Sources:

e Crab, PSR 1259-53 detected

= Upper limits on ,

* Other sources, articles in preparation (publication embargo)
AGN:Ss:

* PKS 2155-304 Multi-wavelength campaigns
e Mkn 421 Very large zenith angle observations

» Many exciting results, on various sources ... papers to follow...
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CONCLUSIONS

arcl gy

cletector worldyyicle:

= Other éourcs articles in preparatlon (pub?catlon embﬁﬁo)

AGNs: - @ . . -

PKS 21.55-304 Multi-wavelength campaigns

Mkn 421 Very large zenith angle observations

Many exciting results, on various sources ... papers to follow...




