Results from H.E.S.S.
observations of relativistic
sources

Ullsses Barres de Almeida

Unlver51ty of Durham
AT, a@M-ﬁm ‘ i

i 1,-1r‘ v{'jrrﬂ Lo ?




4 42 2
4 aAnd 2
Al Al Al A
AWAY Y 4l

Overview

« H.E.S.S.
e Active Galactic Nuclei
- PKS 2155-304
— The Radio Galaxies M87 and CenA

e Variable Galactic Sources
- LS 5039

 GRBs with H.E.S.S.

 H.E.S.S. phase-II




Imaging Atmospl

O (Multiple) Images of showers

O Gamma rays form consistent
pattern

O Showers located to ~0.1° at
threshold

O Point source location to ~ 30"

O Excellent gamma-hadron
separation (~ 99%)
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High Energy Stereoscopic System

O Located in Namibia @ 1800 m a.s.l.

O Four 13 m ACTs

o Energy Threshold 100 GeV
O Energy Resolution  15%

o Camera Field of View ~ 5°

O Angular Resolution 0.05°-0.1°

O Pointing Accuracy ~ 10 arcsec

Sensitivity:
-1 Crab in 30 sec
- 0.01 Crab in 50h
(All at zenith)
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Source Categories seen with HESS
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blazars

PKS 2155-304, Mkn 421, H2356-300,
1ES 1101-232, 1ES 0347-121,

PG 1553+113, RGB J0152+017... Starburst

NGC 253

radio-galaxies
| M87,
Centaurus A

Neutron stars gy /S E—py
HESS J1708-443, IGR J18490-0

Binary
systems

LS 5039, PSR B1259-03,
HESS J0632+057 4
/

Ask me!

SNRs

W 28, CTB 37A, RCW 86,
CTB 37 B, SN 1006...

Binary stars

o %

WRs? Massnr__e stars
Westerlund 1, HESS J1848-018,

Westerlund 2 | e?

-
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HESS J1912+101, HESS J1809-193...




The Xgal sky as seen with HESS

most
o=Attsources are AGNs (HBLs + 2 radio gals + Starbust Galaxy NGC 253; Science '09
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o Total of 13 Xgal sources; 10 first detections

o Only HESS ULs available for other classes (LBLs, FSRQs, etc.)

Object name Redshift | Tvpe First VHE detection Flux level Photon index Shortest var. tme scale
Centaurus A 00018 | FRI 2008 (HE.S.S.) [18] 0.8 2.7+0.5 —

M &7 (0.004 FRI 2003 (HEGRA) [19] 05 -33 2.240.15 ~+1 day
Mrk 421 (.031 | HBL 1992 (Whipple) [20] 13- 1300 2.5620.07 ~15 min
PKS (03458-322 0.069 | HBL 2007 (HE.S.S.) [21] 1.4 28403 -
PKS 2005-489 0.071 | HBL 2005 (HES.S) [22] 28 4.0+04 ~| month
RGB J0152+017 | 0.080 | HBL 2007 (H.ES.5.) [23] 2 2.9510.36 ~| month
PKS 2155-304 0.116 | HBL 1999 (Mark V1) [24] 15- 1500 | 3.3240.06 (low state) ~3 min
[ES 02294200 L.139 | HBL 2006 (HES.S.) [23] |.8 2.5£0.19 -

H 2356-309 0.165 | HBL 2006 (H.E.S.5.) [26] 23 3.0040.24 ~| month
1ES 1101-232 0.186 | HBL 2006 (H.E.5.5.) [27] 2.3 2.944£0.20 ~1 year
[ES 0347-121 (.188 | HBL 2007 (HE.S.S.) [2§] 2 3,104+0.23 ~1 year
PG 1553+113 >0.250 | HBL | 2006 (H.ES5.5.) [29], [30] 3.4 4.540.3 -

M 87 (H.E.S.S.)

B o All TeV extraglactic objects are point sources
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The Xgal sky as seen with HESS

most
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O=Atsources are AGNs (HBLs + 2 radio gals + Starbust Galaxy NGC 253; Science '09)
o Total of 13 Xgal sources; [ =
QL
o Only HESS ULs availablg E H.E.S.S.
o

Object name Redshift | Tvpe - e

Centaurus A 0.0018 | FRI _g

M 87 0.004 | FRI O

Mrk 421 0031 |HBL| |8 "2°

PKS 0548322 | 0.069 | HBL NGC 253

PKS 2005-489 0.071 HEL

RGB J0152+4017 | 0.080 | HBL

PKS 2155-304 0.116 HBL i &

[ES 02294200 | 0.139 | HBL 1°.5 x 1°.5

H 2356-309 0.165 | HBL -25 5 PSF

LES 1101-232 0.186 HEBL

[ES 0347-121 0.188 | HBL

PG 1553+113 >0.250 | HBL

26 "ces
00h50m 00h48m 00h46m
Right Ascension
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The Extreme TeV Blazar
PKS 2155-304 (z = 0.116)

o Discovered by Durham Mark VI in '99 (Chadwick et al.)
- primary xgal monitoring target for H.E.S.S. (2003-2009)
Aharonian et al. A&A, 430, 864 (2004); Aharonian et al., A&A, 442, 895 (2005)
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o only source HESS detects at quiescent state: 0.15 Crab (>200 GeV; 4 G in ¥ hr)

O most extreme variability registered for an AGN in July 2006
Aharonian et al. ApJL, 664, .71 (2006); Aharonian et al. A&A, 502, 749 (2009)

O quiescent state complete IC SED with HESS and Fermi.
Aharonian et al. ApJL, 696L, 150 (2009) o
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Extreme Variability: July 28, 2006

|

g 4— S tll.ésllclmhl-:ll <151 Ilml; — o 1.32 hrs live time observations
° 350 =
z 3_ 1 minute binning—g O fastest rise time: 173 £ 28 s
g 2":: : O no spectral variability observed:
: 3 broken pwl at ~ 430 GeV:
£ 2 I,=271£0.06 % 0.10
uﬁé _________________ o .3 I,=3.53%0.05% 0.10
T R " R
Time - MJD53944.0 [min]
v [l = I A L AR L .
; 43 First PSD :jn VHEs - o Causality arguments:
E :
i E .
. m’iL: byt A R<ct 6/(1+2)

R0!< 4.65 x 10*%cm <£0.31 AU

m;— a=-2.06=x 02~|' !
I .. 8> 50, forR > R,

I L ]
o 100 Loor s i o Emission mechanism and site?
Aharonian et al. ApJL, 664, L71 (2006) Begelman '08: timescales not linked with

the size of the BH
HEPRO-II — Ulisses 9



Extreme Varlablllty July 29-30
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Compton dominance
L/L,~ 8-10

e HESS

LN)

e Chandra

e Optical

4 Same scale! g5 |”
. - 4 ?

45.8

45.9

46 461

i i
46,2
MJ0 - 53800

Aharonian et al. A&A, 502, 749 (2009)
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High 147  Increase of the flux but no
o b frequency shift of the
= . Low Synchrotron or IC peak.
o GHa ) E_ 46
{ﬁE —-10 |- J--'u'ﬁ r .
E e _‘ R 4 ?i,_— N “ %lH } - 3.2
— y :
S B B 25 [ H Jaa
T O )
'_C_.ll — 28 - 1 } 1 —: 3.8
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13 5 =20 25 = C iilgﬂf : - Bx10- E
Log v [Hz] ; 2.6x10-1 |- E Ei i axm-mE
Excellent X-ray and VHE flux and spectral S s i egat i, Jara
5 o . . 0 & C I iH i £ it 1 3
index correlation indicating Sy and IC S P Eyg {ouon”
emissions are closely related. TTRE e me wn
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Excellent X-ray and VHE flux and spectral
index correlation indicating Sy and IC
emissions are closely related... BUT?

Flux >0.3 TeV

Cubic relation in the

decaying phase:
| i | T -
10+ - T
- BUT! Aol ST

A e
10-10 F}, q’:’ 1 X
K | . 1 . »
2x10-1@ 4x10-10 Bx10-10

MULTIPLE EMISSION ZONES?

Flux 0.5-5 ke¥
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H.E.S.S./Fer
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Time (MJD - 54000)

HESS/Fermi ApJL, 2009

V ¥ Sag¥
= - iRl
mi 2008 campaign J§:
¥ ¥
O Quiescent in VHE (20% rms var) and
X-ray (30% rms var) bands
O 5x quiescent optical state and bright at
_ Fermi/LAT bands
2s £ o Variable Fermi (1.5) & X-ray (0.5) spec.
. indices
.1:5 Correlations:

::: 1'” o Flux: Optical and VHE flux (no X-rays!)

ar
26 o Spectral index: X-rays and high-energies
23 o JE R :
Q 1.6:— + __;
= 1.4 3
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H.E.S.S./Fermi 2008 campaign §&:
A 6ptical T
E o _ Single-zone SSC
2 E / = — =— No-e'above y, = 1.4 X 10'
w - BRG] e No-e ab =23 X 10°
S o ?f anESé; 0-e’above Y, X
i - . » 3
F LN T A T S SSC model
1012 E_ XI_ rays: YI: > Yz 1 g_,,-'f '._Il".l*" _E
- '- Lo A “Blob” R ~10'7 cm
107 | o2 Doppler factor I' ~30
: 13 FieldB~0.02G
10%10710%10"10*10*10% 10" 1 10 10° 10 10* 10° 10° 107 10°
E [MeV]

o Klein-Nishina suppression of IC from e> Y, explains
lack of Xrays-VHE correlation

o VHE variability seems sensitive to variations on optical seed photons
rather than injection of energetic particles.
— optical variability does not affect the GeV flux, suggesting different
particle populations (and possibly physical origins) for both?
HEPRO-II — Ulisses 14



3-year variability picture

—115 —'|1 =105 -10 B85 -9 -85 =8B
Iugmdi[nm"s‘fl

Spectral Index vs Integral Flux

Quiescent state
i"—‘— Preliminary

Aharonian et al., in prep.

o well characterised quiescent state:

F(>200GeV)=3.5%t1.5x 10" cm?s’

O non-monotonic behaviour of I with flux.

O Flaring regime: F_ o< E e
- variability produced by multiplicative process

- correlation average flux and variability rms

3 hours < T,. < 20 hours

—
IIII|IIII|

- Stationary log-
o £normal process
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Radio Galaxy M 87:
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o Distance: 16 Mpc; Outer radio lobes: 0.2 x 0.2 deg vs. 0.1 deg PSF
o TeV source position excludes outer regions as source of y-rays.

o Flux (> 250 GeV) ~ 0.8 -1.5% Crab; [ ~2.6 -2.2
Size of the radio lobe
Kiloparsec-scale jet

VLBA resolution

VHE region size @ <e—— R~ 5 X 6RS< 0.05 pc (MAGIC)
BH radius

10'° 10"® 107 1w 10" 10°° 107 10 107 10 Cm

-12.5 “TeV variability from M 87 Origin of the y-rays?

7 OmEes) Aharonian et al. 2006, Science 8 _
§ o /(Jet-los) ~ 20°
E
g g E D
5 § | CORE? >
£ £ MWL
& al HST-1?
S

123
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X-ray (Chandra) ¢ ¥%
40"
nucleus Feb. 2005 March 2005 April 2005 May 2005
6
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Saf
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HST-1~ 17,60 pc; 10°R; ;i 8l o b
- & { : = [ ]
D . ! | i !
g rI | 1 i 1 +
| "WFeb  16/Feb 09/Mar  16/Mar J0Mar  06/Apr 04iMay  11/May Date
' zl'.'l-lla_
;_ ® HESS - 2005 | ﬁ;
= - average T s
E Y HEGRA iy
g Chandra [H5T-1) 2003 E
0 Chanara (nucleus) | + —j g
g | 1¢
Y2004 e
L | . L | L L | L L | L L e
: 12/1998 12/2000 12/2002 12/2004 12/2006
radio (43 GHz, VLBA) Date
8 r: o o - “TeV variability from M 87”
ciadoad S Aharonian et al. 2006, Science.
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M87

VERITAS+VLBA+HESS+MAGIC 2009, Science.

o Total of ~ 95 hrs good data with 3 VHE

experiments in 50 nights (Jan-May)

2008 Mar. 19

2008 Jan. 31 E

a &8 2 0
e m ko R DB S

- b

Declination Offsel (milli-arc sec)
AR E I E L

| TeV flare

0.5 0o 0.5 5 20 05 0.0 -0.5
Fﬂght Ascension Offset (milll-arc sec)

o X-ray core flux peaks ~days after VHE flare
and emission of radio knot is registered.

1.0

1.8

-2.0

o HST-1 flux was low during the 2008 flare.

O radio coincidence constrains VHE w/in collimation zone.

l:.ﬁ.] 20
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=
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e 107 & 7]

P
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e
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[
K
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Declination (J2000)

Centaurus A
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O Nearest (3.8 Mpc; kpc-scale jet resolvable @ TeVs) FRI radio galaxy

o Recent Detection: faintest Xgal VHE source seen by HESS
Aharonian et al. 2009, “Discovery of VHE Emission from Cen A”, ApJ, 695, L40.

o Flux (> 250 GeV) ~ 0.8% Crab (50; 120hrs); [ =2.7 £ 0.5 * 0.2Sys
- Sensitivity to variability: < 15x in a night; 30

O Source position consistent with the radio core and inner kpc-jet region

| Origin of the y-rays:
core or extended

-42° 0

42°30 Lj%: Inner jet?

g s  source s )
43°0 a Bascog | o /(jet-los) ~ 15°+
ot | Bl ¢ TeV point source

13"30™ 13"25™ 13"20™ . )
Right ascension (J2000) 1EPRO-II — Ulisses 19



Variable Galactic H.E.S.S. Sources #::
L.S 5039 HESS 2005, Science, 309, 746 PSR B1259-63 HESS 2006, A&A
Fild

HESS J1825-137

Dec [deq]

& |ss5039
ik HESS J1826-148
3.9 day period
-2
18 17.5 17 16.5 16 13h20m
I (deg)

o Well known X-ray emitting binary systems |
o Massive (O/B) stellar companion

O Variable radio and X-ray emission

HESS J1303-631

'

Significance [o]

P

-

f
PSR B1259-63

3.4 year period

13h10m 13h00m 12h50m
RA[hours]

Gamma-ray binaries

HEPRO-II — Ulisses

4 Qo™

20



Variable Galactic H.E.S.S. Sources 7::
.S 5039 HESS 2005, Science, 309, 746 PSR B1259-63 HESS 2006, A&A
il

Dec [deq]

HESS J1825-137

& |ss5039
o HESS J1826-148
3.9 day period
-2
18 17.5 17 16.5 16 13h20m
I (deg)

o Well known X-ray emitting binary systems |
o Massive (O/B) stellar companion

O Variable radio and X-ray emission

Significance [o]

13h10m 13h00m 12h50m
RA[hours]

Gamma-ray binaries
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Microquasar and Binary Pulsar
scenarios

MICROQUASAR BINARY PULSAR

Compact object

of center

Disk outflow
| —

Litraviolet and
aptical emission

Mirabel+, Science 2006

HEPRO-II — Ulisses 22



LS 5039;

o Close binary system

- Period: 3.9 days

- O-star: 25 M,

- Distance 2.5 kpc

- Compact object unknown*
o Exhibits radio extension

4 4=2 2
4 an2\ 2
A Qo) )
AN AY Vg 4

stationary

- if 2-sided jet: v ~ 0.2 ¢ e

Milliare sac

aligned close to line of sight

* Casares 2005 — 3.7 M black hole (low i) or neutron star (high i),
depending on the inclination of the system.
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LS 5039;

Superior

confukrciion

1 "
. Periasiromn

N =0

$=0.5

Apastron e
¥ *

observer

.!'nfr:'r:'c}r

CErR P 1!4’.]'!#!1‘

uquasar scenario (Mirabel, 2006):
o Acceleration in jets
o Internal/external shocks

o Orbital-induced modulations expected

V ¥
S N
H E
g v
v ¥
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LS 5039:
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5
ggggﬂfsgosod E INFC SUPC
2 HESS: 3.908(2) d ‘—_ ) (etat bas) i
3= - ! l'
2w - | |
¥ = ! h I ! ﬁ
o L |I| ! I | ||| Il:|||
: = i [ ViRg i
I { iyl i#3 |:||i:'"j i { I gt s bl
t s y I|i||| . III], Iiw: |I| ||| |IIiII .E:Ilﬂ | |ii“'I !:I'I I. !|'|||L!
2 li .l i 1 " I :
o !Ea;.,si ] ﬂirwf_l BT lEs P "| |I|*| - g:u: |!| ; |_ AL i el E
Freauency (day”) E’]ﬁl" 'm'i!' :IIE|| _______________________________ 1 ,||." .|| LR
| I
| | | | | | | | | ‘-:-- 10—11_
0 02 04 o E INFC
§ L
o Flux modulation coincident with orbital s |
period and optical period. %

-

Q
&
o

SUPC
¢$0<0450r ¢$>09

O Modulation due to absorption.
minimum flux observed at SUPC
maximum modulation happens at ~ TeV
non-zero flux at SUPC sl

10" 10" 10" T o
orbit inclination? Do we see pair-cascading? E(eV)
(Dubus, 2006) HESS 2006, A&A 460, 743.
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GRB Observations

O Highest energy GRB photons:
- 18 GeV (GRB 940217; Hurley et al. Nature '94)
- 33 GeV (GRB 090902B; Fermi Collab. '09)

4 4=2 24
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A Qedy 4\
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O Relativistic Fireball models predict photons of energy up to ~ 10 TeV
in afterglow phase.

105. o rorrTTT AL | LR R | : °
o i |[H.E.S.S. GRB observing program
o e o triggers from Swi/ft and Fermi
n s instant onboard triggers via GCN allerts + HETE Il
e g e Lm T & INTEGRAL w/ ground-based analysis
:E o limited to Z.A. < 45°
K .3 + high SNR and no-coincidence w/ known sources
107" ;r -.
rVHE afterglow emission from GRBs o sources followed for 2hs
£ Tam et al. Y2008 - Heidelberg. for triggers up to 24hs after burst onset
1Uk- E— E— I IIIIIIII'1 I I”””ﬂ I I”““IH .
e n B o since 2003: 38 GRB afterglows

photon energy (ev)

GRB 090510: first and only LAT trigger.
H.E.S.S. Sensitivity (>1TeV; I = 2.6; 2hrs)

~ 1.4 x 10"ph cm?s’
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GRB observation summary

U.L. For GRBs with known z

Ey, (GeV F|_|| .
400 3.9x=10°
7.6x10°
L2x10°
2.1x10°
Lax10"
L7x10°
2.1x10°
2.0x10°
L7x10°

GRE Eedshift

060505 0.0889

030329  0.1687 1360
070209 0314 370
070724A  0.457 200
041006 0.716 150
061110A  0.758 200
050801 1.56 310
071003, 1.604 280
060526 3.21 220
070721B  3.626 320

L1x107

1%
13
13
12
13
13
13
13
13

SEx10

]
FI.'IJI reched

9.7x10™
B.7x1074
1.0%10712
2. 7x107!

1.7x107"
b

L
br
b
b

“HESS observations of GRE 0606025
Aharonian et al. 09, Ap/, 690, 1068.

GRB 060602B: prompt and afterglow phases

11}'*‘5
E -|[|.'Eirr H\ Sw{ﬂ H.E.S.5.
2 _x: SR 3hrs
2 107F .\ BAT(9s) ]
W ; 5
=B \ Fr=5.0+0.2s 1
= 10 F . \
s . XRT J.
L af

"ﬂ'gf (3hrs) -.

j:n.:l.:d’\.’u.u]:J K@Jy.hhud FEEETTT BRI EETTS BRI BT B TETT BT T B e

GRB 070621 : fastest-reaction GRB (6.5 min)

U W E
= £y :
% - *{i 4
4] 10 == —
qum = ﬂﬁ}’r i 3
A - .H-##l_ i
€ I . t 1trJri X i
v 10t 3 ¥ + } } 3
A b=
5 F ]

11_ Ll "|+_h_

1050 10° 1d*

r-1,(s)

107 -

10"

ln-ll

XRT Elux in 0.3-10 keV ferg cm™ 57)

4 4=2 24
4 4n2\ 2

A Na\ &\
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10° 10" 10° 10% 10" 10° 10° 10" 10" 10°

Photon energy (keV)

U.L.(>1TeV)=29x 10’ erg.cm™.s’
-it 2z <0.2: no EBL; constrains F _ <F

MeV

Likely Galactic origin: X-ray burster
(LMXBs have no known VHE counterparts)

“HESS Observations of GRBS /in 2003- 2007

101

Aharonian et al. 09, ALA.
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H.E.S.S. Phase 11

10 o
e Phase | (LCT: M3 A4 o o P —— e
Bl e Fhm”[m[mﬁ: o o | '""mwu-“i-u_ O Improved Sensitivity:
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Summary

O Ground-based VHE observations have revealed a wealth of galactic and x-galactic
relativistic sources

O Xgal TeV sources are mostly AGNs (exception: NGC 253) whose emission is powered by
particle acceleration in relativistic jets

- 3+ years of data on PKS 2155-304 presents unprecedented new information about the
emission mechanisms in blazars, both in high and low states.

- detection of TeV emission from M87 and CenA, together with MWL observations,
provides a unique opportunity to localise the sites of particle acceleration in jets.

O Study of galactic objects allows us to probe the sources and mechanisms of particle
acceleration in the Galaxy

- variable sources detected so far are binary systems, but their nature is still poorly
understood: laboratory for studying the microquasar paradigm.

O HESS has observed over 30 GRBs in the afterglow and one in the prompt phase without
any positive detection, even for those nearby and less affected by the EBL.

O HESS-II, to start activity in 2010, will bring significant improvement in all these areas of
research, thanks to 2x increased sensitivity and lower (50 GeV) energy threshold.
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PSR B1259-63

26.02.-02.03.2004

HESS J1303-631 reriastron
02/2004

-
PSR B1259-63

courtesy M. Kerschhaggl

o Period 3.4 years
o Distance 1.5 kpc
o Be star (10 M,)

o 47 ms pulsar

o Latest Periastron 27" July 2007

- previous periastron 7" March 2004;
next periastron ~October 2010

wina interface

T wind flow line

PSR B1259-63

-.?31
= | '
stellar disc

04/2004

05/2004

Johnston et al. 1995




PSR B1259-63:
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e, pure IC, no o No observations at periastron due to weather/moon

Kirk et al. 199
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0

. &Flux >380 GeV [cm?s7]

N U1
(@)

constraints

o Emission increases as pulsar crosses stellar disk

(~ T-16 days and T+13 days; Johnston et al. 2005)

o Particle acceleration at wind-collision zones

o Leptonic (IC) and hadronic (T’-decay)

plots thanks to M. Kerschhaggl

PSR B1259-63
y -rays



PSR B1259-63: 2007 TeV light-curve

Kerschhaggl et al., ICRC 2009
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o No observations at periastron

08/07: 6=0.17 _ .
o Detection of TeV emission far from pert

o Excess in June disfavours hadronic scenario
(stellar-disk non-coincident with orbital phase position)
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05/07: 6=—0.38
04/07: 6=—0.40



GRB observation summary

“HESS Observations of GRBSs /in 2003- 2007

U.L. For GRBs with known z
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- stacking analysis of whole GRB
sample yields -1.98 0 (soft cuts)
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Aharonian et al. 09, ALA.

GRB 070621:

- fastest reaction GRB (6.5 min)

- highest expected F, o< F_  x T "

15-150 keV
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Long GRBs known to emit at 10-20 GeV range, but
no VHE counterpart detected in afterglow phase.



GRB 060602B: prompt and afterglow s

W T BAT (15 — 150 k@V)
'5 Too=9 % 2s B
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GRB?

U.L.(>1TeV)=29x 10’ erg.cm™.s’
-2 <0.2: no EBL; constrains F,  <F

-z > 0.2: EBL corrections apply.

meV

LMXB (X-ray burst)?

- near galactic plane + possible XMM assoc.

- no VHE emission associated to LM XBs
- persistent U.L. ~ 5 mCrab (128 hrs data)

phases <9

YHESS observations of GRB 0606028”
:E_Aﬁaron/an et al. 09, Ap/, 690, 1068.
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