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H.E.S.S. = High Energy Stereoscopic System

H.E.S.S. Phase I: 2002-2012 H.E.S.S. Phase II: 2012-++
= 4 telescopes of 12m = Addition of CT5 to the array: 28m
= 100 GeV-100 TeV = ~30 GeV-100TeV

= FoV ~5° & angular resolution < 0.1° = FoV ~3.5° & angular resolution < 0.4°

Namibia - Khomas Highlands

\]
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H.E.S.S. Phase-II

O O

O O

CT5 Mono CT5 + atleast 1 CT1-4 At least 2 CT1-4

b Lowest energy threshold

= CT5 Mono — best for:
= High redshift AGN + GRBs
» EBL atz> 1 (gamma-ray horizon)

» Spectral measurements at E < 100
GeV

5 First H.E.S.S. Il AGN results
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E2dN/dE [ erg cm? s]

H.E.S.S. Phase-II: First
AGN results

PKS 2155-304
» Bright HBLatz=0.116

= Good agreement with H.E.S.S. Phase-|
data

LA

)

IIII] I | llllll] I | lllllll I I IIIIIII I I IIIIIII
10 |
1077 pKS 2155-304
[ oy ¥
B Fﬁ/
10-11 —
- H.E.S.S. Preliminary
10-12 —
~ ¥ Fermi 3FGL
B Fermi 1FHL
B = H.E.S.S.1(2010)
10_13 —a— CT5 mono
Ellll 1 Illlllll 1 llllllll 1 1 lllllll 1 1 lllllll
102 10° 10* 10° 10°
E [MeV]

\
QQQ

H.E.S.S\J

il

H.E.S.S. preliminary
E <100 GeV

-29°

Declination (J2000)

-30°

-31°

-32°

22"00™00° 21"55™00°  21"50™00°
Right Ascension (J2000)

Sky map of PKS 2155-304
E <100 GeV

22"05™00°
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H.E.S.S. Phase-II: First
AGN results -

E2dN/dE [ erg cm? s1]

= PKS 2155-304 « PG 1553+113
» Bright HBLatz=0.116 » Bright HBLat 0.43 <z < 0.58
» Good agreement with H.E.S.S. Phase-| » Good agreement with H.E.S.S. Phase-|
data data & Fermi catalogs
ll”l I I IIII”I I IIIII”I I I IIII”I I I IIII”I I LR lIIlI I I IIIIIII I I IIIIIII | T TTTTd I T T T I T T TTTd
100 = — 10 | —
= PKS 2155-304 E 107 E PG 1553+113 =
11_ ] 'E 1_ ]
A1 — o~ A1 —
107E = % 1071 §
- H.E.S.S. Preliminary 1 2 ¢ H.E.S.S. Preliminary .
i 1= i _
1072 5 3107 E
~ =+ Fermi 3FGL - «% -+ Fermi 3FGL TTT =
[+ Fermi 1FHL i w ~  —+ Fermi 1FHL N
- —=— H.E.S.S. 1(2010) — - —— H.E.S.S. | (2008) -
—e— CTS5 mono —ea— CTS mono
108 & 10" &= =
:lllll IIIII lllll IIIII 1 1 llIIIII 1 | L :lllll lllll llllI llllI 1 11 1l 1 11 l:l
102 10° 10* 10° 10° v 10° 10° 10* 10° 10°
E [MeV] E [MeV]
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H.E.S.S. Phase-II

Stereo modes

TN
@ O
O O e 0

CT5 Mono CT5 + atleast 1 CT1-4 At least 2 CT1-4

L Best sensitivity

CT5 Mono — best for: = CT1-5 Stereo — best for:
« Detection of weak sources
= Morphology studies

» Spectral measurements at E > 100
GeV
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What we do with H.E.S.S.

= More than 80 (galactic &

extragalactic) objects discovered

« Monitoring and ToO observations

s Blazars

Radio galaxies

Seyfert galaxies

Starburst galaxies
EBL studies
= GRB

140

120

[uy
o
o

# of TeV sources

[*)]
o

iy
o

20

(o]
o
T

— all experiments
— H.E.S.S.
- = MAGIC
----- VERITAS

v
R

-

2010 2012 2014

2006
year

2000 2002 2004

Source Types

6 PWN

'." Binary XRB PSR Gamma
BIN

6 HBL IBL FRI FSRQ
Blazar LBL AGN

(unknown type)

. Shell SNR/Molec. Cloud
° Composite SNR
-180 Superbubble

. Starburst

‘ DARK UNID Other

o) uQuasar Star Forming
Region Globular Cluster
Cat. Var. Massive Star
Cluster BIN BL Lac
(class unclear) WR

http://tevcat.uchicago.edu/
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H.E.S.S. sensitivity vs time = Short term variability studies
with CT5

S 107 . — — - H.E.S.S.CT5 Mono Loose (~ 50 GeV)
© = Preliminary H.E.S.S. CT5 Mono Loose (~ 80 GeV)
w 102 H.E.S.S. CT5 Mono Standard (~ 80 GeV)
o~ 3 — — — - Fermi-LAT (~ 40 GeV)
£ 107 Fermi-LAT (~ 75 GeV)
=~ =
=10
T
107
2 F
© 10°° E
107 — S~ _ XN o _
8L S
— N
10° E- N
— N
1070 :E \\
10—11 E|I|I| | ||l|||l| | ||l||II| | |l||I|l| | |l||l|l| | ||||l|l| | ||||||I| | ||I||I|| || ||||l|| L 11
10 10 10° 10* 10° 10° 107 10®° 10° 10
Time [s]
\]
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H.E.S.S. sensitivity vs time = Short term variability studies
with CT5

S 107 =[r\ o — — - H.E.S.S.CT5 Mono Loose (~ 50 GeV)
© = Preliminary H.E.S.S. CT5 Mono Loose (~ 80 GeV)
w 102 H.E.S.S. CT5 Mono Standard (~ 80 GeV)
o~ 3 = — — - Fermi-LAT (~ 40 GeV)
£ 107 Fermi-LAT (~ 75 GeV)
=~ =
=10
T
107
2 U F
10° E
100 — =~ _ _ _ XN _ o __
y - ~
. - = ~
Short variability 199 & q
— N
GRBs 10 - X
10—11 EIIIII || Illllll || IIIIIII || lIIIIll L |||l|l| || |||l|l| || |||||I| || ||||I|| L ||I|l|| L 11
10 10 10° 10* 10° 10° 107 10®° 10° 10
Time [s]
\]
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H.E.S.S. sensitivity vs time

Short variability
GRBs

dN/dE [1/(cm? s TeV)]

= Short term variability studies
with CT5

_[r\ o — — - H.E.S.S.CT5 Mono Loose (~ 50 GeV)

= Preliminary H.E.S.S. CT5 Mono Loose (~ 80 GeV)

E H.E.S.S. CT5 Mono Standard (~ 80 GeV)

- — — - Fermi-LAT (~ 40 GeV)

E Fermi-LAT (~ 75 GeV)

-
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- ~y ~
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Time [s]
Jill Chevalier -
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H.E.S.S. sensitivity vs time = Short term variability studies
with CT5

S 107 :[r\ o — — - H.E.S.S.CT5 Mono Loose (~ 50 GeV)
© = Preliminary H.E.S.S. CT5 Mono Loose (~ 80 GeV)
w 102 H.E.S.S. CT5 Mono Standard (~ 80 GeV)
o~ 3 — — — - Fermi-LAT (~ 40 GeV)
£ 107 Fermi-LAT (~ 75 GeV)
=~ =
=10
T
107
2 U F
10°° E
100 —— N
y - ~S
10 E ~
Short variability 1 - X~
= N
GRBs 10 E- X
10—11 EIIIII | IIIIIIII | ||l||||| | IlIIlIlI | IIIIlIIl | IIIIlIIl | IIIIIII| | IlIIIIIl L IIIIII| L L L1
10 10 10° 10* 10° 10° 107 10®° 10° 10
Time [s]
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CT5 as a GRB alerts

machine

« Gamma Ray Bursts = short & extreme
events

= Never detected at TeV

H.E.S.S. Il array with CT5 in reverse mode (© M.Lorentz)
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CT5 as a GRB alerts

machine

« Gamma Ray Bursts = short & extreme
events

= Never detected at TeV

= Fast repointing System tO detect GRBs H.E.S.S. Il array with CT5 in reverse mode (© M.Lorentz)

= Improvement of the drive system  EITSQIES Jopyes going at 1 m/s to do 180°in 110 sec

s Reverse mode

- Trepointing <2 min ICR
C 2015 arx;
(R.D. pa.V:1809.051
140 | —_— 1S et al.)
v Preliminary
E — 100 ¢t
AR ==
g oo S bt S
40
\3’0)0 09\9 ,,)6"’6) u@\,
Ol S g
o o7 R ® 2
KO X X o
© o © o BN
QX QR
SN SN
Q
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CT5 as a GRB alerts

machine

Gamma Ray Bursts = short & extreme
events

Neverdata

Fast
|
= Re
B T

repd

Response Time

“bottom
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CT5 as a GRB alerts

machine

« Gamma Ray Bursts = short & extreme
events

= Never detected at TeV

= Fast repointing System tO detect GRBs H.E.S.S. Il array with CT5 in reverse mode (© M.Lorentz)

= Improvement of the drive system  EITSQIES Jopyes going at 1 m/s to do 180°in 110 sec

s Reverse mode

- Trepointing <2 min ICR
C 2015 arx;
(R.D. pa.V:1809.051
140 | —_— 1S et al.)
v Preliminary
E — 100 ¢t
AR ==
g oo S bt S
40
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Short variability studies
with Mrk 501 flare

Mkr 501, very luminous HBL
@z=0.034

Discovered as VHE y-ray source in
1996

Highly variable object in all
wavelength

Preliminary

June 19-25
E>2.0TeV

$[107"" cm2.s"]

Time [MJD - 56827]

fH} H lJune23-24 E>20TeV
| ; AEERRRE

'SR IR JEE S

Y
P
{{ {

Preliminary

t

20<E<4.5TeV |

« Observations June 2014 with E>2 |

TeV T

s Flare = ToO % |

5

e,

ICRC 2015, arXiv:1509.04893 o

(N. Chakraborty et al.) 02

\

QQQ Jill Chevalier -

H.E.S.S\]

1.%36 1.I88 1.1‘3)0 1.I92 1.54
Time [MJD - 56827]
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Short variability studies ' Preliminary

with Mrk 501 flares .

June 19-25

- wg. 4 E>2.0TeV |
« Quiescent state + flare June 2014 :g 1 {
» Flux doubling time < 10 min} flare © ; i
e Fror = 1.1 @E>2TeV domination | ¢ ﬁ’ ?

1 2 3 4 5 6

Time [MJD - 56827]

ICRC 2015, arXiv:1509.04893
(N. Chakraborty et al.)

QQQ Jill Chevalier - H.E.S.S. Extragalactic Highlights - Texas Symposium 2015 11
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Short variability studies 1 Preliminary
with Mrk 501 flares = |
5
= Quiescent state + flare June 2014 :g |
= Flux doubling time < 10 min | flare © !
s Fuar = 1.1 @E>2TeV domination | ¢

= Lognormal behavior

S =log®; + logdy + ... + logdy

June 19-25
E>20TeV

Time [MJD - 56827]

| HESS PRELIMINARY |

. . . g R B L B | . ' -' T
= Q1 x P2 x ... x Oy = multiplicative process £ LESS. [ L. Preliminary]
W 16— ]
. . s £ log® .
— Cascade-like events signature S b 8 E
[ HESS PRELIMINARY | - P .
(7} T s 2:— \ _:
.l [ L - ] u \ 3
5 % ~ Preliminary3  °F v \
s I /N HESS. 1 °F / N E
Q 20— — - -]
£l // \ o 1 s \ E
z [ ] - AN .
15— / \\ ] 45_ / N _f
B 2— P N
10_—/ — o L1 | TR B
-/ \ '3 -2 1 0 N
ICRC 2015, arXiv:15809.04893 | | / \ E fLog [Flux (<107 em secll]
(N. Chakraborty et al.) C \; 1
N | I Lognormal
N ’ 1 [Flux (x 10" om? sec)] distribution
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Short variability studies 1 Preliminary
with Mrk 501 flares = |
5
= Quiescent state + flare June 2014 :g |
= Flux doubling time < 10 min | flare © !
.« Fuo = 1.1 @E>2TeV domination | ¢

= Lognormal behavior

S =log®; + logdy + ... + logdy

June 19-25
E>20TeV

Time [MJD - 56827]

| HESS PRELIMINARY |

° ° ° g __ T T T I T T T T | T T T T I T T T T | .I T -I | I_-:
=P x Dy x... x Oy = multiplicative process £ yESs. | L, Preliminary]
w 16— J
. . s £ log® .
— Cascade-like events signature S b 8 E
| HESS PRELIMINARY | - P .
21— -
3 L s - / \\ ]
T opl [ — . el _ — —]
5 % ~ Preliminary3  °F yid o
S I /N HES.S. 1 % / N E
8 20 - n ]
st || o | \ ]
z [ i - N\ ]
15— / \\ = it / N 3
B 2 N
10__ / ] 0—/I 1 1 I 1 | 1 l 1 1 1 1 I 1 1 1 1 ' 1 I_‘
-/ \ '3 2 1 0 N
ICRC 2015, arXiv:1509.04893 | | / Y E [Log [Flux (x 107" e sec™)] ]
(N. Chakraborty et al.) C \; 1
- | ol T Lognormal
0™ 1 3 4 5 .o .
N [Flux (x 10 cm? sec”)] distribution
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Short variability studies
with blazar flares

* PKS 2155-304 - 2005-2007 = Mrk 501 — 2014 monitoring + flare

itoring + 2006 fl
MONTOTING 006 tlare = Doubling time scale < 10 min

» Doubling time scale ~2 min = Lognormal distribution of the flux ?

= Lognormal behavior found . Fvar ~ 1 @E>2TeV

s Fvarz 1 @ 0.6<E<5TeV

| HESS PRELIMINARY |

v
@,
E o - L N L :
e £ 18 1 Preliminarys
3 e w161 =
<) L
5 g 14 =
E [ = ]
3 12 N E
10~ // \\ -
8- Y Y
C \ .
6 \ =
- N |
4: V4 N | 1
2= .
N S L] | Ll
- - -3 -2 -1 0 1 2
072115 -11 -105 -10 -95 -9 -85 -8 [Log [Flux (x 10" cm sec)] ]
log @ (cm"s")
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Long term monitoring of 1ORC 2018, arXiv:1509, 03104

the blazar PKS 2155-30 (J Chevalier et a1,

2004 2006 2008 2010 2012
= Bright HBL @z=0.116 %30_ HES.S. (0.2 125 TeV) . | Prleliminallry _
}
: = 20| i |
= ~300h in 9 years of VHE data o * T
VO TR R R s }
¢ ?I | ”I Wi uq’ I } fi %}t “’f.‘t | ,.:*1‘ |

3| Fermi-LAT d
(0.1 ~ 300 GeV) |

o *W ) ‘»\ W‘«)‘M

Py (107 cm25-1)
N

2 10— X-rays (2 - 10 keV) ' =
E gl — Swift-XRT " ~
o | —RXTE {

= °[ — XMM-Newton % . B
e 4 y e ' N
2 | ! %4:,_,,}» i . .

¢ 21 o R R S N T
& I } } T‘ -t *I 'f,..‘ i . ".‘ E ;}.‘

3 4 SMARTS (R band) . .
° 3f- Y oog : .
gl Yy 82 ig

2 o L VIR A .
< s v, . . ¥,

'G‘:E:: 1 ) #\ *‘v \;‘J\ é'])' S - —

| I [
53500 54000 54500 55000 55500 56000 56500
Time (MJD)
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Long term monitoring of 1ORC 2018, arXiv:1509, 03104

the blazar PKS 2155-30 (J Chevalier et a1,

2004 2006 2008 2010 2012
Bright HBL @z=0.116 %30— H.E.S.S. (0.2 ~ 125 TeV) + Preliminary
t
: = 20l i _
~300h in 9 years of VHE data o * T
A R S T R T s }
. . ) & E’ I # l ”!} ﬂ‘ ' .’ +; } u w’»’ci 3’.’+ i‘
« MWL monitoring from Fermi-LAT, - | I l | — |
7 _ ¥ 3l Fermi-LAT _
SwiftXRT, RXTE, XMM-Newton &  § f-remar | w )l
PMARTS il hW i W')Wl L ’; i
| a A My -
= ToO observations removed to _ , | ; , I / |
study the quiescent state of the o Xerays (2 10 keV) . )
o — RXTE
blazar 5 o Snewton 1 -
2 4 oL d S
2 ol | baonial o e ; , —
g>'< . I I } ¢ #IF "'?. ‘4 #I i } f’}.?‘.;
3 4 SMARTS (R band) . s
I,o_ 3 ’i ¥ ‘f —
2o MRy % ; _
(g; :2_ tg g#\ "k} & ‘;j\ a}{"-,-... . ]
© | | | | . | | | )
53500 54000 54500 55000 55500 56000 56500
Q Time (MJD)
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Long term monitoring of ICRC 2015, arxiy,

(J.C'heva,lierli()g.08104
the blazar PKS 2155-30 stal)
2004 2006 2008 2010 2012
» Bright HBL @z=0.116 %30_ HES.S. (0.2 125 ToV) + Preliminary —
{
: = 20l i |

= ~300h in 9 years of VHE data o * T

1%10_ f + ' * #ﬁ } + : —
. . ) 3 E’ I # l ”!} u‘ ' } +; ’}} s w’»}i 3’.’+ i‘

« MWL monitoring from Fermi-LAT, - | I l | — |
Swift-XRT, RXTE, XMM-Newton & E 3‘6“":"2';:5(39\,) #I \ | ” B
PMARTS 37 W\”’ h *Wh')m L ’; I,

| $ A Tl i -

« ToO observations removed to _ , | ; , I LA
study the quiescent state of the ” 12‘&?{&‘&&’;0 keV) . N

5 | —RXTE i ‘ h
blazar = °7 — XMM-Newton o N
2 4~ oL d A
T L ¢ 21— R L N PR PR
= Variability characterization: & | | - aﬁf-'“" ‘-1°*'I AN -?s

. I 3 4 SMARTS (R band) . -
= Lognormality o 3 Ao § -
o oL LY I ; -
. Four (E) 5 TR AN S
535I>OO 54(|)00 545[00 55(|)00 555|JOO 56(I)OO _?6%0& D)
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Long term monitoring of 1ORC 2018, arXiv:1509, 03104

the blazar PKS 2155-30 (J Chevalier et a1,

n Lognormal behavior = Seenin HESS, X-ray & SMARTS

= Lognormal flux distribution

S=log®s +logd; + ... + logOy o Multiplicative process(es)
=CD1 XCDZX...X(DN

» Correlation oxs & mean ¢

5 2 _ @2 2
§3 H.E.S.S. E ’ O-XS =35 Gerr
53 log® E ,f; L L B A L A A LI AL
g : o Preliminary -
8 : L 0.9 H.E.S.S. -
40T T T ] 2 - © 0.8 _E
2 a5 H.E.S.S. 2 £ o 07 E
ésof— ® Prelimi : R DQ 0.6 —i
253_ re |m|r‘|‘ary E 0.5 — _g
: 0.4 — / - =
20 ] —+— E
: ] 0.3 —Z =
15— : . - : : - - - . . E
E 74 72 7 -68 -66 6.4 -6.2 6|ogs<i>8(m'§$) 0.2 E
105— 0.1 =
5t ol b 1 e b 1 .
/ M 0 0.2 0.4 0.6 0.8 1 1.2 1.4
— 0 =5 20 @ (107° cm2.s™)
® (10" m2s?)
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Blazars and lognormality
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Blazars and lognormality

H.E.S.S.
(O]

Preliminary

-74 72 -7 -68 -66 -64 62 -6 -58 -56
log® (m?s7)

Oy,
o O
[$) )]
[T
IIlIlIIIIIIlllIIIIIllllllllllllllllllllllll
nce per bi
@ w IS
ARARANRARAS |

S [P N PR B R 10
% 02 04 06 08 1 12 14 :
® (107" cm2.s™) o

PKS 2155-304 — long term monitoring
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Blazars and lognormality Mrk 501 — 2014 flare

| HESS PRELIMINARY |

- 7)) I L A L L | T 1 T 7T T ]
‘d_, 18— n » —
5 F Preliminary -
< T T 1 T T 1 T T T ™ I-“16_— —
2 z 5 F E
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L e e B B L L g, og E 512:_ E
9 H.E.S.S. Preliminary 3 8 ] z N .
- 3 2 — 10__ / .
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= e c 40T L - / .
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_] 1 8| ) 6/~ .
0.5 = 3 30 C ]
[ /— E S . - = 4 3
0.4t 11 EE Preliminary E - / .
0.3 —*'—74_: = 205 2l 3
02__ = : 74 72 7 -68 -66 6.4 -62 -6 -58 ss_ 0= — . ' ; ; —
0.1f 18 T T T ega(mis) -3 2 1 o I (110_11 L2 ]
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e S 10:
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o”"é""m 5 20
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PKS 2155-304 — long term monitoring
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Blazars and lognormality Mrk 501 — 2014 flare

| HESS PRELIMINARY |

» T T T L T ]
2 18— L] = p—
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5 ] ° F N
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PKS 2155-304 — long term monitoring

PKS 2155-304 — 2006 flare
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Blazars and lognormality Mrk 501 — 2014 flare

| HESS PRELIMINARY |
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= Seen for a couple of other AGN objects (blazar + Seyfert) in X-ray
and TeV
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Blazars and lognormality Mrk 501 — 2014 flare

| HESS PRELIMINARY |
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= Seen for a couple of other AGN objects (blazar + Seyfert) in X-ray 3‘3':
and TeV Saf
= Historically, lognormality is linked with accretion disk (X-ray E
o . 18
binaries studies see Uttley & McHardy 2001) -
o R 7
5 Imprint of cascade-like events in the disk onto the S s s 5w
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jet? (Giebels & Degrange 2013)
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ICRC <015, arXiv:
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Long term monitoring of (9 Cliovation sy00 03104
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Determining the shape of

IIIIIII

= Universe not transparent to

the EBL
Energy (eV)
5 10 1 107 102 103 104
10 1 | | | I 1 3
p | = Background photon field
= Ty “bsorptior - originating starlight and dust
"_Uh) [ ‘ i re-emission
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gamma-rays over extragalactic
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Determining the shape of
the EBL

o _ —T(E~, 24
Intrinsic Dops (E,Y) — (I)z'nt(Efy)e T(Bry,2s) Observed
spectrum spectrum
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o + o
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http://tevecat.uchicago.edu/

ESR@ ) Blazar status

Blazar TeV sky

« Blazars = FSRQ + BL Lac (LBL+IBL+HBL)

= Blazars are mainly dominated by HBL
» Observational bias

= Sequence?

N
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NN
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N
w

HBL  of
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http://tevecat.uchicago.edu/ Blaz ar status

« Blazars = FSRQ + BL Lac (LBL+IBL+HBL)

= Blazars are mainly dominated by HBL
» Observational bias

= Sequence?

= HBLs (PKS 2155-304, Mrk 501...) are
generally well described by one
zone, time-independent SSC model

= Not the case for LBLs and FSRQs
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http://tevecat.uchicago.edu/ Blaz ar status

"1:"%1':

Blazar TeV skvm; |

« Blazars = FSRQ + BL Lac (LBL+IBL+HBL)

= Blazars are mainly dominated by HBL

= Observational bias

7 %6

= Sequence?
SED of Ap Librae, from D.A.Sanchez et al. (2015) SED of PKS 1510-089, from J.Aleksic et al. (2014)
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Blazar status — New
candidates

http://tevecat.uchicago.edu/

R

Blazar TeV sky

« Blazars = FSRQ + BL Lac (LBL+IBL+HBL)

= Blazars are mainly dominated by HBL

= Observational bias

7 %6

= Sequence?
e data Ap Librae e data PKS 1510-089
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v Fv (erg cm? s

http://tevecat.uchicago.edu/

Blazar TeV sky

Blazar status — X-HBLs

Blazars = FSRQ + BL Lac (LBL+IBL+HBL)

Blazars are mainly dominated by HBL

= Observational bias

= Sequence?

Really high vpeak o  data 1ES 0229+200
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\ Future observation strategy

Blazar TeV sky

= Blazars = FSRQ + BL Lac (LBL+IBL+HBL)

= Blazars are mainly dominated by HBL
= Observational bias

= Sequence?

= HBLs (PKS 2155-304, Mrk 501...) are
generally well described by one
zone, time-independent SSC model

» Not the case for LBLs and FSRQs

Blazar TeV sky

= Need new observations of other
future goal

objets to understand better the
blazar physics.

= More:
= FSRQs, LBLs & X-HBLs
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