Markus Holler (Universitat Innsbruck)
ICRR Seminar
18 (FRR), 2017507526

B universitat
Innsbruck




QQ B universitat M. Holler . After the H.E.S.S. | Legacy . ICRR . 20174E07 526 H
HESSN Innsbruck




Reconstruction & Analysis H.E.S.S. | (CT1-4)
(2004-2012)

Trigger Reconstruction

—> —>» | Stereo Analysis

— Q . - "y ma
QR univers Itat M. Holler . After the H.E.S.S. | Legacy . ICRR . 20174E07 826 H
H..S.Jm ™ Innsbruck



H.E.S.S. SoM (2004 - 2012) vt

AThASm  ATMSm  17hd2m

V.‘"' fattest plasible
26.02.-02.03.2004 o, e g i
MESS JNRS 3T 5 v . % <5
- L
. . .
§

§1295-69

{ i
%*&*Jﬂfwﬂmmﬁﬂﬁg :

‘a0z 004 DOS 008 @1 042 013
*ideg)

Othite
RA (rourss
TR e

MENS J1202.420

; Ty, . : — ::: ' -~ . [
i Ty o 2H++++H+H +++ ++++++++ ‘

HESS Ji€16568

|

{ *
3 H -
Preliminary H 3 s
£ H 3
L H ¥
§ 2er |
GRIS S
-
e pas s e 1508 1
b Anssslon LIzt
1504 1%0on
v e 1714
R Ascartion (20631 1 I Right ascansicn
o ors of's”
H .
Fow -

Doclination (J2000)

i Ascersion
e s -» - ‘ s . NGC 283
-~ ’ 5 1 i o ! 1t '
) e :
\ 9 y 8 b
4 . i 2
. 1 ' 3 o

(2TH 708" 1607 1508 15960 asoe
Right Ascension (J2000) gt Ascansion

« ) - T
Gaactic Longhade 3 P15 2085204 Tempine 3
s 100, Linear Mokt HESS J1018:589 ]
. 100 e 108 Te" i £
4 14
H H s
- i £ 5 H
HESS J1023-575 :T 5 §
£ &
& s

L

MESS J1026-362

O8nd0m  O8AYSm  C8R3Om
RA (hours]

VERITASM.LSS.

aht curve

Facess Evenrs

Galactic Latitde (dog)

o cces e, 0, 19, 140 sgrficarcs

Golactis Longtude (e O et e

180,
£ F  Exposure: 15,8 Ive nours

160)
o Excess: 248.0, Significance: 9.2

o Excess

— PSF

BN R

o bl NI:‘E‘MGM




tevcat.uchicago.edu

\]
QQQ

H.E.S.S\J

B universitat

M. Holler . After the H.E.S.S. | Legacy . ICRR

iInnsbruck

Source Types

PWN

Binary XRB PSR Gamma
BIN

HBL IBL FRI FSRQ
Blazar LBL AGN
(unknown type)

Shell SNR/Molec. Cloud
Composite SNR
Superbubble

Starburst

DARK UNID Other

uQuasar Star Forming
Region Globular Cluster
Cat. Var. Massive Star
Cluster BIN BL Lac
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Planck CO map

H.E.S.S. Galactic Plane ‘
Survey . .

-135
HESS J0632+057

= ~ 3000 hours of observations on | /
the Galactic plane conducted : CIHESS. Survey

[0 HEGRA Survey
VERITAS Survey

<

= Used to compile a survey in

gamma-rays
" 78 SOurces InC|Uded 19 the - 0 | o o 30 320 300 280 260
UpCOming paper HGPS observation time (hours) %00

8 340
Composite Galactic Longitude (deq)

R.D. Parsons for H.E.S.S.
36 ICRC 2017

Not firmly identified
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HESS J1912+4101

oYactx Lengituce

Galactic Latitude

Surface brightness (=1 TeV) [counts/{(m?.s.deg?)]
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Special Issue - The H.E.S.S. | stronomy
Legacy (Released) Str OthSl CS

Detailed spectral and morphological analysis of the shell type SNR RCW
86 - http://adsabs.harvard.edu/abs/2016arXiv160104461H

Extended VHE gamma-ray emission towards SGR1806-20, LBV1806-20,
and stellar cluster CI*1806-20 - :

2016arXiv160605404A

A search for very high-energy flares from the microquasars GRS 1915+105,
Circinus X-1, and V4641 Sgr using contemporaneous H.E.S.S. and RXTE

observations - http://adsabs.harvard.edu/abs/2016arXiv160704613H

The supernova remnant W49B as seen with H.E.S.S. and Fermi-LAT -
htto://adsabs.}  edu/cai-bin/bit 2arXiv-1609.00600

H.E.S.S. observations of RX J1713.7-3946 with improved angular and
spectral resolution; evidence for gamma-ray emission extending beyond

the X-ray emitting shell - http://adsabs.harvard.edu/cgi-bin/bib_query?
arXiv:1609.08671

Systematic search for very-high-energy gamma-ray emission from bow

shocks of runaway stars - http://adsabs.harvard.edu/cgi-bin/bib_query?
arXiv:1705.02263

The population of TeV pulsar wind nebulae in the H.E.S.S. Galactlc Plane
Survey - http: . . : .

Deeper H.E.S.S. Observations of Vela Junior (RX J0852.0-4622):
Morphology Studies and Resolved Spectroscopy - http://

sabs.}  edulcai-bin/bit 2arXiv-1611.01863

Characterising the VHE diffuse emission in the central 200 parsecs of our
Galaxy with H.E.S.S - http://adsabs.harvard.edu/cgi-bin/bib_query?arXiv:
1706.04535




Special Issue - The H.E.S.S. | stronomy
Legacy (Coming Soon) StrOthSiCS

HESS J1741-302: an unidentified very high energy Gamma-ray
source in the Galactic plane

Galactic Supernova Remnants Population Study at Very High
Gamma-Ray Energies with H.E.S.S

Constraints on particle acceleration in SS433/W50 from MAGIC
and H.E.S.S. observations

The H.E.S.S. Galactic Plane Survey
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Reconstruction/Analysis Modes H.E.S.S. Il (CT1-5)

Reconstruction Analysis

CT1-5 Stereo Analysis

Stereo Analysis
— | CT1-4 Stereo Analysis

Trigger
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\ / CT5 Mono Analysis
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( O O N
The Crab Nebula in Combined Mode ® ‘ o) ‘ '
__® ®

3000

_ | Tobs 7 2 h
_ N 727
2500 —" A ON 6
_ P ot s Tl | NOFF 6003
. _ e, . u | O 1/11.08
000 b A S/Bratio 11.4
~ Sobs 130.20
1500 = 4 v/min. 14.3
1000 —
H MH for H.E.S.S.
4 o+ ICRC 2015
500 — 4
0
0 002 004 006 008 01 012 014 016 0.18 0.2
92 [deg”]
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Combining Mono & Stereo Events

E I Data ON

120077, . Data OFF
_ i
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400 —
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# [deg?]
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Combining Mono & Stereo Events

E I Data ON
1200 _FI_ : Data OFF
1000 — : 0 O O . .
- -
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800 — i O () () () )
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400 —
200
0
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# [deg?]
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Combining Mono & Stereo Events

900

—— Data ON
—— Data OFF

800

—— Data ON
—— Data OFF

16 —
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400
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200
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240 ——— Data ON

220

—— Data OFF 0 0.01 002 0.03 004 005 006 007 0.08 0.09 0.1
200 ? [deg?]
180

160
140
120
100
80
60
40
20
0

0 0.01 0.02 0.03 004 0.05 0.06 0.07 0.08 0.09 0.1
* [deg?]
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Combining Mono & Stereo Events

900 —— Data ON
|
800 ' ——— Data OFF
1 24 —
700 | : 99 3 —— Data ON
] _
603 , 1! 20 =t . Data OFF
- |
500 ty : 18|, ' ()
; E R Y
- 1
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200 . : ]
10 — 1
- 1
100 8—: 1
0 — |
0 0.01 0.02 003 0.04 005 006 0.07 008 0.09 0.1
*? [deg?]
240 ——— Data ON
220
—— Data OFF 0 0.01 0.02 0.03 0.04 005 0.06 0.07 0.08 0.09 0.1
180
160

140 +
120 +

100
80
60
40
20

0

--_-l_------
=

0 0.01 0.02 0.03 004 0.05 0.06 0.07 0.08 0.09 0.1
* [deg?]
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Combining Mono & Stereo Events

900 —— Data ON
1
800 ' ——— Data OFF
' 24 —
700 | : 99 3 —— Data ON
] _
600~ | 1 S/B=1.8 20— . Data OFF
— 1
5005 + b , 18— : o
Ht, + 16"
300 L L H 14—, ! ® ®
_ ] —
- 12 w S/IB=4.4 ®
10 — 1
100 = '
. 8= :
0 0.01 002 003 004 005 006 0.7 008 0.09 0.1
? [deg?]
240 —— Data ON
220
—— Data OFF 0 0.01 0.02 003 004 0.05 0.06 0.07 0.08 0.09 0.1
180
160

140 +
120 +

100
80
60
40
20

0

S/IB = 2.7
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0 0.01 0.02 0.03 004 0.05 0.06 0.07 0.08 0.09 0.1
* [deg?]



18

Combining Mono & Stereo Events

900 —

Data ON
Data OFF

800 —E.|_

Data ON
Data OFF

700—; + i
6003 4 S/B=1.8
5005 +, |

; +

- +++]1 -
400 —
- R .

300 —

SIB=4.4 P

200

100

0
0 0.01 0.02 0.03 004 0.05 0.06 0.07 0.08 0.09 0.1
* [deg?]

240
220
200
180
160

140 +
120 1

100
80
60
40
20

Data ON

Data OFF 0 0.01 002 003 004 005 006 0.07 0.08 0.09 0.1
# [deg?]

S/IB = 2.7

Clearly need a better
way of combining events!
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CT1-4 Stereo vs. CT1-5 Stereo

HAP: (phase2b2/phaselb):std hybrid:off0.5deg:containment68

o 0.5
-8 [ [ ] [ ] S
£0.45 —_Pr Ilmln r ________________________ —eo— H.E.S.S. Il stereo 10°|
§ - e a y —e— H.E.S.S. |l stereo 30°
é; 0“455_ .............................................................................. o P{.ELSS.E;.||~St€H13C)E“J°'"
rou ] = W — H.E.S.S. | stereo 10°
B0, 35 e\
> £ e | H.E.S.S. | stereo 30°
éE 0.35__ ..................................................................................... HESS | stereo 60° |-
0.25:
0.2
0.15
0.1
0.05
0:l | | | | | | | | I | | | | I | | | | | | | | | I | | | | | | | | | I | | | |
1.5 -1 -0.5 0 0.5 1 1.5 2 2.5
Iogm(True Energy/TeV)
QQQ universitat M. Holler . After the H.E.S.S. | Legacy . ICRR . 20174E07 826 H

wessN 0 Innsbruck
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The Current Perspective
for H.E.S.S. (+ other IACTs)

= The easy analysis - high scientific
output times are mostly over (until
CTA arrives)

= Still some time left until CTA will be
competitive

= The existing data likely contains a
lot of yet undiscovered physics

= How to find it:
m Study systematics
m Think differently

m [mprove simulation/analysis
techniques

NS B universitat M. Holler . After the H.E.S.S. | Legacy . ICRR . 20174E07 B 265
HSQ ™ Innsbruck




21

Study Systematics (Eta Carinae)

» Eta Car: Colliding-wind binary, detected in HE gamma-rays with Fermi

= Extreme night-sky background (NSB) conditions make a measurement for
H.E.S.S. very complicated

e

~ - Night sky. background in o3
E. Leser for H.EE.S.S. | SR S WL 14y F- [ ’
ICRC 2017 S e

“x10_higher than usual’, *'f

L §trpng:fluégditions ’ o Sl

® o
v e B .

%Qﬂ H _unive rsitat M. Holler . After the H.E.S.S. | Legacy . ICRR . 20174078265
HESSN Innsbruck



Study Systematics (Eta Carinae)

= Study NSB impact on instrument:
Increase trigger settings

= Low-level data analysis: Increase image

cleaning

= Remaining noise: Use run-wise MC
simulations (see later slide)

QQQ

H.E.s.S\]

E. Leser for H.E.S.S.
ICRC 2017
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Study Systematics (Eta Carinae) e@ce@oO
__ @ ®
= First detection of a colliding-wind binary
in VHE gamma-rays E. Leser for H.E.S.S.
ICRC 2017
S C}LEJ E H.E.S.S. PRELIMINARY
5 88° o |
§§ H.E.S.S. PRELIMINARY S
a2 > L
©
-59° W
10" — -__-%—
-60° : ‘i—
| —+— H.E.S.S. monoscopic, phases 0.78-0.93
| —+— H.E.S.S. stereascopic, phases 0.78-0.93 .'i_‘
-61°
—+— H.E.S.S. monoscopic, phases 0.93-1.1
102 — | I_
11h00m003 10h50m003 10h40m003 10"30"‘003 — | 1 109 1010 | | | ll1ll(I)11 1 1 1 111112)112 | 1111“()|13 1 L1 1111l »
Right Ascension (J2000) Energy [evf
QQQ B universitat M. Holler . After the H.E.S.S. | Legacy . ICRR . 20174E07 826 H
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The Cosmic-Ray Electron Spectrum
before the ICRC 2017

—
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= —%— HESS HE (2008)
o —4— HESS LE (2009) % |

—&— MAGIC (2011)

—a— AMS-02 (2014)
—#— VERITAS (2015)
—A— Fermi-LAT LE (2017)

—
o
|

0

HEEER

Flux E S—E' [GeV2m2s'sr]

D. Kerszberg for H.E.S.S.

- —4— Fermi-LAT HE (2017) ICRC 2017
llllll 1 1 llllllI L L lllllll 1 1 llllllI 1 1 L1 1 111
10° 102 10 1 10
Energy [TeV]
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The Cosmic-Ray Electron Spectrum
before the ICRC 2017

—
Q
N

IIIIII|

o —+— HESS HE (2008)
. —,— HESS LE (2009)
—&— MAGIC (2011)
—a— AMS-02 (2014)
—#— VERITAS (2015)
—A— Fermi-LAT LE (2017)

—
o
|

0

HEEER

Flux E S—E' [GeV2m2s'sr]

D. Kerszberg for H.E.S.S.

- —4— Fermi-LAT HE (2017) ICRC 2017
llllll 1 1 llllllI L L lllllll 1 1 llllllI 1 1 L1 1 111
10° 102 10 1 10
Energy [TeV]
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Think Differently @ O
\_ ‘ J

Old Approach New Approach

(same as for Veritas)

= Cut down hadronic background by
relying on powerful discriminating
variable from standard analysis

= Use multi-variate
techniques to filter protons
(background) from

= Accept potential hardening of spectrum
electrons

due to contamination

= Relying on interaction
models provided by

0.12
i — MC electrons

e
|

—— MC protons

0
collider experlments - S | cotpostion Energy | Expected contamination from protons
oo 1 TeV ~ 15%
—? - s | :de Naurois & Rolland 70

| E}l g"'“f (2009) 2 TeV 7%)
! £ | > 5 TeV <10%

é Q f] T0.04

4 i

‘_E“O.OZl

% 2 :

+ ol : T .
-4 -2 0 2 4 6 8 10

Discriminating variable

NS B universitat M. Holler . After the H.E.S.S. | Legacy . ICRR . 20174E07 826 H
HSQ ™ Innsbruck
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The New Cosmic-Ray Electron Spectrum °
(since ICRC 2017) e
n —— HESS HE (2008) —4— HESS LE (2009)
B —4— MAGIC (2011) —%— AMS-02 (2014) =
O
— B —#— VERITAS (2015)  —4— Fermi-LAT HE (2017) g
7 B —$— HESS (2017) — T. Kobayashi et al. (2004) %
‘f.” 2 - Ermg) é oi O,; i Stat. + sys. errors - — — HESS Fit (2017) é
.E !._ L4 : _*' o 0 o1 & B ('<D
SR It i SIS .
® 5 e .. Vela 3
S, - L 3
ZW =
Sl | S
w |
> -
= — | D. Kerszberg for H.E.S.S. o
L ICRC 2017 N
Preliminar S
| | | 1 lyl | I | Cylgnlus LOOP g
1 Energy [TeV] 10
S W universitat
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Quantity Type
(per pixel, telescope, or for array)

Improve Simulation/ :

- - array
Analysis Techniques i
telescope
. . array
= New simulation approach (MH et telescope
al., ICRC 201 7) telescope
= Simulating each observation run of a te':is:;pe
data set pixel
m Using actual observation and pixel
Instrument conditions pixel
pixel

= Provides more realistic description telescope
of taken data gl maxe

= Example of improvement:
Extension measurements

%QQ || _unive rsitat M. Holler . After the H.E.S.S. | Legacy . ICRR . 20174078265
HESSN Innsbruck
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Improve Simulation/Analysis .
Techniques (The Crab Nebula Extension) e
§ _ Simulated PSF
% 200 n Simulated PSF, convolved with ¢ = 52.2"
i@ - - Data ON
- Data OFF
300 — = Extension TS = 83 (~ 90)
2007 = Best-fit Gaussian width:
E (522 + 2.93tat + 7.83\/3)”
; ' 0.004 ' o 0.006 ' ' ' 0.008 ' ' ' 0.01 o ' -- ----- 014
# [deg?]
: MH for H.E.S.S.
% ICRC 2017
-'-'I""‘r‘q-."--‘rﬂ-'-—'-"l'rrr
02 0004 0006 0008 001 0012 0014
gqq B universitat M. Holler . After the H.E.S.S. | Legacy . ICRR . 20174E07 B 265
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Improve Simulation/Analysis e O

Techniques (The Crab Nebula Extension) e |
—I Cratl)
80 | — PKS 2155-304
— Mkn 421
60
3
—l
Fer
S 40}
N
20 |
ol ] MH for H.E.S.S.
0O 10 20 30 40 50 60 70 80 ICRC 2017
Gaussian Width (o, arcsec)
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Improve Simulation/Analysis e O
Techniques (The Crab Nebula Extension) e |
Previous extension
— ot limits in VHE
30 L —  PKS 2155-304 gamma-ray astronomy
—  Mkn 421
60|
201}
ol | | . | . ] MH for H.E.S.S.
0 10 20 30 40 50 60 70 80 ICRC 2017
Gaussian Width (o, arcsec)
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Improve Simulation/Analysis .
Techniques (The Crab Nebula Extension) e
'g 70—:
5 60 | .
I TR M SRR
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Iﬁ 40_: 1 : I
30—3 :
20
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Improve Simulation/Analysis

Techniques (The Crab Nebula Extension)

T R T I A
uPPAM - H.E.S.S. Crab ICRC 2017

..... -
s’ -
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(=)
o
S L
= +22.02°
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o
5
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O L
Q
A +22.00°
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Conclusions

= H.E.S.S. continues to deliver important results to VHE gamma-ray astronomy
(and also cosmic-ray physics)

= Analysis phase space largely increased/complicated
= Development of new techniques necessary

= Working on H.E.S.S. |l data automatically implies gaining valuable information
for CTA
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