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The IACT experiment: HESS
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The IACT experiment: HESS

Southern hemisphere!
Galactic center is visible!

\_
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Air shower method for detecting gamma-rays

Gamma-
ray

Particle
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High CR background

Particle
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High CR background

Particle
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High CR background

Particle

shower

How to distinguish CR
from photons?




ERLANGEN CENTRE
QQQ ‘\\>i FOR ASTROPARTICLE
L PHYSI
H.E.s.sN\J -

Common analysis for IACT

Event Map

Event Map
-29

-29

-30 '
Observation -~
Positions “<|

"On Region

-31
Observation’ -~

Positions

22h02m 21h58m 21h55m

22h02m 21h58m 21h55m

[ Ring mode } Reflected mode

Berge et al. 2007
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Common analysis for IACT

Event Map
-29

Event Map
-29

-30 '
Observation -~

’ -

" J"#§-\— On Region

Positions *

-31 N (%
Observation’ -~
Positions

22h02m 21h58m 21h55m 22h02m 21h58m 21h55m

[ Signal = counts (on region - off region)

Berge et al. 2007



\ 1
ERLANGEN CENTRE
QQQ ‘\\\i FOR ASTROPARTICLE
N

v ¥ V] pyysics
D\ B

Event Map Event Map
-29 -29

{0) :
Observation -~
Positions <

’
¢ "M, — On Region

N

"On Region

-31 3 (5
Observation’ -~
Positions

22h02m 21h58m 21h55m 22h02m 21h58m 21h55m

What about extended sources?

Berge et al. 2007
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3D method analysis

Like it is in Fermi analysis!
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3D method ana@ Big advantage:
overlapping

Like it is in Fermiag\s&w\'l> sources
(not possible in classical

Z analysis)

L




\J
QQQ

H.E.s.sN\J

\

‘\\\' ERLANGEN CENTRE
" FOR ASTROPARTICLE
. b

« V7 pyysics
\ig

3D method analysis

Like it is in Fermi analysis!
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Strategy:

 Select all observations off the Galactic
plane

» Group observations in bins of zenith
and azimuth angle

(but so far not: optical efficiency,
telescope multiplicity, ...)

» Stack observations in Alt/Az-aligned
field-of-view coordinate system,
excluding source regions

« Compute pixel-wise exposure

time over all runs in a bin

« Compute background rate

* Apply smoothing algorithm

latitude [deg]

Raw background rate

@€ [90,270]° €€ [25.0,35.0]° E€ [0.79, 1.12] TeV

2.0e-04

1.7e-04

1.5e-04

1.3e-04

1.0e-04

7.5e-05

5.0e-05

2.5e-05

0.0e+00

longitude [deg]
16

background rate [MeV-1sr-1s-1]
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Strategy:

» Select all observations off the Galactic
plane

» Group observations in bir
and azimuth s
(but so far

field-of-view ¢
excluding sou
» Compute pixe
time over all ru
» Compute background rate
* Apply smoothing algorithm -

longitude [deg]
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Strategy:

» Select all observations off the Galactic
plane

» Group observations in bir
and azimuth s
(but so far

- 2.0e-04

-1.7e-04

field-of-view ¢
excluding sou
» Compute pixe
time over all ru
» Compute background rate
* Apply smoothing algorithm -

CTOOLS: software for IACT
data analysis.
Very similar with Fermitools.

/

background rate [MeV-1sr-1s-1]

‘ cherenkov telescope array
0



Methods & Results:
Testing the background model
using simulation and ctools
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The initial idea

-

Using off observations, we simulate sources
and put on top of it.

Perform the 3D analysis.

Extract the parameters of the input model and
check if it is the same as the simulation.

If the fitted values are very close to used in
the simulation, then the background test is
done and approved.

-

~

Deciination [08g]

/

-24740°

Detected
et —————————————————————————————

25°00'

Background

26°00

1230 00 11°30° 00
Right Ascension [deg]

35

L 3p
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The simulated sources:

/Extended source:

Spatial model:
Radial Gaussian:

RA, DEC, Sigma

Spectral Model:
Power Law:
Normalization, Index

~

/

ation [deqg)

Declin

Detected
=35
24°40'
=~ 3D
2500 L o5

20

15

10

12%30 00 11°30° 00
Right Ascension [deg]
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The simulated sources:

/Extended source:

Spatial model:
Radial Gaussian:

RA, DEC, Sigma

Spectral Model:
Power Law:
Normalization, Index

/Point source:

Spatial model:
Radial Gaussian:

RA, DEC

Spectral Model:
Power Law:
Normalization, Index /

Detected

20

15

10

Extended + Point source

12%30 00 11°30° 00
Right Ascension [deg]
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1st round:

DATA

= | SIMULATED

Background +

SIMULATED

Extended source

Extended + Point source
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1st round: Results

Point source parameters data

50 7
Normalization {
0 bkg+point+ext |
1 N=723 E
u=8.90E-18 |
30 A 1
0=3.14E-19
20 -
10 Normalization
o T T T
0.70 0.75 100 105 110
le—-17
| Index
- bkg+point+ext
N=723
30 { p=-2.47E+00
o=4.04E-02
20 -
i}
10
Index
0 T T
-2.70 -2.65 -2.60 -2.55 -2.50 -2.45 -2.40 -2.35 -2.30

4 A

Fitted values different from the expected
value.

Correlation between sigma,
normalization and point source.

\_

J

Extended source parameters data

Normalization
bkg+point+ext
N=723

30 4 u=1.60E-17
o=4 06E-19

20 4

10 -

40

0
1 145

175

180
le-17

50 1 Index
bkg+point+ext
40 41 N=723
=-2.22E+00

1 0=2.59E-02

-2.35 -2.30

-2.25 -2.20 -2.15

-2.10

Sigma

50 1 bkg+ext
N=723

40 4 p=1.37E-01
o=2.21E-03

0
0.125

0.130

0135 0.140 0.145

0.150

piss
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1st round: Results

Point source parameters data

Normalization

0 | bkg+point+ext
N=723

u=8.90E-18

1 0=3.14€-19

0 T
0.70 0.75

40 1 Index
bkg+point+ext
N=723

30 { p=-2.47E+00
o=4.04E-02

20

10 1

0 T T
-2.70 -2.65 -2.60 -2.55 -2.50 -2.45 -2.40

-2.35

\\{ers data

Let's make it simpler!

So instead of using the
background data, we can

-2.30

-

value.
Correlation between sigma,
normalization and point source.

\_

Fitted values different from the expected

Y

/

simulate it too.

2.35 -2.30

170

175

180
le-17

-2.25

-2.20 -2.15

-2.10

-2.05

0
60
Sigma
50 1 bkg+ext
N=723
40 4 p=1.37E-01
30 o=2.21E-03

0.130

0135 0.140 0.145

0.150

E.éSS
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2st round:

> (A

1 = | SIMULATED

Background +

Extended source

SIMULATED

Extended + Point source
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2st round:

SIMULATED

SIMULATED
SIMULATED

Background +

Extended source

Extended + Point source
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2nd round: Results

10 1

25

20 A

5.

0
0.70

1 0=4.08E-02

04
-2.70

Point source parameters SIMULATION

Normalization
bkg+point+ext
N=250
u=8.87E-18
0=3.39E-19

Normalization

100 105

le—-17

110

Index
bkg+point+ext
N=250
u=-2.49E+00

L

Index

245 240 -2.35

-2.55

-2.65 -2.60 -2.50

-2.30

Extended source parameters SIMULATION

180

15.0 { Normalization
bkg+point+ext
125 1 n=250
10.0 - u=1.63E-17
0=5.05E-19
75 4
5.0 4
25 4
0.0 T
140 145
_ le-17
Index i
20 { bkg+point+ext i
N=250 i
15 u=-2.20E+00

0=2.53E-02
10 -

-2.35 -2.30

-2.25 -2.20 -2.15 —2.'10 -2.05

Sigma
bkg+ext
N=250
u=141E-01

0=3.48E-03

0.130

0.140 0.150

0.145

0.135 o®155
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2nd round: Results

25

20 A

1 bkg+point+ext

1 0=3.39E-19

0
0.

70 100 105 110
le-17
Index
bkg+point+ext
N=250
u=-2.49E +00
1 0=4.08E-02
Index

0 b T T T
-2.70 -2.65 -2.60 -2.55 -2.50 -2.45 -2.40 -2.35 -2.30

Point source parameters SIMULATION

Normalization

N=250
=8 .87E-18

Normalization

4 A

Fitted values different from the expected
value.

Correlation between sigma,
normalization and point source.

- J

Extended source parameters SIMULATION

15.0 1 Normalization
bkg+point+ext
12.5 1 N=250
10.0 - u=1.63E-17
0=5.05E-19
7.5 -
5.0 -
25 -

0.0

140 145

180
le-17

Index
20 4 bkg+point+ext
N=250

| p=-2.20E+00
0=2.53E-02

-2.35 -2.30

-2.25

-2.20

-2.15

-2.05

Sigma

20 1 bkg+ext
N=250

| u=141E-01

0=3.48E-03

0.125 0.130

0.135

0.140

0.145

0.150

155
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2nd round: Results

Point source parameters SIMULATION

Normalization

1 bkg+point+ext
N=250
u=8.87E-18
1 0=3.39E-19

0
0.70

251 Index

\{meters SIMULATION

Let’s test increasing the
statistics.

bkg+point+ext
20 1 N=250
u=-2.49E+00
15 1 ¢=4.08E-02
10 - L
> Index
o_ T ’_
-2.70 -2.65 -2.60 -2.55 -2.50 -2.45 -2.40 -
sl ‘
L= -2.35 -2.30 -2.25 -2.20 -2.15 -2.10 -2.05
/ \ Sigma i
20 1 bkg+ext
N=250
Fitted values different from the expected 15 - “=;2;:g;
value. o it
Correlation between sigma,
normalization and point source. 51
0 T
k / 0.125 0.130 0.135 0.140 0.145 0.150 Y155
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2nd round: Results

10 |

25 1

20
| o=1.28E-02

10 +

1 Normalization
25 4

20 4

Point source parameters SIMULATION

bkg+point+ext
N=385
u=8.87E-17
o0=1.10E-18

Normalization

o® W

70 0.75

100 105 110

le—-16

Index
bkg+point+ext
N=385

u=-2.49E+00

Index

0
-2.70

265 -260 -255 245 240 -235 -2.30

-2.50

4 A

Fitted values different from the expected
value.

Correlation between sigma,
normalization and point source.

\_

J

Extended source parameters STRONGER simulated

25 41 Normalization
bkg+point+ext
20 { N=385
u=1.63E-16
15 1 o=1.61E-18
10 -
5 1 _
0 T T T T L T
140 145 150 155 170 175 180
le-16
Index
5 1 bkg+point+ext
20 N=385
1 w=-2.21E+00
15 { 0=8.64E-03
10 -
5 ] _
0 T T T T
-2.35 -2.30 -2.25 -2.20 -2.15 -2.10 -2.05
Sigma
25 1 bkg+ext
N=385
20 {1 u=1.41E-01
15 4 o=1.11E-03
10 -
5 4
0 T T - ll
0.125 0.130 0.135 0.140 0.145 0.150 1155
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2nd round: Results

(0]
Point source parameters SIMULATION
30 1 Normalization
bkg+point+ext
5 1 N=385
20 | H=8.87E-17
0=1.10E-18
15 | L]
10 ] Even simpler!
5 Simulate the sources
0 T T
oo 075 00 separately.
Index
25 1 bkg+point+ext
N=385
20 { u=-2.49E+00
15 | 0=1.28E-02
10 A
5 | Index
o r r . 1 l’l r
-2.70 -2.65 -2.60 -2.55 -2.50 -2.45 -2.40 / /{fl/ 0 .
= -2.35 -2.30 -2.25 -2.20 -2.15 -2.10 -2.05
/ \ Sigma
25 1 bkg+ext
) ) N=385
Fitted values different from the expected 20 1 p=141E-01
value. 15 | 0=111E-03
Correlation between sigma, 10
normalization and point source. 5 | _

0 T T 1 l’
k j 0.125 0.130 0.135 0.140 0.145 0.150 3155
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3rd round:

SIMULATED
SIMULATED

Background

Point source
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3rd round: Results

25 4
20 4

10 +

25 4
20 4
] 0=1.19E-02

10 +

Point source parameters SIMULATION

| Normalization

bkg+point+ext
N=385
u=8.63E-17
0=8 46E-19

Normalization

o® v

70 0.75 0.80

0.85 0.90 0.95 100 105

110
le—16

Index
bkg+point+ext
N=385
u=-2.50E+00

Index

0 T T
-2.70 -2.65 -2.60

-2555 -250 -245 -240 -2.35

-2.30

34
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3rd round:

SIMULATED
SIMULATED

Background

Extended source
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3rd round: Results

Extended source parameters data

30 =
Normalization
25 { bkg+ext
N=387
20 1 u=1.65E-16
15 o=144E-18
5 4
0 T T T T T
140 145 150 155 160 175 180
le-16
30 1 Index
bkg+ext
25 1 N=387
0=8.20E-03
]5 4
10
5
0 T - T T
-2.35 -2.30 -2.15 -2.10 -2.05
| Sigma
=
01 4=143E-01
15 | 0=9.75E-04
5 4
0 l'l ll

0125 0.130 0135 0.140 0.145 0.150 70155
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3rd round: Results

25 4
20 4

10 +

25 4
20 A
15 -
10 +

5.

Point source parameters SIMULATION

| Normalization

bkg+point+ext
N=385
u=8.63E-17
0=8 46E-19

Normalization

o® v

70 0.75

0.95 100 105

110
le—16

Index !
bkg+point+ext

N=385

u=-2.50E+00

o=1.19E-02

Index

0
-2.70

265 -260 -255 -2.50 -245 -2.40 -2.35

-2.30

KFitted values different from the expected
value for EXTENDED SOURCE.
Correlation between sigma,

GOOD FITTING VALUES FOR
POINT SOURCE!

\_

~

Extended source parameters data

30 = i
Normalization !
25 { bkgt+ext
N=387
20 { p=1.65E-16
15 0=144E-18
5
0 T T T T T
140 145 150 155 160 175 180
le—-16
30 1 Index
bkg+ext
251 N=387
20 { H=-2.20E+00
0=8.20E-03
15 -
5
0 T T - : T T
-2.35 -2.30 -2.25 -2.20 -2.15 -2.10 -2.05
| Sigma
® akg;se;t
01 j=143E01
15 | 0=9.75E-04
S
0 T T lll T
0.125 0.130 0.135 0.140 0.145 0.150

IT
0.155
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3rd round: Results

ource parameters data

Point source parameters SIMULATION

0 [ Nemaaton |
25 { N=385 i

50 | H=B.B3E17 |

0=8 46E-19 !

s |
10 Normalization §

5 Software bug(?) |

®70 o35 o0 o085 o080 035 160 165/ reported to ctools crew | 80
% 1 Ibrl‘;;?poinuext ’ ) .

20 1 2;-32?2%4-00 Test it with other tool:

15 | o=119E-02
N dammapy

| Index

l 1

0 T T T 1] T
-2.70 -2.65 -2.60 -2.55 -2.50 -2.45 -2.40 M

/ - \ \ -2.15 -2.10 -2.05

Fitted values different from the expected 55 | Sigma
bkg+ext

value for EXTENDED SOURCE. N=387

20
] . u=143E-01
Correlation between sigma, s | o=9 7560

GOOD FITTING VALUES FOR w0 {_

POINT SOURCE! >
k j 0125 0.130 0.135 2140 0. 1!415 0150 “0.155
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Conclusions

We developed a background model and it needed to be tested.
We performed different analysis to understand what is happening.
Going to simpler and simpler cases.

We ended up with a possible software bug.

Your plan
Ph.D

s E

Reality

40
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Conclusions

We developed a background model and it needed to be tested.
We performed different analysis to understand what is happening.
Going to simpler and simpler cases.

We ended up with a possible software bug.

Future prospectives

Finish testing the background model.
Apply the 3D analysis for the Galactic Center
Perform a joint analysis of Fermi high energy data with HESS



Thanks for your attention!

Questions?
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What does it have to do with Fermi?

e |t is the same analysis method, 3D analysis.

e The problem is always the background: while in the IACT it is mainly
because of the CR, in Fermi, it is due to diffuse emission

e Besides, it could be part of a joint analysis

e Since all the tools work in similar ways.

Dutlook

% Bundesministerium
fiir Bildung

und Forschung
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So, my interest

e Learn how to treat Fermi data, specially highest energy
e Leran how to treat HESS data, specially lowest energy
e Do a joint analysis of the Galactic center.

e |'m open to suggestion and advices.

Outlook

% Bundesministerium
fiir Bildung

und Forschung



\]
ERLANGEN CENTRE
QQQ \\\' FOR ASTROPARTICLE

v ko V] physics

wobble positions
what is it important for?

% Bundesministerium
fiir Bildung
und Forschung

45
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Normalization Bkg

Bkg data
1200 1 N=17354

1000 4 u=8.89E-01
800 - o=4 68E-02
600 -
400 4

200 -

0
1000 | Bkg Simulations

N=12000
800 1 u=1.00E+00
0=3.31E-02
600 A
400 -
200 A
0 T T Ll T T T
0.00 0.25 0.50 0.75 100 125 150 175 200
Stronger bkg simulation
400 1 N=5593

u=1.00E+01
300 1 0=1.03E-01

200 % Bundesministerium
fiir Bildung
100 - und Forschung
0 ] ] ] ]
9.00 9.25 950 : 1000 1025 1050 1075  11.00

46
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1000 - ::;13395[201 H.E.S.S.Q w PHYSICS
ang | 0=4B8E-02
600 4
400 A
200

0
1000 1 Bkg Simulations '

N=12000
800 { p=1.00E+00
0=3.31E-02

600
400
200 -

0 T T T T T T

0.00 0.25 0.50 0.75 100 125 150 175 200

600 4 Stronger bkg simulation
N=7777

500 1 4=1.00E+01
400 41 0=1.03E-01

300 A
200
100 A

9.00 925 9.50 . 1000 1025 1050 1075  11.00

% Bundesministerium
fiir Bildung
und Forschung

47
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Normalization Bkg

Bkg+point E
N=9240
600 { p=9.95E+00
0=1.02E-01
400 A
200 -
0
800 1 Bkg+ext
N=9288
€00 | H=1.00E+01
0=1.04E-01
400 -
200 1
0 ] T L T
9.00 9.25 9.50 975 10.25 10.50 10.75 11.00
800 1 Bkg+point+ext
N=9240
600 4 u=1.00E+01
0=1.04E-01 % Bundesministerium
400 - fiir Bildung
und Forschung
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Backup slides

e Put how the IACT do the measurements

e Remember to point out that among the IACTs HESS is the only one
that can observe the GC
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