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The H.E.S.S. intensity interferometer

PPl April 8 to April 23
PRl April 25 to May 12

Actual baseline is
a projection
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Measurement Setup Sﬂg N .. |:/A\U

H.E.S.S -y

Setup + digitizer

* Digitize in focal plane

e Offline correlation and analysis after measurement Workstation
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Mechanical Setup g_i_ﬂ ... |,.§/A,é\\\u

Camera lid

45°mirror

2 inch optics:
Collimating lens
Potential optical filter positions

Either zero-baseline measurement or second wavelength band
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Optical Setup — 2 colors
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45°mirror 45°mirror
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2 inch optics:

negative lens
(f=7.5 cm)
interference filter 465nm

(2 nm FWHM)
positive lens

(fF=10 cm)

RAWE 375nm 10nm

470nm 10nm

Zero-baseline measurement Second wavelength band
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Mechanical Setup gﬂ“ B e |n§/A/=\\\U

Mechanical setup

Camera lid

45°mirror

2 inch optics:
Collimating lens
Potential optical filter positions

Either zero-baseline measurement or second wavelength band
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H.E.S.S. campaign 2022 gD EAU

Adjusting rates of stars

Rates of Acrux

800 —e— Channel 34 | J —=— Channel 44
Channel 38 —=— Channel 48

700

* Example of rates vs time for Acrux over one
night for all 4 channels in both telescopes

* In general rates depend on altitude of the star
due to absorption in the atmosphere

* For setting stars (decrease of altitude) rates drop

Rate (MHz)

500+

continuously over time

300

Time (UTC) 11 September 2024 7



Analysis

Correlation between two channels
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Photomultiplier Waveforms

Camera lid

Camera lid .

ized photo current (ADC)
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Analysis

Correlation channels

I

oo 3A

zero-baseline

. 10> —4A

zero-baseline

10 4B

Squared degree of coherence

0 50 100 150 200 250 300
Base line (m)
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Analysis ST |:/A\U
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Correlation channels — auto correlation
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zero-baseline
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Measurement Schedule

When do we measure?

* Adjust measurement time to gamma ray

observations

* Intensity Interferometry during full moon

 Small field of view = insensitive to

straylight of moon

10:00

049:00

08:00

07:00

06:00

P2022-03/04

B Obsarve Tirme

Il Tirme
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ECAP

Intensity Interferometry with H.E.S.S.

11 September 2024
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Measurement Schedule Sg_q N e |§AU

When do we measure?

P2022-03/04

12:00
11:00

* Adjust measurement time to gammaray o

observations oo
. . 08:00 B
* Intensity Interferometry during full moon
. . . . . ’ .
- Small field of view - insensitive to o USfO
straylight of moon 05:00 ’hS
04:00
03:00
02:00
01:00 I I
|
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Andreas Zmija, Naomi Vogel ECAP Intensity Interferometry with H.E.S.S. 11 September 2024 12



Measurement Schedule S_Qg N .. |,,§/A,;\\\U

When do we measure?

12:00
11:00

| Meathe,

* Adjust measurement time to gamma ray s
observations

» Intensity Interferometry during full moon

* Small field of view = insensitive to
straylight of moon
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The ECAP SII Southern Sky Survey
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2022 Results D= EAU

Nunki

Cross correlations of Nunki
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2022 Results

Shaula

Cross correlations of Shaula
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2023 Results

Mimosa - Two wavelengths

Mimosa
470nm 375nm
20 4 single star fit lo- | single star fit
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Projected baseline (m)

ECAP Intensity Interferometry with H.E.S.S.
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2023 Results N N......

nnnnnnnnnnnnnnnn
sssssss

=AU

I

m

(2]

2]

[4)

/é .~
N -

Mimosa - Two wavelengths

Spatial coherence of Mimosa

= 470nm UD
20 —— 375nm UD

» Squared visibility scales linearly with
wavelength

» Two colors effectively extend baseline
range

Area under g (1) — 1 (fs)

0.0 0.5 1.0 15 2.0 2.5 3.0 3.5 4.0
Baseline/Wavelength le8
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2023 Results

Nunki - Two wavelengths

Area under g%(1) — 1 (fs)

Andreas Zmija, Naomi Vogel
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2023 Results

Correlation at zero baseline = fixed parameter of our

instrument

- Set as fixed data point

- Theory approx 31 fs and 19 fs

For each color channel:

« zero baseline amplitude computed via UD fit
« Weighted average

* Insert value as data point into squared visibility
curves and re-fit UD model
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Influence of (photon) noise to the correlation peak D= EAU

—o— Measurement data
1.0000005 ﬂ —— extracted model peak
X —-==- noise template
|
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Time difference (ns)
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Influence of (photon) noise to the correlation peak Ny AN sz |,,§/A,;\\\LUJ

« The amplitude of the fit is influenced by the
underlying noise, and so is the peak integral
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Influence of (photon) noise to the correlation peak Ny AN sz |,,§/A,;\\\U
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- true (ns)

Reconstructed

Influence of (photon) noise to the correlation peak
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Influence of (photon) noise to the correlation peak
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The future of
Sll at H.E.S.S.

Andreas Zmija, Naomi Vogel ECAP Intensity Interferometry with H.E.S.S.

Await decision about funding proposal

Install setup on all 4 Phase | telescopes
Install “permanent” setups for (partly) remote operations
FlashCam tests at CT5 (CTA prospect)

11 September 2024
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Intensity Interferometry @ECAP: MI*SO

Mobile Intensity
Interferometer for Stellar
Observations

Andreas Zmija, Naomi Vogel ECAP Intensity Interferometry with H.E.S.S. 11 September 2024 28



The development of MI*SO




Measurements of Arcturus in July 2024

« 2 nights with short baseline, 2
nights (combined) with large
baseline

* Manual rearrangement of the
telescopes for baseline change

g2

2.0 1

1.5 4

1.0

nnnnnn
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le—641 Photon bunching peaks in g2 functions with unfixed sigma Gaussian fit

—— data - 20240718

data - 20240728
—— data - 20240729 and 20240730
——- gauss fit 20240718 - 9.61+/-2.67 fs
——- gauss fit 20240728 - 10.84+/-3.43 fs
-=—=- gauss fit long bl - 4.89+/-1.41 fs

Time [ns]

T
100
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Measurements of Arcturus in July 2024 gD EAU

Angular diameter of 20.94+/-1.99 milliarcseconds for fixed sigma

E 17.5 ~
Y
g 15.0
» 2 nights with short baseline, 2 o
nights (combined) with large £
. L
baseline € 100 _J
0
« Manual rearrangement of the S 5.
. =
telescopes for baseline change 2
o
5. .
b
T 2.5
on
1)
]
£ 001

0 1 2 3 3 5 6 7
Projected baseline [m]
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Results

Moonlight measurements
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Data transfer Ny D [EAU

Camera plane rack and server room
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Analyses gD EAU
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Results

Spatial correlations of Acrux

Cross correlations of Acrux

Spatial coherence of Acrux
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2023 Results gD EAU

Eta Centauri - Two wavelengths
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2023 Results Ny D). EAU

Dschubba - Two wavelengths

Dschubba
470nm 375nm
20 _l single star fit | single star fit
| —— 1-3 107 - —— 1-3
< —— 14 T \ —4— 14
N (7

_ z 3-4 87 o 3-4
5 151 2 n >
S’ %) S’
—~ X e

\ ~ 6 o
| Qo | O
—_ ‘O — )
b~ {/ b~
5 101 5 4 >
(w)} éQ o o7
. 0 .
@ - @ |
g T |
c c 27 [
3 51 + '|++ - I ’k +
g g g |r'J
Z W HH S E— THTF T + -----

e A S ] .
_4_
0 25 50 75 100 125 150 175 200 0O 25 50 75 100 125 150 175 200
Projected baseline (m) Projected baseline (m)

Andreas Zmija, Naomi Vogel ECAP Intensity Interferometry with H.E.S.S. 11 September 2024 39



	Intensity interferometry with �the H.E.S.S. telescopes
	Foliennummer 2
	Foliennummer 3
	Foliennummer 4
	Foliennummer 5
	Foliennummer 6
	H.E.S.S. campaign 2022
	Foliennummer 8
	Foliennummer 9
	Foliennummer 10
	Measurement Schedule
	Measurement Schedule
	Measurement Schedule
	Foliennummer 14
	2022 Results
	2022 Results
	2023 Results
	2023 Results
	2023 Results
	2023 Results
	Data comparison
	Influence of (photon) noise to the correlation peak
	Influence of (photon) noise to the correlation peak
	Influence of (photon) noise to the correlation peak
	Influence of (photon) noise to the correlation peak
	Influence of (photon) noise to the correlation peak
	The future of SII at H.E.S.S.
	Intensity Interferometry @ECAP: MI²SO�	
	The development of MI²SO
	Measurements of Arcturus in July 2024
	Measurements of Arcturus in July 2024
	Foliennummer 32
	Foliennummer 33
	Data transfer
	Foliennummer 36
	Results
	2023 Results
	2023 Results

