


Dr. Michael Minot

Large Area Picosecond Photon Detector mjm@incomusa.com



3 APPEAL

ime tagged photons



FNANOCAM PROJEGES

ElEeraic efforts of Andrew Sonnenschein

: AS
Chris Stoughton borrowed Vikram Ravi from CalTech

bUdget = $0 borrowed PMT(s) from William Wester
beg, borrow, steal borrowed Hale telescope from Shri Kulkarni

e record time of arrival of photons
U by by Uy B, o0

e calculate time interval between successive photons
g =0L—1 VU5

. plot histogram of A; ; “void probability function”

e for Poisson arrival times
plAt] dAt =fe_fm dAt f — photon rate
e non-exponentiality = non-Poissoniality
e ? short timescale “sparking” in Crab optical emission 7



NANOCAM RESULTS

Empirically normal stars emit random (Poisson) photons

rit = 8501.4 Hz Atﬂ:in = 1.52292 usec
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interval between successive counts (sec)

on timescales much longer than HBT photon bunching



NANOCAM RESULTS

Empirically normal stars emit random (Poisson) photons

7496200 triggers in 893.176 sec
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interval between successive counts

on timescales much longer than HBT photon bunching



# of counts in bin
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= 834534 Hz AT = 112498 psec
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randomly chosen guide stars near Crab
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+ of counts in bin

mt=8501.4Hz AT = 1.52202 psec

i =882465Hz AN = 152431 psec
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trigger rate = 8707.52 Hz
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Crab? please look for yourself!
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Intensity Interferometry
lmage Reconstruction ||
Holograpny

Stellar Intensity Interferometry Workshop

Fraunhofer Society / Research Campus
Albert Stebbins Walschenfeld, Germany
Fermilab 2025-10-17



COHERENCE FUNCTION
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Coherence / Correlation Function

CI)[?, V] - we[An, V]

« For intensity interferometry there is a linear relation between @ « [ [f,] I [0,] so the observable is not linear in I, nor localized in f.

Rather

([d*h, e~ C B [A,, 0] L[A,1)( [d*h,y e* ¢ B[Ry, v] I [A,])
([d*i, B[}, v] I[0]) ([ d*h, B,[fy, v] 1 [1])

. One could take the image space to be the normalized intensity spatial power spectra: |¢[ £, V] |2.

[, ] = |g[Z, 0] =

. power spectrum misses half the information: |q§[7, V]| but not arg[qﬁ[?, vl 1

However it is suggested to instead use the coherence correlation function, which is the Fourier transform of the power spectrum,, as the image
space

[d27 e[ 7,1]  [d*hB,[A,v] B,lA + AR, v] L[A]L[A + AR]
[a27 o[ 7, 0] | d% B, [, v] B[, v] 1,[f]?

WelAR, V] =

with properties
« We[AN, v] contains all the information from intensity interferometry
e 0wy L1
. Wol0,0] =1
« WelAR,v] invariantunder Ah - — Ahandl, —» — I
. ifthe support, |fi; — 1, |, of I is compact then so is the support of wg[ AR, V]

. No attempt to reconstruct 1 []



COHERENCE VARIATIONS

SUBTRACT TEMPORAL MEAN

[ [n] welAn, v] — we[ AN, U]
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Complex Images




& Visibility & Correlation Function
S, 0] W[ AR, V]

visibility correlation function



Holographic Phase Recovery

W= DISEMBODIED
1/CHOSTS”




|s Holographic Phase Recovery Practical?

 Not sure.

- Seems to require more uv coverage than is likely to be available in practice.
+ Perhaps partial holography might be possible?
Stankus Ideas
* Holography requires a nearby unresolved source - which may be rare.
- Can one modify the optics to allow a distant star to illuminate both sensors.

* One would have to do this in equivalent way for all the telescopes — this
could be challenging!

Holographic methods in need of further study!



Thank you all for this great meeting!



