FROSTI runs at about 75°C (348 K). This short note is to show, with numbers, why photon
bunching from a source this cool cannot be detected, and why neither longer runs nor better optics
can change that. In every step I use the most favorable value physics allows, so the result is a hard
limit, not a guess.

Claim 1: The source temperature caps the signal

Bunching happens because thermal photons like to arrive in groups. How strong this grouping is
depends on one number, the average number of photons per mode:

1 hc

n =
The photon count per mode fluctuates with variance n(1 + 7). The first part is normal shot noise,
which is random and different at each detector. The extra part is the bunching. So the bunching
signal can never be larger than a fraction n of the shot noise. This is a hard ceiling set by the
source alone. No detector, lens, or amount of patience can raise it.

Our detectors see 2.7 to 5.0 um. Taking the best wavelength in that range (5.0 pm):

Source T [K] n
FROSTI 348 2.6 x 1074
Globar 1400 0.16

Neben thesis lamp (at 1.55pum) 2540 0.027

The gap is huge because n falls off exponentially as the source gets cooler (Figure 1). Going
from a globar down to FROSTTI costs a factor of about 600.

The real detector makes things worse. Only the photon part of our noise carries the bunching,
so the correlation we can actually measure is

_ Sshot
Cloop = 71 X ——23hot P
CO Sshot + Samp ( )

where Sghot = 2hv P is the photon shot noise at detected power P and Samp = NEP? is the detector’s

own noise (PDAVJ5 data sheet: NEP = 14pW/vHz). Our DC readings (252 and 179mV at a
conversion gain of 2 x 10°V/W) mean we detect only about 1uW of light. At that power the
fraction in the equation is about 5 x 1074, so today

Coor ©2.6x 1074 x5x 1074 ~ 1 x 107", (3)

Our measurement reaches about 10~*. The signal sits a thousand times below our floor. The null
result we got is exactly what these numbers predict.

Claim 2: Longer runs cannot close the gap

The signal to noise ratio grows only with the square root of time:

SNR = Coorr/2 Af £, (4)



Photon bunching strength collapses exponentially with temperature
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Figure 1: Bunching strength 7 against source temperature. The vertical axis is logarithmic.
FROSTI sits nearly three orders of magnitude below a globar.

With a generous clean bandwidth of Af = 10kHz, reaching Ceor ~ 1077 at SNR = 5 takes

25

t=
2 x 10% x (10~7)2

~ 10! s ~ thousands of years. (5)

Square root scaling means every factor of 10 in sensitivity costs a factor of 100 in time. A gap of
1000 costs a factor of a million. This is not a scheduling problem. It is a physics problem.

Claim 3: Better optics cannot close the gap either

More light does help, since the fraction in Claim 1 grows with P. But there is a firm limit on how
much light any optical setup can collect, and it comes from a theorem. Conservation of étendue
(the brightness theorem) says that no passive optical system, no matter how large, can make an
image brighter than the source itself. So the most power any setup can put on our detector is the
source’s in-band radiance times the largest light-gathering our detector can accept, which is wA for
a detector of area A.

For a perfect blackbody at 348K, only 3.2% of the emitted power falls below 5pm, giving
27 W /m? in our band. Times our 1 x 1 mm? detector area:

Prax ~ 27 pW. (6)

This assumes perfect emissivity, lossless optics, and light arriving from a full half sphere, all at
once. Any real setup gets less. Note that 27 pW is well below the detector’s 200 pW saturation, so
the limit here is thermodynamics, not our hardware. Putting Py .x into the equations of Claim 1
gives Ceor =~ 1.9 x 1075, which needs about 11 years of data. Even if the detector could somehow
be fed its full 200 pW, which the theorem forbids for this source, the wait is still about 85 days.
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Figure 2: Measurable correlation against detected power. The FROSTI curve hits the thermody-
namic wall at 27 pW, far below our sensitivity line. The globar curve crosses the line easily.

The same setup on a hot source works in seconds

A globar (the glowing SiC rod inside every IR spectrometer, about 1400 K, an inexpensive catalog
part) changes only 7' in the equations above. Its 7 is about 0.15, and it is bright enough that
reaching 200 pW on the detector is easy; we would turn the gain down. Then Ceor ~ 1072 and the
detection takes about 12 seconds with the same beamsplitter, detectors, digitizer, and code.

Configuration Ceor Time to SNR =5
Current setup (1.3 pW) ~1x1077 ~4,700 years
Etendue limit, 27 pW 1.9 x 1076 ~11 years
Detector saturation (not reachable) 1.3 x 107° ~85 days
Globar 1400 K at 200 pW ~1x1072 ~12 s

Every FROSTI row above grants more than physics allows, and each still falls short by orders of
magnitude.
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