
• We installed an undulator in the
IOTA ring (late Feb).

• And built an integrating circuit for
the photodiode’s current. The
amplitude of the output voltage
was proportional to the number of
photoelectrons generated in the
photodiode.

• In the experiment (late Mar), we
studied the fluctuation in the
number of photoelectrons, namely,
the variance:
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Abstract:

We study turn-by-turn fluctuations in the number of emitted photons in an undulator, installed in the IOTA electron storage ring at Fermilab, with an InGaAs PIN
photodiode and an integrating circuit. In this paper, we present a theoretical model for the experimental data from previous similar experiments and in our present
experiment, we attempt to verify the model in an independent and a more systematic way. Moreover, in our experiment we consider the regime of very small
fluctuation when the contribution from the photon shot noise is significant, whereas we believe it was negligible in the previous experiments. Accordingly, we
present certain critical improvements in the experimental setup that let us measure such a small fluctuation.

Detector test idea: 
Keep the test light source in the same regime and use
different ND filters. Then, relative classical fluctuation
(due to pulse generator errors) must stay the same:

• 𝜃 is determined at large 𝐴 , when signal/noise≫ 1.
• Poisson contribution was negligible.

Noise subtraction algorithm:

Find the period with high accuracy (>7 figures)#1

Map all Δ-channel data to one period#2

Take variance of Δ-channel in each bin:#4

@ fixed t const

Determined error bar =2.5 × 106

Bin the data along the time axis#3

Decreasing optical density of the filters

Increasing charge of the electron bunch

Model for bunch dimensions:

• Longitudinal size is constant,
measured with a wall-current
monitor

• Vertical size is constant and
determined by multiple scat-
tering on the background gas

• Horizontal size and momen-
tum spread are determined
by intrabeam scattering [4]

• Quantitative theoretical model for the experiment from [1] was
developed and verified in an independent experiment in IOTA [3].

• It helped corroborate a model of intrabeam scattering in IOTA [4].
The agreement is expected to improve in the future.

• Along with measurements of longitudinal bunch size [5-8] the
fluctuations can be used to measure transverse bunch size.

Improvements as compared to the similar experiment from [1]:
• Better precision due to using the comb filter with one-turn delay

and the special noise subtraction algorithm.
• Fluctuations data collected for different values of bunch charge.
• The transition from Poisson statistics to Super-Poisson statistics

was observed in undulator radiation for the first time.

• The oscilloscope
1mV peak-to-peak

• The integrator’s op-amp
1.5mV peak-to-peak
(together with the scope)

Main sources of noise:

Total RMS noise: ≈ 0.3mV

Measurement of 𝜖𝑦/𝜖𝑥 @1.3mA:


