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1 Introduction

The D2 signal (P3/2 → S1/2, 780 nm) of Rb is commonly used in EPR frequency measurement for the
polarized 3He target. At equilibrium state, the emission of the Rb D2 light is at minimum level due to the
highly polarized Rb valence electrons. When the RF hitting the Rb atoms matches the EPR frequency, it
depolarizes the electrons and therefore increases the output of the D2 light. Such a change of the D2 signal
is used as feedback to lock the EPR frequency. And the stronger the signal is, more precise EPR frequency
measurement can be achieved.

However, the reality is not that simple. The response of the photo-diode to detect the D2 light is not
linear. The light collection system may have some ambient background. And the EPR RF only depolarizes
part of the Rb spin and the real signal triggered by the RF is a very small amount of the total D2 light. The
purpose of this note is to optimize the photodiode output level of D2 signal to get the best signal strength
by taking all these factors into account.

2 A Simple Model

The D2 photodiode used in JLab EPR setup is SM1PD1B silicon-photodiode from Thorlabs. This large area
photodiode is sensitive to 400-1100 nm with its anode grounded. A couple of D2 filters are attached in front
of the photodiode to filter out the D1 light (P1/2 → S1/2, 795 nm) from the pumping laser.

The response of such a photodiode is measured as voltage by an oscilloscope with 10 MΩ impedance and
DC coupling which are same as the EPR lock-in amplifier (SR 7265). The light source is a diode laser with
wave length of 795 nm and its output power can be adjusted linearly from 5 W to 30 W. Since the purpose
of this measurement is to find out the linearly of the diode as a function of its output, the absolute value of
the laser power is not important, and to increase the range of the measurement, a couple of neutral filters
were used to attenuate the laser power.

The data points are shown in Figure 1. And it turns out that the data points can be well described by
the following function:

A =
√
b · Ln(a · I), (1)

where A is the diode output, I is the input laser power and a and b are two parameters obtained from the
fit:

a = 0.247 W−1; (2)

b = 0.0137 V2. (3)

I will show you later on that the only parameter which will effect the optimization is b.
Now let’s assume that the ambient background has input power of Ib which brings an output of Ab from

diode. The total amount of D2 light is ID2, and out of it, a constant fraction of the light will be modulated
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Figure 1: The voltage output of the photodiode as a function of arbitrarily scaled laser power.
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by the EPR RF. We will have the following relations:

I = ID2 + Ib (4)

Is = Rs · ID2 (5)

Ab =
√
b · Ln(a · Ib), (6)

where I is the total light input, Is is the real signal strength and Rs is the fraction.
Normally, Rs << 1, therefore, the real modulated signal seen by diode can be calculated as

As =
∂A

∂I
· Is =

∂A

∂I
· (I − Ib) ·Rs

=
bR

2A
(1− Ib

I
)

=

{
bR
2A (1− e

A2
b
−A2

b ) if A ≥ Ab

0 otherwise
(7)

Clearly, Equation (7) does not require the scaling factor a and by feeding it with the measured value
b from (3) and Rs = 0.01, we get the signal strength in the diode output with different background level:
0 mV and 50 mV in Figure 2.

Now let make one more step further. The noise level of background is statistically proportional the
square-root of the diode output,

√
A. Therefore, by dividing it from the the signal strength, we get the

signal to background ratio, which is the really value to be used to judge the goodness of a signal. The results
are shown in Figure 3.

3 Conclusion

By looking at the plots of signal to ratio, one can justify that with zero background, the best EPR result
can be achieved with D2 diode output between 50 to 120 mV, and with higher background, larger output is
favored. This result is consistent with out EPR experiences.

However, all the discussions are based on the assumption that the adjustment of D2 diode will not change
the signal fraction Rs, and it tends to be valid if one only moves the diode closer to or further away from
the target pumping chamber. If the adjustment involves adding or removing D2 filters, or changing the
viewing direction of the diode, these changes will very likely void the assumption and make the case more
complicated. So please take your own cautious to use this naive model.
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Figure 2: The modulated D2 signal strength as a function of diode output with Rs = 0.01 and two ambient
background levels: 0 mV and 50 mV.
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Figure 3: The modulated D2 signal to background ratio as a function of diode output with Rs = 0.01 and
two ambient background levels: 0 mV and 50 mV.
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