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Interfacing

Our goal was to demonstrate laser frequency stabilization at a single atomic / \

transition frequency. | We are using a Red Pitaya to interfgce with the laser a_nd to collect data. We
N / The Laser —— are using a ramp generator that drives the piezoelectric actuator to sweep
e o N et i ’ through laser frequencies along with controlling laser current; though this
/- Laser locking is a process by which the output frequency of the laser is stabilized\ A = SRRy may soon b_e replaced with a script in the Red Pitaya. To collect data_ a_nd
to a high level of precision / \ A — < i control Iocl.<|n_g of the laser We use an open-source program called Linien,
« This is a technique that is used in a wide range of physics from development of We are working with a laser - = Cnd analysis In the future will be done In python.
atomic clocks to the detection of gravitational waves. that has a nominal oy A . ™

- We have paired with NASA Goddard Space Flight Center to give undergraduates wavelength of 780 nm and a

\_an opportunity to learn about laser locking, spectroscopy and optics. Y maximum power output of
/0 mW. The beam cannot

be seen Wlth th e Na ked eye : . » — - v = H /ER -,II l" ,H ] = T
and is powerful enough to | | | EEEL I e e R
due serious damage to your

A \-/—\/ eye. Proper eye protection — 3 | AV A A -
85a operating the laser. ‘ | | | iSas
i 87b .
s} 85b !

__The Optics - - HigSELse
. [ EEEEESEN. 351.73081 THz
. \ - ; g The optics system consists of a series of mirrors and beam splitters 02
= - ’ y o that split the beam into 3 separate beams, the reference beam, the

TG probe beam and the pump beam. 4 A\
Currently our system is the process of alignment and attenuation. The image above to the left shows Linien interface with an absorption signal
4 N / with its respective derivative signal. The image above to the right shows
To lock a laser, we first need a frequency to lock to. This is often a transition : e ———t A * ¢ frequency vs. time for a laser be for and after locking.
frequency of an electron in an atom or a molecule. Our system is designed L G B Tt T et \
around the D2 transition in a rubidium isotope -- that is 780 nm. # s “ .
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Transmission

electron moves from one
energy level to another.

« To find the transition
frequencies we want, we use
spectroscopy.

/The next major milestones for the hardware include aligning, attenuating \
and coupling the laser with the rest of the spectroscopy system. With this
we will be ready to include the rubidium cell in our system. On the software
side we are in the process of reading in and retrieving novel data from the
. This works by sending a sensor to the Red Pitaya and writing python scripts to analyze collected

small portion of our laser s data. Additionally, the Red Pitaya may replace the ramp generator for

through a rubidium cell. | | kdriving the actuator. -/

Polarizing Polarizing

« We then SWeeEDP the .o Beamsplitter Beamsplitter

Cube Cube

frequency of the laser by 1| | _E

driving a diffraction grating — |

with a piezoelectric actuator.
 We can then measure the

' f the | ligh
absorption of the laser light Gc hub, Linien — User-friendly locking of lasers using Red \

' h
to detern_wme at what Pitaya, https://github.com/linien-org/linien
frequencies we see these Cha||enges

t iti .
ransitions P. Lord and C. Miller. (2026). Project Hail Mary [Film]. Lord

 This looks like a dip in Miller Product dp | Producti
transmission at absorption One main challenge we have run into is the alignment of the laser lller Productions and Pascal Productions.

frequencies. beam. We have been using a visible red laser to get a rough
\ ; / ) J J Thorlabs, Saturated Absorption Spectroscopy Systems,

alignment of the mirrors, however with alignment with a laser that H . horlab d-ab .
can't be seen has proven to be challenging. Another challenge has ttps://www.thorlabs.com/saturated-absorption-spectroscopy-
systems?tabName=SA%20Spectroscopy

;7 ~N been attenuation, or dimming, of the laser. The reason for
Cttenuation of the laser is to not burn out our detector.

Much like the specific infrared frequency of the Petrova line in Project Hail / Teach spin, Diode Laser Spectroscopy,
Mary, we lock on to a specific transition frequency output by our laser. @ps://www.teachspin.com/diode-laser-spectroscopy /
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