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Experimental Setup

High-resolution spectroscopic techniques to detect 

molecules at low number densities 

Cavity Ringdown Spectroscopy (CRDS) uses two highly 

reflective mirrors to generate a multi-pass cell

Extended path length (L) → Increased sensitivity 

Gaussian (laser) Beam Waist

Cavity Waist

MATLAB Code to “match” the beam waist to the cavity waist:

Calculates position and size of cavity waist 

Models gaussian beam waist as a function of distance 

Determines ideal position for MM lenses of a certain focal length 

Promotes fundamental and 

suppresses higher order modes

Greater signal to noise

Improves stability of RD time

Optical Cavity Upgrades

CW-CRDS

Near IR 

Room Temperature 

New design:

Flex bellows for 

vibration damping

Adjustment screws 

for fine adjustment 

of mirror angle

Implementation of 

cylindrical PZT 

O-ring seals to hold 

vacuum 

2 ¾ conflat flanges 

for future 

applications 

First overtone of the C-H Stretch in the mid-IR

 P and R branches observed

Distribution of J states → rotational temperature

Designed in SolidWorks 

Machined by MW Components

HCN Rovibrational Spectrum Linear Dynamic Range (LDR) 

Single Peak Scans 

Cold molecule spectroscopy with the 

CBGB cavity

Longer cyanopolyynes 

Kinetics studies of ion-neutral reactions 

with the CBGB-Ion Instrument 

Cavity 3.0: Cryogenic Buffer Gas Beam (CBGB)

Team CBGB-CRDS!

Dodson Group 

Website

Maryland Summer 

Scholars (MCUR)

Hydrogen Cyanide (HCN) is widely detected in space

It is thought to be a precursor to prebiotic molecules 

in the interstellar medium

Its infrared spectrum has been highly studied, making 

it an excellent test molecule for the development of 

our CRDS system

I(t) = 𝐼0𝑒
˗𝜎𝐿𝑁

Serial dilutions of HCN in N2 

Single peak scans of J=9→8 transition

Peaks fit with Voight line shape

Integrated area plotted as a function of concentration

Approximate LDR: 

3.8x1010 to  3.6x1012 molecules/cm3 

0.001 to 0.00001% HCN in N2.

Where I is the transmitted intensity, I0 is the incident intensity, σ is the molecular cross section, L is the path length, N is the number 

density, and τ is the ringdown time. 

*Logarithmic Scale

Cavity 1.0 Cavity 2.0

New Mirror Mounts

New Toptica CTL laser

New highly reflective mirrors

New cavity body

New PZT
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