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Introduction:  Raman imaging is an emerging tool 

for the analysis of astromaterials, as it is capable of 

describing mineralogy1–6, crystal orientation3,7, and 

mineral composition as well as carbon composi-

tion/speciation8–10 and thermal history11–17 all within a 

petrographic context. Adequately examining the heter-

ogeneous composition of a meteorite, while maintain-

ing low laser powers needed to prevent damage to me-

teorite mineralogy and organics, often requires the col-

lection of large Raman images with long collection 

times on the timescale of days. However, the wave-

number, relative Intensity, and bandwidth calibration 

of the Raman instrument/spectrometer drifts on long 

timescales18,19 resulting in low precision for the Raman 

spectra comprising a large Raman image. This decrease 

in wavenumber, bandwidth, and relative intensity pre-

cision is a source of error which can compromise the 

analysis of geological markers that can provide im-

portant information on a meteorite sample. Examples 

of measurements which require accurate resolution on 

the scale of single wavenumbers include mineral com-

position and carbon microstructure. We examine, in 

detail, the change in bandwidth, relative intensity, and 

wavenumber of the Raman bands and Hg-Ar emission 

lines in our Raman images as a function of time and 

laboratory temperature.   

To overcome drifts in calibration, we utilize a 

commercial WITec Raman instrument with an internal 

Hg-Ar calibration lamp to individually calibrate each 

spectrum in the Raman image.20,21 Our instrument, 

known as “Ratatoskr”, uses a beam splitter in place of 

the customary mirror to facilitate collection of Hg-Ar 

calibration lines concurrent with Raman spectra. This 

allows collection of calibration lines with each spec-

trum within the Raman image, as opposed to perform-

ing calibrations before and/or after a measurement. We 

show that using the internal calibration we can improve 

the wavenumber, relative intensity, and bandwidth pre-

cision for the spectra in our Raman images, which were 

collected over multiple days. For example, our recent 

paper demonstrates an improvement in peak position 

precision from ±0.15 to ±0.05 cm-1. This is important 

as it improves measurements of mineral chemistry, 

latent strain, and other features that are dependent upon 

accurate peak position determination. In our work we 

suggest general methods for calibrating the wave-

number, relative intensity, and bandwidth of Raman 

spectra in large Raman images. Adoption of these 

techniques in the astromaterials community will im-

prove the scientific rigor of measurements performed 

in individual laboratories as well as improving the 

comparability of results reported in different laborato-

ries. This improvement will be especially important for 

reporting results from sample return missions such as 

OSIRIS-REx Hayabusa, Hayabusa2, and Mars Sample 

Return where Raman measurements such as carbon 

microstructure require sub-cm-1 precision in both posi-

tion and bandwidth 2,8,9,15–17,22–24. 

Instrumentation: Our Raman internal calibration 

is performed using the “Ratatoskr” WITec α300R con-

focal Raman microscope (XMB3000-3003) used by 

NASA Curation for collections support. The instrument 

contains a Hg-Ar emission lamp that is integrated into 

the optical path of the collected Raman scattering using 

a beam splitter. The Hg-Ar calibration lines and Raman 

scattered light are simultaneously sent to the spectrom-

eter along the same optical path. This configuration 

allows for the Hg-Ar calibration lines to be observed in 

every spectrum when collecting Raman microscopy 

images over long periods of time. Figure 1 shows an 

optical diagram  of the instrumentation. 

 

 

  
 

Figure 1: Optical diagram of Raman microscope 

with internal calibration lamp. The labels in the figure 

are as follows: M = mirror, BS = beam splitter, RRF = 

Rayleigh rejection filter, OB = objective, WF= wedge 

filter, CL= collimating lens, Hg-Ar = mercury argon 

lamp, BL = ball lens, and OF = optical fiber. The blue 

arrows, green arrows, and orange arrows indicate the 

optical path of the incident laser light, the Raman scat-

tered light, and the Hg-Ar lamp light, respectively. 
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Novel Calibration Technique and Comparison 

to Existing Methods: The standard technique used for 

the calibration of Raman images is to regularly collect 

a spectrum of a Raman standard material or emission 

lamp, placed at the sample position, before image col-

lection.13 However, changes in environmental and in-

strumental conditions cause the calibration to drift with 

time.19,25 This results in a shift in observed Raman band 

peak wavenumbers, relative intensities, and bandwidth 

throughout the collection of a Raman image. These 

drifts cannot be accounted for using the standard cali-

bration techniques because Raman image collection 

would be interrupted when collection a calibration 

spectrum. 

By using a beam splitter to direct light from a Hg-

Ar calibration lamp along the same optical path as the 

Raman scattered light (Figure 1), we are able to cali-

brate wavenumber and bandwidth for each individual 

Raman spectrum within a Raman image eliminating the 

observed temporal calibration drift. Spectral calibration 

is performed for every spectrum in a Raman image 

through post-processing. After calibration, peak rela-

tive intensity, position, and width are known to high 

precision and can be compared across measurements 

collected on different instruments.  

As stated above, calibration of all spectra in a Ra-

man image is performed in post-processing. For  peak 

wavenumber calibration, each Raman spectrum is cali-

brated from the known peak wavenumbers of the Hg-

Ar lamp lines using a linear cm-1/pixel calibration. For 

bandwidth calibration the widths of the Hg-Ar lines 

approximate the spectrometer slit function of the in-

strument allowing one to deconvolve the Gaussian slit 

function from observed Raman band for every band in 

each Raman spectrum. For relative intensity, we utilize 

the relative intensity of the Hg-Ar lines to determine 

the instrument response function of the instrument. 

Thus, for each spectrum we can estimate the instrument 

response function for the entire spectral wavenumber 

range and calibrate relative intensities.       

 

Calibration Improves Mineralogical and Organ-

ic Calculation Precision: The improvement of Raman 

wavenumber, relative intensity, and bandwidth preci-

sion in our Raman images accounts for errors arising 

from thermal and other sources of calibration drift dur-

ing long Raman scans. It also facilitates cross-

laboratory analyses and data reporting by allowing a 

standardized method for Raman image calibration. 

Additionally, it supports future work into generating 

modal abundance and other calculations from Raman 

images in a scientifically robust fashion. To demon-

strate this, we determined the expected error in the 

calculation of olivine forsterite number from the fre-

quency shift of the DB2 Raman band.22–24 We show 

that calibrating each Raman spectrum individually in 

our Raman images decreases the error in the calculated 

forsterite number by ~59% 20. Thus, our calibration 

technique can significantly decrease systematic error in 

Raman images of astromaterials..  
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