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Introduction   

Raman bandwidths and shapes can provide detailed 

information on the physics and chemistry of a sample. 

The Raman band observed and reported by the detector 

(observed Raman band, ORB) contains contributions 

from the intrinsic Raman band (IRB) of the analyte and 

the spectrometer slit function (SF).  

To extract information about a sample from the da-

ta and to compare Raman bandwidths and shapes 

across instruments, the IRB and SF components must 

be extracted from the ORB. Calibration across Raman 

instruments is especially important and difficult for 

planetary flight instruments, such as SHERLOC, 

where strict design requirements lead to unusual in-

strumental calibration.[1] 

The full width at half height (FWHH) of an ORB is 

larger than that of the IRB due to the contributions of 

the SF. Thus, one needs to determine the IRB to com-

pare FWHH between instruments.  

In addition, the ORB bandshape is dependent on 

both the IRB and SF. A homogeneously broadened 

IRB has a Lorentzian profile while the SF is generally 

modeled as a Gaussian function. Because of this, the 

ORB profile is a Lorentzian-Gaussian hybrid. Histori-

cally, the ORB has been modeled as the convolution of 

a Gaussian and Lorentzian function, the Voigt func-

tion. By measuring the Voigt profile of the ORB and 

the SF of the spectrometer, one can deconvolve the 

IRB from the ORB.[2]  

However, this model is purely empirical and 

assumes that the IRB and the SF are pure Lorentzian 

and Gaussian in shape. In reality, the effect of the Ra-

man system on the ORB is more complex depending 

on, for example, the slit width, laser beam shape, sam-

ple properties, optical aberrations, and more. For Ex-

ample, this complexity is observed for SHERLOC as 

the annular beam shape contributes to a non-gaussian 

SF empirically modeled as a Fermi-Dirac function.[3] 

There are multiple shortfalls of using empiri-

cal models. First, the IRB can only be accurately de-

termined if the Raman system behaves such that the SF 

is that in which is empirically modeled. The deconvo-

lution of the SF and IRB is a very math intensive pro-

cess. Computer scripts and shortcuts have been devel-

oped to simplify the calculation but only for a Gaussi-

an SF and Lorentzian IRB, greatly limiting the analy-

sis. This is especially troubling for flight instruments 

that may have unique optical designs due to space, 

weight, and other requirements.   

In addition, for an empirical model the variables in the 

model do not correspond to physical aspects of the 

instrumentation limiting our understanding of the in-

strumentation and its effects on the spectrum. 

 Here, I describe a new method of modeling 

homogeneously broadened Raman bands using the 

optical properties of the Raman system.[4,5] I describe 

the method, demonstrate its ability to correlate Raman 

band width and shape to instrumental parameters, and 

discuss future work. 

The Integral Model   

The new model, called the integral model for rea-

sons shown below, is best described by first examining 

the optics of a spectrometer. Figure 1 shows a simpli-

fied Raman system. If the spectrometer collects a sin-

gle monochromatic band, then one band is observed by 

the CCD and that band has the width and shape of the 

SF. If two monochromatic bands of different wave-

length are collected, then two SF bands will be ob-

served on the CCD with the distance between them 

being a function of the spectrometer dispersion. If the 

two SFs are close together and overlap on the CCD, 

then the reported band results from the sum of the in-

tensities of both SFs at each CCD pixel column.       

 

 
 

Figure 1: Simplified spectrometer. The yellow and green 

dotted lines are the edge light rays for two different wave-

lengths of Raman scattered light. S, sample; CL, collimation 

lens; FL, focusing lens; SLen, entrance slit; G, grating[4] 

 

For a Raman band, or other band type, the intrinsic 

band is not monochromatic but instead has a continu-

ous intensity across its full width at zero intensity 

(FWZI). Thus, each wavelength of light across the 

FWZI of the Raman band produces a slit function. This 

results in a continuum of slit functions with their center 

wavelengths equal to every wavelength in the Raman 

band FWZI. The ORB is thus the sum of all SFs within 

this continuum where the area of the slit function is 

equal to the intensity of the IRB at a given wavelength.  

When calculating the intensity of the ORB at a giv-

en wavelength, one needs to sum the contributions of 
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all SFs that contribute intensity at that wavelength. 

When the FWHHIRB>FWHHSF the sum is taken for all 

SFs over the SF FWZI, which is the integrated area of 

the SF modified by the intensity of the IRB at each 

wavelength as when in Equation 1 below:  

 

 
 

In equation 1 the term in brackets is the Lorentzian 

IRB spectral irradiance, Ir is irradiance, Γ is FWHH, x 

is the wavenumber of interest, x0SF is the peak position 

of the slit function, and x0IRB is the peak position of the 

IRB. This is the basis of the integral model and any 

other effects of the Raman system can be included to 

understand how the system effects the Raman bands. 

For more details on the model we refer you to other 

works.[4,5] 

Comparison of the integral model and Convolution 

Model   

We used the new integral model and the convolu-

tion model to calculate the ORBs expected for Lo-

rentzian IRBs and Gaussian SFs of different widths. 

We must restrict our comparison to these conditions 

because these are the only conditions that the convolu-

tion can model. The conditions of a Gaussian slit func-

tion requires that the incident laser beam be gaussian in 

shape and that the spectrometer slit width be larger 

than the beam spot assuming a 1x magnification be-

tween the beam spot on the sample and the image at 

the entrance slit.[4] 

Our results show that the two models produce 

equivalent results for bandwidth and shape with errors 

of <0.006 cm-1 and 0.004098 Lor%, respectively.[5] In 

addition, we examined the dependence of the IRB 

width on ORB intensity using both the convolution and 

integral model and find that the correlations are essen-

tially identical.[4] These results shows the validity of 

the integral model. 

Effect of Slit width on Observed Raman Intensity 

Calculated using the Integral Model 

To demonstrate the ability of the integral model to 

model the effect of experimental parameters on the 

ORB, we modeled the effect of slit width on the ORB 

width, shape, and intensity. The slit width has the ef-

fect of truncating the edges of the slit function produc-

ing a Gaussian (or other slit function shape) with trun-

cated tails. The position of the truncation with respect 

to the peak is determined by the spectrometer entrance 

slit width with respect to the size of the Raman scatter 

image at the entrance slit plane.[4] Truncation of the 

slit function has the effect of decreasing the width of 

the integral limits in equation 1, decreasing the overall 

area of the slit function and thus the intensity of the 

ORB. We show that the intensity of the ORB is de-

pendent on the ratio of FWZISF/FWHHIRB.[4]  

Figure 2 shows the dependence of the relative ORB 

band intensity on slit width for FWZISF=60 and 

FWZIIRB=49.6. 

 

 
Figure 2: Dependence of relative ORB intensity on 

slit width. FWZISF=60, FWZIIRB=49.6  

Conclusions 

Overall, this work derives a new way to model ho-

mogeneously broadened Raman bands using geometric 

optics. This new model should enable the bandwidth 

and bandshape calibration of unconventional Raman 

instruments such as planetary flight instruments. In 

addition, it allows for direct correlation between ob-

served Raman band features and instrumental parame-

ters.  

Future Work 

I am currently working to expand this work to in-

clude inhomogeneously broadened Raman bands and 

to account for various optical aberrations and other 

effects in a Raman system.   
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