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Abstract 
 

At TCG CREST Kolkata, India, we have started the 

development of an absolute quantum gravimeter (AQG). In 

this paper, we will describe the present status and the 

development of a comprehensive physics package and 

optical setup highlighting its potential for precise gravity 

measurements with applications in mining, earthquake 

detection, and navigation. Our experimental setup has three 

main building blocks namely, sensor head, optical setup, 

and electronics. The paper provides insights into the status 

of our research, shedding light on achieved milestones, 

challenges, and promising outcomes. Additionally, it 

outlines the roadmap for future work, emphasizing ongoing 

developments and innovations. This study contributes to 

the advancement of measurement techniques for 

acceleration due to gravity, opening avenues for diverse 

practical applications and paving the way for further 

advancements in the field of cold atom gravimetry. 

 

1. Introduction 
 

In the realm of precision measurement, atom 

interferometers have emerged as powerful tools with 

unparalleled inertial sensitivity. Their capacity for precise 

gravity measurements surpasses that of conventional 

instruments, as numerous research studies predict the 

sensitivity of up to 3×10-9 g [1][2]. The LNE-SYRTE 

portable cold atom gravimeter reportedly has a short-term 

sensitivity of 5.6 × 10�� g [3]. Another portable absolute 

gravimeter built by Muquans reports a long-term 

sensitivity of less than 10-9 g [4]. The implications extend 

beyond theoretical exploration, offering practical 

applications such as enhanced mining operations, 

geophysical prospecting, and environmental monitoring 

[5][6][7]. This paper contributes to the evolving landscape 

of gravimetry by presenting a comprehensive physics 

package description for a cold atom gravimeter. The 

existing configuration shall be affixed upon an optical 

table, intended for the execution of atom interferometry as 

proof of concept. The ultimate objective is to develop a 

portable gravimeter featuring diminished dimensions, 

mass, and power consumption. The working principle and 

physics package is described in Section I. Subsequent parts 

are concerned with the optics layout and a description of 

the detection of the relative population of cold atoms with 

methods to measure gravity. The working principle draws 

an analogy to the Mach Zehnder interferometer, wherein 

atoms, rather than photons, undergo interference to 

generate a distinct interference pattern [8]. The paper 

concludes by listing several error sources, the methods to 

reduce the errors, and future plans of the project. 

 

2. Principle of working 
 

The operational principle of the AQG is based on atom 

interferometry utilizing cold atoms. Since atoms exhibit 

smaller de Broglie wavelength, the resolution of 

interference fringes is much larger than for photons thereby 

increasing the sensitivity. The procedure is initiated by 

trapping atoms in the magneto-optical trap (MOT) [9], 

followed by the deactivation of lasers and magnetic fields, 

allowing the atom cloud to free-fall under the influence of 

gravity.  

 

Figure 1. Working principle of gravimeter. 

Subsequently, a π/2 pulse is applied, inducing a split into 

an equal superposition of excited and ground-state atoms. 

After a duration of time T, a π pulse is employed to invert 

the state of the two atomic clouds. Conclusively, another 

π/2 pulse recombines the atoms following an equal time 



interval T. The entire process is demonstrated in Fig.1. The 

quantification of atomic populations in ground or excited 

states occurs within a defined detection region through 

laser-induced fluorescence, followed by gravity 

measurement via interference fringe data analysis. This 

process entails a sequential assembly of procedures, 

commencing with laser-cooling of atoms to state selection, 

free fall under gravity with atom interferometry, and 

concluding with precise detection of the relative population 

of atoms. All these sub-processes are tightly time 

synchronized and controlled precisely to perform gravity 

measurements. 

 

3. Experimental setup 

 

3.1 Physics package 
 

We have a custom-built non-magnetic stainless-steel 

chamber depicted in Fig. 2 that will be shielded from 

external magnetic fields by a cylindrical mu-metal shield. 

We employ a quadrupole magnetic field by utilizing a pair 

of coils arranged in the anti-Helmholtz configuration. Our 

simulation results show that 50 turns for each coil with a 

coil radius of 11 cm will produce a gradient of up to 20 

Gauss/cm on the axis with a coil current of 10 A.  

 

 

Figure 2. CAD rendering of proposed physics package. 

 
This configuration induces the splitting of Zeeman sub-

levels, and it provides a restoring force to the atoms when 

coupled with laser beams exhibiting 	
 and 	� 

polarization (right and left circularly polarized) [10]. We 

can simulate two counter-propagating laser beams with 

	
and 	� polarization using the pylcp package [11]. The 

simulation of the force profile experienced by atoms in a 

MOT can be described by (1).  
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The notations used are the same as [12]. The entire process 

is performed under ultrahigh vacuum (UHV) conditions in 

a mechanical chamber depicted in Fig. 2 is made of non-

magnetic stainless steel. The vacuum level of the order of 

10-11torr is maintained using negative high voltage star cell 

configuration ion pumps.  

 

3.2. Optics layout 
 

Our optical setup generates ten laser beams used to perform 

the sub-processes as mentioned in previous sections. The 

laser beams need to be precisely tunable and phase-locked 

to perform atom interferometry.  

We have done laser frequency stabilization by diverting a 

small power of the laser beam to a glass cell containing 
87Rb vapor. [13].  

 

Figure 3. Optics layout for cooling and detection. 

 
In Fig. 3, the comprehensive optical setup for the cooling 

and detection process is illustrated, portraying the intricate 

configuration employed in the experiment. The primary 

laser source undergoes bifurcation, with one segment 

dedicated to generating the requisite six beams essential for 

the magneto-optical trap (MOT). The other segment 

undergoes modulation via an electro-optic modulator 

(EOM) to serve dual purposes as a re-pumper beam and for 

the detection region [14]. The creation of the six beams for 

MOT involves the initial division of the laser into two 

segments by a beam splitter, with one segment undergoing 

a double pass configuration through an acousto-optic 

modulator (AOM) [15]. Replicating this process, utilizing 

another AOM, results in a detuning of approximately 10 

MHz for the MOT laser beams. Subsequently, the beam 

traverses a polarization-maintaining optical fiber before 

entering the physics package, ensuring controlled delivery 

and stability in the experimental setup. 



 

 

 

 

Figure 4. Energy level diagram for 87Rb. 

 

We generate Raman beams through the phase-locking of 

two lasers. The frequency difference between these beams 

is crucial, set at 6.834 GHz to enable the desired two-

photon Raman transition for an accurate and efficient atom 

interferometry experiment. [17]  

 

3.3. Detection and measurement of gravity 

 
To extract the signal in atom interferometry the relative  

the population of the two hyperfine levels |� = 1⟩  and 

|� = 2⟩   is measured for 87Rb. As shown in Fig.4 two 

detection beams are used to measure the fluorescence 

which can be used to calculate the population of atoms in 

each state. The upper beam is used to measure and blow 

away |� = 2⟩ state atoms and the lower beam measures the 

atoms in the state |� = 1⟩. The upper beam is 	
 polarized 

to drive the closed transition between the levels |� =

2,�� = 2⟩ to |� = 3,�� = 3⟩. The 	
 polarized ensures 

that atoms don’t fall to |� = 1⟩ dark state [14]. Since the 

atoms in MOT achieve a certain velocity after they drop, 

we need to account for the Doppler shift in frequency that 

is observed by atoms. The time between two Raman pulses 

is T and the effective wavevector for a single pulse is ����. 

If a chirp rate of � MHz/s is applied to the Raman beams, 

the total phase shift [16] can be shown as- 
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Here, Δϕ
gravity

= keffgT2  , (5) 

  

and Δϕ
Raman

= 2παT2 (6) 

 

When the phase contribution due to chirping of frequency 

(6) and due to gravity (5) cancels out, we can write g as  
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The theoretical calculation of this value, specifically for 
87Rb, yields a precise measurement of 25.1 MHz/s. To 

pinpoint the central fringe accurately, our experimental 

approach involves manipulating two distinct interrogation 

times while systematically adjusting the chirp rate. The 

location of the central fringe peak, where the net phase 

cancellation occurs, proves consistent across various 

interrogation times. Subsequently, following the 

identification of the central fringe, we refine our 

measurement further. This involves incremental 

adjustments of the phase of the final π/2 pulse within the 

range of 0 to 2π. This procedure allows us to ascertain a 

more exact and refined value for the chirp rate, as detailed 

in [17]. Using (7) we can find the precise value of g. 

 

4.  Sensitivity and errors 

 
In the realm of measurement, numerous sources of noise 

pose challenges, with predominant influence from 

vibrational noise and phase noise within Raman beams. 

Phase noise, a significant contributor, may arise from the 

reference source or various optical pathways. To mitigate 

this, the implementation of a stable phase lock in lasers 

proves effective in controlling such deviations [18]. 

Furthermore, the vibrational isolation of retro-reflecting 

mirrors can be achieved through active damping on the 

isolation platform [19]. In addressing quantum projection 

noise effects, a strategic approach involves augmenting the 

number of trapped atoms, thereby amplifying the 

amplitude of the detection signal, and concurrently 

diminishing quantum-related uncertainties [20]. Our 

current target is to display in-lab sensitivity of the order of 

a few µGal. 

 

8. Outlook and future plans 
 

Currently, the experimental apparatus has been assembled, 

and the initial vacuum processing is currently underway. 

We are baking the system to 200 ℃ to attain ultrahigh 

vacuum conditions. The integration of lasers has been 

accomplished, and their stability has been ensured through 

the application of saturated absorption spectroscopy 

targeting the 87Rb transition. Our subsequent objective 

involves the utilization of a specialized offset frequency 

locking technique to generate Raman beams. To achieve 

this, we aim to develop a noise-free signal for input into the 

EOM and the control of the AOM utilizing our custom-

built direct digital synthesis (DDS) system. Additionally, 

we are working on high-speed sequence generation using 



an FPGA-based embedded system to control laser 

frequency, phase, and amplitudes precisely.  
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