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Introduction 
We make the science case for the early development of a Mid-Frequency-Band (MFB) 

gravitational waves (GW) observatory for the frequency band 10 mHz to 1 Hz, thus bridging 

between LIGO
1,2

/VIRGO
3
 and the milli-hertz band of LISA

4
- with useable sensitivity extending 

to 10 Hz. We argue that this band will enable the timely development of this game-changing 

field of astrophysics, with observations of medium mass BBH and BNS sources prior to their 

mergers in the LIGO frequency range as well as EMRIs and mergers of supermassive BBH within the 

main detection band. 

A combination of high and low frequency GW observations, from ground and space-based 

detectors is highly desirable to achieve the next key breakthroughs in our understanding of the 

new and dark Universe hinted at by electromagnetic wave astronomy. An MFB observatory 

builds on LISA as well as LIGO and adds significant new sources and science to GW astronomy 

in a timely way. 

 

The case for mid-frequency-band GW astrophysics and astronomy 

The discovery of the abundance of BBH of tens of solar masses, the multi messenger 

astrophysics with BNS mergers
5
 and the remarkable scientific results derived from the data 

solidify the case for GW astrophysics and astronomy. However, fundamental questions 

remain, including the lack of unification of General Relativity with the Standard Model (SM) 

and/or Grand Unified Theories
6
,  as well as the inconvenient fact that dark energy, dark 

matter and inflation, three fundamental elements of our cosmological model, are not part of the 

SM. mLISA's mid-frequency band has attracted significant attention from the GW community
7,8

, 

particularly as the detections by LIGO/VIRGO
9
 give estimated event-rates for mLISA of 10

3
-10

6
 per 

year
10,11,

. For similar SNR, these signals that require 5 years integration times for LISA are observable in 

a few months by mLISA
12,13

. We summarize the expected and potential astrophysical and astronomical 

results from mLISA observations in its 30 mHz to 1 Hz frequency band - new sources are likely to be 

also expected: 

Enhanced BBH parameter estimation: mLISA observations will occur well before these chirping 

signals enter the LIGO/VIRGO band, resulting in precise source parameter estimations, thereby allowing 

“coherent tracking" across the entire frequency band and resulting in precise tests of the “no hair theorem" 

by measuring the space-time multipoles, as well as other GR tests in the strong-gravity regime
8
. 

Sky localization: Binary neutron star GW sources will have quasi-constant frequencies for many 

years over most of the MFB, thus allowing the antenna to use the 2 AU diameter of the solar orbit as the 

baseline for sky localization to an estimated few arcminutes
7
. Consequently, the host galaxies of the 

neutron-star binaries could be identified to distances of 𝑟𝑚𝑎𝑥 ≲ 500 Mpc, making possible the study 

of the environment of the binary well in advance of coalescence. 

Type IA supernova progenitors: The question of the creation of type IA supernovae would be 

answered by an IA observation and the detection, or lack thereof, of a coincidental GW event
7
. 
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Mergers in the presence of third bodies: Signals of GW mergers in the MFB will carry the 

imprint of nearby third bodies, such as massive black holes or centers of massive core-collapsed 

globular clusters
7
. 

Evolutionary history of compact object binaries: MFB observatory will expand the frequency 

spectrum coverage for BBH and NBH events, thus improving the understanding of the evolution 

and formation of these objects
7
. 

Stochastic background: Detections at MFB frequencies could possibly allow the observation 

of the cosmological GW background
14,15

. 

Primordial black hole (PBH) formation: PBHs are theorized to have been generated by various 

models
16,17,18,19

 of the early Universe, resulting in a wide range of PBH masses - from the Plank 

mass to orders of magnitude above M⊙
20

. mLISA’s numerous GW detections, with accurate 

parameter estimation, will allow to differentiate between these models.  

Element formation: Additional detections of NBH or NS mergers will improve the 

understanding of the formation of heavy elements
21,22.

 

Massive and Supermassive Black Holes: mLISA will characterize the parameters of coalescing BBHs 

with masses in the 10
3
-10

8
 M⊙ range

23
, with precisions comparable or better than LISA - the larger 

amplitude modulation due to the diurnal rotation of the array should compensate for a lower SNR
24

. 

Massive Black Hole Formation: MFB will search for mergers leading to the creation of the massive 

black holes inhabiting the centers of galaxies, thus validating or negating different proposed scenarios for 

their formation
25

. For the MFB sensitivity band, the potential nuclei for mergers would be in the range of 

10
2
-10

3
 M⊙ and would have been generated by first generation stars

7
. This would help establish the 

distribution of black hole seeds from population III stars and thus probe the formation of galactic 

structure. 

Intermediate Mass Black Holes (IMBH): mLISA has the optimal band for IMBH, ~10
3
 M⊙, 

detection; observable as either mergers or inspirals of compact stellar mass objects
7
. Under the 

assumption that IMBHs are central to globular clusters
26

, observations of their mergers would 

help the understanding of the dynamics of the globular clusters
7,8

. 

EMRI: MFB will observe with good SNRs the spiraling of small black-holes (a few to 10 M⊙) into 

larger (10
2
 - 10

6
 M⊙) holes, the so called Extreme and Intermediate Mass Ratio Inspiral (EMRI/IMRI) 

binary systems
,27

. These astrophysical objects are expected to radiate predominantly in the region of the 

GW band where LISA and MFB achieve their best sensitivities. 

Improved measurements of the Hubble constant, H0
 28

: Detections GW170817
29

 and GRB 

170817A 
30,31

 give a ‘GW Hubble constant’
32

 𝐻0
𝐺𝑊 = 70.0 −8.0

+12.0 km

s∙Mpc
.  mLISA’s high event-rates will 

allow (with ~100 mergers) a determination of 𝐻0
𝐺𝑊 to  5% and over a much larger volume

33
. 

Galactic Binary Calibrators: MFB will also study known galactic binaries containing stellar-mass 

objects whose physical properties and sky locations have already been identified through optical 

observations (the so called “calibrators"). In relation to stellar-mass binary systems, in particular white-

dwarf binaries, it should be said that the hundreds of millions of such systems in our own galaxy, forming 

a “noise background" in the LISA data, will not degrade the MFB data because of its poorer sensitivity in 

the GW frequency band where this background radiates. 

 

The MFB concept 
The MFB concept envisions a geocentric spacecraft formation with arm length between 

73,000 km (gLISA
34

 in geosynchronous orbit) to 629,000 km (Lagrange
35

 at Earth-lunar 3, 4, 5 

Lagrange points). MFB’s concept and technology have been studied for the past ten years at 

Stanford University, the Jet Propulsion Laboratory, the National Institute for Space Research, 
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and at Space Systems Loral resulting in a 2020 decade l a u n c h  d a t e ,  w h i l e  using a 

conventional program development plan, at a cost comparable to medium scale observatories 

launched by NASA in the previous decade. Similar to LISA, MFB will exchange coherent laser beams 

along its three arms
,36 

and synthesize interferometric combinations that are highly sensitive to 

gravitational radiation by applying Time-Delay Interferometry (TDI) to its heterodyne measurements
37

. 

Figure 1 shows the characteristic strain sensitivities of MFB compared to aLIGO and LISA, the 

detected GW sources by aLIGO, and the expected sources for a MFB and LISA. 
 

 
Figure 1. The characteristic strain of MFB, LISA and aLIGO averaged over sources randomly distributed 

over the sky and the polarization states. Each of these curves is uniquely determined by the TDI A, E, and T 

data combinations associated with the data from each mission (see ref 38). For completeness we have 

included the amplitude of the events detected by aLIGO, as a function of the Fourier frequency f and other 

potential sources 

 

Conclusions 

a) A mid-band GW detector will achieve the most important science goals of LISA listed in the 

2010 astrophysics decadal survey, “New Worlds, New Horizons”
39

.  

b) Measurements of black hole mass and spin from MBHB will be important for understanding 

the significance of mergers in the building of galaxies. 

c) An equally powerful test will be provided by the mergers of MBHB by comparing actual 

GW forms to the highly detailed numerical simulations performed by modern general 

relativistic hydrodynamics codes with dynamical space-time evolution
40

. 

d) Potential for discovery of waves from unanticipated or exotic sources, such as backgrounds 

produced during the earliest moments of the universe, dark energy signals or cusps 

associated with cosmic strings. 

e) MFB observations will complement the scientific capabilities of both LISA and LIGO/VIRGO 

and meet the GW science objectives stated in the NASA's Astrophysics Visionary 

Roadmap
41

 and Science Plan
42

. 

MFB 
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