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LIGO

• We Learnt - gravitational waves exits… (but we knew that)


• .. and we can detect them!


• GWs open a new eyes to look at the Universe, beyond light. 

• In light, every frequency band  teaches use something new (once discovered).
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• Two free falling atom interferometers with a common baseline:

See talk by Deshpande tomorrow
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• Two free falling atom interferometers with a common baseline:
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MAGIS 100 is a separate project. Under construction at Fermiab.  
SQMS involved in related research of pulse control.
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Figure 1. (a) Projected gravitational wave strain sensitivity for MAGIS-100 and follow-on detectors.
The solid blue line shows initial performance using current state of the art parameters (Table 2,
initial). The dashed line assumes parameters improved to their physical limits (Table 2, final). LIGO
low frequency calibration data (gray) is shown as an estimate for the state-of-the-art performance
in the mid-band frequency range [75]. An estimate of gravity gradient noise (GGN) at the Fermilab
site is shown as an orange band (see Section 5.12). (b) Estimated sensitivity of a future km-scale
terrestrial detector (MAGIS-km, green) and satellite-based detector (MAGIS-Space, brown) using
detector parameters from Table 2. The detector can be switched between both broadband (black,
solid) and narrow resonant modes (black, dashed). The resonant enhancement Q can be tuned by
adjusting the pulse sequence [11]. Two example resonant responses are shown targeting 0.03 Hz
(8~k atom optics, Q “ 9) and 1 Hz (1~k atom optics, Q “ 300). The brown curve is the envelope of
the peak resonant responses, as could be reached by scanning the target frequency across the band.
Sensitivity curves for LIGO [76] and LISA [77] are shown for reference. Also shown are a selection
of mid-band sources including neutron star (NS) and white dwarf (WD) binaries (blue and purple)
as well as a black hole binary already detected by LIGO (red). The GGN band (orange) is a rough
estimate based on seismic measurements at the SURF site [78].

to new unexpected discoveries. Since gravitational waves are a fundamentally new way to
observe the universe, perhaps the most important discovery could be something we do not
expect. For this reason alone it is important to build detectors in all frequency bands.

In addition, the mid-band may be optimal for observing signals of cosmological origin.
This frequency range is above the white dwarf “confusion noise” but can still extend low
enough in frequency to see certain cosmological sources [11]. This band can also be an
excellent place to search for gravitational waves from inflation and reheating, and certain
models such as axion inflation may give signals large enough to be detected by future versions
of MAGIS [11]. Furthermore, thermal phase transitions in the early universe at scales above
the weak scale [79–87], or quantum tunnelling transitions in cold hidden sectors [88], or
networks of cosmic strings [89], or collapsing domain walls [90], or axion dynamics in the
early universe [91, 92], may produce detectable gravitational wave signals in this band. In

https://arxiv.org/abs/1908.00802
https://arxiv.org/abs/1711.02225
https://arxiv.org/abs/2104.02835



MAGO

An SRF based GW detection concept. (kHz-GHz). 
Launched by INFN decades ago, and paused. 

Rekindled in a new collaboration of INFN, DESY, and SQMS.



GW Session

• Sources: Francesco - postponed till tomorrow.


• Sebastian: GW interactions with light. GR in a cavity. (A bit of sources)


• Asher: MAGO - multimode cavity search ( + multimode axion search).


• Experimental updates of MAGO from DESY and Fermilab


• RF systems, vibrations


• (Update on multimode axion DM search experiment) 



NanoGrav


