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July 2018 PAC Report

From the July 2018 PAC Report:

The PAC heard a detailed report covering the MAGIS-100 Letter of Intent for the next-generation 

MAGIS experiment. The hundred-meter MAGIS-100 experiment is an atom interferometric gradiometer 

that would be housed in the NuMI shaft, containing three atom sources (top, middle, bottom), associated 

lasers, and a high-vacuum ~100m pipe. The experiment would function as a pathfinder for a km-scale 

instrument (which could potentially be hosted at SURF in South Dakota) to measure low-frequency 

gravitational waves, an exciting and unique opportunity made possible by this technology. Additionally, 

MAGIS-100 will set limits on low-mass dark matter candidatesin a class of scenarios predicting 

oscillations in a background classical field, exotic new forces, and time-dependence of fundamental 

constants. It will also function as a demonstrator for long-range quantum superpositions setting strict 

limits on certain models of intrinsic quantum decoherence.

Given the work already carried out at Stanford (MAGIS-10) and the relative maturity of the proposed 

strontium-based technology which will be fully tested at Stanford before bringing the experiment to 

Fermilab, MAGIS-100 represents both an exciting science opportunity that leverages quantum science 

and technology as well as one that poses a low risk for the Laboratory. The PAC finds that the request by 

MAGIS-100 for engineering and drafting resources to develop a full proposal appears reasonable and 

strongly supports it. The PAC looks forward to receiving a MAGIS-100 proposal in the near future.

Updates:

ÅProposal submitted to the PAC in December 2018

ÅGrant received from the Gordon and Betty Moore Foundation for MAGIS-100
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MAGIS Collaboration

Part of the proposed Fermilab Quantum Initiative:

http://www.fnal.gov/pub/science/particle -detectors-computing/quantum.html#magis

http://www.fnal.gov/pub/science/particle-detectors-computing/quantum.html#magis
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Physics motivation

Dark matter and new forces
Å Time-dependent signals caused by ultra-light dark matter candidates ( dilaton, ALP, relaxion é)

Å Dark matter that affects fundamental constants: electron mass, fine structure constant

Å Time-dependent EP violations from B-L coupled dark matter

Å New forces

Advancing quantum science
Å Atom de Broglie wavepackets in superposition separated by up to 10 meters

Å Durations of many seconds, up to 9 seconds (full height launch)

Å Quantum entanglement to reduce sensor noise below the standard quantum limit

Gravitational wave detector development
Å Probe for studying cosmology

Å Explores range of frequencies not covered by other detectors

Å LIGO sources before they reach LIGO band

Å Optimal for sky localization: predict when and where events will occur (for multi -messenger 
astronomy)
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Projected sensitivity to dark matter

Sensitivity to ultralight scalar dark matter

Sensitivity to B-L coupled new force

~ 1 year data taking

1015 dropped atoms, assuming 
shot-noise limited phase resolution

Arvanitaki et al., PRD 97 , 075020 (2018).Graham et al. PRD 93 , 075029 (2016).
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Atomic sensors for gravitational wave detection

Atomic clocks and atom interferometry offer the potential for gravitational wave 
detection in an unexplored frequency range (ñmid-bandò)

Mid -band

0.03 Hz to 3 Hz

Mid -band science

Å LIGO sources before they reach LIGO band

Å Optimal for sky localization: predict when and where inspiral events 
will occur (for multi -messenger astronomy)

Å Probe for studying cosmology

Å Search for dark matter ( dilaton, ALP, é)

Potential for single baseline detector (use atoms as phase reference/local clock)
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Quantum science

Realizing macroscopic quantum mechanical superposition states

Distance: Wave packets are expected to be separated by distances of up to 10 meters 
(current state -of-art 0.5 meters)

Time: Support record breaking matter wave interferometer durations, up to 9 seconds 
(current state -of-art 2 seconds)

Entanglement: 20 dB spin squeezed Sr atom sources takes advantage of quantum 
correlations to reduce sensor noise below the standard quantum limit (shot noise)
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Detector technology: Atom interferometry and clocks

ÅBest clocks in the world now lose <1 second in 1018 seconds

ÅMAGIS-100 is based on same physics as Sr optical lattice clock

ÅAtom interferometry provides a pristine inertial reference

ÅCompare two (or more) atom ensembles separated by a large baseline

ÅDifferential measurement suppresses many sources of common noise 
and systematic errors

Atomic clock transition Atom interferometer
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Current generation: Stanford 10-meter scale

10-meter tall Rb atomic fountain
54 cm

World record wavepacket
separation due to multiple 
laser pulses of momentum

Milestones

ÅRecord matter wave interferometer duration (>2 s)

ÅRecord wavepacket separation (>0.5 meter)

ÅRecord effective temperature (< 50 pK)

ÅFirst observation of phase shift due to space-time 

curvature across a single particleôs wavefunction

ÅLarge momentum transfer 90 ɰk

ÅRecord accelerometer scale factor

ÅDual species (85Rb / 87Rb) gradiometer

ÅFirst demonstration of phase shear readout and point 

source interferometry techniques
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Proposed MAGIS-100 at Fermilab

Laser hutch 
location

System Components:

Å10 times larger than Stanford setup

ÅLocated in MINOS shaft

Å90 meter vacuum tube (vertical)

ÅThree atoms sources

ÅLaser system for implementing 

atom interferometry (hutch at top)

Side view of top of detector
Cross section 
full detector

atom 
source

laser 
hutch


