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[Gallis, Fleming, 1990]
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Worked out the effect of particle scattering on a single 

object (e.g. atom) spatial quantum superposition.

Internal state  
(energy, spin…)

interferometer’s path

[Hornberger, Sipe, 2003]
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time

Worked out the effect of particle scattering on a single 

object (e.g. atom) spatial quantum superposition.

[Hornberger, Sipe, 2003]

dilute Born approximation

[Badurina, CM, Plestid, 24]
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dilute Born approximation
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?→
<latexit sha1_base64="Kip2GzjDlFnHSiz6rJ5V5+Igcy4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2FpoY9lsN+3STTbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNirVjLeYkkp3Amq4FDFvoUDJO4nmNAokfwjGNzP/4YlrI1R8j5OE+xEdxiIUjKKVuj0UETfEcx/r/XLFrbpzkFXi5aQCOZr98ldvoFga8RiZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy2Nqd3kZ/OTp+TMKgMSKm0rRjJXf09kNDJmEgW2M6I4MsveTPzP66YYXvmZiJMUecwWi8JUElRk9j8ZCM0ZyokllGlhbyVsRDVlaFMq2RC85ZdXSfui6tWrtbtapXGdx1GEEziFc/DgEhpwC01oAQMFz/AKbw46L86787FoLTj5zDH8gfP5AyQbkIQ=</latexit>
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[Badurina, CM, Plestid, 2024]
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Atom interferometry
N atoms

<latexit sha1_base64="+05NRyq3hneV1+630yBlCnZaR1U="></latexit>

ω(T ) =
1

2

(
1 εeiω

ε→e↑iω

)

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

<latexit sha1_base64="/La8zVr7nGbK+RAd3+S4VvmHHkE=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIp6s6iG5cV7AOaUCbT23boZBJnJoUagr/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7TxBzprTjfFtLyyura+uFjeLm1vbOrr2331BRIinUacQj2QqIAs4E1DXTHFqxBBIGHJrB8GbiN0cgFYvEvR7H4IekL1iPUaKN1LEPPaUJHUrg6VWWevCQsFHWsUtO2ZkCLxI3JyWUo9axv7xuRJMQhKacKNV2nVj7KZGaUQ5Z0UsUxGYN6UPbUEFCUH46vT7DJ0bp4l4kTQmNp+rviZSESo3DwHSGRA/UvDcR//Paie5d+ikTcaJB0NmiXsKxjvAkCtxlEqjmY0MIlczciumASEK1CaxoQnDnX14kjbOye16u3FVK1es8jgI6QsfoFLnoAlXRLaqhOqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPecaV5g==</latexit>

?→
<latexit sha1_base64="Kip2GzjDlFnHSiz6rJ5V5+Igcy4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2FpoY9lsN+3STTbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNirVjLeYkkp3Amq4FDFvoUDJO4nmNAokfwjGNzP/4YlrI1R8j5OE+xEdxiIUjKKVuj0UETfEcx/r/XLFrbpzkFXi5aQCOZr98ldvoFga8RiZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy2Nqd3kZ/OTp+TMKgMSKm0rRjJXf09kNDJmEgW2M6I4MsveTPzP66YYXvmZiJMUecwWi8JUElRk9j8ZCM0ZyokllGlhbyVsRDVlaFMq2RC85ZdXSfui6tWrtbtapXGdx1GEEziFc/DgEhpwC01oAQMFz/AKbw46L86787FoLTj5zDH8gfP5AyQbkIQ=</latexit>

→106

[Badurina, CM, Plestid, 2024]
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Atom interferometry
N atoms

<latexit sha1_base64="+05NRyq3hneV1+630yBlCnZaR1U="></latexit>

ω(T ) =
1

2

(
1 εeiω

ε→e↑iω

)

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

<latexit sha1_base64="/La8zVr7nGbK+RAd3+S4VvmHHkE=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIp6s6iG5cV7AOaUCbT23boZBJnJoUagr/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7TxBzprTjfFtLyyura+uFjeLm1vbOrr2331BRIinUacQj2QqIAs4E1DXTHFqxBBIGHJrB8GbiN0cgFYvEvR7H4IekL1iPUaKN1LEPPaUJHUrg6VWWevCQsFHWsUtO2ZkCLxI3JyWUo9axv7xuRJMQhKacKNV2nVj7KZGaUQ5Z0UsUxGYN6UPbUEFCUH46vT7DJ0bp4l4kTQmNp+rviZSESo3DwHSGRA/UvDcR//Paie5d+ikTcaJB0NmiXsKxjvAkCtxlEqjmY0MIlczciumASEK1CaxoQnDnX14kjbOye16u3FVK1es8jgI6QsfoFLnoAlXRLaqhOqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPecaV5g==</latexit>

?→
<latexit sha1_base64="Kip2GzjDlFnHSiz6rJ5V5+Igcy4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2FpoY9lsN+3STTbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNirVjLeYkkp3Amq4FDFvoUDJO4nmNAokfwjGNzP/4YlrI1R8j5OE+xEdxiIUjKKVuj0UETfEcx/r/XLFrbpzkFXi5aQCOZr98ldvoFga8RiZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy2Nqd3kZ/OTp+TMKgMSKm0rRjJXf09kNDJmEgW2M6I4MsveTPzP66YYXvmZiJMUecwWi8JUElRk9j8ZCM0ZyokllGlhbyVsRDVlaFMq2RC85ZdXSfui6tWrtbtapXGdx1GEEziFc/DgEhpwC01oAQMFz/AKbw46L86787FoLTj5zDH8gfP5AyQbkIQ=</latexit>
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[Badurina, CM, Plestid, 2024]

xe
zoom  
out

measurement

(ϕ) =

Decoherence Kernel 1-body 

<latexit sha1_base64="pwGBfiJNtS1A0uyQ5EHPSBRXcX0="></latexit>

Ng

Ng +Ne
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th

= Tr{ω(T )|g→↑g|}(ϕ)

HUGE ENHANCEMENT!
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Atom interferometry
N atoms

<latexit sha1_base64="+05NRyq3hneV1+630yBlCnZaR1U="></latexit>

ω(T ) =
1

2

(
1 εeiω

ε→e↑iω

)

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

[Badurina, CM, Plestid, 2024]

measurement

Decoherence Kernel 1-body 

[CM, Plestid, 2025]



Atom interferometry
N atoms

<latexit sha1_base64="+05NRyq3hneV1+630yBlCnZaR1U="></latexit>

ω(T ) =
1

2

(
1 εeiω

ε→e↑iω

)

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

<latexit sha1_base64="/La8zVr7nGbK+RAd3+S4VvmHHkE=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIp6s6iG5cV7AOaUCbT23boZBJnJoUagr/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7TxBzprTjfFtLyyura+uFjeLm1vbOrr2331BRIinUacQj2QqIAs4E1DXTHFqxBBIGHJrB8GbiN0cgFYvEvR7H4IekL1iPUaKN1LEPPaUJHUrg6VWWevCQsFHWsUtO2ZkCLxI3JyWUo9axv7xuRJMQhKacKNV2nVj7KZGaUQ5Z0UsUxGYN6UPbUEFCUH46vT7DJ0bp4l4kTQmNp+rviZSESo3DwHSGRA/UvDcR//Paie5d+ikTcaJB0NmiXsKxjvAkCtxlEqjmY0MIlczciumASEK1CaxoQnDnX14kjbOye16u3FVK1es8jgI6QsfoFLnoAlXRLaqhOqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPecaV5g==</latexit>

?→
<latexit sha1_base64="Kip2GzjDlFnHSiz6rJ5V5+Igcy4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2FpoY9lsN+3STTbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNirVjLeYkkp3Amq4FDFvoUDJO4nmNAokfwjGNzP/4YlrI1R8j5OE+xEdxiIUjKKVuj0UETfEcx/r/XLFrbpzkFXi5aQCOZr98ldvoFga8RiZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy2Nqd3kZ/OTp+TMKgMSKm0rRjJXf09kNDJmEgW2M6I4MsveTPzP66YYXvmZiJMUecwWi8JUElRk9j8ZCM0ZyokllGlhbyVsRDVlaFMq2RC85ZdXSfui6tWrtbtapXGdx1GEEziFc/DgEhpwC01oAQMFz/AKbw46L86787FoLTj5zDH8gfP5AyQbkIQ=</latexit>

→106

[Badurina, CM, Plestid, 2024]

measurement

Decoherence Kernel 1-body 

The Debye-Waller factor (cloud form factor squared)

[CM, Plestid, 2025]



Atom interferometry
N atoms

<latexit sha1_base64="+05NRyq3hneV1+630yBlCnZaR1U="></latexit>

ω(T ) =
1

2

(
1 εeiω

ε→e↑iω

)

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

<latexit sha1_base64="/La8zVr7nGbK+RAd3+S4VvmHHkE=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIp6s6iG5cV7AOaUCbT23boZBJnJoUagr/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7TxBzprTjfFtLyyura+uFjeLm1vbOrr2331BRIinUacQj2QqIAs4E1DXTHFqxBBIGHJrB8GbiN0cgFYvEvR7H4IekL1iPUaKN1LEPPaUJHUrg6VWWevCQsFHWsUtO2ZkCLxI3JyWUo9axv7xuRJMQhKacKNV2nVj7KZGaUQ5Z0UsUxGYN6UPbUEFCUH46vT7DJ0bp4l4kTQmNp+rviZSESo3DwHSGRA/UvDcR//Paie5d+ikTcaJB0NmiXsKxjvAkCtxlEqjmY0MIlczciumASEK1CaxoQnDnX14kjbOye16u3FVK1es8jgI6QsfoFLnoAlXRLaqhOqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPecaV5g==</latexit>

?→
<latexit sha1_base64="Kip2GzjDlFnHSiz6rJ5V5+Igcy4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2FpoY9lsN+3STTbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNirVjLeYkkp3Amq4FDFvoUDJO4nmNAokfwjGNzP/4YlrI1R8j5OE+xEdxiIUjKKVuj0UETfEcx/r/XLFrbpzkFXi5aQCOZr98ldvoFga8RiZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy2Nqd3kZ/OTp+TMKgMSKm0rRjJXf09kNDJmEgW2M6I4MsveTPzP66YYXvmZiJMUecwWi8JUElRk9j8ZCM0ZyokllGlhbyVsRDVlaFMq2RC85ZdXSfui6tWrtbtapXGdx1GEEziFc/DgEhpwC01oAQMFz/AKbw46L86787FoLTj5zDH8gfP5AyQbkIQ=</latexit>

→106

[Badurina, CM, Plestid, 2024]

measurement

Decoherence Kernel n-body 

The Debye-Waller factor (cloud form factor squared)

[CM, Plestid, 2025]



Δϕ = ϕ + γ0 + Nγ

Let’s apply it to search for elusive particles!



Enhanced phase-shift
Applications

env
Lindblad eq
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[CM, Plestid, 2026]
Propose a new observable in atom interferometry (anomalous 
fluctuations) that is enhanced by the number of atoms

[Badurina, CM, Plestid, 2024]
Work out the effect of particle scattering on a collection of 

objects (e.g. a cloud of N >> 1 atoms) in a product state

[Riedel, 2012], [Riedel, Yavin, 2016]

Propose the use of matter interferometers (still single object 
in spatial quantum superposition) to search for dark matter.

[Gallis, Fleming, 1990]

time

Worked out the effect of particle scattering on a single 

object (e.g. atom) spatial quantum superposition.

[Hornberger, Sipe, 2003]



Alternative observables?
[CM, Plestid, 2026]
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Anomalous (enhanced) fluctuations
[CM, Plestid, 2026]
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The weirdos: product states
[CM, Plestid, 2026]
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New observable: super-binomial fluctuations
[CM, Plestid, 2026]
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New observable: super-binomial fluctuations
[CM, Plestid, 2026]

Strongly Interacting Dark Matter

10°4 10°3 10°2 10°1 100

m¬ [GeV]

10°34

10°32

10°30

10°28

10°26

10°24

10°22

æ
¬
N

[c
m

2 ]

Stanford

AICE

AICE ° space

AEDGE

XQC

Direct detection (underground)

Cosmological (fDM = 100%)



Future steps



Atom interferometers open (“THE”) parameter space. 

These experiments exist! Many funded already. Parasitic searches. 

Ambitious projects require controlled backgrounds (SM physics). 

Boundaries not reached yet!  
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The line between science fiction and science fact vanishes quickly.
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