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Short Distance Forces
Light bosonic particles motivated by BSM Physics 

(e.g. radions, moduli, relaxions)
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Short Distance Forces
Light bosonic particles motivated by BSM Physics 

(e.g. radions, moduli, relaxions)

How do we find them?
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Short Distance Forces
Light bosonic particles motivated by BSM Physics 

(e.g. radions, moduli, relaxions)

How do we find them?

Take two objects, measure anomalous forces between them
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Short Distance Forces
Light bosonic particles motivated by BSM Physics 

(e.g. radions, moduli, relaxions)

How do we find them?

Take two objects, measure anomalous forces between them
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Where are we?
Very strong constraints at long (> μm) distances 

Sensitivity rapidly drops at short (< μm) distances
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Where are we?
Very strong constraints at long (> μm) distances 

Sensitivity rapidly drops at short (< μm) distances

Why?
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Electromagnetism >> New Physics

Short Range => Objects need to be close 

Short Range => Only material within 
λ affected 

Need to deal with thin objects with 
high precision



Where are we?
Very strong constraints at long (> μm) distances 

Sensitivity rapidly drops at short (< μm) distances

Why?
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Short Range => Objects need to be close 

Short Range => Only material within 
λ affected 

Need to deal with thin objects with 
high precisionProgress?



Outline

1. Mossbauer Effect 

2. Setup  

3. Backgrounds 

4. Sensitivity 

5. Synchrotron Light Sources? 

6. Conclusions 
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Mossbauer Effect
E1

E0

Excited nuclear state decays via γ emission
Can the γ be reabsorbed?

????
E0

E1

Issue: Small nuclear cross-sections 
Efficient reabsorption only possible on resonance

Isn’t emitted γ at transition energy? Automatically Resonant?
No : Recoiling nucleus takes energy, γ outside narrow width 
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Mossbauer Effect
E1

E0

????
E0

E1

Small enough Eγ, entire lattice recoils! 
Negligible lattice kinetic energy - monochromatic Eγ 

Resonant Reabsorption possible! 

Narrow Nuclear Lines => High Sensitivity to energy shifts 
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Backgrounds

Electromagnetism? 
Needs to change nuclear transition energies 

Suppressed by small nuclear moments, 
electron shielding 
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Backgrounds

Electromagnetism? 
Needs to change nuclear transition energies 

Suppressed by small nuclear moments, 
electron shielding 

Unpolarized nuclear spin => effects average 
down 

Signal from new scalar and tensor 
interactions are not suppressed! 
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Backgrounds

Electromagnetism? 
Needs to change nuclear transition energies 

Suppressed by small nuclear moments, 
electron shielding 

Unpolarized nuclear spin => effects average 
down 

First order effects irrelevant 
Leading Background: Chemical Shift from Casimir 

Signal from new scalar and tensor 
interactions are not suppressed! 
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Sensitivity
<latexit sha1_base64="RUCyIWCnuGUCai36BvfVVOFdmHM="></latexit>

L � yq�q̄q +
�

f�
F 2
µ⌫ +

�

fg
G2

µ⌫ +
h̃µ⌫

fT
Fµ

�F
⌫� + g�h2 +

m2
�

2
�2

For given coupling, compute energy shift ΔE 

<latexit sha1_base64="XXHxI1L/T0jpvyPKL7ydQTgOtlE="></latexit>

�E =
�p
N�

10-8 10-7 10-6
10-15

10-14

10-13

10-12

10-11

10-10

1010

1012

1014

1016

1018

� (m)

y d �

ΔE = 10-15 eV
<latexit sha1_base64="6bGtQsF69vZNjLk7rcKYQBEQkuQ=">AAAB9XicdVDLSgNBEJyNrxhfUY9eBoPgadk1m0RvoiAeI5gYSGKYnXTikNkHM71qWPIfXjwo4tV/8ebfOHkIKlrQdFHVzfSUH0uh0XE+rMzc/MLiUnY5t7K6tr6R39yq6yhRHGo8kpFq+EyDFCHUUKCERqyABb6EK39wOvavbkFpEYWXOIyhHbB+KHqCMzTS9XVaqoxaCPeYnsGoky84tlM+dCsudexi8cgrlwxxTCt61LWdCQpkhmon/97qRjwJIEQumdZN14mxnTKFgksY5VqJhpjxAetD09CQBaDb6eTqEd0zSpf2ImUqRDpRv2+kLNB6GPhmMmB4o397Y/Evr5lg77CdijBOEEI+faiXSIoRHUdAu0IBRzk0hHElzK2U3zDFOJqgciaEr5/S/0n9wHbLtnfhFY5PZnFkyQ7ZJfvEJRVyTM5JldQIJ4o8kCfybN1Zj9aL9TodzViznW3yA9bbJwIJkuA=</latexit>

57Fe

ΔE = 10-17 eV
<latexit sha1_base64="aQj0UC7gvBEV9wCusurAhx0DMJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoioj0WvXis0C9oY9lsN+3SzSbsTsQa8ku8eFDEqz/Fm//GbZuDtj4YeLw3w8w8PxZcg+N8W4W19Y3NreJ2aWd3b79sHxy2dZQoylo0EpHq+kQzwSVrAQfBurFiJPQF6/iTm5nfeWBK80g2YRozLyQjyQNOCRhpYJfvU7fmZn1gj5A2STawK07VmQOvEjcnFZSjMbC/+sOIJiGTQAXRuuc6MXgpUcCpYFmpn2gWEzohI9YzVJKQaS+dH57hU6MMcRApUxLwXP09kZJQ62nom86QwFgvezPxP6+XQFDzUi7jBJiki0VBIjBEeJYCHnLFKIipIYQqbm7FdEwUoWCyKpkQ3OWXV0n7vOpeVi/uLir16zyOIjpGJ+gMuegK1dEtaqAWoihBz+gVvVlP1ov1bn0sWgtWPnOE/sD6/AGKOZMI</latexit>

181Ta
<latexit sha1_base64="GlvdkEAeXyj5cantCYHMFDgTYxA=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRa1I1QdONKKtgHNDFMptN26MwkzEyEErJy46+4caGIW7/BnX/jtM1CWw9cOJxzL/feE8aMKu0431ZhYXFpeaW4Wlpb39jcsrd3mipKJCYNHLFItkOkCKOCNDTVjLRjSRAPGWmFw6ux33ogUtFI3OlRTHyO+oL2KEbaSIG9fxOkXh9xjjIIL+CJpyknCrrOfepWs8AuOxVnAjhP3JyUQY56YH953QgnnAiNGVKq4zqx9lMkNcWMZCUvUSRGeIj6pGOoQGaZn07eyOChUbqwF0lTQsOJ+nsiRVypEQ9NJ0d6oGa9sfif10l079xPqYgTTQSeLuolDOoIjjOBXSoJ1mxkCMKSmlshHiCJsDbJlUwI7uzL86R5XHFPK9Xbarl2mcdRBHvgABwBF5yBGrgGddAAGDyCZ/AK3qwn68V6tz6mrQUrn9kFf2B9/gC/zJdk</latexit>

N� = 3⇥ 1014



Sensitivity
<latexit sha1_base64="RUCyIWCnuGUCai36BvfVVOFdmHM="></latexit>

L � yq�q̄q +
�

f�
F 2
µ⌫ +

�

fg
G2

µ⌫ +
h̃µ⌫

fT
Fµ

�F
⌫� + g�h2 +

m2
�

2
�2

For given coupling, compute energy shift ΔE 

<latexit sha1_base64="XXHxI1L/T0jpvyPKL7ydQTgOtlE="></latexit>

�E =
�p
N�

10-8 10-7 10-6
10-15

10-14

10-13

10-12

10-11

10-10

1010

1012

1014

1016

1018

� (m)

y d �

ΔE = 10-15 eV
<latexit sha1_base64="6bGtQsF69vZNjLk7rcKYQBEQkuQ=">AAAB9XicdVDLSgNBEJyNrxhfUY9eBoPgadk1m0RvoiAeI5gYSGKYnXTikNkHM71qWPIfXjwo4tV/8ebfOHkIKlrQdFHVzfSUH0uh0XE+rMzc/MLiUnY5t7K6tr6R39yq6yhRHGo8kpFq+EyDFCHUUKCERqyABb6EK39wOvavbkFpEYWXOIyhHbB+KHqCMzTS9XVaqoxaCPeYnsGoky84tlM+dCsudexi8cgrlwxxTCt61LWdCQpkhmon/97qRjwJIEQumdZN14mxnTKFgksY5VqJhpjxAetD09CQBaDb6eTqEd0zSpf2ImUqRDpRv2+kLNB6GPhmMmB4o397Y/Evr5lg77CdijBOEEI+faiXSIoRHUdAu0IBRzk0hHElzK2U3zDFOJqgciaEr5/S/0n9wHbLtnfhFY5PZnFkyQ7ZJfvEJRVyTM5JldQIJ4o8kCfybN1Zj9aL9TodzViznW3yA9bbJwIJkuA=</latexit>

57Fe

ΔE = 10-17 eV
<latexit sha1_base64="aQj0UC7gvBEV9wCusurAhx0DMJA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoioj0WvXis0C9oY9lsN+3SzSbsTsQa8ku8eFDEqz/Fm//GbZuDtj4YeLw3w8w8PxZcg+N8W4W19Y3NreJ2aWd3b79sHxy2dZQoylo0EpHq+kQzwSVrAQfBurFiJPQF6/iTm5nfeWBK80g2YRozLyQjyQNOCRhpYJfvU7fmZn1gj5A2STawK07VmQOvEjcnFZSjMbC/+sOIJiGTQAXRuuc6MXgpUcCpYFmpn2gWEzohI9YzVJKQaS+dH57hU6MMcRApUxLwXP09kZJQ62nom86QwFgvezPxP6+XQFDzUi7jBJiki0VBIjBEeJYCHnLFKIipIYQqbm7FdEwUoWCyKpkQ3OWXV0n7vOpeVi/uLir16zyOIjpGJ+gMuegK1dEtaqAWoihBz+gVvVlP1ov1bn0sWgtWPnOE/sD6/AGKOZMI</latexit>

181Ta
<latexit sha1_base64="GlvdkEAeXyj5cantCYHMFDgTYxA=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRa1I1QdONKKtgHNDFMptN26MwkzEyEErJy46+4caGIW7/BnX/jtM1CWw9cOJxzL/feE8aMKu0431ZhYXFpeaW4Wlpb39jcsrd3mipKJCYNHLFItkOkCKOCNDTVjLRjSRAPGWmFw6ux33ogUtFI3OlRTHyO+oL2KEbaSIG9fxOkXh9xjjIIL+CJpyknCrrOfepWs8AuOxVnAjhP3JyUQY56YH953QgnnAiNGVKq4zqx9lMkNcWMZCUvUSRGeIj6pGOoQGaZn07eyOChUbqwF0lTQsOJ+nsiRVypEQ9NJ0d6oGa9sfif10l079xPqYgTTQSeLuolDOoIjjOBXSoJ1mxkCMKSmlshHiCJsDbJlUwI7uzL86R5XHFPK9Xbarl2mcdRBHvgABwBF5yBGrgGddAAGDyCZ/AK3qwn68V6tz6mrQUrn9kFf2B9/gC/zJdk</latexit>

N� = 3⇥ 1014

Second Order Casimir Background at 
shortest distances 

Mitigate using differential measurement? 
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Mossbauer at Synchrotron Source

Synchrotron 
Light

Ground State 
Nucleus

E0

E1

All the nuclei 
are coherently 

driven to 
excited state

Short Pulse << Lifetime of State
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Mossbauer at Synchrotron Source

Excited  
State 

E0

E1

In phase decay 

Well after pulse, state starts to decay  
Coherent initial excitation => decays in phase
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d

Send Synchrotron Pulse
Well after pulse, collimated emission 

Measure resonant reabsorption as a function of d
Why?

Clean excitation unlike radioactive decay 
May enable new class of ultra narrow Mossbauer 



Conclusions

1. Mossbauer Effect seems well suited to probe short distance forces 

2. Natural electromagnetic background suppression  

3. Ideal for scalar and tensor forces 

4. Synchrotron light sources may enable new Mossbauer sources 


