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Short Distance Forces

Light bosonic particles motivated by BSM Physics
(e.g. radions, moduli, relaxions)
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Mossbauer Effect

Eo

Excited nuclear state decays via y emission
Can the vy be reabsorbed?

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

Isn’t emitted vy at transition energy? Automatically Resonant?
No : Recoiling nucleus takes energy, v outside narrow width
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Mossbauer Effect
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Small enough E., entire lattice recoils!
Negligible lattice kinetic energy - monochromatic E,

Resonant Reabsorption possible!

Narrow Nuclear Lines => High Sensitivity to energy shifts
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Suppressed by small nuclear moments,
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First order effects irrelevant
Leading Background: Chemical Shift from Casimir




S
cn
SILIVIt
IVity

0
J FL
vy o
! ¢
fq
h
13%
r HF
4+
qgo
h2

F
o
r
giv
en
CO
u
pli
n
g,
comp
u
te
en
er
gy
shi
ift
A
E

L
D
Yq »qq
G,



L D y,0qq

57Fe AE =105 eV

181Ta AE =107 eV

Ny, =3 X 1014

Sensitivity

¢
/g

@ 0
Fe
fy

Ry

2
G,

fr

F,LLO_FI/O‘_|_g¢h2 |

For given coupling, compute energy shift AE

10-10 [
10-"

10712

1014

10-1°

10-13

10-8

1018
1016
1014 B
1012

1010



Sensitivity
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Sensitivity

Conversion to the alpha - lambda plot
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Mossbauer at Synchrotron Source
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Synchrotron
Light All the nuclei

Ground State are coherently
Nucleus driven to
excited state

Short Pulse << Lifetime of State



Mossbauer at Synchrotron Source
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Mossbauer at Synchrotron Source

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

Decay along forward direction amplified by in phase addition

EE | >
..................... >
..................... >

Eo

Collimated
decay Beam

In phase decay Excited

State

Resonantly Excite
absorber



Mossbauer at Synchrotron Source

..................... >

d
..................... > ey
..................... >

Send Synchrotron Pulse



Mossbauer at Synchrotron Source

..................... > TRTERERTERRERRRRTRTY =

d
..................... > TEERTETTRTNRRTERTRTY = ey
..................... > TEEREETTRTRNRRTERTRTY =

Send Synchrotron Pulse

Well after pulse, collimated emission
Measure resonant reabsorption as a function of d



Mossbauer at Synchrotron Source
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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



