
Jan. 17, 2022 @IAS-HEP2022 

K. Oide (KEK/CERN) 

Many thanks to F. Zimmermann for discussions.

1

Storage Rings and Gravitational Waves



Jan. 17, 2022 K. Oide

Contents

2

• Orbit deviation by gravitational wave 

• Enhancement of the response:     
       Beam Antenna? 

• Noise sources 

• Storage rings across the Earth?

≈ Presented at SRGW2021 
https://indico.cern.ch/event/982987/ 

https://arxiv.org/abs/2105.00992

https://indico.cern.ch/event/982987/
https://arxiv.org/abs/2105.00992


Jan. 17, 2022 K. Oide
3

1 Orbit deviation by gravitational wave

A celestial gravitational wave is a plane wave of tidal force. An object at distance
Xµ transverse to the wave from an origin receives an acceleration by gravitational
radiation (GR) wave:

d2Xµ

dt2
=

1

2
ḧµ⌫X

⌫ , (1)

where hµ⌫ has the form

hµ⌫ =

0
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1

CCA (2)

with two linear polarization components h+ and h⇥. For the time being, let us
consider the case of linear polarization with h+ = h and h⇥ = 0.
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horizontal displacement of the beam particle

https://en.wikipedia.org/wiki/Gravitational_wave
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horizontal displacement of the beam particle
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Resonance
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Let us assume the ring is a perfect circle with a radius R, and uniformly focused in
the horizontal plane, with the �-function �x. If the GR incidents perpendicular to
the ring plane, the horizontal orbit deviation at an angle ✓ = s/R generated by the
GR force (4) is written as

�x = �k2R2

2
h

Z ✓

0
�x sin

�
⌫x(✓ � ✓0)

�
cos(kR✓0) cos 2✓0d✓0 , (7)

where ⌫x = R/�x is the horizontal betatron tune.

Then the orbit can resonate to the GR if

kR± 2 = ⌫x (8)

resulting an increase the horizontal amplitude by

�x ⇡ ⇡k2R2�xh ⇡ ⇡⌫xRh (9)

per every turn. It is 0.2 fm for h = 10�22, R = 5km and ⌫x = 130 in the case of the
model ring shown later.
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2 Enhancement of the response: Beam Antenna?

As we have seen, even at the exact resonance, the response of the betatron motion
to GR seems pretty weak. Is there any way to enhance the response? If we look at
Eq. 7, the amplitude of the oscillation is proportional to �x. So what about having
a special section in the ring with a very large �x? For instance, consider a ring with
the circumference C = 30 km and the average �x = 50m in the ring. If we have four
L̂ = 1km sections with �̂x = 1000 km, the response of dpx/ds to the GR from these
special sections is much larger than that from the arc by a factor of

s
�̂x
�x

4L̂

C
⇡ 19 . (10)

The response to the horizontal orbit deviation at the antenna is enhanced by a factor

of 2700, multiplied by another
q
�̂x/�x.
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An example ring optics 
for a GR antenna
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Response of “antenna”
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More noise sources
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Global Antennas?
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4 Two (or more) storage rings across the globe

As we discussed above, the orbit response to GR is proportional to the ring radius.
Actually the beams are not necessarily in the same ring: if we place two identical
storage rings on the opposite side of the earth, we should be able to utilize their
distance 2R ⇡ 2R• as

�ŷ ⇡ �k2R•L̂

2
�̂yh . (17)

Here the oscillation is in the vertical plane, if two rings are placed at the opposite
side of the earth. Then the increment of oscillation amplitude per turn becomes

�ŷ = 1.4⇥ 106h , (18)

with k = 2⇡⇥1 kHz/c, �̂y = 1000 km, R• = 6400 km, L̂ = 1000m. So the amplitude
seems still not enough for a 1 kHz source, but for 1MHz, it might be well in a
detectable range.

Note that in this case, each ring can be as small as the antenna section L̂.

2R∙

Google Earth Pro
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5 Summary

• The beam in a storage ring can respond to a wave of gravitational radiation,
somewhat similar to the Weber bar.

• The betatron motion of the beam in a ring can resonate to the GR.

• A special beam optics “beam antenna” may enhance the sensitivity,

• There will be many noise sources to overcome: thermal motion of quadrupoles,
beam fluctuation due to emittance, synchrotron radiation and the acceleration,
etc.

• Placing two (or more) storage rings across the Earth can improve the sensitiv-
ity.


