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Outline of the experiment concept

(And revising some fundamental concepts)
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polarizations, 

orientation

Proper Euler angles 
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 Visualise it similar to the

expansion of the

universe, there is no

“central” or absolute

reference frame about

which the test masses

shift.



Laser 
interferometry 
detection 
principle



Sensitivity curves 

of GW detectors

 Major noise sources in laser 

interferometry:

1. Gravity gradient (GG) noise 
at low frequencies.

2. Laser noise at high 
frequencies.

 Laser path length determines
GW frequency range to which
the detector is sensitive.



Effect of GWs on proton bunch test masses
(Change in travel time due to change in test mass velocities, not orbit distortion!)



Effect of GWs on 

proton bunch 

test masses

• Found by integrating the timelike
geodesic equations of the GW metric
(linearized gravity metric in the transverse-
traceless gauge), after imposing a circular
trajectory of the test masses and a
general orientation of the GW.

• We used for simplicity, the ansatz of a
linearly polarized, continuous GW, ℎ+ 𝑡 =
ℎ0 sin 2π𝑓𝐺𝑊𝑡 , to estimate the order of
magnitude of travel time change and the
detector antenna pattern.



LIGO vs. 

LHC-GW 

antenna 

pattern



GW orbit distortion 
vs. velocity change

 Orbit distortion causes ΔTGW ~ h0
2 

(h0 is the GW characteristic strain).

 Velocity change causes ΔTGW ~ h0

(therefore being the significant effect 
on travel time).

 Orbit distortion is max. for GW 
propagating perpendicular to the 
ring, while velocity change is minimum 
(null) for this orientation.

 Look at the antenna pattern!



Previous works only consider GW 

propagating perpendicular to ring plane



Noise sources at LHC
Order of magnitude over the observation period, say, 24 hours:-

1. Quantum noise (quantum uncertainty in time-tagging proton bunches): 
ΔTquantum~10-20 s.

2. Gravity gradient noise (due to Sun, Moon, Alps mountains etc.): ΔTGG~10-16 s. 

3. Seismic noise (due to orbit distortion): ΔTseismic~10-17 s.

4. Radiofrequency phase noise (due to rf system): ΔTrf~10-12 s.

5. Detector noise (due to detector timing jitter): ΔTdetector~10-12 s.

6. Photon shot noise(due to photon statistics): ΔTphoton~10-17 s.

.

.

.
many more

2. and 3. are examples of deterministic noise (continuous build-up of time delay),

while others are examples of stochastic noise (timing jitter).



Proton bunch time-tagging detector

 Can’t use particle detectors, LHC operating as a storage ring.

 non-invasive, ultrafast, high precision 

 We assume that a detection system can be made which can accurately, 
consecutively and continuously time-tag proton bunches.

 Synchrotron radiation single-photon time-tagging detector. 
Presently, ΔTdetector= 50 ps  ;  dead time = 77 ns.

 Electro-optic charge centroid/beam position monitors; Schottky signal 
detectors etc.

 Detector clock least count < signal peak (max. ~ 10-16 s). 
Modern optical atomic clocks offer a timing precision (least count) of ~ 10-19 s.



LHC-GW 

sensitivity 

curve



Improvement
of GW source
sky-localization
in a network

 LISA is expected to have a
sky-localization of 1-100 sq.

deg., which is not good
enough to identify the
source galaxy.

 In a network with LHC-GW,
optimistic improvement of
angular resolution by roughly
1.5 orders of magnitude.

 Effect of Earth’s rotation.

W.-H. Ruan, C. Liu, Z.-K. Guo, Y.-L. Wu, and R.-G. Cai,

The LISA-Taiji network, Nat. Astron. 4, 108 (2020).





Pros of this GW detection 

technique

 Detection of mHz GWs on Earth possible.

 Can potentially be carried out in existing facilities (i.e. no need to build 
facilities from scratch over several decades, unlike LIGO, LISA etc.)

 Can complement the space-based mHz GW detectors (for source sky-
localization etc.)

 Based on current status of technology, seems quite feasible to 
implement in the near future. 

 Possibly, detection of mHz GWs might be achieved before the launch 
of LISA in 2034.



Unanswered questions & Role of 

heavy ions
 Rf system can attenuate the GW signal or add its own noise, while coasting beams 

without Rf suffer from collisions with rest gas molecules. How to overcome this?

1. Isochronous optics, crystal beams, single-ion storage rings, high-vacuum 
cryogenic storage rings, smaller ring size etc. ?

2. Beam simulations being performed by accelerator science dept. at DESY.

 Conclusion of CERN SRGW2021 workshop: experiment valid but LHC may not be 
the best place to realize it due to noise sources.

 Completing the list of noise sources: GW signal is independent of particle type, but 
does heavy ion storage reduce noise sources ?

1. Less affected by collisions with rest gas molecules?

2. Less synchrotron radiation emitted?

3. Easier to produce slow moving particles?
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