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Context

- Intriguing: a new atomic observable
- Is the physics really similar to the Lamb shift?
- Practically important: related to hadronic structure
- Experiments ongoing at JLab and planned in Electron-Ion Collider
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Outline:
- Motivation: Ji & Liu’s recent logarithmic correction to the 

graviton’s interaction with the Hydrogen atom
- Experimental relevance: hadronic physics (a new observable)
- Gravitational form-factors: the D-term
- D-term’s sign vs stability of the system
- Logarithmic corrections: D-term vs Lamb shift

based on work with Yizhuang Liu, Jagiellonian University, Poland



Misha Eides’ recent work on energy-momentum tensor

[treatment]

Motivation: 

Graviton-atom interaction:
Of recent interest because can be probed in scattering experiments,
via Generalized Parton Distributions [X. Ji; A. V. Radyushkin]



Experimental consequences

- Beyond earlier studies of the charge and spin distributions in the proton;
- New parameter: proton mass radius 0.52(3) fm. 



Graviton’s interaction and the EMT



The sign of the D-term and system’s stability



Two integrals:

Max von Laue’s stability condition
<latexit sha1_base64="iV5gKR4g/+ZfZrM3ScOWMKn2HfY="></latexit>

D ≥
⁄

p(r)r2d3r assuming spherical symmetry

Two types of stable systems:

”Liquid droplet” “Atom”

tension at large r: D < 0 tension at small r: D > 0 
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0 =
⁄

p(r)d3r



Max von Laue’s stability condition

Energy-momentum conservation à in terms of the EMT 

In a stationary state: no time dependence,

Integral form (n: normal to an enclosing surface): 

Choose the surface as a cross-section of the system in the x-plane, closed at infinity: 

Finally, integrate over x:

Diagonal element like i=x: pressure
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von Laue’s stability example 1: liquid droplet
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p(r)d3r = 4fiR3

3 p0 ≠ p0R

3 4fiR2 = 0



von Laue’s stability example 2: hydrogen atom

Electron’s motion Electron’s and proton’s electric field

We want to show as in virial theorem
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D-term vs EMT elements

Determine the EMT as the Fourier transform
of this matrix element
with respect to the momentum transfer 
in the Breit frame (no energy transfer).

On the other hand, decompose in terms of pressure p and shear s,



Example: D-term of a liquid drop

It is negative because the negative pressure region is at the outer boundary.



Example: D-term of the hydrogen atom

Consider 
In dimensional regularization, terms homogeneous in r vanish. 
Potential energy contributions give two integrals,

Together with the kinetic energy contribution, we get

This is positive, reflecting electron-proton attraction (rather than surface tension).



Logarithmic corrections: Lamb vs D-term

Lamb                                                               D-term
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Vacuum fluctuations smear electron’s position, 
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Only S-states are affected                            Universal log-correction: all states



Welton’s interpretation of Lamb shift
Electron’s position in the H-atom modified by vacuum fluctuations.
This changes the potential experienced by the electron,

Mean-squared displacement <q2>:



Log correction to the D-term

dimension D = 3

Coefficient of the log:

Ji & Liu 2022



Summary

- There are interesting observables in atoms, related to the energy-momentum tensor,
in addition to the usually studied electromagnetic current.

- Atomic examples help understand properties of the EMT
- Sign of the D-term can be positive for a stable system
- Logarithmic corrections to the D-term are universal, affecting not only S-states.


