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Gravitational form factors
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Why Gravitational form factors?

They shed light on 
mechanical properties 
of hadrons. 



Gravitational form factors

Probes are unknown for the Gravitational form factors!

B
<latexit sha1_base64="BldTm6GFDZ24b+srZpMog+Ydt/E=">AAAB+HicdVBNSwMxEJ31s9avqkcvwSJ4KrtasN5KvXhswX5Au5Rsmm1Dk+ySZIW69Bd41bs38eq/8eovMW1XqEUfDDzem2FmXhBzpo3rfjpr6xubW9u5nfzu3v7BYeHouKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML6d+e0HqjSL5L2ZxNQXeChZyAg2VmrU+oWiW3LnQEvkplwpe1fIy5QiZKj3C1+9QUQSQaUhHGvd9dzY+ClWhhFOp/leommMyRgPaddSiQXVfjo/dIrOrTJAYaRsSYPm6vJEioXWExHYToHNSK96M/FPLxArm01Y8VMm48RQSRaLw4QjE6FZCmjAFCWGTyzBRDF7OyIjrDAxNqu8DeXnc/Q/aV2WPLfkNcrFai2LJwencAYX4ME1VOEO6tAEAhSe4BlenEfn1Xlz3heta042cwK/4Hx8A/QCk4k=</latexit><latexit sha1_base64="BldTm6GFDZ24b+srZpMog+Ydt/E=">AAAB+HicdVBNSwMxEJ31s9avqkcvwSJ4KrtasN5KvXhswX5Au5Rsmm1Dk+ySZIW69Bd41bs38eq/8eovMW1XqEUfDDzem2FmXhBzpo3rfjpr6xubW9u5nfzu3v7BYeHouKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML6d+e0HqjSL5L2ZxNQXeChZyAg2VmrU+oWiW3LnQEvkplwpe1fIy5QiZKj3C1+9QUQSQaUhHGvd9dzY+ClWhhFOp/leommMyRgPaddSiQXVfjo/dIrOrTJAYaRsSYPm6vJEioXWExHYToHNSK96M/FPLxArm01Y8VMm48RQSRaLw4QjE6FZCmjAFCWGTyzBRDF7OyIjrDAxNqu8DeXnc/Q/aV2WPLfkNcrFai2LJwencAYX4ME1VOEO6tAEAhSe4BlenEfn1Xlz3heta042cwK/4Hx8A/QCk4k=</latexit><latexit sha1_base64="BldTm6GFDZ24b+srZpMog+Ydt/E=">AAAB+HicdVBNSwMxEJ31s9avqkcvwSJ4KrtasN5KvXhswX5Au5Rsmm1Dk+ySZIW69Bd41bs38eq/8eovMW1XqEUfDDzem2FmXhBzpo3rfjpr6xubW9u5nfzu3v7BYeHouKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML6d+e0HqjSL5L2ZxNQXeChZyAg2VmrU+oWiW3LnQEvkplwpe1fIy5QiZKj3C1+9QUQSQaUhHGvd9dzY+ClWhhFOp/leommMyRgPaddSiQXVfjo/dIrOrTJAYaRsSYPm6vJEioXWExHYToHNSK96M/FPLxArm01Y8VMm48RQSRaLw4QjE6FZCmjAFCWGTyzBRDF7OyIjrDAxNqu8DeXnc/Q/aV2WPLfkNcrFai2LJwencAYX4ME1VOEO6tAEAhSe4BlenEfn1Xlz3heta042cwK/4Hx8A/QCk4k=</latexit><latexit sha1_base64="BldTm6GFDZ24b+srZpMog+Ydt/E=">AAAB+HicdVBNSwMxEJ31s9avqkcvwSJ4KrtasN5KvXhswX5Au5Rsmm1Dk+ySZIW69Bd41bs38eq/8eovMW1XqEUfDDzem2FmXhBzpo3rfjpr6xubW9u5nfzu3v7BYeHouKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML6d+e0HqjSL5L2ZxNQXeChZyAg2VmrU+oWiW3LnQEvkplwpe1fIy5QiZKj3C1+9QUQSQaUhHGvd9dzY+ClWhhFOp/leommMyRgPaddSiQXVfjo/dIrOrTJAYaRsSYPm6vJEioXWExHYToHNSK96M/FPLxArm01Y8VMm48RQSRaLw4QjE6FZCmjAFCWGTyzBRDF7OyIjrDAxNqu8DeXnc/Q/aV2WPLfkNcrFai2LJwencAYX4ME1VOEO6tAEAhSe4BlenEfn1Xlz3heta042cwK/4Hx8A/QCk4k=</latexit>

B0
<latexit sha1_base64="M54t5qyn6Bw3lH9jhczDE6roU6Y=">AAAB+XicdVBNSwMxEJ31s9avqkcvwSJ6KrtasN5KvXisYj+gXUo2zbahSXZJskJZ+g+86t2bePXXePWXmLYr1KIPBh7vzTAzL4g508Z1P52V1bX1jc3cVn57Z3dvv3Bw2NRRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGN1M/dYjVZpF8sGMY+oLPJAsZAQbK93XznqFoltyZ0AL5LpcKXuXyMuUImSo9wpf3X5EEkGlIRxr3fHc2PgpVoYRTif5bqJpjMkID2jHUokF1X46u3SCTq3SR2GkbEmDZuriRIqF1mMR2E6BzVAve1PxTy8QS5tNWPFTJuPEUEnmi8OEIxOhaQyozxQlho8twUQxezsiQ6wwMTasvA3l53P0P2lelDy35N2Vi9VaFk8OjuEEzsGDK6jCLdShAQRCeIJneHFS59V5c97nrStONnMEv+B8fANW05O6</latexit><latexit sha1_base64="M54t5qyn6Bw3lH9jhczDE6roU6Y=">AAAB+XicdVBNSwMxEJ31s9avqkcvwSJ6KrtasN5KvXisYj+gXUo2zbahSXZJskJZ+g+86t2bePXXePWXmLYr1KIPBh7vzTAzL4g508Z1P52V1bX1jc3cVn57Z3dvv3Bw2NRRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGN1M/dYjVZpF8sGMY+oLPJAsZAQbK93XznqFoltyZ0AL5LpcKXuXyMuUImSo9wpf3X5EEkGlIRxr3fHc2PgpVoYRTif5bqJpjMkID2jHUokF1X46u3SCTq3SR2GkbEmDZuriRIqF1mMR2E6BzVAve1PxTy8QS5tNWPFTJuPEUEnmi8OEIxOhaQyozxQlho8twUQxezsiQ6wwMTasvA3l53P0P2lelDy35N2Vi9VaFk8OjuEEzsGDK6jCLdShAQRCeIJneHFS59V5c97nrStONnMEv+B8fANW05O6</latexit><latexit sha1_base64="M54t5qyn6Bw3lH9jhczDE6roU6Y=">AAAB+XicdVBNSwMxEJ31s9avqkcvwSJ6KrtasN5KvXisYj+gXUo2zbahSXZJskJZ+g+86t2bePXXePWXmLYr1KIPBh7vzTAzL4g508Z1P52V1bX1jc3cVn57Z3dvv3Bw2NRRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGN1M/dYjVZpF8sGMY+oLPJAsZAQbK93XznqFoltyZ0AL5LpcKXuXyMuUImSo9wpf3X5EEkGlIRxr3fHc2PgpVoYRTif5bqJpjMkID2jHUokF1X46u3SCTq3SR2GkbEmDZuriRIqF1mMR2E6BzVAve1PxTy8QS5tNWPFTJuPEUEnmi8OEIxOhaQyozxQlho8twUQxezsiQ6wwMTasvA3l53P0P2lelDy35N2Vi9VaFk8OjuEEzsGDK6jCLdShAQRCeIJneHFS59V5c97nrStONnMEv+B8fANW05O6</latexit><latexit sha1_base64="M54t5qyn6Bw3lH9jhczDE6roU6Y=">AAAB+XicdVBNSwMxEJ31s9avqkcvwSJ6KrtasN5KvXisYj+gXUo2zbahSXZJskJZ+g+86t2bePXXePWXmLYr1KIPBh7vzTAzL4g508Z1P52V1bX1jc3cVn57Z3dvv3Bw2NRRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGN1M/dYjVZpF8sGMY+oLPJAsZAQbK93XznqFoltyZ0AL5LpcKXuXyMuUImSo9wpf3X5EEkGlIRxr3fHc2PgpVoYRTif5bqJpjMkID2jHUokF1X46u3SCTq3SR2GkbEmDZuriRIqF1mMR2E6BzVAve1PxTy8QS5tNWPFTJuPEUEnmi8OEIxOhaQyozxQlho8twUQxezsiQ6wwMTasvA3l53P0P2lelDy35N2Vi9VaFk8OjuEEzsGDK6jCLdShAQRCeIJneHFS59V5c97nrStONnMEv+B8fANW05O6</latexit>

gµ⌫

<latexit sha1_base64="Ko3n5Ki5S1SQET0pbWzbtYKU7OA="></latexit>



Gravitational form factors

Probes are unknown for the Gravitational form factors!

Form factors as Mellin moments of the GPDs
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Gravitational form factors
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Unpolarized Generalized Parton Distributions
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The first moment: Electromagnetic form factors

The second moment: Gravitational form factors
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Gravitational form factors
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Components of the Energy-momentum tensor
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: mass of a baryon

: spin of a baryon



Strong force field and Stability

Conservation of the EMT 
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p(r) : Pressure density
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s(r) : Shear-force density
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Global Stability condition (von Laue condition)
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Strong force field and Stability
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Strong force fields
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Local stability condition
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2D von Laue stability condition
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A baryon can be viewed as a state of Nc quarks bound  
by mesonic mean fields (E. Witten, NPB, 1979 & 1983). 

Its mass is proportional to Nc, while its width is of order O(1).
Mesons are weakly interacting (Quantum fluctuations are  
suppressed by 1/Nc: O(1/Nc).

Meson mean-field approach (Chiral Quark-Soliton Model)

Baryons as a state of Nc quarks bound by mesonic mean fields. 

Key point: Hedgehog Ansatz

⇡a(r) =

⇢
naF (r), na = xa/r, a = 1, 2, 3
0, a = 4, 5, 6, 7, 8.

It breaks spontaneously SU(3)flavor ⌦O(3)space ! SU(2)isospin+space

Baryon in pion mean fields

Se↵ = �NcTr ln (i/@ + iMU�5 + im̂)
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Pressure density
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This condition is a nontrivial one.



Strong force field
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Summary & Outlook



Summary

In the present talk, we aimed at showing how the nucleon  
and singly heavy baryons acquire their stabilities as  
particles.  
As shown in the results, the vacuum fluctuations are  
essential to secure the stabilities of baryons.   
This may give a clue on the mechanism of the quark  
confinement.  
The form factors were also computed (see the backup 
slide).

One can construct a theory of baryon seismology, based  
on the present work. 



Hamlet Act 2, Scene 2 
by Shakespeare

Though this be madness,  
yet there is method in it.

Thank you very much for the attention!



Gravitational form factors


