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Introduction .
Academic Tra

Interesting physics
Overv

Physical systems and interesting ideas

Matterwave interferometry (quantum Quantum optics (rotationally induced Levitated optomechanics (exploiting

to classical transition) quantum nonlocality) rotranslational motion)

Toros et al. Generating quantum non-local entanglement with mechanical rotations arXiv:2407.14276 (2024)
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Introduction
Academic Trajectory

Interesting physics
Overview

Slovenia — University of Ljubljana
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Introduction

Testing ideas about quantum gravity

Quantum gravity entanglement of masses (QGEM)
e Can gravity entangle two systems?
Post-Newtonian QGEM
o What is the entangling power of gravity?

Quantized gravitational waves
o When can a physical system emit gravitons?

Quantum light bending
o Can we test the spin of gravity at the quantum level?
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QGEM main idea Gravitationally induced entanglement
QGEM mechanism

How to test quantum gravity?
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Source and probe of the gravitational interaction.

Bose et al. Spin entanglement witness for quantum gravity. Phys. Rev. Lett. 119, 240401 (2017)
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QGEM main idea Gravitationally induced entanglement
QGEM mechanism

Gravitationally induced entanglement

Bose et al. Spin entanglement witness for quantum gravity. Phys. Rev. Lett. 119, 240401 (2017)
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QGEM main idea Gravitationally induced entanglement
QGEM mechanism

QGEM mechanism Static case — T
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Bose et al. Mechanism for the quantum natured gravitons to entangle masses. Phys. Rev. D 105, 106028 (2022)
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ivistic dips in the entangling power of gravity
ational and coherence prote

Searching for new signatures .
e g t and the spin of the int

Non-static case — Tqo, To1, T11
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Relati c dips in the entangllng power of gravity
Searching for new signatures Quantized gravitational s and coherence protection
e g Quantum light bendir and the spin of the interaction

Relativistic dips in the entangling power of gravity
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Toro$ et al. Relativistic Dips in Entangling Power of Gravity. arXiv:2405.04661(2024); (2024)
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tic dips in the entangling power of gravity
g ional nd coh
Quantum light bending effect and the spin o

Searching for new signatures

Relativistic dips in the entangling power of electromagnetism
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Toro¥ et al. Relativistic effects on entangled single-electron traps Phys. Rev. D 110, 056031 (2024)
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Relativistic dips in the entangling pc y
Quantized gravitational waves and coherence protection

Searching for new signatures .
e g Quantum light bending effect and the spin of the interaction

Classical emission from a linear quadrupole

Center-of-mass decoupled from GWs, while relative motion coupled to GWs.
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Relativistic dips in the entangling pc y
Quantized gravitational waves and coherence protection

Searching for new signatures .
e g Quantum light bending effect and the spin of the interaction

Quantized gravitational waves

Master equation for graviton emission

%ﬁt = Ygrav (BzﬁtBTQ - %{BT2627ﬁt}) ’ Ygrav = %tﬁlwfﬂ

@ classical quadrupole radiation is recovered exactly for |a) with |a|? > 1

: 16G/%w8
° E=- 15¢2

@ relative motion is only allowed transtions by two energy levels
@ |n) = |n—2)
@ coherence protection for special relative motion states
[0)+]1)

°o —5tisa steady state

@ complete coherence protection for the center of mass

@ set wm = 0 to find Ygrav = 0

Toros et al. Loss of coherence and coherence protection from a graviton bath Phys. Rev. D 109, 084050 (2024)
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Searching for new signatures

Quantum light bendlng effect and the spin of the interaction

Quantum light bending effect

(@) (b)

photon |a)

Testing the spin of the gravitational interaction at the quantum level.
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Searching for new signatures Quantum light bendlng effect and the spin of the interaction

Quantum light bending effect

light matter

T T~
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Gravitational optomechanical interaction

a 4Gmw h

V= —hgo(B + BT)éTa, 80 = 22 \/ 2mwn,

@ entanglement entropy and light-enhanced optomechanical coupling
o S =2g°1, g = gola

Biswas et al Gravitational optomechanics: Photon-matter entanglement via graviton exchange
Phys. Rev. D 108, 064023 (2023)
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Key takeaway ideas

Summary

Summary

Main message

Gravitationally induced entanglement as a test of quantum gravity

@ PostNewtian effects
@ dips in entangling power
@ quantized GWs
@ coherence protection ~ |0) + |1)

@ quantum light bending

@ testing the spin of the interaction

University of Ljubljana

Patrick Andriolo, Dripto Biswas, Martine Schut,
Anupam Mazumdar, Sougato Bose

Marko Toro3 Searching for quantum gravity



	anm3: 
	3.62: 
	3.61: 
	3.60: 
	3.59: 
	3.58: 
	3.57: 
	3.56: 
	3.55: 
	3.54: 
	3.53: 
	3.52: 
	3.51: 
	3.50: 
	3.49: 
	3.48: 
	3.47: 
	3.46: 
	3.45: 
	3.44: 
	3.43: 
	3.42: 
	3.41: 
	3.40: 
	3.39: 
	3.38: 
	3.37: 
	3.36: 
	3.35: 
	3.34: 
	3.33: 
	3.32: 
	3.31: 
	3.30: 
	3.29: 
	3.28: 
	3.27: 
	3.26: 
	3.25: 
	3.24: 
	3.23: 
	3.22: 
	3.21: 
	3.20: 
	3.19: 
	3.18: 
	3.17: 
	3.16: 
	3.15: 
	3.14: 
	3.13: 
	3.12: 
	3.11: 
	3.10: 
	3.9: 
	3.8: 
	3.7: 
	3.6: 
	3.5: 
	3.4: 
	3.3: 
	3.2: 
	3.1: 
	3.0: 
	anm2: 
	2.94: 
	2.93: 
	2.92: 
	2.91: 
	2.90: 
	2.89: 
	2.88: 
	2.87: 
	2.86: 
	2.85: 
	2.84: 
	2.83: 
	2.82: 
	2.81: 
	2.80: 
	2.79: 
	2.78: 
	2.77: 
	2.76: 
	2.75: 
	2.74: 
	2.73: 
	2.72: 
	2.71: 
	2.70: 
	2.69: 
	2.68: 
	2.67: 
	2.66: 
	2.65: 
	2.64: 
	2.63: 
	2.62: 
	2.61: 
	2.60: 
	2.59: 
	2.58: 
	2.57: 
	2.56: 
	2.55: 
	2.54: 
	2.53: 
	2.52: 
	2.51: 
	2.50: 
	2.49: 
	2.48: 
	2.47: 
	2.46: 
	2.45: 
	2.44: 
	2.43: 
	2.42: 
	2.41: 
	2.40: 
	2.39: 
	2.38: 
	2.37: 
	2.36: 
	2.35: 
	2.34: 
	2.33: 
	2.32: 
	2.31: 
	2.30: 
	2.29: 
	2.28: 
	2.27: 
	2.26: 
	2.25: 
	2.24: 
	2.23: 
	2.22: 
	2.21: 
	2.20: 
	2.19: 
	2.18: 
	2.17: 
	2.16: 
	2.15: 
	2.14: 
	2.13: 
	2.12: 
	2.11: 
	2.10: 
	2.9: 
	2.8: 
	2.7: 
	2.6: 
	2.5: 
	2.4: 
	2.3: 
	2.2: 
	2.1: 
	2.0: 
	anm1: 
	1.30: 
	1.29: 
	1.28: 
	1.27: 
	1.26: 
	1.25: 
	1.24: 
	1.23: 
	1.22: 
	1.21: 
	1.20: 
	1.19: 
	1.18: 
	1.17: 
	1.16: 
	1.15: 
	1.14: 
	1.13: 
	1.12: 
	1.11: 
	1.10: 
	1.9: 
	1.8: 
	1.7: 
	1.6: 
	1.5: 
	1.4: 
	1.3: 
	1.2: 
	1.1: 
	1.0: 
	anm0: 
	0.199: 
	0.198: 
	0.197: 
	0.196: 
	0.195: 
	0.194: 
	0.193: 
	0.192: 
	0.191: 
	0.190: 
	0.189: 
	0.188: 
	0.187: 
	0.186: 
	0.185: 
	0.184: 
	0.183: 
	0.182: 
	0.181: 
	0.180: 
	0.179: 
	0.178: 
	0.177: 
	0.176: 
	0.175: 
	0.174: 
	0.173: 
	0.172: 
	0.171: 
	0.170: 
	0.169: 
	0.168: 
	0.167: 
	0.166: 
	0.165: 
	0.164: 
	0.163: 
	0.162: 
	0.161: 
	0.160: 
	0.159: 
	0.158: 
	0.157: 
	0.156: 
	0.155: 
	0.154: 
	0.153: 
	0.152: 
	0.151: 
	0.150: 
	0.149: 
	0.148: 
	0.147: 
	0.146: 
	0.145: 
	0.144: 
	0.143: 
	0.142: 
	0.141: 
	0.140: 
	0.139: 
	0.138: 
	0.137: 
	0.136: 
	0.135: 
	0.134: 
	0.133: 
	0.132: 
	0.131: 
	0.130: 
	0.129: 
	0.128: 
	0.127: 
	0.126: 
	0.125: 
	0.124: 
	0.123: 
	0.122: 
	0.121: 
	0.120: 
	0.119: 
	0.118: 
	0.117: 
	0.116: 
	0.115: 
	0.114: 
	0.113: 
	0.112: 
	0.111: 
	0.110: 
	0.109: 
	0.108: 
	0.107: 
	0.106: 
	0.105: 
	0.104: 
	0.103: 
	0.102: 
	0.101: 
	0.100: 
	0.99: 
	0.98: 
	0.97: 
	0.96: 
	0.95: 
	0.94: 
	0.93: 
	0.92: 
	0.91: 
	0.90: 
	0.89: 
	0.88: 
	0.87: 
	0.86: 
	0.85: 
	0.84: 
	0.83: 
	0.82: 
	0.81: 
	0.80: 
	0.79: 
	0.78: 
	0.77: 
	0.76: 
	0.75: 
	0.74: 
	0.73: 
	0.72: 
	0.71: 
	0.70: 
	0.69: 
	0.68: 
	0.67: 
	0.66: 
	0.65: 
	0.64: 
	0.63: 
	0.62: 
	0.61: 
	0.60: 
	0.59: 
	0.58: 
	0.57: 
	0.56: 
	0.55: 
	0.54: 
	0.53: 
	0.52: 
	0.51: 
	0.50: 
	0.49: 
	0.48: 
	0.47: 
	0.46: 
	0.45: 
	0.44: 
	0.43: 
	0.42: 
	0.41: 
	0.40: 
	0.39: 
	0.38: 
	0.37: 
	0.36: 
	0.35: 
	0.34: 
	0.33: 
	0.32: 
	0.31: 
	0.30: 
	0.29: 
	0.28: 
	0.27: 
	0.26: 
	0.25: 
	0.24: 
	0.23: 
	0.22: 
	0.21: 
	0.20: 
	0.19: 
	0.18: 
	0.17: 
	0.16: 
	0.15: 
	0.14: 
	0.13: 
	0.12: 
	0.11: 
	0.10: 
	0.9: 
	0.8: 
	0.7: 
	0.6: 
	0.5: 
	0.4: 
	0.3: 
	0.2: 
	0.1: 
	0.0: 


