Probing Planck-scale physics
with quantum optics
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Table 1| Current experimental bounds on quantum
gravitational commutator deformations.

System/experiment Bo,max Y0, max References
Position measurement 1034 107 20,21

1036 1010 13,15
Electron tunnelling {0 10" 13,15

[CU, p] 140 — Hydrogen Lamb shift

The parameters Bo and yo quantify the deformation strengths of the modification given in
equation (1) and of the modification given in equation (3), respectively. For electron tunnelling

an electric current measurement precision of 81 ~1fA was taken.
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Table 2 | Experimental parameters to measure quantum
gravitational deformations of the canonical commutator.

[Xins Pm] Equation (2) Equation (3) Equation (1)

19 - 32nF2mNp o 9612 F3N2 8o 102473 F4N;
M2A{ wm Mpch? mom 3MZc2){ mwm

F 10° 2x10° 4 x10°

m 10~ kg 10~ kg 10~ kg

Wm /27 10° Hz 10° Hz 10° Hz

AL 1,064 nm 1,064 nm 532 nm

N, 108 5x 10 104

N, 1 10° 10°

3(D) 104 10-8 10-10

The parameters are chosen such that a precision of §ug ~1, 8yg ~1and 8 85 ~1can be achieved,
which amounts to measuring Planck-scale deformations.



FERKINTA—H —

74 XRA4. mirror@BEE 1 mg.

/\T&H/EZ*&] kHz. /EZ_

K-I 064nm\

T4 RV 2x1 0 THOK.

x Wy <L 7'_1

< R ZmlcU

AP TE D ?

1 kHz

IRE Dpendulum®
Fﬂﬁ%fd: é % 5 o

:

1 MHz

AF0.2MHZLL TR T



BERINTA =5 —

#RIE 1 MHZIE D 78 5, Cavity round trip length

S3mMm T 74 XRALB A

Wiy <K T L K

1 kHz 30kHz 1MHz

JEIRT BWR5CWL —
30psD/VLR ) H— 't%77r N> #82 x

1 O ASEIRE

RIEZ REL UKD ET B &Ecavity:

T2 BZBRWZHEL LD,

<& 759 <




Aip1 = QAi

ft D E3K1E

v L——30o0OX+/N)LADEH

Distortion parameter

n~ 0.9 Tlo|iEH KZF¥7n
vV IIRDFORESE

exp

A\ (1—7?) (1—774)_

2

O] oc At — '\

Mt

IC

74/ I
30EELLF




ft D E3K1E

v IV A TAE U D mechanical decoherence

kT
<CLL>B ~ <CLL>0 (1 — AQhLilQ)

OET OO0 TEE 1 OmKEELITHS
+2FAe—LYROEELZIZ 55,

T4/ V3 OLULTIERTENIZI TIC
ZEmI-UTA.. 7



EER D R EEE

% 30pus (K& 10km) ONILRZE K
Z I msDERTHTSCH. 1 0 0km
EE Ddelay linehVh &,

$ 1TO0O0kmDI>VTINE—RKR T 7A4)\—IZ
FEIT SN, OXAHN20dB. DENEE
NTBEFTHELTUE S,




S D Fr 7R Bl 7

> >~ O TlEmassive systemIE L E > =D
[T, BRHFHFEEHUNS WAHECL

EARE

> IRERY(C (S Effective interaction strength?®
FEBICNZT WD, T/ VEMH. cooling

DG 2

=D [CD BT E B,

> A NVENEZTEDE. WL SIRE]F
DODREEIDFEWULRA EIZFWZA TS0
AZBZTCUERSIDTIEZWLWMN?




=y al)

SATRAADZI RFE. T—TIL Ny THE
B COH TV IRT—I)LDYBERIET 5
AEEEZ B D,

P>EKRSINDB/INTGA—F—FIREWNT, FH
S ZmcLcunhnld L v,

wm K T 1<K K
> Delay line DERBITEERT SINED D D,




