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PRL 114, 081104 (2015) PHYSICAL REVIEW LETTERS 27 FEBRUARY 2015

Gravitational Casimir Effect

James Q. Quach’
Institute for Solid State Physics, University of Tokyo, Kashiwa, Chiba 277-8581, Japan
(Received 25 November 2014; published 25 February 2015)

We derive the gravitonic Casimir effect with nonidealized boundary conditions. This allows the
quantification of the gravitonic contribution to the Casimir effect from real bodies. We quantify the
meagerness of the gravitonic Casimir effect in ordinary matter. We also quantify the enhanced effect
produced by the speculated Heisenberg-Couloumb (HC) effect in superconductors, thereby providing a test
for the validity of the HC theory, and, consequently, the existence of gravitons.

24
DOI: 10.1103/PhysRevLett.114.081104 PACS numbers: 04.30.-w, 14.70.Kv, 74.20.Fg


http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.081104

IITE

\
N\

l/

LD

%
ZZ

Z

35|70%€E

~

e [EBEDEHARETV\(100ICHRKS)

6.678

pI-IoN=@=
(An@woda@iul W

£T-NdIg =@

1) HT-NANI O

- 0T0Z V1vdod —i

~A{wninpu

60-L5f]

9002 V1YAQD =il
(@duejeq Wweaq) gg-inzn =@=

od 3|dwiis) OT-v I =@=
H l.l

S0-1SNH == @

2002 ¥Y1vaod = g

(wnnpuad ajdwis) zo-dnpan O
TO-INdIg =——8—

~00-usen @

2000

2010 25 2015

2005

QUUL VAVUU

L6-INY o
, 96-

e e measurement by torsion balance

|= = copata

.| ® ® measurement by other means

1995

1980

1990

1985

1975

€46T VIVAOD =

6.677
6.676
6.675
6.674

6.673F
6.672

°61570

year



RF+

YaTlC DA

* G. Rosi+, Nature 510, 518 (2014)

 IRABYRFEDE

LETTER

SADKD?

doi:10.1038/nature13433

Precision measurement of the Newtonian
gravitational constant using cold atoms

G. Rosi', F. Sorrentino’, L. Cacciapuoti’, M. Prevedelli® & G. M. Tino'

About 300 experiments have tried to determine the value of the New-
tonian gravitational constant, G, so far, but large discrepancies in
the resultshave made it impossible to know its value precisely'. The
weakness of the gravitational interaction and the impossibility of
shielding the effects of gravity make it very difficult to measure G while
keeping systematic effects under control. Most previous experiments
performed were based on the torsion pendulum or torsion balance
scheme as in the experiment by Cavendish® in 1798, and in all cases
macroscopic masses were used. Here we report the precise determi-
nation of G using laser-cooled atoms and quantum interferometry.
We obtain the value G = 6.67191(99) X 10~ m* kg™ " s with a rela-
tive uncertainty of 150 parts per million (the combined standard
uncertainty is given in parentheses). Our value differs by 1.5 com-
bined standard deviations from the current recommended value of
the Committee on Data for Science and Technology’. A concep-
tually different experiment such as ours helps to identify the system-
atic errors that have proved elusive in previous experiments, thus
improving the confidence in the value of G. There is no definitive
relationship between G and the other fundamental constants, and
there is no theoretical prediction for its value, against which to test
experimental results. Improving the precision with which we know
G has not only a pure metrological interest, but is also important
because of the key role that G has in theories of gravitation, cosmol-
ogy, particle physics and astrophysics and in geophysical models.
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each interferometer provides a direct measurement of the differential
acceleration induced by gravity on the twoatomic samples. In this way,
any spurious acceleration induced by vibrations or seismic noise in the
common reference frame identified by the vertical Raman beams is effi-
ciently rejected.
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A LEGO Watt Balance:

An apparatus to demonstrate the definition of mass based on the new SI

L.S. Chao, S. Schlamminger, D.B. Newell, and J.R. Pratt
Physical Measurement Laboratory, National Institute of Standards and Technology, Gaithersburg, MD 20899

G. Sineriz, F. Seifert, A. Cao, and D. Haddad
Joint Quantum Institute, University of Maryland, College Park, MD 20742

X. Zhang
Computational Instrumentation Lab, Massachusetts Institute of Technology, Cambridge, MA 02139
(Dated: December 11, 2014)

A global effort to redefine our International System of Units (SI) is underway and the change
to the new system is expected to occur in 2018. Within the newly redefined SI, the present base
units will still exist but be derived from fixed numerical values of seven reference constants. More
specifically, the unit of mass, the kilogram, will be realized through a fixed value of the Planck
constant k. For instance, a watt balance can be used to realize the kilogram unit of mass within
a few parts in 10, Such a balance has been designed and constructed at the National Institute
of Standards and Technology. For educational outreach and to demonstrate the principle, we have
constructed a LEGO tabletop watt balance capable of measuring a gram size mass to 1% relative
uncertainty. This article presents the design, construction, and performance of the LEGO watt
balance and its ability to determine h.
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Ti sublimation
New PVLAS model independent limit for the ax- I—NQCOId R

ion coupling to v~ for axion masses above 1 meV e
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[ - Fast ADC [
F. Della Valle', A. Ejlli?2, U. Gastaldi®, G. Messineo®, E. Milotti*, R. Pengo®*, L. Piemontese?, : Y Data
G. Ruoso*, G. Zavattini® o i St
' . FP|Cavity Field . »Slow ADC [——»= DEge
L INFN, Sezione di Trieste and Dipartimento di Fisica, Universita di Trieste, Italy | direction
2 INFN, Sezione di Ferrara and Dipartimento di Fisica, Universita di Ferrara, Italy :
3 INFN, Sezione di Ferrara, Ferrara, Italy | Rotating Trigger
4 INFN, Laboratori Nazionali di Legnaro (PD), Italy ! Magnet
|
[
During 2014 the PVLAS experiment has started data taking with a new apparatus installed oo TMt
at the INFN Section of Ferrara, Italy. The main target of the experiment is the observation Ti sublimation
of magnetic birefringence of vacuum. According to QED, the ellipticity generated by the N, cold trap P1
magnetic birefringence of vacuum in the experimental apparatus is expected to be P QEDY VaNe  Gasline
5 x 107, No ellipticity signal is present so far with a noise floor ¥("°*®) =~ 2.5 x 10~° Frequency-locked /
after 210 hours of data taking. The resulting ellipticity limit provides the best model laser injection bench 5‘.99""9 Gas 8
independent upper limit on the coupling of axions to v+ for axion masses above 10~ eV. Mirror Bottle
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One-state vector formalism for the evolution of a quantum state through o KE 06
nested Mach-Zehnder interferometers A s

Karol Bartkiewicz.">" Antonin Cernoch.? ! Dalibor Javiirek.? Karel Lemr,2 Jan Soubusta.® and Jiii Svozilik? |||, il ||||
80, T g0 f? 2 = Sk

]Facuhjv of Physics, Adam Mickiewicz University, PL-61-614 Poznan, Poland
2RCPTM, Joint Laboratory of Optics of Palacky University and Institute of Physics of Academy of Sciences of the Czech Republic, 17.
listopadu 12, CZ-771 46 Olomouc, Czech Republic
*Institute of Physics of Academy of Sciences of the Czech Republic, Joint Laboratory of Optics of PU and IP AS CR, 17. listopadu 50A,
CZ-772 07 Olomouc, Czech Republic
(Received 30 October 2014; published 12 January 2015)
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Linear-optical interferometers play a key role in designing circuits for quantum information processing and
quantum communications. Even though nested Mach-Zehnder interferometers appear easy to describe, there are
occasions when they provide unintuitive results. This paper explains the results of a highly discussed experiment ‘A oa
performed by Danan et al. [Phys. Rev. Lett. 111, 240402 (2013).] using a standard approach. We provide a simple 3
and intuitive one-state vector formalism capable of interpreting their experiment. Additionally, we cross-checked
our model with a classical-physics-based approach and found that both models are in complete agreement.
We argue that the quantity used in the mentioned experiment is not a suitable which-path witness, producing
seemingly contraintuitive results. To circumvent this issue, we establish a more reliable which-path witness and

show that it yields well-expected outcomes of the experiment. M
C
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