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In 1916 Albert Einstein proposed his theory

of General Relativity which revolutionized our
understanding of space and time. According to this
theory, the same used every day to run GPS, space
and time are stretchable and can be deformed as
an elastic medium by mass and energy. Among the
surprising consequences of General Relativity is the
existence of gravitational waves, deformations of
space and time generated by accelerating masses
and propagating at the speed of light.

For more than 40 years after Einstein’s prediction,
physicists had been doubtful about the possibility of
detecting gravitational waves. But in the late Fifties
several physicists arrived at the conclusion that
gravitational waves should interact with matter thus be
detectable. The definitive (albeit indirect) proof of their
existence came in the Seventies when two American
astronomers discovered a binary system composed of
two neutron stars orbiting around one another with a
period of only 8 hours. They found that the binary was
losing energy at a rate consistent with the emission
of gravitational waves, in perfect agreement with
Einstein’s prediction.

Many astrophysical phenomena can produce
gravitational waves. The explosion of a star at the
end of its life; the merger of two stars falling onto
each other; the oscillation of a newly born black hole
and even the primordial explosion that gave birth
to the Universe are examples of phenomena that
can produce gravitational waves. Their detection
will open a new window to the Universe and allow
the observation of phenomena which have been
undetectable so far.

Indeed, gravitational waves can pass through
matter as if it was transparent. As a consequence,

B NRKFENDIBRF

3%?%@c\Ebﬁ%X$®@Emﬁﬁ&%®xinmé%@\%btﬁ&@
SSMEDBRADE I EERIE [KAGRA (' <5B)] OER, ENXNEEN
SETO> T2 MEtEZEO Raffaele FlaminioBadZ (CIBNT LU CLWWERREEL LD,

. .1{'-,.;,.5‘
= ;F-

1916FEICTILIN— KT A 22214 NG HIRIE
U 7= —MRAEXMERER 3. RS E BRICH T2 Z2hE T
NDEAFERELEAE L, AFEADEEIIRDE
BUVGPS (WA AT L) THEHDNBZID
BICLD &, BB ELREIETLD L S MUV HE
AENTZHEN N HY, BEXIXLX-—PHdE
ATIIONAET, —REMSEEROBLDEIREZE
RBIEDVEDICEAKEL HY) £T, EHKIEINKES
ELTWBHEEDLSATh, XERURS TEh 30
ZOOHNHTT,

TALY 124 AR MR MIER ERIEL T
D OH40ERY), MBZELLBENEIRETES
PHELIABL, BEERBB-TVWERATLE, LA
U. 1950FERBEICMADDYIBFEED . EHHEIE
MEECHEMERETZ3THEDT, ABIENTE
BEFRULELA, Z LT, BENICTER® Y ETH.
ENEPFET D EVDIREMNGILS, 1970FK
ICRRENE L, 3EWDT X HDORILFED,
HhEP8ERBTHEEVDEN EEbh->TWVW3200mH
MFEHLSLEIEERXRDIAEADTT, HOIF. EE
DHBEI XX —DEN <HVDLS, ZhPENED
BHICE -2 THRbhTWBEERDE, A2k
AL ELTOFHERTEIC—HTI2EERLE L

EhHKER. SELFLREFBERPOSRELET, B
NDEERBORBER. 200EFBEWVIEIWT
Wo TERHT2HE. £Ehi-ErVDT Sy IR—
IWOIRE)., Z L TZOFHRBEOBRBEOAER o 2
hWSDRFEKPSBLENKERADZET. FH
ERZ1-OOFHELEBIRAILN. ChETREVWHLS
BP-BEHROUIZZENTEZI P LIERA,

ENEEMEOHREERIEETHNIVDT, &S
BT FICYEI H-TH., BEAEMBEL -1
POELIICEVIRGITLEVET, 2DEH. EHEK



their detection will allow observations of regions of
the Universe that are inaccessible with other types of
telescopes. These observations will not only provide
new and unique information about the Universe and
some of its more mysterious components. It will
also allow extending our understanding of gravity
and of the behavior of space-time in conditions that
we cannot reproduce on Earth nor find in the Solar
System.

For all these reasons physicists and astronomers
are developing a new class of gravitational wave
detectors. These new detectors use ultra-stable lasers
to monitor the distance between test masses placed
several km apart with unprecedented precision.
Variations in the distance between the test masses
that are ten billions times smaller than the size of an
atom will be measurable, thus allowing the detection
of gravitational waves such as those emitted by black
holes as far as several billion light-years.

In Japan we are building KAGRA, a gravitational
wave detector that will be located at Kamioka in Gifu
Prefecture. KAGRA has unique features such as
being the first km-scale detector located underground
and using test masses cooled down to cryogenic
temperatures. The use of these solutions will reduce
the disturbances due to natural seismic noise and
residual thermal vibrations and will make KAGRA the
most advanced detector in the world.

The gravitational wave group of the National
Astronomical Observatory of Japan is one of the
leading teams of the KAGRA project. In the Nineties
the group developed the TAMA detector, a precursor
of KAGRA, which was the most sensitive instrument
at that time. Strengthened by this experience the
NAQJ team is contributing to the KAGRA detector in
the fields of vibration isolation and optics.

KAGRA is not alone; similar detectors are being
developed in the US (Advanced LIGO project) and
in Europe (Advanced Virgo project). The Earth being
transparent to gravitational waves, the same signals
should be visible in all detectors on Earth at the
same time. For this reason KAGRA, LIGO and Virgo
will join forces to perform the first direct detection
of gravitational waves and, a hundred years after
Einstein’s prediction, will open the field of gravitational
wave astronomy.
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#1 Arm duct baoffles — 125 baffles per each 3-km arm

#2 Cryc-duct shield — 5 m long, cooled down to about B0 K
#3 Marrow-angle baffles

#4 Wide-angle boffles — cooled down to about 8 K

#5 Others

- Cryogenic part

Farr wide an 3I-_- scalttaring, in the B-K shiald

Schematic view of the main interferometer of KAGRA and its bolfles
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