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everyday life in bodies of water, from puddles to oceans.
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KAGRA(H'K 5 REUERE IR E =)

M1900145-v1, VIR-0091A, and JGW-M1910663¢

Memorandum of Agreement |
between¢
VIRGO, ¢
KAGRA,
and the
Laser Interferometer Gravitational Wave Observatory (LIGO)+¢
October 2019¢

Purpose of agreement:

The purpose of this Memorandum of Agreement (MOA) is to establish and define a collaborative
relationship between VIRGO, KAGRA and the Laser Interferometer Gravitational Wave
Observatory (LIGO) to develop and exploit laser interferometry to measure and study gravitational
waves.

We enter into this agreement in,.qrder.Jo lay the groundwork for decades of world-wide
collaboration. We intend to carry out the search for and analysis of gravitational waves in a spirit
of teamwork, not competition. Furthermore, we remain open to participation of new partners,
whenever additional data can add scientific value to the detection and study of gravitational waves.
All partners in the world-wide collaboration should have a fair share in the scientific governance
of the collaborative work.

Among the scientific benefits we hope to achieve from this collaboration are: better confidence in
detection of signals, better duty cycle and sky coverage for searches, better estimation of the,.
logation, and physical parameters of the sources, and gravitational wave studies based on the
detected signals. Furthermore, we believe that the sharing of ideas will also offer additional
benefits.

This MOA supersedes the MOU LIGO-M060038-v5 between VIRGO and LIGO, established in
March 2019. This MOA also supersedes the MOU JGW-M1201315-v3 between KAGRA, LSC
and Virgo scientific collaboration in December 2012.

Details of, and extensions to, this MOA will be provided in Attachments agreed to by LIGQ...
VIRGO, and KAGRA.

We refer to the joint bodies of the LIGO Scientific Collaboration (LSC), the Virgo Collaboration,
and the KAGRA Collaboration as ‘LVKC’ in this document for brevity. The three Collaborations
maintain their independent existence and may have differing (but not mutually incompatible) rules
and procedures in some domains.
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Stephen Hawking (1942—-2018)

------ ADOHRICHREIDANB IS, ENFEE
MG B I TINEANRNS, 20T, Hh(d
LWOTWVWANGRLRODZELE. UL, ED5E&ED—D
ZITIEANBDCEICIRDTCUERDIZ. P29 14
DEEER E=m THB. CORDFDRDEBIE
WREEEBUITE, EPCHSTANC S &

BEDTCL\D, -
N Y,

Someone told me that each equation | included in the book would halve

A b%'/fﬁi"i“.? i the sales. | therefore resolved not to have any equations at all. In the end,
R 7‘4—'7/4W"l‘-—3?/9 Bt _ _ . . .y :
e - however, | did put in one equation, Einstein’s famous equation, E = mc?. |

hope that this will not scare off half of my potential readers.

‘Someone told me that cach equation | included in the book
would halve the sales. | therefore resolved not to have any equations
at all. In the end, however, | did put in one equation, Einstein's

g "N , famous equation, £ = mc . | hope that this will not scare off half
EROM THE BIG FANG TO BLACK HOWES 1407 1988 of my potential readers. 70




10 Questions to Stephen Hawking

If you could talk to
Albert Einstein, what

would you say?

Ju Huang, Stamford, Conn.

http://content.time.com/time/video/player/0,32068,660287833001 2029571,00.html

Start on Click, first 1'40" part

71



3. AR AR ) 3.2 SR E e

3.2.7 [RFZI

PFESLOHEBEZ, (EFRID
RFEDHEBEZIE, ZRIG

oH + 0y —  2H20 + &L (+#) UN+3He — O+ {H + #
Ho2

@@@@\ %/ iHe (b 1H O
d N S
\ 14N -\/ L\‘ 0 {\\

( a ) “ﬁ"_%é/ibll\ ( b ) Bz/irh

X 3.14: {bLFZRIMIEERZE LV )V, BERIolE, K EmekRZ @, R’ 03
BRKGOHFL., TRLF—LUR)UHPFE 97"<§é7’a’:5.
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3. AR (HExI L3R

) 3.2 FEEAEXT IR

2

>
/%

‘He + 3.5 MeV

n+141MeV

4p — *He + 2e™ + 2v, + 27
Zea
(nuclear fusion)

SR ULIEAHRE
(ZXRILF—H)

25U 4+ on — 55U — <Ba + 52Kr + 3 §n

S
(huclear fission)
RRULIEADRE
(ZRILF—HH)

BR=E p74
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RS p212

5 F-hitF B
=f= % Z {3 f%%dxﬁ A

(v D%%)

J%‘ ERCAC =D 19

BEKA=Z+ N 6
Ji&m Z
% 10-10 (B D)

=k A HE BHE

b1 p proton | +1 | 1.67262158 x 1027 kg | 1836.15
F1#:7 n  neutron | 0 | 1.67492735 x 10~27 kg | 1838.68
HT e electron | —1 | 9.10938188 x 103! kg 1
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tix FHZERIDIHFEVIE ) A 4.3 AR HEIE p214

Bs=Ri8

® EEXIE

BFHE NTIICERTE 2 2 L1, 1919 4,
e LTz, i, BEOBFHIC a B (N7 AETFH) # e
XT,

bbb

FH T+ — FIZLoT

N+ 5He — 1H+ 1O (A.26)

L7z, WEFZIECOTERLZDE, FY¥ FU 4w 7T

5He + 3Be — jn + 2C (A.27)

DI ThHAH (1932 4F).

DX ) BEKSDECLERIE, EIEOBAEIAVT—DEILH
5. BT, GFEFEFIEETAHAILICLoT, HAICHFET S
SFNDDEEILANT— (F=mc?) OIS TTEL. TNEPEER
=Rl I BN
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1H JH F%**C % (39.2 MeV)
V

i THAET D
BZ T L —
(17.4 MeV) v

TXR)LF—HMEL

E = mc

BOSA% DfE ~
TR F—
(56.6 MeV)

sHe 8% 3SHe i 8%

| @ &

L TWBAD,

= p214
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o
1 1s
2 2s
3 3s
4 A4s
5 5s
6 6s
7 7s

B3R (periodic table)

ZRE RORHE

1 18
1A VIII A
1 %1 RT¥ESE |29 2,1 — BETETHAA U DIHEH 2
H x%iEg - CUu |- ZZBELrREOLOIAIEKESITR He
ki 2 TRE(BEXE) — $ 13 14 15 16 17 AL
hydrogen A TTHRA(EFE) — copper InA IVA VA VIA VII A helium
1.008 | | EEEITHE 63.55 ~R¥E —EEEITLHR 4.003
3 +1|4 2| ¢*BxTE +3|6 -417 -3|8 -2|9 -1{10
Li Be BB TR BKIE 3R B C N O F Ne
YFH L SUDLFA 2 UPE= RE& =% (& Tvk A
lithium beryllium boron carbon nitrogen oxygen fluorine neon
6.941 9.012 IR TRIK BRILREIER ARG D A M lE b TR 12.01 14.01 16.00 19.00 20.18
1" +1112 +2 +3414 -4115 -3|16 -2|17 -1118
Na Mg Al Si P S Cl Ar
Frumn | woRLmL 3 4 5 6 7 8 9 10 11 12 3P| 7rs=mu TR Yo s 5% 7Ly
sodium magnesium B IVB VB VIB ViiB VIll B VIlI B VIII B IB B aluminum silicon phosphorus sulfur chlorine argon
22.99 24.31 26.98 28.09 30.97 32.07 35.45 39.95
19 +1|20 +2 21 +3(22 +4,32|23  +5,2,3,4|24 +3,2,6|25 +2,3,4,6,7|26 +3,2| 27 +2,3|28 +2,3|129 +2,1130 +2 31 +3 +4,2033 -3|34 -2{|135 -1|{36
K Ca Sc Ti \' Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
H)o L AT L 3d AAVTY L FAa INFOIL ZI=FN RUAY #* =VAV/ =T 7] C:5 4p AL TILIZ=9 L = Ly RE 20Ty
potassium calcium scandium titanium vanadium chromium manganese iron cobalt nickel copper zinc gallium germanium arsenic selenium bromine krypton
39.10 40.08 44 .96 47.87 50.94 52.00 54.94 55.85 58.93 58.69 63.55 65.41 69.72 72.64 74.92 78.96 79.90 83.80
37 +1(38 +2 39 +3(40 +4(41 +5,3|142 +6,3,5/43 +7,4,6|44  +43,6,8/45 +3,4,6| 46 +2,4(47 +1(48 +2 49 +3(50 +4,2 +3,5452 -2|53 -1(54
Rb Sr Y Zr Nb Mo Ru Rh Pd Ag Cd In Sn Sb Te I Xe
peswn | zrovFEeL dl orymn | srazea =47 w77y | FoRFoL | aFzoL SEEIN RESEIN R AREY L | ruwn 2X FUFEL S % Py
rubidium strontium yttrium zirconium niobium molybdenum technetium ruthenium rhodium palladium silver cadmium indium tin antimony tellurium iodine xenon
85.47 87.62 88.91 91.22 92.91 95.94 98 1011 102.9 106.4 107.9 112.4 114.8 118.7 121.8 127.6 126.9 131.3
55 +1|56 +2 57—71 72 +4|73 +5|74 +6,4|75 +7,4,6| 76 +4,6,8|77 +4,3,6/78 +4,.2|79 +3,1/(80 +2,1 81 +1,3|82 +2,4|83 +3,5 +4,2085 86
Cs Ba sv45/48| Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
L AULSFN T 5d INDZ) Ls 23 RIG AT L= L FREJ L )2 L =k & JKER 6p CULVFN £h EXTX ROo=ro L TARF A
cesium barium lanthanides hafnium tantalum tungsten rhenium osmium iridium platinum gold mercury thallium lead bismuth polonium astatine radon
132.9 137.3 178.5 180.9 183.8 186.2 190.2 192.2 195.1 197.0 200.6 204.4 207.2 209.0 209 210 | EEBEITE
87 +1/88 +2 89—103 104 105 106 107 108 109 110 1M1 112 13 114 115 116 117 118 | ®ExTH
Fr Ra FOF /4K
P eI ST L 1 6d SHh—Unn | kIzon | o—g—xon | H—yvs novyn | varRUSL |F—L28FOL| Lobrzyn | ajuzo L TPl =s=mu | srmevs | zraews | unzuss FRUY AHH
francium radium actinides rutherfordium dubnium seaborgium bohrium hassium meitnerium darmstadtium roentgentium copernicum nihonium flerovium moscovium livermorium tennessine oganesson
223 226 261 262 266 264 277 268 281 272 285 284 289 288 292 293 294
SR/ 57 +3|58 +3,459 +3,4/60 +3(61 +3(62 +3,2163 +3,2|64 +3|65 +3,4|66 +3(67 +3/68 +3(69 +3,2|70 +3,2(71 +3
lanthanides La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
(LF7T7—RAEE) T4 sSos DN FStA L FASL FasFos | yeunms | asoews | sruzes | Faess | szxgoowa | #wusvs TAEYL wysL | qvFrenLa | LFFeL
(rare earth metals) lanthanum cerium praseodymium neodymium promethium samarium europium gadolinium terbium dysprosium holmium erbium thulium ytterbium lutetium
138.9 140.1 140.9 144.2 145 150.4 152.0 157.3 158.9 162.5 164.9 167.3 168.9 173.0 175.0
TOF/A 89 +3|90 +4(91 +5,4192 +6,3,4,5(93 +53,4,6|94  +4,356/95  +3,4,56(96 +3|97 +3,4|98 +3|99 +3|100 +3(101 +3,2|102 +2,3|1103 +3
actinides Ac Th Pa U
I5fl 7o5=ms NV P =TS ZF =0V T #Fv=tn | Furzon | Faesa | Fauma | s—sunn | suszen [Faorsqzsd szisva | aosienn | s—xuma | B—Looma
actinium thorium protactinium uranium neptunium plutonium americium curium berkelium californium einsteinium fermium mendelevium nobelium lawrencium
227 232.0 231.0 238.0 237 239 243 247 247 251 252 257 258 259 262
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