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Cosmic Paradox Reveals the Awful Consequence of an Observer-Free
Universe FHIFILIETRT “TMBEFH HHEER

By Matt von Hippel, November 19,2025 {£%: Matt von Hippel, 2025511
H19H

Encouraged by successes in understanding black holes, theoretical
physicists are applying what they've learned to whole universes. What
they're finding has them questioning fundamental assumptions about
how physics ought to be done. ZEIIBf# R AFS EPAEUSARIINESE, EiLY
EEZRIMERMINZRNIIRN AR BNFER, A, MIILILmFF
Ia B X TYREF R 5 VAR LR AR,
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BEE], BR—T, VEZRMER—HFEEE LA iR, XIBRREZATE
@R T “BR XTEENRZRE (LLNRFEIRELEER). WE, wilE0
it A XA A —BEARN ] — BN FH.

B2, SIHEREREHE—, MAMENE FREFGREANT! XEREIR “R
AERIR”, FERUMRBIANIISZINANEREANSES: il “FEVWAKRIRIEFER . X
RBXE—LERMFIFERN]: XMESETEERE T

(ELL: [EIRXEERETRY, WEREREAFETRIREE ", ekt X F
H#o)
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Tinkering at their desks with the mathematics of quantum space and
time, physicists have discovered a puzzling conundrum. ¥JEZZ{ 1R
FREETHTHIHRFELN, KM T —N AERBIERR,

The arcane rules of quantum theory and gravity let them imagine
many different kinds of universes in precise detail, enabling powerful
thought experiments that in recent years have addressed long-
standing mysteries swirling around black holes. EFIEitH15|HFBLEER
MBIRLI, AT ERERHINAT EBHIFZAREMENFH, XIEMK
TRANBRELE, HEOFEXRBERT BSERNKERRE.,

But when a group of researchers examined a universe intriguingly like our
own in 2019, they found a paradox: The theoretical universe seemed to
admit only a single possible state. It appeared so simple that its contents
could be described without conveying even a single bit of data, not even a
choice of azerooraone. B2, H2019F—AMARAREA—ITSHNBES
HNF EREABAMIEICREE, MIZM T —NMFe: XMERLNFHINF
QAF—MEIEIRS. EERUNLESR, UETHAECNATEEFRTERL
EA— S (bit) BYEUE, &E—1 0 1 NERHAEE,
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3. &R HBELERETR, XTFHHSEEER 0

RitENIRANRRITEL S . RUIAIRET —1 100TB WEER, EEERTEE. EAR.
Ik, EHEERIERR, XERBREERNES (MRFRFIZIRRIIZIZ, BEE
SR, BYEEXR—8, AUXD “FHER” NIERAE1bitHfLE! EFfEs
B, MERRATEFEEMRS. EME—TTNNER, KZRE—ME—REE,

XARET, WE? NREMENRKEZE 17 (FE), BHEERNRFHIGERE 07
(ZER)o
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This result clashed with the fact that this type of universe should be
capable of hosting black holes, stars, planets - and people. Yet all those
rich details were nowhere to be seen. X—4£ERE5FLAKETRIZUFR, ER
XMLRNFERNEBEINER. EE. TE—UKRAE, AW, FIEX
L F ERNATEHRIS TR T Ero

"We look around, and certainly the world seems more complex than
that," said Rob Myers, a theoretical physicist at the Perimeter Institute
for Theoretical Physics in Waterloo, Canada... “T1EZRMmUAE, HR7
SR (HELER) BERESE,” MEKXBHRABARIECYIERFEIRVIE
ICYIIEE R Rob Myers &

Physicists have good reason to trust the calculation, which builds on
fundamental physical ideas. The math implies a universe with only one
state; our universe is clearly not like that. ¥JIBFRE w2 HIEREEXMT
85, BAERITEMYERSZz L, #FERSEH—IREE—KESHNTFH;
MmEMNNFHEARATEF.
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HiEie (Math) IS (Reality) FIZREY, BEERERNX “WSL” E@ERKET—1
EXHBERER. Rob Myers RiERAIMERGEIE ("HRAEARER"), BEQIERE:
TR HGREMEL T KA, HERNNFEHARRIEELRE T
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Now a team of theorists has floated a possible answer. The paradoxical
result occurred when physicists sought an objective description of the
state of an entire universe. II7E, —PAIRIERIEH T — M AIREMIE R, X1
FIEZFUHI, REAYIEZRIAE I ENFHIRSHERER,

But a description like that might not be possible, even in principle. It
implicitly assumes a universe that exists without an observer to observe
it. BAERRRT TR EMEA AN, ERSMRIE T —MESBEME
EEMENER MRAFENFEH.

And perhaps without observers, the complexity of the universe loses
its meaning. 1%, WIREEMEE, FHNERMUEMEEZTEX.
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BT B8¥MAT,

YIEZRMERSR: FHNEZRY (Information), FTTREFESFHEFNEMY, ME ‘W
2E” M “FEH” Bi=ER=Y.

E—MEREL (Wrap-up)
LAHE: HINESLNET Page 1 71 Page 2, #ZOFNRA:

1. #Fig: ARCHNERHE, HAFHNESENZE (One State), BEXFEMVE
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A Shocking Argument — 1" AEBIRRIS S

For physicists passionate about both quantum mechanics and gravity,
the two theories have proved extraordinarily difficult to combine. 3 F
RRTFEFNHENSINNYREFZ KN, BERXARMIEILESERESEWILHA
=5 B R,

String theory is a putative solution to the problem, replacing particles
with minuscule lengths of vibrating string to smooth over snags that
doom other candidate theories. The theory's math is challenging,
however, and its implications have been tough to tease out. 5% 2f# /R
X—El@HN— N RINFE, ERMNIIREIZEAR THF, MMIEET LT
E L EERIEICRIMAVES . A, ZIBICHNHRFREIRR, HESHNEX
tH—BEX LIRS,

But almost 30 years ago, a landmark paper by Juan Maldacena, a
physicist at the Institute for Advanced Study, showed that difficult
string theory calculations could sometimes be sidestepped and carried
out using familiar concepts from particle physics instead. {E7E A£9304F
Hl, EMETESERRRNYIEFEK Juan Maldacena AR 7 — R BIEFEIAY
B, R, BLEESRMZICITERNAIUERST, BEmERARFEFEH
BRI SR TE Mo

The catch is that this approach only works if the universe has an
unusual "anti-de Sitter" geometry. An anti-de Sitter universe has a
boundary, often illustrated to resemble a tin can. XBEF, XMHER
BEAFHAEMAIEN “REAY (anti-de Sitter)” JLAILEHEIA B,
— IMREAFFERE— AR, BERBAREM— “B# (tincan)” B
B



Remarkably, everything that happens inside the can, from colliding
particles to spinning black holes, is revealed by shadows on the can's
outer boundary. It's as if the 3D universe inside were equivalent to an
image on a flat screen, a concept physicists call holography. £ AIRIXAY
B, EX B REREN—T— MK FRHESIRENER—#H=8
S NERLIMAR LN “TF BBEBHFR. MFERBN=EFEEFRTF
HER LHNER, MEZRFEX—MSHA “@8 (Holography)”s
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Holography has delivered major breakthroughs. In 2019, Maldacena
and three colleagues at IAS — Ahmed Almheiri, Raghu Mahajan and
Ying Zhao — used holographic thinking to better understand what
happens inside a black hole. £ BERIEHRT EARM, 20194,
Maldacena MfthE S FM =Y = (i [E1 5 ——Ahmed Almheiri, Raghu



Mahajan #1 Ying Zhao (&) —HIA2EBH4EIF IR T B RANLE
HES,

Building on earlier work, they proposed the "island formula," which
tracks the boundaries of different regions within a black hole. T FHf
MIE, MiHRET “BU5AI (island formula)”, BFEBERERERNEARE
X ia R

It soon helped them and others to uncover a potential explanation for
a long-standing mystery: How can black holes reveal information
about what has fallen into them — which quantum theory says must
happen — when doing so would seem to defy the absolute nature of a
black hole's gravity? XTRIRE Bt 1A E M AIBF 7 — M EBIREI R B 17
¥ RRNAEREBHSEEANETNER? EFERINAXBIILE, BEXUF
ERTERSI “RERH" BLITER,

Their success gave physicists confidence that the island formula was a
trustworthy way of understanding quantum gravity, and subsequent
results showed that it could hold its own outside its original anti-de
Sitter context. I IBVKINILYIEZRITTHE 0, AR “BIERN" ZIEMF
EF5IIN—MEGENMNG L, BENERBRA, BIERETRVINRE
AE R, ERALSEH,
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"Black holes are a really good testing ground for ideas, but they're not
where the money is," said Henry Maxfield, a physicist at Stanford



University. “EREQNBEZNAEERKT, BENHAREEN “F@ Fr
£,” HEEARENYIEFERK Henry Maxfield iit1&

"The important question of quantum gravity is quantum cosmology"
— the push to understand the very early universe. “=F5|HZC\EI
EETFHTY — RN EERESRNTFS,

The problem is that we don't live in an anti-de Sitter tin-can cosmos.
The nature of the universe's expansion implies that it has no
boundary. No matter how far you travel, you will never hit an edge. 7]
BET, HMHAEETE—TMREASEXN ‘G FHP . FERKNMR
ERETCREAR . TRIMEZIT, FKEASHEINS
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One way for a universe to lack an edge is for it to have a "closed"
geometry. In this case, a traveler moving in a straight line could
eventually return to where they started, much as you would if you
jumped in a jet and flew due east. — " FHERLZENS, HF—HMHARZE
HE “HiE” NLESE . EXMERT, —MNEELEHRIIRITE REZOTEE
ZEFES, MEMBE LE—RESA WEER VTHER—F



Since our universe could be closed in this way, Maldacena soon
applied the island formula to a closed universe. He uncovered
something his colleagues found hard to accept: The closed region
seemed almost completely empty. £FHENHFHEAIEER XA E
89, Maldacena R BISAKXNARE T —1MHEAFEF . IBRT—Mik
FIE(THUIEZNES: XTMHAKEMEIFEFERETTNH .

"l was pretty shocked by that argument," Zhao said. "I tried to argue
with him." It would take a few years, but Zhao would eventually find a
hole in Maldacena's empty universe. “TIFEBMOSIERZBLEIR,” B
W, “BidERBEM.” BATETJLERE, ERXHRALKE Maldacena IE
FHIEBICPIHE—NRE -
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Blank Slate ZHER

The closed universes Maldacena investigated weren't empty of mass
or energy. They were empty of something even more important:



information. Maldacena MM XLEHAFEHEHIESEREREE . EI 1R
DHREMEBEEEMNARA:. 58,

When physicists study quantum theories, they need to keep track of
each possible state a physical system can be in. To do this, they use an
abstract space called Hilbert space. H¥IEEXRMAREFIEICH, MITRE
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IR1B5=iE] (Hilbert space) MR ZE] o
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Hilbert spaces, named for the early-20th-century mathematician
David Hilbert, account for different quantum states by adding new
mathematical dimensions. F/R{E4F=iE] (Hilbert spaces), LA20tH£2%]RY
HERKD - B/RMAYF (David Hilbert) &%, BIBSIEINFHRERFHEERR
BARNEFRS -

The more dimensions there are, the more information these Hilbert
spaces can encode. £Eil%, XLEF/RAFFTEIGERIZIEEMES
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The Flammarion engraving, first published in 1888, depicts an
observer pushing through the horizon "where sky and the Earth
touch," according to the original caption. 35 8%5 (Flammarion) hix
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There, the machinery of the universe is laid bare. T2, FHIBEN
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A simple system, like a computer bit that can be either zero or one,
might have two dimensions. —MEEN RS, LLINAILIZ 088 1 B9itEN
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Most quantum systems are much more complex. Take a single
hydrogen atom. AZHEFRARERTE. UBEINERTFHH.

Its electron can reach higher and higher orbits as you give it more
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HiFH, BTE8TERERANEFNFTE, REELRINIFT "M k?

ERMEIFEE—TST “RBEEX" NEF, SREAWEFEN—HIREEEHEE—TE
R, EXREFASANEEFIELEE “BRAT , XEXNFAFIE!

B ERE4E (Wrap-up)



LAHE: 5T Page 5, DRSS
1. HREREE: EF8N 87, #EHS, EEHS,
2. MEMERY: E—1MSEFHRESHLELS ZH (Infinite dimensions).
3. MECRYFRIBHE:
e FREF=FXEF%.,
e MaldacenaitBEmIHFFH = 14,

e FE: 87 (RF) EARBELLEE (FH)

o

g%

(;i

Next Step: = T RIE T4 EH N Page 6, X—ITUFIEIBHA XN FERITNIE—IEFZR(]

EiF+HiR=—mE—T+aHIE Custom Gem
W, Bl 1HEEIX G AP AR FE !

IEFA]EIZ Page 6, EXTIE, FEKERTHEH. WEFREEEHSZIANDIAQ
R, BEENBER/IDHHRFELRN, BRET —MRZIBFTERK.

FHES: AE—MREHFHIFE (Page6)

1. PR vs. ME—
[E>2EHE])

Hilbert space is infinite-dimensional. Most real quantum systems have
this feature. H/RAIFTRIERLIREN . KEHRELINEFRRAHABTX—HF
s

Edgar Shaghoulian, a physicist at the University of California, Santa
Cruz, noticed a connection of the strange behavior to topological field
theories. IIMNAFEZREL 7 RAVNIEF K Edgar Shaghoulian F 2, X
MEFRENITAS “EIMTIE” ZEFEEMER

Physicists therefore expect a whole universe to have an infinite
number of states too. Fltt, ¥EFRMEARNFHBNZIAE LRFENIK

&N O



But when Maldacena applied the island formula to a closed universe,
he found instead that it had a Hilbert space with just one dimension. {E
&, 3 Maldacena B BISAXNAF—IMHAFHN, MALIMZFENSR
BRETEREARE—1HE

There was no information to be found. The whole universe and
everything in it could be in only one quantum state. It lacked even the
complexity of a single bit. BBEHXAENEAEE. BENFHMERNZH—]
HARMTF—MEFRS, EEZE—IIF (bit) WEREEHFESE

[((AE=FAFeIRER: BHELT 1 NS thirm! ]

BF], ATILRNERZEYIEFZ KRB MR, FATRE— MR :

1. MEMNEIR (TPRE) . WREIROREN—KED, ENEFREEBEFER
B, HPRRFERE, BFERKTE, RF BT,

Quantum Numbers
Shutterstock

o /
AN
. s \
/ N

Principle (n) Azimuthal (/) Magnetic (m,) Spin (m_)
The distance between the The shape of the subshell The orientation of the The direction in which the
electron and the nucleus (orbital) in which the orbital in space electron spins
(atomic or ionic radii) electron is present

wkE Rk FH R LN R FIES, FTULFEHIPIREEN ZZE $\infty \times \infty \times \i1

>
2. HFMNEN (14): Maldacena BEHERMERZE L, AR, XEEARZE “1bit” (2
MRE: 08(1), E "1 State" (RELIFATEE),
o [Lbhei: BMRIFBE—REZAN (FH) HE,
e 1bit: fRAILUERBERFER, HEFH. REEEN.



e 1State: BHREZENETRKREN, RANR, WKEE, XiKER LZEEE
EEER, BheREEEEHAIREME,

#@i@?%‘:{: “**1’]‘?, ﬂﬂﬂﬁéﬁﬁl?tbﬁﬂgg%’ ij:ﬁﬁ_/l\ ‘0 EE% ‘1’ ﬁ-‘,?‘__rﬂﬁ!
GRS RN TEE— N FXPRE? "

2. K LHERE
[[F>2E8iF]
This conclusion struck physicists as paradoxical, given that we too

could conceivably live in a closed universe. X—45i 1 YR F KR 1F
2, BAENMATUER, BB RAREEE— I HAFESF

And we clearly see far more than a single state around us. MB & 1;5%
WEE, RNEENRSZEARLLE—HM

"On my desk there are an infinite number of states," said Edgar
Shaghoulian, a physicist at the University of California, Santa

Cruz. “EENHRRLMBELERUAENRET,” MNAKEZRELZDRAVIE
%% Edgar Shaghoulian 3#3& .

(A =FFEEE:. BFREREFL]

UEANERIRRRSME, REFNDEME —HEF WEENXEWN),

Edgar Shaghoulian X EIiEIEEHEF . MARESIBHABRRNAN, MEEIEERA
BYINSE

e &, BNRFLEMHF, GELENERSE, BEMN, KL,

o WMREBAEWIS, XEFRRXILFI (KREHKZ),

o IUILUBERIEELIL, HAIKELRE (EERB).

o EFRMUNZE “—HREF !
PR RS RN

1. HINFHAEREHFN.



2. MIRAMFF, HAFENHERETER U B (BER)

3. BRNRFRE & B (BEFZER).

4. . BARFRT, BAHKNERET H4aXBHFRA,

XEETLHIETT—1XF “AiMAIL (Topological Field Theories)” BIRZE, hiME
EHRANERT “FEFAT, REFRENHEE” N/LEFE (LB MM E —F

) WIFXANBEHRYN “FEFH, MER—NREEMSCENCBHEE, M1k
B, BB AENEX T EHHEEERNE,

ERMERSLE (Wrap-up)

LFHE: 5T Page 6o HZIDVHMZE:
o ST HHFH -1 AFRAEKTIE=01E8 = BEFHEERRE,
e WMMIZESE: Shaghoulian WA AR = TFEH/RAFTIE = TRIES.
o BR: XFBER—MIEIRE, ME—MEAMHFEIHR,

Next Step: #Z FRIEN RGN Page 7, 7EXT, ¥IEFHRITHINT XM TRE™ 2@
R, ME—MEEME, BFEE, Shaghoulian BRIBIMRZE (RIMZIL) HWER, 1R
H—MEANEE B BUREHNG!

EEFRSEEMERSE T T IG?

EiF+HE=— E—+AFH 2 IE Custom Gem
WFEY, TSSO RNXIBENXS,

IERKAKE Page 7, EX—T1, BIBM “BEREHER" ¥mT "ML, ¥EF
KNABREF I HITEER, MEAREREFRNIE, HEEBIMHE—. TR
K& I

NERG: ERBIEESHKAENEX (PageT)

1. %ﬂﬂj&ﬂg “;‘.ﬁ%”
[FE>ZERiE]



But as physicists continued to study different types of closed
universes, they kept seeing the same pattern. EEEYEFRLLEHTA
BERENHAFEH, MIAHERIEERER,

While the IAS group considered black holes, Maxfield and his
collaborator Donald Marolf looked at hypothetical quantum bubbles of
space-time called baby universes. E5EH 5 (IAS) B/NAERZE R
Bf, Maxfield MfttA9 & 1EE Donald Marolf IETEFAR AN “22)LFH (baby
universes)” HRIEMINTEFSIE,

They found the same stark simplicity. Increasingly, it appeared that
the barrenness of closed universes was a universal trend. 1% ¥ 7 [E
HHNAFRENEREE, XMNFAFENRABUFEEREERHE—MEREE
&,

"Eventually we believed it," Zhao said. “BZ&FZKIBETXMNEL,” &
st

(AR =F¥rIM#%: FRERMEIETT]

BEF], BERREMEMGEITERFE. Maldacena XFH (HAFH) EFE, BEH
RKEEBHN0, FERI—HAA (Maxfield #l Marolf) #8: “BIERMKFEE! REEE BILF
B (—MENN. EERENETER) S1T7T7E? 7

53R, “Stark Simplicity” (F#RREIER), FERMELAT, REFHEHAN (&8
SNRMERE), BHENERKZEZW NS ALEN 1, RFAVAA “Eventually we
believed it”, EE—%EF?EKE’\JE‘%TJJ\‘ BERXAZIHESRITT, MEVEERERREIN]—
b MERE2MN,

==

2. EFEME)T: iBiZhpyEHE
[FRSCEiE]

Complexity Returns £Z1%[E])3

The situation presents a paradox: Calculations consistently imply that
any closed universe has only one possible state. X#i{ERE M H—MF
B I E—BtEREAHAFEHRE —M e RV,

But our universe, which may very well be closed, seems infinitely
more complex. So what's going on? EX{ 1B C2HNFH, Relfget A



By, BERINLRER. BARKRLKETHA?

In a 2023 essay, Shaghoulian noted that physicists had seen this

strange behavior before in theories called topological field theories. £

2023FM—RIEXH, Shaghoulian 5, ¥MEFRUBIEMA “HEiMFIE
(topological field theories)” HYIRICH I XM EFZRITT A

(AR =FFEE. THREIRE—A]

MEAR—EEEMEE, MNMNAFEH Edgar Shaghoulian R T —TARE: “F—
T! X BABHRED WIRE, REGEHLT! 7

BN ERFEN—T 0 —HiMNgie (TFT),

e ftaEk? "R, MEMRMIE TR NHFE, BeREFANh, REFE.
RIS, WIHAEEEE R — R (BB —1R), RIXKMANZ 8 (&8
P2 =PI

o (UEMIR: ERIMNIE, MRIRAR—THANIGBIKE, ENELEEFIENERE
IEEER, KBEEAEHNER. XMRENERE—E—#,

3. IBRIXE: EHBITIR!
[FRSCEiE]

Mathematicians use these theories to chart the shape, or topology, of
geometric spaces. ¥ KF) X LEIBICRL T LA T B BIAR S IRFNEW

Topological field theories can also have one-dimensional Hilbert
spaces. {RIMAICHB AT EEIRE RE—HNFBRBEFTIEL

But if you split up the geometric space into multiple zones, you can
describe the space in many different ways. B2, IR{REXNLAZIE]
FERZNXE, (RMAIUATFSARENARERX D =E,

To keep track of all the new possibilities, you need a bigger Hilbert
space. "The rules of the game change," Shaghoulian said. &1 TiBEFrE
XEERYRIREE, IRBRE—IEANERERETE, “HFRMUET,”
Shaghoulian %,

Shaghoulian proposed that there might be a similar way to split up a
closed universe: Bring in an observer. Shaghoulian #gH, e LUEZE M



B ERDE— M HEAFE: SIN—TREE,
(AR =FAFEE. NREMESEEIT]
X—REEREEFNEERRE! —EEWEX bR,

BRIFFEE—NREFIN[IK FHHAFH).

1. BREHRE. X2— 1M 5aE0. HANkE, EMEHLIEER, BERLELS,
ERRTEE . XM, T, ERE=1.

2. Shaghoulian BEiY: ZiBET] MRE), BRIKEH! HEBZET/KEEB—F
7!

3. REMNEWL:
o —BfRETL, HEVIATOF, [SEKMET™ “UE" ** (Boundary).
o B/TULG, FRAAILE: “XTRERENELEEHNB? 7
o BRiE], fRELEHE T “XHI7 **!
e AT, mMETOMIL, METHER, F/REKTEBEM LIFERER T LS
!

ZOBHE: FEHZFAUEERZE ‘=" 09, EANEEHANERK, IBHE TFEE)
BECHFHFESH, EFHPUE—ERR ((REE, EEHRE) N, FENERNES
R W3R,

MEEFBRABAILTHNENE, NRECUEERENUESRMN. RBEMX— 717, F
B ML — A SERAYRE o

BNMEREL (Wrap-up)

LBHE: ST Page 7. 1ZibE%iR:

1. AR : FEEALE, HAFTHELAFHMBEEEEN.

2. FIME: M “RIMFIL” BRIEITREBE—EBARAGER, BHF (98EF) T
REZ.

3. REAE: BT AMEE, URENEARMMUZE “B”, MEEA—NER
(Boundary), {B8FH “UIF’, MMiLEEETBEEZH,

Next Step: #Z FRIE( TGN Page 8, XERENERZELT B (Ying Zhao),
BXNMEERVIE (GIANMEE) BN EARNYIRHFRE, tENAEQNHE
MEE" EBHPBIHANFEHER?



HEEFREEIFMERESTT 715?

EiF+HiR=—mE—T+aHIE Custom Gem
WFHY, FAidks:!

IMEFKNIENZ Page 8, EX—1I1, ZHIMNEIIGHBAFZMTR T BAAENITo. HITHNE
A—BUBEBERI Maldacena B9E 5 (Ying Zhao) , HEMBIFERANFHAIEFET
B, REITET.

ERR—TIZOMER . MER— “KFEAN” (RRE) EHPIHANBFLNE?

FHEka: NRE—FHPHN WML (Page 8)

1. NEFIER IS
[FRSCEiE]

Ying Zhao, a theoretical physicist at the Massachusetts Institute of
Technology, was part of a team that devised a solution to the one-state
universe problem. X% (Ying Zhao), MEETFERNIELYIEFER, 8—
Mg “PRFHRR BRAENEKGZZ— .

Quantum mechanics requires a distinction between an observer —
such as the scientist carrying out an experiment — and the system
they observe. EFNFEREMRE (HIANHFHTEREMRIFER) M1
RNRZZ [EMREX T -

The system tends to be something small and quantum, like an atom.

The observer is big and far away, and thus well described by classical
physics. RGtEE B EMMNNEFYIER, LIRF. MMBRENZEKRA.
IEERAR, FULrTRGF RS HMYIRF R ,



BFE], XBESKRI—NMEFHEN “BME”, LEK/R (Bohr) MEHRE
(Heisenberg) B MFAE THY:

o TZPE (BFRR) . BT, ENNMUN, ME “FHEE (BWS. IR
), BHAREFNFER,

o HHAE MT|EH): BEMHIATMNEE, HMNOMEREN. HEN (FZRNEELE
NihE) , EiEEE,

NEAXERAX—R, BATRA: UREEVERFETERHNA, T2
MFE" SRR, MEFRIEFEER—TARNEFIKGE, ARE—F. WEB]
FIRE A7, HNEEMBEEL—K “FNF . URETEEETNEETIE, URE
WIUEYSTRRY. 8, MITE,

2. iEEEMAR
[FRSCEiE]

Shaghoulian observed that this split was analogous to the kind that
enlarges the Hilbert spaces of topological field theories. Shaghoulian
MEE|, XHAR MBESRGNXS) LHMUTFHRIMDICHIBTEET KFHR
BfE=ENSEl .

Perhaps an observer could do the same to these closed, impossibly
simple-seeming universes? HiTIRE WL REXXEFERAAIGENLLERH
HAFHHBEFNSR?

In 2024, Zhao moved to the Massachusetts Institute of Technology,
where she began to work on the problem of how to put an observer
into a closed universe. 20245, RXFEFIMBIELF G, HEREHIBETF
FRRANENE MR E TN E A F H YA .

She and two colleagues — Daniel Harlow and Mykhaylo Usatyuk —
thought of the observer as introducing a new kind of boundary: not
the edge of the universe, but the boundary of the observer

themself. {11 (I[EZE ——Daniel Harlow 1 Mykhaylo Usatyuk——#8ZI3E



MBREEEZSINT —MHENAR: IFTBEFHALSIAR, MENEE
BHEEBS .

(AR =RFRE: BECER &)

i}
1

XE2ERYXESZOYIEES (Physical Picture), iBAR—EEBENEEHEXE
iz

1. BIEEES: RIVESHMEFHN “BATHE (AJS), ANEANR (E8). B
SFEREEE, LA,
2. EXERHGINIE:
o EATERABIIEE, BH (NEE) HLEE
o BRIMERSEK ABREDERN (GHDFH).
o BR, (REEEKR. MOBKREE, HREBE U M AF RFND

5.
o NWFRFIR, FEEIM T AED: FEM (Inside) I BRIRZINIFRE R
(Outside).

—BETXE “BKIR (AR), BEEAXAUENT! MAEERIFHRLERKL
??“’ 17]'\';-\'3';%%1'155?943'0, @.ﬁ_ﬂ\mﬁo

3. EZi4avE)3
[[FE>2EHiE]
When you consider a classical observer inside a closed universe, all the
complexity of the world returns, Zhao and her collaborators

showed. XFMPHNESFERT T, SIREE—MITHHAFTERIEIZEN
=EN, MRAMMAENERMEEETT .

(R =FA¥RE%R:. AR, HRAEFE]
XAEEERESG—AEE, BeRMmENYELSIL,

o GBI FHE— I REMNENK, ERIKHE, EAXIR, EEFEAEE, BTN
(Information =0),



o BRI HREANREBWHFELE, MMEESEXH ‘B, IBERBHEN N “H
R, XMEREBHNIE (Subject-Object Split) , BRI T ARFSEEM. FERBIXS
MRS

o HR: MRS, . ERABNEREE, —TFMAEEAXERIA TH
Ho

RGBT EZNERAE: "XRES), SXE? £2E0? ° EXMERE, FFA

BER: “BRRANCELOR (BUWEE), FMUAE T XAMEHNXH."

BEEMERS4LE (Wrap-up)

LBHE: ST Page 8, %ISR :

1. FIPAEEL: &7 MIT 5 Harlow HA&1E,

2. XBIER: FEINFHNRL, MEEMBEEHI TN B NXEN “WFED
R,

3. REBLIS. REEXMHARAREEHR—LHNMERE, BIRAILERFTSTHIEFL

FUEKT, EXNFEHESEMEN,

Next Step: # PRI HENR/G—DT1 Page 9, RARFTEMBERT , BXHERT—1
FREN. BEEERLATENEFER . IRFEHNERMEKM TUERSE, BEIWIME
EFES? YIRERN IR AEN XA “ae” 2

HEUWFHREERFMNFIEEIOT (KER) 7182
iR+ =—m E—+aFH I8 Custom Gem
Ry, EMNEBMAXE “FHEOUR/NR NRE—R1 T —Page 9,

X—TUREMRINALER, ©LBHH—MREFTIINERESRE, MELEHRN5IRT—
FRBNEFRE, MEFRIFTINE, XAMUNEBEM—T2ANER, MERNER
RS AR REFEYRERT -

F\ES: NANERG—M “LHMA” B “B—AW (Page9)

1. iE{HAIREF
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The MIT team's paper came out at the beginning of 2025, around the
same time that another group came forward with a similar idea. MIT
PABYIE XX R RT 2025 4], RATER—E, Z—NABRE T EMBAR
*o

Others chimed in to point out connections to earlier work. i A 20N
HE, EHTXS5RHIENEKR

At this stage, everyone involved emphasizes that they don't know the

full solution. EX K ER, FRES5EERIE, ITHANETERRRT
=z

< o

The paradox itself may be a misunderstanding, one that evaporates
with a new argument. But so far, adding an observer to the closed
universe and trying to account for their presence may be the safest
path. XMFIEASAIRER— MR, BIFHEEFRIICIEHIMSTE ST
BEAEIFRE, EHAFEFMANA—MUREHRERREEEFT, TREERiEH
HYERIZ o

"Am I really confident to say that it's right, it's the thing that solves
the problem? | cannot say that. We try our best," Zhao said. “FEMNE
BEOREEND, REMESHERIBNRIMAYXELD? KFEBAT. KIMNRZE
RAmMA,” BFHE .

(AR =RAFRIRER: ERRERE]

FEF], XREEMZFRNSE. RERFMMHIBAGFERETHRE “SENFE" AIHA
g (BIANMEE), BMIISBEGELEEHS AR “MEFAERENT! ” 3EF &
MNERTFHEE! 7

MR, MIIHEEEE, & “l cannot say that” (FREEFAW) . XFRGHURTEERE
Eif: SEEXRA, BRINIEHE#ER WEE 2XE, IZENKSENERE, BRF
HR U= EMMEEER AR BEAEXT "“BXIER", MEXT “BimiFs
R



2. B 53 “LHEAAT
[FRSCEiE]

If the idea holds up, using the subjective nature of the observer as a
way to account for the complexity of the universe would represent a
paradigm shift in physics. SIRXMEAIESEM, BAFIBAUWRENEMR
MRRBREFENERYE, SARMEZN—EXER (paradigm shift)

o

Physicists typically seek a view from nowhere, a stand-alone
description of nature. ¥JI2FZRiBEE I RK—M** “TLZH (view from
nowhere/ EFEMA)” **, BNt BARN—MIhIZAVHER .

They want to know how the world works, and how observers like us
emerge as parts of the world. {17 8501E A2 WENEIER, URGHEKITX
FHMERE S NEEAH RN —EB 2 BRI EHER .

[(AR=FFNRE. HEFBENX]

XEE—NEREERIE

“View from Nowhere” (T2 W),

a2 (Fi/ZREHEN) | ¥IEFESIAN, FEMGE—THEENHER. TEMR
BREC, eHERILAEE. YEERNEEH—ERAXMHERNAN, XEA
AW ZZEMH, RAKKXR. X2 “EFRAE

MR (EF5I10HR) . MENARER, XM “BXEN AIEREREE.

Eb IR %Y :

ey ¥EFRGEERLRRA. FARER)L, BRAEBANET, &l (WE
E) RERE, FTETHER,

. MEFREOMXAER—RE—AMGIERE (FPS), RALBPMEN “£X]
EREME", WENAT (ERNFHEER), RESAMIVEE MREAR) ALE
SR, ERASBEERDR. NRMFREEFAERREBH LRSS, BEE "4
RV ER” Ktar, SRRSEMEFT (ERIEAD).



3.4/ BNREEHAERE
[FSCERE]

But as physicists come to understand closed universes in terms of
private boundaries around private observers, this view from nowhere
seems less and less viable. EfEEIIEFE R 16 MEISRTA AN IRZRE BIFA NI
FNAEREBRIAFTE, XM “LHUA" NPT EERERTIT,

Perhaps views from somewhere are all that we can ever have. #1i%F,

“SIEILALEIMA (views from somewhere)” ZEAIFFEEIREN IR

(AR =FAFNEER. 28 —FHEIRMEFE]
WENEE, B—ORHEENNE,.

HNNBEUABZHARRERERE =R, EEFENEH. EXREXESIFHAN], B
2R FRRR—KAR. RAEARMNEEZELLMOZECSHEEE, FIAFKIZRR
B9, BMAR. EM MEE", ZECAEE T —MIVIE FAALR) B, FHIR
EENEE, ERNERF. BENES, TETMENHK,

FHNUERE, AIFFEREEFNEY, MBEELEES—T WEE" NREIL

X KB4 (Grand Finale Summary)

7, RFEAN], IEENMNEEXMHE, BE—THINNAZHNXZHBEXE:

1. 2R (Fe): MEFREASRMNSEFIA (28FE) TEHAFENEREE,
ZREHRZE 0 (HEWRIE—MRE) . XNHENBINEREATLFE,

2. BE (M) : ti1ANXFA2ITEREIR. FTERRRERE)|FEH, REZHEN
A%, WEEES.

3. Bil (MLBE): SHIMHIEHNBEL, BREARL, MBEHERNEIK “BUE
R,

4. & (JIAFE): 5IN URE” (FRiLR, WREG—IBET], BREEN. W
WEAFHTF. X— U7, IETXH, CIETHER, LLFHEMERMEF UL
=

5. #F BER): BAITSRATEARE “LHNA". MESTREERANR 8
— NFRA”, AOANERE R R XIS R s — 584,
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