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Quantum mechanics, people say "Oh, it's our most
wonderful theory and most amazing description of
the universe." Yes, that's true. But it doesn't
give you a description of the universe which
involves significant mass displacements. Quantum
theory says that any object, even a mountain,
can exist in two places simultaneously.
However, you never see this. Why?
Today, | have a huge treat as this was
months in the making: a new experiment
which until today was in the pre-publishing
phase and is now published. Sir Roger Penrose
and Professor lvette Fuentes are here to talk
about the controversial consequences it has for
understanding the relationship between
quantum theory, collapse, and gravity.
My name's Curt Jaimungal, and on this channel |
interview researchers regarding their theories
of reality with rigor and technical depth.
Today, | finally have permission to show you
a conversation that spans how Roger sees
mass displacements as causing collapse,
the difference between active and passive gravity,
and the intricacies of this new Ron Folman T-cubed
experiment. We also go over Penrose’s speculation
about dark matter and cyclic cosmology. | traveled
from Toronto to film live at Oxford University
Math Institute. | truly hope you enjoy this.
I'm joined here with Roger Penrose and lvette
Fuentes. Welcome. Thank you all for coming again.
Thanks. Great to be here.
So there's an experiment that's making the rounds.
It's pre-published, not published yet. Maybe as of
this recording it's published, but it's called the

Ron Folman phase experiment. You both see it as



extremely important. However, there's disagreement
in the field about its interpretation. So before

we get to the importance of the experiment,

how about you explain what the experiment is,
Ivette, and then we'll hear, Roger,

why you think it's so important.

Okay, yes. So it's a very special atom
interferometer. So maybe | should start

by explaining what an atom interferometer is.
Well, in a regular interferometer, you have a
photon and you pass it through what we call a beam
splitter, which lets the photon go through one
trajectory and then another. It gets reflected by
some mirrors and then into another beam splitter,
which is a crystal that allows the two paths

to interfere. And then at the output of the
interferometer, you see interference fringes

with a certain contrast and so on. So black

and white interference fringes typical from

a wave propagation in the interferometer.

So an atom interferometer is kind of the

same thing, but instead of using photons,

it's using atoms. And one of the things that

| find really beautiful about light and matter
interactions is that if you have the atoms being
interfered, instead of one using like a crystal

to interfere photons, you use laser fields—so a
light field—to play the role of the beam splitter
for the atoms and so on. So in a regular atom
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interferometer, you would have atoms arriving
to the laser that splits the atom. So the atom
goes itself in a superposition of two different
trajectories. It gets reflected again; instead of
mirrors, they’re fields that reflect it back so
that they can interfere again at another laser,
and then you can detect the output and so on.
So that's kind of one version of this super
famous experiment that was done in the early
times of quantum mechanics with electrons,
right? That the interference fringes of
electrons were observed, confirming that

they behave quantum mechanically—this
particle-wave duality experiment. So that's
now almost 100 years since the Nobel Prize was
given to Pauli for that and so on. But since
then, people have been doing interference
with atoms and even with bigger systems. The
record is by Markus Arndt where he can put
molecules in the interferometer and

see the fringes and the contrast.
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Now what Ron did was a very special

type of interferometer because,

well, usually there's two different versions

of it. One is the atoms are in free fall. So

you take like an atom and you beam split

it and you let it fall. But it's in such

a way that the atom follows two different
trajectories. And then with fields, you make

it interfere. And actually, that's one way in
which we measure gravity. That's a gravimeter,



because the different sort of trajectories,

due to that, the atom picks up information

of the local gravitational field. And that's how
gravimeters are made. But they're in free fall.
Another type of atom interferometer would be

in which it's called a guided interferometer,

in which you have fields to trap the atoms.
They're not in free fall. And then you could
separate them and make them interfere again.
So what Ron Folman did is that he did a hybrid
version of that, in which he takes the atom—so
he starts with a Bose-Einstein condensate made
of rubidium-87 atoms, and he cools them

down to something like 3 nanokelvin. So

this is super cold. It’s as cold as we can

get things in the lab in the experiment.

And then he makes the atoms go through the
beam splitter. But one of the atoms—well,

one of the arms of the interferometer—is such
that the atoms are at rest. So he basically

acts with fields on the atoms such that he cancels
gravity and the atom is just levitating there.

And in the other arm, he uses again fields to
kick the other branch of the interferometer

and let then this atom go in free fall. So this is
done with what we call an atom chip. So this is a
chip where you can build like a little experiment
inbuilt in the chip that produces... You do like
wires and they produce magnetic fields. And the
whole system is controlled by this chip through
the magnetic fields. So you use a magnetic field
to make one of the branches levitate and the other
one to give a kick to the atom. So the magnetic
fields sort of change the internal states of the
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atoms to some states that see magnetic fields

and others that don't, to produce this sort of

hybrid interferometer where one of the atoms is

at rest in the lab and the other one is in free

fall. And then he interferes them and he sees the

fringes. And what he finds in the fringes is that

there is an oscillation, which has a very special

type of oscillation because, well, oscillations

obviously always depend on time, but this type

of oscillation depends on the cube of time.

Okay. Then maybe Roger can

explain the significance of that.

Yes, well, the importance of the experiment, as

far as | can make out—I'm not an experimentalist,

so | have to judge for what other people say

about it—but | gather the idea is, you see,

there's a very famous principle called the

principle of equivalence. It actually goes

back to Galileo, so it's a very ancient principle,

which is that you can get rid of gravity by free

fall. So Galileo imagined dropping a big rock and

a little rock from the Leaning Tower or something

like that, and he was well aware that air

resistance... if you drop a feather and a rock,

the feather will go slower, but that was because

of air resistance. He was perfectly aware of

that. But if you could remove the air, then

the two would fall together. That is to say,

if you were in a falling frame, it would look as

though they're simply hovering there and gravity

has disappeared. So the principle of equivalence

basically is to say that locally, a gravitational



field is just like an acceleration. So

you can get rid of it by freely falling.

Now that's well known for classical physics from
Galileo, and it's a basic principle that when you
go to relativistic situations, looking at fastly
moving things like that, then Einstein used this
as the basis for his general theory of relativity.
So Einstein's general relativity was based on this
very principle, principle of equivalence, that you
can get rid of a gravitational field by simply,
locally, simply falling. Of course, if you want

to say that you can get it freely falling in Pisa,

for example, but that doesn't get rid of

it in New York. So if you want to have a

theory which encompasses the principle of
equivalence, that's where Einstein comes

in and needs to have curved space-time in

order to make sense of this principle of
equivalence. But it is the basic principle

of Einstein's general theory of relativity.

Now, the question is, to what extent is this also
consistent with quantum mechanics? And the basic
principle is this principle of equivalence.

Is the principle of equivalence respected by
quantum mechanics? Now, theoretically, you can
look at this and see if you have an accelerating
frame. Does it look the same as having a

force? And it almost does. When | say almost,
it's quite surprising how almost it works, because
you can consider two cases. One is that you can
consider a quantum mechanical situation where you
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put a term in the Hamiltonian. That’s a technical

term considering you have a force and you describe

that force by putting a term in the Hamiltonian.



That’s basically what you do. Then you can try

it again a different way, which is to consider

a freely falling frame and you do freely falling
coordinates. And you see, is the answer the same?
Well, it's almost the same. When | say

almost, it's a bit hard to explain without

knowing a bit about quantum mechanics,

that you find that your wave function,

the thing that describes the system, differs by

a phase factor. That's a number which multiplies
your wave function by a number which you can
ignore normally because the phase factor doesn't
come into calculations of probabilities and

things like that. But if you look carefully at

the phase factor and you compare it, the free

fall case with the gravitational force case,

you see that there is a phase factor which is

a little bit peculiar because it involves an
exponential of the cube of the time. T’

is the time, T3 in that expression.

And you might say, well, who cares? Because when
you're working out probabilities and things like
that, this doesn't enter into it. However, it

means you really are looking at something a bit
different. The term, to be a little bit technical,

it means that your quantum theory is a little bit
different. In quantum field theory, you have

to start with what you call the vacuum, and

you build up your states by putting things into

the vacuum. Now, the vacuum state is different in
these two cases because of this T-cubed term. So
it's interesting to see whether quantum mechanics
really respects the principle of equivalence in

this particular way. And to see that, | mean,

it's purely theory that you'd expect to see this.
Now, does nature really respect this theory?



And what's, to me, important about this experiment
is you actually see this T-cubed effect in the
experiment. So you can look at the phase

by comparing one branch with the other,

and apparently this experiment seems

to see exactly what you would hope to

see if the principle of equivalence

is respected by quantum mechanics.

And to me this is very important because it's
combining these two great theories of 20th
century physics: one general relativity, which is
a purely classical theory and it's based on the
principle of equivalence being true—that's the
basic principle upon which the whole theory is
based. And when you think about quantum mechanics,
you want that to fit in with this framework.

And we do see that the way in which it has

to fit in was with this curious exponential

of a T-cubed term. And you see this in the
phase which is observed in the experiment.

So it seems to me, although one expects it
from theoretical grounds... But it's important

to see that it's really true. And it's not a
surprising result in the sense that you'd expect
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the principle of equivalence to hold in quantum

systems too, but the fact that it actually does,

and it shows up in this peculiar term, is very

important. It also has an importance when you

go a little further. And this is not something

which... See, the T-cubed term apparently has

been seen about 100 years ago in other... |



looked up the old papers and | never could
quite see why it's actually doing the same. It's
just calculations when you're looking at things
in accelerating frames and so on. So you could
say, well, it's not that exciting. But that's just
the mathematics. We can see you need this term in
order to make the acceleration be equivalent to,
and the acceleration due to gravity be equivalent
to something you can get rid of with free fall.
But the importance of the experiments, |

think, is just to verify that this is true.

But it's also important, if you take this a

little further—this is not part of the experiment,
but it's part of what | looked at and what lvette
and | looked at in papers which we looked at,
collaborated with later on. And the thing is

that if you consider going a little further,

by considering some body and its own
gravitational field is important.

You've got the field of the Earth and you've

got some other body which may be putting into
a superposition. And you look at it in

the field of Earth and then you think,

well, the correct way of looking how gravity

is dealt with in quantum mechanics is you say,
well, you can get rid of it locally

by the principle of equivalence.

Now, if you have a body which is put into

a superposition of two different locations,

is that still true? And the trouble is you can't
really do it with an individual body because the
acceleration is different all the way around the
body. So you have to sort of look at it a little

bit more. But what we do is we say, well, we know
that getting rid of the gravitational field by

free fall is the correct way of doing it, but you



can't do that with a body in superposition because
the free fall is different in different places

and all that stuff. So what you've got to do is

to try and see, if you do it, thinking of gravity

as a force and saying, well, that's not quite the
right way of doing it, but think of it as a force

and see whether there is an error that you can
calculate. And then you work out this error and
you see that tells you this thing has a lifetime.
And that's important because the lifetime of

a superposition is that something, if you have

a body here and here at the same time—quantum
mechanics, you can have a body here or a body
here, and the state with it being here and here

at the same time is part of quantum mechanics.

It can be two places at once. That's a well-known
puzzle about quantum mechanics. But if you have
a big body which gravitates, does that give you
problems? And yes, it does. You find it gives you,
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X ARRER? XEKE, —TMERENYE, MRXERE RNER GBS
&, KREARAAWE—BERE FERN. ENERNXMNTHEL, SEFXINENE—
TERNFES. MFEX, EHpHE, XFHE,

X 7 AT AR ERMERAERIEEIEHNIEHE DERN . AR FRIDEFR
iR, BENSHBXMAREELXET, BMSHEM=HEE (Decay), YMEBIBEEE R
E—THRENME. XEENZOMEERT. BFARENTS, HILETEMERHEME
FERMR? XABEIREEFNNEEZEFME! XERERMENMarkdown S ALRYAZ
Ho BATEXEXXADARNIOFNE: F—BFRITRRNEFHESS|I XA,
FEHMOMNERRABENNBUEGAS (XTERETHERZTPEREENL).
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because of all this business with the T and

all that stuff, and you see that it does give

you a problem. And that problem indicates that
this superposition maybe is unstable in a sense
that it will decay into one or the other in a
certain lifetime, which would be very exciting



to see. | mean, that's going way beyond what
one can do at the moment in experiments.

But do we see in experiments—and this is the
experiment that lvette is involved in trying

to do—can you see effects that show up, well sort
of comparing the gravitational field in effect of
the body itself, and does that lead to effects

that you can experiment and observe? | really
can't go into it because it's rather technical.

In fact, I'm not sure | understand it completely,
but this is... lvette's experiment is

to see whether these effects that should

come about from this experiment,

whether these effects are there.

Now, you see, it's important because quantum
mechanics, | mean, people say it's a most
wonderful theory and most amazing description
of the universe. Yes, that's true. It is a

wonderful theory, and it gives you an amazing
description of the universe, but it doesn't give
you a description of the universe which involves
significant mass displacements. That is to say,

a massive body in two places at once. You're
only looking at things where the mass of the
bodies can be ignored. And all experiments to the
moment which confirm quantum mechanics involve
effects where the mass displacements

are much too small to have any effect.

GEd

BUE=A%, XRIEFELZEERNMAEZFRINE. RLALFELREARIRR
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B7t, IITEER Superposition (BMZE)" . ARES _VIESEREHPAIGENTT
‘BEENE. EHUERE, —MIFEURRLATF AL M AL RIRSHEM, B
HEEXEBRE T —1Problem ()" XTHESMEETERFIRERN. MiAN, R
REIGINEHRE, XMHEMSEE—ERE (Lifetime) [5‘Decay (RZE/H4E) " FHHEP—
MHERRT, A&, KEAFTERERWYEREIER MM, ©EHIIRE
e, WREEERVPUREIXM BANRSE, BRHE2VEFZRIWERLI,

BE, XHIREIT ‘Ivette's experiment (XEAFHIKIE) ", X2— 1 EERIE LARIEICHISE
%, BAWEIREHITX K Technical (BAM)" T, EERBCHATLIE, BziZiE
= 5SIhREERTFEFENS?

XFE | H T XEIERAENIER. HEFRIAETHFE (Quantum Mechanics) & BRIER

FHETENELZ—, BEEE—THGHNE SR, BAKEEXTIE: “it doesn't give

you a description of the universe which involves significant mass displacements”
(ELEER I REBEREUBHNTFH).

XEHARERR? ARME, BRFiERIEEFHFNRE, BAREZERF. HFXER
SWMEMNBIRF. ENRENEIFTLIBREATT, RLEN~=ENSIIHERHFERN.
BF, SFRER—IMARN (Ebil—HixRiRIk, EER—HUKL) BEISMEFRE, 7
WK ET “Massive body (KEE¥K)". KRERKRERS . EMBEMEFIFER
8, HMELFNEZEAREX M KREYIARBTER NG5 REME 71755,

FRUL, XEERNESZERSERT: BRNEFNFAUEIZ—NEMERE, eRER
TR, BRENHET, —BIIREIKREMENMUE, H(IFEZMIEZRERAM
LHRERRZHER, MARRUR—IFEM, INAKEBYEFHNAREREE
—RFXKEABE R, MEENEEAFRIITRE,

BT RN—BXAENBRE, NRBENFHEERATIRE T ... K2 S, XTERENR
NEFRME R ESSBRIFAIES), BEAFENIBRRETIR, FMAEEEFFS
BRI RS
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Thanks to Nolah Mattress for sponsoring this
episode. Head to nolamattress.com/TOE and use
code TOE to get an extra $50 off your mattress.
Nolah is an award-winning mattress brand known
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for cooling technology, exceptional pressure
relief, and long-lasting durability. All

shipped to your door for free. I'm a side sleeper
personally, and I've always had two struggles,
at least two primary struggles. Overheating is
one at nighttime, and then another is finding

a mattress that's actually comfortable for
extended periods. So | went with the Nolah
Evolution King in Luxury Firm. | just got it

a few weeks ago. Here's some footage of me.
The difference is immediate. I'm falling

asleep much quicker, which for someone who
records late night interviews often, it's a

huge, huge deal. Sleep is a huge deal. The
temperature regulation is also phenomenal. |
often run hot when | sleep, same with my wife,
and now I'm not waking up overheated, constantly
turning my pillow over. And the real test,

as | mentioned, my wife loves it. If you're
married, you know that that matters almost
more than anything else. The comfort level
compared to our old mattress isn't even close.
All Nolah mattresses are made to order at the
Arizona facility. No harmful chemicals, no
fiberglass. So there's zero off-gassing concerns.
| know that's something that my mother-in-law in

[#235)
R, WOEHREER! MARIEEBEETRE, TERNETCNAENT
B, XR—RIFSARNIER (Podcast) MENEIEN S, BANSEHILE, BX
ST RSHENEERAMBELN, EHEEARMESH

B, 5T EHENIZELEN: REBS (Pain Points) -> {4BfRSZE (Solution) -
> MARIE (Testimonial) -> jEP&FFE (Reassurance),

HEBEHKBE 22 Side sleeper’ (MIEMERE), XB—MELRAMWEFIRL, RE(NEE
(back sleeper) i&2F\BE (stomach sleeper) ? EEMIEH TR MNEL (Struggles) :



—=2“Overheating’ (I#) , —2H A 2K EMREFFENKR, XANENT E~H,
1R EE SRS,

MFE=F4KH, BERFRE (Sleep quality) BXRBAREXOIIERZ —, HERE
“Falling asleep much quicker’ (NBEER) F1“Temperature regulation” GEEET) , XLEHR
ZILRERNXHE, LHZE LY MIEE“constantly turning my pillow over” (R{E#hERLL) ,
AXEAESEREEER? MBI ORIR—ENVERR, AXNMIEREASIER %S,

FErmiEdEts, B/ILTERELERRR:

1. Phenomenal: IMKREH, XBIEIENB. RFH". FAREAEMAELEE LT,

2. Fiberglass: IRIBLT4H, BLENKEBAXMHEMEARKRE, BNREZSITA
ABE, FFLl“No fiberglass’@— 1M EEMES,

3. Off-gassing: X MAESERIEFAEN, BEFRFRMEERXEPFRER, ©EN
EMEERNTR (ORA. KB, W% BEREELZMCESENIERE, BHEER]
EIEEMERE, #H&EIRIE Zero off-gassing concerns”, FhSiFHEE XI5
B&x%, ELIRMEEA, FREBLREBREEESME,

&fa, WERT — MBI REE(FNLEE— My wife loves it” ((IRIREE 7 IEIRRLANE
XEZER), XE—MAMNEEFE BIAEENAT EERITESEE
mother-in-law, RIAGIFEXBEMTT) KB SRR IENFIIZ.

BEXE &, ARTMMFE T XTEENKXAENTLC, FEENEERR TAAZEAEPN
B HRE (Storytelling) FHITHRIEEH, EEKNEETZR, RIEIRFNERDE
MEEEZN—E9, HEAREEGHEFIESESHKRERR! [FEX]
particular cares about. Visit NOLAMattress.com/TOE

with code TOE for 500ff.That'sN — O — L — A —

H mattress.com/TOE . Itshipsstraighttoyourdoor intheU.S.for free. Itarr
nightsleeptrial, soyouhaveoverthreemonthstomake surethatyouloveit.Pl
50 off. This is an additional

discount on top of what's already being offered

on their site. So check them out while you can.

So you want to have an experiment where you're

beginning to see this effect. And this was telling

us where, you see, quantum mechanics has this

problem that it gives you ridiculous answers if

you think of it for macroscopic bodies. | mean,
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why couldn't a rock sitting on the table here

be in these two places at once? And according

to the framework of quantum mechanics, sure,
they could be in two places at once, but you never
see a rock in two places at once. And that depends
upon going a little further, and you have to

say, well, if you consider the gravitational

field of the rock, and can that be consistent with
gquantum mechanics, you lead into certain problems.
And these problems seem to indicate that that
lifetime of a rock being in two places at once,

that's a finite lifetime. And for an actual rock,

it would be a ridiculously tiny fraction of a

second. You try and put it in this place and

this place at the same time, it wouldn't last,

would be absolutely instantaneous, it would
become one or the other. And that's what we
would experience in actual life. We don't see
things in superpositions of two places at once.

(f#1%]

ZFFEFE, XEXAELEE T —BBEENRLT & (RFRENREHE), FAFEARARITE
A USSR %, B NGEIEEHEEHYIERZOITIE, XEEEIMN TIRYIE
FERZNFEZ—: EFHF (Quantum Mechanics) 5EMitHE (Macroscopic
bodies) BIMHZE, LUIKRS|H (Gravity) EEHPATREIENRAE,

AXES=YIBR EFE, HMAF (CbIBEF. XF) BERRN_&M . ENETH
LI, —MEFUFEAIURNZFEIMELE, XMRESEIIITEFENS
(Superposition) **, ELEW, HF0]URSFIIEAFIMUEB"S

BR, X—EBXAEHT —TELRZAN@E: AHAKRNEESEEPEFIZHIL
8? A ARERFLEN—RGX (BUYE), FEREEF—IFRNEIERMT?

REBMMENEFHFERIE EBEEIBAHE), Bt LHSEREIMENRER . BEmMEiR,
BERNEIREA], AR ZBAI UG TFENS. BIELEEIFEN], XXRET—
BRBAEXE, BARERE, 2153087 XuEPBp~ REMEFE- ™,



XAFHHE (RrERE3MEBEEXRTR-ZTHT, Roger Penrose) 5| NT—1 k528
WEZE: 5lH1% (Gravitational field).

EERYIEF, D3 FSI THEANMERNEF HFNRARZEIS | IR XTI
(XEBRFWAHESF), ERMEEIBE—EIIE, WERRL, SREaXN5715%
FERAEN, EFNFRTRERMABLINRR.

e 7 — MEERDARN A . BINEM“Ed” (Lifetime) SREFX,

MF—1EBF, BRE, 51713/ LFAE, FULER KN EIHERERBREXENEIRE”
MBS, B2, WHF—REXL (Massive body), ERNFEEK, 53171%5®, HEILN, 5l
NN EEFEEER MM A RN FEE XMRESEEIRARE.

MFELRRR, XHENESNERERN (finite), EER— N TIBHRUNEIE
(ridiculously tiny fraction of a second) . #@iEW, ARIFIXERRITILELLTFENS,
KBRS ANFIZIZZINN, BEERREEL[REE—MHENMIE. XMENTATE
ROt FRA, BITKEREFIHENDE, MEAIEFYURKIENS. XNERE
FHFENT XA ICRMET — e gERISLIR H M.

[FEx]
People often say, well, the reason you don't is
because the environment has got involved in the
thing. That's not a real answer. You have to
say, why does the environment actually make
a difference? And if you go into the
calculations, you look at it, no, no,
it doesn't answer the question. It's because the
environment is also... it sort of moved around,
yes, and the environment can be most of the
movement in the system. And that's why the
thing can't be in two places at once, because
the environment has been jiggled too much.
But there's no experiment yet that has looked at
this effect of why quantum mechanics, if you like,
gets into trouble with macroscopic bodies. And
when you have mass displacements, well, you see,



it's a long way from the experiment that has
been done, that lvette was just describing,

the one where you have the bodies and free

fall and compare it with the one on the table,

so to speak, and you see this T-cube factor.
That's just the first hint of what is,

why macroscopic bodies don't behave, as you
might expect, as a quantum mechanical system.
And it’s the first little clue. That's why

[f#i5%]
B Y, X—EBRNRIT TYEBEERXTF AT LAEMYEEEENS NEIE, HAE
EYIR15 3B 48 (Environmental Decoherence) **IBitigH T Hkiko

TIEMNEFNERER, REBYEZERZEFMR. BRZFAUAZERER T,
EAANBABENTHE (BE]HF. HFE) FEHIEREGL, XERETFIMETE NN
WNE”, BRERIF T AERHNEFESMNT, EERUHEERS. XEFALNBBF

EXEMNHEIFEEFMIEL : “XFRHIENZEZE" (That's not a real answer),
A, IBRBL IR R BRI T RN AR, BRAMERISIER TN, BMNEEFET
HIVREZERE, CHEEMBEATAKBALITER—TTRENER, MARILIFE
A k—EH NEMRES A ES NS

HERTFIAN, PENZOETRENE (Mass displacements),

H—IRNMmE (BRENYE) KELFRMIERN, X tEERNX =LA
(Space-time) #H{THEMHABNEM (RAI XEMCHERFEINRELEHEST), XY=
D3 BARER.

X—RRIRE T — M IFE BANKREIRE, NI BEREAE (Freefall) “S5FIEERFLE
HUMIAISEE. XERIZIDEIER

1. BRLEER MG TEHEE, HREREES TS BRFEETE.
2. BERFEANME. REZRIHENFURIE, EERIBBERAFEIEI N7,

HERE T —1"T-cube factor™* (THIILHGRF), XIRAJREIERIREMATEBIEFTN
I, HIMERERS|HSECRRBPABI AT, XB— M IFEBRIYIEELR (Clue).

BEER, HEESIFERN] BRNKRELERNRIEFNFEENRER . IENE
FRUAHERERBIFRE (CLIMEEZHMH) , EXERE, HNNFRILIT LK, &



高亮
我知道了


高亮
退相干的解释不合理现有的


高亮
这个我懂了


高亮
我懂了
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EFNFNSINNFEARZIH, BNBHATARINNEREGERZREN, MAE—H
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it's important. And | think that it's only

a little clue, but it's important as being

the first little clue as far as | can see.

So it sounds to me like this Ron Folman T-cubed

experiment is testing whether the equivalence

principle holds in quantum mechanics. Okay,

seems like the answer is yes. It seems to me

like it would be more interesting if the answer

was no, because that would indicate there's

some inconsistency there. And it sounds like what

you're saying, Roger, is that Ivette's experiment

takes this further to test a collapse model, a

certain type of collapse model, namely yours.

Okay, so let me clarify a few things and talk

about the experiments that are taking place by

other groups, and so to put the whole thing in

context. | mean, the reason why Roger says that

Ron's experiment is very far away is because

effectively the experiment of Ron is with one

atom. And well, maybe it's good to also make

the distinguish between passive gravity and

active gravity that you usually make. And

| think this sort of clarifies things. So

you have the Earth's active mass, let's say,

makes the atoms fall. And then you would say,

okay, but then the Earth has a passive

mass, but the Sun has the active mass

that makes the Earth move around. So that

was given by Newton, this distinction.



高亮
受力和不受力是不一样的，所以这两种实验结果必然不一样
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B, IEHITRIFR—TXREREINEMRERIE (Equivalence Principle)”s KRES—4)
BEIFME_ERF = ma (XEMm 2RMRE), UFIFESIAERF =
GMm/r’ (XBH m 23|0RE). EEEHEN XAEMCEIE—MIOMRIEE: 18
MREMSINRERTEEEN,. XMBFNRIE, FiEHFIEEH Ron Folman BYSLLE,
MEBEE. T—1THMN. EFHNREPR, XPMEHRNFHREREERILG?

RIEERLD T —MREMZERENN R NRLRLERZE Yes (AIL)”, BEEFZH;
BINRZENo (REKIL)”, BMALAXKET! BAERERZFR, KIIAEICHKE 1=
ERREMYIEFRIEE,

FTRR, MESIANT—NMERERZNBMRX S “E8517 (Active Gravity) "5 “#zh5|
71 (Passive Gravity)”,
AT XD, BR—TRMMIKBXR:

1. #WENSINRE: MIKKLIR, RETE, WY, (RIFA—NREFEE N MWMEE", RIWH
WG| IRE, XRiFLbRX PRy R FEtIKBZ R 58"

2. ¥h5INRE: BN, REELRBIK (RRASERN). FASIHIRK S HEMNE",
RRMENRBENSINRE, EXHEF): KXAZ EHE”, BHEEHIKEE,; Mtk
EXFHERIZ “WENE",

N ABBX—DN? ANELBFEHFE, X”EZ—F8. EEEFNFHEE
RS, FR I RAEZNEFEFZREN-ZFH (Roger Penrose) BY KR HI4E
BigH, KOXMEBEXEE, wTHINA, EFNFMSIFIZFRLOELRE, RIEAI8E
HE S AP EL T EME (LbiNEEEISRYIE, BIFESOE) B, X MMEFEm 65|
U EEM T FIRAIRE,

XBRB A AHEN Ron BSEEE (BRFER) BRIEEZTHNELE R HANRR
FEBERIAKCIZHIKS | HZME, EEESKNET, FENER5I7HFERM, B
A BRI SR AR FRIS I DR EFATUHNEN, XA TFT—EKRXT B3I

77 R R ER e R ICIE T T A%,
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So what Ron has is that he has the atom as
a passive mass in a superposition in the
active gravitational
field of the Earth. But the mass of the
system itself is just in superposition in the
presence of the field of the Earth. And what
Roger's calculations and ideas and so sort of
he argued is that under that circumstance, the
equivalence principle and the superposition
principle, they're not in conflict with each
other. So that's exactly what Ron shows. And what
Roger was just explaining now, just put in active,
passive terms, is that when you have... Now forget
about the Earth. There’s no Earth. It’s just the
superposition of the atom with itself. So in
that case, it's the active mass of the atom
in a superposition that Roger pointed out that
in that case, there is a conflict between the
equivalence principle and the superposition
principle that should lead to the collapse.
Now, why in the experiment by Ron you
cannot measure that is because for one atom,
the effect is tiny. So you would have to wait,
| think it's 1020 seconds or something like
this to see the effect for one atom. So
basically, you can just neglect that and
forget about it. But the point is that when you
start having heavier systems, then this becomes
relevant. So Roger and | wrote a paper where
we were exploring the possibilities of doing
an experiment with a Bose-Einstein condensate.
And in that paper, we gave numbers. So usually
this atom interferometry experiment, that's a
good reference that we were talking about for
Ron. The experiment takes milliseconds. That’s
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how long he can hold this superposition.

HERERMRE LB EERIARRETES | DRI R EFEMEN. R

You would need, let’s say, if Ron could keep

a superposition for a second or two, which

is still really far away from what experiments
are, but not impossible. But in order to see the
effects of self-gravity, you would need something
like 10° atoms in a superposition. So a mass,
for example, could be a lump or a silica

bead with the equivalence of, let's say,

very roughly speaking, with 10° atoms in it.
And that's very different to the one atom that Ron
had in his impressive... | mean, his experiment
is impressive, but tests something different.
Now, there has been progress in testing the
superposition with massive systems. And like

| mentioned before, the record is currently

by Markus Arndt at the University of Vienna,
where he puts these molecules

that have like 2,000 atoms each.

Well, but that’s the molecule in superposition
with itself. But that’s the comparison with...

| think now he managed to do this with an order
of magnitude more, but | don't know. | heard,
so | don't know if that’s like published

yet or not. But last thing | heard was

that he managed to take it one order of
magnitude further. So let's say something

like 2 x 10* compared to the...

we found 4 x 10, really far away.

Yes.

And it's very difficult to take those steps

by making things more and more precise. And
there's many groups around the world working in
that direction. Ron Folman himself, he wants to
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do the experiment with diamonds, which have a lot
more mass. But it's very difficult to put solids

in a superposition because they're very hot. So
they can, for example... Well, Markus can cool
down the molecules to, | think it's microkelvin
temperatures. And those temperatures are still too
hot to see the gravitational effects. But still,
there's a lot of activity worldwide because of the
importance of this experiment to our understanding
of the interplay of quantum mechanics and gravity,
that there's many people trying. So

they use nanodiamonds, silica beads,

silica rods, membranes, cantilevers. There's

a number of possibilities. But if you see all

of these involved solids, and that's kind of

the state of the art and where things are at.

So now a Bose-Einstein condensate, we were
talking about that before, you can cool down to
half a nanokelvin. So from millikelvin to

half a nanokelvin, that's like really long.

And then you would say, well, why? No, that was
kind of the idea. Why not use a Bose-Einstein
condensate? So they have another problem. Maybe
before | go into Bose-Einstein condensate,

| would also like to mention work from

two other people that | am impressed.

Sure.

And another one is Markus Aspelmeyer,

who is also at the University of Vienna.

So | spent three years there because

of these amazing people. You know,

because | like to propose experiments and so

on. So having the opportunity to talk to the

2i]
HEY, AR SKENBRTHXENS, KT IRRYIELEHEHAONEE
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XEE—MISFZEAKEM: EMA (Superposition), FEFHFH, — ML
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FEEXNHERER. XHGEERINEE—EME, BEAKAREEH R
ft, RARKIMELLAM (RRF) K27, BESMEEREZ,

PHLAXAM? Bl ERETFREH“BHEF

HEIRE T Ron Folmanf8 FEE AR, EEA (Solids) E— MR ART. &
MIBFEH, BERARMIKFRRE, MFEFERERG, HRIHARY
(Microkelvin, 107% K) BBRE, HEJAWE"T. RSHEWITHRENEFSNS,
SHEPRME, XWIMAEHEF (Decoherence)’s BREERIGI LN, BHITHFILIFETF
P& B R AR

X5 | H T XAEFEoEITS . HE-EEEEREDS (Bose-Einstein Condensate,
BEC),

XEIFIERASIEERNA AT REITE V15, BECR— MR EAFHRIYIFIRE, RFEX
BBF—, RUWEGE—NBEKET. xXEHNE, BECH UL ANE*HH/RX
(Nanokelvin, 1079 K) **&%, MZEF/RX (Millikelvin) FIHFF/RI, RV EEHF
BR/ N, TIEREREEET /N MERNRE! XA KRR E T HIE L,

BE—T, XBRXFRSTRZFRINATRR EFSINX—EFEMR{T LRS!
i TAEFEREENRA (MERFEDF, BRIYRHA) EANEFENS, RNEE
BIRUERA (JIBEC) RIHMATFI. XBAXINNIAR ERRIRIKE. RiF! RS



HEEUFARIMNE M, ARREIESE. NeaERRT SRR XTEF
NFREMBEXE, ZEATIEHEENYEFARSANENNEZ —: BUEF
MRE5INDXRFR. BEKN, MERFRITHER X HNRAZREFS, FESINHE
XPTIRPREET T ARAE,

BA VXX A 73 A B 3 FEITRNE

[FEx]
two Markuses—Anton Zeilinger is also there.
It's just an amazing place to do experiments.
Markus Aspelmeyer can cool down a bead to quantum
scales. And these beads are pretty big. They have
like 10% atoms. So they have kind of getting
the mass right, but he hasn't been able to put
the bead in a superposition. So he can cool this
big system to the ground state, to quantum scales
of a harmonic oscillator, but he’s still
working towards doing the superposition.
And another person that | would
like to mention is Hendrik Ulbricht,
who's at the University of Southampton.
Okay.
And he's done some really beautiful
experiments measuring gravity with
these nanobits. So these are like the smallest
sort of systems that you can still measure
gravity between two different—not just one, it's
like two different systems. It's not quantum yet,
but it's really like their technology is
really getting quite impressive. But still
very far away from being able to test
if gravity collapses the wave function.

(#3]
A, X— R RYE S RITEEM N —MRIR: LRI R B FI5HE.



B, XHRAT/LAEERAY, Lb Anton Zeilinger (Z4-EMIR), MBEIE20224F
EIRYNEFEREE, EFHUEINERS}, BEXENEAE Markus Aspelmeyer, fth7E
Mt alR? MEZIRSE—FEkF (bead)’s

ARESHYEFEIR NS, MERERR EEZEHMKFITMNAIEE, Aspelmeyer BY
SWER—NEEY 10° (—12) MNRFHEINK, SR ENSENES
(ground state)”’s EE2FHFEF, ESEHREHRMEIVRS., W FXBHFRIR, XBKE
EJLEELETRENRIRE, #ANTEFHENERETCE,

HALERE 108 MNRF? EAEESANSE, EFHZBEERSAMMER (BF. X
F)o —EMET K, LHUGBXTH%F, BEMRSRMHILEMFT RS, RERITW
ERHMNE: EX—(ZTEFARNEF, G— 1 B8F—F, BNLFRMIE—XRM
ZEFME“EMAE (superposition)”, EAMITIELHMINALEN T H%F (XEE AR AR
%), BEEFIEEELXAKRKNYEEELINSBR (BINE).

1#E, XAEET Hendrik Ulbricht, B TERRES: MEHUN\KRIEIANE] 71, KKH
B, BESINE®RF = Gf‘f—;” FiIREA], EEBERENYEEEES| 1, BEYEIERE

v (EEINARTRL) B, XADAHEERLFTERM, Ulbricht FIEIFAIEFEEEX MK
R, REMERMUNRSEERIS] T,

XEENERMZEIRZMHA? XCRRETZ0: WA NEESFEREHIALE (test

if gravity collapses the wave function)’;

X~ T IFERRERBNYIERE. EFNFHFEN], METULTFEME EIEX
B, XERE); B XAExie (#ER5|78Ee) SFEN), RESTHNT, MR-
MABRER MG, T ZEATH? XSRTFE. BEERYEFZR (NTN&
H7) 58, ERSINNEE, W T EZMAENEFSNG, BEECIT RS RBENS
HRS. XMRATARNEARI eI ENEREEESGENRE, BFER(IEH
ARKEA, HEEERERIEX M,

[FEx]
So we wrote this paper on what could you
do with a Bose-Einstein condensate because
could we use as an advantage that you can
cool it down to those temperatures. But now
here comes the big problem is that if you take



a Bose-Einstein condensate, what you want to
do to test gravity is that you want to create

a superposition of the atoms left and right.
Actually | didn't say what a Bose-Einstein
condensate is. Maybe | should start there.

So take an atom in a well and cool it

down to the ground state. So that you

do in second year quantum mechanics is the
typical example. And it's really beautiful

because what you see when you cool down the
atom to the ground state is that it becomes
completely delocalized in the potential. So it's
not just like left or right. It's like everywhere.

Now take 10°. That's like the typical size of

a Bose-Einstein condensate for most experiments.
10°, 10°, rubidium, sodium, something like

this, atoms, into the ground state. So the system,
because atoms are bosons, the system behaves
like a big macroscopic system behaving quantum
mechanically. So that's very nice, and people
use them for many things. But now the challenge
is take the 10°—we need 10 actually—to
create a superposition of left and right. And

that is very difficult because a Bose-Einstein
condensate is not a solid, it’s a fluid. So in
particular the atoms are not bounded together.
And the moment that you lose one single atom
from this superposition—all of them left plus

all of them right—the whole thing collapses.

So you would do this in what we call a double well
potential. So people in the lab have already done
these double well potentials. Like, for example,
Markus Oberthaler in Heidelberg, several people,
but | remember him in particular, that you can
have these atoms in these double wells. But
nobody has been able to do a superposition of left



[f#i%]
X—EE5INT B—MHEZNYIFRE: HEa-EEENEEES (Bose-Einstein
Condensate, f@#k BEC), FHi1ie T FAEeRMit5| I elgelt 5 R,

B, 4R BEC? XtUREHMEREASHERINYENELAS, HERT—
BEKNARER: BRIIEM—IEFHEXRK ENXIYERFENRAS), -1
FEFBRE—"BM (potential well, FILUBRE—1E) B, HIBE2EEES, XN
KET, EFABREEHRN— R, MeERNEHREFHEERIE, ENUETEER
W, B33 (delocalized)™* 7 —ERINZE#H 7 BN BIK, TLAAE.

ME, AMUBE—NRFE, MEBA 10° 2 10° MNEF EERNRMETF). YEER
BRE, HAXERFERET (Bosons), ENINMREFREREFNFEERIERSE
(REEFFE—IEE) , MR, ENEW L. ERME, XL TATRFEMBENTE—
EFES, P28, RAGME—ITEXNEREF. X2 BEC: ZMHERH
RFRIEZ—EFITH

XITRERENMAE F5 | INTERERE, WE? EEEXK (BW), XEF. BE, HE
R T — N EARBEARKEMH.

RNT MRS, RIVEEREBEHA GHBRIEE 10° MNEF, LLEATRISEIRMIE
RK=1MHER), HEECISHBRELE, XEAXHENS. EAME? EAWNEH
(double well potential)”, BR— 'W' F2IREVEE, FEIB N Ef. BireilX—KH

BEC B & FinfinflainavinE,

BZOEMETF: BEC BiRiE, F2EK,

AIENE—FRRINGTF EER, RFHEANRINT—EE, mAE, M BEC B—HRSMA&/M
K, RFZEEERNRE, EEFENSH, RANTEMEXEE, WHERFET
— P EF (tbeE YHTHEM, HBESHELRETHEEER), BEMNRFENEFETEMS
W, XEYIEF EIU“BMF (decoherence)”s

XELIFLLIRTEFE— DRERBRRF s (RREFEND), WRMRZ2EE (FbanARK
FMAERFRAAK) , HE—IROTEEEIZSE,; (B BEC MG FHEMNE, REG—
KOF (RF) R, BIEFSIMIRSHEIR T

Eitt, X Markus Oberthaler ERFREART LN ELIM T WEMP R FIRE, BE
U Z X HZANREFR BEC A=l A/AaENAFRMA5 77, BEifhe— 1" EXBKA#
Ptk. XEEBMEZENTS, FAEFBNNIMIEHSSHTIREK, [RX]

plus right in that way, because if you lose one,



the whole thing collapses. And actually,

they just haven't. | think the record is

two atoms or something like this by

Chris Westbrook in this situation. So

whereas the temperature seemed to be kind of
promising, well, then the fact that the atoms,

if you lose one, is so fragile, then again

made the possibility look very unlikely.

But then what people actually do in the lab

is that they don't prepare these states,

which are actually called NOON states because
our IV on the left, nothing on the right,

plus nothing on the right and N on the left, so
they're called NOON states, is that they've been
able to prepare another type of state that are
very interesting. So in a double well potential,
again, because the atoms are not bounded, you
can have the atoms tunnel from one well to the
other. Now the Nobel Prize a few days ago on
the 7th of October was given to tunneling in

a different system, right? But the fact that
atoms can tunnel through a potential. So what
you have in a Bose-Einstein condensate is that in
a double potential is that the atoms can tunnel
from one well to another. And that gives you like
a variety of quantum states that you cannot get
in a solid because in a solid they're all bounded
together so you can only do a superposition here.
But in a double well you could do more like

a whole family of very rich quantum states.

[F#2]

BEF), XRIERARERE, BEEEEX, FIKETEFNFREAGRIEIHR G, 1L
MERA RZIBAEFE—T, MERI0EVIERR LIFE GRS,



B, WEERI T M IFERFHRE . EFENMEEYE. T2 FLERT, RINEER
HIE— MRS NS, BREFTIBRI'NOONS" s HITAMNOONZERE? ARER
—F, ENMERN D (FHEWZEH, Potential Well) , ZZIHBIBIIYA, HBAIBEUB, A
BNNRF

. E—FIER: FENANEFBESLS, BH2E0D, 2% N, 0)

. EOMIBR: FENNRFBEAD, HOR0, 2|0, N

. NOONBHEXFMIERWEFEM: |N,0) + (0, N)o BIERERGE
“NOON"?

XERIC LREEY, BEEXREEHEREY, EUOXHIREIE, “if you lose one, the
whole thing collapses” (WIRIREXRT —NEF, BPNARFEMPGE 7). XMIREXAESS
7, REMMXERNNMENRN BRESER, HNE—=SNRES (bhiiiE—NET),
BANEMSHHKIF T, BaifIRiRidFHEtEChris WestbrookiZIHI2NRF, HMERIX
MRS RIRMERBI S| SR, JLF—BAFAIEER,

BA, BEFRINEAEMRETR? YALH, HEEIFE—, sIBT—1HMERS
. INEBMPRIBEEME (Tunneling)

A

B ESHYIEFZI HEE, IVNKERER, SENFHIFIR, WR/NIKEIERTE,
EXEERN IR, BEEFNFH, NFEEKE, ellE—ENMERER FIEM
o, XMEEFRE . XPERFRRE T IANNEI/RR (AJeEiE2010FHERKE
RTAZRHEMEFRERI), MIGREARFHNAERS,

T - E A B R (Bose-Einstein Condensate, BEC) “*XMEF4FHMIFRET, R
FGER— 1 BENBRIEF. HIENEBECKEMNHAR B GNEM) B, FEFAR
BRAERE (Solid) BEMEFAPFMILIEPIEREME L REEFEMIRE), M ERD
Bz Bl B AMPEE. Mol XHRT—1TERNNE: B FEEPEENEN, XM
MNEFRAERFRITEZRE— BN REFNFEETS. XMEEMREEBELZHR
F, AREI T UBEHEWE RMERSREN, NEENKEITHTHERNK T,

[FEx]
One type are called like two-mode squeezed states. And this is like superpositions of 1,
1, 2, 2, 3, 3, like more sophisticated states.
But some of these generalized states have already
been produced in the lab with quite a few



number of particles. So those are accessible

to the experiment. So then you would say,

why don't you test gravitational effects,

active gravity, in those systems that people

have already produced that sort of states? Well,
because there was no formalism to study the
gravitational self-energy for that kind of

states. And actually, well, we tried for a

while, but now | have developed like a new
formalism that allows you to study self-gravity

for these new states. And then you can use these
easier, more accessible states that don't have the
super strong requirement that you would have on
one hand on solids or on the other hand on the
NOON states to test the gravitational effects.

And this is the experiment that Roger sometimes
mentions. And | think | should say that the
experiment... I'm a theoretician, you know, |
figured out how to calculate the self-gravity

for this state and proposed the experiment.

But the experiment is being done by Philippe
Bouyer at the University of Amsterdam and Chris
Westbrook who's in Paris. So the team are us and
with the advice always of Roger. And of course,
we have students and so on. So it's a very nice
team. | love it. | love working with Philippe

and Chris and, of course, with Roger. And well,

[#7%)

ETREXERE, BEMERFMAIENTESTR:

> FIPA S 1o

fethiele -> BEIFE > ERICSE -

55‘&, HHEENAT —MFFNEFS, UBIREZES" (Two-mode squeezed states)
*o AEHXNZFITE, FERN, sEAINOONSERIFN SEX N s 2 ERIL,

MXMEESEGZRNHIMA: ZB1PMEBID

, 202N, MRILSSHERIE M,

EXMRESRANFLZ: ENERE”, ﬁ'ﬁEE',ééT' KEERE H:'.?ET'



XEHRIFMIEERE—TFRE: BEAXMFANRTSEZRT, ATAZEIRARER
M5 | T3 e ?

XENZOERETHRFIANREK, HEERE no formalism” CRETAER) . Xk
MFEE—IERF (LHKE), BEREL EENR), ERIAFMETEFRIQ
o BNE(REEMSELE, REAREEABHIINMNXNEFSERN BEE (Self-energy,

ERB 551 % B SERMRIRMN) o

XIEWIEE RN IEICYIEF R (Theoretician) ISR, /iH&E EiTIEL,
BBt ML TRESAN, ART—EMIVHFEER (New formalism), TIAXIT
BEXMEREFSHNESI I, BTXNECEM, PBLEAREBEKELRNEZERN ESE

A, RAMEN T WAEFSI NN EE TR, XBR T ZERIPLEREMESS. JLFF
BJRESSILAINOONT,

fxm, XEERT T MARZEH R BPAEH.

o IBIPHY: HEEAAN, AFHESAHK, SRAKNMAAHELAE

o SCISHEEY . Philippe Bouyer (TEFIIBERYFFT) FAChris Westbrook (TEE222), ftf ]t
REXRERRERE, BFERFNEIRENEME,

o RI|FIM: XPZRIETNRoger’, BAZELR, BEEF5|HTIE, XEHEN
#HEAZRRENREZEETR-EFTH (Roger Penrose), ftEiX~qigay B8
i, FNEBAREIES.

BF(], XMEEXINRAHR, FR—IRXAEMHMNEZEER, MEEiexRE MMt
B, SLXZEF L, SIMEsFMR, ARBEER (FEHE~A. B3) BHEME, R
AT HREBNMUNRFSHEARS I CINS, XEEARLIRA EMEFIIREEES S
13? {REF! BREHEUFEATIMN S D AIRBEX X TRUAIELIRAIE, XA
LRTERYEZREN-ZTH (Roger Penrose) SMAXTFEFNEST XEMILIT
XAVHELIOITIE, RARIMXFEN, HiEHRE, EEPESHYIEBEIEERZ.

BANEOERALLSE, AT RIEFZFRENERNE, FFEXBEEDNRIEE
BB HATIRB o
THZEF 37 BREX L,

[FEX]
let's see if this alternative route gives us
some results hopefully in the near future.
Roger, why is this T-cube test,



why is it with Ron Folman,

why is it causing such a hubbub in the physics
community among the people who know about it?
I'm a bit confused myself so | don't think

| can answer your question. | think | get

the impression that Ron was not quite so...

| mean what | regard as important about his
experiment he was not regarding perhaps as the
main feature of the experiment. I'm not sure.
| don't think so. | think Ron is very

much in agreement with the importance.

| was a bit puzzled because he was trying
to remove the term principle of equivalence
from his... he was suggesting... |

mean he changed his mind. | said,

“That's ridiculous,” you see. So he seemed
to have a somewhat different view about
the importance of his experiment. |

don't know. Maybe I'm going wrong.

No, | don't think so. | do think that he sees

it in the same light as you do. | think there's
been some confusion about it because the
point that Roger makes is a subtle one.

It's a subtle point. And | think

not always is that maybe people

working in atom interferometry and quantum
experiments are not that familiar with the
subtleties of it. And somehow | think it goes
somehow overlooked. That's why | think it's
great that Roger explains his point of

view and so on in this alternative way.

[#i%]

SUB=MFE, XEMEESEY, ENEHRIETT RENERZARNAFER
HIES, FIRGIBTRT NSRRI — MEENIER: BHRMSRRATHRCHA,
X FA— SRR OB X T i 2 TR



B, BRNEXEHEPHEA—Roger, XRARERIETZ N ZTHE LT (Sir Roger
Penrose) , ft1@2020FE/RYIIBFRETE, UMRERRBENT XEXILER, itz
BJ“T-cube test”(TIZ/A ML) FRon Folmanfy32ie, ESUSKREI T MAYIEEFRFIA.
W EREMNR#Rz—: NENEEFNEST B EHR—ER.

HEMNESHYIEES, [ XAEMCMIENREWNSE /1 (WIT2iE6), MEFHFLIEN
EMALTF. XA NMEILER BNTUREBIRERD), BERELIANEFEN. WEFPRE
IR EIRY“FE X RIB (Principle of Equivalence) , FieZ KB XAAFIEHER, BEFK
B, EIRESIAMMREERBRAUXSN (BR—TIREIHFHNEHRE, TELPHE
HIEKRS | JBIRAI AR, IR EBBEMRLHA),

TEXE, TEHINFIEERERON FolmaniSEREIRRKR. T ENANX I EIRAIXERE
TRIEFFMNRE EEFERNHYERIRN, EEEMAEFSNSWAEESIDERTH
ZERVRENEl. (ERonINF—EREIE NI ERREIR FHRE X TARE, XLZTHR

B512” (ridiculous) o

XELGFEE— PR (BiER) 57 —BRAEERNRME, EERE—MRTNETFR
&, MERER (RER) BATEMERTE—ITEN, HANXEHFHNERETRETR
IMNEENGBIE R MABEKIER—HE, EllERTERE,

MIENS—H (AgEREFRATS —(UMMEFR) RAEERE, EHXELE— MY
=17 (subtle point) o #“IRFF7H1X (atom interferometry, —#F]BRFBKRAL — KRIEH#H1T
REBENENTA) WLEMIBEFR, EEXFRANIIMNENEE, MAKHA
FE DHFmRIERARES | HIEICHREE Z 4,

WFAREKY, XEFENETRET: BFERMUIBWERRIE. F—1RRER, TFREN
BIPER TR, HOERT2AAN, S=YERRITEMEARER, BEEENHH
e, EXBIENFHA UL A AXRESE”, FEICVESSEAESWERIREE.

[FEX]
He wasn't removing the principle of equivalence,
but | just thought the fact that
he was... puzzled me, that's all.
Yeah.
It seems to me it's an important
experiment and it ought to be... | mean,



it's not unexpected in the sense that

when you look at the subtleties of

the principle of equivalence and

connection with quantum mechanics.

But that's the case like with every

proposal. You propose something, right,

that you prove mathematically using the theory.
Like, you know, an example that | gave about,

| took the theory of Berry phase and put a
vacuum state. And then for me, it was like,

well, the fact that this was shown was not a
surprise because the mathematics and the theory
showed already. | don't know very well why there
was a controversy about it. Sometimes there is a
controversy on like the assumptions that you might
make in a given proposal or in a different result.
But in that way, an experiment confirming like a
theory sometimes... oh well it was not expected.
But it's always like in a way a surprise because
the theory can have places where it goes wrong,
right? Like in... well | mean hopefully

not in the mathematics but sometimes or

more likely | think in the assumptions

made. So it's always for me a big thing

when an experiment confirms a piece of theory.
But this time, it's been like a long time that

the theory is quite well established,

and finally the experiment confirms it.

Yeah, yeah.

The Economist covers math, physics, philosophy,
and Al in a manner that shows how different

(A#%]
X—ECRNGRN T EISTI S RIRISIE Y [BRBHEX R, XEVIEFHECHZOD, B2
Bl IS PYIEF S P E R B BEAY—IF,



WIEERE T —MREBNMS: MNRIMAHMFTRIERT —MEIE, BALKRRRIUE

LEN, XREEFAER—MIRE" (surprise) ?

MELFZRE Lift, WIRAIRIEH, HFLIR, SRVARMIL, I ieZAy D EAEMI

(Berry phase, —MEFNFHN/LEHBNLIR), Eie EHSEXE, EMNIZFE.
BEZASOLE, At ATRNIEFTEREREMERIE? Nt ALRMINFAKERSEEIRT
B

XERIFERE T —MXEMRS: {Ri& (Assumptions),

BiNESPEIESN, AREESAhTERMS: JOBKFEE . "BRE . "“Mt=ES
PE777. BIEMSEMRIAR, EIERERIIRERNIME—RIIFRIZREHTER, HFEHE
SASARLTHWAE (LR EERLIER), BEAIGHNYIERE (Model) BRE
KRIRTEFNBEAR? XZ—TMERNIRS,

EWNRIEERS . "EiRagaEREM A LS. EAAREEEFMENRIZ L

BNMF, FRMAFERF LETER, BEETFRTEREMI X MRIZ. HFKNEE
EHEICEN, XMRIRKAT, TERNFEENIC, BEFR, ZTHHEXTERRHX
ANE, RN FRRE NAIEFESNSH, RIIFAMMEREICRIRESKIANIL?

X BAT A Y —MEKERHIL YIRS (well established theory) RERIESEIOIFSEAT, K
AR—H“KZE"(a big thing) o AAXFNEBIIETHELAR, FRWIET AXMBEARAR
EXREENEZENIEERZIERN. ©EIFEN], RIMBEEXNFHECAB—AHASE,
X &S B ERo

BE, MiERE (EFFEA) (The Economist) HE T7T#HE. YIEHENAND, XER 7 XL
ARBAFITICHABIRTFRFE, MEW 2RI S15ED.

BE—T, XBEMERERIE=37F:

1. YIEFRFTFHRF. HFETH, MERXTEARNRENRIL,

2. KRNI HIBMNME—IRE, TRIERZAME, RESeEI 7T MEHERNE
1), Z"ARTABEARHENRIZ NG, FEERAKITIAIREFR—E59,

3. RIFIFERIEM. BIERARER, WEMIEICHNEHRMKIEMMERETE D, Xihfs
SZREMESRFEEINNI, [RX]
countries perceive developments and how they
impact markets. They recently published a piece
on China's new neutrino detector. They cover



extending life via mitochondrial transplants,
creating an entirely new field of medicine. But
it's also not just science. They analyze culture.
They analyze finance, economics, business,
international affairs across every region.

I'm particularly liking their new Insider

feature. It was just launched this month.

It gives you, it gives me, a front-row access

to The Economist's internal editorial debates,
where senior editors argue through the

news with world leaders and policymakers

in twice-weekly long format shows. Basically,
an extremely high-quality podcast. Whether
it's scientific innovation or shifting

global politics, The Economist provides
comprehensive coverage beyond headlines. As
a TOE listener you get a special discount.
Head over to economist.com/TOE to subscribe.
That's economist.com/TOE for your discount.
It seems like we've covered

the ground when it comes to

the Ron Folman experiment. I'll end

with a question that is... | think

you all agree or you all disagree but for
similar reasons: does the graviton exist?

Oh. Gosh. I'd hope so. I'm not

sure whether that's relevant to

any... that's something... a different question.

(A#I2]

BUFRZE, MRMAEESTHFREIRN—EVNRIRAR, MBERRIKDF, BUa
BRAREF—PAXE AR FE 0 B 7 AR R P NAE E2WNFEE(Er, X8
RET —AZRBHET (BFFA) (The Economist)s ERVHIFZ RETERBH,

B4, TR THMFIENZE (neutrino detector), F{TEMIEEEIEFET, HHF
E—MIEE WM F, REaWR), FHE, FBEHRE, WITAFTFENMUIAIF, R
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MERMKFEMYNIE, FERITNRERENRRZES. 1558, XARE T EAEBIE
(mitochondrial transplants) ., AXES =YV E—BEET, KNAEHABENHHT
77 SAREKAZIR, AEMSKEEREE, XTEAREBIBERRIERIRR EE
mwH, XMUNBEYERE, FTEHEARNEFCIEMEFhiznE.

XEIESIFRAN]: BERBEERHTIRDIKS. FA—TEIRTZANRZNEFE, R
NBFaXMERIVIIME, ERXEIFHSERECS. ERHZERAERE.

TR, EENRE, NEENT —MERENYIERLRRR: 5IHF
(graviton) 7£7E015? ~

XE— M IFEEZNER, BERNAYEZNENR Z2— ATEREXNER, K1ZE[E
F—T¥EFE, FMTAECEBE RN _RIE, HRIKRIFIEF (photon), EFHNFIRE
PRI EHA ], 58120 SIRNEEFHT, HMERE T el TNNAEEN Fo M
J**3|77 (Gravity) **Z MM,

EREBR T AR I EIREAN], SINENTNE/], RE—KBEKR LR T —15hIK; m
SFNFHIFIEA], NRBINFRREEN. NRFNBHZE—XHMIEL, MO4IRIK
FE—MEES | IRF, BRESIF

XBEHRIFTHNBEER (MESGEEZEIANYEERZ RN ETHEL) RMEEEE, ik
“I'd hope so” (B & EEUNIt) , BisHXE— N different question” (RRIMIA)ER) , S+
24?7 ARSI NFEEIREERTUN, AXEHRELRPERMNIE. MEER, BIE
ML FEE (EbangimiREIAIRoNn Foiman3kie) EHII5|IANF, ARERXAM#A, HE
MEBEARAKNT . XGEIRER—MNIZESIVEERNEEXFRIRSNEEMRR, B2
BXE, BERRE2RE. XAETRERERICIET TRE,

[Fx]
Yes, yes. We're changing gears.
No, well | would certainly think that's...
it has to have... There would be such a
thing as a graviton, yes. But this is, you see,
gravity in normal experience is so weak. | mean,
to try and see quantum effects in
gravitation are extremely difficult.
As a force it’s very, very weak.
Also it’s not really a force even,
it behaves differently from other standard forces.



So I’'m not quite sure what the question is here.

| mean, why is gravitons not observable as such?
No. What I'm wondering is, in our first
conversation, there's plenty of talk about,

well, let's not focus so much on quantizing
gravity, let's quote unquote “gravitize”

or “gravitationalize” the quantum. In that, in
guantum gravity, the graviton makes appearances,
but not in all quantum gravities. For instance,
loop quantum gravity doesn't have a graviton.
We also should have talked about spin networks,
actually. That's another conversation. Anyhow,

| wanted to know if, because of

the way that you view the world,

as in gravitizing the quantum, it doesn't seem
like there's room for the graviton to exist.

But | think that's a bit misleading. That's

not my point of view. The trouble... | mean,
gravitons should exist. It's just that we're so

far away from anything which would see the... |
mean, gravitation is such a... you see it as a
macroscopic thing. | mean, the fact that we're
sitting down on the Earth here, sitting down

on our chairs rather than floating around,

is because there's an enormous Earth there. You
have to have something that big in order to see
the effect. And so if you want to try and do
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an experiment in a lab, which is looking for

the quantum effects of gravitation, it's hugely

far off. It doesn't mean | don't think there are

such things as gravitons. It just means that

the effects of the... the particle effects

of gravitation are so far away from anything

one could see in an experiment. It's... it's

alright to talk about them, and | do sometimes,



but what we see is gravitational fields. And the
fields are... are... But you see, gravity is
different in many respects. It doesn't even
have an energy momentum tensor in the same way
that ordinary things do. | mean you can force
it into it but it's not... I'm not sure.

So I’'m not answering your question really.

You see, | think there's a whole subject which
doesn't really exist, and | haven't quite
thought of a good name for it, which is, | would
say, “big physics.” But big is the wrong word.
I'm trying to think of the right word.
Penroseology.

No, that's not the right word. No, it's something
to do with it being on a huge scale. You see,
what is the biggest stuff in the universe,

in a sense, including the biggest mass? Well,
it's dark matter. All these

particles that we talk about,

which are so important to our existence and
experiments that are done and all that stuff,
they're a trivial correction, if you

like, to the big stuff in the world.
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[FEx]
Now, what's the big stuff? Well the big stuff is
dark matter which in my view is a form of gravity
and gravitons. Now they’re big stuff. So to treat
them quantum mechanically is a way, way, way,
way off, you see. | mean it may be that the dark
matter particles decay in a way that conceivably
could be observed. That would be very exciting
if that's the case. But it's a different world
almost. | mean, it's not a different world because
we're sitting down here in chairs, which we're not
floating around because of gravity. But it's a
different world from the particles which behave
very quantum mechanically when you go discuss
them, but they're a trivial modification to the
big stuff which I'm trying to say. | need a better
word for it than that. And the big stuff would
be gravitation and dark matter, basically, and
cosmological constant in some form comes in. And



there's a whole world of how to describe all that
stuff, and the matter is a sort of perturbation.
But it of course very important to us and our
lives are dominated by the small stuff. But

| don’t know the right way to talk about that.

You could say dominating stuff, no?

Well, it's certainly dominated. You see,

the dark matter is the main stuff

in the solar system, in the galaxy.

It's the dark matter. Now, we don't have a proper
theory. It's very far from the small stuff which
we're made of. And we're a perturbation. If you
consider the overall effect of it, we're a little
perturbation to what's happening to the big stuff.
So it needs a theory of big stuff. And that's
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really what I'm trying to think about, mainly,

at least on the physics side, because cosmology
is very much driven by that kind of thing. Of
course, you do have matter playing a role as well,
but it's more like a perturbation to what the

big stuff is doing. | don't think I'm going to

call it big stuff. That's not a very good term. |
would need a more... what do we need, something?
A grander term. Grand, grand.

You could call it the grand

stuff. I don't know. It's

not quite soft. Ivette, does the graviton exist?

| think so, yes. Well, | think gravity should be
quantized. So | would disagree with my colleague,
Jonathan Oppenheim, on that. By the way, |

love his work. | am a fan of what he does,



although | disagree that gravity is

classical, like he proposes. But what |

really love about his work is that he comes

with his own idea on how would you unify,

let's say, a gravitational theory,

which is more like stochastic.

Who's work are we talking about?

Jonathan Oppenheim from UCL.

Oh, | see.

Yeah, well, | mean, what he's done that | like

is that he proposes an experiment. So that's
what | admire of his work. And also that he
comes up with his own idea on how to unify
gravity and quantum mechanics. But he does it...
He says that gravity should not be quantized but
it's more like a stochastic thing. But then he
proposes an experiment. And that's why | love
his work so much, because that's where | want
things to go. That we start being creative,

we come up with our ideas, we propose things that
can be tested in the experiment. And then since
experiments are really getting so, you know... So,
| mean, they are amazing and they can go... well,
when people would do entanglement on tabletop
experiments. Now Anton Zeilinger has been able
to do, you know, demonstrate entanglement across
thousands of kilometers using satellites. | mean,
you see the progress has been really amazing in
many different directions. So | think that we have
to make use of quantum technologies and these
improvements in order to find ways of testing

the theory. And like we were talking before about
how some things maybe look impossible, but if you
find the right angle and the right way to pose
things, then maybe they're more at reach. | also
maybe gave you an example of how to deal with



these states. There are kind of the states that
already people do in the lab or another example
of thinking things in a different perspective, no?
So | do think that gravity should be quantized.
And | do think that there is a particle,

you know, that mediates. | don't know if

the graviton is, as in other, you know,
candidate theories proposed, but | do think
that there might be such a thing, yeah.
Something that interests me about you is that
you propose interesting experiments. Popper is
often misquoted as saying that if your theory is
falsifiable, then it's scientific. It's actually
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[RX]

the opposite. If your theory is scientific, then
it's falsifiable. It's a necessary condition,

but it's not a sufficient one. | could

imagine a theory or a theorist who says,



“Okay, I've predicted supersymmetry is going

to come on at 14 TeV.” And then it doesn't.

And then they say, “Okay,” they work away.

Then they say, “It's going to come on at 14.5
TeV.” And so they're making predictions and
perhaps they're even proposing experiments.
And then it doesn't show up. And then they'll

say “15 TeV.” I'm just imagining right now.

Yes.

If that's a word. I'm imagining right now. Okay

so what makes a good experiment? What makes a good
theorist who proposes good experiments? Because
what | just said | imagine isn’t great science.

| can tell when an experiment is going to work

or not. | mean, that's business. | mean, sure,

it's got to be testable. | mean, a theory which
isn't... But you see, it doesn't have to be
experiments. When | talk about big stuff,

the biggest stuff pretty well that's ever,

not the whole universe, but is these wonderful
observations due to Alexia Lopez. Huge rings

of galaxies. Absolutely enormous. They're so big
that there wasn't enough time in the age of the
universe to make them that big. When | say the age
of the universe, I'm talking about the normal view
about the age of the universe, which is starting
with the Big Bang. My view is that there has to
have been something prior to the Big Bang which
would cause this. Now, this is observational. |
mean, they're not experiments in the sense that
Ivette's doing. | mean, you've got your lab and
you observe, testing certain things that you can
test in a lab. These are out there in the world.
And you're observing what's there. And you have
to take what's given to you. But some of these



effects tell you maybe something different about
the universe from what you thought previously.
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[RX]

And | think these rings that Alexia Lopez has
seen, when she's seen... | mean, the techniques
are very important, which she happened to

use in order to make these observations.

That apparently, | should say, there are

several times the diameter of the moon,

you see. You're looking at, if you could actually
see these rings, they would make a big thing in
the sky. Really enormous. And she's found three
of them, apparently. The ones that were in the
news more recently. Well, first it was a ring.
Actually, she found the arc. There was an arc and
then a ring. And then | was in email contact with
her, and she said she thinks the Arc is actually
another ring. So there are two rings, and |

heard recently that she's found a third one.

Now these huge things were not predicted by
anybody, not even by me | should say. So although
| have a... when | heard about them | thought
they were very exciting because they seemed to
confirm the fact that there was something prior to
what we believe to be our universe. And they would
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[FEX]
be something like the collisions between enormous
supermassive black holes. You see, you expect to
see this in the remote future. You've got galactic
clusters of galaxies. And these clusters of



galaxies that we see in our universe, they're so
big... Well, | should say first that the galactic
cluster does not expand with the universe.

They remain bound. So as the universe expands,
these clusters remain more or less bound. But
then the stars in them gradually get swallowed

by black holes and the black holes get bigger and
bigger and bigger and gulp down most of the stars.
And then occasionally you get a few big black
holes which will run into each other sometimes,
absolutely enormous black holes, and they

will send out a signal of gravitational waves,

and these gravitational waves, according to the
view I'm trying to promote, will come through
from the previous eon into ours and could well
trigger the seed the galaxies which we now see.
It would be an enormous effect which would trigger
the creation of new galaxies. And these galaxies
could be in the form of what we see as a ring.

So | found her observations very exciting,
because although | hadn't thought of this as

an observational test, thinking about it later,

it's a very good indication that there was
something before the Big Bang.
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[FEx]
I'm only saying
this really in the context of our conversation.
There's a whole area of not so much experiment
but observation. | mean, okay, the telescopes they
make and the techniques that | use to see these
rings, for instance, there's a new technique where
you look at magnesium lines and you're looking
at absorption lines in magnesium and that tells
you the presence of galaxies. | don't understand
it fully, but they tell you the presence of the
galaxy. So you don't see these rings. You see them
only by the absorption lines and the magnesium.
And you look at more distant quasars and the
light from then so on so on. But all | mean is
there are a lot in the way of observation. Okay,
it's experiments to some degree because you're



maybe sending a satellite out there which

can see effects that you wouldn't

see just from sitting on the Earth.

It strikes me that there's a whole other area of
observational physics which tells us something
about the structure of the universe

and about the contents of the universe.

Because these dark... Well, | think

it's the dark matter. | have a view,

which I'm still not quite formalized,

which has to do with how gravitons... You asked me
about gravitons. Yes, | do believe that gravitons
should be there. On the whole, when it looks

at overall effects, so you don't see individual
gravitons, but there's another particle, which
would be the dark matter particle, which | refer
to as an Erebon. This is, | think, well, I've used
this term in papers. | like that name very much.
Wait, sorry, repeat that name.

Erebon. Well, you see, there's Erebus or Erebus.

[#2%)
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o £t RIFXFREERRIMEN, MBBEIDITIOEPHNEREDE, EEESH
TXELWRND MR, XMEMEARX, E@dmHpyEmEXIFE,
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1. 817F (Gravitons): EEFHFEF, BHAOENFEE, BBASISIHBNZERFE
%, XESINF. RABFIEEIFRNT, EEECYEFTEERHENEE IR,
2. Erebon (JBIRIRHRRLF/BEF) . XZ2— M ERIMFHER. HE RN T BERBYR, 1=
H T XFhE A “Erebon”BYHI F
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H, XNMRFEGIFEEXNKE, BRT7TXMAF5RE (B8R KRR
£
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BER, WEREIREMERR. EHRIR, HEESRMNTE R,

PR, XBRIERT TYEZRNIER. MEANEERE (BIFFHE), FAEL
NN (3EkUkE:) , BEIRBRIEICHIE (ErebonfiF), MIFHEIN, REFHLRR
M. XBRNEEZINFMBIR. FTIRXEMarkdownX A3 AN EENEEE D HITR
E&#fro

£ MEFPNGERERS“HHEE"NIREX
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He was the god of darkness. He's a very ancient,
way before... He's not even a god because the
gods were more recent, you see. | don't know
about... It was a good idea to call the party.

He was a pre-god, | think. Well, he was, | think,
what was it? Chaos, yes. You see, chaos was...
This isn't physics at all. It's just a nice word.
Yes, it's a nice word.

So | thought that Erebon was a

good term because it is the god

of darkness. And he was way there

with chaos right at the beginning.



As a student, | found how sometimes
physicists are very good at finding

very beautiful names for horrible

to calculate things. | was so much

looking forward to learning what's

charm and what's strange. It sounds

like wonderful. And then when | actually

had to do some calculations, | was like...

Yes. Some of the names are dreadful, | think.

| mean, dark energy to me is a dreadful name
because it's neither dark nor is it energy. It's
certainly not energy. It's the wrong place when
you put the energy momentum in business. Energy
was a certain spot in that thing and this is not
that at all. That’s certainly not energy. It's not
dark, it’s invisible. The dark matter suffers from
the same thing, it's not dark, it's invisible.

| mean, if you look at galaxies, you see dark,

if you see a galaxy edge on, you see maybe
there will be a black line along the middle.

Now that's dark. That's dark stuff. But that's

not dark matter. The dark matter you can't see
at all. It's invisible. That's a quibble. | think

dark energy is worse than a quibble. | think that
really is a bad name. | just heard somebody on
the radio saying, what your wonderful name it was,
and he'd only thought of this, and it just

fits so well, and all that stuff. | don't know.

(##3%)
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[RX]

| wanted to say something about the experiments.

T SR E 5 R R 2 4



| wanted to mention two experiments. | think the
comment | wanted to make is how difficult
sometimes it's to rule something out.

So, Diési came up with the idea as well.

Roger and Lajos Diosi came up with this

idea independently that gravity collapses

the wave function, but Didsi took it a

step forward and wrote down a stochastic model
that predicts more the detail of the collapse,

but it does not conserve energy. So one of the
predictions of the model is this radiation that
should be observed. And there's been a really
beautiful experiment done underground by
Catalina. Now, can you remind me how to pronounce
her name? She's done this experiment underground.
Well, with a big deal.

Oh, this is the, yes, yes, the heating.

Yeah. Spontaneous heating.

Yes, yes, yes.

So she's done an amazing experiment to test not
only Didsi's model, but a whole bunch of collapse
models. And they haven't seen the signature of
these models, right? So up to certain parameters,
these models have been ruled out. But, you know,
models usually depend on a parameter. So then
you could say, well, | mean, you can't really say,

(#2%)
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REIZRNINASZRR TR SRIERIEE, FAIMNE, YEFERMAZE: — 2t
FMEANEFHE, —PEEARNS|I A XBXiE. BXME—EBmE, N

RBelg—iek, 2YEFHEM,

TEIA XD AMER D HIT IR,

[FX]

“That's it, the models are dead,” because we don't



see, because there could be some other scales.
And | so that’s a bit of a difficult thing, but

you were asking me like what would be like good
proposals or or no, and | think a little bit that

um that at least you can test a big part of the
parameter space in a realistic way. But yeah,
there you we have to live with the fact that
sometimes ruling out things can be very difficult.
And I'm just now let me mention one other
example because | find this very relevant

to the discussion and also like a beautiful
proposal. So Sugato Bose, a colleague of mine,
who actually | used to work with him when | was
here at Oxford in a junior research fellowship,
he proposed an experiment that is to test quantum
gravity. So | think he builds on something that
Feynman proposed before, but in a time that
you didn't have the advances of the quantum
technologies that we have now. And then
Sugato takes it, and Sugato and colleagues
take it further by kind of stating how would

you do this test nowadays, right? So the idea is
that you have one particle in a superposition,
but not only one, you need a second particle,

in another superposition. So you see already the
challenge, we've been talking for a long time,

of getting one in a superposition, and here

you need two in a superposition. But anyway,
so this side of the superposition, you bring
close to the other side of the superposition.

And the idea is that if gravity entangles these
particles, then gravity is quantum. Because
what the work done by them claims is that

you need a quantum mediator to entangle.
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[FX]
Now, I'm not going to comment on that because
there are discussions and some people agree on
if that's the case or some people disagree on
what the case and there's a discussion. | don't
want to chip into that discussion. What | want
to talk about is the course in relevance to the
guestion that you asked me about the experiments.
Also, we were talking about how | put my bar like
really high sometimes. That experiment is much
more difficult to do than other experiments that
| proposed in the past, like the gravitational
wave detector and things like that. And that's
where | say like, oh, you know, like I've kind
of said I'm maybe not going to like push on
this because that is really far away the line. And
this is an example of an experiment that is really
difficult to do but you have a huge community
working on it. And why not? | think they should
be working on it because you find creative ways
to overcome hurdles and then you’re successful.
Example is LIGO, right? At the beginning, there
were so many sources of noise, and then the
community comes together, works together, you
come up with new ideas on how to solve some of
the problems, and there you go, they detect the
gravitational waves. So I'm very supportive of
the experiment that they proposed and with the
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community following it. But it is a difficult



one. But let's say you have this situation.

Now let's say that Didsi and Roger are right,

and gravity collapses the wave function, right?
So they're never... that doesn't mean that gravity
is not quantum, but in my opinion, but they're
never going to be able to test that if gravity
collapses the wave function, because actually

it happens at similar scales. So if Roger and

Diosi are correct and gravity collapses the wave
function, boom, boop, boop, they're going to,

you know, collapse that superposition. And then
they won’t see the effect proposed by Sugato
Bose and others. But that doesn’t mean that what
they’re proposing is not there. What it just would
mean is that the scales at which this effect

exists are still pushed to scales where it’s

even more difficult to see. Right? Because the
scales where Sugato says that these things would
get entangled are the same as the ones we would
expect to see the collapse of the wave function.
So if collapse happens, then you don't get
entanglement because the state collapsed.

But the state could still be getting entangled
before the collapse at other scales that are
maybe more difficult to access in the experiment.
So you're not ruling out. So that's the thing is

that what we're looking for doesn't rule out

the other experiment. So | think that's kind

of an interesting thing. When is an experiment,
when is a theory completely ruled out or not?

[F#2]
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[RX]
Thank you both for coming on.
No, thank you very much. It's been a
big pleasure talking to you as always,
and especially with Roger.



No, it's always been great fun. Thank you.

Curt here. I'm glad you enjoyed that. I'm

inferring that you enjoyed that because

you’re continuing to watch all the way up until

this point. Now it takes a huge amount of time

to prepare for interviews like this. | study

the guests' papers. | study adjacent fields.

| construct quizzes for myself and then perform
those or test myself for weeks prior. | then

also talk to the guests' colleagues often

so that | ensure that | have the guests'

point of view correct in my head and that

I'm not wasting the guests' time or your

time. It also takes a considerable amount

of money to travel from a place like, say,

Toronto to Oxford to film with Roger or to film

at Boston, at MIT or Harvard. People think that
YouTube ad revenue is high. However, in science
and philosophy, they're one of the lowest paying
categories. So | directly rely on the support

from generous donors such as potentially yourself.
If you have the funds and you're willing, then
there are three primary ways to contribute. One

is to become a founding member on Substack. Of
course, becoming any paying member on Substack
is great, but the founding member is the

top tier. Number two is giving a one-time

donation via PayPal. And number three is to

give a one-time donation via crypto. Links to

(A#33]
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BAREBENERENS. [[RX]

all of these are in the description. Many people

think that Theories of Everything, this channel,

[EREREsE, BE
WRERE. EF

is a huge team, it's a huge production.

Actually, it's just two or three people.

It's myself and my wife. And of course, the
full-time editor who is editing this. Thank

you. And that's all to say that your donations go

a long way. Thank you for getting us over 500,000



YouTube subscribers. That's magnificent.
And it's all thanks to you. Thank you.

[#i%]
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IRRERITHME, MRARBENABBERZNAIR, BEXIER BYIEL,

&E, XEIEMNZOERE. MBSEMAREEEN (description) , EIRSHEELHSTES L
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(it's all thanks to you)» XER T —UAFHEIREREENE RN, X FRZF(IRR,
FRIKRZFE L, RITEBEGRXMEEIT—#FNEENE, HEGMAR—FFRIZHF
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