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Rethinking quantum information in gravity and fields
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Yamazaki, Takuya Yoda

This paper presents a curated selection of research questions at the intersection of quantum gravity and quantum information, chosen to highlight
issues that we regard as particularly important for researchers in both fields. We organize the discussion into four main themes: the operational
characterization of observables, the role of observers, quantum error correction, and the infinite-dimensionality of Hilbert spaces. We hope that

addressing these questions will engage researchers across both communities and further strengthen the profound interplay between the two
disciplines.
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Hongo Campus, University of Tokyo
Asia/Tokyo timezone

ORI In the twenty-first century, we are witnessing the synthesis of two distinct “quantum” disciplines:
Timetable quantum gravity (QG) and quantum information (Ql). The confluence of these two vast intellectual
streams is already yielding a novel language capable of describing the fundamental nature of the
universe. It is fair to say, however, that significant effort is still needed to bridge the differences between
the two disciplines, and there are reasons to believe that the culmination of this synthesis has yet to

come.

Registration

In this workshop, building upon the insights presented in the recent arXiv paper
(https://arxiv.org/abs/2606.30853), we will engage in an in-depth discussion on the future prospects
and challenges at the intersection of quantum gravity and quantum information.

Format -

Koshiba Hall, 2F in the Building No.1, Hongo Campus, Unviersity of Tokyo. In person only. The lectures
will be given in English.

Speakers (tentative):

e Kanato Goto (Osaka)
e Yoshifumi Nakata (Science Tokyo)
e Takato Mori (Rikkyo)

et Yamas e https://indico.global/event/18650/overview
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Unconditional Unclonable Encryption

Prabhanjan Ananth* Amit Sahai’
UCSB UCLA

Abstract

We give an unconditional construction of information-theoretically secure one-time private-key unclonable
encryption scheme for one-bit messages, with efficient encryption and decryption and exponentially small
unclonable-indistinguishability advantage.
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Theorem 3.2. Let IT = (Gen, Enc, Dec), where Gen, Enc and Dec are as defined above. For every n > 1 and every
adversary (A, B, C), we have:

1 1 X wtz—3I1 bit,

Pr | Win < 5 1 <
Winioanc®)] <3 ml . sEsom @ubits

where Pr [WmH'g A B,C(")J is defined in Theorem 2.4.
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— ;~tfc | [Li-TM-Yoshida, PRX (2026)] | Prob ( EILOI4 - C) > 1) < 02
arXiv:2502.04437v3 D B

Theorem 2. If o X p2 _g-m > 0, then for an arbitrary constant 0 < ¢ < 1, we have
- | 1
log P (EDLLO] (A:B) > m) < —c’d+ 02" (d} + di;) log ;).

EDEJO](A : B) = sup sup {m’ Tr (A(p,w)H[;f;;L) > h2}

meN AeLO

fi. no GHZ entanglement, tripartite chirality, no global symmetry’& & 5

58 /96



= TENDSEFIFHBN

—2
AN
Q mE{LEIE - EFRIEERMAFMNICKD >

TV VTILAY MNEETZT TR <, relative entropy of entanglementD &1L
BOAIFHNICEZ SN D,

Ex(psp) = inf  D(pllo),  D(pllo) = Tr[p(log p — logo)]
c€Sep(A:B)

59 /96



= TENDSEFIFHBN

Q =L - EF B IEZ RAFRICRS

T VTILAY NZEBEIZT TR L relative entropy of entanglement® fx1#E1t
HERMAZPICEZ SN D,

Ex(psp) = inf  D(pllo),  D(pllo) = Tr[p(log p — logo)]
c€Sep(A:B)

— % IC BB B [ENP-hard TE R T TlEEE U L hH¥Haar random marginallc Xt U T &
TE57?

Pap = A B

—F—

60 /96



= TENDSEFIFHBN

Q =L - EF B IEZ RAFRICRS

IOV T)ILA Y N 7“5 i7 Ti <. relative entropy of entanglement® &1t

— % I B IENP-hard TERIT TldEE L Lyh Haar random marginal

TE27

HEMFHICEZ BN

Egpap) = inf _D(plle),  D(pllo)
c€Sep(A:B)

Closest
YAB \\./ separable state

PAB —

A

B » OAB —

—F—

A

= Tr[p(logp —

log 0)]

& \/9
i B2 FH

[CXT U T

VTR %
HlicLlizcZ &

IC K B PEEE

B

e B¥

61/96



sSTFENIISEFIBIRN

Q =L - EF B IEZ RAFRICRS

IOV T)ILA Y N 7“5 i7 Ti <. relative entropy of entanglement® &1t

— % I B IENP-hard TERIT TldEE L Lyh Haar random marginal

TE27

HEMFHICEZ BN

Egpap) = inf _D(plle),  D(pllo)
c€Sep(A:B)

Closest
YAB \\./ separable state

PAB —

A

B » OAB —

—F—

= Tr[p(logp —

VAB

A

log 0)]

& \/9
i B2 FH

[CXT U T

VTR %
HlicLlizcZ &

IC K B PEEE

B

e B¥

62 /96



= TENDSEFIFHBN

Q =L - EF B IEZ RAFRICRS

IV VTILA Y NS 7°£ 7 ¢/ <. relative entropy of entanglement®
HEBMEWICEZ SN

— iR ICTE{L IENP-hard T2

TE27

YAB ~—1—"

PAB —

A

Er(pap) =

inf

c€Sep(A:B)

—F—

;

D(pllo),  D(pllo)

Closest
separable state

OpB —

= Tr[p(logp —

&R TC CldEE U LhYHaar random marginal

VAB

A

log 0)]

& \/9
i B2 FH

IE L

[CXT U T

VTR %
HlicLlizcZ &

IC K B PEEE

B

e B¥

R
C DIGFh%E R’

ICEBE{ET 5 !

63 /96



= TENDSEFIFHBN

D BE{LEIE - B TR RN R S R
Closest 4/"/9_/7}[/%/_“&'1’1'
}/AB \.‘/ Separable state }/AB MEICUZ &l K BPERE

Pap= A B » O,p= A B

! .
En(pap) = ny + ng — max(ny, ng, n-) =: logd

64 /96



= TENDSEFIFHBN

Q mE{LERE - EFRIEZ R AZEMICKS

—
Closest WBEIC L & 1o & 2 e

VAB S~—— separable state  /AB

Pap = A

— "t 7c | [TM-Yoshida, to appear 58] Z 11I3 5

Osp— A

;

—F—

En(pap) = ny + ng — max(ny, ng, n-) ~ min(Er, I)

TV YVT)LAY NEHE

B

PAB

K DEoF, MID _ERZEIFI T 5,
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8) with 1 < de < D. There ezist absolute constants K,C,c > 0 such that
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« Entanglement of formationMDreflected entropy/2ic & 2IEEHBAL E5R
(Eq. (7.4) in [Louisia-TM-Warner, JHEP (2026)])
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