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Chinese physicists demonstrate a practical system for converting infrared images 7&:1:” 'fEE- Y Z_ﬁ'ﬁ < £D°
directly into visible ones.

THE PHYSICS ARV BLOG Of these, military
stakeholders will have the
deepest pockets. The only
question is how quickly it
can be studied in more
detail.

Ref:arxiv.org/abs/1203.613
2: Experimental
Upconversion of Images
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D-S Ding et al. Nat. Commun. 4. 2527(2013)

QUANTUM OPTICS Nat. Photon. R =iffF MIT Technology Review.iF{)

Spatial memory e
7]\ .

Nature Commun. 4, 3527 (2013)
NATURE PHOTONICS | VOL 7 | DECEMBER 2013 | ﬁ—/l\ﬁﬁ%‘iﬁ%ﬁ?%m
ETHHES[ERERRE

In quantum information science, the ability
to transfer a quantum state between a single
photon and matter is essential for realizing
a quantum memory. Dong-Sheng Ding

and co-workers at the University of Science
and Technology in Hefei, China, have

now demonstrated a quantum memory

AView from Emerging Technology from the arXiv

that 0peratels b}ff using single Il:;hc;tons tc; First Quantum Memory That Records The
carry spatial information in the form o . . . .
orbital angular momentum. The scheme Shape ofa Smgle Photon Unveiledin China
relies on electromagnetically induced - _
transparency in a cold ®Rb atomic ensemble. The world's first quantum memory that stores the shape and structure of single

photons has beenbuiltina Chinese lab

PRATEERHSEESIT Bl #r -
ALIF SR ERIRELT HH EF— PN FHEEATRRNET
HE T 7FiiEeR. FiEsrEPESW=E

SELw B RBE T B FRSEANE R EBMSEB W FEMKE,

WA T B4 E TR ITIE
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D-S Ding et al. Nat. Commun. 4. 2527(2013)

2014F-2015FE4SCIMFEANT I B, 235 HRREBCAYIE 2R ik

HRINFRIL%2Z 5], FF#Science .

ScienceZRIR /4R
RAERK
Reviews|

REVIEW

Quantum optics: Science and
technology in a new light

I. A. Walmsley

Department of Physics, Clarendon Laboratory, University of Oxford, Oxford, OX1 3PU, UK.
E-mail: walmsley{at}physics.ox.ac.uk

Science 01 May 2015:
Vol. 348, Issue 6234, pp. 525-530
DOI: 10.1126/science.aab0097

The current generation of cold-atom-based
memories operates with high efficiency (>70%,)
and long storage times (>1 ms) and has the abil-
ity to store single photons (38). Nonetheless, the
stringent requirements for broadband memories
to be employed in long-distance quantum repeat-
ers have not yet been met (39).

38. D.-S. Ding, Z. Y. Zhou, B. S. Shi, G. C. Guo, Nat. Commun. 4,

2527 (2013).

B REFHNEFHREENE

fEERF

E.%L:IIL.\%%W
Tittel, C. SimonZE

LA

TOPICAL REVIEW

Prospective applications of optical quantum memories

atomic ensemble, with an efficiency reaching 16% [48]. The
spatial multimode capacity of EIT in a cold Rb ensemble
was recently highlighted through the storage and retrieval
of the orbital angular momentum of light at the single-
photon level [49] and of an heralded single photon [50].

[50] Ding, D.S.: Zhou, Z.Y.: Shi, B.S.: Guo. G-C. Single-
Photon-Level Quantum Image Memory Based on Cold
Atomic Ensembles. 2013, arXiv:1305.2675 [quant-ph].
arXiv.org e-Print archive. http://arxiv.org/abs/1305.2675
(accessed Nov 7, 2013).

BRI {E (50 ) RECIRRIISTHIIE
AHERCRNFHEFFE

MEXFIBEEITHRRTES
FRERFHTRIZIEAIEEN.

NatureFHI&5 .

EFEHEREGL
i1 73 (1SR £E

0P Publishing New]. Phys. 17 (2015) 050201

New Journal of Physics

The open access journal atthe forefront of physics

EDITORIAL

@ Focus on Quantum Memory

OPEN ACCESS

Gavin Brennen' , Elisabeth Giacobino” and Christoph Simon”

quantum repeaters using satellite links [30].We also expect
more work on storing new degrees of freedom such as orbital

angular momentum [31], on achieving ultrahigh bandwidth [3

[31] Ding D-S, Zhou Z-Y, Shi B-S and Guo G-C 2013 Nat. Commun. 4 2527

FeAiJHALE S8 5 X N TFhEm

BfifE (31) FMERE
RITIE.
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2014558 OAMEZYLERY

EFFE
Phys Rev Lett. 114,
050502 (2015)

2015F5E0OAMBE %4
NENEFFE
Light: Sci. & Appl.
5,el6157; (2016)

20165 5o FIEERTT
[BA~E B HERHEW
Zhang, D-S Ding
(1&(5) et al. Nat.
Commun. 7,
13514 (2016)
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D-S Ding et al. Phys Rev Lett.114, 050502(2015)

Phase Intensity Phase Intensity
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D-S Ding et al. Phys Rev Lett.114, 050502(2015)
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ZILICSCIMEE1720%, 201552017 SC I #RiE A 51383

ZE|5| AR B YR F AR GE PRI FAI1%Z 5.
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D-S Ding et al. Light: Sci. & Appl. 5, e16157 (2016)

Orbital angular momentum of photons and the entanglement of
Laguerre-Gaussian modes

Mario Krenn,Lzﬁ Mehul Malik,!:2 Manuel Erhard. 12 and Anton ZCilil’lng‘LQ’Iﬂ
memory for OAM based on the SRS process, and was extended to three-dimensional atom-
photon entanglement a few years later [108]. More recently, the same scheme was expanded
upon to demonstrate the storage of high-dimensional OAM entanglement between two spatially
separated atomic clouds (figure 6a) [109,111]. An alternative method involves the storage of
109. Ding DS, Zhang W, Shi S, Zhou ZY, Li Y, Shi BS, Guo GC. 2016 High-dimensional
entanglement between distant atomic-ensemble memories. Light Sci. Appl. 5, el6157.
(doi:10.1038/1sa.2016.157)
111. Ding DS, Zhang W, Zhou ZY, Shi S, Xiang GY, Wang XS, Jiang YK, Shi BS, Guo GC. 2015
Quantum storage of orbital angular momentum entanglement in an atomic ensemble. Phys.
Rev. Lett. 114, 050502. (d0i:10.1103 /PhysRevLett.114.050502)

ERE5RSIEIZF3Anton Zeilinger
(201 0FR/RARKIRGE ) IEBHIGRIAPIRTITHNZ
T1F, Hs|REEXEEIEART= T (El6a)
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10P Publishing

J. Opt. 19 (2017) 043001 (24pp)

Topical Review

Optical quantum memory based on
electromagnetically induced transparency

Lijun Ma, Oliver Slattery and Xiao Tang ~
single-photon power level [154]. Later in 2013. Ding er al
demonstrated EIT quantum memory based on cold Rb atomic
ensembles for true non-classical OAM encoded single pho-
tons. Their| experimental set-up and results are shown in

figure 16. Alcold ®Rb atomic ensemble in figure 16(a) is used

on-classical correlated photon pairs based on

a double-lambda configuration. One photon in

d as a trigger and the other is engineered to
of orbital angular momenta. The photon car-

is stored in EIT quantum memory based on

Rb atomic ensemble as shown in figure 16(b).

2013 T FAIEEBOAM
BEEPHFHEFEFR. .

carry a v
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[157] Ding D-S, Zhou Z-Y, Shi B-S and Guo G-C 2013 Single-
photon-level quantum image memory based on cold atomic
ensembles Nat. Commun. 4

_‘
=74 A\

Joumal of Optics  JOURNAL OF MODERN OPTICS, 2016
tps://doiorg/10.1088/2040-8986,19/4/043001 VOL. 63, NO. 20, 2005-2028

http://dx.doi.org/10.1080/09500340.2016.1148212

Taylor & Francis
Taylor & Francis Group

Quantum memories: emerging applications and recent advances

@ OPEN ACCESS

Khabat Heshgmi", Duncan G. England?, Peter C. HumphreysP, Philip J. Bustard?, Victor M. Acosta®,

The first storage of structured, true single photons was
achieved using EIT in a rubidium MOT (125). Heralded
single phptons produced by spontaneous FWM in one

el prepared with one unit of OAM using a spiral
e, stored in a second MOT and retrieved; the
otons violated a Cauchy-Schwarz inequal-
g their preserved non-classical characteris-
h dual-rail setup the authors were also able

B—MFIERNFZIEASN
HISEIRHE(125) 58 Rk .-

A and MOT B) (126). An anti-Stokes single photon (sig-
nal 1) was created by spontaneous Raman scattering in
MOT A and then stored in MOT B by the Raman mem-
ory protocol, creating OAM-entanglement between the
two atomic ensembles. The authors retrieved the excita-
tions from MOT A and MOT B using the Raman mem-
ory protocol; the OAM entangled photons were used to
violate the CHSH inequality (127) verifying that OAM
entanglement was maintained throughout storage of the
signal photon in MOT B. Using a similar design, the same
group subsequently demonstrated post-selected polariza-
tion entanglement storage between two MOT's (128).
(125) Ding, D.-S,; Zhou, Z.-Y.; Shi, B.-S.; Guo, G.-C. Nat.
Commun. 2013, 4, 2527-1-2527-7.
(126) Ding, D.-S,; Zhang, W.; Zhou, Z. Y 5 Shl .; Xiang, G.-
Y.; Wang, X.-S.; Jiang, Y.-K,; Shi, B.-S,; Guo, G.-C. Phys.
Rev. Left. 2015, 114, 050502.

EFFEINERGIAR,
(EERAXENXEF, H
5| FEMiIRI=CIE IR E
YXEAIOAMEE LAY
TiEHITESRITIE

EfFE&ZFEIournal
of Physics BRY4mig
EieEi)S—RXTHM
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W Zhang, D-S Ding (J&(g) et al. Nat. Commun. 7, 13514 (2016)
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W Zhang, D-S Ding (J&(g) et al. Nat. Commun. 7, 13514 (2016)
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D-S Ding et al. Phys Rev Lett. 114, 093601 (2015)
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Noriaki Horiuchi
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D-S Ding et al. Nat. Photon. 9, 332-338 (2015)
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D-S Ding et al. Nat. Photon. 9, 332-338 (2015)

EFFiEERERTANEI B

Quantum memories: emerging applications and recent advances

R RSB SFIAR 7 — I EEIHE

Broadband stomge n alkah tapours The demonstmtlons of true smgle—photon Raman storage
", . [ )

Hay flIJ:ﬂE—EI'JﬂFﬁﬁ:ﬁ%%ﬂﬁb?“qgﬁﬁﬁmy—gﬁlfﬁ | THE
BHEREFERERZEEBREKRFNLauratHi%. HEZEHRK
FHYoon—Ho Kim, BFEEHEIT . BLEEIAHIR. XKD EH
F2S{EPRL, PRX. Nat. Commun. . Nat.Photo. . npj Quant. Inform.

BN B E RO REN T 331

WOTK
atoms has been demonstrated with very low noise and has

been used for non-classical light storage [41, 43]. Raman of quantum states of light have proven elusive?. This problem can

[41] [Ding D-S, Zhang W, Zhou Z-Y, Shi S, Shi B-S and Guo G-C be alleviated by implementing the Raman protocol in other
2015 Raman quantum memory of photonic polarized media, for example, diamonds (with storage in optical phonon
entanglement Nat. Photonics 9 332-8 modes) and laser-cooled atomic ensembles, for which time-

= bandwidth products around 22 have been obtained with
E—i]& E J? ?I:FI*E}U7$&{EED EI\JE”E non-classical light”*. However, the multimode operation of any
géﬁ%ﬂﬂ*lzrﬁ% 4. Ding, D.-S. et al. Raman quantum memory of photonic polarized

entanglement. Nat. Photon 9, 332-338 (2015).

5B L e— B0 IR B 7 R ST T B A O ST08 T !
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W Zhang, D-S Ding (i&(Z) et al. PRL 118, 220501 (2017)

BIAHREN -
Fi&eE T2 ERYZHEE

WP2 WP1
A

- i B
N2TN2 :

=
<

FAEERETTZBEENREE 5SS, SMETFEiE
sHEFEETL2EE. (google 5|H364IR)



l- 8. [RF RSz IEmIPaIHEE

D-S. Ding, et al. Optica 2, 642-645(2015).
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lithium niobate waveguides

ERHEIFER

Sébastien Tanzilli

s rfearie v oo o oo EiEERTopical

Sébastien Tanilli ) B B -

Finally note that generation of tripartite telecom photons has ReV|eW (J . Opt. 1 8
recently been demonstrated at the University of Hefei (China)

using hybrid-cascaded processes, i.e. combining an atomic (20 1 6) 1 0400 1 ) I:I:l

ensemble and a nonlinear PPLN waveguide [222].

[222] Ding D-S, Zhang W, Shi S, Zhou Z-Y, La Y, Shi B-S
and Guo G-C 2015 Optica 2 642-645
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PHYSICAL REVIEW X 10, 021023 (2020)

Phase Diagram and Self-Organizing Dynamics in a Thermal Ensemble
of Strongly Interacting Rydberg Atoms

Dong-Sheng Ding 5,"*" Hannes Busche,™ Bao-Sen Shi,'™>’ Guang-Can Guo,"” and Charles S. Adams™
'Key Laboratory of Quantum Information, University of Science and Technology of China,
Hefei, Anhui 230026, China
2S'\'nerg,'elic Innovation Center of Quantum Information and Quantum Physics,
University of Science and Technology of China, Hefei, Anhui 230026, China
‘;Departmem of Physics, Joint Quantum Centre (JQC) Durham-Newcastle,
Durham University, South Road, Durham DHI 3LE, United Kingdom
4Depamnenl of Physics, Chemistry and Pharmacy, University of Southern Denmark,
5230 Odense M, Denmark
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VIEWPOINT

Rydberg Atoms on Fire

A new experiment reveals unexpected connections between a nonequilibrium phase
transition in Rydberg gases and the way fires spread through a burning forest.

loss and energy gain. A complete understanding of how
this self-organization works is lacking, partly because the
relevant systems are hard to control. A new experiment
by Dong-Sheng Ding and colleagues of the University of
Science and Technology of China in Hefei and their collabo-
rators at the University of Durham, UK, shows that Rydberg
atoms can provide a platform for studying the mechanisms
behind self-organization and nonequilibrium phase transi-
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Only about 100 papers out of the more than 18,000 that APS publishes each year are chosen for coverage with a
Viewpoint] placing your paper in an elite subset of our very best published research. During the peer-review process,
one of our journal editors brought your paper to the attention of the Physics editors. After considering your paper
with other nominations, the editors of Physics decided to contact a qualified expert to prepare the commentary on

your paper.
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ARTICLE

https://doi.org/10.1038/541467-022-29686-7 OPEN

Deep learning enhanced Rydberg multifrequency
microwave recognition

Zong-Kai Liu® "2, Li-Hua Zhang'?, Bang Liu"2, Zheng-Yuan Zhang"?, Guang-Can Guo'?,
Dong-Sheng Ding@mm & Bao-Sen Shi@® 2™
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All-optical reversible single-photon isolation
at room temperature

Ming-Xin Dong'?, Ke-Yu Xia***, Wei-Hang Zhang'?, Yi-Chen Yu'?, Ying-Hao Ye'?, En-Ze Li'?,

Lei Zeng"?, Dong-Sheng Ding'?*, Bao-Sen Shi'?*, Guang-Can Guo'?, Franco Nori'®

Nonreciprocal devices operating at the single-photon level are fundamental elements for quantum technologies.
Because magneto-optical nonreciprocal devices are incompatible for magnetic-sensitive or on-chip quantum in-
formation processing, all-optical nonreciprocal isolation is highly desired, but its realization at the quantum level
is yet to be accomplished at room temperature. Here, we propose and experimentally demonstrate two
regimes, using electromagnetically induced transparency (EIT) or a Raman transition, for all-optical isolation
with warm atoms. We achieve an isolation of 22.52 + 0.10 dB and an insertion loss of about 1.95 dB for a genuine
single photon, with bandwidth up to hundreds of megahertz. The Raman regime realized in the same experi-
mental setup enables us to achieve high isolation and low insertion loss for coherent optical fields with re-
versed isolation direction. These realizations of single-photon isolation and coherent light isolation at
room temperature are promising for simpler reconfiguration of high-speed classical and quantum information
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Enhanced metrology at the critical point of a many-body Rydberg atomic system
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Dong-Sheng Ding!:2:3*1, Zong-Kai Liu!'?3*  Bao-Sen Shil:2:3:+
Guang-Can Guo'?3, Klaus Mglmer®$, and Charles S. Adams® Y

Optlcal " Low ‘
Absorptlon » Prec1s10n ,3

Single-Body Metrology

{NHNNAARAY

—» frequency

p N
\

{ Many-Body ' High
\ Intcractlon » » Precision
Many-Body Metrology

|||||I|I|\|||\|T|

—_— frequency

Accepted by Nature Physics
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SIERERERE IIKj_-IﬁFJNature Physics, Science Advance, Phys.
Rev. Xk, FETEZEAISM.
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BRI TEER{E: Mathematica, Matlab, Python or C++...
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