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Quantum Sensing

Quantum-assured magnetic
navigation achieves positioning
accuracy better than

a strategic-grade INS in airborne and
ground-based field trials
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quantum wave
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Quantum Computing

Nobel Prize

In Physics 2025:
Macroscopic quantum
mechanical tunnelllng..
and energy quantisatior
in an electric circuit |
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John Clarke, Michel H. Devoret, John M. Martinis.
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FUA FET AYY BT £H
O & O XN SAREES Si7Znto] chsl Yot == Sict, 37 Aol MYo| 7+sakRI FHe MAIZ 0|20{% R (Cooper-pair)0| g
1980\ACHO| ~lSH MRZII AIET} E|UCE SHXIE21985E0] 0= 22|  HANE Sue SE2 MAP S4E 52| MES2E i X0t HFHo|
8I3|X| physical review letterol F7H2] £25t =22 YHsIF=M 0l =252 0{F7| ME0ICt XMFIt HANE Sutole s2= ML 7} LIE
I TEeR 0|R01%l RME 3|28 0|8510] HAIM Xt EEEt X Li= 0lRe ZMEA|LHL REYS0| 0| StLIZ 0[R2 HAIA Xt
UXfst SIMS Ao 2 Bt LIZO|CE (macroscopic particle-like)x{&! S5t7| IIZ0|Ct. 0|2 7|&dts SR
Ref.[1,2] 1 YA M Z2 oA ALo| HAXIS0(QICE £ Sel3= 020  £HME ZM H4x(superconducting order parameter)2t £2= UXfIstol M
#Z2|ciSHUniversity of California, Berkeley)Q| 22/3tnt mao, 04 o of7[6te THSE4~(wavefunction)0| & 7HO| mESElALO]2] &XKS)7t
He0|Qt & DI2E|LIAE 242} HIAEE AL T2 10 BIAFaY SHA0|ICt ZMA Fsto| ZMRO| 37|2 AMsIC.
J52 YA ZH=X|2 MEE 27| 3|20i| YolLis XIS Mol thell RdE TEl| 2f MRE S2/H ME WRole =8 R (supercurrent) 7t
Aot UL =22 HBS ofahst?| fleiMe ZME Mefut E8ete SEC} ofXI2H FEoll Mol gl7] tEdOhm’s lawol| 2ls Heto] M=el
=z|2kof| thst Z29| o[aH7F L5t 150| e R4S MehJosephson  AEf(zero-voltage state)2 {XI7F EiCt. SHX|2E ZAS Metol= 22 2
Junction)2 S0l ZH=A2F O Atolof U= D4R ef2 HAMZ 0IROE! 4= Q= Ul MF(critical current)7H EXH5HT IR HF 7 A MRS HoIMH
Heaxiolct (O 1a). TQt0| BHMSITY, ie., zero-voltage AEH H01, O2iH| AlMZE 98 MF I}
ZHE Mol 2F MZ(bias curren)E S2H W2 FAMI} JAS0= EF  YATEFH 57| Mol zero-voltage AEHOIA EO{Lt non-zero-voltage
St AR (supercurrent)?t S2=0| 012 Z4l2 &1HJosephson effect)2t  AEHZ IR 4= QICH 0] W] ZHMFE AQIZ! MF(switching current)2t £2Ct,
227 0|8 MY Z22 =22t0[¢ ZME(Brian Josephson) 2 197350 0] AE SAR Bo|UX| = AHAIE YA EEE Si40]| s LoLtA| EICt.
T S2ISME SMIICE MZBHEH 2MFIL SEOE AR IR AVIE M HEXIER 2EE WEIIHA AQE HR0| HIEX0l ZHE Salf HAIN
SIMOICE. elListH TXIZL O of2 HAME Sifols A2 YA EEECE AR EHIY ds 2HEe 4 AT
A
\‘;\’\a’\ b c d
g AN

Yo(8)

(=)

2 2. (a) R HR7H UANZECH R2 ZLE T4 Y7L 04X RE01| Z6{M zero-voltage MEHE SXISHTL (b) 2F MF7t YAMZECE 2 ZL2 7R YXI7+ washboard
potentialS 22 24711 R4 Felof Tl LIEHTE 7HY URIH o)L olUXIE 7H 222 (d) S84 UXIE 71 29| tUXIE AlZtEsiAct (EX: Ref.[1)

7| 3|20l HAIR LR EIEE siate| WA

0| AQE HMZ YO RHE| L7 HAIR UXIEILE SMS LAMERIS O[sH5H7 | fIshAl 5 MF7t QIHE Zlls TRIS 7|a5t= WAl
e FEo| M9l 2Y (O 1h)2 SahAl RS Tgol Ms2 227t EHoz 0ssh| 12 £ ARINUXIS 71 744 2XHphase particle)2| S&H
2SO 71&% 4 Qlrt (Y 2). F7IMCR H4H | AXIOILIXIE 71201%! TR 20{A tiled washboard potential0|2tz E2Ict, 217}

t B7tstH washboard potential®| 71€717t S7t5t EICt. zero-voltage AE= 0] 7+t X7+ washboard potential?| OflL4X| & (potential well)ofl 245
|X| Rt Aol ChSECH (T 2a). BHH0| 25 MRS S7IAA 718717t H235] XM, 6IE S0, YA MRECH AHXIH, of|L{X] Z0| Al2tx|7| 2o
Of2f= 7l 22f L2471 =l 0] A Feto| LIEHHA Elct (3R 2b). SHRITH of|AX| o] ZXE tate HolUHX |7t SE61H LRt AHE Ho7tA o2 =
2| Li247 7] E|of HYL0| LIEFE 4= QUCt, 021 T2M|AZ thermal activation2t B2 714 AR} O X| HHS HO{LEA| Siot BIRS SXMH Mokt Qs &
HIRIS Of2] YOl AFZHE0| 20| 2 X5X| §41 0= it HISSHCH O 27t 80| Zro™ S26t 50| ZOMK|H Hils MIXIZIS HoLE A ofi2 22 71A
| Z40|ct, ol|lLfX| M2 EESHA zero-voltage MEHOIA] HI0{LE= &= (escape rate)= 2=t L X| & 37(0f| 2lE6tH =7t 7L o X| &Eo| US4+=
| escape rate0| =Ct?
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quantum weave

AHl HEoMe A MRE BEXMOZ ZHstn 0] HIO[EZRH Tty
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Quantum Computing

How IBM will build the world's
first large-scale,
fault-tolerant quantum computer
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quantum weave

20254 68, B2 iz @FLHA AXEZAEE0| chsh 2EMEIA: https:/Aww.ibm.com/quantum/technology#roadmap,
St=27|AF &3 https://kr.newsroom.ibm.com/announcements?item=122812)2 2HE3IQCt, 2EWO| X|ZH0l
S 2033E7HK] 20007H9] =2 FHIES 102702] LXIAMO| 7HSI=S ot £&2 YA Z2AMML S X0
(Blue Jay)g 22| ZA|(Poughkeepsie, New York)oll XI5t IBM Lt HO[E ME{0l| 2== 222, IBMO| tHE
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SOl X2 F0| 7ksEt

QBN UKIHTEIS 95t OiEo| FuMol ACkT & 4 AT IBMOIA TE5HaAt st
FH|E(=2| FHIE7} OILICH)2| £XI7} 1000240 HEET QCHs Mo 0/20f 2 o), Ast 7
HAPE 712i0] QRME 55| ZHE0! DHats RS Bus) BolC,

1BM Quantum Starling
200 logical qubits
100 million quantum gates

2029

™ IBM Quantum System Two (4x)
Supports 1000+ physical qubits
15000+ quantum gates

2025
" IBM Quantum Blue Jay

2000 logical qubits

1 billion quantum gates

1BM Quantum Data Center

Poughkeepsie, Ne k 2033+
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* C-coupler

HAYE SHSICH(ER: hitps://www.ibm.com/quantum/blog/large-scale-ftqc)
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IBM fault-tolerant quantum computing roadmap

Loon (2025) Kookaburra (2026) Cockatoo (2027) Starling (2028)
Magic state
factory
== Eﬂ
10&ical qubits 12 logical qubits’
[[56,2,10]] code (112 [[144,12,12]] code or Two blocks of gross code Multiple blocks of gross code
qubits) similar (288 qubits) +LPU +LPUs
6-way connectivity “Long” c-couplers 0(600) qubits 0(3000) qubits
c-coupler demo Real-time decoding Module-to-module logical Universal computation with
- x communication over magic state distillation
Automated design LPU (+~100 qubits) for l-couplers

logical operations

© 2025 IBM Corporation
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KEY SUMMARY
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Quantum Communication

Entanglement of nanophotonic
quantum memory nodes in a telecom

Qurator
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3 Nodes 5 Nodes Quantum Entanglement

This small defect in diamond becomes the connection point opening the Quantum Internet era.
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Quantum Computing

Scalable, High-Fidelity All-electronic
Control of Trapped-lon Qubits
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