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https://www.grapheneconf.com/2024/index.php
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6IWIEVGLIVW JVSQ 1SREWL 9RMZIVWMX] LEZI YRPSGOIH J
SJI UYERXYQ MQTYVMXMIW [MXLMR QEXIVMEPW

8LI RI[] MRXIVREXMSREP XLISWIXIMGERLWEYHRXYQ :MVMEP
MRXVSHYGIW E RSZIP ETTVSEGL ORS[R EW XLI

,ZUYERXYQ ZMVMEP NTERWMSRLIL.ISREWMRXREZIVWMX] XIE
TS[IVJYP XSSP XS YRGSZIV XKLGIQRXMERXYQ ZMVMEP I\TER
UYERXYQ MRXIVEGXMSRW MRTS[SVAWR IRIWMSHR KREX LEW P
WIQMGSRHYGXSVW MRHMWTIRWEFPI MR YPXVEG

LMW FVIEOXLVSYKL LSPHW FBXARMWE®EX\S XLI MRXIKVED>
VIWLETI SYV YRHIVWXERHMRKW SYHISIJTBPY\ERXYQ MQTYVM)>
UYERXYQ WIWXIQW ERH YRPSER®P JVWGOGIMXMRKXVEGXMSRW FIX
JYXYVI ETTPMGEXMSRW YXMPRWWHE RRXOQRBEYXMGPIW RIIHIH
QEXIVMEPW EGGSYRX VEXLIV XLER PEVK
XLIQ [MXL XLI VIWYPXMRK
S9RZIMPMRK 5YERXYQ -QTYVMWMIMWMHMRK RI[ PMKLX SR XLI
FIX[IITR MQTYVMXMIW ERH XL
LI WXYH] SJ ,UYERXYQ MQT¥WWRMXMWWQ.MGEWRHNEGXSVW
VIEGLMRK ETTPMGEXMSRW EGVSWW TLIWMGW MR
WIWXIQW EW HMZIVWI EW IPISXIVERVEMRFEEGL MW VIQEVC
GVI]WXEP PEXXMGI XS TVSXSHEW MMRLY.XXBRTWEKWWIW [K
SLIWI MQTYVMXMIW GER GSPMIGXIWZSRHYSWK@EWRHR]XLMRK
UYEWMTEVXMGPIW [MXL QSHMVKWIITW SIMY¥MRIVERH PS[ HST
IWWIRXMEPP] FILEZMRK EW JMIGDEVSKRWG.PIMLIVQEP [EZIPI
XLER XLIMV MRXIVTEVXMGPI
%PXLSYKL E WXVEMKLX JSV[EVH QERIJVFEXMZIP]... IN\EGX X
TVSFPIQ XS WXEXI UYERXYQEMQWTERXNXQ W]IWXIQ FIMRK TI
TVSFPIQW EVI HM¥%GYPX XS WBNWQQTPI WSPZEFPI PMQMX

"8LI GLEPPIRKI PMIW MR EGGY3\REXS P XH I WEWWF MRXVMKY M
XLl QSHM¥IH TVSTIVXMIW SJWXMWIEMGL MW MXW TSXIRXME
UYEWMTEVXMGPIW % WE]W (\WKENNRIKEFGEFP@OIMMRY [MXL
[LS PIH XLI GSPPEFSVEXMSR HVMFEXV MWYEVSYRMMRK XLI ET
MR 7TEMR JSV NTPEMRMRK XLI STXMGE

WIQMGSRHYGXSVW FIMRK VI
8LI WXYH] SJJIVW E RSZIP TIXWITUXERXIYRRZMVMEP I\TERYV
MQTYVMXMIW MR ( QEXIVMERV8\ORB[RSRWMRK EYXLSV % ¢
IN\GMXSR TSPEVSRW FSYRH IPIGMRSRR. SFPRWSE MEXWLSRE WL
MQQIVWIH MR E JIVQMSRMG QIHMYQ
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INTIVMQIRXEP VIWYPXW IWWIRXMEPPNSYVREPW ETW SV
TIVIJIGX EX LMKL XIQTIVEXYVI [MXW®IQEPP
HMWGVITERGMIW EX PS[IV XIQTIVEXYVIW
'SQTEVMWSR SJ XLISVIXMGERW PHMEIRHMRK EYXLSVW
ERH IW\TIVMQIRXEP WSPMH PMKLX
TLSXSPYQMRIWGIRGI WTIGXVW¥B)FEX 0o WWSGMEXI -RZIWXMH
HMJJIVIRX PEXXMGI XIQTIVEXYIW 0IZMRWIR 1SREWL 9
7GLSSP SJ 4L]WMGW ERH %
STIRMRK (SSVW 8S 8LI *YXYVI
*0))8 'LMIJ -RZIWXMKEXSV 4
LI UYERXYQ ZMVMEP NTERWMESRWIW 1SS REWIHORMZIVW M
XS LEZI E FVSEH MQTEGX I[\XLRWMBKY MERWM %WXVSRSQ]
ETTPMGEXMSRW XS ZEVMSYW W]JWXIQW FI]SRH
( WIQMGSRHYGXSVW *0))8
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"ORHIVWXERHMRK UYERXYQ MOQY& WMINMXK TIL pW6M QWX VI SJ )
[MPP GSRXMRYI XS VIZIEP MRYWWK/L XS [ERHVKRAEBGBIX VSR
RSZIP TVSTIVXMIW ERH RI[ TSW WRVEPEKNXW IW0)$H8/ TPEG I
YRHIVWXERHMRK LEVRIWWMKRHK JIERHIVSRX SJ XLI RI[ W(
GSRXVSPPMRK UYERXYQ MR XIYESPOKIMINE fo IWIEI XYWV SRMG!
GSVVIWTSRHMRK EYXLSV 4V®EXIWEEPBW MWEMXSR GSRH
1SREWL IUYMPMFVMYQ TLIRSQIRE


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.106901
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.108.125406
https://www.fleet.org.au/
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WXYH]MRK XLMW MRZSPZIW QMRH FPS[MRK EQSYRXW SJ HE
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SEOELMWE %VMQE HITYX] HMVIGXSV SJ '")17 WE]W XLEX H
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XVERWJSVQEXMSR SJ WGMIRGI % WE]JW %VMQE

+VS[MRK YT %VMQE LEH E ZIV] HMJJIVIRX EQFMXMSR - [E
JSVIGEWX XLI [IEXLIV &YX - GLERKIH Q] QMRH EX YRMZIVW
GSQTPI\ JEGXSVW GSQI MRXS TPE] [LIR XV]MRK XS TVIHMG
X]TLSSR WE] % LI WE]W

"&] GSRXVEWX GSRHIRWIH QEXXIV TLIWMGW SJJIVW ER IR
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RYGPIM MR EXSQW % 8LMW GSQFMRIH [MXL MRGVIEWMRK C
QEXIVMEPW WLSYPH LEZI XLI TS[IV XS XVERWJSVQ SYV PM.



Microscopy Solutions
for Materials R&D

Grains

Understand the four key areas of materials research
Find answers to your critical development questions with ZEISS microscopy

solutions. See the grains, interfaces, particles, and pores in your materials and
learn their impact on performance. Reveal porosity, cracking, and voids and
understand their role in macrostructural behavior in metals, crystalline materials,
polymers, catalysts, batteries, coatings, layers and more.

= Dimensions = Chemistry = Interactions » Microstructure
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Seeing beyond


https://www.zeiss.com/microscopy/en/home.html?vaURL=www.zeiss.com/microscopy
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https://www.chalmers.se/en/current/news/f-chalmers-steers-europe-s-major-graphene-venture-to-success/
https://ppkgroup.com.au/ppk-significantly-reduces-the-price-of-bnnt-opening-new-opportunities-across-multiple-industries/
https://www.birlacarbon.com/birla-carbon-acquires-nanocyl-to-drive-growth-in-battery-materials-for-lithium-ion-batteries/
https://www.businesswire.com/news/home/20231030343512/en/IDEX-Corporation-Expanding-Material-Science-Manufacturing-Expertise-With-Acquisition-of-STC-Material-Solutions
https://www.thesundaily.my/business/nanomalaysia-micratto-technologies-unveil-graphene-enhanced-auto-lubricant-AC11643751
https://www.nanotechnologyworld.org/post/graphene-spin-out-wins-the-spectator-s-innovator-of-the-year-award-for-excellence-in-sustainability
https://aibn.uq.edu.au/article/2023/10/battery-research-backed-australian-economic-accelerator
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[E] JSV YPXVE GPIER

-R E KVSYRHFVIEOMRK WXYH] WGMIRXMWXW LEZI WYGGIW
KVETLIRI RERSVMFFSRW GVIEXMRK I\GITXMSREPP] GPIER
WSPYXMSR 8LMW FVIEOXLVSYKL GSYPH TSXIRXMEPP] VIZ!
ERH TEZI XLI [E] JSV EHZERGIH UYERXYQ I\NTIVMQIRXW

IMQIR 7STT 4L( TVMWXMRI KVETLIRI RERSVMI
SRMZIVWMX] SJ 3\JSVH FSXL E FERH KET ERH EGGIW!
8LI WQEPPIWX TSWWMFPI WMHY XKE IRLEMY SFEAMK&R IXMG HK |
GSQTSRIRX MW E WMRKPI QS@BXPMRI PIEH XS XVERWMW XSV
VITVIWIRXMRK XLl YPXMQEX| GPIMWQSIMSR
OQMRMEXYVMAEXMSR =IX WMKRMY“GERX YRGIVXEMRX]
VIQEMRW VIKEVHMRK XLI FILEZMBIV SXLO SBISON WEBWP Y FMP M X
RERSWGEPI WIWXIQW TEVXMGYPEXPH KURMV TSXIRXMEP J
MRXVSHYGIH MRXS RSR GV]WREGRWVRR MRZEMRWERIM R X W |V M ¢
PMOI IPIGXVSRMG RERSHIZMGIXE KKMEMRRIUEERXYQ TVSTI
SRI EXSQ XLMGO PE]IV SJ GEREBRXENES@W.EZI FIIR SFWIVZ
EVVERKIH MR E LI\EKSREP PBXXWGIR HEAWWHFZIRGAWI XLI TVS
WYFENIGX SJ NXIRWMZI VIWIEKGETISRIMRERSVMFFSRW LEW
VIQEVOEFPI IPIGXVSRMG QIXISERRWERGERRX JEFVMGEXM
XLIVQEP TVSTIVXMIW 1SPIGWREY KVEMRLMMFFSRW [MXL I\C
RERSVMFFSRW 1+26W GLIQM@EBRHIV ERH TSSV WSPYEM
WIRXLIWMAIH WXVMTW SJ KVEFIRIRPI[MXL SIMIE¥WRHPMRK QE
GSRXVSP SZIV XLIMV IHKIW ERVE &S BRP$ K] WHERKPI RERSVI
IQIVKIH EW E ZIV] TVSOMWMRREREREMMNEMIBBEPMQMXMRK
IPIGXVSRMG RERSHIZMGIW 9RR®M@R KIWETRXRD IPIGXVSRMC
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Height (nm) Height (nm)

*MK%XSQMG JSVGI QMGVSWGST] LIMKLX MQEKIW SJ E PI
LMKLP] SVMIRXIH T]VSP]XMG KVETLMXI $ 9RMZIVWMX] SJ

-R E KVSYRHFVIEOMRK WXYHBLT WHPGMVE YW H1 & XRYFMPMX]
NSYVREP 2EXYVI 1EXIVMEPW AVWNIEGSGMRMVEQSRK XLI RER
HIQSRWXVEXIH E WMKRMY%“GERNM IO TRERXQIRX MPRVE GPIER
XLl WSPYFMPMX] SJ 1+26W [MXL WLEVT WMRKPI IPIGXVS
F] IHKI JYRGXMSREPMWEXMSRIZMOUIWXNWEWYERIRK I\NGITXM:
FYPO] WMHI KVSYTW SR XLI IHRHWESRIZIP SJ HIXEMP XLEX
XLl RERSVMFFSRW WGMIRXMMXWIGEFRBIFEWMRK WYWTIRH
EGLMIZI IN\GIPPIRX WSPYFMPNRERMBRYFSWQERX]TI SJ HIZMGI
WSPZIRXW PMOI HMGLPSVSQ MR XSGIPEYMGEWKDH

ERH XSPYIRI 8LI VIWYPXMRK WSPYXMSRW

[IVI WXEFPI JSV QSRXLW [MXBENWIERYTRIWW SJ XLI IPIGX\
SFWIVZEFPI TVIGMTMXEXIW BRWIXEZINWNERYXIMBN XN ZMGIW
WYVTEWWIH XLEX SJ TVIZMSYWWWMERPMMMIW JSV INTPSNV
1+26W



61 ZSPYXMSREV] QSPIGYPEV KVETLIRI RERSVM

YPXVE GPIER IPIGXVSRMGW

ZMFVEXMSREP TVSTIVXMIW GRREXNMFWEERK] XS ER I\GITX
TVIGMWI| KVETLIRI RERSWXVASXWVQNT XMSR JSV XLMW X]T
R XVERWTSVX HIZMGIW SJ XLMW REXYVI XLI
QSPIGYPEV KVETLIRI RERSVIAFBRXIEEMFMRWMRK JVSQ X
UYERXYQ HSX GLEVEGXIVMWXM®B/WXV SIRKNGBETWRIKRK FIX[I]
HMWGVIXI QSPIGYPEV IRIVKIPRGXRPBRWSKERH XLl ZMEVEXM
IPIGXVSRW XS XVEZIVWI XLIXRERSMMFFGR I RXAMWXW GSYP
QYWX TSWWIWW IRIVK] PI1ZIZW FWHEMKVREPP XSHIW ETTIEV
SRI SJ XLl YRSGGYTMIH IRIVGKYVWIRRWSLMW WS GEPPIH *
QSPIGYPEV SVFMXEPW SJ KLIGX26JJIVW MRZMXMRK TS
WIRWSVW 8LI RSZIP HIZMGIW
'SRWIUYIRXP] SRP] E WMRKPVSPMWMBR GERSFWIVZI GSY
XVEZIVWI XLl RERSVMFFSR EXIRBRKREZIR/ KBIQEW I\SXMG
S8LMW HMWXMRGXMZI EXXVMFY RIEKRWXMWQXERH ISTXMGEP
HIZMGI FIMRK GSQQSRP] VIJIVVIH XS EW E
WMRKPI IPIGXVSR XVERWMW&BRI SoHKMXMSRE PEW & MR E X
MRGSVTSVEXMSR SJ XYRRIPMRKEW YR\G X MISRWX Y REFMP M X
FIX[IIR XLI IPIGXVSHIW ERH XWUI REFERKXWEFSR IHKIW [MXL
HSX VIWYPXW MR QMRMQEP GSYQ/NMIRMKRX®[ MX FIGSQIW TS
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*MK)RLERGIQIRX SJ XLI UYERXYQ XVERWTSVX F 7GERRMF
X[S X]TMGEP HIZMGIW JSV XLI X[S KISQIXVMIW MR JEPWI
HIZMGIW SFXEMRIH [MXL WLS[R EX XLI XST PIJX WLS[M
GSRHYGXERGI +7( MR YRMXW SJ XLI GSRHYGXERGI UYERX
FIPS[ 8 ! Q/ ERH [LIVI TSWWMFPI HMEQSRHW EVI PEFII
RYQFIV SJ IPIGXVSRW 2 $ 9RMZIVWMX] SJ 3\JSVH

XS MRXVSHYGI IRXMVIP] RSZIF
TvsTIVXMIW TvizmsywPr] vRwW IS NI Oy s

RERSVMFFSRW *svV MRWXERG MGLSAVAL/ECERAZTcPqY
QEKRIXMG MSRW MRXS XLI WM R AR P a3
MRXVSHYGIW WYFWXERXME P (e VR S ey
QSQIRXW GETEFPI SJ MRXIVEG
IPIGXVSRW TEWWMRK xLVSy K [IESSEALSERS ARCEE
RERSVMFFSR 8LI TSXIRXMEP JERVAVAVESEEIE NS A ANN

IRKMRIITVMRK WIITQW ZEWX ER RERSVMFFSRW
TEZI XLI [E] JSV JYXYVI I\TPS

7TMQIR 7STT 4L( SRI SJ XLI PIEH EYXLSVW

SJ XLI 2EXYVI 1EXIVMEPW TETISLMW VIWIEVGL [EW E GSPP
;LS ORS[W [LEX XLI JYXYVI LSPMRASPEMRK VIWIEVGLIVW J\
XLEX WGMIRXMWXW GER RS[ GBUEXWRVHNVIBYECXRMWGLI 9RM
GPIER IPIGXVSRMG HIZMGIW UWEWXYR 1E\ 4PERGO -RWXM
INTIVMQIRXW EVI EX LERH ERH4SPXIMWISVWGLYRK 1E\ 4PE
XIGLRSPSKMIW FEWIH SR IPIGXWERMWEXO VTIVISVWGLYRK
XSTSPSK] ERH UYERXYQ GSLIVIRBXYPMKEKX SI IMGVSWXVYG
FI [MXLMR VIEGL /fLERKLEM .MES 8SRK 9RMZI



6I1ZSPYXMSREV] QSPIGYPEV KVETLIRI RERSVMF

GPIER IPIGXVSRMGW

Experiment Theory

lelVe, (meV)

“o/0 . 0l

196 -19.2 196 19.2
Vs (V) Vis (V)

*MK)PIGXVSR*ZMFVSR GSYTPMRK MR RERSVMFFSRW [MXL
ZMFVEXMSREP WXEXI WYTTVIWWMSR MR XLI HMJJIVIRXMEI
ERH GSVVIWTSRHMRK WMQYPEXMSR YWMRK E UYERXYQ VE
XLI NGMXIH WXEXIW ERH QIEWYVIQIRXW EVI EX 8 ! Q/ 9

61JIVIRGI

JN\GITXMSREPP] GPIER WMRKPI IPIGXVSR XVERWMWXSVW J\
RERSVMFFSRW

,IRLYM 2MY 7MQIR 7STT %PIWWERHVS 0OSHM %PI\ +I1 *ER
+ILVMRK .SREXLER 2zKIPI 'LMX 7TMSRK OEY .M 1E .YRAMLM
1EVOS &YVKLEVH /PEYW 13PPIR =M]SRK 1EM <MRPMERK "’
2EXYVI 1EXIVMEPW


https://www.nature.com/articles/s41563-022-01460-6
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8[S HMQIRWMSREP QEXIVMEPW PMOI KVETLIRI WLS[ JEWG|
WYTIVGSRHYGXMZMX] IWNXVESVHMREV] WXVIRKXL ERH I\SX
*SVWGLYRKWAIRXVYQ .3PMGL XSKIXLIV [MXL TEVXRIVW JV
8IGLRSPSK] MR 4EXRE ERH XLI %YWXVEPMER 9RMZIVWM X]
WTIGMEP QEXIVMEP SJ XLMW OMRH XLEX I\LMFMXW E QIXI
EXSQMG PE]JIV SJ QSP]JFHIRYQ EXSQW ERH MW EPWS VIJIV

LI WGMIRXMWXW WYGGIIHIH

XLMR WLIIX SJ XLI QIXEP QSP 1ER] ( QEX|V|\/|

[LMGL MW NYWX SRI EXSQMG

RI[T 0EXIVMEP Mw xLyw wMo EMVARSANVAY D GV VA D @)
KVETLIRI TVSFEFP] XLI FIWX QSP]FHIRIRI M

QEXIVMEP 8LI PEXXIV GSRW
[EW YAaVWX MWSPEXIH MR
EVSYWIH KVIEX EXXIRXMSR FIGEYWI| KVETLIRI
GSRHYGXW IPIGXVMGMX] ERHLUEBXHEVOMXXYVI SJ QSP]FH
XLER GSTTIV ERH MW E LYRHVISXMRMVKYETLIRI XS MRGE
WXEFPI XLER WXIIP %X XLl WEQXIQXMUEXWXIMIW EVSYRH
INGITXMSREPP] PMKLX ERH %I\MAPMYW | X8 IM¥XVWEGXMSR HV
WTIGMEP ( WXVYGXYVI KVETQONGEPWS| IPIGXVMG Y%IPH °
INLMFMXW WSQI YRYWYEP IPIGXWSQWKRNAKYVIW EPWS OfF
1JJIGXW XLEX GSYPH IREFPI KVSIYRHFYIEMRRK MGL XLI XE
MRRSZEXMSRW MR XLI %IPH SQSPMERKRYXQ PE]JIVW GER FI J
XIGLRSPSK]

"R VWX XIWXW XLI WGMIRY
-R VIGIRX JIEVW SXLIV ( QEX$¥MEPN WYEGNVMMW] SJ YWIJY
TLSWTLSVIRI SV KIVQERIRI LEZSPIFHIRIRI MW QIGLERMGE
MRXVSHYGIH OMOI QSP]FHIRIWIXEBFHA] INXMEFEIMWNPH FI YWIH .
WSQI MQTVIWWMZI TVSTIVXMI&SHXMRIKXIIV IPIGXVSHIW X!
PEXXIV WXMPP HMJJIVW JVSQI3ML IS\ QS IVINEPWRH VSF
MR WSQI EWTIGXW 1ER] ( QEXMEMEPW ZEBILI VIWIEVGLIVV
WIRWMXMZI XS LIEX FYX QSPOENRIREMWERSXYVXLIV I\SX
1SVISZIV XLMW MW XLI “WVWXTQIXBRRMGN (WMQMPEV XS K
QEXIVMEP [LIVI JVII WXERHMRX] VEYW W TBSYEHP ( WXVYGX
FI TVITEVIH INTPEMRW 4VSJ) PIMEPERMBZGIMS/EGXIV MX EI
XLl 41XIV +V3RFIVK -RWXMXYXQS#MRKHBKIGXVSRW 8LIWI E
*SVWGLYRKWAIRXVYQ .3PMGL XLI X[S WMHI WMHIW SJ XLI

[LMGL QEOIW XLI QEXIVMEP
8LI VIWIEVGLIVW GVIEXIH XLl ®RERHMHEXI| JSV GEXEP]WXW
QEXIVMEP YWMRK E QMGVS[EZIL IR GIEMGLI XE XM SRW



1SP]J]FHIRIRI « XLI 1IXEPPMG 6IPEXMZI SJ +VET

*MK)PIGXVSR QMGVSWGSTI MQEKIW SJ XLI LEMV WLETIH W
[LMGL GSRXEMR XLI XLMR QSP]FHIRIRI PE]JIVW 'ST]VMKLX
2EX 2ERSXIGLRSP

"R GSPPEFSVEXMSR [MXL XL| YWRIHEVMTERMRVWEMEFRI SJ TVSZN
8IGLRSPSK] MR 4EXRE ERH XLKSSHVKWERINEXRISR EKEMRW X
ORMZIVWMX] SJ 2I[GEWXPI XLMRXWMW ENGR GIVW MKREPW

LEZI EPVIEH] FIIR EFPI XS HIZIPST E

TVEGXMGEP WGMIRXMY%G ETTBMGENRMIR JSV

QSP]FHIRIRI 8LEROW XS MXW WXEFMPMX] ERH

INGIPPIRX IPIGXVMGEP ERH XLUIMGEB[EZI W]RXLIWMW SJ QS
GSRHYGXMZMX] MX MW MHIEPB[ZWYMXIH EW E

QIEWYVMRK XMT JSV EXSQMG 8NSMG®ILOQMQESWEBY] 2MWLER
%*1 ERH WYVJEGI IRLERGIH BY%QR2 'LELEP 6ENOYQEV .EF
WTIGXVSWGST] 7)67 -RMXMBEYPEQBNIQMXE 1YOLIVNIlI %¢
VIGSVHMRKW WLS[ XLEX QSP]HHERIREXSXEIVBEIJEP ) (YRMR ¢
ZEVMSYW EHZERXEKIW SZIV |WBDPESZP MAPITIEHREMIE]EO 4VEW]
QEXIVMEPW ERH FIGEYWI SJ MEXW XIL MRR SXH K LR SP SK]


https://www.nature.com/articles/s41565-023-01484-2

*MK,EMV WLETIH WXVYGXYVIW SJ QSP]FHIRIRI VMKLX EVI
'STJ]VMKLX 7ELY 8/ [YQEV 2 'LELEP 7 IX EP 2EX 2ERS

4VvSJ (V EPSZ VIWIEVGL MRXIKVEHBRXMBR PSYJHIPIGXVSGEXE
YRHIV VIEP [SVOMRK GSRHMXNM

I1IQVWMXMZI QEXIVMEPW XIGARSYEKMIWE XENRFR WXVYGXYVE

WIWXIQW 6IPEXMSR FIX[IIR XEEIR'WEPWOQEXMSRW PSWW SJ

TVSGIWWIW ERH JYRGXMSREPNXWMVEPYERSREXXIV]

1JJIGX MR 616%1W 7[MXGLMRK QIGLERMWQW

:SPEXMPI ERH RSR ZSPEXMPI"'®IQSWPBEWIKL VIWSPYXMSR |P|

2IYVSQSVTLMG JYRGXMSREPNMGIWSVWEGRHISPQEKI SJ XLI'ST]

RERS[MVI RIX[SVOW 1IQVWMEMZI/WQEWSYW'LELEP 7 IX EP

JPIGXVSGLIQMGEP [EXIV WTPMKXKIMR K LIBYP

LIHVSKIR TVSHYGXMSR )PIGAXXGBWXERPWSV K W

QEXIVMEPW JSV S\]KIR IZSPYXMS&=VIEGXMSR

*SV QSVI MRIJISVQEXMSR TPIEWI GSRXEGX

4vsSJ (V -PME :EPSZ

TGMIRXMYG 7XEJJ EX 41XIV +VERFIVK - RWXMXY XI
,JIEH SJ +VSYT 2ERSIPIGXVSGLIQMWXV]

JQEMP M ZEPSZ$JN NYIPMGL HI



mailto:i.valov@fz-juelich.de

MXL RI[ NTIVMQIRXEP QIXLSH VIWIEVGLIVW TVS
QEXIVMEPW JSV YuVWX XMQI

&] SFWIVZMRK WTMR WXVYGXYVI MR "QEKMG ERK
PIH F] &VS[R 9RMZIVWMX] VIWIEVGLIVW LEZI JSY
WXERHMRK VSEHFPSGO MR XLI Y4IPH SJ X[S HMQI

[-77 % 21[ ;E] 8S )EWMP] 4VSHYGI OEVKI 'PIER (
% KVSYRHEVIEOMRK XIGLRMUY| XLEX TVSHYGIW
HMQIRWMSREP ( QEXIVMEPW MRWMHI E TVSXIC
RI[ EZIRYIW JSV NTPSMXMRK XLl QEXIVMEPW ... IF

,MKL 4IVISVQERGI 7)67 7TYFWXVEXI| 4VSTERHH7 MR
EXSQ PE]JIV +SPH 'PYWXIVW

% VIWIEVGL XIEQ JVSQ XLI ,IJIM -RWXMXYXIW SJ
%YGEHIQ] SJ TGMIRGIW TVSTSWIH ER IPIGXVSQEK
QIGLERMWQ FEWIH SR XLI RIEV RIMKLFSV IPIGXYV

B8IGL &V

 EWXI TPEWXMG GER FI VIG]GPIH MRXS L]JHVSKIR
IOWMRK [EWXI TPEWXMG XS TVSHYGI E GSQFMRE>
GSYPH QEOI MX TVSYWWXEFPI ERH KVIIRIV XS KIRIV

6IWIEVGLIVW HIZIPST KVETLIRI S\MHI HSTIH WMP
VIQSZEP SJ TSPPYXERXW JVSQ [EWXI[EXIV

6IWIEVGLIVW LEZI HIZIPSTIH E KVETLIRI S\MHI H:
EHWSVFIRX XLEX GER VIQSZI XVEGI TSPPYXERXYV
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https://www.nanotechnologyworld.org/post/with-new-experimental-method-researchers-probe-spin-structure-in-2d-materials-for-first-time
https://qmi.ubc.ca/innovative-method-kisses-new-life-into-2d-materials/
https://english.cas.cn/newsroom/research_news/phys/202310/t20231010_378628.shtml
https://www.newscientist.com/article/2394144-waste-plastic-can-be-recycled-into-hydrogen-fuel-and-graphene/
https://www.graphene-info.com/researchers-develop-graphene-oxide-doped-silica-aerogels-efficient-removal
https://www.japanenergyevent.com/?utm_content=&CNAME=Nanotechnology%20World%20Association&CID=&utm_campaign=JLNG24_EDM6_Exprom%202&utm_medium=email&utm_source=Adestra

SMSTZ0C4-+

o _MaErer s nd Superelastie et nrm'-:jg" fF
{“.f.:l 1I'a,|em_u and ERLESition - ¥

JOIN US IN CASCAIS, PORTUGAL
FOR SMST 2024!

MAY &-10, 2024
HOTEL CASCAIS MIRAGEM | CASCAIS, PORTUGAL

The Intermational Conference on Shape Memory and Superelastic
Technologies (SMST) is the premier conference and exposition
for shape memory and superelastic technologies in the world,
with a strong emphasis on the creation and ulilization of shape
memory materials. SMST brings together a diverse group of
worldwide experts who are active in the improvement, design,
and apphcation of Nitinol. The technical program will include
keynote sessions, educational workshops, a panel discussion, and
numearous networking events. Plan today to attend SMST 2024/

ORGANIZED BY:

s

e b """"""""" H'r-n-luurlnunL

smstevent.org



https://www.asminternational.org/smst-2024/

2-78 VIWIEVGLIVW %R
UYERXYQ VYPIV XS I\
QEXXIV

6SREPH 'S[IR 2-78

% WMRKPI EXSQ XLMGO WLIIX SJ GEVFSR ORS[R EW KVET
S[R FYX XLMRKW GER KIX IZIR QSVI MRXIVIWXMRK [LIR ]
SV QSVI SZIVPIMRK WLIIXW SJ KVETLIRI EVI WPMKLXP] QI
VIPEXMZI XS IEGL SXLIV , XLI] XEOlI SR E TPIXLSVE SJ I\S
ERKPI XLIWI QEXIVMEPW ORS[R EW QSMVE£ UYERXYQ QE
QEKRIXMG %IPHW FIGSQI WYTIVGSRHYGXSVW [MXL *IVS
XYVR MRXS TIVIIGX MRWYPEXSVW

.SWITL % 7XVSWGMS ERH LMW &FSFPEPHEKE XM VEXIVIWLXI| +LE
XLI 2EXMSREP -RWXMXYXI SJ 7TXEFRHEVFWKIEREHWSR 9RMZIV
8IGLRSPSK] 2-78 EPSRK [MXLLERKMRME XSSO X[S PE]JIVW

MRXIVREXMSREP XIEQ SJ GSPPBRSYRXBSWWMPEZIV KVETLIRI
HIZIPSTIH E "UYERXYQ VYPIV%QMGCYEWXMWMW EGVSWW ERH
ERH I\TPSVI XLI WXVERKI TVSTVWVKBM{WZSIXRLEREXLIV X[S PE
XIMWXIH QEXIVMEPW 8LI [SVOQSEMVEPWYSERDEYHQ) QEXXIV HIZ
XS E RIf]T QMRMEXYVMAIH WXERMEWNIHXIIWHIZMGI YWMRK XLI
IPIGXVMGEP VIWMWXERGI XLEXEESEWPMXGERPMEVBXW '"IRXIV J
IPIGXVSRMG HIZMGIW HMVIGXPIGMIXEI EREXEGLRSPSK] 2-
2SSV IPMQMREXMRK XLI RITH XBEWRPIRH 7PISIRQ XKBH =YPME 1E
ER SJJ WMXI WXERHEVHW PEFSUBMXRSPAH XLMW X[MWXIH QEX




' %6%'8)6->%8

SRI LYRHVIHXL SJ E HIKVII EFRFRZE EXAKERPXMG Y%IPH IPIGXV
MNMVS VIHYGMRK VERHSQ QSXKBMRW YFENKXTSHOWW 3VHMREV
ERH IPIGXVSRW ERH LIMKLXIFSMRK IXLRIBKMBRW] MR WSPMF
JSV IPIGXVSRW MR XLI QEXIVWEPGXEMRXRERKGSRWLMT [M:
%JIXIV VIEGLMRK YPXVEPS[ XIQEKWREXMGIW¥AIPH 1]8LI EVIE IR
IWNEQMRIH LS[ XLI IRIVK] PIZIPBMS/ IGYPEV SVFMX QYPXMTP
IPIGXVSRW MR XLI PE]JIVW SJGWVETIRR] XEOI SR E WIX SJ
GLERKIH [LIR XLI] ZEVMIH XLIZWRYIWKXL ISXE XLI UYERXYC
WXVSRK INXIVREP QEKRIXMG YAPGXVISRWYVRIBKHIV XS QEN
ERH QERMTYPEXMRK XLI IRIVKYPHAIGW MU XLI QEKRIXMG
IPIGXVSRW MW GVMXMGEP JSXLHBWNK RRMG&RKSERH F] ER SVI
QERYJEGXYVMRK WIQMGSRHYGYXWX HEAMEBIWSL]I HMJJIVIRG

FIX[IITR WYGGIWWMZI IRIVK] |
8S QIEWYVI XLI IRIVK] PIZIPWISARS{IEKOMW TEXXIVR GER F
YWIH E ZIVWEXMPI WGERRMRREWRWRIERIEKVYPIV XS QIEW)
QMGVSWGSTI XLEX 7XVSWGMSPHEWWVMERMEG HRRRH QEKRIXMG
FYMPX EX 2-78 ;LIR XLI VIWIBWGARXPWHHZVMEMMSR JVSQ XL
E ZSPXEKI XS XLI KVETLIRI FWMPEVYIWNVRMREXRI[ UYERXYQ VY
QEKRIXMG %IPH XLI QMGVSWWGIEIGXIBSIVEVIEMXEP QEKRIX
XLl XMR] GYVVIRX JVSQ XLI IKIQXMESRW EYBEYVY UYERXYQ C
"XYRRIPIH% SYX JVSQ XLI QEXIWNMEWGXSVYVLEVI WXYH]MRK
QMGVSWGSTI TVSFI XMT

Moiré Potential

*MK)PIGXVSRW MR UYERXYQ QSMVE QEXIVMEP EVI XVETTI
ER IKK GEVXSR XLI IPIGXVSRW EVI GSRGIRXVEXIH MR XLI
GEVXSR 'VIHMX 7 [IPPI] 2-78



2-78 VIWIEVGLIVW YYRH E RI[ UYERXYQ VYPIV XS I\TH

*MK)PIGXVSRW MR UYERXYQ QSMVE QEXIVMEP EVI XVETTI
ER IKK GEVXSR XLI IPIGXVSRW EVI GSRGIRXVEXIH MR XLI
GEVXSR 'VIHMX 7 [IPPI] 2-78

-R JEGX [LIR XLI 2-78 VIWIEVGWIWNRKZ2EMMIH UYERXYQ VYP
XLI QEKRIXMG %% IPH ETTPMIHXLS GMIVGSMEY SVFMXW ZEV]
KVETLIRI FMPE]IVW XLI] JSYRH S Z2MXIREIZIEP XLI WYFXPI
E RIT UYERXYQ VYPIV EX TPETVSOIEXMAW SJ XLIWI QSMVE
IRGPSWIH F] XLI GMVGYPEV SMEPMXMEIPMW % XNXKSFSW GMS WE
QYPXMTPMIH F] XLI ETTPMIH QEKRIXMG %%IPH RS
PSRKIV IUYEPIH E Y4\IH ZEPYIR-RWMMEHUXERXYQ QEXIVME
TVSHYGX SJ XLSWI X[S RYQFEVWERKH ML MSWMWMFPI IRIVKN
F] ER EQSYRX HITIRHIRX SR RSI[W WLETIH PMOI ER IKK GI
QEKRIXMAEXMSR SJ XLI FMPEIXWQMRIH F] XLI IPIGXVMG
QEXIVMEPW 8LI IPIGXVSRW E
LMW HIZMEXMSR XVERWPEXXHIMRH{EVEIRNWVKISWXEXIW SV
HMJJIVIRX XMGO QEVOW JSVGRVABR/KILPIZER\WISATEGMRK
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WYTIVGSRHYGXSVW EVI EPVIEHKRREMR BOSMSIR 1ZIR MR XL|
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TLSXSRW ERH UYERXYQ QSMWEMH XLIR MX GSYPH TSXIR:
WYTIVGSRHYGXSVW VERO EQSRHKEXUIEZRA] TSVXEFPI ZIVWM
XLMRRIW X TVIGMWI WXERHEVH JSV VIWN\
XLI ERSQEPSYW UYERXYQ ,EF
8LI 2-78 XIEQ EPWS LEW ER MRXBRWKVMR EPMFVEXMSRW S
ERSXLIV ETTPMGEXMSR 9RHIGSMRH/ MKIXVISVQIH EX XLI Q
GSRHMXMSRW QSMVE UYERXWMRBEXXI¥IBEMEPP] WEZMRK
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ORS[R EW XLl UYERXYQ ,EPP |EXBXEFI 8 8ERMKYGLM = &
SVMKMREXIW JVSQ XLI WEQI DYMRXRIZIH* IRLDMEKIEVM . % 7)

PIZIPW SJ XLI IPIGXVSRW MR XXXTW YV EY VEMIREM BSWK HSM
RGI EHJ
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WXVSRKP] EGGIPIVEXIH EVSYRHORERBIWGEP
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8LI EYXLSVW EVI NGMXIH EF 'SVX Y KESMRXWMBPR X[S HMQI!
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WXEXIW SJ IPIGXVSRLSPI TEMVW VWX HMWGSZ8/MRNMNR D
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-R E WXYH] TYFPMWLIH MR 7TGAEMIRRISXVIYPPFERKSMXIH XLI
ERH LMW GSPPIEKYIW JVSQ XaHARWKMBYINSKRW 3RI SJ XLI
ALIWMGW -34 SJ XLI 'LMRIWP%GBEMRIXEI HM¥%LGYPX] SJ 3«
TGMIRGIW "%7 MR GSPPEFSQERMIRPEXNMRK 6]HFIVK I\GM)
VIWIEVGLIVW PIH F] (V =9%2 X[ISRHHWYIRWMSREP ( QSMVE
, YLER O9RMZIVWMX] LEZI VITWXIH LIFRALIFMZXRKEFPI TIVMSHI
6]HFIVK QSMVE I\GMXSRW [LMGEZBWHIYSMTVEWWMFPI [E] JS
XVETTIH 6]HFIVK IN\GMXSRW MR XLI QSRSPE]IV
WIQMGSRHYGBGEXSHWETGIRX XS W@REPFGERKPIEVW (V <9 =ERK |
XIMWXIH FMPE]IV KVETLIRI 8&S$SPPEFSVEXSVW LEZI [SVOIH
ETTPMGEXMSR SJ 6]HFIVK I\GI
8LI WSPMH WXEXI REXYVI SJ W]IKOM G5 RHGNCXIMRK XVERWM XN
GSQFMRIH [MXL XLIMV PEVKI HHMWG SPP QS RRVKAMN WA VBY G LL E WI
WXVSRK QYXYEP MRXIVEGXMS8RINPERHHKE IR PIJHFIVK WIRW
IRLERGIH MRXIVEGXMSRW [MXLEXLIT\WFSMIWRKMRWMNMRWM XM .
LSPHW TVSQMWI JSV E [MHI MERMXSRW XS XLI HMIPIGXVMG
ETTPMGEXMSRW MR WIRWMRK IXNGERXLYIQI'\STHW3G WL EBARINV M R
UYERXYQ WMQYPEXMSR ,S[IZPNGXMWSIEEMN G LWYW X I Q
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MRXIVEGXMRK [MXL 6]JHFIVK IFEEXWMRARHMRK [EZI PEWIV F
STXMGEP X[II*"VW XLEX EVI Y
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BLIVQSVIWTSRWMZI KVETLIRI S\MHI +3 RERSWLIIXW EVI °
ETTPMGEXMSRW WYGL EW WQEVX WYVJEGIW ERH QIQFVE
FMSQIHMGEP WIWXIQW 'YVVIRXP] XLI] EVI W]RXLIWMAIH |
WYVIEGIW [MXL XLIVQSVIWTSRWMZI TSP]QIVW 2S[ VIWIE
LEZI XEOIR XLMRKW XS XLI RI\X PIZIP YWMRK XEVKIX GSY
XLIVQSVIWTSRWMZI GLEVEGXIVMWXMGW XS +3 RERSWLIIX
RINX KIRIVEXMSR WQEVX QEXIVMEPW

+VETLIRI FEWIH X[S HMQIRW
LEZI VIGIRXP] IQIVKIH EW E 6IWIEVGLIVW W]R

WGMIRXM%“G I\TPSVEXMSR H KVETLIRI S\MHI RE

INGITXMSREP WXVYGXYVEP (
PIGXVMGEP STXxMGEP ERH TRLLLERS=AA PSR EA

%QSRK XLIQ RERSWLIIXW FENVISERVAN=NS=INE@ARS,
KVETLIRI S\MHI +3 ER S\MH XL|VQSV|WTSRWM
SJ KVETLIRI [MXL YPXVEXLM
HMQIRWMSRW ERH S\]KIR VM
UYMXI TVSQMWMRK *YRGXM SIRHEREMWMPSWRMN WIRXLIXMG WXV
GSRXEMRMRK S\]JKIR WYGL ENVI KGN ERMRERKHIVQSVIWTSRW
EGMHMG L]JHVS\] KVSYTW KIRRMENMRMERIHMIIMRK +3 RERS\
RIKEXMZI GLEVKIW QEOMRK FMXRERISWQSXMWTSRWMZI TSF
GSPPSMHEPP] WXEFPI MR [EXTSPWW EWSWYBX]|PEGV]PEQM
EVI ZEPYEFPI FYMPHMRK FPSBOWSQVMRMNERH LEW TSXIRX
KIRIVEXMSR JYRGXMSREP WSWX RMEXIVYMEPW RGXMSREPMA

-R TEVXMGYPEV XLIVQSVIWTSRWENEAV KWW XLMW GLEPPIRK
RERSWLIIXW LEZI KEVRIVIH QF]GhVEWKMXERBR 4VSIIWWSV /
JSV XLIMV [MHI VERKMRK ETTAM®EXNMERNE JNESOXLI (ITEV)
WQEVX QIQFVERIW ERH WYVJEGQWMWERW] ERH 1EXIVMEPW E
VIG]GPEFPI WIWXIQW XS L]JHVENE IF@WEXSNWETER LEW V
ERH FMSQIHMGEP TPEXJSVQVWER, MRRYZKXMZI ETTVSEGL G
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RERSWLIIXW XLIQWIPZIW S8LIMNS[ISMMOHBEAVSSP JSV IRKMRIIVI
QEHI EZEMPEFPI SRPMRI SR VMPTSRWBMRH RERSQEXIVMEP\

TYFPMWLIH MR :SPYQI -WWYI SJ XLI
NSYVREP %'7 %TTPMIH 1EXIVM-RPYXLIMRXWWXYEHG IWLI VIWIEVG
SR %YKYWX VSFYWX W]RXLIXMG TVSXSGS

WXIT VIEGXMSR MR [EXIV XS
(V 7TERS N'TPEMRW "8LMW WXKBRSWRXKMIEWYBIXMLENTICGMYG |
WMQTPM¥%IH ERH I%GMIRX VSYXR XSCEBRKIZNREXMSR %%V W X
XLIVQSVIWTSRWMZIRIWW F] GCEBEBWREKPWGEERMSRRVN SJ XLI GE!
GSYRXIVGEXMSRW TSWMXMZIP|HVISEN KMEWTOWRWM XL TVSXSF
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Nanoacademic develops advanced DFT-based solvers to study and predict materials
properties and innovative first principles computer-aided design tools dedicated to
spin qubits modeling for future quantum applications hardware.

NanoDCAL (Nano DFT CALculator) is an LCAD implementation of NEGF-DFT. It is a general-purpose tool for ab
initio modeling of non-equilibrium guantum transport. It has been used in hundreds of scientific publications in domains as
varied as molecular electronics, 2D nanomaterials, nanotubes, topological insulators, batteries, magnetlc tunnel Junctmns
metal grain boundaries and much more. i
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RESCU (Real space Electronic Structure CalcUlator) is an optimized large scale DFT solver. More specifically, RESCU
is a state-of-the-art general-purpose Kohn-Sham DFT package based on advanced numerical mathematics and a
parallel implementation that can predict complex material properties on small computer clusters.

It implements a perturbation theory extension of DFT [DFPT) which allows computing all sorts of responses
functions like polarization, phonon band structures or optlcal propertles among many other features.
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QTCAD ® (Quantum-Technology Computer Aided Design) is a finite-element method (FEM) simulator used to
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LI HMWGSZIV] GSYPH LIPT IBKMRIDBXIVMEPW GER FI ¢
HIWMKR YPXVE PS[ TS[IV LMKMBEVEHRXMINERW &YX SRF
HEXE WXSVEKI HIZMGIW JSV IGPAWWR GBER EHREKXS FI QYP
UYERXYQ GSQTYXIVW VEVI WXEXI MR [LMGL QYP:

GER GSSVHMREXI| XS I\LMF
"JEZMRK QYPXMJIVVSMG TVSTMWXIWNNVHVWR XIEFHANIW -R GSR
QEXIVMEP QIERW XLEX MJ MAYCPIXWRHVWEMIGW MX [SYP
IRIVK] ERH XMQI XS [VMXI]I E QHKHRIDXNISSR XS XLI QEKRIX
LEVH HVMZI ]SY GSYPH EPWSRWXIMMIBIWSHRI XLI IPIGX
XLI EQSYRX SJ MRIJSVQEXMSR IGVBIXXMVEWIRI KSAMVIGXMSR
GSRZIRXMSREP HIZMGIW % .YWBB]JWLI QEKRIXMG HMVIG

MW XIEQ VITSVXW XLIMV HMWGESMYIVXSME QEXIVMEPV
MR 2EXYVI 1-8 GS EYXLSVW NPRGPWSRNGEMH FIGEYWI! XLI
EYXLSV 8SRKLERK ,ER TPYWTSXIRXMEPP] MRGVIEWI XL
>SLIRKKYERK 0Y 8MER]M ,ER PBRH OMERKIVK] GSWX SJ L
*Y EPSRK [MXL ,EVZEVH 9RMIZHKWIMXIG LEVH HVMZIW W
GSPPEFSVEXSVW +MSZERRM JSSWY 18] .QMEISRIXRIK HSQEM
.Yl ;ERK ERH ,SRKOYR 4EVOIVEWHRMXRERP] QMGVSWGS"
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IPIGXVMG QEKRIXMG SV WXKRY[GXY\SEP/ IPIGXVMG %IPF
TVSTIVXMIW % QEKRIX MW EGGFPRIEXR/IW [IVI GYVMSYW
IWNEQTPI SJ E JIVVSMG QEXIVNEP XMMWVVSMG FILEZMSV |
IPIGXVSRW GER GSSVHMREXKXETWIMIRMR 8RR XEXIVMEP ...V
WEQI HMVIGXMSR [MXLSYX ERXVYBERENI MW E YRMUYI |
QEKRIXMG “%IPH %W E VIWYARKM&BLIVQBWKRVXGLIVW LEZI H
TSMRXW XS E TVIJIVVIH HMVBEGAXAWMSRMWMR LW HEHGR UYERX
WTSRXERISYWP] MRXIVEGXMSRW -R TEVXM
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WLSYPH IQIVKI MR E WXVYGXWMN GSRISUIHVEP WXEGOMRK
KVETLIRI PE]JIVW WXEGOIH XMKUKYPHMMEI ]SY XLMW WP
VLSQFSLIHVEP TEXXIVR 8LMROIBIGKXISRW %o
GLMGOIR [MVI JIRGIW WXEGOIH ERH WPMKLXP]
WLMJIXIH WYGL XLEX ZMI[IH SVSRIKQIMWSEPEXIH WIZIVE
XLI WXVYGXYVI [SYPH VIWIQFPHEE W BRHWRXYHMIH XLIQ
HMEQSRHW NYWX EFSZI EFWSPYXI AV

YPXVEGSPH GSRHMXMSRW
"R %Zl PE]IVW IPIGXVSRW LEVGIR X8 RLIWNREPP] MRHY (
PEXXMGI| IRZMVSRQIRX [LIVI PMMXLRBZK\ZHVLIRI WLSYPH
WPS[P] WS XLI] GER MRXIVEGRHS[MREXMRXIVEGXMSRW
IPIGXVSRW I1JJIGXMZIP] % .Y X\SE]QIVIBILEX.L.WIWIEVGLIVW
[LIR IPIGXVSR GSVVIPEXMSR IRIGEXBRWXEVXVISRWI XS
HSQMREXI ERH XLI] GER WXEWRH XSQEKRIXMG %IPH ERI
GSSVHMREXI MRXS GIVXEMR MRHINAV IK[SIUVVESNEG SVHI\
SVHIVW %o GSSVHMREXIH FILEZMSVW
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YRGSRZIRXMSREP QEKRIXMWEPPBILXVSRMGW [MXL YRG
IPIGXVSRW GSSVHMREXIH XQBWR IXV%M X E P
QSXMSR PMOI TPERIXW GMVGPMRK MR XLI WEQI
HMVIGXMSR -R GSRZIRXMSHREPIEEXRIXSYIH XLI] GSYF
IPIGXVSRW GSSVHMREXI| XLIVMWIMITMR%STIVXMIW YWN
VSXEXMRK MR XLI WEQI HMMBLGXMZM WIMEMRI XLEX MJ |
WXE]MRK VIPEXMZIP] %\IH MRRWSEGSVEXI| %Zl PE]IV K

QYPXMJIVVSMG QEXIVMEP
8LI WIGSRH JIVVSMG TVSTIWLILEBYPHHBR TVMRGMTI
[MXL KVETLIRI..W IPIGXVSRWMSIZ EPIRKHX%YM®R %IPH XS C
1ZIV] GSRHYGXMZI QEXIVMEBGEXLIMIERVIW IPIGXVSRW
GIVXEMR IRIVK] PIZIPW XLEXLIPRGXRISEWHSERIGXMZIP
SGGYT] % ZEPPI] VITVIWIRXWEX.GBSPM ¥X| WXSVIH SF
IRIVK] WXEX| XLEX ER IPIGXASSBSRERRXMSREP QYPXM
REXYVEPP] WIXXPI %W MX XMWRWS S WKW XEWIJESQ TVI
X[S TSWWMFPI ZEPPI]W MR KMEJLMIVIWYPXW FVIEO F
2SVQEPP] IPIGXVSRW LEZI WSEWGIUIVSRGEIXXIV QSVI
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JIVVS ZEPPI]XVSRMGW ERH EPWS XLI %VWX XMQ|


https://www.nature.com/articles/s41586-023-06572-w
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electron diffraction diffraction arcs due to nano-waves
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QSVI TS[IVIJYP MRXIVEGXMSR [MXL XLI HEXE GER FI
LXXTW KMXLYF GSQ [SPZIVXSR VIWIEVGL KVSYT UC
GEPGYPEXMSRW SJ QSVI XLER b YRMUYIl I\TIVD
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X3ZIV YRMZIVWMXMIW [SVPH[MHI SJJIV QEWXIV ..
X6IWIEVGL KVSYTW HIHMGEXIH XS ( QEXIVMEPW E
x8LI ( QEXIVMEPW QEVOIX MW I\TIGXIH XS GVIEXI
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KPSFEP MRZIWXQ|
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+VETLIRI
X'YVVIRX KPSFEP MRZIWXQIRX LEW VIEGLIH =
Xx1EVOIX WM~AI GSYPH VIEGL F MR XLI RI\X JTEN

x8LIVI EVI WXEVXYTW HIZIPSTMRK ( QEXIVMEP
Xx+VS[MRK HIQERH JSV YWI MR FEXXIVMIW WSPE\

81(W 8VERWMXMSR 1IXEP (MGLEPGSKIRMHIW
X'YVVIRX KPSFEP MRZIWXQIRX LEW VIEGLIH 1
X1EVOIX WM~AI GSYPH VIEGL F MR XLI RI\X JTEN
X8LIVI EVI WXEVXYTW HIZIPSTMRK ( QEXIVMEP
x+VS[MRK HIQERH JSV YWI MR TLSXSHIXIGXSVW
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X'YVVIRX KPSFEP MRZIWXQIRX LEW VIEGLIH 1
X1EVOIX WM~ GSYPH VIEGL F MR XLI RI\X ]1E
x8LIVI EVI WXEVXYTW HIZIPSTMRK ( QEXIVMEP
X+VS[MRK HIQERH JSV YWI MR XLIVQEP QEREKIQI

&PEGO 4LSWTLSVYW

X'YVVIRX KPSFEP MRZIWXQIRX LEW VIEGLIH 1
X1EVOIX WMAlI GSYPH VIEGL F MR XLI RI\X  ]IE
x8LIVI EVI WXEVXYTW HIZIPSTMRK ( QEXIVMEP
X+VS[MRK HIQERH JSV YWI MR RI[ X]TIW SJ 0)(W [
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X'YVVIRX KPSFEP MRZIWXQIRX LEW VIEGLIH 1
X1EVOIX WMAI GSYPH VIEGL F MR XLI RI\X JTEN

x8LIVI EVI WXEVXYTW HIZIPSTMRK ( QEXIVMEPYV
X+VS[MRK HIQERH JSV YWI MR FEXXIVMIW WYTIV

7SYVGI 2ERSXIGLRSPSK] ;SV



7KH 4UVW TXDQWXP DF
ODQRSKRWRQLFV YLEU

SQORFN WKH IXWXUH Rl QRQ FRQWDFW
RXU 4XDQWXP 3KRWRQLF 9LEURPHWHU
GHYLFH SURYHQ WR WKH 86 '"HSDUWPH
OHYHUDJHVY TXDQWXP PHFKDQLFV WR C
KLJKO\ REVFXUHG REMHFWYVY DW JUHDW
QHZ IURQWLHUV LQ UHPRWH VHQVLQJ I

4&L KDV GHYHORSHG WKH 4UVW TXDQWXP ORC
DGYDQWDJH RI WKH SURIRXQG EHQH4WYV TXDAQ
(YHU\ PDWHULDO KDV D XQLTXH 4QJHUSULQW
XVH TXDQWXP SKRWRQLF GHWHFWLRQ WR UHF
pODWHULDOV DW JUHDWHU VSHHG DQG 4GHOLW
DOWHUQDWLYHY FDQ DFKLHYH DQG ZLWK PLQ



