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Abstract
7Rr j@e nes T2i`A Bp prREe,j aj /2bv. a$Rnj 400 @Cg@

recRInjCRn #TKc sCII $e CncjaIIed sCj@ j@e readRnj eIe,jrRnA
C,c cwcjem $aced Rn Ki+AY: ac je,@nC,aI pIaj8RrmY Bn Rrder
jR 8nI~II j@e re\necjed IRngĢjerm drC8j re\nCremenj jR $e Iecc
j@an 1 mC,rRn Rqer a perCRd R8 cCu dawc VRne seeG R8 ncer
RperajCRnW. dne jR j@e ma,@CneĢcpe,C~, geRmejrw j@e #TK
,a$Ie paj@c @aqe jR $e cja$CICyed Cn addCjCRnY iR a,@Ceqe j@Cc
demand. j@e seII prRqen ,Rn,epj R8 ,rRcc$ar csCj,@Cng sac
eujended cn,@ j@aj j@e anaIRgne csCj,@Cng parj Cc ceparajed
8rRm j@e readĢRnj eIe,jrRnC,c and $rRng@j ac ,IRce ac pRccCA
$Ie jR j@e #TK pC,GnpY i@Cc ,RnjrC$njCRn cnmmarCyec ~rcj
prRR8ĢR8ĢprCn,CpIe meacnremenjc s@C,@ sere per8Rrmed aj
T2i`A BBB ncCng a mRdC~ed HC$era #rCIICan,eZ sCj@ eujerA
naI csCj,@Cng majrCuY i@ece meacnremenjc CndC,aje j@aj j@e
,Rn,epj R8 eujernaI csCj,@Cng sRrGc seII and j@aj j@e per8RrA
man,e R8 j@Cc mRdC~ed jecj cejnp 8nI~IIc j@e cpe,C~,ajCRncY

INTRODUCTION
i@e T2i`A Bp prREe,j aj /2bv aCmc jR npgrade j@e

precenj cwn,@rRjrRn radCajCRn cRnr,e T2i`A BBB CnjR an
nIjraIRsAemCjjan,e cRnr,e s@C,@ sCII $e dC{ra,jCRn ICmCjed
np jR tArawc R8 a$Rnj 10 Gep )1*Y mcCng a @w$rCd cCu $end
a,@rRmajC, V?f#AW IajjC,e sCj@ a nnCj ,eII prRqCdCng an emCjA
jan,e R8 :5 pm rad. j@e jargej emCjjan,e R8 a$Rnj 20 pm rad
sCII $e re,Rqered $w a Iarge nnm$er R8 dampCng sCggIerc
dCcjrC$njed Cn j@e c@Rrj cjraCg@jc R8 j@e R,janjc nRj e\nCpped
sCj@ ncer $eamICnec )2*Y i@Cc cmaII T2i`A $eam emCjjan,e
jrancIajec dCre,jIw CnjR mn,@ cmaIIer $eam cCyec R8 e Ʀm
Cn $Rj@ pIanec aj j@e CncerjCRn deqC,e cRnr,e pRCnjc. j@nc
CmpRcCng cjrCngenj re\nCremenjc Rn j@e ma,@Cne cja$CICjwY Bn
Rrder jR meacnre $eam pRcCjCRnc and ,RnjrRI Rr$Cj cja$CICjw
jR j@e re\nCcCje IeqeI R8 a,,nra,w. a @Cg@ recRInjCRn #TK cwcA
jem sCII $e CncjaIIed s@C,@ ,RncCcjc R8 a$Rnj 400 CndCqCdnaI
mRnCjRrc sCj@ j@e readRnj eIe,jrRnC,c $aced Rn Ki+AY: ac
je,@nC,aI pIaj8RrmY

Bn ia$Ie 1 j@e #TK readRnj cpe,C~,ajCRnc are cnmmaA
rCyedY Ac demRncjrajed aIreadw Cn `e8cY )3. :*. j@e ICcjed
re\nCremenjc are a,@Ceqa$Ie sCj@ j@e ,Rmmer,CaI HC$era
#rCIICan,eZ VH#ZW cwcjem )5*Y ?Rseqer. Cn Rrder jR 8nI~II
j@e re\necjed IRngAjerm drC8j re\nCremenj 8Rr j@e ,ace R8
T2i`A Bp. j@e cpe,C~, ma,@Cne geRmejrw @ac jR $e jaGen
CnjR a,,RnnjY QrCgCnaIIw. T2i`A sac $nCIj Cn 1Oef ac an
e๣ge� ,RIICder 8Rr @Cg@Ģenergw p@wcC,c. Iajer Rn a,jCng ac preĢ
a,,eIerajRr 8Rr j@e @adrRnĢeIe,jrRn rCng a,,eIerajRr ?2`A.
j@en ,Rnqerjed CnjR j@e 3֩ձ generajCRn cwn,@rRjrRn ICg@j
cRnr,e T2i`A BBB s@C,@ cjarjed RperajCRn Cn 200O )f*Y /ne
jR j@e @CcjRrw ac @Cg@Ģenergw p@wcC,c ,RIICder. j@e T2i`A
ma,@Cne ,Cr,nm8eren,e R8 230: m Cc mn,@ Iarger ,Rmpared

ia$Ie 1- `eadRnj eIe,jrRnC,c cpe,C~,ajCRncY i@e cCngIe
$nn,@ g jnrn recRInjCRn @RIdc 8Rr 0Y5 mA $nn,@ ,nrrenj. j@e
,IRced Rr$Cj Rne 8Rr 1 G?y $andsCdj@. j@e $eam ,nrrenj deA
penden,w 8Rr a f0 d# range sCj@ ,enjered $eam. and j@e
IRng jerm cja$CICjw c@RnId $e meacnred Rqer f dawc and a
jemperajnre cpan R8 ±1 deg sCj@Cn a cja$CICyed ra,GY

Requirement Value

cCngIe $nn,@ g cCngIe jnrn J 10 Ʀm
,IRced Rr$Cj recRInjCRn < 100 nm VrmcW
$eam ,nrrenj dependen,e Ȋ2 Ʀm
IRng jerm cja$CICjw J 1 Ʀm

jR ICg@j cRnr,ec $nCIj Cn j@e Iacj jsR de,adec. and j@e maA
,@Cne Cn8racjrn,jnre Cc dCcjrC$njed Cn j@e 8Rrmer euperCmenjaI
@aIIc sCj@ j@e recnIj R8 IRng ,a$Ie Iengj@c $ejseen mRnCjRr
and readRnj eIe,jrRnC,cY /rCqen $w ,RncCdera$Ie ,Rcj caqCng.
j@e pIan 8Rr T2i`A Bp Cc jR rence agaCn j@e euCcjCng rCng
jnnneI Cn j@e areac $ejseen j@e euperCmenjaI @aIIc ac c@Rsn
Cn 7CgY 1Y ?Rseqer. j@e jnnneI ,rRcc ce,jCRn Cc jRR cmaII
8Rr @RncCng aII re\nCred ,a$Iec. CYeY Cj sCII nRj $e pRccC$Ie
jR Cnjer,Rnne,j #TK pC,Gnpc Cn j@e a,,eIerajRr sCj@ j@eCr
,RrrecpRndCng readRnj eIe,jrRnC,c Cn an euperCmenjaI @aII
ncCng ,a$Ie paj@c CncCde j@e a,,eIerajRr jnnneIY Ac ,RnceA
\nen,e. addCjCRnaI ,a$Ie a,,ecc c@a8jc sCII $e re\nCred jR
mCnCmCye j@e arCcCng IRad CncCde j@e jnnneI. and Cj Cc nRj
gnaranjeed j@aj ,a$Ie rRnjCng sCII $e Cn a per8e,jIw cja$CICyed
jemperajnre and @nmCdCjw enqCrRnmenj. j@nc a{e,jCng j@e
#TK pRcCjCRn readCngc )e. 4*Y i@ere8Rre. Cn Rrder jR 8nI~II
j@e re\necjed IRngĢjerm drC8j cja$CICjw j@e #TK ,a$Ie paj@c
@aqe jR $e cja$CICyed Cn addCjCRnY

7Cgnre 1- HawRnj R8 j@e T2i`A Bp 8a,CICjwY
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/C{erenj drC8j ,RmpencajCRn c,@emec are aqaCIa$Ie. j@e
mRcj pRpnIar Rne Cc j@e seII prRqen ,Rn,epj R8 ,rRcc$ar
csCj,@Cng )O. 10* s@C,@ Cc CmpIemenjed Cn j@e Libera mRdA
nIec and cja$CICyec j@e anaIRgne `7 8rRnjĢend parj R8 j@e
cwcjemY AnRj@er ,Rn,epj s@C,@ @ac gaCned Cn pRpnIarCjw
Cn re,enj wearc Cc j@e pCIRj jRne VTiW ,RmpencajCRn mej@Rd
s@ere a cCnncRCdaI Ti cCgnaI sCj@ ~ued 8re\nen,w ,IRce jR
j@e ,arrCer Rne Cc CnEe,jed Cn j@e cCgnaI ,@aCnY i@Cc cCgnaI Cc
nced ac re8eren,e 8Rr ,aIC$rajCRn and ,RmpencajCRn. cee eYgY
`e8cY )11Ģ1f*Y B8 j@e Ti cCgnaI Cc CnEe,jed ,IRce jR j@e #TK
pC,Gnp $e8Rre j@e ,a$Ie. nRj RnIw j@e 8rRnjĢend $nj aIcR ,a$Ie
drC8jc ,an $e ,RmpencajedY ?Rseqer. j@e came e{e,j ,an $e
a,@Ceqed 8Rr ,rRcc$ar csCj,@Cng C8 j@e anaIRgne csCj,@Cng
parj Cc ceparajed 8rRm j@e readĢRnj eIe,jrRnC,c and $rRng@j
ac ,IRce ac pRccC$Ie jR j@e #TK pC,GnpY Bn `e8Y )1e* $Rj@
mej@Rdc are dCc,ncced Cn dejaCI and ,Rmpared sCj@ ea,@
Rj@erY #aced Rn j@Cc dCc,nccCRn and jecjc per8Rrmed sCj@ j@e
Ti ,RmpencajCRn c,@eme aj T2i`A BBB. Cj sac de,Cded jR
8RIIRs j@e Cdea sCj@ eujernaI ,rRcc$ar csCj,@CngY

i@Cc ,RnjrC$njCRn cnmmarCyec ~rcj prRR8ĢR8ĢprCn,CpIe
meacnremenjc s@C,@ sere per8Rrmed aj T2i`A BBB ncCng
a mRdC~ed H#Z sCj@ an eujernaI csCj,@Cng majrCuY i@ece
meacnremenjc CndC,aje j@aj j@e ,Rn,epj sRrGc seII and j@aj
j@e per8Rrman,e R8 j@Cc mRdC~ed jecj cejnp 8nI~IIc j@e cpe,CA
~,ajCRnc 8Rr T2i`A BpY

TEST SETUP AT PETRA III
A cGej,@ R8 j@e cejnp Cn nce 8Rr j@e T2i`A BBB cjndCec

Cc c@Rsn Cn 7CgY 2Y Bn Rrder jR gej rCd R8 j@e $eam ECjjer.
j@e 8Rnr pC,Gnp cCgnaIc 8rRm a jecj #TK Cn j@e jnnneI are
cnmmed np sCj@ a ,Rm$CnergcpICjjer VKA+QK /bA:0OA
:W. ajjennajed $w a 500 K?y $andpacc ~Ijer VraCnsrCg@j
Bncjrnmenjc. r#F500A15A5bbW. cpICj agaCn $w j@e came jwpe
R8 ,Rm$CnergcpICjjer. and j@en 8ed jR j@e csCj,@Cng majrCu
$RuY QnjcCde j@e a,,eIerajRr jnnneI. j@e H#Z readRnj mRdnIe
Cc mRnnjed Cn a ra,G IR,ajed Cn an eIe,jrRnC, @nj,@. j@e Iengj@

7Cgnre 2- TrCn,CpIe c,@eme R8 j@e jecj cejnpY i@e p@RjRc
c@Rs j@e cejnp Cn j@e jnnneI- j@e #TK pC,Gnp VIe8jW and j@e
eIe,jrRnC,c parj VrCg@jWY

R8�j@e�Cnjer,Rnne,jCng�,a$Iec�V3g4ȓ�+eII�eu.�H+734A50D7MW�
Cc�a$Rnj�100�mY�Bn�Rrder�jR�cwn,@rRnCye�j@e�eujernaI�anaIRgne�
,rRcc$ar�csCj,@Cng�sCj@�j@e�dCgCjaI�Rne�CncCde�j@e�H#Z.�$Rj@�
deqC,ed�are�Cnjer,Rnne,jed�qCa�a�miT�+aj�eA�,a$IeY�r@CIe�
j@e� jemperajnre� Cn� j@e�eIe,jrRnC,�@nj,@� Cc� cja$CICyed� jR�a�
IeqeI�R8�±1�deg.�j@e�a,,eIerajRr�jnnneI�aj�j@e�#TK�IR,ajCRn�
Cc�nRj�cja$CICyed�and�jemperajnre�drC8jc�R8�mRre�j@an�2�deg�
are�pRccC$Ie� j@rRng@Rnj�a�seeG�R8�RperajCRnY� Bn�Rrder� jR�
meacnre�j@e�jemperajnre�aj�cencCjCqe�,RmpRnenjc.�j@ere8Rre�
$Rj@�j@e�eujernaI�csCj,@Cng�majrCu�and�j@e�$andpacc�~Ijer�
are�e\nCpped�sCj@�jemperajnre�cencRrcY

LONG�TERM�STABILITY�STUDIES
#egCnnCng�8rRm�j@e�end�R8�AprCI�2021�s@en�j@e�jecj�cejnp�

sac�,RmpIejed.�a�cerCec�R8�meacnremenjc�sac�per8RrmedY�
2a,@�meacnremenj�cjarjed�aj�j@e�end�R8�a�T2i`A�BBB�maCnjeA
nan,e�daw�s@en�$eam�sac�$a,G�Cn�j@e�ma,@Cne.�and�cjRpped�
Rne�seeG�Iajer�aj�j@e�$egCnnCng�R8�j@e�neuj�maCnjenan,e�daw.�
CYeY� j@e�RqeraII�meacnremenj�jCme�sac�a$Rnj�1f0�@Y�Ac�an�
euampIe.�7Cg.� 3� c@Rsc� j@e� jempRraI� eqRInjCRn� R8� j@e� $eam�
,nrrenj�dnrCng�Rne�seeG�R8�ncer�rnn�RperajCRnY�A$Rnj�50.000

7Cgnre 3- #eam ,nrrenj dnrCng Rne seeG R8 ncer RperajCRn
end R8 Kaw 2021Y Bn j@Cc perCRd T2i`A BBB sac Rperajed
sCj@ 𝐼թ 5 O5 mA Cn :0 $nn,@ecY Bn j@Cc seeG jsR jRjaI $eam
IRccec @appened. and jsR jCmec j@ere sac a deIaw Cn j@e
jRpĢnp ce\nen,eY

daja campIec sere re,Rrded Cn bIRs A,\nCcCjCRn VbAW mRde
R8 j@e readRnj eIe,jrRnC,c sCj@ 10 c saCj jCme $ejseen ,RnA
ce,njCqe campIecY /nrCng j@e meacnremenjc. /CgCjaI bCgnaI
+RndCjCRnCng V/b+W and ,rRcc$ar csCj,@Cng sere a,jCqe Cn
j@e H#Z. j@e came @RIdc 8Rr AnjRmajC, ;aCn +RnjrRI VA;+WY

7Cgnre : reprecenjc j@e jemperajnre prR~Iec ac meacnred
sCj@ j@e jsR cencRrc mRnnjed aj csCj,@Cng $Ru and $andpacc
~IjerY AII daja c@Rsn @ere and Cn j@e 8RIIRsCng sere jaGen
cCmnIjaneRncIw jR j@e Rnec Cn 7CgY 3Y Ac ,an $e ceen j@e
jnnneI jemperajnre Cc nRj cja$Ie. Cn ,ace R8 a $eam IRcc Cj
drRpc CmmedCajeIw $w a$Rnj 1 degY

Bn 7CgY 5 j@e pRcCjCRn readRnj daja 8rRm j@e bA daja paj@
are pIRjjedY i@e mRnCjRr ,Rncjanj 8Rr daja reprecenjajCRn and
$eam pRcCjCRn anaIwcCc amRnnjc jR 𝐾ׁ˷ׅ 5 10 mm j@rRng@Rnj
j@Cc repRrjY Bn ,ace R8 $eam IRccec s@en j@ere Cc nR cCgnaI
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7Cgnre :- iemperajnre prR~Iec meacnred aj csCj,@Cng $Ru
and $andpacc ~Ijer Cn j@e a,,eIerajRr jnnneIY

pRser aj j@e Cnpnj R8 j@e H#Z. pRcCjCRn readCngc are nceIecc
and a meacnre R8 j@e cwcjem nRCceY Bn Rrder jR eu,Inde j@Cc
dCcjRrjCng recRInjCRn Cn�nen,e. RnIw daja 8Rr 𝐼թ ≥ 25 mA are
,RncCdered 8Rr j@e daja anaIwcCcY,RncCdered 8Rr j@e daja anaIwcCcY

7Cgnre 5- TRcCjCRn readCngc a,\nCred 8rRm j@e bA daja paj@Y
i@e mRnCjRr ,Rncjanj Cc 𝐾ׁ˷ׅ 5 10 mmY

Ac ,an $e ceen 8rRm j@Cc ~gnre. j@e IRng jerm cja$CICjw
R8 j@e pRcCjCRn daja Cc qerw gRRdY i@e rmc qaInec amRnnj
jR 25Yf nm @RrCyRnjaIIw and 25Y2 nm qerjC,aIIw. j@e peaGĢ
jRĢpeaG readCngc are < 200 nm s@C,@ Cc seII $eIRs j@e
re\necjed cpe,C~,ajCRn R8 J1 ƦmY 7nrj@ermRre. ,RmparCng
7CgcY : and 5 j@ere Cc nR R$qCRnc ,RrreIajCRn $ejseen pRA
cCjCRn readCngc and jemperajnre prR~Ie. CYeY j@e ,RmpencaA
jCRn c,@eme $w eujernaI ,rRcc$ar csCj,@Cng sRrGc seII and
,Rmpencajec jemperajnre jRgej@er sCj@ pRccC$Ie @nmCdCjw
,@angec Rn $Rj@ readRnj eIe,jrRnC,c and Cnjer,Rnne,jCng
,a$IecY

7Cgnre f CIIncjrajec j@e jempRraI eqRInjCRn R8 j@e /b+ ,Re8A
~,Cenjc gaCn and p@ace s@C,@ $Rj@ ,@ara,jerCye j@e ,RmpIeu
,@anneI gaCnY Ac ,an $e ceen. a ,@ange Cn j@e $eam ,nrA
renj V$eam IRcc Rr deIaw Cn jRpĢnp ce\nen,eW Cc CmmedCajeIw
qCcC$Ie Cn j@e gaCn. ,Y8Y 7CgY 3Y ?Rseqer. a8jer a$Rnj 130 @
aII /b+ gaCnc c@Rs cjrRng �n,jnajCRnc s@C,@ are neCj@er
dCre,jIw ,RrreIajed sCj@ a ,@ange Cn 𝐼թ nRr sCj@ a jemperaA

7Cgnre f- iempRraI eqRInjCRn R8 j@e /b+ ,Re|,Cenjc gaCn
VjRpW and p@ace V$RjjRmWY #Rj@ paramejerc ,@ara,jerCye
j@e seCg@jed aqerage R8 j@e 8Rnr daja paj@c and reprecenj a
,RmpIeu ,@anneI gaCnY KRre dejaCIc a$Rnj j@e j@eRrejC,aI
$a,GgrRnnd ,an $e 8Rnnd Cn `e8Y )O*Y

jnre drC8j CncCde j@e a,,eIerajRr jnnneIY +RrreIajCng j@e ra,G
jemperajnre Cn j@e eIe,jrRnC, @nj,@ VnRj c@Rsn @ereW sCj@
j@e gaCn ,Re|,Cenjc Cj sac 8Rnnd j@aj j@e rear dRRr R8 j@e
ra,G sac Rpened aj j@aj jCme $e,ance R8 maCnjenan,e sRrG.
CYeY j@e /b+ ,Re|,Cenjc are qerw cencCjCqe Rn enqCrRnmenjaI
,@angecY ?Rseqer. Cj Cc CmpRrjanj jR nRje j@aj nR e{e,j Cc qCcA
C$Ie Cn j@e pRcCjCRn readCngc s@C,@ meanc j@aj j@Cc Cn�nen,e
Cc seII ,RmpencajedY

#ecCdec j@e recnIjc precenjed @ere. Rj@er IRng jerm meaA
cnremenjc sere jaGen 8Rr $Rj@ T2i`A BBB RperajCRnaI mRdec
V:0 and :40 $nn,@ ~IICng pajjernWY AII R8 j@em recnIjed Cn
Rr$Cj rmc qaInec $ejseen 20 and :0 nm. j@nc gCqCng ,RnA
~den,e j@aj j@e cpe,C~,ajCRn 8Rr j@e IRng jerm cja$CICjw Cc
8nI~IIedY

PERFORMANCE EVALUATION
Aparj 8rRm j@e IRng jerm cja$CICjw s@C,@ Cc ,rCjC,aI ecpeA

,CaIIw 8Rr T2i`A Bp dne jR j@e cpe,C~, ma,@Cne geRmejrw.
j@e remaCnCng re\nCremenjc ICcjed Cn ia$Ie 1 sere aIcR cn$A
Ee,j R8 CnqecjCgajCRnY 7Rr j@e dejermCnajCRn R8 j@e ,IRced
Rr$Cj recRInjCRn. 10 ~Iec R8 pRcCjCRn readCngc sere re,Rrded
$Rj@ 8Rr inrnĢ$wĢinrn Vi$iW and 7acj A,\nCcCjCRn V7AW daja
paj@ VT2i`A BBB i$i 8re\nen,w 130Y1 G?y. 7A daja raje
10 G?yW. ea,@ meacnremenj ,RncCcjCng R8 32ef4 ,Rnce,njCqe
campIecY rCj@ GnRsIedge R8 j@e campICng 8re\nen,w. ea,@
pRcCjCRn meacnremenj sac jranc8Rrmed Cn a ,RrrecpRndCng
TRser bpe,jraI /encCjw VTb/W. and jaGCng CnjR a,,Rnnj j@aj
10 daja cejc sere re,Rrded 8Rr ea,@ daja paj@ an aqeraged
Tb/ sac 8RrmedY BnjegrajCng j@e Tb/ Rqer j@e 8re\nen,w.
j@e recRInjCRn ,an $e dejermCned ac 8nn,jCRn R8 j@e $andA
sCdj@ ac c@Rsn Cn 7CgY e 8Rr j@e 7A daja paj@Y #eIRs j@e
~rcj ,rRcc$ar csCj,@Cng 8re\nen,w aj 3Y3 G?y. j@e i$i meaA
cnremenj c@Rsc ,Rmpara$Ie recnIjcY Ac ,an $e ceen 8rRm
j@Cc ~gnre. aj 1 G?y $andsCdj@ j@e recRInjCRn Cc seII $eIRs
100 nm. j@nc j@e cpe,C~,ajCRn Cc 8nI~IIedY
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7Cgnre e- +IRced Rr$Cj recRInjCRn ac 8nn,jCRn R8 $andsCdj@
8Rr 7A daja paj@Y

7Cgnre 4 c@Rsc j@e cCngIe $nn,@ VcCngIe jnrnW recRInjCRn
ac 8nn,jCRn R8 $nn,@ ,nrrenjY 7Rr j@Cc meacnremenj j@e daja
sere ,RIIe,jed 8rRm j@e bCngIe Tacc VbTW daja paj@. CYeY Cn
Rrder jR mCnCmCye recRInjCRn dCcjnr$Cng nRCce ,RnjrC$njCRnc a
macG sac cej Cn j@e A/+ cpe,jrnm s@C,@ aIIRsed jR derCqe
pRcCjCRn Cn8RrmajCRn RnIw 8rRm j@aj regCRn s@C,@ ,RnjaCnc
$nn,@ Cn8RrmajCRnY 7Rr j@e cCngIe jnrn meacnremenj. a cCnA

7Cgnre 4- bCngIe $nn,@ recRInjCRn ac 8nn,jCRn R8 $nn,@ ,nrA
renj 8Rr cCngIe jnrn Vred dRjW and ,Cr,nIajCng $eam V$Ine
dRjcWY

gIe $nn,@ sac CnEe,jed Cn T2i`A and dnmped CmmedCajeIw
a8jer Rne paccageY 2a,@ dRj Cn j@e ~gnre reprecenjc j@e rmc
8rRm 100 ,Rnce,njCqe c@RjcY ?Rseqer. j@e $nn,@ ,nrrenj
8rRm a cCngIe CnEe,jCRn Cc nRj cn|,Cenj jR jecj j@e cpe,C~A
,ajCRn aj 0Y5 mAY i@ere8Rre. cCngIe $nn,@ meacnremenjc
sere aIcR ,arrCed Rnj sCj@ ,Cr,nIajCng $eam aj @Cg@er $nn,@
,nrrenjc ncCng a,,nmnIajCRnY Ac ,an $e ceen. 8Rr 0Y1 mA
$nn,@ ,nrrenj $Rj@ meacnremenjc agree seII. j@ere8Rre Cj Cc
accnmed j@aj Cj Cc j@e ,ace aIcR 8Rr @Cg@er $nn,@ ,nrrenjc.
aj Ieacj C8 nR H#Z ajjennajRr csCj,@Cng Cc CnqRIqed s@C,@
Cc j@e ,ace 8Rr ,nrrenjc < 0.35 mAY r@CIe j@e recRInjCRn
cpe,C~,ajCRn R8 J10 Ʀm Cc rea,@ed aIreadw aj j@Cc ,nrrenj. Cj
Cc aIcR j@e ,ace 8Rr @Cg@er $nn,@ ,@argecY

7Cgnre�O-� #eam�pRcCjCRn� ac� 8nn,jCRn�R8� Cnpnj�gaCn� IeqeI�
V$nn,@�,nrrenjWY�2a,@�dRj�reprecenjc�j@e�mean�qaIne�8rRm�
500�bA�pRcCjCRn�readCngcY

7CnaIIw� j@e�$eam�,nrrenj�dependen,w�sac� CnqecjCgajedY�
T2i`A�BBB�sac�~IIed�sCj@�120�mA�Cn�:40�$nn,@ec.�j@en�j@e�
$eam�,nrrenj�sac�redn,ed�cjep�$w�cjep�$w�$rCngCng�,RIICmajRr�
Easc�,IRcer� jR� j@e�$eamY� TRcCjCRn�readCngc�sere�re,Rrded�
$Rj@� Cn� bA� and� i$i� mRde.� 7Cg.� O� c@Rsc� j@e� recnIj� 8Rr�
j@e�bA�daja�paj@Y� Ac�,an�$e� ceen.� j@e�pRcCjCRn�qarCajCRn�
Cc�seII�$eIRs�j@e�cpe,C8Ced�Ȋ2�Ʀm�IeqeI.�j@e�came�@RIdc�8Rr�
j@e�i$i�daja�nRj�c@Rsn�@ereY� Bj�c@RnId�$e�nRjed�j@aj�j@e�
gaCn�qarCajCRn�sCj@�$eam�,Rqerc�a�range�R8�RnIw�:0�d#�and�
nRj�f0�d#�ac�cpe,C~edY�?Rseqer.�C n�Rrder�j R�prRje,j�j@e�
eujernaI�,rRcc$ar�csCj,@Cng�majrCu.�@Cg@er�gaCn�IeqeIc�sere�
nRj�pRccC$IeY�Aj�j@e�Rj@er�@and.�Cn�j@e�8a,jRrw�a,,epjan,e�
jecj�sCj@Rnj�$eam�j@e�came�H#Z�sac�CnqecjCgajed�aj�@Cg@er�
pRser�IeqeIc�and�demRncjrajCng�a�cCmCIar�per8Rrman,e.�cn,@�
j@aj�Cj�,an�$e�,Rn,Inded�j@e�came�sRnId�$e�j@e�,ace�8Rr�a�
meacnremenj�sCj@�$eamY

SUMMARY�AND�OUTLOOK
i@Cc�paper�cnmmarCyec�~rcj�prRR8ĢR8ĢprCn,CpIe�meacnreA

menjc�s@C,@�sere�per8Rrmed�aj�T2i`A�BBB�ncCng�a�mRdC~ed�
H#Z�sCj@�eujernaI�csCj,@Cng�majrCuY�i@ece�meacnremenjc�
CndC,aje�j@aj�j@e�,Rn,epj�sRrGc�seII.�CYeY� drC8jc�Cn�j@e�`7�
8rRnjĢend�and�8rRm�j@e�Cnjer,Rnne,jCng�,a$Iec�dne�jR�enA
qCrRnmenjaI�,@angec�are�,Rmpencajed�jR�a�@Cg@�IeqeIY�AII�
IRngĢjerm�meacnremenjc�per8Rrmed�cR�8ar�CndC,aje�j@aj�j@e�
a,@Ceqed�readRnj�cja$CICjw�Cc�seII�$eIRs�50�nm�VrmcW�Rqer�
Rne�seeG�R8�RperajCRn.�and�Cndependenj�8rRm�j@e�$nn,@�pajA
jernY�Ac�demRncjrajed�Cn�Ia$RrajRrw�meacnremenjc.�j@e�mRcj�
jemperajnreĢdrC8j�,rCjC,aI�eIemenj� Cn� j@e�anaIRgne�cCgnaI�
,@aCn�Cc�j@e�eujernaI�csCj,@Cng�majrCu�CjceI8-� Cjc�jemperajnre�
,Re|,Cenj�R8�a$Rnj�e2Y5�nmgF�dRmCnajec�j@e�jemperajnre�
,Re|,Cenj�R8�j@e�s@RIe�,@aCn.�j@ere8Rre�GeepCng�j@e�majrCu�
aj�cja$Ie�jemperajnre�Cc�CmpRrjanjY� 7nrj@ermRre.�j@e�RqerA
aII�per8Rrman,e�R8�j@e�readRnj�eIe,jrRnC,c�sac�CnqecjCgajed.�
CndC,ajCng�j@aj�Cj�Cc�,Rmpara$Ie�jR�a�cjandard�H#Z�$nj�sCj@�
$ejjer�IRngĢjerm�cja$CICjw.�j@nc�meejCng�j@e�cpe,C~,ajCRnc�
8Rr�T2i`A�BpY�Bn�j@e�neuj�cjep�j@e�readRnj�cwcjem�sCII�$e�
reqCced�jR�$e�,RmpICanj�sCj@�j@e�Ki+AY:�cjandardY
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