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The paper titled "Ultrafast upconversion superfluorescence with a sub-2.5 ns lifetime at free space" 

presents interesting advancements in the field of nanophotonics. However, the improvements represent 

incremental advancements rather than groundbreaking shifts, as the use of lanthanide-doped 

nanoparticles for photon upconversion is a well-established technique. The essential material for 

superfluroresence is not new. The dependence on high-power femtosecond laser excitation limits broader 

applicability, as practical implementations often require more accessible light sources. Additionally, the 

research remains predominantly fundamental, with a less evident direct translational impact on applied 

sciences or industry, showing sub 2.5 ns can be uniquely used. While the paper surpasses previous 

records in the number of coherently coupled dipoles and decay rates, a more detailed comparative 

analysis with existing literature would provide a clearer picture of the actual novelty. Thus, the findings 

should be contextualized within the broader scope of ongoing advancements in the field. 

Moreover, the paper should address a critical question: what is the quantum efficiency of this material, 

and is it indeed brighter than conventional upconversion nanoparticles (UCNPs)? The demonstration of 

practical advantages, such as enhanced brightness and efficacy in conventional multiphoton microscopy, 

is essential to validate the claims of superiority. Without clear evidence showing significantly improved 

quantum efficiency and brightness compared to traditional UCNPs, the practical impact and superiority 

of this material remain uncertain. 

Furthermore, regarding the examples and demonstrations of use, it is crucial to assess whether the 

upconversion superfluorescence achieved is bright enough and effectively coupled with conventional 

multiphoton microscopy to demonstrate superiority over previous discoveries. The paper does not 

provide sufficient evidence to confirm that the brightness of the upconversion emission significantly 

surpasses previous methods when used with standard multiphoton microscopy systems. Without clear 

demonstrations showing enhanced imaging capabilities or other practical benefits in conventional setups, 

the claim of superiority remains unsubstantiated. 
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PW YdWSf^k SbbdWU[SfW fZW dWh[WiWd Xad Z[e,ZWd Ud[f[US^ dWSV[`Y S`V ZW^bXg^ egYYWef[a`e fa [_bdahW fZW

cgS^[fk aX agd _S`geUd[bf+ PW ZShW USdWXg^^k Ua`e[VWdWV fZW dWh[WiWdre Ua__W`fe S`V dWh[eWV agd

_S`geUd[bf fa SVVdWee Z[e,ZWd Ua`UWd`e STagf fZW e[Y`[X[US`UW S`V `ahW^fk aX agd iad]+ MZW e[Y`[X[US`UW

S`V `ahW^fk aX agd iad] iWdW `af Wjb^[U[f^k efdWeeWV agf bWdZSbe TWUSgeW aX agd g`U^WSd id[f[`Y S`V VSfS

bdWeW`fSf[a` [` fZW ad[Y[`S^ _S`geUd[bf+ C` fZW dWh[eWV _S`geUd[bf) iW ZShW _aV[X[WV fZW fWjf V[eUgee[a`

S`V egbb^W_W`fWV _adW WjbWd[_W`fS^ VSfS [`U^gV[`Y fZW VW_a`efdSf[a` aX fZW egbWd[ad[fk aX gbUa`hWde[a`

&N=' egbWdX^gadWeUW`UW &L@' Ua_bSdWV fa Ua`hW`f[a`S^ N= ^g_[`WeUW`UW &N=F' S`V fZW [_SY[`Y aX fZW

N=*L@ `S`abSdf[U^We a` fZW efS`VSdV _g^f[bZafa` _[UdaeUabk) [` S` WXXadf fa efdW`YfZW` fZW e[Y`[X[US`UW

aX agd iad]+
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The paper titled "Ultrafast upconversion superfluorescence with a sub-2.5 ns lifetime at free space" 

presents interesting advancements in the field of nanophotonics. However, the improvements represent 

incremental advancements rather than groundbreaking shifts, as the use of lanthanide-doped 

nanoparticles for photon upconversion is a well-established technique. The essential material for 

superfluroresence is not new. 
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agf [` fZW ad[Y[`S^ _S`geUd[bf+ Cf [e fdgW fZSf F`0(*VabWV `S`abSdf[U^We Xad bZafa` N= [e S iW^^*WefST^[eZWV

fWUZ`[cgW) ZaiWhWd) fZW Ua`UWbf aX N=*L@ [e TdS`V `Wi+ C` Ua`fdSef fa Ua`hW`f[a`S^ N=F TSeWV a`

eba`fS`Wage W_[ee[a` &L?' Xda_ fZW g`UaddW^SfWV V[ba^We aX [`V[h[VgS^ F`0() N=*L@ aX F`0(*VabWV

`S`abSdf[U^We [e S cgS`fg_ abf[US^ bZW`a_W`a`) [` iZ[UZ fZW bZafa*WjU[fWV V[ba^We aX S^^ F`0( [a`e [` S

e[`Y^W `S`abSdf[U^W SdW UaZWdW`f^k Uagb^WV S`V S^[Y`WV [` bZSeW) SbbWSd[`Y ^[]W S _SUdaeUab[U Y[S`f



@g\[S` C`ef[fgfW aX KWeWSdUZ a` fZW LfdgUfgdW aX GSffWd) =Z[`WeW ;USVW_k aX LU[W`UWe

V[ba^W fa Y[hW d[eW fa S eZadf Tgf [`fW`eW Tgdef aX ^[YZf+ MZWdWXadW) N=*L@ aX F`0(*VabWV `S`abSdf[U^We [e

VdSef[US^^k V[XXWdW`f Xda_ fZW iW^^*WefST^[eZWV N=F) iZ[UZ bdah[VWe S` [VWS^ ea^gf[a` fa ahWdUa_W fZW

^[_[fSf[a`e aX F`0( [a`e i[fZ dWebWUf fa fZW ^ai W_[ee[a` WXX[U[W`Uk S`V ^a`Y dSV[Sf[hW ^[XWf[_We &a` fZW

xet_e eUS^W' dWefd[UfWV Tk fZW bSd[fk*XadT[VVW` 1X v 1X fdS`e[f[a`+

Ma fZW TWef aX agd ]`ai^WVYW) fZWdW [e a`^k a`W bSbWd dWbadf[`Y N=*L@ [` F`0(*VabWV `S`abSdf[U^We [`

fZW ^[fWdSfgdW &KWX+ /27 F[_ $ BS` et al.) Nat. Photon. ,*,,) 16) 404*41/'+ C` F[_ $ BS`re iad]) fZW

WeeW`f[S^ _SfWd[S^ [e HSR@17RT)?d:HSR@17RT:HSHV@17RT UadW,eZW^^,eZW^^ N=HJe i[fZ S ^SdYW e[lW aX

m/4- `_) S`V fZW WjU[fSf[a` eagdUW Xad N=*L@ [e 5--*`_ `e*bg^eWV ^SeWd+ BaiWhWd) fZW ^SdYW*e[lW N=HJe

aX m/4- `_ S`V `e*bg^eWV ^SeWd WjU[fSf[a` SdW `af eg[fST^W Xad bgdW N=*L@) iZ[UZ k[W^VWV N=*L@ i[fZ

a`^k S e_S^^ `g_TWd &N 9 ..' aX UaZWdW`f^k Uagb^WV V[ba^We S`V S ^[XWf[_W aX 13 `e+ <k Ua`fdSef) fZW

WeeW`f[S^ _SfWd[S^ [` agd efgVk [e HSHV@1:HSR@1 i[fZ S e[lW aX m21+6 `_) iZ[UZ iSe VW_a`efdSfWV fa

TW S` [VWS^ e_S^^*eS_b^W L@ ekefW_ Xad bgdW N=*L@ aX HV0( Sf 255 `_ S`V 323 `_+ GadWahWd) iW geWV

fZW 5--*`_ Xe*bg^eWV ^SeWd [`efWSV aX fZW `e*bg^eWV ^SeWd Se fZW WjU[fSf[a` eagdUW fa W`ZS`UW fZW dSV[Sf[a`

X[W^V Xad bZSeW ek`UZda`[lSf[a` aX fZW V[ba^We) iZ[UZ dWeg^fWV [` dW_Sd]ST^k [_bdahWV N=*L@ bdabWdf[We)

[` bSdS^^W^ i[fZ fZdWW adVWde aX _SY`[fgVW W`ZS`UW_W`f [` fZW dSV[Sf[hW VWUSk dSfW) S dWUadV*eZadf ^[XWf[_W

aX egT*/+2 `e) S`V S ZgYW `g_TWd aX UaZWdW`f^k Uagb^WV V[ba^We aX 6./+ C` SVV[f[a`) agd efgVk VW^hWV [`fa

fZW Xg`VS_W`fS^ bZafabZke[Ue aX N=*L@) [`U^gV[`Y fZW bZke[US^ _WUZS`[e_ aX fZW [`[f[S^ cgS`fg_ efSYWe)

fZW W_[ff[`Y eS_b^W ^W`YfZ VWbW`VW`UW) S`V fZW fg`ST[^[fk aX fZW <gd`ZS_*=Z[Sa d[`Y[`Y TWZSh[ad) iZ[UZ

[e aX h[fS^ [_badfS`UW Xad fZW Wjb^adSf[a` aX N=*L@ faiSdV bdSUf[US^ Sbb^[USf[a`e [` fZW XgfgdW Tgf ZSV `af

TWW` SVVdWeeWV [` F[_ $ BS`re iad]+

Ma hS^[VSfW fZW egbWd[ad[fk S`V efdW`YfZW` fZW `ahW^fk aX agd iad]) iW ZShW USdd[WV agf SVV[f[a`S^

WjbWd[_W`fe S`V Ua_bSdWV fZW dWeg^fe i[fZ fZaeW [` fZW ^[fWdSfgdW. LWW S^ea fZW VWfS[^e [` fZW Xa^^ai[`Y

dWeba`eWe+
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The dependence on high-power femtosecond laser excitation limits broader applicability, as practical 

implementations often require more accessible light sources. 

>GRPONRG4

MZS`] kag Xad kagd Ua__W`f+ PW SYdWW fZSf bdSUf[US^ [_b^W_W`fSf[a`e aXfW` dWcg[dW _adW SUUWee[T^W

^[YZf eagdUWe+ ;^fZagYZ fZW Xe*bg^eWV ^SeWd [e `af Se WSe[^k ShS[^ST^W Se Ua`f[`gage*iShW &=P' V[aVW ^SeWd

VgW fa [fe Z[YZ Uaef) [f ZSV TWW` i[VW^k Sbb^[WV [` V[hWdeW X[W^Ve egUZ Se _g^f[bZafa` STeadbf[a` aX adYS`[U

VkWe S`V cgS`fg_ Vafe) L@ aX bWdahe][fW `S`aUdkefS^e) S`V egbWd*dWea^gf[a` T[a[_SY[`Y &@+ BW^_UZW` et 

al.) Nat. Methods ,**/) 2) 60/*61-8 A+ KS[`a et al.) Nature ,*+2) 563) 34.*3428 A+ @[`V[] et al.) Nat. 

Photon. ,*,+) 15) 343*35-8 G+ <[^[daY^g et al.) Nat. Photon. ,*,,) 16) 0/1*0/68 G+ PWTWd et al.) Nat. 

Biotechnol. ,*,-) 41) 236*243'+ PW geWV fZW Xe*bg^eWV ^SeWd Se fZW WjU[fSf[a` TWUSgeW [f US` bdah[VW S

Z[YZ bWS] baiWd VW`e[fk) iZ[UZ [e WeeW`f[S^ fa Taaef fZW dSV[Sf[a` X[W^V Xad fZW bZSeW ek`UZda`[lSf[a`)

dWeg^f[`Y [` N=*L@ i[fZ S ZgYW `g_TWd aX UaZWdW`f^k Uagb^WV V[ba^We S`V S` g^fdSXSef VWUSk dSfW+ PW

TW^[WhW fZSf fZW Uaef aX Xe*bg^eWV ^SeWd i[^^ TW e[Y`[X[US`f^k dWVgUWV i[fZ fWUZ`a^aY[US^ VWhW^ab_W`f S`V
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TWUa_W babg^Sd [` fZW `WSd XgfgdW+ C` fZWeW dWYSdVe) iW Va`rf fZ[`] fZW geW aX Xe*bg^eWV ^SeWd iag^V TW S

bdaT^W_+
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While the paper surpasses previous records in the number of coherently coupled dipoles and decay rates, 

a more detailed comparative analysis with existing literature would provide a clearer picture of the 

actual novelty. Thus, the findings should be contextualized within the broader scope of ongoing 

advancements in the field. 

>GRPONRG4

GS`k fZS`]e Xad fZ[e hS^gST^W egYYWef[a`+ Ma fZW TWef aX agd ]`ai^WVYW) fZWdW [e a`^k a`W bSbWd dWbadf[`Y

N=*L@ [` F`0(*VabWV `S`abSdf[U^We [` fZW ^[fWdSfgdW &KWX+ /27 F[_ $ BS` et al.) Nat. Photon. ,*,,) 16)

404*41/'+ MZWdWXadW) iW Ua_bSdWV fZW dWeg^fe STagf N=*L@ i[fZ fZaeW dWbadfWV Tk F[_ $ BS` et al.

Ii[`Y fa fZW efda`Y V[ba^W*V[ba^W UaddW^Sf[a`e aX HV0( [` fZW e_S^^*eS_b^W N=*L@ ekefW_ g`VWd Xe*bg^eWV

^SeWd WjU[fSf[a`) iW SUZ[WhWV S dWUadV*^SdYW `g_TWd &N 9 6./' aX UaZWdW`f^k Uagb^WV V[ba^We S`V fZW

Ua`eWcgW`f N=*L@ i[fZ S` g^fdSeZadf ^[XWf[_W &#L@' aX egT*/+2 `e) iZ[UZ dWbdWeW`f S YdWSf eZ[Xf [`

Ua_bSd[ea` i[fZ fZaeW &N 9 ..) #L@ 9 13 `e' aX fZW ^[fWdSfgdW dWbadf Tk F[_ $ BS` et al. PW ebWUg^SfW fZSf

fZW [_bdahWV N=*L@ bdabWdf[We SUZ[WhWV [` agd efgVk ^[W [` fZW geW aX e_S^^*eS_b^W L@ ekefW_ S^a`Y

i[fZ Xe*bg^eWV ^SeWd WjU[fSf[a`) iZ[UZ dWeg^fWV [` e[Y`[X[US`f^k W`ZS`UWV dSV[Sf[a` X[W^V S`V Ua`eWcgW`f^k

[`UdWSeWV `g_TWd aX UaZWdW`f^k Uagb^WV V[ba^We Se Ua_bSdWV fa fZaeW [` ^SdYWd eS_b^We i[fZ `e*bg^eWV

^SeWd WjU[fSf[a`+

Ma hWd[Xk agd ebWUg^Sf[a`) iW ZShW ek`fZWe[lWV HSHV@1:HSR@1 N=HJe i[fZ S _WS` e[lW aX /00+2 `_

&`Wi^k SVVWV VSfS [` Lgbb^W_W`fSdk @[Y+ 4') iZ[UZ [e Ua_bSdST^W fa fZSf &m/4- `_' aX fZW ^[fWdSfgdW

dWbadf Tk F[_ S`V BS` et al. MZW `Wi^k ek`fZWe[lWV N=HJe iWdW ^STW^WV Se F*.--HV:R) S`V fZW

N=HJe i[fZ S _WS` e[lW aX m21+6 `_ [` agd ad[Y[`S^ _S`geUd[bf iWdW ^STW^WV Se L*.--HV:R+ Nba` Xe*

bg^eWV ^SeWd WjU[fSf[a` Sf 5-- `_ i[fZ S baiWd VW`e[fk aX /+-6 ]P U_*/) F*.--HV:R WjZ[T[fWV e[_[^Sd

N=*L@ aX HV0( Se fZSf aX L*.--HV:R &`Wi^k SVVWV VSfS [` Lgbb^W_W`fSdk @[Y+ 5S'+ BaiWhWd) fZW N=*

L@ VWUSk f[_W &#L@' aX F*.--HV:R &6/+5 `e' iSe aTeWdhWV fa TW _gUZ ^a`YWd fZS` fZSf &/+2 `e' aX L*

.--HV:R &`Wi^k SVVWV VSfS [` Lgbb^W_W`fSdk @[Y+ 5T') [`V[USf[`Y e_S^^Wd `g_TWd aX UaZWdW`f^k

Uagb^WV V[ba^We &N' Xad fZW 1A4,/ v 1C..,/ fdS`e[f[a` aX HV0( [` F*.--HV:R fZS` [` L*.--HV:R+ Ma

Wef[_SfW fZW N hS^gW [` F*.--HV:R) iW _WSegdWV fZW `ad_S^ N=F VWUSk UgdhW aX HV0( &%W_ 9 255 `_'

[` F*.--HV:R &`Wi^k SVVWV VSfS [` Lgbb^W_W`fSdk @[Y+ 5U') iZWdWTk fZW eba`fS`Wage VWUSk f[_W &#L?'

Xda_ 1A4,/ aX HV0( iSe VWfWd_[`WV fa TW /+-2 xe+ ;UUadV[`Y fa fZW WcgSf[a` #L@ " #L?,N) fZW `g_TWd aX

UaZWdW`f^k Uagb^WV V[ba^We Xad fZW 1A4,/ v 1C..,/ fdS`e[f[a` aX HV0( [` F*.--HV:R iSe Wef[_SfWV fa TW

m/0) iZ[UZ [e _gUZ ^aiWd fZS` fZSf &m6./' [` L*.--HV:R+ Ha`WfZW^Wee) [f [e e[Y`[X[US`f^k [_bdahWV [`

Ua_bSd[ea` i[fZ fZSf &N 9 ..' dWbadfWV Tk F[_ S`V BS` et al. gba` WjU[fSf[a` i[fZ `e*bg^eWV ^SeWd+ MZWeW

dWeg^fe bdah[VW ea^[V Wh[VW`UW Xad agd ebWUg^Sf[a` fZSf fZW e_S^^*eS_b^W L@ ekefW_ S^a`Y i[fZ Xe*bg^eWV

^SeWd WjU[fSf[a` [e [`VWWV eg[fST^W Xad SUZ[Wh[`Y bgdW N=*L@ i[fZ S` g^fdSXSef VWUSk dSfW+ MZW `Wi

WjbWd[_W`fS^ VSfS S`V fWjf V[eUgee[a` ZShW TWW` [`U^gVWV Se Lgbb^W_W`fSdk @[Ye+ 4 S`V 5 [` fZW dWh[eWV

Lgbb^W_W`fSdk C`Xad_Sf[a`+
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<GVLX CFFGF FCSC KN SJG ?TPPLGMGNSCQX ;NHOQMCSKON4

?TPPLGMGNSCQX 9KITQG 1) &S' QK> bSffWd` aX ^SdYW*e[lW HSHV@1:HSR@1 &F*.--HV:R' N=HJe+ &T'

S`V &U' LUS``[`Y W^WUfda` _[UdaeUabk &L?G' [_SYWe aX F*.--HV:R N=HJe+ &V' L[lW V[efd[Tgf[a` aX

fZW N=HJe aTfS[`WV Tk dS`Va_^k US^Ug^Sf[`Y .-- bSdf[U^We [` fZW L?G [_SYW+

?TPPLGMGNSCQX 9KITQG 2) &S' N=*L@ ebWUfdS S`V &T' VWUSk UgdhWe &%W_ 9 255 `_' aX fZW ^SdYW*e[lW

&m/00+2 `_) F*.--HV:R' S`V e_S^^*e[lW &m21+6 `_) L*.--HV:R' HSHV@1:HSR@1 N=HJe) gba` Xe*

bg^eWV ^SeWd WjU[fSf[a` Sf 5-- `_ i[fZ S baiWd VW`e[fk aX /+-6 ]P U_*/+ &U' Had_S^ N=F VWUSk UgdhW aX

F*.--HV:R N=HJe Tk _a`[fad[`Y fZW 1A4,/ v 1C..,/ W_[ee[a` aX HV0( Sf 255 `_ gba` WjU[fSf[a` i[fZ

S `e*bg^eWV ^SeWd Sf 5-5 `_ &.- Bl) bg^eW i[VfZ "2 `e'+ MZW N=*L@ VWUSk f[_W &#L@' aX F*.--HV:R

iSe VWfWd_[`WV fa TW 6/+5 `e) iZ[UZ [e _gUZ ^a`YWd fZS` fZSf &/+2 `e' aX L*.--HV:R) [`V[USf[`Y e_S^^Wd

`g_TWd aX UaZWdW`f^k Uagb^WV V[ba^We &N' Xad fZW 1A4,/ v 1C..,/ fdS`e[f[a` aX HV0( [` F*.--HV:R fZS`

[` L*.--HV:R+ <k e[`Y^W*Wjba`W`f[S^ X[ff[`Y fa fZW VWUSk UgdhW [` &U') fZW eba`fS`Wage VWUSk f[_W &#L?'

Xda_ 1A4,/ aX HV0( [` F*.--HV:R iSe VWd[hWV fa TW /+-2 xe+ ;UUadV[`Y fa fZW WcgSf[a` #L@ " #L?,N) fZW

`g_TWd aX UaZWdW`f^k Uagb^WV V[ba^We &N' Xad fZW 1A4,/ v 1C..,/ fdS`e[f[a` aX HV0( [` F*.--HV:R iSe

Wef[_SfWV fa TW m/0) iZ[UZ [e _gUZ ^aiWd fZS` fZSf &m6./' [` L*.--HV:R+ Ha`WfZW^Wee) [f [e e[Y`[X[US`f^k

[_bdahWV [` Ua_bSd[ea` i[fZ fZSf &N 9 ..' dWbadfWV Tk F[_ S`V BS` et al. g`VWd WjU[fSf[a` i[fZ S Z[YZ*

dWbWf[f[a` &.] Bl' `e*bg^eWV ^SeWd+ MZWeW aTeWdhSf[a`e VW_a`efdSfW fZSf fZW [_bdahWV N=*L@ bdabWdf[We

SUZ[WhWV [` agd .--HV:R N=HJe ^[W [` fZW geW aX e_S^^*eS_b^W L@ ekefW_ S^a`Y i[fZ Xe*bg^eWV ^SeWd
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WjU[fSf[a`) iZ[UZ dWeg^fWV [` e[Y`[X[US`f^k W`ZS`UWV dSV[Sf[a` X[W^V S`V Ua`eWcgW`f^k [`UdWSeWV `g_TWd

aX UaZWdW`f^k Uagb^WV V[ba^We Se Ua_bSdWV fa fZaeW [` ^SdYWd eS_b^We i[fZ `e*bg^eWV ^SeWd WjU[fSf[a`+
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Moreover, the paper should address a critical question: what is the quantum efficiency of this material, 

and is it indeed brighter than conventional upconversion nanoparticles (UCNPs)? The demonstration of 

practical advantages, such as enhanced brightness and efficacy in conventional multiphoton microscopy, 

is essential to validate the claims of superiority. Without clear evidence showing significantly improved 

quantum efficiency and brightness compared to traditional UCNPs, the practical impact and superiority 

of this material remain uncertain. 

>GRPONRG4

Laddk Xad agd g`U^WSd id[f[`Y STagf fZW `ahW^fk aX agd iad] [` fZW ad[Y[`S^ _S`geUd[bf+ MZW _S[` bgdbaeW

aX agd iad] [e `af fa eW^^ fZW _SfWd[S^ aX HSHV@1:HSR@1 &.--HV:R') Tgf fa VW_a`efdSfW fZW egbWd[ad[fk

aX N=*L@ aX F`0(*VabWV N=HJe i[fZ S` g^fdSeZadf ^[XWf[_W a` fZW `e eUS^W) iZ[UZ TdWS]e fZdagYZ fZW

^[_[fSf[a`e aX F`0( i[fZ dWebWUf fa fZW ^ai W_[ee[a` WXX[U[W`Uk S`V fZW ^a`Y dSV[Sf[hW ^[XWf[_We &a` fZW

xet_e eUS^W' VgW fa fZW bSd[fk*XadT[VVW` 1X v 1X fdS`e[f[a`+ PW SdW `af ST^W fa _WSegdW fZW cgS`fg_

WXX[U[W`Uk Xad N=*L@ aX .--HV:R a` fZW _[UdaeUabk VgW fa fZW ^[_[fSf[a` aX fZW [`efdg_W`f+ Cf [e S^ea

V[XX[Ug^f fa _WSegdW fZW N= cgS`fg_ k[W^V Xad fZW `ad_S^ N=F aX .--HV:R a` fZW [`fWYdSf[`Y ebZWdW

gba` =P ^SeWd WjU[fSf[a`) TWUSgeW HV0( [e `af S fkb[US^ N= W_[ffWd VgW fa fZW VW`eW W`WdYk ^WhW^e aX

HV0( fZSf [_baeW VW^WfWd[age `a`dSV[Sf[hW W`WdYk ^aeeWe fZdagYZ Udaee dW^SjSf[a` S`V W`WdYk _[YdSf[a`

S_a`Y HV0( fa fZW egdXSUW S`V ^Sff[UW VWXWUfe &G+ GSfg^[a`kfW et al.) Chem. Rev. ,*,-) 123) 2.2*221'+

PW eW^WUfWV HV0( Se fZW N=*L@ W_[ffWd Ua`e[VWd[`Y [fe efda`Y STeadbf[a` &1C6,/ v 1@2,/' Sf m5-- `_) iZ[UZ

_SfUZWe iW^^ fZW W_[ee[a` aX fZW Ua__WdU[S^ Xe*bg^eWV ^SeWd &5-- `_) .--- Bl) bg^eW W`WdYk aX 1_D)

bg^eW i[VfZ aX ./- Xe) Lb[fX[dW 1-4 Jda*@CEQJ) LbWUfdS*JZke[Ue'+ MZ[e XSU[^[fSfWe ge fa VW^hW [`fa fZW

Xg`VS_W`fS^ bZafabZke[Ue aX N=*L@) iZ[UZ [e aX h[fS^ [_badfS`UW Xad fZW Wjb^adSf[a` aX N=*L@ faiSdV

bdSUf[US^ Sbb^[USf[a`e Tgf dW_S[`WV g`Wjb^adWV ea XSd+

Ma hS^[VSfW fZW egbWd[ad[fk aX fZW N=*L@ `S`abSdf[U^We Ua_bSdWV fa Ua`hW`f[a`S^ N=HJe i[fZ `ad_S^

N=F) iW ZShW USdd[WV agf SVV[f[a`S^ WjbWd[_W`fe [`U^gV[`Y fZW [_SY[`Y aX .--HV:R N=HJe g`VWd fZW

_aVWe aX N=*L@ S`V `ad_S^ N=F S`V fZW [`hWef[YSf[a` aX N=*L@ [` fZW TW`UZ_Sd] HSR@17 RT,?d

N=HJe+ @ad N=*L@ _WSegdW_W`fe) S Ugefa_[lWV _[UdaeUab[U ebWUfdaeUabk ekefW_ iSe Tg[^f TSeWV a`

fZW [`hWdfWV Ua`XaUS^ _[UdaeUabW &H[]a`) M[*N' S`V Wcg[bbWV i[fZ TafZ =P S`V Xe*bg^eWV ^SeWd Se fia

[`VWbW`VW`f WjU[fSf[a` eagdUWe &Lgbb^W_W`fSdk @[Y+ 1'+ Nba` =P ^SeWd WjU[fSf[a` Sf 5-5 `_ i[fZ S baiWd

VW`e[fk aX m.+.- ]P U_*/) .--HV:R N=HJe WjZ[T[fWV iWS] ^g_[`WeUW`UW &`ad_S^ N=F' i[fZ

UZSdSUfWd[ef[U W_[ee[a` bWS]e Sf 2/3) 255) S`V 323 `_) UaddWeba`V[`Y fa fZW W^WUfda`[U fdS`e[f[a`e aX HV0(

Xda_ 1A4,/ fa 1C6,/) 1C..,/) S`V 1C.0,/) dWebWUf[hW^k &Lgbb^W_W`fSdk @[Y+ 2'+ <k Ua`fdSef) gba` 5--*`_ Xe*

bg^eWV ^SeWd WjU[fSf[a` i[fZ S` Wcg[hS^W`f baiWd VW`e[fk Sf ShWdSYW &.+.- ]P U_*/') .--HV:R N=HJe

V[eb^SkWV Td[YZf ^g_[`WeUW`UW &_[UdaeUab[U [_SYWe `Wi^k SVVWV [` @[Y+ .V') i[fZ 4- f[_We W`ZS`UW_W`f

[` N=F [`fW`e[fk S`V fZW W_WdYW`UW aX `Wi W_[ee[a` bWS]e Xda_ Z[YZ W`WdYk ^WhW^ aX HV0( Sf 1-6 `_

&/J.,/ v 1C6,/' S`V 116 `_ &/J.,/ v 1C..,/'+ LgUZ S Y[S`f N=F W`ZS`UW_W`f aX HV0( [e S dWeg^f aX fZW



9KITQG >) &S' Had_S^ N=F S`V N=*L@ ebWUfdS aX HSR@17 RT,?d N=HJe gba` 65-*`_ =P S`V Xe*bg^eWV

^SeWd WjU[fSf[a` i[fZ S` ShWdSYW baiWd VW`e[fk aX m.4- P U_*/+ MZW [`eWfe eZai fZW _[UdaeUab[U [_SYWe

Xad N=*L@ S`V `ad_S^ N=F aX fZW N=HJ SeeW_T^[We+ &T' N=*L@ S`V &U' `ad_S^ N=F VWUSk UgdhWe aX

HSR@17 RT,?d N=HJe Tk _a`[fad[`Y fZW 1@6,/ v 1C.2,/ W_[ee[a` aX ?d0( Sf 334 `_+

>GUKRKONR KN SJG MCKN SGWS4

F[`We .*2 Xda_ fZW Taffa_ aX bSYW 3 S`V ^[`We .*4 aX bSYW 47 PW X[def _WSegdWV fZW `ad_S^ N=F ebWUfdg_

@g\[S` C`ef[fgfW aX KWeWSdUZ a` fZW LfdgUfgdW aX GSffWd) =Z[`WeW ;USVW_k aX LU[W`UWe

Ua^^WUf[hW W_[ee[a` aX HV0( Xda_ fZW UaZWdW`f^k Uagb^WV V[ba^We) `S_W^k) N=*L@ Se hWd[X[WV Tk fZW

baiWd*VWbW`VW`f S`V fdS`e[W`f N=F _WSegdW_W`fe+ MZWeW aTeWdhSf[a`e VW_a`efdSfW g`S_T[Ygage^k fZSf

N=*L@ `S`abSdf[U^We SdW egbWd[ad fa Ua`hW`f[a`S^ N=HJe i[fZ `ad_S^ N=F [` fWd_e aX TafZ WXX[U[W`Uk

S`V Td[YZf`Wee+ C` fZW dWh[eWV _S`geUd[bf) iW ZShW egbb^W_W`fWV SVV[f[a`S^ WjbWd[_W`fS^ VSfS S`V SVVWV

_adW fWjf V[eUgee[a` fa VW_a`efdSfW fZW egbWd[ad[fk aX N=*L@ ahWd `ad_S^ N=F+ LWW S^ea fWjf V[eUgee[a`

`Wi^k SVVWV [` ^[`We .*2 Xda_ fZW Taffa_ aX bSYW 3 S`V ^[`We .*4 aX bSYW 4 S`V @[Y+ . [` fZW dWh[eWV

_S`geUd[bf) S`V Lgbb^W_W`fSdk @[Y+ 2 [` fZW dWh[eWV Lgbb^W_W`fSdk C`Xad_Sf[a`+

OWdk dWUW`f^k) iW ZShW S^ea aTeWdhWV N=*L@ [` fZW TW`UZ_Sd] HSR@17 RT,?d N=HJe &m0- `_'+ ;e

eZai` [` @[Y+ KS) gba` Xe*bg^eWV ^SeWd WjU[fSf[a` Sf 65- `_ i[fZ S` ShWdSYW baiWd VW`e[fk aX m.4- P

U_*/) HSR@17 RT,?d N=HJe WjZ[T[fWV Td[YZf ^g_[`WeUW`UW i[fZ UZSdSUfWd[ef[U W_[ee[a` bWS]e Sf 2//)

22-) S`V 334 `_) UaddWeba`V[`Y fa fZW W^WUfda`[U fdS`e[f[a`e aX ?d0( Xda_ /B..,/) 1L0,/) S`V 1@6,/ fa fZW

Ydag`V efSfW 1C.2,/) dWebWUf[hW^k+ Ii[`Y fa fZW hWdk efda`Y ^g_[`WeUW`UW) fZW e^[f S`V [`fWYdS^ f[_W iWdW

eWf Se e_S^^ Se baee[T^W fa YgSdS`fWW fZSf fZW e[Y`S^ US``af WjUWWV fZW dWeba`eW dS`YW aX fZW [`efdg_W`f+

@ad Ua_bSd[ea`) fZW N=HJe eZaiWV _gUZ iWS]Wd ^g_[`WeUW`UW iZW` 65-*`_ =P ^SeWd iSe geWV Se

fZW WjU[fSf[a` eagdUW i[fZ S` Wcg[hS^W`f baiWd VW`e[fk g`VWd afZWdi[eW [VW`f[US^ Ua`V[f[a`e+ LbWU[X[US^^k)

iW Xag`V fZSf fZW VWUSk f[_W aX fZW 1@6,/ efSfW aX ?d0( &334 `_' iSe eZadfW`WV fa m.-/ `e gba` Xe*bg^eWV

^SeWd WjU[fSf[a`) iZ[UZ [e ahWd fZdWW adVWde aX _SY`[fgVW eZadfWd fZS` [fe `ad_S^ N=F ^[XWf[_W &m.0- xe'

&@[Y+ KT)U') [`V[USf[`Y fZW aUUgddW`UW aX N=*L@+ MZWeW dWeg^fe XgdfZWd Ua`X[d_ fZW egbWd[ad[fk aX N=*L@

i[fZ e[Y`[X[US`f^k [_bdahWV WXX[U[W`Uk S`V Td[YZf`Wee Se Ua_bSdWV fa Ua`hW`f[a`S^ N=F+ MZ[e bSdf [e `af

[`U^gVWV [` fZW dWh[eWV _S`geUd[bf) TWUSgeW [f [e TWka`V fZW eUabW aX UgddW`f iad]+ GadWahWd) fZW N=*

L@ _WSegdW_W`f ekefW_ Uagb^WV i[fZ 65-*`_ Xe*bg^eWV ^SeWd [e ef[^^ g`VWd abf[_[lSf[a` S`V fZW N=*L@

_WUZS`[e_ [`ha^h[`Y i[fZ W`WdYk fdS`eXWd bdaUWee [e `af U^WSd `ai S`V dWcg[dWe XgdfZWd [`*VWbfZ

[`hWef[YSf[a`+



9KI) +) A8(?9 OH <F-& KN <C<F9.7<CB9. $+**<F7B% A8<=R) &S' LUZW_Sf[U aX fZW Tg[^V*gb bdaUWee

aX L@+ MZW [`[f[S^^k g`UaddW^SfWV bZafa*WjU[fWV V[ba^We i[fZ dS`Va_^k V[efd[TgfWV bZSeWe TWUa_W

UaddW^SfWV [` bZSeW fZdagYZ UaZWdW`f Uagb^[`Y) Xad_[`Y S _SUdaeUab[U Y[S`f V[ba^W fa YW`WdSfW L@+ &T'

M?G [_SYW S`V &U' ?>Q W^W_W`fS^ _Sbb[`Y aX .--HV:R N=HJe+ &V' Had_S^ N=F S`V N=*L@ ebWUfdS

aX .--HV:R N=HJe gba` 5-5*`_ =P S`V 5--*`_ Xe*bg^eWV ^SeWd WjU[fSf[a` i[fZ S` ShWdSYW baiWd

VW`e[fk aX m.+.- ]P U_*/) dWebWUf[hW^k+ MZW [`eWfe eZai fZW _[UdaeUab[U [_SYWe Xad N=*L@ S`V `ad_S^

N=F aX fZW N=HJ SeeW_T^[We+ &W' Had_S^ N=F S`V N=*L@ VWUSk UgdhWe aX .--HV:R N=HJe Tk

_a`[fad[`Y fZW 1A4,/ v 1C..,/ S`V 1A4,/ v 1C.0,/ W_[ee[a`e aX HV0( Sf 255 S`V 323 `_) dWebWUf[hW^k+ MZW

[`eWf eZaie fZW W`^SdYWV N=*L@ VWUSk UgdhWe aX HV0( Sf 255 S`V 323 `_+ &X' ?`WdYk ^WhW^e S`V W^WUfda`[U

fdS`e[f[a`e aX HV0( Xad `ad_S^ N=F S`V N=*L@ [` .--HV:R N=HJe+ AL; S`V ?L; VW`afW fZW Ydag`V*

efSfW STeadbf[a` S`V WjU[fWV*efSfW STeadbf[a`) dWebWUf[hW^k+

>GHGQGNEG NGVLX CFFGF4

0. G+ GSfg^[a`kfW et al. MZW Ua_[`Y aX SYW aX `WaVk_[g_7 dWVWX[`[`Y [fe da^W [` dSdW WSdfZ VabWV

`S`abSdf[U^We+ Chem. Rev. +,-) 2.2*221 &/-/0'+

@g\[S` C`ef[fgfW aX KWeWSdUZ a` fZW LfdgUfgdW aX GSffWd) =Z[`WeW ;USVW_k aX LU[W`UWe

aX .--HV:R N=HJe g`VWd =P ^SeWd WjU[fSf[a` Sf 5-5 `_ i[fZ S baiWd VW`e[fk aX m.+.- ]P U_*/+ ;e

eZai` @[Y+ .V S`V Lgbb^W_W`fSdk @[Y+ 2) fZW N=HJe WjZ[T[fWV iWS] ^g_[`WeUW`UW i[fZ UZSdSUfWd[ef[U

W_[ee[a` bWS]e Sf 2/3) 255) S`V 323 `_) UaddWeba`V[`Y fa fZW W^WUfda`[U fdS`e[f[a`e aX HV0( Xda_ 1A4,/

fa 1C6,/) 1C..,/) S`V 1C.0,/) dWebWUf[hW^k+ MZW [`WXX[U[W`f N=F aX HV0( g`VWd =P ^SeWd WjU[fSf[a` [e `af

g`WjbWUfWV e[`UW HV0( [e `af S fkb[US^ N= W_[ffWd VgW fa fZW VW`eW W`WdYk ^WhW^e aX HV0( fZSf [_baeW

VW^WfWd[age `a`dSV[Sf[hW W`WdYk ^aeeWe fZdagYZ Udaee dW^SjSf[a` S`V W`WdYk _[YdSf[a` S_a`Y HV0( fa fZW

egdXSUW S`V ^Sff[UW VWXWUfe0.+ <k Ua`fdSef) gba` 5--*`_ Xe*bg^eWV ^SeWd WjU[fSf[a` i[fZ S` Wcg[hS^W`f

baiWd VW`e[fk Sf ShWdSYW &m.+.- ]P U_*/') fZW N=HJe V[eb^SkWV Td[YZf ^g_[`WeUW`UW &[`eWfe aX @[Y+ .V')

i[fZ 4- f[_We W`ZS`UW_W`f [` N=F [`fW`e[fk S`V fZW W_WdYW`UW aX `Wi W_[ee[a` bWS]e Xda_ Z[YZ W`WdYk

^WhW^ aX HV0( Sf 1-6 `_ &/J.,/ v 1C6,/' S`V 116 `_ &/J.,/ v 1C..,/'+

>GUKRGF 9KITQG + KN SJG MCKN SGWS4



@g\[S` C`ef[fgfW aX KWeWSdUZ a` fZW LfdgUfgdW aX GSffWd) =Z[`WeW ;USVW_k aX LU[W`UWe

<GVLX CFFGF FCSC KN SJG ?TPPLGMGNSCQX ;NHOQMCSKON4

?TPPLGMGNSCQX 9KITQG /) Had_S^ gbUa`hWde[a` ^g_[`WeUW`UW &N=F' S`V N=*L@ ebWUfdS aX .--HV:R

N=HJe gba` 5-5*`_ =P S`V 5--*`_ Xe*bg^eWV ^SeWd WjU[fSf[a` i[fZ S` ShWdSYW baiWd VW`e[fk aX m.+.-

]P U_*/) dWebWUf[hW^k+ MZW [`eWf eZaie fZW W`^SdYWV N=F ebWUfdg_+

8OMMGNS "/4

Additionally, the research remains predominantly fundamental, with a less evident direct translational 

impact on applied sciences or industry, showing sub 2.5 ns can be uniquely used……Furthermore, 

regarding the examples and demonstrations of use, it is crucial to assess whether the upconversion 

superfluorescence achieved is bright enough and effectively coupled with conventional multiphoton 

microscopy to demonstrate superiority over previous discoveries. The paper does not provide sufficient 

evidence to confirm that the brightness of the upconversion emission significantly surpasses previous 

methods when used with standard multiphoton microscopy systems. Without clear demonstrations 

showing enhanced imaging capabilities or other practical benefits in conventional setups, the claim of 

superiority remains unsubstantiated. 

>GRPONRG4

MZS`] kag Xad fZ[e hS^gST^W egYYWef[a`+ MZW [_SY[`Y USbST[^[fk aX N=*L@ a` fZW efS`VSdV _g^f[bZafa`

_[UdaeUabk ekefW_ S`V [fe SVhS`fSYWe ahWd fdSV[f[a`S^ N=F ZShW TWW` bdah[VWV [` Lgbb^W_W`fSdk @[Y+

.4 [` fZW dWh[eWV Lgbb^W_W`fSdk C`Xad_Sf[a`+ Ma fZ[e dWYSdV) iW ZShW bdWbSdWV N= _[UdaebZWdWe

&N=GLe' Tk UaSf[`Y HSHV@1:HSR@1 &.--HV:R' S`V HSR@17 RT,?d:HSR@1 &/?d:R' UadW*eZW^^

N=HJe a` fZW egdXSUW aX ba^kefkdW`W &JL' GLe &m0+2 x_' &`Wi^k SVVWV VSfS [` Lgbb^W_W`fSdk @[Ye+

.4S)T'+ MZW Se*bdWbSdWV .--HV:R S`V /?d:R N=GLe US` YW`WdSfW [`fW`eW N=*L@ Xda_ HV0( i[fZ S`

g^fdS*eZadf VWUSk f[_W a` fZW `e eUS^W S`V `ad_S^ N=F Xda_ ?d0( i[fZ S ^a`Y VWUSk f[_W a` fZW xet_e

eUS^W) dWebWUf[hW^k) gba` 5--*`_ Xe*bg^eWV ^SeWd WjU[fSf[a`+ MZWeW N=GLe iWdW fZW` egT\WUfWV fa

eUS``[`Y [_SY[`Y a` fZW fia*bZafa` WjU[fSf[a` _[UdaeUabk &;.GJ) H[]a`' g`VWd WjU[fSf[a` i[fZ S` 5--*



?TPPLGMGNSCQX 9KITQG +1) L?G [_SYWe aX &S' /?d:R S`V &T' .--HV:R N=GLe+ FSeWd eUS``[`Y

_[UdaeUabk [_SYWe aX &U)V' /?d:R S`V &W)X' .--HV:R N=GLe) Ua^^WUfWV [` fZW YdWW` &2--*22- `_'

S`V dWV UZS``W^ &24-*3/- `_') dWebWUf[hW^k+ C_SYW V[_W`e[a`e7 .-/1 u .-/1 b[jW^e8 b[jW^ e[lW7 -+.. x_8

b[jW^ ViW^^ f[_W7 .+. xe8 SUcg[e[f[a` f[_W7 .3+3 e+ PZW` fZW b[jW^ ViW^^ f[_W iSe eWf Se .+. xe) fZW [_SYWe

aX /?d:R N=GLe egXXWdWV Xda_ S` aTh[age fS[^[`Y WXXWUf VgW fa fZW xet_e ^a`Y dSV[Sf[hW ^[XWf[_W aX

`ad_S^ N=F) iZ[UZ USgeWV fZW [_SYW V[efadf[a` S`V VWXad_Sf[a`+ @ad Ua_bSd[ea`) fZW [_SYWe aX

.--HV:R N=GLe iWdW U^WSd S`V XdWW Xda_ fS[^[`Y WXXWUf TWUSgeW aX fZW g^fdS*eZadf VWUSk f[_W &a` fZW

`e eUS^W' aX N=*L@+

@g\[S` C`ef[fgfW aX KWeWSdUZ a` fZW LfdgUfgdW aX GSffWd) =Z[`WeW ;USVW_k aX LU[W`UWe

`_ Xe*bg^eWV ^SeWd+ MZW dWeg^fe eZaiWV fZSf N=*L@ US` TW Uagb^WV iW^^ i[fZ Ua`hW`f[a`S^ _g^f[bZafa`

_[UdaeUabk S`V [e Td[YZf W`agYZ Xad Z[YZ*cgS^[fk [_SY[`Y) WebWU[S^^k Xad XSef eUS``[`Y [_SY[`Y+ ;e

eZai` [` Lgbb^W_W`fSdk @[Ye+ .4U)V) iZW` fZW b[jW^ ViW^^ f[_W iSe eWf Se .+. xe) fZW [_SYWe aX /?d:R

N=GLe egXXWdWV Xda_ S` aTh[age fS[^[`Y WXXWUf VgW fa fZW ^a`Y dSV[Sf[hW ^[XWf[_W aX `ad_S^ N=F) iZ[UZ

USgeWV fZW [_SYW V[efadf[a` S`V VWXad_Sf[a`+ @ad Ua_bSd[ea`) fZW [_SYWe aX .--HV:R N=GLe iWdW

U^WSd S`V XdWW Xda_ fS[^[`Y WXXWUf TWUSgeW aX fZW g^fdS*eZadf VWUSk f[_W aX N=*L@ &Lgbb^W_W`fSdk @[Ye+

.4W)X'+ MZWeW dWeg^fe dWhWS^ fZW YdWSf bafW`f[S^ aX N=*L@ Xad Z[YZ*ebWWV S`V Z[YZ*dWea^gf[a` T[a[_SY[`Y+

LWW S^ea fWjf V[eUgee[a` `Wi^k SVVWV [` ^[`W . Xda_ fZW Taffa_ aX bSYW .1 S`V ^[`We .*/ aX bSYW .2 [` fZW

dWh[eWV _S`geUd[bf S`V Lgbb^W_W`fSdk @[Y+ .4 `Wi^k SVVWV [` fZW dWh[eWV Lgbb^W_W`fSdk C`Xad_Sf[a`+

@GWS FKRETRRKON NGVLX CFFGF KN SJG MCKN SGWS4

F[`W . Xda_ fZW Taffa_ aX bSYW .1 S`V ^[`We .*/ aX bSYW .27 MZW g^fdSXSef N=*L@ i[fZ S VWUSk f[_W a`

fZW `e eUS^W bdah[VW S` [VWS^ ea^gf[a` fa egbbdWee fZW fS[^[`Y WXXWUf SeeaU[SfWV i[fZ fZW xet_e ^a`Y ^[XWf[_W

aX F`0( Vgd[`Y fZW XSef*eUS``[`Y [_SY[`Y &Lgbb^W_W`fSdk @[Y+ .4') iZ[UZ [e Z[YZ^k VWe[dST^W Xad Z[YZ*

ebWWV egbWd*dWea^gf[a` T[a[_SY[`Y+

<GVLX CFFGF FCSC KN SJG ?TPPLGMGNSCQX ;NHOQMCSKON4



@g\[S` C`ef[fgfW aX KWeWSdUZ a` fZW LfdgUfgdW aX GSffWd) =Z[`WeW ;USVW_k aX LU[W`UWe

Ma eg__Sd[lW) iW ZShW _aV[X[WV fZW fWjf V[eUgee[a` S`V egbb^W_W`fWV _adW WjbWd[_W`fS^ VSfS fa

efdW`YfZW` fZW `ahW^fk aX fZ[e iad]+ MZW e[Y`[X[US`UW S`V `ahW^fk aX agd iad] SdW S^ea egbbadfWV Tk

KWh[WiWd "/ iZa dS`]WV agd iad] Se p[`fd[Yg[`Y S`V ^[]W^k fa USbfgdW fZW [`fWdWef aX fZW \agd`S^%e

dWSVWdeZ[bq S`V KWh[WiWd "0 iZa dWUa__W`VWV bgT^[USf[a` aX agd _S`geUd[bf Se [f [e+ PW TW^[WhW fZSf)

agd X[`V[`Y [e `ahW^ S`V e[Y`[X[US`f Se [f bdWeW`fe S egTefS`f[S^ SVhS`UW i[fZ dWebWUf fa bdWh[age iad] S`V

Uag^V TW S TdWS]fZdagYZ [` fZW VWhW^ab_W`f aX N=HJe) iZ[UZ ^Ske S Xag`VSf[a` Xad fZW Wjb^adSf[a` aX

WXX[U[W`f S`V g^fdSXSef N= _SfWd[S^e faiSdV S _kd[SV aX bafW`f[S^ Sbb^[USf[a`e egUZ Se Z[YZ*ebWWV egbWd*

dWea^gf[a` T[a[_SY[`Y) cgS`fg_ abf[Ue) S`V ea^[V*efSfW e[`Y^W*bZafa` W_[ffWde+ PW e[`UWdW^k ZabW fZW

dWh[WiWd Ua`Ugde SXfWd dWSV[`Y fZW dWh[eWV _S`geUd[bf S`V fZW STahW U^Sd[X[USf[a`+



@g\[S` C`ef[fgfW aX KWeWSdUZ a` fZW LfdgUfgdW aX GSffWd) =Z[`WeW ;USVW_k aX LU[W`UWe

>GPLX SO SJG 8OMMGNSR OH >GUKGVGQ ",

:GNGQCL 8OMMGNS4

This manuscript reports on bright and ultrafast (lifetime down to 2.5 ns) upconversion in NaYF4:x mol% 

Nd³'@NaYF4 (x = 2, 25, 50, 75, 100) core-shell nanoparticles (UCNPs) at room temperature under free-

space excitation. Upon fs-pulsed 800 nm laser excitation, the authors observe coherent upconversion 

emission with a two-fold increase in intensity and over a three-thousand-fold improvement in the 

radiative decay rate. The study further demonstrates the ability to manipulate the upconversion emission 

lifetime from microseconds to sub-nanoseconds by controlling excitation power and emitting sample 

length. This manipulation is accompanied by the characteristic superfluorescence signature of Burnham-

Chiao ringing. These findings are intriguing and likely to capture the interest of the journal's readership. 

However, a deep discussion of the following points is necessary. 

>GRPONRG4

PW YdWSf^k SbbdWU[SfW fZW dWh[WiWd Xad Z[e,ZWd bae[f[hW Ua__W`fe a` agd _S`geUd[bf S`V fZW WXXadfe fa

[_bdahW fZW cgS^[fk aX agd _S`geUd[bf+ PW ZShW USdWXg^^k ^aa]WV [`fa S^^ fZW ZW^bXg^ egYYWef[a`e Tk fZW

dWh[WiWd S`V _SVW S^^ fZW dWcgWefWV UZS`YWe fZSf ZShW TWW` dWX^WUfWV W[fZWd [` fZW fWjf ad [` fZW

Lgbb^W_W`fSdk C`Xad_Sf[a`+ ; ba[`f*Tk*ba[`f dWeba`eW [e `afWV TW^ai+
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The authors argue that the observation of enhanced UCL intensity along with decay times on the ns scale 

may result from the burst of radiative transition rate of Nd3+, signifying that the upconverted emission of 

100Nd@Y under fs-pulsed laser excitation is not a normal UCL process. This assumption requires 

further justification (and support by literature data). 

>GRPONRG4

MZ[e Seeg_bf[a` iSe _SVW TSeWV a` fZW Xa^^ai[`Y Ua`e[VWdSf[a`e+ PW Xag`V fZSf fZW VWUSk f[_We aX fZW
1A4,/ v 1C..,/ &255 `_' S`V 1A4,/ v 1C.0,/ &323 `_' fdS`e[f[a`e aX HV0( g`VWd Xe*bg^eWV ^SeWd WjU[fSf[a`

iWdW V[XXWdW`f S`V ST`ad_S^^k eZadfW`WV fa .-+4 S`V /1+5 `e) dWebWUf[hW^k &[`eWf aX @[Y+ .W'+ MZWeW

aTeWdhSf[a`e SdW [` efSd] Ua`fdSef fa fZW `ad_S^ N=F ^[XWf[_We aX HV0( g`VWd `e*bg^eWV ^SeWd WjU[fSf[a`)

iZWdW HV0( V[eb^SkWV S` [VW`f[US^ N=F VWUSk f[_W &#L?' aX /+/5 xe Sf 255 S`V 323 `_ &@[Y+ .W'+ AW`WdS^^k)

fZW VWUSk f[_We aX fZW bSd[fk*XadT[VVW` 1X v 1X fdS`e[f[a`e aX F`0( [a`e SdW a` fZW xey_e dS`YW S`V fZW

VWUSk f[_We aX fZW N=F Xda_ fZW eS_W W_[ff[`Y ^WhW^ eZag^V TW [VW`f[US^) TWUSgeW WSUZ fdS`e[f[a` V[ba^W

eZSdWe fZW eS_W VWWjU[fSf[a` UZS``W^e aX fZW W_[ff[`Y ^WhW^ &D+ =+ <n`l^[ $ L+ ?^[eWWhS) Springer Berlin 

Heidelberg ,*++) 7) .*12'+ ;VV[f[a`S^^k) [` `ad_S^ N=F) fZW W`ZS`UW_W`f aX N=F [`fW`e[fk [e gegS^^k

SUUa_bS`[WV Tk fZW ^W`YfZW`[`Y aX N=F ^[XWf[_W VgW fa fZW egbbdWeeWV `a`dSV[Sf[hW dW^SjSf[a`) iZ[^W

fZW eZadfW`[`Y aX N=F ^[XWf[_W [`V[USfWe SUUW^WdSfWV `a`dSV[Sf[hW dW^SjSf[a` aX WjU[fWV F`0( [a`e fZdagYZ

W`WdYk fdS`eXWd fa fZW ^Sff[UW ad egdXSUW VWXWUfe) iZ[UZ dWeg^fe [` VWUdWSeWV N=F [`fW`e[fk &A+ R+ =ZW` et 

al.) Chem. Soc. Rev. ,*+/) 44) .35-*.4.08 H+ D+ D+ DaZ`ea` et al.) J. Am. Chem. Soc. ,*+1) 139)

0/42t0/5/'+ MZWdWXadW) iW VWVgUWV fZSf fZW aTeWdhSf[a` aX dW_Sd]ST^k W`ZS`UWV N=F [`fW`e[fk S^a`Y
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The authors must explain how the lifetime of the Nd3+ 4G7/2 excited state is calculated. Furthermore, in 

Supplementary Figures 5 and 7 it is unclear the meaning of the full line. The excitation wavelength used 

in the experiments must be also reported. 

>GRPONRG4

GS`k fZS`]e Xad fZ[e hS^gST^W egYYWef[a`+ MZW N=*L@ VWUSk UgdhWe [` Lgbb^W_W`fSdk @[Ye+ 3 S`V .-

&ad[Y[`S^ Lgbb^W_W`fSdk @[Ye+ 2 S`V 4' iWdW aTfS[`WV gba` Xe*bg^eWV ^SeWd WjU[fSf[a` Sf 5-- `_ i[fZ

V[XXWdW`f baiWd VW`e[f[We) S`V fZW Xg^^ ^[`We dWbdWeW`f fZW X[ff[`Y dWeg^fe fa fZW VWUSk S`V d[eW Ua_ba`W`fe

aX fZW VWUSk UgdhWe) dWebWUf[hW^k+ MZWeW [_badfS`f _WeeSYWe ZShW TWW` egbb^W_W`fWV [` fZW USbf[a`e aX

Lgbb^W_W`fSdk @[Ye+ 3 S`V .- [` fZW dWh[eWV Lgbb^W_W`fSdk C`Xad_Sf[a`+

MZW N=*L@ VWUSk UgdhWe aX HV0( &%W_ 9 255 `_' Ua`e[efWV aX fZW d[eW S`V VWUSk Ua_ba`W`fe)

@g\[S` C`ef[fgfW aX KWeWSdUZ a` fZW LfdgUfgdW aX GSffWd) =Z[`WeW ;USVW_k aX LU[W`UWe

i[fZ VWUSk f[_We a` fZW `e eUS^W _Sk dWeg^f Xda_ fZW Tgdef aX dSV[Sf[hW fdS`e[f[a` dSfW aX HV0( [`efWSV aX

fZW egbbdWeeWV `a`dSV[Sf[hW dW^SjSf[a`) e[Y`[Xk[`Y fZSf fZW gbUa`hWdfWV W_[ee[a` aX .--HV:R g`VWd Xe*

bg^eWV ^SeWd WjU[fSf[a` [e `af S `ad_S^ N=F bdaUWee+ Ma dSf[a`S^[lW fZ[e SdYg_W`f) iW ZShW SVVWV _adW

fWjf V[eUgee[a` STagf fZW N=F W`ZS`UW_W`f S^a`Y i[fZ fZW eZadfW`WV VWUSk f[_We a` fZW `e eUS^W

aTeWdhWV [` .--HV:R g`VWd Xe*bg^eWV ^SeWd WjU[fSf[a`+ Mia bSbWde V[eUgee[`Y fZW dW^Sf[a`eZ[b TWfiWW`

fZW N=F [`fW`e[fk S`V ^[XWf[_W ZShW S^ea TWW` [`U^gVWV Se `Wi dWXWdW`UWe &KWXe+ 00 S`V 01'+ LWW S^ea fWjf

V[eUgee[a` `Wi^k SVVWV [` ^[`We .1*/- aX bSYW 4 S`V KWXe+ 00 S`V 01 `Wi^k SVVWV [` fZW dWh[eWV

_S`geUd[bf+

>GUKRKONR KN SJG MCKN SGWS4

F[`We .1*/- aX bSYW 47 ;VV[f[a`S^^k) [` `ad_S^ N=F) fZW W`ZS`UW_W`f aX N=F [`fW`e[fk [e gegS^^k

SUUa_bS`[WV Tk fZW ^W`YfZW`[`Y aX N=F ^[XWf[_W VgW fa fZW egbbdWeeWV `a`dSV[Sf[hW dW^SjSf[a`) iZ[^W

fZW eZadfW`[`Y aX N=F ^[XWf[_W [`V[USfWe SUUW^WdSfWV `a`dSV[Sf[hW dW^SjSf[a` aX WjU[fWV F`0( [a`e fZdagYZ

W`WdYk fdS`eXWd fa fZW ^Sff[UW ad egdXSUW VWXWUfe) iZ[UZ dWeg^fe [` VWUdWSeWV N=F [`fW`e[fk00)01+ BW`UW) fZW

aTeWdhSf[a` aX dW_Sd]ST^k W`ZS`UWV N=F [`fW`e[fk S^a`Y i[fZ VWUSk f[_We a` fZW `e eUS^W _Sk dWeg^f

Xda_ fZW Tgdef aX dSV[Sf[hW fdS`e[f[a` dSfW aX HV0( [`efWSV aX fZW egbbdWeeWV `a`dSV[Sf[hW dW^SjSf[a`)

e[Y`[Xk[`Y fZSf fZW gbUa`hWdfWV W_[ee[a` aX .--HV:R g`VWd Xe*bg^eWV ^SeWd WjU[fSf[a` [e `af S `ad_S^

N=F bdaUWee+

>GHGQGNEGR NGVLX CFFGF4

00 =ZW`) A+ R+ et al. F[YZf gbUa`hWdf[`Y UadW*eZW^^ `S`aefdgUfgdWe7 `S`abZafa`[U Ua`fda^ Xad W_WdY[`Y

Sbb^[USf[a`e+ Chem. Soc. Rev. ..) .35-*.4.0 &/-.2'+

01 DaZ`ea`) H+ D+ D+ et al. >[dWUf Wh[VW`UW Xad Uagb^WV egdXSUW S`V Ua`UW`fdSf[a` cgW`UZ[`Y Vk`S_[Ue

[` ^S`fZS`[VW*VabWV `S`aUdkefS^e+ J. Am. Chem. Soc. +-3) 0/42t0/5/ &/-.4'+
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@g\[S` C`ef[fgfW aX KWeWSdUZ a` fZW LfdgUfgdW aX GSffWd) =Z[`WeW ;USVW_k aX LU[W`UWe

UaddWeba`V[`Y fa fZW Tg[^V*gb S`V VWUSk bdaUWeeWe aX N=*L@) dWebWUf[hW^k+ MZW dSV[Sf[hW VWUSk f[_We &#K'

Xad N=*L@ aX HV0( iWdW VWfWd_[`WV Tk e[`Y^W* ad T[*Wjba`W`f[S^ X[ff[`Y fa fZW VWUSk Ua_ba`W`f aX fZW

VWUSk UgdhWe &Lgbb^W_W`fSdk @[Y+ 3'+ ;f ^ai WjU[fSf[a` baiWd VW`e[f[We &-+4.t-+42 ]P U_*/') fZW

W_[ee[a` aX HV0( VWh[SfWV Xda_ e[`Y^W*Wjba`W`f[S^ VWUSk) VgW fa fZW _[j[`Y aX fZW `ad_S^ N=F aX HV0(+

C` fZ[e USeW) fZW VWUSk UgdhWe iWdW X[ffWV i[fZ S T[Wjba`W`f[S^ Xg`Uf[a`7

4 / #+%(& 30
'

)+
4

iZWdW C&f' VW`afWe fZW ^g_[`WeUW`UW [`fW`e[fk Se S Xg`Uf[a` aX f[_W8 ;. S`V ;/ SdW fZW iW[YZf dSf[ae Xad

fZW ^[XWf[_W Ua_ba`W`fe aX #. S`V #/) dWebWUf[hW^k+ MZW ShWdSYW VWUSk f[_W aX HV0( iSe US^Ug^SfWV Tk fZW

Xa^^ai[`Y WjbdWee[a`7

),.- 2
#* 1 )*

+/#+ 1 )+
+

#* 1 )*/#+ 1 )+

;f Z[YZ WjU[fSf[a` baiWd VW`e[f[We &.+-4t/+-6 ]P U_*/') fZW W_[ee[a` aX HV0( fgd`WV fa bgdW N=*L@ S`V

fZW VWUSk UgdhWe US` TW X[ffWV i[fZ S e[`Y^W*Wjba`W`f[S^ Xg`Uf[a`) iZWdWTk fZW VWUSk f[_W aX HV0( iSe

VWd[hWV+ <SeWV a` fZW X[ff[`Y dWeg^fe) fZW dSV[Sf[hW VWUSk f[_W Xad N=*L@ aX HV0( iSe VWfWd_[`WV fa

VWUdWSeW Xda_ 04+1 `e fa /+2 `e i[fZ fZW [`UdWSe[`Y WjU[fSf[a` baiWd VW`e[fk Xda_ -+4. fa /+-6 ]P U_*/)

VgW fa fZW [`UdWSeWV `g_TWd aX Uagb^WV V[ba^We [` fZW UaZWdW`f efSfW+ =a`UgddW`f^k) fZW d[eW Ua_ba`W`f

aX fZW VWUSk UgdhWe &Lgbb^W_W`fSdk @[Y+ .-' iSe X[ffWV Tk S e[`Y^W*Wjba`W`f[S^ Xg`Uf[a` S`V fZW VW^Sk

f[_W iSe VWfWd_[`WV Se 62# aX fZW Sek_bfaf[U hS^gW+ MZW VWfS[^e Xad fZW US^Ug^Sf[a` aX fZW dSV[Sf[hW VWUSk

f[_W &#K' S`V VW^Sk f[_W &#>' Xad N=*L@ aX HV0( Xda_ fZW 1A4,/ efSfW ZShW TWW` egbb^W_W`fWV [` fZW

USbf[a`e aX Lgbb^W_W`fSdk @[Ye+ 3 S`V .- [` fZW dWh[eWV Lgbb^W_W`fSdk C`Xad_Sf[a`+

>GUKRKONR KN SJG ?TPPLGMGNSCQX ;NHOQMCSKON4

?TPPLGMGNSCQX 9KITQG 0) JaiWd*VWbW`VW`f N=*L@ VWUSk UgdhWe &%W_ 9 255 `_' aX HSHV@1:HSR@1
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@g\[S` C`ef[fgfW aX KWeWSdUZ a` fZW LfdgUfgdW aX GSffWd) =Z[`WeW ;USVW_k aX LU[W`UWe

N=HJe gba` Xe*bg^eWV ^SeWd WjU[fSf[a` Sf 5-- `_) eZai[`Y fZW VWUdWSeWV dSV[Sf[hW VWUSk f[_W &#K' i[fZ

fZW [`UdWSe[`Y WjU[fSf[a` baiWd VW`e[fk+ MZW T^gW Xg^^ ^[`We dWbdWeW`f fZW X[ff[`Y UgdhWe fa fZW VWUSk

Ua_ba`W`f+ ;f ^ai WjU[fSf[a` baiWd VW`e[f[We &-+4.t-+42 ]P U_*/') fZW W_[ee[a` aX HV0( VWh[SfWV Xda_

e[`Y^W*Wjba`W`f[S^ VWUSk) VgW fa fZW _[j[`Y aX fZW `ad_S^ N=F aX HV0(+ C` fZ[e USeW) fZW VWUSk UgdhWe

iWdW X[ffWV i[fZ S T[Wjba`W`f[S^ Xg`Uf[a`7

4 / #+%(& 30
'

)+
4

iZWdW C&f' VW`afWe fZW ^g_[`WeUW`UW [`fW`e[fk Se S Xg`Uf[a` aX f[_W8 ;. S`V ;/ SdW fZW iW[YZf dSf[ae Xad

fZW ^[XWf[_W Ua_ba`W`fe aX #. S`V #/) dWebWUf[hW^k+ MZW ShWdSYW VWUSk f[_W aX HV0( iSe US^Ug^SfWV Tk fZW

Xa^^ai[`Y WjbdWee[a`7

),.- 2
#* 1 )*

+ / #+ 1 )+
+

#* 1 )* / #+ 1 )+

;f Z[YZ WjU[fSf[a` baiWd VW`e[f[We &.+-4t/+-6 ]P U_*/') fZW W_[ee[a` aX HV0( fgd`WV fa bgdW N=*L@ S`V

fZW VWUSk UgdhWe US` TW X[ffWV i[fZ S e[`Y^W*Wjba`W`f[S^ Xg`Uf[a`) iZWdWTk fZW VWUSk f[_W aX HV0( iSe

VWd[hWV+

?TPPLGMGNSCQX 9KITQG +*) JaiWd*VWbW`VW`f N=*L@ VWUSk UgdhWe &%W_ 9 255 `_' aX HSHV@1:HSR@1

N=HJe Sf fZW [`[f[S^ efSYW gba` Xe*bg^eWV ^SeWd WjU[fSf[a` Sf 5-- `_) eZai[`Y fZW VWUdWSeWV VW^Sk f[_W

&#>' i[fZ fZW [`UdWSe[`Y WjU[fSf[a` baiWd VW`e[fk+ MZW T^gW Xg^^ ^[`We dWbdWeW`f fZW e[`Y^W*Wjba`W`f[S^

X[ff[`Y fa fZW d[eW Ua_ba`W`f aX fZW VWUSk UgdhWe S`V fZW VW^Sk f[_W iSe VWfWd_[`WV Se 62# aX fZW

Sek_bfaf[U hS^gW+

8OMMGNS "-4

On page 7 it is unjustified why “the distinct decay dynamics of the Nd3+ 4G7/2 $ 4I11/2 and 4G7/2 $ 4I13/2
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Correct the units for ln I in Figures 3h and 3i. The logarithmic function is a nondimensional quantity. 

@g\[S` C`ef[fgfW aX KWeWSdUZ a` fZW LfdgUfgdW aX GSffWd) =Z[`WeW ;USVW_k aX LU[W`UWe

transitions indicate the presence of two independent ensembles of coherently coupled dipoles, which 

might compete for the depletion of the shared upper level of 4G7/2 (Fig. 1f).” Moreover, it is also vague 

why the two distinct lifetime values for the same excited state (4G7/2) confirms the establishment of the 

dipole-dipole correlations for UC-SF in 100Nd@Y UCNPs upon fs-pulsed laser excitation. 

>GRPONRG4

MZS`] kag Xad ba[`f[`Y agf fZ[e [_badfS`f [eegW+ ;UfgS^^k) F`0(*VabWV N=HJe SdW S _g^f[^WhW^ L@ ekefW_

TWUSgeW aX fZW STg`VS`f W^WUfda`[U fdS`e[f[a`e i[fZ[` S e[`Y^W F`0( [a`+ @ad L@ [` S _g^f[^WhW^ ekefW_) fZW

W_[ee[a` US` aUUgd egUUWee[hW^k a` fia USeUSV[`Y fdS`e[f[a`e Sf fia V[XXWdW`f XdWcgW`U[We ad fia

fdS`e[f[a`e i[fZ V[XXWdW`f XdWcgW`U[We eZSd[`Y S Ua__a` gbbWd ^WhW^) iZ[UZ US` TW [` Ua_bWf[f[a` Xad fZW

VWb^Wf[a` aX fZ[e ^WhW^) VgW fa fZW V[XXWdW`f XdWcgW`U[We ad V[XXWdW`f ba^Sd[lSf[a`e aX fZW dSV[Sf[a` X[W^Ve

&G+ Adaee $ L+ BSdaUZW) Phys. Rep. +32,) 93) 0-.*063'+ MZW 1A4,/ v 1C..,/ S`V 1A4,/ v 1C.0,/ fdS`e[f[a`e

aX HV0( SdW fZW w*fkbW Ua_bWf[`Y fdS`e[f[a`e) [` iZ[UZ fZW WjU[fWV efSfW US` VWUSk fa _g^f[b^W Ydag`V

efSfWe i[fZ V[XXWdW`f XdWcgW`U[We &L+ D+ GSeea` et al.) PRX Quantum ,*,.) 5) -.-011'+ @ad TWffWd U^Sd[fk)

iW ZShW SVVWV _adW fWjf V[eUgee[a` STagf fZW [_b^[USf[a` aX fZW V[ef[`Uf VWUSk Vk`S_[Ue aX fZW 1A4,/ v
1C..,/ S`V 1A4,/ v 1C.0,/ fdS`e[f[a`e aX HV0(+ ; bSbWd STagf L@ S`V egbWddSV[S`UW [` _g^f[^WhW^ ekefW_e ZSe

S^ea TWW` [`U^gVWV Se S `Wi dWXWdW`UW &KWX+ 02'+ LWW S^ea fWjf V[eUgee[a` `Wi^k SVVWV [` ^[`We .*5 aX bSYW

5 S`V KWX+ 02 `Wi^k SVVWV [` fZW dWh[eWV _S`geUd[bf+

@GWS FKRETRRKON NGVLX CFFGF KN SJG MCKN SGWS4

F[`We .*5 aX bSYW 57 ;UfgS^^k) F`0(*VabWV N=HJe SdW S _g^f[^WhW^ L@ ekefW_ TWUSgeW aX fZW STg`VS`f

W^WUfda`[U fdS`e[f[a`e i[fZ[` S e[`Y^W F`0( [a`+ @ad L@ [` S _g^f[^WhW^ ekefW_) fZW W_[ee[a` US` aUUgd

egUUWee[hW^k a` fia USeUSV[`Y fdS`e[f[a`e Sf fia V[XXWdW`f XdWcgW`U[We ad fia fdS`e[f[a`e i[fZ V[XXWdW`f

XdWcgW`U[We eZSd[`Y S Ua__a` gbbWd ^WhW^) iZ[UZ US` TW [` Ua_bWf[f[a` Xad fZW VWb^Wf[a` aX fZ[e ^WhW^)

VgW fa fZW V[XXWdW`f XdWcgW`U[We ad V[XXWdW`f ba^Sd[lSf[a`e aX fZW dSV[Sf[a` X[W^Ve0-+ MZW fdS`e[f[a`e Xda_
1A4,/ fa 1C..,/ S`V 1C.0,/ aX HV0( SdW fZW w*fkbW Ua_bWf[`Y fdS`e[f[a`e) [` iZ[UZ fZW WjU[fWV efSfW US` VWUSk

fa _g^f[b^W Ydag`V efSfWe i[fZ V[XXWdW`f XdWcgW`U[We02+ MZWdWXadW) fZW V[ef[`Uf VWUSk Vk`S_[Ue aX fZW 1A4,/

v 1C..,/ S`V 1A4,/ v 1C.0,/ fdS`e[f[a`e aX HV0( [`V[USfWe fZW bdWeW`UW aX fia [`VWbW`VW`f W`eW_T^We aX

UaZWdW`f^k Uagb^WV V[ba^We) iZ[UZ _[YZf Ua_bWfW Xad fZW VWb^Wf[a` aX fZW eZSdWV gbbWd ^WhW^ aX 1A4,/ &@[Y+

.X'+ MZ[e bZW`a_W`a` XgdfZWd Ua`X[d_e fZW WefST^[eZ_W`f aX fZW V[ba^W*V[ba^W UaddW^Sf[a`e Xad N=*L@ [`

.--HV:R N=HJe gba` Xe*bg^eWV ^SeWd WjU[fSf[a`+

>GHGQGNEG NGVLX CFFGF4

02 GSeea`) L+ D+ et al. >[U]W egbWddSV[S`UW [` adVWdWV SddSke aX _g^f[^WhW^ Sfa_e+ PRX Quantum /)

-.-011 &/-/1'+



@g\[S` C`ef[fgfW aX KWeWSdUZ a` fZW LfdgUfgdW aX GSffWd) =Z[`WeW ;USVW_k aX LU[W`UWe

>GRPONRG4

MZS`] kag Xad kagd ][`V dW_[`V[`Y+ PW ZShW UaddWUfWV fZW g`[fe Xad ^` C [` @[Ye+ 0Z S`V 0[ [` fZW dWh[eWV

_S`geUd[bf+

>GUKRGF 9KITQG - KN SJG MCKN SGWS4

9KI) -) <F-& EONEGNSQCSKON(FGPGNFGNS A8(?9 OH <CB9.4 x MOL#<F-&7<CB9. A8<=R $x<F7B5 x

6 ,' ,/' /*' 1/' CNF +**%) &S*V' M?G [_SYWe aX xHV:R N=HJe i[fZ V[XXWdW`f HV0( Ua`UW`fdSf[a`e+ &W'

N=F W`ZS`UW_W`f XSUfade Xad fZW HV0( W_[ee[a` Sf 255 `_ [` xHV:R N=HJe i[fZ V[XXWdW`f HV0(

Ua`UW`fdSf[a`e) gba` Xe*bg^eWV ^SeWd WjU[fSf[a` dW^Sf[hW fa fZSf gba` =P ^SeWd WjU[fSf[a` i[fZ S`

Wcg[hS^W`f baiWd VW`e[fk Sf ShWdSYW &m.+.- ]P U_*/'+ &X' LUZW_Sf[U aX fZW WefST^[eZ_W`f aX _SUdaeUab[U

Y[S`f V[ba^W [` xHV:R N=HJe Sf Z[YZ S`V ^ai HV0( Ua`UW`fdSf[a`e+ MZW T^SU] Sddaie VW`afW fZW V[ba^W

bZSeW S`V fZW adS`YW UgdhWe dWbdWeW`f fZW dSV[Sf[a` X[W^V+ &Y' N=*L@ VWUSk UgdhW aX 2-HV:R N=HJe

gba` 5--*`_ Xe*bg^eWV ^SeWd WjU[fSf[a` i[fZ S baiWd VW`e[fk aX .+20 ]P U_*/+ &Z) [' >agT^W ^aYSd[fZ_[U

b^afe aX fZW N=F [`fW`e[f[We aX fZW 1A4,/ v 1C..,/ S`V 1A4,/ v 1C.0,/ fdS`e[f[a`e aX HV0( Sf 255 S`V 323 `_

hWdege fZW WjU[fSf[a` baiWd VW`e[fk &P' Xad &Z' N=*L@ S`V &[' `ad_S^ N=F aX 2-HV:R N=HJe) eZai[`Y

V[XXWdW`f baiWd VWbW`VW`UW+

8OMMGNS "/4

On page 8, the comparison between the reported upconversion superfluorescence (UC-SF) and data 

previously published (Ref. 25 of the manuscript) is speculative. Further data must be added to support 

the sentence “We speculate that the improved UC-SF properties achieved in our 100Nd@Y UCNPs lie 

in the use of small-sample SF system along with fs-pulsed laser excitation, which resulted in significantly 

enhanced radiation field and consequently increased number of coherently coupled dipoles as compared 



@g\[S` C`ef[fgfW aX KWeWSdUZ a` fZW LfdgUfgdW aX GSffWd) =Z[`WeW ;USVW_k aX LU[W`UWe

to those in large samples with ns-pulsed laser excitation.” 

>GRPONRG4

MZS`] kag Xad fZ[e hS^gST^W egYYWef[a`+ Ma hWd[Xk agd ebWUg^Sf[a`) iW ZShW ek`fZWe[lWV HSHV@1:HSR@1

N=HJe i[fZ S _WS` e[lW aX /00+2 `_ &`Wi^k SVVWV VSfS [` Lgbb^W_W`fSdk @[Y+ 4') iZ[UZ [e Ua_bSdST^W

fa fZSf &m/4- `_' aX fZW ^[fWdSfgdW dWbadf Tk F[_ S`V BS` et al. &KWX+ /2'+ MZW `Wi^k ek`fZWe[lWV N=HJe

iWdW ^STW^WV Se F*.--HV:R) S`V fZW N=HJe i[fZ S _WS` e[lW aX m21+6 `_ [` agd ad[Y[`S^ _S`geUd[bf

iWdW ^STW^WV Se L*.--HV:R+ Nba` Xe*bg^eWV ^SeWd WjU[fSf[a` Sf 5-- `_ i[fZ S baiWd VW`e[fk aX /+-6

]P U_*/) F*.--HV:R WjZ[T[fWV e[_[^Sd N=*L@ aX HV0( Se fZSf aX L*.--HV:R &`Wi^k SVVWV VSfS [`

Lgbb^W_W`fSdk @[Y+ 5S'+ BaiWhWd) fZW N=*L@ VWUSk f[_W &#L@' aX F*.--HV:R &6/+5 `e' iSe _gUZ

^a`YWd fZS` fZSf &/+2 `e' aX L*.--HV:R &`Wi^k SVVWV VSfS [` Lgbb^W_W`fSdk @[Y+ 5T') [`V[USf[`Y e_S^^Wd

`g_TWd aX UaZWdW`f^k Uagb^WV V[ba^We &N' Xad fZW 1A4,/ v 1C..,/ fdS`e[f[a` aX HV0( [` F*.--HV:R fZS`

[` L*.--HV:R+ Ma Wef[_SfW fZW N hS^gW [` F*.--HV:R) iW _WSegdWV fZW `ad_S^ N=F VWUSk UgdhW aX

HV0( &%W_ 9 255 `_' [` F*.--HV:R gba` WjU[fSf[a` i[fZ S `e*bg^eWV ^SeWd Sf 5-5 `_ &.- Bl) bg^eW

i[VfZ "2 `e' &`Wi^k SVVWV VSfS [` Lgbb^W_W`fSdk @[Y+ 5U') iZWdWTk fZW eba`fS`Wage VWUSk f[_W &#L?'

Xda_ 1A4,/ aX HV0( iSe VWfWd_[`WV fa TW /+-2 xe+ ;UUadV[`Y fa fZW WcgSf[a` #L@ " #L?,N) fZW `g_TWd aX

UaZWdW`f^k Uagb^WV V[ba^We &N' Xad fZW 1A4,/ v 1C..,/ fdS`e[f[a` aX HV0( [` F*.--HV:R iSe Wef[_SfWV fa

TW m/0) iZ[UZ [e _gUZ ^aiWd fZS` fZSf &m6./' [` L*.--HV:R+ PW SdW `af ST^W fa _WSegdW fZW N=*L@ aX

fZW eS_b^We gba` 5--*`_ `e*bg^eWV ^SeWd WjU[fSf[a` i[fZ S Z[YZ dWbWf[f[a` XdWcgW`Uk &.] Bl') TWUSgeW [f

[e `af ShS[^ST^W [` agd ^ST. Ha`WfZW^Wee) fZW `g_TWd aX UaZWdW`f^k Uagb^WV V[ba^We &N 9 /0' [` F*

.--HV:R gba` Xe*bg^eWV ^SeWd WjU[fSf[a` [e e[Y`[X[US`f^k [_bdahWV [` Ua_bSd[ea` i[fZ fZSf &N 9 ..'

dWbadfWV Tk F[_ S`V BS` et al. g`VWd WjU[fSf[a` i[fZ S Z[YZ*dWbWf[f[a` &.] Bl' `e*bg^eWV ^SeWd+ MZWeW

aTeWdhSf[a`e VW_a`efdSfW fZSf fZW [_bdahWV N=*L@ bdabWdf[We SUZ[WhWV [` agd .--HV:R N=HJe ^[W [`

fZW geW aX e_S^^*eS_b^W L@ ekefW_ S^a`Y i[fZ Xe*bg^eWV ^SeWd WjU[fSf[a`) iZ[UZ dWeg^fWV [` e[Y`[X[US`f^k

W`ZS`UWV dSV[Sf[a` X[W^V S`V Ua`eWcgW`f^k [`UdWSeWV `g_TWd aX UaZWdW`f^k Uagb^WV V[ba^We Se Ua_bSdWV

fa fZaeW [` ^SdYWd eS_b^We i[fZ `e*bg^eWV ^SeWd WjU[fSf[a`+ MZW `Wi WjbWd[_W`fS^ VSfS S`V fWjf V[eUgee[a`

ZShW TWW` [`U^gVWV Se Lgbb^W_W`fSdk @[Ye+ 4 S`V 5 [` fZW dWh[eWV Lgbb^W_W`fSdk C`Xad_Sf[a`+

<GVLX CFFGF FCSC KN SJG ?TPPLGMGNSCQX ;NHOQMCSKON4

?TPPLGMGNSCQX 9KITQG 1) &S' QK> bSffWd` aX ^SdYW*e[lW HSHV@1:HSR@1 &F*.--HV:R' N=HJe+ &T'



?TPPLGMGNSCQX 9KITQG 2) &S' N=*L@ ebWUfdS S`V &T' VWUSk UgdhWe &%W_ 9 255 `_' aX fZW ^SdYW*e[lW

&m/00+2 `_) F*.--HV:R' S`V e_S^^*e[lW &m21+6 `_) L*.--HV:R' HSHV@1:HSR@1 N=HJe) gba` Xe*

bg^eWV ^SeWd WjU[fSf[a` Sf 5-- `_ i[fZ S baiWd VW`e[fk aX /+-6 ]P U_*/+ &U' Had_S^ N=F VWUSk UgdhW aX

F*.--HV:R N=HJe Tk _a`[fad[`Y fZW 1A4,/ v 1C..,/ W_[ee[a` aX HV0( Sf 255 `_ gba` WjU[fSf[a` i[fZ

S `e*bg^eWV ^SeWd Sf 5-5 `_ &.- Bl) bg^eW i[VfZ "2 `e'+ MZW N=*L@ VWUSk f[_W &#L@' aX F*.--HV:R

iSe VWfWd_[`WV fa TW 6/+5 `e) iZ[UZ [e _gUZ ^a`YWd fZS` fZSf &/+2 `e' aX L*.--HV:R) [`V[USf[`Y e_S^^Wd

`g_TWd aX UaZWdW`f^k Uagb^WV V[ba^We &N' Xad fZW 1A4,/ v 1C..,/ fdS`e[f[a` aX HV0( [` F*.--HV:R fZS`

[` L*.--HV:R+ <k e[`Y^W*Wjba`W`f[S^ X[ff[`Y fa fZW VWUSk UgdhW [` &U') fZW eba`fS`Wage VWUSk f[_W &#L?'

Xda_ 1A4,/ aX HV0( [` F*.--HV:R iSe VWd[hWV fa TW /+-2 xe+ ;UUadV[`Y fa fZW WcgSf[a` #L@ " #L?,N) fZW

`g_TWd aX UaZWdW`f^k Uagb^WV V[ba^We &N' Xad fZW 1A4,/ v 1C..,/ fdS`e[f[a` aX HV0( [` F*.--HV:R iSe

Wef[_SfWV fa TW m/0) iZ[UZ [e _gUZ ^aiWd fZS` fZSf &m6./' [` L*.--HV:R+ Ha`WfZW^Wee) [f [e e[Y`[X[US`f^k

[_bdahWV [` Ua_bSd[ea` i[fZ fZSf &N 9 ..' dWbadfWV Tk F[_ S`V BS` et al. g`VWd WjU[fSf[a` i[fZ S Z[YZ*

dWbWf[f[a` &.] Bl' `e*bg^eWV ^SeWd+ MZWeW aTeWdhSf[a`e VW_a`efdSfW fZSf fZW [_bdahWV N=*L@ bdabWdf[We

SUZ[WhWV [` agd .--HV:R N=HJe ^[W [` fZW geW aX e_S^^*eS_b^W L@ ekefW_ S^a`Y i[fZ Xe*bg^eWV ^SeWd

WjU[fSf[a`) iZ[UZ dWeg^fWV [` e[Y`[X[US`f^k W`ZS`UWV dSV[Sf[a` X[W^V S`V Ua`eWcgW`f^k [`UdWSeWV `g_TWd

aX UaZWdW`f^k Uagb^WV V[ba^We Se Ua_bSdWV fa fZaeW [` ^SdYWd eS_b^We i[fZ `e*bg^eWV ^SeWd WjU[fSf[a`+

@g\[S` C`ef[fgfW aX KWeWSdUZ a` fZW LfdgUfgdW aX GSffWd) =Z[`WeW ;USVW_k aX LU[W`UWe

S`V &U' LUS``[`Y W^WUfda` _[UdaeUabk &L?G' [_SYWe aX F*.--HV:R N=HJe+ &V' L[lW V[efd[Tgf[a` aX

fZW N=HJe aTfS[`WV Tk dS`Va_^k US^Ug^Sf[`Y .-- bSdf[U^We [` fZW L?G [_SYW+



@g\[S` C`ef[fgfW aX KWeWSdUZ a` fZW LfdgUfgdW aX GSffWd) =Z[`WeW ;USVW_k aX LU[W`UWe

>GPLX SO SJG 8OMMGNSR OH >GUKGVGQ "-

:GNGQCL 8OMMGNS4

The authors report on ultrafast UC-SF (Up-conversion Super-fluorescence) in Nd3+-concentrated NaYF4: 

x%Nd3+@NaYF4 core-shell UCNPs upon excitation with a 800-nm fs-pulsed laser at RT and free space. 

Owing to the strong coupling of Nd3+ under high radiation field provided by the fs-pulsed laser excitation, 

a huge number of coherently coupled dipoles of up to 912 was realized, resulting in three orders of 

magnitude improvement in the radiative decay rate of Nd3+ as compared to that of normal UCL, in 

parallel with a record-short lifetime of sub-2.5 ns that had never been achieved before. The study is very 

well conducted. The results are convincing, reproducible and include proofs of the many peculiarities 

expected for the manifestation of super-fluorescence. As such, the effects of the excitation power, Nd3+

concentration, and emitting sample length on UC-SF as well as its kinetics were investigated in detail. 

All the signatures of SF including the power-dependent build-up and decay times, fourth-order power 

dependence of the two-photon UC emission, and UC-SF oscillation (Burnham-Chiao ringing) were 

observed, providing solid evidence for UC-SF in the Nd3+-concentrated system. The breakdown of 

radiative lifetime of Ln3+ from the &s"ms scale to sub-ns through UC-SF paves the straightforward way 

for Ln3+ luminescence in ultrafast optics toward various state-of-the-art applications. 

I recommend the publication of the paper as is. 

>GRPONRG4

PW YdWSf^k SbbdWU[SfW fZW dWh[WiWd Xad Z[e,ZWd bae[f[hW Ua__W`fe a` agd _S`geUd[bf S`V fZW WXXadfe fa

[_bdahW fZW cgS^[fk aX agd _S`geUd[bf+ PW ZShW USdWXg^^k ^aa]WV [`fa S^^ fZW ZW^bXg^ egYYWef[a`e Tk fZW

dWh[WiWd S`V _SVW S^^ fZW dWcgWefWV UZS`YWe fZSf ZShW TWW` dWX^WUfWV [` fZW fWjf+ ; ba[`f*Tk*ba[`f

dWeba`eW [e `afWV TW^ai+

8OMMGNS "+4

As a very minor improvement, please consider the reformulation of lines 19-20. 

>GRPONRG4

MZW eW`fW`UW [` ^[`We .6*/- ZSe TWW` dWX[`WV Se pLbWU[X[US^^k) iW SUZ[WhW S ZgYW `g_TWd &N 9 6./' aX

UaddW^SfWV V[ba^We [` HV0(*Ua`UW`fdSfWV `S`abSdf[U^We gba` WjU[fSf[a` i[fZ S Xe*bg^eWV ^SeWd) dWeg^f[`Y [`

Ua^^WUf[hW UaZWdW`f W_[ee[a` i[fZ fia adVWde aX _SY`[fgVW S_b^[X[USf[a` [` [`fW`e[fk S`V _adW fZS` fZdWW

adVWde aX _SY`[fgVW [_bdahW_W`f [` fZW dSV[Sf[hW VWUSk dSfWq+



6VKJBO 7OTUJUVUF PG <FTFBSDI PO UIF =USVDUVSF PG 9BUUFS% 4IJOFTF 3DBEFNZ PG =DJFODFT

Reply to the Comments of Reviewer #1

Comments:

The authors have addressed many of the reviewers' comments, providing additional data, explanations, 

and clarifications. 

However, their response falls short in demonstrating practical applications, with the current imaging 

demonstration being very preliminary and not quantified. Since room temperature superfluorescence for 

similar composition nanoparticles has been reported before, the novelty of this paper obviously lies in 

the small size of the nanoparticles, the use of a femtosecond laser, and the consequently shortened 

lifetime achieved. Given this context, practical cell imaging experiments are essential to demonstrate the 

advantages of these innovations. 

The authors should conduct cell imaging experiments that clearly show how the shorter lifetime 

translates to improved imaging performance, reduced tailing effects compared to conventional UCNPs, 

and any improvements in resolution or speed of imaging. They should also demonstrate enhanced 

photostability compared to conventional dyes in multiphoton microscopes and determine whether these 

particles maintain their superfluorescence properties in aqueous phase. 

These experiments are crucial to differentiate this work from previous room temperature SF reports and 

to establish its practical significance in the field. Additionally, given the small size of these nanoparticles, 

there's potential for easy modification and use in solution phase, which could be explored further. 

Without these more applied demonstrations, the practical superiority of these nanoparticles for real-

world imaging applications remains somewhat theoretical, and the full impact of the shortened lifetime 

and small particle size on actual biomedical imaging applications cannot be fully assessed. 

Response:

@F BQQSFDJBUF UIF SFWJFXFS GPS IJT(IFS TVHHFTUJPO UP TVQQMFNFOU UIF DFMM JNBHJOH FYQFSJNFOU' >IF DFMM

JNBHJOH FYQFSJNFOU NBZ CF IFMQGVM% CVU JU JT CFZPOE UIF TDPQF PG PVS DVSSFOU XPSL% BT PVS XPSL GPDVTFT

NBJOMZ PO UIF QIPUPQIZTJDT PG VQDPOWFSTJPO #?4$ TVQFSGMVPSFTDFODF #=6$ PG MBOUIBOJEF&EPQFE ?4

OBOPQBSUJDMFT #?4:;T$' >IF NBJO GJOEJOHT PG PVS XPSL SFHBSEJOH VMUSBGBTU ?4&=6 XJUI B MBSHF OVNCFS

#N 1 /*+$ PG DPSSFMBUFE EJQPMFT BOE BO VMUSBTIPSU MJGFUJNF PG TVC&+'- OT BSF OPWFM FOPVHI BOE IBE OPU

CFFO BDIJFWFE CFGPSF'

>IF JNBHJOH DBQBCJMJUZ PG ?4&=6 PO UIF TUBOEBSE NVMUJQIPUPO NJDSPTDPQZ TZTUFN BOE JUT BEWBOUBHFT

PWFS USBEJUJPOBM ?4 MVNJOFTDFODF #?48$ IBWF CFFO QSPWJEFE JO =VQQMFNFOUBSZ 6JH' *.' >IF SFTVMUT

TIPXFE UIBU ?4&=6 DBO CF DPVQMFE XFMM XJUI UIF TUBOEBSE NVMUJQIPUPO NJDSPTDPQZ TZTUFN BOE JT CSJHIU

FOPVHI GPS IJHI&RVBMJUZ JNBHJOH% FTQFDJBMMZ GPS GBTU TDBOOJOH JNBHJOH' @IFO UIF QJYFM EXFMM UJNF XBT

TFU BT *'* [T% UIF JNBHFT PG ?4 NJDSPTQIFSFT #?49=T$ MPBEFE XJUI DPOWFOUJPOBM :BA6,0 AC(5S2:BA6,

#+5S2A$ ?4:;T TVGGFSFE GSPN BO PCWJPVT UBJMJOH FGGFDU EVF UP UIF MPOH SBEJBUJWF MJGFUJNF PG OPSNBM

?48% XIJDI DBVTFE UIF JNBHF EJTUPSUJPO BOE EFGPSNBUJPO' 6PS DPNQBSJTPO% UIF JNBHFT PG ?49=T MPBEFE

XJUI :B:E6,2:BA6, #*)):E2A$ XFSF DMFBS BOE GSFF GSPN UIF UBJMJOH FGGFDU CFDBVTF PG UIF VMUSBTIPSU



6VKJBO 7OTUJUVUF PG <FTFBSDI PO UIF =USVDUVSF PG 9BUUFS% 4IJOFTF 3DBEFNZ PG =DJFODFT

EFDBZ UJNF PG ?4&=6' >IFTF SFTVMUT QSPWJEF TUSPOH FWJEFODF UIBU ?4&=6 XJUI BO VMUSBTIPSU MJGFUJNF JT

TVQFSJPS UP USBEJUJPOBM ?48 GPS IJHI&TQFFE TDBOOJOH JNBHJOH% BT BMTP TVQQPSUFE CZ <FWJFXFS "+ JO IJT(IFS

DPNNFOUT' @F TJODFSFMZ IPQF UIF SFWJFXFS DPODVST BGUFS SFBEJOH UIF BCPWF DMBSJGJDBUJPO'



6VKJBO 7OTUJUVUF PG <FTFBSDI PO UIF =USVDUVSF PG 9BUUFS% 4IJOFTF 3DBEFNZ PG =DJFODFT

Reply to the Comments of Reviewer #2

Comments:

The authors have effectively addressed the reviewers' comments, significantly enhancing the manuscript 

and making it suitable for publication. Additionally, I have been asked to comment on the application 

potential concerns raised by reviewer #1 and I think the experiments detailed in Supplementary Figure 

17 adequately address these issues. 

The imaging capabilities of upconversion superfluorescence (UC-SF) on a standard multiphoton 

microscopy system and its advantages over traditional UC luminescence are demonstrated in 

Supplementary Figure 17 of the revised Supplementary Information. The results show that UC 

microspheres, composed of NaNdF4@NaYF4 core-shell UCNPs coated on polystyrene, can be 

integrated with conventional multiphoton microscopy and provide sufficient brightness for high-quality 

imaging, especially for fast scanning applications. Moreover, the imaging performance of UC-SF is 

shown to be superior to traditional UC luminescence. 

Response:

@F HSFBUMZ BQQSFDJBUF UIF SFWJFXFS GPS IJT(IFS QPTJUJWF DPNNFOUT PO PVS NBOVTDSJQU% OPUJOH UIBU JU JT

TVJUBCMF GPS QVCMJDBUJPO'


