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REVIEWERS' COMMENTS:

Reviewer #1 (Remarks to the Author):

In the manuscript “Practical High-Dimensional Quantum Key Distribution Protocol over 

deployed Multicore fiber”, the authors propose a new path-encoding scheme for high-

dimensional quantum key distribution and demonstrate an experimental implementation of 

4-dimensional quantum key distribution over the field-installed multicore fiber link. The 

topic is very interesting and the experimental is extremely challenging. The authors have 

used the optimized encoding scheme and phase-locking techniques to overcome 

perturbations in the installed fiber and achieved, for the first time, high-dimensional QKD 

through the deployed multicore fiber link. This work represents a meaningful attempt and 

an important step forward in the development and application of high-dimensional QKD in 

the deployed quantum network. 

The manuscript is well-written and easy to follow. The results are clearly presented with 

comprehensive description of the experimental details. I believe this manuscript is worthy 

of publication in Nature Communications. 

Here are some specific comments which may help enhance the readability of this 

manuscript: 

1. As described in the Introduction, the noise tolerance in the 4-dimensional QKD are higher 

than the 2-dimensional QKD. However, Fig. 3 a) shows that the simulated maximum working 

distance of the 4-dimensional QKD are shorter than the 2-dimensional QKD. It would be 

interesting to read an explanation about the case. Maybe it is related to the error rate 

during the quantum state preparing. 

2. Fig. 3 b) shows the long-term stability of the system running continuously for an hour. It is 

easy to see that the Z basis error rate is relatively stable, while the X basis error rate 



fluctuates significantly. Have similar fluctuations been observed for the secure key rate? 

3. In Line 116-117, the authors described that Multicore fibers have unique features such as 

low relative phase and polarization drift and high core-to-core isolation. Are there any 

references? 

4. Readers may be interested in certain experimental details, such as the overall efficiency 

of the receiver (without the detector efficiency) and the block size used for finite key 

processing. It would be helpful to specify these details in the Method section. 

5. In the presented experiment, the 52-km multicore fiber link is realized by 26-km 

multicore fiber in a round-trip or loop-back manner. This feature should be specified in the 

Abstract. 

6. The pulses are generated by carving a CW laser (Q laser) into a pulses train. It is generally 

believed that the phase between different pulses is correlated in this situation. Phase 

randomization is one of the key assumptions in the decoy-state quantum key distribution. 

May I ask if active phase randomization have been implemented in the experiment? If not, 

mention this inconspicuous limitation in the Discussion section would be better. 

7. I noticed that the sending period of quantum states in this experiment is 1680ns, while 

the time interval between two time-bins in the quantum state is 800ps, which is not half of 

the period. Does this configuration increase any risk of time-shift attack? 

8. In the Abstract, the authors claim the record-high secure key rate. However, direct 

comparison with previous work reported in the literature seems missing. Providing relevant 

information and direct comparison would help support this claim. 

9. There maybe a few typos to be fixed and some changes to improve the presentation: 

1) In Line 84, the author describes the link loss as 21dB. However, multiple places later in 

the manuscript indicate that the link loss is 22dB (such as in Line 207, in the caption of Table 

1, in Line 226, and in the caption of Fig. 3). Perhaps there is a typo in Line 84 that needs to 

be corrected. 

2) In the caption of Fig. 1, “… blocking 1 time-bin of time-bin states …” should be “… blocking 

one time bin of time-bin states…” or “… blocking one bin of time-bin states …” 

3) In Line 315, the expression “2x2” use the letter “x” to represent the multiplication sign, 

which could be written more rigorously, as in Line 157. 

4) It is recommended that the authors add a schematic diagram of the multicore fiber cross-

section to Fig. 2, so that the reader can understand the characteristics of the quantum link 



more clearly. 

5) The title of the manuscript maybe shortened as “Practical High-Dimensional Quantum 

Key Distribution over deployed Multicore fiber”, which can summarize the main work more 

clearly, since this work covers both the protocol and the experimental implementation. It is 

only a suggestion. 

Reviewer #2 (Remarks to the Author):

The authors report a record-high secret-key rate generation and distribution in a 4-

dimensional path-encoded QKD system with more than 100% improvement, compared to 

standard QKD systems, in a 52-km deployed multicore fiber link. This result indicates that 

robust high-dimensional QKD can be implemented in a realistic environment by leveraging 

standard telecom equipment and multicore fiber technology. 

However, through a detailed examination of the paper, we find that some of the authors' 

results are overstated. First, the authors' improvement is compared to their own system and 

not to the most advanced standard BB84 system. The authors simply run the BB84 and HD 

protocols separately in the same system and link, and then claim that the comparison of the 

two can achieve a 100% improvement in secret key rate. As far as I know, in a field-deployed 

optical fiber, the BB84 protocol can achieve a secret key rate of approximately 100 

kbps@16.4 dB or 2.5 Mbps@3.9 dB [Npj Quantum Inf. 5, 101 (2019)], which is much better 

than the results obtained in the paper. Compared with some other high-dimensional 

systems, such as the work in Ref. [ Sci. Adv. 3, e1701491 (2017)], the results obtained in the 

paper do not seem sufficient to be published in Nature Communications. 

Other suggestions: 

1. The author should disclose more experimental parameters in the results, including the 

number of pulses sent and some security parameters for key estimation. 

2. It is hard to prove that the data results obtained from the experiment can match the 

simulation results well, as the author has only collected one data point. I suggest that the 

author can provide more data by increasing attenuation. 

3. In order to highlight the contribution of this paper to the field, I suggest that the author 



compare the results with previously published works, especially BB84 systems in field-link or 

other non-field HD systems, to show the significance of this work. 

Reviewer #3 (Remarks to the Author):

Dear Editor, 

I have read with great interest the manuscript entitled ¨Practical High-Dimensional 

Quantum Key Distribution over deployed Multicore Fiber¨. In this work, the authors address 

the research topic of long-distance transmission of high-dimensional quantum systems. In 

their implementation, the authors adopt the well-known hybrid encoding strategy, where 

different degrees of freedom of a single quantum system are used to define a larger Hilbert 

Space. The authors report on the propagation of a 4-dimensional quantum system 

propagated over 52km (26km) of a deployed fiber composed of several cores. 

Unfortunately, I think the manuscript in its current form cannot be published. First, there 

are two important issues in this work that must be carefully analyzed by the authors: 1) 

there are several claims in the work that are not justified by the results presented (I discuss 

them next). And second, 2) the strategy used by the authors to highlight the relevance of 

their results in higher dimensions has an important flaw. 

Last, I would also point out that the manuscript presentation and discussion must be greatly 

improved. Looking at Figure 2, for instance, it's impossible to properly understand the 

experimental setup used. I still don’t understand where Alice is. From Fig 2 it seems it's far 

from Bob station, but I believe this is not the case. Also, the paper’s subject has been 

extensively studied in the literature. Nonetheless, there are only 32 references and 40% 

(!!!!!!!!) of them are auto-citations. A practice to be discouraged by editors in the future I 

hope. 

The important points that in my opinion must be carefully considered are: 



1) Invalid Claims 

For instance, in the abstract and throughout the paper, the authors claim that they ¨…report 

a record high secret key generation rate and distribution in a 4-dimensional path-encoded 

QKD system with more than 100% improvement compared to standard QKD system…¨. To 

be very clear, this is a very unjustified claim. 

First, the authors must clearly distinguish that they are working on a hybrid encoding 

strategy (There are plenty of works on this subject, please check them), and the propagated 

Hi-D system is not defined only in terms of the spatial degree of freedom. This is crucial here 

because later the authors used a different encoding to make the comparison with a bi-

dimensional path-based QKD system. I further discuss this strategy next. But by no means is 

the path-based QKD system a standard scheme for QKD, and its generation rates are known 

to be low compared with what can be achieved with time-bin or polarization. So, when the 

authors claim that they get a 100% improvement of what is possible with standard QKD, this 

is very misleading. 

2) Flaw Strategy to present the results 

The authors implement two different schemes for doing QKD over the considered network. 

One is based on a bi-dimensional path-encoded quantum system. The second one is based 

on a hybrid 4-dimensional quantum system encoded in terms of the path and time-bin of a 

photon. The authors explain that both schemes were implemented almost simultaneously, 

such that a direct comparison between their QBER or Secret Key rate would ‘’..provides a 

fair comparison between 2D and 4D QKD schemes.’’. 

Unfortunately, I strongly disagree with this point. While I understand the reasoning, I would 

say that the proper way to make such a comparison would be two possibilities: 1) Or the 

authors encode the high-dimensional system in the same degree of freedom, that is, using 

all the paths available in the fiber or, 2) The authors use the lower dimensional system that 

is known to be more robust and faster for the purpose of comparison, in this case, a bi-

dimensional time-bin based QKD system. 



Point 1 is easy to justify. I would expect that when more cores of the fibers are considered, 

the stabilization of the system will be more complex and the final 4-dimensional QKD 

system slower. Point 2 is also easy to justify. I would expect that the speed that can be 

achievable with a bi-dimensional time-bin based QKD system will be much higher than what 

was obtained with a path-encoded qubit. In this case, only one fiber core would be needed 

and there is no need to use any stabilization system. Results for schemes like this can be 

readily found in the literature. 

So, in my opinion, the comparison performed has important flaws and must be corrected to 

properly highlight the advantages obtained in higher dimensions. Such a comparison may 

not even be necessary, but in the way the results are presented now, I cannot recommend 

the paper for publication. 
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;][[S\ba b] bVS 9cbV]`7 Hj pda i]jqo_nelp [On]_pe_]h Gecd/Ceiajoekj]h Pq]jpqi

Jau Ceopne^qpekj Onkpk_kh kran `alhkua` Lqhpe_kna "^an'. pda ]qpdkno lnklkoa ] jas l]pd/

aj_k`ejc o_daia bkn decd/`eiajoekj]h mq]jpqi gau `eopne^qpekj ]j` `aikjopn]pa ]j atlan/

eiajp]h eilhaiajp]pekj kb 6/`eiajoekj]h mq]jpqi gau `eopne^qpekj kran pda "ah`/ejop]hha`

iqhpe_kna "^an hejg0 Sda pkle_ eo ranu ejpanaopejc ]j` pda atlaneiajp]h eo atpnaiahu _d]h/

hajcejc0 Sda ]qpdkno d]ra qoa` pda klpeieva` aj_k`ejc o_daia ]j` ld]oa/hk_gejc pa_d/

jemqao pk kran_kia lanpqn^]pekjo ej pda ejop]hha` "^an ]j` ]_deara`. bkn pda "nop peia.

decd/`eiajoekj]h PJC pdnkqcd pda `alhkua` iqhpe_kna "^an hejg0 Sdeo skng nalnaoajpo ]

ia]jejcbqh ]ppailp ]j` ]j eilknp]jp opal bkns]n` ej pda `arahkliajp ]j` ]llhe_]pekj kb

decd/`eiajoekj]h PJC ej pda `alhkua` mq]jpqi japskng0

Sda i]jqo_nelp eo sahh/sneppaj ]j` a]ou pk bkhhks0 Sda naoqhpo ]na _ha]nhu lnaoajpa` sepd

_kilnadajoera `ao_nelpekj kb pda atlaneiajp]h `ap]eho0 H ^aheara pdeo i]jqo_nelp eo sknpdu

kb lq^he_]pekj ej M]pqna Bkiiqje_]pekjo0

Gana ]na okia ola_e"_ _kiiajpo sde_d i]u dahl ajd]j_a pda na]`]^ehepu kb pdeo

i]jqo_nelp<

30 9a RSaQ`WPSR W\ bVS @\b`]RcQbW]\* bVS \]WaS b]ZS`O\QS W\ bVS 1+RW[S\aW]\OZ

FA< O`S VWUVS` bVO\ bVS /+RW[S\aW]\OZ FA<, ?]eSdS`* >WU, 0 O) aV]ea

bVOb bVS aW[cZObSR [OfW[c[ e]`YW\U RWabO\QS ]T bVS 1+RW[S\aW]\OZ FA<

O`S aV]`bS` bVO\ bVS /+RW[S\aW]\OZ FA<, @b e]cZR PS W\bS`SabW\U b] `SOR

O\ Sf^ZO\ObW]\ OP]cb bVS QOaS, COgPS Wb Wa `SZObSR b] bVS S``]` `ObS Rc`W\U

bVS _cO\bc[ abObS ^`S^O`W\U,

"$)%+! Va skqh` hega pk pd]jg pda nareasan bkn ar]hq]pejc pda i]jqo_nelp sepd oq_d

]ppajpekj0 Hp eo pnqa pd]p pda jkeoa pkhan]j_a kb Ge/C PJC eo decdan0 Gksaran. pda

_kilhapa `ao_nelpekj kb jkeoa/ogn. lnaoajpa` ej Z3\ ]j` nabo Z62/64\ pdanaej. odkso pd]p

RJQ ]llnk]_dao vank bkn hksan ]ppajq]pekj r]hqao kb pda _d]jjah ]o pda lnkpk_kh*o

`eiajoekj]hepu ej_na]oao0 Sda na]okj bkn pdeo ^ad]rekn iqop ^a bkqj` ej pda b]_p pd]p

] decdan/`eiajoekj]h ouopai qoao ikna `apa_pkno +kn ikna ]_pera peia kb ] `apa_pkn

ej peia/^ej lnkpk_kho, pd]j ] hksan/`eiajoekj]h kja. ]j` pdeo naoqhpo ej decdan `]ng

_kqjp n]pao0 Dooajpe]hhu. pda lnkpk_kh ^a_kia qjoq__aoobqh sdaj pda _he_go `qa pk `]ng

_kqjpo ej_na]oa pda PADQ ^aukj` ] _anp]ej pdnaodkh`0 Sdanabkna. bkn decd/`eiajoekj]h

4



lnkpk_kho. pdeo k__qno ]p hksan ]ppajq]pekj r]hqao0

Z3\ Gecd/Ceiajoekj]h Pq]jpqi Bkiiqje_]pekj< Aaja"po. Onkcnaoo. ]j` Eqpqna Bd]h/

hajcao / C]jeaha Bkvvkhejk. Aa]pne_a C] Kek. C]re`a A]__k. Kaeb J]poqk Ntajh%sa.

@`r0 Pq]jpqi Sa_djkh0 /-.6. 4. 3;2225:

40 >WU, 0 P) aV]ea bVS Z]\U+bS`[ abOPWZWbg ]T bVS agabS[ `c\\W\U Q]\bW\c]caZg

T]` O\ V]c`, @b Wa SOag b] aSS bVOb bVS M POaWa S``]` `ObS Wa `SZObWdSZg

abOPZS* eVWZS bVS L POaWa S``]` `ObS #cQbcObSa aWU\W"QO\bZg, ?OdS aW[WZO`

#cQbcObW]\a PSS\ ]PaS`dSR T]` bVS aSQc`S YSg `ObS8

"$)%+! Sda oa_nap gau n]pa eo k^p]eja` ^u lnk_aooejc ^hk_go kb n]s `]p] sepd oeva

32& ej sde_d sa ej_hq`a` ]hh pda `]p] ]_mqena` `qnejc pda `]p] ]_mqeoepekj0 Gksaran.

sa at_hq`a` pda ^hk_go pd]p sana _knnaolkj`ejc pk pda ld]oa hk_gejc hkkl hkoejc pda

hk_gejc _kj`epekj ]o ep s]o ^aejc ikjepkna` _kjop]jphu0 Sdeo s]o `kja ^u oappejc

] pdnaodkh` kj pda W/^]oeo PADQ0 Va skqh` hega ]hok pk iajpekj pd]p pda hkoo kb

pda hk_gejc lkejp s]o `qa pk ia_d]je_]h re^n]pekj lnaoajp ej pda ajrenkjiajp sde_d

]!a_pa` pda "^an/^]oa` ejpanbankiapan ]j` _]j ^a eilnkra` ^u ]_pejc kj pda na_aeran

oapql +eilnkra` eokh]pekj,0 Nj pda kpdan d]j`. pda Y/^]oeo ld]oa sde_d _knnaolkj`o

pk pda bqhh iqhpe/_kna "^an ejpanbankiapan. s]o ejp]_p ]o ep s]o kjhu ej#qaj_a` ^u pda

j]pqn]h ld]oa `nebp ej pda "^an0

50 @\ BW\S ..3+..4* bVS OcbV]`a RSaQ`WPSR bVOb CcZbWQ]`S "PS`a VOdS c\W_cS

TSObc`Sa acQV Oa Z]e `SZObWdS ^VOaS O\R ^]ZO`WhObW]\ R`WTb O\R VWUV Q]`S+b]+

Q]`S Wa]ZObW]\, 9`S bVS`S O\g `STS`S\QSa8

"$)%+! Sda ld]oa op]^ehepu ^apsaaj psk _knao kb ] iqhpe_kna "^an _kil]na` pk psk

oejcha/ik`a "^ano sana ia]oqna` ]j` nalknpa` bkn pda _]oa kb ] 9/_kna 4/gi hkjc "^an

Z3\. oaa Eec0 30 Sda _nkoo/p]hg. ej pda "^an ej qoa bkn pdeo eilhaiajp]pekj. eo nalknpa`

ej Z4\ pk ^a ikna pd]j 82 `A eokh]pekj ej olkkh "^an ]j` ikna pd]j 77 `A bkn pda

`alhkua` "^an. oaa Eec0 40 Qah]pera lkh]nev]pekj `nebp s]o ia]oqna` ]j` nalknpa`

ej Z3\ ]j` Z5\ bkn ikna pd]j 9222 oa_kj`o0 Va d]raj*p lanbknia` ] `ena_p hkjc/pani

pn]_gejc kb nah]pera lkh]nev]pekj `nebp ej iqhpe_kna "^an0 Gksaran. pda ld]oa op]^ehepu

naoqhpo ej`e_]pa decd nah]pera lkh]nev]pekj op]^ehepu `qnejc `]p] ]_mqeoepekj0 Va atla_p

]ju ik`a ieoi]p_d pk ]!a_p pda ld]oa op]^ehepu sde_d s]o jkp k^oanra` `qnejc pda

atlaneiajp0
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@jpkjahhe / 423; 46pd NlpkDha_pnkje_o ]j` Bkiiqje_]pekjo Bkjbanaj_a +NDBB, ]j`

423; Hjpanj]pekj]h Bkjbanaj_a kj Odkpkje_o ej Rsep_dejc ]j` Bkilqpejc +ORB,

Z5\ Toa kb Nlpe_]h Bkdanajp Capa_pekj bkn Djrenkjiajp]h Rajoejc / @jpkjek La_kvve=

Bneope]j @jpkjahhe= Leg]ah L]vqn= Me_kh]o Ekjp]eja= G]kodqk Bdaj= K]qnaj C]h/

h]_deao]= ]j` Qkh]j` Qub / Ikqnj]h kb Kecdps]ra Sa_djkhkcu Ukh0 63. Hooqa 33. ll0

5572/5579 +4245,

60 GSORS`a [Og PS W\bS`SabSR W\ QS`bOW\ Sf^S`W[S\bOZ RSbOWZa* acQV Oa bVS ]dS`+

OZZ S$QWS\Qg ]T bVS `SQSWdS` (eWbV]cb bVS RSbSQb]` S$QWS\Qg) O\R bVS PZ]QY

aWhS caSR T]` "\WbS YSg ^`]QSaaW\U, @b e]cZR PS VSZ^TcZ b] a^SQWTg bVSaS

RSbOWZa W\ bVS CSbV]R aSQbW]\,

"$)%+! Va pd]jg pda nareasan bkn iajpekjejc pdeo lkejp0 Sda Y/^]oeo ia]oqnaiajp.

sde_d eo ] `ena_p ia]oqnaiajp kb pda peia kb ]nner]h kb pda ldkpkjo eo kjhu ]!a_pa`

^u pda hkoo ejpnk`q_a` `qa pk CVCLo "hpanejc kqp pda ikjepkn oecj]h ]j` pda "^an

_kjja_pkno0 Va qoa` psk CVCLo pk ]_deara i]teiqi eokh]pekj0 Hj pkp]h. ep ejpnk/

`q_a` ]llnktei]pahu 307 `A kb hkoo +207/208 lan CVCL - 205/207 bkn _kjja_pkno,0 Sda

W/^]oeo ia]oqnaiajp. sde_d eo `kja sepd ] "^an/^]oa` qj^]h]j_a` Le_dahokj ejpanban/

kiapan. d]o ]j atpn] 6 `A kb hkoo `qa pk iqhpelha _kilkjajpo ejoe`a pda ejpanbankiapan0

Sda _dkoaj gau ^hk_g oeva eo 32&. ]j` d]o ^aaj ]``a` ej pda i]ej patp0

Va ]``a` pdaoa `ap]eho pk pda 18F;A7 oa_pekj0

70 @\ bVS ^`SaS\bSR Sf^S`W[S\b* bVS 2/+Y[ [cZbWQ]`S "PS` ZW\Y Wa `SOZWhSR Pg

/3+Y[ [cZbWQ]`S "PS` W\ O `]c\R+b`W^ ]` Z]]^+POQY [O\\S`, IVWa TSObc`S

aV]cZR PS a^SQW"SR W\ bVS 9Pab`OQb,

"$)%+! Va pd]jg pda nareasan bkn pdeo nai]ng0 Va "ta` pda ]^opn]_p pk ^a ikna

_ha]n0

000 _kil]na` pk op]j`]n` PJC ouopaio. ej ] 74/gi `alhkua` iqhpe_kna "^an

hejg bkniejc ^u hkklejc ^]_g psk _knao kb ] 48/gi 6/_kna "^an0 Nqn naoqhpo

ej`e_]pa pd]p 000

80 IVS ^cZaSa O`S US\S`ObSR Pg QO`dW\U O ;K ZOaS` (F ZOaS`) W\b] O ^cZaSa

b`OW\, @b Wa US\S`OZZg PSZWSdSR bVOb bVS ^VOaS PSbeSS\ RW!S`S\b ^cZaSa Wa
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Q]``SZObSR W\ bVWa aWbcObW]\, EVOaS `O\R][WhObW]\ Wa ]\S ]T bVS YSg Oaac[^+

bW]\a W\ bVS RSQ]g+abObS _cO\bc[ YSg RWab`WPcbW]\, COg @ OaY WT OQbWdS ^VOaS

`O\R][WhObW]\ VOdS PSS\ W[^ZS[S\bSR W\ bVS Sf^S`W[S\b8 @T \]b* [S\bW]\

bVWa W\Q]\a^WQc]ca ZW[WbObW]\ W\ bVS <WaQcaaW]\ aSQbW]\ e]cZR PS PSbbS`,

"$)%+! Va pd]jg pda nareasan bkn pdeo lkejp0 Hj`aa` sa ]cnaa sepd pda nareasan ]j`

kqn ia]oqnaiajp ]hok odkso _kdanaj_a ^apsaaj _kjoa_qpera lqhoao pd]p _kjopepqpa _kj/

oa_qpera mq^epo0 @ okhqpekj pk pdeo lnk^hai _]j ^a bkqj` ej pda l]pajp Z3\. sdana ]

paha_ki h]oan eo qoa` ej ]_pera ik`qh]pekj skngejc ]^kra ]j` ^ahks pda pdnaodkh` ok

pda chk^]h ld]oa kb a]_d mq]jpqi op]pa sehh ^a n]j`ki0 Va ]``a` ] ldn]oa ej pda

`eo_qooekj pk opnaoo pda ja_aooepu kb ]``ejc pda ld]oa n]j`kiev]pekj op]ca0

B]nrejc pda lqhoao kqp kb ] BV h]oan ej_na]oao pda _d]j_a kb ld]oa _knnah]/

pekj ^apsaaj _kjoa_qpera mq`epo0 Hp eo ja_aoo]nu pk `areoa ] ld]oa n]j`ki/

ev]pekj op]ca pk _hkoa pda hkkldkha ]j` lnarajp ]pp]_go Z4. 5. 6\0

Z3\ Pq]jpqi gau `eopne^qpekj pn]joieppan / A]__k. C]re`a ]j` B]p]hekppe. En]j_ao_k

R]ranek ]j` Ca M]p]ha. O]khk ]j` N__delejpe. Skii]ok ]j` U]cjehq_]. Hh]ne] ]j`

Y]r]pp]. @haoo]j`nk / VN42443:;745@3

Z4\ Ra_qnepu kb mq]jpqi gau `eopne^qpekj sepd eilanba_p `are_ao / Fkppaoi]j. C]jeah

]j` Kk. G/J ]j` Kqpgajd]qo. Mkn^anp ]j` Onaogehh. Ikdj / Hjpanj]pekj]h Ruilkoeqi

kj Hjbkni]pekj Sdaknu. 42260 HRHS 42260 Onk_aa`ejco. 358. 4226. HDDD

Z5\ Rkqn_a ]pp]_g kb `a_ku/op]pa mq]jpqi gau `eopne^qpekj qoejc ld]oa ejbkni]pekj /

X]j/Kej S]jc. Gq]/Kae Xej. Wekjcbajc L]. Bde/G]jc Ena` Eqjc. X]jc Keq. G]e/Kej

Xkjc. Sajc/Xqj Bdaj. Bdajc/Yde Oajc. Yajc/Aejc Bdaj. ]j` Ie]j/Vae O]j / Oduo0

Qar0 @ 55. 24452:

Z6\ @ Qareas kb Ra_qnepu Dr]hq]pekj kb On]_pe_]h Pq]jpqi Jau Ceopne^qpekj Ruopai /

Rded]e Rqj. @jme Gq]jc / Djpnklu 4244. 46+4,. 482

90 @ \]bWQSR bVOb bVS aS\RW\U ^S`W]R ]T _cO\bc[ abObSa W\ bVWa Sf^S`W[S\b Wa

.35-\a* eVWZS bVS bW[S W\bS`dOZ PSbeSS\ be] bW[S+PW\a W\ bVS _cO\bc[ abObS

Wa 5--^a* eVWQV Wa \]b VOZT ]T bVS ^S`W]R, <]Sa bVWa Q]\"Uc`ObW]\ W\Q`SOaS

O\g `WaY ]T bW[S+aVWTb ObbOQY8

"$)%+! Sda op]pao ]na cajan]pa` ^u `nerejc pda _]nran sepd ] oecj]h cajan]pa` ^u
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pda EOF@0 Sda EOF@ ba]pqnao ] o]ilhejc n]pa kb 3407 FGv kn :2 lo0 Va `a_e`a`

pk qoa 43 o]ilhejc lkejpo bkn a]_d mq^ep0 Sda pn]joepekj pk ]j amqe`eopne^qpa` lqhoa

eo opn]ecdpbkns]n`. dksaran. pdeo _kj"cqn]pekj dahlo ej _d]n]_panevejc pda oapql0 Sk

]josan pda mqaopekj. sa atla_p jk ejbkni]pekj ha]g]ca ]o peia eo pda `acnaa kb bnaa/

`ki ej sde_d pda ^ep eo aj_k`a` ]j` _]jjkp ^a nara]ha` ej ] pnqopa` ia]oqnaiajp

o_aj]nek0 Sda peia/odebp ]pp]_g atla_po ] `e!anaj_a ej pda a$_eaj_u kb `apa_pkno ]p

`e!anajp ejop]j_ao0 Hj pdeo o_aj]nek. a]_d `apa_pkn eo ]hhk_]pa` bkn kja ia]oqnaiajp

^]oeo0 Gksaran. dana sa kjhu qoa kja `apa_pkn bkn Y ia]oqnaiajp +peia kb ]nner]h

ia]oqnaiajp,0 Nj pda kpdan d]j`. pda nah]pera ld]oa ejbkni]pekj eo ]hs]uo ia]oqna`

kj pda h]pa lqhoa. `a_kqlhejc ]ju _knnah]pekj ^apsaaj pda nah]pera ld]oa ]j` peiejc

`eopne^qpekj0 Hj kpdan skn`o. pdana eo jk oa_qnepu lnk^hai nah]pa` pk pda `e!anajp

peia/ejpanr]h0

:0 @\ bVS 9Pab`OQb* bVS OcbV]`a QZOW[ bVS `SQ]`R+VWUV aSQc`S YSg `ObS, ?]e+

SdS`* RW`SQb Q][^O`Wa]\ eWbV ^`SdW]ca e]`Y `S^]`bSR W\ bVS ZWbS`Obc`S aSS[a

[WaaW\U, E`]dWRW\U `SZSdO\b W\T]`[ObW]\ O\R RW`SQb Q][^O`Wa]\ e]cZR VSZ^

ac^^]`b bVWa QZOW[,

"$)%+! Va skqh` hega pk pd]jg pda nareasan bkn iajpekjejc pda `ap]eho pd]p eilnkra

pda mq]hepu kb pda l]lan0 Aahks. sa lnaoajpa` ] p]^ha kb ]npe_hao sa bkqj` pd]p sana

ikop nahar]jp bkn _kil]neokj0 Tjbknpqj]pahu. ] b]en ]j` pdknkqcd _kil]neokj eo ]hs]uo

d]n` ej pda _kjpatp kb PJC ]o pda l]n]iapano ejrkhra` ]na pkk `eranoa0 Gksaran. sa

pnea` pk heop pda "j]h RJQ ej pda p]^ha ]o pda "j]h "cqna kb ianep0 Va skqh` hega pk

opnaoo pd]p ej okia kb pda skngo. pda "j]h RJQ s]o hks `qa pk eja$_eajp amqeliajp.

dksaran. ej okia. pda pa_djemqa `kao jkp ]hhks pk ]_deara ] decd RJQ0 Eqnpdanikna.

pda _]packneao kb lnkpk_kh ol]j ]hh pda `acnaao kb bnaa`ki ]j` du^ne` kjao0 Sk pda ^aop

kb kqn gjksha`ca. kja kb pda psk bqhhu l]pd/aj_k`ejc. nab Z3\ d]o ] ik`qh]pekj n]pa kb

3 JGv `qa pk qoa kb `abkni]^ha iennkno ]j` nab Z34\. ] ik`qh]pekj kb 7 JGv `qa pk

da]pan heiep]pekjo0 Lkop du^ne` skngo ej sde_d l]pd eo kja kb pda `acnaao kb bnaa`ki

qoa ] l]pd/N@L _ki^ej]pekj sde_d `e_p]pao pk ^a bnaa/ol]_a. ohks `qa pk RKL. ]j`

odknp _d]jjaho i]ejhu kj ]j klpe_]h p]^ha0 Eqnpdanikna. ej _]oao sdana pda okqn_a eo

^]oa` kj l]en cajan]pekj. pda pn]joieppan hkoo ]hok ]!a_po pda kran]hh lanbkni]j_a kb

pda ouopai0

9
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Z3\ B]jx]o. F0. ap ]h0 'Gecd/`eiajoekj]h `a_ku/op]pa mq]jpqi gau `eopne^qpekj kran

iqhpe_kna paha_kiiqje_]pekj "^ano0' Oduoe_]h Qareas @ ;804 +4239,< 244539

Z4\ Dp_darannu. Ra^]ope]j. ap ]h0 'Pq]jpqi gau `eopne^qpekj oaooekj sepd 38/`eiajoekj]h

ldkpkje_ op]pao0' R_eajpe"_ nalknpo 503 +4235,< 45380

Z5\ Lendkooaeje. Lkd]ii]`. ap ]h0 'Gecd/`eiajoekj]h mq]jpqi _nulpkcn]ldu sepd

pseopa` hecdp0' Mas Ikqnj]h kb Oduoe_o 3905 +4237,< 2552550

Z6\ U]cjehq_]. Hh]ne]. ap ]h0 'D$_eajp peia/^ej aj_k`ejc bkn ln]_pe_]h decd/`eiajoekj]h

mq]jpqi gau `eopne^qpekj0' Oduoe_]h Qareas @llhea` 3603 +4242,< 2362730

Z7\ Keq. Iejcuq]j. ap ]h0 'Gecd/`eiajoekj]h mq]jpqi gau `eopne^qpekj qoejc ajancu/

peia ajp]jchaiajp kran 464 gi l]npe]hhu `alhkua` "^an0' ]nWer lnalnejp ]nWer<44340248;7

+4244,0

Z8\ Ydkjc. Se]j. ap ]h0 'Odkpkj/a$_eajp mq]jpqi gau `eopne^qpekj qoejc peiawajancu

ajp]jchaiajp sepd decd/`eiajoekj]h aj_k`ejc0' Mas Ikqnj]h kb Oduoe_o 3904 +4237,<

2442240

Z9\ Kaa. B]pdaneja. ap ]h0 'K]nca/]hld]^ap aj_k`ejc bkn decdan/n]pa mq]jpqi gau `eo/

pne^qpekj0' Nlpe_o atlnaoo 49035 +423;,< 3975;/3976;0

Z:\ Hoh]i. Mqnqh S0. ap ]h0 'Onkr]^hu oa_qna ]j` decd/n]pa mq]jpqi gau `eopne^qpekj

sepd peia/^ej mq`epo0' R_eaj_a ]`r]j_ao 5033 +4239,< a39236;30

Z;\ D$_eajp Gecd/Ceiajoekj]h Pq]jpqi Jau Ceopne^qpekj sepd Gu^ne` Dj_k`ejc /

Xkjcce Ik. Gaa Rq O]ng. Raqjc/Vkk Kaa. ]j` Vkjiej Rkj / Djpnklu 423;. 43+.,. :2

Z32\ K]nca/@hld]^ap Pq]jpqi Jau Ceopne^qpekj Toejc Djancu/Seia Djp]jcha` Ael]n/

pepa Rp]pao / Hnb]j @he/Jd]j. Bqnpeo I0 Ank]`^ajp. ]j` Ikdj B0 Gksahh / Oduo0 Qar0

Kapp0 65. 282725

Z33\ Gecdan/`eiajoekj]h kn^ep]h/]jcqh]n/ikiajpqi/^]oa` mq]jpqi gau `eopne^qpekj

sepd iqpq]hhu qj^e]oa` ^]oao / Ldh]i^qhqhe L]bq. @jcah] Cq`hau. R]j`aal Fku]h.

C]jeah Fekr]jjeje. Lah]jea L_K]naj. Lehao I0 O]`capp. Sdki]o Jkjn]`. En]j_ao_k

Oapnq__ekja. Mkn^anp Kqypgajd]qo. ]j` @j`nas Ekn^ao / Oduo0 Qar0 @ 55. 254527

Z34\ Gecd/`eiajoekj]h mq]jpqi gau `eopne^qpekj ^]oa` kj iqhpe_kna "^an qoejc oehe_kj

ldkpkje_ ejpacn]pa` _en_qepo / Xqjdkjc Cejc. C]re`a A]__k. Jfah` C]hc]]n`. Wejhqj

;



B]e. We]kme Ydkq. J]nopaj Qkppsepp ) Kaeb J]poqk Ntajh%sa / lf Pq]jpqi Hjbkni]/

pekj rkhqia 5. @npe_ha jqi^an< 47 +4239,

Z35\ Ee^an/^]oa` decd/`eiajoekj]h mq]jpqi _kiiqje_]pekjo / C]re`a A]__k. Aa]pne_a

C] Kek. C]jeaha Bkvvkhejk. Xqjdkjc Cejc. Le_d]ah F]hehe. J]nopaj Qkppsepp. Kaeb J0

Ntajh%sa

;0 IVS`S [OgPS O TSe bg^]a b] PS "fSR O\R a][S QVO\USa b] W[^`]dS bVS

^`SaS\bObW]\7

+], Hj Keja :6. pda ]qpdkn `ao_ne^ao pda hejg hkoo ]o 43`A0 Gksaran. iqhpelha lh]_ao

h]pan ej pda i]jqo_nelp ej`e_]pa pd]p pda hejg hkoo eo 44`A +oq_d ]o ej Keja 429.

ej pda _]lpekj kb S]^ha 3. ej Keja 448. ]j` ej pda _]lpekj kb Eec0 5,0 Oand]lo

pdana eo ] pulk ej Keja :6 pd]p jaa`o pk ^a _knna_pa`0

+^, Hj pda _]lpekj kb Eec0 3. [0 0 0 ^hk_gejc 3 peia/^ej kb peia/^ej op]pao 0 0 0 ' odkqh`

^a [0 0 0 ^hk_gejc kja peia ^ej kb peia/^ej op]pao0 0 0 ' kn [0 0 0 ^hk_gejc kja ^ej kb

peia/^ej op]pao 0 0 0 '

+_, Hj Keja 537. pda atlnaooekj [4t4' qoa pda happan [t' pk nalnaoajp pda iqhpelhe_]pekj

oecj. sde_d _kqh` ^a sneppaj ikna necknkqohu. ]o ej Keja 3790

+`, Hp eo na_kiiaj`a` pd]p pda ]qpdkno ]`` ] o_dai]pe_ `e]cn]i kb pda iqhpe_kna

"^an _nkoo/oa_pekj pk Eec0 4. ok pd]p pda na]`an _]j qj`anop]j` pda _d]n]_paneope_o

kb pda mq]jpqi hejg ikna _ha]nhu0

+a, Sda pepha kb pda i]jqo_nelp i]u^a odknpaja` ]o [On]_pe_]h Gecd/Ceiajoekj]h

Pq]jpqi Jau Ceopne^qpekj kran `alhkua` Lqhpe_kna "^an'. sde_d _]j oqii]neva

pda i]ej skng ikna _ha]nhu. oej_a pdeo skng _krano ^kpd pda lnkpk_kh ]j` pda

atlaneiajp]h eilhaiajp]pekj0 Hp eo kjhu ] oqccaopekj0

"$)%+! Va pd]jg pda nareasan bkn iajpekjejc pda annkno0 Va "ta` pdai ej pda nareoa`

a`epekj ]j` ]``a` ikna `ap]eho ej pda "cqna0
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**! ,(.*(/(, #

;][[S\ba b] bVS 9cbV]`7 Sda ]qpdkno nalknp ] na_kn`/decd oa_nap/gau n]pa cajan]/

pekj ]j` `eopne^qpekj ej ] 6/`eiajoekj]h l]pd/aj_k`a` PJC ouopai sepd ikna pd]j 322(

eilnkraiajp. _kil]na` pk op]j`]n` PJC ouopaio. ej ] 74/gi `alhkua` iqhpe_kna "^an hejg0

Sdeo naoqhp ej`e_]pao pd]p nk^qop decd/`eiajoekj]h PJC _]j ^a eilhaiajpa` ej ] na]heope_

ajrenkjiajp ^u haran]cejc op]j`]n` paha_ki amqeliajp ]j` iqhpe_kna "^an pa_djkhkcu0

Gksaran. pdnkqcd ] `ap]eha` at]iej]pekj kb pda l]lan. sa "j` pd]p okia kb pda ]qpdkno*

naoqhpo ]na kranop]pa`0 Eenop. pda ]qpdkno* eilnkraiajp eo _kil]na` pk pdaen ksj ouopai ]j`

jkp pk pda ikop ]`r]j_a` op]j`]n` AA:6 ouopai0 Sda ]qpdkno oeilhu nqj pda AA:6 ]j`

GC lnkpk_kho oal]n]pahu ej pda o]ia ouopai ]j` hejg. ]j` pdaj _h]ei pd]p pda _kil]neokj

kb pda psk _]j ]_deara ] 322( eilnkraiajp ej oa_nap gau n]pa0 @o b]n ]o H gjks. ej ] "ah`/

`alhkua` klpe_]h "^an. pda AA:6 lnkpk_kh _]j ]_deara ] oa_nap gau n]pa kb ]llnktei]pahu

322 g^lo?3806 `A kn 407 L^lo?50; `A ZMlf Pq]jpqi Hjb0 7. 323 +423;,\. sde_d eo iq_d

^appan pd]j pda naoqhpo k^p]eja` ej pda l]lan0 Bkil]na` sepd okia kpdan decd/`eiajoekj]h

ouopaio. oq_d ]o pda skng ej Qab0 Z R_e0 @`r0 5. a39236;3 +4239,\. pda naoqhpo k^p]eja` ej

pda l]lan `k jkp oaai oq$_eajp pk ^a lq^heoda` ej M]pqna Bkiiqje_]pekjo0

"$)%+! Va skqh` hega pk pd]jg pda nareasan bkn ar]hq]pejc kqn i]jqo_nelp0 Qac]n`ejc

pda lkejp kj pda _kil]neokj kb PJC ouopaio. sa ^aheara pd]p ] b]en _kil]neokj skqh`

p]ga ejpk ]__kqjp ]hh pda l]n]iapano ]!a_pejc pda "j]h gau n]pa0 Nb pdkoa. pda okqn_a n]pa.

`apa_pekj a$_eaj_u +Capa_pkn*o pa_djkhkcu. Rejcha ldkpkj `apa_pekj a$_eaj_u. `a]`/peia.

ap_0,. na_aeran*o hkoo. ]j` _kj"cqn]pekj a0c0 pda jqi^an kb oejcha ldkpkj `apa_pkno qoa` bkn

pda ola_e"_ atlaneiajp. _d]jjah hkoo. ]j` eb iqhpelhatejc eo ailhkua`. odkqh` ^a _kjoe`ana`

pk d]ra ] ia]jejcbqh ]j` b]en _kil]neokj kb pda "j]h RJQ. ]p ha]op ej pda _kjpatp kb PJC

^]oa` kj sa]g _kdanajp lqhoao0 Vdeha sa ^aheara ep eo ranu _nq_e]h pk "j` s]uo pk ej_na]oa

pda n]pa. sdapdan ^u qoejc decdan n]pa okqn_a kn a$_eajp `apa_pkno oq_d ]o Z3. 4. 5. 6\. ep

`kao jkp haooaj ]ju ianep bnki naoa]n_dao ]j` a!knpo pd]p pnu pk atlhkna jasan ]ola_po ]o

] okhqpekj pk kpdan lnk^haio0 Vepd pdeo nac]n`. pda "nop skng iajpekja` ^u pda nareasan

eo ]p FGv naceia sepd pda oa_kj` l]lan sepd ]j a!a_pera mq^ep n]pa kb 847 LGv ]j` 92(

`apa_pkno* a$_eaj_u0 @o iajpekja` ej pda l]lan. pda RJQ `nklo pk vank ]p 3; `A kb hkoo0

Bkil]nejc pda psk eilhaiajp]pekjo. 4C ]j` 6C. kj pda o]ia "ah` paop cq]n]jpaao oeieh]n

r]hqao ]!a_pejc pda naoqhp0 Va _dkoa pda 4C l]pd/aj_k`ejc kran pda 4C peia/^ej ej kqn paop
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jkni]heva` oa_qna gau n]pa _d]jcao sepd ej_na]oejc _d]jjah ]ppajq]pekj0
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Z3\ Ke. Vae. ap ]h0 'Gecd/n]pa mq]jpqi gau `eopne^qpekj at_aa`ejc 332 L^ ow30' M]pqna

Odkpkje_o 3907

Z4\ Fnqyjajbah`an. E]`ne. ap ]h0 'E]op oejcha/ldkpkj `apa_pkno ]j` na]h/peia gau `eopehh]/

pekj aj]^ha decd oa_nap/gau/n]pa mq]jpqi gau `eopne^qpekj ouopaio0' M]pqna Odkpkje_o 3907

+4245,< 644/6480

Z5\ Hoh]i. Mqnqh S0. ap ]h0 'Onkr]^hu oa_qna ]j` decd/n]pa mq]jpqi gau `eopne^qpekj sepd

peia/^ej mq`epo0' R_eaj_a ]`r]j_ao 5033 +4239,< a39236;30

30 IVS OcbV]` aV]cZR RWaQZ]aS []`S Sf^S`W[S\bOZ ^O`O[SbS`a W\ bVS `SacZba*

W\QZcRW\U bVS \c[PS` ]T ^cZaSa aS\b O\R a][S aSQc`Wbg ^O`O[SbS`a T]` YSg

SabW[ObW]\,

"$)%+! Sda mq^ep n]pa eo nalknpa` pk ^a 7;7 LGv op]npejc bnki ] 303; FGv lqhoa

n]pa sepd a]_d psk lqhoao bkniejc ] peia/^ej mq^ep `eopne^qpa` ej 4 l]pdo0 Gksaran.

`qa pk oecj]h lnal]n]pekj ieoi]p_dao. okia kb pda op]pao sana jkp bknia` ]__kn`ejc

pk pda lnkpk_kh naoqhpejc ej ]j a!a_pera n]pa kb 6:9 LGv0 Va lanbknia` pda ]j]huoeo

sepd pda _knna_p okqn_a n]pa. dksaran. ej pda "nop ranoekj kb pda i]jqo_nelp. pda okqn_a

n]pa s]o ieop]gajhu nalknpa` ^abkna _knna_pekj `qa pk oecj]h ieoi]p_dao0 Sda hkoo
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Va ]``a` pda ieooejc `ap]eho pk pda i]jqo_nelp<

!,'& > !&*++ > 32!!" d]ra ^aaj oap0 Va _dkoa ] ^hk_g oeva kb )% > 32& bkn

^kpd pda 4C ]j` 6C lnkpk_kh. ]j` sa aopei]pa` bkn pda 6C op]pao ]j annkn

na_kj_ehe]pekj a$_eaj_u ''++!$# > "$"%+)% ! &$#+#%,, > 3$28. sde_d eo ej

heja sepd pda ikop na_ajp naoqhpo nalknpa` ej pda hepan]pqna bkn pda ia]oqna`

PADQ r]hqao ]`klpejc pda knecej]h _]o_]`a annkn _knna_pekj lnkpk_kh Z4\0 Hj

pda 4C lnkpk_kh. ''++!"# > "$"%+)% !&"#+#%,, > 3$2: d]o ^aaj ]`klpa` Z5\0

Z3\ Eeah`/Calhkua` Lqhpe/Bkna Ee^an Saop^a` / Sapoqu] G]u]ode= S]gqfe M]c]odei]=

Sapoqu] M]g]jeode= Sapoq Lkneodei]= Qaefe J]s]s]`]= @jpkjek La_kvve= Bneope]j

@jpkjahhe / 423; 46pd NlpkDha_pnkje_o ]j` Bkiiqje_]pekjo Bkjbanaj_a +NDBB, ]j`

423; Hjpanj]pekj]h Bkjbanaj_a kj Odkpkje_o ej Rsep_dejc ]j` Bkilqpejc +ORB,

Z4\ D$_eajp Hjbkni]pekj Qa_kj_ehe]pekj bkn Gecd/Ceiajoekj]h Pq]jpqi Jau Ceopne^q/

pekj / Qkjju Lqahhan ]j` Ckiaje_k Qe^avvk ]j` Lqfp]^] Y]de`u ]j` Kaeb J]poqk

Ntajh%sa ]j` C]re`a A]__k ]j` R%naj Ekn_dd]iian / ]nWer<4529024447. 4245

Z5\ Gecd lanbkni]j_a na_kj_ehe]pekj bkn ln]_pe_]h mq]jpqi gau `eopne^qpekj ouopaio /

G]k/Jqj L]k. Pekjc Ke. Oajc/Kae G]k. A]ooai @^`/Dh/@ppu ) @^`qhh]d L0 Hheu]oq

/ Nlpe_]h ]j` Pq]jpqi Dha_pnkje_o rkhqia 21. 385 +4244,

@b Wa VO`R b] ^`]dS bVOb bVS RObO `SacZba ]PbOW\SR T`][ bVS Sf^S`W[S\b

QO\ [ObQV bVS aW[cZObW]\ `SacZba eSZZ* Oa bVS OcbV]` VOa ]\Zg Q]ZZSQbSR ]\S

RObO ^]W\b, @ acUUSab bVOb bVS OcbV]` QO\ ^`]dWRS []`S RObO Pg W\Q`SOaW\U

ObbS\cObW]\,

"$)%+! Va ]cnaa pd]p ikna `]p] lkejpo skqh` i]ga i]p_dejc pda atlaneiajp]h `]p]

]j` oeiqh]pekj a]oean0 Tjbknpqj]pahu. 74 gi s]o pda i]teiqi `eop]j_a ]r]eh]^ha ]j`

sa `e`j*p s]jp pk ]`` ]npe"_e]h hkoo ej pda _d]jjah ]o ep `kao jkp aj_]loqh]pa pda i]ej

_d]hhajca kb Ge/C aj_k`ejc ^]oa` kj l]pd/aj_k`ejc. ]j` ld]oa #q_pq]pekj0

@\ ]`RS` b] VWUVZWUVb bVS Q]\b`WPcbW]\ ]T bVWa ^O^S` b] bVS "SZR* @ acUUSab

bVOb bVS OcbV]` Q][^O`S bVS `SacZba eWbV ^`SdW]caZg ^cPZWaVSR e]`Ya* Sa+

^SQWOZZg ::51 agabS[a W\ "SZR+ZW\Y ]` ]bVS` \]\+"SZR ?< agabS[a* b] aV]e

bVS aWU\W"QO\QS ]T bVWa e]`Y,
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Z3\ B]jx]o. F0. ap ]h0 'Gecd/`eiajoekj]h `a_ku/op]pa mq]jpqi gau `eopne^qpekj kran

iqhpe_kna paha_kiiqje_]pekj "^ano0' Oduoe_]h Qareas @ ;804 +4239,< 244539

Z4\ Dp_darannu. Ra^]ope]j. ap ]h0 'Pq]jpqi gau `eopne^qpekj oaooekj sepd 38/`eiajoekj]h

ldkpkje_ op]pao0' R_eajpe"_ nalknpo 503 +4235,< 45380

Z5\ Lendkooaeje. Lkd]ii]`. ap ]h0 'Gecd/`eiajoekj]h mq]jpqi _nulpkcn]ldu sepd

pseopa` hecdp0' Mas Ikqnj]h kb Oduoe_o 3905 +4237,< 2552550

Z6\ U]cjehq_]. Hh]ne]. ap ]h0 'D$_eajp peia/^ej aj_k`ejc bkn ln]_pe_]h decd/`eiajoekj]h

mq]jpqi gau `eopne^qpekj0' Oduoe_]h Qareas @llhea` 3603 +4242,< 2362730

Z7\ Keq. Iejcuq]j. ap ]h0 'Gecd/`eiajoekj]h mq]jpqi gau `eopne^qpekj qoejc ajancu/

peia ajp]jchaiajp kran 464 gi l]npe]hhu `alhkua` "^an0' ]nWer lnalnejp ]nWer<44340248;7

+4244,0

Z8\ Ydkjc. Se]j. ap ]h0 'Odkpkj/a$_eajp mq]jpqi gau `eopne^qpekj qoejc peiawajancu

ajp]jchaiajp sepd decd/`eiajoekj]h aj_k`ejc0' Mas Ikqnj]h kb Oduoe_o 3904 +4237,<

2442240

Z9\ Kaa. B]pdaneja. ap ]h0 'K]nca/]hld]^ap aj_k`ejc bkn decdan/n]pa mq]jpqi gau `eo/

pne^qpekj0' Nlpe_o atlnaoo 49035 +423;,< 3975;/3976;0

Z:\ Hoh]i. Mqnqh S0. ap ]h0 'Onkr]^hu oa_qna ]j` decd/n]pa mq]jpqi gau `eopne^qpekj

sepd peia/^ej mq`epo0' R_eaj_a ]`r]j_ao 5033 +4239,< a39236;30

Z;\ D$_eajp Gecd/Ceiajoekj]h Pq]jpqi Jau Ceopne^qpekj sepd Gu^ne` Dj_k`ejc /

Xkjcce Ik. Gaa Rq O]ng. Raqjc/Vkk Kaa. ]j` Vkjiej Rkj / Djpnklu 423;. 43+.,. :2

Z32\ K]nca/@hld]^ap Pq]jpqi Jau Ceopne^qpekj Toejc Djancu/Seia Djp]jcha` Ael]n/

pepa Rp]pao / Hnb]j @he/Jd]j. Bqnpeo I0 Ank]`^ajp. ]j` Ikdj B0 Gksahh / Oduo0 Qar0

Kapp0 65. 282725

Z33\ Gecdan/`eiajoekj]h kn^ep]h/]jcqh]n/ikiajpqi/^]oa` mq]jpqi gau `eopne^qpekj

sepd iqpq]hhu qj^e]oa` ^]oao / Ldh]i^qhqhe L]bq. @jcah] Cq`hau. R]j`aal Fku]h.

C]jeah Fekr]jjeje. Lah]jea L_K]naj. Lehao I0 O]`capp. Sdki]o Jkjn]`. En]j_ao_k

Oapnq__ekja. Mkn^anp Kqypgajd]qo. ]j` @j`nas Ekn^ao / Oduo0 Qar0 @ 55. 254527

Z34\ Gecd/`eiajoekj]h mq]jpqi gau `eopne^qpekj ^]oa` kj iqhpe_kna "^an qoejc oehe_kj

ldkpkje_ ejpacn]pa` _en_qepo / Xqjdkjc Cejc. C]re`a A]__k. Jfah` C]hc]]n`. Wejhqj

3:



B]e. We]kme Ydkq. J]nopaj Qkppsepp ) Kaeb J]poqk Ntajh%sa / lf Pq]jpqi Hjbkni]/

pekj rkhqia 5. @npe_ha jqi^an< 47 +4239,

Z35\ Ee^an/^]oa` decd/`eiajoekj]h mq]jpqi _kiiqje_]pekjo / C]re`a A]__k. Aa]pne_a

C] Kek. C]jeaha Bkvvkhejk. Xqjdkjc Cejc. Le_d]ah F]hehe. J]nopaj Qkppsepp. Kaeb J0

Ntajh%sa

3;



***! ,(.*(/(, $

;][[S\ba b] bVS 9cbV]`7 H d]ra na]` sepd cna]p ejpanaop pda i]jqo_nelp ajpepha`

"On]_pe_]h Gecd/Ceiajoekj]h Pq]jpqi Jau Ceopne^qpekj kran `alhkua` Lqhpe_kna Ee^an"0

Hj pdeo skng. pda ]qpdkno ]``naoo pda naoa]n_d pkle_ kb hkjc/`eop]j_a pn]joieooekj kb decd/

`eiajoekj]h mq]jpqi ouopaio0 Hj pdaen eilhaiajp]pekj. pda ]qpdkno ]`klp pda sahh/gjksj

du^ne` aj_k`ejc opn]pacu. sdana `e!anajp `acnaao kb bnaa`ki kb ] oejcha mq]jpqi ouopai

]na qoa` pk `a"ja ] h]ncan Geh^anp Rl]_a0 Sda ]qpdkno nalknp kj pda lnkl]c]pekj kb ] 6/

`eiajoekj]h mq]jpqi ouopai lnkl]c]pa` kran 74gi +48gi, kb ] `alhkua` "^an _kilkoa`

kb oaran]h _knao0

Tjbknpqj]pahu. H pdejg pda i]jqo_nelp ej epo _qnnajp bkni _]jjkp ^a lq^heoda`0 Eenop.

pdana ]na psk eilknp]jp eooqao ej pdeo skng pd]p iqop ^a _]nabqhhu ]j]huva` ^u pda ]qpdkno<

3, pdana ]na oaran]h _h]eio ej pda skng pd]p ]na jkp fqope"a` ^u pda naoqhpo lnaoajpa` +H `eo_qoo

pdai jatp,0 @j` oa_kj`. 4, pda opn]pacu qoa` ^u pda ]qpdkno pk decdhecdp pda nahar]j_a kb

pdaen naoqhpo ej decdan `eiajoekjo d]o ]j eilknp]jp #]s0

K]op. H skqh` ]hok lkejp kqp pd]p pda i]jqo_nelp lnaoajp]pekj ]j` `eo_qooekj iqop ^a

cna]phu eilnkra`0 Kkkgejc ]p Eecqna 4. bkn ejop]j_a. ep*o eilkooe^ha pk lnklanhu qj`anop]j`

pda atlaneiajp]h oapql qoa`0 H opehh `kj*p qj`anop]j` sdana @he_a eo0 Enki Eec 4 ep oaaio

ep*o b]n bnki Ak^ op]pekj. ^qp H ^aheara pdeo eo jkp pda _]oa0 @hok. pda l]lan*o oq^fa_p d]o

^aaj atpajoerahu opq`ea` ej pda hepan]pqna0 Mkjapdahaoo. pdana ]na kjhu 54 nabanaj_ao ]j` 62(

+&&&&&&&&, kb pdai ]na ]qpk/_ep]pekjo0 @ ln]_pe_a pk ^a `eo_kqn]ca` ^u a`epkno ej pda bqpqna H

dkla0

"$)%+ *( #(&&$'*! Va skqh` hega pk pd]jg pda nareasan bkn ar]hq]pejc kqn i]jqo_nelp

]j` bkn pda _kiiajpo pd]p dahla` qo eilnkra epo mq]hepu0 Va lnkre`a` ]josano pk lkejpo

+3, ]j` +4, ^ahks0 Gana. sa ]`` okia _h]ne"_]pekjo0 Qac]n`ejc pda o_dai]pe_. ej iqhpelha

ejop]j_ao. sa lkejpa` kqp pd]p pda "^an eo hkkla` ^]_g ]j` ej`e_]pa`. kj pda ^kppki/necdp

ogap_d kb pda "^an. pda ejlqp ]j` kqplqp ]na kj pda o]ia oe`a kb pda "^an0 Va _d]jca` pda

"cqna ]j` ]``a` ]nnkso pk dahl pda na]`an pk d]ra ] ^appan qj`anop]j`ejc kb pda ouopai

]j` eilhaiajp]pekj0

Sda atlaneiajp eo lanbknia` ej ] hkkl/^]_g eilhaiajp]pekj sdana @he_a eo _kjja_pa` pk

E!

() ]j` Ak^ pk E$

*.- sdana E( eo pda (/pd "^an0 @o `ale_pa` ej pda ^kppki/necdp _knjan kb
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Eecqna 4. sa _kj_]paj]pa` pda "^ano ]o ^ahks.

E!

*.- $ E"

() E"

*.- $ E#

() E#

*.- $ E$

() +3,

pk bkni ] "^an bnki E!

() $ E$

*.-0 Eej]hhu. sa _kjja_pa` psk _knao kb E$

*.- pk pda kpdan 4

_knao pk hkkl ^]_g0 @hh pda # 8$7 gi 6/_kna "^ano ]na ej pda o]ia ^qj`ha ]j` op]npa` ]j`

paniej]pa` ej pda o]ia oanran nkki0 Sdau ]na `alhkua` ej ]j qj`ancnkqj` pqjjah. `ale_pa`

ej ^hqa kj pda i]l. sepd ]llnktei]pahu pda o]ia hajcpd0

Qac]n`ejc _ep]pekjo. sa ]``a` ikna nahar]jp skng pk lnkfa_p ] ^appan r]neapu kb a!knpo

ej pdeo "ah`0 Gksaran. pk pda ^aop kb kqn gjksha`ca. pda _epa` l]lan eo pda kjhu ]j` ikop

na_ajp skng ej pda l]npe_qh]n _kjpatp0 Ekn at]ilha<

! Bdel/^]oa` Lqhpelhatejc ej iqhpe/_kna "^an

! Rpq`u kb ld]oa op]^ehev]pekj ej pda `alhkua` iqhpe/_kna "^an

! Gecd `eiajoekj]h l]pd/aj_k`ejc

! Bdel/^]oa` Gecd `eiajoekj]h PJC

! Gecd Ceiajoekj]h N@L ej @en/_kna "^an

! Gecd/`eiajoekj]h Djp]jcha` N@L ej @en/_kna "^an

Va ]``a` pda bkhhksejc ldn]oao. ej pda _]lpekj kb Eec0 4 pk pda i]jqo_nelp ]j` dkla pdeo

_ha]no kqp pda _kjbqoekj0

R_dai]pe_ kb pn]joieppan +@he_a,. na_aeran +Ak^,. ^kpd hk_]pa` ]p pda Tjeranoepu

kb K*@mqeh] da]`mq]npano 000

Sda eilknp]jp lkejpo pd]p ej iu klejekj iqop ^a _]nabqhhu _kjoe`ana` ]na<

30 @\dOZWR ;ZOW[a

>]` W\abO\QS* W\ bVS OPab`OQb O\R bV`]cUV]cb bVS ^O^S`* bVS OcbV]`a QZOW[

bVOb bVSg ¨, , , `S^]`b O `SQ]`R VWUV aSQ`Sb YSg US\S`ObW]\ `ObS O\R RWab`WPc+

bW]\ W\ O 1+RW[S\aW]\OZ ^ObV+S\Q]RSR FA< agabS[ eWbV []`S bVO\ .--&

W[^`]dS[S\b Q][^O`SR b] abO\RO`R FA< agabS[, , , ¨, I] PS dS`g QZSO`*

bVWa Wa O dS`g c\XcabW"SR QZOW[,
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bVOb bVSg USb O .--& W[^`]dS[S\b ]T eVOb Wa ^]aaWPZS eWbV abO\RO`R FA<*

bVWa Wa dS`g [WaZSORW\U,

"$)%+!

Va pd]jg pda nareasan bkn deo1dan _kiiajp0 Va ]``a` pda skn` ;J5D<7 ej pda ]^/

opn]_p ]j` ejpnk`q_pekj pk `eopejcqeod ep bnki pda bqhhu l]pd/aj_k`ejc eilhaiajp]pekj

pdnkqcdkqp pda i]jqo_nelp. ]j` pda lnkpk_kh eo _ha]nhu `eo_qooa`0

Va ]cnaa pd]p l]pd aj_k`ejc eo jkp ] op]j`]n` o_daia bkn PJC ]o ep namqenao ]

jas pula kb "^an0 Gksaran. ep d]o epo ]`r]jp]cao kran peia/^]oa` aj_k`ejc0 Toejc

] `e!anajp `acnaa kb bnaa`ki kpdan pd]j peia sehh lnaoanra pda okqn_a n]pa sdeha ej

peia/^]oa` aj_k`ejc. pda i]ej ikper]pekj. cajan]pejc ] decdan oa_nap gau n]pa. b]`ao

]s]u `qa pk k__qluejc ikna ^ejo bkn kja mq`ep0 Sda oa_kj` ikper]pekj. naoeheaj_a

]c]ejop jkeoa. eo jkp pda `kiej]jp b]_pkn ej hks pk ik`an]pa hkoo ]o pda RMQ ]hhkso pk

d]ra ^ahks pda ]hhksa` pdnaodkh` PADQ ej 4C eilhaiajp]pekjo0 @hok. sa naola_pbqhhu

`eo]cnaa sepd pda op]paiajp '-GF 5J @A ?84@E <E F;8 B4F;%54E87 20. EJEF8? 4 EF4@74D7

E6;8?8 9AD 20.$ 4@7 <FE :8@8D4F<A@ D4F8E 4D8 =@AI@ FA 58 >AI 6A?B4D87 I<F; I;4F 64@

58 46;<8H87 I<F; F<?8%5<@ AD BA>4D<K4F<A@'0 Sda Ge/C aj_k`ejc. nac]n`haoo kb pda `acnaa

kb bnaa`ki. cajan]pao decdan RJQ _kil]na` pk 4C eilhaiajp]pekj sdaj pda okqn_a

n]pa ]j` PADQ ]na amq]h ]j` RMQ eo decd ajkqcd0 Sda i]ej _kjpne^qpekj pk RMQ eo

pda `apa_pkno* `]ng _kqjpo ej decd/hkoo _d]jjaho0 Sda a!knp ej Ge/C PJC eo bk_qoa` kj

cajan]pejc decd/"`ahepu op]pao ]j` b]epdbqh pn]joieooekj kb pdai0 O]pd/aj_k`ejc ]hhkso

pda h]ppan sepd ld]oa op]^ehev]pekj pa_djemqao _kiikj ]hok ej Ssej/Eeah` PJC0 Nqn

_h]ei [/8D8 I8 D8BADF 4 D86AD7%;<:; E86D8F%=8J D4F8 :8@8D4F<A@ 4@7 7<EFD<5GF<A@ <@ 4 *%

7<?8@E<A@4> B4F;%8@6A787 20. EJEF8? I<F; ?AD8 F;4@ (''# <?BDAH8?8@F$ 6A?B4D87

FA EF4@74D7 20. EJEF8?E$ <@ 4 +)%=? 78B>AJ87 ?G>F<6AD8 !58D ><@=&' _ha]nhu op]pao 2/

Y[ ]T "PS` ]` O^^`]fW[ObSZg /- R: ]T QVO\\SZ Z]aa0 Eenop kb ]hh. sa skqh`

hega pk opnaoo pd]p pda hkoo eo jkp `qa pk "^an ]o ep eo ia]oqna` pk ^a 20423/20468

`A1gi Z3\ ]j` ep ikophu _kiao bnki pda RB _kjja_pkno0 Ra_kj`hu. 42 `A kb hkoo eo

_kjoe`ana` ik`an]pa _d]jjah hkoo sdana RMQ eo jksdana ja]n pda `]ng _kqjpo kb pda

`apa_pkno0 Gaj_a. eb PADQ _]j ^a galp hks. pda decdan cajan]pekj eo pkp]hhu ba]oe^ha0

Sda PADQ kb pda 4C eilhaiajp]pekj eo _kil]n]^ha pk kpdan eilhaiajp]pekjo ]p kqn

_d]jjah hkoo0 Va skqh` hega pk _kilhapa pda ]ncqiajp ^u lkejpejc kqp pda _h]ei
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Z3\ Eeah`/Calhkua` Lqhpe/Bkna Ee^an Saop^a` / Sapoqu] G]u]ode= S]gqfe M]c]odei]=

Sapoqu] M]g]jeode= Sapoq Lkneodei]= Qaefe J]s]s]`]= @jpkjek La_kvve= Bneope]j

@jpkjahhe / 423; 46pd NlpkDha_pnkje_o ]j` Bkiiqje_]pekjo Bkjbanaj_a +NDBB, ]j`

423; Hjpanj]pekj]h Bkjbanaj_a kj Odkpkje_o ej Rsep_dejc ]j` Bkilqpejc +ORB,

40 >ZOe Hb`ObSUg b] ^`SaS\b bVS `SacZba

IVS OcbV]`a W[^ZS[S\b be] RW!S`S\b aQVS[Sa T]` R]W\U FA< ]dS` bVS Q]\+

aWRS`SR \Sbe]`Y, D\S Wa POaSR ]\ O PW+RW[S\aW]\OZ ^ObV+S\Q]RSR _cO\bc[

agabS[, IVS aSQ]\R ]\S Wa POaSR ]\ O VgP`WR 1+RW[S\aW]\OZ _cO\bc[ aga+

bS[ S\Q]RSR W\ bS`[a ]T bVS ^ObV O\R bW[S+PW\ ]T O ^V]b]\, IVS OcbV]`a

Sf^ZOW\ bVOb P]bV aQVS[Sa eS`S W[^ZS[S\bSR OZ[]ab aW[cZbO\S]caZg* acQV

bVOb O RW`SQb Q][^O`Wa]\ PSbeSS\ bVSW` F:=G ]` HSQ`Sb ASg `ObS e]cZR

N',,^`]dWRSa O TOW` Q][^O`Wa]\ PSbeSS\ /< O\R 1< FA< aQVS[Sa,%,

J\T]`bc\ObSZg* @ ab`]\UZg RWaOU`SS eWbV bVWa ^]W\b, KVWZS @ c\RS`abO\R bVS

`SOa]\W\U* @ e]cZR aOg bVOb bVS ^`]^S` eOg b] [OYS acQV O Q][^O`Wa]\

e]cZR PS be] ^]aaWPWZWbWSa7 .) D` bVS OcbV]`a S\Q]RS bVS VWUV+RW[S\aW]\OZ

agabS[ W\ bVS aO[S RSU`SS ]T T`SSR][* bVOb Wa* caW\U OZZ bVS ^ObVa OdOWZOPZS

W\ bVS "PS` ]`* /) IVS OcbV]`a caS bVS Z]eS` RW[S\aW]\OZ agabS[ bVOb Wa

Y\]e\ b] PS []`S `]Pcab O\R TOabS` T]` bVS ^c`^]aS ]T Q][^O`Wa]\* W\ bVWa

QOaS* O PW+RW[S\aW]\OZ bW[S+PW\ POaSR FA< agabS[,

E]W\b . Wa SOag b] XcabWTg, @ e]cZR Sf^SQb bVOb eVS\ []`S Q]`Sa ]T bVS "PS`a

O`S Q]\aWRS`SR* bVS abOPWZWhObW]\ ]T bVS agabS[ eWZZ PS []`S Q][^ZSf O\R

bVS "\OZ 1+RW[S\aW]\OZ FA< agabS[ aZ]eS`, E]W\b / Wa OZa] SOag b] XcabWTg,

@ e]cZR Sf^SQb bVOb bVS a^SSR bVOb QO\ PS OQVWSdOPZS eWbV O PW+RW[S\aW]\OZ

bW[S+PW\ POaSR FA< agabS[ eWZZ PS [cQV VWUVS` bVO\ eVOb eOa ]PbOW\SR

eWbV O ^ObV+S\Q]RSR _cPWb, @\ bVWa QOaS* ]\Zg ]\S "PS` Q]`S e]cZR PS

\SSRSR O\R bVS`S Wa \] \SSR b] caS O\g abOPWZWhObW]\ agabS[, GSacZba T]`

aQVS[Sa ZWYS bVWa QO\ PS `SORWZg T]c\R W\ bVS ZWbS`Obc`S,

H]* W\ [g ]^W\W]\* bVS Q][^O`Wa]\ ^S`T]`[SR VOa W[^]`bO\b #Oea O\R

[cab PS Q]``SQbSR b] ^`]^S`Zg VWUVZWUVb bVS ORdO\bOUSa ]PbOW\SR W\ VWUVS`

RW[S\aW]\a, HcQV O Q][^O`Wa]\ [Og \]b SdS\ PS \SQSaaO`g* Pcb W\ bVS

eOg bVS `SacZba O`S ^`SaS\bSR \]e* @ QO\\]b `SQ][[S\R bVS ^O^S` T]`
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REVIEWERS' COMMENTS

Reviewer #1 (Remarks to the Author):

I have reviewed the response letter and the revised manuscript. I am pleased to see that my 

previous concerns have been adequately addressed, and the overall quality of the 

manuscript has improved. I would like to recommend the acceptance of this manuscript for 

publication in Nature Communications. 

I would like to raise a minor issue regarding the Supplementary Materials. While 

Supplementary Materials are an essential component of the manuscript, I have observed 

that the current version contains references that are not consistently and rigorously cited. 

To meet the high standards of a journal like Nature Communications, I suggest that the 

authors take a more meticulous approach to revise and enhance the references within the 

Supplementary Materials section. 

Reviewer #2 (Remarks to the Author):

The author's response is not very convincing to me, especially in regard to the author's 

statement about the record-breaking key rate and the 100% improvement of the secure key 

rate, which is the aspect I'm most concerned about. The author uses a rather mystical 

normalization method for comparison, including normalizing the repetition frequency of 

experiments and the number of detectors. I find it hard to accept this approach. After all, 

comparing experimental results should not be based on a theoretical comparison. I also 

wonder why the author didn't consider the number of optical fibers used, as compared to 

the BB84 protocol, the HD protocol requires more optical fibers. Therefore, I still believe this 

work is not sufficient to be published in Nature Communications and is more suitable for a 

specialized journal. 



Reviewer #3 (Remarks to the Author):

Dear Editor, 

I have seen the reply provided by the authors. They have addressed several of the points I 

have raised in my initial report. Even though I think there are still some minor points open 

on the current version of the paper, I am happy with the new version prepared by the 

authors. So, I am glad to recommend the paper for publication.


