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Single NV centers in diamond coupled by hyperfine interaction (hfi) to neighboring *3C nuclear
spins are now widely used in the emerging quantum technologies as elements of quantum
memory adjusted to NV center electron spin qubit. For nuclear spins with low flip-flop rate, sin-
gle shot readout was demonstrated under ambient conditions. Here we report on the systematic
search of such stable NV-*3C systems using density functional theory (DFT) to simulate hfi and
spatial characteristics of all possible NV-*C complexes in the H-terminated cluster Csio[NV]
H.s, hosting the NV center. Along with the expected stable “NV- axial **C” systems wherein the
3C nuclear spin is located on the NV axis, we found for the first time new families of positions
for the **C nuclear spin exhibiting negligible hfi-induced flipping rates due to near-symmetric
local spin density distribution. Spatially, these positions are located in the diamond bilayer pass-
ing through the vacancy of the NV center and being perpendicular to the NV axis. Analysis of
available publications showed that, apparently, some of the predicted non-axial near-stable sys-
tems NV-3C have already been observed experimentally. A special experiment done on one of
these systems confirmed the prediction made.
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Introduction

Hybrid spin systems consisting of the electronic spin S=1 (e-spin) of single nitro-
gen-vacancy (NV) centers in diamond coupled to the intrinsic nuclear spin (n-spin) of its own
nitrogen atom and, potentially, to nearby n-spins of isotopic **C atoms presenting in the dia-
mond lattice, are now widely used to implement room-temperature quantum technologies for
quantum information processing, sensing and metrology (see e.g. recent reviews [1-5]). In these
systems, the **N/**N or **C n-spins with their excellent coherence times serve as quantum memo-
ries accessed via the more easily controllable e-spin of the NV center that possess the property of
optical pumping and e-spin-projection dependent fluorescence, allowing its initialization and

readout even at room temperature. Currently, the techniques for creating a given spin state of e-n
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YNV/PNV or NV-'3C spin complexes as well as coherent manipulation of their states to imple-
ment one- and two-qubit gates are well established [2,3]. Essential prerequisite for high-fidelity
spin manipulation with tailored control pulse sequences is a complete knowledge of hyperfine
interactions (hfi) in such spin systems, which split the NV e-spin sublevels ms=£1 and can in-
duce stochastic n-spin flipping that violates its coherence. The last process is absent in the
YNV/*®NV systems because the quantization axes for e- and n-spins coincide and respective hfi
matrices are intrinsically diagonal. That is why these e-n-systems are widely used in NV-based
quantum algorithms.

In turn, the 1=1/2 spins of *C atoms, located in the diamond lattice with a probability of
1.1% under natural conditions and with a much smaller one — in isotopically engineered CVD
diamond samples [6], allow to increase a number of “working” n-spins which is important for
many NV applications, in particular, for implementation of small multi-qubit quantum registers
[1-3] and quantum memories [7] or for quantum error correction [8] which protects quantum
states by encoding a logical qubit in multiple physical qubits. Distant **C nuclear spins located
rather far from the NV center are especially suitable for these purposes since they do not dephase
under reinitialization of the NV center spin. Weakly coupled nuclear spins can be detected and
characterized experimentally [9-13] using dynamical decoupling methods [14-16] that, in partic-
ular, allow to probe directly their stochastic flip-flop dynamics resulting from hfi with the NV
center [17].

In general, in the spin-Hamiltonian of an arbitrary NV-"*C spin system the hfi is de-

scribed by the termH,; =S-A-1where S and | are the vectors of the e-spin of the NV center

and the **C n-spin respectively, and A is the hfi tensor presented in some coordinate system by
a symmetric matrix A (K,L=X,Y,Z), whose elements depend on the position of the *C atom
with respect to the NV center. As is well-known [18], the hfi matrix A can be split into isotropic
(Fermi contact) and anisotropic (dipolar) parts: A= A, - I;+T, where Aiso=Tr( A)/3, I3 is the
unit matrix 3x3 and T is the traceless (TrT=0) hyperfine dipolar tensor whose elements Tk, de-
pend on the choice of the coordinate system KL=X,Y,Z. In many cases it is convenient to use the
principal axes coordinate system of the NV center (NV-PACS), wherein the Z axis coincides
with the symmetry axis of the center, while the other two axes can be chosen arbitrarily. In this

NV-PACS the traceless tensor D in the zero-field splitting term H . =S-D - S of the NV cen-
ter spin-Hamiltonian is diagonal with the elements Dy =-D/3+E, Dy, =—D/3—E and
D,, =2D/3(D=2870 MHz, E=0 for exactly symmetric NV center) while the dipolar hfi matri-

ces Tk, are non-diagonal in the general case. It should be noted however, that for each particular

NV-'3C spin system the Ty, matrix can be simplified choosing the X axis in such a way that the
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XZ plane passes through the *3C atom of the system [19]. In this specific NV-*C-PACS all ele-

ments of the respective hfi matrix A/, being non-invariant with respect to the inversion of the Y-

coordinate are zero as a result of the Cs symmetry of the system and the hfi term takes the form
[19]: H{si = A Sx Ix + Av Sy ly + Az Sz 1, + Alz (Sx 12 + S 1), where the prime indicate usage of

the specific NV-"*C-PACS. Evidently, in each case the hfi matrix A, in the NV-"*C-PACS can

be obtained from the respective hfi matrix A, found somehow in the other NV-PACS by unitary

transformation A’=U;"AU, where U, is the rotation matrix about Z axis to some angle 6 which
can be determined straightforwardly having the coordinates of the particular **C atom. Moreo-
ver, the hfi matrices A, can be converted into respective diagonal ones A? =U ;*AU, by unitary
transformations U, from the NV-PACS to the **C-PACS with elements of the U, matrix being

the direction cosines between various axes of both PACSs.
In many practical cases (excluding those at B~1027 Gauss where avoided-crossing of

sublevels with mg =0 and mg =-1 takes place) one can use the secular approximation for the hfi
term: Hiq = Sz (Ao Ix + Ay Iy + Az 1,) = S; {(Aso +T77 )17 +Tq (e_i¢ |+ +el¢ I‘)IZ}, where
1 =1y ily, T :\/m andtang =T,y /T,x [20]. Within this approximation one can
find [20, 21] that at zero external magnetic field the e-spin substates ms=%1 are split by the value
Aoz(Tnzd +AZ, )1/2 while in the presence of a magnetic field B aligned along the NV axis

(B]|OZ) the hfi splitting of the Zeeman-shifted e-spin substates mgs=t1 are
1/2
Ai=(T,$d +(Azz$7r(,C)B)2j respectively, where the signs + correspond to e-spin projections

ms =+1 and y{¢) =1.071 kHz/Gauss is the **C gyromagnetic ratio. Additionally the magnetic

field B||OZ splits the e-spin substate ms=0 by the value &, = »{*’B due to the nuclear Zeeman

effect.

Moreover, at zero magnetic field the terms S, I+ in the Hamiltonian Hﬁﬁ , being propor-

tional to T, , initiate the n-spin flips with the rate (or the inverse quantity, the lifetime of the n-
spin projection) proportional to the parameter 7, =1/7,=T2, / (Tnzd +A§Z)[17, 20, 21]. An ex-
ternal magnetic field B||OZ modifies the flipping “rate™ /7. =T2 /{TnzOI +(AZZ$;/.§C)B)2)}

which can be used [17] to reduce essentially the **C n-spin flipping rates applying rather high
fields B.



It follows from the above expressions that the most important parameter determining the

value of the flipping rates 77 (and 77.) is the off-diagonal part A, =T, of the hfi matrix A .
Clearly, if the quantity T, is zero then the stochastic 3¢ n-spin flipping dynamics will be absent

and the **C n-spin in such NV-'3C system will keep its state for a long time. This property is of
great importance for many quantum-technological applications of e-n spin systems in diamond
benefiting from the absence (or, at least, negligible probability) of the hfi-induced n-spin flips.
Among possible positions of the *C n-spin in the diamond lattice near the NV center
there are few evidently stable positions viz. those located at the NV axis [9, 21-23]. Nearest-to-
the-vacancy “axial” **C position of such “NV-axial *C” system exhibiting strongest hfi with the
NV center is disposed at the distance of about 6.5 A from the N atom [21] on the vacancy side at
the NV axis. For this specific “NV-axial *C”spin system the characteristic zero-field hfi-induced
splitting Ao =187 kHz of the substates ms=+1 was predicted in [21] by DFT simulation of hfi in
the H-terminated cluster C29:[NV] Hi7, hosting the NV center. The analysis of hfi data obtained
in [21, 22] revealed the presence of additional non-axial positions for the n-spin *3C also exhibit-

ing negligible off-diagonal elements T, in respectively calculated hfi matrices A, suggesting

that at these positions the **C n-spin will not subjected to hfi-induced flip-flops. More recently
[22, 23] analogous DFT simulation of hfi characteristics has been done for the larger Csio[NV]

H.s, clusters and the hfi matrices A, for all possible 510 locations of the **C n-spin in the clus-

ters have been calculated (see the Supplement for complete set of the calculated data). Analyzing
these data we were able, in particular, to elucidate spatial and hfi characteristics for eight more
distant “NV-axial *C” systems [22]. Here we are presenting systematic analysis of the calculat-
ed hfi and spatial data for the cluster Cs1o[NV] Hzs, hosting the NV center in its central part and
show that along with the above-mentioned stable systems “NV-axial **C” there are many other
near-stable non-axial NV-"3C spin systems wherein the **C n-spins are located basically in the
diamond bilayer being perpendicular to the NV axis and containing the vacancy of the NV cen-
ter. Note that recently such relatively stable NV-n*C spin systems were found both in natural
[24] and in isotopically engineered [25-27] NV diamond and used to implement error correction
codes. In all cases a search was rather time-consuming because it was carried out by a routine
systematic study of a very large number of NV-'3C systems to find only few stable ones among
them. Evidently, it would be preferential to have information about such systems in advance and
we hope we provide it here using computational chemistry. It should also be point out that the
predicted non-axial near-stable NV-*C spin systems can be created during CVD growth of (111)
diamond samples by analogy to recent creation [28-31] of the NV centers perfectly aligned in the
[111] direction.



1. Methods, results and discussion

Geometric structure of the Cs10[NV] Has, cluster hosting NV center in its central part (see Fig.
la) was optimized and spin density distribution over the cluster was calculated using the
DFT/B3LYP/UKS/MINI/3-21G level of the theory. Calculations have been performed for the
singly negatively charged cluster in the triplet ground state (S=1). We have used for geometry
optimization the Firefly QC package [32], which is partially based on the GAMESS (US) [33]

source code. Further the full hfi matrices A, for all possible positions of the *C atom in the

cluster have been calculated using the ORCA software package [34]. Calculations have been
done in the NV-PACS wherein the Z axis is aligned along the NV center axis while the X and Y
axes are chosen arbitrary. The NV-PACS origin was located at the position of the N atom of the
center. Each possible position of the **C atom in the cluster was assigned its own number. For
example, the positions 1-3 and 4-6 were the nearest-neighbors of the N atom and the vacancy of
the NV center, respectively, the positions 7, 8, 469 and 505 were *“axial” positions disposed from
the vacancy and nitrogen sides respectively, and so on.

Focusing here on the search of stability positions for the **C n-spin in the cluster we cal-

culated the flipping rates 77, = A%, / (Aﬁd +AZ, ) or the respective “lifetimes” 7, =1/, for all

possible NV-'*C systems in the cluster. The results are shown in Fig. 1 (see also the Table in the
Supplement) which presents the y-logarithmic bar graph of calculated **C n-spin “lifetimes”

7, =1/T, in dependence on the number of the respective **C position in the cluster. One can

see that the calculated “lifetimes” differ considerably for different positions and that among them
there are special stability (or near-stability) positions wherein the **C n-spin has rather large
“lifetimes” exceeding by 2-4 orders in magnitude those for other positions. In Fig. 1 these rela-
tively stable positions are shown in colors to highlight them from the other positions character-
ized by faster **C n-spin flipping rates.

Having, along with hfi characteristics, calculated coordinates of all carbon sites in the
cluster, we determined the locations of the above-mentioned “colored” stable positions which are
shown in Fig. 2 where the corresponding positions are presented by the same colors as their
“lifetimes” shown in Fig. 1b. Four most stable positions 7,8, 269 and 505 shown in Fig. 1b in red
are just the expected and previously considered [22, 23] “axial” positions. The other near-stable
“colored” positions in Fig. 1b having two-hundredth numbers (plus positions 4,5,6 shown in
black) are located in the diamond lattice bilayer (see e.g. [31]) being perpendicular to the NV

axis and passing through the vacancy (see Fig. 2 for better illustration). Among them there are
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eighteen quite stable positions, having “lifetimes” 7, =7/ I, between 10° and 10*, which are
shown in the enlarged view in the inset of Fig. 1b. They can be classified as belonging to four
families [10, 21] of near-equivalent *C positions in the cluster exhibiting near-equal values of
experimentally measurable hfi characteristics due to axial symmetry of the NV center. We will
refer here to these near-stable families by the families St1, St2, St3 and St4 below. Each of them
contains 3, 6, 3 and 6 members. More specifically (see the Supplement), in our cluster the family
Stl consisted of the positions C222, C255, C260; the family St2 - positions C223, C225, C256,
C263, C269, C275; the family St3 — positions C214, C267, C 277 and the family St4 — positions
C212, C216, C254, C264, C279, C286. They are depicted in Fig. 2 in blue, green, purple and
brown, respectively. The same colors we used for the characteristics of the members of these
families in the Table of the Supplement. Spatially, the members of these near-stable families are
located symmetrically with respect to the NV axis in the vacancy-containing diamond bilayer at
near-equal distances from the axis as it is shown in Fig. 2. Note that the first two families St1 and
St2 located well inside the simulated cluster Cs10[NV] Has, were identified previously [21] in the
smaller cluster C,9:[NV] Hi72 where they were termed as the K2 and Y families. Their members
are the fourth and fifth neighbors of the vacancy, respectively. One can see from Fig. 2, that the
members of the two additional near-stable families St3 and St4, which both are the seventh
neighbors of the vacancy, are located not far from the edge of the cluster so that their hfi charac-
teristics can be influenced to some extent by the H-terminated cluster surface. Note also, that the
members of the St1 family being the nearest to the vacancy near-stable positions are situated in
the lower sublayer of the vacancy-containing diamond bilayer (B-layer in the terminology of
[31]) while the all others — in the higher sublayer (a-layer). It should be emphasized that the **C
n-spin located in one of the above 18 positions is approximately two order more stable in com-
parison with the next less stable positions shown in Figs 1,2 in orange and black and also located
in the vacancy-containing diamond bilayer. Additionally, there are nine less stable positions
shown in Figs. 1 and 2 in yellow which are located in two higher diamond bilayers disposed
above the vacancy. The reason for this exceptionally high stability of **C n-spins at these sites is
associated with the local symmetry of the spin density distribution in the vicinity of these lattice

positions as it will be discussed later.
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Fig. 1. a) Illustration of the simulated cluster Cs1o[NV] Has, hosting the NV center in its central
part. The nitrogen atom is depicted in blue, C atoms are shown in grey, H atoms passivating
dangling bonds at the cluster edge are presented by small light blue balls. b) “Lifetimes”
7, =1/ T, calculated for all possible NV-'*C spin systems differing in the n-spin position repre-
sented by its number in the cluster. Positions exhibiting longest lifetimes for the *C n-spin are
depicted in different colors. Red bars present most long-lived *3C n-spins located at “axial” posi-
tions while the other less stable positions are located basically in the diamond lattice bilayer be-
ing perpendicular to the NV axis and passing through the vacancy (see Fig. 2). Insert shows
eighteen quite stable positions having lifetimes exceeding those for the rest at least by two orders
of magnitude. They can be divided into four families termed St1, St2, St3 and St4 containing 3,
6, 3 and 6 members with lifetimes shown by blue, green, purple and brown bars, respectively.
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Figure 2. Illustrations showing in colors the locations in the cluster Cs;o[NV] Has, of the quite
stable positions for the 3C n-spin. Most of them are located in the diamond bilayer containing
the vacancy. The colors are chosen to be the same as those representing in Fig.1 the lifetimes
calculated for the corresponding NV-3C systems. a) Side view of the cluster in direction perpen-
dicular to the (111) crystallographic direction, b) top view of the vacancy-containing diamond
bilayer along the (111) direction with indication of the numbers of respective sites for the **C n-
spin in the cluster (see also the Supplement). Big blue ball N1 is the nitrogen atom belonging to
the NV center.

Now we will present in more details the hfi and spatial characteristics of the above four
families St1-St4 of non-axial near-stable NV-"*C spin systems which can be important not only
to find them experimentally and to interpret these findings in diamond samples but also to be
able to control their creation with increased probability during CVD diamond synthesis. The
analysis showed that the calculated hfi matrices Ay, of the different members in the same family
were approximately related to each other by the unitary transformation of rotation around the NV

axis by the angles of 2n/3. In turn, it is easy to verify that hfi parameters A,, and A, are invar-

lants with respect to rotations about the NV axis and therefore are characteristic for each family
along with the observables constructed from these parameters e.g. the zero-field hfi splitting

1/2
Ag =(A§d + A%Z) of the substates ms=+1 and the hfi-induced **C n-spin flipping rates 77, (or

lifetimes 7, =17/1,). These quantities have been calculated for all possible positions of the

3C n-spin in the cluster (see the Supplement) and, in particular, for the families St1-St4. Simul-
taneously, we found the spatial characteristics for each member of the near-stable families, viz.

the Z-coordinate of the family member, its distance from the NV axis and from the N atom of the
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NV center. Again, the coordinates of the family members were approximately related by the uni-
tary transformation of rotation around the NV axis by the angles of 2a/3. Clearly, due to finite
size of the cluster there was no exact symmetry and, hence, exact mutual correspondence of cal-
culated hfi matrices through the above-mentioned 2n/3 Z-axial rotations as well as of spatial
characteristics for various members within the near-stable families. Therefore below in Table 1
we present the data which are the averages of those calculated for all members of respective fam-
ily. Diagonalization of the calculated hfi

matrices Ay gave their principle values

Ady = A -Td—r AL = Ay -T9 41, AL, = A, +2T9 where T? and r are the axial and rhombic
components of the hyperfine tensor. Typically, the rhombic component is much less than the

axial one justifying the often used description of hfi with only two parameters Aﬁ" =A%, and

Ad =AY = AL | but our calculation showed that in some cases the rhombicity contribution was

essential and even exceeded the axial component. In particular, for the members of the St1 fami-
ly the rhombicity was approximately only twice smaller in comparison with respective axial
parts. Additionally, we found also all cosines between different axes of NV-PACS and **C-
PACS. In Table 1 we gave only the values (averaged over the members of the St1-St4 families)

of the (Uy)s3 =c0sZz which is the cosine between respective Z and z axes in both coordinate sys-

tems.

Table 1. Calculated hfi and spatial characteristics for stability positions of the **C n-spin in the
studied cluster, exhibiting lowest flipping rates 7y. Here Aq is the zero-field splitting of the spin
sublevels ms= +1 due to hfi, Azz and A.q are the calculated hfi matrix elements in the NV-PACS,
cosZz are cosines between Z axis of the NV-PACS and z axis of the respective **C-PACS where-
in the hfi matrix is diagonal, Rey is the distance from respective **C atom to the N atom of the
NV center, Re; is the Z-coordinate of the *3C atoms, Rexy is the distance from the *C positions
to the Z axis.

Position/family Azz(kHz) | Ang(kHz) | Ip (x107°) | Aq(kHz) | cosZz Ren(A) Rez (A) Rexv(A)
C7(axial) 194.0 0.1 0.0003 194.0 | -1.00 6.47 6.47 0
C8(axial) 86.5 0.3 0.014 86.5 1.00 8.05 8.05 0.004

C469(axial) 99.5 0.1 0.001 99.5 1.00 4.58 -4.58 0.003
C505(axial) 58.6 0 0 58.6 1.00 6.15 -6.15 0.004

Stl (average) | -1001.6 14.5 0.2096 | 1001.8 | -0.01 4.78 1.73 4.45

St2(average) -204.9 2.7 0.1747 204.9 | 0.001 5.82 2.25 5.36

St3(average) -53.0 1.3 0.5734 53.0 -0.01 7.78 221 7.46

St4(average) -51.9 0.9 0.3269 519 |-0.001| 8.15 2.24 7.83




One can see from Table 1 that among axial atoms the highest hfi has the **C atom in the
C7 position. The other axial C8 position from the vacancy side and the positions C469, C505
from the nitrogen atom side exhibited the values A;; =86.5, 99.5 and 58.6 kHz. For all of them
the values of A;; were positive and due to negligible values of A,q gave a basic contribution to
the respective zero-field hfi splitting Ao which can be measured experimentally. Note, that our
previous calculations [21] done for the smaller cluster C,91[NV] Hi7, predicted a slightly smaller
value of Ag =187 kHz for the position C7. Moreover, in [21] two other axial positions have been
studied analogous to the C8 and C449 ones of the Table 1 for which we also found close values
Ao= 94.7 kHz and 99.3 kHz. The values of cosZz for all axial *C positions was equal to +1 indi-
cating that quantization axes for such n-spins are coinciding with the symmetry axis of the NV
center.

Unlike the above axial stability positions, for all non-axial stable NV-*C systems listed
in the Table 1 the calculated values of A;; were negative. The results A;; = -1001.6 kHz and Az, =
-204.9 kHz for families St1 and St2 are close to the analogous data (Az; = -1011 kHz and Az; = -
228 kHz) previously obtained for smaller cluster [21]. Respective zero-field splitting Ao for the
Stl and St2 families are rather large (Ap=1001.8 kHz and A;=204.9 kHz, respectively) while for
more distant St3 and St4 families the calculated values of A are about 50 kHz. For all non-axial
stable **C positions the values of cosZz are close to zero indicating that quantization axes for
such n-spins are perpendicular to the symmetry axis of the NV center.

To understand the reason why the values of the parameter A, =T., =T2 +T4 are
negligible for the non-axial positions St1-St4 we need to simulate the local distribution of the e-

spin density p° = ,oT - ,o¢ in the vicinity of these positions because these elements can be pre-

sented as:

_ 3 S (rz =Rnz )(rx —Rnx )
Tzx =33 ,Beﬂngegn.[p (9] |?_§n|5 dr, (1)

T2y :%ﬂeﬂngegnjps (9] (2 = r;z )RS rY|5_ Roy )d?
—Mn

where p° (f’) is the e-spin density at the point I in the cluster, R is the position of the *C nu-

clear spin, feand p, are the Bohr and nuclear magnetons, respectively, ge and g, are the electron
and nuclear g-values, and S is the total electronic spin of the system. Due to the nonlocal charac-
ter of the anisotropic contribution T the dipolar integral (1) is over the whole space of the e-spin

density distribution, but because of the factor | —R | the dominant contribution is made by the
e-spin density in the nearest vicinity of the *3C n-spin. From (1) it follows that the dipolar terms
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1) vanish if the spin density +*n observed from the point of the nucleus ~°C is highly
(1) vanish if the spin density p°[T+R, | observed from th f th leus C is highl

symmetric. As it was pointed out previously [19], an arbitrary NV-'C spin system possesses
symmetry Cs which means that in the specific NV-PACS having XZ plane passing through this
definite **C nucleus and containing the NV axis the spin density will be symmetric with respect
to the change Y to -Y resulting to the zeroing out the matrix element Ty in (1). We verified nu-

merically that in the transformed hfi matrices Ay, for every position of *3C in our cluster the ele-

ment Tzy (and, additionally, elements Txy =Tvyx, Tyz=Tzy) was zero. For example, for the positions
C222, C255 and C260, belonging to the St1 family, the Z-axis rotation angles 6 to transform
from the original hfi matrices A, found in the initial NV-PACS to the matrix A/, in the men-

tioned special NV-PACSs were found to be 8.91°, 128.049° and 69.042°, respectively.

To understand why the other elements Tzx for the stationary positions vanish also, we
simulated the spin density distribution over the cluster using GAUSSIAN'09 program suite [35].
Three examples of calculated isovalue (=0.01 au, 0.001 au™ and 0.0001 au™®) surfaces of the
spin density distribution over the cluster are shown (using two different points of view) in Fig. 3
as the semi-transparent red/blue lobes corresponding to positive/negative values of the spin den-
sity. One can see from the Fig. 3a that, as is well known (see, e.g. [9, 36-42]), the spin density is
mostly positive and localized on the three nearest-neighbor *C atoms of the vacancy. At smaller
absolute isovalues (=0.001 au™ and 0.0001 au™) there are both positive and negative lobes ex-
tended far enough from the Z axis and localized basically near and above the diamond bilayer
containing the vacancy of the NV center that is just in the area where the non-axial stability posi-
tions are located. Fig. 4 shows more clearly the symmetry of local distribution of spin density at
absolute isovalue 0.0001 in the vicinity of the near-stable positions C222, C255 and C260 be-
longing to the St1 family and, additionally, in the vicinity of near-stable positions C223 and
C223 of the St2 family. One can see that the lobes of negative spin density near e.g. C222 posi-
tion look like axially symmetric bubbles having the axis nearly coinciding with the X axis of the
special NV-PACS for the NV-3C222 where the T2y element is equal to zero (more careful analy-
sis showed that the symmetry axis is along the bond from the C222 site to the neighbor C237 site
of the diamond bilayer i.e. it consists of the tetrahedral angle 109.5° with the Z axis). It is be-
cause of this axial symmetry of the local spin density distribution around this position that the
element Tzx in the hfi matrix for the **C nucleus in the position C222 becomes also equal practi-
cally to zero resulting finally to A,=0 and, hence, non-flipping *C n-spin in this position. Anal-
ogous local symmetry of the spin density distribution took place for the other near-stable non-

axial positions of *C in the cluster.
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a) contour at 0.01au™

Fig. 3. Isovalue surfaces of calculated spin density p° (?) (positive values are shown in red, neg-

ative ones — in blue) for the cluster Cs10[NV] Hzs, taken at different values of the density (we
took three isovalues = 0.01, 0.001 and 0.0001au™®). One can see that at small isovalues of spin
density it is spread far from the NV center. Right figures show side view, left ones - top view

along (111) axis.
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Fig. 4. Symmetric negative spin density distributions at stable positions C222, C255 and C260
belonging to the St1 family and, additionally, at the stable positions C223 and C223 of the St2
family. N1 is the nitrogen atom of the NV center, C4, C5 and C6 — nearest neighbors of the va-
cancy.

2. Comparison with experiment

As mentioned above, presently a number of studies [17, 24-27] have reported the experi-
mental detection of almost stable NV-"3C spin systems with different characteristics. In particu-
lar, the stable systems exhibiting hfi splitting Ao=Azz of 201 kHz [17], 89 kHz [25, 26] and 50
kHz [27] have been found which were close to the predicted values for the St2 family, axial C8
position and the St3 or St4 families, respectively. To confirm the above theoretical predictions in
more details an additional experiment has been done using the near-stable NV-'*C system of the
work [27] which was there used to enhance quantum metrology by repetitive quantum error cor-
rection. The experiment was performed on a single NV center in an engineered diamond with
0.1% *3C abundancy and a near stable NV-3C spin system exhibiting a lifetime of seconds at a
low magnetic field of B=340 Gauss (B||0Z) was found. To determine the strength of the diago-
nal hfi component Azz an electron nuclear double resonance experiment (see Fig. 5a) was per-
formed. In this experiment a radiofrequency pulse with variable frequency was used to identify

the
13
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Figure 5. (a) Measurement sequence for determining the parallel hfi component A;,. The electron
spin is first polarized in one of the magnetic sublevels |y)=|m, =0/-1). After a previous projec-

tive measurement [43], the nuclear spin is in one of the eigenstates |T / ¢>. The quantization axis

is defined by an external, static magnetic field aligned with respect to the NV symmetry axis.
After a radiofrequency (rf) pulse (Rx) with a certain duration and a variable frequency, another
projective measurement of the nuclear spin follows and the corresponding nuclear spin flip prob-
ability is calculated. The projective measurement consists of a consecutively applied block. Each
block consists of a CNOT gate (selective, microwave driven spin-flip of electron when carbon
spin is in |T> -state), which correlates the nuclear spin with the electronic spin, and an optical

readout of the electron spin, which also polarizes the spin. The nuclear spin state is than verified
after the accumulation (N=10000) of NV fluorescence. (b) Measurement sequence for determin-
ing the non-diagonal hfi component Ang. First, a microwave pulse (R,») is applied to create elec-
tron spin coherence. Second, a periodical sequence of microwave pulses is applied. Each pulse
(R,) flips the electron spin. The time period of the pulse sequence is 21. In addition, the rotation
axis of the pulses is varied to fulfill robustness against pulse error (XY8 sequence see [44, 45]).
(c) Experimental results when the measurement sequence of part (a) is applied. The spin flip
probability of the nuclear spin is shown in dependence of the frequency of the applied rf pulse.
The left part correspond to the case when the NV is initialized in ms=-1 and a rf pulse length of
about 5ms is used. The right part shows the result when the NV is initialized in ms=0 and a rf
duration of about 2ms is used. The red curves indicate a Gaussian fit. (d) Experimental results
corresponding to the sequence shown in part (b). The inter-pulse spacing is adjusted to the Lar-
mor precession of the nuclear spin corresponding to 355 Gauss. Shown is the normalized NV
fluorescence when the number of pulses (2N) is increased. In red we show the result of the cor-
responding simulation (see main text) (e) NV fluorescence time trace when the nuclear spin state
Is continuously measured.
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nuclear Larmor frequency in the NV sublevels ms = -1 and ms = 0. The results are shown in Fig.
5¢c. As one can see, in the case of the ms=0 substate the signal was peaked at ~362.2 kHz which

is just the nuclear Larmor frequency #{®)B in the substate ms=0 of the NV-*C system undergo-

ing the magnetic field B~340 Gauss. In turn, in the case of the substate mg=-1 the hfi-induced

1/2
splitting A~ :(Tnzd +(AZZ +;/,(1C)B)2] =313.1 kHz was smaller in magnitude indicating that the

diagonal hfi component Az is negative. Assuming T2 <<(AZZ+;/r(F)B)2 and therefore using

A =A —yr(]C)B, we calculated a diagonal hfi component of (-49.1+0.3) kHz. To determine the

off-diagonal component we used dynamical decoupling spectroscopy [12]. The sequence con-
sisted of periodically applied microwave pulses, which flip the electron spin of the NV center,
and a free evolution between pulses which is adjusted to last half of the nuclear Larmor period.
The resonant interaction based on the off-diagonal hfi component is shown in Fig. 5d. To deter-

mine the strength of T_, we compared the results with numerical simulations and estimated a

strength of (1.4+0.1) kHz. The shown error takes a misalignment of the external magnetic field
on the order of 0.1 degrees into account. The robustness of this nuclear spin is verified in Fig. 5e,
which shows a repetitive Single Shot readout [43] of the nuclear spin. From such time traces we
estimated a nuclear spin lifetime of 4s at a magnetic field of 340 Gauss. When we compare the
experimentally observed hfi with the results of our DFT simulations, we find good agreement
with the robust nuclear spin group St3 and St4.

Conclusion

Using DFT we simulated the H-terminated cluster Cs30[NV] H2s, hosting the NV center and
found for a first time the hfi and spatial characteristics of new class of robust NV-*3C spin sys-
tems wherein the *C nuclear spin exhibits negligible hfi-induced flipping rates due to near-
symmetric local spin density distribution. Spatially, the positions for stability for the nuclear
spins **C are located in the diamond bilayer passing through the vacancy of the NV center and
being perpendicular to the NV axis. Analysis of available publications showed that, apparently,
some of the predicted non-axial near-stable systems NV-"*C have already been observed experi-
mentally. Special experiment done on one of these systems confirmed the prediction made.

We hope that the data of Table 1 will help experimentalists to find, identify and use these
robust spin systems NV-3C in the emerging quantum technologies. Analogous robust nuclear
spins coupled to other paramagnetic centers can also be presented in diamond and in SiC.
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Supplement

We present here the full set of calculated hfi and spatial data for all possible coupled NV-*C
spin system in the studied cluster Cs;o[NV] Has2, shown in Fig. 1a of the main text, differing in
the position of the *C atom in the cluster. The characteristics for the NV-"*C spin systems exhib-
iting practical absence of hfi-induced flip-flops are highlighted in colors coinciding with those
used in Figs. 1, 2 of the main text.

Table 1S. Calculated hfi and spatial characteristics of different NV-'*C spin system in the cluster
Cs10[NV] Hzs,. Here Azz is the ZZ-component of the hfi matrices Ay, (K,L =X,Y,Z), calculated

in the NV-PACS, A, =A%, + A2, is their non-diagonal part, Ais, is the isotropic part of the
hfi matrices, Ag is the zero-field splitting of the spin sublevels mg = %1 due to hfi, T, =1/, isthe
“lifetime” of the *C nuclear spin with Iy being the hfi-induced **C nuclear spin flipping rate,
cosZz is the cosine between Z axis of the NV-PACS and z axis of the respective *C-PACS
wherein the hfi matrix is diagonal, Re; is the Z-coordinate of the *3C atom, Rexy is the distance
from the *C position to the Z axis, Rey is the distance from respective *C atom to the N atom of
the NV center.

Number A A A A T, =1/T c0sZz | Rcz | Rexy Ren
of the *°C (kH2) (kr?g) (kH?2) (kl-(l)z) ’ | A | & | &
pOSItIOﬂ
1 5509 | 5603 5 792 2 086 | 04 | 146 | 151
2 577 559.7 3.1 803.8 2.06 086 | 04 | 146 | 151
3 5661 | 5589 25 7955 2.03 086 | 04 | 146 | 151
4 1.369e+0 | 19877 | 1.524e+05 | 1.341e+05 | 4842 | 032 | 229 | 152 | 275
5
5 1.3656+0 | 19964 | 1.521e+05 | 1.338¢+05 | 47.76 | 032 | 229 | 153 | 275
5
6 1.368e+0 | 19767 | 1.524e+05 | 1.340e+05 | 48.9 031 | 229 | 153 | 275
5
7 194.0 0.1 107.2 1940 | 376e+06 | -1 | 647 | 0 | 647
8 86.5 0.3 555 865 | 7.48e+04 | 1 805 | 0 | 805
9 56.7 154 438 58.7 146 099 | 1019 | 1.47 | 1029
10 56.8 155 438 58.9 1451 | 099 | 1019 | 1.47 | 10.29
11 50.7 111 0 51.9 2169 | 099 | 10.89 | 1.36 | 10.98
12 447 26.9 4 52.2 3.77 095 | 1018 | 2.9 | 1058
13 58.7 156 3.8 60.7 1516 | 099 | 10.15 | 1.45 | 10.25
14 54.1 12.9 05 55.6 1867 | 099 | 10.68 | 1.45 | 10.78
15 448 26.9 3.9 52.3 3.77 095 | 1018 | 2.9 | 1058
16 54.1 12.9 0.4 55.6 1847 | 099 | 1067 | 1.45 | 10.77
17 27.9 58.7 5.2 65 1.23 078 | 808 | 511 | 956
18 431 63.8 2 77 1.46 0.82 | 808 | 444 | 922
19 31 458 14 55.3 1.46 081 | 881 | 515 | 102
20 278 58.7 5.2 64.9 1.22 078 | 808 | 511 | 956
21 31 45.7 15 55.2 1.46 081 | 88l | 515 | 102
22 287 65.8 192.9 294.4 2004 | 091 | 801 | 443 | 9.16
23 98.8 65.8 55 118.7 3.25 093 | 802 | 256 | 842
24 67.8 56.2 8 88.1 2.45 0.88 | 853 | 391 | 9.38
25 98.4 65.8 6 118.4 324 093 | 802 | 256 | 842
26 713 55.7 6.9 90.5 2.64 092 | 848 | 294 | 898
27 287.9 65.8 1036 2953 2013 | 091 | 801 | 443 | 9.16
28 68.1 56.3 8.1 88.4 2.46 0.88 | 853 | 391 | 9.38
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29 275 58.6 5.2 64.8 1.22 0.78 8.07 | 512 | 9.56
30 99.5 64.3 -3.1 118.5 3.39 0.93 8.06 | 256 | 846
31 65.5 56 6.2 86.2 2.37 0.88 8.54 | 3.92 94
32 112.4 31.6 2.7 116.7 13.69 0.98 859 | 148 | 872
33 99.6 64.3 -3.1 118.6 34 0.93 8.06 | 256 | 846
34 112.5 315 2.6 116.8 13.74 0.98 859 | 148 | 872
35 21.5 58.8 -5.3 64.9 1.22 0.78 8.06 | 513 | 9.56
36 66 56.1 6.6 86.6 2.39 0.88 854 | 393 94
37 42.9 62.6 -1.9 75.9 1.47 0.82 813 | 445 | 9.27
38 30.1 45.7 15 54.7 143 0.8 878 | 522 | 10.21
39 100.4 64.8 -2.4 119.5 34 0.93 8.05 | 257 | 845
40 65.3 52.7 -10.4 83.9 2.54 0.92 8.6 294 | 9.09
41 99.9 64.9 -3 119.1 3.37 0.93 8.05 | 256 | 845
42 1141 319 3.7 118.5 13.8 0.98 8.58 | 148 8.7
43 43.1 62.7 -1.7 76.1 1.47 0.82 8.13 | 445 | 9.27
44 65.4 52.7 -104 84 2.54 0.92 8.6 294 | 9.09
45 30.1 45.8 15 54.8 143 0.8 8.77 | 522 | 10.21
46 27.6 58.7 5.1 64.9 1.22 0.78 8.06 | 513 | 9.56
47 30.1 45.7 15 54.8 143 0.8 8.78 | 522 | 10.21
48 291 66 197.3 298.4 20.43 0.91 8.01 | 444 | 915
49 66.2 56.2 6.9 86.9 2.39 0.88 853 | 392 | 9.39
50 27.7 58.8 -5 65 1.22 0.78 8.06 | 512 | 955
51 66.8 56.3 74 87.3 241 0.88 853 | 392 | 9.39
52 30.1 45.8 15 54.8 143 0.8 8.77 | 522 | 10.21
53 21 39.2 9 44.4 1.29 0.46 593 | 7.85 | 9.84
54 -0.9 64.6 71 64.6 1 0.54 596 | 649 | 881
55 -24 39.2 5.2 39.3 1 051 646 | 7.72 | 10.07
56 -26.3 75.4 -19.7 79.9 112 -056 | 595 | 597 | 843
57 3.6 524 10.3 52.5 1 0.56 649 | 6.79 | 9.39
58 -11 64.6 6.9 64.7 1 0.54 596 | 649 | 881
59 3.6 52.4 10.3 525 1 0.56 649 | 6.79 | 9.39
60 212 39.1 9.2 44.5 1.29 0.46 593 | 7.86 | 9.85
61 -2.3 39.2 5.3 39.3 1 051 647 | 7.73 | 10.08
62 -26.4 47 -15 53.9 1.32 048 | 592 | 741 | 9.48
63 -86.2 106.5 -96.2 137 1.66 -0.62 | 595 | 535 8

64 42.6 61.1 48.9 74.5 149 0.53 644 | 681 | 937
65 2.1 164 -61 164 1 0.73 595 | 394 | 7.14
66 53.5 97.3 36.9 111.1 13 0.67 649 | 515 | 829
67 -24 164.1 -61.3 164.2 1 0.73 595 | 394 | 7.14
68 83.8 113.7 58.2 1413 154 0.72 649 | 448 | 7.89
69 -87.5 106.4 975 137.8 1.68 -062 | 595 | 536 | 8.01
70 534 97.3 36.9 111 13 0.67 649 | 516 | 829
71 -26.9 47 -155 54.1 1.33 -048 | 591 | 742 | 949
72 43.5 61.1 50 75 151 0.53 644 | 6.82 | 9.38
73 -21 39.1 9 44.4 1.29 046 | 593 | 7.86 | 9.84
74 -85.8 106.5 -95.7 136.8 1.65 0.62 5.94 | 536 8

75 41.7 61 48 73.9 1.47 0.53 644 | 682 | 9.37
76 1656.8 212.2 1220.9 1670.2 61.99 0.95 593 | 297 | 6.64
77 716.8 195 716.5 742.8 1451 0.55 646 | 446 | 7.85
78 -193.1 174.1 -467.7 260 2.23 0.94 593 | 148 | 611
79 223.1 155.6 46.5 272 3.06 0.9 645 | 257 | 6.94
80 1670.7 212.4 12315 1684 62.85 0.95 593 | 298 | 6.64
81 224.2 155.6 473 2729 3.08 0.9 645 | 257 | 6.94
82 -87.3 106.4 -97.2 137.7 1.67 0.62 594 | 5.36 8

83 720.1 195.9 720.1 746.2 1451 0.55 645 | 446 | 7.85
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84 212 39.1 9.2 44.5 1.29 046 | 593 | 786 | 9.84
85 42 61 48.5 74.1 1.47 0.53 643 | 6.82 | 9.38
86 0.2 64.6 8 64.6 1 053 | 595 6.5 8.81
87 2.7 39.1 4.9 39.2 1 -051 | 646 | 7.73 | 10.07
88 -1 163.3 -59.6 163.3 1 0.73 596 | 394 | 715
89 52 97.2 355 110.2 1.29 0.67 648 | 516 | 829
90 -192.6 173.1 -462.5 259 2.24 0.94 594 | 149 | 612
91 218.4 153.3 43.2 266.8 3.03 0.9 648 | 257 | 6.97
92 -192.8 173.3 -463 259.3 2.24 0.94 594 | 149 | 612
93 -0.5 163.5 -59.1 163.5 1 0.73 596 | 394 | 7.14
94 219.5 153.4 43.9 267.8 3.05 0.9 647 | 257 | 6.97
95 0.7 64.6 7.6 64.6 1 -0.53 | 594 6.5 8.81
96 51.8 97.3 35.3 110.3 1.28 0.67 648 | 516 | 8.29
97 2.7 39.2 5 39.3 1 -051 | 645 | 7.73 | 10.07
98 -26.1 75.4 -194 79.7 112 -056 | 595 | 598 | 843
99 25 521 9.6 52.2 1 -055 | 6.46 | 6.82 | 9.39
100 -0.3 163.4 -58.8 163.4 1 0.73 596 | 395 | 7.14
101 86 113 59.8 142 1.58 0.72 6.51 | 4.48 7.9
102 1655.2 215.9 1219.5 1669.1 59.77 0.95 594 | 298 | 6.64
103 217 153.8 41.8 266 2.99 0.9 647 | 258 | 6.96
104 0.3 163.6 -58.3 163.6 1 0.73 595 | 394 | 7.14
105 216.7 153.9 41.4 265.8 2.98 0.9 647 | 257 | 6.96
106 -26.1 755 -194 79.9 112 0.56 595 | 597 | 843
107 86.4 113.2 60.3 142.4 1.58 0.72 6.51 | 4.48 7.9
108 24 52.2 9.6 523 1 -055 | 6.45 | 6.81 | 9.38
109 0 64.5 8.2 64.5 1 0.53 5.94 6.5 8.81
110 2.5 52.1 9.6 52.1 1 0.55 645 | 6.82 | 9.39
111 -83 106.4 925 135 1.61 -0.61 | 594 | 536 8

112 51.6 97.2 35.2 110 1.28 0.66 648 | 516 | 829
113 -82.7 106.5 -92.1 134.9 1.6 061 | 594 | 5.36 8

114 695.4 192.5 694 7215 14.05 0.56 645 | 446 | 7.84
115 0 64.7 8.3 64.7 1 0.53 5.94 | 649 8.8
116 514 97.2 34.9 110 1.28 0.66 648 | 516 | 8728
117 25 52.2 9.7 52.2 1 0.55 645 | 6.81 | 9.38
118 -20.8 39 -8.7 44.2 1.28 0.46 592 | 786 | 9.84
119 -2.8 39 4.9 390.1 101 051 645 | 7.73 | 10.07
120 -25.7 46.9 -14.1 535 13 -0.48 5.9 742 | 9.48
121 385 60.6 44.7 71.8 14 0.53 643 | 6.82 | 9.37
122 -20.7 39.1 -8.6 44.2 1.28 0.46 592 | 786 | 9.83
123 38 60.6 44.1 71.5 1.39 0.53 642 | 682 | 9.37
124 2.9 39.1 4.8 39.2 1.01 0.51 645 | 7.73 | 10.06
125 -39.1 25.1 -4.3 46.5 3.43 0.22 381 | 787 | 875
126 -48.1 28.1 -1.6 55.7 3.92 0.22 3.8 751 | 841
127 -26.4 21.4 13 34 2.52 0.23 416 | 841 | 9.39
128 -39.2 25.1 -4.4 46.5 3.44 0.22 381 | 788 | 875
129 -26.4 21.4 13 34 2.52 023 | 416 | 841 | 9.39
130 -48 23.1 -15 53.3 5.32 -021 | 383 | 824 | 9.09
131 -149.4 60.5 -100.4 161.2 7.09 0.3 384 | 648 | 753
132 17.5 395 52 43.2 12 0.3 437 | 785 | 898
133 -144.4 103.7 -64.8 1777 2.94 0.34 384 | 538 | 6.61
134 -11.2 65.2 35.9 66.2 1.03 0.36 437 | 649 | 783
135 -144.6 103.7 -65 177.9 2.95 -034 | 384 | 538 | 6.61
136 -14.6 75.1 48.3 76.5 1.04 0.36 4.36 6 7.42
137 -150.5 60.5 -101.4 162.2 7.19 0.3 384 | 648 | 753
138 -10.8 65.2 36.4 66.1 1.03 0.36 4.37 6.5 7.83
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139 -48.5 23.1 -15.5 53.7 5.42 -021 | 383 | 825 9.1
140 19 39.6 53.6 43.9 1.23 0.3 437 | 7.85 | 8.99
141 -47.9 23.1 -14.9 53.2 5.29 0.21 3.83 | 825 | 9.09
142 -171.1 84.4 -99.9 190.8 511 0.31 383 | 593 | 7.06
143 40.2 56.4 85.8 69.3 151 031 435 | 741 8.6
144 -1176.1 329.4 -1103.9 1221.5 13.75 0.49 3.84 | 393 | 549
145 587.5 195.1 683.1 619 10.07 0.4 436 | 5.35 6.9
146 -889 5145 -789.8 1027.1 3.99 0.56 384 | 297 | 485
147 381.1 275.2 500 470.1 2.92 0.52 437 | 394 | 588
148 -1191.3 328.7 -1118.6 1236 14.14 0.49 3.83 | 393 | 549
149 381.9 2754 500.9 470.8 2.92 0.52 437 | 394 | 588
150 -172.8 84.2 -101.6 192.2 521 -031 | 383 | 594 | 7.06
151 593.9 196 690.2 625.3 10.18 04 436 | 535 | 691
152 -48.6 23 -15.6 53.8 5.45 021 383 | 825 9.1
153 43.1 56.9 89.2 71.4 1.57 031 435 | 742 8.6
154 -149.4 60.3 -100.3 161.1 7.15 -0.3 3.84 | 648 | 7.53
155 174 394 51.8 43 12 0.3 437 | 7.85 | 8.98
156 -1171.7 328.1 -1098.3 1216.9 13.75 -049 | 383 | 393 | 549
157 5954 194.8 691.6 626.4 10.34 0.39 436 | 5.35 6.9
158 -8518.9 823.5 -9599.2 8576.3 108.01 0.91 383 | 148 4.1
159 11128 1475.7 11694 11201 57.86 041 437 | 297 | 528
160 -8506.7 817.2 -9590.1 8563.5 109.36 0.91 3.83 | 148 4.1
161 4002.8 833.4 3645.4 4086.7 24.07 0.85 436 | 148 4.6
162 -1189.2 327.8 -1115.7 1233.7 14.16 -049 | 383 | 393 | 549
163 11225 1483.9 11793 11299 58.22 0.42 437 | 297 | 5728
164 -151.1 60.2 -101.9 162.6 7.31 -0.3 383 | 649 | 753
165 603.4 195.9 700.5 634.3 10.49 0.39 436 | 536 | 6.91
166 18.7 395 533 43.7 1.22 0.3 436 | 7.86 | 8.99
167 -39.1 24.8 -4.3 46.3 3.48 -0.22 3.8 788 | 875
168 -144 103.1 -64.3 177.1 2.95 -034 | 384 | 539 | 6.61
169 -11.3 64.8 36 65.8 1.03 035 | 4.36 6.5 7.83
170 -890.4 5135 -791.3 1027.9 4.01 0.56 3.84 | 298 | 4.86
171 379.7 274.3 499 468.4 2.92 -052 | 437 | 395 | 5.89
172 -8484.4 827.4 -9557.4 8542.2 106.14 0.91 383 | 149 | 411
173 4011.7 826.4 3662.9 4094 24.57 0.85 436 | 149 | 461
174 -887.7 513.8 -788 1025.7 3.98 056 | 384 | 298 | 4.85
175 4003.3 827 36514 4085.9 24.44 -085 | 436 | 149 | 461
176 -144.8 103.4 -64.8 177.9 2.96 -034 | 383 | 538 | 6.61
177 381.1 275.1 500.1 470 2.92 -052 | 437 | 394 | 588
178 -39.3 24.9 -4.4 46.5 3.49 022 | 379 | 788 | 8.75
179 -11.3 64.9 36.2 65.9 1.03 035 | 4.36 6.5 7.83
180 -47.6 27.8 -1.2 95.1 3.93 0.22 379 | 753 | 842
181 -26.6 21 11 33.9 2.6 -023 | 414 | 8.44 94
182 -144.1 103 -64.4 177.1 2.96 0.34 383 | 539 | 6.61
183 -15.2 74.9 475 76.4 1.04 0.36 436 | 6.01 | 742
184 -1154.9 328.2 -1081 1200.8 13.38 0.49 3.83 | 393 | 549
185 377.4 2744 496.1 466.6 2.89 0.52 437 | 3.95 | 5.89
186 -1149.2 328.9 -1075.7 11955 13.21 0.49 383 | 393 | 549
187 11174 1464.4 11733 11245 59.22 0.42 437 | 297 | 5728
188 -143.5 103.2 -63.4 176.7 2.93 0.34 3.83 | 5.38 6.6
189 373.9 2747 492.1 463.9 2.85 0.52 436 | 3.94 | 588
190 -47.8 279 -1.2 55.3 3.94 0.22 378 | 752 | 841
191 -15.2 75 47.7 76.5 1.04 0.36 4.35 6 7.41
192 -26.6 21 12 33.9 2.6 023 | 413 | 843 | 9.39
193 -39.1 24.8 -4.3 46.3 3.48 0.22 3.8 789 | 875
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194 -26.5 21 12 33.8 2.59 0.23 414 | 844 94
195 -147.4 60.2 -98.3 159.2 7 0.3 383 | 649 | 753
196 -11.6 64.7 35.6 65.7 1.03 0.35 436 | 651 | 7.83
197 -167.1 83.9 -95.5 187 4.96 0.3 3.82 | 593 | 7.06
198 565.3 191.4 659.6 596.8 9.72 0.39 435 | 5.36 6.9
199 -146.7 60.3 -97.5 158.6 6.92 0.3 3.82 | 648 | 7.52
200 560.8 191.3 654.9 592.5 9.59 0.39 435 | 535 6.9
201 -39.1 249 -4.2 46.3 3.47 0.22 379 | 788 | 874
202 -12.5 64.8 34.8 66 1.04 0.35 4.35 6.5 7.82
203 -26.6 21 12 33.9 2.6 0.23 413 | 843 | 9.39
204 -47.4 22.9 -14.4 52.6 5.28 0.21 382 | 825 | 9.09
205 15.3 38.9 49.6 41.8 116 0.3 436 | 786 | 8.98
206 -47.4 229 -14.3 52.7 5.27 021 | 382 | 825 | 9.09
207 36.2 95.5 81.6 66.3 143 031 434 | 742 | 859
208 154 38.9 49.7 41.8 116 0.3 435 | 785 | 897
209 -31.9 5.7 -3.3 324 32.63 0.07 165 | 893 | 9.08
210 242.9 37.2 311.1 245.7 43.56 -0.18 173 | 768 | 7.87
211 -90.9 13 -23.8 91.8 49.91 -0.07 172 | 681 | 7.03
212 -52 0.9 -5 52 3182.2 0 225 | 783 | 815
213 -92.8 12.8 -25.8 93.7 53.56 0.07 172 | 681 | 7.03
214 -53 1.1 -2.4 53 2248.2 001 | 222 | 745 | 7.78
215 240.6 37.1 308.7 243.4 43.05 0.18 173 | 769 | 7.88
216 -51.6 1 -4.7 51.6 2745.9 0 225 | 783 | 815
217 -40.2 6.6 -8.8 40.7 37.56 0.07 1.73 8.9 9.07
218 -175.4 21.7 -97.8 176.7 66.58 0.1 172 | 681 | 7.02
219 17 6.7 46.1 6.9 1.06 005 | 227 | 826 | 857
220 1977.7 233.2 2266.5 1990.4 72.93 0.24 173 | 514 | 543
221 743 97.6 890 749.2 58.99 -0.2 226 | 647 | 6.85
222 -1000.6 14 -7199.7 1000.8 5116.2 -0.03 174 | 445 | 4.78
223 -204.4 2.8 -54.3 204.4 5171.7 0 226 | 536 | 581
224 19747 232.7 2262.3 1987.4 73 0.24 173 | 515 | 543
225 -202.2 3 -52 202.2 4641.7 0 226 | 536 | 582
226 -176.7 217 -99.3 178 67.17 -0.1 172 | 682 | 7.03
227 746.2 98.1 893.5 752.5 58.83 -0.2 226 | 647 | 6.86
228 -40.3 6.7 -9 40.9 37.35 0.07 173 | 891 | 9.08
229 2.6 6.9 47.1 7.4 114 005 | 227 | 827 | 857
230 -174.7 21.7 -97.3 176 66.01 0.1 172 | 681 | 7.03
231 12 6.6 45.5 6.7 1.03 0.05 227 | 826 | 857
232 -1407.9 130.6 -1147.4 14141 117.26 -0.17 172 | 445 | 4.78
233 524.2 73.1 692.4 529.2 52.43 0.14 225 | 594 | 6.35
234 -6356.9 933.3 -5431.5 6428.8 474 -0.29 174 | 254 | 3.08
235 12313 1191.6 13437 12337 107.77 0.29 225 | 393 | 453
236 -6370.2 932.3 -5450 6441.9 47.69 -0.29 174 | 255 | 3.08
237 1019.6 126.6 1994.7 1026.4 65.84 007 | 226 | 296 | 3.72
238 -1424.6 131 -1164.6 1430.8 119.23 -0.17 172 | 446 | 4.78
239 12374 1197.1 13501 12398 107.84 0.29 225 | 393 | 453
240 -177.1 219 -99.8 178.5 66.46 -0.1 172 | 682 | 7.03
241 535.1 75 704.4 540.2 51.89 014 | 224 | 594 | 6.35
242 35 6.9 47.9 1.7 1.26 0.05 227 | 827 | 857
243 240.9 374 308.8 243.8 42.56 0.18 172 | 769 | 7.88
244 1941.1 232.1 2227.4 1954 70.97 0.24 173 | 515 | 543
245 738.4 96.5 884.7 7445 59.5 0.2 226 | 647 | 6.86
246 -6338.6 933.2 -5419.2 6410.7 47.14 -0.29 174 | 255 | 3.08
247 12233 11973 13350 12259 105.39 0.29 225 | 393 | 453
248 -6375.6 937.1 -5461.1 6448 47.28 -0.3 173 | 255 | 3.08
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249 1964.6 234.7 2251.4 1977.6 71.06 0.24 172 | 515 | 5.43
250 12342 1205.7 13467 12367 105.78 0.29 225 | 393 | 453
251 242.1 37.6 310.1 245 42.35 0.18 172 | 769 | 7.88
252 7474 97.5 895 753.6 59.71 0.2 225 | 648 | 6.86
253 -90.8 13.1 -24 91.7 48.88 -0.07 171 | 682 | 7.03
254 -52.2 0.9 -5.3 52.2 3733.7 0 224 | 784 | 815
255 -1003.2 144 -803.1 1003.4 4886 -0.03 173 | 446 | 4.78
256 -2054 2.6 -55.5 205.4 6019.4 0 225 | 537 | 582
257 -6334 936 -5416 6406.5 46.79 -0.29 173 | 255 | 3.08
258 967.5 120.8 1948.3 974 65.14 007 | 226 | 297 | 3.73
259 -6338.3 938.5 -5417.3 6411.2 46.61 -0.3 173 | 255 | 3.08
260 -1001.1 15.1 -800.6 1001.3 4376.3 0.03 173 | 445 | 477
261 989.1 121.9 1967.3 995.6 66.89 0.07 225 | 296 | 3.72
262 -92.3 13.3 -254 93.2 49.47 0.07 171 | 681 | 7.02
263 -203.8 2.6 -53.4 203.8 6109 0 225 | 536 | 581
264 -51.5 0.9 -4.5 515 32355 0 224 | 783 | 814
265 -31.8 59 -3.4 32.3 30.02 0.07 163 | 894 | 9.08
266 914 13.2 -24.6 92.3 49.09 -0.07 171 | 682 | 7.03
267 -52.8 1.3 -2.3 52.8 1700.9 001 | 221 | 746 | 7.78
268 1990.6 234.5 2271.7 2003.4 73.08 0.24 172 | 515 | 543
269 -206.5 2.6 -56.7 206.5 6337.1 0 225 | 537 | 582
270 -1385.4 132.1 -1126 1391.8 110.96 -0.17 171 | 446 | 477
271 12248 1178.7 13363 12272 108.97 0.29 225 | 393 | 453
272 1994.9 235.7 2283.3 2007.8 72.67 0.24 172 | 514 | 542
273 12183 1175.7 13300 12207 108.38 0.28 225 | 393 | 453
274 91 13.4 -23.9 92 47.04 -0.07 171 | 681 | 7.02
275 -207.1 2.5 -57 207.1 6599.5 0 225 | 536 | 581
276 -31.9 5.9 -3.4 324 30.36 0.07 163 | 893 | 9.07
277 -53.1 1.4 -2.5 53.1 1454.4 -0.01 2.2 746 | 177
278 242.2 37.5 310.1 245.1 42.71 -0.18 172 | 769 | 7.88
279 -52 0.9 5.2 52 3182.2 0 224 | 784 | 815
280 -173 22 -95.9 174.4 62.83 -0.1 171 | 682 | 7.03
281 733.2 95.3 879.4 739.2 60.15 0.2 225 | 647 | 6.85
282 -173.4 22.1 -96.1 174.8 62.83 -0.1 171 | 681 | 7.02
283 507.8 69.6 675.6 512.5 54.27 0.14 223 | 594 | 6.35
284 243.1 37.7 311 246 425 -0.18 171 | 768 | 7.87
285 7314 95 877.8 7374 60.33 -0.2 225 | 647 | 6.85
286 -51.8 0.9 -4.8 518 3015.9 0 223 | 783 | 814
287 -39.9 6.8 -8.6 40.5 35.53 0.07 172 | 891 | 9.07
288 04 6.2 44.6 6.2 1 0.05 225 | 827 | 857
289 0.6 6.1 44.9 6.1 101 005 | 225 | 8.26 | 8.56
290 -22.5 28.2 -0.2 36.1 1.64 -032 | 038 | 826 | 8.27
291 -22.4 28.1 -0.1 36 1.63 032 | -038 | 827 | 8.28
292 -22.1 18.6 01 28.9 241 0.25 012 | 891 | 891
293 -26.4 37.9 -4.5 46.2 149 037 | 038 | 786 | 7.87
294 -41.7 66.8 -22.5 82.1 151 -043 | 037 | 648 | 6.49
295 -8.2 38.9 21.5 39.7 1.04 032 | 019 | 769 | 7.69
296 -36.4 82.6 05 90.3 119 043 | 037 | 594 | 595
297 -38.7 50.3 24 63.4 1.59 -032 | 016 | 681 | 6.81
298 -47.9 66.7 -22.7 82.1 1.52 -043 | 037 | 648 | 6.49
299 -38.5 50.2 2.5 63.2 1.59 0.32 015 | 681 | 6.81
300 -26.4 37.9 -4.6 46.2 149 037 | 038 | 787 | 7.88
301 -1.7 38.8 22 39.6 1.04 -0.32 | 0.18 1.7 1.1
302 -11.6 46.6 13.1 48 1.06 -038 | 038 | 745 | 7.46
303 -22.1 20.5 0.3 30.2 2.16 0.26 016 | 892 | 892
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304 -37.7 128 -23.9 133.4 1.09 -053 | -0.39 | 537 | 5.39
305 -25.1 57.4 75 62.6 119 -036 | 014 | 682 | 6.82
306 -204.5 233.8 -233 310.6 1.77 064 | -037 | 392 | 3.94
307 25.9 151.8 62.5 154 1.03 -048 | 015 | 514 | 515
308 -203.3 233.8 -231.9 309.9 1.76 064 | 037 | 392 | 394
309 97.1 184.7 176.1 208.7 1.28 0.46 016 | 445 | 445
310 -39.1 127.8 -25.3 133.6 1.09 -053 | -0.39 | 538 | 5.39
311 25.5 151.8 62 153.9 1.03 -048 | 015 | 515 | 515
312 -11.4 46.6 13.3 48 1.06 039 | 039 | 745 | 7.46
313 -24.5 57.3 7.8 62.3 118 -036 | 013 | 6.83 | 6.83
314 -21.9 20.5 0.3 30 214 0.26 016 | 893 | 893
315 -26.3 37.8 -4.5 46.1 148 -037 | 039 | 787 | 7.88
316 -39.4 127.8 -25.7 133.7 11 053 | -0.39 | 537 | 5.39
317 -25.2 57.3 7.3 62.6 119 0.36 013 | 6.83 | 6.83
318 -226.1 397.3 -441.8 457.1 1.32 076 | -0.38 | 2.98 3

319 354.2 218.8 298.9 416.3 3.62 0.63 013 | 447 | 447
320 3561.2 744.4 2990.3 3637 23.89 0.83 015 | 255 | 256
321 -228.9 397 -444.9 458.2 133 076 | -0.38 | 2.98 3

322 3589.9 7444 3016.3 3665.1 24.26 0.83 015 | 256 | 2.56
323 -39.6 127.8 -26.2 133.8 11 053 | -039 | 538 | 5.39
324 354.7 218.7 298.1 416.7 3.63 0.63 013 | 447 | 447
325 -26.3 38 -4.6 46.2 148 -037 | 039 | 7.87 | 7.88
326 -24.5 57.4 7.7 62.4 118 0.36 013 | 6.83 | 6.83
327 -47.8 66.5 -22.8 81.9 152 043 | 038 | 648 | 6.49
328 -8.2 38.8 214 39.7 1.04 0.32 0.18 | 7.69 7.7
329 -203 2334 -231.8 309.3 1.76 064 | 038 | 392 | 394
330 26.9 151.7 63.1 154 1.03 0.48 014 | 515 | 515
331 3580.5 744.1 3008.9 3655.8 24.16 0.83 015 | 256 | 2.56
332 -201.6 233.7 -231.1 308.6 1.74 064 | 038 | 392 | 394
333 3621.9 743.6 3045 3696.2 24.73 0.83 015 | 256 | 256
334 -41.7 66.8 -22.9 82.1 151 043 | -0.38 | 648 | 6.49
335 28.9 152.2 64.6 154.9 1.04 0.48 014 | 515 | 515
336 -8 39 215 39.8 1.04 0.32 017 | 7.69 7.7
337 -22.3 28.1 -0.2 35.9 1.63 032 | -039 | 827 | 8.28
338 -36.4 824 0.2 90.1 12 043 | -038 | 594 | 59
339 -38.4 50.2 2.3 63.2 1.59 0.32 014 | 682 | 6.82
340 -201.5 233.3 -230.4 308.3 1.75 064 | -038 | 392 | 3.94
341 94.7 184.5 172.9 2074 1.26 0.46 015 | 445 | 4.46
342 -224 396 -439.7 454.9 1.32 076 | -0.39 | 2.98 3

343 3591.1 742.1 3018.4 3665.8 24.42 0.83 015 | 256 | 2.56
344 -203.1 233.3 -232.3 309.4 1.76 064 | -038 | 392 | 3.94
345 3569.8 740.8 2995.9 3644.7 24.22 0.83 015 | 255 | 256
346 -36.3 82.7 0.3 90.3 119 -043 | 038 | 594 | 5.95
347 96.3 185 174.4 208.6 1.27 0.47 015 | 445 | 445
348 -22.3 28.3 -0.2 36 1.62 0.32 04 | 826 | 827
349 -38.3 50.5 2.5 63.4 1.58 0.32 014 | 681 | 681
350 -22.2 28.2 -0.2 35.9 1.62 -032 | -039 | 827 | 8.28
351 -22 18.7 0.2 28.9 2.38 0.25 0.1 891 | 892
352 -47.1 66.5 -22.1 815 15 -043 | 038 | 648 | 6.49
353 -38.4 50.2 2.3 63.2 1.59 -032 | 014 | 682 | 6.82
354 -37.8 127.6 -24.3 133 1.09 -0.53 -04 | 538 | 539
355 23.1 1514 59.3 153.2 1.02 -048 | 014 | 515 | 515
356 -38.1 127.8 -24.6 133.3 1.09 -0.53 -04 | 537 | 539
357 351.8 218.3 296.2 414 3.6 0.63 013 | 447 | 447
358 -46.7 66.9 -21.7 81.6 149 -043 | 038 | 647 | 6.49
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359 17.9 151.6 54 152.6 1.01 -048 | 014 | 514 | 514
360 -22.3 28.3 -0.2 36 1.62 -0.32 04 | 826 | 827
361 -38.6 504 2.2 63.5 1.59 -032 | 014 | 681 | 681
362 -22 18.8 0.2 29 2.36 -0.25 0.1 8.9 8.9
363 -26.1 37.9 -4.4 46 1.47 0.37 -04 | 787 | 7.88
364 -8.4 38.8 21.1 39.7 1.05 -0.32 | 0.17 7.7 7.7
365 -11.1 46.6 135 47.9 1.06 -0.39 04 | 745 | 7.46
366 -254 57.4 7 62.8 12 -036 | 012 | 683 | 6.83
367 -26.1 38 -4.4 46.1 147 0.37 04 | 786 | 7.87
368 -25.4 57.5 7 62.9 12 -036 | 012 | 6.83 | 6.83
369 9 38.9 20.5 39.9 1.05 032 | 017 | 769 | 7.69
370 -22 20.6 0.3 30.2 2.14 0.26 015 | 892 | 8.92
371 -4.9 34.3 -1.2 34.7 1.02 054 | -244 | 789 | 8.26
372 -2.6 39.5 04 39.6 1 055 | -244 | 744 | 7.83
373 -8.6 30.8 0.2 32 1.08 047 | -1.92 | 8.28 8.5
374 -4.9 34.3 -1.3 34.7 1.02 054 | -244 | 79 8.27
375 -8.6 30.8 0.2 32 1.08 047 | -192 | 8.28 8.5
376 10 4.1 3.8 55 1.03 -0.62 -25 | 655 | 7.01
377 -6.6 36.3 -0.1 36.9 1.03 -051 | -193 | 796 | 8.19
378 21.8 76.5 1 79.6 1.08 069 | -247 | 537 | 591
379 0.1 59.2 0.7 59.2 1 -058 | -1.94 | 65 6.79
380 22.2 76.5 15 79.7 1.08 -0.69 | -247 | 537 | 591
381 4.1 70.5 11 70.6 1 0.6 -194 | 595 | 6.26
382 9.9 54 3.8 54.9 1.03 -0.62 -25 | 655 | 7.01
383 0.1 59.1 0.7 59.1 1 -058 | -1.94 | 651 | 6.79
384 -6.6 36.2 -0.1 36.8 1.03 -0.5 -193 | 7.97 8.2
385 6.5 65.2 -8.7 65.5 101 0.67 | -249 | 597 | 6.47
386 11 43.2 4 43.2 1 054 | -195 | 743 | 7.68
387 49.7 109 -22.2 119.8 121 0.8 -249 | 396 | 4.67
388 73.5 87.5 433 1143 171 0.7 -198 | 54 5.75
389 165.8 1315 47.9 211.6 2.59 086 | -249 | 298 | 3.88
390 95.5 137.9 23.2 167.7 148 077 ] -1.95 | 394 | 439
391 49.5 108.9 -22.3 119.6 121 0.8 -249 | 396 | 4.68
392 95.2 137.8 22.9 167.4 1.48 077 | -1.95 | 3.94 4.4
393 6.5 65.2 -8.7 65.5 1.01 0.67 -25 | 598 | 6.48
394 73.9 874 43.7 1145 171 0.7 -198 | 541 | 5.76
395 13 43.2 4 43.2 1 054 | -195 | 744 | 7.69
396 10 54 3.8 54.9 1.03 0.62 -25 | 655 | 7.01
397 -6.5 36.3 -0.1 36.9 1.03 051 | -194 | 7.96 8.2
398 49.7 108.8 -22.1 119.6 121 0.8 -249 | 396 | 4.68
399 73.3 87.5 43.2 114.1 17 0.7 -198 | 54 5.75
400 152.9 92.9 -7134 178.9 3.71 097 | -249 | 15 291
401 639.5 169.4 424.2 661.6 15.25 0.9 -1.96 | 299 | 3.58
402 153 92.8 -13.2 178.9 3.72 097 | -249 | 15 291
403 338.4 150.7 40 370.4 6.04 095 | -198 | 15 2.48
404 49.5 108.8 -22.5 119.5 121 081 | -249 | 396 | 4.68
405 643.3 169.3 427.7 665.2 15.44 0.9 -1.96 3 3.58
406 10 54 3.7 54.9 1.03 0.63 | -251 | 655 | 7.01
407 73.6 87.4 43.3 114.2 171 0.7 -1.98 | 541 | 5.76
408 -6.5 36.3 -0.1 36.8 1.03 051 | -194 | 7.97 8.2
409 -4.8 34.3 -1.2 34.7 1.02 054 | -245 | 79 8.27
410 222 76.3 14 79.5 1.08 0.69 | -248 | 537 | 5.92
411 0.1 59 0.6 59 1 058 | -1.95 | 6.51 6.8
412 169 1315 51.3 214.2 2.65 086 | -249 | 298 | 3.88
413 94.7 1375 224 166.9 1.47 077 ] -1.96 | 3.94 4.4
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414 152.4 92.6 -13.7 178.3 3.71 0.97 25 15 291
415 344.9 150.2 455 376.2 6.27 095 | -198 | 15 2.48
416 168.1 1314 50.2 2134 2.64 086 | -249 | 298 | 3.88
417 341.2 150 42.3 372.7 6.17 095 | -1.98 | 149 | 248
418 22.3 76.3 14 79.5 1.09 069 | -248 | 537 | 591
419 95 137.5 22.3 167.1 1.48 077 | -1.96 | 3.94 4.4
420 -4.8 34.4 -1.3 34.7 1.02 054 | -246 | 789 | 827
421 0 59 0.6 59 1 058 | -1.96 | 6.51 6.8
422 25 39.4 0.4 395 1 055 | -245 | 745 | 784
423 -8.5 30.7 0.2 319 1.08 047 | -194 | 829 | 851
424 22 76.2 12 79.3 1.08 -069 | -248 | 537 | 5.92
425 4.3 70.2 11 70.3 1 0.6 -195 | 596 | 6.27
426 50 108.6 -21.8 119.6 121 0.81 -25 | 3.96 | 4.68
427 94.7 137.3 22.3 166.8 148 077 | -1.96 | 3.94 4.4
428 50 108.7 -22 119.7 121 0.81 -25 | 395 | 468
429 641 168.7 426 662.8 15.44 0.9 -1.97 | 299 | 3.58
430 219 76.3 1 794 1.08 -069 | -248 | 537 | 591
431 96.1 137.4 23.5 167.7 149 077 | -1.96 | 3.94 4.4
432 24 39.4 0.4 395 1 -055 | -246 | 744 | 784
433 4.4 704 12 70.5 1 061 | -1.96 | 595 | 6.26
434 -8.4 30.8 0.2 32 1.07 047 | -194 | 828 8.5
435 -4.8 34.3 -1.3 34.6 1.02 054 | -246 | 79 8.27
436 -8.5 30.8 0.2 319 1.08 047 | -194 | 829 | 851
437 10.3 53.9 4.1 54.9 1.04 -063 | -251 | 655 | 7.02
438 0.3 58.9 0.9 58.9 1 -058 | -1.96 | 6.51 6.8
439 6.7 65.1 -8.6 65.4 1.01 -0.67 | -251 | 597 | 6.47
440 73.3 87.3 43.2 114 171 0.7 -199 | 54 5.76
441 10.3 54 4 55 1.04 -0.63 | -251 | 654 | 7.01
442 73.3 874 43.1 1141 17 0.7 -199 | 54 5.75
443 -4.8 34.3 -1.2 34.7 1.02 -054 | -246 | 789 | 8.26
444 0.4 59 1 59 1 -058 | -196 | 65 6.79
445 -8.4 30.9 0.2 32 1.07 047 | -1.94 | 8.28 8.5
446 -6.5 36.2 -0.1 36.8 1.03 -051 | -1.95 | 7.97 8.2
447 11 43.1 3.9 43.2 1 054 | -196 | 743 | 7.68
448 -6.5 36.3 0.1 36.9 1.03 -051 | -195 | 796 | 8.19
449 28.7 42.2 -0.7 5l.1 1.46 081 | -456 | 518 6.9
450 15.8 37.8 17 41 1.17 072 | -406 | 658 | 7.73
451 47 46.4 74 66 2.03 085 | -455 | 445 | 6.36
452 26.7 48.8 -0.7 55.6 13 078 | -4.04 | 533 | 6.68
453 28.7 42.2 -0.7 51 1.46 081 | -456 | 519 | 691
454 26.7 48.7 -0.6 55.6 13 0.78 | -404 | 533 | 6.69
455 15.8 37.7 17 40.9 118 072 | -406 | 659 | 7.74
456 36.3 44.4 -4.4 57.4 1.67 086 | -459 | 448 | 6.42
457 29.9 43.3 75 52.6 1.48 076 | -405 | 594 | 719
458 713 41.5 -3.6 82.5 3.95 094 | 459 | 259 | 5.27
459 78.9 56.8 19.9 97.2 2.93 0.88 | -4.07 | 396 | 5.68
460 713 41.6 -3.6 825 3.94 094 | -459 | 259 | 527
461 4.7 S7.7 -2.6 944 2.67 091 | 406 | 297 | 5.03
462 36.3 44.4 -4.4 57.3 1.67 0.86 -4.6 | 448 | 642
463 78.9 56.8 20 97.2 2.93 0.88 | -4.07 | 397 | 5.68
464 30 433 75 52.7 148 076 | -4.06 | 595 1.2
465 28.7 42.1 -0.7 51 1.46 081 | 457 | 518 | 6.91
466 15.8 37.8 17 41 1.17 072 | -407 | 658 | 7.74
467 713 41.5 -3.6 82.5 3.95 094 | 459 | 259 | 5.27
468 78.5 56.8 19.6 96.9 291 0.88 | -407 | 396 | 5.68
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469 99.5 0.1 -6.2 99.5 9.90e+05 1 -4.58 0 4.58
470 122.9 36.8 6.7 128.3 12.18 098 | 406 | 15 4.33
471 713 41.4 -3.6 825 3.96 095 | -459 | 259 | 527
472 122.8 36.7 6.6 128.2 12.17 098 | 406 | 15 4.33
473 28.7 42.1 -0.7 50.9 1.47 082 | -457 | 518 | 6.91
474 78.7 56.7 19.7 97 2.93 0.88 | -4.07 | 396 | 5.68
475 15.8 3r.7 17 40.9 1.18 072 | -407 | 659 | 7.74
476 47.4 46.3 7.9 66.3 2.05 0.85 | -455 | 445 | 6.37
477 26.7 48.7 -0.7 555 13 0.78 | -404 | 533 | 6.69
478 713 414 -3.6 825 3.96 0.95 -46 | 259 | 527
479 75.3 575 2.1 94.8 2.71 091 | 407 | 297 | 5.04
480 713 414 -3.6 824 3.97 0.95 -46 | 258 | 527
481 122.9 36.6 6.8 128.3 12.25 098 | 407 | 15 4.33
482 473 46.2 7.7 66.2 2.05 0.85 | -456 | 444 | 6.36
483 74.6 575 -2.8 94.2 2.68 092 | 407 | 297 | 5.04
484 26.8 48.6 -0.7 55.5 13 0.78 | -405 | 533 | 6.69
485 28.7 42 -0.7 50.9 1.47 082 | -458 | 518 | 6.91
486 26.7 48.6 -0.7 95.5 13 0.78 | 405 | 533 | 6.69
487 36.3 44.2 -4.4 57.2 1.67 0.86 -4.6 | 448 | 642
488 78.3 56.6 19.5 96.6 2.92 0.88 | -4.08 | 396 | 5.68
489 28.8 42.1 -0.7 51 1.47 0.82 | -458 | 517 | 6.91
490 78.6 56.6 19.6 96.9 2.93 0.88 | -4.08 | 3.96 | 5.68
491 26.8 48.7 -0.6 95.5 13 0.78 | 405 | 533 | 6.69
492 15.8 37.7 17 40.9 118 072 | -408 | 659 | 7.74
493 29.8 43.2 7.3 525 1.48 0.76 | -4.07 | 594 7.2
494 15.9 37.8 17 41 118 072 | -408 | 658 | 7.74
495 37.7 18.7 -0.3 42.1 5.05 095 | 668 | 297 | 731
496 323 25.6 17 41.2 2.59 0.9 -6.17 | 446 | 761
497 46.9 11.2 -0.1 48.2 18.4 099 | -6.67 | 148 | 6.83
498 47.8 21 0.6 522 6.19 096 | 6.16 | 256 | 6.67
499 3r.7 18.7 -0.3 42.1 5.07 095 | -6.68 | 298 | 731
500 47.8 21 0.6 52.2 6.21 096 | -6.16 | 256 | 6.67
501 324 25.6 18 413 2.6 0.9 -6.17 | 446 | 761
502 46.9 112 0.1 48.2 18.64 099 | -6.67 | 147 | 6.83
503 47.7 21 0.6 521 6.18 096 | -6.16 | 256 | 6.67
504 46.9 11.1 0 48.2 18.72 099 | -6.67 | 147 | 6.83
505 58.6 0 -0.8 58.6 1e+10 1 -6.15 0 6.15
506 47.7 21 05 521 6.18 096 | -6.17 | 256 | 6.67
507 37.7 18.6 -0.3 42.1 5.1 095 | 6.69 | 297 | 732
508 47.7 20.9 0.6 521 6.19 096 | -6.17 | 255 | 6.68
509 47.8 20.9 0.6 52.2 6.23 096 | -6.17 | 255 | 6.67
510 32.3 25.5 17 41.2 2.6 0.9 -6.18 | 445 | 761
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