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We have found typos in our published paper. We note that none of these issues changes the conclusion or numerical
results of the manuscript. We thank Alison E. Rugar from Stanford University for pointing out the typos in Eq. (9) and
Appendix C.

Correction to Eq. (8)

The formula in Eq. (8) applies for the rate and not for the lifetime (7). The formula of the lifetime is the following:
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Correction to Tables I and 11

In Table I we introduced some erroneous values. The experimental Huang-Rhys factor S, for SnV did not exist, and we
wrote the theoretical value from our calculations. The experimental value for GeV from Ref. [1] should also be corrected.
On the other hand, S.,, values were all correct in Fig. 4 of the paper. The correct values with the corresponding references
are collected below.

There was a minor typo for the experimental lifetime (zp ) in Table II, as the reference for GeV(—) was used for SnV(-).
Therefore, the footnote of ~5¢ is Ref. [5] and not Ref. [8].

Correction to Eq. (9) and Appendix C

The pp constant is missing from the effective spin Hamiltonian in Eq. (9), and the sign of the third term is positive. We
define the 4 in energy units. Thus, in our paper, it has already been multiplied by Planck’s constant (%) in order to convert the
units from frequency to energy. We note that the reduction factors (p, 8, f), and the angular- and spin-momentum operators

(ﬁz, S‘Z) are dimensionless in Eq. (9),

TABLE 1. The calculated zero-phonon-line (ZPL) energies and HR factors (S) for XV(—) defects are given and compared to the
experimental data (ZPLgy, and Sey,). Here, we provide the average ZPL values in C,, symmetry [ZPL(C,,,)] and within the exact
calculation of the dynamic Jahn-Teller (DJT) effect, together with spin-orbit coupling [ZPL (SOC)]. The latter, more accurate method
brings our results closer to the experimental values. See text for the explanation.

Siv GeV SnV PbV

ZPL (C,,) (eV) 1.72 2.15 2.11 2.45
ZPL (SOC) (eV) 1.70 2.12 2.09 2.40
S 0.27 0.58 0.89 1.60
ZPL.,, (eV) 1.68° 2.06 2.00°
Sexp 0.24¢ 0.5

“Ref. [2]

°Ref. [1,3,4]

‘Ref. [5]

dRef. [6.7]

“Ref. [1]
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TABLE II.  The calculated radiative lifetimes (z,,q) versus the observed photoluminescence lifetimes (zp; ) for XV(—) color centers at
cryogenic temperatures. We use the experimental ZPL energy where available in the calculation of 7.,4. We note that zp; involves both
radiative and nonradiative processes.

SiV(-) GeV(-) SnV(-) PbV(-)
Trad (DS) 12.13 6.62 5.49 2.88
p. (nS) 1.72° ~6" ~5°
Ref [9]
"Ref. [8]
‘Ref. [5]
A% = —(p* 33" + Kyr)L S, + upp?gi L B, + upgsSB + up26%" 97" S.B, + Y ain (9)
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The negative sign originates from the hole picture introduced in Appendix B. Equation (C1) reads correctly as

Hge = ID)(O|[pE"Lo(=26" 5. + ppgy"B.) + upgsSB]. (C1)

Equations (C2) and (C3) contain no errors. Equation (C4) is correct in terms of the signs,
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= <§ - LzSz> pg’uLz(_lOy.,uSz + /"BgZ’MBz) + (5 + LzSz> p%] "L ( /1 S =+ /"B z) + upgsSB; (C4)
however, Eq. (C5) reads correctly as
rg.u 1 - o u N7 U\ g, U 720 qg,u qg,u
Hy =5 (p{" + pI")Lo(=AoguS: + 97" B2) = (p§" = ") L2382 +(pd" = p{" gl §.B, L + pupgsSB.  (C5)
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Finally, Eq. (C6) is
ﬁl(ejf? = _j'y'MLzSz + fg’u,“BLsz + gSﬂBSB + 25?”/135231. (C6)

These changes do not affect the results, the discussion, or the conclusion of the paper.
As a final remark, Fig. 6 [and Figs. 5(c) and 5(e) in Ref. [10]] can be simulated by the following effective Hamiltonian,

B (—upf*" +Lupgs +/485?M)B~ 0 0 $HBgs By
; 0 S (up ™" =3ppgs —ppd}" ) B, HpYsB: 0
i /= 0 3#BIsB. —55 - (upf +5pngs +upd}") B 0 /.
JHpgsB. 0 0 — 2t (—pp ™" =Sppgs _ﬂB‘S?:H)Bz

where we transformed the Hamiltonian presented in Eq. (C5) or Eq. (9) of the main text into a matrix representation.
We divided the Hamiltonian by & Planck’s constant; thus, the results are in frequency units. The magnetic field is aligned
along the (100) direction, which implies B, = B+/1/3, B, = B\/2/3, and B, = 0.

Correction to Fig. 5

The signs along the top axis differ from those along the bottom axis in Fig. 5. The signs along the bottom are correct.
Here, we show the corrected Fig. 5 with yellow highlighting.
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FIG. 5. Calculated eigenvalues of the adjoint DJT [Eq. (4)] and SOC [Eq. (2)] interaction for the XV(—) color centers. The two
lowest eigenvalues for each figure correspond to the ZEW vibronic g ground states (a—d) and the optically allowed u excited states
(e—h). All of the considered eigenvalues are doubly degenerate in spin dimension because of the Kramers degeneracy. Each state
consists of a pure 1 or | spin state; thus, the fourfold degeneracy of 2Eg.u is fulfilled. We label the energy difference of the two
lowest-energy states by A, which is directly observed in the fine structure of the ZPL in the PL spectrum known as zero-field
splitting. Along the x axis, we depict the eigenvalues with respect to their partially quenched spin-orbit coupling strength (L_S.);
thus, one can directly read out the p factors from this figure. Here, 6, shows deviation of the Ham reduction factors on the E, gad and
E, . states. The larger the J,,, the less accurate the treatment of SOC as a perturbation over DJT. We note that a mirror symmetry at
x = 0 shows up for the ground state of the SiV center in the entire vibronic spectrum, which demonstrates that SOC can be treated as
a perturbation over the JT effect. The systematic left shift at the x axis for the vibronic spectrum of the SnV and PbV defects implies

that SOC is comparable to the JT coupling.
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