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Energy le els for CH group are given by the manifold
on the left. {b) | xpe: imental setup for nesr-zero-feld spec-

troscopy, .i scribed in the text.

near 2J, representing the NZF NMR spectrun of 2 1 CH,
group. These calcalations are discussed in more depth in
the Supplementary Information, and in Ref. {17]

We now make two observations: {1} Even in more cone
plex molecudes with additional nou-equivalent spm the
zero-field cigenstates aye also those of £2 and f,. There-
fore, the NZF splitting patterns can be used to identify
the angular momenta of the states nvolved in the zero-
field transitions: Transitions between levels with [ = {

and 1 will produce doublets, transitions hetween levels
with f =1 and 2 will produce a mmltiplet with six Hues,

and so on. (2} The selection rules presented here break
down as the magnetic field becoes large snough to pro-
duce significant mixing of the zero-field eigenstates. Hef-

erence (17 }5 ows theoretbically thal the mxx*;mum -
}\er of lines for a PCHy gro -1;) is (N 4+ 1}, most clearly
ible whm vy + v ) Bai =~ .

Experiments were performed usiog an apparatus sim-
Har to that of Refs. {14, 15} and depieted in Fig. 1.
Saraples {typically &~ 200 gL} were contained in a & mumn
NMR tube, and pneumatically shuttled between a 1.8
T prepolarizing magnet and s maguetically shielded en-
closure, housing a microfabricated ®TRb vapor cell, the
central component of the atonic magnetometer. The
cell is optically pumped by z-directed, circularly polar-
ized laser Hght, tuned to the center of the D1 transition,
and probed by y-directed, mmuy polarized light, tuned
D1 ition. Optical
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