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By directly altering microscopic interactions, pressure provides a powerful

tuning knob for the exploration of condensed phases and geophysical phe-

nomena (1). The megabar regime represents an exciting frontier, where recent

discoveries include novel high-temperature superconductors, as well as struc-

tural and valence phase transitions (2–7). However, at such high pressures,

many conventional measurement techniques fail. Here, we demonstrate the

ability to perform local magnetometry inside of a diamond anvil cell with sub-

micron spatial resolution at megabar pressures. Our approach utilizes a shal-

low layer of Nitrogen-Vacancy (NV) color centers implanted directly within

the anvil (8–10); crucially, we choose a crystal cut compatible with the intrinsic

symmetries of the NV center to enable functionality at megabar pressures. We

apply our technique to characterize a recently discovered hydride supercon-

ductor, CeH9 (11). By performing simultaneous magnetometry and electrical

transport measurements, we observe the dual signatures of superconductivity:

local diamagnetism characteristic of the Meissner effect and a sharp drop of

the resistance to near zero. By locally mapping the Meissner effect and flux

trapping, we directly image the geometry of superconducting regions, reveal-

ing significant inhomogeneities at the micron scale. Our work brings quantum

sensing to the megabar frontier and enables the closed loop optimization of

superhydride materials synthesis.

The recent proliferation of work on superhydride materials—hydrogen-rich compounds

containing rare-earth or actinide elements—is part of a long standing search for superconduc-

tivity at room temperature (11–27). The intuition underlying this approach dates back nearly

half a century (28): hydrogen’s minimal mass and covalent bonding lead to the presence of both
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high-frequency phonons and strong electron-phonon interactions. The combination of these

features is predicted to favor the formation of Cooper pairs, and thus superconductivity, at rel-

atively high temperatures (29). This strategy has been fruitful, leading to the discovery and

characterization of nearly a dozen superconducting hydrides in the last decade (2, 3). The syn-

thesis of these materials relies upon the application of megabar (∼ 100 GPa) pressures using

diamond anvil cells (DACs). This requirement naturally constrains the size and homogeneity

of the samples, significantly complicating attempts at in situ characterization. For example,

it is extremely challenging for conventional probes to image the geometry of superconducting

grains or to measure local properties.

This challenge is particularly acute for studying the magnetic signatures of superconduc-

tivity (30, 31). Typical probes of magnetism average over the entire DAC geometry thereby

discarding information encoded in local spatial features. In combination with small sample vol-

umes, the averaging often leads to a weak magnetic signal that competes with a relatively large

background. The ability to perform spatially-resolved magnetometry near the hydride sample

would overcome these challenges and enable both enhanced field sensitivities, as well as local

measurements of the Meissner effect and flux trapping. Doing so together with resistance mea-

surements would allow one to simultaneously probe the key electrical and magnetic signatures

of superconductivity.

In this work, we develop a novel platform for metrology at megabar pressures based upon

the nitrogen-vacancy (NV) color center in diamond (8–10, 32). By instrumenting diamond

anvils with shallow ensembles of NV centers, we directly image both the Meissner effect and

flux trapping with sub-micron resolution in a cerium superhydride (CeH9). Our main results are

three-fold. First, by utilizing NVs embedded in a [111]-crystal cut anvil [Fig. 1], we demon-

strate the ability to perform both DC and AC magnetometry at pressures up to ∼ 140 GPa.

Second, leveraging this ability, we show that CeH9 locally suppresses an external magnetic

3



field after zero field cooling. Upon field cooling, we observe the partial expulsion of magnetic

fields below the superconducting transition temperature, Tc, as determined by simultaneous

electrical resistance measurements. By spatially mapping these observations, we are able to

directly measure the size and geometry of the superconducting regions. Finally, by cycling both

magnetic fields and temperature, we investigate the presence of hysteresis in the magnetization.

We observe signatures of flux trapping whose strength depends on the temperature and cooling

history.

Our experiments are performed on two independent samples (S1 and S2) of cerium superhy-

dride prepared via laser-heating inside miniature panoramic diamond anvil cells (33) [Fig. 2(a-

d)] (see Methods). Four point electrical transport measurements [Fig. 2(e-f)] on both samples

exhibit a sharp drop in resistance at Tc ≈ 90 K, suggesting the formation of CeH9 (11). For

each DAC, the top anvil is a Type Ib [111]-cut anvil, which is implanted with a layer of NV

centers ∼ 50 nm below the culet surface at a density of approximately ∼ 1 ppm (8, 9). Each

NV center hosts a spin-1 electronic ground state governed by the Hamiltonian, H0 = DgsS
2
z .

Here, S⃗ are the NV’s spin-1 operators with the N-V axis defining the quantization axis (ẑ)

and Dgs = (2π) × 2.87GHz being the zero-field splitting between the |ms = 0⟩ spin sub-

level and the degenerate |ms = ±1⟩ sub-levels (34). Local perturbations such as tempera-

ture, stress, electric, and magnetic fields couple to the NV center and change the energy of its

spin states (35–40). These changes can be read-out via optically detected magnetic resonance

(ODMR) spectroscopy where one measures a change in the NV’s fluorescence upon chirping a

microwave field through resonance (see Methods) (41).

Our central explorations of CeH9 involve local measurements (at ≳ 100 GPa) of the mag-

netic field at the NV center, Bz, as one tunes the temperature, T , and an external magnetic field,

Hz, applied along the NV axis, ẑ. Thus, it is crucial to be able to separate out the effects of

crystal stress and temperature from the NV’s ODMR spectrum, in order to accurately measure
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Bz. Luckily, this is a relatively straightforward task. At megabar pressures, the effects of stress

dominate over those of temperature by nearly three orders of magnitude (see Methods), so we

focus on deconvolving the effects of the local stress tensor, σσσ. Stress couples to the NV center

via the effective Hamiltonian, HS = ΠzS
2
z +Πx(S

2
y−S2

x)+Πy(SxSy+SySx), where the param-

eters Πi = Πi(σσσ) depend on the appropriate components of σσσ (see Methods). Πz captures the

additional zero-field splitting due to C3v-symmetry-preserving stresses [Fig. 1(c)] (8,40). Mean-

while, Π⊥ =
√

Π2
x +Π2

y parametrizes the symmetry-breaking stresses, mixing the |ms = ±1⟩

spin states into new eigenstates, |±⟩ =
(
|ms = +1⟩ ± eiϕΠ |ms = −1⟩

)
/
√
2, which are split

by 2Π⊥ [Fig. 1(c,d)]; here, ϕΠ = arctan(Πy/Πx). Since the Zeeman splitting from an ax-

ial magnetic field adds in quadrature with the stress splitting, the NV’s ODMR spectrum ex-

hibits a pair of resonances with a total splitting of ∆ =
√
(2Π⊥)2 + (2γBBz)2, where γB =

(2π) × 2.8MHz/G is the NV’s gyromagnetic ratio [Fig. 1(c)]. This provides a simple pre-

scription for measuring Bz: extract ∆ from the NV’s ODMR spectrum and then subtract (in

quadrature) the stress-induced splitting, 2Π⊥, measured at zero field.

While conceptually simple, extending this approach to megabar pressures (42, 43) has been

riddled with persistent challenges. These include: diminishing NV fluorescence, significant

broadening of the ODMR spectrum, and a dramatic loss of optical contrast above ∼ 50 GPa (39).

We address these difficulties by introducing a new approach to NV-based metrology at megabar

pressures. In particular, by using a [111]-cut anvil, we engineer the dominant culet stress to

project along the quantization axis for one specific subgroup of NV centers [Fig. 1(b)]. Doing

so has been conjectured to reduce the loss of contrast at high pressures (44–46) (see Methods).

This is indeed borne out by the data shown in Fig. 1(d) — the ODMR contrast for NV’s in a

[111]-cut anvil is two orders of magnitude larger than that in a [100]-cut anvil. This enables us

to characterize both continuous wave (CW) and pulsed measurements up to pressures of order

∼ 140 GPa. For CW measurements, we achieve a maximum of ∼ 15% contrast at megabar pres-
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sures, roughly an order of magnitude larger than that obtained under quasi-hydrostatic stresses.

This leads to typical magnetic field sensitivities of ∼ 35 µT/
√
Hz (see Methods). For pulsed

measurements, we perform spin echo and measure a coherence time, T echo
2 = 2.04(4) µs at

137 GPa [Fig. 1(e)].

Let us now turn to calibrating the external magnetic field at megabar pressure. The field

strength is tuned via the current, I , applied to an electromagnet; Fig. 2(g) depicts the ODMR

spectra of sample S1 at room temperature (T = 300 K) as the applied current is increased. By

extracting the ODMR splitting ∆, at each value of the current, and then subtracting the 2Π⊥

splitting measured at I = 0, one can immediately convert the applied current to an external

magnetic field strength, Hz [Fig. 2(h)]. This conversion assumes that the CeH9 sample does

not contribute an appreciable additional field above the superconducting transition temperature

and thus, that Bz = Hz (in Gaussian units). We verify the robustness of this assumption by

confirming that Hz is independent of both the temperature and the spatial location within the

sample chamber (see Methods). Furthermore, we note that sample S2 yields the same current-

to-field calibration.

Local suppression of an external magnetic field—In order to probe the sample’s magnetic

response below Tc, we perform NV magnetometry in a cryogenic system (down to T = 25 K)

integrated with a scanning confocal microscope (see Methods). Beginning with sample S2 at

300 K, we zero-field cool (at P = 137 GPa) below the transition temperature (Tc ≈ 91 K)

to T = 81 K, and perform ODMR spectroscopy at multiple points within the sample cham-

ber. We focus on two representative spatial points: one above the CeH9 sample [green point,

Fig. 3(d)], and one far from the sample [purple point, Fig. 3(d)]. Starting with the distant point,

at Hz = 0, we find that the NV exhibits a 2Π⊥ splitting of ∼ (2π)× 134 MHz [light blue curve,

Fig. 3(a)]. As expected, turning on the external magnetic field (up to Hz = 70 G) causes the

spectrum to further split [darker blue curves, Fig. 3(a)]. We extract the magnetic field, Bz, at
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the NV’s location as a function of the external applied field, Hz, and find that Bz = Hz nearly

perfectly [purple data, Fig. 3(e)]. This implies that away from the CeH9 sample, there is no

local magnetization.

The response of NV’s above the CeH9 is markedly distinct. The ODMR splitting, ∆, ex-

hibits a significantly weaker increase as the external field is ramped up [Fig. 3(b)], indicative

of a local suppression in Bz [green points, Fig. 3(e)]. This response is consistent with dia-

magnetism from the sample as would be expected from a superconducting Meissner effect. A

similar local suppression is observed in sample S1 [Fig. 3(f)].

Our ability to locally image the Meissner effect enables us to directly characterize the ge-

ometry and size of the superconducting regions within the sample chamber. As an example,

Fig. 3(g) depicts a particular line cut in sample S1. For each point along the line cut, we mea-

sure Bz as a function of Hz and extract the slope, s = ∆Bz/∆Hz, where s < 1 indicates

suppression of the local field. As shown in Fig. 3(g), there exists a contiguous region where

s < 1, suggesting the presence of a ≲ 10µm sized region of superconducting CeH9. Similar

sized regions of CeH9 are also observed in sample S2 (see e.g. the orthogonal line cuts indicated

in Fig. 3(d) and the Methods). Our spatial surveys point to an intriguing observation: although

synthesis is performed by rastering a high-power laser, only a fraction of the laser-heated area

exhibits superconductivity.

Simultaneous magnetometry and resistance measurements—Focusing on sample S2, we

now characterize the local field suppression as a function of increasing temperature. In par-

ticular, we follow the experimental sequence depicted in Fig. 4(a) (black and red curves): We

begin by zero-field cooling the sample below Tc, then we ramp up an external magnetic field,

and finally, fixing this field (Hz = 79 G), we slowly increase the temperature above Tc. Dur-

ing the field heating sequence, we measure both four-terminal resistance as well as the NV’s

ODMR spectrum [Fig. 4(d)]. The resistance exhibits a clear jump at Tc ≈ 91 K. The behavior
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of the local magnetic field measured by the NV centers is more subtle [Fig. 4(c-d)] (9, 47). In

particular, for temperatures T < 72 K, the local field Bz exhibits a plateau at ∼ 53 G, signifi-

cantly below the value of the external applied field, Hz = 79 G. For intermediate temperatures,

73 K < T < 90 K, Bz exhibits a slow increase, suggesting a gradual weakening of diamag-

netism. Finally, for temperatures T > 91 K, coincident with the superconducting transition

measured via resistance, Bz exhibits a second plateau in agreement with the strength of the

external magnetic field.

Partial field expulsion on field cooling—While we have observed clear signatures of diamag-

netism after zero field cooling, a complementary signature of a superconductor is the ability to

expel magnetic flux upon field cooling [blue arrow in Fig. 4(a)] (48). We simultaneously mea-

sure resistance and perform ODMR spectroscopy (during field cooling) at four spatial points on

sample S2 [Fig. 4(b)]: a pair of points (red and blue) above the identified CeH9 region [enclosed

by the dotted yellow line], a point (green) just outside the CeH9 region, and a point (yellow)

far away from the CeH9 region. Again, the resistance exhibits a sharp transition at ∼ 91 K

[grey triangles in Fig. 4(e), right y-axis]. At each spatial point, we determine the change in the

local field, δBz, across this transition relative to the average Bz measured in the normal state

(T > 91 K) [Fig. 4(e), left y-axis]. Far from the CeH9 region (yellow), the local field is temper-

ature independent across the transition. Above the CeH9 region (red and blue), the local field

decreases by ∼ 2 G on cooling below the transition. Intriguingly, near the edge of the CeH9

region (green), the local field, Bz, increases by ∼ 2 G. Taken together, these observations are

consistent with partial flux expulsion: as the sample is cooled below Tc, it expels magnetic flux

from the CeH9 region, leading to a reduction of magnetic flux directly above the sample and a

concentration at the edge.

We note that the qualitative profiles of Bz above the CeH9 region upon field heating [Fig. 4(d)]

and field cooling [Fig. 4(e)] are remarkably similar. However, the quantitative values are quite
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distinct: the strength of the local field expulsion (upon field cooling) is an order of magni-

tude weaker than the strength of the local field suppression (after zero field cooling). This

suggests that during field cooling, the external magnetic field is able to partially penetrate

through the sample [Fig. 5(b)], an observation consistent with prior measurements on superhy-

drides (30). Associated with the penetration of magnetic flux on field cooling is the possibility

of flux trapping—a textbook signature of disordered superconductors where the disorder “pins”

the permeating magnetic field (see Methods). This pinning leads to a remnant magnetic field,

arising from frozen-in magnetic moments within the superconductor, even when the applied

external field is quenched (Hz → 0 G) after field cooling (49, 50).

Flux trapping and hysteresis of the Meissner effect—To investigate the presence of flux

trapping, we examine three spatial points above the CeH9 region in sample S2 [blue, white and

red points in Fig. 5(c)]. After field cooling the sample at Hz = 103 G, we quench the external

magnetic field to zero. The resulting ODMR spectra for one of the three spatial points [white

point in Fig. 5(c)], is shown in Fig. 5(a) [dark blue curve]. By comparing to the zero-field

cooled spectrum at the same spatial point [light blue curve, Fig. 5(a)], one finds that the ODMR

splitting, ∆, shows the presence of a remnant ∼ 34 G field, despite the fact that the external

field, Hz = 0 G. This is precisely the expected signature of flux trapping. The same signature

is observed at both of the other spatial points (see Methods).

To further explore this flux trapping, we follow the experimental sequence depicted in

Fig. 5(e); in particular, after field cooling at Hz = 103 G to a fixed temperature T < Tc,

we ramp the external field down to Hz = −154 G, and then back up to Hz = +154 G. For a

temperature (T = 66 K) well below the transition temperature (Tc ≈ 91 K), as the external field

is ramped down, Bz decreases but reaches a finite (flux-trapped) value of ∼ 34 G at Hz = 0 G.

As the external field switches direction (Hz < 0), Bz continues to decrease, reaching zero at

Hz ∼ −51 G; this is consistent with competition between the external magnetic field and the
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flux-trapped field from CeH9. At even larger magnitudes of negative Hz, Bz also becomes neg-

ative and scales with Hz. Finally, as we ramp back up to positive Hz fields, we observe no

hysteresis in the measured Bz [Fig. 5(f)].

A few remarks are in order. First, as a benchmark, we perform the same set of experiments

[Fig. 5(e)] for a spatial point outside the CeH9 region, and always observe Bz = Hz. Second,

the data in Fig. 5(f) exhibit a slope, s ≈ 0.67, indicating the presence of local field suppression;

interestingly, this slope is in quantitative agreement with that obtained upon applying a magnetic

field after zero-field cooling (at the same spatial location, see Methods). This suggests that

in addition to the trapped flux, the Meissner effect observed on zero field cooling is also at

play. This suppression also naturally helps to explain the following observation: Although we

detect a remnant flux-trapped field of ∼ 34 G, we find that this field is only canceled (i.e. the

NVs measure Bz = 0 G) for an applied field Hz ∼ −51 G. Finally, we note that the data in

Fig. 5(f) are taken over the course of several days. In combination with the lack of any observed

hysteresis, this suggests that the flux-trapped field arises from persistent currents within the

CeH9 sample.

On field cooling to a temperature (T = 81 K) near the transition, we observe distinct behav-

ior in the measured Bz as a function of magnetic field sweeps [Fig. 5(g)]. As the external field

is initially ramped down, we observe analogous signatures of flux trapping with Bz = 20 G at

Hz = 0 G. However, as we switch the direction of the external field (Hz < 0), the slope of

the response changes and we find a scaling consistent with Bz = Hz at the largest negative Hz

fields. On ramping back up to positive Hz fields, we observe clear hysteresis in the data with

signatures of flux trapping in the opposite direction, i.e. Bz = −23 G at Hz = 0 G. Again, as

we switch the direction of the external field (back to Hz > 0), the slope of the response changes

and we find a scaling consistent with Bz = Hz at the largest positive Hz fields. In combination,

Fig. 5(f) and 5(g) suggest that the strength of the flux trapping is temperature dependent (50).
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Moreover, as detailed in the Methods (Fig. E11), the trapping strength itself exhibits hysteresis:

on zero-field cooling to the same temperature, a significantly larger Hz is required before one

measures a scaling consistent with Bz = Hz.

Finally, we turn to a systematic exploration of hysteresis as a function of temperature sweeps

at fixed Hz [experimental sequence, Fig. 4(a)]. We begin by zero field cooling the sample and

then ramping up a magnetic field to various strengths. We measure ODMR spectra as the

temperature is increased above Tc (field heating) and then decreased below Tc (field cooling).

The resulting data for Bz are illustrated in Fig. 5(d). Two features are apparent in the data.

First, the hysteresis between field heating (red) and field cooling (blue) is enhanced at larger Hz

fields. Second, at Hz = 206 G, we observe a surprising sharpening of the magnetic transition

(measured via the jump in Bz) compared to that seen at smaller Hz fields.

Discussion and Conclusions—Our demonstration of magnetic imaging up to ∼ 140 GPa

with high contrast and minimal stress inhomogeneity opens up a new range of measurements on

materials in the megabar regime, including both DC magnetometry and noise spectroscopy (51,

52). Looking forward, our work opens the door to a number of intriguing directions. First, we

expect that our NV-based quantum sensing techniques can readily be extended to even higher

pressures (i.e. ≳ 200 GPa), e.g. using double-beveled anvils (53). Second, it would be interest-

ing to revisit other high pressure superconductors, such as LaH10, H3S and the recently unveiled

N-Lu-H (54–56), where prior magnetic measurements have been limited to global probes, such

as SQUIDs (12, 49) and pick-up coils (57, 58). Third, local magnetometry is particularly im-

portant for superhydride materials, where synthesis by laser heating leads to inhomogeneities

at the micron-scale. Imaging and characterizing such inhomogeneities is a crucial step toward

quantifying sample yield and improving synthesis recipes.

While our results corroborate the qualitative picture of superconductivity argued for in re-

lated superhydride systems, extracting the properties of an idealized “parent” superconductor
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is non-trivial. To this end, we expect widefield NV microscopy (59) to allow for an efficient

investigation of the effects of the size and distribution of superconducting grains. Coupled with

noise spectroscopy, this would enable simultaneous measurements of the spatial and temporal

current fluctuations in superconductors (60, 61).
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Figure 1: NV sensing at megabar pressures. (a) Schematic of the sample loading showing
CeH9 compressed between two opposing anvils. The top anvil contains a shallow layer of
NV centers (∼ 1 ppm density) approximately 50 nm below the culet surface. For ODMR
measurements, a platinum wire is placed on the top culet to deliver microwaves. Transport leads
for four point resistance measurements are patterned on the bottom anvil. An insulating gasket
is used to isolate the leads and the microwave wire. The loading axis (Ẑ) is defined by the culet
normal. (b) The quantization axis (ẑ) of the NV center defines its local frame. The crystal cut
of the diamond anvil determines the projection of culet stresses in the NV frame. For a [100]-
cut anvil (top), the dominant culet stresses (σZZ and σ⊥) break the C3v-symmetry of all four
NV subgroups. For a [111]-cut anvil (bottom), these stresses preserve the C3v-symmetry of the
specific NV subgroup whose quantization axis is coincident with the loading axis (shown). For
this particular NV subgroup, we observe excellent ODMR contrast up to pressure of ∼ 140 GPa.
(c) Schematic depiction of the NV’s spin sublevels in the presence of stress and magnetic field.
Symmetry preserving stresses, quantified by Πz, directly add to the zero field splitting, Dgs,
while symmetry breaking stresses induce a splitting, 2Π⊥. An axial magnetic field Bz induces
a Zeeman splitting that adds in quadrature to the stress splitting. (d) A continuous wave ODMR
measurement on a [111]-cut anvil (sample S1) showing ∼ 6% contrast at ≈ 118 GPa and a
splitting, 2Π⊥ ∼ (2π) × 78 MHz (blue data points). For comparison, the ODMR contrast in
a [100]-cut anvil at ≈ 90 GPa is ∼ 0.01% (purple data points). (e) A spin echo (i.e. pulsed)
measurement on sample S2 at 137 GPa yields an NV coherence time, T echo

2 = 2.04(4) µs. We
demonstrate Rabi frequencies of up to ∼ (2π)× 25 MHz (inset).
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Figure 2: Sample synthesis and characterization. To prepare samples S1 and S2, we compress a
mixture of cerium (Ce) metal and ammonia borane (NH3BH3) to pressures > 100 GPa and laser heat (∼
1500 K) to synthesize cerium hydride. White light microscope images of (a) S1 and (b) S2 highlighting
the Ce metal (grey) and transport leads (yellow). Confocal NV fluorescence maps of the corresponding
regions in (c) S1 and (d) S2 also show the sample and the leads. Bright regions on the Ce metal in S1
and around the Ce metal in S2 correspond to additional NV centers that are created by laser heating
(see Methods). Electrical resistance measurements of both (e) S1 and (f) S2 exhibit a sharp drop, with
Tc(P ) ≈ 90 K, suggesting the formation of CeH9 (11). Tc is suppressed on the application of magnetic
fields. (g-h) Calibration of the applied field, Hz , at room temperature (T = 300 K). We generate the field,
Hz , by applying a current, I , in an electromagnet. Starting with a stress induced splitting 2Π⊥ at I = 0,
we measure an increase in the ODMR splitting, ∆, with increasing current. (g) ODMR spectra measured
for different values of I at a specific spatial point on sample S1 [inset of (h)]. The ODMR splitting
∆ =

√
(2Π⊥)2 + (2γBBz)2 is a quadrature sum of the stress splitting, 2Π⊥ ∼ (2π)× 98 MHz, and the

Zeeman splitting, 2γBBz . In the absence of sample magnetism (i.e., for T > Tc), Bz = Hz ∝ I . (h)
Fitting the measured splitting ∆ to this functional form, we directly extract Hz (in gauss), calibrated for
each value of I (in amperes). We verify that this calibration is temperature independent (see Methods).
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Figure 3: Spatially resolved measurements of the Meissner effect in CeH9. (a-b) ODMR spectra
collected on zero field cooling to a temperature T < Tc, at two representative spatial points in sample
S2 [shown in (d)]. The purple point (a) is far from the CeH9 sample, while the green point (b) is directly
above it. The 2Π⊥ stress splittings measured at Hz = 0 are similar at both locations. However, as
the applied external field, Hz , is increased (at T = 81 K), the ODMR splitting above the CeH9 (b) is
suppressed relative to the splitting away from it (a), reflecting a local diamagnetic response. For clarity,
all spectra have been centered by subtracting the ODMR shift. In addition, the peak contrast has been
rescaled to clearly show the differences in splitting. (c) Confocal fluorescence image of S2. (d) By
performing ODMR at different spatial points, we identify a sub-region of extent ∼ 10 µm exhibiting
local diamagnetism [delineated by the dotted yellow line in (d)]. We in fact use this signal to identify the
regions where CeH9 has been successfully synthesized via laser heating. (e) For the purple (green) point
sitting outside (inside) this sub-region, we plot Bz extracted from the ODMR spectra (a-b) at each value
of the applied external field, Hz . Away from the CeH9 (purple), we measure a slope s = ∆Bz/∆Hz =
1.02, suggesting that there is no local magnetization. In contrast, above the CeH9 (green), we measure
a slope s = 0.75, demonstrating a clear local suppression of the external magnetic field (Bz < Hz),
consistent with the Meissner effect. (f) We perform analogous measurements at T = 25 K in sample
S1 [green and purple points in (h)]. In comparison to S2, we observe a stronger suppression (s = 0.52)
above the CeH9. (g) By measuring the slope s = ∆Bz/∆Hz at T = 25 K along a line cut [dotted white
line in (h)] we image the spatial profile of the Meissner-induced magnetic field suppression in sample
S1. (h) We identify two disconnected sub-regions of extent < 10 µm exhibiting local diamagnetism
(i.e. s < 1).
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Figure 4: Simultaneous measurements of electrical resistance and magnetism on sweeping T . (a)
Schematic depicting experimental protocols. Zero field cooling (black): sample is cooled below Tc with
zero applied field, Hz = 0, to a specific temperature, and then an external field is applied. Field heating
(red): sample is heated above Tc with Hz held constant. Field cooling (blue): sample is cooled below Tc
in the presence of a finite applied field Hz . The temperature values shown include a correction for thermal
gradients in our cryostat (see Methods). (b) Confocal fluorescence image of S2 zoomed into the same
CeH9 region as Fig. 3(d). NV ODMR spectroscopy is performed at four spatial points: two points above
the CeH9 region (blue and red), one point at the edge of this region (green), and one point far away from
this region (yellow). (c) NV ODMR spectra collected at the blue spatial point in (b) on field heating at
Hz = 79 G (following zero field cooling). The ODMR splitting ∆ increases as T is increased across Tc.
(d) Shows the local field, Bz , (left y-axis) extracted from the ODMR splitting ∆ shown in (c). The four
point resistance (right y-axis) is measured simultaneously. We observe a sharp transition in the resistance
at Tc ≈ 91 K. The local magnetic field, Bz , exhibits a low temperature plateau at Bz ∼ 53 G < Hz

for T < 72 K (deep in the superconducting phase); Bz gradually increases for 73 K< T < 90 K.
Finally, concurrent with the transition measured in the resistance, we observe a second plateau in Bz

whose value matches that of the external applied field Hz . (e) Simultaneous measurements of four point
resistance (right y-axis) and the change in the local field, δBz , (left y-axis) at the four spatial points in
(b) on field cooling with Hz = 79 G. The measured resistance identifies a clear transition, at Tc ≈ 91 K.
At each spatial point, we determine δBz relative to the average value of the measured Bz in the normal
state (i.e., for temperature T > 91 K). For the point far away from the CeH9 region (yellow), there is
no change in the local Bz across the superconducting transition. For the points above the CeH9 region
(red and blue), Bz decreases by ∼ 2 G across the transition; this observation is consistent with magnetic
flux expulsion as would be expected from a superconductor. Interestingly, the magnitude of the change
in Bz is significantly smaller than the field suppression observed in (d), suggesting that magnetic flux
is only partially expelled under field cooling conditions. Finally, for the point at the edge of the CeH9
region (green), Bz increases by ∼ 2 G across the transition. This is qualitatively consistent with the
rearrangement of the magnetic flux due to partial expulsion by the nearby CeH9 sample.
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Figure 5: Flux trapping and hysteresis in CeH9. (a) A comparison of ODMR spectra at Hz = 0,
which are collected at the white spatial point in (c). The light blue data are obtained after zero-field
cooling, while the dark blue data are measured after field cooling (at Hz = 103 G) and subsequently
quenching the external field. The latter exhibits a splitting that corresponds to a local Bz ∼ 34 G despite
the absence of any external field. (b) A schematic showing the penetration of external magnetic flux
through the superconducting sample. For both Type I and Type II superconductors, the presence of
macroscopic defects (islands of non-superconducting material) created due to incomplete synthesis may
trap fluxes on field cooling. Additionally, for Type II superconductors, the flux may penetrate in the
form of vortices when the sample is in the mixed phase (48). (c) Confocal fluorescence image of S2
zoomed into the same CeH9 region as Fig. 3(d). All data in this figure are collected at the white spatial
point above the CeH9 region. (d) Depicts measurements of Bz following the full experimental sequence
shown in Fig. 4(a): zero-field cool, ramp Hz , field heat and then field cool. The three values of Hz shown
correspond to the magnitude of the applied field at the end of the ramp step. As Hz increases, we observe
a slight suppression in the transition point and an increase in the measured hysteresis (i.e. difference in
Bz on field heating and cooling). Perhaps most notably, the transition dramatically sharpens for larger
Hz . (e-g) Measurements of hysteresis on sweeping Hz at fixed T . (e) Depicts the experimental sequence.
The sample is field cooled (at Hz = +103 G) below the transition. Then, fixing T , we characterize the
change in Bz as Hz is swept in magnitude and direction: first, down to Hz = −154 G (brown curve and
data points), and then back up to Hz = +154 G (green curve and data points). In the absence of any
local magnetization, one expects Bz = Hz [dotted grey line in (f,g)]. (f) Fixing T = 66 K (deep in the
superconducting phase), we measure a flux-trapped field (Bz = +34 G at Hz = 0 G) and no appreciable
hysteresis on sweeping Hz . The measured slope s = ∆Bz/∆Hz ≈ 0.67 < 1 agrees perfectly with that
measured after zero-field cooling for this same spatial point (see Methods). This suggests that, despite
the presence of trapped flux, the CeH9 region continues to expel additional applied fields. (g) In contrast,
fixing T = 81 K (near Tc) and sweeping Hz , we observe clear hysteresis. In this case, we find a smaller
flux-trapped field (Bz = +20 G at Hz = 0 G). On ramping to Hz ∼ −100 G, the measured Bz is nearly
the same as the applied field Hz , without any observed change in the electrical resistance. Upon ramping
back up to Hz = 0, we observe a flux-trapped field in the opposite direction (Bz = −23 G). Assuming
the flux-trapped field originates from vortices pinned within CeH9 (48, 50), we find that an applied field
of Hz = −154 G is not strong enough to de-pin the vortices at T = 66 K but is at T = 81 K, leading to
the observed hysteresis.
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THE NV CENTER

The NV center in diamond is a crystallographic defect comprising a substitutional nitrogen atom adjacent to a
lattice vacancy [1]. The electronic ground state of the negatively charged NV center is spin triplet (S = 1).
In the absence of external perturbations, the ground-state spin Hamiltonian is given by H = DgsS

2
z , where

Dgs = (2π) × 2.87 GHz is a temperature-dependent zero-field splitting between the |ms = 0⟩ spin sub-level and
the degenerate |ms = ±1⟩ spin sub-levels, and {Sx, Sy, Sz} are spin-1 operators quantized along the N-V axis (ẑ).
The quantization axis may be oriented along any of the diamond bonds resulting in four subgroups of NV centers.
A magnetic field B⃗ couples with the Hamiltonian HB = γBB⃗ · S⃗, where γB = (2π) × 2.8 MHz/G is the NV’s

gyromagnetic ratio and B⃗ is expressed in the local frame of the NV center [1, 2].
A stress tensor, σσσ, couples with the Hamiltonian [3, 4],

Hs = ΠzS
2
z +Πx(S

2
y − S2

x) + Πy(SxSy + SySx) (S1)

where Πi = Πi(σσσ) are functions of the stress tensor as follows:

Πz = α1

(
σxx + σyy

)
+ β1σzz (S2)

Πx = α2

(
σyy − σxx

)
+ β2

(
2σxz

)
(S3)

Πy = α2

(
2σxy

)
+ β2

(
2σyz

)
(S4)

are expressed in terms of the stress components in the NV’s local frame. Here, {α1, β1, α2, β2} = (2π) ×
{8.6(2),−2.5(4),−1.95(9),−4.50(8)} MHz/GPa are the stress susceptibilities. Stress components that preserve
the C3v-symmetry of the NV center maintain the degeneracy of the |ms = ±1⟩ spin-sublevels and induce an overall
energy shift of Πz. Stress components that break C3v-symmetry lift the degeneracy between the |ms = ±1⟩ spin-

sublevels and induce a splitting 2Π⊥ = 2
√
Π2

x +Π2
y. In addition, symmetry breaking stress components mix the

|ms = ±1⟩ states into eigenstates |±⟩ = (|ms = 1⟩ ± eiϕΠ |ms = −1⟩)/
√
2, where ϕΠ = arctan(Πy/Πx).
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We excite electronic transitions in the NV center using laser light with wavelength λ = 532 nm. Radiative
transitions involved in electronic excitation and fluorescent relaxation in the NV center are spin conserving pro-
cesses [1, 5]. In addition to these radiative transitions, the NV center also shows a non-radiative inter system
crossing (ISC) mechanism, whereby the |ms = ±1⟩ spin sub-levels of the electronic excited state can transition into
the singlet manifold. Further non-radiative relaxation from the singlet manifold to the electronic ground state is
not highly spin selective [1, 5]. This leads to two important consequences. First, it enables optical polarization
to the |ms = 0⟩ spin sub-level under continuous laser excitation. Second, it causes a reduction in the fluorescence
rates of the |ms = ±1⟩ spin sub-levels with respect to the |ms = 0⟩ spin sub-level. Indeed, signal contrast of an
ODMR measurement depends on the difference between the fluorescence intensity of these spin sub-levels. As we
will discuss next, the ISC mechanism — and thus the ODMR contrast — is sensitive to the applied stress and can
be significantly altered at high pressures.

NV sensing at megabar pressures

The extension of NV sensing to megabar pressures has been a long-standing challenge due to several factors:
reduction in NV fluorescence, inhomogenous broadening of ODMR spectra, and significant loss of ODMR contrast
[6, 7]. In this section, we compare NV measurements under pressure for [100]-cut and [111]-cut anvils [Fig. S1].

For studies in a [100]-cut anvil, we use a type Ib diamond with 200µm flat culet having a shallow layer of
NV centers incorporated up to 50 nm below the surface (recipe included in the following section) [3]. We use an
untreated type Ia diamond as the opposing anvil, a potassium chloride (KCl) pressure medium, and a combination
of ruby and culet raman spectra for pressure calibration [8, 9]. We refer to the lab frame by {X,Y, Z} where Z is
the loading axis, and to the local frame of the NV subgroups by {x, y, z}.

Using the NV center, we measure the dominant culet stresses, σZZ and σ⊥. The former, σZZ , is the loading
stress, and the latter, σ⊥ = (σXX+σY Y )/2, is a biaxial in-plane stress, which at high pressures is related to cupping
of the diamond culet [10]. For a [100]-cut anvil, these stresses project degenerately across all four NV subgroups,
having both symmetry preserving and symmetry breaking components (Fig. 1(b) in maintext). In particular, the
measured stress parameters {Πz,Π⊥} map to {σZZ , σ⊥} stresses as follows:

Πz =
1

3
(2α1 + β1)(2σ⊥ + σZZ) (S5)

Π⊥ =
2

3
|(α2 −

√
2β2)(σZZ − σ⊥)| (S6)

We use this relationship to extract the stresses from the NV’s ODMR spectrum measured at the center of the culet
[Fig. S1(c)]. The loading stress, σZZ , agrees closely with the sample pressure which is calibrated independently
(using ruby and culet raman pressure markers) [8, 9].

ODMR contrast—For the [100]-cut anvil, we observe a significant loss in the ODMR contrast with increasing
pressure [Fig. S1(a)]. In addition, at pressures above ∼ 50 GPa, we observe a surprising inversion of ODMR contrast
for one of the resonances [Fig. S1(b)]. However, for the [111]-cut anvil, neither of these effects are observed. Notably,
for this anvil cut, the ODMR contrast at pressures up to ∼ 140 GPa remains comparable to that typically achieved
under ambient conditions [Fig. S1(d)].

A microscopic understanding of the observed changes in the ODMR contrast requires a careful analysis of the NV
center’s ISC mechanism in the presence of stress [5]. While this is the subject of ongoing studies [11], we summarize
our preliminary findings as follows. C3v-symmetry preserving stresses induce an overall quantitative change in the
ISC rate. Interestingly, a mixture of hydrostatic stress and an uniaxial stress along the quantization axis (ẑ) of the
NV center leads to the highest ISC rate at megabar pressures. This condition is approximated in a [111]-cut anvil
for one of the NV subgroups and may explain the retention of ODMR contrast at these pressures [Fig. S1(d)] [3]. In
comparison, C3v-symmetry breaking stresses can allow new non-radiative ISC transitions from the spin manifold in
the electronic excited state, thereby inducing qualitatively different changes to the ISC mechanism. In a [100]-cut
anvil, the presence of symmetry breaking stresses may be responsible for both contrast loss as well as the appearance
of positive contrast peaks.
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EXPERIMENTAL DETAILS

Sample preparation

For NV measurements, we use 16-sided standard design diamond anvils with [111]-crystal cut culets (Syntek
Co. Ltd. and Almax-easyLab). These anvils are polished from synthetic type-Ib ([N] ≤ 200 ppm) single crystal
diamonds. The culet diameter is 100µm with a bevel at 8.5◦ up to 300µm. Similar to previous work, we perform
12C+ ion implantion at an energy of 30 keV with a dosage of 5× 1012 cm-2 (CuttingEdge Ions, LLC) to generate a
layer of vacancies up to 50 nm from the culet surface [3]. Following implantation, we vacuum anneal the diamond
anvils (at P < 10−6 mbar) in a home built furnace at a temperature > 850 ◦C for 12 hours. During the annealing
step, the vacancies become mobile in the lattice and can probabilistically form NV centers by migrating to lattice
sites adjacent to existing substitutional nitrogen defects. The NV diamond is glued to the cylinder side of a 23-mm
miniature panoramic diamond anvil cell (DAC) machined out of non-magnetic NiCrAl alloy and beryllium copper
(Cu-Be) [12]. A platinum (Pt) wire with a diameter of 20µm is incorporated near the culet to apply microwave
(MW) radiation for spin state control. During compression, the Pt wire on the diamond bevel gradually expands
into a foil. On the opposing (piston) side, we glue a type-Ia diamond anvil with [100]-crystal cut. On this anvil,
we sputter Molybdenum (Mo) leads for performing electrical resistance measurements. A double-sided insulating
gasket, fashioned out of rhenium (Re) foil and calcium fluoride (CaF2) mixed with epoxy, is used to isolate the
transport leads and the MW wire.

We synthesize cerium hydride following the recipe detailed in [13]. We load cerium (Ce) metal (99.8% purity)
and ammonia borane (NH3BH3) in an argon (Ar) glove box. We first compress the loading to pressures above
100 GPa. The pressure P is calibrated using the raman line of the [111]-cut culet [see Fig. S2(a,b)] [14]. Following
this, we perform single-sided laser heating by focusing a 1070 nm laser beam to a ∼ 3 µm spot at different locations
on the Ce sample. Laser heating induces the decomposition of ammonia borane into cubic boron nitride (cBN)
and hydrogen. The released hydrogen subsequently reacts with the cerium to form cerium polyhydrides. (Ce +
NH3BH3 → CeHx + cBN). After synthesis, four point resistance is measured using the delta technique [15] in
a liquid He (wet) cryostat (detailed in [13]). Tc is determined by the onset of the resistance drop. We measure
Tc ≈ 92 K for S1 at P ≈ 118 GPa and Tc ≈ 91 K for S2 at P ≈ 137 GPa indicating the formation of CeH9 in both
samples [see Fig. S2(c,d)]. Tc is suppressed upon the application of tesla scale magnetic fields [insets in Fig. S2(c,d)].
For both samples S1 and S2, we find that the change in Tc is less than 0.5% for an applied field H < 1000 G. This
allows us to calibrate for temperature gradients in the dry cryostat where NV measurements are performed up to
Hz = 240 G fields [Fig. S5]. We note that sample S1 failed before all studies could be completed.

Apparatus for simultaneous ODMR and electrical resistance measurements

We perform NV measurements in a dry closed cycle cryostat (Attocube AttoDRY800) integrated with home-built
confocal fluorescence microscope (similar to previous work [3]). A galvanometer (Thorlabs GVS212) is used to
raster the excitation beam from a 532 nm laser (Sprout Solo-10W). The excitation light is switched by an acousto-
optic modulator (AOM, Gooch & Housego AOMO 3110-120) in double pass configuration. A 4f -telescope focuses
the laser beam at the entrance of an objective lens (Mitutoyo LWD NA 0.7) that is used to image the diamond
culet. The fluorescence collected by the objective is separated from the excitation path by a dichroic mirror and
measured by a fiber-coupled single photon counting module (Excelitas SPCM-AQRH-64FC). A data acquisition
device (National Instruments USB-6343) is used for fluorescence counting as well as modulation of a microwave
source (SRS SG386) for continuous wave ODMR measurements. For pulsed measurments, a programmable multi-
channel pulse generator (SpinCore PulseBlasterESR-PRO 500) is used to gate the AOM switch and the microwave
source (SRS SG386). For both continous wave and pulsed measurments, the microwaves are amplified using a
Minicircuits ZHL-25W-63+ amplifier and subsequently channeled to the sample using coaxial cables. The Pt-wire
at the sample is connected to the coaxial terminals using 100 µm copper magnet wires. An external magnetic field
is applied by running a current I from a DC power supply (BK Precision 9103) into a custom built electromagnet
(Woodruff Scientific) that sits outside the cryostat shroud [Fig. S4(a)]. A lock-in amplifier (Zurich Instruments
MLFI DC-500kHz) in combination with a voltage-controlled current source (Stanford Research Systems CS580) is
used to measure four point resistance of the sample. In this setup, we are limited to applied fields of ≈ 240 G.
Electrical resistance measurements at high fields [Fig. S2(c,d)] are performed in a separate cryostat [13].



4

In sample S2, we find that CeH9 region is synthesized directly on top of two transport leads [Fig. S3(c)]. For four
point resistance measurements, we pick up voltage between these two transport leads to get near-zero resistance for
T < Tc.

Creation of NV centers during laser heating

In addition to the layer of NV ensembles created by ion implantation and annealing, we find that a dense ensemble
of NV centers are created by laser annealing of the diamond during CeH9 synthesis. In particular, regions of the
sample that are laser heated show noticeably higher fluorescence in both samples S1 and S2. Fig. S3 illustrates
this for sample S2: we see micron-scale bright spots resembling foci of an optical beam. A confocal scan along the
vertical depth (Z) into the diamond [Fig. S3(c)] suggests that the NV centers created due to laser annealing are
distributed up to a few microns into the anvil.

We note the following remarks. First, due to compression of the sample to megabar pressures, we expect significant
contact stress at the interface between the diamond and the Ce sample. Indeed, we find that ODMR spectra in
regions without laser heating exhibit large splittings (2Π⊥ ≳ (2π)× 200 MHz) [blue data in Fig. S3(d)]. However,
ODMR spectra at laser heated regions show appreciably smaller splittings (2Π⊥ ∼ (2π) × 100 MHz) [green data
in Fig. S3(d)]. On the one hand, this is consistent with local stress relaxation due to high temperatures generated
by laser heating [16]. On the other hand, the ODMR spectra in laser heated regions sample a larger distribution
of the stress gradient (in Z) at the culet; this may be an additional cause for lower values of the overall 2Π⊥
splittings. Second, laser heated regions of the culet show markedly higher ODMR contrast compared to other
regions [Fig. S3(d)].

Calibration of external magnetic field Hz

At the beginning of every cooldown, we calibrate the external magnetic field (Hz) as a function of the current
applied to the electromagnet (I). We achieve this by measuring the NV’s ODMR splitting ∆ as a function of I. Our
calibration necessarily assumes that, at temperatures T > Tc, the sample does not contribute to the local magnetic
field, Bz, and thus Bz = Hz (in Gaussian units). Knowing Bz = Hz ∝ I and ∆ =

√
(2Π⊥)2 + (2γBBz)2, each

calibration yields the proportionality constant dHz/dI. Due to the large size of the electromagnet coil (∼ 0.5 m)
compared to the diamond culet (100µm), we expect the variation of applied field over our sample region to be
small. [Fig. S4(a)]. We verify this by performing the calibration at multiple spatial locations and also at several
temperatures for the same spatial location over the course of several cooldowns [Fig. S4(b-c)]. Minor variations in
the calibration (dHz/dI) between cooldowns result from differences in the placement of the coil around the cryostat’s
vacuum shield during experimental setup. Nevertheless, for each calibration we find that spatial variations in Hz

across the sample region is around ∼ 1% [see data for cooldown 6 in Fig. S4(c)].

Correction for thermal gradients

Following CeH9 synthesis, four point resistance measured via delta technique in a Liq. He (wet) cryostat reflects
the true Tc for both samples [Fig. S2(c,d)]. NV measurements are performed in a dry closed cycle cryostat where
the temperature is measured at the cold finger and not directly on the DAC body. In dry cryostats, sample
thermalization can pose a significant challenge due to limited thermal contact and large thermal mass of the DAC.
We incorporate two additional thermal links: the first, between the cell body and cold finger (custom fabricated
by FourNineDesign) and, the second, between the gasket and the cell body (cut out of indium foil). Despite these
attempts, we measure a temperature gradient, ∆T , between the temperature recorded at the cold finger and the
true sample temperature. For both samples S1 and S2, four point resistance measured via lock-in technique in the
dry cryostat shows transitions at temperatures lower than the true Tc [Fig. S5(a,b)].

We determine ∆T by measuring the shift of the resistance drop between the four point lock-in and delta mea-
surements. This corresponds to a peak in dR/dT as shown in the insets of Fig. S5(a,b). We estimate ∆T ≈ 14.2 K
for S1 and ∆T between ≈ 15.7 K and ≈ 21.2 K for S2 across different cooldowns. For clarity, we present sample
temperature T in our data by simply adding this correction to the temperature read out at the cold finger.
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We note the following remarks concerning the accuracy of this correction. First, minor adjustments of the sample
and the thermal link between cooldowns can change this temperature gradient (as seen in the case of S2). In
the case of S1, due to coupling between the transport leads and the Pt wire, four point resistance could only be
measured when the sample was disconnected from the microwave circuitry used for ODMR measurements. This
isolation of the system may lower the temperature gradient, leading to different temperature corrections (∆T )
for ODMR and electrical resistance measurements. In Fig. S6(e), the apparent separation between the magnetic
and resistive transitions is likely due to this reason. Second, the temperature gradient may itself be temperature
dependent and our correction does not account for this. Third, when sweeping temperatures across Tc, the rate of
sample thermalization may depend on the direction of the sweep (i.e., field heating as opposed to field cooling) [see
Fig. S5(c,d)]. Finally, during NV measurments in the dry cryostat, four point resistance is often measured under
an applied field Hz < 300 G. We neglect the modest suppression (less than 0.1%) of the true Tc of the samples
when estimating ∆T [see insets of Fig. S2(c,d)]. In future work, the incorporation of a layer of NV centers near the
table side of the diamond anvil at the optical window of the DAC may allow for in situ temperature calibration.
Nevertheless, the presence of a temperature gradient does not affect the central observations in our work.

The effect of temperature

The temperature dependence of the zero-field splitting leads of a difference of ≈ (2π) × 7.3 MHz in the value
of Dgs between room temperature (T = 300 K) and cryogenic temperatures (T = 4 K) [17]. In comparison, we
observe significant stress induced shifts (Πz > (2π)× 1 GHz) and splittings (2Π⊥ ∼ (2π)× 100 MHz) in the ODMR
spectrum at megabar pressures. Furthermore, given that we only interpret the ODMR splitting caused by stress
and magnetic fields, we can exclude the direct effect of temperature in our measurements. However, this does
not preclude indirect effects, including a temperature dependent change in the stress due to thermal expansion or
contraction in the DAC body (discussed below).

ELECTRICAL RESISTANCE AND MAGNETISM IN CEH9

Local diamagnetism in S1

In the maintext, we show the ODMR spectra and extracted Bz values for our study of the Meissner effect on zero
field cooling of sample S2 [Fig. 3(a,b,e)]. We also show the extracted Bz values for sample S1 [Fig. 3(f)]. Here, we
include the ODMR spectra [Fig. S6(b,c)] that were used in the extraction of Bz at the relevant spatial locations in
S1 [green and purple points in Fig. S6(a)].

Spatial studies of S1 and S2

In the maintext, we show a spatially varying local suppression of the external field Hz [Fig. 3 (g)] measured along
a line cut in sample S1. Here, we include plots of Bz as a function of Hz at several spatial points along this line
cut [Fig. S7(b)]. We present the same study for two orthogonal line cuts on the CeH9 region of sample S2 [Fig. S8].

For spatial studies of local diamagnetism in S1 [Fig. S7], we recorded minor spatial drifts in our measurement
apparatus. As a result, a number of ODMR spectra measured forHz = 0 could not be reliably fit to extract the stress
splitting, 2Π⊥. To ensure consistent analysis for this data set, we determine 2Π⊥ by a complementary technique.
Specifically, at each spatial point, we first fit the measured splitting, ∆, to the function ∆ =

√
(2Π⊥)2 + (2cI)2,

where I is the current applied to the electromagnet and (Π⊥, c) are fitting parameters. We use this fitted 2Π⊥ value
to extract the local field, Bz, as a function of the applied field Hz in S1. A comparison of the values of Bz extracted
using this technique to the values extracted using our prescription (given in the maintext) for similar studies in
sample S2 does not show any significant differences.



6

Temperature sweep in S1

In the maintext, we present our studies of the magnetic response of sample S2 on zero field cooling and field cooling
[Fig. 4]. In particular, we perform NV magnetometry and four point resistance measurements simultaneously to
see concurrent transitions in electrical transport and magnetism across Tc. Here, we show our studies of sample
S1, where we perform NV magnetometry and resistance measurements separately [Fig. S6(d,e)]. Due to coupling
between the Pt wire for MW delivery and the transport leads, accurate determination of four point resistance on
S1 is only possible when the Pt wire is disconnected from the MW circuitry. We measure a difference of ≈ 9 K
between the magnetic transition [green data in Fig. S6(e)] and the resistive transition [grey data in Fig. S6(e)]. This
difference may be due to a change in the temperature gradient between the DAC and the cold finger upon isolating
the sample from the MW circuitry.

Field cooling and hysteresis in S2

In the maintext, we show four point electrical resistance measurements and the change in the local field, δBz,
at four spatial locations in sample S2 upon field cooling at Hz = 79 G [Fig. 4(e)]. We determine δBz at each
spatial point by subtracting the mean Bz measured at the corresponding location in the normal state (i.e., for all
temperature points T > 91 K). Here, we show the ODMR splitting, ∆, and the extracted local field, Bz, measured
at these four spatial locations for the same experiment [Fig. S9]. On top of the synthesized CeH9 region, we measure
a decrease in ∆ by ∼ (2π)× 15 MHz and in Bz by ∼ 2 G upon cooling below the transition point, Tc. At the edge
of this region, we measure an increase in ∆ by ∼ (2π) × 15 MHz and in Bz by ∼ 2 G across the transition point.
Finally, away from this region we do not measure an appreciable change in ∆ or Bz across the transition. At each
spatial location, we extract Bz from ∆ by using the 2Π⊥ stress splitting (measured at the respective location at
Hz = 0 G after zero field cooling to T = 86 K). In the normal state (T > Tc), we find systematic differences between
the applied field, Hz ≈ 79 G, and the extracted values of Bz. These may be due to changes in stress splitting, 2Π⊥,
with temperature. In addition, they can also stem from any inaccuracy in the determination of 2Π⊥ due to spatial
drift in the sample. Despite these differences, we observe a clear signal in the ODMR splitting, ∆, suggesting flux
expulsion within the CeH9 region.

For sample S2, we also study flux trapping on field cooling (at Hz = 103 G) to several temperatures T <
Tc [Fig.S10]. We measure the ODMR splitting ∆ as a function of Hz. On ramping down to Hz = 0, we clearly
measure ∆ > 2Π⊥ [Fig. S10(a,d,g,j,m)] suggesting the presence of a remnant magnetic field at the location of the
NV center due to flux trapping. By sweeping both magnitude and direction of the external field, we characterize
the hysteresis of the trapped flux. In particular, we observe a minimum in the ODMR splitting (∆ ∼ 2Π⊥) for
Hz < 0 where the external field is anti-aligned to the flux trapped field. On ramping Hz to larger negative values,
the splitting increases because the external field dominates the flux trapped field [Fig. S10(b,e,h,k,n)]. Although, we
can only extract the absolute value of the local field, |Bz|, from ∆, we are able to clearly designate a sign (direction)
to Bz based on the continuity in the splitting profile [Fig. S10(c,f,i,l,o)].

We study the effect of field cooling at several spatial locations in sample S2 [Fig. S12]. We find similar signatures
of flux trapping at two spatial points on top of the CeH9 region [Fig. S12(a,b,d,e)]. At a spatial point away from
the sample, we do not observe a magnetic response on field cooling or on zero field cooling [Fig. S12(c,f)].

Flux penetration in S2 on ZFC and FC

In our study of hysteresis of the trapped flux [Fig. S10], we measure an overall inversion of the flux trapped field
at temperatures closer to Tc. Specifically, after ramping to a field Hz ∼ −154 G at T = 81 K, we find the flux
trapped field is inverted (i.e., Bz < 0 on returning to Hz = 0 G) [Fig. S11(a)]. Here, we conduct a complementary
study of the sample’s response to Hz-sweeps after zero field cooling wherein there should be no flux initially trapped.
Specifically, we zero field cool to T = 81 K and study the response on ramping the magnitude and direction of
Hz. Interestingly, we find that Meissner suppression dominates for fields |Hz| ≲ 154 G and there is no appreciable
penetration of flux lines into the sample [Fig. S11(b)]. However, on ramping to larger fields (|Hz| ∼ 240 G) after
zero field cooling to T = 81 K [Fig. S11(c)], we observe the penetration and trapping of external flux into the sample
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(i.e., we measure Bz ̸= 0 on ramping back to Hz = 0). Our observations suggest that the penetration of external
flux depends on the amount of flux initially trapped in the sample.

Hysteresis on T -sweeps in S2

We include the full data set of our study of hysteresis of diamagnetism in S2 on sweeping sample temperature, T ,
at a fixed value of the external field, Hz. We observe a characteristic loss of suppression on field heating across Tc

concurrent with a jump in the four point resistance. We observe a surprising sharpening of the magnetic transition
at the highest field [Hz = 206 G in Fig. S13(d)]. A repeated measurement along the transition profile for field
heating at Hz = 206 G [orange squares in Fig. S13(d)] further verifies this observation.

A comment on errors

In our calculation of Bz, we perform error propagation of fitting error for gaussian fits to the ODMR spectra.
These errorbars are included in all our plots. We note that this may not necessarily reflect the true error in our
measurements. In this section, we list the different sources of error.

• A change in temperature induces volumetric changes in the DAC body [12]; this results in different stress
parameters {Πz,Π⊥} for different temperatures [Fig. S14]. The extraction of Bz at a specific temperature
relies on the accurate determination of the stress splitting (2Π⊥) at the same temperature. Most of these
studies are performed on sample S2, where we find that temperature dependent changes in the Π⊥ splitting are
within ≈ (2π)×8 MHz [Fig. S14(b)]. However, it was not feasible to determine the temperature dependence of
2Π⊥ at all relevant spatial locations. For each spatial location in Fig. 4(e-h), we extract Bz at all temperatures
points by using the 2Π⊥ splitting measured at a single temperature point (T = 86 K) at the respective spatial
location. The systematic disagreement between Bz and Hz for T > Tc for this data set is likely due to minor
changes in the 2Π⊥ parameter across the temperature sweep. In particular, an error of (2π)×8 MHz in the Π⊥
parameter translates to an error of 1.7 G in the determination of Bz for this study. Owing to the same reason,
we find similarly small systematic disagreements for data shown in Fig. S13. This issue may be mitigated
by switching to widefield microscopy [3, 18, 19], where one can determine the temperature dependence of
{Πz,Π⊥} across the entire culet more efficiently.

• We note that laser heating at high pressure (> 100 GPa) results in spatial variation of 2Π⊥ values across the
sample region. Despite careful monitoring, small variations in the measurements may be induced by spatial
drifts in the sample during data acquisition. In almost all cases, the extracted signal magnitudes outweigh
errors introduced in this process. Image registration in widefield datasets can correct for these errors in
future [20].

• ODMR spectra in the laser heated regions sample the stress gradient over the depth of a few microns
[Fig. S3(c)]. Owing to this, we do not observe clear gaussian lineshapes at most spatial locations in these
regions. To simplify our analysis, we restrict our studies to spatial locations where the ODMR lineshapes are
approximately gaussian.

A comparison with SQUID magnetometry at high pressure

Magnetic measurements of high pressure superhydrides typically rely on SQUID magnetometry where dipole
sensitivity is on the order of ≈ 10−8 emu [21–23]. Although expected signals from superhydride samples beat this
threshold, the subtraction of parasitic pick up from a paramagnetic backgrounds constitutes an enormous challenge.
In addition, by averaging over the entire DAC geometry, such global probes discard local spatial information of
superconducting samples. We demonstrate continuous wave ODMR spectroscopy, with typical magnetic sensitivity
∼ 35 µT/

√
Hz at room temperature. Following previous work, this corresponds to a dipole sensitivity on the

order ≈ 10−11 emu/
√
Hz at room temperatures (≈ 10−10 emu/

√
Hz at cryogenic temperatures) [3]. In this case,

a key advantage is the proximity of the sensor to the target material and the ability to measure magnetism with
diffraction limited sub-micron spatial resolution.
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<latexit sha1_base64="lJvYxrwdqr7igePyFQeuPhLDvzo=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbbbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqnhUkS8gQIlbyeaUxVK3gpHt1O/9ci1EXH0gOOEB4oOItEXjKKVfB/5E2qVVcKzSbdUdqvuDGSZeDkpQ456t/Tl92KWKh4hk9SYjucmGGRUo2CST4p+anhC2YgOeMfSiCpugmx284ScWqVH+rG2FSGZqb8nMqqMGavQdiqKQ7PoTcX/vE6K/esgE1GSIo/YfFE/lQRjMg2A9ITmDOXYEsq0sLcSNqSaMrQxFW0I3uLLy6R5XvUuq979Rbl2k8dRgGM4gQp4cAU1uIM6NIBBAs/wCm9O6rw4787HvHXFyWeO4A+czx/3QpGj</latexit>

(b)

<latexit sha1_base64="G7pg1HMBjIWHw0KT851vo+PdMPw=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbbbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqnhUkS8gQIlbyeaUxVK3gpHt1O/9ci1EXH0gOOEB4oOItEXjKKVfB/5E2qVVdjZpFsqu1V3BrJMvJyUIUe9W/ryezFLFY+QSWpMx3MTDDKqUTDJJ0U/NTyhbEQHvGNpRBU3QTa7eUJOrdIj/VjbipDM1N8TGVXGjFVoOxXFoVn0puJ/XifF/nWQiShJkUdsvqifSoIxmQZAekJzhnJsCWVa2FsJG1JNGdqYijYEb/HlZdI8r3qXVe/+oly7yeMowDGcQAU8uIIa3EEdGsAggWd4hTcndV6cd+dj3rri5DNH8AfO5w/4yJGk</latexit>

(c)
<latexit sha1_base64="x3R9cnogty6wpLkbhpK41Qm2UIk=">AAAB83icbVBNS8NAEN34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDabTbt0dxN2J2IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemApuwHW/nZXVtfWNzdJWeXtnd2+/cnDYNkmmKWvRRCS6GxLDBFesBRwE66aaERkK1glHt1O/88i04Yl6gHHKAkkGisecErCS7wN7Ai3zWnQ26Veqbt2dAS8TryBVVKDZr3z5UUIzyRRQQYzpeW4KQU40cCrYpOxnhqWEjsiA9SxVRDIT5LObJ/jUKhGOE21LAZ6pvydyIo0Zy9B2SgJDs+hNxf+8XgbxdZBzlWbAFJ0vijOBIcHTAHDENaMgxpYQqrm9FdMh0YSCjalsQ/AWX14m7fO6d1n37i+qjZsijhI6Rieohjx0hRroDjVRC1GUomf0it6czHlx3p2PeeuKU8wcoT9wPn8A+k6RpQ==</latexit>

(d)

<latexit sha1_base64="ScE2ziKm9P2lL/sA5GXuduxoMFg=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKu+DoGPegxgnlAsoTZySQZMjO7zPSKcYk/4sWDIl79FG/+jZNkD5pY0FBUddPdFcaCG/C8bye3tLyyupZfL2xsbm0X3Z3duokSTVmNRiLSzZAYJrhiNeAgWDPWjMhQsEY4vJr4jXumDY/UHYxiFkjSV7zHKQErddziqffUBvYAWqbXVTLuuCWv7E2BF4mfkRLKUO24X+1uRBPJFFBBjGn5XgxBSjRwKti40E4Miwkdkj5rWaqIZCZIp4eP8aFVurgXaVsK8FT9PZESacxIhrZTEhiYeW8i/ue1EuhdBClXcQJM0dmiXiIwRHiSAu5yzSiIkSWEam5vxXRANKFgsyrYEPz5lxdJ/bjsn5X925NS5TKLI4/20QE6Qj46RxV0g6qohihK0DN6RW/Oo/PivDsfs9ack83soT9wPn8AqmeTGg==</latexit>

50 GPa

<latexit sha1_base64="mFx+jmbh6IsgUwLyh2TP5MaZ4rM=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInsquSPVY9KDHCvYD2qVk07QNTbJLMivWpf4RLx4U8epP8ea/MW33oK0PBh7vzTAzL4wFN+B5305uZXVtfSO/Wdja3tktunv7DRMlmrI6jUSkWyExTHDF6sBBsFasGZGhYM1wdDX1m/dMGx6pOxjHLJBkoHifUwJW6rrFivfUAfYAWqbXNTLpuiWv7M2Al4mfkRLKUOu6X51eRBPJFFBBjGn7XgxBSjRwKtik0EkMiwkdkQFrW6qIZCZIZ4dP8LFVergfaVsK8Ez9PZESacxYhrZTEhiaRW8q/ue1E+hfBClXcQJM0fmifiIwRHiaAu5xzSiIsSWEam5vxXRINKFgsyrYEPzFl5dJ47TsV8r+7VmpepnFkUeH6AidIB+doyq6QTVURxQl6Bm9ojfn0Xlx3p2PeWvOyWYO0B84nz+r+ZMb</latexit>

60 GPa

<latexit sha1_base64="D4aI/DNyYqsKiMKoWmFPhbypEBs=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInsquiPVY9KDHCvYD2qVk07QNTbJLMivWpf4RLx4U8epP8ea/MW33oK0PBh7vzTAzL4wFN+B5305uZXVtfSO/Wdja3tktunv7DRMlmrI6jUSkWyExTHDF6sBBsFasGZGhYM1wdDX1m/dMGx6pOxjHLJBkoHifUwJW6rrFivfUAfYAWqbXNTLpuiWv7M2Al4mfkRLKUOu6X51eRBPJFFBBjGn7XgxBSjRwKtik0EkMiwkdkQFrW6qIZCZIZ4dP8LFVergfaVsK8Ez9PZESacxYhrZTEhiaRW8q/ue1E+hfBClXcQJM0fmifiIwRHiaAu5xzSiIsSWEam5vxXRINKFgsyrYEPzFl5dJ47Tsn5f927NS9TKLI48O0RE6QT6qoCq6QTVURxQl6Bm9ojfn0Xlx3p2PeWvOyWYO0B84nz+ti5Mc</latexit>

70 GPa

<latexit sha1_base64="XV6oSf/q1RsksTteW/yu43pCB4A=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInsquiPZY9KDHCvYD2qVk07QNTbJLMivWpf4RLx4U8epP8ea/MW33oK0PBh7vzTAzL4wFN+B5305uZXVtfSO/Wdja3tktunv7DRMlmrI6jUSkWyExTHDF6sBBsFasGZGhYM1wdDX1m/dMGx6pOxjHLJBkoHifUwJW6rrFivfUAfYAWqbXNTLpuiWv7M2Al4mfkRLKUOu6X51eRBPJFFBBjGn7XgxBSjRwKtik0EkMiwkdkQFrW6qIZCZIZ4dP8LFVergfaVsK8Ez9PZESacxYhrZTEhiaRW8q/ue1E+hXgpSrOAGm6HxRPxEYIjxNAfe4ZhTE2BJCNbe3YjokmlCwWRVsCP7iy8ukcVr2z8v+7VmpepnFkUeH6AidIB9doCq6QTVURxQl6Bm9ojfn0Xlx3p2PeWvOyWYO0B84nz+vHZMd</latexit>

80 GPa

<latexit sha1_base64="Gx7SrBcssMKiJ1B3/cWaRSh2srE=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuiI9b0IMeI5gHJEuYnUySITOzy0yvGJf4I148KOLVT/Hm3zhJ9qCJBQ1FVTfdXWEsuAHP+3ZyS8srq2v59cLG5tZ20d3ZrZso0ZTVaCQi3QyJYYIrVgMOgjVjzYgMBWuEw6uJ37hn2vBI3cEoZoEkfcV7nBKwUsctXnhPbWAPoGV6XSXjjlvyyt4UeJH4GSmhDNWO+9XuRjSRTAEVxJiW78UQpEQDp4KNC+3EsJjQIemzlqWKSGaCdHr4GB9apYt7kbalAE/V3xMpkcaMZGg7JYGBmfcm4n9eK4HeeZByFSfAFJ0t6iUCQ4QnKeAu14yCGFlCqOb2VkwHRBMKNquCDcGff3mR1I/L/mnZvz0pVS6zOPJoHx2gI+SjM1RBN6iKaoiiBD2jV/TmPDovzrvzMWvNOdnMHvoD5/MHsK+THg==</latexit>

90 GPa

<latexit sha1_base64="V1wCJ3VtEiT07WLE8xbg26IaLr4=">AAACEHicbVDJSgNBEO2JWxy3qEcvg8HoxTCtYjwGPegxgllgZgg9nU7SpGehu0YMQ/wDL/6KFw+KePXozb+xswia+KDg8V4VVfX8WHAFtv1lZObmFxaXssvmyura+kZuc6umokRSVqWRiGTDJ4oJHrIqcBCsEUtGAl+wut+7GPr1WyYVj8Ib6MfMC0gn5G1OCWipmdsvOBhjzwV2BzJID2kCA9c1C/i4dP8jXlbIoJnL20V7BGuW4AnJowkqzdyn24poErAQqCBKOdiOwUuJBE4FG5huolhMaI90mKNpSAKmvHT00MDa00rLakdSVwjWSP09kZJAqX7g686AQFdNe0PxP89JoH3mpTyME2AhHS9qJ8KCyBqmY7W4ZBREXxNCJde3WrRLJKGgMzR1CHj65VlSOyri0yK+PsmXzydxZNEO2kUHCKMSKqMrVEFVRNEDekIv6NV4NJ6NN+N93JoxJjPb6A+Mj28cA5wK</latexit>

[111]-cut

137 GPa

<latexit sha1_base64="IqvfWRCy6GOfrR77SmSwtJByfgE=">AAACA3icbVDJSgNBEO1xN25Rb3ppDIKnMCOiHoNePImCWSAJoadT0cZehu4aMQ4BL/6KFw+KePUnvPk3dpaDJj4oeLxXRVW9OJHCYRh+B1PTM7Nz8wuLuaXlldW1/PpGxZnUcihzI42txcyBFBrKKFBCLbHAVCyhGt+e9v3qHVgnjL7CbgJNxa616AjO0Eut/FYD4R6tys6NVUyKB2hTblKNrtfKF8JiOACdJNGIFMgIF638V6NteKpAI5fMuXoUJtjMmEXBJfRyjdRBwvgtu4a6p5opcM1s8EOP7nqlTTvG+tJIB+rviYwp57oq9p2K4Y0b9/rif149xc5xMxM6SRE0Hy7qpJKiof1AaFtY4Ci7njBuhb+V8htmGUcfW86HEI2/PEkq+8XosBhdHhRKJ6M4Fsg22SF7JCJHpETOyAUpE04eyTN5JW/BU/ASvAcfw9apYDSzSf4g+PwBKMeYfg==</latexit> N
or
m
al
iz
ed

co
u
n
ts

<latexit sha1_base64="YrR542+/ieAxLwhJA6nzV6c8gig=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbbbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqnhUkS8gQIlbyeaUxVK3gpHt1O/9ci1EXH0gOOEB4oOItEXjKKVfB/5E2qVVejZpFsqu1V3BrJMvJyUIUe9W/ryezFLFY+QSWpMx3MTDDKqUTDJJ0U/NTyhbEQHvGNpRBU3QTa7eUJOrdIj/VjbipDM1N8TGVXGjFVoOxXFoVn0puJ/XifF/nWQiShJkUdsvqifSoIxmQZAekJzhnJsCWVa2FsJG1JNGdqYijYEb/HlZdI8r3qXVe/+oly7yeMowDGcQAU8uIIa3EEdGsAggWd4hTcndV6cd+dj3rri5DNH8AfO5w/1vJGi</latexit>

(a)

<latexit sha1_base64="IqvfWRCy6GOfrR77SmSwtJByfgE=">AAACA3icbVDJSgNBEO1xN25Rb3ppDIKnMCOiHoNePImCWSAJoadT0cZehu4aMQ4BL/6KFw+KePUnvPk3dpaDJj4oeLxXRVW9OJHCYRh+B1PTM7Nz8wuLuaXlldW1/PpGxZnUcihzI42txcyBFBrKKFBCLbHAVCyhGt+e9v3qHVgnjL7CbgJNxa616AjO0Eut/FYD4R6tys6NVUyKB2hTblKNrtfKF8JiOACdJNGIFMgIF638V6NteKpAI5fMuXoUJtjMmEXBJfRyjdRBwvgtu4a6p5opcM1s8EOP7nqlTTvG+tJIB+rviYwp57oq9p2K4Y0b9/rif149xc5xMxM6SRE0Hy7qpJKiof1AaFtY4Ci7njBuhb+V8htmGUcfW86HEI2/PEkq+8XosBhdHhRKJ6M4Fsg22SF7JCJHpETOyAUpE04eyTN5JW/BU/ASvAcfw9apYDSzSf4g+PwBKMeYfg==</latexit> N
or
m
al
iz
ed

co
u
n
ts

<latexit sha1_base64="YWK7xi4Rbr4hITJnPcnuzYKsmqo=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEInkIioh6LvXisYD8gDWWz3bRLN5uwOxFL7MG/4sWDIl79G978N27bHLT1wcDjvRlm5oWp4Bpc99taWl5ZXVsvbZQ3t7Z3du29/aZOMkVZgyYiUe2QaCa4ZA3gIFg7VYzEoWCtcFib+K17pjRP5B2MUhbEpC95xCkBI3Xtww6wB1BxXksyCRr7xMmcYNy1K67jToEXiVeQCipQ79pfnV5Cs5hJoIJo7XtuCkFOFHAq2LjcyTRLCR2SPvMNlSRmOsin94/xiVF6OEqUKQl4qv6eyEms9SgOTWdMYKDnvYn4n+dnEF0FOZdpBkzS2aIoExgSPAkD97hiFMTIEEIVN7diOiCKUDCRlU0I3vzLi6R55ngXjnd7XqleF3GU0BE6RqfIQ5eoim5QHTUQRY/oGb2iN+vJerHerY9Z65JVzBygP7A+fwDw7JYL</latexit> C
ou

n
ts

[a
.u
.]

FIG. S1. Pushing NV sensing to megabar pressures. (a) ODMR measurements under pressure in a [100]-cut anvil
exhibit a drastic reduction in contrast with increase in pressure. The dominant culet stresses {σZZ , σ⊥} have degenerate
symmetry-preserving and symmetry-breaking projections on each NV subgroup, thereby inducing both a shift, Πz, and a
splitting, 2Π⊥, with increasing pressure. (b) In a [100]-cut anvil, we see a surprising inversion of contrast for one of the
ODMR peaks at pressures above ∼ 50 GPa. (c) In a [100]-cut anvil, we see good agreement between the values of the loading
stress σZZ extracted from NV measurements (blue points) and values of the sample pressure calibrated via a combination of
ruby and culet raman spectra [8, 9]. For comparison, x = y line is plotted in grey. We also measure an increase in the σ⊥
stress (green points) consistent to cupping of the diamond culet [10]. (d) In a [111]-cut culet (sample S2), we show ∼ 15%
contrast at 137 GPa pressure for the [111] NV subgroup.
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<latexit sha1_base64="H15Ntxpbl7U3E+xRy5zecpXj8Kk=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF48RzQOSJcxOZpMh81hmesWw5DO8eFDEq1/jzb9xkuxBEwsaiqpuuruiRHALvv/tFVZW19Y3ipulre2d3b3y/kHT6tRQ1qBaaNOOiGWCK9YADoK1E8OIjARrRaObqd96ZMZyrR5gnLBQkoHiMacEnNTpAnsCI7P7YNIrV/yqPwNeJkFOKihHvVf+6vY1TSVTQAWxthP4CYQZMcCpYJNSN7UsIXREBqzjqCKS2TCbnTzBJ07p41gbVwrwTP09kRFp7VhGrlMSGNpFbyr+53VSiK/CjKskBabofFGcCgwaT//HfW4YBTF2hFDD3a2YDokhFFxKJRdCsPjyMmmeVYOLanB3Xqld53EU0RE6RqcoQJeohm5RHTUQRRo9o1f05oH34r17H/PWgpfPHKI/8D5/AIcFkWo=</latexit>

S1

<latexit sha1_base64="H15Ntxpbl7U3E+xRy5zecpXj8Kk=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF48RzQOSJcxOZpMh81hmesWw5DO8eFDEq1/jzb9xkuxBEwsaiqpuuruiRHALvv/tFVZW19Y3ipulre2d3b3y/kHT6tRQ1qBaaNOOiGWCK9YADoK1E8OIjARrRaObqd96ZMZyrR5gnLBQkoHiMacEnNTpAnsCI7P7YNIrV/yqPwNeJkFOKihHvVf+6vY1TSVTQAWxthP4CYQZMcCpYJNSN7UsIXREBqzjqCKS2TCbnTzBJ07p41gbVwrwTP09kRFp7VhGrlMSGNpFbyr+53VSiK/CjKskBabofFGcCgwaT//HfW4YBTF2hFDD3a2YDokhFFxKJRdCsPjyMmmeVYOLanB3Xqld53EU0RE6RqcoQJeohm5RHTUQRRo9o1f05oH34r17H/PWgpfPHKI/8D5/AIcFkWo=</latexit>

S1

<latexit sha1_base64="M4s/vIpnF5A5K0DFcmEjtPnCnAw=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8hd0g6jHoxWNE84BkCbOT2WTIPJaZXjEs+QwvHhTx6td482+cJHvQxIKGoqqb7q4oEdyC7397K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MmO5Vg8wTlgoyUDxmFMCTup0gT2Bkdl9ddIrlf2KPwNeJkFOyihHvVf66vY1TSVTQAWxthP4CYQZMcCpYJNiN7UsIXREBqzjqCKS2TCbnTzBp07p41gbVwrwTP09kRFp7VhGrlMSGNpFbyr+53VSiK/CjKskBabofFGcCgwaT//HfW4YBTF2hFDD3a2YDokhFFxKRRdCsPjyMmlWK8FFJbg7L9eu8zgK6BidoDMUoEtUQ7eojhqIIo2e0St688B78d69j3nripfPHKE/8D5/AIiKkWs=</latexit>

S2

<latexit sha1_base64="M4s/vIpnF5A5K0DFcmEjtPnCnAw=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8hd0g6jHoxWNE84BkCbOT2WTIPJaZXjEs+QwvHhTx6td482+cJHvQxIKGoqqb7q4oEdyC7397K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MmO5Vg8wTlgoyUDxmFMCTup0gT2Bkdl9ddIrlf2KPwNeJkFOyihHvVf66vY1TSVTQAWxthP4CYQZMcCpYJNiN7UsIXREBqzjqCKS2TCbnTzBp07p41gbVwrwTP09kRFp7VhGrlMSGNpFbyr+53VSiK/CjKskBabofFGcCgwaT//HfW4YBTF2hFDD3a2YDokhFFxKRRdCsPjyMmlWK8FFJbg7L9eu8zgK6BidoDMUoEtUQ7eojhqIIo2e0St688B78d69j3nripfPHKE/8D5/AIiKkWs=</latexit>

S2

<latexit sha1_base64="YrR542+/ieAxLwhJA6nzV6c8gig=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbbbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqnhUkS8gQIlbyeaUxVK3gpHt1O/9ci1EXH0gOOEB4oOItEXjKKVfB/5E2qVVejZpFsqu1V3BrJMvJyUIUe9W/ryezFLFY+QSWpMx3MTDDKqUTDJJ0U/NTyhbEQHvGNpRBU3QTa7eUJOrdIj/VjbipDM1N8TGVXGjFVoOxXFoVn0puJ/XifF/nWQiShJkUdsvqifSoIxmQZAekJzhnJsCWVa2FsJG1JNGdqYijYEb/HlZdI8r3qXVe/+oly7yeMowDGcQAU8uIIa3EEdGsAggWd4hTcndV6cd+dj3rri5DNH8AfO5w/1vJGi</latexit>
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FIG. S2. Pressure calibration and verification of CeH9 synthesis. Following the procedure detailed in [14], we
use culet raman spectra for samples (a) S1 and (b) S2 to determine loading pressure. The insets plot the derivative of the
raman fluorescence intensity; we ascertain pressures of ∼ 118 GPa for sample S1 and ∼ 137 GPa for sample S2 respectively.
Following synthesis through laser heating, four point resistance of (c) S1 and (d) S2 were measured via delta technique [15].
The measured Tc = 94 K for S1 and Tc = 91 K for S2 suggest the formation of CeH9 in both samples [13]. Tc is determined
by onset of the resistance drop. Insets depict the dependence of Tc on the applied field H (blue data points). Within
the parameter regime of operation, the measurements show good fits to both Ginzburg-Landau (GL) theory (blue dotted
line) [24] and Werthamer-Helfand-Hohenberg (WHH) theory (red dotted line) [25, 26].
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S2

FIG. S3. Creation of NV centers at the culet during to laser heating. (a) A confocal image of sample S2 after
an initial round of laser heating shows bright regions with higher NV fluorescence suggesting the creation of NV centers
during laser heating for superhydride synthesis [27]. (b) A confocal image in the XZ plane of the diamond culet suggests
that NV centers created during laser heating extend deeper into the anvil (∼ microns) compared to NV centers created by
implantation and annealing (∼ 50 nm). (c) A second round of laser heating of sample S2 in the region enclosed by a dotted
yellow line clearly shows the creation of more NV centers in this region [compared to scan in (a)]. This region sits on top
of two of the transport leads (white triangles). In four point resistance measurements we pick up voltage in these two leads
and run current through the other two (yellow triangles). (d) A comparison of an ODMR spectrum (green) measured in the
laser heated region [green point in (a)] to the spectrum (blue) measured outside the laser heated region [blue point in (a)].
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(c)

FIG. S4. Calibration of external magnetic field. (a) The apparatus used for generating magnetic fields comprises
a custom built electromagnet that sits outside the cryostat’s vacuum shield. The electromagnet is oriented along loading
axis, Ẑ, which is coincident with the quantization axis of the [111] NV subgroup, ẑ. Due to minor changes in the placement
of the electromagnet during experimental setup, we calibrate the magnetic field at the beginning of every cooldown. (b-c)
Calibrations at four spatial locations in sample S1 across four different cooldowns provide similar values for dHz/dI. For
cooldown 5, calibrations in the superconducting region of the sample at two temperatures, T = 300 K and T = 150 K, yield
similar results.
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(a)
<latexit sha1_base64="lJvYxrwdqr7igePyFQeuPhLDvzo=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbbbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqnhUkS8gQIlbyeaUxVK3gpHt1O/9ci1EXH0gOOEB4oOItEXjKKVfB/5E2qVVcKzSbdUdqvuDGSZeDkpQ456t/Tl92KWKh4hk9SYjucmGGRUo2CST4p+anhC2YgOeMfSiCpugmx284ScWqVH+rG2FSGZqb8nMqqMGavQdiqKQ7PoTcX/vE6K/esgE1GSIo/YfFE/lQRjMg2A9ITmDOXYEsq0sLcSNqSaMrQxFW0I3uLLy6R5XvUuq979Rbl2k8dRgGM4gQp4cAU1uIM6NIBBAs/wCm9O6rw4787HvHXFyWeO4A+czx/3QpGj</latexit>

(b)
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<latexit sha1_base64="H15Ntxpbl7U3E+xRy5zecpXj8Kk=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF48RzQOSJcxOZpMh81hmesWw5DO8eFDEq1/jzb9xkuxBEwsaiqpuuruiRHALvv/tFVZW19Y3ipulre2d3b3y/kHT6tRQ1qBaaNOOiGWCK9YADoK1E8OIjARrRaObqd96ZMZyrR5gnLBQkoHiMacEnNTpAnsCI7P7YNIrV/yqPwNeJkFOKihHvVf+6vY1TSVTQAWxthP4CYQZMcCpYJNSN7UsIXREBqzjqCKS2TCbnTzBJ07p41gbVwrwTP09kRFp7VhGrlMSGNpFbyr+53VSiK/CjKskBabofFGcCgwaT//HfW4YBTF2hFDD3a2YDokhFFxKJRdCsPjyMmmeVYOLanB3Xqld53EU0RE6RqcoQJeohm5RHTUQRRo9o1f05oH34r17H/PWgpfPHKI/8D5/AIcFkWo=</latexit>
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<latexit sha1_base64="StGBja7+8sksyg14V3TezX1ykus=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWOFfkEbyma7aZduNnF3IpTQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuYFiRQGXffbWVldW9/YLGwVt3d29/ZLB4dNE6ea8QaLZazbATVcCsUbKFDydqI5jQLJW8Hoduq3nrg2IlZ1HCfcj+hAiVAwilZqd++4RErqvVLZrbgzkGXi5aQMOWq90le3H7M04gqZpMZ0PDdBP6MaBZN8UuymhieUjeiAdyxVNOLGz2b3TsipVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jzpC80ZyrEllGlhbyVsSDVlaCMq2hC8xZeXSfO84l1WvIeLcvUmj6MAx3ACZ+DBFVThHmrQAAYSnuEV3pxH58V5dz7mrStOPnMEf+B8/gBg7Y+K</latexit>

�T

<latexit sha1_base64="bwbb8rnkdRm+XLn9C5eqSN7R+qw=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF48R8oJkCbOT2WTIPJaZXjEs+QwvHhTx6td482+cJHvQxIKGoqqb7q4oEdyC7397hbX1jc2t4nZpZ3dv/6B8eNSyOjWUNakW2nQiYpngijWBg2CdxDAiI8Ha0fhu5rcfmbFcqwZMEhZKMlQ85pSAk7qNfg/YExiJab9c8av+HHiVBDmpoBz1fvmrN9A0lUwBFcTabuAnEGbEAKeCTUu91LKE0DEZsq6jikhmw2x+8hSfOWWAY21cKcBz9fdERqS1Exm5TklgZJe9mfif100hvgkzrpIUmKKLRXEqMGg8+x8PuGEUxMQRQg13t2I6IoZQcCmVXAjB8surpHVRDa6qwcNlpXabx1FEJ+gUnaMAXaMaukd11EQUafSMXtGbB96L9+59LFoLXj5zjP7A+/wBG2SRJA==</latexit>
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<latexit sha1_base64="G7pg1HMBjIWHw0KT851vo+PdMPw=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbbbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqnhUkS8gQIlbyeaUxVK3gpHt1O/9ci1EXH0gOOEB4oOItEXjKKVfB/5E2qVVdjZpFsqu1V3BrJMvJyUIUe9W/ryezFLFY+QSWpMx3MTDDKqUTDJJ0U/NTyhbEQHvGNpRBU3QTa7eUJOrdIj/VjbipDM1N8TGVXGjFVoOxXFoVn0puJ/XifF/nWQiShJkUdsvqifSoIxmQZAekJzhnJsCWVa2FsJG1JNGdqYijYEb/HlZdI8r3qXVe/+oly7yeMowDGcQAU8uIIa3EEdGsAggWd4hTcndV6cd+dj3rri5DNH8AfO5w/4yJGk</latexit>

(c)
<latexit sha1_base64="x3R9cnogty6wpLkbhpK41Qm2UIk=">AAAB83icbVBNS8NAEN34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDabTbt0dxN2J2IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemApuwHW/nZXVtfWNzdJWeXtnd2+/cnDYNkmmKWvRRCS6GxLDBFesBRwE66aaERkK1glHt1O/88i04Yl6gHHKAkkGisecErCS7wN7Ai3zWnQ26Veqbt2dAS8TryBVVKDZr3z5UUIzyRRQQYzpeW4KQU40cCrYpOxnhqWEjsiA9SxVRDIT5LObJ/jUKhGOE21LAZ6pvydyIo0Zy9B2SgJDs+hNxf+8XgbxdZBzlWbAFJ0vijOBIcHTAHDENaMgxpYQqrm9FdMh0YSCjalsQ/AWX14m7fO6d1n37i+qjZsijhI6Rieohjx0hRroDjVRC1GUomf0it6czHlx3p2PeeuKU8wcoT9wPn8A+k6RpQ==</latexit>

(d)

field heating field cooling
<latexit sha1_base64="M4s/vIpnF5A5K0DFcmEjtPnCnAw=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8hd0g6jHoxWNE84BkCbOT2WTIPJaZXjEs+QwvHhTx6td482+cJHvQxIKGoqqb7q4oEdyC7397K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MmO5Vg8wTlgoyUDxmFMCTup0gT2Bkdl9ddIrlf2KPwNeJkFOyihHvVf66vY1TSVTQAWxthP4CYQZMcCpYJNiN7UsIXREBqzjqCKS2TCbnTzBp07p41gbVwrwTP09kRFp7VhGrlMSGNpFbyr+53VSiK/CjKskBabofFGcCgwaT//HfW4YBTF2hFDD3a2YDokhFFxKRRdCsPjyMmlWK8FFJbg7L9eu8zgK6BidoDMUoEtUQ7eojhqIIo2e0St688B78d69j3nripfPHKE/8D5/AIiKkWs=</latexit>

S2
<latexit sha1_base64="M4s/vIpnF5A5K0DFcmEjtPnCnAw=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8hd0g6jHoxWNE84BkCbOT2WTIPJaZXjEs+QwvHhTx6td482+cJHvQxIKGoqqb7q4oEdyC7397K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MmO5Vg8wTlgoyUDxmFMCTup0gT2Bkdl9ddIrlf2KPwNeJkFOyihHvVf66vY1TSVTQAWxthP4CYQZMcCpYJNiN7UsIXREBqzjqCKS2TCbnTzBp07p41gbVwrwTP09kRFp7VhGrlMSGNpFbyr+53VSiK/CjKskBabofFGcCgwaT//HfW4YBTF2hFDD3a2YDokhFFxKRRdCsPjyMmlWK8FFJbg7L9eu8zgK6BidoDMUoEtUQ7eojhqIIo2e0St688B78d69j3nripfPHKE/8D5/AIiKkWs=</latexit>

S2

FIG. S5. Determination of thermal gradients. Following synthesis, four point resistance of each samples is measured
via delta technique [Fig. S2(c,d)] in a cryostat with good sample thermalization [13, 15]. These measurements (shown in light
blue data) for samples (a) S1 and (b) S2 are reflective of the true Tc in each case. NV measurements are performed in a dry
cryostat where sample thermalization can be challenging; in this cryostat, four point resistance of the sample is measured
using lock-in technique (dark blue data). For both samples, the temperature at which we observe a resistive transition in the
dry cryostat is lower than the true Tc, suggesting the presence of a temperature gradient (∆T ). We extract ∆T by comparing
the derivative (dR/dT ) of sample resistance (measured via lock-in and delta techniques) [insets]. Four point resistance of S2
measured via lock-in technique at several values of Hz upon (c) field heating and (d) field cooling. The apparent spread in
the transition points observed on field heating suggest that the temperature gradient in the dry cryostat may depend on the
direction of the temperature sweep. A correction of ∆T = 15.7 K is applied to all data points in (c-d).
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<latexit sha1_base64="IY5I9esWMSkiJNPPy8EbO39Az+s=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZLiayMU3QhuKvQFbSiT6aQdOpOEmRuxhvojblwo4tZPceffOG2z0NYDFw7n3Mu99/ix4Boc59taWl5ZXVvPbeQ3t7Z3CvbuXkNHiaKsTiMRqZZPNBM8ZHXgIFgrVoxIX7CmP7ye+M17pjSPwhqMYuZJ0g95wCkBI3XtQu2yfPrUAfYASqa3465ddErOFHiRuBkpogzVrv3V6UU0kSwEKojWbdeJwUuJAk4FG+c7iWYxoUPSZ21DQyKZ9tLp4WN8ZJQeDiJlKgQ8VX9PpERqPZK+6ZQEBnrem4j/ee0Eggsv5WGcAAvpbFGQCAwRnqSAe1wxCmJkCKGKm1sxHRBFKJis8iYEd/7lRdIol9yzknt3UqxcZXHk0AE6RMfIReeogm5QFdURRQl6Rq/ozXq0Xqx362PWumRlM/voD6zPH4B8kwA=</latexit>

T = 25 K

<latexit sha1_base64="3e61+LKYUx9Sw+N/Frx5nAvFark=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRF1GPRi8cK9gObUDbbSbt0s1l2N0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZeJDnTxvO+ncLa+sbmVnG7tLO7t39QPjxq6TRTFJs05anqREQjZwKbhhmOHamQJBHHdjS6nfntJ1SapeLBjCWGCRkIFjNKjJUea0GD9QKJSvbKFa/qzeGuEj8nFcjR6JW/gn5KswSFoZxo3fU9acIJUYZRjtNSkGmUhI7IALuWCpKgDifzi6fumVX6bpwqW8K4c/X3xIQkWo+TyHYmxAz1sjcT//O6mYmvwwkTMjMo6GJRnHHXpO7sfbfPFFLDx5YQqpi91aVDogg1NqSSDcFffnmVtGpV/7Lq319U6jd5HEU4gVM4Bx+uoA530IAmUBDwDK/w5mjnxXl3PhatBSefOYY/cD5/ADKJkJ0=</latexit>

2⇧?

<latexit sha1_base64="3e61+LKYUx9Sw+N/Frx5nAvFark=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRF1GPRi8cK9gObUDbbSbt0s1l2N0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZeJDnTxvO+ncLa+sbmVnG7tLO7t39QPjxq6TRTFJs05anqREQjZwKbhhmOHamQJBHHdjS6nfntJ1SapeLBjCWGCRkIFjNKjJUea0GD9QKJSvbKFa/qzeGuEj8nFcjR6JW/gn5KswSFoZxo3fU9acIJUYZRjtNSkGmUhI7IALuWCpKgDifzi6fumVX6bpwqW8K4c/X3xIQkWo+TyHYmxAz1sjcT//O6mYmvwwkTMjMo6GJRnHHXpO7sfbfPFFLDx5YQqpi91aVDogg1NqSSDcFffnmVtGpV/7Lq319U6jd5HEU4gVM4Bx+uoA530IAmUBDwDK/w5mjnxXl3PhatBSefOYY/cD5/ADKJkJ0=</latexit>

2⇧?

<latexit sha1_base64="YWK7xi4Rbr4hITJnPcnuzYKsmqo=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEInkIioh6LvXisYD8gDWWz3bRLN5uwOxFL7MG/4sWDIl79G978N27bHLT1wcDjvRlm5oWp4Bpc99taWl5ZXVsvbZQ3t7Z3du29/aZOMkVZgyYiUe2QaCa4ZA3gIFg7VYzEoWCtcFib+K17pjRP5B2MUhbEpC95xCkBI3Xtww6wB1BxXksyCRr7xMmcYNy1K67jToEXiVeQCipQ79pfnV5Cs5hJoIJo7XtuCkFOFHAq2LjcyTRLCR2SPvMNlSRmOsin94/xiVF6OEqUKQl4qv6eyEms9SgOTWdMYKDnvYn4n+dnEF0FOZdpBkzS2aIoExgSPAkD97hiFMTIEEIVN7diOiCKUDCRlU0I3vzLi6R55ngXjnd7XqleF3GU0BE6RqfIQ5eoim5QHTUQRY/oGb2iN+vJerHerY9Z65JVzBygP7A+fwDw7JYL</latexit> C
o
u
n
ts

[a
.u
.]

<latexit sha1_base64="YWK7xi4Rbr4hITJnPcnuzYKsmqo=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEInkIioh6LvXisYD8gDWWz3bRLN5uwOxFL7MG/4sWDIl79G978N27bHLT1wcDjvRlm5oWp4Bpc99taWl5ZXVsvbZQ3t7Z3du29/aZOMkVZgyYiUe2QaCa4ZA3gIFg7VYzEoWCtcFib+K17pjRP5B2MUhbEpC95xCkBI3Xtww6wB1BxXksyCRr7xMmcYNy1K67jToEXiVeQCipQ79pfnV5Cs5hJoIJo7XtuCkFOFHAq2LjcyTRLCR2SPvMNlSRmOsin94/xiVF6OEqUKQl4qv6eyEms9SgOTWdMYKDnvYn4n+dnEF0FOZdpBkzS2aIoExgSPAkD97hiFMTIEEIVN7diOiCKUDCRlU0I3vzLi6R55ngXjnd7XqleF3GU0BE6RqfIQ5eoim5QHTUQRY/oGb2iN+vJerHerY9Z65JVzBygP7A+fwDw7JYL</latexit> C
o
u
n
ts

[a
.u
.]

<latexit sha1_base64="YrR542+/ieAxLwhJA6nzV6c8gig=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbbbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqnhUkS8gQIlbyeaUxVK3gpHt1O/9ci1EXH0gOOEB4oOItEXjKKVfB/5E2qVVejZpFsqu1V3BrJMvJyUIUe9W/ryezFLFY+QSWpMx3MTDDKqUTDJJ0U/NTyhbEQHvGNpRBU3QTa7eUJOrdIj/VjbipDM1N8TGVXGjFVoOxXFoVn0puJ/XifF/nWQiShJkUdsvqifSoIxmQZAekJzhnJsCWVa2FsJG1JNGdqYijYEb/HlZdI8r3qXVe/+oly7yeMowDGcQAU8uIIa3EEdGsAggWd4hTcndV6cd+dj3rri5DNH8AfO5w/1vJGi</latexit>

(a) S1

10	𝜇𝑚

<latexit sha1_base64="x3R9cnogty6wpLkbhpK41Qm2UIk=">AAAB83icbVBNS8NAEN34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDabTbt0dxN2J2IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemApuwHW/nZXVtfWNzdJWeXtnd2+/cnDYNkmmKWvRRCS6GxLDBFesBRwE66aaERkK1glHt1O/88i04Yl6gHHKAkkGisecErCS7wN7Ai3zWnQ26Veqbt2dAS8TryBVVKDZr3z5UUIzyRRQQYzpeW4KQU40cCrYpOxnhqWEjsiA9SxVRDIT5LObJ/jUKhGOE21LAZ6pvydyIo0Zy9B2SgJDs+hNxf+8XgbxdZBzlWbAFJ0vijOBIcHTAHDENaMgxpYQqrm9FdMh0YSCjalsQ/AWX14m7fO6d1n37i+qjZsijhI6Rieohjx0hRroDjVRC1GUomf0it6czHlx3p2PeeuKU8wcoT9wPn8A+k6RpQ==</latexit>

(d)

75 100
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<latexit sha1_base64="AoYkk1ZrmiaagYA/yDrZOApBt+0=">AAAB83icbVBNS8NAEN34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbabt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuh8yAFBE0UKCEdqKBqVBCKxzdTv3WI2gj4ugBxwkEig0i0RecoZV8H+EJtcoqcDbplspu1Z2BLhMvJ2WSo94tffm9mKcKIuSSGdPx3ASDjGkUXMKk6KcGEsZHbAAdSyOmwATZ7OYJPbVKj/ZjbStCOlN/T2RMGTNWoe1UDIdm0ZuK/3mdFPvXQSaiJEWI+HxRP5UUYzoNgPaEBo5ybAnjWthbKR8yzTjamIo2BG/x5WXSPK96l1Xv/qJcu8njKJBjckIqxCNXpEbuSJ00CCcJeSav5M1JnRfn3fmYt644+cwR+QPn8wf71JGm</latexit>

(e)

field heating
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<latexit sha1_base64="IqvfWRCy6GOfrR77SmSwtJByfgE=">AAACA3icbVDJSgNBEO1xN25Rb3ppDIKnMCOiHoNePImCWSAJoadT0cZehu4aMQ4BL/6KFw+KePUnvPk3dpaDJj4oeLxXRVW9OJHCYRh+B1PTM7Nz8wuLuaXlldW1/PpGxZnUcihzI42txcyBFBrKKFBCLbHAVCyhGt+e9v3qHVgnjL7CbgJNxa616AjO0Eut/FYD4R6tys6NVUyKB2hTblKNrtfKF8JiOACdJNGIFMgIF638V6NteKpAI5fMuXoUJtjMmEXBJfRyjdRBwvgtu4a6p5opcM1s8EOP7nqlTTvG+tJIB+rviYwp57oq9p2K4Y0b9/rif149xc5xMxM6SRE0Hy7qpJKiof1AaFtY4Ci7njBuhb+V8htmGUcfW86HEI2/PEkq+8XosBhdHhRKJ6M4Fsg22SF7JCJHpETOyAUpE04eyTN5JW/BU/ASvAcfw9apYDSzSf4g+PwBKMeYfg==</latexit> N
o
rm

a
li
ze
d
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u
n
ts

<latexit sha1_base64="lJvYxrwdqr7igePyFQeuPhLDvzo=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbbbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqnhUkS8gQIlbyeaUxVK3gpHt1O/9ci1EXH0gOOEB4oOItEXjKKVfB/5E2qVVcKzSbdUdqvuDGSZeDkpQ456t/Tl92KWKh4hk9SYjucmGGRUo2CST4p+anhC2YgOeMfSiCpugmx284ScWqVH+rG2FSGZqb8nMqqMGavQdiqKQ7PoTcX/vE6K/esgE1GSIo/YfFE/lQRjMg2A9ITmDOXYEsq0sLcSNqSaMrQxFW0I3uLLy6R5XvUuq979Rbl2k8dRgGM4gQp4cAU1uIM6NIBBAs/wCm9O6rw4787HvHXFyWeO4A+czx/3QpGj</latexit>

(b)

<latexit sha1_base64="G7pg1HMBjIWHw0KT851vo+PdMPw=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbbbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqnhUkS8gQIlbyeaUxVK3gpHt1O/9ci1EXH0gOOEB4oOItEXjKKVfB/5E2qVVdjZpFsqu1V3BrJMvJyUIUe9W/ryezFLFY+QSWpMx3MTDDKqUTDJJ0U/NTyhbEQHvGNpRBU3QTa7eUJOrdIj/VjbipDM1N8TGVXGjFVoOxXFoVn0puJ/XifF/nWQiShJkUdsvqifSoIxmQZAekJzhnJsCWVa2FsJG1JNGdqYijYEb/HlZdI8r3qXVe/+oly7yeMowDGcQAU8uIIa3EEdGsAggWd4hTcndV6cd+dj3rri5DNH8AfO5w/4yJGk</latexit>

(c)

FIG. S6. Studies of diamagnetism in sample S1. (a) Confocal fluorescence image of sample S1 showing the identified
CeH9 region (enclosed in dotted yellow line). A comparison of the ODMR spectra measured after zero field cooling to
a temperature T = 25 K (below Tc) at two spatial locations: one (b) away from the CeH9 region [purple point in (a)],
and the other (c) on top of the CeH9 region [green point in (a)]. For clarity, all spectra are centered by subtracting the
ODMR shift. As a function of the external field, Hz, the local field, Bz, extracted from these spectra show the diamagnetic
response of CeH9 [maintext Fig. 3(f)]. We measure the temperature dependence of this response [at the green point in (a)].
(should the Π⊥ in figure (b,c) be changed into Πperp?) (d) Applying Hz = 47 G after zero field cooling, we perform ODMR
spectroscopy while heating the sample across Tc (field heating). (e) Similar to sample S2 (shown in maintext), we observe
a clear transition in the diamagnetic response. Four point resistance is measured separately on warming up the sample with
Hz = 0 (after zero field cooling). For sample S1, we are not able to perform simultaneous magnetometry and electrical
resistance measurements due to coupling between the Pt wire for MW delivery and the transport leads. Although, we expect
a suppression in Tc measured via electrical resistance on the application of an external field, the separation between the
magnetic and resistive transitions is larger than expected from this effect alone. A reduction of the temperature gradient in
the sample on disconnecting the MW lines may be responsible for this difference.
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FIG. S7. Spatial studies of diamagnetism in S1. (a) We measure the local suppression in Bz along a line cut in
sample S1. The slope s = ∆Bz/∆Hz for this study is presented in maintext Fig. 3(g). (b) We show plots of the extracted
Bz against the applied external field Hz at fifteen spatial points (indexed) along the line cut. Linear fits to the extracted
values of Bz show a clear suppression in two regions of the sample (enclosed in dotted yellow line in (a)).
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<latexit sha1_base64="YrR542+/ieAxLwhJA6nzV6c8gig=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbbbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqnhUkS8gQIlbyeaUxVK3gpHt1O/9ci1EXH0gOOEB4oOItEXjKKVfB/5E2qVVejZpFsqu1V3BrJMvJyUIUe9W/ryezFLFY+QSWpMx3MTDDKqUTDJJ0U/NTyhbEQHvGNpRBU3QTa7eUJOrdIj/VjbipDM1N8TGVXGjFVoOxXFoVn0puJ/XifF/nWQiShJkUdsvqifSoIxmQZAekJzhnJsCWVa2FsJG1JNGdqYijYEb/HlZdI8r3qXVe/+oly7yeMowDGcQAU8uIIa3EEdGsAggWd4hTcndV6cd+dj3rri5DNH8AfO5w/1vJGi</latexit>

(a)
<latexit sha1_base64="lJvYxrwdqr7igePyFQeuPhLDvzo=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbbbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqnhUkS8gQIlbyeaUxVK3gpHt1O/9ci1EXH0gOOEB4oOItEXjKKVfB/5E2qVVcKzSbdUdqvuDGSZeDkpQ456t/Tl92KWKh4hk9SYjucmGGRUo2CST4p+anhC2YgOeMfSiCpugmx284ScWqVH+rG2FSGZqb8nMqqMGavQdiqKQ7PoTcX/vE6K/esgE1GSIo/YfFE/lQRjMg2A9ITmDOXYEsq0sLcSNqSaMrQxFW0I3uLLy6R5XvUuq979Rbl2k8dRgGM4gQp4cAU1uIM6NIBBAs/wCm9O6rw4787HvHXFyWeO4A+czx/3QpGj</latexit>

(b)

<latexit sha1_base64="G7pg1HMBjIWHw0KT851vo+PdMPw=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbbbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqnhUkS8gQIlbyeaUxVK3gpHt1O/9ci1EXH0gOOEB4oOItEXjKKVfB/5E2qVVdjZpFsqu1V3BrJMvJyUIUe9W/ryezFLFY+QSWpMx3MTDDKqUTDJJ0U/NTyhbEQHvGNpRBU3QTa7eUJOrdIj/VjbipDM1N8TGVXGjFVoOxXFoVn0puJ/XifF/nWQiShJkUdsvqifSoIxmQZAekJzhnJsCWVa2FsJG1JNGdqYijYEb/HlZdI8r3qXVe/+oly7yeMowDGcQAU8uIIa3EEdGsAggWd4hTcndV6cd+dj3rri5DNH8AfO5w/4yJGk</latexit>

(c)
<latexit sha1_base64="x3R9cnogty6wpLkbhpK41Qm2UIk=">AAAB83icbVBNS8NAEN34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDabTbt0dxN2J2IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemApuwHW/nZXVtfWNzdJWeXtnd2+/cnDYNkmmKWvRRCS6GxLDBFesBRwE66aaERkK1glHt1O/88i04Yl6gHHKAkkGisecErCS7wN7Ai3zWnQ26Veqbt2dAS8TryBVVKDZr3z5UUIzyRRQQYzpeW4KQU40cCrYpOxnhqWEjsiA9SxVRDIT5LObJ/jUKhGOE21LAZ6pvydyIo0Zy9B2SgJDs+hNxf+8XgbxdZBzlWbAFJ0vijOBIcHTAHDENaMgxpYQqrm9FdMh0YSCjalsQ/AWX14m7fO6d1n37i+qjZsijhI6Rieohjx0hRroDjVRC1GUomf0it6czHlx3p2PeeuKU8wcoT9wPn8A+k6RpQ==</latexit>

(d)

<latexit sha1_base64="xTnVU9LIIvMUIutHcVm1RgxoeJo=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVvV6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfd2Mvw==</latexit>

1
<latexit sha1_base64="htDuQjORXNou1hfoTFX09yID8ig=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJryPRi0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHssHM07Qj+hA8pAzaqxUr/SKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/AmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+SZqXsXZUv6xel6m0WRx5O4BTOwYNrqMI91KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AH9hjMA=</latexit>

2
<latexit sha1_base64="weoL8WmA1iDu0bFMSrtSLdtU9Sg=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9H4lePEIijwQ2ZHZoYGR2djMza0I2fIEXDxrj1U/y5t84wB4UrKSTSlV3uruCWHBtXPfbya2srq1v5DcLW9s7u3vF/YOGjhLFsM4iEalWQDUKLrFuuBHYihXSMBDYDEZ3U7/5hErzSD6YcYx+SAeS9zmjxkq1826x5JbdGcgy8TJSggzVbvGr04tYEqI0TFCt254bGz+lynAmcFLoJBpjykZ0gG1LJQ1R++ns0Ak5sUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dOTP/GT7mME4OSzRf1E0FMRKZfkx5XyIwYW0KZ4vZWwoZUUWZsNgUbgrf48jJpnJW9q/Jl7aJUuc3iyMMRHMMpeHANFbiHKtSBAcIzvMKb8+i8OO/Ox7w152Qzh/AHzucPgOWMwQ==</latexit>

3

<latexit sha1_base64="VFuKpcP2szKC8d4watpjz6oE7OE=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBLx61j04rGC/YA2lM120q7dbMLuRiihv8CLB8Wrv8mb/8Ztm4O2Phh4vDfDzLwwFVwbz/t2SmvrG5tb5W13Z3dv/6DiHrZ0kimGTZaIRHVCqlFwiU3DjcBOqpDGocB2OL6b+e1nVJon8tFMUgxiOpQ84owaKz1c9CtVr+bNQVaJX5AqFGj0K1+9QcKyGKVhgmrd9b3UBDlVhjOBU7eXaUwpG9Mhdi2VNEYd5PNDp+TUKgMSJcqWNGSu/p7Iaaz1JA5tZ0zNSC97M/E/r5uZ6CbIuUwzg5ItFkWZICYhs6/JgCtkRkwsoUxxeythI6ooMzYb14bgL7+8SlrnNf+qdlmt3xZhlOEYTuAMfLiGOtxDA5rAAOEF3uDdeXJenY9FY8kpJo7gD5zPHxfri5g=</latexit>

4
<latexit sha1_base64="KMJ6kVEvOunAZ4fdE5RhwdRbsKg=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNqEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipXukVS27ZnYOsEi8jJchQ6xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yP3RKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhPe+BMuk9SgZItFYSqIicnsa9LnCpkRY0soU9zeStiQKsqMzaZgQ/CWX14lzYuyd1Wu1C9L1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIPtjMM=</latexit>

5
<latexit sha1_base64="HG1k8xjZ7LaHsYp6pYNnL7yqLms=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNokeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipXukVS27ZnYOsEi8jJchQ6xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yP3RKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhPe+BMuk9SgZItFYSqIicnsa9LnCpkRY0soU9zeStiQKsqMzaZgQ/CWX14lzYuyVylf1S9L1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIVxjMQ=</latexit>

6

<latexit sha1_base64="xTnVU9LIIvMUIutHcVm1RgxoeJo=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVvV6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfd2Mvw==</latexit>

1
<latexit sha1_base64="htDuQjORXNou1hfoTFX09yID8ig=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJryPRi0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHssHM07Qj+hA8pAzaqxUr/SKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/AmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+SZqXsXZUv6xel6m0WRx5O4BTOwYNrqMI91KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AH9hjMA=</latexit>

2
<latexit sha1_base64="weoL8WmA1iDu0bFMSrtSLdtU9Sg=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9H4lePEIijwQ2ZHZoYGR2djMza0I2fIEXDxrj1U/y5t84wB4UrKSTSlV3uruCWHBtXPfbya2srq1v5DcLW9s7u3vF/YOGjhLFsM4iEalWQDUKLrFuuBHYihXSMBDYDEZ3U7/5hErzSD6YcYx+SAeS9zmjxkq1826x5JbdGcgy8TJSggzVbvGr04tYEqI0TFCt254bGz+lynAmcFLoJBpjykZ0gG1LJQ1R++ns0Ak5sUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dOTP/GT7mME4OSzRf1E0FMRKZfkx5XyIwYW0KZ4vZWwoZUUWZsNgUbgrf48jJpnJW9q/Jl7aJUuc3iyMMRHMMpeHANFbiHKtSBAcIzvMKb8+i8OO/Ox7w152Qzh/AHzucPgOWMwQ==</latexit>

3

<latexit sha1_base64="VFuKpcP2szKC8d4watpjz6oE7OE=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBLx61j04rGC/YA2lM120q7dbMLuRiihv8CLB8Wrv8mb/8Ztm4O2Phh4vDfDzLwwFVwbz/t2SmvrG5tb5W13Z3dv/6DiHrZ0kimGTZaIRHVCqlFwiU3DjcBOqpDGocB2OL6b+e1nVJon8tFMUgxiOpQ84owaKz1c9CtVr+bNQVaJX5AqFGj0K1+9QcKyGKVhgmrd9b3UBDlVhjOBU7eXaUwpG9Mhdi2VNEYd5PNDp+TUKgMSJcqWNGSu/p7Iaaz1JA5tZ0zNSC97M/E/r5uZ6CbIuUwzg5ItFkWZICYhs6/JgCtkRkwsoUxxeythI6ooMzYb14bgL7+8SlrnNf+qdlmt3xZhlOEYTuAMfLiGOtxDA5rAAOEF3uDdeXJenY9FY8kpJo7gD5zPHxfri5g=</latexit>

4
<latexit sha1_base64="KMJ6kVEvOunAZ4fdE5RhwdRbsKg=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNqEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipXukVS27ZnYOsEi8jJchQ6xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yP3RKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhPe+BMuk9SgZItFYSqIicnsa9LnCpkRY0soU9zeStiQKsqMzaZgQ/CWX14lzYuyd1Wu1C9L1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIPtjMM=</latexit>

5
<latexit sha1_base64="HG1k8xjZ7LaHsYp6pYNnL7yqLms=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNokeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipXukVS27ZnYOsEi8jJchQ6xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yP3RKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhPe+BMuk9SgZItFYSqIicnsa9LnCpkRY0soU9zeStiQKsqMzaZgQ/CWX14lzYuyVylf1S9L1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIVxjMQ=</latexit>

6

FIG. S8. Spatial studies of diamagnetism in S2. Spatial studies in sample S2 along two orthogonal line cuts [insets
in (b) and (d)] on top of the identified CeH9 region (enclosed in dotted yellow). (a) The Bz values extracted from ODMR
spectra are plotting against the applied external field, Hz, for six spatial points (indexed) along the line cut shown in inset
of (b). (b) Similar to sample S1 [maintext Fig. 3(g)], we measure a spatially varying suppression in the local field suggesting
the formation of ≈ 10µm regions of CeH9 via laser heating. (c-d) A repeat of the study for six spatial points along an
orthogonal line cut (inset of (d)).
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<latexit sha1_base64="YrR542+/ieAxLwhJA6nzV6c8gig=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbbbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqnhUkS8gQIlbyeaUxVK3gpHt1O/9ci1EXH0gOOEB4oOItEXjKKVfB/5E2qVVejZpFsqu1V3BrJMvJyUIUe9W/ryezFLFY+QSWpMx3MTDDKqUTDJJ0U/NTyhbEQHvGNpRBU3QTa7eUJOrdIj/VjbipDM1N8TGVXGjFVoOxXFoVn0puJ/XifF/nWQiShJkUdsvqifSoIxmQZAekJzhnJsCWVa2FsJG1JNGdqYijYEb/HlZdI8r3qXVe/+oly7yeMowDGcQAU8uIIa3EEdGsAggWd4hTcndV6cd+dj3rri5DNH8AfO5w/1vJGi</latexit>

(a)
<latexit sha1_base64="lJvYxrwdqr7igePyFQeuPhLDvzo=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbbbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqnhUkS8gQIlbyeaUxVK3gpHt1O/9ci1EXH0gOOEB4oOItEXjKKVfB/5E2qVVcKzSbdUdqvuDGSZeDkpQ456t/Tl92KWKh4hk9SYjucmGGRUo2CST4p+anhC2YgOeMfSiCpugmx284ScWqVH+rG2FSGZqb8nMqqMGavQdiqKQ7PoTcX/vE6K/esgE1GSIo/YfFE/lQRjMg2A9ITmDOXYEsq0sLcSNqSaMrQxFW0I3uLLy6R5XvUuq979Rbl2k8dRgGM4gQp4cAU1uIM6NIBBAs/wCm9O6rw4787HvHXFyWeO4A+czx/3QpGj</latexit>

(b)
<latexit sha1_base64="G7pg1HMBjIWHw0KT851vo+PdMPw=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbbbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqnhUkS8gQIlbyeaUxVK3gpHt1O/9ci1EXH0gOOEB4oOItEXjKKVfB/5E2qVVdjZpFsqu1V3BrJMvJyUIUe9W/ryezFLFY+QSWpMx3MTDDKqUTDJJ0U/NTyhbEQHvGNpRBU3QTa7eUJOrdIj/VjbipDM1N8TGVXGjFVoOxXFoVn0puJ/XifF/nWQiShJkUdsvqifSoIxmQZAekJzhnJsCWVa2FsJG1JNGdqYijYEb/HlZdI8r3qXVe/+oly7yeMowDGcQAU8uIIa3EEdGsAggWd4hTcndV6cd+dj3rri5DNH8AfO5w/4yJGk</latexit>

(c)
<latexit sha1_base64="x3R9cnogty6wpLkbhpK41Qm2UIk=">AAAB83icbVBNS8NAEN34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDabTbt0dxN2J2IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemApuwHW/nZXVtfWNzdJWeXtnd2+/cnDYNkmmKWvRRCS6GxLDBFesBRwE66aaERkK1glHt1O/88i04Yl6gHHKAkkGisecErCS7wN7Ai3zWnQ26Veqbt2dAS8TryBVVKDZr3z5UUIzyRRQQYzpeW4KQU40cCrYpOxnhqWEjsiA9SxVRDIT5LObJ/jUKhGOE21LAZ6pvydyIo0Zy9B2SgJDs+hNxf+8XgbxdZBzlWbAFJ0vijOBIcHTAHDENaMgxpYQqrm9FdMh0YSCjalsQ/AWX14m7fO6d1n37i+qjZsijhI6Rieohjx0hRroDjVRC1GUomf0it6czHlx3p2PeeuKU8wcoT9wPn8A+k6RpQ==</latexit>

(d)

<latexit sha1_base64="AoYkk1ZrmiaagYA/yDrZOApBt+0=">AAAB83icbVBNS8NAEN34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbabt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuh8yAFBE0UKCEdqKBqVBCKxzdTv3WI2gj4ugBxwkEig0i0RecoZV8H+EJtcoqcDbplspu1Z2BLhMvJ2WSo94tffm9mKcKIuSSGdPx3ASDjGkUXMKk6KcGEsZHbAAdSyOmwATZ7OYJPbVKj/ZjbStCOlN/T2RMGTNWoe1UDIdm0ZuK/3mdFPvXQSaiJEWI+HxRP5UUYzoNgPaEBo5ybAnjWthbKR8yzTjamIo2BG/x5WXSPK96l1Xv/qJcu8njKJBjckIqxCNXpEbuSJ00CCcJeSav5M1JnRfn3fmYt644+cwR+QPn8wf71JGm</latexit>

(e)
<latexit sha1_base64="Ge76U81O3VJbeAFqHRQaN6seEHI=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUjbbTbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUkS8gQIlbyeaUxVI3gpGt1O/9ci1EXH0gOOEdxUdRCIUjKKVfB/5E2qVVcKzSa9UdqvuDGSZeDkpQ456r/Tl92OWKh4hk9SYjucm2M2oRsEknxT91PCEshEd8I6lEVXcdLPZzRNyapU+CWNtK0IyU39PZFQZM1aB7VQUh2bRm4r/eZ0Uw+tuJqIkRR6x+aIwlQRjMg2A9IXmDOXYEsq0sLcSNqSaMrQxFW0I3uLLy6R5XvUuq979Rbl2k8dRgGM4gQp4cAU1uIM6NIBBAs/wCm9O6rw4787HvHXFyWeO4A+czx/9WpGn</latexit>

(f)
<latexit sha1_base64="7d5w1ik9xmybJ5TI1dPeFAXRVyQ=">AAAB83icbVBNS8NAEN34WetX1aOXxSLUS0lE1GPRi8cK9gOaUjbbSbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuB8yAFBE0UKCEdqKBqUBCKxjdTv3WI2gj4ugBxwl0FRtEIhScoZV8H+EJtcoqg7NJr1R2q+4MdJl4OSmTHPVe6cvvxzxVECGXzJiO5ybYzZhGwSVMin5qIGF8xAbQsTRiCkw3m908oadW6dMw1rYipDP190TGlDFjFdhOxXBoFr2p+J/XSTG87mYiSlKEiM8XhamkGNNpALQvNHCUY0sY18LeSvmQacbRxlS0IXiLLy+T5nnVu6x69xfl2k0eR4EckxNSIR65IjVyR+qkQThJyDN5JW9O6rw4787HvHXFyWeOyB84nz/+4JGo</latexit>

(g)
<latexit sha1_base64="5eAr+1VxLPeJer4hSoqFA7tFels=">AAAB83icbVBNS8NAEN34WetX1aOXxSLUS0lE1GPRi8cK9gOaUjbbSbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuB8yAFBE0UKCEdqKBqUBCKxjdTv3WI2gj4ugBxwl0FRtEIhScoZV8H+EJtcoqw7NJr1R2q+4MdJl4OSmTHPVe6cvvxzxVECGXzJiO5ybYzZhGwSVMin5qIGF8xAbQsTRiCkw3m908oadW6dMw1rYipDP190TGlDFjFdhOxXBoFr2p+J/XSTG87mYiSlKEiM8XhamkGNNpALQvNHCUY0sY18LeSvmQacbRxlS0IXiLLy+T5nnVu6x69xfl2k0eR4EckxNSIR65IjVyR+qkQThJyDN5JW9O6rw4787HvHXFyWeOyB84nz8AdZGp</latexit>

(h)

field cooling field cooling field coolingfield cooling

field cooling field cooling field coolingfield cooling

FIG. S9. Comparison of ODMR splitting and Bz on field cooling S2 at Hz = 79 G. Measurements of four point
electrical resistance and the ODMR splitting, ∆, at four spatial locations [shown in maintext Fig. 4(b)]: (a,b) two points
on top the synthesized CeH9 (blue and orange), (c) one point at the edge of this region (green), and (d) one point away
from region (yellow). (a,b) On top of the CeH9 region, we measure a decrease in ∆ ≈ (2π)× 15 MHz as we cool below the
transition point. (c) In contrast, at the edge of this region, we measure an increase in ∆ ≈ (2π)× 15 MHz. (d) Away from
the CeH9 region we do not measure an appreciable change in ∆ across the transition point (determined via simultaneous
electrical resistance measurements). (e,f,g,h) For the ∆ values measured at each spatial point, we extract the magnetic field,
Bz, based on the 2Π⊥ stress splitting (measured at the same spatial point at Hz = 0 G after zero field cooling to T = 86 K).
Systematic disagreement between Bz and Hz for T > Tc may stem from inaccurate determination of 2Π⊥ or change in the
value of 2Π⊥ with temperature.



18

3.5 4.0 4.5
Frequency [GHz]

0.99

1.00

C
on

tr
as

t

°100 0 100
Hz [G]

0

100

|B
z
|[

G
]

°100 0 100
Hz [G]

°100

0

100

B
z

[G
]

3.5 4.0 4.5
Frequency [GHz]

0.99

1.00
C

on
tr

as
t

°100 0 100
Hz [G]

0

100

|B
z
|[

G
]

°100 0 100
Hz [G]

°100

0

100

B
z

[G
]

3.5 4.0 4.5
Frequency [GHz]

0.99

1.00

C
on

tr
as

t

°100 0 100
Hz [G]

0

100
|B

z
|[

G
]

°100 0 100
Hz [G]

°100

0

100

B
z

[G
]

3.5 4.0 4.5
Frequency [GHz]

0.99

1.00

C
on

tr
as

t

°100 0 100
Hz [G]

0

100

|B
z
|[

G
]

°100 0 100
Hz [G]

°100

0

100
B

z
[G

]

3.5 4.0 4.5
Frequency [GHz]

0.99

1.00

C
on

tr
as

t

°100 0 100
Hz [G]

0

100

|B
z
|[

G
]

°100 0 100
Hz [G]

°100

0

100

B
z

[G
]

<latexit sha1_base64="YrR542+/ieAxLwhJA6nzV6c8gig=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbbbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqnhUkS8gQIlbyeaUxVK3gpHt1O/9ci1EXH0gOOEB4oOItEXjKKVfB/5E2qVVejZpFsqu1V3BrJMvJyUIUe9W/ryezFLFY+QSWpMx3MTDDKqUTDJJ0U/NTyhbEQHvGNpRBU3QTa7eUJOrdIj/VjbipDM1N8TGVXGjFVoOxXFoVn0puJ/XifF/nWQiShJkUdsvqifSoIxmQZAekJzhnJsCWVa2FsJG1JNGdqYijYEb/HlZdI8r3qXVe/+oly7yeMowDGcQAU8uIIa3EEdGsAggWd4hTcndV6cd+dj3rri5DNH8AfO5w/1vJGi</latexit>

(a)
<latexit sha1_base64="lJvYxrwdqr7igePyFQeuPhLDvzo=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbbbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqnhUkS8gQIlbyeaUxVK3gpHt1O/9ci1EXH0gOOEB4oOItEXjKKVfB/5E2qVVcKzSbdUdqvuDGSZeDkpQ456t/Tl92KWKh4hk9SYjucmGGRUo2CST4p+anhC2YgOeMfSiCpugmx284ScWqVH+rG2FSGZqb8nMqqMGavQdiqKQ7PoTcX/vE6K/esgE1GSIo/YfFE/lQRjMg2A9ITmDOXYEsq0sLcSNqSaMrQxFW0I3uLLy6R5XvUuq979Rbl2k8dRgGM4gQp4cAU1uIM6NIBBAs/wCm9O6rw4787HvHXFyWeO4A+czx/3QpGj</latexit>

(b)
<latexit sha1_base64="G7pg1HMBjIWHw0KT851vo+PdMPw=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbbbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqnhUkS8gQIlbyeaUxVK3gpHt1O/9ci1EXH0gOOEB4oOItEXjKKVfB/5E2qVVdjZpFsqu1V3BrJMvJyUIUe9W/ryezFLFY+QSWpMx3MTDDKqUTDJJ0U/NTyhbEQHvGNpRBU3QTa7eUJOrdIj/VjbipDM1N8TGVXGjFVoOxXFoVn0puJ/XifF/nWQiShJkUdsvqifSoIxmQZAekJzhnJsCWVa2FsJG1JNGdqYijYEb/HlZdI8r3qXVe/+oly7yeMowDGcQAU8uIIa3EEdGsAggWd4hTcndV6cd+dj3rri5DNH8AfO5w/4yJGk</latexit>

(c)

<latexit sha1_base64="x3R9cnogty6wpLkbhpK41Qm2UIk=">AAAB83icbVBNS8NAEN34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDabTbt0dxN2J2IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemApuwHW/nZXVtfWNzdJWeXtnd2+/cnDYNkmmKWvRRCS6GxLDBFesBRwE66aaERkK1glHt1O/88i04Yl6gHHKAkkGisecErCS7wN7Ai3zWnQ26Veqbt2dAS8TryBVVKDZr3z5UUIzyRRQQYzpeW4KQU40cCrYpOxnhqWEjsiA9SxVRDIT5LObJ/jUKhGOE21LAZ6pvydyIo0Zy9B2SgJDs+hNxf+8XgbxdZBzlWbAFJ0vijOBIcHTAHDENaMgxpYQqrm9FdMh0YSCjalsQ/AWX14m7fO6d1n37i+qjZsijhI6Rieohjx0hRroDjVRC1GUomf0it6czHlx3p2PeeuKU8wcoT9wPn8A+k6RpQ==</latexit>

(d)
<latexit sha1_base64="AoYkk1ZrmiaagYA/yDrZOApBt+0=">AAAB83icbVBNS8NAEN34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbabt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuh8yAFBE0UKCEdqKBqVBCKxzdTv3WI2gj4ugBxwkEig0i0RecoZV8H+EJtcoqcDbplspu1Z2BLhMvJ2WSo94tffm9mKcKIuSSGdPx3ASDjGkUXMKk6KcGEsZHbAAdSyOmwATZ7OYJPbVKj/ZjbStCOlN/T2RMGTNWoe1UDIdm0ZuK/3mdFPvXQSaiJEWI+HxRP5UUYzoNgPaEBo5ybAnjWthbKR8yzTjamIo2BG/x5WXSPK96l1Xv/qJcu8njKJBjckIqxCNXpEbuSJ00CCcJeSav5M1JnRfn3fmYt644+cwR+QPn8wf71JGm</latexit>

(e)
<latexit sha1_base64="Ge76U81O3VJbeAFqHRQaN6seEHI=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUjbbTbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUkS8gQIlbyeaUxVI3gpGt1O/9ci1EXH0gOOEdxUdRCIUjKKVfB/5E2qVVcKzSa9UdqvuDGSZeDkpQ456r/Tl92OWKh4hk9SYjucm2M2oRsEknxT91PCEshEd8I6lEVXcdLPZzRNyapU+CWNtK0IyU39PZFQZM1aB7VQUh2bRm4r/eZ0Uw+tuJqIkRR6x+aIwlQRjMg2A9IXmDOXYEsq0sLcSNqSaMrQxFW0I3uLLy6R5XvUuq979Rbl2k8dRgGM4gQp4cAU1uIM6NIBBAs/wCm9O6rw4787HvHXFyWeO4A+czx/9WpGn</latexit>

(f)

<latexit sha1_base64="7d5w1ik9xmybJ5TI1dPeFAXRVyQ=">AAAB83icbVBNS8NAEN34WetX1aOXxSLUS0lE1GPRi8cK9gOaUjbbSbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuB8yAFBE0UKCEdqKBqUBCKxjdTv3WI2gj4ugBxwl0FRtEIhScoZV8H+EJtcoqg7NJr1R2q+4MdJl4OSmTHPVe6cvvxzxVECGXzJiO5ybYzZhGwSVMin5qIGF8xAbQsTRiCkw3m908oadW6dMw1rYipDP190TGlDFjFdhOxXBoFr2p+J/XSTG87mYiSlKEiM8XhamkGNNpALQvNHCUY0sY18LeSvmQacbRxlS0IXiLLy+T5nnVu6x69xfl2k0eR4EckxNSIR65IjVyR+qkQThJyDN5JW9O6rw4787HvHXFyWeOyB84nz/+4JGo</latexit>

(g)
<latexit sha1_base64="5eAr+1VxLPeJer4hSoqFA7tFels=">AAAB83icbVBNS8NAEN34WetX1aOXxSLUS0lE1GPRi8cK9gOaUjbbSbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuB8yAFBE0UKCEdqKBqUBCKxjdTv3WI2gj4ugBxwl0FRtEIhScoZV8H+EJtcoqw7NJr1R2q+4MdJl4OSmTHPVe6cvvxzxVECGXzJiO5ybYzZhGwSVMin5qIGF8xAbQsTRiCkw3m908oadW6dMw1rYipDP190TGlDFjFdhOxXBoFr2p+J/XSTG87mYiSlKEiM8XhamkGNNpALQvNHCUY0sY18LeSvmQacbRxlS0IXiLLy+T5nnVu6x69xfl2k0eR4EckxNSIR65IjVyR+qkQThJyDN5JW9O6rw4787HvHXFyWeOyB84nz8AdZGp</latexit>

(h)
<latexit sha1_base64="DL23Sy1sexUfOBHZnuTmhZRlhXY=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbbbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqnhUkS8gQIlbyeaUxVK3gpHt1O/9ci1EXH0gOOEB4oOItEXjKKVfB/5E2qVVcTZpFsqu1V3BrJMvJyUIUe9W/ryezFLFY+QSWpMx3MTDDKqUTDJJ0U/NTyhbEQHvGNpRBU3QTa7eUJOrdIj/VjbipDM1N8TGVXGjFVoOxXFoVn0puJ/XifF/nWQiShJkUdsvqifSoIxmQZAekJzhnJsCWVa2FsJG1JNGdqYijYEb/HlZdI8r3qXVe/+oly7yeMowDGcQAU8uIIa3EEdGsAggWd4hTcndV6cd+dj3rri5DNH8AfO5w8B+5Gq</latexit>

(i)

<latexit sha1_base64="aBiDbF1TDadQnwHudiXrMPUcAlw=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0WvXisYD+gu5Rsmm1jk+ySzIpl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzwkRwA6777RRWVtfWN4qbpa3tnd298v5By8SppqxJYxHrTkgME1yxJnAQrJNoRmQoWDsc3Uz99iPThsfqHsYJCyQZKB5xSsBKvg/sCbTMqg+nk1654tbcGfAy8XJSQTkavfKX349pKpkCKogxXc9NIMiIBk4Fm5T81LCE0BEZsK6likhmgmx28wSfWKWPo1jbUoBn6u+JjEhjxjK0nZLA0Cx6U/E/r5tCdBVkXCUpMEXni6JUYIjxNADc55pREGNLCNXc3orpkGhCwcZUsiF4iy8vk9ZZzbuoeXfnlfp1HkcRHaFjVEUeukR1dIsaqIkoStAzekVvTuq8OO/Ox7y14OQzh+gPnM8fA4GRqw==</latexit>

(j)
<latexit sha1_base64="t55Y+1jaegv1C2nsb6sujCahaGo=">AAAB83icbVBNS8NAEN34WetX1aOXxSLUS0lE1GPRi8cK9gOaUjbbSbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuB8yAFBE0UKCEdqKBqUBCKxjdTv3WI2gj4ugBxwl0FRtEIhScoZV8H+EJtcoqo7NJr1R2q+4MdJl4OSmTHPVe6cvvxzxVECGXzJiO5ybYzZhGwSVMin5qIGF8xAbQsTRiCkw3m908oadW6dMw1rYipDP190TGlDFjFdhOxXBoFr2p+J/XSTG87mYiSlKEiM8XhamkGNNpALQvNHCUY0sY18LeSvmQacbRxlS0IXiLLy+T5nnVu6x69xfl2k0eR4EckxNSIR65IjVyR+qkQThJyDN5JW9O6rw4787HvHXFyWeOyB84nz8FB5Gs</latexit>

(k)
<latexit sha1_base64="I4/AN1AskuPpsBhE26jY1mr+w0c=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbbbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqnhUkS8gQIlbyeaUxVK3gpHt1O/9ci1EXH0gOOEB4oOItEXjKKVfB/5E2qVVeTZpFsqu1V3BrJMvJyUIUe9W/ryezFLFY+QSWpMx3MTDDKqUTDJJ0U/NTyhbEQHvGNpRBU3QTa7eUJOrdIj/VjbipDM1N8TGVXGjFVoOxXFoVn0puJ/XifF/nWQiShJkUdsvqifSoIxmQZAekJzhnJsCWVa2FsJG1JNGdqYijYEb/HlZdI8r3qXVe/+oly7yeMowDGcQAU8uIIa3EEdGsAggWd4hTcndV6cd+dj3rri5DNH8AfO5w8GjZGt</latexit>

(l)

<latexit sha1_base64="Fcxf4WM7XFv5x3nwjNDPGi//tyE=">AAAB83icbVBNS8NAEN34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbabt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuh8yAFBE0UKCEdqKBqVBCKxzdTv3WI2gj4ugBxwkEig0i0RecoZV8H+EJtcoq6mzSLZXdqjsDXSZeTsokR71b+vJ7MU8VRMglM6bjuQkGGdMouIRJ0U8NJIyP2AA6lkZMgQmy2c0TemqVHu3H2laEdKb+nsiYMmasQtupGA7NojcV//M6Kfavg0xESYoQ8fmifiopxnQaAO0JDRzl2BLGtbC3Uj5kmnG0MRVtCN7iy8ukeV71Lqve/UW5dpPHUSDH5IRUiEeuSI3ckTppEE4S8kxeyZuTOi/Ou/Mxb11x8pkj8gfO5w8IE5Gu</latexit>

(m)
<latexit sha1_base64="G2ybtnCUdzHsoj6wTNHuo+tekkk=">AAAB83icbVBNS8NAEN34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbabt0swm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuh8yAFAoaKFBCO9HAolBCKxzdTv3WI2gjYvWA4wSCiA2U6AvO0Eq+j/CEOsoq6mzSLZXdqjsDXSZeTsokR71b+vJ7MU8jUMglM6bjuQkGGdMouIRJ0U8NJIyP2AA6lioWgQmy2c0TemqVHu3H2pZCOlN/T2QsMmYchbYzYjg0i95U/M/rpNi/DjKhkhRB8fmifiopxnQaAO0JDRzl2BLGtbC3Uj5kmnG0MRVtCN7iy8ukeV71Lqve/UW5dpPHUSDH5IRUiEeuSI3ckTppEE4S8kxeyZuTOi/Ou/Mxb11x8pkj8gfO5w8JmZGv</latexit>

(n)
<latexit sha1_base64="897t4V0O9hhLv7PZX/+DsNQ6PhQ=">AAAB83icbVDLSgNBEJz1GeMr6tHLYBDiJeyKqMegF48RzAOyS5idTJIh81hmesWw5De8eFDEqz/jzb9xkuxBEwsaiqpuurviRHALvv/trayurW9sFraK2zu7e/ulg8Om1amhrEG10KYdE8sEV6wBHARrJ4YRGQvWike3U7/1yIzlWj3AOGGRJAPF+5wScFIYAnsCI7OKPpt0S2W/6s+Al0mQkzLKUe+WvsKepqlkCqgg1nYCP4EoIwY4FWxSDFPLEkJHZMA6jioimY2y2c0TfOqUHu5r40oBnqm/JzIirR3L2HVKAkO76E3F/7xOCv3rKOMqSYEpOl/UTwUGjacB4B43jIIYO0Ko4e5WTIfEEAoupqILIVh8eZk0z6vBZTW4vyjXbvI4CugYnaAKCtAVqqE7VEcNRFGCntErevNS78V79z7mrStePnOE/sD7/AELH5Gw</latexit>

(o)

<latexit sha1_base64="qKctShMCbKUUyVLAb5Jnl4iQ6vs=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyUR0V6EohfBS4V+QRvKZrtpl+5uwu5ErKH+ES8eFPHqT/Hmv3Hb5qCtDwYe780wMy+IOdPgut9WbmV1bX0jv1nY2t7ZLdp7+00dJYrQBol4pNoB1pQzSRvAgNN2rCgWAaetYHQ99Vv3VGkWyTqMY+oLPJAsZASDkXp2sX5Z8Z66QB9AifR20rNLbtmdwVkmXkZKKEOtZ391+xFJBJVAONa647kx+ClWwAink0I30TTGZIQHtGOoxIJqP50dPnGOjdJ3wkiZkuDM1N8TKRZaj0VgOgWGoV70puJ/XieBsOKnTMYJUEnmi8KEOxA50xScPlOUAB8bgoli5laHDLHCBExWBROCt/jyMmmelr3zsnd3VqpeZXHk0SE6QifIQxeoim5QDTUQQQl6Rq/ozXq0Xqx362PemrOymQP0B9bnD4OgkwI=</latexit> T
=

8
1
K

<latexit sha1_base64="QV/VwcC0eqLr98rztKGuqh9AC74=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURqV6EohfBS4V+QRvKZrtpl+5uwu5ErKH+ES8eFPHqT/Hmv3Hb5qCtDwYe780wMy+IOdPgut9WbmV1bX0jv1nY2t7ZLdp7+00dJYrQBol4pNoB1pQzSRvAgNN2rCgWAaetYHQ99Vv3VGkWyTqMY+oLPJAsZASDkXp2sX5Z8Z66QB9AifR20rNLbtmdwVkmXkZKKEOtZ391+xFJBJVAONa647kx+ClWwAink0I30TTGZIQHtGOoxIJqP50dPnGOjdJ3wkiZkuDM1N8TKRZaj0VgOgWGoV70puJ/XieB8MJPmYwToJLMF4UJdyBypik4faYoAT42BBPFzK0OGWKFCZisCiYEb/HlZdI8LXuVsnd3VqpeZXHk0SE6QifIQ+eoim5QDTUQQQl6Rq/ozXq0Xqx362PemrOymQP0B9bnD4CAkwA=</latexit> T
=

6
1
K

<latexit sha1_base64="i85avE5ntZBbsQDcpH+Oj+OwV8U=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoiUr0IRS+Clwr9gjaUzXbTLt1swu5ErKH+ES8eFPHqT/Hmv3Hb5qCtDwYe780wM8+PBdfgON9WbmV1bX0jv1nY2t7ZLdp7+00dJYqyBo1EpNo+0UxwyRrAQbB2rBgJfcFa/uh66rfumdI8knUYx8wLyUDygFMCRurZxfplpfLUBfYAKkxvJz275JSdGfAycTNSQhlqPfur249oEjIJVBCtO64Tg5cSBZwKNil0E81iQkdkwDqGShIy7aWzwyf42Ch9HETKlAQ8U39PpCTUehz6pjMkMNSL3lT8z+skEFx4KZdxAkzS+aIgERgiPE0B97liFMTYEEIVN7diOiSKUDBZFUwI7uLLy6R5WnYrZffurFS9yuLIo0N0hE6Qi85RFd2gGmogihL0jF7Rm/VovVjv1se8NWdlMwfoD6zPH4hLkwU=</latexit> T
=

6
6
K

<latexit sha1_base64="ScesN7Gidr7996Dr5JIKeri31WM=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQirReh6EXwUqFf0Iay2W7apbubsDsRa6h/xIsHRbz6U7z5b9y2OWjrg4HHezPMzAtizjS47re1srq2vrGZ28pv7+zuFez9g6aOEkVog0Q8Uu0Aa8qZpA1gwGk7VhSLgNNWMLqe+q17qjSLZB3GMfUFHkgWMoLBSD27UL+slJ+6QB9AifR20rOLbsmdwVkmXkaKKEOtZ391+xFJBJVAONa647kx+ClWwAink3w30TTGZIQHtGOoxIJqP50dPnFOjNJ3wkiZkuDM1N8TKRZaj0VgOgWGoV70puJ/XieB8MJPmYwToJLMF4UJdyBypik4faYoAT42BBPFzK0OGWKFCZis8iYEb/HlZdI8K3nlknd3XqxeZXHk0BE6RqfIQxVURTeohhqIoAQ9o1f0Zj1aL9a79TFvXbGymUP0B9bnD4nbkwY=</latexit> T
=

7
6
K

<latexit sha1_base64="6LTG4gQBeYUCEceHpICEFhFUgzY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoiYvUgFL0IXir0C9pQNttNu3SzCbsTsYb6R7x4UMSrP8Wb/8Ztm4NWHww83pthZp4fC67Bcb6s3NLyyupafr2wsbm1XbR3dps6ShRlDRqJSLV9opngkjWAg2DtWDES+oK1/NHV1G/dMaV5JOswjpkXkoHkAacEjNSzi/WLyvljF9g9qDC9mfTsklN2ZsB/iZuREspQ69mf3X5Ek5BJoIJo3XGdGLyUKOBUsEmhm2gWEzoiA9YxVJKQaS+dHT7Bh0bp4yBSpiTgmfpzIiWh1uPQN50hgaFe9Kbif14ngeDMS7mME2CSzhcFicAQ4WkKuM8VoyDGhhCquLkV0yFRhILJqmBCcBdf/kuax2X3tOzenpSql1kcebSPDtARclEFVdE1qqEGoihBT+gFvVoP1rP1Zr3PW3NWNrOHfsH6+AaOiJMJ</latexit> T
=

7
9
K

<latexit sha1_base64="tPnotsU5UYj5vteaqostDlTr568=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWLgbBKuyKqGXQxkoimAdklzA7mSRD5rHM3BXDktLGX7GxUMTWT7Dzb5w8BE08cOHMOfcy95444cyA7385uYXFpeWV/GphbX1jc8vd3qkZlWpCq0RxpRsxNpQzSavAgNNGoikWMaf1uH858ut3VBum5C0MEhoJ3JWswwgGK7Xc/RDoPWiRXSstSsMw/HkTlUoww5Zb9Ev+GN48CaakiKaotNzPsK1IKqgEwrExzcBPIMqwBkY4HRbC1NAEkz7u0qalEgtqomx8yNA7tErb6yhtS4I3Vn9PZFgYMxCx7RQYembWG4n/ec0UOudRxmSSApVk8lEn5R4ob5SK12aaEuADSzDRzO7qkR7WmIDNrmBDCGZPnie141JwWgpuTorli2kcebSHDtARCtAZKqMrVEFVRNADekIv6NV5dJ6dN+d90ppzpjO76A+cj2+NIpr1</latexit>

N
or
m
.

co
u
n
ts

<latexit sha1_base64="tPnotsU5UYj5vteaqostDlTr568=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWLgbBKuyKqGXQxkoimAdklzA7mSRD5rHM3BXDktLGX7GxUMTWT7Dzb5w8BE08cOHMOfcy95444cyA7385uYXFpeWV/GphbX1jc8vd3qkZlWpCq0RxpRsxNpQzSavAgNNGoikWMaf1uH858ut3VBum5C0MEhoJ3JWswwgGK7Xc/RDoPWiRXSstSsMw/HkTlUoww5Zb9Ev+GN48CaakiKaotNzPsK1IKqgEwrExzcBPIMqwBkY4HRbC1NAEkz7u0qalEgtqomx8yNA7tErb6yhtS4I3Vn9PZFgYMxCx7RQYembWG4n/ec0UOudRxmSSApVk8lEn5R4ob5SK12aaEuADSzDRzO7qkR7WmIDNrmBDCGZPnie141JwWgpuTorli2kcebSHDtARCtAZKqMrVEFVRNADekIv6NV5dJ6dN+d90ppzpjO76A+cj2+NIpr1</latexit>

N
o
rm

.

co
u
n
ts

<latexit sha1_base64="tPnotsU5UYj5vteaqostDlTr568=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWLgbBKuyKqGXQxkoimAdklzA7mSRD5rHM3BXDktLGX7GxUMTWT7Dzb5w8BE08cOHMOfcy95444cyA7385uYXFpeWV/GphbX1jc8vd3qkZlWpCq0RxpRsxNpQzSavAgNNGoikWMaf1uH858ut3VBum5C0MEhoJ3JWswwgGK7Xc/RDoPWiRXSstSsMw/HkTlUoww5Zb9Ev+GN48CaakiKaotNzPsK1IKqgEwrExzcBPIMqwBkY4HRbC1NAEkz7u0qalEgtqomx8yNA7tErb6yhtS4I3Vn9PZFgYMxCx7RQYembWG4n/ec0UOudRxmSSApVk8lEn5R4ob5SK12aaEuADSzDRzO7qkR7WmIDNrmBDCGZPnie141JwWgpuTorli2kcebSHDtARCtAZKqMrVEFVRNADekIv6NV5dJ6dN+d90ppzpjO76A+cj2+NIpr1</latexit>

N
or
m
.

co
u
n
ts

<latexit sha1_base64="tPnotsU5UYj5vteaqostDlTr568=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWLgbBKuyKqGXQxkoimAdklzA7mSRD5rHM3BXDktLGX7GxUMTWT7Dzb5w8BE08cOHMOfcy95444cyA7385uYXFpeWV/GphbX1jc8vd3qkZlWpCq0RxpRsxNpQzSavAgNNGoikWMaf1uH858ut3VBum5C0MEhoJ3JWswwgGK7Xc/RDoPWiRXSstSsMw/HkTlUoww5Zb9Ev+GN48CaakiKaotNzPsK1IKqgEwrExzcBPIMqwBkY4HRbC1NAEkz7u0qalEgtqomx8yNA7tErb6yhtS4I3Vn9PZFgYMxCx7RQYembWG4n/ec0UOudRxmSSApVk8lEn5R4ob5SK12aaEuADSzDRzO7qkR7WmIDNrmBDCGZPnie141JwWgpuTorli2kcebSHDtARCtAZKqMrVEFVRNADekIv6NV5dJ6dN+d90ppzpjO76A+cj2+NIpr1</latexit>

N
o
rm

.

co
u
n
ts

<latexit sha1_base64="tPnotsU5UYj5vteaqostDlTr568=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWLgbBKuyKqGXQxkoimAdklzA7mSRD5rHM3BXDktLGX7GxUMTWT7Dzb5w8BE08cOHMOfcy95444cyA7385uYXFpeWV/GphbX1jc8vd3qkZlWpCq0RxpRsxNpQzSavAgNNGoikWMaf1uH858ut3VBum5C0MEhoJ3JWswwgGK7Xc/RDoPWiRXSstSsMw/HkTlUoww5Zb9Ev+GN48CaakiKaotNzPsK1IKqgEwrExzcBPIMqwBkY4HRbC1NAEkz7u0qalEgtqomx8yNA7tErb6yhtS4I3Vn9PZFgYMxCx7RQYembWG4n/ec0UOudRxmSSApVk8lEn5R4ob5SK12aaEuADSzDRzO7qkR7WmIDNrmBDCGZPnie141JwWgpuTorli2kcebSHDtARCtAZKqMrVEFVRNADekIv6NV5dJ6dN+d90ppzpjO76A+cj2+NIpr1</latexit>

N
o
rm

.

co
u
n
ts

FIG. S10. Study of flux trapping in sample S2 (full dataset). We field cool sample S2 at Hz = 103 G to several
temperatures (indicated on the left) and ramp the magnitude and direction of Hz [experimental sequence in Fig. 5(f)].
(a,d,g,j,m) Light blue data show the ODMR spectrum measured at Hz = 0 on zero field cooling to T = 81 K. On ramping
to Hz = 0 after field cooling to several temperatures, we observe a markedly higher splitting in the ODMR spectra (dark
blue data) suggesting the presence of a remnant flux trapped field. The strength of the flux trapped field (i.e., Bz values at
Hz = 0) decreases with increasing temperature. (b,e,h,k,n) In order to extract the local |Bz| field from the splitting (∆),
we use the 2Π⊥ splitting measured at Hz = 0 zero field cooling to T = 81 K [light blue data in (a,d,g,j,m)]. On switching the
direction of the external field (Hz < 0), we measure a minimum in |Bz|. Since the local field measured at the NV location
is the sum of the flux trapped field and Hz, we see an increase in the splitting on further increasing the magnitude of the
external field in the negative direction. (c,f,i,l,o) Based on the continuity of the |Bz| across the minimum, we assign a
direction (sign) to the local field to get the final hysteresis plots. The local suppression in Bz at the same spatial location
on ZFC [blue data included in (b,c,e,f)] shows the slope. All measurements are performed at the spatial location shown by
the white square in maintext Fig. 5(c) [also shown in inset in Fig. S11(a)].
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<latexit sha1_base64="1u+am7jW0uIsmOOQshn9guM15nk=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKqMdiQTxWsB/YXUo2zbahSXZJZsWy9G948aCIV/+MN/+NabsHbX0w8Hhvhpl5YSK4Adf9dgorq2vrG8XN0tb2zu5eef+gZeJUU9aksYh1JySGCa5YEzgI1kk0IzIUrB2O6lO//ci04bG6h3HCAkkGikecErCS7wN7Ai2zh5v6pFeuuFV3BrxMvJxUUI5Gr/zl92OaSqaACmJM13MTCDKigVPBJiU/NSwhdEQGrGupIpKZIJvdPMEnVunjKNa2FOCZ+nsiI9KYsQxtpyQwNIveVPzP66YQXQUZV0kKTNH5oigVGGI8DQD3uWYUxNgSQjW3t2I6JJpQsDGVbAje4svLpHVW9S6q3t15pXadx1FER+gYnSIPXaIaukUN1EQUJegZvaI3J3VenHfnY95acPKZQ/QHzucPQImR0w==</latexit>

ZFC

1
2

3

<latexit sha1_base64="1u+am7jW0uIsmOOQshn9guM15nk=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKqMdiQTxWsB/YXUo2zbahSXZJZsWy9G948aCIV/+MN/+NabsHbX0w8Hhvhpl5YSK4Adf9dgorq2vrG8XN0tb2zu5eef+gZeJUU9aksYh1JySGCa5YEzgI1kk0IzIUrB2O6lO//ci04bG6h3HCAkkGikecErCS7wN7Ai2zh5v6pFeuuFV3BrxMvJxUUI5Gr/zl92OaSqaACmJM13MTCDKigVPBJiU/NSwhdEQGrGupIpKZIJvdPMEnVunjKNa2FOCZ+nsiI9KYsQxtpyQwNIveVPzP66YQXQUZV0kKTNH5oigVGGI8DQD3uWYUxNgSQjW3t2I6JJpQsDGVbAje4svLpHVW9S6q3t15pXadx1FER+gYnSIPXaIaukUN1EQUJegZvaI3J3VenHfnY95acPKZQ/QHzucPQImR0w==</latexit>

ZFC

12

3

<latexit sha1_base64="3dwahZ42OMFYK/TEtbrKI9WcCI0=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9RgMiMcI5gHJEmYns8mQeSwzvWJY8hlePCji1a/x5t84SfagiQUNRVU33V1RIrgF3//2VlbX1jc2C1vF7Z3dvf3SwWHT6tRQ1qBaaNOOiGWCK9YADoK1E8OIjARrRaPa1G89MmO5Vg8wTlgoyUDxmFMCTup0gT2BkdltbdIrlf2KPwNeJkFOyihHvVf66vY1TSVTQAWxthP4CYQZMcCpYJNiN7UsIXREBqzjqCKS2TCbnTzBp07p41gbVwrwTP09kRFp7VhGrlMSGNpFbyr+53VSiK/DjKskBabofFGcCgwaT//HfW4YBTF2hFDD3a2YDokhFFxKRRdCsPjyMmmeV4LLSnB/Ua7e5HEU0DE6QWcoQFeoiu5QHTUQRRo9o1f05oH34r17H/PWFS+fOUJ/4H3+AI6RkW8=</latexit>

FC

1
2

<latexit sha1_base64="lJvYxrwdqr7igePyFQeuPhLDvzo=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbbbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqnhUkS8gQIlbyeaUxVK3gpHt1O/9ci1EXH0gOOEB4oOItEXjKKVfB/5E2qVVcKzSbdUdqvuDGSZeDkpQ456t/Tl92KWKh4hk9SYjucmGGRUo2CST4p+anhC2YgOeMfSiCpugmx284ScWqVH+rG2FSGZqb8nMqqMGavQdiqKQ7PoTcX/vE6K/esgE1GSIo/YfFE/lQRjMg2A9ITmDOXYEsq0sLcSNqSaMrQxFW0I3uLLy6R5XvUuq979Rbl2k8dRgGM4gQp4cAU1uIM6NIBBAs/wCm9O6rw4787HvHXFyWeO4A+czx/3QpGj</latexit>

(b)
<latexit sha1_base64="YrR542+/ieAxLwhJA6nzV6c8gig=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbbbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqnhUkS8gQIlbyeaUxVK3gpHt1O/9ci1EXH0gOOEB4oOItEXjKKVfB/5E2qVVejZpFsqu1V3BrJMvJyUIUe9W/ryezFLFY+QSWpMx3MTDDKqUTDJJ0U/NTyhbEQHvGNpRBU3QTa7eUJOrdIj/VjbipDM1N8TGVXGjFVoOxXFoVn0puJ/XifF/nWQiShJkUdsvqifSoIxmQZAekJzhnJsCWVa2FsJG1JNGdqYijYEb/HlZdI8r3qXVe/+oly7yeMowDGcQAU8uIIa3EEdGsAggWd4hTcndV6cd+dj3rri5DNH8AfO5w/1vJGi</latexit>

(a)
<latexit sha1_base64="G7pg1HMBjIWHw0KT851vo+PdMPw=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gOaUDbbbbt0Nwm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqnhUkS8gQIlbyeaUxVK3gpHt1O/9ci1EXH0gOOEB4oOItEXjKKVfB/5E2qVVdjZpFsqu1V3BrJMvJyUIUe9W/ryezFLFY+QSWpMx3MTDDKqUTDJJ0U/NTyhbEQHvGNpRBU3QTa7eUJOrdIj/VjbipDM1N8TGVXGjFVoOxXFoVn0puJ/XifF/nWQiShJkUdsvqifSoIxmQZAekJzhnJsCWVa2FsJG1JNGdqYijYEb/HlZdI8r3qXVe/+oly7yeMowDGcQAU8uIIa3EEdGsAggWd4hTcndV6cd+dj3rri5DNH8AfO5w/4yJGk</latexit>

(c)
<latexit sha1_base64="eWLe3HL9O3kOu/v1DTZeIDY/B6w=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHUgx4r2A9oQ9hsN+3S3U3YnRRrqL/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxPONLjut1VYWV1b3yhulra2d3b37P2Dpo5TRWiDxDxW7RBrypmkDWDAaTtRFIuQ01Y4vJ76rRFVmsXyHsYJ9QXuSxYxgsFIgW3XgsenLtAHUCLr3PiTwC67FXcGZ5l4OSmjHPXA/ur2YpIKKoFwrHXHcxPwM6yAEU4npW6qaYLJEPdpx1CJBdV+Nrt84pwYpedEsTIlwZmpvycyLLQei9B0CgwDvehNxf+8TgrRlZ8xmaRAJZkvilLuQOxMY3B6TFECfGwIJoqZWx0ywAoTMGGVTAje4svLpHlW8S4q3t15uVrL4yiiI3SMTpGHLlEV3aI6aiCCRugZvaI3K7NerHfrY95asPKZQ/QH1ucP+BuT4Q==</latexit> B

z
[G

]

<latexit sha1_base64="eWLe3HL9O3kOu/v1DTZeIDY/B6w=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHUgx4r2A9oQ9hsN+3S3U3YnRRrqL/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxPONLjut1VYWV1b3yhulra2d3b37P2Dpo5TRWiDxDxW7RBrypmkDWDAaTtRFIuQ01Y4vJ76rRFVmsXyHsYJ9QXuSxYxgsFIgW3XgsenLtAHUCLr3PiTwC67FXcGZ5l4OSmjHPXA/ur2YpIKKoFwrHXHcxPwM6yAEU4npW6qaYLJEPdpx1CJBdV+Nrt84pwYpedEsTIlwZmpvycyLLQei9B0CgwDvehNxf+8TgrRlZ8xmaRAJZkvilLuQOxMY3B6TFECfGwIJoqZWx0ywAoTMGGVTAje4svLpHlW8S4q3t15uVrL4yiiI3SMTpGHLlEV3aI6aiCCRugZvaI3K7NerHfrY95asPKZQ/QH1ucP+BuT4Q==</latexit> B
z
[G

]

<latexit sha1_base64="eWLe3HL9O3kOu/v1DTZeIDY/B6w=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHUgx4r2A9oQ9hsN+3S3U3YnRRrqL/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxPONLjut1VYWV1b3yhulra2d3b37P2Dpo5TRWiDxDxW7RBrypmkDWDAaTtRFIuQ01Y4vJ76rRFVmsXyHsYJ9QXuSxYxgsFIgW3XgsenLtAHUCLr3PiTwC67FXcGZ5l4OSmjHPXA/ur2YpIKKoFwrHXHcxPwM6yAEU4npW6qaYLJEPdpx1CJBdV+Nrt84pwYpedEsTIlwZmpvycyLLQei9B0CgwDvehNxf+8TgrRlZ8xmaRAJZkvilLuQOxMY3B6TFECfGwIJoqZWx0ywAoTMGGVTAje4svLpHlW8S4q3t15uVrL4yiiI3SMTpGHLlEV3aI6aiCCRugZvaI3K7NerHfrY95asPKZQ/QH1ucP+BuT4Q==</latexit> B
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S2

FIG. S11. Flux trapping in S2. We compare the response of the sample on sweeping Hz after field cooling and zero
field cooling at T = 81 K. (a) On field cooling at Hz = 103 G we measure a trapped flux. On ramping to large fields in the
direction opposite to this trapped flux (Hz = −154 G), we measure an inversion of the flux trapped field. (b) In contrast,
the sample is robust to flux penetration on zero field cooling. Specifically, on ramping the external field to |Hz| = 154 G
in both the positive and negative directions, we continue to observe a local suppression in Bz without any appreciable flux
trapping. (c) After zero field cooling, the sample exhibits flux penetration only on ramping the external field to much larger
magnitudes (|Hz| ∼ 240 G). Here, we measure a response similar to the case of field cooling. Specifically, on ramping to a
field Hz = 240 G we find a flux trapped field Bz = 18 G (measured after returning to Hz = 0 G). Similarly, after ramping
to a field Hz = −240 G, the direction of the trapped flux changes (i.e., we measure Bz = −28 G on returning back to
Hz = 0 G). All measurements are performed at the spatial location shown by the white square in the inset of (a).
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FIG. S12. Spatial studies of flux trapping in S2. We compare the effects of zero field cooling (ZFC) and field cooling
(FC) at several spatial points in sample S2: two locations [blue and red points in inset of (d)] on top of the CeH9 region
and one location [yellow point in inset of (d)] away from this region. (a-c) We field cool the sample at Hz = 79 G to a
temperature T = 36 K and measure the ODMR spectra (dark blue) after quenching the external field to Hz = 0 G. Light
blue data show the ODMR spectra measured at the respective spatial locations upon zero field cooling to temperatures (a,b)
T = 36 K, and (c) T = 86 K. We see markedly higher splittings on top of the CeH9 region (a,b) upon field cooling indicating
the presence of a flux trapped field. Away from the CeH9 region (c), we do not observe a significant difference between ZFC
and FC data. In particular, ∆ for the ZFC spectrum (measured at T = 86 K) is larger by 7 MHz; this difference is likely
due to temperature dependence of the stress splitting, 2Π⊥, at this spatial point. (d-f) Following the field quench after
FC, we determine the local Bz field at the three spatial locations on ramping Hz to positive values (green data points). We
make the same measurements on ramping Hz to negative values (orange data points). We also measure Bz as a function
of Hz after zero field cooling (blue data points). (d,e) On top of the CeH9 region, our measurements indicate the presence
of a flux trapped field upon FC. This contrasts with a local suppression of Hz measured at the same locations upon ZFC.
In particular, the slope s = ∆Bz/∆Hz on field cooling is in quantitative agreement with the slope on zero field cooling. (f)
Away from CeH9 region, we see no significant difference in response on ramping Hz after FC and ZFC. To extract Bz at
each point, we use the 2Π⊥ splitting measured upon zero field cooling at the respective spatial location [light blue spectra in
(a-c)].
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FIG. S13. Hysteresis on T -sweeps in S2. To study hysteresis on sweeping T , we first zero field cool the sample and apply
an external field Hz [maintext Fig. 5 (d)]. Then, fixing Hz, we heat the sample across the transition (field heating shown
in red). Finally, we cool the sample below Tc without changing Hz (field cooling shown in blue). We perform simultaneous
electrical resistance (shown in green) and ODMR measurements. Four point resistance measured on field heating (field
cooling) are indicated by markers pointing right (left). All measurements are made at the spatial location shown by the
white square in inset of (c). We use the 2Π⊥ stress parameter measured at Hz = 0 and T = 81 K to extract the local Bz

field for all data points. (a-c) We observe concurrent transitions in magnetism and electrical resistance. In addition, we see
a suppression of Tc with the increase in the magnitude of Hz. (d) Surprisingly at high fields (Hz = 206 G), we see a clear
sharpening of the magnetic transition. To confirm the signal we repeat the measurement on field heating near the transition
region (orange squares in (d)).
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FIG. S14. Change in stress parameters with temperature in S2. We directly extract the (a) shift, Πz, and (b)
splitting, Π⊥, from ODMR spectra measured at several temperatures at the same spatial location (white point in inset
of (a)). To extract Πz, we subtract the temperature dependent zero-field splitting, Dgs, from the center frequency of the
ODMR resonances [17]. We find that Πz increases with decreasing temperature consistent with an expected increase in
sample pressure [12]. For this sample, we observe a comparatively smaller change in the Π⊥ stress parameter (within
∼ (2π)× 8 MHz).




