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Magnetometers based on nitrogen-vacancy (NV) centers in diamond o�er an exceptional combination
of sensitivity and spatial resolution in a wide temperature range, from 0 K to above room temperature.
However, the typical �uorescence-based readout su�ers from reduced signal-to-noise due to high back-
ground �uorescence and poor collection e�ciency. Here we demonstrate detection of the spin state of
ensembles of NV centers using optical absorption at 1042 nm [Fig. 1(a)]. With this technique, measure-
ment contrast and collection e�ciency can approach unity, leading to an increase in magnetic sensitivity
compared to �uorescence detection [1]. Working at 75 K with a ∼ 50-micron-scale sensor [Fig. 1(b)], we
project shot-noise limited sensitivity of 5 pT in one second of acquisition. Operating in a gradiometer
con�guration, we realize a sensitivity of 7 nT in one second acquisition [Fig. 1(c)]. Applications to the
study of high-Tc superconductivity [2] and low-�eld NMR in micro�uidic chips [3] will be discussed.

We also report studies of the basic physics of the NV center, which shed new light on the optical
pumping mechanism [4] and temperature-dependent magnetic resonance parameters [5], as well as work
in optimizing samples for ensemble magnetometry [6]. We conclude with results on the temperature
and magnetic �eld-dependence of T1 relaxation, a topic of interest for magnetometry and quantum
information applications. This work was supported by NSF grant PHY-0855552.
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FIG. 1: (a) Level structure of the NV center and allowed optical transitions. Radiative (non-radiative) transitions are
represented by solid (dashed) lines. (b) IR absorption gradiometer apparatus. The green pump and IR probe beams
were focused near the surface of the diamond, and two halves of the transmitted IR beam were detected with separate
photodiodes. (c) Frequency-domain response of the magnetometer output, revealing an IR absorption gradiometer noise
�oor of 7 nTrms for acquisition time tm = 1 s. The best sensitivity achieved using the red �uorescence technique was
60 nTrms for tm = 1 s.

[1] V. M. Acosta, E. Bauch, A. Jarmola, L. J. Zipp, M. P. Ledbetter, and D. Budker, Applied Physics Letters 97,
174104 (2010).

[2] L. S. Bouchard, E. Bauch, V. M. Acosta, and D. Budker, arXiv:0911.2533v2 [cond-mat.supr-con], (2010).
[3] M. P. Ledbetter, C. W. Crawford, A. Pines, D. E. Wemmer, S. Knappe, J. Kitching, and D. Budker, Journal

of Magnetic Resonance 199, 25 (2009).
[4] V. M. Acosta, A. Jarmola, E. Bauch, and D. Budker, Physical Review B 82, 201202 (2010).
[5] V. M. Acosta, E. Bauch, M. P. Ledbetter, A. Waxman, L. S. Bouchard, and D. Budker, Physical Review

Letters 104, 070801 (2010).
[6] V. M. Acosta, et al., Physical Review B 80, 115202 (2009).

Speaker: Victor Acosta
Session: NV Diamond Quantum and Bio Optics
See program for placement.

PQE-2011 Abstract Processed 30 November 2010 0


