Magnetic Techmques for Quantum Sensing Using Single Molecule Magnets
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f INTRODUCTION |

| An mvestigation of the effects on [Mn,,0,4(Bu-CH,COy);4(CH;OH),| -CH;OH (Mnl12BuAc) [1] single molecule magnet (SMM) magnetic properties due to impinging of 1onmzing particles, 1s
| presented. Single crystals of Mn12BuAc [1] have been studied by means of 'H Nuclear Magnetic Resonance (NMR) and SQUID magnetometry, looking for differences in the experimental |,
parameters when the sample 1s hit or not by a and f particles, and y radiations. ]

S EXPERIMENTAL METHODS s\

The system was prepared i the form of one or few aligned SMM single crystals and the

measurements performed at T ~ 2.2K for NMR and SQUID magnetometry, with the external |
magnetic field applied parallel to the ¢ easy axis. In NMR experiments, the echo signal height |
(ESH) was followed as a function of time at different fields, while in SQUID measurements the !
recovery of the equilibrium value of the Magnetization was monitored; the possible difference in :
spin dynamics among the sample not hit by particles (SNP) and the one with particles impinging |

(SWPI), 1s in pnnc1ple expected to be higher [2,3]. |

H = —DS?> — BS? — g, ugpoS,H, + H o

Themlal activation : T = TO CXp ['A/ (kBT)] /7 \ Set-up for NMR measurements: white hard teflon plate where Set-up for SQUID measurements: single crystal of Mn,'Bu /I
« Quantum tunnehng : T P / \ ~ glued Mn,,'Busingle crystals lay and face the electrode source glued on an acetate foil and mounted on the electrode source _ 7
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’ SQUID MEASUREMENTS ( NMR MEASUREMENTS |

\

| In SQUID experiments, after a ZFC process, various magnetic fields were applied at T = : : When the field 1s applied at T = 2.2K after a zero-field-cooling process, the ESH increased '
|
|

I 2.2K. Differences in the magnetization recovery times after the application of the field were | fo]lowing the slow recovery of the magnetization with a characteristic recovery time Ty [4], :
'\ observed among the SNP and SWPI conditions. ' in both SNP and SWPI cases., displaying differences. l

e ECHO HEIGHT vs MAGNETIZATION IR . .’ 1H NMR ECHO HEIGHT vs TIME and MAGNETIZATION vs TIME
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\ AN
I' e \ ,/ The function for fiting the return 0. 1.0 \
| h(t) =a(l—e )+ b | ‘I / of the echo signal to its e \\
| a  _we () o] equilibrium value 1s: fy \
| =(a+b)(1—me ) L s Z 0.5 |
I (.t QL oH=0.93T I
: : | h(t) = ho +A(1 —e =) ) 803 . : !
| where W 1s the rate of growth of the echo intensity, a + b 1s the | | % o = 0.94T 2“"* 3 T = (2.60 £ 0.05) x 107 |
ey o . . . . . . . = 0.077 I
: equilibrium intensity of echo signal, 1.e., h(e0), and a/(a + b) 1s the : : hy, 1s the echo amphtude at t = 0, % Lo, > 1.0 |
I 1mitial fractional reduction of the echo intensity. | by +A1s tIae .echo amplitude at t % |
' | : — o (equilibrium). : :
I : ..
| h(t) o [N,N,, — NS (0] 1 M,is the magnetization at £= 0 s S| =17 £0.1) x 10% 0.5- b = 0907 |
| (| (ideally zero), M., 1s the 0.8- | |
' . . . | saturation magnetization. oH = 0.94T Tg = (1.38 £0.02) x 107 '
| where N_ is the number of protons in a single Mn12 molecule, N | . gn - | - - I
p m | B is the stretching exponent (0.5 < 0.0
1 . ch( < th b £ I I 8 €Xp ) 00 05 1.0 1.5 20 0.0 0.5 1.0 I
| 1s total number of molecules, and N *(t) is the number of protons = B < 1); T, an average relaxation Time (x 10*s) Time (x 10° ) |
: which undergo a change of average local field between the time | : ttime of the M toward the ‘ l :
| Interval separating the m/2- ® pulses and the one separating the w | | equilibrium. é :
I : | .
| pulse and the echo. If we define N_¢ as the effective number of : ! _(i)ﬁ 104 . :
I I M(t) =MU+MSHII(1_E R ) - A ' |
| molecules whose protons are affected by the local field change due : | o - :
: to a molecular spin flip and P_%?(t) the fraction of total molecules | : The mvestigation was performed by = 4 ¢ ¥ :
. . L. L. | - : N R L.
| which change orientation in the time interval T [4]: ;| varying the external field applied 5 N ¢ ; !
| I . . N / I
| o 1. with both the techniques under . . # .
| h(t) = h gexp( ) [1 Ef f Pf lip (t)] | : SWI?I conditions, T decreased S~ :
: 9) b considerably its value l - :
I I v I v | ' | ' I
I N 2t _nreff Wt | \ . 0.84 0.87 0.90 0.93 0.96 I
\ / \\ more pronounced TR shortemng TR extracted NMR (circles) and SQUID (triangles) data vs p,H at 7'= 2.2 K, with crystals /l
\ / \ Compared to SQUID ones. facing a non-emitting (black) and emitting (red) source. The blue asterisk is the NMR /
\ From (1) and (2) one has t NMR — TMagneﬁz' / \ measure repeated after heating up to room temperature. The black-dotted (red-dashed) ,
S N P 7 S g lines are guides for the eye, related to NMR non-emitting (SQUID emitting) data P 7
N - e e e e e e e e e e e e e e e e e e e e e - N . e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e —_
s T T - ~ o
’ MODEL AND DISCUSSION * SQUID “emitiing” measures: energy deposit due to Impinging fo- T o v ana T2 “\
/ B o radiation in a limited region of the sample. It is supposed that: A SQUID data, non-emitting source \
* SQUID “non-emitting” measures based on Hgpn: , , 1 |
T P ~ (a) sample contams two components, each described by 8 - T Model with D.strai and twe components
Hspiy = =DS; = CS; + Bi5 (83 +52) = gup(B + Bay)S; W___rates: the first at T = 2.2K, while the second at _ : A sQUID data, emitting source
with quadratic and quartic axial anisotropy terms, quartic non-axial higher Ty

term; g = 2; Bdip =0.025 Mty M

 Magnetic relaxation due to spin-phonon coupling arising from
small rotations of the molecule around its equilibrium position

(b) Spins 1n the hot component are taken as a fixed fraction
(wyy) of the non-relaxed spins
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' (c) The heat of the hot region 1s generated by the decay of
| metastable spins mtially triggered by an 1mpinging
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* Rate for the transition from level m to level n ot Hgpy 1s: particle

A
Wmn = AQB (eﬁ o 1)_1 Z::r=x,y,z|< ml[Hr S{x]n >|2

* The observed reduction of T is captured by assuming 7~ 082 084 086 068 090 092 094
2.8 K and wy,;=1.4%, Magnetic Field (T)

o . Solid black line: calculaion from Hgppy and W, with T = 2.2K, D/kg =
NMR measurements also shows a comparable acceleration of 0.57K, C/ky = 1.2 mK%, B4 /ky = 6.2 pK&, A = 1.2 meVS s! and

the relaxation under 1rrad1at10n, bUt TRS are longer than Bgip = 0.025 M(t)/ Mg, T. Dashed black line: same calculation including
expected (the use of multiple crystals in NMR measurements  gyussian D-strain with width 6 = 0.02 D, and A = 1 meV~ s'. Red lines:
could be responsible for this difference). same parameters including a second component (T; = 2.8 K and wi; =1.4%).

 Master equations for state populations yield 20 distinct time
constants; the longest one, 1 , governs the long-term relaxation
of magnetization.
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\* 7Ty is t-dependent : a stretched exponential curve fits M (t) well,

\ with T and £ comparable with the experiments. /

( CONCLUSIONS |

: Dynamical properties of Mn,,'BuAc SMM crystals were studied by means of NMR relaxation and SQUID magnetometry under the effect, or not, of a low-activity ionizing radiation source. From

| the experiments a shortening of the characteristic recovery time 1z was pointed out when the SMM 1is hit by the radiation. In the case of SQUID measurements, this phenomenon was also justified ,

\\through a model reproducing experimental conditions. These results open the way to the use of molecular nanomagnets as quantum sensors also for elementary particles and radiation. !
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