metrology of superconducting thin films using NV Centers

A A novel sub-eV particle detection scheme using magnetic
U I*t

THE UNIVERSITY OF TEXAS

J. Bogenschuetz!’, V. A. Chirayath’, J. Asaadi', B.J.P. Jones
AT ARLINGTON

'Department of Physics, University of Texas at Arlington, Arlington, Texas, 76019

STF specific heat exponential model STF London Penetration Degth
? § | -Magnetic Flux Density leading to Zeeman Splitting-
INTRODUCTION
. N - o L ’ e B | 1. Relaxation Simulation
Superconducting Thin Films (STF): < = , 4
= 0.04 : —— Sn
. . ~ 10-6 : ® Use COMSOL £ deling.
e High Energy Resolution © i L0 g — Al > O MOAEng
. . . v - rey | — ® Incorporate Ginzburg-LLandau (GL) theory and
0.03 . W p & Y
® Detects energy from particles by measuring minute o ke O : | |
) Care U 0 e T critical electron-phonon interactions to refine detector
emperature increases. = i ; :
P . E 0.02 e i A Magnetic Flux Density response predictions.
® Low Noise Levels @ ._8 | | |
S o001 © 2. Experimental Validation
+ | : :
msi 1 ///v Zeeman 0.00 - 8 ........... ; .......... ‘; ................................................. ;. ........................................................................................................................ ;, ......... ® Develop and test prototypes to Validate deteCtion
' - Splitting 0 2 4 6 8 10 8 : ' ' ' thresholds and spatial resolution.
\ Temperature (K) e 107 /o | | .
\ _ _ O /o i i 3. On-Chip Detector Development
' STF Temperature increase per energy deposited = e 5 g
o F?adiative -Pb, Sn, Al, W modeled as 25, 30, 50, 30 nm3 || Q=mC(T)AT- 9 L § § e Aim for an integrated, on-chip detector with meV
Singlet States 5 ‘ ’ — Pb ' z — s = - o - = sensitivity.
/ 6 — on ; : e Applications include fundamental physics, medical
mstl 7 zeeman — Al Cumulative Energy Deposited (eV) e | | |
L. Splitting " = W N-V Centers fluorescence imaging, and quantum information processing,
O¥ = I T IR R & (R T critical - Zeeman Splitting from Magnetic Flux Density - leveraging compact, high-sensitivity design for
y L 41 M 1.000- diverse fields.
> Ml ek
! i i : m 3 - C W / [ \ [
Nitrogen-Vacancy(N-V) Centers: E S 0.975- \ Y Y
® Offer high magnetic sensitivity at the nanoscale W 2- Q _
A a . _ o 0.950- Time: 20.10 ns
® Ideal for detecting tiny changes in magnetic fields . X ; 1.0
caused by particle interactions. | *ﬁ 0.925
e Allows for improved energy and spatial resolution S i | L | : | | < 0.900 V V y U i
0 2 4 6 8 10 + ’
5 0 o c @
and sensitivity. Temperature (K) < 0.875- E
. o
STF Cumulative Energy vs AT = 068
7 ' — S 0.850- 6 2
_ N 102+ i i = O — B = | 7
External Electric and Magnetic Field 5 ro E i = D 0.825 - B =1 5
— 5 i A - : —— B=0.001T =
— | i : i - - 0.4 =
> i i i C S 0.800- ! —— B=0.005T 5
Q 1003 — w i i == L - - . - - , . . . o
] i : ' : : 2.70 2.75 2.80 2.85 2.90 2.95 3.00 3:05 3.10 ‘ =
> {1 ol T critical | ST : O
_ o = ' - Microwave Frequency (GHz) 0.2
Superconducting - O : ; N
Thin Films > § % == :
A — i s — Conclusion
© E E et 0.0
4 I I I I
12 ‘ i fid
NV Di d Cent : | = ® NV-STF detector design shows potential for ultra-sensitive Visualization of order parameter for lead mid transition
LIS s el i | R , , calculated via Ginzburg Landau Theory
— i E L particle detection.
O —+ —— - ———— L ———
o 101 10° 10! ® Achieves sub-eV energy thresholds
- c
& 3 Delta T (K) ® Combines NV centers' magnetic sensitivity with STF _ _ o
3 3 . ” STF Relaxation Time Approximation
0 Energy required to traverse critical temperature range technology.
2 . . o Cooling of Pb, Sn, Al, and W from T_initial to T_op
S Lead (Pb) Tin (Sn) Aluminum (Al) | Tungsten (W) ® Future experiments will optimize performance and develop | | | —F=
— | 50
_ 93.2 (eV) 33.3 (eV) 8.58 (eV) 2.09 (eV) compact, high-sensitivity detectors for fundamental physics. al —
Motivation -
Sources
Particle Physics Applications: 8 4- \
o S T — r rticl 1. Phillips, N.E., Triplett, B.B., & Brewer, W.D. (1963). The Specific Heat Jump in Superconducting Lead. Journal of Physics and Chemistry of Solids, 24(11), 1369-1373. o
chSitvity to low chelgy patticles https://doi.org/10.1016/0022-3697(63)90183-5 sl |
® Providesa compact, scalable solution for detecting 2. Triplett, B.B., Phillips, N.E., Thorp, T.L., Shirley, D.A., & Brewer, W.D. (1973). Critical Field for Superconductivity and Low-Temperature Normal-State Heat Capacity of Tungsten. Journal of Low e
L T — kI ith matter h Temperature Physics, 12(5/6), 441-4509. i
patticies tha ay cract weaxly w attet, suc 3. Zhang, H., Belvin, C., Li, W., Wang, J., Wainwright, J., Berg, R., & Bridger, J. (2018). Little Bits of Diamond: Optically Detected Magnetic Resonance of Nitrogen-Vacancy Centers. American Journal e == — =nies e e

as dark matter candidates. of Physics, 86(3), 225-232. https://doi.org/10.1119/1.5023389 Time:{arbitrary units



