Exploring Quantum Tunnelling in NH;
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Tunnelling is present since the evolution of the primitive Universe, allowing the origin and evolution of life [1].

Introduction and main objective Stationay states (a, b) and Non-stationary states (c, d)
: 2500 | : | | I b I I I I T
. . . . . . . Yo+) Yo-)
m Study tunnelling in a realistic example, the inversion motion of NHs, Giv) di-)
which gave birth to the first MASER [2] o0 /\ P2 ‘
.CE :U x T/_\ISOO_ \ / \ y 4 . i \ / \ \ |
=
/N 7 é.a“\\H H 1 H E;ilooo- 1t -
¥ H > H—N\I_| > \ < | | | | |
CSU D3y, CSU
O Vi \
m Double symmetric potential well: lower energy equilibrium Cs, © 2500 . . . . - c l . . . -
- - (0°)) e
(wells) and higher energy D3y, (barrier) " :izgg(;')ﬁ
2000 - . - |
Hammiltonian A Q)
ST 15001 ] 1 L ]
5
. e AV 2V) &y 1000 - 1 L ]
H = = Z:zz4 waz + V | |
2udxs 3 T2 ./ | |
i \_/ | U v |
V() 075 050 025 000 025 050 075-075 050 <025 000 035 050 075
Classic z (A) z (A)
VS : e : .
WH Survival probability (a, b, c) and Time-expected value of position (d, e, f)
H—N Quantum a=0° a=45° a="75°
\H LOfg— — A . S . . . — . .
Dsn 0.8} | 1 |
"""""""""""" A :
cog |y | 1 |
/N,, ’ H A ()4-‘ ri 1! It
H \/H \[\\\\H Y 0.2 I
H N
Cs, Cs, 0.0
d e f
Y /| R
—Ze xp = 0 Le x R 02 """"""""""""""" A
=/ N\ T o
m Visualize tunnelling, in real time, with your own eyes §O'O ___________________________________________________________
—02- /U e
—04 i e T e b I g
Method & Results 0 10 20 30 40 50 00 02 04 06 08 10 00 02 04 06 08 10
t (ps) t (ps) t (ps)
Stationary states and Non-stationary states Conclusions
SS |¢y): expansion in HO basis {¢y} m Localized NS evolve over ¢ crossing the barrier by tunnelling
N m Tunnelling is
- (v) : " . -
)y) = Z Cy. (%8 m Uniform for initial NS of 2 SS = 1 Pr tunnelling probability
0 m Irregular for NS of more than 2 SS in superposition =— | Pr
NS |W): superposition of SS
U) =N an|tn) Animations
n
NS's are constructed from the first 4 SS as
1 .
V) = E{COM (1%0) + 1)) +sina (|h2) + |3)) )
with energy
2
(E) = Z an|” Ey,
n
Time dynamics of non-stationary states
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