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Fig. 1. Alignment signal of CO molecule induced by femto-
second pulse of three different field strengths for "= 15K.
D({cos? 0)) indicated by the double headed arrow is the

maximal change in the amplitude of alignment.
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Fig. 2. (a)~(c) Lower order coherence measure Cj, (|JAJ|=2),

(). H15 ((b) Fi () FAFI ((c) F (£)) 53 51 % Ri

amplitude of the degree of alignment with respect to the electric

field intensity Eo for different initial rotational states, and (d)—(f) their ratios with respect to the field intensity. From left to right,

three different initial rotational states |0, 0), |2, 0), |4, 0) are selected.
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Table 1. Fit coefficients for the ratio between the I3 coherence measure Cj, and the amplitude of the degree of align-

ment D((cos?6)) under different initial temperatures. a represents the coefficients for the lower part of Cj, which is a con-

stant, b for the higher parts of Cj, with respect to the electric field intensity and c for the higher parts of Cj, with respect

to the pulse area.
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Fig. 3. Ratio between the lower order coherence measure
and the amplitude of the alignment with respect to (a) dif-
ferent initial rotational states and (b) temperatures. The
blue line with circles in panel (b) represents the numerical
results for Rp and red line is the weighted average of Rgo

from different initial states.
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Fig. 4. (a)~(c) Higher order coherence measure Cp, (|JAJ|=4), amplitude of the degree of alignment with respect to the electric

field intensity Eq for different initial rotational states, and (d)—(f) their ratios with respect to the field intensity. The empty circle

and the solid line correspond to the numerical and fitted results. From left to right, three different initial rotational states

|0,0),1]2,0),|4,0) are selected.
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Fig. 5. Ratio between the higher order Cj, coherence
measure and the amplitude of the degree of alignment
D({cos? 0)) with respect to the laser intensity and the ini-

tial temperature.
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Fig. 6. Cj, coherence measure varying with pulse area for
the initial temperature 7°= 5K . The solid line is the res-
ult obtained by calculating Eq. (24). The empty circle, pen-
tagram, triangle are the accurate numerical results induced
by three different kinds of laser pulses. The insets are the

corresponding pulse envelopes of the pump pulses.
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Fig. 7. Changing with the field strength, the ratio of higher-
order coherence measure Cp, (JAJ| > 2) to the amplitude
of the degree of alignment D({(cos?8)) for (a) T =1K,
(b) T=10K, (¢) T =20K. The blue region corresponds
to the range of field strength discussed in the text above,

the orange region corresponds to stronger field strengths.
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SPECIAL TOPIC—Dynamics of atoms and molecules at extremes

Measurement analysis of coherence in femtosecond
laser-induced molecular alignment”
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Abstract

Femtosecond laser-induced excitation of molecular rotational states can lead to phenomena such as
alignment and orientation, which fundamentally stem from the coherence between the induced rotational states.
In recent years, the quantitative study of coherence in the field of quantum information has received widespread
attention. Different kinds of coherence measures have been proposed and investigated. In this work, the
quantitative correlation is investigated in detail between the intrinsic coherence measurement and the degree of
molecular alignment induced by femtosecond laser pulses at finite temperatures. By examining the molecular
alignment induced by ultrafast non-resonant laser pulses, a quantitative relationship is established between the
I1 norm coherence measure Ci,(p) and the alignment amplitude D(cos? ). Here, Ci,(p) represents the sum of
the absolute values of all off-diagonal elements of the density matrix p, D{cos®>#) represents the difference
between the maximum alignment and the minimum alignment. A quadratic relationship Cj, = (a + b&3)x
D(cos? §) between the the i1 norm coherence measure and D{(cos? @) with respect to the electric field intensity
&o is obtained. This relationship is validated through numerical simulations of the CO molecule, and the ratio
coefficients a and b for different temperatures are obtained. Furthermore, a mapping relationship between this
ratio and the pulse intensity area is established. The findings of this study provide an alternative method for
experimentally detecting the coherence measure within femtosecond laser-excited rotational systems, thereby
extending the potential applicability of molecular rotational states to the study of the coherence measure in the
field of quantum resources. This will facilitate the interdisciplinary integration of ultrafast strong-field physics

and quantum information.
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