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= Z Z U)W, (2)] - (33)
n p
38 A [ A AT AR = A (A L E
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p
AT LAFS3 7= A= i E T 0 Bl
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T
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U B AR A 0.49 B, Jo WA EK il 4k O 4% R 5 00 B Ak
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Fig. 1. Electron-positron number density vs the original fre-

quency in one-color pulse laser field (from Ref. [34]) .
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Fig. 2. The number density of created particles as a function of the field polarization § for different chirp parameters b (from Ref. [46]).
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Fig. 3. Momentum spectra of produced pairs for circular polarization (from Ref. [46]).
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Fig. 4. Momentum spectra of produced pairs in the field Eq.(39) with wm = 0,

0.07, 0.1 for (a)—(c), respectively when b= 1.0 is
fixed (from Ref. [50]).
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Fig. 5. Reduced momentum spectra of produced pairs in the
field Eq.(40) with b = 0.00078 for (a) and b = 0.0016 for
(b), respectively, when high frequency w = 0.7 is fixed
(from Ref. [42]).
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Fig. 6. Reduced number of produced pairs in the field
Eq.(40) with respect to spatial extent A when w = 0.7
(from Ref. [42]).
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Fig. 7. Reduced momentum spectra of produced pairs in the field Eq.(41) for high frequency field with w = 0.7 (from Ref. [52]) .
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Fig. 8. Reduced number of produced pairs in the field
Eq.(41) with respect to spatial extent A when w = 0.7
(from Ref. [52]).
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Table 1.

metric and asymmetric fields for different chirping
when A = 10 (from Ref. [52]) .

Reduced pair number and ratio of sym-

b(w/T) Naym Nasym Niym/ Nasym
0.05 0.2680 0.1663 1.612
0.10 0.3274 0.1561 2.097
0.20 0.3178 0.1791 1.774
0.50 1.4340 0.7474 1.919
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Fig. 9. Reduced momentum spectra of produced pairs in the field Eq.(41) for low frequency field with w = 0.1 (from Ref. [52]).
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Fig. 10. Reduced momentum spectra of produced pairs in the field Eq.(42) for different chirping (from Ref. [53]).
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Fig. 11. Enhancement factor of reduced number of pro-
duced pairs in the field Eq.(42) with respect to spatial ex-
tent A (from Ref. [53]) .
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F 2 RAbEs ] REEFIEM S ECT B UR k) ak
PRI R SR Y 1 (S SR [53))

Table 2.  Optimal spatial scales related to the op-
timal enhancement factor at the chosen optimal

chirp parameters (from Ref. [53]).

Different
chirping  (w;/7), (i =1,2) scale/m!

Chirp parameter  Spatial Nistow

le +N2w
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Fig. 12. Number of produced pairs in the field Eq. (43) with
respect to chirping parameter (from Ref. [64]).

3 ARIEBYIAR T AR 1 o A B R (B A
F/MEUK —FEZ MW ILE (35 K [64])

Table 3. The maximum, the minimum number of
created electrons and the ratio between them for dif-
ferent fundamental frequencies (from Ref. [64]).

wo/¢* Npin(b=0) Ninax R(Nmax/Nmin)
0.1 1.87 4.58 (b= 1.8¢%/t1) 2.45
0.2 1.85 4.69 (b= 1.7¢%/t1) 2.54
0.5 1.77 4.76 (b= 1.6c%/t1) 2.69
1.0 2.30 5.13 (b= 1.2¢%/t1) 2.23
1.5 4.18 5.39 (b= 0.8¢%/t1) 1.29
1.9 5.42 5.65 (b= 0.1c?/t1) 1.04

P 13 2 HL 75 I I BRI W ok 2 B A ) 25
PRI ATRUE B, 24 wo + bty 5 TR —HEU,
Az B LT RCH EEAR AR, 2 wo + bty =0 I, 2 &3
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Fig. 13. The contour plot of the electron number varying

with the fundamental frequency and the chirp parameter
(from Ref. [64]).
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Fig. 14. The frequency spectrum of frequency modulated
potential well with different modulation parameters (from
Ref. [64]).
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Fig. 15. Energy spectrum of created electrons under the fixed frequency (the black dotted curve) and the chirp frequency (the red

solid curve) (from Ref. [64]).
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Fig. 16. The turning points of complex time-plane when the momentum is zero (from Ref. [53]).
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Enhancement effect of frequency chirp on vacuum
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Abstract

In this review article, we show an important aspect of electron-positron pair production from vacuum under
strong background field where the frequency chirping plays a key role in enhancing the pair production. A series
of researches on the enhancement effect of frequency chirp on electron-positron pair production in strong field is
summarized. Three approaches are introduced, i.e. the Dirac-Heisenberg-Wigner formalism used to treat the
spatial inhomogeneous field or/and multidimensional homogeneous time-dependent field, quantum Vlasov
equation to cope with the one-dimensional homogeneous time-dependent field, and the computation quantum
field theory employed to study the problem with external potential. Some interesting results about the
momentum spectrum structure of created particle and the yielding of pair numbers are demonstrated for various
different field parameters such as field strength and central frequency, in particular their significant influence on
results when the frequency chirping form or/and strength are changed. In general, the number density can be
improved by 2-3 orders of magnitude with the strengthening of frequency chirping in comparison with that
without chirping for low frequency field, which is attributed to the effect that the dynamically assisted
mechanism plays a significant role since the chirping expands the frequency spectrum of field. For high
frequency field, however, this effect is suppressed so that the number density is enhanced by about a few times.
For spatially inhomogeneous field, field changing on a small scale does not make the number density so high
and the frequency chirping can enhance the yield in the order of magnitude, while the field changing on a large
scale makes the number density to approach to that of homogeneous field and the chirping increases the yield
by a few times. These numerical results can be understood by the Wentzel-Kramer-Brillouin (WKB)
approximation and the structure of turning points. Finally the possible applicable prospects of the electron-

positron pair production by the frequency chirping are presented briefly.

Keywords: electron-positron pair production, frequency chirping, strong field, quantum kinetic method
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