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Fig. 1. Total number of created pairs for different frequen-

cies of the external field. Here ¢ = 0.002, the field inten-
sity is V4 = 5.5¢2 and width is W =5/c.

231202-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 23 (2021) 231202

IR EE 2 S PN U] 3 {0ES
w > 2 JE TR B, XTRLAY 2 O T R 1
6T HY BE B KT RE A 18] Bt 2¢ (16 J5 7 B A ) v
m = 1), WA SCBIE A REAS B 5C S, 72" A 1E T
HL 0. 5185 30k [20) R A B AT R AR
R —E O TR 206 TR 2, A
SCHINGE T AR R, DR T LA B A0 £
Fon, SRS R w > 2, SO ARt s
WIERRESIISEE, IR w > A E AT R
R — AN FAE, B w > 0.67¢ b i /NI D]
5= BRI, X5 SCHR [21] AR AR AR
B AR AR L —EL

B, W T w > 22 BTGB, BOGTFER
BT ERIEANSR AT LR A, FURAHB SO T
FEREUN. it IR 2T IR AR, 15 2 A
XITFRERIE R B, 45 Hh 2200 T ERE i R s .

3.75

E/c?
S

—1.25

—2.50

—3.75

B2 ZOUFIRITERRERE, SMAHE R w = 2.5c2
Fig. 2. Schematic diagram of the multiphoton transition,

where the frequency of the field is w = 2.5¢2.
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Fig. 3. Energy distribution of the created particles for a wide

field width W = 5/c, where the frequency and intensity of
the field are w = 2.5¢? and V4 = 8.5¢2, respectively.
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Fig. 6. Probability of transition between the positive and
negative energy: (a) Field width W =5/c; (b) field width
W =1/c. The frequency and intensity of the field are
w=2.5¢% and Vi = 8.5¢%.
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Abstract

Within an oscillating field with high frequency, electron-positron pairs can be generated from vacuum as
the result of multi-photon transition process. In this paper, through the computational quantum field theory
and the split operator technique, we use a numerical method to solve the spatiotemporally dependent Dirac
equation, the result of which enables us to discuss the process of creating electron-positron pair under a time-
dependent and spatially localized external field. By monitoring the total number and the energy distribution of
created pairs, the effect of the field width on the creating electron-positron pair is discussed.

For a wide width, the symmetric transition of single photon transition is dominant, because the momentum
of the transition particle is approximately conserved due to a gradually varying space. For an oscillating field
with frequency that exceeds the threshold 2mc?, the energy of a single-photon is sufficient to cross the energy
gap between the positive energy continuum and the negative energy continuum. As a result, the electron-
positron pairs will be generated continuously, where a transition with symmetric energy has the maximum
probability. Meanwhile, higher-order photon transition also arises, especially for three-photon transition with
one photon transition completely inside the negative energy continuum. To observe the effect of this photon, we
artificially cut the negative energy at a specific value. Accordingly, in the energy distribution of the created
pairs, the peak corresponding to three-photon transition disappears, which indicates that the photon inside the
negative energy continuum is indispensable in a three-photon transition process. For a narrow field width where
the conservation of the momentum breaks down, the production corresponding to the asymmetric transition
becomes obvious. In the energy distribution, the peaks representing two-photon transition and three-photon
transition become wide and are split into two small peaks. For the three-photon transition, if we cut the
negative energy at a specific value, it affects only the peak with lower energy, which indicates a different
transition mode of the case corresponding to a wide field. Furthermore, in a narrow field the transition
probability of double-photon transition greatly increases, even to a similar order of magnitude of the single
photon transition. Apart from transitions with energy equal to integer multiple of the frequency of the photon
appearing with asymmetric patterns, there also exists transitions with other energy. The multi-photon transition
process of the particles for a narrow field width is more complicated than for a wide field width.

Keywords: pair creation, strong laser field, computational quantum field theory
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