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Comment on “Vacuum electron acceleration by coherent dipole radiation”
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Trohaet al. [Phys. Rev. B50, 926 (1999] put forward a generalized Lawson-Woodward theorem in the
study of laser accelerations. We point out that one of the assumptions used in their proof does not stand on a
solid physical ground and that it is possible for electrons to obtain net energy gains from a plane-wave laser
pulse in vacuum even if the radiation reaction effects are neglected.

DOI: 10.1103/PhysReVvE.65.028501 PACS nuniderd1.75.Jv, 41.20-q, 42.50.Vk

Whether an electron can be accelerated by lasers in
vacuum has been discussed for decddes]. According to Y=o
the Lawson-WoodwardLW) theorem, an electron can never
obtain a net energy gain from a plane wave field under cer- .
tain conditions, which have been summarized by Esarey iThen as concluded in Ref8], by using lim, A, (¢)
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[7] to be: S _ =0, the electron net energy gain is zero from E4).

pré;)et:te laser field is in vacuum with no walls or boundaries gt the condition "%_‘W'&L(@:O is not a necessary
(ii) th’e electron is highly relativistic{=c) along the ac- physical [equirement. A more reasonable condition should be

celeration path, limy . E,(¢)=0, which however does not lead naturally
(iii) no static or magnetic fields are present, to |im¢_¢x&(¢):0- To see this, we express, (¢) by

(iv) the region of interaction is infinite,

(v) the force—ev X B is neglected.
Therefore, to achieve a nonzero energy gain by using la-

E, (o) as follows:

ser fields in vacuum, one or more of the above assumptions A (p)=A, (—»)— if(b E, (¢)dé. (5)
must be violated. Similar conclusions can also be found in @J -
Ref. [5].

Recently, Trohaet al. [8] put forward a generalized ver- As an example, we assume E, (o)

sion of LW, which claims that the electron can get no energy=g, exp{—¢2/2w(2¢,]cos¢ with w to be the pulse length in
gain so long as plane waves are considered and the radiati@fits of 1k. Then

reaction effects are neglected. But one of the assumptions
leading to their conclusion does not stand on a solid physical . R Eo ”o
ground. For convenience of the discussion, we first review A (+xo)=A (—w)=~— —\/ﬁwd,e*‘”a& 26, (B)
the electron dynamics in a plane wa@3, which propagates @
along thez axis with the four-potential, L .
which is nonzero except that,—c« or w,=0. The maxi-
oz A _ mum value of|A, (+%)—A, (—=)| occurs whenw,=1.
AuddI=leAL(P)A] ¢=A=0, ¢=k.X"(7), (1)  Thisis just the so-called subcycle laser acceleratigns, which
has been put forward by Raat al.[9] and studied by Cheng
et al. [10]. From here, we can see that it is possible for the

in which 7 is the proper time ané"= (k) the four-wave  gjactrons to gain energy from the plane-wave pulses even if
number. By solving the Newton-Lorentz equation for thene radiation reaction effects are neglected.

motion of the electron, To give a more general consideration of the electron dy-

namics in the plane-waves pulse, we start directly from the
- - electro-magnetic fieldsk,=B,=Eqf(#)cos@), instead of
i~ ~e(E+uxB), (2 the corresponding four-potential. By solving E@), we can
find the energy gain of the electron in unitsrofc? (m, is
the rest mass of the electroto be

>

we obtain[8]
) ~
AZ(Q')) o :A —2AP,,
P2=70 ’80+LT(1+’80) ' (3) AY=7=7 2(y—Po) @)

in which P, and P, are the electron initial transverse and
*Email address: Jia-Xiang.Wang@theo.physik.uni-giessen.de longitudinal momentum in units ah.c? and
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+oo - Wy, i.e., we replacef(¢) by F(4/w,) in the following.
A:Qof_oc f(p)cog p+ po)ddp=Qo Re(f(7)],-1), Then Eq.(8) can be rewritten aéf(¢)=F($/w,)),
€S _— .
~ — " aid — W x
where Qy,=eE,/mewc, f(7) the Fourier component of A Qof_m F(W¢)e d¢ Wd’Qof_w FlyeTerdy.
f(¢) defined as follows: (12
- + oo . . . e . .
f(”):j f(p)e7de. (9) Now we copsuder two I|m|t|ng cases. One is with,< 1.,
— from which it can be easily found th&~w, . The other is

] ) ) with w,>1. Then if F(x) has no singularities on the real
By inverse Fourier transformation§(¢) can be expressed axis A is exponentially small. To see this, assumjpgto be
as the distance from the real axis to the nearest singularity of
F(x) in the upper half plane, we may estimate

1 [te. :
()= 5| Tope vy (10

. . . . A~ X1 >1). 13
Becausd (¢) is a real function, the real and imaginary parts Wo® ($1wy>1) (13
of (), i.e., Ref()) and Im(f(7)), must satisfy If the nth derivative ofF (), i.e., F("(x), has discontinui-
ties aty= *a on the real axis while all other lower deriva-
toe tives are continuous, we can find thatdecreases according
J:w (Re(f(m))sin(¢pn)—Im(f(n))cog pn)dn=0. to a power law, i.e.A~ 1/vv[;. To prove this, we write

(11)

+

a . a .
f F(X)e'W¢de+J F(x)e™exdy

—a

A:W¢QO

To meet the above equation, a natural option is to choose
Im(f(7)) to be zero and Ré(7)) to be symmetric withy

=0. Thenf(¢) is also symmetric with respect =0 ac- + f+w|:(X)eiW¢de ' (14)
cording to Eq.(10). a
SinceA y~A?2, for the estimation of the magnitude &f
we assume thdt(¢) varies appreciably over the scale length and integraten+1 times by parts. Then
|
2[—i"Qqsin(w,a)A(FM(a))l/wy, (a#0, wy>1), s
15

T2 QA FM0NIW],  (a=0, wys1),

where the symmetric property é{¢) has been used and  trons to obtain net energy gain from plane-wave laser pulses.
Furthermore, the general electron dynamics is also discussed
AF™(a))=lim(FM(a+e)-FM(a—z)). (16)  priefly to show that only subcycle pulses or pulses with sub-
e—0 cycle properties can be used to give the electron a large
energy gains.
Finally, it should be mentioned that such plane-wave
pulse is only an ideal model of the realistic fields. To study

From the above discussions, we can see whgr1 or
w,>1, Awill decrease to zero according to different scaling

laws. Usually, such transition from, <1 tow,,>1 happens what will happen when the diffraction effect is included, we

whenw, is of unit magnitudg 11]. Thus, in order to accel- ; L
. o have also built a realistic subcycle pulse model to make the
erate the electrons with plane-wave pulses, it is very neces-

sarv to use subcvcle pulses. or at least some puises Witﬂmulations. The results are published in a recent paper. The
y cycle pu ' P conclusion is that when the beam width is very wide, the
subcycle properties as discussed 10)].

In summary, in this Comment, we have pointed out thatﬁicglgaee_cggg r%?)lgells very similar to the results gotten by

the generalized Lawson-Woodward theorem mentioned by
Troha et al. [8] does not stand if the basis of the proof is  One of the authors, J. X. Wang, expresses his gratitude to
examined more carefully. Therefore, it is possible for electhe Alexander von Humboldt Foundation.
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