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Recently the posaibility of acceleration of particles
(atoms) with the help of X-ray beams has been considered in
the works [1,2]. Despite to the mei:hod of [1] » requiring
still inavailable monochromatic high intensity X-ray beams in
the work [2] it has been suggested to gccolorato atoms (ions)
in the flux of X-ray radiation with relatively wide spectrum
due to the momentum transfered to the atoms in the process of
inner shell photoeffect. The atom acceleration takes place
due to the fact that in the case of X-ray photoeffect the even
weak relativism of photoelectrons results in fhoir directed
angular distribution and therefore the afona in the mean get
some momentum directed forward (or backward) to the X-ray in-
cidence. These problems are considered in detail in A.Sommer-
feld's book [3].' However in [3] the photoeffect proceas is,
naturally, considered for atoms in rest, while in the work [2]
. 1t 1is assumed that during each consequent photoeffect process
tho atoms are in rest taking into acoount that the atoms get

nonrolutiviat:l.é velocities. In present work the influence
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of the initial velocity of the atoms on their acceleration is
studied theoretically and it is shown that this influence
changea the whole picture of atom acceleration even at nonre-
lativistic atom velocities leading to limitation of the ener-
gy region of the accelerated atoms,

Let in the laboraiory frame an X-ray photon with energy 1y
and momentum W (‘V\ p- C‘ﬂ-) collides with an atom of momentum E
Then in the result of photoeffect in its rest :trnme as in lz]
the atom receives in the average momentumn f -Ar _"/ (TN 4
where w' and V' are the photon energy ard momentum in the
atom rest frame, and A? :/‘\__QE‘-‘-O,thoro E“ 1a the K -
shell ionization energy. Carrying out Lorents transformation
of the corresponding quantities from the atom rest frame to
the laboratory frame one qbtaina the folliowing :Egmq]_.: for the
sagnitude and direction of the atom momentrmn ',?’. - gi" DE
in the 1aboratory frame:

~p\ ~2

At‘ DPY .\_"l'_%_.n +X E H,\n-rbg ;(' h‘;;;{)
where A= {, 191 ra@= ?Alﬁi and M are the. v:Iooity and
.mass of the atom before photoeffect proceu ¥=A / ,f___s;ﬂ

e/ 2 _,‘l B‘Y" *“ E and “ being the energy and mass of the

atom (ion) after photoef:root. N

Por the two foliowing particular cases corresponding to
the cases considered in the work [2] , one has from (1):
LN Rl N
1, The initial atom and the photon move in the same di-

réction K_:YQ/Y&:._\Z/\U"
o¥ =Y |5 v g (€, MR =Y (57 - Pl
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2. The momenta of the initial atom and the photon are di-
rected against each other K-:‘Y‘ / Y:I. - _-«/w .

A% =\’K:- BY +§5\€,_—“1“K :-Y(K?*PW\)W . ()

Since for real possible cases ﬁ«.“: then in furher cal -
culations with good approximation one can auumé E; —“3 ~
~ O ~MA~M M, =-m where ¥\ is the electron
;A‘E/ 12}3’1%12‘"2\?’1 /‘;fv\: would slightly change the furtho!'
‘estimetes since this term enters into (2) and (3) with an ad-
ditional small coefficient m/ “l . From formulae (2) and
(3) it follows that the atom acceleration takes place due to
the term B while the term Aw results in deceleration.
Indeed when the first term is absent, uay when AP<K ESM one
has B?;.xw\’g/w and &:X&Lm’\yur for the first and second caaeﬂ.
respectively, and in both cases in the process of photoeffect
the atoms will be decelerated.

From Lorents transformation formulee one has w“:wxu.-?)
and w':w"‘kﬁ -\-%) for the first and second cases, respec-
tively, and the formulae (2) and (3) take the form:

E’e:m\‘u’ ‘9..0@)’3 in the case 1, (2*)

:E'_'.W\K é._LE’ P W in the case 2, (3")
w{2E 2-p)

where a:O.bw{m and L:&.GE“Im . Taking into account
— :

that W:‘{/w and K:-\k/\u’ for the cases 1 and 2 , reapec-

tively, the formulae (2), (3) and (2'), (3') give 5233?1/\»-

as in the work ‘_2] when SL_,() .



For the given values of \\)- and E“ the resulting process
namely the acceleration, deceleration or constancy of the ve-
locity of the atom, depends on the fact that in what regions
oi’ 5!. values the parentheses of the formulae (2') and (3')
are positive,negative or equal to sero. Therefore it is ne-
cessary to determine the regions of ? values in which these
parentheses are poasitive, and consequently the acceleration
is possgible.

Consider the case 1. As it is seen from (2) for the ex-
istence of acceleration region of 9 it is necessary &;-q,
while the ion velocity muast be I.Qv » The acceleration takea
place in the region <§_’;< 9)\&1“ where 9\5\

the expression in the parenthesis of (2) and presents the li-

is the root of

miting value of % up to which the atom acceleration is pos-
sible. Thus in the case 1 when Q&>a the atom which is initi-
ally in rest in a incident X-ray beam bagins to be accelera-
ted in consequent photoeffect processe in the direction of
the incident X-ray beam, but just as the atom velocity becomed
greater than ?,;:1 in the result of further photoeffect proces-
ses the atom begins to be decelerated. For small values Q<<i
and Qr((i. the approximate value of Sﬁgl is equal to
u)th-Q-Ql-blO«Qr « Let us note that the value of S”::I
is very small. Since Q(Q, or E\.‘(w’(.l.*E“'when W E“
we have for instance, in case of argon (Z =18, E“-3.203 KeV)

&) =0.006 or E:M':, 0.75 MeV.

Consider the case 2. As it follows from (3') for the ex-
istence of accelere.tion region it is necessary (L?ey or W>»

>2.7 E\« o In_this case there are two ragions of § in which th
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atom acceleration is poassible: 0 <'? < S&i and 614 @< A.
For small g and Qy the approximate values of SL& and }tare
equal to g,iga_@_.,a".i&and }-,.._.1-1“1. Since the magnitude @ =
:0.6“7’#\ is small for W for which the photoeffect cross sec.
tion 6;“ is larger than the scattering cross section o‘;‘ then
the regionSba<}('i ia very narrow and presents no interest.
Therefore it remains the case when the atoms initially in rest
will be accelerated in the X-ray beam up to velocity }::“ = Pd.
against the direction of the X-ray beam. One may increase the
value of P.z by increasing the photon energy, however it is
necessary to take into account that o’va decreases with the in-
crease of W . In the case of M atoms one has: \\J. =50 KeV,
g}:l ~ o,osa.E:"E 52MeV; W =100KeV, P:f,-; 0.123.E:m: 283 MeV;
w =200 Ke¥, Bit1~0.316, E“:: 2 GeV.

Let us note that as it follow from (3') in the case 2 the
atom accelsration is possible in the whole region 0< }(L for
sufficiently great values of the parameter QA > Q - where

q:&-_-_-f.f-t*gr -_Qy,‘-t l\(i.zS»ny"f (4)

However this requires relatively high energy photons wa>u}l =

= (S' / 3) m Q ock for which d'; &A becomes comparable‘:;
less than G;C . In Table 1 it is given the values of \.U“& for
some atoms and using the tables for photon interaction cross
sections [4] the values fu\.)" for which 6;& becomes of the or-
der of 6;‘ . :s: it is seen from Table 1 for light and medium
atoms wr d«u and the acceleration is possible in the region
0< P < ' while for heavy atom the acceleration is possible

in the who%t“region 0< b< 1.
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Let us also note that due to the dependence of the acce-
leration in a number of oonsequent photoeffect processes on
the atom velocity the acceleration rate is not constant along
all tho path of intersaction of atoms with X-ray beam and in
all cases it decrease with the increase of S! . For compari-
son with the estimates of the work [2] let us give the ave-
raged values of the corresponding magnitudes in the caﬁo of
A-\, atom acceleration. -

The averaged acceleration rates (T;ABQ_ y for .g:i/f where
T 1is the K ~vacancy lifetime [6. ’ ¥1l the maximal pos -
sible frequency of the photoeffect procosa) in the accelera-
tion regior 0(?(&‘:?01' small ( and Qy ﬁ. equal to

___ﬁzlﬁ"— ka_q-at) ,'-—,.:'1‘. \Q-—Qn-ﬂla\ (5)
A 2T

for the cases 1 and 2 , rupo:jively. Por ng\\a.nd u):SO\(Q.Y
one has: "'l‘}:-. 5.4 GeV/m and T,:::. 42 GeV/m. For such accelera-
tions the required X-ray power densities \w: w/fc o‘"ﬂ
are respectively equal to \ﬂ ~ ‘5.1‘.’)181/<:m2 and WQ:2.7.1023
W/om® as in the workial. | .

.The mean fractions of the X-ray energy ( W= Epﬁ\ﬂ'where
EM is the atom energy after acceleration ’ﬁ is the mean
number of photons absorbed by the at'oin) used for the accelera -
tion of an atom initially in reast up to the limiting veloci -

3\ 2\
ties }Qm and _ in both cases are determined by the for-

mula ¥, E.(m/l‘u“a_ {fand are equal to W R 0.16$(E:';0. T5MeV
and Kl':;‘o,sﬁ ( E;z 50 MeV) respectively, when (g and
are small.



Without discussing the difficulties (filling the vacant
shells by electrons) and possible (laboratory and astrophysi-
sel) realisation of the atom acceleration method under inves-
tigation (see [21 ) we would like in conclusion of this short
note once again to underline that the accounting of the atom

aotion limits strongly the possibilities of the method.

Table 1.

Av | Fe {Cu |Sw] d LRI
I8 26 29 50 53 74 78 | B2] 92

—— o -~

5_5,&\'@’]3-2. 7.1128.979 p9.2| 33.17] 69.52|7.4| es] 115.5
Gkl 70 | 120 150 [250] 250 | 450 | 500f500] 650

-

“{ 260 265 | 268 1295 | 300 353 | 367|382] 426
0< B <8 - 0<B<4




References

1. Tajime T., Cavenago M, Crystal X-Ray Accelerator.- Phys.
Rev. cht., 1987, vo0l.59, N.13, p.1440-1443.

2, llarma A.B., Xmxuax H,A, 0 BO3MOXHOCTY yCKOpeHWST ATOMOB B
MOTOKE DPEHTTeHOBCKOTO M3Jydenms. Illpempunr XOTW 87-60,
Mocksa-1lHaTommspopm, 1987, c.I-6,

3. Sommepdensm A. CTpoeHMe aToma M CneKTpd. M,: Iocrexmsmar,
1956, r.l1l.

4. Cropm 9., Hcpaanp X, CeueHua B3auMOMEACTRHA IraMMa-H3JyIeHHEA,
M,: Aroman'a'r, 1973,

5. Broxmr M.A; , liBefinep U.T'. peHTreHOCHEeRTPaIbHHI CIPABOTHEK.
M,: Hayxa, 1982,

The manuscript was received 16 November 1988

C.M.EAPEMHAH, K,A,UCIMPAH
JCKOPEHME JIBVEVIMXCA ATOMOB B IIOTOKE PEHTT'EHOBCKOI'O
H3YYEDA

(Ha aHTUICKOM ga3HKe, EDEBOK ABTODOB)

Pe.nau?rop J.T Myxaan
Texsnraeckuit penmaxrTop A.C.AGpamm
Nommicano B meuaTs 7/XII-88r. DBD-03454 Jopmar 60x64/16

OfcerHas mewaTs, Yu.usg.q1. 0,5 Tupax 299 k3., 8 x.
daxas Tmm.% 618 Mumexc 3624

OrmevyarTano B EpeBaHCKOM (MSHYECEOM MHOTHTYT
Epesan 36, ya.bparies Mgam 2 i

I0



The address for requests:

Information Department

Yerevan Physics Institute
Markaryan St., 2
Yerevan, 375036
Armenia, USSR



HHaexc 3624




