
Preprint

3>h£h4U3h hLUShSflhS
ЕРЕВАНСКИЙ ФИЗИЧЕСКИЙ ИНСТИТУТ

YEREVAN PHYSICS INSTITUTE

S.M.DARBIINJ&N, KAISPI^lAN

ACCELERATION OF MOVING ATOMS IN

X-RAY BEAMS

ЦНЖЫпмннфсрм
KPLBAH 1988



'иш[иЪшифи| U$n-111 б ( 79 ) -88

GUPd-ЧПа USniTOtrb UrUWenniTC l>miS<tMi8U1j

{ЛЛтрц1{шЬ t иипгнГЪЬрр ul^qpliu^uilj uipuiqni.(i}jurij

^uig^nLir ЪршЪд dhng рЬршЬ uipmqtugiTm'U i[pui: 8 n t j g

•рцаЬ, np ul{qpljiul{iuru mpuiqnLPjm"U ЧШ21Ц1 mnlib^p pbpnLiT t шштГр

сГшЪр, ifpli^L npp (jiupb^p t wpuiquig'ub^ nblimqblijmli

i{i\i£nLir 2ШРС' |1П|1 шштГЪЬрр [ipuip ibinLnq Фпшп^ФЬцшп шцтЬ»

dmJmbvA{i ЧЪшЧшю^шЬ b*U шрuiqtugiTtu'U mbiTu[[],ujmuLlb^qnLjiu ibng pbpijnn

"UtuL nbtiuiqbtijm'U ф*1|£Ьрр iuli'ipudb2m iqnpnLpjm'U {up-

tn.Jljnt'u'ulipp ФпшпЪп t'l'bpqnuijp шшррЬр шр(^Ьр\1Ьпр SuiiTmp iupqn\ip iu-

<*Ttibpji

Ъркш\|р ^pqnqmjp p'UuinpuiiiLm

1988

Центральный научно-исследовательский институт информации
и технико-экономических исследований ло атомной науке
и технике (ЦНИИатоминформ) 1988 г.



Препринт ЕФИ-Ш6(79)-88

С.М.ДАРБШЯН, К.А.ИСПИРЯН

УСКОРЕНИЕ ДВИЖУЩИХСЯ АТОМОВ В ПОТОКЕ

РЕНТГЕНОВСКОГО ИЗЛУЧЕНИЯ

Рассмотрено влияние начальной скорости атома на приобре-

тенное им ускорение в процессе фотоэффекта. Показано, что учет

начальной скорости приводит к ограничению энергии, до которой

можно ускорять атомы в последующих друг за другом актах фото-

эффекта при их движении в потоке рентгеновского излучения. Оце-

нены величины темпов ускорения, приобретенные предельные энер-

гии и необходимые плотности потока излучения для различных

энергий фотонов в случае ускорения атомов аргона.
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The influence of the initial velocity of atoms on their

acceleration due to photoeffect ia considered. It is shown

that if one takes into account the initial velocity of atoms

the energy up to which one can accelerate them in a series of

subsequent photoeffect processes during their motion in a X-

ray beam is limited. The acceleration rate» the maximal achi-

evable energy as well as the necessary power density of vari-

ous energy X-ray photon beams are estimated in the case of ac-

celeration of argon atoms.
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Recently the possibility of acceleration of particles

(atoms) with the help of X-ray beams has been considered in

the works Г
1
»

2
]» Despite to the method of [i] , requiring

still inavailable monochromatic high intensity X-ray beam* in

the work [2J it has been suggested to accelerate 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 photoeffeet the even

weak relativism of photoelectrons results in their directed

angular distribution and therefore the atone in the mean get

some momentum direoted forward (or backward) to the X-ray in-

cidenoe. These problems are considered in detail in Л.Зоамг-

feld's Ъоок Гз}. However in Гз1 the photoeffeet process is,

naturally, considered for atoms in rest, while in the work f2j

it is assumed that during each consequent photoeffect process

the atoms are in rest taking into aooount that the atoms get

nonrelativiatic velocities. In present work the influence



of the initial velocity of the atoms on their acceleration ie

studied theoretically and it is shown that this influence

changes the whole picture of atom acceleration eren at nonre-

lativiatic atom velocities leading to limitation of the ener-

gy region of the accelerated atoms.

Let in the laboratory frame an X-ray photon with energy <A7

and momentum 1С П» - С = >) collides with an atom of momentum l&*
Г "I

Then in the result of photoeffect in its rest frame as in J2j

the atom receives in the average momentum Г, S Д Р К / W

where vO" and Vs are the photon energy and momentum in the

•torn rest frame, and Дрi-l.btr4.buJwhere fc is the ft-

•hell ionisatlon energy. Carrying out Lorents transformation

of the corresponding quantities from the atom rest frame to

the laboratory frame one obtains the following formula for th<

magnitude and direction of the atom momentum Л -

in the laboratory frame:

where "л - 7 * / ^ "<ki%bfc\ a n d ^ 1 a r e *«e velocity and
1 ?

of the atom before photoeffect process &ч-\.1\\~л?

- ^ £ ? + ^ \ х * £« **Л
 rtjbeing the energy and mass of the

«torn (ion) after photoeffect. v
m

For the two following particular cases corresponding to

the oases considered in the work 12 ~| , one has from (1)i

1, The initial atom and the photon move In the sane di-

r*eti« «



2. The momenta of the initial atom and the photon are di-

rected against each other " K x 7 4 / ? i s - /

Since for real possible cases 2p<££l»a then in furher cal -

culations with good approximation one can assume £ • — i b S

jts^/ii\f н^и^л,-^-^ w h e r* ** i e t h e •*••**»
mass. The term A P * / 1 V \ J would slightly change the furthest

estimates since this term enters into (2) and (3) with an ad-

ditional small coefficient fi\l\\^ . From formulae (2) and

(3) it follows that the atom acceleration takes place due to

the term &0 while the term A m results in deceleration*

Indeed when the first term is absent, jay when AP-4<Gvn one

* 1has &y?-̂ fentVyuy and ^s^&mWvir for the f irst and second case

respectively» and in both cases in the process of photoeffect

the atoms will be decelerated.

From Lorents transformation formulae one has UOr:;u

and vjtfcur^K+G>j for the f irst and second cases, respec-

t ively, and the formulae (2) and (3) take the form:

j j n in the case 1 f (2«)

where (X-0»t)U*^vn and V - \ . t ^ / < n * Taking into account

that уГ-V^/w and "^ s -У* /и* for the cases 1 and 2 , respec-

tively, the formulae (2), (3) and (2»), (3 1 ) give д £ - g o ^ /

as in the work \2\ when



For the given values of vAT and \z^ the resulting process

namely the acceleration, deceleration or constancy of the ve-

locity of the atom, depends on the fact that in what regions

of <2> values the parentheses of the formulae (2*) and (3
1
)

are positive,negative or equal to sero. Therefore it is ne-

cessary to determine the regions of d values in which these

parentheses are positive, and consequently the acceleration

is possible»

Consider the case 1. As it is seen from (2) for the ex-

istence of acceleration region of Q it is necessary ^ > (\
 f

while the ion velocity must be в Д . The acceleration takes

place in the region 0 -cQ> 4. Q>« where A. is the root of

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

miting value of Q> up to which the atom acceleration is pos-

sible. Thus in the case 1 when л*>& the atom which is initi-

ally in rest in a incident X-ray beam begins 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 & in the result of further photoeffect proces-

ses the atom begins to be decelerated. For small values

and W«.i. the approximate value of u* is equal to

& ~ &--<*-<*+l<X\r - Let us note that the value of f

is very small. Since & < X or £ ^ < и г < Д Л £ * when ur~ £ ^

we have for instance, in case of argon (Z «18, £«3.203 KeV)

А Л / -0.006 or fc^O.75 MeV.

Consider the case 2. As it follows from (3*) for the ex-

istence of acceleration region it is necessary (k>v or W >

> 2 . 7 C *
#
 In.jthis .case there, „are..two regions of,? in which th

.6



atom acceleration is possible: 0 < j* < ^ and

For email & and v the approximate values of & and Л are

equal to Л -s^-^^oj.l^vand & si-Хь» Since the magnitude file

0 1 i

_ .bu»m is small for W for which the photoeffect cross sec-

tion <5~a is larger than the scattering cross section<C then

* ic

the region ft <P><"i. is 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 ft s &

against the direction of the X-ray beam. One may increase thevalue of P by increasing the photon energy, however it is

necessary to take into account that 61o decreases with the in-

crease of VAJ . In the case of At atoms one has: \jjT, «50 KeV,

<S x 0.052,t, 2 52MeV; gj- -1 OOKeV, Ь - 0.123, f, X 283 MeV;

VAT -200 KeV
f
 RW~O.316, £ £ 2 GeV.

Let us note that as it follow from (3*) in the case 2 the

atom acceleration is possible in the whole region 0 < & <J- for

sufficiently great values of the parameter (X > Ol «L where

However this requires relatively high energy photons

~ 1£/Ъ) УЛ C\ •»
 f o r

 whioh (T'o becomes comparable or

less than (J* .In Table 1 it is given the values of Uj",, for

some atoms and using the tables for photon interaction cross

sections U I the values \JJ for which <S\ becomes of the or-

der of <£" . As it is seen from Table 1 for light and medium

atoms \yf .,<UT and the acceleration is possible in the region

Q < & < ftA while for heavy atom the acceleration is possible

in the whole region 0 < Ь <



Let us also note that due to the dependenoe of the acce-

leration in a number of consequent photoeffeet processes on

the atom velocity the aooeleration rate ia not oonatant alont

all the path of interaction of atom* with X-ray beam and in

all oaaee it deoreaae with the increaee of ft . For compari-

son with the estimates of the work [21 let ua give the ave-

raged values of the corresponding magnitudes in the ease of

Д 1 atom acceleration*

The averaged acceleration rates ( ТгАВД > for jsi/'C where

<C i« the ^ -vacancy lifetime Гб| , 2. is the maximal pos -

sible frequenoy of the photoeffeot processj in the accelera-

tion regior 0 < $ 4 & ' for small & and ty- are equal to

for the cases 1 and 2 , respectively. Foru)~£ and U>-
— -я? ^

one has: *T ̂ 5.4 OeV/m and Цй. 42 GfeV/m* For such accelera-*

tions the required X-ray power densities I W s u^rC ̂ fV|

are respectively equal to Sf{^~ 5.10
18
W/cm

2
 and4(t;2.7.10

23

W/cm as in the work121.

The mean fractions of the X-ray energy ( Kzf* MUTwhereis the atom energy after acceleration (| 1в the mean

number of photons absorbed by the atom) used for the accelera-

tion of an atom initially in rest up to the limiting veloci -

ties и. and Ъ in both oases are determined by the for-

mula K
i
? W A » » A U - ^

a n d
 •*• «ч"*

1 t o K4dOi6%(£^o75Hv:

x ( £\^ 50 HeV) respectively, when ft and

are small.



Without discussing the difficulties (filling the vacant

•hella by electrons) and possible (laboratory and astrophysi-

oal) realisation of the atom acceleration method under inves-

tigation (see [2] ) we would like in conclusion of this short

aote once again to underline that the accounting of the atom

aotion limits strongly the possibilities of the method.

Table 1.

n
t£JM
У*ЫсУ

18

3.202

70

260

F«.
26

7.112

120

265

0< f

Cu
29

8.979

150

268

50

29.2

250

295
i

Mb

J
53

33.17

250

300

W
74

69.52

450

353

78

78.4

500

367

82

88

500

382

u
92

115.6

650

426
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