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Polarization studies on the radiative recombination of highly charged bare ions
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The polarization of the emitted photons is studied for the radiative recombination of free electrons into the
bound states of bare, highly charged ions. We apply density matrix theory in order to investigate how the
photon polarization is affected if the incident electrons are themselves spin polarizeK-dretl electron
capture, for instance, the linear polarization of the light, which is measured out of the reaction plane, is defined
by the degree of polarization of the electrons and may be used as a tool for studying the polarization properties
of the electron targets and/or the projectile ions. Detailed computations of the Stokes parameters of x-ray
emission following the radiative recombination of bare uranium iofs lre carried out for a wide range of
projectile energies and for different polarization states of the incident electrons.
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I. INTRODUCTION recombination cross section nor the angular distribution of
the emitted photons was found to bmuch dependent on
With the recent experimental advances in heavy-ion acthe polarization of the ion beam or atomic target and there-
celerators and ion storage rings, more possibilities arise tfPre they cannot be used for polarization studies.
study ion-electron and ion-atom collisions. For the relativis- N contrast to the total and angle-differential cross sec-
tic collisions of highly charged ions with low&-target atoms tions, the polarization of the emitted photons may appear
(or free electrons for instance, a number of case studies On¥ery sensitive to the particle polarization. A similar effect,
radiative electron capturd<-shell Coulomb excitation and or instance, has Iong been knpwn for the atomic photoeffept
R oS 6,7], where the spin polarization of the emitted electron is
lonization of projectiles, electron bremsstrahlung, and eveiy, noi affected by the polarization of the incident photon.
correlated two-electron capture have proceeded in recerfj, e the photoeffect is the time-inverse process of radiative
years at the GSI storage ring in Darmstplt So far, how-  recompination, we can expect that measurements of the po-
ever, most of these experiments have dealt with target atomgyization of the recombination photons will provide us with
(or electrong and ion beams that are both unpolarized. Ajnformation on the spin polarization of the target electrons
wide range of qualitatively differergolarizationstudies will é‘atoms) or ion beam. In fact, such measurements are possible
be opened up by using spin-polarized projectile ions or/angowadays for thdinear polarization of x-ray photons due to
target atoms. Such experiments are very likely to be carrieghe recent improvements in position sensitive polarization
out at the future GSI facilities which will be installed within detectors. In the last year, for instance, measurements of the
the next ten years. linear polarization ofK-shell recombination photons have
Polarization collision experiments, however, require anbeen carried out for electron capture into bare uranium ions
effective tool for diagnostics the polarization properties ofy%2*,
the beam as well as of the target ato(os electrong It is In this paper, we study the linear polarization of the pho-
necessary, therefore, to findpgobe process whose charac- tons that are emitted due to the capture of free polarized
teristics are sensitive to the polarization states of the collisiorlectrons into bound states of bare, higtiens. For such
system. One such probe process, which we suggest from thegvestigations of the angular distribution and polarization
theoretical viewpoint, is the capture of a frem quasifre¢  properties of the emitted radiation, density matrix theory has
electron into a bound state of the projectile ion with thebeen found to be the appropriate framework in order to ac-
simultaneous emission of a photon which carries away theompany the system through the collision prod@sSince,
excess energy and momentum. This capture process, denotedwever, the concept of density matrix theory has been pre-
radiative recombinationhas been intensively studied during sented elsewhere in a number of pla¢gs-10, we may
recent years in the relativistic collisions of highprojectile  restrict ourselves to rather a short outline of the basic rela-
ions with lowZ target atomgor free electrons A series of  tions within the two following sections. Starting from the
experiments, for instance, has been carried out at the G3asic representation of the density matrix, we first derive the
storage ring[1,2] in order to explore the total and angle- explicit expressions for the Stokes parameters of the recom-
differential recombination cross sections, which were foundbination photons and simplify them by using the parity prop-
to be in good agreement with theoretical predictions basedrties of the levels involved. In Sec. Il D, moreover, we in-
on relativistic Dirac theory3-5|. However, neither the total troduce a(so-called polarization ellipse which helps us to
discuss and better understand the linear polarization of the
emitted x-ray radiation. This representation in terms of an
*Electronic address: surz@physik.uni-kassel.de ellipse also shows explicitly how the polarization of the x
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a capture or collision process. If, for example, we consider a
photon beam in some mixed state, the polarization of the
ppppepepepp——— photons is then better described in terms of the spin-density
matrix. Since the photofwith spin S=1) has only two al-
lowed spin(or helicity) stategk\ ), A= =1, the spin-density
matrix of the photon is a 2 matrix and, hence, can be
parametrized by the threeeal) Stokes parametei8,9]

1+P;  P,—iP,

. 1
k\|p,[kN"y== . :
(kX lp,fkn")=7 P,+iP, 1—Pg

(2)

FIG. 1. The unit vectou(x) of the linear polarization is defined
in the plane that is perpendicular to the photon momerkuand is
characterized by an angje with respect to the reaction plane. In fact, these parameters are often utilized in experiments in

order to characterize the degree of polarization of the emitted
rays is affected if the incident electrons are also polarized. Ilight; while the Stokes parameté; reflects the degree of
Sec. I, we describe a series of computations that were cagircular polarization, the two paramete®s and P, together
ried out for the linear polarization of the emitted photonsdenote thédegree and direction of théinear polarization of
following the capture of an electron into tikeshell of bare  the light in the plane perpendicular to the photon momentum
uranium(projectilg ions 2", As seen from this computa- k. Experimentally, these Stokes parameters are determined
tion, polarization of the incident electrons generally leadssimply by measuring the intensities of the light, linearly
also to a rotation of the polarization vector of the lightt of  polarized at different angleg with respect to the reaction

the reaction planeA summary of this important result and its plane. For instance, the parameRy is given by the inten-
implication for future experiments is finally given in Sec. IV. sity ratio

Il. BASIC FORMULAS lo—1go
P= (3

A. Polarization vector of the photon

For the radiative recombination of free electrons intowhile the parameteP, is obtained from a very similar ratio
bare, highZ ions, several case studies are known todayat anglesy=45° andy=135°, respectivelysee Fig. I
which are based on Dirac’s equatiph,11-13. In such a
relativistic treatment of the electronic capture, Dirac- _las—lass
Coulomb wave functions are usually applied throughout the
computations, both for the incide(ftee) electron with well
defined asymptotic momentum and spin projectionmg as As seen from Eq(2), the three Stokes parameters can
well as for the finaboundstate|nyjpu,) Of the electron. In  obviously also be expressed in terms of the matrix elements
addition, the emitted—or recombination—photon is typically of the photon spin-density matrix. For electron capture into a
described in terms of a plane wave with wave vedtdik ~ bound statén;jyu,) of a (subsequently hydrogenlikero-
= w/c) and with a polarization that points perpendiculakto jectile ion, an expression for these matrix elements was de-
along some unit vecton. The wave vectok and the elec- rived previously11]:
tron momentunp span the reaction plane in the experiment.

Of course, thépolarization) vectoru can always be rewritten - "n_ v vp ,
in terms of any two(linearly independentbasis vectors, (kN fkh ") VEM DO“(O'Q'O)UT%W' Brar (WA,
such as theircular-polarizationvectorsu.. 1, which are per- (5
pendicular to the wave vectérand which foru,; andu_; _
refer to right- and left-circularly polarized photofig], re- where 6 denotes the _angle .of the photons with Irespect to the
spectively. In such a basis, the unit vector for the linear pomomentump of the (incoming electrons(see Fig. 1 The
larization of the emitted x rays can be written as angular parameter8 . . ,(\,\") refer to the contributions

of the different multipoles of the radiation field to the polar-

4

2_ .
I 4511135

1 . ization state of the emitted photons and can be written as
u(x)=—=(e Xu +eu_y), 1)
V2
ﬂEI:-L’Tr’()\’)\,): 2 jL = 7L777(_1)msfp,b[|_’|_r]1/2
where y is the angle between(y) and the reaction plane Mgk
(see Fig. L ~ N TN
X(PMg| pel PMHN"N" T (L'N' L=\ vu)
B. Density matrix approach X{L"mg— wmpL pp— Mg v0)
While the definition(1) of the polarization vectou is x(pmy| A" | )
appropriate to describe the linear polarization of photons in a PMS] AR 1 — | KbAD
pure polarization state, it is not sufficient if several photons X (pmg @A | e ®)
with different polarization states are emitted in the course of PMs| AALmg— iy | KbHb) ™
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where[L]=2L+1 and(pmy @A | kpip) denotes the ma- Therefore, making use of these last two expressions, the
trix element for either the electricr(=1) or magnetic ¢  evaluation of the spin-density matrix can be traced back to
=0) multipolefree-boundransition of the electron. The ex- just the computation of the reduced matrix elements
plicit separation of the transition amplitudes into their elec-{E«j||@A[||nyj,) Which describe the interaction of an elec-
tric and magnetic components, as displayed in E§sand  tron with the radiation field for @standard free-bound tran-
(6), will help us later in simplifying the expressions for the sition. The computation of these matrix elements within the
Stokes parameters. Of course, the angular coeffi¢@ratill ~ framework of Dirac theory was discussed elsewhere at sev-
depends on the(initially prepared spin-density matrix eral places in the pa$b,13.

(pmgpe|pms), i.e., on the polarization state of the incident

electrons. C. Symmetry properties of the Stokes parameters

The transition matrix elements in the last two lines of

expression(6) contain the wave functionpmg) of a free £ yzg) iig?gﬁnfgng tzhee tﬁgnstlrr]:r%?trwa\r/s gjr?igiogfstr:r;
electron with a definite asymptotic momentum. For further ds- P y y y prop

simplification of the spin-density matris), it is therefore tvg)?arsi;gt(iii g?{ﬁ?g:ﬁiﬁé dalri]tht)z Azngéehnef?gﬁ} fgetgi “rr:aiziron
necessary to decompose this continuum wave into parti gnt. P

8), for instance, the helicity quantum numbersand \ ',
waves|EKJms> in order to apply later the standard tech- &vhlch characterize the different partial waves of the outgoing

previously[11-13, however, special care has to be taken photon, appear only in the phase and in the single Clebsch-

about the choice of the quantization axis since this dwectbpord""n coefficient(L'\"L —\|vu). From the symmetry
influences the particular form of the partial wave decompopropertles of the Clebsch-Gordan coefficients, it therefore

sition. Using, for example, the electron momentpras the  ollows immediately that the8, " , .,(\,\") angular coeffi-
quantization axis, the full expansion of the continuum waveCients must also obey the symmetry
function is given by[4]

Bl (LD =(-D'B/ L (+1,-1), (10

lpmgy= > i'e'x4m(21+1)(101/2md jmg)|Exjms), where the proper phase is given by L+ 7+L'+ 7' — .
* 7) The symmetry of the angular coefficients enables one, in
turn, to express the two Stokes parametefsand P, in a

where the summation runs over all partial waves +1, simpler form:
+2,...,l.e., along all values ofDirac’s) angular momen- - -
tum quantum numbek= *(j+1/2) for |=j=1/2. In this _ (ke 1p,lk—1)+(k—1[p,lk+1)
notation, the(nonrelativistic orbital momentuml now rep- ! (k+1|p,|k+1)+(k—1|p,|k—1)
resents the parity of the partial waviskjmg), and A, is 7 7
the Coulomb phase shift. V2 f

Using the decompositiof¥) of the continuum wave func- 2 Dox(0.6, O)ngw Bl (L[4 (=D)]
tion together with the Wigner-Eckart theord®, the angu- =
lar parameter$6) can be rewritten in the form 22 P (cos6) E IBML, (+1,4+1)

LaL' 7'
RO (11
=2 iL/+»n-I,L7ﬂ-i|7|’ei(AKfA:()[L,L/’l | /]1/2 and
L L’ V} . o) 5 (k=1|p,|k+1)—(k+1|p,|k—1)
X{., . NNT(L'NL—=A\|v 2= 1 = =
i b # (k+1[p, k+1)+(k—1|p,|k—1)
I 77-’ . . T . * v
X(EK'] ||aA|_'||anb><EKl||aA|_||nblb> C.. 2 DZ,(0,6,0) z BL’ITL’ (—1,)[1-(-1)1
Lal'#'
® i ,

where the polarization properties of the incident electron 22 P.(cos6) ngw 'BLWL’ (1)

now occur only in the coefficient

(12)
) m - _ which, however, still includes a summation over all the pos-
C Krzg (—=1)"™s(pmg| pel pms){101/2mg[ jmg) sible multipoles in the electron-photon interaction. Owing to
s parity conservation in the interaction of the electron with the
X(1"01/2mg|j'mg)(j’ —mgjmg| v0). 9) radiation field, of course, not all of these multipoles will
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contribute in practice to the polarization properties of theA similar decomposition as found for ﬂ'@ . coefficients
photons, as is reflected above by the phase factot ){ applies of course also to the’ , ,(\,\") angular param-
=(—1)-+7*L 7 =v=1+1_ Therefore, in order to under- eters in Eq(8): "

stand the effects of parity conservation, we shall return to

expressior(8) for the angular parametegg”, , ,(\,\") and e (NN =B (NN ;unpol)
analyze it in some more detail. .
In expression(8), of course, the parity selection rules ap- +PBL (NN pol), (18)

ply to both of the reduced matrix elements and do require
that the parities of theelectric and magneticmultipole
fields must be equal to{1) times the product of the parities
that are associated with the bound state and(¢lugoing
partial wave, respectively,

where, using Eqs(14) and (17), the corresponding “unpo-
larized” and “polarized” parts satisfy the two symmetry re-
lations

e (NN ;unpo)
-1 L+m_— _ . =(—1 |b+|+1’
(=) Tyl T = (— 1) =(—1LrrtLi+a’ Bk, (NN ;unpo)),

L ) o (_1\lpt!"+1
(-1 Tnyjp Ty = (= 1) . 19 LnLr (NN pO)

which immediately leads to the relation =(- Pt e’ —vrlgre (\ \':pol). (19)
Lol ' :

_ L+7T+L,+7T’*V: _ [+1"—v
(=1) (=1) ' (14 That is, while the unpolarized part of ti&” , , parameter

However, before we continue with the discussion of thelS alwayszeroif the phasef is odd, the same is true for the
Stokes parameters, let us first reconsider the coeffi¢@nt Polarized part for evefi Making use of this property of the
i.e., that part of thes” , , parameter which depends ex- angular parametdd.8), we can now simplify the expressions

11) and (12) for the Stokes parameters to
plicitly on the electron density matrigpms|pe|pms) of the (A 12 P
incident electrons. Since, in the relativistic theory, the pro-

jection of the electron spin has a sharp value only along the 2 Ds0,6,00 > B2, ..(—1,1;unpo)
electron momentum, the quantization axzsaiis) is chosen p.— Lal'a’

parallel top. For spin-1/2 particles, moreover, a single pa- ’
rameter—1<P<1 is of course sufficient to describe the E P, (COSO)L ? 'BLwL’ (+1.+1)
polarization of the electrons and hence can be used to ex- (s (20)

press theelectronspin-density matrix

- 1+P 0 2 D060 X A7 (~115p0)
<pms|pe|pms> (I +Po,)= 2\ o 1—p (15 P,=—iP Lal’a' ,
in terms of the unit matrix and the Pauli matrixr,. In this 2 P,(cost) 2, 'BLwL' (+1,41)

parametrization of the initial spin-density matrix, obviously, e (21)

a degree of polarizatio®=0 corresponds to a beam oh-

polarizedelectrons, whileP= + 1 refers to acompletely po-  which shows us immediately that only tig parameter de-

larized electron beam with spin projectioms,= + 1/2. pends on the polarizatioR of the incident electrons and that
We are now prepared to study the influence of an initiallythis parameter is simply proportional 8. Therefore, the

polarized electron beam on the angular and Stokes paran®tokes parametd?, vanishes identically if the electrons are

eters. By inserting expressidb) into Eq. (9), we first see initially unpolarized and hence can be used as a very valu-

that the coeﬁ|c|en(; .+ can be decomposed into an “unpo- able tool for studying the polarization of the incident electron

larized” and a polarlzed” component (and/or ion) beam. A measurement of the Stokes parameter
P,, in contrast, will not be affected by the polarization of the
C.=C. (unpo)+7PC’ ,(unpol, (16)  incoming electrons and depends only on the nuclear charge

Z, the projectile energy, and the geometry in the setup of the
which, due to the parity rules, behave quite differently undephoton detectorfl1,12,.
a (sign change in the spin state of the electi@m either its
initial or final state. Taking into account the properties of the D. Polarization ellipse of the photons
Clebsch-Gordan coefficients in E¢P), we find that these

two parts obey the symmetry relations The two Stokes parametePs and P, specify the linear

polarization of the radiation completely, i.e., both tegree

of the polarization as well as itdirection in the plane per-
pendicular to the photon momentum Instead of the Stokes

) Ll — ps 1w parameters, however, we may represent the linear polariza-
Cewr(POh=(=1) C s (POD). (17 tion of the emitted x rays also in terms of a polarization

C’..(unpoh=(—1)'"""""C” ,(unpol),
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FIG. 2. Definition of the polarization ellipse; its principal axis is g 0 08 08
characterized by, the angle with respect to the reaction plane in % ,, o8 08
the given measurement. E 1
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ellipse which is defined in this plarperpendicular td). In e . e ) S
such a representation, the degree of linear polarization *%0 36850 120 150 180 %036 80 s 120 50 190 'O 30 6 90 120 150 180
] Observation Angle (deg) Observation Angle (deg) Observation Angle (deg)
_ p2.p2
P .=VPitP; (22 FIG. 3. The Stokes parametePs and P, of the x-ray photons

that are emitted in electron capture into tehell of bare uranium
is characterized by the relative length of the principal &8fs ions. The Stokes parameters are shown for the capture of unpolar-
the ellipse, and the direction by its anglg, with respect to ized (top panely and completely polarizegbottom panels elec-
the reaction plane. Figure 2 shows the concept of the polatons. Calculations are presented in the laboratory fréiree the
ization ellipse and howy, is defined; when expressed in rest frame of the electron target
terms of the Stokes parameters, this angle is given by the two
ratios|[8] denotes some ratio of the “polarized” and “unpolarized”
components of thg@™ , , parameters. In experiments with
23) highly charged ions, it is this representation of the angje
which, along with theoretical data, may help determine im-
mediately the degree of polarization of the incident electrons
and can be used to interpret the measurements. While, obwithout any need to measure the linear polarization in detail.
ously, an angleyo=0 or yo= /2 corresponds to a linear
polarization of the x rays within or perpendicular to the re-
action plane(and with degreeP, =|P,|), any contribution
from a nonzerd?, parameter will rotate the polarization vec-  Measurements on the linear polarization of x-ray radiation
tor (i.e., xo# 0 and yo# 7/2). Recalling, moreover, the lin- following the capture of electrons into highly charged ions
ear dependence &f,~ P on the polarization of the incident are no longer impractical today. For teshell recombina-
electrons, we can therefore conclude that any polarizatiotion of bare uranium ions ¥*, for example, experiments on
vector that is not in the reaction plane or perpendicular to ithe polarization of the photons were carried out at the GSI
reflects a polarization of th@ncideny electrons. storage ring in Darmstadt during the last year. These studies
For the case of a polarized electron tar¢gtd for unpo- on the x-ray polarization became possible owing to the use
larized iong, we can express the angig of the polarization  of position sensitive germanium detectors. These detectors
ellipse also directly in terms of the polarizatioh and the enable one to obtain information not only on the degree of

P. P2
cos 2>(O=P—L, sin 2XO=P—L,

IlI. RESULTS AND DISCUSSION

ﬁt‘;l_,ﬂ_,()\,)\’) angular parameters: X-ray polarization but also concerning its direction within the
detector plane. They may be used therefore for studying the
. polarization of electrorfor aton) targets or even the polar-
sign(P) N . ; : .
COS (0= ———o, (24) ization properties of ion beams at storage rings in the future.
V1+P?R? In the following, we analyze the linear polarization of the
photons that are emitted in the radiative recombination of
signP,)|P|R bare uranium ions with energies in the range<3Q
sin ZXOzﬁ, (25 <400 MeV/u. Detailed calculations have been carried out,
VI+P R in particular, for electron capture into theé shell of 2"
projectiles. To explore the effects of a polarized electron tar-
where get on the(linearn polarization of the recombination photons,
two cases are considered: the capturéipfinpolarized and
; v 2 1. (i) completely polarized electrons. For these two cases, Fig.
IEV DOZ(O’e’O),_,gwr Bimiim(~11;p0) 3 displays the Stokes parameters as a function of the obser-
R= vation angleé of the recombination photons. In the upper
> D,(0,6,0) > Btiuw’(_l’l?“”po} panels of this figure, thé>; parameter for the capture of
v Lol o’ unpolarized electronsA=0) is shown; it is positive and

(26) quite large for most angles apart from the forward and back-
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FIG. 5. Rotation angley, of the polarization ellipse in depen-
FIG. 4. Rotation of the polarization ellipses of the recombina—dence on_ the observation angle of the recombina_tion photon_s. The
tion photons, calculated for the three projectile energigs angle x, is calculated for the capture of longitudinally polarized

=50 MeV/u (—), 220 MeV/u(— ), and 400 MeV/u- - -) at the electrons into the& shell of a bare uranium projectile®® and is
photon emissior; anglé=30°. ' shown for four different degrees of the electron polarizatign:

=1.0(—), P=0.7(- -), P=0.4(- - -), andP=0.1 (- - -).
ward directions of emission. As seen from E@J1), the
Stokes parameteP, must vanish identically in the case of T,=400 MeV/u. In this figure, the rotation anglg, is
unpolarized electrons; since, moreove;>0 for projectile  shown as a function of the observation anglef the recom-
energiesT ,<400 MeV/u, the principal axis of the polariza- bination photongin the laboratory frame, i.e., the rest frame
tion ellipse always lies within the reaction plang,=0, for  of the electron targgtfor a given energy of the projectiles,
all angles of observation of the recombination photons andpparently, the maximal rotation of the polarization ellipse
for unpolarized electrons. arises in the forward direction for the emission of recombi-

A rather different situation arises in the second cése nation photons. Note, however, thgg is not defined at the
for the capture of completely polarized electror3<1) as  emission angle®=0 and §=180°, because photon emis-
shown in the lower panels of Fig. 3. Here, a nonvanishingsion in either the forward or backward direction does not
Stokes parameteP, appears, which peaks at aroud  break theaxial symmetry for the collision system. At these
=30° and becomes larger for increasing projectile energiedwo angles, therefore, the linear polarization of the light must
while the P, parameter remains unaffected by the polariza-always be zerdsee Fig. 3. For the same reason also, all
tion of the electron target. As mentioned above, a nonzerpolarization measurements at angles nga0 will become
value ofP, also leads to a rotation of the polarization ellipse difficult as the degree of linear polarizatid® = ‘/p21+ p22
out of the reaction plane. This rotation is seen in Fig. 4,<0.1 in this range. For larger emission angles, however, the
which displays the polarization ellipses of the recombinationdegree of linear polarization increases and may become as
photons at the observation angle-30°, calculated for the |arge asP, ~0.5 for emission angles aroun@=30°. At
three projectile energie$,=50, 220 and 400 MeV/u. Ac- these angles, the effect from the polarization of the incident
cording to the increase of the Stokes paramétgrat this  electrons is still quite sizable and leads, for30° andT,
angle, the(rotation angle x, of the polarization ellipse in- =400 MeV/u, to a decrease of the rotation anglefrom
creases from 3.5° fof ;=50 MeV/u to almost 30° foilT,  27.4° for the capture of completely polarized electrons to
=400 MeV/u. As seen from Figs. 3 and 4, therefore, the4,0° if the polarization of the incident electrons7s=0.1.
effects of the target polarization become apparently more
pronounced if the projectile energy is increased.

So far, we have analyzed the linear polarization of the
recombination photons for the two limiting cases of either Density matrix theory has been applied for studying the
unpolarized or completely polarized electrons. As discussegolarization of the emitted photons following the radiative
above, these two cases can be easily distinguished by thhecombination of bare, higB-ions. In our theoretical analy-
polarization ellipse whose principal axis must always liesis, emphasis was placed particularly on the two questions of
within or perpendicular to the reaction plane for the capturgi) how the polarization of the incident electrons affects the
of unpolarized electrons. As seen from E(&)—(26), how- linear polarization of the recombination photons dingdhow
ever, observation of the rotation anglg may provide infor-  this polarization of the electrorisr of any atomic targetcan
mation on both the degree as well as the direction of thde observed by experiment. As seen from these investiga-
electron polarizationP(—1<P<+1) and hence can be tions, the linear polarization of the recombination photons
used for studying the spin polarization of the electrons andnay serve as a valuable tool for “measuring” the polariza-
atomic targets, respectively. Figure 5 displays the rotatiortion properties of the electrons: While the capture of unpo-
angley, of the polarization ellipse for various degrees of thelarized electrons always leads to x-ray photons that are po-
electron polarizatiorP, following the capture of electrons larized within or perpendicular to the reaction plane, a
into the K shell of bare uranium ions at a projectile energyrotation of the polarization ellipse occurs for polarized elec-

IV. SUMMARY AND OUTLOOK
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trons. Calculations of thiglinearn effect have been carried lines are currently under way and will provide, together with

out especially for the capture of longitudinally polarized proper measurements of the photon polarization, a method of

electrons into theK shell of bare uranium projectiles®®.  determining the polarization ofheavyjion beams—up to
For the sake of simplicity, here we considered the case ofhe present a rather unresolved problem in the physics at

polarized electrons, while the ion beam has been assumefiorage rings.

unpolarized throughout the analysis. Owing to the symmetry

of the collision system “ion plus electron,” however, similar

effects on the polarization of the recombination photons as ACKNOWLEDGMENTS

found for a polarized electron target can also be expected if
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will be required[cf. Eq. (15)]. Investigations along these KS-FRT.
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