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The theory of direct nuclear reactions (stripping and pick-up reactions) involving polar-
ized particles is considered. The angular distributions and polarizations of the products
of direct nuclear reactions induced by polarized particles in oriented nuclei are deter-
mined by the distorted wave method without inclusion of the spin-orbit coupling.

1. INTRODUCTION

THE theory of direct nuclear reactions (stripping
and pick-up reactions) is widely used in nuclear
spectroscopy to determine the properties of nuclei.
The angular distribution of the products of the
direct reactions permits the determination of the
spin and the parity of the final state of the remain-
ing nucleus, if the spin and the parity of the initial
state of the initial nucleus are known. Additional
information about the structure of the nucleus can
be obtained in the investigation of the polarization
phenomena accompanying the direct reactions.

Newns! was the first to point out the possibility
of a polarization of the protons in stripping reac-
tions. He also showed that the sign of the polari-
zation of the proton determines the value of the
total angular momentum of the captured neutron
(jn=1+% or jy=1-3%). Assuming the nucleus
to be completely black for protons, Newns found
that the polarization is negative if the neutron is
absorbed with j, =1+ %, and positive if j, =
I-3. The positive direction is taken along the
vector kg x k,. Horowitz and Messiah? deter-
mined the polarization of the protons in stripping
reactions, using for the nucleus the model of a
hard sphere. They obtained the same sign for
the polarization as in reference 1. The experi-
mental sign of the polarization was in disagree-
ment with these predictions.3

Later Tobocman, and also Newns and Refai*
showed that the correct sign of the polarization
of the protons can be obtained if the scattering of
the deuteron wave by the nucleus is taken into
account. The experimental results®:® are in agree-
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ment with reference 4.

Cheston” and Sawicki® discussed the effect of
the spin-orbit interaction on the polarization of
the protons, which is, however, small.

Dalitz? and Lakin!® considered the theory of
the reactions of particles with spin 1. The strip-
ping reaction with polarized deuterons was also
investigated by Satchler.!,12

In the present paper we obtain the angular dis-
tribution and the polarization of the products of
stripping and pick-up reactions in the interaction
of polarized particles with arbitrarily oriented
nuclei. The angular distribution of the protons
produced in the stripping reaction with polarized
deuterons has an azimuthal asymmetry. A study
of this asymmetry leads to the possibility of de-
termining the spin of the final state of the remain-
ing nucleus. We also consider other possibilities
of using the stripping reaction with polarized deu-
terons to obtain additional information about the
structure of the nucleus. In particular, it will be
possible to determine the reduced widths for
states with different values of the orbital momen-
tum of the absorbed neutron.

The formation of deuterons in the interaction
of polarized protons with nuclei is also charac-
terized by an angular distribution with an azi-
muthal asymmetry. The produced deuterons are
polarized. The capture reaction with polarized
nucleons can be used for the production of polar-
ized deuterons.

We use the method of distorted waves. The
spin-orbit interaction was neglected, since it
gives a relatively small contribution to the cross
section.? We also neglect Coulomb effects, which
are insignificant for sufficiently high energies.
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2. THE STRIPPING REACTION (d,p) WITH
POLARIZED PARTICLES

We shall describe the polarization effects in
the stripping reaction (d,p) with the help of a
density matrix, whose elements completely de-
termine the spin states of the particles partici-
pating in the reaction.

The density matrix of the total system in the
initial state (deuteron + initial nucleus) is given
in the form of the direct product of the density
pd and pA, referring to the deuteron and the
nucleus. The deuteron density matrix has three
rows and columns: pd = Puguy (Hd and pg are
the possible values. of the spin projection of the
deuteron). The nuclear density matrix has
(2i+1) rows and columns: pA = Ppjut (i is
the spin of the initial nucleus, pi and ui are
the possible values of the spin projection of the
nucleus).

Instead of giving the elements of the density
matrix, we can expand it in terms of spin-tensors.
These form-an orthogonal system of matrices
which transform according to an irreducible
representation of the rotation group when the sys-
tem of coordinates is rotated. The spin states of
the system are then given by the coefficients of
this expansion. We expand the 3x3 deuteron den-
sity matrix Pugry in terms of the spin-tensors

Ty = (— 1) (Mpg — vz [IM)
of rank J =0, 1, and 2:

NV JM: JM ,
Pugey = 2T Ty - (1)

The (2i + 1) -rowed density matrix of the initial
nucleus Puipi is expanded in terms of the spin-
. !’
tensors T,,I['i%i = (= 1) (iipj —pi | LQ) of rank

L=0,1,...,2i:

Oy = 20 T TES 2)
LQ

The density matrix of the total system in the initial
state is normalized to unity: Sp p = 1.

The density matrix of the system in the final
state (proton + remaining nucleus), p’, is con-
nected with the initial matrix, p, by the relation

p’ = SpSt,
where S is the reaction matrix. It can be shown
that, neglecting the spin-orbit interaction, the
reaction matrix has the form
Supuj; g = Z

Ismuguy,

X (@ ahittn | spas) (sl | jug) Vv, J7 (3)

(M2 Yaptptin | 1png)
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if the state of the captured neutron in the nucleus
is given in the I—s coupling scheme. Here !
and m are the orbital angular momentum of the
absorbed neutron and its projection, s and ug
are the channel spin and its projection, j and K
are the spin of the remaining nucleus and its pro-
jection, pp and pp are the spin projections of
the neutron and the proton in the deuteron, and
vls 1is the reduced width. The quantity Jlln is

defined by
m 4Moc
Jl =V 7heR

Ykp is the wave function of the liberated proton

. kl (knf) *
| 0k, )45 Y im (9, 9) by () dr.

r>R

with the wave vector kp; ¥ d is the wave function
of the incoming deuteron; ky =V 2M | Ep | /h; En
is the energy of the neuteron in the nucleus.
Using the expansions (1) and (2), we write the
density matrix of the final state in the form

= 2 (TMHy (T

A
Uplhfi pht
pHjs BpRj IM, LO
M, 1LQ, o
X 2 Supu,-; wgte; Tudud Tuiuisu;u;;u’ e (5)
Bl gt ] P

Summing (5) over the spin projections of the re-
maining nucleus, we find the density matrix for
the proton liberated in the stripping of the deu-
teron by the nucleus:

pu-pu;, = g pupu/; wpi
The trace of the density matrix p'” pt, determines
the angular distribution of the protons. With the
wave functions zpkp and Vg normalized to unity
in the incoming wave, we obtain for the reaction
cross section

do /do = (v, /va) Spo’,

where vq and vp are the velocities of the deu-
teron and the proton.

To find the polarization of the protons liberated
in the stripping process, we must expand the den-
sity matrix (normalized to unity, p’/Sp p’) in
terms of the spin-tensors

Tfpru;y = (— 1)1 (Y2 Yoy — ptp |RT)

of rank R=0 and 1:

, ’ \ RT
pu.pu;,/spp = RZ;<TRT+> Tl"pup'

The coefficients of this expansion, <TRT*+> will
then determine the spin states of the liberated pro-
tons.

Using the normalization condition for the spin-
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tensors and the expression ¢3) for the reaction
matrix, we obtain the coefficient <TRT+> in
the form
<TRT+> Sp pl _ Z <T-7M+> <TLQ+>
IJM, LQ
X X Vautes JEJFEIAOTT 5 ()b

Isl’'s'm B dbntj
X (Y2 ot — tattn | 1pta) (i/afhy — M — tn Wi | Sihj — 1)
X (s lpj—m m | ju;) (HpaM —pa | IM)
X (lipj—m—pn Q—pj+m+p,| LQ)
X (Mellaa —n —T pn +T — M| 1pg — M)
X (ot —m —pn — Q patT — M| s'wj—m+T—M—Q)
X(@$Vpj—m~+T—M—Q m+M+Q—T | ju)
X (Y2l —pn T — g + pn | RT).
With the help of known sum rules!® we carry out

the summation over the spin projections ug, un,
and M- We have

TRy Spe = N (T 2 Vinwes

JM, LQ Isl’s’

X N (—AyTTSHRETHP 3(9j 4 1) (2 + 1) (2L - 1)

r, P
X (2R + 1)(2s 4+ 1) (25 4+ 1)"* (2r + 1)
X(RI—TM | rM—T)(LrQM —T | PQ +M —T)
X W ('ss’; Pj) X (Y/oR ey YorY/e; V1) X (ar Ye; iLi; sPs’)
X D=1 —mm+M+Q—T | PM+Q—T)
X JpJprMEe=TT (6)
where X are the Fano functions.!4
For R =1 this formula determines the polar-
ization of the protons. The components of the
polarization vector P are related to the coeffi-
cients <TRT+> by

Py =(TW) — (TP, Py =i(TH) +(T),
P,= —V2(Tw*, (7)

We note that <T"*> =-1/V2; with R=T=0
we then find from (6) the angular distribution of
the protons:

Spe'= X (TN RV, 2(— )T
P

JM, LQ Isl’s’
X 3(2f 4+ 1) (24 + )™ 2L 4 1) (25 + 1)"2(2s" + 1)"
X (LIQM | PQ + M)W (I'ss’; P)W (Vo Yp11; JY) X
X (Yof Ya; iLi; sPs’) 2 (— 1)™

X (W —mm+ M+ Q| PM+QJIIEFH T (8)

Formulas (6) and (8) are the most general for-
mulas giving the angular distribution and the polar-
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ization of the protons liberated in the stripping
process for arbitrary polarization of the incoming
deuterons and the initial nuclei, given by the quan-
tities <TIM+> and <TLQ+>.

We now consider the simplest special cases of
(8) and (6).

Nuclei and Deuterons Unpolarized. In this case

(— 1)21

IMA _
T = Vati1

Tty =

3198 Mo, 8269Qo-

1
V3
Substituting these expressions in (8) and (6), we

obtain the following expressions for the angular
distribution and the polarization of the protons:

(SP#)o = s iy EZ,YL 2IPE, ©)
(TR (Spp')y = ,Z Vst (— )=t
X GEE (2 + 1% (2 1)k
X W (oo o s R W (Y21 /ass's Ri) W (Iss; Rj)
X N(—=1)yn(ll—mm—T|R—T)JIT . (10)

If the scattering of the deuteron and proton
waves in the field of the nucleus is neglected, the
differential cross section will be given by the
well-known Butler formula

@)s
X 2 Yis

(k =kq —kp). In this approximation there is no
polarization of the protons.

If the scattering of the deuteron and the proton
waves in the field of the nucleus is taken into ac-
count, we obtain a somewhat different angular
distribution from that given by (11):

21k Yis

() .
(d—o)o —2i+15182[+1§|‘11|,

Furthermore, the protons will be polarized.

It can be shown that the protons are polarized
in the direction perpendicular to the plane of the
reaction, i.e., in the direction of the vector kg X kp.
Indeed, the angular dependence of the wave func-
tions ¥kq and ‘/’kp in the expression for Jxln is
given by

¢kd (r)= 2 Rld (r Yldmd (3, CP)Y.ldmd (Bryr Prg)s

Lamg

_2j+ 1kp4MaR®
T2 1k, B2

M__ z(kR)

{0+ (ka/2 — kp)?) 2

kR Q1)

(12)

d, @ = 2 Riy(NY 1,m, (3, 9) Y 1m, (9,0 Ficy)-

Lpmp

Substituting these expressions in Jlln , choosing
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the z axis along kg X kp, and integrating over
4 and ¢, we obtain
JP~ D Ay, (15100 | 140) (Lplmym | Lamy)

Idlp”'d”’p
T hd k13
X Y/p'"p('z—, cpkp> Y’d"’d<_2-’ cPkd) .

Yim (7/2, ¢ ) is different from zero for even

I +m, or what is the same thing, for even 7/—m.
Contributions to JJ* come only from terms with
even Ip +mp and I/d-mq. On the other hand,
the coefficient (00 | 130) is different from
zero only for even Ip +1+Ild. Therefore I-m
must also be even. Formula (10) contains the
product JIZnJIZn'T*. The requirement that I—m
and I-m + T' be even limits the possible values
of T to the single value T =0. We therefore
have for the polarization of the proton in this sys-
tem of coordinates

<T11+> — (T1_1+> — O, <T10+> :75 O,

i.e., the polarization vector is directed along the
vector kq x kp,

Po=V 52 Vame (— )T T s 1y

Iss’

X (28" 4+ 1)1 4+ 1) W (1, Yuss'; 1)) W (Uiss'; 1)

m m Y m
X%mlh Iz/g}mgﬁlh 2. (13)
In the derivation of formula (13) we assumed

that the I-s coupling scheme is valid for the
neutron absorbed in the nucleus. In the case of
j-j coupling we can obtain an expression for the
polarization by using the relation between the re-
duced widths for the two types of coupling,!!

Vs =20 (— )R (25 4 1) (2, + 1)
In

X W (Y25 8in) V11

Substituting this expression in (13) and summing
over s and s’, we find

p.— 1 Y, dnla+D—=10+1)—3
e= 5 AT [+ D
1in
Yii
X Sym|J7 P /22—,11%?‘12- 14
m lin m

By measuring experimentally the sign of the
polarization of the protons in a number of strip-
ping reactions, we can uniquely determine the
spin of the remaining nucleus.

Deuterons Polarized, Nuclei Unpolarized. In
this case the general formulas can also be greatly
simplified. Substituting in (6)

(THS = (— 1)* (2 + 1) 81480,
we find
(TRT*y Spp’ = D (T™* 2V Titee
JM

Iss’

X (= )T 3@+ @i+ )7 @)+ 1)
P

X(2R 4+ 1)”(2s + 1) (25’ + 1)* (RI —TM|PM —T)
X W (Y2 2/2ss's PO)W (Uss’; Pj) X (*/2*/2 R; 11J;Y/31/P)
X (=" (U —mm' |PM —T)JPJ7¥=T",

Using now equation (10) as the definition of
<TRT+>,  we obtain

TE*ySpe’ = {— 11 B + R @— RY* TE™) + (TP
X [amam + D (—1)RTH2.3% (9R 4 1)”(RITO|JT)

J=1.2

X X (Yo R ol ai 1D KT [H(Sp#)o: (15)
In particular, if R=T =0, we have
Spp’ = {1 —6(Tp*>e<Td*>} (SPp')o- (16)

Expression < Tlé)* > through the polarization
vector of the deuteron Py, we obtain the following
formula for the angular distribution of the protons
produced in the stripping reaction with polarized
deuterons:

ds /do = (1 4 3P,P,) (ds / do),. 7

The study of the azimuthal asymmetry in the
angular distribution of the protons in the stripping
reaction with polarized deuterons leads to the
same information about the structure of the nu-
cleus as the polarization of the protons. The
cross section is maximal if the polarization
vectors B, and Pq are parallel; it is minimal
if they are in opposite directions. This depend-
ence of the cross section on the mutual orienta-
tion of the polarization vectors can be easily
understood by recalling the mechanism of the
polarization. The polarization of the protons in
the stripping reaction due to the scattering of
the proton and the deuteron waves is related to
the difference of the neutron absorption cross
sections for the two possible spin orientations.
Since the spins of the neutron and the proton in
the deuteron are parallel, the direction of polar-
ization of the protons will correspond to the ori-
entation of the neutron spin leading to the greater
absorption probability. The yield of the reaction
becomes, of course, greater if the incoming deu-
terons are polarized. The direction of this polari-
zation coincides with the direction of polarization
of the protons in the stripping process.

The polarization of the protons produced by
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polarized deuterons is given by the expression

T = (=T + (T (1o + VE(@E—T7)
X CTE )} /(1= 6 TR <TH™).

Hence the polarization of the protons depends not
only on the polarization, but also on the alignment
of the deuterons.

Deuterons Unpolarized, Nuclei Polarized. In
this case the angular distribution and the polar-
ization of the protons are given by the expressions

Spe’ =N <> D) Vs (— )27 25 - 1)
LQ

Isl’s’

(18)

X (25 4+ 1) (25" 4+ 1) W (W'ss"; L/) W (iiss’; L/)

X (=D (U —mm+Q|LQJTITTY.  (19)

TR Spg = 2 <THD D) Visee A(— 1)+
LQ Isl's’ P
X (2] 4 1) 2L + 1) (2R 4 1) (25 + 1)"* (25" 4 1)
X (LRQ—T|PQ—T) W (II'ss'; Py W (Y2 /2 Y2 Ya; R1)
X X (*/2R/3;iLi; sPs")
X D= D" —mm+ Q—T|PQ — T)JTITTE T, (20)

These formulas can be considerably simplified
for the actual values of the spin of the initial
nucleus.

3. THE PICK-UP REACTION (p, d)
WITH POLARIZED PARTICLES

We consider the polarization effects in the
pick-up reaction (p, d). The spin of the initial
nucleus is denoted by j, the spin of the remain-
ing nucleus, by i. The density matrix of the total
system in the initial state is written in the form

= X (TRTHTH Y TRT TR

pupui; wptj RT, LQ plp  KjK]
where the expansion coefficients <TRT+>
(R=0,1) and <TLQ*> (L=0,1,...,2j)
determine the initial spin states of the proton
and the initial nucleus. The initial density matrix

is normalized to unity: Sp p =1.
Using the definition of the reaction matrix,

’
S vt i Rpltf = QSupu,-; Bty »

we obtain the following expression for the deuteron
density matrix in the final state:

‘ RT+ LQ+

p = N (T
d“d  RT,LQ

RT TLQ S"

Wphp WjH} wghy wpul’

x X

o
W pMpltj 1jtl;

(22)

Sudui P pHj

The trace of this matrix determines the angular
distribution of the deuterons produced in the pick-
up process:

dos /do = (vg/vp)Sp¢’
The matrix (22), normalized to unity, is expanded
in terms of the spin-tensors TIM (J =0, 1, 2).

The expansion coefficients determine the polari-
zation of the produced deuterons:

", /Spo’ = TJM+ TJM,.
pudud/ pe %< ’ ugu

By calculations similar to those in the previous
case we obtain the following general formulas for
the angular distribution and the polarization of the
deuterons formed in the pick-up reaction with
polarized protons and oriented nuclei:

Spp’ = 2 <TRT+><TLQ+> 2 VWSWS,

RT,LQ Isl’s”

X QY (— ) FHUTIHLAT=QER 19 (9 4 1) (2R 4 1) (2L + 1)"

P

X (25 + 1) (25" + 1) (LRQT | PQ + T) W (s5"*/2}a; Ri)
X W (Y3 Y2 Y2 Va3 AR) X (s'sR; 'LP; jiL) D (—1)™
X(W—mm—T—Q|P—T—QUi Vi

(T™ME5Sppr = D) (TRTH Ty D) Vivestes

RT,LQ ist’s’
X 2 (—Ay AT 9 (97 4 1) (27 4 1) (2R 4 1)
" (2L + 1) (25 + 1) (25 + 1) (2p + 1)
X (JR— MT | pT — M) (LpQT — M |PQ + T — M)
X W (55323 pi) X (Y2 /2 15/ /2 15 RpJ) X(s'sp; ULP; fiL)
X X(=)"(W —mm+M—T—Q|PM—T—Q)

(23)

X JPJETM=T=Q (24)

We consider a few actual cases.

Nuclei and Protons Unpolarized. In this case
the initial spin state of the system is character-
ized by the quantities

(THy = (— 1) (2 + 1) Bebas,

(TRTTY = — brebro/ V2. (25)

Substituting these values in (23) and (24), we find
(Pl =3 2 7 r I TP,

[+1

2

T (Spp)o = NV Yistis (— 1) HF— it g 95 1 1y
Iss’

X (25" + 1) W (s ass"; JO) W (Mo Yo 115 J1/3) W (Uss'; Jj)

X N (=)™ (Ul —mm+M|IM) J7M7. (26)



’

DIRECT NUCLEAR REACTIONS INVOLVING POLARIZED PARTICLES 817

We note that <T3M+> reduces to zero for J = 2.
The differential cross section for the pick-up
reaction (p, d) is equal to

k

The deuterons formed in the pick-up process are
polarized in the direction perpendicular to the
plane of the reaction:

P;= 2 V,.‘ Y15 (_ l)i—f+l+3—'s'+‘/z2'/23—'/: (28 + 1)‘/:

Iss’

X (2" + 1)@+ 1w
X Qg 1P /Z‘. 1@+ ) IR (28)

ism

(Y2 Y/ess'; 1) W (Uss'; 1))

If the scattering of the deuteron and the proton
waves is neglected, there is no polarization.

Protons Polarized, Nuclei Unpolarized. Sub-
stituting <TLQ+> from (25) into (23) and (24),
and using (26) as the definition of <T§M+> 0s
we find

Spp’ = (1 —<T > <TE o) (Spp')os (29)
Ty = (= 1)'2W (/a1 1; ) <T5") + [Bidu
+2(— 1M 3RQ) 4 1) (J1 — MM | 10)
XX Cla a1 Y2 s 1 1) KT H)1CTE 50}
X (1 —<TFH T (30)
Thus the angular distribution of the deuterons
formed in the pick-up process with polarized pro-

tons and unoriented nuclei is given by the cross
section

o =(+%PPa (%), (31)
where Py and (do/do), are determined by (28)
and (27).
The polarization of the deuterons is given by
the expressions

Ty = (—2s<TH"
(TP 08w [ (1= T35 T o) (32)
TP ==V G =)
XTI [ (1 —<TH)<TiH). (33)

We note that the use of polarized protons in the
pick-up reaction can lead to the formation of
aligned deuterons.

Protons Unpolarized, Nuclei Polarized. In this

case we have the following formulas for the angular

distribution and the polarization of the deuterons:

<TJM+\ Sp p= 2 <TLQ+> 2 V'l'ls'rls

Isl’s’
X (= 1)‘“*""”“‘“ 62i+1)
x fzJ + 1) Q2L + 1)"(2s 4 1)"
X (28" + 1) (LIQ — M| PQ — M) W (M3 Y/ 11; J/s)
X W (Ya /58" Ji) X (IUP; s8'J; L) 2 (— 1™
X(UW—mm—Q+ M|PM— Q)JI"Jp—tM  (35)
4. THE EXAMPLE B' (d, p) B!

As an example, we consider the angular distri-
bution and the polarization of the protons produced
in the reaction B!!(d, p)B!? (reference 15). In
the calculation we use the following parameters:

E;=8 Mev, Q =1.14 Mev,
R=4.4.101cm, &= 2.23 Mev.

The orbital angular momentum of the absorbed
neutron is equal to unity, I = 1. The initial state
of B!! is odd (-), the spin is 3/2, the final state
is even (+), with the possible spin values j =0,
1, 2, 3.
In the calculation of the integrals J%n entering

into the reaction matrix we choose for the wave
function of the proton a plane wave Yy o = eikpr ;

in the deuteron wave function, on the other hand,
we take account of the scattering of the deuteron
by the nucleus:

iy (r) = €4 — 4
, 1 g (1) .
X 2 Mg bl (Rar) Y 1ymg (g ) Vigmg (9 @)
lgmg
Regarding the nucleus as a hard sphere of radius
R, we have for the coefficients 7;:

N1y = j14(kaR) Lj1, (kaR)
— ingy (kaR)] / [j1, (RaR) + ni (kaR)).

Substituting these functions in the integral JJln ,
we obtain

ZGaM | 4milRe .
=V wwr {—k;ﬁ Y im (Supi)
dj; (+R) .
X [Z0R i (kR) g I (uR)| — (' ,§ il
P

@+ h@E,+ 10

s ({00 | 0) (Uymmy | Lama)

X Jllpldylpmp ('Skp, cPkp) y:dmd ('Skdr ?kd) } )

Spy’ = z\' (Tt 2 V Tives (—1)+232j + 1) W ljj; Ls) where k =kq—kp. We also introduced the notation
L

s

xE(—l) (W —mm—Q|L—Q)JJF %, (34)

[e)

Fy(kar) )
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In the calculations we included the deuteron scat-
tering states I3 =0, 1, 2, 3, and 4.

The resulting angular distribution of the protons
is given in the figure.
T 4

2

a5+

2 v .

The function m(6) (curve 1) and the angular distributions
in arbitrary units for the reaction B! (d, p) B*? with unpolar-
ized deuterons (curve 2) and completely polarized deuterons
(curves 3, 4, 5). The angular distributions were obtained under
the assumptions j =1, and B8 =0.1 and «, respectively.

The polarization of the protons is in this case
given by the expression

P=c(hm@), m@®=Nm|Jr |=/Z|J;"l=.

The functional dependence of m (6) is also shown
in the figure. The coefficient c (j) depends on the
value of the spin of the nucleus in the final state.
For different possible values of the nuclear spin
this coefficient is equal to

24 2V5B —
cO) =" o) =EEEESS,
0(2)=_32_BB+1 c(3) =Y,

2@+

where f? =v;;/vis. We note that a measurement
of the absolute value of the polarization makes it
possible to determine the ratio of the reduced
widths for a given spin of the final state.

We express our gratitude to Yu. Berezhny! and
V. Kharchenko for help in the numerical computa-
tions.
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