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The model-independent part of the radiative corrections, due to the hard-photon emission from the lepton vertex in the elastic
electron-deuteron scattering (the so-called elastic radiative tail), has been calculated to the deep inelastic scattering of the electron
beam on the deuteron target. The elastic radiative tail has been calculated both for the unpolarized scattering and for the scattering of
unpolarized electron beam on the tensor polarized deuteron target.
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The structure of the hadrons at small distances (large transfer momentum squared) is described in terms of parton
distribution functions. A large part of the information about these functions has up to now come from experimental
investigation of the inclusive deep inelastic scattering process. In the experiments of this type only the scattered lepton
is detected.

The polarized nuclei of deuterium are used as targets to extract information on the neutron spin-dependent

structure function g(x) [1]. In analyzing the experimental data on inclusive spin asymmetries for deuterium in order

to determine g; one should to take into account a small effect due to possible tensor polarization of this spin-one target.

This is connected with the presence in a deuteron target of an additional spin-dependent structure functions caused by
the deuteron tensor polarization [2].

Different spin physics exists for higher-spin hadrons such as the tensor structure of the deuteron. The measurement
of these additional spin-dependent structure functions provides important information about non-nucleonic components
in spin-one nuclei and tensor structures on the quark-parton level [3]. A general formalism of the deep inelastic
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electron-deuteron scattering was discussed in Ref. [4], where new four tensor structure functions bl.(x), i=1-4, were

introduced. They can be measured using tensor polarized deuteron target and unpolarized electron beam.
The properties of these new spin-dependent structure functions have been studied in a number of papers [4,5,6,7]
in the framework of the different theoretical models. The HERMES experiment with a tensor polarized deuterium target

allowed to make a first measurement of tensor structure function 5, (x) [8].

The radiative corrections to deep inelastic scattering of unpolarized and longitudinally polarized electron beam on
polarized deuteron target was considered in Ref. [9]. The leading-log model-independent radiative corrections in deep
inelastic scattering of unpolarized electron beam off the tensor polarized deuteron target have been considered in Ref.
[10]. The model-independent radiative corrections to deep inelastic scattering of an unpolarized electron beam off the
tensor polarized deuteron target have been calculated in Ref. [11].

The contribution of the radiative tail from the elastic electron-deuteron scattering (the so-called elastic radiative
tail), with the emission of the real hard photon by the initial and scattered electrons, simulates the deep-inelastic
scattering. So, to extract the deep inelastic structure functions it is necessary to take into account the contribution of the
elastic radiative tail, i. e., to calculate the precess

e (k) +d(p) = e (k) +y(k) +d(p), M
where the four-momenta of the corresponding particles are indicated in the brackets.

The aim of the paper is to calculate the contribution of the elastic radiative tail to the radiative corrections for the
deep inelastic scattering of unpolarized electron beam on the tensor polarized deuteron target.

CONTRIBUTION OF ELASTIC RADIATIVE TAIL
Let us calculate the contribution of the elastic radiative tail to the radiative correction. This process corresponds to
the hard-photon emission in the elastic electron-deuteron scattering (1).
The process of the elastic electron-deuteron scattering is determined by one variable only (the electron scattering

angle or the energy of the scattered electron) since there exists the relation Q2 =2M(E - E"), where M is the deuteron

mass, Q2 =—(k, —k, )2 is the four-momentum transfer squared and E(E") is the energy of the initial (scattered)
electron. In the case of the hard photon emission this relation does not work anymore. Thus, the elastic radiative events
simulate the deep-inelastic scattering events where £ and 6 (electron scattering angle) variables are independent. We

do not take into account the radiative corrections which correspond to the emission of the virtual photons or the real
photons with small energy (soft-photon emission) since they do not change the kinematics of the elastic electron-
deuteron scattering. Thus, we need only the radiative corrections which correspond to the hard-photon emission. To
calculate the part of the radiative corrections due to the elastic radiative tail we use the results of the paper [11].

We use the following general expression for the deuteron spin-density matrix in the coordinate representation [12]
for the calculation of the polarization observables in the process (1)

1 pPupy i
Puv = _g(gﬂv - M? ) oM EwvapSaPp +Q/“” Ql“’ - QV,U’ Qﬂﬂ =0, p/zQ,uv =0, @
where s 4 is the polarization 4-vector (it satisfies the following conditions: s° = —1, s-p =0) which describes the

vector polarization of the deuteron target and Q,, tensor (it has five independent components) describes the

quadrupole (tensor) polarization of the deuteron target. We use the following convention &,;, = 1.

To calculate the radiative correction to the polarization observables of some process, it is convenient to
parameterize the polarization states of the particles in terms of the four-momenta of the particles participating in the
reaction under consideration. We use here this approach for the description of the polarization state of the deuteron
target.

First, we have to fix the reference system. We choose the axes by the following way: the longitudinal direction 1 is
along the electron beam, the transverse one t is in the scattering plane and perpendicular to 1 and the n direction is
normal to the scattering plane:

n, —(nn,)n, n, xXn, ki,

l=n, t=————, n=—F——=, nj,= : 3)
41 _(“1112)2 N (nlnz)2 Ik |

In the rest system of the target the polarization vector has three components. We will speak about the longitudinal
(transverse) or normal polarization if a target is polarized along 1 (t) or n direction, respectively. In this case the
direction of the 1 axis corresponds to the direction of the magnetic field in the experiment [8]. The direction of the
magnetic field provides the quantization axis for the nuclear spin in the target. So, let us define the following
polarization four-vectors
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) _ (1) _ (n) _
Sﬂ =(0,1), S# =(0,1), Sﬂ =(0,n). 4

Now we rewrite the expression for the polarization four-vectors S/(;) in covariant form:

o) — 2Tk1# -p, S0 _ kzﬂ -(1-y- 2xy2’)klﬂ —xp, g0 _ 2£ﬂvﬂpaplk1pk20
“ 7 d T vd ’
2 (%)
2 0 p’(kl_kz)
d=+Vxyb, b=1-y-xyr, V=2pk =M1V, x= == 1 27

=, y
2p-(k1—k2) v

One can verify that the set of the four-vectors SLI’Z’") satisfies the following properties

) ol )
SWSP =5, SPp, =0, apB=ltn (6)

and coincides with (4) for the rest frame system of deuteron.
Adding one more four-vector SLO) =p,/ M to the set (5), we receive the complete set of the orthogonal four-

vectors with the following properties

(m) g(m) _ (m) o(n) _ _
Sﬂ S, =& Sﬂ Sﬂ =g mn=0,11n. (7

One can relate the tensor of the deuteron quadrupole polarization Q v With its value in the deuteron rest system

(we designate it as R,, ). As the components R,,R,, and R,, are identically equal to zero due to condition

R

Py = 0, the deuteron quadrupole polarization tensor can be written down as

(m) o(n) — @ o(B)
va:S,u S, Rmn=Sﬂ S, Raﬁ’ Raﬂ:Rﬂa’ R__=0. ®)

oo

The R,, and R, components of the deuteron quadrupole-polarization tensor do not contribute to the observables

of the deep inelastic scattering and elastic radiative tail and the expansion (8) is rewritten in the standard form
1 1
_reD o) (1) (1) (1) (1) (1) (1) (1) oD
O, =15,°S, _ES” S,1R, +5Sﬂ S, (R, —R,)+(S,’S, +S8,°S, )Ry, 9

where we already have taken into account a relation R, + R, + R, =0.
So, the differential cross section and polarization observables of the elastic radiative tail is determined by the R,

R,, components of the quadrupole polarization tensor and the combination (R, — R, ).

Now we consider another choice of the coordinate axes which is also often used in the literature: components of
the deuteron quadrupole polarization tensor are defined in the coordinate system with the axes along directions L, T and
N in the rest frame of the deuteron, where

= =————, N=n
’ N 4 10
|k -k, | \/1-(nL)" (19

In this case the direction L coincides with the momentum transfer q (the three-momentum of the virtual photon).
The corresponding covariant expressions of these axes can be written as

b _ 2t(ky —ky), —yp, o) _ (I+2x70)ky, — (1= y = 2x70)k;, —x(2 - y)p,
“ M~ vh “ N

and the expansion of the deuteron quadrupole polarization tensor over this set of the polarization four-vectors is defined
in full analogy with (9)

_ k -k, T n, —(n,L)L

(N) _ ¢l ¢ _
8, =8, h=y+4xr, (11)

1 1
L L T T T T L T T L
0,, =[S )—ESL 'SR, +5S/(, 'SV (Ryr = Ry )+ (5857 + SVSIOR, 1 (12)

These two sets of the orthogonal four-vectors are connected by means of orthogonal matrix which describes the
rotation in the plane perpendicular to the direction n =N
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. . 1+2x7 . ’xbr
SLL) = cos HSL[) + sin QSL[), SLT) = —sin HSS) + cos HS!(Z), cos @ = M’ sinf =-2,[—. (13)
\ Vh h

Now, consider a part of the cross section that depends on the tensor polarization of the deuteron target. The
contribution of the elastic radiative tail to the total radiative correction can be obtained from the formula (51) of the
paper [11] by substitution in the hadronic tensor

2 ’ 1 , (el) .
Bl(q ’x)—>——25(1—x)Bl. , l=1—4’ (14)
q

where g=k —k,—k, x' = —q2 /2p-q,and Bi(el) are the tensor structure functions in the elastic limit and they can be

expressed in terms of the deuteron electromagnetic form factors as

4G
B =ng*G2,, B = 2’ ¢’ [Gh, +—2 (G + QGQ +7G,)],
1+7n (15)
el 2 el 2 2
B\ =20°4°G,,(G,, +2G,), B\ =-2ng’(1+mG,,,  n=-q" 1 4M’.

Here G.,G,,, and G, are the deuteron charge monopole, magnetic dipole and quadrupole form factors,
respectively. These form factors have the following normalization:
Ge(0)=1 Gy (O)=(M/m)u,  Gy(0)=MQ,,
where m, is the nucleon mass, #,(Q,) is the deuteron magnetic (quadrupole) moment and their values are:
M, =0.857, Q,=0.2859 fm” . After substitution of Bi(el) into the formula (51) we have to integrate over z variable,

using a ¢ -function (1 —x") = xyrd(z), where r = —q2 / Q2 .

After fulfilling of these prescriptions we can obtain the following expression for the contribution of the elastic
radiative tail

T
doper

1
[P @F (0N + & () (x,07)] -
dx dQ x(1-x) VO

2, 2
2 222 — (‘]1 Hi(qlz)Aimn(rl)+MH,‘(‘7§)B;M(V2)]L+

8 MV T I—xy l-y+xy
P "+ dr mn mn P "+ dr = mn = mn (1 6)
—] [G]" (1)~ G" ()] +—— [G)" ()~ G ()] +
l—xy’= (I-r)|r—n| l—z "= (I-r)|r—n|
2
L0

" dre’ () H @I () + i () + G5 ()
vy +4xyr T

2

1 —
= e[y — ) (= 20Dy = (3 - —Q ')
vy +4xyt 2 y +4xy7
S S o S Spe vy SR | 17
T 2x(t+y—xy) )

G"(r) =&’ (g )= H, ) A" (1), G (r) =’ (g )1 =) H,(g)B" (),

where a(qz) is the QED running coupling constant, qi2 =r q2 (i=L2),,=(0-y)/A-xy), nb=1/(1-y+xp),
qf = rqz, ln(Q | m* ), m is the electron mass. The expressions for the functions 4" (r), B/ (r), C, (r),

C""(r), Cy'(r), (i=1-4,mn=1,11t) are given in the Appendix. The symbol P denotes the principal value of the
integral at the » =1 point.

The functions H l.(qz) describe the structure of the vertex 7*d —d (7* is the virtual photon) and have the form
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4Gy(q") 7
H(q")=Gy(q))., Hy(q))=-20Gy(¢") +——(Go(q") +—Gy(q”) +1G,, (4* )],
1+7 3 (18)
2 2 2 2 2 2, 2
Hy(q") =2nG (¢ )Gy (a7)+2Gy(q7)), Hy(g™) =-20+mG),(q").
The functions F; and F, have the following form
F(x, 0%)= FuRy + FyRy + By (R, = R,,),
b 5 b 4b n
F,=—{(xyt+1r)G,,, +4nn,(27 + —)GIMGIQ + —GIQ(GIC + —nBGIQ)},
27 1+#xn, 1+#1n, 3
1 | b b 4Gy,
By === [——w(yT-b+ rl)[GlM t— (GIC +d 773 Gip)l+
Ko\ Xyt xyT 1+n1m,
b1 (19)
i [=2b + (XyT — b+ )1+ ———)]G,,Gp )
T 1+,
1 1
F, = {—[r1 +2XYTH + (XyT — by’ - nyTb]GlM +8brmg[b—2XyT -1 —— 2xyTh -
2xytr 2 47 1+ 17,
n
—(xyT - b+r1) )Gy Gip — [2xy2'b—(xy2'—b+r1)2]GlQ(G1C +—1773G1Q)},
T 1+#7, 3
£ (x, 0" = By Ry + By Ry + Fyy (R, = R,
b 5 br, 4br, 7
E, =—{(1+xyTr)G,,, +4rn,(27+ —)GzMng + —GZQ(Gzc + —nBng)},
27 B, 1+ nn, 3
b 2 4p l"2
F,, =-4nn, | — {1+ 270)[xy7G;,, +—G2Q(G2C +—773G2Q)]+
xyT 1+ nn, 3
(20)

1+27
+xy +2(XyT — b) + 4bry1, —]GZMGZQ},
+ 11,
1 2b r
By=-—1— [22b - xp(1+27)°] Gyp(Gye +=113G,) +8bi1gn [1+ 37 +
21 T 1+nn, 3

2.2

2th — xy(1+27
o 2o ms20) 1G, 1y +[2(XVT = b) = 4X°Y*T(z + Dy + b(xy + by, - ——1,1G2,,
2

4z 1+ rn,

where G, = G,(q;), G,;=G,(¢3), i=M,C,0, and 1, =0/ 4M".
Let us calculate the unpolarized cross section of the ed — edy reaction (unpolarized elastic radiative tail) when

the photon is emitted from the lepton vertex. The corresponding cross section can be obtained from the formula (61) of
the paper [11] by substitution in the hadronic tensor

1 ,
H(z,r) = ——8(1-x)H(z, 7). 1)
q

After this substitution we have to integrate over z variable, using a d(z) -function.

After fulfilling of these prescriptions we obtain the following expression for the cross section of the unpolarized
elastic radiative tail

d un 1
“ERT __“ {2(L_1)[ H(r)+—H(ry,) - 2H()] + Ly” (1 - x)’ [—~ G ) H(r)]} + 22)

dx dO* l—xVQ i 3 (l—y)
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2
oy” 2 H(r) A-»)A-r) r-p r—r,
+——| dr{im—F—==+C,[2 + (1-rd-y)) - (I-r=y)]+
VQ4J"; r ) +axyr ’ \/y2+4xy2' |r=n| |r=n|
P 1 147 147 1 1477 147
+ [ (——H@r)-———=5—H(%)) - (—5—H(r)———==H())]}
l—r (I=xp)|r—5| r H A=-y+x)|r=-n| r h
where
H(r) = & (0" MW (r0?) + ==y (e 97
M Xy
vl e . 4 2
o= O IR =S M G @9

W (r0%) = 2MIG2(r0%) + %rnBwa(er) + %rzﬂf;Gé(er)l

CONCLUSION

The model-independent part of the radiative corrections, due to the hard-photon emission from the lepton vertex in
the elastic electron-deuteron scattering (the so-called elastic radiative tail), has been calculated to the radiative
corrections for the deep inelastic scattering of the electron beam on the deuteron target. The elastic radiative tail has
been calculated both for the unpolarized scattering and for the scattering of unpolarized electron beam on the tensor
polarized deuteron target.

The expressions for the elastic radiative tail are given in terms of the deuteron electromagnetic form factors. They
do not depend on the model for these form factors.

Let us note that the new results, which are obtained in this paper, are the following:

-The expression for the contribution of the elastic radiative tail to the radiatively corrected differential cross
section of the deep inelastic scattering of unpolarized particles.

-The expression for the contribution of the elastic radiative tail to the spin-dependent part of the radiatively
corrected differential cross section for the deep inelastic scattering of unpolarized electron beam on the tensor polarized
deuteron target.

They are represented by formulas (16), (19)-(20), (22) and (23).

APPENDIX
In this Appendix we present the formulae for the coefficients A7 s BZ, and C,Zk, (G=1Ittt,k=1-4,
m = 0,1,2) that determining the polarization observables of the elastic radiative tail (see formula (16)).
1. Component /1.
The coefficients, determining the contribution proportional to the components R, of the tensor that describe the

tensor polarization of the deuteron target, can be written as:

77
Al = —xy(1+77)zZ, 4 ==L,
xyr
1
A =—{(@+T)2Z, +rA,Qa+r—A)] - A [ (r=A) +2(b+A,) + r(a+b)a+r—A)]},

xy
Ay =r{(b=a)(1+r") + A [1+r(2a = b))},

B = xyr(1+ r*)[xyr(1+ 67) - 27(1 - 3ar)], B = L (14 67) = 2001 = 3ar[b(1+ ) - A, (F - 2a)],

Xy

B! =L 02,11+ Qa - byr+ A4 3ady[(b—ayr —1-A,T) B! = r(a— )1+ )+ Ay(a + )]
xy

c! 2 2 2
0 =17 =A) +a[3a(l+r")=2(b+A)]},
T
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I 2 2 2 2 2
Cop, =—{(7=3y)xyr)" +3a(S—y+r)xyr+3a (3+r")—ar[5+3(a+b)]},
xyr

Coy = —xy[r(6a—16+9y) +67(y —3—-1r)], Coy = xyr{1+3(b—a)],

I Il T I Il
C=12xy(r+27), C,=6—[4(r+7)—yr], C;=672-y), C,=0,
r

67
u u u i
=6 Cp=——, C;=0Cy=0.
xyr
2. Component /z.
The coefficients, determining the contribution proportional to the components R, of the tensor that describe the

tensor polarization of the deuteron target, can be written as:

2

0

TV
A =2aQr+r) 1+ )2b+A) =, A ==2Qr+r)(2b+A)Z ——,
Md r Md

v
Aé' = —T—d 2Z,3b—a—-r)+A[4r(1 + b® +3ab) —2a(1 + 1) + xyr(ar — 3 + 5br)]},
M

It

Al = ar—— 2b(1+ 1) + A [1-r(3b—a)]},
Md

2

o

4
B =2ar(1+20)(1+r°)(A, —2br)=—,  BY = 27(1+27)(A, — 2br)Z, —,
Md Md

B! = r% 27,[(3b — a)r =11+ A, [(1+ ar)(a — 6b) — (a+3b)(r” + Ay) +r(b” —1)+ b+ A,(3r - 2b)]},

It

B = arL[—Zb(l +77)+ A, (F - 2b)],
Md
p 40 2 _
Coy =——[a(+ 7" )y +2a) = 2b7 — A (xyr + 2a — 2b)],
Md
It 2V 1 _ 5
Cpp=—"7""—" axyr[yr + (Bb+a)(1+r)—y—8al—(xyr) [2a+ 2 - y)y +4a)]+
Md xyr
¥2a[2a(b—a+r)+ (v +2a)(r—a(l+ )+ r(a+ b))},
w0 o 4 2
Copy =———147[2br —y" +4(b" —a)]-r[By(2-y)+8a(l+a+2b)]}, Cy, =xyr—[l+4ab—(a-b)"]
Md Md

2
TV
Cllt1 = 4Q—[2T(2y +4a-1)+r(y+4a-21))], C]ltz =4———1[(a-b)(4r — yr)+2t(1 = r)+2yr(1 + 4x7)],
Md r Md

y+2aV It It
_ C23 =C,, =0.

It 4 It It —V It
C=412-y)(y+2a)—, (4, =0, G =4y+2a) , Cp=47
Md Md xyr Md

3. Component #.
The coefficients, determining the contribution proportional to the components R, of the tensor that describe the

tensor polarization of the deuteron target, can be written as:
T Z,

Altt - —£(1+I’2)[b2 +(b+A1)2]’ Ag =——[2b2 +A1(2b+A|)],
b b xyr

T
Al = " (A =20)[b(+ )+ (L =r+ AT+ bA 1+ r(b—a+ A}, A =—ar’A,,

T Z
B =L+ 265 —2bra, +A2], BN = —Z 221265 —2brA, + A7),
b b xyr
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T
BY =—{(2br —=A,)Z, +bA[r(b—a+r)—A,]},  Bj =—arA,.
b

=1+ +4a—2ab) + 2b+ A))* + A7),
b

cy, = —%{—Z(xyr)z[a +(1+a)2- M]+xr[(3-2y+a” +b)F—2a)+4(ab+b—a’)+4r(a—b")] -
xXyr
2a[(r-a)’ +b°1+(1+2a-2b+a” + b)) r—a(l+ )+ (a+b)’r]},

1

cll = —;{3b—a—(a2 +b)2+a+b)+ [y +2y(2b—a)+2a(3—a)]+ xyr[y(1+ y + 3a) — 4(1 + a) — 2ab]},
1 1t 4
Coy =xyr(y+2a), C) = —Z[y(b —a+r)+2a(r—a)—xyr(l+a)),
1
cl = ; oTl+7a(l+a) - b +b)+(a+b)a” +b)]+4r[(a—b)1—r)+a” +b° —r]l,
xXyr
1
Clhy=—Q -y +2a2-b)], Cj; =0,
bxy

2 2

1 1
Cl =—I[y* +2a2-b)], C¥ = [} +2a(2-b)], Cy=Ch, =0,
ab brx"y

here we use the following notation

F=a-b+r, d°=b0°, A =(-xy)r—a-b, A,=(-y+xy)r-1,
Z,=b(+r )+ A (I=r+yr), Zy=b(1+r")+A,(1—y—r),

b=1-y—-a, a=uxyr, Z=xy(2T+r)2—2T(b+Al).
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