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Using the previously obtained analytic form factors for the deuteron wave function in the coordinate representation

for the nucleon-nucleon potential Argonne v18, are calculated the Born values for vector A%, AL and tensor ALE,

ALT - ALT asymmetries, which are necessary for estimating radiative corrections to polarization observables in elastic

electron-deuteron scattering in lepton variables. The momentum-angular dependence for vector and tensor asymme-

tries is illustrated in 3D format. Each component of the asymmetry has its own peculiarity of the form depending

on the values of the scattering angle or momentum of the particle.

PACS: 03.65.Nk, 13.40.Gp, 13.88.+e, 21.45.Bc

1. INTRODUCTION

A deuteron can be used as a target for an electron
beam or as a particle that is scattered on a proton
and nuclei. For example, in paper [1], results are
presented for spin-dependent electron scattering on
polarized protons and deuterons for the BLAST ex-
periment, carried out at the MIT-Bates Linear Accel-
erator Center. The paper [2] presents the results of a
study for spin observables in dp- scattering and test-
ing T-invariance in applying the modified Glauber
theory. In [3] the full set of deuteron analyzing pow-
ers in elastic dp-scattering at 190 MeV/nucleon is in-
dicated. In [4] proton and deuteron analyzing powers
and 10 spin correlation coefficients were measured for
elastic p+d scattering at an energy of bombarding
protons of 135 and 200 MeV. In this paper, analyti-
cal forms of DWF are used for theoretical calculations
of the Born values of vector and tensor asymmetries,
which are necessary for estimating radiative correc-
tions to polarization observables in elastic electron-
deuteron scattering in lepton variables [5]. For nu-
merical calculations used the realistic phenomenolog-
ical potential of the Argonne group — Argonne v18.

2. THE VECTOR AND TENSOR
ASYMMETRIES

The task of studying the lepton radiative corrections
in elastic electron-deuteron scattering remains rele-
vant in recent years [6].

In order to obtain formulas for radiative correc-
tions to the polarization observables for the reaction
e (k1) + d(p1) — e (k2) + d(p2), it is necessary to
parameterize the state of polarization of the target in
the definitions of the 4-moment of the particles in this
reaction [5]. The 4-vector s, of deuteron polarization
and the quadrupole polarization tensor p,, describe
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the polarization state of the target. For the polariza-
tion state, this parametrization depends on the di-
rections along which the longitudinal and transverse
polarization components of the deuteron in the fixed
frame are determined. The quantity s, describes the
vector polarization of the deuteron.

Five Born values of vector A%, AL and tensor
ALLATT D ALT asymmetries were considered when
searching for radiative corrections to polarization ob-
servables in elastic ed- scattering in leptonic variables
[5].

The spin-dependent parts of the cross-section are
determined by the vector polarization of the initial
deuteron and by the longitudinal polarization of the
electron beam [5, 7]
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In the laboratory system, these expressions for the
cross-sections allow one to write values for asymme-
tries (or the spin correlation coefficients) in elastic
ed-scattering in the Born approximation [7]
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where €5 are the energy of the scattered electron;
Gec(p), Go(p), Gu(p) are deuteron form factors;
@ =0./2; 0. is the electron scattering angle.

These two vector asymmetries are formed due to
the vector polarization of the deuteron target (respec-
tively, the longitudinal and transverse directions of
the spin 4-vectors) and the longitudinal polarization
of the electron beam [5]
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where
Io= A+ Btan? .

The ratio between the vector longitudinal and
vector transverse polarization asymmetries is written
in the form [7]
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or in the laboratory system [5]

AL
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The 4-vector for a tensor-polarized deuteron tar-
get is written as
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In the Born approximation, part of the cross-
section depends on the tensor polarization of the
deuteron target [5, 7]

at I =L, T, N.
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In the laboratory system these expressions for
the cross-sections lead to the following three tensor
asymmetries (or analyzing capabilities) in elastic ed-
scattering, that were induced by tensor polarization
of the deuteron target and the unpolarized electron
beam [7]
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or this formula is presented in [5] as
1oAY = AFM R + AL (Rrr — Ran) + A Rer,

where ALL, ATT  ALET are the tensor polarizations
asymmetries:
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Between the components S;; and Ag there is the

following relationship (7/e3)onsSi; = A%/ lo.

(7)

3. CALCULATIONS

In paper [8] for research of radiative corrections to
the polarization observed in elastic ed- scattering in
leptonic variables have been calculated the Born val-
ues of vector and tensor asymmetries. The deuteron
wave functions in coordinate representation for eight
nucleon-nucleon potentials (Nijml, Nijm2, Nijm93,
Reid93, Argonne v18, OBEPC, MT and Paris) were
applied for numerical calculations of these asymme-
tries. The momentum-angular dependence of val-
ues vector A%(p,0) and tensor A%(p,0) asymme-
tries have been also evaluated in 3D format only for
Reid93 potentials. Due to the fact that in [8] the
values of the angular dependence of these five asym-
metries for the Argonne v18 potential are calculated,
therefore, in this paper, only the momentum-angular
dependence of the asymmetries will be calculated.
The deuteron wave function (DWF) in the coordi-
nate representation for the phenomenological realistic
nucleon-nucleon potential Argonne v18 in analytical
form [9] is used for numerical calculations

u(r) = r3/? ZZI\L1 A; exp(—a;r?)
(8)
w(r)=r Efil B; exp(—=b;r?).

The coefficients of DWF for potential Argonne v18
are given in [9].

In the laboratory system, the Born values of
the vector (1), (2) and tensor (5)-(7) asymme-
tries are determined by the deuteron form factors.
In turn, the deuteron form factors depend on the

= gUNS[SLLRLL+STT(RTT_RNN)+SLTRLT]’ DWF in the coordinate representation (see [10, 11]).
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Fig.2. The vector asymmetry
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Fig.4. The tensor asymmetries

Fig.5. The tensor asymmetries

The Figs.1-5 display momentum-angular depen-
dence in 3D format for vector A% (p,0) and tensor
A (p,0) asymmetries, which are calculated for for
DWF (8) for Argonne v18 potential.

For vector asymmetry AL (see Fig.1), the charac-
teristic plane at small angles up to 70 degrees and a
rapid decrease at large scattering angles. According
to Fig.2 the vector asymmetry A% forms a kind of
77tray77.

As seen in Figs.3 and 4 for tensor asymmetries
AEE and ALT there is a hump (peak) near 3.7 fm-1
in the range of angles 0-180 degrees. For the tensor
asymmetry AéT (see Fig.5), on the contrary, there is
a pit.

4. CONCLUSIONS

The previously obtained coefficients of the analytical
form of the deuteron wave function (8) in the coordi-
nate representation for the phenomenological realis-
tic nucleon-nucleon potential Argonne v18 calculated
the set of Born values for vector A%, AL and tensor
AEE S ATT D ALT asymmetries. These values for asym-
metries are necessary for the subsequent estimating
of radiative corrections to polarization observables in
elastic ed- scattering in lepton variables [5].

As shown in Figs.1-5 each component of the vector
and tensor asymmetries has its own peculiarity of the
form depending on the values of the scattering angle
or the momentum of the particle. The aforecited and
reviewed vector and tensor asymmetries (the spin cor-
relation coefficients) can be compared with two sets
of components for cross-sections [5]:
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In addition, further studies of polarization observ-
ables in elastic lepton-deuteron scattering, including
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lepton masses [12] (and for the case of spin correla- 6. G.I. Gakh, M.I. Konchatnij, N.P. Merenkov. Lep-

tion coefficients in the limit of zero lepton mass) are tonic radiative corrections to elastic deuteron-
promising. electron scattering // Phys. Rev. C. 2018, v.98,
p.045212.

7.  G.I. Gakh, N.P. Merenkov. Radiative Corrections
to Polarization Observables in Elastic Electron-
Deuteron Scattering in Hadronic Variables // J.
Ezxp. Theor. Phys. 2004, v.98, p.853-869.
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BOPHOBCKUE 3HAYEHI Y BEKTOPHBIX 1 TEH30PHBIX ACUMMETPUNI
B DJIEKTPOH-JAENTPOHHOM PACCESHUN

B. H. 2Kaba

C ucnosib30BaHNEM paHee TOYyYeHHBIX KOIM@PUIMEHTOB aHAJUTAIECKON (DOPMBI BOJIHOBOHN (DyHKINW Ieii-
TPOHA B KOOPJAUHATHOM IIPE/ICTABICHUH MIJ1sl HYKJIOH-HYKJIOHHOTO oTeHnana Argonne v18 paccanranst 60p-
noBckue sHauenus BekTopubix A% AL u remsopubix ARE) ATT | ALT acumiverpuit, HeoGxoamMbre 17T OleHKH
PAIUAIMOHHBIX MOMPABOK K MOJISTPU3ANMOHHBIM HAOMIOIAEMBIM B YIIPYTOM 3JIEKTPOH-IEHTPOHHOM PACCETHUN
B JIENITOHHBIX TEPEMEHHBbIX. VIMITy/IbCHO-YIJIOBas 3aBUCHMOCTD [IJisi BEKTOPHBIX U TEH30DHBIX aCHMMETpUii
npomuTIocTpupoBana B popmare 3D. Kazkmas KOMIIOHEHTa aCHMMETPUN UMEET CBOIO 0COOEHHOCTH (DOPMBI B

3aBUCUMOCTH OT 3HAUYEHU yIula pacCedHnd NI UMITYJIbCa IaCTHUIbI.

BOPHIBCBHKI 3HAYEHHS BEKTOPHUX I TEH30PHIUX ACUMETPIN
B EJIEKTPOH-JEUTPOHHOMY PO3CIAdHHI

B. I. 2Kaba

3 BHUKOpHCTAHHSIM paHilie oTpuMaHux KoedinieHTiB anamiTuauol dopmu XBUIHOBOI (DYHKIT JefTPOHA B
KOOP/IMHATHOMY TIPEICTABICHH] /11 HYKJIOH-HYKJIOHHOTO moTentianxy Argonne v18 pospaxoBani 60pHIBCHKI
snavenns pektopanx AL AL i remsoprmx AEE) ATT | ALT acumerpiit, meoOxiaHi 4715 OIHKHM pasiariitamx mo-
TIPABOK 10 MOJIAPHUIAMINHIX CIIOCTEPEKYBAHNX Y HPYKHOMY €JIEKTPOH-TeHTPOHHOMY PO3CIAHHI B JIEMTOHHUX
3MiHHEX. [MIyJIBCHO-KYTOBA, 3a/I€XKHICTD JJIs BEKTOPHUX 1 TEH30PHUX acUMeTpiil mpoutrocTpoBasa B opmari
3D. Koxna KOMIIOHEHTa acuMeTpii Mae cBOIO 0coOMMBicTh (bopMU B 3a71€2KHOCTI B 3HAYEHD KyTa PO3CIAHHSA

abo iMIyIbCy 9acTHHKH.
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