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Abstract 

An experiment on measurement of the components of tensor analyzing power in 
clastic and inelastic ed scattering successfully has been performed during the pe.rioct 
1999-2000 at t he VEPP-3 electron storage ring, Novosibirsk. Substantial increa.~e of 
the figure of merit of the experiment has been achieved with application of a novd, 
high intensity Atomic 13cam Source of polarized atoms. The preliminary results 
on the measurement of the analyzing power component T 20 in clastic scattering 
arc presented. The measurement has been performed in the range of momentum 
transfer poorly investigated but important from theoretical point of view because 
of the node of the monopole charge form factor of the deuteron. The comparison of 
the other experimental data and some theories arc discussed. 
Key-words: Tensor analyzing power , deuteron form factors, electron scatteri ng. 
polarized internal target , cryogenic atomic beam source. 

Recent progress of polar i;~;ation experiments in nuclear and particle physics grmtly 
added to our understanding of t he reactions under study. T he polarization obscrvablcs in 
both elastic and inelastic electron-deuteron scattering provide an important in formation 
for the investigation of the nucleon-nucleon interaction as well as for the study of non
nucleon degrees of freedom. Thus the measurement. of the polarization obs(' rvabl('s in the 

30fi 



clastic elect ron-deuteron scattering together with the differential cross section measure
ment gives a possibility for complete experimental determination of the electromagnetic 
form factors of the deuteron ( charge monopole, quadrupole and magnetic ). Starting 
from 80th several laboratories ( BATES, 13INP, Bonn University, NIKI! EF , T.JNAF) 
have performed such an experiments in a different modifications. 
Here we present recent results on the T 10 analyzing power measurement which were ob
tained in t he experiment with the use of internal polarized deuterium target in the storage 
ring VEPP-3, Novosibirsk, at 2 GeV electron energy. 

A new Atomic Beam Source has 
been designed and constructed to 
fi ll the storage cell target by polar
ized atoms [1]. It has a conven
tional design of the dissociator and 
high-frequency transitions units. The 

main difference of this ABS from the From ABS 

'O ~Uil thiCk :1hlllllllUIII fml 
W\t'rt•t.lb) tlr~ilm 

;;/ / /~ / . '"r.,~ other modern sources is the usage of 
the superconductive sextupole mag
nets instead of permanent ones usu
a lly used. That a llows to provide 
a magnetic pole-t ip field three times 
as larger as that for the best per
manent magnets and consequently a 
higher flux of polarized atoms is avail
able from the source. Magnet system 
consisti ng five superconductive mag
nets delivers 8.2 x 10 16 polarized deu

ro HRI' 

/~/ 
/ : cl.,quod .~rtrogco 

llmmi ~ 

'<f.f. 24mm _; 
(/ -

Figure l : Storage cell for polarized atoms. 

terium atoms per second injected into the storage cell. 

6001 
50() 

4001 

Jno l 

l(HJ 

' JIJfJ ) 

1999 2000 

apr may jun jul DIIJ.: up ocl fiUl' drc jan feh 
Collected beam integralfkCf vs. Time [months/ 

Figun~ 2: Collected beam int<·gra l. 

The electron beam optics 
m the experimental section of 
VEPP-3 ring was modified to 
get the possibility to usc a 
small-aperture storage cell. An 
aluminum ( 0.03 mm thick ) 
storage cell has an elliptic cross 
section 13 x 24 rnm , the length 
of 400 nun and coated by 'dri
film' to prevent atoms from de
polarization during the wall co l
lisions, sec Fig. l. The cell 
is cooled by liquid nitrogPrl to 
low temperature to get a more 
densed target. 

The particle detector (partly 
described in [2]) has two identical systems. For the registration of the particle tracks dif
ferent sets of clrift chambers arc employecl. Each of the systems has a segmented Csl 
+ Na l electron calorimeter (total thickness is 16 radiation lengths) on one side of the 
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electron beam and a hadron scint illation hodoscope (3 layers of plastic scintillators with 
a total thickness of 26 em) on the other side. Angular acceptance of each electron arm is 
() = 20° ... 30° and 6.¢ = 60° and that for each hadron arm is() = 60° ... 70° 6.¢ = 60°. 
The detection system permits to identify the D(e, e'd) , D(e , e'p)n and D(e, pp)e'1r- events. 

In March 1999 all the equipment was assembled at the VEPP-3. The electron beam 
current integral of 566 kC was collected during a lmost one year run , as shown in Fig. 2. 
A large amount of data for both elastic and inelastic scattering channels was collected. 

The tensor polarization of the atomic beam in-
jected into t he storage cell is monitored by the Breit
Rabi polarimeter and polarization is very high, about 
98%. However, the degree of the polarization in the 
storage cell is lower due to the depolarization effects, 
which couldn't be numerically accounted for. More-
over, the polarizat ion is gett ing worse during the run 
because of degradat ion of the cell surface. To con
trol the average polarization of the target during the 
run so-called Low-Q polarimeter based on the mea
surements of the asymmetry in clastic ed scattering 
was installed at a small angle ( Be ~ 9°) where the 
absolute measurement of the analyzing power T20 is 

.... - · ~ - t-• r.,.,n ,.oJ•riUJti.,. fa.•.f n. Ti,. • f•-•lu/ 

Figure 3: Polarization of the tar
get vs time measured with Low-Q 
polarimeter. 

avai lable [3]. The polarization of the target versus the time extracted with the use of 
Low-Q polarimeter is shown in Fig. 3. 

Figure 4: The correlation of the electron
deuteron polar angle in elastic scattering. 
See text for details. 

z" 

Figure 5: The distribution for mass iden
t ification parameter in E-6.E method. 

The cross section of elastic ed scattering falls dramatically as compared with the 
quasi-elastic one when the momentum transfer is increased. To extract the events of the 
elastic scattering among a lot of background events three kinematical correlations and 
two particle identification methods were applied: 
e-d polar angles correlation , 
e-d azimuthal angles correlation, 
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scattering angle - deuteron energy 
correlation, 
E-.6.E method, 
time of flight method. 

In Fig. 4 two histograms of 8 ,1111 arc shown. The G ,ilff is difference between t he 
measured electron polar angle (8 r) and the one deduced from the measured hadron polar 
angle in assumption that events belong to elastic scattering process. One can sec the wide 
distribution for events connected mainly with proton knock out process (solid histogram). 
The shaded histogram corresponds to clastic e-d scattering events that arc selected by 
the application of the last four cuts mentioned above. 

Preliminary results of the run- 99 /00 at VEPP- 3 
T20 data and theories 
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Hummel and Tjon 
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• E.llumrnel and .J.A.Tjon, Phys. Rev. C42(1990)423 

• P.G.Bluudcu. W.R.Grc<•uht!rg and E.L.Lorrron , Phys. Rev. C40(1989)1541, 
E.L. Lornon , nucl-th/0002026 

• .LW.Vau Orden, N.DevinP and F.Gross, Phys. Rev . Lett. 75(1995)4369 
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• 1-! .Arcnhiivel, F.Ritz and T.Wi lhois, Phys. Rev. C61(2000)034002 

Figure 6: World data on T 20 measurement in elestic cd scattering versus the square of 
momentum transfer and some theoretical predictions. 
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In Fig. 5 the distributions for identification parameter of E-~E method are shown . 
The solid histogram is obtained for the all events. The shaded histogram is for the case 
when four other cuts are applied . One can see two quite separable peaks (protons and 
deuterons) . 

The preliminary results obtained for the tensor analyzing power component T 20 are 
shown in Fig. 6 together with the existing world data and with predictions of several 
theoretical models. 

These data are provided by one of the detection system that is sensitive mostly to 
T2o (the other one is sensitive mostly to T 21 component) . Small corrections were applied 
to calculate T20 at the conventionally accepted angle 8 e = 70°. The shown error bars 
include statistical errors only. The measurement of T 20 was performed in the range of 
momentum transfer where it reaches the minimum and where the experimental data arc 
poor. Analysis of the available theories has shown that the theoretical description of T 20 
given by Wiringa et al. ( v18full ) and Blunden et al. ( C' ) ensure almost the same good 
fit to our experimental data. It seems that prediction for T20 given by van Orden et al. 
( CIA + {YTr/ ) provides the best description of the experimental data in the whole range 
of momentum transfer available so far. 

The data on the tensor analyz
ing power component T20 in elastic 

Preliminary results of the run -99 / 00 at VEPP- 3 

Gc data and theories 
ed scattering together with the data om5 ,..,--.,......,,...,-----,---.,---.--,...,----, 

on the unpolarized elastic differen
tional cross section provide a possibil
ity to extract each form factor sepa
rately. The results for the monopole 
Gc charge form factor are shown in 
Fig. 7. The results show a node lo
cated at a lower value than inferred 
from the Bates measurements and 
agree well with lhe recent measure
ments at JLab [9). 

O.D3 

0.025 

O.D2 

O.QI5 

O.QI 

0.005 

The large amount of data arc col
lected in inelastic channels (reactions ·0·005 

D(e , e'p)n and D(e, pp)e'Jr - ). The .o.o1 
analysis of these data arc in progress. 
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Discussion 

Q (Piskunov): What are you planning to measure in the nearest two years? 
A: In the next year, we plan to study photodisintegration of a tensor polarized deuteron 

with a detector specially modified for this purpose. 
C(Belostotsky): My remark is to try to clarify the question by A.Efremov about T

20 

in the e d-elastic and d p fragmentation. In the e d elastic, T20 is sensitive to the FQ/ Fe 
form factors ratio. In the deuteron fragmentation , T20 is sensitive to the &- ratio of the 
d/ s state deuteron wave functions in momentum space. So, both the values are different 
but tightly related. 

Q (Uzikov): What is the upper limit for Q2 in T20-measurements expected in the 
nearest future? According to potential models, T20 has to change sign again at Q2 > 
1 GeV2 

A: Unfortunately, I don't know any group who is going to continue the T2o measure
ments for higher momentum transfers. 

Q (Efremov): Could you explain why T20 obtained by the Strunov group is negative 
for large momenta, but your T20 became positive? 

A: In my talk, I considered T20 that appears in elastic e d scattering. If a probe 
particle is strongly interacting, T20 can probably change. 

Q (Mikirtytchiants): Was the degree of dissociation along the storage-cell measured? 
A: In Novosibirsk, this kind of measurements was never performed. May be, some 

useful information is contained in measurements from the HERMES storage cell. 
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