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1. Measurement of tensor anal
elastic e-d scattering (°°©

g powers 1in

2. Photodisintegration of tensor arized
deuteron
(BINP) . 4 -

3. Measurement of c the

neutron ( )
4. Detail investigation of pp and pd ingteraction

( ) .
5. Study of nucleon spin structure (,

the
scattering

6. Measurement of charge form facto
neutron, elastic and inelastic
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7. IKP, Juelich - first experim will come
soon
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Novosibirsk electron-positron facility

1

VEPP-3

Energy : 2000 Me
Lifetime : 20000 s
Av. current : 100
Bunch : 0.7x0.3
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Polarization of sample of spin 1 particles
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Tensor polarized target allows to measure
tensor-polarization observables in e-d scatt
even with electron beam is not polarized

S p.=2

Dmitri Toporkov, Ferrai Experiments with polarized deuteron 1




How to get polarized atoms ? Stern - Gerlach method

m, mg
1> +172
— S i g2
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14> +172 } <A

In the weak field P, = 0.5
Transition 1- 3 gives P,=-1 1n the strong ficld
Transition 2- 4 gives P,=+1 1n the strong field
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Cryogenic Atomic Beam Source

/

MFT S4 S5 SFT
[/ T\ @

[\
[,

T =~ '

30 cm
———

0
0

—+1 0
Tensor polarization

Vector polarization

Dmitri Toporkov, Ferrai Experiments with polarized deuteron




Superconducting sextupole magnets

& Magnetic pole tip field
of superconducting
magnet up to 4.8 T

Dmitri Toporkov, Ferrai Experiments with polarized deuteron




ABS just before the installation at the straight section
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Top view of the internal target at VEPP-3 electron ring

—_—

500mm

ABS - atomic beam source, SC - storage cell, BRP - Breit - Rabi
polarimeter, HM - holding field magnet, @M - quadrupole magnet,
GP - getter pump and @MA - quadrupole mass analyzed

Dmitri Toporkov, Ferrai Experiments with polarized deuteron



ABS being installed at VEPP-3
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Breit-Rabi polarimeter
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Storage cell for polarized atoms

Liquid Nitrogen

Beam flux of polarized deuterium atoms*s 2x10' at/sec
The measured target thickness 8x10% at/cm?
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The efficiency of the RF units

Wed Jul 720:20:48 1999 - Thu Jul 8 06:54:59 1999
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BpenT-Pabu
NoNAPUMETP 20 21 22 23 24 1 2 3 4 5 6 7
HF-Transition Time, hours

was found to be high enough.
The average polarization of the atoms along the cell should
be measured additionally ( LQ polarimeter )
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Elastic e-d scattering

A — longitudinal and B —
™ transversal structure function

=0 /4M;

Q - momentum transfer
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Suggestion to measure the quadrupole form factor of deuteron
was stimulated discussion with D.P.Grechukhin
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Elastic scattering by tensor polarized deuteron

do d P = 4 .
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Layout of the detector system, side view

Hadron arm #1 1- hodoscope of three layers of
: plastic scintillators

2,3 — drift chambers
Electron
Ntz 4 - compensating magnet
5 — quadrupole lenses
6 — storage cell

7 — Vacuum chamber

8 —Jldetector of low momentum

Electron

il0r— trigger’s scintillator
11 - crystals of Nal
A - tungsten convertor

Hadron arm #2 B - body
C - scintillator fibers
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LQ polarimeter features

The measure of asymmetry in
small momentum transfer, cente
6, =93] @=0.105 (GeV/C)*

> At small momentum transfers
-Eoz-\/2/3 Dsz' }
, =0.2859 fmi - deuteron static qua

~ At Q ='0.105 (GeV/C) 2all 'reasonablé' theoretical

stic ed scattering at

> An absolute measurement of T. rformed at
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Beam life-time in the VEPP-3 ring during the experiment

28701703
TOK ' Hewi 2T _ _ _ _ _ _ Q. KKYN
(MAD ernpenca. [TaxoTuH
- 200 .2
- 150 -4

e

21 23 1 3 5 7 YAC

CMEHA: 11/58/02 <I>= MA T —=R000sec
IKCTMEPUMEHT : 10/39/59 <I>= MA target
Q(KYM=3758.1 +13.7 T =20000sec
— notarget
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The measurement of polarization of the target

. (v -N)
W . -N'F)

2
t
AN= dziTzi
) 2=2.6 fm=2
Averaged over théitime of
experiment polarization of the
target
P, =0397 £013 0.018 0.012
The doming@ttcontributions to the
systematie®eérror were given by

1000 1120

FECIES U ncentainties of detector geometry and
hoelding magnetic field direction
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Selection o1 the events o1 elastic B D scattering

(e-d) polar angles correlation

(e-d) azimuthal angles correlation

Electron scattering angle - deuteron energy correlatoen

Analisys AE — E in ‘hadron arm of the detector

Time of flight analisys in hadron arm of the detector

The background was find to be:
for highr @2 3. 07/=88550
for smallf @2 8+/-2%
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Selection of the events of elastic ¢ — /) scattering with
AE — F method

700 800 900 1000 1100 1200 1300

dE  (Arb. Units)
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The results on T, and I, measurement
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The upper errors of T,, and T, is statistical, the lower one is systematic
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The measurement of T,, in elastic e-d scattering at VEPP-3 storage
ring Phys. Rev. Lett. 90(2003)072501

o Bates g984g
= VEPP-2 (1985
= VEPP-3 (1990
¢ Bates (1
O NIKHE
x NIKHEF
A TINAF (
@ This experiment

Paris, 1A
Wiringa et al.
Arenhoevel et al.
—.—.- Phillips etal.
Krut Troitski

M.Lacombe et al. Non-Relativistic Impulse Approximation

R.B.Wiringa et al. Argonne-V18 full: NRIA + RC + MEG.

H.Arenhovel et al. BONN: NRIA + RC + MEC

D.R.Phyllips: Current-Cowvariant Description; of Relativistic Bound States +MEC
A.Krutov and V. Troitsky: RIA in Instapt Form offthe Relativistic Hamilton Dinamics
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The measurement of T,, in elastic e-d scattering at VEPP-3
storage ring

(O Bates (1994)
A TINAF (2000)
e This experiment

Paris, 1A
- Arenhoevel et al.
—-—-- Phillips et al.
Krutov and Troitski

Theory Paris Aren. Phil. Krutov Wiringc

T, 343 1.87 1.40 1.41 1.49
T,, 1.59 0.58 1.18 2.25 —

G, 288 138 083 183 —
G, 423 711 521 2.74 —
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Experimental results and theoretical predictions for
monopole G and quadrupole G, form factors of deuteron

A rpnhaeva elc
Phillipsetd. | . .

The node position from our data was foslid at Q>=16.9 *!- %mz
and from all data and this experiment'at Q>=17.41 0.32 fm 2
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Conclusions

The results don’t contradict the'previous measurements.
In the region 8-12 fm™ results significantly improve

the accuracy for T,4and T, |
Charge form factors G.and G, are extracfe
obtained data and A and B data in impo

momentum transfer where the first n
form factor 1s located.
Comparison with several theoreti€al predictions shows

of monopole

some advantage of relativistic calculations in general.
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Photodisintegration of polarized deuteron

Scattering angle is small, therefore ¢* close to zero and
photon is almost real.
Process is photodisintegration

N4 _
4y % {1+— —(3cos 6 ~1
dQ  dO 2 '

+\/§ sin20" cos@ T, + \/gsi
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Definition of kinematic variables for the reaction ( /d, pn) in the center of
mass frame
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Measurement of tensor analysing powers

...through measurement of tensor moments :

 N.-N_
BN PN,

al

Separation of 15y, 151 And T, By measuring under the different orientation
of the magnetic field

ag ~ Cp- Lo
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The layout of the detector system, side view

Neutron arm #1 @[ @)|@ 4
| . ( ) @ 200x200x1000 mm

plastic scintillators

120x400x1000 mm

Neutron arm #2

_ velo—counters

LQP

b/ Turge
— — Proton arm #2

electron beam

wire
chambers

- tangstem convertor

- brass base ‘
. . . . plastic
- scintillation fibers G e

Dmitri Toporkov, Ferrai Experiments with polarized deuteron




The average degree of target
polarization during the run was
~ found to be

Pt = 0.341+-0.025+-0.011
P = 0.580+-0.042+-0.019

0 Bates (1984)
% VEPP-2 (1985)
+r VEPP-3 (1990)

{> Bates (1994)

~  NIKHEF (1996)
o NIKHEEF (1999)
v CEBAF (2000)
® This experiment

1'52 2
0 (GeV/e)
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Charge accumulation during the experiment

Coulombs per shift

regime 0 _62.

regime 2 _72.2kC
1
|
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Proton: TOF, AE/E
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Neutron: TOF, charge veto
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Phys. Rev. Lett. 98, 182303 (2007)

100 200 300 400 1.5 1 100 200 300 400

Ey, MeV/ EY, MeV’

Comparison of previous data [Phys.Lett. B 302, 23 (1993)]d@pen circles) and this
work (filled circles). Only the part of the new data which#€orresponds to the kinematic
conditions of the previous measurement is shown. The@#€tical curve 1s the full
calculation from [F. Ritz, H. Arenh"ovel, and T. Wilbois, Few-Body Syst. 24, 123
(1998)]
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Tensor analyzing powers vs. photon energy.

CE g0 gl CM _ 70 370
BF — &% - 30 Bln = A - dle

Vertical bars are statistical uncertainties; horizontal bars méicate the bin size. Shaded
bands show systematic uncertainties. Theoretical predigfions are from Arenh ovel
"N+MEC” (blue long-dashed line), "N+MEC+IC2(blue dash-dotted line), and
"N+MEC+IC+RC”(solid line) models, from Levchuk [Few-Body Syst. 19,77(1995)]
(magenta dotted line), and from Schwamb [Hab. Thises,2006] (black short-dashed

line). Dmitri Toporkov, Ferrar Experiments with polarized deuteron



Tensor analyzing powers vs. proton emission angle
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E =100- 140 Mel”
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*(blue long-dashed line),

"N+MEC+IC” (blue dash-dotted line), and "N+MECHFIC+RC” (solid line) models, from
Levchuk [8] (magenta dotted line), and from Schwamb [10] (black short-dashed line).




Tensor analyzing powers vs. proton emission angle

E = 140 - 150 Mel” £ =150- 230 Mel E =130 - 330 Mel” E =330 - 440 Mel”
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Theoretical predictions are from Arenh ovel "N+MECS(blue long-dashed line),

"N+MEC+IC” (blue dash-dotted line), and "N+MECHFIC+RC” (solid line) models, from
Levchuk (magenta dotted line), and from Schwamb (black short-dashed line).
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Summary
* A new measurement of tensor analyzing powers T20, T21 and
T22 in deuteron photodisintegration, subgt&ntially
enhancing the quality and kinematic span of the existing
experimental data, has been performed.
* Theoretical calculations provideran excellent description of
these polarization data below,pion production threshold, while
above pi1on production threshold a very good description of T20
and T22 1s demonstrated by a novel approach gnCorporating
-MEC retardation ni€chanism. |
* The remaining discrepancies could reflectil
uncertainties or some missing or poorly modeled underlying

dynamucs.
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Two photon exchange contribution in elastic e-p scattering

can be defined by measuring cross sections at different initial

electron energies and scattering angles while keeping Q the same.
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Form factors measurements through

polarization transfer experiments

A.I.Akhiezer et al.,
JETP v.33(1957)763,
in Russian

In the mid-nineties, 1t became possible to use polarization transfer
experiments to study nucleon electromagnetic form factors.
In this case the ratio of proton form factors can be extracted by:

G, F(E+E

G, __P(E+E) 0

G, B 2M 2’

E and E - electron energy before and after scattering, P and P -
transverse and longitudinal polarization of recoil protons from elastlc
scattering of longitudinally polarized electrons.

The results of polarization transfer experiments were unexpected,
indicating the ratio of form factors depends strongly on Q2.
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Data and possible explanations for different results for values G./G,,

F ; 4] Jj 1 | J.Arrington et al.,
1.0 :mglp F— ; 43 . T D: Phys. Rev. C68 (2003);
- ~e T 1 | arXiv:nucl-ex/0305009
0.8 - o
00| &4 W [T
& B ]
06 - \i\ ]
S - - 1 | At present there are two
3 N E — 1 | physical reasons why
04 T i ~ 1 | these two methods would
0o - % ~ 1 | give different results:
' - radiative corrections;
00 b L L L L LT o two photons exchange
0 L < Q2 E)GeV]z 4 0 6 contributions.

Figure: comparison of form factors ratio, obtained by Rosenbluth technique
(hollow squares) with data of polarized measurements (full circles).

Yu.M.Bystritskiy et al., arXiv:hep-ph/0603132:“the results of numerical estimations show that the
present calculation of radiative corrections can bring into agreement the conflicting experimental
results on proton form factors and that the two photon contribution 1s very small”,

The another group of theorists said that it’s not a correct to use the one photon approximation in
Rosenbluth technique and contribution of two photon exchange is considerable. (J.Arrington, Phys.
Rev. C69(2004)032201;P.G.Blundend et al., Phys.Rev.Lett. 91(2003)142304,Y.Chen, arXiv:hep-ph/0403058)
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Two photon exchange contribution in elastic e-p scattering

J.Arrington, V.F.Dmitriev, R.J.Holt, D.M.Nikolenko
I.A.Rachek, Yu.V.Shestakov, V.N.Stibunov, D.K.Toporkov,
H. de Vries

Proposal for a comparison of electron-proton and
positron-proton scattering at VEPP-3.

E-print: nucl-ex/0408020

Complications arising in the calculation of
the two photon exchange corrections are

connected with difficulties in accounting
for proton excitations in the intermediate
state.

The Born amplitude is proportional to the lepton charge, ¢, while the two photon exchange
(TPE) amplitude is proportional to e>. The Born cross section is proportional to e, while the
interference term to the cross section goes like ¢’. Hence the interference term, which is the
dominant part of the TPE contribution (since the TPE amplitude is small compared to the

Born amplitude) changes sign with respect to the Born cross section and can therefore be
Determined by comparing electron-proton and positron-proton scattering.
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Existed data on e* - p elastic scattering

Charge Asymmetry for Elastic e-HLp Scattering

K.Joo et al., Letter of Intent
to PAC 25, TINAF, 2004

].3 L] | ] I T I

| @® Maretal (1968)
= B Axial-VMD. Q2 matched with data

— Axial-VMD, Q'= 2 GeV~
—— Quarks/Double Logs

Attempts to measure the TPE
contribution were made in the
1960s, but either the accuracy
of the measurements was

insufficient: OR/R: 5% were
R=0(e")/o(e’) ,or scattering
angles were too small and
therefore & - where most
theories predict R=1 (see Fig.)

ale ole )

P VI NN I T N U I

0‘85 1 | 1 I 1 I 1 | 1 |

Figure: theoretical predictions (square points and curves) and
experimental data (circles) for the ratio R=0(e")/0(e”)as
a function of €.

We performed a first attempt to measure of R at the VEPP-3 storage ring at an energy of
electron/positron beams of 1.6 GeV and at electron/positron scattering angles approximately

25% 65° (corresponding to ) £€=0.90, 0.45 and Q? = 0.3, 1.5 GeV?/c?).
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Storage
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New unpolarized H, target was used the same storage cell: having elliptical
cross section 13x24 mm, length 400 mm, cooled by cryocooler.

Hydrogen flux directed to the cell is going to be 108 at/sec, providing a target thickness of about
10%5 at/cm?.

The luminosity (defined by positrons) will be:
L=I*t=0.009*6*101¥*10=5*10°" , t — target thickness, I — average positron current.
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VEPP-3 Straight Section with Internal Target

t' Storage
Cell

VYacuum
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| Side view of the detetor for experiment

Bl Mew SpechlFX Seffings Camera Lights Windows

Detector System for ep Elastic Scattering

[ [Treadyt

L

The detector for the measurement of (e'p) and  The detector consists of two identical systems

(e'p) elastic scattering is builded on the basis placed symmetrically in median plan of the

of the detector used in the previous experiment. storage ring. Azimuthal angle acceptance of
Scattereq elec.tro.n and reco.ll proton are each system is 60°. Regarding the polar angles
detected in coincidence, which allows to use — electron/positron scattered at angles close to
kinematical correlations between their 120, 259, 65° will be detected. Application of
emission angles and energies. This is important two detector systems not only increases the
for separation of the events from the process detecting solid angle but also allows to

under the study from those of various suppress systematic errors related to instability

background processes.

of the electron/positron beam position
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Vertical position of the Electron and Positron beam during 29/06—-01,/07 /07
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Selection of the elastic e—p scattering events

. Correlation between polar angles
. Correlation betvween azimuthal angles

. Correlation between electron scattering an-

gle and

proton enersy

. Correlation between electron scattering an-
gle and

electron energy

=
Bl
=
-4
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5
—

. NE—E analssis

. Time—-offlizht analysiz for proton with low

energy

("3

Middlz Anpglz Aam

Dmitri Toporkov, Ferrai Experiments with polarized deuteron




R=c(e) o (¢), N=2N,

ol E

Q*(GeV/e)> N, events E R/R %
10-12 0.98 0.08-0.11 8.7-10° ———-
19-27 091 0.26-0.47 3.1-106 0.7
60-80 0.40 1.40-1.76 1.5-10° 1.00

*Different energy of e*, e beams (
*Different position of beams ( (/g

Systematic errors

Ds/s for three intervals 0.1, 0.2, 0.2 % / MeV)
for three intervals 5.0, 1.4, 0.9 % / mm)
*Drift of the efficiency over the time of experiment (~ 1% during one time cycle)

*Drift of the target thickness during the experiment ( VR/R 0.1%)
*Difference of the radiation corrections for electrons and positrons

*The total systematical error for the largest Q? is expected to be VR/R: 0.

3%
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Expected results of the measurement

0.2 0.4 0.6
£

Figure: Projected uncertainty (combined statistical and systematic)
for the proposed measurement (blue circles), compared to previous
data (red “x” — J.Arington, Phys.Rev. C69, 2004). Note that the
previous measurements have an average Q? value of approximately
0.5 GeV? for the data below €= 0.5, and thus should have a smaller
TPE contribution than the proposed measurement.
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Part of people, who g’%the experiment

3 Exhwith polarized deuteron
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