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ABSTRACT

Physics program presented here for nuclear physics stu-
dies by 200 MeV electrons, was developed by V. Dmitriev,
I. Koop, D. Nikolenko, S. Mishev, I. Rachek, §S. Popov,
Yu. Shatunov, V. Telitsyn, A. Temnykh, E. Tsentalovich,
D. Toporkov, V. Zelevinsky and myself during 1984 - 1987 for
the physics motivation of the NEP ring construction. NEP
project and its status are discussed also. Perspective
physics program is shown. Pion photo production at threshold
and elastic electron scattering on the polarized potassium
39 proposals are described in some details. Double polarized
experiments for electro and photo nuclear reactions are
unique possibilities at NEP.

@ Budker Institute of Nuclear Physics

INTRODUCTION

As well known internal target is a perspective new
technique for nuclear physics studies. The idea and first
demonstration of the superthin internal target regime were
done in 1967 at INP [1]. New physics results were received
at storage ring VEPP-2 and VEPP-3 [2 - 14].

The attractiveness of the internal target are:
- Extremely high efficiency using of the beam. Really, each
electron pass through very thick target of 0.2 radiation
length, which correspond 2:10%* atoms/cm® ( Hz]'
- Continuous generation of the events characterized by
frequency of RF system which is 8 Mc/s at VEPP-3, 52 at NEP
and up to 3000 Mc/s at stretcher rings.
- Transparency of the target for recoil nucleus one of the
unique features of the internal target. It will be used
actively in threshold experiments and for investigations of
the giant resonances decays.The mass of the material in the
target is only 10°® gramz’cmz or less.

- Unique target of free neutrons in the magnetic trap is not



too thin for NEP. The limit of the neutron density is about
10° particle/::ma.

- Wide class of pure polarizable targets include H, D, 3He,
Li, Na, K and also N and some another,.

- Longitudinally polarized electron beam become available in
a storage ring. Additional advantage here is a very short
time (20 ns for NEP) of the reverse of the polarization
direction. |

The Luminosity with external/internal targets useful to
compare on the diagram (Fig. 1) suggested by Donnelly [15].
Today there is a possibility to show the positions of VEPP-3
and different projects on this plot. Additional light led by
Figure of Merit of the experiment, which defined by lumi-
nosity, polarization of the target (beam), and detector
solid angle.

For the finish of this short introduction let % 5 SHE T
find the fields, where the internal targets fail? Today we
can show only three such fields:

1. Extremely high luminosity experiments for Weak
Interactions studies.

2. Unpolarized target experiments with high energy secondary
particles.

3. Experiments with extremely high energy of the beam
(higher than LEP energy).

Let me to describe attractiveness of the internal
target from two another sides. They are:

i) polarized perspectives of the internal targets:
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Fig. 1. Luminosity as a function of target thickness and
electron current and Figure of Merit defined by luminosity,
polarization of ta.zet (beam), and detector solid angie.



On Fig.2 we give a list of the reactions used at VEPP-3
and will be explored at NEP. Special interest is for last
four double polarized. In case of a photo reaction from

polarized nuclei by polarized photon the internal target

technique is unique.

E (e, e’)

A ile, %) e

A (e, 'xy)e’ as "A (7, xy)
A g7 e”)

A (e, e’ x) Tl

A (e, xy)e as A (7, xy)

Fig. Z2a.
ii) Transparent target experiments:

A (e, e'x)

A (e, eB) m Recoil particle detection pion
electroproduction.

A (e, A7) / Top Luminosity E‘.xi::eriments

Afle Blm <\ tagging by reaction products.

A (e, ef f1fz} Fission modes of form factors,

Fig. 2b.
PHYSICS PROGRAM AT NEP RING

Really, I give a list of the problems, which it seems

to me can be solved by using NEP. We start from a simple

process and go to chaos in nuclei.

Pion:
- Long standing problem is a pion electroproduction near

threshold and another one is the form factors of a negative
pion production in the bound states.
- Coherent production of the pion on nuclei.
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Nucleons:
- Proton and deutron polarizabilities can be measured by
using a scattering virtual photon from a very thin target.
For suppression of the background (real photon emission by
electron) photon - recoil particle coincidence will be used
[16].
- Neutron electrical form factor is very important physical
parameter. It will be explored by quasi elastic scattering
longitudinal polarized electrons from vector polarized
deuteron target.

Dibarions:
- Hunting of the resonances can be done in the reactions
D (e, e’d) m and D (e, e’d ), where deuterons with very
low energy are expected.

Deuteron:
- Electromagnetic Formfactors of the deuteron in the trans-
fer momentum range below 2 fm ' are very interesting.
Potential models are correct for q < 2 fm™! and the experi-
ment can be very precise here. Comparison of the correct
calculations with precise experiment will give a fundamental
statement about the nucleons interaction.
- Photo disintegration of the polarized deuteron by pola-
rized photons with energy up to 200 MeV is unique field,
where the theory hope to predict and only NEP can to measure
all parameters. The reactions are:

D (e, pi) as

D
D (e, pn) as D (¥, pn)
f 4
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- Electro disintegration of the polarized deuteron is new

unexplored field, where investigation all structure func-

tions is very important and difficult experimental task.
Nuclei:

- NEP is the ring with energy range from 100 MeV up to
220 MeV was suggested mainly for Nuclear Physics studies.
There is a wide program of the experiments, which can be di-
vided on several parts:

a) Mechanism of the Reaction.
b) Giant Resonances.

c) Cluster effects.

d) Fission.

e) Quantum chaos kinetic.

I will present its details by wusing our results at
VEFP-2.

Mechanism of the reaction inelastic electron scattering
from nuclei is illustrated by two dimensional plots on
Fig. 3. We hope to investigate following problems:

1. The role of I1p-lh configurations in dependence of the
momentum transfer and excitation energy of nucleus.

2. Balance (e, e’) and (e, e’x) cross sections. Previous re-
sult see on Fig. 4.

3. Photon inelastic process from nuclei in reactions (e,e’ )
aod Ty ot

Well known results from Urbana showed the high efficiency of
such method.

4. Multi particle emission mechanism in (e, e’xy) reaction.

>. Non quasi deuteron photo absorption above giant  reso-
nances region.
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The investigation of the last subject by circular polarized

photon beam will be useful.

Giant Resonances Decays are the main collective phe-
nomenons in the nuclei. Although they are explored during 30
years, the coincidence experiments start only few years ago.

Many problems necessary to solved here:
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1. Physical separation of the resonances and direct pro-
cesses, multi pole decomposition; for example see Fig. 5;

2. Simple decay channels - P, D
Fig. 6;

3. Sum rule check separately for single multi pole force;

,ﬁl’«:?D;

2 for example see

0

4, Alpha decay of the giant resonances;
5. Isospin mixing of the excited states;

6. Hunting of EO resonances in light nuclei from (e, e’a)
reaction by using of the alphas angular distribution;

7. Splitting of the giant resonances of deformed nuclei in
A (e, e’x) reaction. This subject is very convenient for
NEP, where will be unique polarized targets and low energy
secondary particles can be detected.

Clusters in the nucleus also is long standing problem
of nuclear physics. Very small thickness of the target is
a large stimulus for search of the clusters.

1. Alpha clustering ((e, e'a) reaction and o/p ratio); our
results on Fig. 7.

2. "Melting" of alpha associations on Tp{ Wx), our results

on Fig. 8.

i 2.9 .16 16
nuclei: S 0% 0O for

3. Fission of the light
“*Mgl(e, £ f) see [17].
4, Knockout of clusters from heavy nuclei.

¥ -
5. Alphas cascades; for example: ”}D - IZC + o => 4 @ our
results on Fig. 9.

Fission by electrons is interesting in the comparison

with one by proton and heavy ions. The transparency of the
target give possibility to investigate following problems:

11
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x
1. Feasibility of the nuclei fission by the transfer of the
small angular momentum: (e, e’ fl f2) reaction.
2. Fission from isomeric exited states.
3. Search of the direct fission mechanism.
4, Parity violation in the fission by polarized photons.
Statistics and Chaos appear in the spectrums and angu-

lar distributions of the

secondary particles. There are

several problems here:

1. Decay of the lp-lh configuration; kinetics of the forma-
tion 'y and 'V,

2. Cascade processes, multiplicity and thermalization of the
secondary particles.

3. ‘Statistical effects in the

density of nuclei exited

states.

15
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SPECIALIZED STORAGE RING
FOR NUCLEAR PHYSICS EXPERIMENTS (NEP)

A specialized storage ring NEP is being constructed at
the VEPP-ZM hall -Fig. 10 [18]. The B-3M synchrotron will be
used as an injector. The NEP storage ring is designed to
perform the experiments using a Superthin Internal Target
(SIT) method at the electron energy range between 100 and
220 MeV. Timing operation cycle of the set up is adjusted to
parameters of the B-3M synchrotron (the repetition fre-
quency of the injection pulses is up to 2 Hz, the maximum
energy is up to 250 MeV, the number of particles in the pul-
se being of the order of 10”}, and it suggests the use of
all particles injected before the next cycle (particle num-
ber corresponds to a circulating current of 1 Ampere).

Such an bperational regime of the set up requires, in
particular some conditions:

i) the time damping of the particle oscillations in the
storage ring at the minimum operation energy should be
much smaller than the time of cycle;

ii) the target density should correspond to the beam
life time of the operation cycle duration:

iii) the beam transverse sizes and energy spread,
established due to the interaction with a target,
should be much;sma]ler than the respective storage

ring admittance (superthin target regime).

18

Table 1. Physical parameters of NEP

Energy 100-%%0 L{%V
Luminosity 2*10_4(‘;1‘& /s (H)
Energy spread 3-10

Revolution time 20 ns

Beam spot size 1 mm

Injection rate 1-10" 'el./s
Polarization reverse time 20 ns

A magnetic structure of the ring with combined focusing
Is chosen being most compact and simple in operation. To
provide a minimal damping time, field is taken close to the
limiting one for iron (18.3 kG). The relation between the
length of the straight section (80 em) and the curvature of
the orbit in magnets (40 cm) is rather unusual, it is very
large. Therefore, it should be necessary to provide a com-

pensation of the chromaticity of betatron oscillations with
tunes equal to e 5 b b 1.13 (the average magnetic

field index n is equal 0.5 along the orbit in a magnet).
Further lengthening of the straight section to improve the
conditions for inserting detectors is inexpedient because it
results in loss of the storage ring admittance and
new difficulties in chromat'if:ity compensation to achieve the

desired compensation.
Azimuthal variation both of gradient and quadratic

non-linearity of the field are introduced. In the central
part of the magnet along the azimuth a field index n = 0 and
H" = 41 G/sz, and in symmetric edge sectors n =1 and H" =
=-30 G/cm’. The magnet gap is taken equal to 4 em, the ra-

dial aperture used for the beam storage is *+ 2 cm. A compa-

19



ratively large (57) energy acceptance of the storage ring
is required to provide the optimal operation regime with an
internal target.

Table 2. Storage ring parameters

Energy 100-220 MeV
Bending radius 400 mm
Revolution time 20 ns
Damping betatron oscillation time 22 ms
Field strength 18.3 kG
Length of straight section 820 mm
Vertical aperture 36 mm
Radial aperture 40 mm
Field index 8 2
Betatron frequencies EIS (31.13}
Synchrotron frequency Soa:+ 10
Resonator voltage 20 kV
Injection: pulse channel elements - 1 ms

pulse iron magnet - 0.08 ms

pulse one turn magnet - 40 ns

NEP luminosity for different Z targets and beam energy

is given in Table 3.

Table 3.
1 8 20 50
target
EE= 120 MeV 1.9 1.1 _ IR 4.5
: 1035 _1034 : 1033 _1032
E = 200 MeV 2.2 1.4 3.0 5.8

e
The thickness of the hydrogen and oxygen targets for
maximum luminosity are 3-10'° atom/cm® and 2-10'° atom/cm".
Polarized beam is a crucial element of the NEP program.
At first glance, it seems impossible to use polarized longi-

tudinally electrons te carry out experiments with an inter-
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nal target in a ring accelerdtor, since electron spin is
precessing since the gyromagnetic ratio is not exactly equal
to two. Spin-Flip methodic [19] provides the solution both
problems: the transformation direction of polarization from
vertical to the orbit plane and the increase of the beam
depolarization time by some orders as compared to the free
precision case.

The NEP storage ring will make use of a polarized
source similar to the SLAC design. The vertical polarization
required by the B-3M synchrotron will be produced by a WEIN
filter in the channel between the source and ring accelera-
tor. The spin resonance vz = ] - v, where vz is the wvertical
betatron frequency and v is spin frequency occurs at 45 MeV.
The depolarization in crossing this resonance will be small
because of the high rate of acceleration. The resulting
vertically polarized beam will then be injected into NEP.

The idea of controlling the polarization in the storage
ring makes use of the small spread in spin tunes. This idea
is realized by using a weak Radio Frequency (RF) field [19].
The spin tune is v = g*p'/uﬂ= EE{MEV]/"-I‘ID.?, where pu’ and p
are anomaly and Dirac magnetic moments. According to [20],
the spread of spin tunes is given by: dv/v = l/’R-arz/ui,
where A is Compton length of electron, R is bending radius.
This formula produces a good estimation, when y-dude'gr % 1
For NEP ring, R = 40 cm, ¥ = 440, so that available value
dv/v is about 2-10:!!

It is wuseful to consider the spin dynamics in a

21



coordinate system rotating around the vertical axis at the

RF frequency w. The detune & from spin resonance v, is gi-

ven by: € =v - w + m, which reflects the magnetic field seen

in the rotating coordinates. The RF field may be described

in arbitrary units by the amplitude of resonance component
of the RF field:

w=(05"-B -1 )/ (B

-2 R}
RF RF

tending

Since the time variation of % is much slower than the spin
precession in both the lab and rotating coordinate systems,

the equation for spin motion may be written as: d_S}/'dtz[ﬁxéL
where 1-31 = E + {;-' As result the projection Sh is an integral
of the motion. By adiabatically changing h we can change the
direction of §, while conserving the value of Sh.

The depolarization rate is due to jumps of ¥ by synch-
rotron radiation that produce fluctuations in € and the dif-
fusion of spins of individual particles. According [20], the
depolarization time is X TD‘(W/dv}z, where L3 is the
damping time.

After injection of the beam and damping of the beam os-
cillations, the Radio Frequency solenoid (flipper) switched
(see Fig. 11). It produce a magnetic field about 20 Gs

in length 40 cm directed along particles velocity. Flip-

per will be switched on with detuning € from the

spin resonance. The value €& must be less than the

1

oscilldtion v = 3107 and
s

Than, the flipper detuning

frequency of the synchrotron
and much more than w ~ 107"
£ will be changed adiabatically to the resonance one. The

22
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Fig. 11. Principle of operating with the flipper for trans-
formation vertical polarization to orbit plane.

final €  actually determined by the instability of the NEP
magneti;: field and can be less 107°. After 90 degree flip of
the spin to the orbit plane the detuning € will be fix about
zero. The flipper "become" a guide and save a degree of the
polarization during long time. For N'EP parameters the RF
power of the flipper will be about 5 kW and available
depolarization time is more than one hour. If for experi-
ments used a beam with energy 220 MeV the direction of spins
will be flip every turn (20 ns). For typical beam life time

1 - 2 second a false asymmetry of the experiment will be

8
reduced by factor Td,/t = 10",

turn
For measuring the degree of the electron Ilongitudinal
polarization two methods will be applied:
i) scattering of beam electrons from polarized electrons of
a hydrogen target;

23



ii) Compton scattering of circular polarized photons from
the beam electron. |
Status NEP ring give us some optimism to start

experiments in fall of 1992. In January 1992 the betatron

regime was achieved.

NEUTRAL PION PHOTO PRODUCTION
FROM THE PROTON AT THE THRESHOLD

Together with  Institute Nuclear Physics at Gatchina
(V. Nelubin) we proposed the scheme of the measuring the
differential cross section of the neutral pion photo produc-
tion from the proton at forward and back c.m.s. angles near
the threshold. The high intensity electron beam of NEP
storage ring wi}l used together with internal hydrogen tar-
get. The purpése of the experiment proposed is the investi-
gation of the energy dependence of the S-wave photo produc-
tion amplitude En+ near theé threshold. This amplitude is de-
fined by the relation:

k

gL 2
q d Q |

B Bl et
q->0
where q is pion and k is photon momentum.

Electric amplitude Eu+ is the fundamental quantity in
physics of the strong interactions for which the Low Energy
Theorem (LET), basing on current conservation and approxima-

te chiral symmetry, predicts [21] E’u (EET) = ~2.4-1{]"3/mn.

24

The experimental results are from Saclay [22] En+~—*-{0.51

+ 0.3):10"°/m_ and Mainz [23] E = -(0.350.1)-10""/ m_.
Now there are few attempts to understand this strong

contradiction between experimental values and the theoreti-

cal pfediction. Therefore we may conclude that: it is reaso-

nable to repeat the experiment by new technique.

The signatures of this proposal are:

i) internal target in the storage ring;

ii) recoil proton detection about zero degree in lab
system,;

iii) reconstruction of the initial photon energy by value

of proton energy;
iv] no photon tagging and, as result, a high luminosity

of the experiment;
v) almost 4-n detection geometry near the threshold.

Fig. 12 shows the kinematic plot of the proton energy
dependence on its out coming angle in lab system for the
different initial photon energies. In order to obtain the
initial photon energy it is necessary to measure the recoil
proton energy only. It should be emphasized that the relati-
ve small angle acceptance near 0 in lab system provides the
full acceptance in c.m.s. at the threshold.

The 170 MeV electron beam crosses through the internal
hydrogen target- Fig. 12. The recoil protons which are
produced af the 0° angle as the result of the equivalent
photons interactian. with the target protons pass through the
bending magnet and are detected. The led glass detectors

will be used for registration of y-rays from the TIG—dECE.}" to

25



100 McV/L
e P 170 MeV/.
N s $ P = 290 MeV/C
e R '
8
= > 3\
vy

UL

X E |
. EE.J]I . St I
ﬁ—' E?e-;.m
Ea"HEHEV

W g 8;’ {50 MeV

{E0MeV {FOMey

5 (0 ty 20 185 30
tab
Oprotrn > degree
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reduce the background from the tail of e p-elastic scatte-
ring. The measurement of the recoil proton from e p-elastic
scattering will be wused as a monitor process. The main
parameters of this experimental setup are as foliows: the
electron beam intensity is one Ampere; the target thickness
is about 3-10'° atoms,/cmz; the recoil proton angular accep-
tance is from 0° up to l.?D; the luminosity £ per one MeV

. 31 -2
is about 10~ cm /s.
Under such conditions it is possible to obtain the

statistical accuracy about 107% in one MeV bin of the photon
energy during a few days run.

ELASTIC ELECTRON SCATTERING

FROM POLARIZED POTASSIUM 39

Together with NIKHEF-K at Amsterdam (C. de Jager and H.

de Vries) we are preparing experiment for separation of the
magnetic dipole and octupole form factors. From unpolarized
experiments only sum of Ml and M3 is known. On Fig. 13 from
reference [24] shown the experimental form factor and theo-
retical predictions. The cross section of the elastic scat-
tering of the wunpolarized electrons from polarized nuclei
with spin 3/2 can be present as:

do/dQ =Zﬂ- {1+Rz[q,ﬁ) - Pz{cosﬂ*}+R;[q,a‘}] . C_OSfp* -P;[cosﬁ*h

+ Rziq, 6)*0052*@*?2{005&*]]
where ED is unpolarized cross section, q is transfer
momentum, ¥ is electron scattering angle, 13* and q:?* are
describe the polarization direction, R;(q, #) are functions

27



" of the nucleus form factors F , F . F , and F . The sums
co i M1 M3

;i of the form factors [F‘E and F: ) are measured in the un-

polarized experiments. Appropriate choice of the polariza-

2

e *
tion direction (9 = 55°, p = 90“] reduce number of unknown

qy (")

Wy ELARTIC: RSP
L
1

v parameters to FMl and FMS 1n a function

Ra. 0]l ot AR wEL B VS
2 2 M1 M3 M1 M3 2

)/2

e

and theoretical

where f is Fano tensor, f = ( n - n - n +n
2 - 3/2 -2 -1/2 -3/2

- and n_are occupation numbers of the magnetic sub levels of

2
) §

1
the target nuclei. The scheme of the experiments presented

on Fig. 14. Holding magnetic field is mainly vertical with
small horizontal component along the beam direction. Such

choice of the field direction suitable for storage ring

form factor F

of BQK.

':"u; CLASTIC: Bs2”

operation.

M3

Characteristics of the experiment are:

and F°

i) transfer momentum range 1.0 up to I.Sfm_l;
ii) electron current in the storage ring 1 Ampere;

m-l-'h

1

iii) target thickness (length 4 cm) 1013 atcamsz‘cm;z
iv) target polarization 1007%.

The run time required for 107 accuracy determination of Fm

" (time Tl] and FM3 (time T:}] given on Fig. 15 for different

13. The experimental
2
M

angles of scattered electrons (calculated by A. Volosov)., We

predictions for F

/’:l"l'm“') .
Fig

B s , are planning to connect a storage ceil and a pumping cell by
2 short tube with largre diameter. As result required density

of polarized potassium will be achieved without any radia-

tion trapping problems.

29



4

il

. geam_

Fig. 14. The geometry of the electron scattering from
polarized nuclei.

Fig. 15. Run time for 10% accuracy of the measurement of the
magnetic form factors.

DOUBLE POLARIZED PHOTO PRODUCTION EXPERIMENTS
AT STORAGE RING

Experiments on virtual photons by using internal
electron beam in storage ring were began from deuteron
polarized target at VEPP-2 [12]. The control of the photon
q; was done by measuring parameters of the secondary partic-
les. Similar idea was suggested [16] for measuring Compton
effect on proton by wusing virtual photons. Additional
information about photon induced reactions can be obtained
if to determine the electron scattering plane (by its
reconstruction from secondary particles momentums). As re-
sult, will be obtained data for electrodisintegration at low
q:[. The azimuthal variation of the cross section, according
[24], 1is cos 2,cp-vTT-RTT and give information about linear
polarized photon asymmetry. The experiments on circular
polarized virtual photons much more simple, because the deg-
ree of polarization defined by longitudinal polarization of
electrons and the ratio of the photon and electron energies.
In both cases (linear and circular) the high polarization of
the internal targets made virtual photon technique very
perspective.

CONCLUSION

Electromagnetic spin physics has excellent future with
Superthin Internal targets in storage rings. For full scale
experiments it is necessary to have high current specialized

rings in wide energy range from 100 MeV (it is NEP) up to
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several GeV. I would like to thank the organizers of the

conference on Electromagnetic Physics at Storage Rings in

December 1991, Sendai, Japan for kindness and support.
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