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                         ABSTRAer

   The polarization in proton-proton scattering at 52.34 and 68.19 MeV have been
measured at 12 angles between 300 and IOeO (C.M.) with an accuracy of O.1.vO.30/..
The phase shift analysis was performed using the present data. The obtained 3Pe-phase
shift at 52.34 MeV was 12.99e, which is rather consistent with that by Virginia group but

iarger than that by Livermore group. The presentresults were compared with the pre-
dictions from theoretical models. The RC-81 potential well fit the experimental data
below 150 MeV including the present results.

1. Intredlletion

    It has been known that the raain feature of tbe nucleon-nucleon interaction in
the low energy region is due to tlae exchange of mesons. In the original one-boson
exchange contribution (OBEC) model, it is assumed that the dynamical behaviour
of the reactions is determined from the matrix elements corresponding to the one-
particle exchange. In this model, tliere is an unrealistic poiikt where an isoscalar

scalar meson of several hundred MeV is inevitable, which has been explained as
a substitute of two-pion exchange in the saine quantum state. Moreover, it was
dieqcult to explain the mean P-wave phase shift at very low eiaergies ($ 10 MeV) aRd

the 3Po-phase shift between 20 and 2eO MeV simultaneously in the simple OBEC
model.i) Some people attempted to resolve these diMculties by substitution of tke
two-pion exchange contribution for the scalar meson and p-meson. But, the definite
discussion cannot be made because of the experimental sittiation. /','i'/i/'
    The P-wave phase shifts can be determined more accurately thaft other higher
waves below 200 MeV because they are dorninaRt except the S-wave which is thought
to be out of the applicable region. The 3PJ-phase shifts shew the typical tensor type
splitting owing to the one-pion exchange below 20 MeV. But the splitting changes
gradually at higher energies because the effects of other mesons in the iRtermediate

region become remarkable. This effect can be seen clearly in the behaviour of
3Po-phase shift in the energy region from 20 to 150 MeV. So, the information in this
energy region is very important to study the interaction mechanism at an intermediate
region (Region II). In the higher energy region, however, the ?-wav6'niay be
gradually affected by the innermost aRd rnore complicated region.
   A considerable amount of data concerning proton-proton scattering are ac-
cumulated in this energy region. Those are data on polarization, triple scattering
parameters and spin correlation parameters in addition to accurate differential cross
                                               -1-section data. But, it has been pointed out that there is inconsisteRcy betweeR Axx
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data. Furthermore, the 3Po-phase shifts obtained in phase shift analyses strongly
depend on the used data base. For example, the A- and the R-data prefer small
values for the 3Po-phase shift though the Axx aRd CNN data prefer large values.
Results of analyses show large scattering of the phase shift from 10e to 150 in the
3Po-state. So, accurate experiments which can determine this phase shift was long
waited. IÅí was expected that tke measurements on the angular dependence with
enough accuracies are effective to eliminate the ambiguity of phase shifts by our
preliminary calculation. Tlaough there are some polarization data, they are not so

accurate. Moreover, maRy of those are data at only one aBgular point. A good
polarized proton beam b-as made it possible to get the data with high accuracy and
high sÅíatistics at many angles and energies.

2. Experimentaldetails

    Schematic view of tbe experirnental set up is shown in Fig. 1.
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2.!. Polarizedpretonbeam

    The polarized preton beam was produced iR a polarized ion source of an atomic
beam type. The atomic beam which passed through a sextupole magnet and a radio
frequency transition system was ienized in a strong field ionizer of Glavish type. The

polarized proton beam was injected axially to the AVF cyclotron at the Research
Center of Neclear Physics, esaka University. The beam intensiÅíy at the target was
about 15 nA at 52 MeV and 30 nA at 68 MeV. The beam polarization was higher
than 700/.. Tbe sign of the beam polarization was fiipped by reversing the current of
a solenoid of the iokizer. This reversing action was triggered by a signal from a
current integrator. The period was 10tv15 sec. So, the false asymmetry due to long
time drifts was largely reduced.

    The possible ckange of the scattering angle associated with change of the sign of
beam polarization was checked by the forward scattering from Au target. As the
differeRtial cross secÅíion of p-Au scattering has a very steep angular dependence at
forward angles (150N170), the relative yields are very sensitive to the angle. No
appreciable change of the beam directioR depending on the sign of beam polarization
was seen. Tke change of the angle was estimated to be smaller than O,OIO. Moreover,
the Faraday cup was split ipto two parts to monitor the position of the beam through
the experiment. The chaBge of the beam position Nvas not observed.
    The polarization of protoR-proton scattering at 450 in the center of mass system
has a strong energy dependence. The depeRdence can be expressed as
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          P==a•Eb,

where p is tlie p-p polarizatioR in pei'cent unit, logieame6.64Å}1.84 and b==3.36
 lr1.73.2) So, the energy calibration error of 10/. correspoRds to Ap of O.10/. at
50 MeV. At the higker energy, tkis is more severe. The energy calibration of the
protoR beam was performed te reduce this error. The beam was scattered by poly-
ethylene target at the angle of 250. Tke scatÅíered particles was detected by two plastic

scintillation counters to measure tke fiigkt time between those counters. The energy
was calibrated with an accuracy ofO.29/,. Ilrkis result was coRsisteRt with a calculated

value from the analyzing magnet field. Details are described in Appei3dix A.

2.2. Gastarget

    A chamber of 240 mm diameter was filled with hydrogen gas, It had stainless
steel foils of 4 stm thick oxx the entrance a"d exit porÅís te isolate the gas from vacuum.

It had also wide windows of 50 ptm thick Mylar foils on the sides for tke scattered
particles, The chamber was cennected to a gas supply systefn with an electric
manometer. The expeiiment was done at a pressure of about 2 atm. The hydrogen
gas was high purity gas of commercial grade.

2.3. Detectingsystem

    Four detector systems were used. On each side of tke beam, two detector
systems were placed on a turktable. One for smalier angles was an iRtrinsic ger-
manium detector and the other fer larger angles was a Nal(Tl) scintillation detector.

In front of these detectors, there were double sHt systems to define the target region
and the scattering angle. The maximum anguiar accepÅíance of the slit was Å}10.
The left aRd the right detectors were arranged symmetrically to the beam. The
setting error was estimated to be smaller thaR e.020. The aRgular scale was calibrated
by the scattering from rriethane gas. The angular depeiidence of the energy of scat-
tered protons was measured iR the vicinity of the angle where the energy of scattered
protons off proton was equal to that off carbon kaelastically scattered. The energy
was calibrated precisely as described before, the measured cross over angles and the
calcuiated oRe could be compared. There was no difference larger tkan O.050. In
proton-proton scattering, the differential cross section aRd the polarization at the
laberatory angles larger than 15e are smooth aRd slewly varyiRg functioR of angles.
So, this accuracy is enough in the present experimeRt.

2.4. Polarimeter

    The beam polarization was continuo"sly monitored by a pair of Nal(Tl) scintil-
lation detectors at the down stream of the scattering chamber. A polyethylene film
of 30 uni rv60 ptm thickness was used as tke target. The detectors were set symmetri-

cally to the beam atthe angle for the maximum analyzing power.
   The calibratioia of the polarimeter was pei'formed in a separate experimental
term. The calibratioR is described in Appendix B.

2.5. EIectronics

    A block diagram of the electronics is skown in Fig. 2. Signals of all detectors
were analyzed by multichaBnel pulse keight analyzers after passing tlirough self-gated
linear gates. The signal from a single chanfiel discriminater was also fed to a scaler
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         Fig. 2. A block diagram of the electronics used in tke present experimaent.

whose counting loss was negligible. The counting losses of multichannel analyzers
could be corrected with this system. A signal was fed from a spin fiip conÅíroller of
the polarized ion source as a gate sigfial of `up' or `down' state. Scalers were gated
by this signal. A specific bit of output data bits from the analog-to-digital converter

(ADC) was replaced by this level signal to offset the data. By this routing circuit,

the data of the two spin states were converted by one ADC and stored in different
memory Iocations. The stored data were dumped into magnetic tapes and paper
tapes.

3. Bata reductien and results

    A typical spectrum of forward detectors is. sl3own in Fig. 3. Subtraction of the

backgromad was as follows. The both sides of the p-p peak were cut off. The cut
off channels were determined so that the yields at the channels were nearly equal to
those of the background which were, in many cases, le-2 times of the peak as shown
by the dashed lines in the figure. This procedure was safely applied because the
asymmetry of the background at low energy side was equal to that of the p--p peak.
As a check, the subtraction was done as shown by the dash-dotted line in the figure.
The results did not change appreciably. Furthermore, the higher cut off level of about

10-i of the peak was also tried as shown by the dotted lines. The results did not
change, either. These three procedures of the subtraction ofbackground were per-
formed for all runs. UnRegligible changes were seen in a few runs, exceptionally.
These runs were those for forward angles and the contamination were rather large.
EIastic peaks from contamination were perfectly separated from the p-p peak. But
in those runs, some effects of inelastic scattering was not negligible. The subtraction

error was estimated to be about O.10/, and added to the error.

    There were four data at one data point. Those were the data of the left and the
right detectors for both spin directions. When the yields are defined as L., Ld, R,
and Rd, those can be written as follows.

          L. -- ff(eL, ) • Ng • Nii • A9. • (1 -l- P(eL, ) • Pt,,) ,

          Ld = ff(eZ) • ,Ng • NS • Ask. • (1 - P(el) - Pg) ,

          R.= a(ex) • Ng • Ny • A2. • (1 - P(eft) • Px)
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and

          Rd : ff(eft) • Ng • Ng • k S2.(1 + P(eft) • Pg) ,

where a(O), Nb, N,, A9, P(e) and Pb are the differential cross section, number of
protons in the beam, number of protons in the target, solid angle of the detector,
polarization of p-p scattering and beam polarization, respectively. The suMxes u
and d mean the direction of the beam polarization. As described before, the sign of
beam polarization was frequently changed. So, N}' could be thought to be equal to
AIg. If ez=eE==ek'=ek=:e and P: =Pg--Pb, the asymmetry can be gotten as fol-
lows.3)

                      L-R          e=:Pb•P(e)mm L+R ,

where L= VL,•Rd and R=:VR.•Ld. The quantities Nb, N, and k9's cancel each
other in this approximation. As described before, the assumption for angles was
suMciently good. If Pg is not equal to Pg, the asymmetry can be obtained as the
product of the p-p polarization and the mean polarization of the beam, approximately.
The bearr} polarization was also monitored by a polarimeter at the same time. The
asyfnmetry was calculated by the sanae way. So, the mean polarization appears
again. The ratio of the two asymmetries (at the first and the second target) is
meaningful. Tlaen the effect almost disappears. Even if the difference of the beam
polarizatien is 100/., the resultant polarization is estimated to differ less than O.e20/.

from true one in the present case. This difference is small enough in comparison
with the statistical error of about O.ltvO.30/.. The maximum angular acceptance of
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Å}10 is so small tkat the error on the asymmetry d"e to the angular yariation of
polarization and differektial cross secSion can be neglected.

    The false asymmetry was ckecked using a neastly uitpolarized beam which was

Table 1. Results of the present experiment.
malization error ls estimated as 2%.

Quated errors are relative errors. Nor-
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Resu}ts of tlie present experlment. C}ose circles and open circles are data at 52.34 and
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produced by cutting off the radio ft'equency osciliator of the r.f. transition section of

the ion source. The result was coftsistent with an expecÅíed value in the experimental

accuracy.
    The result is showR in Table 1 and Fig. 4. The relative errors which are written
in tl3e table are mainly from statistics. Tlte errors at laboratory angles of 150 and
18,50 at 52.34 )vcfeV include those caused by inelastic scattering by contamination.

4. Pkase skift analysis

    Energy independent phase shift analyses Were performed using the present data

combined with other existing data.4) In the analyses, contributions from partial
waves higher than the F-waves were giveit by the OBEC model with K-matrix uni-
tarization. Parameters iR the OBEC calculation are given in Table 3.

4.1. S2. 34 MeV

(l) Database
    Many experimental data were accumulated at about this energy. However, some
of those are old and not so accurate because of teclmical restrictions. Therefore,
only a part of them were used in the present analyses.
    The correction for the energy was necessary for those data except differeRtial
cross section and polarization data. In the present analyses, energy dependences of
data at differeRt eflergies were assumed to be equal to those calculated using the
phase shifts of the energy dependent analysis by Virginia group (AHR-II).5) The
Axx aikd D-parameter were almost eRergy independent bgt the eBergy dependence of
A- and R-parameter were not negligible. Data used in the present analyses were
listed in Table 2.

      Table 2. Finai data base used in the present analysis. N is a number of the data
              and M is z2 coRtribution of the data in the six parameÅíers analysis.

                              52.34 MeV

Energy N M Reference

     .e    :S'i 52.34

52.34
47.8

47.8
52.34
46.9

50

i•? 23.•1

 6.29
 8.54
 2.41
 o.e4
 2.45
O.29

J. Sanada et a}. ref. 10

Present data '
A. Ashmore et al. reÅí 16
A. Ashmore eÅí al. ref. 16

Interpolated clata

D. Garreta et al. ref. 19

T. C. Grieeth et al. ref. 20

68.19 MeV

a
P
CivAr

68.3

68.19

68,19

  ,g? 38.4

8.54
O.69

D. E. Young et al. ref. 22

Present data
Interpolated data

D Differential cross section
   Tlaere are data by U. E. Kr"se et al.,6) by J. N. Palmieri et al.,') by K. Nisimura
et al.,8) by J. C. Batty et al.9) and J. Sanada et al.iO) Data by Palmieri et al., by
Kruse et al. and by Nisimura et al. have large errors. Data by Batty et al. seem to be



232 N. TAMURA

accurate by the quoted error. But, data by Sanada et al. obtained in a gas target
experiment are accurate enough, which are consistept with those by Batty et al.
Because of this reason, the present experimeRt was performed at the same energy as
theirs. Quoted relative errors were employed in the analyses, for the normalization
factor must be treated as another factor. The norrr}alization factor was not searched
because it seereed to be diMcult that the Rormalization facter was determiRed in the
single energy analysis using only one data set for differential cross sections. Though

an analysis was done using the normalization factor given by Arndt et al.,ii) no
remarkable change was found, especially in the P-states.

ii) Polarization
    There had existed polarization data by J. N. Palmieri et al., by7) P. Christmas
et al.i2) and by C. J.'Batty et al.i3) before the present experiinent was done. Though
the datum by Batty et al. is rather acctirate, it is only at one angular point and consistent

with the present data. So, it will give a smali effect when it is combined with the
present data. It is necessary to correct the energy difference when it is used in the

analysis. For Åíhese reasons, the datum wasnotused. Otherdataareconsistentwith
the present data but not accurate enougl3. So, those data were not used in the present

analyses.

iii) Otherparameters
    Data of CNN and CKp by K. Nisimura et al.i4) were not used because those are
not so accurate and may be replaced with more accurate data which were obtaiked
by new technique such as a polarized beam and a polarized target. As several CNN
datai5) exist below 100 MeV, it is possible to get an interpolated value at 52.34 MeV,

it is possible to get an interpolated value at 52.34 MeV. So, the interpolated value

was used for this parameter. As R- and A-parameter data, those by A. Ashfnore
et al. at 47.8 MeVi6) were used. There is another set of A-parameter data at 47.5
MeV by the same group.i7) Because it was published prior to the another set by
the same group, it was thought to be better to choose the latter data. So, data at
47.5 MeV were omitted iR the final data base. An analysis was also done using the
orr}itted A-data. The rest}lt will be discribed Iater. There are two Axx data; one by
K. Nisimura et al.i8) (INS Axx) and aRother by D. Garreta et al.'9) Those data
are seriously inconsistent with each other. The calculated energy depeRdence of Axx
by the result of efiergy depeRdent analysis prefered the data by Garreta et al. More-

over, the data by Garreta et al. was obtained by the experimeRt with a polarized
beam. So, it must have less possibilities to include systematic errors. Therefore,
the data by Garreta et al. was used for the final data base. But, an analysis was also
done using another data. The data of D-parameter by T. C. GriMth et al.20) was
also used in the analyses. But, the data did not contribute so much to the results
because it is only oBe aRgular poikt data and not so accurate.

(2) Results and discussion on the analyses
    The phase shifts of iSo-, 3PJ-, iD2-waves and g2 were ft-eely searched. The
phase slaifts of 3J73- and 3F4-wave were fixed to valttes of the energy dependent analy-

sis of AHR-II. A phase shift of the 3F2-wave was fixed as other 3FJ-phase shifts in
one case and it was freely searched in another case, for the phase shift coup!es with
the 3P2-phase shift. The differeRce of the 3Po-phase shift in the two cases was not
so much, Results of the present analyses are shown in Table 3. Results of the six
parameters search are shown in Fig. 5 with results ofafialyses by others. Results of
the present analyses were consistent with those of analyses by M.H. MacGregor
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et al. (MAW-X)2t) and AHR-II except in the 3Po-state. The 3Po-phase shift of the
present afialysis is rather consistent with that of AHR-II but coktradicts with that of

MAW-X. Starting values of phase skifts were values of energy depeRdent analysis ef
AHR-II. Different startiBg values gave no meankig effect to the results.

   Analyses on different data bases were done as a check of present aRalyses. Re-
sults of those analyses are shown in Table 4. Scattering of the rest}Its are seen in
Fig. 6. Although the 3Po-phase shift still scattered wider regiolt tlian tlte other

Tabie 3. Results of the present phase shift analysis. The nD is degrees of
freedom and the C,L. is confidence levei whicli was read from a figere

in "Review of particle properties"

52.34 MeV 52.34 MeV 68.l9 MeV 68.19 MeV

i•i• 38.16Å}O.06
12.99,t,O,16

-8.43Å}O.04
 5.89Å}O.e6
 1.62Å}O.04
-l.66,i,O.04
 (O.32) fixed

   48
43.14

  •-65%

38.29Å}e.10
12.82Å}O.15

-829Å}OD6
 s.goÅ}e.os
 1.69Å}O.04
-1.75Å}O.05
 o.17,i,e.lo

   47
41.44

  •-75%

 33.87thO.62
  g.41 ,i,3.66

-10.47Å}O.19
  8.41 Å}e.59

  2.52Å}O.10
-2.07Å}O.15

 (O.44) fixed

    33
 47.59
   •-5.5%

 33.83Å}O.77
  8.48Å}3.51
-iO.73the,33
  8.41Å}O.51
  2.27Å}e.19
-1.70Å}O.17

  O.78Å}O.18

    32
 39.86
   -18%

rr S p di

Mass (MeV)
  G2/4r,
  Gf/4rr
  fX14n

l37.5
144.4

4se.o
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cross is the result of the present analysis with six parameters.
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Table 4. Analyses in different conditions at 52.34 MeV. N and 22
data and a 7.2 value divided by degrees of freedom.

are a number of

1 2 3 4 5 6 7 9 8

iSe 38.16 38.21
Å}O.16 the.22

38.23
dro.e7

38.26 38.14
tho.lo the.os

38.09
thO.17

38.24
t,O.15

38.il
Å}O.15

38.02
thO.08

3Po l2.99 13.24
Å}O.41 Å}O.31

2294
Å}020

12.30 l3.15
Å}O.41 Å}O.26

13.54
Å}O.62

12.31
Å}O.27

13.30
Å}e.52

12.99
Å}O.10

3Pl -8.43 -8.39
ti,O,08 ,l,O.12

-8.39
Å}O.08

-8.49 -8.43
tho.og Å}e.o4

-8.38
Å}O.12

-8.49
Å}e.io

-8.40
Å}O.04

-8.51
Å}e.e4

aPa  5.89 5.82
the.os Å}o.lo

 5.88
Å}o.e7

 6.04 5.86
Å}o.le Å}e.o7

 5.77
Å}O.15

 6.04
Å}O.09

 5.83
l,O.1i

 5.93
Å}O.05

tD2  1.62 1.53
Å}e.o6 tho.ls

 i.63
Å}O.02

 1.62 1.59
Å}O.02 Å}O.06

 159
thO.08

 1.65
Å}O.02

 1.61
Å}O.08

 1.67
Å}e.o2

ea
-1.66 -1.57
Å}e.o7 Å}e.16

-168
Å}e.o2

-l.64 -1.64
,YO,03 Å}O.06

-1.64
tho,e7

-l.67
thO.03

-1.67
Å}e.os

-1.71
Å}e.o2

N 54 4i 54 53 49 49 54 54 42
22 O.90 O.82 O.90 O.82 e.so O.92 1.ll 1.36 l.Ol

Comments
 1 Final data base. Different starting values.
 2 Only a and P.
 3 Final data base. (Normalization of P) = O.98.
 4 (Finaldatabase)-(Axx)
 5 (Finaldatabase)-(R)
 6 (Finaldatabase)-(A)
 7 (Finaldatabase)-(A)-t-(A(47.5MeV))
 8 (Finaldatabase)-(Axx)+(INSAxx)
 9 (Finaldatabase)-(P)

phase shifts, the 3Po-phase shifts obtained in the present analyses fell in the region of

12.3eiv13.50. This scattered region is fairly narrower than that of the previous
results of 100tv150. T'his smallness of the scattering will give a strong restriction in

the study on models. The A- and R-parameter data prefered small yalues for the
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      -     -/h' Zr, .s' o` g' )b        ,lScattering of SPJ-phase shifts obtained on different data bases.

3Po-phase shift, and the Axx data prefered a iarge value conversely. The INS Axx
data gave a large value for the 3Po-phase shift evefi when A- and R-data were included.

It also gave a large error on the 3Po-phase shift and the x2-value. Conversely, the
A-data at 47.5 MeV gave the small 3Po-phase shift despite of including Axx data, and
the error for the phase shift and the x2-value were also large. By these facts, it can
be said that the omission of those two data were reasonable. Even if the normaliza-
tion of O.98 for the present polarization was adopted, the result did not change
remarkably. An analysis using only differential cross section and polarization data
was also done. The results were collsistent with other analyses.

4.2. 68. 19 MeV

    There are only data of differential cross section by D. E. Young et al.22) except
unaccurate data of excitation function arozmd this energy. Therefore, the differential
cross section data by Young et al., an interpolated CNN data and the present polariza-
tion data were used in the analyses. The data base and the result are also shown iR

Fig. 7.
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Data of differential cross section at 68.3 MeV and the
calculated value by obtained phase shifts. The Iower
figure shows differences of the data and the calculated
values.
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Table 2 and Table 3. From the result, it caft be said that the 3Pi- and 3P2-phase
shift were consistent with other results, but the 3Po--phase shift could not be well
determiRed on this data base. The differeRtial cross section data gave a very large
z2-value. For this reasoR, there is a possibility that the differential cross section

data have larger relative errors than quoted ones in tkeir paper. This question will
be supported by Fig. 7. The analysis in which the CNN data was omitted gave the
large 3Pe-phase skift of 15.370. The calculated valt}e of CNN at 900 (C.M.) by this
resuit was O.266 whereas the interpolated valge by the experimeRtal data was O.147.
As seen in Table 5, the resttlts were scattered widely though the scattering was within

the errors. So, the present resL}lt at 68.19 MeV must not be considered to be con-
firmed and more data are needed. This corr}ment would be confirmed by extremely
snaall values for confidence levels as showR in Table 3.

Table 5. Analyses ki different conditions at 68.19 MeY. Notations are same
       as in Table 4.

1 2 3

ii
lli'  33.76Å}e.53

  9.05Å}3.15
-le.sotho.lo
  8.32Å}O.55
  2.52Å}e.07
 -2.leÅ}e.13
     39
  1.44

 32.33Å}O.OO
 15.37Å}3.20
-le.45Å}O.19
  7.21Å}O.61
  258ti,O.ll
 -2.34Å}O.12
     38
  1,34

 33.80Å}O.53
  9.64Å}2.85
-10.46 l,O.ll
  8.18Å}O.47
  2,51Å}O.le
-2.l3,LO.12

     39
  1.42

Cornments
 I Final data base.
 2 Only a and P.
 3 Final data base.

Different starting vabues.

(Normalization of P) =ttO.98

5. Discussiens

    The results of the present analysjs and others are shown in Fjg. 8 together with
calculated values by some models. Differences between those models were remarkably
seen especially ift the 3Po--state.

    The Hamada-Johnston potentia123) and Reid's soft core potential24) gave too
small 3Po-phase shifts. Those were consistent with the results of MAW-X at 25 and
5e MeV but noÅí cofisistent with those of AHR-II and the present result. On the
contrary, the HC-81 potent,ial by R. Tamagaki et al.25) which had smaller cere
radius and a little stronger tensor and LS potential than Hamada-Johnston potential
could fairly well fu the results of AHR-II and the present analysis in all 3P-states and

also in 317-states. The meaii phase shift 3Ac below 10 MeV calculated by this peten-
tial was also consistent with the experimental data as shown in Fig. 9. From these
facts, it can be said that the HC-81 potential is a good potential to describe the 3P-
waves and 3F-waves at least to 150 MeV. But, this medel failed to fit tlie experi-
meRtal data in the F-states above 300 MeV due to non static effects as already pointed
out by the authors themselves.

    Recent results of one-boson exchange potential in the momentum space by
M. Wada26) are also slaown in Fig. 8. The model could fit fairly well to the ex-
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    It was pointed outthatthe simple OBEC model could not describe the bekaviour
of 3Po-wave at about 50 MeV and 3Ac below IO MeV. BuÅí results of the present
analysis and AHR-II which gave large 3Po-phase shifts changed the situation. The
phase shift calculated by the OBEC model whose parameters were modified to fit tke
3Po-phase shift are also shown iii Fig. 8 and in Fig. 9. As the calculation was not
to search a minimum poiRs ]n x2-space, the parameters are not on the best values.
Moreover, tke parameters do not fit n-p data because the present futing is only in
the p-p state. The OBEC model whose parameters are shown IR Tabie6 gave
rather good fit to the experimental data of the 3P-waves below 150 MeV. But,
calculated values of higher partial waves, such as iD2, 3FJ etc., at higher energies did
not well fit the experimental data. Especiaily, the 3F2--phase shift was too large,

Tabie 6. 0BEC parameters to fit the experimental data. S denotes the scalar meson.

a s p te

Mass (MeV)
  Gal4rt
  Gf/4rc
  f2/4rc

l3Z5
 l4.2

420.0

 2,55
750.0
 24.0

 8.82
 3.24

7so.e

 8.28
 2.57
 O.80

    It will be effective to avoid this diMculty that a iighter scalar meson is added to

fit 3Ac below 10MeV. Actually, it would be mere realistic that the scalar meson
which is not found and the p-meson which has a large width are replaced by two
pions in the exchange cofitribution model, which can give effective contributions due

to the continue"s mass from low mass. More iRtensive studies on this problem will
be done.hereafter.

    The most distinct difference between the potential models above exarnlncd and
the OBEC rnodel is the energy dependence of the 3Po-phase shift at about 100 MeV.
So, it is very useful to determine the phase shifts accurately at least one energy point

near 100 MeV to clarify these problems.



POLARIZATION IN PROTON-PReTON SCATTERING AT 52 AND 68 MeV 23g

ACKNOWLEDGMENTS
   The author would like to express his gratitude to ProL K. Nisimura for his
contiRuous encouragemeBts and guidances through this work. He also wishes to
acknowledge Dr. K. Imai for his collaboration and valgable discussions. He is
deeply grateful to Prof. Y. Wakuta, Drs. T. Saito, H. Sato, }I. Hasuyama, H.
Yamamoto, Messrs. K. Egawa, K. Hatanaka, H. Shimizu and Y. Mori for their
collaberation in carrying out this experiment.

   ThaRks are also due to Prof. W. Watari for furnishing the computer code for the
phase shift analysis. ele also wishes to thank ProÅí R. Tamagaki and Dr. M. Wada
for their offering numerical values of their calculations. His thanks are also due to
Prof. K. Miyake for his critical reading of tlae mailuscript and fruitful discussions.
The author's thanks are also due to the staffs of the AVF cyclotron at the Research
Cefiter for Nuclear Physics for their helps.

                            Appendix A

   The energy of the beam from AVF cyclotron of Research Center of Nuclear
Physics of Osaka University is determined by an analyzing magnet system.27) Nomi-
nal energy value is given by the magRetic field analysis. The magnetic field is con-

tinueusly monitored by a NMR system.
   Polarization of proton-proton scattering has a rather strong energy dependence.
To eliminate the error due to the ei3ergy deterininatioR, the beam energy was calibrated

accurateiy by measuring the fiighttime of scattered protons. The sclaematic view of
the experimental set up is shown in Fig. Ie. Incident protons of45.14 MeV nominally
were scattered by a 60 ptm polyethylei3e target at the center of a scattering chamber

to the difection of 250. The protons passed through a 50 ptm Mylar window, a
O.5 mm plastic scintillation counter (Si) which produced start signals for a time to

amplitude converter circuit (TAC), aR evacuated duct with two 5e gem Mylar windows
and a 3 mm plastic scintillation counter (S2) wkich produced stop signals for the
TAC. A definigg aperture of 3mm diameter was placed in front of S! counter.
The duct of 6247 mm length was evacuated to about e.1 Torr by a rotary purnp.

C:/3 ta:Tpt

-
a /1

zaztey

Vacvec duat

                                     1
                                     S2
Fig. Ie. Schematic view of Åíhe experimental set up in the energy calibration
      run. Si and S2 are trigger counters to measure the flight time of
      scattered protons. At a first step, the Se was placed as shown by a
      dotted lifie.

l. Measurements ofthe fiight time

   The measurements were performed in two steps, At the first step, S2 counter



240 N. TAMURA
was placed 80 rnm behind Si coufiter to compensate the intrinsic delays of both
counter systems. Then, as the second step, S2 counter was placed 6335 rnm behind
Si counter. A time scale of the system was obtained using a time calibrator circuit
whose accuracy was le psec nomiRally. A block diafgram of the electronics is shown
in Fig. 11.

StartSl C.F.Discri. TAc

.Tirne

Caiibrator
AI)C Proee$sosc

S2
.F.DiscrÅ}, De2ay stop

Fig. 11 . A block diagram of the electronics in the energy calibration run.

2. Energylosses

   There were several sources of
Some of them were calculated.28)
Table 7.

energy
Energy

losses

losses

of incident and scattered
used for correction are

protons.
shown in

Table 7. Energy losses in energy calibration experiment.

Stainless steel foil (4 ptm)

CHe target (60 pm)
Mylar window (50 ptrn)
Air (8S mm)
Si counter and Mylar foil

O.0292 MeV
o.osss Mev
O.0921 MeV
O.1255 MeV
O.6325 MeV

1) Entrafice foil

    The scattering chamber had an entrance foil of 4 ptm stainless steel. The eRergy
loss in the foil was calculated on the approximation that the foil was made of iron.

2) Target
    The stopping power of polyethylene was calculated by the equation of

           ddEp == iltT(2x+l2z) Mevg-'cm2,

where x (MeV g-i cm2) aild z (MeV gmi cm2) are stopping power of hydrogen and
carbon, respectively.

3) Mylar window of the scattering chamber
   The scattered paricles went out through a 50 ptm Mylar window of the scattering
chamber. The stopping power of Mylar was also calculated by a similar equation as
done for polyethylene.

           dE l           dp " lg2 (8X+64j'+i20z) Mevg-icm2,

where the additional parameter y denotes the stopping power of oxygen in the unit

of MeV g-i cm2. •
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4) Trigger counter (Si) and a Mylar window of the vacuum duct
    The scattered protons from a polyethylene target were detected by an intrinsic
germanium detector to obtain the energy scale for the multichannel pulse lteight
analyzer. Then the trigger counter (Si) and a Mylar film of same thickness as the
window were placed between the scattering chamber and the detector to meas"re the
energy loss.

5) Air
    The energy loss in the air was alse calculated.

3. Result
    The beam energy calculated from the measured energy of scattered protons was
45.150Å}e.072 MeV, where the expected value from the inagnetic field analysis was
45.14MeV. Those values were completely consistent with each other in the ex-
perimental accuracy. Estimated errors are listed in Table 8.

             Table 8. Errors due to several sources in energy calibration run.

Measurement of distance
 between Ss and S2
Measurement of fiight time

Setting

Energy Ioss estimation

O.14 cm

O.043 ns

Sub total O.061 MeV

o.le o.eo6 Mev
       O.037 MeV
Total O.072 MeV

                               Appendix B

    Polyethylene targets were set at the first and second target point. At each target,

one pair of detectors were set, respectively. The experimental set up is shown in
Fig. 12. In the calibration run, the first system at the upstream was regarded as a
polarimeter. The angular depeRdence of the asymmetry of p-C elastic scattering
was measured by the second system. TheR, tl3e energy for second system was de-
graded by a degrader of Al and/or C. IR this way, asyinmetries for some energy
points were measured relatively to the first system. Then the incident egergy for the
first system was lowered by changing the operating condition of the cyclotron. The
same procedure was performed agaiia. Energy afid angle of the two sets of rneasure-
ments were, of course, overiapped. Finally, a helium--4 gas target was set at tke
first target position to normalyze to the data of p-4He elastic scattering by Berkeley

group at 45 MeV.29) When the measured aRalyzing power was normalized to the
Berkeley data, the maximum analyzing power of p-C scattering obtained in this
measurement slightly exceeded 100%. By this reason, the normalization factor was
so determined that the maximum polarization was leOe/.. This procedure corresponds
to give a normalization factor of O.98 to the Berke}ey data. Total normalization
error was estimated as 20/.. Detailes will be described in another paper.

                              :t/t tS:let, ,,./t"dtr Cfit ta:ve:                                  "- F,/.
                                                 •e
                                l 4t                                     ss

                                       lm                       t;F
Fig. 12. Schematic view of tke set up in the calibration experiment
       of the poiarimeter.
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