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ABSTRACT 

The predictions of 12 proton-proton models and phase shift repre- 

sentations are compared to a selected but comprehensive set of 9-330 MeV 

scattering data. The best fit was found to be produced by a quadratic 

interpolation of Arndt and MacGregor's phase shift table, with a ratio 

of x2 to its expected value of 1.4. The best potential is that of Hamada 

and Johnston, with a ratio of 3.1. The ratio for the Tabakin potential 

is 28. 
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I. INTRODUCTION 

In this paper we bring up to date the comparison t1'2'3bf published 

proton-proton models and energy-dependent phase shift analyses with data 

that, in our opinion, represent the most accurate experimental information 

currently available on proton-proton scattering between 9 and 330 MeV. 

The models we consider were constructed for a variety of purposes and 

were fitted to various other selections of the data, so that a simple x2 

listing does not necessarily serve as a figure of merit as to how well the 

original authors' purposes were served. However, these models are often 

used for other purposes, accompanied by some statement to the effect that 

"this model agrees with existing scattering data". To the best of our 

knowledge, this is not true for existing models according to the usually 

(4) accepted statistical criteria; on the other hand the discrepancies may be 

irrelevant for some applications. This point obviously should be investi- 

gated in each case. For example, a small adjustment of the parameters 

might improve the fit to the data without affecting the calculation at 

hand; but it also might be extremely significant. In other cases, the 

model does provide a good fit over some energy ranges, but might be applied 

in an energy range where it is in violent disagreement with the data. 

Clearly this point should also always be investigated, and one of our pur- 

poses is to make this more obvious. Another is to give some indication of 

where the best existing models should be corrected. A third is to point 

Up the fact that many popular models which are often used as if they were 

accurate representations of p-p scattering simply do not agree with exis- 

ting information, and to urge caution in their application. 
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11. THE DATA 

The data set used here was made by combining the independent sets 

maintained at the several institutions represented by the authors, with 

a closing date of September 1, 1966. Old data were dropped when they were 

clearly outclassed by more recent data on the basis of smallness of experi- 

mental standard deviations. The point here is that in any adjustment of 

model parameters for a least squares fit, data with large errors are 

effectively ignored if similar data with small errors are also present in 

the data set. In addition, some data have been eliminated on the basis of 

energy-independent phase shift analyses (596 1. Such analyses provide the 

best possible test for inconsistencies in the data groups used, since they 

are virtually model-independent: they use only the short range of the 

strong force, the usual symmetries, and the one-pion-exchange (OPE) inter- 

action for the longer-range part of the strong force. 

Our final data set contained 645 individual values in the energy 

range 9-330 MeV laboratory energy. The upper limit was raised slightly 

from the value of'320 MeV used in the previous comparisons W) in order 

to include a new group of data 0) ; we believe it is still low enough to 

avoid complications due to pion production. The lower limit allows us to 

avoid examination of effects due to vacuum polarization, since a recent 

analysis') of the 9.69 MeV differential cross section ( 9) together with 

the ratio of A 
(10) 

Y-Y 
to P& at 11.4 MeV has shown that these effects are neg- 

ligible at this energy. This analysis also shows that the well established 

fact that the longest range contribution to the strong interaction between 

tt;o protons can be accurately computed from OPE allows one to fit all p-p 

scattering data at 10 b:eV and below in terms of only two phenomenological 
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parameters at each energy, namely the 1 SO phase shift and the J-weighted 

average of the 3P o 1 2 phase shifts. 01) It also shows that the energy 
7 9 

variation of the former can be completely described by the scattering 

length and effective range, once the OPE effect is included, while the 

energy variation of the latter can be described by a single parameter 

which measures the ratio of the strength of the effective intermediate 

range central P-wave interaction to OPE. We therefore assume that anyone 

who wishes to use the p-p model for any application which requires good 

agreement with data at 10 MeV and below will first check to see whether it 

is in agreement with these three numbers, and confine our attention here 

to the agreement of the models with data at higher energy. 

Where experiments quote both relative and absolute error, the normali- 

zation factor was included in the x2 calculation and x2 minimized with 

respect to all such parameters. Normalizations with experimental errors 

were not counted in the number of data, while those lacking errors were 

counted against the number of data. The data set was considered too 

extensive to list here: it is, however, available (12) in its entirety 

along with references. 

III. MODELS AND COMPARISONS 

The models of our previous communications which gave the poorest fit 

to the data of that time have been dropped. 03) An exception is the 

Brueckner-Gammel-Thaler (BGT) (14) hard core potential, which continues to 

be mentioned in occasional textbooks and calculations. 

Table I lists the models considered, along with the goodness-of-fit 

parameter x2 for each of them. At the time of our last connumication, the 

best-fitting model was the 21-parameter phase shift representation CR21 (2). 

Arndt and MacGregor have adopted the procedures used by the CR21 authors PI, 

except for a change of representation, and have made a least squares fit to 
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a recent data set. No record of Arndt and MacGregor's 35 T=l representa- 

tion parameters 

polation to the 

shifts produced 

was saved by them(15), so we have used a quadratic inter- 

05 > phases in their published table . The resulting phase 

the best fit to our data set of any of the models tested, 

as can be seen in Table I. The next best fit is that of the Yale group's 

phase-shift-versus-energy curves labeled YRBl(KO) (16). The old 21-para- 

meter phase shift representation CR21 (2) 1s third, and the 12-parameter 

one-boson-exchange model of Scotti and Wong (17 > is fourth. We note, how- 

ever, that the phase shift table supplied to us by Scotti and Wong does 

not correspond precisely to the true predictions of their model parameters, 

since they used an incorrect coulomb correction in making their pp phase 

shift predictions("). The earlier fit from the Yale group (YLAM) (l9 > is 

not .as good as their latest work 06) , but is included because it has been 

used in a number of calculations. 

The 15-parameter hard core Hamada-Johnston potential PO > is followed 

by the more recent version HJM (21) , which is identical to the Hsmada- 

Johnston potential except for a short range cut-off on the quadratic spin- 

orbit component. These potentials are followed by the similar 31-parameter 

Yale potential(22), and by the Bryan-Scott potential. 

The one-boson-exchange Bryan-Scott ("3 > potential posed something of 

a problem since it was not intended to be used for S-states. The Livermore 

group has added the Bryan-Scott L > 1 phases to their latest ISo energy- 

dependent representation (24) - and have then adjusted the parameters of the 

latter for a least squares fit to their data set. We note that the more 

recent Bryan-Arndt(25) one-boson-exchange amplitude model uses effective 

scalar-and vector-boson-exchange coupling constants which differ by a factor 

of 10 from those of the corresponding Bryan-Scott proton-proton potentials. 
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The Tabakin potential ( 26) is non-local, with different parameters 

in each partial wave state. The partial-wave potentials are separable 

for the case of chargeless particles, but 'in order to include the local 

Coulomb potential, one must solve an integro-differential equation. This 

has been done for the current calculation. It is likely that a change in 

the.published parameters would improve the fit to p-p data thus obtained; 

this question should obviously be investigated before the published model 

is used in other calculations. The well-known Brueckner-Gsmmel-Thaler 

(BGT) (14) potential is identical to the Gammel-Thaler ( 21) potential for 

proton-proton scattering and consists of hard cores with single-range 

Yukawa tails. The ranges of the latter were free parameters and so do not 

correspond to one-pion or one-boson exchange. 

IV. DETAILS OF THE FITS 

The partial x2 contributions to the leading-three models from various 

energy ranges are shown in Table II. There are three obvious misfits: 

AMIV below 20 MeV, YRBI(Ko) in the 25-35 MeV range, and CR21 in the 310-330 

MeV range. That the AMIV fit should not be extended below 24 MeV was known 

to the authors and was indicated in their paper. One way they could achieve 

a good low energy fit would be to add the effective range contributions to 

their representation(24), as was done in the CR21 representation. 

Data which give large x2 contributions to any one of the three repre- 

sentations are shown in Table III. Nearly half the high x2 contribution 

to YRB1(KO) in the second energy range is seen to result from the 25.7 MeV 

measurements of A and A 
YY' 

Since these are determined primarily by the 

3 P phase parameters, we compare these parameters to the other models in 

Table IV. It is seen that 3P0 is high and 1 So is low both compared to the 
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other models and to single-energy phase shift analyses at that energy. 

Again, a correlated adjustment of parameters should remove this difficulty. 

v. CONCLUSION 

Fxamination of the existing fits to the best proton-proton scattering 

data reveals discrepancies in the fits which should be taken account of 

in any application where these discrepancies are potentially important. 

If this paper encourages more care to be taken in applying these models 

in specific cases, we will have accomplished our purpose. 
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TABLE I. The goodness-of-fit parameter x2 for various model and phase 

shift representation predictions compared to 648 proton-proton scattering 

data in the energy range g-330 MeV. 

No. Model Year 
Origin of 

Phases x2/64S Ref. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Livermore: AMIV 

Yale: YRBl(KC) 

CR21 

Scotti-Wong-2-U 

Scotti-Wong-2-xn 

Yale: YLAM 

Hamada-Johnston 

HJM 

Bryan-Scott (flSo) 

Yale potential 

Tabakin 

BGT 

1966 

1966 

1964 

1965 

1965 

1960 

1962 

1965 

1964 

1962 

1964 

19% 

table 

table 1.94 

parameters 2.08 

table 2-53 

table 2.70 

table **77 

potential 3.08 

potential 3.73 

table 3.90 

potential 3*9l 

potential 28. 

potential 106. 

1.3 15 

16 

2. 

17 

17 

i9 

20 

21 

23 

22 

26 

14 



TABLE II. x2 contributions from various data energy ranges, for the 

three leading representations. Each value quoted is x2 divided by the 

number of data in the energy range (Column 2). 

-. 

Energy Range 
(MeV) No. data AMIV YRBl(F$ CR21 

9.68 - 20.0 3 4.34 1.09 1.28 

25.62 - 36.9 40 0.93 6.23 1.97 

39.4 - 69.5 118 1.84 2.12 i.60 

70. - 122. 116 1.74 1.67 2.24 

127. - 155: 210 1.37 1.50 2.12 

210. - 276. 50 1.10 1.86 1. $4 

310. - 330. 76 1.26 1.45 2.63 



TABLE III. Data with a x2 contribution of 20 or more for any one of the 

three leading representations. 

Energy Angle Type x2: AMIV x2: YRBl(Ko) x2: CR21 

9.68 ---- Nu 3 10 17 

25.7 9o" A 0 YY 
96 0 

25.7 90 Axx 0 39 1 

34.2 90 u 5 24 6 

45.04 90 u 4 48 8 

49.7 45 P 8 12 23 

50.02 90 u 0 30 2 

68.3 13.2 u 22 5 0 

70. ---- 

9. e-w_ 

108. ---- 

310. 6.5 

315. 21.7 

u int. 

NP 

u int. 

CT rel 

u rel 

22 8 9 

21 22 27 

19 12 28 

1 1 22 

1 1 37 



TABLE IV. Phase shifts at 27.6 MeV from the three leading models and 

an energy-independent phase shift analysis (EIPSA). 

Model 1 
sO 

3 
pO 

3 
p1 

3 
p2 

AMIV 48.0 8.2 - 4.8 2.7 

YRBl(Ko) 49.2 12.1 - 5.8 2.6 

CR*1. 46.6 8.7 - 5.7 .3. 2 

EIPSAa 48.6 5 .4 7.6 + .6 - 4.1 * .5 2.4 + .2 

a P. Signell, Phys. Rev. 139, ~315 (w23. 
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APPENDIX 

PROTON-PROTON SCATTERING DATA USED IN THE COMPARISON 

Since we used published values for the results of various scattering 

experiments, repeating them in a published paper is in a sense redundant, 

so this appendix will not be submitted to the Physical Review. However, 

as anyone who has tried to make a quantitative confrontation between 648 

diverse pieces of data and any representation knows, the possibility for 

clerical error, differences in judgement, 'readjustment or renormalization 

due to communication with the experimenters, etc., etc., etc.... is 

enormous. The only safe course, we believe, is to present an exact photo- 

duplicated record of the numbers as they existed in the computer at the 

time the calculations were made. This is done below, with journal ref- 

erences (including data omitted and the reasons for omission). We trust 

the notations are obvious to anyone who will wish to use this tabulation. 

As an example of the need for detailed examination of data tables we 

note two corrections to that given below which slipped by us up to the 

point of preparing the preprint. The corrected data were used in com- 

puting the numbers in the x2 tables, but have not been corrected in the 

table given below. 

49.9 MeV polarization measurement at 4'3' (RUTHERFORD 1963). The 

error should be increased from 0.0017 to 0.0020 to account for the $ 

absolute error not included in the smaller number. 



95 MeV differential cross section measurement, set which includes 

measurement at 35’ (HARVARD i956D). The errors listed in the data set 

are, as quoted in Tabie VI of the Reference (Phys. Rev. l&, 1079 (1956)), 

about 1% due to counting statistics only, whereas the relative errors 

listed in Table VIII are 3.7%; the latter figure should obviously be used. 

On consultation with Richard Wilson, we find that a better value to use, 

according to the thesis on which the paper is based, would be 3.@. The 

last value was not used in the calculations quoted above, but should have 

at most a trivial effect on the results. 



PP DATA StT IV 

9.68 MEV ARS CS, MINNESOTA (1959)A 
C 14 A h' G L E _ -.--- ~. ____- VALUE -- STD DEV 

90.0130 54,600 0.650 

9.69 YEV 3IFF CC, MIlVNESOTA (1959)R 
CM ANGLE VALUE -- STD DEV 

hl f.1 R M 1,oooo 0.0073 
10.026 854,900 2 2 . o&!I-m-- .--. 
12.131 400,200 5.300 

-1-!!O;s5 219,200 2.000 
16.041 138,800 1.000 
3.8.046 95,800 -..-.-- ._--_ 0.710 
20.051 75,500 0.560 
22.n55 64,400 0.480 
74.060 58,100 

- 
0.430 

76.064 54,700 - 0.410 
28.069 53,100 0,390 
30.074 51,800 - 0.380 
32,079 51,800 0.380 
34,083 51,400 --.- 0.380 
36.087 51,000 0,380 
38 091 51,TOO -- -..!.-. __ 0,380 
40.096 51,400 0.380 
44,103 52 600 0.390 .-.-------de 
50.113 53,100 0.390 
54.120 53,200 --. ----. 0,390 
40.128 53,900 0,4no 
64.L33 54,050 0.400 
70.139 - 54,100 0.400 
76.344 54,400 --A- 0.400 
80.145 54,400 0.400 
86.148 54.300 0.400 
89.852 54,600 0.400 - 

9.73 ufiv cs, BERKELFY (1954)D 

in. +'FV AyY, SACLAY fi%%) 
-__- CM ANGLE ---- VALUE STD DEV 

-90.000 -0,975 0.020 

16.20 WEV PrL, FRIrJCETOlJ (1959) 
CH ANGLE VALUE STD DEV _---I_- 

50.200 0,006 0.007 
-_. -- 

14.20 MEv DIFF CS, PHINCETON (1954) 
-..--.-.. .-~- 

CM AVGLE VALUE -- STD DEV 
YllRY 1,000 0.015 

30.000 25,000 0.370 ----__- _-.-__ 
2 36.000 25.980 0.390 

" ___ 40.000 26,500 0.310 ____- 
cl 50.100 21,270 0.280 
0 60.000 ---__ 27,420 0.240 _-..-- 
0 70.000 

~ .- 
27,470 0.200 

7 RO.OOO 27,290 0.200 
t 

---_- - ----_- 
90.000 27.320 0.200 

5 
4 211.00 MEV Cp.hJ, SACLAY (1962) 

-___ 

3 -~ CM ANGLE VALUE STD DEV ~__ 



I 

21.95 MEV Ac:S i:F, I..~ _. -.------ -_.--_..- . 4lJTdEPF3lD HIGH ENE&GY,,LAeB (1964/A . -. ^. . ._-I .-_. ., -_ 

25.63 MFV il!FF CS --- _ _..-. ":IYdFSOTA (1960) -------___ ---. -1---. 1-__-. ._ _ ._---.- _, ..-I-- _..__.._.___.._..,_____ _,.___,. 
C +4 A hi '; I_ E VALUE STD DEV 

I.3 0 01 Q --_.- ..D,Q!l93 ____ _ 
1119,600 2.900 

we-...- ..-------.. --.-~ -.-. -_---_ -.---. L. $10 -. _... 1.6 _ 
19.170 

-. !_Y,l,5Q 
7 !I , I .? 0 
3% ..*a 150 
1 4 , I. 6 0 

-. -.._. -----.- ^--.----- -._ -...-._ _____ _. ..?? ?..Lh') 
?5.17U 

..3 iLl2xtc- ___ ..--- 0.920 --_ _ ..- 
33,200 0.300 

2.4.. 0 LS ---I ..,. ._ . - -.. 
19,9?(! 0.150 
1% 7-c.!! I),lm _ ..- .-_-_.- . 
17.9RO 0.1.70 

-...._ ..-- - ._.- ..-__-._.--_ _.___, .__,, -3 6 * c' 3 g 
417.2511 

-. . .._~... ~-.--. . -. 44,270 
5 il . 3 n 0 

-.---.- . .._. - ..__--.. ..,. .._ _.. ^ d3.3h3 
99.41~1 

-25,7--YEV PYV, SACLAY (1065) 

--- ..-I ---. _- _ ..-. _---_ . ._ 
25,7 &hEv fix>, SACLAY (1965) 

-..... . _- cv Ar\lrJLf 
~n.@no 

27.05 C\IN, !O$ ALA/Ins (l.966) 
- _ . -_. " ,., CM t,i+;~E 

(J ? . i? 0 0 

27.4 vtv PLII , IPU'df-1.~ ( 3 90.3) A 
- -.. 

VALUE STD DEY. 
-0,725 0.020 

VALUE STD DEY 
-0,920 0.020 

VALUE STD REV 
-0,689 0.070 

(196514 
STD DEV 

n.030 
O.OhJ 
0.030 
0.026 

(1965)~ 
STD DEV 

0.030 
0,030 
0, Q75 



_. 

I.. . 

-. 

-.... 

54*bnl * 0,090 0.022 

2R.16 f+iEV AGl; CC, hiI'Vf\rESC)TA (1959)A 
CC Ahli;LE VALUE STD OEV 

Yo.nnO 16,270 0.3lU 

3n.09 YFV PVL, c(JTHIFqFDQIl dJGH ENtHGY LAH (1963) 
CM Ahl!;LE VALUE STD DEV 

45,?no -0,0004 o,on33 

30.33 l*IEV AbS CC, WtlThEkF0411 HIGH EkEHGY LAH fl964)R 
c^ W A h! r;!. E VALUE STD DEV 

90. fJf!U 15.010 n.090 

31.15 MfV A+S OS, Fi I *\!4 t S (1 T A ( 1 9 5 9 ) A 
r ,F-l A '\I G 1 E VALUE STD DEV 

9n.000 14.h80 n.220 

34.20 &dFv Ab*S C', 1?i1 u\JESOTA (1959)A 
:Y A\tt;LE VALUE STD DEV 

c)fJ . ,'I 0 0 13,360 0.200 

34.77 MFV At:S CP, I?~~T~L;~F'O~D I-iIC,H ENEHrJY LAR (1964)R 

-. 

-._ 

rtj AVf;l E VALUF STU DFV 
Y r1 , I! r' 0 12,p21! 0.077 

36.99 .+lFV k&S cs, MbdtiESi?TA (1959)A 
Cti AY!;!.E VALUE 

90.~00 12,140 

39.3 UEV ?Cl!, c(bQgJtL~ (1963)A 

39.4n MFV UIPF TS. '.+Ib'JFSOTA (1958) 
TM AvGt.t VALUE 

.\I 3 9 '4 l,@OOO 
h.i!FjO 103,800 

1 0 . 1 11 0 41),P5(1 
12.172 20,630 
14.155 13,500 
16.173 ll),R70 
11.140 10,260 
18.1AO lO,fllO 
19. %I?'! Y,9Hfl 
20.200 9.790 
71.23n Ye820 
32.230 9,RLjrl 
73 . 231' y,v3n 
24.25!) Y,94n 
?5.253 1o.07n 
21.270 15,270 
30. Jllrl 10 ,Ljzn 
.5b. 35d lU.75(! 
4 0 . .I 4 0 1:).860 
44.J?ii 
50.450 l(I.YAO 11.100 
36.5'111 11.13n 
.i (1 . 5 2 7 11,16n 
5 1 . 5 3 0 11.180 
7 !l '5 1 0 , 11,170 

STD DEV 
O.180 

STD DEV 
o.un93 
6.200 
1,030 
0.280 
9,120 
0.081 
0,076 
n.074 
0.074 
0.073 
0.073 
0.073 
0,074 
0.074 
0.075 
0.076 
0.078 
0.080 
I-J .ORl 
ll.ORl 
0 .OH2 
0,083 
0.093 
0. OHJ 
il.083 



.-..74,58Q ----.-.--~------. 0 -083 _. 
i30.590 11,160 0.083 
R9.400 _--- 11,160 0.083 

39.6 MEV AB!? CS YI~IECOTA (lY59)A --1_ -.. 
?M ANGLE VALUE STD DEV -~ 

_--- QO.000 J,J..-IYO 0.170 -.. 
. 

4n.75 MEV AQS CS, R'IT;IEHFO~D HIGH ENEHGY LAR (1964)H .----..---. 
r: M A N C; L E VALUE STD DEV 

41.0 MEV At35 cs HAPVudll (1956) ----Y-L ---J'.- ..-- .--.----___ 
I: M A hl I; I E VALUE STD DEV 

~!idmzI-----~~11.4ao 0.800 

44.66 MEV AUS CS, Ml'?l~~lESOTA (1959)A -- 
CM A?JGLfi VALUE STD DEV 

~11.llOO -------_ Y,510 0.160 

45,@4 iqtV APS CS, K!JTHf~F‘ORD hIGH EhERGy LAB (1964)R - -I--- 
CM ANGLE VALUE STD DEV 

4ll.000 - .-- ~~.-. Y.270 0.05 4 - 

46.0 MfV Gl3L Y A R !I A 1, U -.-. - ( 1‘9 5 ti ) 
CM ANGLE VALUE STIJ UEV - 

73.5~10 -0,061 0.031 
--..--zLQne- -._. ^. I-c .-&Loll 0.034 

E;4.700 -u,oo9 0.025 ---' 
__-- -.L_oaa~.----o.o27.-~~ - 71.30.8 .~~ -.- 

R7.lCO 0.166 3,022 

-___ 54,7[):0 ...-L?b-zL-_-- 0 031 . -__ .- 
71,300 -0,435 0.032 

-_-_,- .~^- -ti!im9 r0n.48.8 ._____ ..-_ -----..-0.033..-~~-~ 

47.8 t-'EV .“, RUTbEFiFr!Q!l YIGb EMERGY LA8 (1965)4m 
CM Ah'GLE VALUE STD- DE-V 

r?g R M 1.099 -e~-Q+OSQ - 
23.500 u.017 0.044 
39.f!PQ -0 OQL .._ _- .__ __i_ -u.-LQ34 ____ ---.-.-..a.-. 

2 54.700 -0,000 0.033 
1 71.300 -A,Q&L m~-mo. .a29 _ ______ 
0 87.lno 0,223 0.028 
3 
s 49.7 MEV POL, tc/lRWELL (?963)t1 
jr -----_.-~_-_-_ LLAh.GLE. . V.AL’a!E. SLLJIJZY. . .- _ -.._ _ 
5 45.01,0 0,0207 0.0033 

-. 
I 49.9 YEV POI, RLTi-iEPFcgR HIGH ENEKGY LAH (1943) 
1 CM Ahrr,l . r 

I- lf!ALuL~-.--.~ -.-- .---_ _ 



45.000 .O t-0316 0,0017 _ _ . . 

50.00 MFV D, HAGWELL (1963)C c_-_---_-_.- ---....-. .- __._.I...._.. -_ _ .._ . -.- ..--.. ..-- 
C!l Ah!!;t.E VALUE 

..- _..__. -.. -. 
STD DEV 

70,ono .-II,241 0.075 

50.02 MEV AbS CS, 8UTHiHFOqD HIGH ENERGY LAR (1964)R 
CM AhJGLE JA~uE STD DEV 

9o.!lotl 8 340 -____-..-___--.._-- .__ _. _ ,._ .2 _....._. _ ___ -._-._ . .._ -_. .o L(14.F . _ 

5n.17 +lFV AkS CS, YIiuNESOTA (1959)A _-._. 
CM ANGLE VALiE STll DEV 

90.11lr) 3.4Ofl _... 0,140 

5i.5 YEV DIFF CS, _..____ .,.......__.,. ._. __._. -_. . - . .-. 1 NST 1 T’JTE OF NwE.!.~ __ 3C! E~C:F_(.19P_IIA._.~. 
CM ANGLf VALUE STD DEV 

ygun 
ih.%'lO 

1 , 0.w 0 045 -. .~ 1. ._. 
6.700 0.470 

17.200 6,400 0 * 2 CL--- --~ 
18.200 6,400 0.250 
20.3nn --_-. _.__ __._ __-__ _..._, .._. -_- ^... 
22.3?0 
24.3nlJ __~..-- 
26.Jnl 
30.400 -- - 
35.5OJ 

6,500 .._. "_ .--. .-_-_-. --o12b-~.----.. 
6,600 0.270 
7 OK!. q 0.270 ____. 
7,100 0.280 
7.700 0 ?.I.50 
7.700 0.150 

,~--_.- . .__ . . - - 
51,1YEV-%ji-,;inS'wELL (1963)H' ' --- 

._.. _ ..^ __.--__-. _--_ ..-._ . 

___ ~.~~. -- _- - - .- .-. . ..C"1..L_"Jr.Lcr v A LUK -.. .- - ..----s_rllJlf\L---.-_ 
ho,n00 0.0364 0.0089 

---------- -... .- .~---..-- ._-_-_ _--..- ---- 
51.8 MEV IrIiF CS, IrlsiiillTE Of NUCLEAR SCIENCF (196l)R 

.-~ _,_____, ,.-_., _..-- _.._._. c !. 4;; i: _ .- - "ACUt.--.-s.,STD DEV _ 
1,000 0.025 

-.. .---- -~ .3"jt5no 7 790 1 .~ -~--..--_ ~-~.- I).-.--._ 
43.5nil 7,900 0.160 

_ fl5,5!13 ~ 7 .60 0 ..-.-___^ 0 .150 ---- 
5'1.300 7.900 0.160 

._?kL..--~~~-0 * 150 _-. 
7.800 0.160 

_ ~~-~~-...-.- 7p./')o 7,.6P-.. __- ? 150 .--. a---- --.---. 
Rfl.8fll~ c1.000 0.160 
9 0 . 9 1 II 0 160 _--.. -.- ~.?.!-a0 ~. - -..-.__-_ _L---- -- -~ ~-.- 

53.0 MEV csr H4QV4H'1 (195h)A ________,_ -.___ _^.. --_- 

53,o VEV cr\lr,, I'\ISTITlITE 3F NUCLEAR SCIENCE (1063) -~- .-.. ____-.-. _- 
C Y -A hJ r,l- 5 -~. VALUE STD DEV 

..-.B ‘1 l :) !-!t .--..~----... -0 ( 0 3 4 0.095 ~__ 

52.0 uEV CKP, I'\ISTIT:JTE ?F NUCLEAR SCIENCE (1963) ------I_ -.~.-- _.---"--. -. - .._ _ .-._- - . .._ - 
CV A!!Ji;l-t: \jiLUi '-.~ -' STD DEV 

9 n . I! II II 0,130 o., 11 Q 

53.2 '4tV +'OL , HARWELI, (19hJ)E) 
:: t-4 A '\I ; L E VALUE STD DkV - 

75.?flO 0,0075 0 0077 _._ __., -___ ^_____ ._ . _ _ . --.. ..-- _... -L.-.- _--- ----- -.. 

STD DEV 
45.bno 0,043 __--. ..O so”6 



56.15 14Fv Abti C’;, '-iI 4qullSflTA (1 j59)A 
CN ANl;I.f -.-- __ .._.. ..~.. 

9'i.,,:lO 
VALUE 
7,450 

SIP .UEV 
0.120. 

5A.5 ME!\/ “!II, dAHW6L.i. (!9b.$)fj 

CM d 41 “1 L lj _. '.'A&llF ST11 UEV 
45.'10!7 0.03P4 0.0098 

"---. .^ _... .,.. 
61,92 ,lkV Al S r:q, 

" _ 
fl! \I:Jl+SOTA (1959)A 

CM iAfd~;Lt VALUE STD DEV 
9 rI . Ii II 11 6.760 il.11l-l 

C,,lI62 
U,069 

STD R.E.Y. 
n.078 
Q.01.4 
o.on9 

4,lll.G 
0, o'n8 

., u,oofj 
O.On8 
0.008 
0.008 
O.DC7 
0.007 

. . IL. ?.!I.7 

ST11 DEV 
0.011~ 
0.370 
D 1 .O.Y!l 
0.073 
0.049 
0.038 
0.039 
0.041 
0.042 
0.043 
0.044 
0.045 
'J-046 
u.047 
0.047 
0.047 
0.047 
u.n47 
0.047 
0.047 
0.047 
0.047 
0.046 
D.046 
0.046 
0.046 
0.046 



--___-- ~-- 
69.5 MEV ABS CS, HARVARD (1956) 

CM ANGLE VALUE s -~ --.-- -~ JlrL.LDEY __..__. 
90,?00 5,960 0.360 

70.0 YEV POL, HARkIELL (9963)H 
VALUE -.~~-. -- -.- -.- 
0.0579 

s uLDEY.- -- 
0.0058 

71.0 MEV INT - cs, HARVARD (1964) 
CM ANGLt STD -___ ..- ---- Y.ALUE -- DEY----.- 

12.100 3c).510 0.480 

71.0 MEV PoL, HARVAR3 (1958) I_- --II .-_-._ 
CM ANGLE VALUE STD DEV .-- 

45.800 Om1063 0.008 

7A,0 MEV POI~, HARVAR!) (195Y) --.... -- 
C t-1 A N Ci L E VALUE STD ‘DEV 

--A--- 45 800 0,088 -.,- 0.007 

78,5 MEV ABS CS, HARVARD (1956)R 
CM ArJGl.E VALUE STD DEV - 

-..-- -..- 9JzQOU 5-4 0 0 0.320 

86,0 MEV PfIL HARVARD (1958) -~-..--~-,.- --..- ._.- __,-.--_.-.- 
CM Ah1GL.E VALUE STD DEV 

4~caf.-~-_~ ----. 0.097 o.o07- 

91, MFV INT CS, HARVAPD (1964) 

95, MFV REL CS, HARVARP (1956lC ---....-_ 
CM ANGLE VALUE STD DEV 

40.000 4.930 0.180 
50.~0 4,810 0.170 

---- 60 000 4,810 0.170 
70,000 4.680 0.170 
H?.n@r! ----..- 4,530 0.16@ 
9G.17flLl 4.540 0.160 

95. MFV RkL CS, HARVARD (1956)D 
CM ANGLE -----~- VALUE _ STD DEV 

30.000 4.860 0.030 -- 
35.!)00 -- 4,870 0.040 
4u.ono 4,910 0.040 
~0,000 _ 4.620 0.030 
9o.r)oo 4.650 0.060 

95, MFV At(S CS, HARVARD (1956)E 
CM ANriLE --2-.-..--.. VALUE STD DEV 

-- 12. 9 0 , J n 0 4,650 0.250 
II ---- -. 
'0 95, MFV R'?L CS, HARVARD f1958)A 
9 CM ANGLE VALUE ---- S'?D-DEV 
B 25.700 4.511 0.080 
7 30,70n 4,709 --- _- 0.080 . 
5 35.HOO 4,771 0.080 
5 4r).vco 4,678 O.ORO 
4 46. rl@O 4,740 0.080 
3 51.100 4,740 0.080 



___. ~._.... .~- - S6.2!20 4.660 a,oaa- 
61.200 4,638 0.080 

_____ __-___ _ .__...-_ -..-_ .t;6,~~0? _ 4 ?. Q9.-- . .._.-_ __ .~I-&e~a. 
7 1 . 3 f? 4 4,608 0.080' 

__~.. -. - ..~ 76,4CO. 4 1 581... .~ ..n..a-aa- 
41.4fl!, 4.511 0.080 

~. t33,4n!! 4L45.8 Lm!l-. ._. 

~ .---_ - ..____ I_. __._______ _...... - 35,HOO _, 
4 P . sn 0 

-- ..- ~-.-...----. - ----. 4fi,noo 
5 1. . 1. 0 0 

H _- .-..-.- -.. --.-----I..--_- - .-__ 

VALUE STD DEV 
0.933-... _.. ~.Q,QZfL 
U"O92 0.010 
OLIll-.--..- - -_--a,naa. 
0.130 0.007 

-___ --_--_---. .-.. - 56.20:j 
61 .2OP 

--- .__... -_--.-- - .- . hh,JOti, 
73.300 

0 131 I - ._--__ _--.._. - _". .Diw -.-______ _-. 
0,112 0.007 
0 126 .1 ---.__--..-~~ __ _- ..P.A!ILc _. 
0,115 0.007 
0 I.. 096 e-.n.,m..- ..-.-- .--.--- .__. 
o,n99 o.do7 
o,oaz. -.- _I-- -..-OAD.D_7_ .-..--. _-.. 
0,069 O.OC8 

97 MCV POL _-__ 1.. _...._.____ ..__.. !.. F A Q W F L L . ..- - .- ( ! 9 6 3 ) H _ ._ _ _.__--1_--- ___________._ ___. _.__. _ 
CM AN(;I.k VALUE STD DEV 

_____. ---- ___ -.-...--- 45.f!oo Q ,LLIL-.._... .---..-~-n. - __ 

98 ________. MFV Rtb CS,...!AR~~~L (1960) A----- -.. - 

CM ArJGLE 

____,_._ - .--... .-.. _ ..25.&4 0 
40,4DD 

------ 5LlO ----. -.- _-.-_-. -- . . . !I 
61.30[1 

___.- -.71. [10 4 -----.. -~ ._..-.-... 
F(l.400 

99, MFV PqL, HA’;hELL (i.960 ,‘i‘- 
--- CM .___.__..- ----- .-- - -- 4bGLE 

I\'CiKM 

---. 10,2@? --.. .-_ .-- 
32.3OU 

---.-...lp., 3 n 0 
16.400 

VALUE STD DEV 
4&ciL-_. ..-.---...n_-lon. 
4,470 0,100 

-4 ,_4.~..._._-...--.-_ _.-... ..n.+uu.l-. 
4,450 0.100 
4,440 R,lM. 
4,390 0.100 
_ .._--I-.-. - -. ..- -_.-. -. ___ _-_,_ 

v ALE .__._._ -- SLD-WV 
0,911 0.070 
9,0.29 !I l 0.31 

-u,oo4 0.033 
0 a. 0 24. ___.._.^ a . .._ 039 __._. 
0.085 0.035 
0,423 0.035 
Cl,110 0.019 
0.104 O.Ol& 
0,113 0.015 

.0,125. _ _.._.-.I - Q,Q13.. 
0,121 0.010 

II -- -- 51 - 1 @.a- -4&l&--- _--- -- _... o,n1a 

13 6 1 3 0 0 0,107 , 0.015 
9. 71.4PO 0.073 0.012 Y Rl.ciOU ti,o43 0.011 
7 .-_-_ ._.- .___ - __..__. _-._-.. ._ _. 
E 9A. MFV DI )JARVCHll (196T! ) 
5 c?1 AhlGLk VALUE STD DEV 
4 70.50[! 0,000 0.080 
3 - --aL+z c a_-- ~--u~-. ---- a-n7r-l 



40,300 O,~OO 0.080 
51.1c10 -0,120 0.100 
hl.JOt! -0,110 0 ,160 -- _I. 

98. YFV Rr '*AQirlFLI. (3.965) 
CM ANGLE VALUE STD DEV 

31,JCO -0,220 0.110 
41.000 -13,400 o.ino 

__. 
_ __ ._ - --. 

_- .-. 
51,7on 
61.Wd 

-0,390 _ ^_ - _ 0.*090 
-0.120 0.130 

72.900 -0,180 0.200 

98, MI='/ RgH, HAaWELL (lQ65) 
f:M ANGt.f VALUE STD DEV 

31,600 0,260. 0 ,..I 4 0 CHII 44,60 . 
41.9no 0,180 0.110 Cl412 44,40 
52,[~r!O U,210 0.110 CHI= 44,50 
h3.600 0,270 0.180 CHIE 43,90 

- 
102. MEV tiEI CS, cr&\PvAHD (195R)C 

46,lno 
46.400 

“ACUE _ _., .sra K.Y ._. 
4,500 0.080 
4,500 0.080 
4.62n 0.080 

lS2. YkV Prll. , tiik?VAR:~ (1958) 
CM A IVGLE -_..._. .-. ._ . _ . 

VOHY 
VALUE _ .MJL..D.EY-_. _. 
0,933 0.028 
0.13a - .~-LQQB - 
0,149 0.007 
OLLQZ-.- - ---o.o07--.-. 

.-. . -_ .-.-_-_ _._~ ._ 
VALUE STD DEV 

_ 0_,9.3_;1_----- -.---.-cLa28--- --. 
0,157 om9 

.0,131 ..~.0.,00.7 . 
0,103 9.007 

_ _ _ _ __ _ ^. _ 
138. ytti il;'T Cs, HARdiRti (1964) --i 

C M A N 1,; L 5 VALUE STD REV 
32.320 28,250 0.290 
911,uoo 

_ - .__. 118, LftV l+EL CS, HAR\/AHD (1958)C 
CM A'\r'GLE VA-Lui 

---..-“_..- . 
STD DEV 

20.~00 3,630 0.060 
25.800 3.990 0,060 

.;3OL yoc! 4.L.070.. .---.-.-mO,O6O_m... 
36.000 4,130 0.060 
41 .!nr) 0 060 - -- ------- .-. .-.- 4,120 .___-_ _- ___- -._-. -L-.---- ..- -_- 
46.2111) 4,080 0.060 
51.4nn 
56.500 
61.500 
h6.0PO 
/1*7n!J _ _ 
76.700 
RI.7011 
h3..<0? 
86.kr.9 

4.050 
4,040 
3,920 
3,970 
3,910 
4,02B 

.~_ ._ ._ 

4,000 _. 
3,970 
4,110 

0,060 
0,060 
0,060 
0.060 

-, D, 0.6 0. _ 
0.060 
OL060 
0.060 
0,060 



I 

-__ 88.200 -__ 4.020 -o.o60---.- .- 

ii8, HEV POI ) HAPVAPD (1958) ---- .---- 
CM ANGLE VALUE ST13 DEV 

NORM 0.933 0.028 - - 
-- 20.600 0,112 0.010 

25,80'! 0.146 ~- 0.010 
30,900 0.152 0.008 
36,D------" 0,173 0.008 - 
41.100 0,170 0.008 

.46,200 0,149 0.00 
51,400 0,169 0.00: --- 
56,503 _ 0.134 0.007 -- 
61.500 0,126 0.008 
66.600 -0.110 0.008 -- 
71,100 0,100 0.008 
76.700 0,080 _--- 0.008 --_ 
81.700 0,038 0.008 

_ 83,300 0,020 0.009 
86.800 0,029 0,009 

l__-.--_--.-- 
122. YEV INT CS, HARVAYD (1964) 

--CM ANGLE ALUE a.-- 
12.260 2i.850 0.210 

127. MEV POL, HARVARD (1958) -- 
CM ANGLE VALUE STD DEV 

NORM 0.933 (1.078 
31.000 0,193 0.008 

- 46. JO4.-..--_--- U ,189 0.007 
66,700 0,104 0.008 

-I_-. -.-.__ _. _ -__----.-I_ 
134. YEV IN7 CS, HARdAHD (1964) 

CM AYCLE VALUf-e.-.---- 
12.300 24,890 0.220 
94A4 o- ~~_~~ ____ _.~ __----_____-__ --- 

137, YEV P0L.r HARVARD (1956) --.- .--_ ..--------1--- 
CM ANGLE VALUE SYf-DEV 

--. 

--~KORM Q..,.?33 L!l2- -. ~ - ~-- ~. . - -.. 
31,100 0,195 0.005 

-44,Au u -. .4,au_--.-..-.---- .--LO-07 -- ~~ ~~~ ~.. 
66.900 0,133 0,008 

-___-_ _____._ _.- -.-_"_.--- -. -.---- .--.-- -.I__.- 
137.5 

___._._____. 
MEV NP, tiiLRVARD (1963) 

____ -~---~~...CMiLhLGLL .VALUE ST-Q DEY. 
43.100 0,562 0.552 
52md.-.-- .4.,472 11.,JI5-4_-~. 
62.000 0,376 0,068 
72.T00 0 238 P.&Y?~. .-----.--..A __._- -_.. .--.-... . _. 

12 82.100 0.251 0.121 
11 
10 
D 
8 

138.0 MEV PCIL, OHSAY (1963) 

138, MEV. II, ORSkY (1963)A 
7 CM - ANGLE .--- __.. .._. -.--._- _--.. _... 
6 3 1 I) a 0 , 

VALUE .- 
0,130 

5 __. 41*3ou 0,190 0.060 
0 h1.400 0,230 0.130 a 8?-flflfl --___- 0 ,s/ln -~ n.7nn_--- 



. . 

- 
139.0 MEV A, HAAVAHD (1963)A 

CM ANGLE _ _ . 
YilRM 

31.10[1 
41.400 
51,70(1 -. 
hi. 900 
73.(100 __ __^ -__- 
92.100 

140. MEV CNb, HAHWELL (19651A 
CM AhlGLE -- 

h!HHM 
60.000 --. 
9D.000 

140.4 MEV RPR, MARWFLL (19641 
CM AhlGLk -- 

31,400 
41.700 -... 
52.00(1 
hl.900 -._ 
72,100 
82.200 

140.5 MEV H, HARVARCI (1960)A -..--- ~-. 
CM ANGLE 

31,100 
41.400 
51.700 
hl.YOC 
72.00? 
82.100 

---- _. 

140.7 MEV P(lL, HARW!?LC (1966) 
CM ANGLE 

NIJHM 
16.600 
18,700 
20,700 -. 
25.900 
31,100 -. 
36,200 
41.400 - - _- 
46.500 
51.600 
56,800 
61.900 
66.9C'O 
72.000 ..-.. 
73.100 
77.100 
77.900 

I, 82.100 
82.900 
87.100 -... - . 
87.9110 

VALUE STD DEV 
1,000 0.040 

-0,368 0.029 
-0,344 0.029 
-0,311 0.033 
-0,235 0.046 
-0,187 0.055 
-0,099 0.079 

VALUE STD DEV 
0,900 0.050 
0,880 0,030 
1,0000~ 0.00001 

VALUE STD DEV 
0,306 0,026 CWIE 45,50 
0,264 0.033 CWIn 45,60 
0,190 0.039 CWIrt 45,60 
0,101 0.032 CHIE 46tlO 
0,208 0.048 CWIr 45,80 
0,035 0,077 CHI= 45.90 

VALUE STD DEV 
-i1,252 0.030 
-0,227 0.028 
-0,371 0.035 
-0,146 0,037 
-0,151 0,055 
-0,047 0.060 

VALUE STD DEV 
l,oooo 0.0085 
9,1657 0.0091 
0.1672 0.0089 
0,177 0,007 
0,1896 0.0044 
0,2114 0.0049 
0,2057 0.0047 
0.2089 0,0025 
0,2006 0.0032 
0,19Al Q.0028 
0,183 0.003 
0,1564 0.0032 
0,1316 0.0032 
0,1068 0.0032 
0,0977 0.0034 
0,081 0.003 
0,071a 0.0034 
0,0532 0.0034 
0,0466 0.0036 
0,0157 0,0034 
o.cll.44 0.0034 

142.0 MEV CS, HbRwELL (1960)H 



142.0 MEV POL, MARWELL (196O)C 
CM ANGLE _I______.._ - __..-.__....- -. __ -.-- _-.-. . . ._. 

NORM 
_---_ ~. -..-.5,1.9? 

0.300 

_I_ -_.. I--.--_-- -- .Z.UJ 8.0. _ 
12.460 

~.. 14,53Q- 
16.63.0 

-~2OL7bJ 
24.800 

VqLUE . . ..-- -.... S!J.-EY 
0,911 0.020 

-0,037 -4,93L 
0,031 0.024 
0,089. PJ2.L 
0,107 0.021 
4 aA55 -.- _____ -A!&QJ!x _ 
0,130 0.033 
0,1&Q- . ----m---._h.QU._. 
0,155 0.028 
0 ,1 BP - .-. --- -- _._ -QA!!E-- 
0,216 0.037 

25 950 -__.---. _..._. -.--2. _. _. 0 . !22.5 _..._. _. .- 
31,060 0,241 

_.._ -*---e - 

37.200 41,340 0,203 0'030 -- -. - ..L ---.-. 0,938 0,010 

_~.-..- __.. g, $50. o,a4S.--.e-. ._.._.__ AL-Qo5- .- -~. 
49,550 0,240 o.op4 
51 620 ----.-----I-- --_. .L .__- .._. . 0 229 _... _.. ,__, _ .._ _ _ -I. .--. .-- .._--.-___ lr.o06.-- ---.-. _ 
53,650 0,213 0.004 

-- 69,_9_50. _ .__ -__I_--- OJL4L ._...I._ ---LM_z_--- 
71,980 0,118 0,005 

..74.Q%- e...-..L..O.Q2.--_. . . . . .._...eLOO- _ - -. _-. . 
82.fl60 0,060 0.009 

.-.- ~2LuLn. -..--..LQ!L- ---..--.A, 915 -- ~__ ._.. 

---- _MEv 142.0 D, HARVARD (196O)Q __ .^ _ __ --^ ._...._-.^ ---_--_- -_ 
CM ANGLE VALUE STD DEV 

~__.- . . ..L2. =0,262 ~n~,rl43_- -. ..-.-..-.- ~.. .-. P 6 0 
20.760 -0,008 0,038 

~. 0,137 Il&k33.-. --.---L5LO 6 0 
41,340 0,156 0.031 

.___.._______. --.1..- . . .o LIZ8 J-AL-. 51 b20 - ..-- -. .-. ..-- - _._ 
hl,f34(1 0,076 0.031 

_---.- 7.L P 0 0,147 0*07D. Q 
82.060 0,286 0,099 

.--.__- --- -.. 
142,@ MEV R, HAUWFLL. (196O)D 

CM-A.N.G'-.Ee _ VALUE .._ . m2-JE.!L--.. - 
24.000 -0,224 0.051 

--~ 3_27nn *0,203 0.051 ~... .-~~__------ --.- ~-~--.----- .- 
45.7OU -0,178 0,031 

54,4!N -0,212 0.042 
67.200 -0,213 0.040 
76.100---.-...m.... .- 0 I 1.57 0.0.63.. -. 

12 84.000 -0,142 0,136 
11 90. 0 0 0 --.-------_(l,liLn. 0.131 
10 

9 _.-.. .._ 143.-Q- MEL. PL. HqRW.ELL t 1'61) 
I? CM ANGLE VALUE STD DEV 
7 --_.- ---A .- ---l_l -~L..lJ..Q. 0,.082- -J.R77._ - - _I 
6 4wno 0,162 0.040 
5 -.- 0.050 5-l. 7 ofl 0,110 
4 61.900 0,045 0.060 
J 7 2dtna s-n- .--.- 



R%,lOU -_ -0,037 
92.i?nrl -0,027 

~~-_-_---.-___-_- ---. _-. _.- ._.... 
14x0 MEV A, tidbWCLl. (1963.)D 

CM ANGLE VALUE -~ 
3 2 , 2 0 0 -0.405 
43.2011 -0,377 
54,b,?rI -0,342 
65,Onn - .__ .-..-... __.________ _.__-..- .__-.. -. ._ -0,355 
74.300 -0,198 
H4.d00 0,022 

144.J MEV DIF'F CS. i-'AHGJFLL (1966) -_ 
f-M AY!;Lf VALUE 

N 0 R ,Y 1.0000 
16.60!1 3,574 
18.7flP 3,703 
7n.7rrl-l 3,779 
25.300 3,940 
31 , 1. (1 0 4,041 
36.200 4,018 

144,l MEV DIFF T'S, 'dAf?WkiLI. (1966) 
CM ANGLE VALUE 

rv!'lHH 1,oooo 
41,400 4,014 
46.5flfl 4,019 
51.eo1! 3,977 
Sh.HOO 3,944 
hl.QfJJ 3,914 
h6,‘ilril 3,907 
hH,Onn 3.859 
72. cc0 3,880 
73.?@0 3,850 
77.1nil -. 3,875 
77,vflLl 3,838 
H2.1P0 3,813 
H?.Ynn 3.837 
H7,lnlJ -_ . ._. _ . - _ 
R-/.?rJri 

3;819 
3,833 

-_. 
147.0 YEV RFL CS. HAPVA~D (1958)D 

CM A v'!;L E -~ VALUE 
12,4O!l 3,790 

3,R8n 
4.020 

16.700 4,030 
20.7nlJ 4.150 
23.~(liY 4,140 
74.9011 4.260 
3l.iOil 4.2213 -.. .". _ _ 

147.0 MEV PFL C';, HAgbAWD (?.958)D 
C‘M AblGLE VALUE 

20.700 4,170 
?5.oon 4.290 
.31.103 4,390 . . _... ---_ 
,3 6 3 n il . 4,310 
41.411n 4,210 
46.5PC 4,310 

STD DEV 
0,ORO 
0.080 
O.ORO 
O.OAO 
01040 
0.040 

51,7cn 4,160 0,040 

0,133 
0.170 

ST0 DEV 
0.032 
0,037 
Q.050 
0,075 ~ 
0,079 
0.154 

ST0 DEV 
0,0088 
0.029' -- 
0,032 
0.026 
0.023 
0.024 
0 e.0.I 8, 

STD DEV 
0,0056 
0.013 
0.014 
0.012 
0.011 
0.011 
0. Ol..!-.. _~_ 
0.017 

_ 4 L- 016 _ . - ..-. . _. _. 
0.015 

ST0 DEV 
0.100 

.!.a 100 
0.1no 
0.100 
0,100 
Q*llO 
0.110 
0.,.11 0 _- 



I 

____ 5A.I.pQ.Q .- _. -.. P-1-1~.0.. .- ..- .--L..&!ln- .- 
hl.YlJU 4,12n 0.040 
67.f'flO -.----. --....- --..--.---.._-- ..-...---_ ..----. .--- -..--_- _._ 4&?.n."--- __._ ._.. -"---US-- -___ 
hR.noa 4,090 0.050 

- 7? ,-ou ..-.-- ~- -!?l.!Ln. ._...~. ~~.AiLJl!u~~~~~~~ 
72.000 4,140 0.050 

-- .._ . -.----~~-.~ ~~ ~-.~ 7.7 t :n_o- ~. -._- !LA!ka ~---.- --.-.-am _____ 
77.900 4,i2n 0.050 
f4.2 ? LCP... -.--------. ._- _... __ - __I ._. 4 0.0 5 0 ..-.._ Lo_x~-~- .-.-.._ 
H2.9fll) 4,130 0.050 
fi7120(1 4dlP. .._~ 
R7.hrlO .4,120 

._ ..___. Q AX!--.- ..___ 
0.050 

-.--- _~~~~_~.~__~~_~ ~._ 
147.0 MFV I?'T CS,-.HAh'VARD (1964) 

CM AI\GLE _- .--.--ll_- _-.. .__. _. . ._._ . ..YALME.----se..STD DEV __- ._ 
12.360 23,690 0,150 
9c!,OO? .--- ---. --- 

147.0 MEV Ppi, kARVAk'D (1958)E --~ -..- - .~~~ .-___ -__--.-- 
r M A b.1 r, L E 

--.-_ -_._._ - _._- - __.,.-_ k w; 

.---e,34_0 
10.400 

16 600 --~-- I---.. 
18.700 

- _ _ 16.onc 
lP.7Cfl 
70,rao 

.: 72.Yn0 
3 --_..-.. .-.25,1!!Ja. 

VALUE STD DEV 
__ 0 933 0.078 ._,_ A------..-- ___ _.. 

-0,004 0.014 
..o,945em._--m ~~~0.014~~.- . 

o,io3 0.014 
-0 11_26- ---..---~0.. ~. ..____~ 
0,155 0.014 

.+.?&+- : 0 10 -_ 
I 0.015 

0 198 --.-I- .-.---_-____ 0.009 
0,183 0,015 
L?2?.. .-..-m--...-._1LaL4_ .__._._. 
Q,203 0.011 

.~ O.L??~8_ . . . . -----Q.one-..- .._..__ 
0,747 0.03.1 
0,239 -- o-LQ-o 4 
0.233 0.006 
0,229 .lL&ll4.. 
0,205 0.006 
O,.I%71. -._ .~.~. . . ..-QA51_5. 
0,154 0,006 
0.144 0.009 
0,131 0.006 
0,109 0,DDB 
iI, il.006 
0 t 0 6 P _ - _. wO.,..O.!M 
0,052 0.008 
0,041 0.007 
0,030 0.008 
0,006 0.009 

t-1961) 
VALUE 
t,ooo 
3.950 
3,370 
J,300 
5,350 
3.490 
3,663 
3,870 
3 .liaa 

_._ 
STD DEV 

0,040 
0.090 
0.090 
0.130 
0,130 
0.140 
c.140 
0.070 
a.aao 



29.000 __l----- 3,750 - 0 ----_--.--- 060 _--- 
31.100 3,870 0.050 
35.500 -~-- - -- 3 ? 85O~_p~~m --... --.--~~--~O-, 0.5 0 
37,300 3,740 0,090 
41.500 -------.. -~-----.-~~-~ _ 3 _I__.._.~ R80 --~~ _ ..___ 4 _L 050 -..-. --- --..- - -- 
46,600 3,830 0.050 
51.700 3,820 0,050 ---. 
62,r!OO 3;70a 0.040 
68.000 --___.--..- -... ~~ _ .~ -~~ ~_ 3,760 __. ._._ g.o.!yIl._ 
72.POO 3,710 0.040 
77,800 3,r5_lZ_-. 
82,300 3,670 

0,050 .-.__ ___-- .._ .__-_--.-.- 
0.040 

A9 l KL- __..--. -..-- .^... ?LL!.- 
0.060 -~.-- - -.. 

210. HEV PGI RDCHESTEH (1961) _________ -._L..-------- -... - ..,- ~.- -.. 
CM ANGLE VALUE STD DEV 

NtIRK ~~ 1LODlL 0.022 
30.1100 0,312 0,006 
4o.ono 0,319o 0.0085 .-_.- ---------.-- 
50.000 0.3030 0.0075 
6O.O_oQ~_.__mm!h?40 0.006 ___-__-___- - 
7n.000 0,163 0,007 
RO,OOO 0,084 0.007 

213, MEV REL. CS, HDCHESTER (1961)A I~- -..--1_-- 
CM AFJGLE VALUE STD DEV 

30,'100 3 800 --_ -.----- .-__- -I ___- 0.106 
4O.QOO 3.833 0.046 
5 eLn~o___-~---._ --.J 1 74 0 (I. 041 
60.000 3,648 0.038 
70.000 3,665 0,035 __I- 
8O.!l@O --3T662 0.031 

-_---.-_-.-.--8.0....oo 0. 3215 0.035 

-.-x13* MEV-D, ROCc'ESTFP (1.962, 
CM ANGLE VALUE STD DEV 

30.000 0,200 I- _-- -._._- -I- 0.016 
40,floc 0,232 0.026 
50 000 0,24@ --p_.-'p--._- 0.018 __.-- - -____ 
bO.OOfl 0,319 0.021 
~_o.OOO 0,297 0.030 
RO.OrlG 0,360 0.070 
90 000 0,500 -. --~~'-..2-_---~-.. 0.180 

223, PEV ci ROCHESTFH (19hl)C ~_---r~~~-~--_~------~.-.-. . -___ 
CPA Ah’f;LE VALUE STD DEV 

~.~30,000 -0,203 0.013 
40,POO -0,133 0.017 

0.018 
b@,CDO 0.026 
70.000 0.029 __- __- .~-~~ 
PO.QOO 0,248 0.042 
9o.or3c 0,223 0 055 ___.. .-. -- ____ -. -_---A--- __--. ..- - 

213. MEV Ai?, HOChESTER (1961)D -_- ._.- -____ .._ . -- ---_.- 
-LUE 

_---.-- 
C-M AtvGLE STD DEV 

3 0 - rJ r? o-. 0.016 CHIS 63,30.. 
40 .ODO 0.015 CHI= 63t30 
5o*rln@ CM!= 63130 ..___--..----. -. - - ~. ~~_ -._..--_I,&07---p_m.. .-._ 



60.000 w 0.059---- @-018 CHlz 6LL 
70.000 0,053 fl.029 CHI= 63,30 
80.0@0 ._ U,O32 0.036 CHI= 63t30 

213, NE\/ RPP, RrCHtSTEH (1964) __~ 
CM ANGLE VALUE STD DEV ~~ 

3om. 000 0.331 -..0.021 C~k-41&-_ 
40,000 0,277 0.019 CMI= 61t13 
5O.C'OO .--- 0.135 0.017 CHI= u&7__ 
A0.000 -0.307 0.053 CHI=l21,87 
9o.ono -0.406 0,083 CHI=l37ds- 

217, MEV pot,, RFCHESTEH (lYhl)fl-- 
CM ANli1.t: VALUE STD DEV 

F'rlRM 1.000 0.023 
6G.U@0 0,246 0.008 
60.000 0,218 0.010 -__- 
7o.r)or: 0,153 0.008 
7lJ,nor! 0,153 0.009 
HO,OOn 0,079 0.008 
Rr),@flfl ---.---- 0,090 0.009 

225. MEV IN7 CS, PEHKFLby (3.954) _- _____ __-- ~~ 
CM AhGLF VALUE STD DEV 

l&LuL!-- -~.~.--.-.212,300 0.71311 - 
90.;100 

276, YkV POL, -CF R L t 1, t Y (357-T’-- 
a-M&!-k--------YAl UF STD DFv -- 

PI I1 R Pi l,@OO 0.075 
1!Lur: .._-Q.314 .0.02R --- 

27.aoo 0.324 0.033 
.~..~,ooo~~~..~-..~ -.-...ol 3 3 9 O-013 

49,'300 0,?95 0.016 
h3.LU ~.- .--.---.----_.-0 ,211 -- -_- __. 0.016 ----.-. -___.----.---- 

7h.eoO 0,122 0.019 

310 ,-MEV-i,-, 
------.----...- - ---. --___.---_--. 

Hk:RKELFY (1957)A 
CM A!GLF... - -.YUE .____1_-_ e -._ - 

73,3r10 0,245 0.079 
25 8OfJ .~ --.--.--..-..--LA- _ .0_,299 ~~~~~.-----!l&!w--. -._- .---.--~ 
36.500 0,456 0.081. 
5 2 ,w.-. 0,533_.----- ---.QJAl--- ..-.- __-. - _~.. 
65.200 0,503 0.048 
8 0 l 5 0 @ ___.t. _ _ ___ .-!! 473 L-.-e .--. .-_.-._--s_,Qds___.-.-..- ____^ -_-.__- __._. 

. YEV *, HFHkELFY (19rj7)A 31.0 ___ .~ 
TM AhlGLE VALUE STD DEV 

22.4u -0,324 ..a,w9m. 
34,400 -0,167 0,080 
41.Hr)t? --I --I. -!J.Ll4.9 -.-... ..-...- . . . ..-rL..D.LL ___ __^_.._ _ _ 
5 4 * 1 n 0 0,287 0.052 

- /iI &L lLL.- .~- -..-.-L&l-o .._ -0.072 
t3n ,100 0,576 0.087 

310. MFV kt:l. T:s, FitRKELFY (3954)A 
- . ._-_-.-_.- - ..--- -- . ..-CirL ._PUlk - ._ __ V.ALUE STR.wD_E?L _. 

6.500 10,710 0.740 
..-7-b @ 0 7.440 @ ,580 

a.706 4,85f1 c.370 
11 :r1nrl r c __ .-. -.. 



0 t20.0. 
0.170 

21.7(!(’ 5,755 -----__---- .-. .--..- .- -. .--- -.-- -..- I..- 0 180 ._.^ .__.__I., _. __ -.L.- _ ,~ .__ _. 

310, wtv PO1 .' BFPKELEY (1?54)R 
CM k”~Gl E VALUi STD DEV 

hi ri I: M - -..%I oat - ~. 0.043 
6.5nfJ. -0,210 0.270 
7 nnu -- --..L.--. 0 llrl _ .^__ --L..-.-..-- 0 L-.-.-. 280 ____.- .-- _.__ 
6.7Ofi 0,020 0.130 

13 ,c1no _ --- TJ 9 19 .~ 0,070 
1 3 I (1 0 G 0,250 0.050 
17.3[1!1 Ot25$ . ..__ -_r! , 0 9.0. _ 
71,7PC u ,370 0.040 

---- s15. -..-. _-- ._-- ------ - 
MEV-mL cs, 

.._.. . . ._ ._..._____.,... _-__ - ___._-_.__- 
tJfit-‘kFLFY (1957 1 A 

---I_-----_- . 

.-CM. ANr,l_E -‘!ALUE-.-~~-~~ ~ _..... S.T!LQEYmp__m. 
?l.hr!C 3,640 0.060 
32.3nr, 3,6QO ~_ 0,0_7? 
42, ‘JCCI 3.750 0,050~--- - 
Lj3.4nn ~- - _.-...- -.--..^- _.__-___.. _ .,._._... ___ 3.66n 0 070 
h3.90fI 

..2------_ _ . . 
3,650 0.070 

7t.2no .-. - 3,7_0?. - _~ .._. 0.070 
89.400 3,60@ 0.070 

3Y.5. LEV PCL , IdLHKFLEY 11.957) -- 
CM ANGLE VALUE --- -.... -._. ___ ._- -_.__. -.._ _-._. STD DEV 

h’{.) p.bl 
.-. 

.- .- --. _.---- --.. _._^--.___-__--_. ______ 
1,000 0.040 

?Lh@! ..~ __.___ 0. 305 L .~-.-- _....._ ._ ---..-ll&x! 0,378 G o 2 2--.-. -.. 3 3 . 3 II 0 , 

9.2 ,pnr: ~-0 .l-....-- ---un13- 379 - _ .--- _... 
53.400 0,303 0.022 
63 "110 -P-_--h-- -..--------tF @ -... ---- - .-... _- --_._. -J-.-..--.v 251 0.025 -_ _- .._ 
76.?011 0,142 0.025 

31.5 I MEV CNF~,, LIIIHNA (1.964) -._. . A 

..CM._.AK;GL_E _ _.._.__ VALUE STD DEV 
9o.nflo 0,760 0.150 

315. 
--- 

M t v --crc-y--immz-?-3T9 6 5 ) 
-.- -".- 

-,_-. ----- ---. -._- . rM ANtiLE 
45,noo 

JALUE STD DEV 
0,9co 0.510 

315 I MEV i‘KiJ, DI!HNA (3.965 f 
__-_ 

C M A F.1 I; L E -__------_.. .* _.-..... -^. . ._ --.. .- -I-- --- VALUE STDDFV 
45, no0 0,740 

__ _._I.___ -__ 
0.510 

--_ _ CM ANGLE VALUE ___- STD DEV 
25.4oLi -0,339 0.064 
51.400 0 007 ___.-__ .--. -- -.-.-. -..- -.... -- -A--- 0,045 
76.30l? 

-._ 
0.236 

._ 
0.050 

370. MtV (,Nbl, LIvFRPtI?~ (j.961) 
----_ ____ 

CM- AN(;Lt 
90.~011 

VALUE 
0.770 

STD DEV -. -~-__--_ 
0.110 

328 MFV PTTi-;"-F;EniiiEt.F y (3 ijt,r;‘) 
- ----- - -. .--_.__--.-- __.________ _-. 

VAL.UE 
1.noo 

STD DEV 
0.062 



- 
-52. ?!![!-- - 

5 5 . J 0 0 p-+;*.e- ---- 
58.400 0'317 .-_I__ _--- ' 0:022 

~- 61.600 0,255 o.n7n 
64,Aon 0.356 Il.027 
hH.1.00 fJ,191 0.024 
71.4ou 0,165 0.023 
74.7ni-l 0,187 0.023 
79,4OIl ---- 0,094 -..---1_ 0.027 - 
&33,Sinn 0,054 0.024 
85 . .3 n 0 --__ . ._._... 0,143 0.035 
87.400 O,OOH 0.025 
RH, son __ 0.016 0.027 

330. MEV !JIFF L'S, HEHKELEY (1954)C --.-------. .- _. _._ _...-_..---I~ -. 
CM ANGLE VALUE STD DEV 

-- Id 0 H 11 1,000 -------... -__.-.. 0.100 
6.530 8.590 0.820 
7 * 38 u __.__......-..---.-6~4 0 0.610 
tI.57n 4,!L5n 0.330 
9,z!on 3,62fl -----. _ -.-- 0.310 

10 . 3.60 3,290 0.330 
_-- 11.170 4,560 _ 0.250 ---. ..- 

3,140 0.360 

0.290 
16.17ll 3 500 -- ---- - _...I... .---- 0.230 -- 
1H. l5:311 3,440 0.270 
211 970 4 020 -___ -2 -----I -_-. - ..-.. ~..~--_ -22.300 3,620 --- 0.240 -.-~- --. 0.290 

~----I.-- 2 4 2 7 II 3.750 - --.. .-.- ---. 0.310 
2h.n30 3,660 0.310 
27.570 3 630 --------._._ .-... .._” -.-__ -.--Lmy 0.350 ---- -. 

2Y.7@(1 3,810 0.350 

345. YEV VIFF CS, HEHKfLEY (1951) 
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HAHVAQU (19'>H)A, FALMIERI ET AL, AP 5. 299 (1958) 
~~~sohl(-l~N~~~I~~~~l HAS uITHORAWN CS NORM 
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I 
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COMMUNICATION FROM WILSON AND PALHIERJ 

AND H14 WERE COMBINED FOR POL 
%;:'(IN HIS ROOK) HAS n,104 FOR POL(68.J 

HARVApD (1960). TliU'lrJDIKE, PH 119, 3h2 (1960) 

HARVARO tl9hO)n. THORNDIKE, PH 120, 1819 (196n) 

HARVAWD (:YhO)Y. HWANG, PR 119, 352 (1960) 

- --- 

-- 

-- HARVApU (1963), HFE. PR 132, 2236 (1963, _____ 

HARVAPD (1963)A , HEE. Pp 132, 744 (1963) 
DATA CONTAINS SYSTEMATIC FRROR OF 4 PERCENT SAY AUTHORS 
'JILSONS BOOK HAS SLIGHTLY DIFFERFNT ERRORS -___ 

HARV~PD (19641, PALMlEd .I .'dP 55. 463 (l"64)mmp _.__ ._.___ _. ___. 
REMOVED 91 HEV INT us / EYPERIMFNTALISTS SAY JT ISOUT oi~iJ~~~~~-~-----~~~~ 

____.. - -... .--.-. --.. 
HARdEIL (1930), TAYI.OR~-FT AL, NP 16, 32U (196fl) 

CS NOR'I (ST. DEV, = 0.05) AND CS(30.7) REMOVED BfCAUSE OF LA@& CHI SQUA- 
JN 95 YEV ENEHGY JNLJEPENDFNT PHASE SHJFT ANALYSIS 

HARWEIL (19fO)B, TAYLflil ET AL. NP 16, 320 (1960) -.-..- -- 
KE JEcTEf-- SEE PR IJdB, 3~5 (, 664)---- -..~.-~- ~--_-----.---- 

H4RWElL (15hO)C. TAYLOH ET AL, NP 16, 320 ~(1960, 
'?ENnRMALlZE0 AS RECUMHENRER LN.PREP!?JNT FROM 3ARYIS AND ROSE 
POL HAS BEEN OBTAINtD BY COMBINING TWO RUNS 
4lLSON HAS 0.05 FOR POI NORM 1N HIS B ~--- OPAL- _ 
NILSON HAS 0.11 FCR THE ERROR ON POL(82.06) JN iis ~0flK 
ti.23 [IEGREE DATuMRt?!QVED.BEcAuS..QF ABNORMALLY LARGE CHI SQUARED 
JN PHASE SHIFT ANALYSIS 
pEnOVEJ 142 MEV AEL POL AT 78 DEG / NOT FJT BY PHASE ANALYSIS 

HARWEl L (19hO)U -~~~CGI,-.PRL_4150_2_-(1960)__ _ 
HARWEL.(IY~~), RJHn, PIP 27, 586 (1961) 

C:l ANGLES CORHECTED BY IJS 



HARWE1.L (1963)A, CHRISTMAS AND TAYLOR, NP 41, 388 (1963) 
qF”IOVFD BECAUSE OF tXCESSlVF FNFRCY SPREAD 

-HARWfic- r’i373 j$ , 
- -- ..-..-_ ._.~-- -...--- -~ .~ _--..-_. -.. - -. 
CHYISTPAS AND TAYLOR, NP 41. 388 (1963) 

MFNORMALIZED AS RECUMHENDFD IN PREPRINT FROM JARVIS AND ROSE 

HARHEI L (19631c. HAhl’\iA FT AL, PLA PHOGRtSS REPORT (1963) RUTHERFORD HIGH 
kNERGY LAM, PAGE 340 UNPURLISHEO. 
“Orf(t RECENT TMAh RESULT GIVEN BY WILSON __-- .--- 

HARWEIL (lYh310. JAYVIS, NP 42, 2Y4 (19631 

HARWEIL (1Y,-4). JARVIS ET AL, NP 50, 52Y (19641 
72.1 DEGREE DATUM GUESTIONABLF S/L-Y AUTHORS 

HAriFLL (I9 
.- 

-??,I JAR-V-fS-F’fn.;--- -.- - NP 61, 194 (19651 
___- __.. -_ _-.-.-... ___. -- ----_-. 

HARWF1.i (1965)A. RROtiDEN ET AL, PRESEhTtD AT THE -INTERNATIONAL CONFERFNCE 
ON POLAR I7ED PMENOM~NA -OF_ NUCLEONSAT .KARLSKUHE, PAPER S/5-5 

HAHkEl L (1966) CnX tT AL, kILL!AMSBURG CONFEUENCF ON INTERMEDIATE -- j _ __-__ -_- .-_ .- ..__ ___ __.__- - .- - 
FNERGV PHYSIC:, 
PRELIMINARY VALUES 

INSTITUTE OF FUrLFAR SC-!~Eh’CF (19-6;)_A_, NI-SIHURA, INSJ 45 (1961) AN-D RRlVATE _.__~~~~ 
COMMUNICATION FROt’ NISIMURA. SEE PR 133, 81495 (19641 

-~---__ CS(12.21 NOT USED BY US HFCAUSE OF AHRIGUOUS TREATMENT O~~~EAM WIDTH _ .-- ------- --.. ..- 
ON FORIUARO RISE 

. 
INSTITUTE OF AUCLFAR SCISNCi-(19611B, NISIHLIRA, INSJ 45 (196-i) AND RR.IVATE 

COhMYb.l.L4llON FRDL ?.!mS IMQ,aA._.SEE PR 133,_~81495 (1964) 

INSTITUTE OF ~~UCLFAR SCIENCE (19631, hlSIMURA ET AL, __- -._. .- __. .- --..- .-. -. -_-. -- ._... -__-.. -._ ..- .-.-- ~. 
UROG TMFO PHYS 30, 719 (1963) 

LrVFRPOOL ~(19611, ~ALLAaY ET AL, PHOC, PHYS-,-Sn~~~34--(196-~) .- 

Lns AI AMOS (196~1. JARMTC ET AL, PRf’iATt COMMi%CATM),-T%-Rk ~PUEiilSHED 

__.--.--._-._ “, NNESOTA( ,.9j;H j ,....’ Ji,rNSiON’ ET. AL ,.‘ PriiT,.-2ijm8+ ------ ..- .----- .- .---.----__ 

J ILSON HAS WRONG ..LPMORARLF).. ERROR ~_ 

MINNECOTA (3Y5Y)A, .l:IHNSTOY ET AL, Pi? 115, 1293 (1959) 
WILSON HAS WRONG (PnORARLF) tRROR 

MlNNFslJTA (1961-1). JOHNSTOFI L-T AL, PR 118, 1ORn (19601 
,,I ILSOEI MAS WRONG (PMORARLF) ERROR 

-.--. - 
HlNNEcOTA (:9&l )-A, -Tl’;li(NSifiN ST AL, ‘~R--I1-~,-i;i-7~~-fl) 

..-... -_- ..--- -.- 

klLSON MAS WRUNG (P~HORAHLE) ERROR 

ORSAV (1961). CAVFRSAZIO. JDURNAL Dt PMYSTQUF 27, 678 (1961) 
GILSON GIVES ENFRGY AS 156. MFV~ (WRONG) 
ilLSON GIVES TENTMS OF A nEGRFE AS MINUTES (WRONG) L ---.. --_- _... _ .-_ .._ .-. ._ 
r’lLSOY-S 

__-_-_- 
ERROR .wfiOhG- i-OR--i;R‘.O 77.8 tJEG-REE DATA 

__--- . . 

-:jE-“lOVFU. 155 HEY DIF, CS AT 8 T DEG./ NOT FIT RV PWASE ANALSIS .-..-..I--.. -...--. ~~ 

ORSAv (19’.3), CAVFtiSA710 FT AL, JOURNAL DE PHvSIQUS 24, 1048 (1963) 



OQSAY (19~3’~. TAVtw’kAZIO ET AL, JOllhhAL UE PHYSJ~JUE 24 1048 (1963) -- _-.-_. _ i ___.. -.-. 

PRIAlr:FTnN ("9'~4), ‘IvTtYA, RR Y5, 1226 (lY54) 
,ql~Snu HAS WRUNG (PffORAPLF) ERROR 

PRINCFTCIN (i95?), H!.A?IPItil, PR 116, 738 (1959) 
.rljSoN.HAS WRGNG VKQ._HA~ ERROR .___~ ___ 

RnCyFclF-R (1061). TI!,LOT, PH 124, R90 (1961) ..__..__.._. 
<ILSDid HAS ABSOLUTE ERRORS MARKED AS RELATIVE 

RnCHFcrEA (19h1)4, KqIk~A!)I, THESIS (1961) 
>?I&soN ( 1l.l h IS hQC5 l...HA, WR.?NTj CS NORN..Ej?RQR 

A~~CHE~TFD (19h1)d, TJ~ILOT, PH 124, 89n (1961) 

RqCuF?TFR (iVhl)c:, F’JGLAND, PH 324. 561~ t-1961) ._,_._ 

ROCHf-STFR (I‘/61 )I). F.:IGLAhD, PH 124, 561 (1961) ___ ..__.._ -___ -.-_-._- ._.. __ 
AH(9O.l) REMOVED-REUAIJSE nF LARGE CHI SOUARE IN ENERGY INDEPENUENT PWASE 
SHIFT ANALYSIS, SEt PR 1351 Bm U.9641.. 

l?')Ct'k?TFR (I 9h%), l;rlTnd tT Al,, PR 127~ 2206 L1962.)..e..m --. 

RnCHFsTFR ,!,964), G-lTO:d tT AL, PY 136, ti1345 fAY64) . .___. 
i)P~(611,Il) AND HPR( 7U:O) RFtl~\rFD BP-CAUSE OF LARGE CHI SQVARE IN ENERGY 
[NDFPE’dDENT PHA.S_E SH!FT ArlALYSIS. -_sEE;eR 135, El128 (19641 

--..._-. 
RlITHFRFGRiJ ,-IGH c:lfuiY LAH (1964)tl, RATIY, NP 51; 275 (1964) 

_ . .- ._ 
RIITHtPF0G ’ 1-1IGcc t’;EQGY LAY (1965)r ASHMUHE tT AL, NR-65, 305 .(1965) 

RllTHFRFORi +I(;1 F:2!ttji;Y LAH (1965)A, ASHMORE ET AL, NP 73, 256 (1965) 

SACLAV (l’ihi), fiYtiAl;~M t-T 4L, PL L, 310 (1962) 

-. . _-_-. . 
SACLAV (196’.), TATI~LDN ET AL, PROCEECINGS OF THE INTERNATIONAL CONFERfNCE 

9)' PL~L~F~IZED PHFNOfltNA OF. NUCLEONS, KAHLSRUHE, 1965, PAPtR e-4 


