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ABSTRACT

A simple method at solvinc tar the phane shirte at tbe 

plan protan scattering in presented. The rapid solution at fond- 

ed can be utilized as the Ashkin diugrams hav been so apart 

to give starting values to an electronic computer or alternative- 

1y to analyze with acre ease the variation of the phase shirts 

as a function of the input data la terms at the coefficients at 

tbe ancular aistributions. A new plot at a function of the total 

crape sect loo versus the plea energy is introduced. The near 

struight line resulting shoula help to evaluate the expert went ■!

data.

• On sabbatical leave fro Brooklyn College.



IMTROD UCTION

The first analysos of pion-proton scatterinc were performed 

by Feral.1 et al.. with an electrenic computer. A thorough static-

tical investication is necensary to extract the Ereatest accuracy 

ana maximum canmistency rrom the export sent al information, hot the

essence or the physics ia thereby obscured- 

have shomn that the phase shar te2 8 ,,

Extensive calculations

are small and erratic.

A good assumption is then to take these phase shifts equnl to zero- 3,h
3

We shall nee that the remaining four phase shifts can be easily evalu-

eted analytically. Increased insight into the nature of the solutions 

results an a consequence. or course our conclusions do not differ 

essentially from those reached by others using fast digital calcula- 

tions or Ashkin diagrams,3 but me affer our method in the hope that 

its simplicity will help us understand the behavior of the pion-

proton scatterinc-

1.
1.

2:

Fert, Metropolis, and Alei, Phys. ■»*. 95, 1581 (19512
He see the notation of Bethe and De Hoffman, Mesons and Fields, 
Vol. H (Bow Peterson 1955). See also reference 5 below.
R, Martin. Phys, Rev. 95, 1606 (1951»)
Barite and Serber: Fourth Annual Rochester Conference on High
Energy Physics (195k)



POSITIVE PIONPROTON SCATEERING

We first duvelop oar formalae for ths case of the 7 - P 
mcatrering. Here our asthod as basically ths transformation of the 
graphs ral or gecmetrical procedure of Ashkin to an algebraic galas.

Oiton experimental data in ters of the coerriciente
A, , B, ,c,of ths angular distribution^

4K - A, + B, cos0+ C co.2 •

as got for the s phase shift 6

■In 28,= - P ( - 2 > + 

wher D=L (a, + B,+ c,); 2=2 (,-

cz - 2) cA -p* * (1)

^6)
L-D-12 +- hand A * (Z- 2 - 2 P+ )2

Again we =ay prefer to use the equivalent formuulee

cos

cos

(s-25, )= 2-2
8 = d -2/2%

(2a)

(2)

The multiplicity of the allomable solutione coed 

th ambgutty of the signs or the square roots in Eq- (1) or 

alrernatvely u* chotce or the brunches of the cosine Functions 

in Eqs. (2a) and (2b).

5. pe Eorrman, Metropolis, Aloi and Bethe, Pys. Rev. 95, 1586 (1951*)
6. Karita, Phs. Rev. 99, 630 (A) (1955)
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“e -luustrate our procedure with the data5 at 120 Mev whre

+ » -200; B,= - .360 and C, = 1.00

D « 3-520; 2 = 1.093; L = 3.11,7

(D - z2 ) % 1.52Si K=- .0593

(1/L - p-» -5606; 2-2=- .9067

•in 26,= - .U178 and 8 = - 1^*5°

Irmune Eqa. (2), =e haw coscs-283=- .1052 
— <=-/3 - - -5121, P - 2 8, . - 96.0.° ana p- - 220.no 
ard 5, = - 12.35° as before.

To calculate 33 me can uze

2 5 » ' (b+3/*+4c-/a/2
G l b + 3i (3)

where b+ 3= (-2 - cos 2 3)+1 ( CD . z ’) 1/3- sin 2
3’

l b+ 30 (cos +1 sin )= x+1

For the 120 Hev data, we haw

X * 1.9961j r = 1.9125; 

(b+3/ = 2.7867; coe a

(b+3( 2 7.7657

.7170 j • = L.19°

I bl =«- 32+ r? = 1.777, coe c2 8,, - a) - >J6St

1

2 °j-e=t15-03°, 8,- 29.61° Ces) ama 5,.^.

".S
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Tuan oar method rives both the Ferm ani anc solutionn

at the same tim- 
tion ( 8,, <

It is inte res tint to note that th Fermi solu-

d, d,) and the Yane solation ( ~,» ",» “ )

are related to each other by the folloming eqations:

, = , (I a)

^31 -°33 ’ S -S
33 31 (L b)

The special cane when

To obtain

8,= 3 ten ‘ 8,, (L c)

31

S,
5• O was derived by De Hoffman et al.

we use

cos 2 3 = X - 2 cos 2 5
-- 2.2

(5)

At 120 Tev. we tew for the Fermi sol tion

cos ? d , „9716; 8, = 6-17°

Our values check ttone quotaa by Oe Hofrman5 et al.

PCSITIVE AID EEGATIVE PION-FROTON SCATTERIMG

be first observ that in ceneral

•in 28, 4“ 2 sin 3 1, sin2 3 =ii
(36--G2 (6)

Thus sin 8, where ,=877

3

11
*
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**

6 =SD 13W “= — 
.26, - 6-6

_ _____________ __ 18.1 e--

o,-gt

(T)

muze-

as, homvr, large

ettems alome. The error in tds method

t--e —-w tam drfemenee «r tmo w """""

n==bez mu m".

In order to mke a —V ealedletien, " he" te
thm melatioms tnat t- corrietents A,, * C,-

% “ 
813

d -» *-• C- =uet obey -der o- eondatae “ 

—o. ay mking une of th equntioms of zeferenoe 5,

• can shom that

3 (B_+ B,» * %

3 (c_ * c,) = c.

♦ c, = 18 C_= 2 c
*

(e a)

(« ) 

te c)

ir aur data satiny Eqs. (8) withim the experimental error "e

can be ansured *hmt s 11 amd 5 1, ar* ma ana can —mxerom. be mor

to zero

W m- -zptom t-o -aauaem-l -V-d-

They ar* bannd om Eq-, t»)
2 A -A,= 1 (ye 2 m a”

2 B_

mbere s= exp

Bo
< 2:5,) -

• b"

—
af coputing 8,.

-

a) (9 a)

(9 b)
i a ar exp (21,)-1

amd b= 2 exp (2 18 ,,+ exp ( 2 18, ) - 3



-5 -

nother eg-mtiom mtich meg b ==E=- is

1 = 1/2 ( > C 4.3- 4.)

MO e-ylatm our >81—48*1 mita tar >*— 818880840 dat-

ataimma at cdemc at w =ev-
Umine a Imamt sq-mgfir, a* fimet t'ona too best ani — of

(1c)

"-* % 
an (e).

meden matinfy (e)- Im Table ** m enter a- zesalte

For compari • also ciwe Ca) tom omigimal comfficlente
and (*} s more „mecise met computef from —miT

fimal phane mefte-

Table Ia Pomitiv Anclar Distributiom Goerficiemte

B C

(a) -360 ± -IcI -111± -172 3.3952 -35
(b) -917 ± -03 -35± UM 3-30± -181

(c) .960 ± -101 -273 ± 3-365 -305

(a) and J nt alt oricinal data ana (b) from thir final ptame

shifta (a) fra* nor leant q-a5fit-

ae ase E. 2 and find 008 (S - 26 3) = -6T51;

p - 26 3= 17.a® am- zs-°

S,-- 11.05°

At 189 Mev, a* note timt the signs of both ancles 8- 2

-9030

O , and

have chanced from thir amsicnent at 120 —ev- 

deterime as a fumetion of the meson enerer l
48

or course me have to

mhem com y®- 203)

and co 8 go through 1 in orier get a continuous or here an analyt-

ical change in 6 3 v E_. trackine or folloming the eoeine function

7. Anderson, Davidso, Glickman and Eruze, Phgs. Hev. 100, 279 (1955)
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— rime che eritseal -t-= cas t S * 2°,) ani coe Pge =-md
1 is for setn af thmm about 269 Mmv- Tmis beteior t for *te

m—t-r ar -olutios foume W -* Martmae’ et al. at tHis ==erg
Tae maltiglicits of molztioma arimme fre -te var--a «r tc

mte fas -ma p-zd,-
Ta mi- er -I emi selatiom, M* sae em-

«r s.latiom at lom enmrcies- 7 etal.

e- f} •. u1-±
mta cur or S• peoce-a te b,3- ** - e = 210-72° amd 
z 8,3 - e-± z.rr®

S,=9.0e° (ema): S, = z17.es0 (tw)
«- 33

ne fumetiem ca - z”)—2 ham cta-cma sign an at b-co-s zeru wten

Im U* b)=o amd hie hepy=ne at —h-t MT
ma tta--a- ar Eq. cz) ae • Fumctic ar enere ie eneta amd

no AM hine or solatiome omcurs- f cozrse thne ecmclmiome

can b- obtaimed eq-lly •12 amd er ne arriv- at mt* -h=ee
3

Amtkin diagramm-
n --- er mi. (?) cims ,=- 13.c1°.

To cn-pet. cu- moft analysi= • haw to setemine

E. (T) giws ff 1/=10.8°± 9.5°. Eq- (1C) has a rsulsinc wlw ef

if J = 13-8°± 12.°.

=. m-rite E- (9a) 1* the for
2 a - a,= 1/3 ( eoe 2 ( 8, - ,) - 2 cos 2 8, - ece 28,+ 2 ) (1)

Cementa-B et *1. have doveloped a similar point of

8. Clemental, Poiani and villi, Muovo Cimento 2, 352 (19553 2, 389 19552

Q



-T-

For 2 - A - .cua ± . oe . MB g-t S,= :=15°

o- momt mllable determin-tao af . comes from E. (9 e)

■mor me remrite as

2 B • 1/3 (2 cos 2 ( , - 8,)+ ec2c,-8.

- 3 can 26, - 2 ece z6,, - can 25+ 3
4- 3-

(12)

Tame 8.= 17.1° fre 2 - a, * -213. Jr. Tabla II - s---raz

7 9our res-lts amd comere them te X**.!—> uf Amdersom etal. smi Ormar.

Table II: 157 Mev Pase Shifte

Amdersom etal- Omear

8
8 
S
8
8
8

33

31

13

11

9e-8°± 3-6°

- 11.604 s.1°

- 2.e°±L. 5°

2.1°± s.e°
2.6°± 7.5°

g° 93-1 °± 9-°

5-5°

17.1°, e.c°

3

1

- 11./* 3.2° -11.1°±

0

o c
O • O

EMKRY xw—ri CF TE hmwtti ji.

A ne= plot of a funetion of the total erome-cection vrsus the 

enercy will ba introducoi. The resulting near straight line should aid

la evaluatin the ezperimental data. Sr nom derive the relation for
6, vs. U• the center of mans enercy of the plan. Ze avail ourselves

9. Orear, Phys. Rev. 10C, 288 (1955) 3 55- °
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of the equation given by Chew and that
13 C ♦

—2- cot O -- vs U 
Ld* 33

is almost a straight line, k is the momentum of the meson and ud”is 
11

• plus the kinetic energy of the proton. Sorter and Lee and Dyson, 

Castillejo and Dalitz- have shown that in general

As

k3
*)* 
( sin2

cot S - 1
33 «

is an analytic function oft".

833 + 1/2 (sin2 83+ sin2 8 31)) and sin2d.

+ sin2 3 31 is small and believed to vary slowly with energy, we can 

surmise that
-(6-6), - sin S,_+ E (•) where 

33
E() is small and slowly varying. Further ask 7’ —-X2

we can transform the Chew—Low equation into

1 a vs U> should be nearly a straight

line. Here

energy

< = 6,-(4 6, and the subscript r refers to the resonance 
S *

The advantage of this representation is that we can test

our data for smoothness without the intermediary or knowledge of the 

angular distribution. Incidentally as y varies chiefly as ( . —G)‘ 

we can use this equation as a convenient interpolation formula. also 

we can see from this expression that y is more sensitive to errors in C•

and 6, near than away from resonance.

10.

11.
12.

Chew and Loa: Fifth Annual Rochester Conference (Interscience 
Publishers, Inc., 1955).

Server and Lee i Quoted in Reference 12.
Dyson, Castillejo and Dalitz (preprint).

c‘--25-
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The recent Brookhaven13 data has bean analyzed according to the
above prescription. A least squarejfit first to a linear and then a 
cubic function of U was made. Moreover the 181 and 189 Mev. data
were considered (a) aa above resonance aa preferred by Lindenbaum and 
Yuan13 and (b) aa below resonance aa advocated by Bethe5 et al. He 
enter our results in Table XXI.

Table III: Comparison of the (a) Brookhaven (b) Bethe Assumptions.

R.M.S. △

St. Line Cubic St. Line Cubic
181 Mev 181 Mev 189 Mev

(a) 
(b) 
(c) 

(a)

Brookhaven
Bethe

Russian 0+
Russian 6-

.738 

.1*78 

.353 

.661

.699

.162

.336

7.3
2.2

L.1 6.1

-3.2 -1.7
3.2

-2.8

in Table III, Azdeviation of y from the least nquarerit. & = exper- 
imental error in y due to A 6, . Be ignored the error due to At-

A slightly greater weight is thus gven to the data around resonance.

Tim A.u.s .= 4 /
square fit.

is taken as a measure of the least

A similar analysis was performed on the Russian datalh for

from 110 to 229 Mev. Be a eenarise our results in Table IV. Er * labor- 

atory resonance energy. The ian data from 1Lo to 335 Mev

(we excluded the data at 363 and 393 Mev) was studed only for the straght
line case.

For comparison me recall that Bethe5 et al. give for E, 19$ Mev.

13. Lindenbaum and Tuan, Phys. Rev- 10O, 306 (1955).
h. Ignatenko, Kuchin, Ozerov and Pontecorvo, Doklady, Akad. Mauk 

SSSR 103, L5 <1955)
• 3 < S-/ ~
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Table IV: Resonance Parameters

(a) Brookhaven

(b) Bethe
(e) Rassian (4

(d) Russian

188

19k
196
196

Uning the interpolation formuala 3 
we obtained Table V from Bq. (7). Hore

of AF • If ne assume that ,•% 

9.2° for this qanntity. In Table v, 6 
upper 11=11 of 5 .

B, (Mev) id

10
18k
197
216

226

then
t
1

16.1
32.9

(a, -)h aan0a- la e3

la the plan momentum in unts

la the lower 11mit and S

Table V: , Russlan

1-35
1.376
1.650

1.712

1.789

d, 

o° 
4.3°

17.9®
13. c® 
21.30

a;
0 
0

11.7®
O®

12.60

sr
11.9° 
13 a°
22.7®
19.5®
26.0®
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