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7 + N reaction near threshold can be explained in
terms of strong interactions in S! and D states.
When reaction amplitudes for the states J =1+3
and J = [ -1 are denoted, respectively, by

Aty exp(2i£'y) and A7 exp(2iE ), differential
cross sections due to the 51 and D3 states are ex-

pressed by [4, 5]

2d 2 - -2
4k ﬁ:lﬁ:}_[ +(1+3cos 6 |A2| +

+ (3 cﬂsz g - I}AEAE ®x 2cos 2{%6 = Eé} . (7)

Aé/AE =~ -2 cos 2{&;- «f;} : (8)

the form of the do/d2 becomes isotropic. Since
we may expect the case in which condition (8) is
satisfied, it is impossible to conclude from the
experimental data [1] that the D2(1512) pion-
nucleon resonance does not play a large role in
the 7 + N — n + N reaction near threshold. More-
over we cannot exclude another possibility that
Si, PL and D states react strongly, because the
following condition in addition to (8) may be satis-
fied as a possible case. The interference between
Si and PL states may almost be cancelled out by
that between PL and D3 states *.

Among the two (or three) kinds of interpretations
mentioned above, which should be taken? If the

7 +N — p+N reaction near threshold can be de-
scribed in terms of the effect of P1(1485) only,
we can expect no polarization of recoil nucleon.
If the 7 +N — 7n+N reaction near threshold can be
described in terms of strong interactions in 51
and D3 states, polarization of recoil nucleon has

the following form [5] :

4132 Eitll 5 %~§= -6 cos E'-AEAE sin 2{.‘;3- EE} .y
From these results we can say the following : If ,
large polarization of the recoil nucleon is ob-

served in experiment, the former model in which

only the PL state reacts strongly is inconsistent

with the result. Since this conclusion is-also

valid for the case of ¥ + p — % + p reaction near
threshold, measurement on polarization of re-

coil proton for this reaction would be very use-

ful to examine the reaction mechanism for 7

meson production near threshold.
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eral non-compact) structure which satisfies for
the spin z case the anti-commutation relation : -

{(ﬂ'u, my}= h%{Tﬁ[TM? ﬂ} TE[TL"" ﬁr}}

= 2
= &
Consider now Luby " P8,)
onsider now the case when YV 18 a three- -
ponent Sakata-like entity (representing qua?:-ki?fn

It is possible to extend (1) to the general (SUg)
transformation : 8

(3)

el A A
Y'=(1+ieT +1EﬁT mu]:,h (4)
o =0, ..., 8
Here T (f = 1: & : B) are the usual Ug gen-

erators with 7% = 1 and from (2),

(7%, 0,1 = Ho 0 H1%, 77 4

+ %[mﬁ, wV] [_T&, TE] = i{;’?ﬂjﬁy - nguv}cijklﬁ-f-
=9 EI_LIJPHP}JMJ{[EL ﬁij Tﬂ%dﬁjfaTk}

i : A
(Tw ,T] = Ew“cijka

(3)

(though the invariance is unaffected for the pure
wy transformations). There are altogether now
10 generators Ur yuwy T U1, v, W1, RV X
K Hf’L, R. The conservation equations (6} however
need modifying ; thus :

Y w T Y # 0= 2mPw ysT?Y),
Eﬁ?’ﬁﬂ Y #0= (Emtﬁ_wﬁT‘{ ) .
From thig point of view the 07, 1~ 35-fold (re-
presented by the field operators Yw,ys7%y and

Yy5T?)) is a remnant of the broken (SUgIL. X
(8Ug)p symmetry.

The author's thanks are due to Drs. P. T. Matt-
hews and Jd. Charap for stimulating discussions
and to Drs. R. Delbourgo and J. Strathdee for care-
fully reading through the manuseript.
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The remarkable success of SUg ideas [1] in Since p, w, =0, there are three independent _
elementary particle physics makes it imperative generators with the * commutation relation a) Photons emitted in the collision of charged charged particle energy. The emission of classi-
to ook for its relativistic basis. Consider the [N (= P w (2) | particles may be conveniently divided into two cal photons occurs in an indepen‘dent way so that
free Dirac Lagrangian £ = Y/(§ - m) { for a single TR LUPK “p K classes: classical and hard. By definiti the cross-section of a process withthe emissionof

st photons, may be repregented as [1]:

The generators give rise to an SUg-like (in gen- emission of classical photons only weakly influ-
B s

particle. £is invariant for the Pauli-Lubanski

: - : e 1 i
kEgEarormation * By the usual procedure one constructs the congerved | = ; B*P‘f"th charged particie. &V} 4053 dﬂ-ﬂﬂ_} ItiW(#"l} dw{ﬁﬂ} <= Tl B Q)
W= (1 + iE.u m”} 1) (1) current-density ?H*ru. wy § so that a representation for dently, the condition
w.. ig sriven dox | Y4 wy, 4. In checking the C.R. " 5 3
Sen: e el s, @), (Eﬁl ﬂ.nd]?{%_rfrnare i mgged in writinl;,,'g anti-commu- w/e <1 (1) where doy is the cross-sketion of the elastic
gt pvpk vptk tators like { §(x), & ¥(5) } 6(x0-¥0)- is to be fulfilled, where w is plioton energy; € - process; While
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1t u 3
W) = - T T )8k, O
Here Q“{xm) is classical current

. () ()
te i J i
0 Seyeik gt Sl ] ()
Tuln (27)2 L‘ (k ;) 5 (%,0%)
p; is momentum of the incoming particles; ' i is
that of the outgoing ones.

The terms with classical currents can be eas-
ily separated in the matrix element of any process
with photon emission, independently of the spin of

e S R oy -

emitting particles. To this end, one should sep-
arate terms which do not contain vectors "«" in
the nominator. For example, in case of one pho-
ton emission

M, (ej)

V2w

where e is photon polarization vector; My is
matrix element of the elastic process. It is evi-
dent that in case w — 0 the expressions contain-
ing classical currents describe the infrared re-
gion. In fulfilling the condition (1) the terms con-
taining vector « in the nominator yield a small
contribution and may be omitted.

b) Now we consider the simplest example of
photon emission in Coulomb scattering. In this
case

AT =

+ terms with « in the nominator, (5)

-:i'::rc1 = dﬂcﬂ dWE(.lf}, (6)

where dog( is the cross-section of the elastic
scaftering (Rutherford formula);
2

e Pu Puy widuwd :
2 By w0

By carrying out the integration over the photon
emission angle we get

dI (w,0) = / W, (k) =

dWE{ﬁ} =

i dw
2o 21‘2+1 b
= In (ol 1)~ 1:| (8)
x +1

where 4m?x° = [p—j:‘}z =4 ['Jg:-|2 sin’ 56, 6is

electron scattering angle. In limiting cases we
have;
a) for & > m/ |p|

20 d 4¢ gin L
dfc(m_. =—f~—m [ln ( ::; EH)- 1:[ , (9)

w
b) for E{-::m/‘p] 5 9
_2adwp 8
dfc{'-'-’: 0) = 31 @ 2 (10)
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For calculating the total cross-section of the
process with photon emission with energy w,

formula (6) should be integrated over the electron

scattering angle ¢. The main contribution in this
integration gives the region of small momentum
transfer g2. The lower integration limit 8, is
determined from the condition
2
qmin
From which

2
Ecﬂ=mfz}r & D v=€,/m (12)

At small scatfering angles #, the ¢ross-sec-

tion in the ultra-relativistic limit has the form:
20

- 4z 0 do

cl ™ D

LT

Taking into account the fact that the angle fop <

2 2.2
=(lp| = |p*| = [#)" =€, Q1)

do

dI_(w,0) . (13)

1/v, one may make use of the expression (10) for
dl. restricting the integration to the value y ~ 1/y.

From the above we gel, with logarithmic acecu-
racy

16 oUoiR g 2ot

d::rﬂ(E, w} = 3 2 In = (14)

This result coincides with the main (logarith-

mic) part of the formula, obtained in the integra-

tion of the exact expression for the bremsstrah-

lung cross-section on the Coulomb center (Bethe-
Heitler formulas [2]). The constant which is con-

tained in the exact expression cannot be obtained
in this approXimation since it is not given by the
terms with classical currents alone,

¢) In the similar way one may consider brems-

strahlung in case of two electron collisions
dr.:rel = d'je[} dHr’E[H} : (15)

Here dogq is Mgller's formula. The expression
dWelk) integrated over the photon emission angle
has the form:

2
dr_(w, 8) = i dWE(E] = f:! 1[“’ [ LT g (x+ /%" +1)
a .

xfx +1

K
2
R L {y+.;"312+1] - (16)
:p;;:p +1 9
LB El (2 +4/2°=1) - IJ ,

z«/zz-l

where
AL

2 2 2
amPa® = (g -p))" 5 4m°y" = (b -1Y)” ;
4mP? = —p +2)% . )

In integrating over the electron scattering angle

. motion; 2) photons are emitted :
" but in the same direction. In thi &
" contribution in case of electron-electron sca

Vvolume 13, number 4

the main contribution comes from
small angles # (similar to the cgg
field scattering) and angles g
of the exchange diagram contribus

tributions of these regions tg tI'?; Eclc?txgl' cTrE‘:;_ﬂn_
gection are the same. The minimga] momentum
t:éansfer in c.m. system is defined by the formula

the region of
e of externa]
tloseto 7 (in view

4 X 2 _
qmin'”p]_i |Fi|"|”]] '[EI-Ei-m} s
e mﬁmg 3 EEHE
where from
G
e0 (19)

4y3E
it may be seen that the cut-off angle fBaQ in case
of electron scattering in the c.m. system is y
times smaller than the cut-off angle for Coulomb
field scattering. The rest of the caleulation is
carried out in the same manner as in b), As g
result, we get the following expression for the
total cross-section for electron scattering in the
c.m. system with the emission of a single photon

3
iy dy m dw

The larger numerical factor in this expression
compared with eq. (14) is due to the fact that both
electrons emit. The same formula holds for
emission in electron positron collision. The re-
sult obtained {20), coincides with the cross-sec-
tion calculated with the aid of Weilzsicker-Wil-
liams method.

d) One may assume that the given methed of
calculation can be used for calculating the total
cross-sections of processes with the emission of
a larger number of photons. The double brems-
strahlung in electron-electron (positron) collision
ig of particular interest. This process may be
used in the colliding beam experiments in order
to observe beam collision. Besides, it is the
background in the observation of small angle an-
nihilation.

It is evident that

do_, =da_o Law (k)aw (e). @1
The analysis of the integration regions shows
that the main contribution is given by 1.:wn re-
gions: 1) photons are emitted in opposite direc-

tions at small angles to the direction of electron
ot small angles

g event, the main
er-

ing is given by the angles 8 ~ 0 and gicrim, WhLE
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il case of electron-positron scattering it is given
by the angle § ~ 0. In the calculation we shall
take into account just cage 1) which is more in-
teresting for us, i.e. we shall calculate the total
Cross-section for the double bremsstrahlung in
Opposite directions. We note also that contrary
to the case of single bremsstrahlung the cross-
section at small scattering angles behaves as
8d8, so that the cut-off plays no role. There-
fore the major contribution is given by the region
of angles 8 ~ 1/y, so it is necessary to integrate
tl:le €xact expression. By carrying out the integra-
tion over ¢ we get in the ¢.m. system

Z. 2
Bzfﬂ& dml dwg[ﬁ 7

the double bremsstrahlung cross section in the
electron-electron and in the electron-positron
collision. It is essential that this expression (as
well as the cross-section of proceszes with for-
ward (backward) emission of a large number of
photons) should not contain large logarithms.

Recently Zazunov and Fomin [3] calculated the
cross-section of the double bremsstrahlung with
the fulfillment of condition {1) for the Coulomb
center and zero angle. Since the cross-section
for the emission of classical photons at 0 angle
is zero, the contribution gbtained by them be-
longs to non-classical photons only. The result
obtained in ref. 3 is applicable at 8 < 1/y. Com-
paring it with the contribution for the classical
photon (10), it may be easily seen that beginning
with angles 8 ~ w/e }*2; the cross-section of
the classical photon emission exceeds the cross-
section found in [3].

The relation of the double bremsstrahlung
cross section to the cross-section for the two
quanta annihilation in ¢.m. system may be re-
presented as:

dﬂEE{Ej {,ﬂ1= wz} —

2 2
2.3+32a y cir.ol dmz
2
7 1n 2y Wy Wy

(23)

This result does not contradict the preliminary

experimental results obtained for the colliding

electron-positron beams at E = 250 MeV. When

attempting to discover the fwo-quanta annihila-

tion at small angles there was observed a signi-

ficant number of photons with energy satisfying

the conditions (1) (C. Bernardini, private commu-

nication, see also ref. 4).

dcr{e+ fe—e 4o +2 )

dole +e” — 29)
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ERRATA

J. K. Bienlein, A. Bbhm, G. Von Dardel, H. Faiss-
ner, F. Ferrero, J.-M. Gaillard, H.J. Gerber,
B. Hahn, V. Kaftanov, F.Erienen, M. Reinharz,

R. A. Salmeron, P. G. Seiler, A. Staude, J.
Stein, H. J, Steiner, Spark chamber study of
high-energy neutrino interactions, Physics
Letters 13 (1964) p. 80

p. 83, left column, line 6:

reads should read
is the
p. 84, left column, line 8 from bottom:
reads should read
0.027 £ 0.066 0.027 = 0.006
p. 86, ref. 14:
reads should read

H. Faissner, ete..
Vol. I (1963) p. 571

Reference 15 was omitted.
It should read:

15. G.Bernardini, G.Von Dardel, P, Egli, H, Faissner,
F.Ferrero, C.Franzinetti, 5, Fukui, J,-M. Gaillard,
H.J.Gerber, B.Hahn, R.R,Hillier, V.XKaftanov, F.
Krienen, M.Reinharz and R, A, Salmeron, Proe,
Intern. Conf, on Elementary Particles, Sienna, Vol
I (1963) p. 571,

Vol. I (1963) p. 546

* % & % *

G. Bernardini, J. K. Bienlein, G.Von Dardel,
II. Faissner, F.Ferrero, J.M. Gaillard, H. J.
Gerber, B.Hahn, V. Kaftanov, F.Krienen,
C. Maniredotti, M. Reinharz, R. A. Salmeron -
Search for intermediate boson production in
high-energy neutrino interactions, Physics
Letters 13 (1964) p. 86

Author list:
reads should read
¥, Frienen F.Krienen
p. 86, right hand column, 3rd line
A reads should read
W™  pions and/or kaons W+ — pions
and/or kaons (4)

Since one of the misprints in the first article
influences the conclusions and these misprints
are not due to the authors, a separate sheet is
included to replace the erroneous pages.

H. Boersch, G.Herziger, H. Lindner, Messung
der Gilte von Laser-Resonatoren, Physics
Letters 11 (1964) p. 38

Bildunterschriften

Fig, 1. Anordnung zur Messung der Abklingzeiten
Krifmmungsradius der Hohlspiegel #y und Ho: 2 m

Li¥nge der Entladungsrohre Im, Resonatorlinge L. =2m,

Fig, 2. Abklingzeiten als Funition der Verstirkung G .
* ¥ ¥ * ¥

H. Eichler, G.Herziger, Umformung von Wellen-
formen in passiven Laser-Resonatoren,
Physics Letters 12 (1964) p. 193

Bildunter schrift

Fig. 1. "d,s Resonanzdiagramm' des passiven Reso-
nators. Die unterbrochen gezeichnete Einhtfllende der
Resonanzmaxima wurde zur Verdeutlichung des Kur-
venverlaufs nachtriglich eingezeichnet,

* ok ok k&

R.W. Kavanagh, D. R. Goosman, Energy levels
in K37 and Ar37, and beta decay of KET,
Physics Letters 12 (1964) p. 229

Table 3 should be deleted. This table, which is
part of another paper (Nuclear Phys. 56 (1964)
p. 497), was sent in with corrections in prooi,
and was inadvententily included here.

* % % ¥ k

J.T. Lopuszanski, A solvable model of an inter-
acting relativistic field, Physics Letters 8
(1964) p. 85.

The model considered was earlier proposed by
Greenberg [1]. The conclusions drawn from this
model are almost all contained in Greenberg's
paper; moreover, Greenberg points to the re=
striction imposed by the Jacobi identity which is
not mentioned in the author's paper. This re-
striction makes the model trivial (generalized
free field) as shown by Robinson [2].

1. O, W._Greenberg, Ann, Phys, 16 (1961) 158,
2. D.W.Robinson, Physics Letters 9 (1964) 189,

volume 13, number 4

i T

of hadrons according to spin and inte
: . rnal .
metries, Physics Letters 12 (1964) p. 15651-’111

p. 157, 2nd column, 12th line from bhottom in-
stead of: According to property b) G pogsesges

only integral... read: According to

G possesses only integral. SR CEREELR)
p. 1567, 2nd column, eq. (3), instead of:

§09 = SUE,J"(ZE, read: SOq = SUE';EE-

p. 158, 29th line from top, instead of: (SO5,50,)
read: (SO5,5py). Stisde
Reference 2, instead of; A. Bogkow, read: A. Bes-
kow.

Reference 7, instead of: In the following, given

a group A, A will denote its U.C.G.and A a coy-
ering group of A or A itself, read: In the fol-
lowing, given a group A, A will denote its U.C.G.
and A a covering group of A or A itself,
Reference 12¢, instead of: (G, G), read: (G, Q).

* %k k k k

A.De Marco, R. Garfagnini and G. Piragino, Po-
larization of photoneutrons from Bi, Physics
Letters 10 (1964) p. 213

Page 214 right column, read; P* = -0.14 + 0.10
for...;

* k % & %
D. Frérejacque, D. Benaksas and D. Drickey,
Direct measurement of the magnetic form

factor of the proton, Physics Letters 12
(1964) p. 4.

The formula of page 74 should be read:

2
2 =28 (£5)" 6 @*
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Dili. 'Filley, G.J.Van Gurp and C.W. Berghout,
nisotropy of the critical nucleation fields in

;u%%?ﬂndunturs, Physics Letters 12 (1964)

‘_The Statement "From the general solution of (1)
1{_: follows however that Heg depends only on the
field direction and is still given by Hes = 1.69
fgp" should be deleted because it is incorrect
as the surface nucleation field is also dependent
ﬂﬂ+thl? orientation of the surface relative to the
principal axes of the mass tensor.

The correct value for Heq will be given in a
forthcoming paper.

* & o koK

T.Alvdger, F.J. M. Farley, J. Kjellman and I.
Wallin, Test of the second postulate of special
relativity in the GeV region, Physics Letters
12 (1964) p. 260

p. 262, left column, third line, read:
A =0,002 +0.013.

p. 262, left column, ninth line, read:
¢! = (2.9978 + 0.0004) x 1010 em/sec.

¥ F Kk ¥ &

C.W. Gardiner, The combination of Lorentz and
SUg invariance, Physics Letters 11 (1964)
p. 258

The second of the two equations (17) should read
I3 = /34100 -
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