
E2 • 8527 

M/,1 ~ ~ 
R.Lednicky 

I YI-~" 
ABOUT SPIN PARITY 

OF A p W -ENHANCEMENT 

NEAR 1800 MEV 

1975 



E2 - 8527 

RXednicky 

ABOUT SPIN PARITY 
OF A p Ш -ENHANCEMENT 
NEAR 1800 MEV 

.Submitted to Physics Letters 



A threshold рш -enhancement in a reaction 
was observed in several hydrogen bubble chamber expe
riments with different kinds of beam particles;: „- at 
7 GeV/c/!/; 4.5, 6 and 14 GeV/c/ 2 / JIT* at 14 GeV/c/з/ ; 
K"at 4.6, 5 GeV/c/*/ and4.2GeV/c/5/ ; к+ at 12 GeV/oV. 
p at 5.7 GeV/c hi; p at 6.6 GeV/c /»/ and 19 GeV/c/9/. 
A narrow structure near the mass of 1800 MeV 
(Г-100 MeV), observed in the experiments /2,3,s,7/rules 
out a possible explanation of the- N(1800) enhancement by 
the Deck type mechanisms / 1 0 / . 

The subsequent N-»p<u and со-Ъп decays were studied 
in the t -channel (THF) and s -channel (SHF) helicity 
frames with angles й=ф,в referring to the ш meson 
momentum and Q, „ = ф n , в „ referring to the ш decay-
plane-normal direction in the a rest frame*. Two 
main features of these sequential decays are to be pointed 
out. 

(i) The cos в and ф distributions are found to be 
rather flat /1-3,5,7/j the moments <D|Jfo (ф,в,0)>1от 
L<.4 and the p<u mass less than 1900MeV are consistent 

with zero both in THF and in SHF / 2 7 / . 

*In fact, the ш decay was studied in a slightly dif
ferent system with the axis z chosen along; the beam 
(or рш ) direction in the ш rest frame and not in the 
p о rest frame. However, a small pu> mas» makes it 

possible to neglect the relativistic rotation induced by the 
corresponding Lorentz transformation. 
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(ii) At the same time the cos0 n distribution in THF 
has a large cos2 в contribution / 6 > ? / - the p 0 0 element 
of the « spin density matrix In THF has a rather large 
value: pp0 - 0.72 ± 0.04 below 1800 MeV in the pp expe
riment / * / . 

The feature (i) and the near threshold P« mass indicate 
an s -wave ры state with the spin J - 1/2 or 3/2. As 
we'll see, however, both the features (i) and (11) are 
sufficient to determine the spin of the N(1800) enhancement. 
Let us first note that (i) can take place in the two following 
cases (we neglect now a possible inteference tvith back
ground). 

(a) All the diagonal N -spin density matrix elements 

in THF (or SHF) are the same; о = —i— and the 
ran. 2 J + 1 

nondiagonal elements have vanishing real parts. This 
condition is automatically fulfilled for J = 1/2 as a conse
quence of parity conservation. 

(b) All the diagonal N -spin density matrix elements in 
2 1 

the N-рш decay are the same, r K K = 2 | A ^ ( A ^ | =2T+r> 
AftMp + K 

where Uie elements r K K are expressed through the norma
lized N decay helicity amplitudes 

Ал U ) =<A Л lAIJ.J =Л -Л >, 2 |A\ (A ) | 2 = 1. л ш P <u p1 I J , J z ш p '\ \ ' С р " 
oi p 

Of course, the condition (b) is possible for the spin 
J <; 3/2 only. 

Note that from die relation p = - !— it follows 
m m 2J+1 

that the cos 0 n distribution in THF (or SHF) should be 
flat (p00=J/3) because in this case, after integration over 

d^, no direction is favoured. Therefore only the condi
tion (b) can explain both the features (i) and (ii), and we 
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come to the conclusion that the N spin is J » 3/2 * • 
Let us further discuss the question of the N parity. 

For the spin J - 3/2 we can write the p oo element in 
the form 

" o o = f ' T ( p ^ - ^ - p - L J - ) f ' ( 1 ) 

3 •* 2 2 2 2 
where the factor f, determined by the N decay ampli
tudes, satisfies the inequality-0.8 £ f <J. with the maximal 
value f ш 1 obtained for pure s -wave decay amplitudes 
simply related to the Clebsch-Gorrian coefficients АЛ(Л )=. 
=,1.(1 Л i - -Apli-^-A^These amplitudes also fulfill the 
-ondition (b) which for the spin J - 3/2 requires iA_1(+)|2=1 .̂ 
According to (1), for the p 0 0 element in a 3/2 -»p<u decay 
we have the inequality 0 £ p 0 0 £2/3 . The experimental 
value poo= 0.72 ±0.04/7/ is near the upper poo bound 
and thus indicates an s -wave p ш state and р_д_ _̂ =0**. 

2 2 

"""TVe"n"diVtr№uTion"w(n)=LS ^ < J

L\, т ' 0 Г$Я> be-

comes flat if the multipole parameters t£J,=S p. J J Л 'LM|JA) 
. ЛЛ' 

or T J

Q =Sr K|{JKL0| JK)vanish for L>0, i.e., if RepAA'= ° 
for Л ЛЛ' and РЛЛ= : or r ™=:: • Furthermore, 

л л 2J+1 K K 2J + 1 p =l+4-:SH(2m20)where the joint moments H (fm L M) = uu э 3 m 

I., I H 
=<Pvim(0)DmQ (!!„)>( QH refers now to the decay-plane-
normal direction in the ш helicity frame: z 'Ц?ш,у "=zx z H ) 
are proportional to the multipole parameters tJ* , i.e., 
p =1/3 for T = 1/2 and, if P . . = - i — , also for J =• 3/2. 'oo J л л 2J+1 

** Of course, the high p 0 ( ( value (< 0.6) can also be 
realized with f =-0.8 and p, , = 1/2. However, in this case 

2 2 rather essential higher waves (d- or f -waves) should 
contribute which seems unreasonable for the p<u mass so 
near the ры threshold. Besides, in the ir-p experiment'2' 
the unaveraged poo (ф,0) values were found to be indepen
dent of the decay angles ф, 0 which also indicates an 
s -wave pw state. 



Table 1 
Decay multipole parameters T J „ L needed for the joint 
moments H(EmlM)= t [ ! . T i! L . The arrows indicate 
predictions for an s -wave J ™ p ш decay 

J I m L=0 L=1 L = 2 L=3 

± г 
0 0 
2 0 

11 

1 

• l^-lmp-.-O 

3 
2 

0 0 
2 0 

M 
i2 

1 
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This conclusion may be further confirmed by studying 
the joint moments H (fmLM)* (see, for example, / u /^ . 
In the parity conserving J -» p ы decay, with maximal 
orbital momentum f 0,only the moments with E =0,2 and 
L£min(2J,2£o+£ ) can be different from zero. In Table I, 
for J <; 3/2, we express these moments through the 
parameters gu<=V+)A£ (+) (note that p H = 2 g , (к ) 

АЛ д ЛЛ р 

are the o> -meson spin density matrix elements in the 
a.helicity frame) and through the multipole parameters 
t J,*M listed in Table II. Note that the "canonical" joint 

Table 2 
Multipole parameters t J " , S p. AJ Л ' LM | J Л ). 

LM A A ' Л Л 

fN 0 1 2 3 

1 
2 

0 1 

-/?m 

J. 
г 

0 

ti 

•-2 

»3 

1 

-IzfelmtRpifPn) 
-fe(PifPn> 

-ife5Mpiffpn> 
--I2$lmm 

moments ССРт^М,)» <DM 0 ( f i )D m 0(a„)> related to the 

"helicity" joint moments 
С (Em,!.,*!,) - 2 HCemLNDCfm^.M J LM)(fmL .0 | Lm) 

L m 
can be different from zero only if Li <min(2fn,2j+F).The-
refore the canonical moments are especially useful for 
detecting the maximal orbital momentum l0. In particu-

*See footnote on page 5. 
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lar, in the case of a pure s -wave J = 3/2 рш state the 
only nontrivlal nonzero moments are С(2 m 00) »- -L- t* . 

vT a m 

Unfortunately, a p -wave 3/2 +-» рш decay can occur 
with the same normalized decay amplitudes as predicted 
by a pure s -wave. However, if the p ш enhancement is 
a p -wave effects, we should expect a rather strong 
s -wave background near the р ш threshold * inter
fering with the p -wave. Such an interference should 
result in odd moments < D0^(fi)>changing rapidly in the 
1800 MeV mass region which is not the case found in the 
experiment /2,3,5,7/, This fact strongly supports the 
1800 MeV enhancement to be an s -wave 3/2 ~p со state 
which interferes with the background s- wave without 
producing nonzero moments < Dj j

0(n) > , L > 1 . 
There are several additional facts also supporting 

an s -wave p(J near threshold state and 3/2- assign
ment for the 1800 MeV рш enhancement. 

(i) The character of da / dt (in л-р , K-p and pp 
reactions the slope parameter is b - 6(GeV/c)- 2/ 2. s>7/), 
energy behaviour of the low p ш mass production cross 
section (а- р-ц п - - о . ? / 2 / ) , small р_з_ з value in THF 

2 2 
(possible t -channel helicity conservation) and s-wave 

p «u state fit well with the diffraction picture of the low 
mass р ш production/13/. 

(ii) The fact that no D13 resonance in the n N elastic 
phase shift analysis was reported / 'V may be due to a 
strong D 13 coupling to the inelastic channels / ' ^ . A c 
tually, an evidence for a new resonance D13 near 1700 MeV 
comes from a partial wave analysis of the reaction 
irN - T T I T N / 1 6 / . Such a state is also required by the 

*Note in this context that som e phase shift solutions^ / 
show a rapid change in the elasticity of Su in this legion. 
The possibility of J ' = 1/2 - background s -wave is also 
indicated in the pp experiment nl, where the <u decay 
in THF becomes isotropic for the p w mass higher than 
1900 MeV. 
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L-excitation quark model />?/ , In this context it is 
pointed out /is/that there is an evidence for a Dia reso
nance in K~p with a large coupling to шЛ and mass 
Just above the шЛ threshold /18/. 

(Ш) In a formation experiment „ - p -, u, n a steep 
linear rise of the cross section with c m . &> momentum 
was observed, and an explanation by a strong s -wave 
рш resonance was suggested/ 1 5 / . Such a possibility 

is also supported by a formation experiment /•'/ c' 
n+n -.wp, where a suggestive peak near p<u threshold 
was observed with an isotropic production angular distri
bution and p Q 0 тр.6, thus indicating a 3 /2 - рш »-wave state . 

In conclusion, let us summarize the results concerning 
spin parity J p of the рш enhancement. Strong anisotropy, 
found in the ш decay-plane-normal distribution with 
respect to the incoming proton ' 6 > 7 ' , excludes J = 1/2. 
If we further take into account the isotropic ш angular 
distribution in the рш rest frame, the spins J >3/2 are 
excluded. The value p о о = 0.72 ± 0.04, found in the p p -
experiment / 7 / in the t -channel helicity frame, is near 
the maximal value p oo " 2/3 allowed in the 3/2 -» p ш 
decay, and it is explained by the pure s -wave 3/2 -. p ш 
decay and р_з_д_=0 in the t -channel helicity frame. 

2 2 
The author is much grateful to Dr. Jan Bohm who has 

suggested him the problem dissussed here. 

In a formation experiment n+n > ш р only total ±1/2 
spin projections on the cm.s . beam direction are allowed, 
i.e., according to (1), we have p 0 0 => 1/3 (1 +f) ,(f = 1. 
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