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Abstract

The angular distribution of the J/% =° signal in the Py energy region is compared
to the distribution of the background events {off resonance and in the 7, region)

Introduction
We are studying the reaction:
pp—' P — J[p+7° (1)
to be compared with the background :
pp— J/p+=° (2)
(the J/ is detected through its eTe™ decay).
The formation of the *P; as intermediate state in (1), constrains the orbital angular
momentum both in the initial and final state. Given the ' P; quantum numbers:
J=1 P=+1 C=-1,
the pp initial state must have:
P(pp) = (-1)"* = +1 Clpp) = (-1)"** = -1

This implies:
L = odd with § =0



in particular L =1 tohave J =1 . If the z-axis is taken along the incident # direction,
the projection of J along this axis should be:

Jo=M=L,+5,=0

ginice L, = 0. Then:
linitial >= |JM >= |10 >

To match the 'P; quantum numbers, the final state J/¢ m° has an orbital angular
momentum ! = even:

P = P(J/9) x P(n°) x (-1)' = (-1)(~=1)(-1)' = (-1)’
P=(-1)=+41 = I=even
C=CJ/¢¥)x C(x°)=(-1)(+1) = —1.
The angular momentum conservation in the decay:

1P1 ——-->J/¢+7r°

Jip, =1=1+J4 =1+ 1 constrains the possible values of [=0,2.
The final state can then be a mixtuwre of 8 § and D wave:

|final >= A |Swave > +B |Dwave >= |JM >
pure S wave

[JM >= {10 >= A }'B(‘) [10 >3

The decay amplitude is then 7' = A Y, yielding a flat angular distribution. Using the
helicity formalism language, this corresponds to the case where the 3 helicity states
for the J /1 are equally fed by the *P; decay: in this case the two indipendent helicity
amplitudes f}, ; and f, are equal.

pure I wave

1-1 > /4 w\ﬂz/s) Y910 >4 +vffrs/w) Yy 1L > 4)

ITM >= |10 >= B (/(3/10) ¥}
Assuming A=0 the angular distribution is:

W(6) o giYé‘P + %(tygz‘*‘ +1) = g};}“(?& + 3 cos?6)

This corresponds to have fi, = -2 fl;

3. In the general case, both waves can contribute to the angular distribution.



In the case of reaction (2), where no intermediate state constrains the initial or final
angular momentum, we can have:

L=odd §=0 = [=even (a)

L=cven §=1 = I=odd (&)

This is easily obtained by conserving P and C quantum numbers:
P(pp) = (-1)*  P(J/¢n°) = (-1}
Clpp) = (-1)¥° O /ym®) = -1.

J:L+S:1+ij¢zl+1
M=L,+5, =0 L=odd, §=0
M=L,+8,=0,£1 L =ecven, §=1.

To study the background we should consider that in the final state, besides the S and
D wave (already discussed for the ' P; formation, with L. = 1 and § = 0), an extra P wave
should be taken into account.

{=1 P wave

121+J3/¢31+1:0,1,2.

Assuming L = 0, for the pp state:
I=L+85=1 M =10,+1

The possible initial state |JM > are then: |10 >, |11 > and |1 — 1 >. The corresponding
decay amplitudes are:

T(10>) = \gY3~1§11 > ~\/§Y1‘}1 -1>

1
T(|11>) = \/;Y,}gw > m\glf;’m >

_ 1., 1
T(1-1>)= -\/§y1 110 > +\/%Y1021 ~-1>
Assuming to sum over the three polarization of the initial state with the J/¢ helicity
states equally populated we expect a flat angular distribution, being:

TH|1415) = -}%(1 + cos? 6)

T3(|10 >) = é:—i;sinz@

Assuming I = 2 for the pp state:

J=L+8=2+1=1,2,3 M =0,+1



we can have J = 1,2 with M = 0, +1, compatible with the P wave (I = 1) in the final state.
If J = 1 the result is a flat angular distribution (as discussed above).
If J = 2, summing over the three polarization of the initial state, we obtain an angular
distribution:
W(6) o< T?(|20 >) + T?(|21 ) + T3(|2 - 1 >)

1 2
W) 2;(2 + 3cos*6)

linitial > | |final > w(8)

L § J {

10 1 0 1/4r (A)

1 0 1 2 i-(1+3cos?6) (B)
0 1 1 1 1/4r

2 1 1 1 1/4n

2 1 2 1 (24 3cos?8) (C)

Table 1: Expected angular distribution as a function of the initial and final quantum num-
bers

Data analysis

Figure 1 shows the cos8* of the n° (c.m. frame) as calculated by the fit for data selected
by the analysis as J/¢ 7° candidates (see *P; paper). In particular fig. la and 1d are
respectively the distribution of the events at the 1 P; resonance and off (1 P; and 'q; energies).

To study if there is any evidence of a preferred distribution of the signal events respect
to the background, we used a Monte Carlo that generates the events with the standard
CERN package GENBOD.

As discussed before we made the assumption that the helicity states of the J/9 are
equally populated. This results in the further assumption that the final decay J/¢ —
ete™ has a flat distribution. Choosing for this decay a (1 +cos? §*) distribution in the other
extreme hypothesis doesn’t imply any relevant difference to the final conclusions.

The three distributions A, B and C are used to generate J/¢ n° events at the c.m.
energy of the 1P; (the distributions doesn’t change drastically fixing the c.m. energy at the
7, mass - 3610 MeV - ).

The geometrical acceptance of our detector was imposed using the following cuts:

15° < f.,, < 60°

2° < 0,, <68°



In figure 2 the continous and dashed line are respectively the data and the MC (nor-
malized to data) distribution for each of the three hypothesis A, B and C.
The following table summarizes the results of the x? calculation, where:

0 (g™ — nthy?

X2:Z 3 -

fml i

with:
n; ¢ number of events in the i-th bin
né"* number of MC events (normalized to ¥; n; = n) in the i-th bin

o; poissonian errors of n{""

A B C
ON | 1.19 | 0.51 -
OFF | 0.42 | 0.73 | 0.46

Table 2: x?/# d.o.f; # deo.f. = Ny — 1 =101



Hp.: The J/4 decay has a flat distribution.

1

The following table summarizes the results of the x? calculation, where:

ezp _ th\2

X = Z (0™ —n*)*

t

with:
n; ¢ number of events in the i-th bin
nt" number of MC events (normalized to ¥ ; n; = n) in the i-th bin
o; poissonian errors of n; ©

4 | B c
ON 1.18 .51 0.68
— In(l‘ik) 19.85 @ 18.68 @ 18.52

OFF 0.42 | 0.73 | 0.46
—1In(lik) | 15.97 | 17.41 | 16.56

Table 1: x%/# d.o.f; # do.f. = Npi — 1 =10 -1

N.B. — In(lik) is the same for all the x* calculations.

2

The following table summarizes the results of the x? calculation, where:

nﬂ-‘"’l’ ﬂth 2
. “Z( )
%

with:
n"¥ number of events in the i-th bin

nth number of MC events (normalized to 3_;n; = n) in the i-th bin

h
o; errors as /.

3
The following table summarizes the results of the x* calculation, taking the formula of the

DPG for bins with few events, where:

X2 = 3 2(nt* — nf) 4 205 In(ng /nf?)



A B C
ON | 0.85 ] 0.6% | 0.59
OFF | 0.42 | 0.75 | 0.57

Table 2: x?/# d.o.f.; # dio.f. = Npin — 1 =10 -1

with:
n;* number of events in the i-th bin
nt* number of MC events (normalized to ¥;n; = n) in the i-th bin

A B C
ON ] 0901 0.64 | 0.61
OFF | 0.43 ) 0.75 | 0.586

Table 3: x?/# do.f.; # do.f. = Ny — 1 =10—1



Hp.: The J/4 decay has a distribution (1 + cos? §*.

1

The following table summarizes the results of the x? calculation, where:

10 (nemp _ n;h)z

XEZZ 3 a?z

i=1 *

with:
n;°? number of events in the i-th bin

n“‘ number of MC events (normalized to ¥ ; n; = n) in the i-th bin

o; poissonian errors of n; *

A B C
ON 1.46 | 0.57 | 0.67
—In(lik) | 20.34 | 18.69 | 18.46

OFF 0.57 | 0.65 | 0.48
—In(lik) | 16.63 | 17.11 | 16.48

Table 1: x?/# d.o.f; # d.o.f. = Nypn —1 =10~ 1

N.B. —In(lik) is the same for all the x? calculations.

2

The following table sumnmarizes the results of the x? calculation, where:

=P _ pth)2
v -y
g1 *
with:
n;"F number of events in the i-th bin
th

number of MC events (normalized to 3 ; n; = n) in the i-th bin

O; €ITOrS as \/—f



A B ¢
ON | 0.94 ) 0.66 | 0.59
OFF | 0.57 | 0.69 | 0.55

Table 2: x?/# d.o.f.; # d.o.f. = Ny — 1 =10~ 1

The following table summarizes the results of the x? calculation, taking the formula of
the DPG for bins with few events, where:

10
x* = 3 2(n¥ - nfe?) + 2 In(nf” /i)

f==1

with:
exp
i

th
n;

number of events in the i-th bin
number of MC events (normalized to }_; n; = n) in the i-th bin

tL

A B C
ON | 1.01 | 0.65 | 0.59
OFF | 0.58 | 0.68 | 0.54

Table 3: x?/# d.o.f.; # do.f. = Nyip — 1 =101
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