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Abstract 

Discussing Compton scattering on the new states we establish 

' P + 
the following: The spin J = 2 state,an orbital excitation of ii, 

must exist, and its coupling to the t|>(3084) is related to the 

coupling i|;X(2S00) . A spin higher than 2 (probably 3) with negative 

charge conjugation must exist, and its couplings can be related to the 

iji2 Yand i>'2 Y couplings. This state might have a substantial 

4. 

radiative width to the 2 . These results depend on a saturation 

assumption of the sum rules, which has always worked well. Its 

failure will also be of interest. 
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Supported in part by the Israel Commission for Basic Research. 



2 

A year after their discovery remarkable progress has been made 

on the experimental properties of the new Brookhaven-Stanford-Desy 

1121 
states ' . Theoretically, the situation is still confused. Hence, 

it is perhaps of some value to try and find model independent 

constraints on these particles. In general, model independent tests 

are weak. Our results do not escape this general conclusion but 

provide with some relations between these particles and their couplings 

that do not seem trivial. 

We assume the following about these states: 

1. The states are hadrons (we mean that they conserve to some degree 

the normal hadronic quantum numbers). 

2. They are compound states, most probably from fermi antifermi pairs 

and they show orbital excitations. 

3. Radiative decays are dominated by transitions between the new states. 

This point is not as well established, but it is indirectly confirmed 

by the smallness of the explicitly.measured channels like pi gamma and 

eta gamma and the absence of hard gamma rays in the inclusive gamma 

spectrum. 

Given these assumptions we now discuss the process of Compton scatter

ing on high spin mesons. 

Sum rules for compton scattering. 

Gauge invariance and Lorentz invariance fix the value of the 

scattering amplitude of a photon on a spin S state at threshold, 
i 

including the value of th»" linear term *-. photon frequency. The square 



term is also restricted in some of the amplitudes but not for all of 

them. These results are embodied in Low's theorem0 and its generali;a-

4) 
tions 

For reasons that will later become obvious we are interested in 

scattering on spin 1 and spin 2 targets, though some remarks are valid 

for spin S. 

To illustrate the argument we first discuss spin 1 targets . The 

crossing symmetry of the reaction allows for the construction of two 

symmetric and one antisymmetric amplitude. The low energy theorem then 

demands that one combination of symmetric amplitudes vanishes and the 

antisymmetric amplitude to be proportional to the anomalous magnetic 

moment. By converting the low energy theorems into dispersion relations 

and relating these forward amplitudes to cross sections one obtains 

. [:a,','i - ~(0,~)jdu. = 0 (1) 

dU>L r, .-, _ r, ..-. ,_ T~a r- -^ 2 (j) I ̂ !o Cl.̂ O-a,(l,io)|= ^ (g-2)" 
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j(S..,a!) is the cross section on a target with third spin component S_, 

averaged over the two photon polarirations. " (S-̂ o) and C (S^»J) are 

the cross sections for scattering on a spin S target with spin S, 

parallel respectively antiparallel to the photon polarization. 

The first is blatantly meaningless, and naturally asks for 

subtractions. The second should converge according to modern lore. 

Indeed in the case of protons it has been successfuliy evaluated by 

« /"<- \ % ' ** 1 ft t\ ». •*. V 



many authors0 . Quite remarkably, it saturates very rapidly, something 

that we hope will be the case in our considerations as well. 

If the particles are charge conjugation eigenstates, hence neutral, 

all diagonal moments vanish. Our sum rule then reads: 

^ 3 Cl.iu) - or Cl.w)1- 0 (3) 
J (U I. r .A j 

This sum rule involves cross sections and can be saturated with 

experimental quantities. Furthef sum rules exist whose saturation depend 

on amplitudes behaviour. The vanishing of the quadrupole moment implies 

! J i !l».A12Cu))*I1«A14C<o)J - (4) 

which is a converging sum rule. A19(co') and A (io) are the amplitudes 

multiplying 

£•£' t(Sk)2+(Sk')2] resp. (IE) [(S-e'),Sk] + (s'k') [S-e, S'k"'] 

in the expansion of the full amplitude, according to the notation of 

Ref. 4. £ and £' are the polarization vectors for the photons and S 

the spin operator for the target. 

For spin 2 the situation is very similar. The number of 

independent forward amplitudes grows but the number of sum rules also 

increases. The symmetric "cross section" sum rules remain useless. 

The antisvmmetric ones read: 



[ dio i „ 
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J jp [ 2op(l,u)) - apC2,oj) - 2aA(l,w) * aA(2,u>)] = 0 (6) 

Clearly, quadrupole and octupole sum rules can be written for this case 

as well. Consider now a saturation scheme by means of resonances. 

In the first place we discuss the kind of intermediate states 

expected theoretically and experimentally. Though we do not understand 

the absolute size of the width of the new states we know that they couple 

very strongly between each other. Clearly when radiative decays are 

involved, final states in which the quark type is independently con

served from the antiquark must dominate (Zweig's rule). The evidence 

for this is not overwhelming, but there are good indications- that a 

71 
situation like this obtains"'. In particular present estimates of the 

1121 
decays from the P ' ' state to i|> and (|i to X(2800) are about 10 keV, 

c 

while the measured radiative decays like eta gamma, pi gamma and others 

are at least one order of magnitude less. Hence we assume that the states 

with normal hadrons plus gamma can be neglected as a first approxima

tion. The next assumption is to assume that saturation takes place 

with a few states. This hypothesis is known to work well in hadronic 

physics and in the only testable case for the sum rule: scattering on 

protons. The delta already gives a reasonable approximation to the sum 

rule. 
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We now make the following important remark. Saturation by means 

of resonances requires necessarily that some intermediate spins must be 

larger than the target spin S. This follows from the fact that in the 

forward direction the amplitude in which the :;pin of the target and 

photon are parallel can only get contributions from states having third 

component S +1, i.e. spinas +1 . Hence, equation 3 demands the 

existence of a spin 2 particle, while eq. 5 needs a spin 3 state. This 

is not the case for eq. 6. This argument breaks down when intermediate 

states can be composed of a pair of particles which totally can have 

spin S+l, which will happen at energies about twice the mass of the >l> . 

Application to ty 

For a spin 1 target we then consider equation 3. In the spirit of 

point 2 of the introduction we assume that the orbital excitations are 

p + + + 
the ones following from the quark model i.e. J =0 ,1 ,2 . The guess 

is that the pseudoscalar state 0" is lowest lying. Therefore the 

candidate for this state is the one at 2.8 GeV. The others are 

expected to lie between ij) and iji' . Notice that the only contributions 

are from positive charge conjugation states and the first candidates 

after the first band is the band associated with the <|>(3700). These 

will presumably be located beyond masses of 4.1 GeV and we neglect 

them. These assumptions will be tested when the particles are found 

(as we hope they will be) and their branching ratio to the ty+y will 

be known. 
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The following couplings are used to parametrize the vertices. 

r, ,UVC 
2 F 'it S 
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F = 3 A - 8 A, 
uv u v v u 
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with A and 4> the photon and ty particle field respectively. Other 

couplings with higher derivatives will be discussed below. 

In the narrow width approximation these resonances contribute through 

their Born terms the following expressions to the sum rule: 

2 2 

-f (f-gCA» .--% 2 2 
8. - HD = 0 

where A = m_ - m , m_ the 2* mass 

and g(A) 
1 A 1 A 
2
 m

2
m2 2 2.4 m .m., m ,m_ * 2 * 2} 

|g(A)I is less than 0.1 for our range of masses. This means that for 

the Born terms these couplings give essentially no A dependence in the 

sum rule. 

In terms of the decay widths the sum rule is 
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Here h(A) = j^ •5 A. 
3 2 

m2 

V 2 ~> 
and A = m,. - m, etc. 

For m = 3.5, g(A)^- 0.06 and h(A) ̂ -0.07, |g(A) | and |hCA) [ decreasing 

with decreasing A . 

A lower bound for the 2 is obtained setting to zero the contribu

tion of all but the pseudoscalar state. The obtained ratio is sensitive 

to the quantity A. Assuming a range of mass for the 2 between 3.3 

and 3.5 GeV one gets 

0 . 2 < p < 1 . 5 

i|>*0~Y 

If we consider other couplings which involve higher partial waves, 

2 
these will be suppressed by factors A/4m which for the range of masses 

considered can be neglected. These couplings are related bv the quadru-

pole sum rule (eq. 4) and eq. 6. We do nor discuss this matter further 

at this stage. 

Compton scattering on the spin 2 state 

One can now consider the process v+2 •*• Y+2' , saturating by 

0, 0' and a spin 3" state. The rotational band, positive charge conjuga

tion states, do not contribute to this sum rule. There are further 

possible contributions from other negative charge conjugation states. The 



structure seen in the total e e cross section between 4 GeV and 4.4 

GeV may be due to these states. However, we will leave them out since 

including them would reinforce our arguments, as discussed below. 

The sum rules in terms of the three intermediate states reads: 

11 r3->2+y 

m. 
j - k(A") 

V-1-' 
A ' 
m, ' 

2*Y 
3 

1 

1° + f (A-) 
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+ h(A) 

2 2 2 2 
where A' = m., - m , A" = m - m 

1 A' 
f(A') = i [5^2 

m2 2j 

the mass of 3 and 

k(A'3 = f ? 7 
4mjnu 

2 j 

16 
15-21 A

 2 2 
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For our range of masses f(A') and k(A") are less than 0.1. The 2 3 y 

coupling used is of form F 3 T, T , . We have included a spin 3 

state since as shown above without an intermediate state of spin 3 or 

higher the sum rule is necessarily inconsistent in the resonance 

approximation. We can now proceed to give a lower bound for the 

width of this state, decaying into the 2 +y . As an example, if we 

assume that the mass of the 3" is at 4 GeV, and that the mass of the 

2 is either 3.5 GeV or 3.3 GeV, we obtain respectively 

* - £ 13f,, , + r„ . and r, . > 3T. , - + 40r, . 
3-*2ŷ  •ii'f-2 y 2-n|/y 3-+2Y^ V'-*-2Y 2-^ 
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Notice that independently of the exact location of the 2 state the 

partial width of the predicted high spin state is one order of magnitude 

larger than either of the r_ . or r , , _. . This should make the 
2-MJjy 'P'-<-2Y 

search for this state relatively easy. 

For the spin 2 case we have also equations 4 and 6. Equation 6 is 

automatically fulfilled by each state provided one neglects orbital 

angular momentum. As stated before in this range of masses this is a 

good approximation. Equation 4 relates the couplings that in the decay 

processes are suppressed. Though interesting in principle we do not 

discuss them any further. 

Conclusions 

The use of low energy theorems for Compton scattering coupled with 

standard saturation techniques provides useful information on the 

spectrum and couplings of the new states. In particular it. seems rather 

probable that the expected 2 state of the orbital band exists also from 

these independent considerations, and that further a higher spin state, 

probably 3, must exist as well. 

A lower bound is derived for the 2 width in terms of the width of 

<|/*0"+Y and for the 5 decaying into 2 +Y in terms of the widths for 

2 -^>*y and ij/W+Y . In particular the 3" state may have a large 

electromagnetic width compared to these widths. 

Similar ideas can be used for scattering on the ^'. However, since 

both its own orbital excitations and the ones of ••!/ will contribute, it 

is very difficult to obtain information at this early stage. 
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