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" Two experimental groups have recently reported on the discovery of a
wm resonance at about 1250 MeV that ig probably an1 = 0, J = 2 state, 1,2 It was
conjectured that tl;ié resonaﬁce. cailed f", was the '"particle’ predicted by Chew
and Frautschi on the basis of the Regge-éolea scheme, 3 In this letter it is shown
that this cannot be the case if some reasonﬁble hypotheses on Reggqféolea are
verified, and if the high-energy experimental data on differential cross sections
are considered. 4 Information is obtained from these data by using some bounds
that are derived for boson F.egge -pole trajectories., Finally, it is suggested that |
tﬁe C. F. particle is likely to have an energy less than or near the p-meson energy,
and experimental worit directed towards teatiﬁg this possibility is encouraged; Thé
£? resonance still can fit into the Regge-poles scixeme as possibly belongixig to the
trajectory proposed by Igi. 5 | |

In ofder to derive some bounds for boéon Regge trajectories it will be useful

to prove the following lemma: Let £ (t) satisfy the dispersion relation

CEE RS N 8

with In1 £(t)>0 for a <t< «, It follows that

2)

§(ty) 2
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for t,, t,, and t, < a. If we take t, <t,, the >sign holds i‘mlJ ty=t) or tt,
and the < sign for tl&tsstz. Proof: From Eq. (1) we ha_ve

ImEft) >0 forImt>0
and

Re £(t)> 0

_ for t real and -« <t< a,
Imé(t)= 0 .

Therefovre the function

Conlt) = - 1/8(8) | | B
can be represented as6 : |
: . e ..
nt) = C+ A+ [7 LEEE i) ar (4)
with A, (t), and C real, and 6(t) 0, Eere &(t) may include § functions with
positive coefficients.
From Eqs, (3) and (4) it follows for .t real and -« <t<a - that
ll 4 ! " 2 ‘| Zv .
7 (t) =[1/87()] & (t) £°(t) - 2 [£' (1) E(t)) =0, (5)
Therefore, because n(t) is a concave function for t < a, we have |
(t,-t) (t,-t,)
() 2 1°4 372 , |
Rl AU ~ B » ®)

.ior tl:tl' t,<a. Again, if we t_'ake ,tl <t

the <« sign for ts t.<t,.
This completes the lemma,

2 3St) or ty2t,, and

Equation (2) follows trivially from Eqs. (6) and (3).

the 2sign holds for t

We now assume that a boson Regge trajectory a(t) satisfies the dispersion

relation7

St -t)

a(t) = a(e) + .11; r Imaft') dt' ., . | (H1)

with a >0 and’
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Ima(t) 20, for a £t < o, , - ‘ (H2)

Therefore we can apply the above lemma to the function af(t)-a(<). In particular,

if we let tl* tz =0 and t3 =t {n Eq.(2), we obtain for -« <t<0

[a0) - at=)® .y

o | )
n(t.)->°( )-+'a(0)-a(w)+u'(0)ltl (7
o
TN COTEYE) L. | @
¢ TE1 ) aE)-ale) a{0) +a .
Hence, calling to the value of t at which ‘o vanishes, we have
¢ (0)> 2{02[a(0) - a{w)] " - o

-a{=) [ tal

We apply the above bounds to the Pomeranchuk trajectory, which controls the

high-energy behavior of differential and total cross sections, and therefore satisfies

the condition3' 8

a{0) = 1. , | (H3)

AWe also take
afw)= -1, N (114)
: ; ‘ ‘ I ‘
as is the case for the first trajectory for a ‘}ukawa potential, 9 In doing so, wealso

i

consider the pr06£ given by Gribov and Poiméranchuck that there is an infinite number

, |
of poles satisfying this limit in the relativistic case. lO'A n

Therefore, using Egs. (7)
and (8) and the values obtained for af(t) in the high-energy experiments, we can set
a lower bound ©, for a'{0). On this basis we assume

- a'(0)>0, (H5)
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Ve now exé.mine the possibility that the Pomeranchuk trajectory gives'rise tec a
resonance at an energy-~squared value equal to te- For this to be so, it is necessary
to have |
Reaf(ty) = 2. . (F6)
It is well known that this condition is not sufficient. In addition, our experience with"
the nonrelativistic case shows that at the resonance energy Rea(t) must still be
increasing steeply as a function of t, and Im a(t) must still be small, The width of
the resonance in the energy variablé is related to these two properties and is given

approximately by the t‘uncti.on7

Titp) = —— ocl) ] .. (10)

Nt -a%- Rea(t)d _,
TR

We require that the Pomeranchuk trajectory present these two characteristics at

t =tp by assuming

(K17) |

| e o.("t:) has at most one inflection point for t< th
and ' _ '
Ima(t) € Imaft,) =2  for a=4<t<t,. 12 (H8)
R EP -4 - R’
Although it {8 not essehtial, to simplify the foliowing proof we asswne further
Ima(t) 2Ima(2ty - t) for tp<t< 2t -4, ' (H9)

This is still 6onsistent with the proﬁertiea diécus;sed a‘bove.'

Using assumptions (H1) through (H9) for a(t), we cgh restrict the parameters
of the C. F. particle by setting a 1§we1; bound for ﬂt-R). Be‘c;ausev Q turns out to be
fairly la;-g;e, we aré interested in the ;vegion

tg > /2 (11)

, R
For these values of tR’ from assumptions{H3)and (H5) through (H7)it follows that

'Z?t“ Rea(t) tet, < 1/tg. (12)
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We now want to put a lower btound on Im o.(tR) such tha.t. combined with Eqs. (10)

and (12), it will provide the desired restriction on the value of I‘(tR) It {s clear

that such a bound for Imo.(t ) exiets. because {f we had Im a(t ) = 0, from assuruptions
(H1) and (HS8) all the derivatives of a would be positive up to t = tR.' and therefore

wé would have Re u.(tR) >2, which contradictes assumption (H6). This auggesta splitting
a into two parts, § and y, one Qf which has a zero imaginary part for t <t,. There-

fore, we define

Ima(t) = Ima(t) fo}r 4<t< tR } ‘ 4
= Ima(2tg-t)  for to<t<2ty -4 (132)
2t -4 '
1 R '
e =3 I, -—w-9it-)-l dt (13b)
and
vit) =a(t) - p(t), , | , (14)

From the symmetry in Imp we have Re u(tR) =y (tR) = 2, Using relations (H1), (H2)
(H9), (13) and (14), we can apply our lemma to yit) - ylee )., We let tl-* t, = 0, and
t3-¢ a-= "R in Eq. (Zi and obtain |

cylo) > Ly y(e) 12 [1ea(e)]® ~2[1- ()] [1-9(0)] | |
vitg )= y(=) > y(O)-y(°°)‘¢RY'(°)> l-a(w) St v0) (15)

Now, from relations (H3), (H5), (HS), (13), and (14), we have
| vy(0) >1 - lmn(tR) Bo (tR)
and : (16)
¥'(0) >0 - Ima(ty) B (ty), |

where

1 ZtR~4 ZCR-4
B (tR) = m—;{m {-4 in -1-—-—-]4- Zt [—T—-—-
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and

| 1 [ w2
Byltp) = s oy I T A

- . From relations (15) and (16) we obtain the lower bound for Imu(tR)
' This result combined with relation (10) and (12) gives the final bound

VS ([Reafty)-al=)] t 2 +[a(0)- o(=)1{o(0) - Re ()
Ry 19 kS -
" 2[a(0)-al=)] BoftyH[Realty)-ale)]ty B (t)

T2

3T T e >1/9. (17

= Bt for ¢

=

R’ | R
In Fig., 1 the function L(t) from relations (7), (H3), and(H4) is plotted for
o (O) = 1/80, 1/50 and 1/35. The experimental data from the Brookhaven and

13,14 If we apply the inequality (8) to the three

Cornell groups are also indicated,
data for lower ltl, we obtain 2>1/29 with 90% confidence. ‘Eventually one may .

~ expect this tesult to be lowered by .‘the presence of other than statistical errore in
these} data, ?Hoxﬁ)ever, the values of @(tR) obtained from Eq. (17) and plotted in

. Fig. 2 show that unless a'{0) is less than 1/80, thenI"(80) has to be much larger
than the experimental width of the £ resonance, Therefore, within the scheme
presented here. and provided the high-energy data do not increase far beyond the
errors quoted, this resonance cannot be interpreted as the C. F. particle. Never-
theless, this particle could be found at a value of ¢ emaller than or approximately
equal to 30, }3:16 | ‘

lam indebted to Drs, G. Chew, G. Takada. and C, Zemach for encouragement

and many helpful diacusalona. I also want to thank Dr, David L. Judd for his kind -

hoapitality at the Lawrence Radiation Laboratory, .
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we have | ‘ |

a(t) < =1 + 2t/ (to+t). ‘ o (F1)
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att) < Az,
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established, However, their results for t> - 50 are too linear and therefore
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Chew has pointed out to me that both groups reporting on fhe 'ﬁ,vhave observed
some anomalies ixi the angular distribution around the p peak that could be
atfributed to an 1 = 0 atate because they were not present in the analogous '
experiment with w7’ or w”w°. On the other hand, I am indebted to Dr, Takeda

for indicating that i{f the C. F, particle has about the same energ& as the p meson,

“its width is likely to be less than the experimental resolution, on the basis of the

measured cross sections for p* and p~. A. Ahmadzadeh and 1. Sakmar (see
Lav?rence Radiation Laboratory, Report UCRL-10584, Decemb;ar 1962) have

also suggested the possible connection of the C, F. particle with other experimental
information for t < 30,

The possibility of the queranchuk trajectory "bending down' soon and never
reaching 2 cannot be excluded. However, this is not likely to oc;cur it' the qué.n-
tum numbers of the £’ have been assigned correctly, which would ixﬁp_ly that
another trajectory with the same quantum numbers as the Pomeranchuk,v but

below it at t = 0, i{s able to reach Rea = 2.
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FIGURE LEGENDS .

- Fg. L Curvés a, b, and ¢ are lower bdunds for a(t) given by .Eiqn. (7), (H3), and
(H4) for o'(0) = 1/80, 1/50, and 1/35, rmpﬁcﬁvely. The expsrimental daga
are from Ref, 13,

Fig, 2, Curves a.B. and ¢ show lower bounds for I" (ta) given by Eq.{17) forx
u."(O)aa 1/80, 1/50, and 1/35, rgap@ctively. : The e»:périﬁmmtal values for the

energy squared and width of the £ f” are aloo indicated (Refs, 1 and 2),
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