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X p(n) interaction in the region 900 - 1200, MeV/c

i, Generalities
It has been known for quite some time that the ¥ p total cross section is
(1’2)'This beha~

to the existence of a I = o resonant state,

dominated in this region by a broad bump peaking at "1050\M9V/c.

(1)

* -
(1815), on the basis of the absence of a corresponding bump in the K n total

viour was attributed by Cook et al

cross section. .

Both the size of the resonance, and the complexity of the angular distribu-
tions suggested that the spin J of Y (1815) should be greater than 3/2, poss1bly
5/2. (T = 5/2 would be required if Y (1815) were a Regge. recurrence of the A) Recent
evidence by Barbaro-Galtieri et al(z) suggests that the situation in the region of
theYb (1815) bump is actually much more complicated., The K p invariant mass, in
K n -3 K p7n at 1.51 GeV/c showed in fact a resonance at 1765 MeV, in additiop
to a shoulder corresponding to Yof (1815). This new resonance corresponds to P
~ 940 MeV/c, Various arguments have beeh'given to show that it is unlikely that
‘e (1765) be in fact a shifted'YoE (1815). Arguments based on the behaviour of the

“rangular distributions for Kf‘p elastic and charge exchange processes suggest that

an I = 1 component be present in the region, and 1nduced the above authors to attri-
bute Y (1765) to an I = 1 resonance,
Let us now review the situation in more detail For'this purpose it is useful
to recall the reaction amplitudes and important relatlons about cross sections for
K p and K n processes, which follow from the assumptlon of charge independence.
The first relation of interest is that which holds for the tctal cross sections:
o (K n) = oy (R N); pure I =1 |
o (X p) -l-(o (KN)+c (N); I=0,1 | .
% (KN)=20¢ (K p) - (K n), thus when only the I 1 amplitude is present
cx(K— n) =20 (X p) ) ()
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For the various chamnels in K 3 and K d we have )

a) K p _ _

o (K p) = %’ ‘T + Tlt 2 elastic : - subfixes 0,1 refers to
© I=0,1 amplitudes

o (k° n) = %’To - Tl| 2 charge exchange
Co (2 a) =iﬁ i, *%Mﬂz
o (% n+) ='—b—:é'f L +'§‘M1‘2
s (2° °) =,!-"-1—6— Mo|2
o (A 'no) =‘—:;2/—_:- N l2
Ve 1
c(An 7 ) =|—VL1—g R —-%Rllz
o (Ao ) =i-;v1-_6-_ R +-12'R1‘2
o (A no n? =‘-\—/—l‘?‘ 'RO 12
From these ‘fol.low
| S, (Z.'It+A‘7t'It) = 6[G(Zono)+c(Anono] . (2)

oy (En+An+ldnn) =20 (Z+-n—),.+ 20 (27 n+)' -4 0 (Zo no) (3)

+2cs(AnoA)'+4c(Ani7t-T-)-40(Ano no)

b) K 4
c(2+n_n)=-j‘:'£% _ %le (.
o -lge
o (57 2% p) = ¢ |m?
o (2% n p)=;1;‘Mll‘2
o (2 7° n)='i%‘1\’[o‘2
:G(Ano'n)=%'1\lll2 U
c(./m"p)=% Nllz

Note that the amplitudes for A m m N processes are identical to those for X n N above.

Signifioant relations follow:

- Kn-=> Am__ 2
o(An p) =20 (A’ n) or K"l‘;——; Azo =1 (4)
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if the I =1 amplitude is £ 0, Also if this is the case
c (7 p) =0 (= 7 p) (5)

We also have

- — ) :
o (K n s Ax>qa0) 2 | & | _ 2 -
o — L) AR T 1 e ©

Relations (1) - (6) provide various possible tests to detect the presence of an

enhancement in the I = 1 amplitude in the region of the 1815 bump.

2. Total and partial cross sections

Relation (l) is the basis for the assignement I = O_to Yof (1815). As %o
the possibilities of a nearby I = 1 resonance we can (fig, 1) note that the well
knowp:bumpvin K p total is asymmetric, with a steeper slope on the high momentum
side, and some indication of a shoulder in the region 900 - lQOO»MeV/c.

If there is a le in this region, the K n total cross section should have
a bump twice as high. First, the two points at ~ 980 MéV/c are in disagreement so
that a bump in K n here is not excluded, Second, there is a gap between 810 and
980 MeV/c where a bump could well have escaped detection, considering that such a

(3)

bump, as pointed out by Barbaro-Galtieri et al , will be smeared by the Fermi
motion in deuterium. Clearly the data are not in contradiction with a possible I=1
rescnances in the region and measurements of K n cross sections in the region
800 - 1000 MeV/c are urgently needed.

The data on K p elastic (fig. 2) are very contradiotpry in the region
700 - 1200 MeV/c, In fact, the points of Bastien and Berge(4) at 762 and 850 MeV/c
and of Graziano and Wojcicki > at 1,15 GeV/c are consistently higher than the set
of cross sections in the region given by Beall et a1(6). The general trend is that
of a bump around 1 GeV/c, however,vand the bubble chamber data are suggestive perhaps
of a rise beyond 850 MeV/c, more rapid than indicated by the spark chember results.,
Here in particular, closely spaced points taken with the same detector are necessary.
Aside from the disagreement with the B.C. data, the set of spark chamber points is
again not inconsistent with a structure between 900 and 1100 MeV/c,

The K p charge exchange data are meager and interesting. (Fig. 3). A defi-
nite rise is observed in B.C, data from 600 to 850 MeV/c; with a possible levelling
off. At 1 GeV/c, a counter point would suggest a very rapid enhancement, also

confirmed by a B.C, point at 1,15 GeV/c. Of course, this would be quite consistent
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with a large I = O amplitude., Unfortunately no: date are available between 850 and

lOOO.MEV/c, where a possible I = 1 resonance may produce a drastic drop in the

cross section, since o (K p —3 KO n) = %‘\To - Tl\z. This is of course & rather

sensitive channel and no B,C. p01nts have as yet been publlshed betireen 850 and

1150 MeV/ec.
For the L T cross sections (fig. 4) the usual gap. existe between 850 and

1150 MeV/c The A 7° cross sectlon on the other hand (fig. 5) indicates a poss1ble
rise beyond 750 MeV/c, and thus of course can ouly be due to the I = 1 component.
At 850 MeV/c, for two body final states (& = and A ), Ty~ 5. mb, Gl ~9 mb.
The X n -3 Am is an extremely good channel to detect an I 1 resonance here,
bedause of felatlon (1.4). o

' "The A n+ n cross section may be 1nterest1ng as well (flg. 6). Comparlson
with K n ——e Aw no; aside from the sllghtly 1arger difficulties would also:?
be Worthwhlle (1 6). ' '
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3. Angular distributions

The following is the expression for the differential cross section obtained
from expans:Lon through g,7 /2 partial waves. |
It is expressed in ‘the form

2 do n _
k © = 12;1 A‘n i, when p = cos @

AN (R Y L T L LR JA R KR AR 2+ e}

% % 3 2 ES
+2Re{”(sl d5 + 7 Pg) = (1 d5+pl f5+p3 g7)+ (d3 5+p3 fs

1

% x
t8) g TR T - (ds g7 + g f7)}

* . % % 3
+p.2Re{sl pl+2(sl ]p3+p:L d3)—5p3d3 2(8 f +P1 d5)

S * : % : * * 21 * C
+2(d5 £, 4 £ Vg_7)A=6_(sl £, + P g7)+2 (d3 £ + P g7)
2., _ 8.
7% 5oy g7}
2 2y 45 2 2
R EY B Id3|> <§5! i leg] B e L (e, |2 4s, | (7

3 * b4 * 9 * *
207

* * _ * * 207 * *
~ 18 (d3 d5 + p3 _f5) - l‘5.(s1 & + 19 f7) + 4 (d5 87 + f5 f7)J}

3 15 x * * * = %* %
- f
o .2Re{""‘2 (sl f5+fl d5+pl g,7)+6(p3 c15-l~d.3 f5)+9p3 dB_lOs:L
- % 3 x % 117 15 . =%
- 15 (d5 £+ £ g7>—55 (p3 g, + 4 f7)-——2 d5 f5 + 5 1y g,7}
;

'“4%5'(\‘15‘!2*# lz)“%(lfvih“’%”l‘e{%<1°3 £+ 4" ag)

-+

i
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For the polarizations we have:

kZ dO (9) -

dQ .o B
(1 - u )1/2 X Z'En.':

T % %* 3. % £\ 3, % RS
1 i,sl pp+ (e dy - pg) 45 (p A5 -y T) 4 (457 25 - »y" dg)..

+ 45" By +3 (o £,- 0" &) z_(pgx gy~ a5 L) 7 e -t g
G R g7)}
+'M{j3 (" 5= pg) 43 (o e - et ) (47 a5 - g 1)
R e A AL f75}
* “2{}%? (SlX t5 p1XAd5) +'%§ (o) &y = sy £7)+ 2'( 45 f5 P d ) (8)
+ 303(d3%_f7 {5p3 &) + 905 4y - '%? dS* £ + 315 7* g7}»
+“3{i25_(p;f5_d;d5)+_3-25-(81ng 1f)+5(3g7 pf'r)

1225
)
{. (6)

The angular dlstrlbutlons for K 'p —3 K p reported by Beall et al inmfhe region
800 — 1400 MeV/c show as more. prominent features a peak around 1000 MeV/c in both
A4 and A5 A peak in A5, neglectlng f7

and’ g7 waves, can only be due to 4 5
1nterference as seen in expre831on (7)e Recently Barbaro-Galtieri et. al(B? have

“elaborated on this p01nt by analy21ng the variation of A5 in the region 800 - 1400

(7)

. Chosing the follow;ng parameters for -

on the basis of thé above data, inclusive of the data of Sodickson et al
Graziano and Woj01ck1(5) (4)
Y* (1765) and Y© (1815) :

and Bastien

M = 1765 MeV, [, =60 MoV, [e/ =0.6; M, = 1815 MeV, T, = 70 MeV, Fé/ = 0.6,

the calculated variation of A5 versus PK is not inconsistent w1th the data (flg. 7)
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Characteristic of the A_ behaviour would be -the presence of two peaks, corresponding

to the two resonances, ientatively assigned to d 5/2.(1765) and f 5/ (1815) respec—

tively. Barbaro-Galtieri et al also point out that in the momentum region between

the two resonances at -~ IOOO'MeV/c, A5 should decrease since the two resonating

amplitudes are nearly orthogonal. This situation on the other hand should generate

a large polarization term in sin © cos 4 ¢ which is proportional to Im d‘;ﬁ5 f5.

A measurement of the sign of this polarization would solve the d5/2 - f5/2 ambiguity.
On the other hand recent results of Wenzel et al(8)

bump in A5’ also require A.6 #£ 0 at 990, 1032 and 1181 MeV/c. This agrees with the

data of PFerro~Luzzi et al(g) at 1,22 GeV/c, which for X p -—> R° n show a signi-

while confirming the -

ficant A.6 coefficient. It is then qyite important to find out if A6 is Jjust due
to background or if it shows a resqnant behaviour. If this were the case, J > 5/2
would be required for either of the two resonances.,

Pinally, the basis for the I = 1 assignement for Yx (1765) rests on(the
observation that A5 for K p - K° n shows the same behaviour as for K;ﬁp -—>K p
but has opposite sign. The data of Wohl et al(lo) and Graziano and Wojeicki: ™" in
thé region 1000 - 1150 MéV/c were used for this. purpose. Since each of the amplitudes
in (7) must be expressed in terms of I = 0 and I = 1 amplitudes:

- - 1 - =0 1
T p-—> K p =5 % + Tl‘ ; T(K p—> K n) =5 1% ~ Tll

it follows that Ay (K p —» K p) and 4 (K p —3 %° 1) will have opposite sign

only as a result of interference between the I = 0 and I =1 4 and f amplitudes.

It is clear however that one would like perhaps independent evidence on thié'ispin

assignement,

4. Experimental progrem ,
a)_choice of beam momenta
It would be desirable to explore the region 900 - 1200 MeV/p at intervals

of 30 MeV/e, both in H, and D,.

As to the choice of actual momenta, the following table of relevant momenta

may be of ‘help
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TABLE T
Reac%idﬁ.l B | ._PK 'Resongpéé «.Pk Threshold
| | ' © MeV/d’ MeV/c
K p- Y (1660) 1660 715 -
U (15) p 1663 . S
Am o iees 0 T s " oo
v (1238) ¥~ 1732 e 870
Z'% Ce j“'l741‘ i _ L o 550
ST (1765) 165 " 940 oL
=K 1815 S | 1045
TYF (as15)° T 1815 1045 .
K*(ss8) p - 1826 - 1070
Ap 1865 N A 1)

A 1897 - o 1225

A suitable seguence .of momenta ofAinterést would then be, for example (850), 880, « -
910;- 940, 970, 1000, .1030,-1070,-1100, 1130, (1660), 1190; (850) and.(1160) stand . .
to indicate that a considerpble amount of data is already available at this momenta.:
The above se@uence_corresponds'approximately, and can be made to coincide exactly,

with equal c.m. energy intervals of 15 MeV,

* 1) What to do where
H%T‘The:pfeééding:&iSCuSSfdﬁ:alreédy indicates several of the points Where:ﬁewt
information is required, Aside from the systematic exploration of cross sections;
angular distributions etc. for the various channels, in particular in the regions
where the data are either missing or contradictory, particulariémphasié«ﬁéyibe*Jﬁ%~19

placed on some of the more sensitive aspect. The main guesiions;are: .-

*.l)~IsoSpin-content}in~the region: 900 = 1200 - . e i rre B
If indeed if (1765) andYox (1815) do exist with the correect ispin, assigne-

ment, one would like:-to see some. distinguishing feature .of such a situation. Relevant
information may be sought in the XK 1n totzl cross section between 900 and 1000 MeV/c,
where an enhancement due to le (1765) should be present. Rapid variations in the

K P =—> £ n cross section may be expected, in particular between the I = O and

I = 1 resonances, as well as in the sign of the coefficients in the angular distri-

bution. On this latter point, one would like for example observe the momentum

PS/4150/ jc
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dependence of the ratio YlE (1765) A5 (K p-—s X p)/ A5 (X p -3 i° n) in
the region 940 - 1070 MeV/c, where the I = 0,1 interference should be maximal.

Purthermore the ratio should be rather sensitive indicator

K- p~-—> AT°

K D —=> A ni ot
K p=> A7O 1O

of Yli, while may be sensitive in the region ofvio?,_

- % =0
Minami(ll) recently suggested that also the reactlon X n --» N (1238) K
may be sensitive for the detection of the Ylf (1765) excitation.
2) Spin-parity of Yp> (1765) and Yo (1815)

Since d 5/2 T 5/2 interference is required, a critical test, as suggested by

1Barbaro—Galtieri et al, will be the determination of the sign of the polarihation
contributed by the sin 6 cos4 © Yerm in G(Q)IP (8), which depends only on such inter—
ference, (if partial waves higher than 5/2 do not show respnant behaviour). This
test will be more sensitive in the region between 940 and 1070 MeV/c, where the
d 5/2 and f,5/2 amplitudes should be nearly orthogonal,

Minami(ll).further suggests that the angular distribution in

K p—y ¥," (1385) n > A o

- mgy discriminate against the d 5/2 f 5/2 anbiguity for the two resonances feSpecﬁively.
3) Excitation of K (725) ~ R
As can be seen from Table I, the threshold of K p =--3 Kf (725) p corresponds
x (1660) while that of K p > ' (888) p corresponds

1
roughly to the excitation of YoE (1815). The region between ~ 800 and 1000 MeV/c

-,

to the c.m. energy of Y

should be a very good region to excite the Kf (725) without, or with diminished
effect of the otherwise dominating K (s88).
The excitation function of K (725) in K P ——» K p seem to increase with

A - e 12 .
decreasing K momentum, with a cross section of ~100 pb at ~»1050 MéV/c( ), with

-

reasonable extrapolatiéh one may expect a further rise, before the drop at threshold.
The advantages of this situation are two fold. On one side K# (888) should not take
up all of the phase space, on the other close enough fto threshold the KE (725)
should still be produced as an s-state relative to the nucleon, so that an Adair
analysis will be possible using essentially all the events. The reactions of inte-

rest will be then

K P —=> KO T P a) where a/b = 2/1 if
—> K °p D) . I =-% for K= (725).
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4)fStudy of"the;Kp - and A - nucleon interaction -

. A very substantial number of ¥°'g and A's will interact in the chamber

. yielding as a by product the material for,essentially another experimental program.

5. Bxposure requiremenls

In order to determine the coefficients of an angular distributions up to A6’
~600 events are required. _
What determines the exposure requirements is obviously the smallest cross
section which one wants to study; In the région”dffihterest this corresponds to
~1 mb, Taking the figures of 236,meters/mb for the collision length in liquid H2

1

.and g useful track length of 50 cm, in the 81 cm H,B.C., 600 events of ~1 mb require

600 x 236 x 2 = 2,84 x 105 tracks or

~ 25,000 frames at ~ 12 tracks/frame. ‘ '
For 10 momenta in liquid szlthis then corresponds ito ~s250.000 frames., For liquid
D,, if the density is twice that of liquid HZ,“thén“the collision length/mb is the
same as for H,, In only ﬁ{BQAO/Q of the collisions with a neutron, the proton is
a spectator in the sense of .the impulse model}lat these momenta. This fraction in-
eludes recoil momenta below ~ 280 MeV/c. : - x

Since, howéver the limit of ~ 1 mb for the fafésérchanngi of interest is a
rather conservative one, for liquid D, as well,'approximately 250,000 frames may
be required. . . | | oo

The actual allocation; of numbers of frames to particular momenta may of
course vary, accordingly to the emphasis one may wish to place on some of the
items previously discussed. .. ~

If in the average 5 channels are explored with 600 events each, at each .

.- momentum, the experiment requires.the measurement of ~ 60,000 events.
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Appendix
TABLE II
CM ENERGY KIN ENERGY K MOMENTUM
1660.0 375.6 715.6
1675.0 402.2 T47.7
1690,0 429.1 779.8
1705.0 456,3 811.7
1720,0 483.6 843.6
1735.0 511.3 875.4
1750.0 539.1 907.3
1765.0 567.2 939.2
1780.0 595.5 971.1
1795,0 624.1 1003.0
1810.0 652,9 1035.0
1825.0 682.0 1067.2
1840.0 711.3 1099.4
1855.0 740.8 1151.7
1870.0 770.6 1164.1
1885.0 800.6 1196.6
1900.0 830.9 1229.3
1915.0 861,4 1262.1
19%0.0 892.1 1295.0
1945.0 923.1 1328.1
1960,0 954.3 - 1361.4
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