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" . SIGMA-PION FINAL STATE INTERACTIONS -

-
A

Yu-Li Pan
' (thesis)
‘ Lawrence Radistion Laboratory -
ol .University of Califorhia. '
i, . 1. Berkeley, California
August 196k .

- ABSTRACT ¢ - -

- Bigma hyperons produced with two pions by l;lS BeV/c_K' on neutrons

in the 30-inch propane bubbie'cham.berl vwere used to study final state
interactions of the particles. The production of Yi (1385) on protons
in carbon'was also studied. .

We observed the Yi (1385), Yg (1405), and Yg (1520)." In addition, |

the data indicates t!e existence of a T = 2 sigma-pion resonsnce at a |

mass of 1415 % 16 MeV, with full-width at half-meximum of 50 MeV or less. -

The spin and parity of this resonance haye not been deterﬁined. Furthef,.
:the data shows a possible resonance in the region of 1750 MeV in the
reactions A 7 ﬂf and.E% n; n—:vxThis mey be associated with the decay v" 
of th?_i765 MeVlii into these channe%s? , | o |
| The production cross sections forjz;_n- 2 and S " " reactiqns._'

 are 0,51 # 0.07 mwb and 0.h45 # 6.07 mb, respectively.

!
'
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‘]vhave an isotopic spin of 2. But subsequent experiments have failed to ?7

| i{confirm their findin ! 13 These experiments will e discussed in detail

“in the next section.

f the type
:'iwhere n(c) means neutrons embedded in the carbon nucleus. .This\reaction“pj;ﬁ=;f;;f
. 15 favorable for the observation of a T = 2 resonance for the following . .;ivqu
. reasons:

“va]Both of these particles can be seen in the bubble chember, = -

"+ of the amplitudes of T

' quired by the Clebsch-Gordan coefficients.~ | o

state. The K'p system is a mixture of T = 0 and T = 1 states. But the ' ...

© "K'n system 1s a pure T = 1 state.

..l..

. . J«’.',‘_
e

Sl 1. mvmobueTION”

Since the discovery of the Y* (1385)3 and the subseqnent spin deter-v.-“'f

minatiOn?}there has been continuous theoretical speculation regarding

the existence of a Y2 o : i-' T : - f,/i”f

Dowell et al.5 observed a peak at a mass of 1550 * 20 MeV, which may

L k!

' In the present experiment a search has been made :f'or En resonances PR

'*,with»T = 2 in the available energy-region. The reaction studied is of

K +nfe) » 5 +x + % + recoils . . (1) ; -

S e :

1) A YZ should decay into a I and a x~ at least part of the time;,fpg’ddnrl
2) If Té is the Z component of thepisotopic spin, then the ratiojrlys ’
3;= -2 to T3 = 0 for alYZ decay is 6 to 1 aslre-lﬂ”f

3) If a Y; exists, it is most easily produced from a T = 1 initiaifff

The reaction - . R . . ‘ .’bl":;5.r( e
K™+ n(e) o5 #a" 4 a” +recotts - T (2)

does not give any information concerning a x* P2 resdnance, but has‘;i7“

! i

.
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events could be observed in sufficient.

E

ﬁave;beénTiﬁV¢éti

ociated with Xn
i_'évcﬁiér'iéf |

 .~part1clés}ass

gatéd,;ho?oughly in preV

.

this region is the Y}

Zexperimen
resonance- in

1y known Lembda-pion

{(1385), . we studied the reaction

‘ A

UK Hple) SAE R R
e;hqw.g ﬁéil.khbwﬁ reéonan&é3is“pr9duééd in cafboﬁ;
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L D . .- Cat

.V;f of 1 or 2 since it is made with a K

' _fh:system at 2.1 BeV/c was found by Diddens et alé_ The effect observed at;u?

f.i 1550 MeV may be due to this pion-nucleon resonance.

?.The pion momentum was varied from 1. 89 BeV/c to 2. 36 BeV/c.- In reaction f
k), they ‘observed Yy (ihos), Yy (1520), and K* (885) In reaction (5), .
k ITchey found that K (885) dominated the reaction. No. resonance with

v”_isotopic spin of l or 2 was found in the region below 1900 Mev.:

:'e\, LR

Lo ITL LITERA”‘URE SURVEY

The existing experiments can be put into the following three classes i;t;ﬁ5"

VVA.N,associate production, B., K.p reactions,-and C.::K'n reactions. k

ueA. Associate'Production' '._4 5;:~:"f,vf'f~f %%} p7[f1

In a counter eXperiment, Dowell et a15 measured the cross section L

”“7for K production by negative pions on protons at O degree with a fixed K

momentum of 0 9h BeV/c : The pion momentum was varied from 1.3 to 2. h ”

=~BeV/c., Since the cross section for -any two-particle scattering increases'li‘
hwhen new outgoing channels become energetically possible, the cross sec-
rtion for K production should rise when 2: or Y (1385) is produced with
'>the K . Accordingly, they found peaks in the cross section when the missing

" mass reached 1197 MeV and 1385 MeV., The missing mass is calculable from ?;7j~~’

S+ 'the momenta of the incoming v and the. observed outgoing" K.

In addition to the two- peaks noted above, they also observed & third

‘Since the experimeht of Dowell et al., afT-= % resonance An’ the n p

Alexander et . al7 and Kalbfleisch et algvstudied the reactions

Cepo ek S e --.-..‘-:-t:‘,_<l»>-s

Fanoed ek )

B O

enhancement at a mass of 1550 } 20 MeV, which must have an isotopic Spin H‘?‘kgs'



fThe data at l 22 BeV/c } l 51 BeV/le’;l and'l 70 BeV/c was dominated

’;ftwo-pion system. The fit to the phase space ‘was bad at l 70 BeV/c.; Small:
:ienhancements above phase space were observed in’ the thO MeV region in.

the2 % and 2- n+ systems.~ These were not statistically significant

e

=No T = 2 resonence was observed in any of these experiments.‘ﬂ“'

i

"2. Slgma-two-pion

The reactions. which cen’be;studied-ere

K p o At e
K-+p »5 + a7+ n
-.K ,+ipA—a§?-+,n_-+ T

'uIn these reactions,‘one cannot observe the'T = 2 component of a T‘f 2

737

3resonance. The production of a T 2 Y* 1n the above channels must come

' from a T l 1nit4el state. The K p system is a mixture of . T l and,,




Bastien et al:.L2 studied these reactions with K momenta of 760 MeV/c

and 850 MeV/c. Although their data was low on- statistics, they observedr

broad enhancements in’ the lhOO MeV region in the T3 = 0 and T lll
channels.: The enhancement in the T3 = 0 system was explained as Y (1&05)
production. But the larger and sharper enhancement in the T Il]

: S channel was explained as due to the dtcay of the Y (1385)

T e

. end 1. 51 BeV/c

U ) . SRR
- showed strong Y, (1405) and YO (1520) production. They also observed BN
- some enhancement in the,lhOO'MeV region in the T

“enhancement in the data at 1.22 BeV/c was not statistically significent.

. resultsvwere;not significant. The data at’'1.22 BeV/c and 1.51 BeV/c 8

9-11

Alston. et al? studied these reactions at 1. 15 BeV/c, l 22 BeV/c,

10, l; Few events. were observed at 1.15 BeV/c and the __'

3= Il]'system., Thefdﬂdl,;?buif,(

ﬁ%:But the peak is especially sharp in the data at l.Sl‘BeV/c. The full;lf:"igs‘?v:_

L width at half-maximum was of the order of 50 MeV. This was explained “if;»'l,

‘as due to possible constructive interference between Y (1385) and
. +
C. K +n— 3" +q +x

':‘Ebv/c They found r (1uos), Y (1520), r (1660) and possibly some

et

Y (1660) or to p meson contamination.

' Alston et alJ.'l studied this reaction at a K~ beam momentum of 1. h9

B IR
3:?N_Y0;(1815). 0 (1520) dominated the reactiOn. They concluded that there v .

are no T = 2 resonances below 1900 MeV, although.the phase space did}not_fg:fnl ;

f“, agree very well with the 2" x invariant mass distribution Deviations -}ﬁ‘”'

ﬁf' MeV regions. There exists some enhancement in the 1450 MeV region but

" from their phase space 'were not insignificant in the 1600 MeV and 1800 R

'

it is within the statistics.
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Thus ) ‘c.he absence of a ‘I‘ 2 resonance 1n previous_

a4
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dOeSA. not _eXiS‘t .
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"fvof a T 2 resonance. In general, they are based on similarities between -

:]»pion—hyperon and pion-nucleon scattering. The oldest of these theories

“ 'that for the pion-nucleon scattering.,v,

" sonence with a mass of 1238 MeV and a f‘ull-width of 9k MeV. When extended
ff[to the hyperons, the theory predicts two resonances in the: pion-hyperon :
'»fsystem corresponding to the (3,3) pion-nucleon resonance. -The spin ofl:

““. these resonances must'be 3/2, the same'as ‘that of the (3,3) resonence:
: TNETin an empirical way. The isot0pic spin T’is written as the sum of an -
< contributed by the pion.alone, whereas the‘Rispin is related to the K- -
" meson. It is'obvious then; for reactionS‘involwing only pions. that f’=]l'

.[.":7- end ¥ = O, but 1f only kaons are 1nvolved, then l’ 0, and I? = l/ 2

and hyperons: - }f :,'3‘_g 3 ':i , ":t fl‘gcj'f_ : iﬂ,‘v‘

jIlI THEORY

Global Symmetry with Doublet Aoproximation

13 BRI

There have been many theories proposed which require the existence'v_

‘is global symmetry with doublet approximation. o R

In this theory, one puts the Sigmas and the lammda into the form of '

jitwo doublets to correspond to the two nucleons. These doublets are

( 2 Y°) and. (Z° D) where .

o.' A - Z: AT A +Z:°

2
"?;f‘The coupling is assumed .to be due to pions and it neglects the K-meson i;;,i;§fL
;contributions. 'In this way the problem is reduced to the same form as . i

A . . B S
. . £
. - RN . o N e o

An enalogy can be made with the T = 3/2, J = 3/2 pion-nucleon re-l{_.u'

The isotopic sPins, masses, end widths can be obtained approximately

fiSpin and Ktspin, T = I:+ Ri -The I-sPin isvthe isotopic-spin component }

We,assume 13‘;]t the phenOmenological mass formule for nucleons



| /2,?_ 1/2—>? 2, i? 3/4;‘. P
' 1171 + (3/4) (75) + 1&0 + 230 1527 MeV

‘?weight must be asszgned to each flnal state channel.» This must be further
corrected by the differences in. avallable phase space, (p /p N)

p is the C.M. mowentum of the appropriate resonance, p N is’ the c. M..

v

Py = 230 MeV/c, the half-wid.th of.‘the'

(3,3) resonance: is h? MeV, the: (3 3) resonance is a p3/2 resonance,

In our case, p 270 MeV/c,

,therefore, & l.s Since the resonance under consideration can decay
v

ronly into a sigma and a pion, the 1sotop1c—spin weight 1s l. So'we'havé;

sl meen (270/230)3 - 76 wel.

Thus, the theory predicts a T 2 sigmaopion resonance with a mass




"'The interesting observation here is that if the coupling constant j‘zz

;Ifalls to zero, the Y2 predicted in the J 3/2 system persists and rises;

"% seme mass as the Y

hii_'resonance is -assumed to be 1385 MeV as observed for the Y (1385)15

ppB.. Limited Symmetry ; : » e _ L _
!(“ Essentially these theories are generalizations of the global symmetryll'
.Vi'theory with doublet approx1mation. They take into account the difference {
. in couplings between the lambda and the sigma in addition to their mass s o
| difference.;-fz". | | | |

o As an example, Amati et al 1k have.considered:the pion-hyperon‘scat-:;
:tering using a static ‘meson model analogous to the one pion exchange ,ﬂ
;E:model for pion-nucleon_scattering, The calculation takes into account -“'d
T“thevtwo.channels;pion-lambda andvpionésigma. 'In addition,'the_non-:;,r'
1symmetrical coupling end the massfdifference'Of‘lambda_andisigma are;fiij
;introduced ' .‘ | | o | J

" In this theory, three resonances in each of the two possible J state,57

:‘1/2 and 3/2, are sllowed.  They are in T = 0, T = l ‘and T=2 systems.;asj',;Z;J_

f‘in mass value relative to that of the predicted Yl and resonates at the

o 'I‘his mass is 1625 MeV if the mass of the T = 1
It should be noted that the theory reduces to the global symmetry
theory when the more limited assumptions of the global symmetry are fd

“introduced 4'5,' 3;;5 f: *‘:f”

This is a method of considering the meson-baryon resonances in the
hope that some "higher symmetries" exist. The resonances and particles

iﬁlf'are grouped into multiplets according to their isotopic Spin and hyper-vn
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The theory does not~pr¢d1ct the exis:‘fénce of a Y
: v?tf

ety
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'Q‘g{ bubble chamber.

Tl T et e e e T
. v' - ) ) cL L Ce, B s ; . -l o . . ’. ) veooh e ot E . .

Lo E}QDERD/IENTAL PROCEDURES pE e

k¢ A detailed description of this beam has been published by Eberhard
et al17 Figure 1 shows the beam layout The average momentum of the

beam was found to be l 104 O 007 Bev/c at, the center of the prOpane

During “the exposure of this exoeriment a magnetic field of 13 5
'kilogauss was applied over the. 30 inch pr0pane bubble chamber. Approxi-» ;. o

mately loh OOO pairs of stereo pictures were exposed. Only 86 489 frames S

Tau Decays =~ = <% o

Since 7 decays of K', i e.,

K mwt ko

.&u were unambiguously identifiable on the scan table, the number of K in
. f

'jfi the beam can be accurately determined by finding the number of T in the &
72 pictures.' Since the beam momentum (l th BeV/c), mean life of K, KRS
-:(l 22l i-O 013) x 10 -8 sec, and the branching ratio for this mode of

decay, (5. 66%), were all known, we calculated the number of K per ;;

“ frame to be 3 47 % O 3l. This number was obtained from the scanning of

*ﬂ 9237 frames of pictures which resulted in 127 tau decays. L

i&B. Delta-ray Production L
. The cross section of delta rays produced at a given momentum is a ’
function of the velocity of ‘the. particle which gives rise to delta rays.~

“:‘ Therefore, particles with different masses. but with the same momentum ;i
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f@pdelta rays of kinetic energy above 5 MeV. Consequently, by finding the

.;L?:number of delta rays with a kinetic energy above 5 MeV, we can find the.ﬂ3f

‘“'ffprOpane chamber run, where the beam consisted mainly of negative pions

lj"fjaverage, 24 delta rays and 6.6 1nteractions per 100 chamber lengths. S

"'lewhich did-interact_were pions;} Invthisrway, we separated the pion and;v

'vf'gvmuon contamination wvas (32 3 3 2)%

'have different cross sections ior producing delta rays with a given

” momentum.< At our beam momentum of l‘loh BeV/c, the K cannot produce

'bicontamination of pions and muons in the beam ; ) | | |
r A total of lO 080 chamber lengths of track were looked at. ::If'there o
;uere any 1nteractions along the %racks, the lengths were measured wp to . -
;the point of interaction. A total of l 125 delta rays of kinetic energy'ﬁ-”'
':fabove 5 MeV were’ found and 37 of these were on tracks which interacted |
fsubsequently.4v , 5,1;; 1‘jp';iiF. |

For comparison, we repeated the procedure in. a previous 30- inch

??'at 1.08 BeV/c and had a'10 * 2% muon contamination%9 There were, on the?i_f?;a:;

When the delta ray counts from the two experiments were compared
.Jithe percent of X~ in the beam‘was calculated to be 56 3 L. 5% : Since:J

. e' .

3f,a mion cannot undergo a significant number of strong interactions, those -

“g?muon contaminations. Pion contamination was found to be (ll b+ 3 2)%,f

L y oo

The-average number of beam tracks per picture was six.’ The”number”
‘lﬁ'of K''s per picture was found to be 3. 38 * 0. 27
. Por cross section calculations, the average of the two independent‘

results was used --j namely, 3.h2 = 0. 20 K™'s per picture. f




When an event was found the picture number and the type of event

»were then written down on the scanning sheet In one quarter of the film,

,;all Sigmas found were recorded on- scan cards.' In three-quarters of the‘

/‘film only those events with two or three pions and zero or one proton

.

;B._'Measuring

K . iy - 4

vcision-measuring digitized microsc0pe. Information on the scan card

?1n addition to locating the event for the measurer, also assigned “the

) . e

fevent to a definite prescribed category.

The actual measurement in effect recorded the coordinates of




el F'*IR systemeo,

$

The FOG program reconstructs each track in snace from the separate

| :.measurements in: the two stereo‘views of the. picture.. The momenta are-
ﬁ:obtained from a parabola fit to the space-reconstructed points for each
ttrack except when determined by range measurement. The angles in space o
7are also claculated - -
The CLOUDY program performs kinematic constraints in addition to
:Q,k_‘calculating the errors and_other'quantities of_interest,_such as in-:ff
“i*i'Varlant mass. . o | o | | a

The FAIR program governs the ~output of information._ This‘may,berfniﬁlf

',{in the form of page output, tape,lhistograms, ete,

" "D. Constraint of Sigma - » R a..:-"“; f'@ e

The plOn tracks’ involved in this experiment were, in general long

.a{Jlength wvas 1.1 cm. Only a-minimum value of the momentum could be ob- L

L tained from range measurement

Further information can be obtained from the v151ble decay pion or

L Proton from the- sigma. | The angle of decay and the Pi°n or Pr°t°n momen~

] ;»I'
Lt
1
s
o
S
I‘.

If;tum were used to calculate the momentum of the sigma This often resulted
:Qin solutions which were double-valued corresponding to forward or back-;
%ward aescay of the sigma in the C.M. system, In almost all cases the;5f

" ionization of the.sigma was used to resolve this ambiguity. The rangesfﬂf

f_'and the momenta were well determined except when the pion left the chamberuﬁ'fi.,

"in & short distance. The momenta of the sigmas were high and the averageifffii .




not meaningful.v The average error OL

'OC constraint at the decay vertex
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PRI

1found to decay at times tl

expressed in terms of L/P

;where T is the mean-life of the s1gma, N,

From the exponential decay law, N = N

1.

lO

O 13 x lO
¢ -10

'x 10

=10, sec and 1. 61

= J«hff. - L2-f 1
o = Bl ~F - 7P
e T Ec [‘&nml T I

+ 0.1
.0, 09

X lO

sigmas with a momenta in the range Lof 600 to 900 MeV/c.

e

'and N

and t respectively.'

B

10

/*

, ve see’

2

sec and the mean - life of the sigma minus to be l 12
‘sec, These values are'to bevcompared_to the_quotedvvalues;ofl

. sec respectively.-_ib

t
-
'
d
N
N
B
R
il
H
S

The reason we

This equatlon can be

are the'number of sigmas

0.20°
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" by the 3_mm cut in ourtscannlng.- From the deviations from the straight

‘."% line fits we,got'2h.h t-5.6% missing»for positive sigmas and l3.2 ;"5%['1‘ﬁ‘ ‘

7f events missing for negative sigmas Note that the ratio of the missing

i fihevents in the first box for Sigma plus- 4o sigma minus is approximately Lo

- ;;.two.l This reflects the one-half factor in the life times.

Sigmas of lower and higner momenta gave similar results.

Scanning Bias Test -

“;B
Detection efficiency decreases when the track in the bubble chamber f

;i,goes toward or away from‘the cameras To check this bias, we looked at ‘:“'

’-u;the:azimuthal angle distributionlof the_outgoing particle with respect SRR )

uuf_”to the incoming particle, The azimuthal angle, ¢, is zero degrees whenv","vf-""‘T

the outgoing particle goes‘toward the cameras, (npward in the chamber),l'
"ﬁ'and 180 degrees when it goes away from the cameras, (downward in the
chamber) The azimuthal angle distribution should be isotr0pic if there

" were no bias ' ,' o SRR SN

‘Two azimuthal angles.were'involved; The first was the one the

v L ) - . f

sigma made with the‘incoming.K_.; The_second was thevone the decay

particle_of'the sigma made. with the sigma difectionQ ,
aTheEdistribution at the'production_vemtex, Figure'S,‘is isotfoPicfii

'Tﬁg}d »j'_?fwithin statistics.,“Figure 6'shows a tWice-folded'plot'oflthe eVentsf'%j

'ﬁ‘e‘against o for the'deca& pions. There is a marked bias-against those ‘ﬁ;

pion tracks going toward or away from‘the3cameras. As a result of this,;

‘”ihbias,,approximately 25 + 29 of the_eVents wereilost, B

......
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.»{_length The fiduc1al volume was defined in such a way that the intgr-;_ig
- action length was hO cm. But because of 1nteractions, the average path.
iilength per beam kaon had to be calculated from known mean-free path- .
*fflength for kaons._ This was computed from the K-nucleon total cross

:‘vi sections,2l to be 159 11 cm. From the formula L

f}where’ﬁ is thevinteraction?length and'k'is'the mean-free‘path~lengt
,'*évwe found the average path length per beam kaon t0 be 35 3 2 5 cm, -
f;y‘After multiplying the total frames scanned and the average number of:” -

‘' kaons per picture by the average path length per ‘beam keon, we foundifj{ﬁji:”

';fif;the\total'kaon track length in this‘experiment to be lO.hh 0.95 x 10~ cm.-.fs

. f;vdecayed into a n+ and a neutron.» It was then multiplied by two to take'

"t;care of the protonic decay mode which was eliminated from the cross

ff‘section determination. At the production point, . the zero and one prétonis

.1'eyents were added together because the protons were assumed to bepjust;ﬁf.L
. recoils and not associated withvthe_sigma‘production events. All thevlﬁ

© data were added in this fashion.

a'the sigma-two-pion events was O. LlS gm/cm . The summary of the scanning
3firesults and the cross sections, along with the corrections made, is.

’ "ifpresented in Tables 1 and 2,

PR DR W,‘._. o . ,4,f_\-"

R _;;."v_II.‘ PRODUCTION cnoss SECTION

oo In order to calculate the ‘cross section for the sigma-two-pion
" g :

production on neutrons,.it was necessary to know the total beam path

‘xi. D

[

L=(\ (1_eX)

6

The sigma plus cross section was based on the events where the §:

oy

The density of proPane used in the cross. sec*ion calculations for



1€z

wnmauwnwmmﬂ ut
'§9T3TNOTIIIA
L UGTA Jequni

andano
: QO -
asquny

ﬂwcqumum.,,

Ut punod.
Jaquny

)
s

S

QN
-

oy

e
v .




©TABLE II -
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Evenﬁ

Found
(Corrected)

Total _
Observed

Life-~Time
Correction.

'Decay

Bias -

~ Scanning
Efficiency.

Tofal
Cerected_

*"Cross
Section.:

-228..

87

315

13.2+ 59

363

25 + 2% .-
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"89.7 + 6%
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vahase Space

;element for the reaction., In the absence of any resonance, i. e., constant

should be pOpulated uniformly on the plot _The limit of the_Dalitz<plob

is governed by the avallable energy ég

In colllsions with single nucleons, the total energy of the’ outg01ng

~

"particles is £1xed by the beam momentum In our case, the carbon nucleusk

can take some energy which may be unobserved.; The appropriate Dalltz :

|

Lsame line., The alternative of using C M. klnetic energies of the two

pions is not suitable here because of our 1nability to transform the

: laboratory qpantities 1nto the C M. system properly,‘iv g




“’f{levent correSponding to the, C M energy available to the . system

"=29a

In our case, we had a variable C M. energy available because of the ;‘

,izuFermi momentum of.the'nucleon 1n tne carbon nucleus. The phase Space and:.

ffthe boundary of the Dalitz plot are no longer defined by the beam momen-,

) iitum - To calculate the “total phase space, e adOpted the following proce—?
Q;dure°‘ 'EJL ﬁ_:; JJf;' - u}. _ _f;;; ;“%{{aﬁ .,“ :i.rv:_ .:‘_- Lo i';-
B l) The invariant mass of the total three-body system was calculated
'~£for_each event. This was the avaiiable energy in the C. M. ‘for the three-
.;ibody'system;lff |

2) The standard three-body phase space was calculated for each .

3) All the phase snace distributions calculated for each event;;pﬁ” if_'g”w

'ﬁf'were then added Each distrioution'was given the same‘weight in the

””.,summation. f -;ft'? e N R
"~ ' B. Resolution S h'iwt_ oL L i_rgv - ]_T'}f E;"‘jfi~?"

- The two weighted histograms of the errors in the invariant masses ' ;jjrlﬁ

are .Shown in.Figures 7 end 8.° The resolution is the half-width &t halfj. - “ S
. meximum of the error’histogram. ‘The resolution was l6 MeV for the ‘
 sigma-pion invariant'nase and 8 MeV fér:the‘Pion-pion,1nvariant'mass-p.:!ff
luIt should be pointedvout_here that the'resolution obtained for.the ff:
.~ sigma-pion 1nVé?iant mass_washén average. It was noticed that the efroiéliil?

- were directly proportional to the magnitudes of the invariant mass.

[T, S L.




iiMAsé¥($n)f”

I ft—:N EV

ENTS'

40 80 100
. DM(ZO) ~ Mev

. '
i
. by
AT
)
- ] B s
s e
. . * R
. .
C =y P . g




ARBITRARY UNITS

-31-

L L A O

~ MASS (IIII) RESOLUTION

600 EVENTS

[ Ten EvENTS

,/
-

] J

]
40 80 120
DM (II) ~ MeV,

lﬁb

A | . MU-34153



.
© iyme— e -

EVIN
. PR .

IX . RESULT z-\mj»DTSCUss"Ioz:
P , ‘

In this sectlon we w“ll consler the nucleon Fermi momentum in
carbon.} Then we w1ll discuss resonupces in- the three- and two-body

invariant ‘mass systems;"

A. Fermi- Momentum ‘vDistri’o.ut"? on .

- in carbon hypothe51s,4we plotted the transverse momentum 1mbalance of

%

“the out-going §:2n system._‘Thlsvlmoalance is independent_of the beam ir

'-j'momentum. Only- §:2ﬂvevents vith»no'orotons uere'USedf'fIn order'to'

e I

mlnlmlze the errors on the transver e momentum imbalance, those events%

l~ i . v\ . ! -

o w1th all the pions greater or- equal to lO cm in length vere used exclu- R
oot !.

: 31vely The distrlbution is shown in: Figure 9 There were 12 events

“

B

. with momenta greater than 600 1} eV/c.

N

. The nucleon Ferml momentum amsurlbutlon in carbon head heen measured -;:3.'§:
- by Azhgirey et al 23 using urotons with an energy of 660 MeV as inoident j?k;;;¢ -
;Tpartlcles;..Their data was.llttedzby a sumhof two GaussianVdistributionsgfgfﬁ e
| .i | ‘vexp (-p / s, ) +0 exp ( D / 52) . ;“ . | | | | 4
'uhereVQ 0 09, 54 / on = 16 MeV;*s / 2m'= 50 MeV; p is the momentum >?L;¥f- L.
3and m is the mass of the nucleon 1n carbon,. We used the same fit. The 1f€ﬂf

_dlstrlbutlon is, not normal*zed 1n Flgure 9 The agréement 1s excellent.

| 'Tnis 1ndicates that it is reasonable to. assume that ‘thé. production of the -
z Qﬂ events took placewon e sdngle neutron 1n carbon, "iif hl{ghf‘
B. Y-Qﬂ System f ;“ ‘_} a ';13 ~1 : ”h‘ e Ry ‘ S :‘?'"fﬁ'fé“fﬁg
We followed the procedare outlined and calculated the three-particle ;l' R
R invariant masses for the lambda and 51gma two—pion events, ' .,: _ﬁAdi ii
. ' . N | 5
_The distrlbutions-are shown in Flgures‘lo and 11. ln'the plots, : h'xvflif‘
. ' ' ¢ . o . i
o - ‘ .
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_Ve noted'the appearance‘of some enhancement"in the 1750 MeVdregion}' This '
".is the area where Tripp et al2 ooserved a bump in the KN scatterlng crossd

: sectlon corresponding to a’resonance which has ‘an isotopic spin of l We'v

f-believe this effect is not dve to statistlcal fluctuations or to the”

"~ effects of SCatteringfon carbon nucleus. _This‘enhancement may be due'

to the resonance noted;-v

*necessary to show that 51milar resonances can. be produced in carbon éﬂdlk

+

C. 'Lambda-two-pion Events - S EE o

As.a first step in our search for sigma pion Tesonances, it is

Q‘.

,_:‘ analyzed Since the neutrons are bound in carbon, we must. show that the

prOposed method of calculatlng phase Space is reasonable To do this,-‘

. we decided to look for the well-xnown Y .(1385) in our lambda data.

The lambda events were & by-product of a previous experiment con?

cerned with Yi (1385)2 The accepted events for enalysis were such that R

"7 they satisfled the followlng eriteria:

’l) Thevevents constrained as lambda’s at’the.decay vertices_(see'”i,f'
Figure 3, Reference 22) S . SET - '_ o~

2) The events were constra*ned as interactions on free .protons.

.'When the chi square of the fit was 12. or lower, the events were’ accepted

as free proton interactions. If"z 7 n+ events were>constrained_as -

Ax” ﬂ+, the chi square of the flt would peak at a value of 25. We

- accepted only events where the chl square of the fit was gbove 50

(See Pigure. b, Reference 22.)

From FigurelO we see that there is a wide variation in the C;M.' -

- energy available to the lambda-two—pion system. To obtain a reasonable

" sample of events for further analysis, we selected only:those events.



* the widths to be different for the Y4+ and Y¥~

-
37 -

with A x° x+ invariant mass between i6OO and 1865 MeV. The lower cut
was determined by the phase space avail&ble for the production of the :

*
Yl’

nuclear Fermi momenturm.

and the upper cut was the avai lable C.M. energy in the absence of

The two-body phase spaces for the 391 remaining events were caléu-
»-)

"lated following the prescribed procedure The mass value used for ﬂhe

Y in the calculation was 1378 MeV as found in ‘our own hydrogen data.

" The width used was the standard 50 MeV, although our own data showed

] 5 the widths being 58 MeV

1
Ay

.and 70 MeV respectively?gv The calculated "carbon".phase spaces are

shown in Figure 12,

;Thevinvariant mass distributions'for the lembda~pion systems are
shoﬁn in Figure 13,. The chi-square probability for a worse fi? to the
non-resonating phase space was less than 5% for the A x+ distribution
end 1% for the A x  inveriant mass distribution. The existence of Yi-

(1385) is clear, indicating that resonances produced in carbon cen be

observed. The Y§+ (1385) is known to be suppressed in this energy

region by a factor of l.§vrela£ive to the Yi- (1385)?2 The data was

‘roughly fitted when the phase space was weighted by 115 Y*- 35 Y*+

. and 241 background. The chi-square obtained for the A x and A 1

distributions gave a 20% and 60% probability, resPectively, for a worse

fit. The number of Y¥ used in the fit should not be taken too seriously

1

" because of the large interference effects known to exist in this energy

region".e}+ It is quite obvious that the peaks in the A n+ end A n~ in-

~ variant mass plots have different central values. This is true to some

extent even in our hydrogen data?2 In addition, our hydrogen deata gave
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wider w1dths for e and Y Thus, 1t is clear that if we used different
‘mass values and different wi aths for Y ; and Y*+, we would have- gotten gff'“'“

| more Yl production in our llt

”.fD.' 2 ® Events'v

- ellipses are the kinematical limius for several available energies In

'»‘itvlforca”worse fi£ to the phase sPace with,resonances'was MS%{ The

* - pions. There are no well-establisned T=2 pion-pion,resonances in

L0

1

R B

No peaking was observed in tne ﬂ n invariant mass distribution.v

We took the same C. M energy cuts for the sigmas as- for the lambdas. o
. [ . L f"'
The phase Spaces calculated in tbe prescribed manner are shown in Figures

lh and. 15 The masses and widths used in the calculations were: 1405

‘”'ff MeV 50 MeV, l520 MeV, 16 MeV. . These are‘the best known valuesvfor these}grf

" resonances.

Figureil6'shows'the Dalitz ‘plot for the events. ~The differenb .

°

L the E:' " invarient mass plot, Figure l7, each event was entered twice

because of the twovnegative pions.. The probability for a worse fit to. P

;thevnonfresonating phase space was approx1mately 3%, while the probabil-)fa’

phase Space with resonence, contain Y (1405), 18 Y (l520)k end 50°

non-resonating background vThe dominating_resonance is clearly the ,‘

:Yé (1520); ‘But it appears to be somewhat lower and broader than the ..

h;j valuesiused'in the phase'spacehcalculation _The seme lower and broader

‘values were observed by Alston et al. in their data at Py. = 1. 49 BeV/c .m,‘

igure 18 shows the invariant mass distributiOn of the negative

v

v

our.energy region. There are no SUatistically significant peaks in

. .our plot. A pion-pion resonance would result in a cluster of eventS‘p

about a diagonal line with slope equal to -1 1n the Dalitz plot Figure 16,

L/
_r
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'l) Discussion

. Follow1ng agaln the procedure ouulined above, the phase spaces wfre

i

O (

probability for obtaining a worse lit to the non-resonating phase Space 53‘:$"

i

"' was 20% and lO% respectively for the Z n

25 SIS
distributions. The probability for a worse fit to the phase space with

lhOS) is: clearly the dominant resonance here.

and. ST invarlant mas

resonance was 50% for the > o distribution and 90% for the z°

distribution ~ The phase space with resonanc

(1&05), 35 Y (1&05), 10 Y (1520), and 9k b

es was weighted by h6 Y

ackground The x n

.2 mass distribution plotted in Figure 21 we see the familiar Y (lMOS)

”5fwiand an indication of the Y (1520) : But unllke the sigma plus events,

The chi-square'

invariant mass distributlon shows POuhlng Out of the ordinary, (Figure

22).. The resonance fits were all approximat

" The strong enhancement observed at 1415

€.

MeV in the $~ n7 invariant -

mass plot in Figure 23 is less than 50 MeV wide A’comparison'With '

Figure 19 shows that the reflection of the Y

give this sharp peak For exampl 5 the w1dth at half-maximum of the

(1520) reflection is approximately 70 MeV.

(Figure 24) we see that there is comparatively sparse clustering in the

3

"invariant mass squared value of aunrox1mately 2 (BeV) in the T

.system. Thus, the lhlS enhancement is not due to reflectlons of Y+

(lhOS), Y (1520) or pion-pion resonances.

(1h05) or Y (1520) cannot. p*:”"”

d'on the Dalitz plot

5 =
0

A comparison;with the 3

i
i

-2

= 0 system at 1&05 or- 1520 NeV The main bunching is located at an

+

R EEEES
€

calculated._ They are shown in rigures l9 and 20 In the. }: ﬂ+ invariant Pl

< ,\'} )

e
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‘ o 'f' invariant mass plot Figure l 1nd1cates that this enhancement probably "37**

k cannot be attributed to carbon nroductlon effects
. ﬂyf 7yf ;"i, We will now try to find out what klnd of blas, contamlnation, or"
i '_E»aj_flother effects in this exnerlment can give the sharp peak observed |
’ 2) Scanning Blas |
ev We were biased agalnst events where the pion tracks from the sigma
decays were steep in the chamber v When we removed this bias by taklng
'Wg_i only events between hS and 90 degrees (Flgure 6) the peak persisted and
| oin fact became more pronouncea These invariant mass distributions
- ‘with the bias removed are shown‘in Fignre 25;
3) Ccntaminaticn o \

In our scanning we found 181 events of the following types:

+ 4+ - : ' . :
2 T n . e \

+ o+ -
27 1 x P

-+ o+
2 x x

ST o
These events most likely Game from the charge exchange of one pion in
A carbon in the follow1ng reactions
>,{ o | yn K +p - Z‘-+n7~+ﬂ°'
| | K?*Pﬁ,2i+n‘:-+’n+'¥ x e
K +p- Zi r ot R £°
,;Qf;a;;.n “The:same numberxof events can charge exchange into the ‘Ei n; T channels.‘

To see 1f the peaklng could have been due to this contaminatlon, we'

plotted all the relevant quantities. In the plot of the three-body v

© " ’invariant mass, Figure 26, we found that only about one-third of these

events are in the region used in our"Zi " x data (1600 MeV to 1865 MeV). :

74
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»

Ali Tnis shows that the maximum possiblp contamination is. 64 events

Lo Of course, this may be a resonanCc nroducea in these reactions : Buti'

. away by 1nvoking charge exchange effects.

,cslowly. Evidence of this would be a peak in the laboratory kinetic [ ?{_';

e

‘l_ tory system.A One group s total laboratory kinetic energy fell between

exist even if the pion underwent ela tic scattering before eSCao ng L

When we" look at: the invarian _mass plots of the sigma-pion system,. -

2 x+ invariant mass plot at; lhOS MeV is probably due to statisticsll_lffg

i if we assume that this is nOVVQue to: resonance.production, and is not

~ dve to statistics, we can subtract this contamination from the 'Zf_ﬁ—i;
Hi?”;f*-t’1nvariant Lass plot | $his would e the maximum amount of contamir'1a.t'ion.._;-*“é
‘Even after the subtraction; the §j n invariant mass plot is still )

left with a sharp peak at’ 1415 MCV This enhancement cannot be explained ;k'

4) Kinetic Energy DlStrlbholOnS

Some of the Y 's which decayed in the carbon nucleus were moving»_ :t?'

\

»ﬁFigure 27, we see nothing cxtrcorainary The small enhancement in the Aﬁdf"

energy distribution of the pion from the Y decay This peak would -;'f‘f_\

from the carbon‘nucleus,'_Forsa Y% withta'mass of 14l5 MeV, the peak SR

in theblaboratoryvkinetic‘distribution of the pion from the Y deCay'i,Q

E shduld'appear at approximately 70 MeV;
We calculated the. total kinetic energy of the three particle system o

in , the laboratory system for the 5 n 1 events (Figure 28). We divided

the events into two groups to see the possible variations of the pion

"350 and 500 MeV; the other between 500 and 720 MeV, The plots of the'

pion kinetic energy in the laboratory system are shown in Figures 29 and - - _

i

.‘? kinetic energy distribution w1th the to+al kinetic energy in the labora-., ey

R S

Wt
X,

N
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W meer

.estlmate that approx1matelj one—half of the Y 's produced would be i

(‘60__ - .
.ﬂ_“;.;‘ .. . . - .

3C.. Tnere appears to be no var atron oetween the two negatlve plon

. 5
L " - ¢ . - i"’ k .

di“trlbutions.i The pos1tﬁons or tnc peaks agree w1th that of the decay'»p

. N irs
i

of a’ lhlS MeV Y which 1s at rcsv or- mov1ng very slowly When 51milar
R .

: L W
procedure was.carrledvou for the kw % n and §: x ﬂ D events, wve

'observed no peaklng 1n the pOSlthe plon hlnetlc energy dlstrlbuulons

(

;. -X-
S A Y with a mass of lh 51 eV dﬁd a w1dth of SO MeV would travel

‘abou+'2 fermis 1n one mean- lwfe 651ng 3 fermls as, the radius’ of the

“Acarbon nucleus,‘we foundvthe averagc path length to be about 4 fermis.

rom'known K”N cross sections?;_we calculated the average path length

- for K before 1nteract10n in caroon to be of the order of 2 ferml

i

‘Thws left an average patn lquth in. carbon of l 9 fermis for the secon-

t dary partlcles produced v Tnus, on the average, one-thlrd of the Y 's

would get out'of the carbon nucleus.before.decaylng "~ We would see these'

events in the invariant mass plot. uOme of the sigmas and plons from &

Y which decayed in carboa would escape from the nucleus without inter-

actlon. Ve would see the e-everts ln'the'invariant mass plot also We
s

observed 1n this fashlon Part of the: remalning events may be observed
by plottlng the plon klnetlc energy dlstributions. |

When the > n.'iﬂvariant mass. vas plotted_for the'events with the
negative'pion laboratoryvkinetic energy-between 50 and’75 MeV, the dis-
trlbution looked like. the phase Space w1thout resonance. This'snows that

£

the events 1n the plon klnetlc energy peak were not the same events

t
observed .in the E: kS '1nvariant mass peak We belleve these- events

" are those whereln the sigma pion resonance weas produced and then
i decayed in the carbon nucleus When shese events*were subtracted from

the inveriant mass plot, the'peak became more pronounced. -

- t

. . et )
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" plausible reaction; that is: K + N -2+ o+ Ne

- Since the invarianf mass of the uhree—particle system does not

necessarily have e one-one covresoomdence with its total laboratory

klnetic energy in our experiment, weé plotted the,sigma-pion,invarlant,

mass with the totalvlaboratory kinetic energy cuts stated above,(Figures'g-

31 and 32). Although low on stetiStics,'we notice that the peaking'is

“essentially in the 350 MeV to 500 eV cot,_ But this should not be
- suprising, since, as we see from the Dalitz plot (Figure 24), the main .
“"econtribution to the peak is in'the 1700 tofl800lMertotal invariant mass -

,interval._ This corresponds epproximately'to the kinetic energy cuﬁ.

5) _ReflectiOn.

To check the possibili%y that this pesk is due to reflection of

resonances not in the 31gma-pion or oLon—plon systems, we chose the most -

33° Figure 33 shows

the phase spaces calculated for thls process., It is: highly improbable .ff ’

that this will give the sh arp peaking observed

‘Since no simple interferepce effects .are known to glve the sharp o

enhancement observed and the excess is more than 3 standard deviations
from the phase Space w1thout resonance, we conclude that the peaking |

vobserved is due to a YZ resonance

As we p01nted out before, there have been enhancements observed in

the 1400 Mevlregion in the T = | 11 channel that have been attributed

3.%

to other effects. In the data at P,..= l;Sl~BeV/c, the enhancement' ‘_:

X

at 1415 MeV in the"l‘3 = ]1| system cean be explained as the T3 =1
3 ‘ . S

’component of the T = 2 resonance.
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" we see en’ enhancement in the hyperon two—pion system in the 1750 MeV g:

ON.
on
§

X'_ CONCIUSION

:.w..a_
ot oy

- In addition to the well known Y (1405), Y (1520), -and Y (1385),

lregion ' This may be attributea +o the Y (1765) l;f fff_"- A¢~;bf3i

In particular, we. obser"ed a narrow peak in the E} n invariant

' mass distribution. The DalitA plot showed that the peak is not due to

e,

| resonating phase space is more than 3 standard dev1ations° In.additiOn,;'jf"

. N .
o the reflection of resonances 1n the Ej n. Or. n T systems A comparison

with the 2: 1t invariant mass distribution 1ndicated that this peak

Probably canno+ be attributed to carbon production effects. “We found L:f'ff\.
" that all the ‘known biases and contaminationS'of the data did'not give

.. this enhancement No s1mple int erference phenomena are known to give ;ﬂi','

the sharp peaking observed Further, the departure-from the.non- .

the laboratory kinetic energy drstribution of the negative pion indicated w"g;p"

. the production of a resonance. »Thereiore,.we concluded that the peak

.. in the §: Ee system is  dve to tne production of aT =2 resonance ,Thé'ﬁiifi

Pt

- mass is l4l5 16 MeV The Width is not determined because of the large fﬁ?i

background involved but from the approximate fit it should be .of the _"d'f ‘

ordexr of 50 MeV or less.i The spin and parity of this resonance have""

" not been'obtained because of low statistics and because of the impOssi- o

‘-', bility of getting the prOper center-of-mass quantities

o
The location of this resonance does not agree With the global

'vsymmetry or limited symmetry predictions._ If the SU3 theory is correct

. members. -

then this is the beginning of a 27 multiplet There should be 22 other"“ )

{
.

. It is interesting to note that there appear: to be, two reSonances‘




e e e e

-~

~074>

in the 1400 MeV region: one with T = O edd the other with T = 2. The

. . . : .x.
falls to zero. If this theory is correct, then there should be a Yl

below 1385 MeV. : _ o

. . - - A et =
The cross sections for 2 x =x, and 2 = = productions from.

the K™ + n(c) initial state were found to be 0.51 * 0.07 mb and 0.45 *

0.07 mb respectively. N

An experiment in deuterium is veing done to verify these results.

FH

limited symmetry theory predicted tnat this would be the case as iZE:
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