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CFOSITIVE hi“f‘V " MESONS PRODUGED &T THE i?e"‘*"'i’r RON

Robert W. Birge, Ro oy ] 1. Haddock, lLeroy T. Xerth, James R. Feterson,
Jack i andwewa, Oonald . Stogk, ang N&arian M. White!}ead

June 6, 198%

; MHuclear emulsions have been exposed to 114i-, 135., and 178 -Mev positive
' hemw mesons produced at 90° by 5.7-Bev protons atrikiog a copper torget. The
ex@saureg were made using the mveng fccusiag a@artromatnr.
- The Strong- focugiag .;podrame‘ier
 The principal features of this apparums cmasw& of a strong-focusing guadrupole-

.',magﬁnt lens system followed by a conventional ﬂx@ﬂxentuzn—armiwmng magnes. The
‘arrangement is chown in Fig. 1. It can be shown that the flux of heavy meastns at

. the stack position is

dN, 2 6 0
g = NN, R ¢ 55-’- Moy |2 VoY eV,

v

; xw&%a'exi'g. d?’é’k/ am iis the number of heavy mesons per unit ares, NQ iz the tami
ﬁumbetf of protouns traversing the target, Nt, is the pumber of target nuclei per
‘«"-%"f'g;inz in the proton beam divsction, éa o /di’.s;BE is the croes section in cmz
‘ “»’:r"ﬁez'rhl ey 1», 8C is &zé velocity of the heévy’ mesons, d?’/ax i the momenturn

_msaersmn of the xmaij,rzmg, magnet, MH and M‘é’ are the horizontal and verticsl
ma«szicu\&mnﬁ af the strong-focusing iens, 3“{'«;{ and L are the horizmontal and

‘verticm dimensions of the target, Pw aad 6, are thse effective hmngmal and

“" verticel angular apertures of the stroag-focusing lens, end t and 7 are the.

v 2. Maks Mes‘mnremenm

" proper time of flight and the mean lifetime of the heavy mesons, -

=

!

The monrs of each heavy meson can be found by : “neasurmg the range of the
meson in the nuclear emulsion stack and by {ollowing its track back to the point
of entrance to deiefmine ite momentum. The momaenturn of the megon can thon

be determined by measurement 6f the ranges of the protons entering the stack at

thez same ca af. Xde:axuy, the masas resalutmﬁ shmﬂd have a total width
3 A B

Y i s ™ :"
Ag' - 5 Wher@ A.! ' i dx
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In 13;-’_&(:&@@ this resolution is somewhat broadaned by muliiple scattering in the

thin window and in the air, by sberrations of the strong-fecusing lens, and by

aultiple scattering and range etraggling in the nuclesr emulsion. Systemstic

-ancertainties can arise from energy loss in the air path through the analysiag

ow

~ magnet and from lack of precision in determination of the momentum-range

relations. The resoluticn and yield of heavy mesons are sufficient go that

systematic errors incurred in'this method may be comparable to or larger than

the statistical vncertaiifies: .
3. Scanming 4 . :
%annmg iz done by searching for tracks several centimetsrs ahead of the

regmxa in which the he..vy meeons are expaected to stop, Each track having the

- appr cm‘wtm grain deasity and direction is followed to the end of ite range «nd is

L ;.daatified oy its decey 23 a heavy meson, Eecmme the heavy mesons have a spread

in ranges. it is nef*eas«ry to examing the ae\ectwe biae caused at the point of

- acanning by light gmm count for long z*ange particies and by large acer u"’)ulut@d
~multiple scattering for short-range particies. The seanning region was chosen

- far enough from the stopping region to give negligible bias for magses between

806 and 1100 m - In the worst case for the figures shown, the euntromes of

:grain'cmnt at the scaaning point devieted by about 16%, and the largest accumuluted
. rms multiple sc&ttermg angle was calculated to be less than 1.3 5° grester than the

5avexage
4, Re sults

-

&, 135 %ev. The first stack of twelve pellicles, Z in. by 3 in. by 630 miecvons,

was exposed to 133.Mev X mesons produced in o copper target of dimensions

-Lﬁ =lin,, Lo = 5.25 in, Three E{L's had fortultously flat secondary tracks

-

 sitore than 5 ceatimeters long before leaving the stack. The secondiry masses

were determined by gravr count and multiple scattering to be 293 & 29, 275 & 33,
and 259 % 31 electron masges. The respective FP's at the decsy points were

138 % 18, i‘%@ # 20 sad 157 # 19, An 8% uncertainty in the scattering constant

s mciude{l Grain-count calibrations were made by using the raeadily available

plo": fracks tha‘t came frova the target and truversed the stack with sclected
momentam. These thrce decays, thervefore, agree well with the em&alishcd
%_. decay schemae.

w2 : ‘ :
B. 114 Mev. & stack of 107 pellicles 3.5 in. by 3.5 in. by £00 microns

was ewposed to 1l4-Mev ¥ mesons produced ia the same target a8 above,

Preliminary results from this exposure are given in “Bevatron X-Meaons”, by

Birge et al., which is té appear as -a,]i,etter ta ¢he Editor in the Phys. Rev.
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¥e have now recalcuiated the masses of the K mesons, using the position where

 the track was first picked up'rather than the position of its ending (88 was done in
.‘t%.m preliminary report) to determine the moffentum of the particle. ‘The réaulm_

o oof mis' mags. determination  plottad separately iar é‘{‘L M2 8 ONne «:mé ¥ mesons 8re
‘. ghewa in Fig. 2. The disermmmma include 295 5 ¥, meeons, 29 7 mesans, and 7

~alternate decays of the 7 iuto one cn&rg& pion. : /“
el : 5

The mass uncer?aﬁt ties given ave {lm where o = /A" is the root »meaaem :

_Bquare devistion fr o the average mass end M i the total number of cvents in
_the distribution. he sverege mass of the X, mesons is 970.6 % 1.6 m , with

= 28.1. For the 7 m@wons the = average mass is 978 & 5.1 ™ with o = 30,
. A comparison of the measured 7-mescn mass of 978 o E_r with the nccepted

3 va‘im of 966 m indicates o pussible systematic error.  Only the relative
1_maswa am significant to the listed uncertainties. - s

The ﬂm& ratios as determined in this stack are

K, |
L’[’i‘ = 1§+ &, w,f£€ = B2 & 8.
L.
J%_ithaugh'&he differential crese section uncorrected for decay in fiight is
- estimated from Bg. (1) to be 2.4 = 1@“33‘ cm® m«ér-"l Mev™', the quamity M is
. * i

- gubject to large uncertainties. The ratice, however, are valid and on aecurate

:-sdet"vsrmi:mefiofa of the cross seciion for ¥ production awaits 2 measurement of the

- plon cross section. : .
.17 Mev. A third stack cam:m‘ting of fifty (1.§ peilicles 3 in. by 6 in, by
£V N . e foom - ' ;
35 m EI LY e AT H S : iin $raly] ; H
658 microus was exposed to 172.-Mov K mescnse produced in a copper target of

dimeneions Ly, = 3/8 fn. sad Ly s 3/8 ia. This value of Ly gave o betiar

- momenture resolution than in the previous exposures, Resuitﬁ on the massas wd-

tained from 165 3{3 megons and 18 ¢ mesons {among 'whu,'h are included three with
£

zlterastive mode of decay) are pigtﬁe@ﬂ. in Fig, 3.

The duts yleld an aversge mass for the ¥, mesons of 9563.2 £ 2.6 iy, with &
. ) 2 - .

- root-mesnssquare deviation o = 25.6'm_, For the ¢ mesons the average mass is

G66,1 3 4.8 ™ with ¢ - 18,1 mé.
The 12 : 1 ra_‘!:ia of ‘KL to ¥ mesons found in this stack rercaine about the

smme as that obtained ag 114 Mev,

: Scanging i still in progress, and at the present time an examination of the

secondary tracks is aleo under way. Masses of the few mesons whose vnmies of

d@cay have heen identified are mc‘iudeé in Table I.
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5B, lnéawduai Masses

The maes resolution is not sufficiently narrow io give evidence f@r two

) dz&fwanﬁ By, massy wvelues oa the bosis of the above data. Conseguently, 2
' - numbar of fai rly ﬂm n@wwzclary m‘acky remaining in the stacks for c’imtﬂnr‘ea
greater than 5 c‘anﬁmmﬁam hawve %mmt followed., These were chosen wzth»am

s referam*& to the raass values and shrain’ Eounted - 5 canti ‘meters. or further .

fvem the deg;&y poeint. .Nz 5 centimeters the grain covat for & ¥ @2 gecondary is
"absu’é 1.27 umea munmmm m'aei that for o i{. pz is 1.04 times minimum, The

. pmns of . Zrnawn momemmm veming fram the tirget wore used ﬁ«;ar grain~-count
c_‘ahbra&on._ ‘The mensurements geparated these z‘ff., roesons into two groapst
"_‘.:prab able ’i‘iﬁ mesoas and probable %;M MESOnI, 'i'&w aversge mass of each

o group rvelstive to the 7 maes is shown ia Table i.‘ Regults from the 1ld-Mev

+

. éiam« and the 170-kev stack are combined.

" Three KM 'fneemne havs beeo found. The meson mc:eadary renges were

o ;..(_3.4@ 1.3, and 4.7 cm., Two cases of thres light noncoplanar socondaries {listed
G - 31» ) have been found and are under study. The average massee of thése and
.. af 97" mesons are also listed in Table L.

o 6':._ A&esans
- -0 T

-

Thirty T mesons have been i:mmi in regions @f the il4-Mev stack, where

“at teast tw«a secondaries are certam te stop. To date, m@aﬁurements bave heen

v‘-”rrasle on the secondaries of 24 Qf these 7 mesons. The ramge along the track
"»‘wae date rained for cach e,mp;;im pion secondary und the energy was computed
e.by use of the range tables of %3&-3'&&‘6, z The numbers of 7 decays ia the regions
~a,b, and ¢ of the Fanri anaiysm are B, 8, and 8, respectively., The results are

Iwmd in Table i1.
. A5 & test fm: polarization of the v fnesons, divection cosines of each

.sucamit: ry were measured with re:apec‘c to the axes of the en‘ulsmn stack. The

 projections of the ﬂormul to the decay plane on these exes were then calculated:
“4{The ﬂ@l‘mfil to the production plane iz one of these axes.)No; gignificani difference

from isotropy was observed.

1. L.T. Kerth, D.H, Stork, . W. Birge, B.P. Haddock, and 0 N. Whitehead,
Bull. Am. Phys. Soc., Vol. 38, Ne. 3.

2. Welter H. Barkas and D. 3. Young, University of California Radiation Laboratory
Heport Wo., UCRL.Z579 Rev,

3. B. Fabri, Il Nuove Cimeato 11, 479 {1354).



P e

 ACKNOWLEDGMENT

.

. The help of the Bevatron staff made the direction of Dz. Edward J.

Lofgren is greatly apureciated. .

U



,
o

Table I [»f, . n
: I S

oy o {£1t. mode of decay) = 2.4 2 9.8

. K =12 216.2
el " '

X . = 1.8 % 10.3

Nad

{

w

it

e = 4+ 13
o 3 :

3%

s

{"43 =3$ % 206.7




Table 11

= orq1 (N\ﬂf}

H%

A A 3139 — c.l
S L Wi "’.3 ‘
3y 12
i Y 900
.\- !Fj'&.\r" 331 ‘\
. ' .5
¥ i1 «? ;&
N . (:‘, /_‘;", ,r;I [/’\ N
i Lm é:.ma,. (J&(rmm‘ o o -
ik ki A A
— ' R Vil
“i;“lf {‘s&w) 30 13.0
E L l‘ 5L, e . “t

N Hded

- [ e e o e o et - h.ﬂz{jg,'.,ﬁ_,*, —

EEI Y A e 1.0

| w; N H G M
[f g;%&w; B I AV _3%

C
&



~
¢
B
]
{
.
ey

 Table II (continued) |

Freiqy ey

N0

" Pod
LY

a7

45,0

. 9.4,30 |

XN

73,0,

N
inas

i,

7521

-

':“(N){i

-t
- f/f;.

"".',"7‘1“

oEIn

ET

G50

1419

0.8

57,900

N

| '75..9\ .

170

S IR (s:&r) . .;s“f/ /A 1225
I3 . 2! -.! c? }/' ‘_‘ '_ Bu'b .

“ 1 I‘.(S;,":%

SR = i 298
N 4.9 5.0
o T N 72, 9

2m| - 2 2
Tt gu3t DyL >

24, ,w,ff

3,310

\
| &
b

G600

4 (f)' 4 2)

-

-2 e p
s

- : m;
adn) T RN 0
S 7f_‘f_, sk =,

(a.r/.é;'

Chad by

a4 N

-~
»
P e

.

. 4.136

((JV?)‘

(.57

e
O i~

Ay

o

,‘
s K BN

~ W
TN e
-




Table 1I (c 6ntinued)
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