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The magees of the charged 2éhypef0ns and the X~ meson are
determined most asccurately from range measurements in emulsion on the
products of ﬁhé folioWing processéé{ 1) Zf - P+ ﬂo, 2} P +’n+,
DK +p- +a,anda K +p-E +a . Prior to 1060 the migoes
were Qetermined, but not ovérdeterﬁiné&wfrom the ranges of the charged
baryons aléne. The'z* maes wag found from the proton range in reaction

(1), The ¥ mass was detemmined from the Z range in rediction (3),

the T« X' mess d1f¢erence vas deduced from the &' - 57 range difference

. in resctions (3) and (4). For such meagurements, events are used in which

+ , ' . o e
the £ decays at rest and in which the X is captured by a free proton
after 1t comes to rest. '

In 1959«1650 we began meaaurements.ofrthe pion renges with & dual

~purpbae: to confivin the mesgurements by overdetermining the messes, and

to study further ﬁhe highevelocity renge-energy reletion in emulsion. He
soen fuundl~that there wasg an apparent 1ack of momentum balence in reaction
(4), although the other reactions seemed to balaneé satiafactbriky.

We have: reeently cerried out new meaauremente in a large emulsion
stack, The resulte sre practically identical with those reported previously,
and we cannot doubt now that a real effect exists. 15243 in this latter we

present our date, send propose that & new physical effect is the reagon for

the measurement contradictions. We 8ugge6t{that slow negative hyperong lose

energy at a lover rate than do positive particles of the same veloeity.
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> ihich is

This means that the existing rangeaehergy (RE) relation,u’
baged on positive particle ranges,"will‘nbt giﬁé"correct volues for
quentities derived fyom the 5” range tn (L), We are led to this con~ .
¢lusion af%er rejecting several altérn&tivévpossibilitieé,fmope\éf’ '
which could be made 8t all compstible with our understanding of the
measUrenent errors. | '

Our ranges in emulsion of epecific gravity 3.815 are given in

Teble 1 .

Process Measured = Mesn Bange  MNumber of
: ' " emulsion stacks
eed
1. E+'*ap + 0 ' ik p WBTT  *2u
A ‘ EX v + ’ . -
2. L =n+q 48 = 92,7420, 3lumn
3. Ktp - 54 5" uo £° 818.8 £1.7u

2}* ‘ﬁﬁ 88~582005m

.

by Kép =1 + % gl 5 ?O@.Q_t;aﬁu

63 5" 78 L45£0 . 25mn

The standexd deviation of each vange is in close agxeeﬁent trith Bohr's
straggling theory éXcept iﬁ the.case 0f iha =", where %heor& prodicts
10u end QE»Observe 15u. B ’ | _

The plon ranges were -mee.s;zrea‘ independently by two observers
with an automsted coordinate reedout micfaecope}' Some renges were 4lso
measured graphically by plottiﬁg'the grid coordinates (e lmn grid is 4
photographed on each pellicle) of the pion track. The twﬁ methods of

measurement agreed within 1% for esch track. The baryon renges wers
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meagured in accord with our previocusly e.eﬁablishedﬁ stondeyde. The
ﬁut& from all gtacks are consigtent. By careful measurementss, the

collinearity of trecks from proceases (3) (u) alsd was tepted.

There 48, in any case, no po.asibility of mistaking K -capture by a

bound proton for one by a free proton because of the lerge difference
in Q«values.

The low veloeity (B < 0.28) portion of the proton RE rel%tﬁ_on
hag b'eenf ':meh stuziiéd, and in connection with the present Progrem, was

reehecke-ﬁ. There is less emplrical data on vhich ¢o Dage the high

_ veloci‘t;y range toblée needed for the pions. The original t&blesh 6 ware

celeulated from theory using & mean excitation potential, I, of 331 eV

and the ehell corrections caleuloted by Waleke'. Later high velocity
y g

date by Berkes and Von F:c'ii.enaem8 gave & renge of I values from 304 to

328 eV, and other information cited by them indicated that 331 eV might
be somewhat high. In the meantime yrange tables with more elaborate

shell corrections &t & seriés of I-values were prepare&.g' These tables

~and the measurements of Table I now enable s to improve our estimate

of the emilsion I-value.

Resction (1) uses only the well established portion of the
range-energy curve. From it ve obtain for the masg of the 2:.4‘ hyperon:
1189.36+0.17 MeV. In order to obtain the same =¥ mess from resction (2)
as from reection (l) e assume thet I is an adjustable parameuer. ‘I‘o
obtain agreemént between reactions (1) and (2) ve mist take I = 31559 ov.
We oleo require momentum balance betiveen the hyperon end plon in ‘re@ct;ﬁ:‘-pn
(3). To bring the pion momentum inio agreement with that deduced from

the Sf' renge end wess; we must chose I = 329#20 eV. The best estimete
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is thexefore I = 32138 eV. It is noteble that raising the I-value
reises the caleculeted mass from reaction {(2) and lowers it in reaction

(3J.

T

In what follows we used the existingh’s RE tables for { < 0.28,

and for high velocities use the new teble of reference 9 with I = 32C eV.

They sgree at £ = 0.28. UWe estimate the uncertainty of the tehulated

ranges at high velocities t6 be * 1/2%.

Derived Maases_

We combine the =¥ mess estimete from reaction (2) (vhich is
partielly dépen&ent on reaction (1) ) with the value fram reaction (1)
0 obtein & bést estimate of the Ef nase. it is 1189.35i0.15 MeV, The
¥ mase ig best obiained from the Ef'raﬁge‘in Process (3). For it we
find 493.7:0.3 MeV.

The £~ hyperon ness i6 now determlned from the_é;gg ranges of
reactions {3) and (4) and the mass of the 57, We find

. : | om1/2 -
Mﬂ' = __E(MP + Mk)(!fﬁ_,' - Tﬂ'i’) + L\ﬁ}:_(z_ ] = ‘1_19‘7,‘6:}_-@.5 MeV.

The error includes the wacertainties in the & and K messes, and the
uncertainty in the pion energy difference (Tﬂ_ - T +). The & msss is
. . T
insensitive to the RE relation and to the K mess.
This result changes substantially our mess eptimete Tfor the 5
hyperon and also that for thé Zo, which is tied to 1t. (The new value
for I 1s 1193.280.7 HeV.) In a recent tabwlation™ of purticle masses

& Pootnote reference 1o the anomely was mode, but the % mass wes derived

using its own range in reaction (4).
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The Erermy-Loss Defeect of the Negative Hypeyon

The 'meﬁnt@ of the plon i‘n reaction (&) is 172. ?hxn.gé Mav/es
Were the stopping crose sections of positive and negutive particles
e@al, a 5" hyperon with this momentum and the ebove mass mm.ld. have &
range of 68M5u We cbéepve 708,921 5.

It is mu Xnown thet stopping theory baged on the Piret Born
gap;gmximasﬁim faills vhen the particle veloeity becomes compadeble to the
velocities of many of the electrons in the stopping materiel. It is
perhaps not surprising thet there should appear a' aell Gifference between
the stopping aross sections of positive ana‘ negative .particleé in this
regic‘sﬁ, bacause their predicted éq_ﬁality is also a Tirdt Born approxie
mation rewit ; While & difference existe in the &eé@rﬂ a@pmximation.

At .mgh velocities this effect is not exposted. At intermediste velocities
it ic interesting to mote that this -ef‘fe:zct probebly is the explandtion

for an oy

srant difference between the positive and mg&%ive plon masses,
whick has rémsine& unexplained £or meny yearsn’lg. We know of no
other meosurements of sufficient accurscy for the effect to heve been
cbserved befors. A quantitative estimation of "ﬁhe effect is being
attempted.
| RoFewicEs
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