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THE R0 -.K"' .MASS EXCESS 

Arthur H. Roeenleld. Frank T. Solmitz. and Robert D. Tripp 

Lawreace Radiatic>n Labol."a.tory 
Univerlity of California 

Berkeley. California 

' Jaft\IAJ'y a. 1959 

Using thfi charge exchange of x:· in a hydrogea bubble ehambert we 

fi~Mj~i lt0 la .3.7 :~AO. 7 Mev heavier than 1(·. 
! 

The incident x• ranged ln.eneray from 10 to lSO Mev. We have 

obaervetl 44 cbar&e·exchange evente, 

K• + p • r!J + n~ (1) 

.. o + -in which the A decayw into 1r + • • In five of these events there waa a recoil 

··. prot~a eonatatent with production by the neutron in Eq. (1). 

For each event the P!J maae waa a~juated to give a beat fit to both 

production and decay vertieea (taken simult-.n.eoualyh however, the uncertainties 

. ean be best unaeratood ln terme of a eUahtly overeimpli£1ed diacuaaion in which 

the two vertices are fitted separately. The fact that the decay vertex is very 
' . . 0 . 

exothermic makea the fit inaenaltlve to the aaeumed. R maae. This means 

on the one ban4 that this 'Vertex (taken alone) yields little maas information, 

but on tbe other band it aivea a R0 momentum Po almost lndependeot of un

certainty in lte maai. 

Caaes without a.esoc:latecl recoil proton&: Tlwl production. vertex is 

next ftttecl by uatng the c:alc:ulated Po ncl tile momentum p .. of the· a low incoming 

K ... ae determined by ita meaeured curvature. Thie fit of the low-energy, 

. &0 -ehclothermle*·produetion vertex is very aenaltlve to ~he A -K maaa excess: 

typically a 1-Mev change in maea excess requires about a 5-Mev/c change 

. in P .. • The prbt.cipal uncertainty le in p _, caused by multiple Coulomb scattering. 
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There te in a4dition a ael'leJ"aUy aalallel' error tn Po· The total \Ulcertainty 

computed .f:rom th.eae eUeeta agreee very well with the external coaeleten.cy 

·of the various even.te." A lea.at•equaree lit til made ot p (~cmputed) • p Cmeaaured), · - - . 

with the mass exceie taken as the variables we ftnd 

Mf(O .. :WK. (no recoil) o 4.7 t l.l Mev. CZ) 

Ae a check on the reliability of the meaau.rc.otd .K .. mO'ment~m for a 

particle that ia loaiq momentum rapt4ly. we ba,ve taken-a sample of .K"' meeone 

that come to rest in tbe chamber (as evidenced by the e~llinear E + " produced 

from captures at rest) and measured the moment\lm of the track& to aboat . 

6 em (150 Mev/c) from the atopplng end. The .-eaidual ran1e provides a. prec:iae 

measure of the momentum at the point where the curvature measurement it 

atoppecl. Comparing th.e momentum obtained. by c:UJ"vatue with that obtained 

by reeiclual ruse. we obtained, for thle entire aample 

p{cvvatue) - p(ranJe) = + 1.5 ::t:4.1 Mev/c, 1howing that posalble systematic 

effects m the curvatve mearnuemeat are emaU. Thie 4.1-Mev / e uncertainty 

haa been foldecl into the maaa uilce.-tainty quoted above. 

Caaes with recoUa: We louad. flvea caeea wUb proton recoil• aaeoclated 

with the neutl"oftl in Reaction (1). The J"ecoUa were found by computing the 

neutron direction aS\4 momentum for each eitent .,ad searching the appropriate 
. . . 

volume of tbe chamber for a coaetatent J"ecotl. The mean free path for an n·p 

collision of sufficiently larse angle to make a visible. recoil is approximately .'-

100 c;m. leading us to ttl'Cpect 4.6 recoil• among those event• in which the neutron 

ia sufficiently euel"getic to produce a visible proton recoil. A typical bubb·le 

chamber picture contains· in addition about eight recoile from backgrowd 

·neutrons trav~raing the chatDber. The probability le approximately 10~ that 

in tbe entire volume aear~hed. there akou.14 be a reeotl which accidentally 

sa.Uatiee coplan.arlty a!ld conservation of trana-veree u:um'leutum within two 

standard deviations and liee wltt:dn a i 0 mass range of 494• 7 Mev. 
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For a.n individual event wtta recoil, d.etermill&ticna of the mass 

dUference becomes .much more preciae. because lt does not requil'e a meaa ... 

UJ'ement of momentum by cvvatue in. a senaitlve way, but only a measurement 

~ proton range and -.n.gtea. ln Table 1 we have ltated the tlve events in which 

a recoU was observed, alo~g wltb the beat-fit maas df.tfereace caleu.late4 fozo 

each event. Tlie £bet event ie clearly im.coneiat•nt wlth .£4. (Z), therefore we 
< • 

feel Ju•tf.fie4 in l4entUyin,l this sa an accicleatat recoil. 

Beat-lit ma.ea cltflereace• tor live everats. irJ. whlcb l'ecoU• We!'e observed 

~vent 

1 

! 

l 

• 
s 

Average ot 2•5. 

MRO .. l4tt.c· 
(MevJ 

+4.1 •1.3 

+Z.S •l.z 
+9.0 a: 7 .o 
...J.O ~tzll.O 

+3.3#0.9 

The combined value incclv.ding the four a"ecoll eventa {,e :S. 7 • 0.7 Mev. 

Jf we take the K'"' maea to be da~ same •• the x•. i.e •• 494.0 =tO.Z Mev, 1 the· "''P 

maae of the R.0 18 then 497.7 ~0.8 Mev. z Aaeumiaa equality of the 1<0 aed ft0 

maaaes, one en combine this measurement .·with those ~iate4 ia F·ootJ'lote a 
to oi:ttain a mass of 497.9' •0.6 Mev. 

The t•ct that the &0 h beaviea- tun the K. ia rather avpritling •. If · 

tlley are members ol a charge d.oublett ae commonly aaaumecf, then ou might 

expect for aptuleae putic:les that the c:hal'ged member should be heavier, 
. . 3 

although ao general proof of thb statement ia tm.own. · Oa the othel" h&l.ld, il 
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the ch&l'1e4 K aocl neutral l<. •n not member• of a dollbtet--as, for example~ 
. . . ·, . 4 '· 

. iGth• ·tbeol'y" ~ Pal•. ••then their. maeees need bear no r~lation to ea.c:h other. 

We wieh to thank Prof. Luls w. Al~r·~ tor hie advice and . 

encou.l'aae'...,ent, an4 rnembera of ~he bub'ble ·chamber and acaaning staff for 
. - ·, . ~ 

theh• aaelatance. 

Thhi. WO#k waa done undel' the auapic:•• ot the V. $. Atomic Energy 

· Commleatoa. 
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Footnotes and. references 

. z. This m•v be compaJ"ed to the ·(ollowtng 'rleutral K mass measurements (ln Mev): 

(Ai'n.olcl •. Martin, and Wytd •. Phys. i\ev. 100, 1545 (1955)) 
. -

493.3 •7.5 . (Tb.om,pao,n, a·urweU, ao4 H'flggett, Nuovo dmento !• Suppl !_, 
1 

286, (1956)) .. 

501.9•5.3 · IJ"retter,. Fsrteaen, al'Ml Laaudgue, Nuovo dmento i• 
Suppl'!- 539 {1956)) 

·500.8*7-1 (Fowler, 'Maenehen, Powell, Sa.J>hb• ancl Wrtcht, Phya. Rev. 

lOl, 101 (1956)) -
(D'AmUa.u., Ar•enteroe, Aatier, DeStaebler, Qregory, 

· Lehtnce-IUngllet, MuUer. Peyrou, and Tinlot, Nuovo 

cimento 6, ll:JS (1951)). -
499.(Jd:.l.l '(Bu.ter H. ArmetfOBI• UCR.t..-S410 (1956) (t.mpubtia~d)) 

498.8 •1.1 . (Crawford, C~e!ltl, Qoo4, Stevenson, and Ticb.o, UCil L-8593. 

Following Phy•· Rev. Letter). 

l. · It-ha• bMn observed by OaaiOl'oWice and Petermaea (Phyatcal Review 

Letter• '!. 451 (.1958)) that, 1a pe.rtu'ba.tion theory, electromagnetic mass 

cor.:reeticmo for aptnlesa particles should lead to the relation for piena and 

Kmeeons 

contrary to the results presented. here. 

4·. A. Pais, Physic: at lteview llZ, 614 (1 958) • 
. -




