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A IN'TER.ACTlONS IN HYDROGEN 

Frank S. Crawford, Jr. , Marcello Cresti, Myron L. Ooo4, 
Fl'ank T. Solmltz, M. LyDn Steveneon, aacl a_,.old K. · Ticho 

Lawrence 1\adiatioa Laboratory 
Uuiveraity of california · 

Berkeley. Cal i£omia 

· January 19, 1959 

WhUe etudying the aaaodate4 production proceseee, we have encoun .. 

tered six caees in which the A eubsequendy interacta with a proton ia the liquid 

hydl'ogen bubble chamber •. 1 

The classes of A interactions we have seen are 

A + p - A + p ( 4 events) , and 

A + p .:.. z+ + R (Z events) • 

We have not yet seen any examples of the reaction 

··. . 0 
A+p-.1: +p. 

(1) 

(Z) 

(3) 

· (Charge mdepeudenee predicts tb.a.t Reaction ( 3) should be halt as frequent as 

1\eac:tion ( z)). 

The momentum epectra.m of the A produced ia our aseociated prociaction 

+ experiment is shown in J'ig. l. The letters "A" anc! uE " in this figure indi· 

cate the A momentum that produced the a'bove reactions. The threshold for 

the endothermic reactioa (2.) is 635 Mev/c. Table 1 eoatains the pertinent in· 

formation cODcerains the reaction dynamic a for e~ch ·event. 

1The two A+ p- 'I+ a reaction• have been diacuseed previously by Crawford,. 

+ Creeti, Oood, Gottstein, Solmitz, Stevenson, and Ticho, E Production 'by 
() 

A Hyperons, UCRL-S9Z4, Aug. 1957. 
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Figure 2 ahowe one of the A elastic scatter•. The origi'llal A was 

produced in the direction indicated by arrow No. Z. (The aaaociated K0 did 

not decay in the chamber.) At Point A, the A acatters in the direction indi· 

cated by arrow No. J. At point B, the A decays into a pion (Track 4) and.a 

proton (Track S). Track 6 is the recoU proton. 

Figure J shows one of the A + p .. 1l + n interactiona. Tracks 3 and 

4 are the negative and positive decay pions of the K.0 (arrow No. Z) that was 

proclu.cec.t lD the primary reaction 11' • + p - k 0 + A. The A (arrow No. S) inter· 

acts at poiDt A to produce a Jf" (Track 6) and a neutron. The z:+ then decays 

at point B into a w + (Track ?) and a neutrou.. 

The 655 A' e that we have observed to decay in the chamber have trav· 

oraed a total path length ln liquid hydrogen of ZZOO em. 

In addition to the obeervecl A decay• there were 195 cases in which 

oftly the K
0 clecaya. From the observed K0 ·we can predict the direction in 

which the tmseen A traver1es the chamber. We then search along thia direction 
. . + 
for a recoU protem or a 11recouu E • We eatimate that A's of this category 

tl•aversed 100 em of liquid hydrogen. From the combined path length in liquid 

hydrogen of 2900 em we obtain aa elastic ecattering c:roae eec:tioa2 

u AA = 40•ZO mb • 

U the ero11 aection is aeaumed to have the enel'gy d.ependence of tt = c.11'1t2(c. m. ), 

with t constant, then by avera1ing over the A momentum spectrum we obtain 

• M = u AA/w (ti~(c. m.)) = 2. 4 t1t 1. 2 • 

Here *(c. m.) is the de BrogUe wave length of the A ln the c. m. ay•tem. 

z . . 
A A that scatters lese than 10 degre(lls proclucea a recoU proton that would 

-; esc.ape detection. Our elaatic ecattertn.g erose aectlcm therefore corresponds 

to scatterings greater than ·la degrees. 
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Of the total path length of a900 em, lOOO em wao tl'averaed by A's of 

· momentum higher than the thl'eshol.d for the A+ p ·- r,+ + n reaction. From 

· . the two obsel'ved reaction of tYPe ( Z) we obtain 

v Az+ = 30~t:20 mb • 

By avera.g~ng over A momenta above threshold, we t'in4 the correspond-

ing value 

Furthermore, 'by detailed balancing we cu predict the cross section 

. tor the inverse reaction, :t z+ + n .... A+ p, 

i.e., 
. .. 2 •. 

O'z+u = (p/p') rr AV = li!<l4:SO m'b. 

The twc events had momnta. of 120 and 2.ZO Mev/c in the z+ + u e. m. system. 

u·charge iedependence .bolds we expect the r.0 + p- A+ p erose section to ~e 

· 60:b40 mb. (We mention thiliiJ because of the evideace for such an iuteraetic.m 

in the l<"" + d experiment of Horwitz et al. 4) 

We ue grateful to :Pr.ofeosor Luis Alvarez for his stimulation and. 

guld.auce during this experiment. We are indebted to Don Gow and the bubble 

chamber crew. and to Hugh Bradner and the scanners for their help. We thank 

George Kalbfleisch and Roger Douglaae for their aasiatauee with the data anal-

yeis. 

This work was d01le undGIIr the aueplcea of the U ~ S. Atomic Energy 

Commission. 

3we assume that both the A a.n.d the E have the same spin. 

4Horwi.tz, Miller, Mul'ray, Schwartz, and Tait, Bull. Am. Phys. Soc . .!• 
. No. 7, 363 (1958). 
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Table l. :ReactiOn dynamics 

Eve at Initial Hyperon Momentum in center of 

&a.me momentum (lab) angle (c. rn.) mass ol tteea.ttertng" 

n11mber · (Mev/c) (de;reee) lnc:omlng O.atgoing 

. A. A+J! .. A+.e 
'• 

318425 1000 65 420 420 

321560 1000 120 430 430 

389195 500 80 220 22.0 

43<)748 880 170 380 380 

8. :t-A+Jl.- E +n 

Z32018 TOO 40 310 120 

309771 840 90 360 220 
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FIGURE CAP1'10NS 

Fig •. 1. Thita figu.re ~bows the A path length, LA. as a function of tho momen ... 

tum of the A' 8 .Prior to tbo to.teractione. The momenta of the A elaetic 
. + 

scatterings are indicated by the "A" symbols, and the two A+ p- 2: + n 
+ . 

reactions by the "E " symbols. 

Ftg. l. The primary reaction is,· (Track 1) + p- A (arrow No. Z) + K0 

(not seen). The A Uavels 3. 7 em and scatters elaed.cally at point A 1n the 

· direction indicated by urow No. 3. Track 6 is the recoU proton. At point 

8 the scattered A decaya into a w .. (Track 4) and a proton (Track 5)• 

Tig. J. The primary reaction ie .- (Track 1) + p -A (arrow No. S) + K0 

0 - . + (a.-row No. 2). Tb.e K decays into a 1f (Track 3) and a v (Track 4) •. Tbe 

A oubsequently interacts at point A to produce a E+ (Track 6) plus a neutron. 
+ . . + . 

The E decays at polnt B b:t.to a., (Tra.ck 7) and a ueutron. 
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FIGURlt CA?TIONS 

Fig. 1. This figure •howe the A. path length, LA' aa a function of the momen

tum of the i\ • e prior to the interactions. The momenta of the A elastic 

+ scattering& are indicated by the u A" symbols, and the two A + p - %: + n 

reactions by the nx:+u symbols. 

Fig. 2. The primary reaction is ,- (Track 1) + p- A (arrow No. l) + K0 

(not seen). The' A travels 3.7 em and scatters elastically at point A in the 
> 

direction indicated by arrow No. 3. Track 6 is the recoU proton. At point 

B the scattered A decays into a w· (Track 4) and a proton (Track 5). 

Fig. 3. The primary reaction is ,. .. (Track 1) + p -A (arrow No. 5) + K0 

0 - + (;;.;-~:ow No. l). The K decaye into a w (Track 3) and a 1r (Track 4). The 

A subsequently interacts at point A to produce a I:+ (Track 6) plus a neutron. 

The :::+decays at point .e into a,.+ ('l'rack 7) and a neutron. 
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Fig. 2 
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