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ANALY::::IS OF THE: TAU-MESON DECAY 

Hurry H. ;Heckn·.an. 

Radiation l.aboratory, Department o£ Physics 
University of California, Berkeley, California 

ABSTRACT. 

UCRL'-3022 

In (;.5 emulsion stacks exp_!)sed to aecondary partlclee !rom targeto. 

bombarded by 4. 8 to 5. 7 Bev protone, six .,. mesons were observed. MeasurfJ•' 
. . 

ments'of the ranges and directions of the emission of the decay product a have 

be-~n made. F:rom ·these meatJ"urements a 0 value o£ 14:9 :~< 0~ 2. Mev for the T 
.. ~~ " 

dec·ay h obtained. Data are also provided for a atudy ol. the etatistical corre-. ' - ' ' 

lation· 'betwtien ~he initial direction of the T meson and the plan~ of deca'y and 

the direction of the' un.Hke~sign pion. 

•,. 
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ANALYSIS OF THE TAU .. MESO~fDECAY ··. 

Harry H. Heckman 
- . 

Radiation Laboratory.' Departmen~ of Physice 
University o! Caiiforni.a, Berkeley, Califot-nla 

.. 
' 
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• .I • • . • ' . . I., ···._.J" • . .... 

. . One of the· first experimen~al techniques employed)n Bevatron ;roesea..rch 

-Prr>grams- was the exposure of atacktf ol llford ·0. :s·.:~niai·sio~a '-~~·:t~·e oecoudary. -· 

partlcl~s from a target bombarded by"4. a- to ·s~ 7-Bev protons •. A re.:cntrant. : 
. . . . . . . . . • . 'o . . . .. . . - .- ·. . . : 

·well permitted placement of the'.- emulsions at:90 ·,to 'the ·beam direction ·a..nd 

wlthinlO inches- of tbe bo~barded target.' With thle ge~metty, the. ~~oper. · 
• ' . . I ' . , . - 4 ' i . ' . . ,. : ·~ . ~ -~ .. 

f.llght time pl:u~ the p·roper tif}1e "for. llS-Mev K-·p~rticles to. be b~ougbt to rest 

. in the ~~ulslon was. ~bout 1. 5 X .H) -9 second, This'·report describes som~ of . 

. the'resUlt~'obta.in~d from tw~ ~uch·e~oaures: first,·.a.·z:by:--4.-tnc~. stac~ of.' 
~ . 20 sheets o'f ernulslon 600 tJ. thlck, and sec~nd, a.:_z~lnch clib~ o! en:~slot~. _: ·. ·,. ·, 

-~~l"e -latter e)tp?sur~ 'Wa·s pri~~rtly tor ~- T .meson -'study~.. . · : .. ~ · ... · • . . . . . . 
. ' ' . . . . . 3• . y • • .· 

. . . :All together,. sb T .. mesons were observed tn the 10.7 em .;of ~~u1ston 
eca.~ned b~ a~~a. In live cases, the ·charges ;of all three piohs _could b~· determined. 

· AU -decays were co.neietent with .,..+ -~ w·. + z.,.+. -~o alternate mode·~ .of .de·cay, 
. . ·. - .. + + ·0 . . . . . . 

i._e • ., 1'. · . ...,; tr + 211' , were apecifical~y sought. The tabulation. of the i:lata 'is 

.. ·: · ·· ~iven i'n 'Table 1, where th~ erttri~s in parerithe·se~ we.re. calculc;;tted front the 

· · rnea~·ul'ed quantities. Particles 1 ~rt~: 2.refer to the ,/ meo~ne and Particle 3· 

:.refers to th~. 'If- meson. Only in the .events. ( l• ,.. 3 and "r 6), ;wher~ not ·an pion~' . 

came te> rest 'in .the emulsion· etack; were angle 'n,eaaure.rnertts.·taken.· Her~. 6. 

~is a measure of the coplanarity of these events,. and ia tbe amount (in degrees) · 
• • ....... " •. · ~ ~ . f ···,• 

~y which the vector i- 3 Hes out of _the plane formed by the vector& .ri a~d ir2 ., · . _ . 

The range-energy relation for the pions in erriuleion· was evaltiated.bom Vigneron•s 

· calculated data, extended by Barkas: 1 and rising a pion·m~ss of 0. 1487 Mp. 
The_ error listed on each Q value includes estimations for :ran~e etraggl_e 

o!· the plons (generally about l. So/.,l and obse1•ver error in range an_d angl-e meaeure:.;· 
. . . 0 . . . . 

me:nt,I'J {taken to be 1% and 0. 5 , respectively). lfrom these data the avert,lge · 

value o£ Q for .the decay of the ,. mea on ia. 74.? * 0. 4 Mev from internal con~ 

•iatency and 74.9 1t: O. 4 Mev from external consistency • 

. Pertinent to the· problen1 of the spin and parity of the .,. meson is the 

energy 4istribution oi the odd-charged pion (Particle 3). No .at~_empt will' be. 

· rnade to co-mpare the 'nve events reported herein with the theories of Da.Htz2 · 
. . 3 . . 

and Fabrl other than to comment that the energy distribution ts c.oneiatent 
wHh a symmetric., and ):>erhttpa flat, distribUtion. 4 ··. . ' . 

' . 
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Another possible n:eans for det'e~ting the spin of the 7 meson is· t~e-~: _ . ·: 
... • • ' . . ~ ' ., ":; • ~ 1 . 

>. 
'· 

~~udy o£ the orientation o! the plane of the d,·cay of th.e T meeon with resp~ct : 
, ' . . . . ' 5 6 • . . . . • . . . 

to the di.rection of emisslon clthe ., par_tieh-. • In the decays where the cha'l"gea 
• . . . ~ t . ... . 

of the pione are known, information rel~ted to this problem can also. be, ob-· 
' . . ;. ~ 

··talned from the· relative directions of. the unlike pi.on .. and th~ i meson at .fts _ 

_ point of production. . . ' 

The geomett·y used in the well exposures afford an· opportunity .fo.r the 

'measurements of these parameters. The direction of emission o! the T meson 
-· is k,n,own to :.t 5°. .The 'un¢~rtainty aris~s from the finite ext~nt o£ the ta~get~ ·.. ·. 

. I . ~ 

;-and Crom atJsumbtg no large ang;le scattering in the ,ta,rge~. In all casee. the 
.•·.· 

1 l~Hie.l direction <?f .the T meson was .taken to be along;.tbe "x" dh-ectlon of the . ~ 

. · .. e.~!il~to~ and pa7allel .t~ the ~urfae·e. · Th~-magnetic field in the-·:regio~ o£ -d1e. · 

targ~t an_d_re-·entra:nt well wae. appr6ximately.l00 gausses. - . . . ' . 
'· _ _-_ ·--: Table ll tabulates the~·follov/i~g -.data.:-: : .-· .. : ,_ . . -'·' 
~. . . • ' . . ' I • ' ; .. " .• 

_ . .,. . ·.a) e _ , the angle betwcen·the e_rnission.ofthe T: and-_the normal to-1the "' 
_ ... · . nT . -. ··· _ . _ _ - ._ · .. :-- _. ·-·;- _ . -. 

... r 
'.·• 

·-
,· 

,, p~ane of dE->·:-.~y. . ,·.· 

.... b) 5n. the angle between' tqe normal to the plane: of' decay and the pla'ne 

o!th.e ~mulsi'on.. . . 
~- ..o- • '> • • • ' • I 'J ' ' ' 

... , . · ·· ··e) 0 ' f.t1e angle. b_et;we~n. the dir~~ctio_n .f>f ~mission· of the -unlike 'II' .. 
.. 

.... ~,-

.. 
•. ..... \ 

.. . tr'f'· . . .. ·-. . . . . . 

~eson ~nd'tbe direction of 'the eml.~sion _of tbt::: 'f • 
-•" 

. : d_) - btr. the angle betweeh the_ direction. ~f. the unlike, 'If m.es~ry and th'e 
. . , I . ' • . , . ·" 

phine of _the emuls{on. · 
'1 ,. ~ • 

_· ·. · -~nand ·61'1' were measured prim·a.rUy .as a check for o_bs_-c'rvational biat~. 

·_:For, isotr'opic di.atiibutions o£ 6 and. 6 • ·50% of the e~ents should have angl,es · 
~ .- . . . - o .. n "R' - - - . --. -. -,' • , -

· · gre.;.ter than 30 • The observed ratio is 5/9. · · 
. . . 

I wish to acknowledge• the aid given me by the Bevatr~n crew, .under 
• • ' # •• 

the_ dir.~ctbrahip of Dr. Edward Lofgren, in making ~he exposures . ..tvf.i_1U _Roberta 
. . ·. 

Dailey and Miss Hoster Lowe contributed their skills in sca.nning a large part._ · 

of the emulsions required for this report. 

This work was perfor:-r,ed under the auspices of the U. S. Atomic En

ergy Commission, 

.. 
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5. 39 

6. 15 

6.01 

6.51 

6.65 

3.48 

. ' -~. ~. 

~ • .. ' 

' ... ~ .. ·."-"" ->:,-;.. , ... 

. . ' ..... "' . ~~"· 
~' .. 

Tabli! t ·· 
-. 

.. . ~" ~. . 
. •' : ... '.l_ ':: ,...- .• 

. ., ... 

-r-Mescn Data 
. . ' 

. . _._,. 
•"-· ~ . ' . 

. - ~: -• 

•. ' - ·,.. . ... ... 
· .... -,_ .... _ 

• .r, .• ;. 
;.· . ~ -· '·: . 

~~ 

.l:\,3 
(rr.~.) 

T: 
{M~vl 

0 .. 6 . 12. 9~3 .· . : __ . ~: ... -~-~~~-~ : __ ·1 .. ~ _ie?: .· -. · ... _:~ s0
·" { :'_ :_ ?:~!~~ -~ -~: · :.; : 

. - • ..._ _ .... _ :: ·__ ..•. r·__ . ~ . } .. _ . ~-

10.84 16.2 

28.,32 4. 53 17.6 

7.46 17.3 

19.53 9. 43 18.2 

22.21 7.17 18.3 

12.6 

2_4. 3 {J4. 0) 

43.2 

19.6 

:34.7 22.4 

37.4 19.1 

(27. 3}b {35. Z)h. 

.. 

( 150°2S;_)·:·· 

85° 42 1 

( 128°27t} 

{ 136°21 ,. 

95°!3'· 

'l39°S1 .. 

~-~1;~~&i;-
··r3e?zz' 

0: .. ~--: 
·( 135 ·30 1

} 

·1· ~4-0-4' . - '1: . !) 

. 

},z'l?z.i:; · • -3ss.0 :ss•- · . 1°z.3·l 

{ 62°31,} 

135°58' 

o· 
(96 31) 

rso 0 3s_il . · 

-.1 I9°Ss··. _ .. a·66°Z' ·_ 
. • 

··o ·. ' y . - ••.. - . • . , 

0 37 · 74. <;e±O .-71 ; . ~ ;. . 

.7·5. 3±0-.:St . ·-
·-r •' 

. ·7~'. 9±0 •. 87·. ~ . 

-~-1994~.'-.··-~5.·1~1. 6.-~- ---

·_ .. 

• 
. '{1' -., 

_,·. . ·" .-. 
aNegative pion suffered an. inelast~'c .ccllis.io':r. {? ,-p1;~1?-f~ sta~} 

·. ". 

lZ. 4 mm from. · 

point of decay, i.e. at T 'P.'- = 23. 0 1\f.!ev> ·' · · 

bCh . . arg~ unknown. 
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Table Il 

. . . . :' ' 

A:(1gular Correlations in 7-Meson Decay 

() fi 0 &1f nT n. 1i'T 
•. 

Tl 14°12 1 0 90°394 83°16 1 0 ,, 

"z 51° ~1· 46°221 . 63° 481 . 1°52' 

T3 26°30 1 17°6' 118°51' 28°581 
.) 

1"4 55° 40 1 55°i4' 41()·561 31° 451 

7'6 38°39' 36°zzt 

1"' 

. '• 
••• '!! 

' . • . 

. · . ~ ' .· 

. : 

.. ·.' 
'. 




