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1 · . Introduction · . 

. On.e o{ the bask decay processes i11 th/ :,veak interactio~s is _the µ decay µ+:; ,~; 
':-+: Ve vµ; Free of any QCD _complicati01is, it .can be used for a thorough check of. 
the- standard theory of electroweak ii1teractions and the determination of the Fermi 
coupling constant Gp. The experii1:<:ntalaccuracy is so high that th~ dne-loopdec
tr~magnetic ~a~iative corrections must necessarily. be taken iii_to account. Therefore; 
ifsome nonstand~rd inter~dions are of-tJie s<!,me order of magnitude, O(o:),then,they 
can be extracted on the background of the V-:-A interaction and radiative corrections . . . . . . \ ; . . . . ' ' . . . . . . . . 

• to ikln the literature, the following most general form oOhe-µ-decay namiltonian is ' 
_acc:eptedfl], , .. , · , . . . 

... <_.,.:. 

,., ' ' -'~· • < •• ' ' • •• • • • ; : - :· •, ,·. " • ,__ - • • :~ • \ - •• 

,Heie, k labels the type of interaction (scalar, v,ector;.tensor), (and x indicate the chi-. 
iality of the charged leptons: (Thechiralitie~ 9fthe ne1,1trinos, n and~, are uniquely '· 

.•. fixed by't; x; and k). The .standard V;:-A interacti9n implies that if,L ~1~ and other fl;. 
-· are zero. Nonstandard couplings 1nayaris~in extensi9ns of the standard model from 
·'!he exchaii'ge of l)-~Winte1mediate bos?ns/_otl1er_ thanWJ: At the first;sight, it-~a)'. 
· ~e~m·that there are 12 (generally complex)_ c9nstants g~ .. Howefer? th~]?c:al t~ns?r 
.. interactions [eRa':' 11vrnvt~atiµR] and [eLa"i311R][ii~a~wil are identic'7lly'equal to zem 

. Therefore,the coµpling constants YhR and gfi, are abse!1fin eq:(1); _and the most gen- / 
era! form of a local, ·Lorentz-invariant, derivativ~-free; and)epton-number-conservirig 

. . .. · . . . . . . . . . . . . . . .. . .. ' 
four:fermfonjnteraction is parameterized by: 10 model-independent constants. . · . 
· ··In the pr~sent paper we: a;e going to·· demonstrate. that,. aband~~ing. the. locality . 
of the effective.Fermi interaction, we can introduce two additional constants !JhR aU:a·· 

: g[L in front of 'the interaction tern:'1s which :depend on' the momentum transfer' qµ-

Such terms arise from the exchange of tensor particles (the fundamental interactions 
of:which'1re foca0. in an extended model of the electroweak interactions [2}: Let us· .. 
redefin~ the tensor structure_to · l:>_<t . . .' . : . ,- •. · . : .· . · , > · ,,, 

.. · 
• I 

rT 18) rT =· _21 a">,. (l;°a/1>. • 4q0t2q~. ✓ •·,f2j. 
. . I q . 

";' Then the' t~rms with g[R and ;rR in eq.(1) remain the same, ow'ing toth~ id;ntity .. 
('·. :_ ." , I , I • , . ' . / . ._ : .. " ' ,,__ .'.'·. '., 

• ' • .. • • • C • ' 4 • ~ . • : ' • /> .• 
a>.p '°' p · ·· qc,q · a/1p '°' · "P · ., a £1CY0'/1.\ ±·-. -2 -._==a ±''<YO-af3 ±,' . ,: q. . . 

,· "->-. -. - . - ', _. - -. . ". - • ' . . ' 1 . . 

--~ where P±.= ½(1 ±,y5) is the chir.al 1~rojection oper~to_r. In the most generaJcas~, o!le 
.. can assume that the effective four-fermion interaction arises from exchange of some 

•.· bosons ~ith a ~omentuin q,, (that'is; the int~raction deperid;only ~n the momerituin - · 
. transfer). Then, in fact,eq;(l) with the above definition (2) will be themost gener~l 
. form of the effective interaction of charged leptons ( up· tc(a factor depending on q2) ' 

..:::...:the:matrix structure,," 0 , 11 . q0 q11 for_the particles o·ri the mass shell is red~ced · · 
. to the scalar structure rs @ rs. ·. 1 

-· 
1 . · • · · ; ·. · - • · · • · , 
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The tensor particies hav~- b~en introduced for the following'.i-eason: hi the .recent -
exp~riments 1r-: -+ e-· v 1 [3] and J(+ :-->'ir0 e+·v [4], tensor fo~~ factors ~ave·been 
discovered. These form factors canno·t b~ explained in the framewo'rk ofthe standard 
V-A intei-acti~n [5] .. For the semileptonic ,veak_ decays, an additio~al int.eracticm .. has 

. b~en intr9duced [2] / - ·· · ·· · 

.... ,:. .-·.-•,<._ ·-;'o,,\·,·qc,q/3:_ .. :· .. 
£qe = ....,..,/2, GFft 1117 <J_..~,eR'7{3>.VL, · 

: . ·... - · ... : --;; •. ·' q . . . : .. : 
. (3) 

where d' ~ d cos Be + ~ sin Be' ~nd the value of ft c~n be found f~om· analyzing these 
meson d~cays: In thefrairiework of QCD, by_:applying the PCAC technique [5], we 
.obtain the valu~ ft ;,,,(7.84±2.24) xlo..:2 [6] from.the pion-d~cay data [3]. lfwe assume .. 
thafthe coupling constants of the tensor particles t6 quarks a.n.d leptons are the same, 

. theii we can determine th_e tensor cop.stants'in eq.(l):·g[R == 9hi = g[L = 0 3 
/ 

/. ,- .. - - , . .~ . ., .. . ···- - -·. ' 

T - Ji' . . _· .. : 
9RH:= ~-- =;· ( 1.96.:±: o~56). x 10-

2 
.'. ~- . ·:-~(4) -

However, for the.'sakeof generality, we consider the rnodel:independent case ·with 
all g'{._ ¥ o.~ Introducing the tensor couplingconstantsg[L ~nd 9hR leads to the 

'appearance of new parameters in the e+ energy spectrum. Below we discuss in detail· 
. the c;~n~eque~ces for proces~ing~the ~xperiinental 

0

data ·on-decays· of n~npolariz~d 
muons and for determining the Fermi constant. 

' . ' . - . ~ . ··, .,.- . 

-2 . -. ,Tp.~ positron en~;gf spectrum . • 

-_Gen;r;lly s~eaking,•one c·an assume.tla!existen~c of right-handed.neutrinos.' Since 
the upper bound@ the muon'neu't~·ino ntass i_s only '.,n,;,, <27:0 keV [8], the effects" of 

·. the neutrino mass could be coinparable to that. of me. - The mass of II~ is always 
neglected in this paper.'~ '. · > '.. ' : -. · · · \ - · · ' :, . -. '. \ · 

, .. · It ii straightforward t_o cakulate thee+ energy spectrum for_ the p+ decay in duding 
all mass effects. Let us introd_uce the scaled e+ energy,x; := 2£/(wm~).which varies 

· in the interv~l x~ :5: 'x~ :5 1;-where w = I + c;-=--. f~, Xo =;'2-Ee/w, and fe ~ me/inµ; _ 
1:~. := m.,/rri~. ,Then the, sp~drun_i ,reads - .. . . 

d
dr ·-= '.'AG};! [h_, 1_·- + ip'12+4(;(1-- 1:~)rh3 ~h~(71h/+ /hs) 

X . ' · 25671" · , 9 ····· · · - - . · . -

.e.:__ - ~- ~:(>-.h/+4t;1/h7)+c~~v(U,hs-:- ishs)]: . (5) .: ' 

' The foncti~n~ h1 ,.,., h8 'are give1i by 
. .,._ - ,.·, 

-", 

i 
{1 ·1 
J J 

-ill. 
:j 

. )1: Ji d, • 
3 The pion decay puts very. strong-rest.rirt.io1is Oil .the -tens9r c6upli~gs '[7]/ Elimination of the •. 

above three constants'.is enougii to satisry th" constraini.s.--Tliat ju~t rneari's th~t, as _well as in the· 
standard weak)nteraction~, on)y'.Jert-hai\dcd nc>11t.rinos t.ake' part in the tensbr int~ractions,\ '. ' 

:11 
" , j ! ' 

'i' 
J 

,. 

r· 
:1· 
I ., 

h1 
-•~ ( - )2 W5'.r; . 
V-"e :-:-. -"o 1 - Xe --. . : . . . ' . It . 

-, 

:hz = ✓;;·, x~ (l•- .ref{tu3 - 112(5 t 5c; + t~·) .. +'u[(l - _1:;)2 '_ ~~(i + c;)] -.· 
. . . - , w4 '. , . , .· ~. . -- . i·· •---

+ 2t:2(1 :_ t2)2}-'-- ' ·•,. - '\ 
.·. V .· e 1t3' , . ' 

h 
....:.··2(9 .. -l).-·l.t~ax- [ . -u· .. ].:::i(l·~xe)Jx;-x~· 

3•.·..- ·W '."Xe - n -- - l.+ ---. - · , .. , , , •. < .• : : . ----~ -. 
2 

. - .. tmin 
2

;'-'-'I II:--- J>' : ' 11 · · ; , · , 

h4 --:- , 2Jxe - x 0 .(1- Xe) -, 
• q -: ~. r, . . ,ll . ~ ·.. .-• ,· . -~-- ,· _1, - - ,_ 

"h. =··•[1'+i+-•t:2 __ 3_ t+· t~(l·-.-,n]·...,.:1(1·-.r,)J.r~-,.r~ _;) __ 2(·1- \·)·1-·.t;,.:ax•·.·. 
5 , •' e, . v l . . . . .· -te .. fv Il , 

1 
_ •· , • • ~ • ., ·-_ _ - ll . .. ll_ _ , -: .. ' _ . .--., , lmin 

, h6 
· . · · ·1(t · -, l - -~ (1 ~ . )2·"'' - 1;.-,- II . 

yx-,, -:-x;; . le. . 112 ...• 

t '-· 3(1 . ·) ~ h - ·. 21 ~-- w .- .. r, v-r;- .r., 
·7 - fe ,n tmin .· .. · ,. --: 11 1·r-.-· . _·.• 

h 
•- _ ~-(I ::..::..·•-.)2 w·

1
(1 -c;.+'11) · 

s .- y x;; -. x;; x e . . ., •. ·.\> ... ·. ·, - _.- ,-· \ ~,-,__ ·-::.:.·· '-/-'· 
~he·r~ u = l+ t; -,-·wxe, p ~ c~( l :._ c~ - (~)/( I _:: (~), and. 

' . ' - - . \ . ' -
• . "} -- • •. . . • • I ·. • • .. . • • '. •. - . . • . - . 

t:::f: =: ~it Hi}- 1:; + f~)'-
0

11
2 

7 c~(! ~ 5;) .± (11.::. t~) ✓U ~ :n!. ~ 2u~l + ~~) ftt 2
] •· 

' ••• ·1 • ~<, :: ' -·' .. _:. _ _ ·_-· -:· . . - ·.. , _.~-, /_". ~ , ·•"'-< .· ·.-: ,·:. · .• '< The Michelparam'eter pandthi! quantities 17, >-.;.a,·r; t:, 11, and.Kare functions of 
the coupling ccinstants g~: .· ; ·'. . ,- ' . '. I • -·• - • • ' ' • 

. \ :1 ··.{ ;~ ·-
1

· s'.. ·- - i-
1

; . - .

1

\.: 

1

2 , • ~- .,;}• • 

P := A.- ~-- ·- 9,x -.~.<Jc\ -- + 1. !/I.I. ,+ :t 9rm i '. · 
c,y=:!R,L :. _ · ·"- , : 

·- 8 ·. - • -· v -- ,;. .. .,:· · .. -
71 -~ ·A L Re_ {.<1,, (g;\_.+ G_q, J } , 

' • I 

· .. ,~ 
· , <,x=R,L · . . 

s,· • • • ' ... , .... • • ' • ' • ':' ' I _• ' '·•• •/ ' ' 

-1~·-{S .. :;•+· ·:; --., •. ,.\ I• ')\ I• IT.·1•---JT T•} ·A· ,e 9LL9LR_ 91m.<J111. :::- -.<fu}l1,{1 -:: -91mgRL ·-: 9LL1LR - '9nn9ni , 

8 - . v. s·· . T ~ , I ,. - -
A 'E,:_Re{g,x (g,\ - 6_q,,) } , /, 
, <,x=H,L · ' •. • 

<T. 

._,16 ·{·, T. ,-2 ,· T .,2} 
T ~ A -- 9u~ +. 9RR • ) . 

. 32 - · l; . ;.. , v . T• } -
·i:: = · A.Re {9LL9RR + 9nH.<Ju.. • 

II 

. ,.. 

·::, 

32 R {.· r. r:· . J. · r~ } 
A' e 9LL9LR+ 91m!hn: ·• 

32 .. v - r v -r }-
A Re {gLR9Rn + .<JmJlr.i. ·: 

3 

\ 

...:......._.._:_,· 
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L_ 

where the ba:;·d~hotes opposite' ~liii·,il.i1 i<< illld 
. . . . . . . - · .:c I 

. -~. {.I .; 12 .. · I vl 2 · I T 12 }·_ . A=4,L., . g;~ .f-1 g,~ + 12 g,x .. 
, . _- c,x=R.L_ : _ _.:. · . · < 

. _Notice th11t :introducing new te1iso1: const;hts !~ads ~9_'the ap-p~arance of new 
. ;tructures T; c:, ·v, and K in the spec:tru111;. This; alsogives .rise to a: chaiige in the 

d~finition oCthequantities p, T/, ~-; a1;~1 a .in favor oFa n1ore symmetric form -as 
_compared t~ their standa;d-definition°[0]. . . _ . , , . / 

Integrating over the whole spectr~mi. \\'e can derive the partial decay width.of. the 
milon=intoa 'p?sitron . - .. . . .· .- ' '. . .. ·- -- . . .·- · .. , 

,_. - :-A· ·a2-- s 
. F mµ [ · - . . · - - 2 · . • .. ] .. . ,T:=='.,. 
256

7r3 ff1+t,;17H1+tv(~[{6+,4~teHi)+telv'.7ffs,. 

':hereH; =JLh;(xe)dxe '(i:::1,: ... 8). · --c 

-- -"- ~ - "- ~- 2' .cc. - 2 - : I._ -4 . •) 2 2 6 ·_ ~ _:_ ,4 ; -, 2 4 -Hi_ - R0 (l. _7te /Ev u, 1Cv+1-tetv+te+'.tv 7telv, 7tet,_,) 
·. ,> 12 4 _/ ~ - ') 4 . - I • . . . - . . -. • . 

_ +2te(l t,.,}Le + -tv(I (,) L~, ,_ 
H2 := 1h ::::. 0, - -~ . • . .'. 

H~. =· _!Ro(l+)Ot; -·sti~t! ~2c;-5t;ti)-4t; F;+(i~ E~)2]L,'; .. . 3 .. ,·. . .. . . . . . . . . . . 
C- - _+4t~(l -'-t;)L,.,,~ . . .. 

:;Hs 

H6 

H1 
I 

·o 
1' .. . . . . _.-. ··.·' . .·_ ·: . . . . -: . ' 
3 R~(l-.:: 5f; .-t:_IOE~ - 2E; t (i ~ .5-t;t~) + 4t!(1 f t:~)L~ 
.,·•2·[2-··_•··-22-··- -
-4E,_, f.,_, + (1--: fe}] Lv, , · · ·.. . 

' .( , 2 "2 · 
• ]. 2 2 •) 2 ') • 2 Ee(l + tv) ~-

--2Ro(l + 5Ee + f,_,) + -l, _(1 - E,_,} :;l- 2 ] Le _ . - · 1-t --
+2t~[1·- 2ti -~{ 

2

]. Lv, - - . . - ,., • • 
_ \ . __ . . \ ·.· . .: 1 --: E". • • • . •. __ _ " ,-

ik ==· ½Rc,(2 J5t; +·5E~ ~~:--.~i-;Jot;f~)--: 4t~jt;<8+ l•~t~)~] ~e 

. ··4··2[ 2 2 + (1 - 2)2]··1--·· - E.; feE,_,. . .--:-: t~ :vi 

where· 
L . i + t2 - 2 • i __ -,, =. Jn _ e E,_, +. l,._ 

· · 2te , 

>-._ -.. ._.; .. -

.L,· ·.: .. : I J __ ...: E2 +-f2 + D . 
V - n_ , e V · .l¼) 

2t,., .. _ ? 

' . 

(6) 

and R 0 • == J(l - t;)2.:.... 2t~(l +1:;) + f.i; _. _ . _ ._ '; , 
As orie should have expected, the partial de~ay~idth (6) does not depend on the 

•Miehe~ parameter p as well as on ;r, .s, an~l 1-.:·,• because H2 = u;··==: Jl5. = ·o .. 

.4 

c•--::,.; 

11·. 
8 tJ 
it 

). 

i ; 
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i 
'•I" 
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.. :j\ ·( 

·1 __ ' .. • I 
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3 Conclusions 
·.' 

. ·· To most cl~arly represent t~e effect of th~ new~ tensor constant, we neglect. the· 
. masses of the neutrihos. and the-positr<'Jl;,. and. explicitly. extract tlie dependence of 

· the positron ene;gy spectrurn on Yin.by setti1;g gfL=l. Then_ .. :• . . . · __ · >. 
,, .. - . - . . -· . , 

~ -

df.' ex_ ·_,{,(1 ·-.x~) +· -9
2 p

0
(4xe - 3; ~ 2t; (!'"~ ;e77g + ~gi~)· · .. +·(gk

6
R)2 (~5 ~:~4X~e/.:_-- · 

. • . :l.e - Xe , • . • . . .. _ 
3a· · ·}-· _. .. · · ·- _._ · ·· · · -

-t_ 1r_f(x~) x; dx~, 
,:;_ 

-'. (7) 

,~here Po, 770, and Ykli can" be c6ilsid~red as ~odel0ind~~n'de~t para~~ters: a~d J(x.) 
is·a: known fo.ri~tion which"describes the one-loop ele'ctroinagnetic iadi~tive cor;ection 

.. [10( '.Tak,ing eq:(4} intoaccount,we ;~e that the contribution 6f the.ne1ter~s is6f the_. 
. same order.of magnitude as the one-~oop electromagne.tic'.correctioh. JA more predse 

measurement of the_ energy spectrum would. allow one• to· detect this: corit;ibution: --__ ... 
H ;;e assume that :an the,c01~stants but:gfL·and g[L ~re e'qual to ~ero, ~nd the. 

·.- presented above theoretical. curve (7f adequately describes the experiment, then the 
' .. fit of the paramet~r p, n~glecting the _tensor contributions; should lead t~ i syst~matic 

.I 

1 
deviation h'p = p ~0.75:: '· .: > :· >: ;. :.:= ,· ~; .:. .• < >, ' 

/txt(~i ~ 0.75)[~e~;~+ (g~n?(l5-l~x~>]-· 
D _ 9 · ·i=O ... : • •'-. · _ · ' · - · 

p ':': 64 . -~- n. .• · ·- L xt(:i:;..:. o.rs>2 _ .. _ 
• •' _•.-.: / c ., , /,, " f i=O~ • : ' < 1 ._ • "r , • 

. It is evident .that -t~rfit over·thelow-en~rgy positrons Xe.< o'. 75 leads to h'p1o;,, < 0 
w_hae for the high-energy part of the spectrUIIl, x,; > 0.75 one obtains DPhigh > 0. A'. 
diffident"indication of the existence of an effect cari be observed already in the data , :: · 

-.•of ref.[11]. -Ir°the experimental erro~s \V.ere less:we would.assert. more assuredly that. . 
fl!.~,;; < _Ph.igh• . . . . · : . · .•. _ . . -·-;' · 

·: .· CThe partial~decay width derivedfrom eq:(7) at 'r/o = o_ 

. ·--f·~-~;2:r[~ +l2.EeY~R+;(~~~)2] [1 - 2: (1r.~~ ~5)] · (9) 

.· ... can-he used. fo~ evaluating th~ Ferrrii ·constant G F; Notice. that_ ir'the v~lue of YkR 
is given by eq.(4), then"the contribution-of the new.interaction is com'.parable to the 

. ••one-loop electrom'.agneticradiative cor~ection. _This may.lead to a perceptible cliange. 
"in the v;;_l~o(Gp.~ .· ·•· · · · ' · 
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