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D.IMENSIONALITY .OF CHARGE SPACE 

* D. c. Peaslee 

Badia~ion Laborator,v 
University of California 

Berkeley, California 
• 

June 7, 1956 

UCRL-34.36 · 

There is no. dearth of experimental evidence to indicate that 

real space-time is a _four-dimensional ma.nitol<'-. A.t present there is much 

less cert.ainty in attributing dimensions to the charge space of heavy 

· particles, and. it may be worth .while to review various hypotheses and the 

meager experimental evidence 1rt this regard, The Clebsch-Go:rdon coefficients 

. tor I.:-spin that appear in the 11- N (nucleon) scattering reeo.nance imply 
. l 

·at least a two-dimensional space f.or unit.ary transformations, which are 

1 
E.s., B. L. van der Waerden, Gruppentheoretische Methode, Springer, 

:Berlin (1932). 

· c9nvenientl.y represented in the usual terms of rotations in a three­

.. diJ!lenaional space~ 
. . 

.. 

Some formal .cororenienc~ attache:a to viewing the charge displacement 

.nwrfber a = q - .Iz of heavy particles as the third component of an 

independent vector _.!. in charge space. 
2 

It .!,_ is to be independent o! ..!.• 

2 
D. C. PeasleEJ, in.press • 

. . 
there must be added an independent pair of coordinates ".ror the unitary 

transformations corresponding to rotations of .i , implying a char&e space 

Permanent address: Purdue Uttive:rs.itT, Lafayette, Indian& 
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of at least tour dimenaions.3 It one generalizes by taking scalar charge 

3 
A. Pais,· Proc. Nat. Acad. Sei. u.s. lt.Q., 484 (1954); A. Salam and J. C. 

Polkingborne, Nuovo cimento l, 685 (1955). 

~ . ' ' 
equa.tiotl9 always to be the z-cornponent of vector eqUations, then the 

proposal.4 tor writing q : Iz + a+ b is tantamount to introducing a 

thirclindependent vec~~r. J!.. in charge spa.ee. 5 This requires another pair 
. . . . ,.:l~··,"if,· . 

4 
l'i. G. Mens and s. B. Treiman, Nuovo· cimento 2, 1331 (1955). 

"!1~.,.. -

; 
. The intt:'Qduction of three independent vectors in charge spa.ee has been 

· · independentl¥ suggested by 0. Hara and Y. Fujii (private communication). 

of 'independent coordinates for the associated unita:cy transformations and 

raises t.hf~J minitmml cU .. m.ensionality of charge space to six.· There is in 

principle no 'mid to tb~s process: one can postulate additional- oharge 

· ·~ctors ..£. , JL , • . • ; tor n such independent vectors the minimum 
'·,. 

Glimens1onallty or charge space is 2n , · and there Will be (n - 1) distinct 

hierarchies ot strange particles. 

_ · .. To illustrate simpl.T how .each independent spin vector requires .the 

addition or two mor_e dimensions, co~ider the Dirac equation in 2n. 

· diiuensicms • Let 

.._ -v + "W" X __ 2 oAB . 0A 0 .8 °3 -A A; B : 1 ••• 2n 

(1) 

b~ matrices tor linearizing a quadratic form .in 2n dimensions. Adjoin 
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to this a. two-dimensional space with associated Pauli spin operators 

·· ~- , ~1' , -~ -and corresponding 2 x 2 unit matrix 1 . Then define 

A::l ••• 2n-l 

so tba.t 

r r.. + .. r. r. :: 2 b,_D ,. A, B = l ••• 2n + 2 • ·A 8 .. B A .I'I.P (3) 

The . f. are the Dirac matrices .for 2n+ 2 dimensions; for n : l this 
. A . ~ -~ . 

. . procedure corresponds tO the e I ~ . formulation o{ the usual Dirac 
·. . . . . . . 6 . 

equation. 'l'he oustomaey argUments for the four- $ltd six-dimensional cases 

·can be re~a.ted to show that all irreducible representatior1s of Eq~ (3) 

are equivalent to Eci. (2). Thus each increase of dimensionality by two 
.... !' ' - • ' . . 

:anits allows the introduction of an iO:lependent spin vector g:; in each 

such spin apace higher spin values follow. by vectorial addition of a. 

sufficient number of basic spine ~. 

The same procedure Ulustra.tes how spaces of 2n + l dimensions 

also allow at most n independ.ent spin vect.ors •. For by defining 

.. 

o 2nf-l = 1S'j_ ~ ••.• 1("2n , we can write Eq. (1) for A., B :: 1 ••• ~ -t- 1 
. .....,. 

without intrOducing a n~ Pauli spin .. cr'"'* • . The number or independent spin 

vectors accordingly increas-es only with the even-dimensional spaces. 
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Experimental evidence on the_ <Um~sionality of charge space becomes 

increasingly tenuous with increasing n. A number of advantages appear for 

f'our-di.n\ensional-:chai'ge space with two ~ridependent charge vectors, 2,.3 and 

the.re are several possibilities for experimental . study. The possibility of 

same· five-dimensional ctlarge symmetry-7 is not yet ruled out, but would require 

7 
R • W. King and D. 0. Peaslee, in pres~. 
?~· . ,,_..,_; 

th. A and N to have- identical .spins and parities. hu~ six-dimensional 

hJp¢thesis4 would r~quire increased statistics on anomalous V~decays for 

veH.rieati-on. 

This work was perf'onned under ~he auspices of the u.s. Atomic Energy 

-O~ssion._ 
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