Lawrence Berkeley National Laboratory
Recent Work

Title
DIMENSIONALITY OF CHARGE SPACE

Permalink
https://escholarship.org/uc/item/0xt1k9ng

Author
Peaslee, D.C.

Publication Date
1956-06-07

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/0xt1k9ns
https://escholarship.org
http://www.cdlib.org/

PRI T Y

UNIVERSITY OF
CALIFORNIA

Radiation
C7ﬂabom

TWO-WEEK LOAN COPY

This is a Library Circulating Copy

which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

UCRL J#3¢

BERKELEY, CALIFORNIA



- "din}ensional épace.’ v

2

UCRL~3436 -

DIHENSIGHALITY OF CHARGE SPACE
D, c. ?easlas
Radiation Labprat.ory _

. University of California
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‘ Thei'e is ﬁo'daérth of experimental evidence to indicate that

_ réal space-time is a '_four-dimenaional manifold_. At ‘pre:sent there is much
~ less certainty in attributing dimensions t6 the charge space of heavy

'vparti-cles R and it may be worth while to review various hypot.heées and the

maag"atfaxperi&mntal _ev—idénce in this regard, The Clebsch-Gordon éo_efficients :

- for I-spin that appear in the wW-5 (nucleon) scattering resonance imply

at least - t.wd-—dimensiagal space for unitary transfomations,l which are

‘-.g., B. L. van der ‘daerden, Gmppentheoretiache Methode, Snringer,

o

3 Berlin (1932).

; : c’énﬁenient’l& 'repréeentaéd 1n:the usual terms of rotations in a three-

Some formal eomenience attaches to viwing the charge diaolacement

nnmber a=q- ;Iz : of heavy pa‘rtieles as the third component of an

'independent vector A 1in charge spatv:e_.‘z If A is to be independent of I

; D. £. Pe&slee, in. 'prass...f

,-there must be added an independent pair of coordinates for the unitary

tranaformations corresponding to rotationa of A implying a charge space

Permanent address: Pardue University, Lafayette, Indiana
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ef.at-least four dimenaions.B If one generalizes by taking scalar cﬁarge

‘A, Pais, Proc. Nat. Acad. Sci. U.S. 40, 484 (1954); A. Salam and J. C.

v?olkinghorna, Nuovo cimento 2, 685 (1955).

equatiéns alua&i'to be the z-component of vector equations, then thé
4

'proposal for writing q =1, -+ a+ b is tantamount to introduoing a

vthird 1ndependent vecter ‘E* in charge space.s This requires another pair

R, G.'Sa@hs and S. B. Tre:lman, Nuovo' elmento 2, 1331 (1955).

The introduction of three independent vectors in charge space has been
indapendentky suggested by ©. Hara and Y. Fujil (private communication).

of 1ndepenﬂent coordinates for the asaociated unitary transformations and

" raises the’ minimnm dimansionality of charge space to six.  There is in

. prineiple B0 end to this process: one can postulate additional charge
"'Tw%etors L4 By oeens fer n such independent vectors the minimum

‘ ‘,dLmensionauty of charge space is 2n , and there will be (a - 1) distinct

L hierarchies of. stranga partiocles.

. To illuatrate simply hcw each independsnt spin vector requires the

,addition of two more dimensiens, consider the Dirac equation in 2n.

'dimensiens Let

YA‘ 'XB+-D‘B q =28AB i A’B:l ves 20
| o | (1)
be matrices for linearizing a qnadrntic fofm‘in‘ 2n dimensions. 'Adjoin
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to this a two~-dimensional space with associated Pauli spin operators

| G} , G" G" .and corresponding 2 x 2 unit matrdix 1. Then define
,-’ 1 XA ’ b. A - 1 s e 2n - 1

< B’ ’ G}Xn: G;Yn (2)

The [' are the Dir&c mtrices for 2n+ 2 diraensions ; for n = 1 this
procedum correspomis to the (3 6“ formnlation of the usual Dirac

“equa;&on. The oustomary argumenta for the four~ and six—dimensionalé cases

D. G.,Peaslee, Phys,'E.e\f. 84, 373 (1951).}‘

5 can be vrépleﬁated to shdu ‘that e.ll 1rredueib1¢ representations of Eé'.‘ (3)
are eéfuivalént to Eq. .(2) | Thus e;ch incréaaé of dimenaionality by two
, units allows the introduction of an. indapendant spin vector 0'“ in éach
such spin space higher spin values follow by vectorial addi.tion of a
.' sufficient number of basic spins 3. | |
" The same procedure illustmt.ea how spaces of .zn +1 dimensions
also allow at most n indapendent_ epin ve_ct.ors . For by definiag
"(%1 = "Gi 8’2 {zn , we can wriﬁe E.q-.‘ (1) for A, B=z1 ... 2n+1
without intréduciﬁgv-a nqn'?‘gu.liv. spin 6?“ .. The number of independent spin

iec_t«o_rs accor@iﬁg}.y increases only with the aven-dimensional spaces.
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Experimental evidence on the dimensionality of charge space becomes

' iﬁcrea;singly termous with increasing n. A number of advantages appear for .

 four-dimensional ‘ché'rge space with two independent charge 'véct.ors,z’ 3 and

there are several possibilities for 'experﬁnent.al ‘study. The possibility of

some 'five-_diimensionalv charge symetr}*j is not yet ruled out, but would require

R w King and D G Peaslee, in press.

the ./\. and N to have ment.ical spina and pax-it.ies. The six-dimensional

'hypothesisa would require incraased statistics on anomalous V-decays for

mrificat ion.

'i‘his work was peri‘omed under t.he auspicea of t.he U, S Atomic Energy

-comission. .-





