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€XTENDING Twe F%wcmac G‘RWP

e —

T‘\e Poincaire Alatbra 's genfmﬁhf 5" the TQ/EW&:B:

SPATIAL TRANS LATIONS P mn =023
TIME  “TRAVSLATIONS - spadtime indices.

KO‘i‘u&inns i SPu.c,.g}
Locent Boosts J‘“"

Then the Pincaire Alygbra is given by:
8 [ T g Tred = HMlagToe= Thpdie * Mooy = T Top)
DL Tel=i(MeB -7
N[ P P]=0 |

”ow we extend 'Me Pn’ncm'r: A’g to fhe guPcRPoMﬁrﬂf A“,
in oddition to the celations 1.) 2.) ane 3.):

W) {Q.,Qe}={T" QY
5) { Q«, Q% = 2R
. i F &lé'&ri
@ {q ot} =2k dobied Weyl Tadices.
?) [ Q"-i Pm] =0
3-) Y. Jmn,Ou =‘1(d,m)-'0,
N 3., 0] = (7)1 G

M*ng@*lw- J,P, Q plus hese 9 cules form @Zz
%ru.éta Lie P\l&.brl\,nr N S\-'per Lie A\%ﬁbﬁ“ﬂ..

¢ = o

.“'
undoted Wagl Todices.
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So we jus'f Found the Supfrpmhrmh! ﬂ/atﬁrn ( which

lﬂ’pmi’nﬁ'ﬂfﬂ 'fb 'HIE :uperpaf}:ufrr fﬂl-lP) 6)’ dﬂﬂlﬂ-ﬂd;ﬂ
that SUSY closes onto 'h'nn:/ngr'uns e .

LaUE'STmf;‘]*' (nm// we Construct a 3&:&:‘/&1"
Iymmeffa which [nstead closed
onto rotations ( 1Q,Qfx T )

1o make o ph y;:’rn//y sensi'ble
mode/ 1

\Avswer|: No. For o techaicad expesition of
this see the classic Peper 5y

Mugu;]nn:__k‘r' ond S'Amhg Nuclear 'P;h 1';: qug)

Es:eﬂf'.'a”, what hnp?ens i that f you maler
10,Q3 = T d4hen higher spin stutes (s=%)
ge't covpled to Jower cpin Stutesr (5=0, s %)

{G" féli}“:)—ﬂﬂﬂ (Q/M (ﬂ')ﬂii‘

Amf_r’f that ,M-pptn.r it violates +the easfier paper t{y
@fm;n and_Mendula) Phy. Rev. 1§59 1251 (1963)
which was & Very powerfal MO- 60 poper placing
Strick  bmits on Ffurther physicald symmetries.
SUSy a5 we Conttructed i+ 9ets around “his
NMNO- GO theorem 67 nf/ﬂw .-'ﬂa a .fuper aca't Ma
Structwe as opposed Hh the implicihy assomesl
e Aly. strvctwe jn the (967 paper,




€ xtensions of SUSY, N>1

(&d‘l curf'dor NIU”/J’MM!#;!I a: wl\tr'"g
A=|2,..,N fanges oves +the Svper choryes and .

./‘Q: ) Q_éa} o 20;? EAS:

Simplidats, that octur in _-IV=J EUJV]
(1) Mo central charges - f a, y 0:}‘-‘- e‘!?.s

Clearky the central chorge T = O if
Q:bé_' 1 (2""' must l.:c’o.ﬁhwm:%'h)

(2) P"‘ Srmmrrzv s ﬁafcfnﬂ. Wq Con
Congider o 3/@6¢J lere rofartion of
the spineriad chasges Cn

N=1 = R-symmewry Jwr V(1)
rbl' N=>]1 you fird o U(N) SYMG‘I'ra,

between +the Charaes. ( Impertant
Clament of Yha N=2 Suty m:dtl;)
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l;ose-r Seace VEw oF ‘Seacenmel

Tt is usefall 4o let the cowdipates X™ of
N Minhowsh; Spna (/f?t"?=("'n)) Pmmmeﬁief
'H\e Pﬂ;ﬁrl;re GrnmP. From €inite ﬁgnsfbrmﬁﬂnr

e m We Can d'—d“tt 'H'\t Pnintp.'.rg A\gﬂbra
theou the cocrespondance of fﬁ.e Fie Alptbra =f
and the tanoent spoce ot the rdlnﬁf, of he

;t;e gﬁmp. ir5t consider Hhe oroup of ¢otations on R3:

X'z x€os© +Ysin® = X+ ¥© Rn’m’rimo(‘g
v' 2 -Xsin@+ Yeos© = ~X@ +¥y abont 2-0x1$
v g *—($or © small)

dat. © =0 to £ind the gencrator Jy's action on £(xy,2)

_ e ((FyiR) - £06%R)
T (xvz) = iim ( s

= i B (#(xwe, Y-x&,2)-f(xv2)

-0 | — =) —
— : :3-4- - ?—L L4 - ] 3— -
=iva - X &5 - 3;"‘(xav 73

\ > > . [

s.;ni/nr‘y: Iy = =i (Y'ﬁ' ?a‘s?) AND 31*:"(1%&'”5'%

enerat® rotations arennd +he X-oxis and Y-ax/is, 1hese
gtnw'ﬁar.r Rrm o Ao algebron ;

L&, X1=idy
[U‘F, J-!]; ia—x
[Jt;j-x]=ia;

Next we will outline the same Tor Lovente Goorts. First
note that for perameters A% we ge? generators:

19X’ o (X[ L2 . a)a ., ot
155:75% X« - "('-S&‘?lax"'fﬁfay*sﬁaz*ﬁ/@?)
az 0 ave Az Azy
Note #hat a=0 maps 4o Hhe grovp identiby. We
ade %'t nnce owe growp actr on time a5 wel/.
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Below on +he RHS are the finjte Velocity tmnsfurmations
(plﬂ'ﬁ bﬂm‘!’)’ ond on +he LHS +he Lie Algebro gmwhr:
which secve to aenerate boosts in +he parameters (xy2t)

X'=V(xavt)  Kriltd+xd)  [Ky ¥ ]=-i],
Yev,2=2 Ky=iltdy+voe) [, J,]=ilG
t =Y (t+vx) Ke =1(t3; +22,) 4, 3] =0

JM'!’ o Q@ did foem n/gcﬁm onits awn So fo +he pwe boests K;
are net themsolves o ofie Algebm , however we can extend
the retution a@. with beests to Frm the Jorents Algebea:

- 5 - R

J- = {mjt U.,';"Euum i:tﬁ}:(?a )

i Jis = =Ja = - K . "f@
[UF’“J :]:prf] = 1 (ﬂ?* 3,-'( _3},3—,;(*' 3,..-jup = 3{3},) ('MF" 2":7’1)
F:‘,-,.//, we add the generators of transotions = Rincaire %

X’ =2 %% a' Q,--i:-)r (PR]=0
0%, 3.1 = i@k - Yf)
Now see how conp multiplication qenecates mations on Povamedrs
Re coll +htt :1‘. expontisd map gives growp ; exp i § = G,

ef'ym%(ﬁ - (I+lym£)xn - Xﬂ* Yn »

gupp-u we were oven P and [PR] =0 we conld
deduce that it generates trnskhdions by th éifw;/a:

ixr‘eﬂ h"nﬂ i(xh" Ym)Pu " ™ ™
= € X — X +Y
nnﬂ'u eae": en-»sr-gt'n,sﬁ was vsed above. What
we will do pew is see how 4o porametrite o space
So that the Q,'s we found lost Fime generate
a translation in thet parameter space.
{¢Ar': will 6! 5‘?’*"-&““ )
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Notice +he index wndicates whot kind of object it is
Mmn,.. * SPACETIME InNDicEs : m=0,),2,73
®,8,7,.. ! UndeHed Weyl Indies : & =1,2
®,@,7,.. : Dotted Weyk Tndices : o= ,2

Grassman variables are a.n'l'l:nmmwl-in% 5 +ake O

ond 7] fo be grassman’s we wounld JJefine

eN =-76 <« fent=0
00 = -8 «— (o,0}=0 —(6=9

Grassmons are nilpetent. Owr interest [ies in several
grassman dimeasions, SPeciFicawy 2= undeted
dimensions (©%) and 2 - dotted dimensions (&; )
QH o (@l!e‘l)
S« =(5,,0,)
We define Hhesre #o be subject +o the ﬁ//nmhs :

{e% o'} ={&,,8}={6"8;}=0

Nex? we preseribe o convention for vaisine, and /aw!r"';n}
indices, this iz ~ like describing an innerproduct cn ©5
except +this produet s skew : (6“=(_r;)=¢#,€‘lﬁg).éﬁ)

@x - €“@,\. é* = E&é g‘;
e.,( - Ene 9? e.( - EE" Qi

Notice the suppressed index mtation for 66 48 oo,
6 90=9"¢, =206, =-20¢"
©*ee =,0"= 286, = 28'6°

Conventiont — 99‘ 6“‘ = - @ﬂ QH Vncoaventionsd .J.l !
slont of \ - i 2 7- LMS yaderstosd foe
8 '8

indices St = -é. 80 avo 68



©)
N=1 Riogd Superspaca

A +y?i£n\ ?ﬂlfﬂ' '§ 2= (Xm‘, 9“, é-;r). Caqsidlf now
+he product of 4wo svperdranslations:

ENp(i[&mPﬂ, +3Q +f§]) exp(i-[?(" b.+0Qq+ éﬁ]) =2
O= expG[(ﬂ"*K“)Pm"‘(,;*e)Q + ()"-1"5)@_]’ SOOI
-zl{[m’éé‘ﬁ[f@,ea]+[3‘0,6&]+[?63,9@]f)

We vied e®e® = exp(A+8 +41a8] +4 (A (ael)-2(e,i6A 7))
and the above s Ifluh'f, siner h-‘ahcr orcler © , 8
terms must wvanish, (nnf'rhw’n’, the above;

= exp(L[@e + (52 800, +(5+6)7] - {¢“§g+ed‘fpm)
= exp (3 [ (+x"#ife"E # i0amF ), + (F+0)Q + (7+8)B)

Mv, prfcﬁfriﬂ in the Swper L’: 9§ oup gtnlmfﬁ a
motion in the perameter Spaca, o :upef'/fnn;/a-ffan,

o.: — o™+ X"+ (0] - §68)

F}um a Calenlation simbiks to our Rnceire P th':rwn'pn_,

we can cepresent Pa and Q. , Q% as differentiod
operaters on functions of supwspace (X", ©%, &)

10, =9~ 89  Q, =0 -ic; B

i Q= 9 - 1€ a3 9. Gy =5, - i’ e Om
xstd. . . B =i9m
(Rydtf': CNWM‘l'IOM) (L)'Hﬂnfs Conventions)

ei (X2 + 00 + 28] ei [-x".+eQ+8Q]




E o Bans I J %

We studied lett mulfiplication and found @, andt 3%
as dift. op. on sperspaca. JF ingtead you lock ot the
(‘Eahf grevp action one finds D and D*x

Du = % +1 0oy Om

Le‘fs ﬂbl‘fﬂ/ﬁfl the ﬂﬂﬁt‘ammﬂﬂfh’ 6?‘ ,Dg MIJ Qg

{0,0ff = {au+ivi8la, o-icg B2 14
= JATIF + fou -icEtan }f .
o] o) BF{D5R2.0.f , sinu O'0=-08

= i 943\\9@‘- {0094 oo, f
- ifke) =0 «[[D.a]=0
S;m;/w :ﬁv‘fé hss f/f}r_fd cﬂﬂ'u/“f?hu will show

| ID,Qf=0 {D,&i=o0 }
{D:,Qf=0 (B Fi=0
Finally simiter 4 {On, @i} = -2iCug n we find

1D, Duf = fou+ioig 8om, 3 + 1003 O} _
104,83 + 105 9. {84, 3,1 + iz on 2 0Y + o {85,

0 J*--l- 1 d'...,'; 2 S: + ie;i am §T

ﬂuk #u Some whut sffqﬁal. {é‘?, 3;} - 8: :Q//lw From
"égé’ﬁ" (5’"3; * sﬁéﬂ)F = éééﬂf _6?5&{ + 5&§§-F = 8:-{3

Uf lly we Anve [XP 0 ]‘-" S: (—fBr bosenic Coordinates)
w:;e"ﬁe:e ',!9: 3@}, ___-"S,} anticommuttor for ferm. cword .




