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H) X Motivation

e There Is no experimental data on
(spacetime) supersymmetry, so how do
we so surely know that it should be of the
standard Poencare (conformal) type?

- We don’t! (HLS presumptions are
over constraining)

e Yet, why Is 99.9% of supersymmetry work
and of empirical predictions based on (N-
dimensional) Poencare (conformal) susy?

- Indeed, why???




Is this really necessary?

(L

{Qu®p}=0  {Qq.Q4}= 0 (scentral)
{Qa,SB}:O (Qe:S: 1= 0 (=central)
{Sy:Sg =€ {Sg,S3}= O(=central)

i generalized

supersymmetry




We demonstrate:

Two simple defining relations of parabose algebra are
equivalent to dozens of generalized conformal
superalgebra relations (written in different basis)

Sacrificing of manifest Lorentz covariance reveals a
picture of spacetime with two rotation groups

Mere introduction of preferred direction with respect to
one of these groups [i.e. breaking it to U(1)] can recover
observable Poincare symmetry

The simplest representation of this algebra has
Interesting properties (chiral symmetry = e.m. duality,
motion equations = mathematical identities, form of
supersymmetry transformations)
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« Start with four pairs of parabose operators a and a* which
satisfy:

(e, Gz}, @] = 0, s (g by O] = =206
{bads}, i) =0,  [{a, a3}, 4,) = =253

e Switch to hermitian combinations:
§%= (g +al), Qo= —ildg—al).
consequently satisfying:

_{IL_]“ . !f_‘,__l : = i !:,-_LJ = Lk -_[1.,:'!-,,.1,. 5;_';'-} . 5—J — “1
00, Q). 57| = —2id 620 — 468103, {52, 59, Q.| = 4625 + 4id257,
(5%, Q. ) = 4id}s° (@7}, 0] = 482
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6 antisymmetric matrices:

" ,f'_;!"

10 symmetric matrices:
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Change of basis — part llb

Introduce a new basis for expressing of parabose
anticommutators:

i = 5(1)%3 {Qa, S°},
Hay ) = (ag g{@ 5%},
Py = %{ﬂ_ﬁj)ﬂ'j {Qa, Qs} = L(00)" {Qa. Qs).
K = —1ay), . {5 Sf} Ky = ), 4 {5% 57}



Starting parabose

relations obtain a new form:

[{&ﬁr &3} é*&] = {:).,

Ji, 8% = —i(S1)%; 55,

y N
L-f"-l]- 'fr-.?-:x] = i{Og a3 2",

[£, §°] = —ilan )™ Qs.

[D. ] = #(1)Qa.

‘ 2Ty
'}Z"{;}HJ = _{i?!gjigf‘

0

1' Qﬂ-] __---3 'xy {33
1; ﬁ-;‘-“e] _—.fl—i':" g.i"

£, 5] = —ifay ) Qs

D, 5% = —i(L)8m,

L '_-'..-‘-Qn_l = —i{ag; b 57,

{aq,ak}, a,) = —283a,

= -..{-Elf-- r
Nige Qa =i a Q@
_ £

-“‘.!_-"l:"gﬂ =_-“.1_ "i:iﬂ

'_t-
K. 5] = |Kj;. 5% = 0.

[Py, Qa) = [Fyy- Qa] = 0.
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[f?. =f,]—$"-?jﬁfﬁ. [f _fg]—ifﬁfﬁ_

>

[T, Y] =0.

Two “rotation-like”

groups in the core

[ Ngp) = teaalNyn, (¥ Nl = Ny
[i*’j g‘ihf] = =t (%EMM}E -+ fjef_é‘rf':j-ﬁm jm) .

@ Algebra of anticommutators

Isomorphic to
sp(8)

dl

%, D] = [¥;, D] = [Ny, D] =
[Fe, Pl = dsaPy. [Va Pl = isgy P,
[Nij, Pl = 18815 + 12 im jin Frsnes
Ny, Bl =iy, |D,By] =Py,
D, B =iB,  [J.B] =¥, R]=0.

[ K] = deaake,  [Ya, Kl = isip K,

[.E%‘;._.f?ﬁg] =2 (—%&fj‘ﬁf} — Sl jin E‘%}ﬂq 4= 5&@;@;;&; 4= 5;@.”15&}1&) .
[F}j- f;ﬂ‘}] - —2@3}};, [pﬁ}e ﬁ},ﬁ‘] . _2'31-.‘1;:2.}'-
[p{u f?c}] —_ —21.@'




7<,”) @ Symmetry breaking

D JiJy ;3 {Q.S}
- -y NG - Ny - N operators
4_ o XZ | NZL_ _NZT B -Nzg_ I What remains
ol A% VR o T

P, - K, algebra!

TP TRPE T P T T TN A Ko - *qr — K-

e Kot = Ko = Kop- -
{0,Q} Ps; Pz Pas {S,S} Kai Kz Kgs
operators operators
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“Extended” conformal

superalgebra
g a5}, @, =0, [{a4,abh},6,] = —28%,

<+— change of notation

{(?& ﬂ??'

= (@0)as Po + (0gs)as P
{r:;a %3} = (E’to)ﬁﬁfio — (Ehg‘;)
{5% Qs = (a0)% D + (ay)% Ny + (04)%

f‘xg‘;

Choice of
basis

Ji + (Té)&’ ¥

:.fg Za] = — —zé-) ? Qs
i 57 = —i(ZL)% S,

Ky, Qo] = i{c)a 497,

[Py, 5°] = —i(ag)* ;‘:-?3
D, Qu] = i(3)Qa

Y, Qo] = —i( ')ﬁ @ s
Y, 8% = —i($)% 57,
f‘sﬂ, Qo] = —i(ay)as 57,
Fy, 8% = —ifay)™ Qp,
D, 5% = —i(})s°.

_‘i_;_; 59 = —i(-£)°
(Ko, 9] = [y, 5% = 0,

iy

Nij» Qo] = i(=0)F Qs
€k 33
i3 My

P‘D ‘?ﬂ] — [-PU Qa] = -.-

+ bosonic part of algebra




e Green’s ansatz (combined with Klain’s transformation):

P g " . r " .
Qo = Z IEIJIEZ} _— f(a—l)Qg- o = Z f(]_jf(gj re f(g_]_}b?

a=1 a=1

f{a§fc?g-ffaj = (=}l fm;m @y = (=)l 52

Green’s ansatz representations

5, Q%) =d6560 1 [Q%, Q% =1[8%8]=0 ab=12,...

* In Green’s ansatz p=1 representation parabose algebra
reduces to bose algebra and operators Q and S satisfy
Heisenberg algebra

[gﬂ, Qﬁ] —_ 35% i [Q&f! Qﬁ] —_ [Sya’ ﬁlﬁ] — O



Important identities for p=1

(00)as(og)a + Z(%g}mﬁ(f}gj}rfﬁ - Z(‘T g‘}&;‘-} (‘T"g}rf& - Z(f?ﬁ}mﬁ (0i)s = 105,04

L : #

e Poencare mass IS zero:
W”Hﬁgﬁy = (ﬁo)2 — (f»‘:’l)2 - (B,)* - (ﬁ’s)2 =0
. Y, is helicity:  Pj = P'%

* Also, e.0.: &ijgfimnPilm = Pol

f‘%jfm‘gg —_— fijk(f}h)z; Pzé.f);#; —_— fifg(fhn)z
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p=1 Hilbert space bases

 The most straightforward basis

$ = {la?lsa??_.\- 535 3‘1} | a?l_-,-;.;;g; ;5-3: 45‘1 S R}: 4‘;}{? |4‘.;;I_.‘-4?'.?5 4?"35 4?‘1} = ﬁ?ﬁlﬁglgﬁgﬁg 5'3.; *5’4}
= {lﬁérl:{;ig?: Qﬁ: Q’q} I E’?l: E’?‘E‘: E’E’f’i: {:’5&1 € R}: f«?&ﬁé’h{h;f{?ﬁ;f{?ﬂ} = E';;fx E’?lsﬁ;?: E’?ﬁ: ﬁ;&}

« Momentum-helicity representation
alp.0,0,y3) = ¥2|p. 0.0, va), Ya=OikpElL g ...
Fllp, 8,0, y3) = psinfcos o |p, 6, i, ys). p € [0,00)
Pilp, 8,0, y3) = psinfsin|p. 8, @, ya), e (0,7
P3p.6, 0, y5) = p cos@|p, b, ¢, ya. p € (0,2m)




7% scalar field representation

dp 1
_ (2m)¥T 2;}“

« Define states: |¢;(3;}} < e P |7, y3 = 0)

Prlr) X \olx)| ) d(r) = &(x) = &A™ w)
e Symmetry generators act in the standard way
_ J .
Pudy(z) = (#(2)| Bl f) = ()
My &) = 'Efi’}{mﬂ-‘wsw‘f} - 'ﬁ{msfﬁv — &, Jor &)

« Klain-Gordon equation
0= ($(@)| (=P Fa)lf) = Oy ()



Spinor field

representation
» Define |y (2)) £ V2Q.|o(x))
W te) = (Walx)|f)

* Y, generates chiral symmetry

r oy ; Sy T3\ g ; g
3¥ra(2) £ (@) I¥31F) = i(Z) Mg ) = §(v5) 5 ()

« Dirac equation:
0 = (ulz)|BY:+ Y B,
i

i o=>  ivdua(a) =0

‘ Yo =972, N =mam =iMC%, B = =R = T




A& Helicity *1field
representation

e Define
Ej(z)) £ 2Py|é(=))  |Bilz)) £ —2By|6(x))

* Y, generates e.m. duality symmetry

E,(x) — E (r) = E;(r)cos 6 — By (x)siné,

|} — exp(id¥s)|f) —
: By(0) — Bl = By (o) sin 6+ By (c) cos .

 Maxwell equations:
VE(x) = (¢(x)|2(Py P1 + PePiz + PuPplf) =0,
VEi(z) = (&()|2( Py Py + PiaBos + PisPas)| f1 = O

(V x Ep(x))i = (p(x) 20 Py Pia| ) = (6(2)[2PoPat| £} = —20By, ),
(V x Bi(x))e = — (¢(x)|2245. Py Pon| £} = (S} 2Py Pye| £} = D Ep (i),



/)& Field representation of
arbitrary helicity

e Define
Fra(@)) = (ag)""(i_g)"1é(x)), h>0
|Fhs(2)) = (83) M (i_y) “"*|¢~* %)), h<0
SQu+iQs iy = Qu+iQs
< Qq — iQ, t_y < Q1 - iQy
* Field representation of helicity h is
EM(x) = (Fn.(@)|f) s=—|kl,—|h|+1,..., |kl



Supersymmetry
transformations

o Supermultiplets are infinite:

5o (z) = E(o(@)|VIQalf) = i€, (x)

Stpo () = i€ (¥alz)|V2Q4s|f)

= & (1")0Buty (@) + (010 50 F ()
S () = -



Comparison

Standard Generalized

Supersymmetry supersymmetry
Complexity = min Significantly more 5
number of defining rel. than 2
Need for symmetry es o
breaking y y
Which symmetry is
higher?
Spacetime metric - =
iIntroduced by hand? y
Existence of fully o s
developed models y

Awaits for investigation...




