@ SUPERSYMMETRY

Du Superalgebre de Poincaré au Modéle Standard

° Supersymétrique Minimal




I. MATHEMATICAL STRUCTURE
1) SYMMETRIES

~translations in time and space
Poincaré group 1SO(1,3) { -rotations in space

-Lorentz boosts
Generators : M, P,.

Interactions : Yang-Mills theory — gauge bosons




BOSONIC AND FERMIONIC OPERATORS

Bosonic Fields
g

{ (S'A a (Bil)

(Bj) {/’Tj\ Fermionic Fields
{ Srd® = (F})\

ot = (F7 )

\

Fermionic Operators

Bosonic Oprators

(B4, Bgl = f{pBc
Conserved charges: 3§ [F1, Bal = R{,F)

{FhFj} - Q?JBA



2)POINCARE SUPERALGEBRA

9o = {Myy, Py, pp,v =0,1,2,3} = bosonic part
g1 = {Qa. a0 = 1,2} P{Q% & = 1,2} = fermionic part

N Majorana spinor

[ MP, IW”U] =P T M — ' MP? 4 P MO — 7 MO
[M,uv P, ] r},,pP Nup P

[Py, B] =

[MW, Qa] = (o,w)i Qs

(M, Q% = (70)§ Q°

[F:u,; Qaf] =0
[Pm Qd] =0
{Qa, Qp} =0

{Qua Qd} - —230’&0[)“
{Qa,Qp} =0



3)SUPERSPACE

Grassmann variable

{00, 07} = 6,7 (6,65} = 0 (6% 6} = 0
{04,0°} = 06" {0a; 0} =0 194,00} =0

Point of the superspace :

G(:r'j 9; 9) — emﬁpﬂ_l_i(gacgﬂ_'_@dgd)



SUPERSYMMETRIC TRANSFORMATION

Parameters of the transformation

A

G(0,¢,6)G(x,0,0)

ort = [i(eQr + QL.€), 2"
00° = li(e.Qr + Qr-€),0%
00s = |i(e.Qr + QL.-€), 04

Qra = —i (afx + wﬁcmédaﬂ)
Q La =1 (5‘@ s @'chgum 3”) > Supercharges

_ gl . O . L
1_) o ((?ﬂ ‘%U acl aﬂ') > Covariant derivatives
D(}. — (a(:'r i ?feao-“ada;j)




II.SUPERFIELDS
1) GENERAL SUPERFIELD

Complex scalar field Complex scalar fields
\ Left & rlght spinors /\ Complex vectonal field
®(x,0,0) =z(x) + 0. +9g‘ ) +0.0f(x) +60.0g(x +90“’9AH
+0.00.w +t9t96‘,0 ) 4+ 0.00.0d(x)

\/ \

Left & right spinors Complex scalar fields

620> = 0



2) CHIRAL SUPERFIELD

B(z,0,0) =0 __— V=it
O(x, 9):()+\f9¢()—99F()
. - / N
upe;;i’gge ric Particle Auxiliary field

0(y) = V2e.(y)
U (y) = —V2eF — iv20"€d, ¢
6F(y) = —ivV20,c"€

Field of the matter




3)VECTORIAL SUPERFIELD

Vt=V

Infinitésimal gauge transformation: VsV +o+ ol

Wess-Zumino gauge:

Viv.z. = Oo*0v,, +i0.00.\ — i0.00.) + %6’.99_.31)

/ " \

Real vectorial field Majorana spinor Real scalar field



III. CONSTRUCTION OF THE
LAGRANGIAN
1) KINETIC TERM FOR CHIRAL SUPERFIELDS

Finite gauge transformation: ¢2¢V _y o—2ieA g2eV ,2ieAT

O — e 260 Pp

. - -i- . . -I- _ - . -
(I)Te QeV(I) —>(I)Jr€2mA e 2ei\ e 26V6216A€ QIeA(I)

:(I)Te—QeV(I)

Term we will use for the Lagrangian: Ple 2V P 0000




2)YANG-MILLS TERMS

Non-abelian algebra: {Tm a=1,. }
[TGJ? Tb] abT V =Ver,
TT(TaTb) = TRdab A= AT,

Spinorial superfields
Gauge transformation

1~ 2

_ gV —2gV \
W, = 4D .De*9" D, e a L ~2iA QGQQM
Wy = iD De 29V De?9" W, — o —29iAT Wdezgz‘AT

Tr (WalV*|g)

. . 1 «
Terms in the Lagrangian: 1 6927'12 Ir (W Wa ‘99) + 16 gg ™




3)SUPERPOTENTIAL

W(®) = 0, @ + Lmg,® D0 4 L), B DL

/

Chiral superfields
— Interactions term

1
W (@)lgg == 0™ = g (407 + 6" F + )

— éAﬂ.f]t’: (qf)agbch + (/bbqcha + (/baqchb + (ﬁawb.wc + §bb’¢c.’l/)a + (ﬁcwa.wh)

Invariant under supersymmetric transformation



4)FINAL LAGRANGIAN

1 1 TORTIC
_ t.—29V r (W (W

+ W(®)|yy + W*(PT) Ga

L =D, D'+ - (w#DMw D,abat ) +ieV2 (P p — T Ap)

a __ a __jty a a OW P aW* (I)T
% (/\ ot D )\ Dﬂ/\ 'U"')\a) — ZF’OJFC’? - 8(1)((; )| 8(;;@ )
oW ((I)) 1 a, b a ((I)) oW ((I)) b
(—Oﬁu 9pa - 57’73@5 (w X0 Cb HPb ‘ + dPa ¢ )
oW W (e
- 36 1°0) (07120) e (900 DL 20D

oW (2)

+ 90" g

|+qbad)b-,‘/)cJr(bbwc_,waquscwa-wb) +h0)

P = F,Sv — g [UMJUU]

DyX = O\ —ig [vg, Al

D= 0,\—1ig [/U#, )\}
0 _

F., =0, — oy,



IV. APPLICATION TO THE STANDARD
MODEL
1) CHIRAL SUPERFIELDS

1 1
uLjdL — Qa : (3,2, —) Hl - (1923 __)

6 2

1 1
Ver,, €1, — L (1j 2j —§) H2 - (1923 5)
B - 2
Ur — Uf : (3? 1, ——)
3

d D*: (3,1 ! Isospin
R e ’ ’g Charge b Hypercharge

er— E:(1,1,1) Ny j /

Q=1I+3Y




2) GAUGE SECTOR

Gauge symmetries: SU(3) x SU(2) x U(1)

Vectorial superfield for SU3): V3
Strenght field for SU(3): G, = 0.9,
Strenght superfield for SU(3): W5,

Vectorial superfield for SU(2): Vs
Strenght field for SU(2): W,, = 0,W, -
Strenght superfield for SU(2): Waa

Vectorial superfield for U(1): V)

Strenght field for U(1): B,, =0,B, —

Strenght superfield for U(1): 11/,

— 0ug + g3 fi-9. 95

8 gluons, 8 gluinos

O,W, + goe WIW)

3 W, 3 Winos

9,B,,

1 B, 1 Binos




3) SUPERPOTENTIAL

W=—g LHE—gQ.H\D — g,Q.HU — pHy. Ho




4) LAGRANGIAN OF THE SUPERSYMMETRIC
STANDARD MODEL

o 1 . . A |
_ (QGTE 293V —2g2Va glVlQa—l—LaT 25;121!3—#91‘?’1La_|>[}r;;t'feQS?slz’s+39’1‘[”1U’::1

_2 _ _ _ _
+D§T€293V3 391V1DE’—I—E3T€ 291V1E2+H1[€ 292%+91V1H1 —|—ng 2g2Va 91V1H2)|

0000
L 7 (WWiap) + 1 g (WiaWi|0)
T r
IGQ%TR 1 lex|gg 1691 h 1a¥V1 |pg
1 _ _ .

Tr (WeWaglpy) + ——s—Tr (Waa W2
IGQ%TR r( 2 2 |99) 169‘2TR ;( 2 2 99)

1 . 1
+ lﬁggTRTT(WS W‘ialgg) ———Tr (W‘gaWS 99)

16g37x
+ (—9eL.H1E|gy —9aQ.H1 D\ gy —9uQ-HaU\yy —pHy. Hy|yy + he)




CONCLUSION

Inclusion of a new symmetry
This symmetry must be broken
— Problem 1n mass

— Supergravity



BOOST DE LORENTYZ

Un boost de Lorentz suivant 'axe Oz! se traduit par :

Lo vy =08y 00 Lo

Iy — 3 7y 00 T v _ 1
s — 0 0 1 0 Ty | VEC B=72ecty= T
I3 0 0 0 1 xrs




LIE ALGEBRA AND SUPERALGEBRA

Une algébre de Lie est un espace vectoriel muni d’'une loi de composition interne bili-
néaire, antisymétrique et qui vérifie les relations de Jacobi, appelée crochet de Lie :

gxg — g
(Tﬂ:.: Tb) — [Tﬂ? Th]

Avec 11, ..., T}, une base de g, et :

(To, T = ifSTe , [5, € R

'[Taa Tb] - _[sz Ta]

(To, [Ty, Te)] + [Ty, [T, Tol| + [T, [Ta, T]] = 0 (identité de Jacobi)

Une superalgeébre de Lie est un espace vectoriel de dimension finic ¢ = go @ g1, les
opérateurs de gy, appelés opérateurs bosoniques, ayant pour base {B;,i = 1,...,n} et les
opérateurs de g,, appelés opérateurs fermioniques, ayant pour base {F,,a =1,...,m}, qui
vérifie :

-go est une algebre de Lie, avec [B;, B;] = fi;* By
[Bi, Fy] = Ri,"Fy, | avec R; les matrices de gy dans la représentation g
{F, 3} = Qu'B;

- Nous avons les identités de Jacobi suivantes :
(B, [Bj, B]] + [Bj, [ By, Bi]| + [B, [Bi, Bj]] = 0
|Bi1 |Bj1Fa” + ’B_?l [FamBi” + |Fa1 ’B‘E: B}” = ﬂ (2 1)
[Biﬂ {Fa: Fb}} - {[Bi: Fﬂ-]r Fb} - {Fa'.l [Bi: Fb]} =0
(Foy {Fy, Fe}] — [{Fu, I}, Fo] + [Fy, {Fa, Fe}] = 0




MAJORANA SPINOR
([ Ve
wM - (_?’621&;

BAKER-CAMPBELL-HAUSDORFF IDENTITY

A B _

1
oA A+B+1[A,B]

€

THIRD COMPONENT OF ISOSPIN

1
Ig — E(nu —nd)




Transformation of the highter degree component of a vectorial superfield:
i b
dd(x) = 5 w(x)ote — 5€0 0,p(x)

Vectorial superfield:

V(x,0,0) =C(x) +if.x(x) — if.x(z) + ;6‘ O (M(z)+iN(z)) — =0.0 (M (z) —iN(z))

I}U|r.-1.

- 00" 0v,,(x) + i0.00. (,i - %ﬁ”ﬂpx(:c)) — i0.00. (A - %aﬂa@(x})

20000 (D(I} 1 %DG(I})

0C(x) = ¢(x) + ¢' ()
ox(x) = —iv/24

§ (M (x )+?ZN( )) = 2iF
v, () =0, (6" — ¢)

OA(z) =
5D(x) = 0



SYMMETRY BROKEN:




Covariant derivative:



TRANSFORMATION OF A GENERAL
SUPERFIELD:

) = e(x) +e(x)
0 (z) =2f(z)e + o€ (Au(x) —id,z(x))
8¢ () (:12}6 —ote(Ay(x) +1i0,2(x))

5 (2) = S0,E(x)ae + €.pla)

dg(x) = —%Eﬁﬂaﬂé(ﬁ’}) + e.w(x)

0z(x

dA,(x) = —%eﬁ#f(a:) —i€0,,0"¢(z) + %E.(%&(s:) — i€0,0"((z) — € ,w(x) — p(x)T,e

dw(z) = —ic"ed,g(z) + %e@.A — %J”VEF#U + 2ed(x)

op(x) = —ic*ed, f(x) — %E@.A + %5“”51?#1, + 2éd(x)
1 7

dd(z) = 5 w(z)ote — iea“aﬂﬁ(:ﬂ}




