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= We study a general recipe to |mplement models for gravity, gauge theories and matter using
the adjomt reresentatlon of the superconformal algebra

SU(2,2|N)
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. We constructed a GUT based on

(2 25)diag = [SU(2,2|5) X SU(2 2\10)]dlag

'That e.mbeds the SU(5) Geo_rgi-GIashow model into the conformal supera—lgebra.
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Why?

representation .
> departure from | | |

unification f
: |

Where S gravity?

Where are the superpartners?



SUSY in the adjoint representation



ALl fields in the gauge-pptential

- Bosons and ffermionslin the adjoint representation:

A = AMGMﬂLQﬁ@DJr@ﬁQ

AMGy =WPTs+ AT, + AZ

spacetime internal susy .
central

» Spinors matter fields require the mtroductlon of a
soldering form - graV|ty

¢/¢ — € Mdmufyaw Juv — nabeap,eby



Unconventional matter coupling

+ Matter in the adjoint representation: - wOé - A * T
' b

; Red. Reps. \Ijg — 1@1/2:3/2@1/2

(a) Gravitino

suery S P & =0 | P28 =0

by UsusY =y, ° P, =0



Uncon\/entional SUSY: - | VayRe) |
fields in the adjoint rep AM D Qe M'Yaw -

= We choose a basis of the
- conformal superalgebra 3 |
‘where the Q’s carry an R-

symmetry rep

= =

(see Trigiante’s lectures on - 1
supergravity) _

= From:

0A = DG " 0Y = [)\SU(N)aw]



Action inspired by SUGRA a la
MacDowell-Mansouri

= The action is written as

Townsend ‘77

S — <IE‘ & IE‘> MacDowell, Mansouri ‘77

Castellani 1802.03407
Trigiante 1609.09745

= Obvious resemblance to Yang-Mills

s—/m*m

Similarity can be exploited to study field equations and symmetries [PA Chavez
Zanelli 2111.09845 hep-th]



Yang-Mills action

| 1 B _
- Wanted: : <IF ® IF> X —§F x F' 4 d%\ehﬁlﬁw

: Frdmﬁ .
1) Matter in the adjoint rep. qpa - A/Jf |

® =7

- 2) Generalized dual operator



Unconventional SUSY .
= Conventlonal Dirac klnetlc term? ZDlDw

<]F®]F> Curvature = IF' = dA + AQ D GD(¢¢A)




Unconventlonal SUSY

- Conventlonal Dirac klnetlc term?

Iy

(IF &® ]F> Curvature

= Grading

0= Q++Q_

F=dA+A7 > QD)

0.,

Even generators

Odd generators

Ty, 5 =0
7, 5] = 0
[TIS] =0
D, S| = 0

7,57 =0
(K,,S} =0
1

1
o Jat 59



Unconventlonal SUSY :
- Conventlonal Dirac klnetlc term? Iblbw

(F ® IF) - curvature | | I = dA + A D QD(¢¢)
f”WL;F?; = — ¥' DavsDax’ (here v/ = 3¢ and y' = ¢1)

1 _ _
G (=D 4+ Q) (DT + Q)]

—1 —1 _ —1 el _
= 9 DD = 0 D0 + B DT 4 B 0y

Even generators | Odd generators
gaquﬂ . Q | JTa, 5] =0 {7,,5Y=0
Z.5]=0 | {K.S)=0
—I—_I_ — Q_I_ [T[,S}:O 1a 1a
[]D,S]:U Q—:§f Ja+§g K,




Unconventional SUSY .
"= Conventlonal Dirac klnetlc term? ZDlDw

(F ® IF) - curvature | | I = dA + A D QD(¢¢)
f”WL;E — — 9" DoysDoy’ (here ¢ = ¢ and x1 = ¢u))

1 _ _
T (=D + Q7 )s(DF + 7)Y

—1 —1 . —1 el _
= P DD~ Dy QD+ 50!

Even generators | Odd generators
= Grading ' JTa, 5] =0 {7,,5Y=0
2,5 =0 {Kq, 8} =0
Q Q—l—_I_Q— Q_I_ [T[,S}:O 1 . 1a
- Identification with frames D, S] =0 =/ a+ 59" Ka

f* = pe”, g“ = oe”,



Unconventlonal SUSY :
- Conventlonal Dirac klnetlc term? Iblbw

FoF) amare  F=dA+A%DQD(¢y)

U

2 —1 _.'J' R i |
FirsFi = — 9" Doys Doy (here ¢ = 9¢ and ! = ¢u)
3 (=D + Q7 )rs(DF + 07!
—1 —1 _ —1 el _
= — 5+75D+ 5+75Q X'+ QDX + ¢ Q0

=d[ DY+ P s (D+)2X1+¢ D+ 1) X+ 0 s(—¢D + T+ 90 71582 X

Even generators | Odd generators
= Grading ' Jap, S| =0 {J.,S}=0
Z,5]=0 | {K.S}=0
Q Q_I_ + {1 1= ms=0 |
- Identification with frames D, S] =0 Q- =5 /Ta+ 59" K

(1 . ._Jﬂ- a — '_:.”" & - =
f = peE g =— 0€ , === Dirac kinetic term



s - : e ,a (1 _ Ja
|dentification with frames f° = pe”, g = 0¢c , &
_ _ e Townsend ‘77

-

fa and ga’are non'dyna'm'ical thanks to ’;he S grading!

| (E®0)=0=(0®E),

) (F; ® Ep) = (Ea ® Ey),
(01 ® Og) = <(D,3 ® 01) .

Very transparent:
- Field equations and integrabillity conditions

- genuine gauge symmetries v/s on-shell symmetries
- Natural definition of self-dual condition

®(F-F" )=+ —-TF").



- Field equations: | Dy ® (IF — IF__) = ().

- Integrability condition: [ &(F —TF )] —0.

- Symmetry invariance: | |

S(—(F®TF)) = —2d(DaG ® (F—TF~)+GDa ® (F—F~)) + 2(G[F, ®(F— F)]) .

- S-grad_dlng odd generators and supercharges are on-shell sym:
F, &(F — F)] =(G° (14 H — €05 e%eaF " FoU + By (—ieys)X) T

1 ., — |
+ (Fﬂ-(gl*)% —Eq §€{Lbﬁ:dghftd — XfTUJ(_35-{,{:“{5)‘){)1}(&

+ [(F — X), ®X] + [X, ®F7].



Grand Unified Theories | (Ve, €7 )2 (1,2)

[Georgi, Glasgow ‘74] | e (1, 1)
' — — ®.d4:B2) |-
- Standard model: 15 left-handed fermions ur': (3% 1)

(3% 1)

= Can be accommodated in the SU(5) reps .
The fundamental conjugate rep ¥ 5% = (3*,1) + (1, 2%) 5*: (Y), = (d'd%de” — v

The antisymmetric 5 x Sf;; = —¢; 10=03*1)+(3,2)+ (1,1). 5 W)=, dydse™ — O

e ~ (3%, 1) &Y™ ~ (1,1) P,

1 2 cl
]° = (V, E)L as a 2 under SU(Z) b — Eubfﬂ. 10: ()L = 7 u? —u 0 u, d,




Conformal superalgebra for
SU(2,2[N) GUT



Superconformal algebra for Unified theoriles

SU(2,2)xSU(N)xU(1) < SU(2,2|N)

e ———

conformal algebra ~sSu(2,2) x SU(N)
[Jm; Jb(:] — nr},b*]](: — nfz,(:Jb . [TI: TJ] — fIJI{TK
[Ja.b; ch] — _(na.c*]]bd — na.d*ﬂbc — nbc*]]a.d + nbdjac) .
UK(L; ]Kb] — _']]ab .

[‘]Ifl: Kb} — ST}(},F)ID . wa’b ea’
HK(I.: *]]bc] — na.b]Kc — 'T)a.c]Kb . Wmn —
DK, =—s"T,. e? ()

D, J,] = —sK,.




Superconformal algebra for Unified theoriles

SU(2,2)xSU(N)xU(1) < SU(2,2|N)

— e = = I

{Q,Q5) = (2(v)%T0 — LHED) % Tw — $(3) %K, + 2(7°)%D) &7 + 65 (—i(A\r),’ T, — £67Z)

[J(Lj Jb(:] — nab*]](: B n(J,(:Jb . [Tfj TJ] — fIJI{TK :
[Jab; ch] — _(nac'ﬂbd — na.d']Ibc — nbcja.d + ndeac) ' . :

Ko, K| = —Jap susy requires;to,include
7., 1K) = snD . a central charge
{Ka:tﬂbc] :nab]Kc_'T]ac]Kb- SU(Z’Z)XSU(N)XU(]-)

DK, =—s"T,.
D, J,] = —sK,.
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Superconformal algebra for Unified theoriles

SU(2,2)xSU(N)xU(1) c SU(2,2|N)

[TI;Q ] = —35

Spinors carry a rep.

7

Z, @f}] =

3 @

-

(Af)j?: )

T

T, Q) = (A

Z,Q7] = 5Q5,

X
!

SU(2,2)xSU(N)xU(1)

(2

Aj

)JQG

of the bosonic algebra

D, Q] =

_1
2

(2
3(7
(v

:J&:QQ] — _%( : )GB EB:
Jap, Q] = —
:KQ)Q&] -

5)%Q
)ﬁQ
5)% Q7



Superconformal algebra for Unified theories

SU(2,2)xSU(5)xU(1) < SU(2,2]5)

——

.Tx()\f)jia T;, Q| = %(Af)ijQ?

-
4

|

GG model e . _

5*: (\{’E)L — (dc]dnzdﬂ e — 1,,4',.':)1-

|
Wz

kl o
ki s

—kl :
_?’ch (tf)k'itj )

PA, Chavez, Zanelli
hep-th/21}0.06828

i T1, Qi;] = i(tr)q
Q Xij C A — i
rlpfﬁ Q)cy_ —

B llcs —u 2 111 d1 h

—uf 0 u u, d,

u:Z _ucl 0 u, d3

— 1y —uz — U3 0 e+‘

I.._|—d1 _dz —d3 '—'B+ 0 _ L




New bosons
Wl t. 16 model AX — {AI;A)'{"}

I pl hys : X hvs . (rank 2] shys
piiys pay ) _a PRY¥Ys Py
T? XTI ?"?m 5)X L — 59'44 t;{XL 1)) A.?’(_L ;

SU(2,2)xSU(10)x

* Group theory decomp05|t|on

99 = (24 1~Dj + ( 24~0) + (1 1~D) + (5 5$: _ynew) + (5*1 5:2!'3’11%’]



Charge assignation

5*

10

&
dl
e

\_Ve)

dC
/d%\

L

Commutators in the
superalgebral

-

W

'i‘-"i;:'j}L —

()

e
s
uf;

-.’4'1

"\ o’

Qetec, Y(2)] = Getec¥Y ()

U  —us —ul  —d \

() uy - ué —d?
— U7 () —ys  —d?

1w’ 1 () —eT :
d? d* e’ () ,}

¥(z) = Qo)

Y, ¥(x)] = y¥(x)



GUT model1 aCtion S — —/((fIF@IF) <£/]F/®IF,>)

Y

| 1
®F =(&,5) (Q.Fabﬂab + FJ, + QH]KG)

s =+l =¢€1 =69 = —¢3 + (e1%)HD + (e2%)FIT; + (e3%) FZ
~ Explicit computation gives: + Q(—icyys)X + X (—icyy5)Q.
1
L :ifs(g + gf)eabcdfabfcd I El(£ + E’)/H * %
1

—des [€(4/n— 1)+ &' (4/d,, — 1)] F x F,

R —
— 2ieyp X5 X — igxy%y.



| , = —
Dirac temms = — 2ic, XysX — SexPs) .

* Action

L D Z=iR)a(BYR) +i¥)ac B )™
V , phys _‘:—{?qu phvt-.. B i"gg:l(llll;]”lﬁt’ihvj |

/ 1 hvs : X hvs . r1111{ 2 yhys
phys phys . phy . phy:s
VXL =Veumxl —igd tgx] ) Ax P

New w.r.t. the GG model



Parameters : |
Eb :L—l&,(ﬁ + gf)ﬁabcdRabRCd — El(§ + ff)H x H

1 | | ;
* Bosonic part - 5€ (E+E&(n—2))F!'« F!
of the Lagrangian —4e3[€(4/n— 1)+ € (4/d, — )] F x F
i - (n— 2)

- gﬁﬂwﬂ*ﬂﬂawwﬁf+Ff*Fﬂ,*

2

* No ghost conditions

§+& >0,
5(4/n_1)+§f(4/dn_1) <0,
E+€&(n—2)>0.

We overcome technical difficulties encountered
by Ferrara, Kaku, Townsend, van
Nieuwenhuizen in the late 70s




Gauge coupling constants

e Canonical normalization of the fields

1 1
—aF* F=—_F xF', -~ 9(su(n)) — 94(Su(d,)) = :
. 9 (SU(n)) (SU(dn)) \/€+£,(n_2)
- ~ ran 4/?’1— 1
D =d—igy p(T,)A" T j
LT /R(E(@/n - 1) + & (4/dy, — 1))
' (tank 2) 4/d — 1
= V2aA Juway =

\/ 8(& 4/?1—1)+§(4/dn— ))



 Summary of the model |
. symmetry group U (2,2/5)diag = [SU(2 2/5) x SU(2, 2|10)]dlag f

+ All fields in the adjoint rep. A =0+ Q ¢; + w ¢QZ :
— | 1 —ij —ij .
. A" ="+ §Q ¢Xij + §X”¢Qz’j :
|
Q=sw"Tap + f*Ta + g°Ko + hD + A'T; + AZ, W =
2 la fa
Qf :%wmb*ﬂab + fJa +g“Ka + W'D + A% Tx + A'Z. ;:,a :ga, |
. Diagonal symmetry group _ h' =h,
A=A,




Outlook

=== ——— —— = = e ¥

: Phena. 55B: SU(10) — SU(5) — SU(3) x SU(2) x U(1} — SU(2) x U(1)

| i

99 = (24,1,0) + (1,24,0) + (1,1,0) + (5,5%, —Ynew) + (5*, 5. Ynew)

- Embedding of other GUT schemes that are phenomenologically more
successful, anomaly free? Pati-Salam SO(10)?

- Model with gravitini: full theory and study of the on-shell symmetries
(horizontal symmetries)

= USUSY non-renormalization theorems? Nieh-Yang-Weyl symmetry
anomaly?(trace anomaly) _

* Cosmology USUSY.

2
HO problem? H? = Hy(Qum(142)7 + & (1 +2)7" 4 Q) + (w—) (1+2)"°
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