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~ Outline of the talk
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1) Motivation
2) Main features of the idea

3) “Unifying models™

h current and
~ future projects
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: e . SUGKRAWISSIVIIocal susy)
~ 20 free parameters

Strong departure :plets(maitterand Higgs)
from Let (gaugehosons))

unification ideas (yravieing)
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~ 20 free parameters

Strong departure
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unification ideas
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Phenomenollogrcalissusy, :
(Linear representations) Is the implementation of susy
In the adjoint representation
more appropriate?

Strong departure
from .
unification ideas

Where are all
the superpartners?



My collaborators in this topic *

= J. Zanelli (CECs, USS), C. Corral (UTFS Vina
del Mar), A. Chavez (phd student at
Antofagasta U.), J. Ortiz (Colombia)

- M. Valenzuela (CECs, USS), P. Pais (U.
Austral), E. Rodriguez (U. Nac. Colombia),
P. Salgado (Wroclaw Tech. U.), L. Delage

 Fernando lzaurieta, Ad'yti_a
Sharma(postdoc cecs), etc...?
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IS Summary of the idea I

= We s't'udy a general recipe to implement models for gravity, gauge b_oSohs and
matter fields using the adjoint reresentation of the superconformal algebra

A=AMGy + Qi +9¢Q | €] su(2,2|N) or|osp(N|4)

not mandatory
ndardigaugerkanet

Palidimec eSS

ReRFMInNIMmalicouplings




‘How?

‘All flelds in the gauge potentlal

= Bosons and

-

fermions

in the adjomt representatlon'

AdaMey oo T

AMGy =WPTs+ AT, + AZ

spacetime internal susy

central |
Spinor matter fields require the |ntroduct|on of a
soldering form - graV|ty
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in the adjomt representatlon.

How7
‘All flelds in the gauge potentlal

fermions

 Bosons and
.'A:AMGM%-%-Q

AMGy = W>Tg+ AT, + AZ

susy
central

> &
4

spacetime internal

b
::nabeape %

* Spinor matter fields require the |ntroduct|on of a
solderlng form —» gravity
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Kinematics

. Matter in the adjoint representation: - wOé - A ey
| ' M

‘Red-Reps. U = 1®1/2=3/2d1/2

(a) Gravitino

suery Su iV =0 Puyp§ =0

(yususy  ap =y, Py, =0




Unconventional SUSY: Nia
fields in the adjoint rep Ay D Qe /ﬂawi

e ———

» We choose a basis of the conformal
superalgebra with complex Q’s, where
the R-symmetry is identified with
the internal symmetry (see Trigiante’s
lectures on supergravity)

Correct |
gauge transformations

0Asun) = DAsun)|

0A = DG
_ 01 = | Asu(n), ¥



Unconventional SUSY: - MNia
fields 1in the adjoint rep Ay D Qe lfyawi

= We choose a basis of the conformal
superalgebra with complex Q’s, where P
‘the I_R-symmetry is identified _with gauge transformations
the internal symmetry (see Trigiante's
lectures on supergravity)

0Ast(ny = DAsu(ny
0 = [Asu(ny, V]

: SU(2|N) D=3  SU(2,2|N) D=4
At our disposal are 0Sp(p.2) 0Sp(N,4)

the algebra series OSp(p,2) x OSp(q,2)

0A = DG



How? Invariant

1 2
S=2 [ (AdA + ZA3).
5 [ (adn+ 2

Phys.Lett.B 738 (2014) 134-135; 1405.6657
Phys.Lett.B 735 (2014) 314-321; 1306.1247
JHEP 04 (2012) 058; 1109.3944

terms USUSY
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Geometric formulation MM

-——Eabcd(Rab —I—ea’eb)(RCd —|—€C€d)

S = /<]F @F)|




Geometric formulation MM

-——Eabcd(Rab —I—ea’eb)(RCd —|—€C€d) =

S = /<]F ®F)|

: L-orentz invariant bi‘Iim.ears (Ja,b']cd> — —(nac?’)bd - nbcnad)




Geometric formulation MM

——Eabcd(Rab—|—€a€b)(RCd—|—€C€d) = = S: /<]F®]F> -

: L-orentz invariant bi‘Iim.ears (Ja,b']cd> — —(nac?’)bd - nbcnad)

1

Lorentz connection 2 b
1
F=_R¥®]J,
9 b

Pontryagin / RabRab



Geometric formulation MM

——Eabcd(Rab—|-€a€b)(RCd—|—€C€d) = = S:/<F®F>é

: L-orentz invariant bi‘Iine;ars (JabJCd> — (nac?’]bd - nbcnad)

1 1
A= — abJa connection - — ab a
Lorentz connection Qw b AdS t A 2w Jab + € Ja
=g ay I = §(Ra +e%e”)op +TJ,

: b £
Pontryagin /Ra Rab AdS Pontryagin /RabRab



Geometric formulation MM

MM-formuIation S <JabSJCd> X €agbed

adS ~ sp(4)
(adS gravity)

——Eabcd(Rab —I—eaeb)(RCd —|—€C€d) =




Geometric formulation MM

——Eabcd(Rab —I—eaeb)(RCd —|—€C€d) =

MM formulation

Also valid in
osp(1,4)
(simple sugra)

—

<JabSch> X €abed

1 _
A = —w“bJab +e“J, + Q x"

2

1 i
Euzaﬁm%uh+7“L,+QdDXa

Dx(Cvs)Dx =0]

<QO¢SQB> X (75)046

Dy = Dx + e"va X

£RS X Xeaq/a,DX




Unconventional SUSY

5= [wom|s

(Internal),, «n




Unconventional SUSY

|
| ‘ \
5= /(]F ® F)[ ‘ Spacetime) 4 \ | Q'S)axn

____________ e =
| (Internal),, x
I
We also '
inglude rrlatter 1 . 1 N
flldS . A = iwa Jab + eaJa + 5FZ]JZ] + QOA¢¢(X

IxX* = (¢)%)




Unconventional SUSY

5= [wom|s

|
‘ (Spacetime) x4 \ |

____________ r

include matter
fields s=1/2

We also

)4Xn :
|

‘ QS4><n\

(Internal),, «n

1 |
A= CwJap + "o + S FY T + Qafyh”

1 X

o= (f)°

= we refined the
! o definition of the

IR generalized dual
operator in d=4







SU(2,2|N)

. - e
] 5:+1,ifGE{JaprD7ZaTI}7
SG—-eGS=0, where <

e=—-1,if Ge{J, K,}.

Invariant traces | <E1 ® IE2> _ <E2 & E1> | <®1 ® ®2> _ _<®2 w ®1> |

PA, Valenzuela, anelli ‘20
PA, Delage, Valenzuela, Zanelli,’21

E®0)=0=(0® E),

e s [ T

PA, Chavez, Zanelli ‘122




[(E-neF) =0

®-0dd | F =71, 40K, .

_ f* and ¢g* do not acquire independent kinetic terms




[ e -0,

s . - - S——

®-0dd | F =PI+ 6K,

_ f* and ¢g* do not acquire independent kinetic terms

Field eqs. have cubic | Strong deviation
and linear terms - from conformal sugra
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§(—(F & IF)) = —2d{0A ® (F —“]F_)) — 2(0ADy ® (F—-TF7)).

~ [DaeE-F)=0| mp

F.®F—-F )] =0.

= []F,@(IF.— F)]=[F",@F"] + []F‘,élﬁ] + [X, ®X]
+ [(F - X),®X] + [X,®F ],
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1SU(2,2|N)

SelFauality

[:—/M(]F/\@)IF), .

. F-TF)=x(F-TF").




. F-TF)=x(F-TF").

SellFaualiny;:

1 1
® (if“b:ﬂab = g%) _5 (fﬂblab + FeT, + galxa,)

_ = %J-‘“’bSJIab + FS8J, + G*SK, .
_ _ =3 .
(‘Hab>AB - i['Ya;’Yb]AB - (Eab)AB : | (JG)AB - %(Va)aﬂéAaaﬁ - %(%L)AB
—— Even_ ' —— Odd
(D) = §<%>AB : S =i(v5)p (Ko) = %(%)AB
1 ,
: Vo = %Eabcdvb‘:d = —Y5%
|



1SU(2,2|N)|

I:—/M(]F/\@)IF)

SellFaualiny;:

. ®(F—-TF")==+(F -

).

1 1
® (Ef“b:ﬂab = g%) _5 (gfablab + FeT, + galxa,)

1
> §fab8,]Iab + F2S873, + G*SK,, .

1 I | A _ 8 A B A
(Jab>AB — Z[’Yanyb]AB — (Eab)AB [ (Ja) B — 5(%1) 65 045 B — (Va) B
—— Even ' —-1
1 i -
(D)% = 5(75)’43 S =i(vs5)p (Ka)p = 5(%)AB
= '

| .t B

[ Ya = 3'Eabcd'y = —75%a

|
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1

§€Seab }-cd
6‘1*7‘[:
EQ*fI:
g3 x F =

(—ieyy5)X =
?(—18,’1,’)/5) =+X.
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i’H ,
+FL
+F,
+X,




1SU(2,2|N)

SelFauality

. ®(F—-TF") =

+(F —

[:—/M(]F/\GEIF),

).

1 1
® (gf“b:ﬂab = g%) _5 (§fabJJab + FeT, + galKa)

1
- if“bSJIab + F%SJ. + G*SK,, .

(7a)

l
1
(T} = ;e Wl = ()| |
— '
(D) = 5 ()% S =i(1)"p

A S | A S A
5= 5(1) %00 = 5 ()5
1
(]Ka)AB - 5(:7a)AB
_ 7
Ya = 3'€abcd7 = —Y5%a

&

1

§€Seab }'Cd 4= .Fab
g1 x H = :|:7‘[,
EQ*fI: :E}‘I,
ez x F =+LF,

(—’2381/,’)/5);‘:' = :EX,

Action on fermionic components

X(—isw’)g) = +X.




[:—/M(]F/\GEIF),

. F-TF)==x(F-TF").

SelFauality

1 ab a a o 1 ab a a 1 1
@(5}“ Jop + FTo +G ]Ka)—S(§]-“ Jop + FTou+G ]Ka> - _Eseabcdf-cd::tifabl

2
1 b
T a a - a Ka-
_ ST S oy + FSTa + G5 e1xH ==2H,
Sali=cuzl corifigurations:

go % FL = :I:]:I,
egx F = xF,
(—ieyys) X = £X,

X(—ieyys) = £X .

gravitational Instantons withn torsior

" Taub-NUT/Bolt-AdS

torsional generalization of | <

PA, Corral, Zanelli 2310.02769 Eguchi-Hanson metric

.




Models and Milestones

A1 A.27
S 4=57Z1!

- Chiral gauge theory from USUSY, on-
shell symmetries

PAVIRGthE:
r)r\ fnrr/ 7,
- SU(2,2|N) model ,
pPaVIng theNeadierGUINModeIS 2] 2
EANCHAVEY,

- Embedding of rank 2 su
SU(S)hnspired Uil
AN CHENEZ S ZaEN
- SU ( 2 | 2 ’ 16) GUT model JViat: Py SH6SN2022) 042504
SU(5) 1inspired

C 9909, JHERPIOINZ20235)M009
- Black holes solutions
- Self-dual solutions

- Cosmological “induced gravity model” WorKIN Progress:




&
Gauge theory of

elementary
particle physics

Ta-Pei Cheng and
Ling-Fong Li

%
&

Conformal superalgebra GUT

Grand unification

Introduction to the SU(S) model

Spontaneous symmetry breaking and gauge hierarchy

Coupling constant unification

Proton decay and baryon asymmetry in the universe

Fermion masses and mixing angles in the minimal SU(5) model




Conformal superalgebra GUT

Punch line: things to improve: PA, Chavez, Zanelli

hep-th/2211.12473
-+ We embeded the SU(5) ep-th/
Georgi-Glashow in SU(2,2|10) - Resulting model is anomalous
USUSY - Anomalies can be computed by traces of generators in
| -~ the model incudes gravity the algebra but USUSY taught us that we should also learn
fields in the same gauge how to compute them super-traces!
connection - S0(10) model has more chances of being anomaly free




surREn L/ EUftureENdevelopmenits - t[' ===

| e : e S = ; chf;‘
*generalization of the dual operator EE%

»masses of psi, dark sectors? DM? cosmology
with DE and DM (1mprovement to “induced
gravity”)

* implementation of the coset idea to
construct gauge 1nvar1ant models 1in general

-SO(1@) spin representatlon anomalles?

* petter understanding of the integrability
- conditions?



SUiRRENLAUEIRENG EVELOPNENES

*generalization of the dual oberator

*masses of psi dark sectors? DM? cosmology
with DE and DM (1mprovement to “induced
gravity”)

* implementation of the coset idea to
construct gauge 1nvar1ant models 1in general

-SO(1@) spin representatlon anomalles?

* petter understandlng of the 1ntegrab111ty
| cond1t10ns7 Hay becasiyia

ol tan JL



* PA, Chavez, Zanelli, ] Mat Phys 63 (4) p. 042304; 2110.06828
* PA, Chavez, Zanelli, JHEP 02 (2022) 111; 2111.09845 |

* PA, Chavez, Zanelli, 2211.12473

PA, Corral, Zanelli, 2211.15585, JHEP 01 (2023) 009 |

PA, Ortiz, 2208.07897, Class.Quant.Grav. 39 (2022) 24, 245007
PA, Corral, Zanelli 2310.02769, JHEP 01 (2024) 065

* Phys. Lett. B 735 (2014) 314-321 * Phys. Lett. B 738 (2014) 134-135; 1405.6657

* Class. Quant. Grav. 32 (2015) 17, 175014; 1505.03834 * Phys. Lett. B 735 (2014) 314-321; 1306.1247
* JHEP 07 (2021) 176; 2105.14606 * JHEP 04 (2012) 058; 1109.3944
* Symmetry 13 (2021) 4, 628; 2104.05133 * Class. Quant. Grav. 39 245007, 2208.07897.

* Int. J. Mod. Phys. D 29 (2020) 11; 2041012

* JHEP 07 (2020) 07, 205; 2005.04178
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