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Punchline 1/2
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We study a general recipe to implement models for gravity,
gauge theories and matter using the adjoint

-~ reresentation of the superconformal algebra

SU(2,2|N)
Fermion/boson matching of d.o.f. is not mandatbry.
Standard gauge kinetic terms are included.

Models are highly predictive, no free parameters in the
action besides one global constant.

Also included: fermion quartic terms, torsion coupling.



Punchline 2/2

We constructed a GUT based on
SU(2,2(5)diag = [SU(2,2|5) x SU(2,2|10)]diag

» That embeds the SU(5) Georgi-Glashow model into the
conformal superalgebra.

The model contains:
= all the quarks and leptons of the SM in the 5% + 10

= Gluons, W and B bosons plus X,Y bosons- of the GG
model in a 24 of SU(5)

= Also extra Z = (5,5*%,ynew) + (5%*,5,-ynew), extra SU(5),
- extra U(1) ynew



Outline

= ~ - Sty —

| ~ Why?
 Unification and predictability

How? | |

- *Standard SUSY vs SUSY In the adjoint
rep. (aka USUSY)

* Specifics of the GUT model

Conclusions, What I1s next?
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Unification?

MSSM ~ 100 free parameters

SUGRA MSSM ~ 20 free parameters §




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

[Georgi, Glasgow ‘74] | e (1, 1)
| - - . — . (u,d,r:(3,2) -
= Standard deeI: 15 left-handed fermions ur: (3% 1)

L:(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

g ~ (3%, 1) &)™ ~ (1, 1) X

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




Unification, quantization of electric

charge, anomaly cancellation

———

: Gauge coupling uhi_ﬁcation '

Desert M% SUs

e SUz X SUj x U,
* Q... and Y quantization rationale: | [ —173 "
30, + Q.- =10 G () = ~1/3
= Anomaly cancellation rationale: ! |

A(5*)  tr Q°(y')

A10) tr Qa(ﬁbu)
~ 3(1/3 + (=1)* + 0° B
C3(=2/3 +3(2/33 +3(—=1/3* +1°

-1

A(5%) + A(10) = 0

0



Interactions

= SU(5) adjoint rep.: SU(3) x SU(2) x U(1) decomposition

4 =8,1)+ 13 +(11)

1
y =
75 Xl Xz
LY Y?
= Charge assignation

XS
Y3

Ox

[G — 2B/ /3013

X, Y,

X, Y,

X3 Y,

W3/ /2 + 3B/ /30 W
W

e ———

+ (3,2) + (3%, 2).

— W3/ /2 + 3B/./30 _

—4/3 and Qy= —1/3



Interactlons
l(‘!’ R)a (D'l’ R)‘u + 1(¢L)aC(wL)ac

= (F2a [wag+ Ab](wn)“(wl,)ac[wa % A3 Juts,

- Gauge klnetlc term i
L= gs 5_‘, [uﬁ‘ A ut+de L d]+gs > [(ud)LW (” )L+ CXa% s (:_)L]

+Vigsl- 45, Bv. + & Ber) + i Bu, + . Bdy)
+ SitpBug — 3dpBdr — &xBex]

= Lagrangian

{—\g/—zX“[dRay en+ di.y" 1.+ €ap, 1 Y uf]

+‘\}L§ Ya[ dRa‘J’ VR~ ULaY EL+8aﬂyuiy‘y#d ]+H.C.}.



Interactions = [t “

o Sy o e*
: pd Y o E\X} u d >/§Y} u®
e : U u }Mo TN u
= Proton and bound neutron decay : P
u > u
+ {% X2[dray er + diay el + €up, @5y uf]

u et Y > &
u>\”‘£/‘/<d° 4 Y g

- | d S d . d
& Vil deay*vic— oy el + cos, BTy dE] + H.c.}. |

= Demand: two stage SSB _
SU(5) 3 SU3) x SUR) x U(1) 5 SU(3) x U(1).

vy 2 1012 v, Doublet-triplet problem



SUSY in the adjoint representation



Unconventional matter coupling
. Matter in the adjoint oy e
Yt e A,

(a) Gravitino gﬁf : 7#53 — 0 P(1/2)‘£Zé — ()

(b) USUSY

Y =79" =0 Pz, =0



Unconv'entional SUSY: - M a
fields in the adjoint rep AM D Qe M”Yaw .

= We choose a basis of the C ¢
~ conformal superalgebra orrefc gauge
~ where the Q's carry an R- transformations
symmetry rep

(see Trigiante’s lectures on
supergravity)

= From:

dAsu(ny = DAsuny
0A = DG - 0 = [Asu(ny, Y]



SUGRA a la MacDowell-Mansouri

-

= The action is written as
MacDowell, Mansouri ‘77

o <IF ® IE‘> Castellani 1802.03407

Trigiante 1609.09745

= Obvious resemblance to Yang-Mills

s—/amm

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



YM action

| 1 . —
+ Wanted: (F ® IF) —§F x I+ d*x|e|y Dy

: Im-'ply-ing .
1) Matter in the adjoint rep. qpa - A/Jf |

® =7

- 2) Generalized dual operator



Unconventional SUSY: Dirac kinetic term?

(I ®IF) = Curvature | ' = dA + A“° D QD(¢¢)
U | —1 — |
FinsFs = - 0 DanaDay’ (here ¥ = ¢¢ and x! = ¢v))

=0 (=Dt + Q7 )y(DF + 97!
= ' DD~ DX+ QDT+ Elﬂ‘%ﬂ_xl
—d[{' v D X' + El%(lﬁ) + 1h( 5¢ + ) X+ 0 Q (gD + T+ Q 1580 X

Even generators | Odd generators
= Grading ' [Jap, S] =0 {J.,S} =0
Z,5]=0 | {K.S}=0
£ = Q_I_ T Q_ 1= ms=0 1. 1
= Identification with frames D, S] =0 Q=5 /Ta+ 59" K

a _ ,a a ,a
f = pe g — 0€ , =P Dirac kinetic term + GR + CC



- : a ._Jﬂ'.- A | -_;.ﬂ-'
|dentification with frames fr=pe”, g =oe

e ———

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

L E®0)=0=(0®E),

mp . (B, @ Ey) = (B ® Ey),
(01 ® 0s) = —(05 ® O1) .

Very transparent:
- Field equations and integrability conditions

- splitting of genuine gauge transformations and on- sheII
symmetries

- Natural definition of self-dual condition

- Cancellation of Pauli-like coupllngs



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



Superconformal algebra for Unified theoriles

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

e ———

[T, Ibe] = 100 — M0cds (T;, Ty = f""Tg
Jab, Jeal = —(NacToad — Naddve — MoeTad + maTac) |
K., Ky = —Jg.
(T, I | = sm,DD .
Ko, Joe] = naplKe — 10X -
DK, =—s"T,.
D, J,] = —sK,.



Superconformal algebra for Unified theoriles

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

T Q) = L@, mhuw—;(>%w;
Z,Q) = -5Q,. [Z,0]= 507
{Q?:Q‘;} = (£ ()% 0 — 5(Z°)% T — 5(7)%Ka + 5(v°)%D) 6] + 65 (—i(A1)," T1 — £6]7Z)
[T, Ibe] = 100 — M0cds (T;, Ty = f""Tg
Jav, Jea] = —(NacTva — NaaToe — MoeJad + MoaTac) |

]K(L;]K — _']]a . ' I oY S o
{ ! ’ ﬁ(lf? _JQJQ ]__ﬁ(f)'ﬁ z’B:

Ja, Q) = 5Q5(70)
Kottt e @ = [l Q71 = ~ (B
D, K, = 5T, . K,. Q] = 10Q;(7.)%,, [K Q,Q“f]——%( ),@Q
D, Ja] = —sIK, D,Q.] = 1Q5()%,  [D,Q0] = —1(3)%Q7,




Superconformal algebra for Unified theories

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

-

T, Q ]— ) ()\I) , Ty, Q] = ()\I) J(D.a |

GG mode] mmmmdp  5*: (V). = (d"d“d e — v



-

‘Wanted: Qij T

GG model = 10: (), - 53

Q

]

X@'jCA-I

@ —u? oy, d,
0 u®' u, d,
—u 0 u; ds
—u, —u; 0 e¥




Embedding Q supercharges in the
conformal algebra

—19 —kl id
[T Q ] — ‘i(ff)HM EI ’ [TIanj} — _?’Q{l (tI)M g ’

(tr)i™ = A () POL AR

T pqg ?

tr, )i = ()P () pg™ — ()it 1) pg" -

Q)% = 28865, Q)Y =202A% .



Embedding Q supercharges in the

confo rmal algeb ra There is catchl
@b -3, @rh-2fay. | e SU(2 2\10)
£ o (i, 7] i/ A
1,2 1 o+ 1
1,3 2 o+ 2
N(N —1) ' '
L.n n a+n
2 | 21 |n+1||lat+n+1
n—.l n dn Oé—i—‘dn

‘I (TI)ABZQ'EE(ﬁt) B—QE(fI)B _Q?Afi(fj)uuﬁu E r]I‘X
su(b) su(10)



New ,b‘osons - Ax = {AJ;A)?}

Yl—*'xilua _\;ﬁ-?“ ilwk E?QA f ph'@,a ig rm_l{ 2) A;{phjk:

* Group theory decomposition

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



Charge assignation 5°

4 a5\ d5 0 0
dS dS 0 0

(Vi)L = | df = & | +] 0 +1 0
e 0 ( e 0

oz /L 0/, 0/ — Ve

St () — Ou(x)



Charge assignation 10
/ () us  —to - \l !/ 0 0 0 0 —d \ / ()
—uf 0 uf —py?  —d2 0 0 0 0 —d? ()
(xij)L = s —u§ 0 —u* —d° = 0o 0 0 0 —d +1 0
Th u?  ou® 0 —et 0O 0 0 0 0 0
\ & @ & e 0 ), \d &2 & 0 0o/, \o0
/ 0O 0 0 —u' 0 \ ,/' 0 wy  —u5 00 \
0 0 0 —u® 0 —us () uy 0 0
+ 0O 0 0 —u* 0 + U5  —Uj 0 0 0
ul v w00 () () 0 0 0
\o 0o 0o o o/, \o 0o o0 00/,

= (xai(d))r + (xai(e™ ) + (cii(u)) e + O (u)) L

sweraigenat  U(z) = Qx ()

0
0
0
0
0

0 .I[",II \‘

0 0

0 0

0 —eT

e i

0
(2.11) &



GUTmodel1 aCtion S — —/((fIF@]F) <£/]F/®IF,>)

Y

' 1
®F =(g,95) (QFQbJab + FJ, + QQ]KQ)

s =+l =¢€1 =69 = —¢3 + (e1%)HD + (e2%)FIT; + (e3%) FZ
~ Explicit computation gives: + Q(—icyys)X + X (—icy5)Q.
1
L :ifs(g + gf)eabcdfabfcd I El(£ + 6’)% * %
1

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

R —
— 2ieyp X5 X — igxy%y.



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

* Action

Ef = i(YR).(PYR) + l(tl'L)ac(ﬂ'l'L **
V phys _?:??’TL F—'h‘f‘v — "‘g([:f(hll;] }A“,:?.:'.!Ell}% ’

/ 1 hvs : X hvs . r1111{ 2 yhys
phys PILYE ) L pny ; PILYE
VXL =Veumxl —igd tgx) ) Ax P

New W.r.t. X, Y of the GG model



Coupling constanEs .
Eb :L—l&,(ﬁ + gf)ﬁabcdRabRCd — El(§ + ff)H x H

* Bosonic part — %(52 (€4 & (n—2))F « F!
—dez[((4/n— 1)+ (4/dn — 1) F x F
=)

— gﬁﬂﬂﬂ*ﬂﬂaw¢ﬁ§+Ff*Fﬂ,*

* 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 ‘77




Coupling constants

= . — - —— -

+ Canonical normalization of the fields

| | .
1 / / — — .
—aF x F = _§F « F'.  9(SU(n)) = 9(SU(d,)) \/5 T én_2)
| q : I'all 4 N 1
D =d—igo p(T;)A", QEU(S)U - i !
| V=8(&(4/n— 1) + & (4/dn — 1))
A =+/2aA | g(rank )N 4/dn — 1
WOy /=8E(d/n - 1) + €(4/d, — 1))



Summary of the model
. symmetrygroup ST (2,25)ding = [SU(2 2[5) x SU(2, 2|10)]dlag _

- All fields in the adjoint rep. A = + Q ¢¢Z + w ¢Q?} :
; : —?J By |
_ A" =0+ 5@ ¢Xij + §X7"7 ¢Qi;
1 -
Q=T + [T+ g"Ka + hD + ATT; + AZ, W/ =

1 b / 1 X / fm :fa ’

Q :iwm Jap + [T+ K, + W'D+ ATy + A'Z. Y

g =9 ,

= Diagonal symmetry group B —h
= Highly predictive _ A=A,

= Embedding of SU(5) GG model + new gauge fields
= Chiral theory from a L-R handed symmetric theory A* |X:I = A"



Outlook

« Pheno. SSB: SU(10) — SU(5) — SU(3) x SU(2) x U(1) — SU(2) x U(1)

: : K

99 = (24,1,0) +(1,24,0) + (1,1,0) + (5,5", —Ynew) + (5%, 5., Ynew) -
- Embeddlng of other GUT schemes that are phenomenologically
more successful (Pati-Salam SO(10)?)

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

= USUSY non-renormalization theorems?
* Nieh-Yang-Wey| symmetry anomaly?



ELYOAPLOTW
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