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® KK spectroscopy for fermions from ExFT.

® Spectrum of AdSs, AN = 1 solutions preserving at least SU(3) from two
gaugings of D = 4, N’ = 8 vacua:

G2 in SO(8) gauging, which uplifts to 11-D M-theory.
G2 and SU(3) in ISO(7), which uplifts to type IIA string theory.

® Spectrum of non supersymmetric solutions of the same kind.

SO(7)y, SO(7). and SU(4), in SO(8).
SO(7), SO(6) and Gy in ISO(7).

® Conclusion and Outlook.



Kaluza-Klein Spectrum: what do we mean?

Example: One-Dimensional reduction:
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Consider i.e. a massless scalar field and perform a Fourier expansion on the
internal manifold

$(,0) = > Gn(@)Vu(0) = Y Gu(a)e T .

n——oo n=—oo

Then

00
7T2n2

DDQb(.’]],Q):O > (DD—1+83)¢(3}',9): Z (DD—1¢n($)— 3 ¢n($)>€L =0

n=——oo




Er77y Exceptional Field Theory

A manifest E77) duality covariant formulation of supergravity
[O. Hohm, H.Samtleben,’13]

E7(7) : {Aﬁivg,ul/a MMN; Buyow B/M/M}

SU(S) : {wi,ua X[,ij]} [H.,M. Godazgar, O.Hohm, H.Nicolai, H.Samtleben, ’14]

with u,v = 0,...,3 external indices; a = 1,...,133 and M, N = 1,...,56 in the
adjoint and fundamental of E7(7); 4,j = 1,...,8 in the fundamental of SU(8).

All fields depend on the external z* and internal Y coordinates, modulo sec-

tion constraints



Mass Matrices: the computation

Starting point: [H.,M. Godazgar, O.Hohm, H.Nicolai, H.Samtleben, ’14]
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where i,j =1,....8 , Vi = (VM[ij], \ Y [Z-j]) and
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Mass Matrices: the computation

For solutions coming from consistent truncation of a 10 or 11 dimensional the-
ory compactified on a topological sphere we can employ a generalised Scherk-
Schwarz ansatz for the vielbeine: [O.Hohm, H.Samtleben, '15]

eﬂo‘(g;,Y) = p(Y)_l eua(x) ) VMA(QZ,Y) = UMM(Y) VMA(CC) ’

where the (Y-dependent) twist matrix (U 1) y and the real parameter p sat-
isty the conditions:

Loy Un — Fyun = Xpun™Usk | Uy =p " (U

Furthermore
o ik g 1 ij ij 1 ij
(@, Y) =0, QF = —<p(V)AP (@), QW = —=p(Y) Ay ! (x).



Mass Matrices: the computation

For the same kind of solutions, one can show that all KK fluctuations can
be expanded in terms of a complete basis of scalar functions on the internal
manlf()ld [E.Malek, H.Samtleben, ’20]

o, (2,Y) = p(V) 2 M @) WA (YY), xF (2, Y) = p(Y)2 XN @) Ya(Y)

The YA(Y) can be chosen to be the scalar harmonics of the largest symmetry
group, i.e. the maximally symmetric point of the gauged SUGRA. For SO(8)
and ISO(7) gaugings, they live in the ®52 4[n, 0,0, 0] of SO(8) or the &2 4[n, 0, 0]
of SO(7) , and satisfy

p (U DN MO Ya = —(Ta)a™ Vs,
[Tu, Tn] = —Xun*Tp
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Mass Matrices: the computation

Final result: [MC, O.Varela, 20]
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Mass Matrices: an N =&, D = 4 comparison

For the D=4, N' = 8 gauged supergravities the fermion mass matrices are
specific components of the so called T-tensor

TA_BQ - (V_1>A - (V_1>B

N P C
_XMN_VB_ .

ij _ 4 mikjl ijk _ mijk — V2
AY = ﬁT P, Aot =21, A3 ik imn = 108 €ijkpg[rim
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They satisty a number of properties
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Mass Matrices: an N =&, D = 4 comparison

Analogously, for the Kaluza-Klein fluctuations

_ kY _ k]S kA _
Arings = A1jsin Ag paTRE = Ag a0k Ag A" =0,
_ _ /2 Q
A3 ijkAimns = A3imns,ijkA A3 kA, imny = 1\(/); €ijkpq(rim Ay n]s?4" 0QA

and

5¢LA — 2A1iA’j2 ’yyﬁjz —+ ... , 5XijkA = —2\/5142 hzijkA Ghz —+ ...
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What have we done?”

From ExF'T we have built the Fermion Mass matrices for the full KK
towers.

* Reminder I : possible for AdS, solutions of D = 11 and type IIA su-
pergravities that uplift consistently on topologically S*, S® from gauged
supergravities in lower dimensions.

* Reminder II : For concreteness, we shall focus on N/ = 1, at least SU(3)
preserving solutions in the SO(8) and ISO(7) gauging: G2 in SO(8) , Go
and SU(3) in ISO(7).

11



What we are going to do

 We can use the mass matrices in order to compute the spectra of gravitini
and spin 1/2 fermions for the solutions specified above.

* Combining the fermionic results with the computed spectra for fields of
other spins the complete spectra of these solutions is provided.

They come organised in OSp(4|1) x G supermultiplets, where G is the
specific internal symmetry group.
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Applications:

N =1, Gy solution in SO(8) gauging

n =70 n=1
[0,0] [0,1] [0,0] 106 0,1] 3
MGRAV (2) MVEC (2) GRAV (1 %) GINO (1+ $6)
CHIRAL (1 +/6) CHIRAL (1 + 5 ) VEC (1+ 4)
[1,0] [1,0] ( \/_) [1,1] ( )
7 GRAV (14 vf¢ VEC (1+ ¥4
[C;H(j]o i vee 1 +(@)[>
, CHIRAL (1+ 2,/7
CHIRAL <1 + §> GINO (1 + @)
2,0]
GINO (1 + %\/?)
VEC (1 + \/g)
(M)GRAV : Ey=1+1/3+ Zn(n+6) — 3 Ca(p q). AL (1 + 29)
[3,0]
GINO : Ey=1+/4+3n(n+6)—3Clp.q). ot (1+/7)

(M)VEC : Eg=1+ /2 +3n(n+6) - 3Calp.q) ,

Ca(p,q) = 5P+ 5) + q(q+3) + pg

CHIRAL : Hy=1+/6+ 3n(n+6)—3Ca(p.q). 13



Applications:

N =1, Gy solution in ISO(7) gauging

n=>0 n=1
[0, 0] 0, 1]
[0, 0] [0, 1] GINO (4) GINO (3)
MGRAV (3) MVEC (2) CHIRAL (1 + \/6)
CHIRAL (1 + V6) [1,0] 1, 1]
7,0] GRAV (1+ ¥J2) VEC (1+@)
GINO (1+ %) VEC (14 @lﬂ
50 [CQHOI]RAL (1 + T)
V6 ,
CHIRAL (1 T ) GINO (1+ \/%)
VEC (1 + @)
(3,0]
CHIRAL (2)

(M)GRAV : Eo=1+/2+ &n(n +5),

GINO : Ey=1+/4+3n(n+5)—3Ca(p.q).

(M)VEC E0:1+\/%+gn(n+5)—362(p,q),

C =1 5 3
CHIRAL E0:1+\/6+gn(n+5)—gcg(p,q), 2(p,q) = 3P0 +5) +a(q+3) + pg y



Applications:

N =1, SU(3) solution in ISO(7) gauging

n = 0 n —
[0, 0] [0,1] [0, 2] [0,0] 0,1] [0.2] [0,3]
MGRAV (%) conj. to [1,0] conj. to [2,0] GRAV (1 + @) conj. to [1,0] conj. to [2,0] conj. to [3,0]
GINO (3) GINO 2 x (4) -
CHIRAL 2 x (1+ V&) VEC 2x (1+ 41)
0] ] CHIRAL 2 x (1+ V1)
GINO (%) MVEC (2) [1,0] (1,1] (1,2]
JIST )
109 GRAV (1+ YI51) GINO 2 x (3) conj. to [2,1]
VEC (1 7% ) CHIRAL (2) GINO 2 x (1+ +2T) VEC 3 x (14 ¥21)
EHOI] AL (3 VEC 3 x (2) CHIRAL 2 x (14 V6)
RAL (3) CHIRAL 3 x (1+ ¥72)
2,0] 2,1]
GINO (1+ ¥31) VEC (1)
VEC 2 x (1) CHIRAL (1+ ¥J2)
CHIRAL (12)
3,0]
CHIRAL (2)

(M)GRAV = Ey=1+4/3+ 2n(n+5) — 3 Ca(p,q)

GINO : Ey=1+/4+3n(n+5)—3C(p.q).

(M)VEC : FEy=1+/2 +3n(n+5)—32Cp,q),
\/4 6 3 Ca(p,q) = 5 [p(p + 3) + q(q + 3) + pq]

CHIRAL : E0=1+\/6+§n(n+5)—gcz(p,q). 15




Applications:
A general formula for OSp(4|N) x G supermultiplets

A more general formula can be derived for the conformal dimensions of the

[MC,0.Varela, "20]

supermultiplets
EO—S(()2) —l—\/ +S(2) (2)—|—1) (50+1)+an(n+d_1)+g2,
where
o[- ifl=N <
: 0 , if4<N <8

So is the spin of the superconformal primary of the multiplet

Q5 is a homogeneous quadratic polynomial in the integer Dynkin labels of G
16



Applications:
A general formula for OSp(4|N) x G supermultiplets

Bo=s@ —14/2+ 5262 +1) —so(s0+1) + an(n+d—1) + O

N=1: Ey=1++6-s0(s0+1)+an(n+d—1)—BCx(p,q)

N =2,SUB)xU(1):  Ey= 44/ —solso+ 1) +an(n+d—1) - 4Ca(p,q) + 1 42

[E.Malek, H.Samtleben,’20]
[O.Varela, "20]

N =3,803)r xSO3)r: FEg= \/3—30(30+1)+%n(n+d—1)+%j(j+1)—%h(h+1)
[O.Varela, "20]

N=8:FE,= 1 + \/9 + ln(n +d—1) [F.Englert, H.Nicolai, '83]

2 4 4 17
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Previous partial results:



Conclusion and future directions

® We have shown how to derive Fermion Mass Matrices from ExF'T for solu-
tions of M-theory and type ITA string theory with topologically spherical
internal spaces.

® We provided the complete spectrum for AN/ = 1 solutions in the SO(8) and
ISO(7) gauging preserving at least SU(3) symmetry.

® We commented on the non-supersymmetric solutions in the same class.
Our results allowed us to conjecture the spectra for the relative scalars.

® [sthere a more general structure underlying the generalised fermion shifts?

® Do other kind of solutions follow the same pattern?
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