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Outline of Talk 1

1. Free Fermionic Formulation (FFF)
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Free Fermion Construction |

e Worldsheet CFT construction of heterotic string defined at enhanced
symmetry point in moduli space [4].

e D =10 = introduction of free fermions on worldsheet

{ H §12345 123 5123456781 (1)

rank 8 rank 8
Observable G. G. Hidden G. G.

e Reductionto D =4 = introduction of
oWy Wl i=1..6 (2)

«— fermionised coordinates of internal T¢ such that iaXi = yw',
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Free Fermion Construction Il

e 1-loop partition function (vacuum — vacuum amplitude) sufficient to get M.I.
constraints and consistent 10D models.

e 2 ingredients for Model:

1. N boundary Condition basis vectors

vi= {a(fr), a(fz), ..., a(f) }. (3)

wherea(f) =0 = NSanda(f) =1 = R.
2. GGSO phases

v.
C[l]=:l:1or:|:i, i>j (4)
i

modular invariance => 2N(N=1/2 jndependent coefficients.
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Free Fermion Construction Il

e GSO projections to derive Hilbert space:

5 = @l_l{ imvi-Fq |5 _5GC(:)* |Sa)}c#a (5)

a€Z i=1

e The v; span = and sectors, a, are their linear combinations.

e Sectors characterised according to mass level:

M? = 1+EL.EL+N (6)
LT 27 g ‘

) Er* &R

M =—1+ + Ng

R

where N; and N sum over any oscillators.
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Outline of Talk 2

2. 10D Heterotic Strings in FFF
2.1 10D Tachyonic String: 5-map
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10D Heterotic Strings

e Fg X Eg and O(16) x 0(16) [5] heterotic-models have common
basis vectors:

vi=1 = {g¥ xo H 23, w1 ..... 5:61""'8},
vw=z = {¢"° 7%},
vi=z = {¢"°}, 7)

distinguished by GGSO phase: C[”'] = +1

b4
22
e SUSY vector:

S=1+z+2={y" x"°} (8)
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10D Tachyonic String

Consider map [6, 7]:
S S= Ly, b H Fo456) (9)

e Model with {1, 5} can relate to O(8) x 0(24) tachyonic heterotic
string, see [1].

e No massless gravitinos, and untwisted tachyonic states:
|0), ® ¢**>°|0)x (10)

are invariant under S.

e Goal: find tachyon-free $-models in D = 4.
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Viable Standard-like S-Model

e In[7] (arXiv:1912.00061) S — 5 applied to phenomenologically
viable, supersymmetric model of [9] (arXiv:0802.0470).

e Untwisted moduli field Thirring interactions have the general
form

J@J@) =:yW 1 yiwi: or ryw 1 ®idM: j=1,..,22

All projected via asymmetric BCs for {y, w |y, w}"'~
non-geometric orbifolding.

e [9] argued twisted moduli fixed by absence of exact
supersymmetric flat directions. Internal space not affected by
5— 35
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Outline of Talk 3

3. Svs 54D SO(10) Models
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Svs S 4D SO(10) Models

S-models:
1 = {A}
§ = gyt Hq)sz:ss}
€j = i=1,..6
by — {uH, x 12 y34 56 H -34 ysél 51,(171""5} (12)
by = {yH %y, y%8 H 756,72, 5y
by = Ly 56,2, % H 72,73 78, b5y
n = {¢'%%)
e SO(10) x U(1)® x SO(4)*

untwisted gauge group
e SUSY explicitly broken by S — 5

o 21202-1/2 = 266 jndependent
phases: C[';"‘], ms>n

S-models:

€
by
bz

7

2

{ALL}

L, X}

{y, wiHY WY, oi=1,..6

{3456, 34 56 H 73,75 71 §V51 (19)

{X1256, 12,56 H 712,75, 72, 55}

{4"1,2 3, 4}
{&5,6,7,8}

50(10) x U(1)® x SO(8)? untwisted gauge group

SUSY broken by GSO phase

Independent phases: 266

[4£:

Vie{.

_ 966—8

SINCHEERECRES)

,6}andm>n. 127



SO(10) Tachyonic Analysis |

e On-shell tachyons will arise when

e Same 126 Level-matched tachyonic sectors for SO(10) S and 5-models

2 _ \p2
M; =M, <0,

(15)

Mass Level Vectorials Spinorials
(=172,—172) {A™} INS) 1), 22)
(—3/8,—3/8) {A"} le;) lei + z1), lei + z2)
(—174,—1/4) {X’"}|e;+ej> |e;+ej+z1>, e,-+ej+zz>
(—1/8,—1/8) {X”‘}|e,~+e,~+ek> |e,~+e,~+ek+z1), e,-+ej+ek+zz>
iZj#Fk=1..,6andm=1,..,22.

e Conditions on absence/survival under GSO projections of these

tachyonic sectors listed in [12] (arXiv:2006.11340 ) for § and in [13] for

S-models.

12/27



Svs S Massless Sectors

5-Models: S-Models:

16’s of SO(10) arise fi H
e 16's of SO(10) arise from: ° s of 0(10) arise from

B =S4 b+ pes+qes +res + se
Bsq),z = by + pes + qes + res + seg pars 1F pes +qes 5 6
BAF =S4 by+per+qey + res + se
B‘(azg = b+ pei+ qgex + res + seq pars 27T perTae s 6
gRF = S+ b3+ per+qgez +rez + se
Bgf;‘),g = b3 + peq + gea + re3z + sea pars 3+ per Tt ae: 3 4
,4,1,s=0,1.
p.ars=01 P-4
o 5-map makes bosonic counterparts massive. e Vectorial 10’s of SO(10) arise through map

e Vectorial 10’s of SO(10) arise through map

5 *‘\,2,3}

)(—1+S+Ze,+sz—{Ap1
i=1

%= by + by + by = {gH, X' 6 || 545, 123) ~ S+ x

v(1 2 3)B _ B(1 2, s)F +5% (16) V(1 2 B =5+ B(1 2 3)F +x (17)
e le e le
g(1.2.3)F g(123)F S , p(1.2,3)8
S | \
X
v(1.2.3)8 v(1.2.3)F v(1.2.3)8
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No Heavy Higgs for S Models(?)

e Absence of B("23)8 for § PS models means no g, —ns. PS

breaking Higgs.
e No other suitable scalars in model [19].
e —> No missing partner mechanism either

e SLMs (maybe) only viable SO(10) subgroup for §
(SU(3) x SU(2) x U(1)?)

e = PS5 classification only schematic
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Outline of Talk 4

4. Partition Function and Cosmological Constant for $50(10) models
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Partition Function and Cosmological Constant

e Full PF
d’t o a(f) d*t
Z=[7Z C[ :| Z[ ]= Amn 7qq amnmn
7 T : ;ﬁ B D B(f) ; 7 T Z
(18)

(Zg = TLQ 021?) On-shell tachyon divergences:

Lo co if m+tn<0 A m—negZzZ\{0} (19)

" Finite Otherwise.

° Ng = N? interesting configurations. @ (10%) found in [12] for SO(10) 5-models.

e In forthcoming PS classification [13] S and 5 configuration with Ng = N? are
found.
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Classification Stats

e Phenomenological statistics from sample of 2 x 10° SO(10)
S-models.

Total models in

Constraints Probability
sample

No Constraints 2 x 107 1
(1) | +Tachyon-Free 10741667 | 5.37 x 1073
(2) | + No Observable Enhancements 10741667 | 5.37 x 1072
(3) | +No Hidden Enhancements 9921843 | 4.96 x 1073
(4) | +Nig—Nig=6 69209 | 3.46 x 107°
(5) | +Nig>1 69013 | 3.45x 107>
(6) | +doo=NJ— N;’ =0 3304 | 1.65x107¢
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Distribution of ago = N? — N? for S-models

Distribution of the constant term agg = Ng — N? for a sample of 10*
non-tachyonic and 10* fertile models (N1g — Nig = 6, Njp > 1)

[ Non-Tachyonic
Fertile

1600

1400

Number of Models
= -
B o o] o N
o o o o o
o o o o o
! !

N

o

o
!

0 A
-600 —-400 —-200 0 200 400 600 800
NG — N9

18/27



Distribution of A for S-models

e Distribution of the cosmological constant for a sample of 10*
non-tachyonic and 10* fertile models
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Outline of Talk 5

5. Type 0 Z, x Z, Heterotic Orbifolds
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Type O Z, x Z, Heterotic Orbifold

Type 0 models where all massless fermion absent from spectrum
explored in [17]

In [18] (arXiv:2010.06637) we proved their existence in the space of
Zo X 7., orbifolds.

All such examples contain physical tachyons at the free fermionic
point in the moduli space

Using analysis of [20] (arXiv:1680.04582) may be tachyon-free away
from FF point

May be instrumental in exploring string dynamics in early universe
cosmology(?)
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Outline of Talk 6

6. Type O Zy x Z, Heterotic Orbifolds
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Type O: No Massless Twisted Boson Models

Counterpart of type 0: no twisted massless bosons.

We find tachyon-free Type O vacua in [26] (arXiv:2011.12630) for S and
5 4D constructions.

Exhibit maximal gauge group enhancement and spinorial 16 sectors
absent.

Large abundance of massless fermions = applications for dS
cosmology(?)
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Conclusion

e Tachyonic 10D string viable starting point for string pheno.

e Potentially stable 5-models found from asymmetric orbifolding
for SLM subgroup.

e Tools for exploring the cosmological constant and Ng — N? for
Non-SUSY string developed.

e Existence of 2 extremes in string spectrum of Z, x Z, Heterotic
Orbifolds: Type 0 and Type O.

e Perhaps promising configurations for cosmological scenarios

e More work to be done seeing how these rogue string theories
(tachyonic 10D, type 0...) link to wider duality web [27]

(arXiv:2010.10521, arXiv:0705.0980, arXiv:hep-th/0612116 ) .
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