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10D Tachyon-Free Models
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The  (SUSY) 10D-11D  Hexagon

ÅPerturbative Ą Solid arrows 

Å[ 10&11D supergravity Ą Dashed arrows ]

Å Highest point of (SUSY) String Theory

BUT:

ÅExhibits dramatically our limitations

Å SUSY: stabilizes the 10D Minkowski vacua

BROKEN SUSY ? 
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(Witten, 1995)
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The  10D-11D  Zoo

Å Non-SUSY closed & orientifolds

   $  3 non-SUSY non-tachyonic strings

Å SO(16)xSO(16)

ÅлΩ. ¦όонύ

Å [BSB: Usp(32)]

(Dixon, Harvey, 1986)
(Alvarez-Gaumé, Ginsparg, Moore, Vafa, 1987)

(Sugimoto, 1999)

(AS, 1995,1997)
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(Seiberg, Witten, 1986)
(Dixon, Harvey, 1986)
(Bianchi, AS, 1990)

ÅNO SUPERSYMMETRY Ą TACHYONS (typically) : We are still UNABLE to cope with them

×RECENTLY: geometric links to 11D    

        

Å 10D theories WITHOUT SUPERSYMMETRY but NO TACHYONS:  a good starting point
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(Baykara, Dudas, Vafa, 2026)
 (Altavista, Anastasi, Raucci, Uranga, Wang, 2026)



Non-Tachyonic 10D String Models

(Dixon, Harvey, 1987)
(Alvarez-Gaumé, Ginsparg, Moore, Vafa, 1987)
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1. SO(16)xSO(16) : ORBIFOLD of the HE (E8xE8) heterotic by (-1)FL+F1+F2 

2. (S)U(32) : ORIENTIFOLD of the (tachyonic) 0B (AS, 1995, 1997)

(open)

3. USp(32) : ORIENTIFOLD of IIB (variant of type I)

(open)

SUSY

(Sugimoto, 1999)

Brane SUSY 
Breaking
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simplest occurrence
of generalized GS

goldstino



Brane  SUSY  Breaking (BSB) (Antoniadis, Dudas, AS, 1999)
(Angelantonj, 1999)
(Aldazabal, Uranga, 1999)

×NO TACHYONS
×Non-linear SUSY: $ goldstino!

(Dudas, Mourad, 2000)
(Pradisi, Riccioni, 2001)
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NON-LINEAR REALIZATIONS: USUALLY limits of linear ones. άILDD{έ ah59{ Κ

In lower dimensions BSB CAN BE INEVITABLE with special Klein-bottle projections

SUSY IN CLOSED SPECTRUM, NOT IN OPEN: noted in Rome ƛƴ ǘƘŜ ŜŀǊƭȅ ΩфлΩǎ όǎŜŜ ƘŜǇ-th/9302099), 

with M. Bianchi and G. Pradisi  [See Angelantonj, Condeescu, Dudas, Leone, 2403.02392 [hep-th] for some recent developments]
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NO SUSY Ą   Back-Reaction on the Vacuum
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      a. Consistency conditions

ÅDUAL ROLE of Vacuum amplitudes in String Theory: 

    b.  [ Backreaction on vacuum ]

ÅAT BEST: Double expansion in powers of               and   

Å VERY DIFFICULT: one can at least EXPLORE the dominant terms Χ AND YET Χ

1.  SO(16) x SO(16) [STRING FRAME] :

нΦ  лΩ.Σ USp(32) [STRING FRAME] :

Tadpole
potential
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Lessons from the Low-Energy EFT

1. Cosmology & the Climbing Scalar
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V = egf:  Climbing  &  Descending  Scalars

Å  g < gc ?      Both  signs  of  INITIAL speed allowed 

a. ά/ƭƛƳōƛƴƎέ ǎƻƭǳǘƛƻƴ (f climbs, then descends):

b. ά5ŜǎŎŜƴŘƛƴƎέ ǎƻƭǳǘƛƻƴ (f only descends ):

g < gc : $ LM attractor (BUT disappears for g җ gc )
(Lucchin and Matarrese, 1985)

όIŀƭƭƛǿŜƭƭΣ мфутΤΧΣ 5ǳŘŀǎ ŀƴŘ aƻǳǊŀŘΣ нлллΤ wǳǎǎƻΣ нллпύ 
(Dudas, Kitazawa, AS, 2010)
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Follow solutions BACK TO INITIAL SINGULARITY:

²L¢I άaL[5έ !55L¢Lhb![ Ǿόf): FAST-to-SLOW ROLL at WEAK COUPLING! 
[INSTABILITY OF ISOTROPY: dynamical origin of COMPACTIFICATION?]
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(Basile, Mourad, AS, 2018)
Resonates with: (Kim, Nishimura and Tsuchiya, 2012; Anagnostopoulos, Azuma, Ito, Nishimura and Papadoudis, 2018)



Climbing Scalar as Trigger of Inflation?
(2-point function)

CLIMBING & SLOW-ROLL ?  With (super)critical Exponential (e.g. + Starobinsky) Ą FIXED INITIAL CONDITIONS

CUTS LOW END of primordial power spectrum Ą POSSIBLE POSTDICTION of damping of first CMB multipoles ?
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[ Extends Chibisov-Mukhanov tilt by D ]

(Gruppuso, Mandolesi, Natoli, Kitazawa, AS, 2015)
(+ Lattanzi, 2017)

(Dudas, Kitazawa, Patil, AS, 2013)
(Kitazawa, AS, 2014)
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Å 2-point: SENSITIVE TO BEHAVIOR CLOSE TO h Ą 0-

Å 3-point: SENSITIVE TO ALL EARLIER HISTORY Ą INITIAL SINGULARITY ??

 G: from v, which solves the Mukhanov-Sasaki equation

Å INITIAL SINGULARITY: Ŏŀƴ ōŜ ŘŜŀƭǘ ǿƛǘƘ ōȅ ŀ άǎƳƻƻǘƘƛƴƎ ƘȅǇƻǘƘŜǎƛǎέ (BOUNCE)

× G is SINGULAR at the TURNING POINT:  DISTINCT SIGNATURE !

Climbing Scalar as Trigger of Inflation?
(3-point function)

NEED String Theory as regulator of initial Singularity, BUT HOW?  WHAT W ?

(Meo, AS, 2025)
(Meo, 2026)

(Gasperini, Veneziano, 1993)
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Climbing Scalar as Trigger of Inflation?
(3-point function)

1) fPP (from WHOLE DYNAMICS): NO new prospects for detection (frequency determined by h0 ~ -1/D)

2) ft (from TURNING POINT): determined by a RESIDUE, can be LARGE ( ~ 100 times fPP)!
        Reasonable size (within PLANCK limits ONLY for 62<N<66) (frequency determined by ht ~ -1/D)

(Meo, AS, 2025)
(Meo, 2026)
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Lessons from the Low-Energy EFT

2. Dudas-Mourad Vacua & Generalizations
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9D  Dudas-Mourad Vacua (Dudas, and Mourad, 2000, 2001)

9D solutions  Ą T : DRIVES  compactification  (KK CIRCLE Ą INTERVAL) 
   [ HERE for Usp(32) and U(32) orientifolds ]

×SPONTANEOUS COMPACTIFICATIONS: INTERVALS of FINITE length ~
╣

× FINITE 9D Planck mass & gauge coupling

Å At ends: gsĄ (0,¤) & curvature diverges

ÅASYMPTOTICS:  Kasner-like (FREE!)

ÅEXTENSION:                      [needed for SO(16)xSO(16)]

ÅLarge values of Curvature & gs : INEVITABLE in these NON-SUSY compactifications? 
ÅSTABILITY ? 
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× Dudas-Mourad:  $ STRONG  COUPLING END,  BUT STABLE VACUUM ! 

Å SETUP : Scalar perturbations:

× Schrödinger-like form:

BUT:  Boundary Conditions !
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Dudas-Mourad Vacua : Stability , I (Basile Mourad, AS, 2018)
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Dudas-Mourad Vacua : Stability , II (Mourad, AS, 2023)

Tensor Modes (m=0) :
Scalar Modes (m=1)

UNIQUE STABLE b.c. (p,0)
(massless 9D graviton !)

UNIQUE b.c.
[up to vertical adjustment]

(massive scalar !)

Å (SINGULAR) potentials CLOSELY APPROXIMATED by Legendre ones 
Å EXACT eigenvalue equations
Å VERTICAL ADJUSTMENTS: compare with exact zero modes

Contour lines 
of fixed tachyon mass
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