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1) Brane supersymmetry breaking
(Antoniadis,E.D.,Sagnotti; Angelantonj; Aldazabal,Uranga 1999; 
review Mourad, Sagnotti, 2017;  recent twist on classical solutions Madrid and Munich groups; 
talks R. Angius, A. Makridou, S. Raucci) 

Orientifold constructions contain “bulk” closed strings and 
localized Dp-branes and Orientifold Op-planes (Rome II / Pisa 
group…).  
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Dp, 
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Dp, 
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Dp, 
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Dp, 
Op

Tadpole conditions               Gauss law enforce 

for background branes/O-planes

<latexit sha1_base64="8UOK+m2U5DsPt0aiRC1bUsfilOk="></latexit>P
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Perturbative orientifold constructions contain 

Object             RR charge              NS-NS tension

                +                               +

                                -                                +  

                                -                                - 

                                +                               + 

                                +                               - 

                   
                                -                                +   
                                                     

<latexit sha1_base64="VOOs+fUPJ10Gbh1U4F3TEXRfvLs="></latexit>

Dp
<latexit sha1_base64="6g3uMerDCM33DDby8FgAZcBRYFQ="></latexit>

Dp

<latexit sha1_base64="Io4xCqSXhZNwPLFiUajvwCPKsfY="></latexit>

Op�
<latexit sha1_base64="WQHibFtimxGXKras7/EbE9THroM="></latexit>
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<latexit sha1_base64="Adl4YHjiwdtBDOsgp/zdSatvIWs="></latexit>
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Rome II group found  in the 90’s puzzling orientifold 
projections with consistent SUSY closed string spectra: 
no way to cancel RR tadpoles adding open strings/ D-branes.   

It took a couple of years to realize that these models 
contained              planes:  only way to cancel RR tadpoles 
was adding anti-branes             (ADS,1999) 

<latexit sha1_base64="slpeKQMqGrxqjP/mfxZor0YvrGc="></latexit>

Op+ <latexit sha1_base64="6g3uMerDCM33DDby8FgAZcBRYFQ="></latexit>

Dp

But          -               are mutually non-BPS

SUSY breaking on anti-branes, with  no tachyonic instability.     
                        Price to pay:    NS-NS tadpole

<latexit sha1_base64="6g3uMerDCM33DDby8FgAZcBRYFQ="></latexit>

Dp
<latexit sha1_base64="slpeKQMqGrxqjP/mfxZor0YvrGc="></latexit>

Op+

RR charge               NS-NS tension
          -                               0                                + 

<latexit sha1_base64="6g3uMerDCM33DDby8FgAZcBRYFQ="></latexit>

Dp
<latexit sha1_base64="slpeKQMqGrxqjP/mfxZor0YvrGc="></latexit>

Op+
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The spectrum of bosons in fermions is “misaligned” 
(see talk Giorgio) in this case, SUSY breaking at the string 
scale
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defects, for which multiplicities in Table 12 are all positive.

For general configurations, breaking supersymmetry, and in particular for the stable but non-

BPS D50 with anti-selfdual magnetic field configurations, the constraints do not hold anymore.

It would be interesting to find the set of contraints that charges of stable non-BPS string defects

should satisfy for a consistent coupling to gravity.

4 Six Dimensional Orientifold Models with Brane Supersym-

metry Breaking

We now consider a T 4/Z2 with standard O9� planes and ‘exotic’ O5+ planes [21]. The closed

string spectrum is now modified with respect to the orientifold considered earlier (see Table 8).

Notice that the closed string spectrum is supersymmetric. From the string theory realization,

Multiplicity Multiplet Sector

1 Gravity Untwisted

1 Tensor Untwisted

4 Hypers Untwisted

16 Tensors Twisted

Table 8: The closed string spectrum for the brane supersymmetry breaking T 4/Z2 orientifold.

the cancellation of O9� and O5+ tadpoles requires the introduction of 16 D9 branes and 16

D5 (assumed to sit at the origin of the toroidal lattice). The presence of D5 branes breaks

supersymmetry, without introducing tachyons. The question that we address in this section, in

the spirit of the swampland program, is the following: can one understand if supersymmetry

is broken or not for a 6d gauge theory coupled to the gravitational sector in Table 8, from the

consistency conditions of strings couplings to the tensors in 6d? As one will see in what follows,

supersymmetry breaking is manifest in the coupling to D1 branes of the 6d gauge theory in the

perturbative string construction [21], with gauge group SO(16)29 ⇥ USp(16)25.

The gauge group derived from the perturbative string construction has the form [21]

G = SO(16)29 ⇥ USp(16)25 . (60)

The open string spectrum is given in Table 9.

Field/Multiplet Representation

Aµ (120, 1; 1, 1) + (1, 120; 1, 1) + (1, 1; 136, 1) + (1, 1; 1, 136)

�L (120, 1; 1, 1) + (1, 120; 1, 1) + (1, 1; 120, 1) + (1, 1; 1, 120)

(4�, R) (16, 16; 1, 1) + (1, 1; 16, 16)

MW  L (16, 1; 16, 1) + (1, 16; 1, 16)

2� (16, 1; 1, 16) + (1, 16; 16, 1)

Table 9: The open string spectrum for the brane supersymmetry breaking T 4/Z2 orientifold.

21

T 4/Z2 orbifold of type I,                   and                     stable non-BPS configs.

Gravity (closed string) sector: 
SUSY

Gauge (open string) sector:
SUSY breaking, 
non-linear SUSY
(E.D.,Mourad,2000; 
Pradisi-Riccioni, 2001)  
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6d ex:   (ADS,1999) 
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Charges / geometry : (all         at fixed points) 

untwisted charges/tension           twisted RR/NS-NS           Gauge 
                                                                         charges/tension              group
O9-                    (-32,-32)                                                (0,0)

O5+                   (+32,+32)                                               (0,0)

                          n_1  (1,1)                                              n_1 (1,1)                SO (n_1)

                          n_2  (1,1)                                              n_2 (-1,-1)             SO (n_2)

                           d_1 (-1,1)                                             d_1 (-4,-4)             USp (d_1)

                           d_2 (-1,1)                                              d_2 (4,4)              USp (d_2)

a total number of 32 D9 and D5 fractional branes, tadpoles: 

<latexit sha1_base64="e9XK/zDoib9ql3yjeak4VmiThJ4="></latexit>

n1 D91
<latexit sha1_base64="I3CmTgCJZekJbAsZRQbERyX2c1c="></latexit>

n2 D92
<latexit sha1_base64="NizPMgQ5LNiHOrfxvRlvP72dStM=">AAAC3XicjVHLSsNAFD2Nr1pfUTeCm2AruCpJxceyqAuXFewD2lKSdFpD8yKZCKXUnTtx6w+41d8R/0D/wjtjCmoRnZDkzLnnnJk7Y4WuE3Ndf80oM7Nz8wvZxdzS8srqmrq+UYuDJLJZ1Q7cIGpYZsxcx2dV7nCXNcKImZ7lsro1OBX1+jWLYifwL/kwZG3P7PtOz7FNTlRH3Sp0O4bW0loBqUTI6OxgTEyho+b1oi6HNg2MFOSRjkqgvqCFLgLYSOCBwQcn7MJETE8TBnSExLUxIi4i5Mg6wxg58iakYqQwiR3Qt0+zZsr6NBeZsXTbtIpLb0RODbvkCUgX ERarabKeyGTB/pY9kplib0P6W2mWRyzHFbF/+SbK//pELxw9HMseHOoplIzozk5TEnkqYufal644JYTECdylekTYls7JOWvSE8vexdmasv4mlYIVczvVJngXu6QLNn5e5zSolYrGYXH/opQvn6RXncU2drBH93mEMs5RQZWyb/CIJzwrHeVWuVPuP6VKJvVs4ttQHj4A+0uX2w==</latexit>

d1 D51
<latexit sha1_base64="Lug/0M5Z6Ybym0Du36KXylvmRRw="></latexit>

d2 D52

<latexit sha1_base64="9XYWfMBOL2xSnkK/hym1zvX2QDU="></latexit>

D5

at every fixed point

<latexit sha1_base64="6QjOfBw+/vLCiRBQsRoqZLCO8J4="></latexit>

n1 + n2 = 32 ,
P

i(d
i
1 + di2) = 32 ,

n1 � n2 � 4(di1 � di2) = 0
<latexit sha1_base64="OHwzPlWhs4dc/bA7dy1I5Y7jorE="></latexit>

i = 1 · · · 16
UT : 
T :
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Simplest (ADS) solution:  
<latexit sha1_base64="1dxpjfSPK4tuT5k87suqufxYOcA="></latexit>

n1 = n2 = d1 = d2 = 16

All branes have positions/WL, but in order to move them, they 
have to leave in pairs of zero twisted charge.  

§ Condensing                                     breaks D9 gauge group 
<latexit sha1_base64="Cx4HHKon/5UyimSF3Fh5Q0lyK6M="></latexit>

(16, 16; 1, 1)

§ Condensing                               moves            into the bulk 
<latexit sha1_base64="K3GFKDPb3GgQr/BXvGIVQw6+e8Q="></latexit>

(1, 1; 16, 16)
<latexit sha1_base64="9XYWfMBOL2xSnkK/hym1zvX2QDU="></latexit>

D5

§ Condensing                                                               recombines
            
        and                          magnetize the D9 branes, “dissolve”                

<latexit sha1_base64="QoJO7OS2925QzW7Gh7eoltIBAuc="></latexit>

(16, 1; 1, 16) + (1, 16; 16, 1)
<latexit sha1_base64="7WKBh7emVg683UvsITMts7+ynFU="></latexit>

D9
<latexit sha1_base64="9XYWfMBOL2xSnkK/hym1zvX2QDU="></latexit>

D5

<latexit sha1_base64="lfvbLUJ9AQf997vnz2HSf//KMfc="></latexit>

SO(16)9 ⇥ SO(16)9 ! SO(16)D

<latexit sha1_base64="/5HN6sVK8yJ0Rf9/poGH9GMOHbU="></latexit>

USp(16)5̄ ⇥ USp(16)5̄ ! USp(16)D

<latexit sha1_base64="9XYWfMBOL2xSnkK/hym1zvX2QDU="></latexit>

D5
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2) New variations: BSB Islands
§ The original BSB gauge group was based (common in the 

literature) on cancelling twisted  charges separately for 
   D9 branes and D5 antibranes, allowing motions/Wilson lines    
and brane recombination. 

§ There is another, unique disconnected solution to tadpole 
conditions for                   BSB orbifold, in which twisted 
couplings cancel nontrivially between D9 and D5 antibranes, 
distributed democratically among the fixed points. 

<latexit sha1_base64="7Ium5U8nQbS6cm+6M/H8ILxYWDw="></latexit>

n1 = 20, n2 = 12, di1 = 2, di2 = 0

The            are rigid*, they have no positions.  
<latexit sha1_base64="LfS97RlTWiiP93qgMYOG+fpTqrM="></latexit>

D5

<latexit sha1_base64="MJOB93x0UUqwmcqi4aF0u5HhuV8="></latexit>

T 4/Z2

*In a different sense compared to usual terminology
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Massless open string spectrum :

 L-fermions:                                                                                     

                                  

<latexit sha1_base64="Kh+4y2z5tYI2rAs3t0T4+cTIZHQ="></latexit>

G = SO(20)9 ⇥ SO(12)9 ⇥ [USp(2)5̄]
16

<latexit sha1_base64="JZhO4OWgFG6JTr6EgmSqz2XrjK0="></latexit>

(190, 1, 116) + (1, 66, 116) + 16(1, 1, 2⇥1
2 )

R-fermions: 
<latexit sha1_base64="GSmM0hfQ1I7ME72uJBl7KncSoz0="></latexit>

(20, 12, 116)

<latexit sha1_base64="naXxfVIdVAAgdSEtfdDx2cd5iK8="></latexit>P
i(20, 1, 2i)L-MW fermions : 

Scalars:     
<latexit sha1_base64="tqbbJChd26I0om1eSWQW4mTxxoo="></latexit>

4⇥ (20, 12, 116) + 2⇥
P

i(20, 1, 2i)

§ As anticipated, no positions or motions in the bulk for                             
antibranes       

<latexit sha1_base64="LfS97RlTWiiP93qgMYOG+fpTqrM="></latexit>

D5

Twisted charges:                                                             
<latexit sha1_base64="q6o/k+0UJ706cPkjeOuVFOlZ4Tg="></latexit>

20⇥ 1i
<latexit sha1_base64="Vgr9Oi+4zCeuePP/Cm1/5Zist7I="></latexit>

12⇥ (�1)i
<latexit sha1_base64="4+HYJXbnDfiNljfAhPzzmqp1GOw="></latexit>

2⇥ (�4)i
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Only part of the D9 branes can move/have Wilson lines,
compatible with twisted charge cancelation.

<latexit sha1_base64="xRPwV2WYUlxV5kdWCGDAY2RJH2I="></latexit>

4⇥ (20, 12, 116)Condensing the scalars                                        , one 
breaks/move D9 gauge group 
 

<latexit sha1_base64="efCW3j07vJ2sQ8EHuxdtgi50XqM="></latexit>

SO(20)9 ⇥ SO(12)9 ! SO(12)D ⇥ SO(8)9

bulk D9 branes fractional D9 branes

A minimum of 8 fractional D9 branes have to couple (no WL) to 
all twisted tensors to cancel the twisted charges of each         . 
Easy to check in the brane recombination picture : T-dual
picture with D7 and   

<latexit sha1_base64="9XYWfMBOL2xSnkK/hym1zvX2QDU="></latexit>

D5
<latexit sha1_base64="Ao2QLrpNbiLC8+h1cmGlt7zbedc="></latexit>

D7
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Standard
BSB: D5 antibranes
can recombine and move
into the bulk

“Island” BSB branes: 
Green D5 antibranes
cannot move 

Red brane: 
positive twisted charge
Green brane: 
negative twisted charge

·

-

-

-

Twisted tensors
<latexit sha1_base64="9XYWfMBOL2xSnkK/hym1zvX2QDU="></latexit>

D5

<latexit sha1_base64="9XYWfMBOL2xSnkK/hym1zvX2QDU="></latexit>

D5

<latexit sha1_base64="9XYWfMBOL2xSnkK/hym1zvX2QDU="></latexit>

D5

<latexit sha1_base64="9XYWfMBOL2xSnkK/hym1zvX2QDU="></latexit>

D5
<latexit sha1_base64="9XYWfMBOL2xSnkK/hym1zvX2QDU="></latexit>

D5

<latexit sha1_base64="9XYWfMBOL2xSnkK/hym1zvX2QDU="></latexit>

D5bulk
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only 95 scalars                                           

§ D5 branes can be understood as : 

- gauge instantons on D9 branes in the zero-size limit (Witten)

This is true if all (twisted and untwisted) charges of D9 and D5 
match and can be realized by condensing the massless 95 
scalars

§ Our models:         are instantons of part of D9, 
<latexit sha1_base64="ziP7XP+Qvk7XaFrnbDPeVI9LQpE="></latexit>

2⇥
P

i(20, 1, 2i)

<latexit sha1_base64="LfS97RlTWiiP93qgMYOG+fpTqrM="></latexit>

D5
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Using T-dual language with intersecting                  branes 
            partial recombination of branes/antibranes not possible, 

but one can (non-perturbatively)  recombine simultaneously 
                                                      all branes. 
   

                                 antibranes are almost rigid. 

If not possible to recombine at the non-perturbative level, the 
branes are truly rigid.  Examples:                 orbifold   
(             planes have non-vanishing twisted charges). 

<latexit sha1_base64="hHGpI+KmJzFcZ6Qvs8NZ2qrLz7w="></latexit>

D7/D70

<latexit sha1_base64="NKMiEjHYtKBvvTKRgMmXo6CZM+o="></latexit>

D70

<latexit sha1_base64="obdf1+yTCDA8U3RI+xRFKave5IA="></latexit>

T 4/Z4
<latexit sha1_base64="yT1jDeZnGsVMTLNuz/PDM7SZDUY="></latexit>

O5+
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The low-energy effective action in this case has also additional 
features. Original BSB vacua: untwisted NS-NS tadpoles 

Our new BSB variation: also twisted NS-NS tadpoles/potentials 

<latexit sha1_base64="pE/Dt/dTYxluAWBgQNv+wgZWsLc="></latexit>

S = �
R
d6x

p
g
�
(d1 + d2 + 32)e�� +

P
i(n1 � n2 + 4di1)e

��'i + · · ·
 

<latexit sha1_base64="bbYQyWm7Ya+N1QsYCyZX/oci0VI="></latexit>

S = �
R
d6x

p
g (d1 + d2 + 32)e�� + · · ·

twisted scalars

Effects on the classical background/compactification, stability ?       



18

E. Dudas – CNRS and E. Polytechnique  

3) 4d example: Z2 x Z2 with BSB        

4d type I                    orbifolds have 09 and 05 planes,
D9 and D5 branes.  They fall into two classes, depending
on discrete deformations 

<latexit sha1_base64="EHyCoNNva73b8OJpkR/CWGRr21w="></latexit>

Z2 ⇥ Z2

<latexit sha1_base64="3n9Bk5OI3dOqo8Fq1XDi4YdYKZ4="></latexit>✏ = ✏1✏2✏3

<latexit sha1_base64="NJW9vyMIsdQapkcEEmuKxN6XnK8="></latexit>

(✏1, ✏2, ✏3) = (1, 1,�1)

<latexit sha1_base64="OEA/IEvEf3/mvhasARnAyT8f3is="></latexit>

✏i = ±1with 
<latexit sha1_base64="JN4FfYBWCbTZnf9iQUktof03zsk=">AAAC1XicjVHLSsNAFD2Nr1pfUZdugq3gxpJUUDdC0Y3LCvYBbSlJOq1D0yQkk0Ip3Ylbf8Ct/pL4B/oX3hlTUIvohCRnzr3nzNx7ndDjsTDN14y2sLi0vJJdza2tb2xu6ds7tThIIpdV3cALooZjx8zjPqsKLjzWCCNmDx2P1Z3BpYzXRyyKeeDfiHHI2kO77/Med21BVEfXCy0WxtwLfOPcODKsQkfPm0VTLWMeWCnII12VQH 9BC10EcJFgCAYfgrAHGzE9TVgwERLXxoS4iBBXcYYpcqRNKItRhk3sgL592jVT1qe99IyV2qVTPHojUho4IE1AeRFheZqh4olyluxv3hPlKe82pr+Teg2JFbgl9i/dLPO/OlmLQA9nqgZONYWKkdW5qUuiuiJvbnypSpBDSJzEXYpHhF2lnPXZUJpY1S57a6v4m8qUrNy7aW6Cd3lLGrD1c5zzoFYqWifF4+tSvnyRjjqLPezjkOZ5ijKuUEGVvEd4xBOetbo21e60+89ULZNqdvFtaQ8fLgSUaw==</latexit>

✏ = �1 :  discrete torsion. Consider the case 

The O-planes are:              ,           ,           ,  
<latexit sha1_base64="84aceuLu5UXNA1BbE1BpN/yaLZ0="></latexit>

O9�
<latexit sha1_base64="8Ww3jzZ1YQCuGJ3ZggsH0TJ4fi0="></latexit>

O5�1
<latexit sha1_base64="u8QOszGorpozTGufZS5LaTSul9o="></latexit>

O5�2
<latexit sha1_base64="TvLN4+FNad/k6o0bDfbRDlHCBNg="></latexit>

O5+3

Exotic

BSB solution:                                                (anti)branes 
<latexit sha1_base64="tPc9ZuB4fDBq4q5+NnI7M/oYN9g="></latexit>

D9, D51, D52, D53

Orbifold operations: 
<latexit sha1_base64="TgSv71MZ3fE17MNTgvlTZDlMA00="></latexit>

g(z1, z2, z3) = (z1,�z2,�z3)
<latexit sha1_base64="XDLsfWiKDj7SnQQ+4TtpazEOtEE="></latexit>

f(z1, z2, z3) = (�z1, z2,�z3)
<latexit sha1_base64="6q+4QU+ZSM9CDiA6gg8PVmVsS0k="></latexit>

h(z1, z2, z3) = (�z1,�z2, z3)
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Twisted (RR) charges for various branes 
<latexit sha1_base64="7WKBh7emVg683UvsITMts7+ynFU="></latexit>
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D51
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D52
<latexit sha1_base64="917IPtK5yDe6Sh2B0iyt4tdxJBw="></latexit>

D53

g

f

h

0 0 (2,-2) (1,1,-1,-1)

0 0(2,-2) (1,-1,1,-1)

(2,-2) (1,-1,-1,1)0 0

Gauge group <latexit sha1_base64="yQevOBkpAfApMmCXCSy2yg3UDCc="></latexit>

U ⇥ U
<latexit sha1_base64="yQevOBkpAfApMmCXCSy2yg3UDCc="></latexit>

U ⇥ U
<latexit sha1_base64="yQevOBkpAfApMmCXCSy2yg3UDCc="></latexit>

U ⇥ U
<latexit sha1_base64="/G03mgJNsQGpViLq9WcsNYFxw6I="></latexit>

USp4

All O-planes have zero twisted charges. 
Original BSB solution (ADS+Angelantonj,D’Appollonio,1999) to RR 
tadpoles:  

<latexit sha1_base64="XEfVf8hu2oFAFagcWBUV2nrLWxE=">AAADLXicjVFdS9xAFD2mX7r9cNs+9mXoWrAvS7L2Qx8EaQV9tLSrwu42JHHUwXyRTARZ8pv8J30rpSC+tr77qvTMNIpWSjshyZ1zzzlz79wwj1WpXff7hHPr9p279yanWvcfPHw03X78ZL3MqiKS/SiLs2IzDEoZq1T2tdKx3MwLGSRhLDfCvfcmv7Evi1Jl6Sd9kMtREuykaltFgSbkt3dnVsSiGPRn519+7o388fJCLYZaJb K8Cr72vUv4Ot6rReuS/zE3mVfMDDMeamoip/bnajHjtztu17VL3Ay8JuigWWtZ+xuG2EKGCBUSSKTQjGMEKPkM4MFFTmyEMbGCkbJ5iRotaiuyJBkB0T1+d7gbNGjKvfEsrTriKTHfgkqBF9Rk5BWMzWnC5ivrbNC/eY+tp6ntgP+w8UqIauwS/Zfugvm/OtOLxjbmbQ+KPeUWMd1FjUtlb8VULq50pemQEzPxFvMF48gqL+5ZWE1pezd3G9j8T8s0qNlHDbfCiamSA/b+HOfNYL3X9d505z70OkvvmlFP4hmeY5bzfIslrGINfXp/wSnOcO4cOl+dI+f4N9WZaDRPcW05P34BCGGz3g==</latexit>

G = [U(8)2]D9 ⇥ [U(8)2]D51 ⇥ [U(8)2]D52 ⇥ [USp(8)4]D53
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20

E. Dudas – CNRS and E. Polytechnique  

New, unique BSB solution has all D5 branes distributed 
democratically (ACDL) over all fixed points

<latexit sha1_base64="GWzO/lm2D+U61wEog6Bc2hIXZ70="></latexit>

G = [U(10)⇥ U(6)]D9 ⇥ [U(1)16]D51 ⇥ [U(1)16]D52 ⇥ [USp(2)16]D53

Several twisted NS-NS tadpoles/scalar potentials: 

or equivalently

o = 10 , g = 6 , g i
1 = g i

2 = 1 , oi
1 = oi

2 = 0 ,

a1 = 2 , bi = ci = di = 0 , (5.6)

where the i -dependent equalities hold for all fixed points. As a result, one finds the gauge group

G = [U (10)£U (6)]9 £U (1)16
D51

£U (1)16
D52

£U Sp(2)16
D̄53

. (5.7)

All D5 branes are rigid in this example, in the sense that they cannot be moved separately without
conflicting the RR tadpoles. This reflects in the absence of D5 brane positions in the massless spec-
tra. Simiarly to our basic T 4/Z2 6d example however, since O5 planes have no twisted charges, it is
however possible to displace/recombine all branes simultaneously into the bulk. In similarity with
the 6d example, such models have, in addition to the untwisted NS-NS tadpole correposponding
to the nonvanishing total tension of the O53+ planes and D̄53 antibranes, a twisted NS-NS tadpole.
This can be identified from the corersponding terms in the vacuum energy/partition function in
the NS-NS sector

2°5

8

X

i

(∑
(Ng °4Dgi ,g )

p
v1 °

2(D fi ,g °Dhi ,g )
p

v1

∏2

+ (5.8)
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(N f °4D fi , f )

p
v2 +
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p
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∏2

+
∑

(Nh +4Dhi , f )
p

v3 °
2(Dgi ,h +D fi ,h)

p
v3

∏2
)

.

The terms different from zero in (5.8) in the solution above (5.6) are those proportional to and
p

v3,
corresponding to a 6D localized NS-NS tadpole, and 1p

v1
and 1p

v2
, which correspond to NS-NS

tadpoles localized in four dimensions. There are therefore four different localized scalar potentials
correponding to different untwisted and twisted NS-NS fields. The corresponding contributions
to the scalar potential are of the form

V =
Z

d 6x
p°g6 e°¡

"
(

16X

i=1
Dhi ,o +32)+

16X

i=1
(Nh +4Dhi ,h) ¬i

h

#
+

+
Z

d 4x
p°g4 e°¡

"
2

16X

i=1
(Dhi ,g °D fi ,g ) ¬i

g +2
16X

i=1
(Dhi , f °Dgi , f ) ¬i

f

#
, (5.9)

where ¡ is the ten-dimensional dilaton, ¬i
g is the twisted NS-NS scalar sitting in the gi fixed point,

etc. The effects on the vacuum state and time-dynamics clearly of this scalar potential coming
from the NS-NS tadpoles deserves a dedicated study.
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where        is the twisted scalar sitting at the ith fixed point of 
the g-operation, etc. 
• Interesting to discuss the dynamics of the orbifold 
blowing-up modes, time-dependence classical solution  

<latexit sha1_base64="acuj5mhVGxt2hns6TtcN1vbwK+8="></latexit>
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Anomaly cancelation conditions in 6d are very strong:  
The anomaly polynomial should factorize as (Sagnotti,1995)  

anomaly, corresponding to the term trR4 in the anomaly polynomial, yields the constraint

NH −NV = 273 − 29NT , (1)

where NH denotes the number of hypermultiplets, NV the number of vector multiplets and NT

the number of selfdual or anti-selfdual tensor multiplets. One can use the identity in eq. (1) to

write the generic anomaly polynomial for supersymmetric N = (1, 0) six-dimensional models

as follows

I8 =
9−NT

8

(

trR2
)2 − 1

24
trR2TrψF

2 +
1

24
TrψF

4 , (2)

where Trψ denotes a trace over the charged states of a generic model, to which charged hyper-

multiplets contribute with a plus sign and vector multiplets with a minus sign. Recall that the

Green-Schwarz-Sagnotti mechanism in 6d requires a factorization of the form

I8 =
1

2
Ωαβ X

α
4 Xβ

4 , (3)

where Ωαβ can be chosen (by a rotation) to be diagonal of signature (1, NT ). The polynomials

Xα
4 are parametrized in terms of (1 +NT )-dimensional vectors a, bi (with i labeling the gauge

group factors)8

Xα
4 =

1

2
aαtrR2 +

1

2

∑

i

bαi
λi

trF 2
i , (4)

such that we can write

I8 =
1

8
a · a

(

trR2
)2

+
1

8

∑

i,j

bi · bj
λiλj

trF 2
i trF 2

j +
1

4

∑

i

a · bi
λi

trR2 trF 2
i , (5)

where the dot products involve the symmetric form Ωαβ; a·bi ≡ aαΩαβb
β
i , etc. The group theory

factors λi in Table 2 are chosen such that one obtains integral scalar products a·a, a·bi, bi ·bj ∈ Z

(see [4]). The integrality of the lattice generated by bi can be inferred to be necessary from the

Dirac quantization conditions for dyons (see [32], [15]).

Group SU(N) SO(N) USp(N)

λ 1 2 1

Table 2: Normalization for the factors λi.

The values in Table 2 are guaranteeing in all cases the integrality of the scalar products

a · a, a · bi, bi · bj ∈ Z, which define an integral lattice.

When the spectrum is such that there is a six-dimensional anomaly, it can be cancelled by

adding a tree-level Green-Schwarz term of the form

SGS =

∫

Ωαβ C
α
2 ∧Xβ

4 , (6)

where Cα
2 are the two-forms of the theory which shift under gauge and gravitational transfor-

8 From now on, all anomaly polynomials are expressed in terms of the traces tr in the fundamental represen-
tations of the corresponding gauge groups.
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The anomaly can be canceled by 
adding Green-Schwarz couplings

(we neglect abelian factors)

4)  Comments on string defects
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Strings coupling to tensors in 6d have charges described by 
an               dimensional vector . The couplings are NT + 1 Q

mations. The gauge invariant field strength which appears in the action is modified to include a

Chern-Simons three-form (gauge and gravitational) with non-trivial transformation properties

Hα
3 = dCα

2 + ωα3 , dωα3 ≡ Xα
4 , δθ ω

α
3 = tr

[

d
(

θX1α
2

)]

, (7)

so that the transformations of the two-forms,

δθ C
α
2 = −tr

(

θX1α
2

)

, (8)

induce a classical shift of (6) that cancels the anomalous shift of the action due to the spectrum.

2.1 String defects and the anomaly inflow

Demanding a consistent coupling of the theory to BPS strings, as required by the completeness

principle of quantum gravity, gives rise to additional consistency conditions to be imposed [5].

Strings (described by D1 branes or D5 branes wrapping a four cycle in the type I string setup

of our paper) coupled to the tensors in six dimensions have charges described by an NT + 1

dimensional vector Q. Their couplings are given by

S2d ⊃ −Ωαβ Q
α
∫

Cβ
2 . (9)

The anomalous gauge and gravitational shifts of (9) add up to the ones of the 2D CFT on the

string defect, such that the overall anomaly vanish. It follows then that the anomaly polynomial

of the two dimensional CFT of the strings is generically of the form

I4 = Ωαβ Q
α

(

Xβ
4 +

1

2
Qβχ(N)

)

, (10)

where χ(N) is the Euler class of the normal bundle of the string (with worldvolume embedded

into 6d spacetime). One can further write the polynomial above in terms of the products Q · a,
Q · bi and Q ·Q by making use of the general form of Xα

4 in eq. (4)

I4 =
1

2
Q · a trR2 +

1

2

∑

i

Q · bi
λi

trF 2
i +

1

2
Q ·Qχ(N) . (11)

The explicit form of the constraints formulated in [5], for a 6d gauge theory of gauge group

G =
∏

iGi coupled to (super)gravity, is:

Q · J ≥ 0 , Q ·Q ≥ −1 , Q ·Q+Q · a ≥ −2 , ki ≡ Q · bi ≥ 0 ,

∑

i

ki dimGi

ki + h∨i
≤ cL , (12)

where ki are the levels of the Gi current algebra, h∨i the dual Coxeter number of the gauge

group factor Gi and cL is the central charge for the left-moving sector on the string (D1 branes

in the examples of this section). For the case of a non-degenerate 2d SCFT on a string, [5]
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Consistency of the moduli space of scalars in tensor
multiplets              Kahler form satisfies

wrote down the explicit expressions for the left/right central charges

cL = 3Q ·Q− 9Q · a+ 2 , cR = 3Q ·Q− 3Q · a , (13)

whose positivity impose some of the conditions in (12). The first line of (12) are the conditions

that define a would-be consistent string, while the second line is a unitarity constraint that

any would-be consistent string must respect according to the completeness principle, otherwise

the theory is in the swampland. The Kähler form J in (12), which is also a NT + 1 vector, is

constrained by supersymmetry. Indeed, consistency of the moduli space of scalars lead to the

conditions

J · J > 0 , J · a < 0 , J · bi > 0 . (14)

2.2 The Null Charged Strings Conjecture

In all examples we discuss in the following sections with at least one tensor multiplet in orbifold

orientifold compactifications, for the bulk D1 branes (and also at fixed points, if they have no

twisted charges), their charge vector is null Q · Q = 0. The microscopic explanation is that

in this case D1 branes couple only to the untwisted tensor fields, with equal couplings. More

generally, using the general form of (10), one can see that the null D1 branes correspond to a

world-volume anomaly polynomial I4 which does not depend on the normal bundle. An obvious

particular case is when the worldvolume fermions are non-chiral respect to the SU(2)l×SU(2)R
normal bundle. This is for example the case where the 6d model corresponds to a geometric

compactification of a 10d string. For non-geometric compactifications, we are not aware of a

simple argument. However, in all the examples we checked the null charged strings always exist

and satisfy all the required consistency conditions9. We conjecture that they should exist in

all consistent 6d theories. In what follows we check, by using this conjecture, which examples

discussed in the literature, compatible with all the other constraints, could be ruled out by the

non-existence of the null charged strings.

The first example we consider is NT = 1 with gauge group SU(N) coupled to one symmetric

and N − 8 fundamental hypermultiplets introduced in [4], [14], [5]. This model has no known

string or F-theory embedding, and the strongest known constraint is N ≤ 30 from anomaly

cancellation conditions, whereas the conditions eqs. (12) are satisfied for N ≤ 117 [5]. The

anomaly vectors verify

a · a = 8 , a · b = 1 , b · b = −1 . (15)

When NT = 1, there are two possible lattices [15],

Ω0 =

(

0 1

1 0

)

, Ω1 =

(

1 0

0 −1

)

, (16)

but using Ω0, one immediately sees that there cannot be any b = (b0, b1) with integer entries,

9 In addition to the examples discussed in this paper, we checked the examples in [33], [34], [35]. For more
standard geometric compactifications like [36], [37] their existence is guaranteed due to the geometric nature of
the compactifications of the 10d type I superstring.

8

(Kim, Shiu, Vafa ,2019)
Positivity of gauge kinetic terms

• In SUSY models, all data is encoded in the anomaly polynomial 
(RR couplings).  In BSB models, there are changes (NS-NS 
couplings) :   

•                                         where                        for branes and 
                                                                    for antibranes

•                          (branes)   ,                                  (antibranes)
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J · b0i > 0
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Conclusions and Perspectives

§ Brane Supersymmetry Breaking Vacua provide various 
puzzles for string  constructions : absence of an order 
parameter for SUSY breaking, transitions to  SUSY vacua, 
ground state, etc

§ We worked out variants in 6d and 4d: unmovable branes, 
some D9/D5 (anti)brane recombinations forbidden, 

    few open-string moduli

§  Twisted NS-NS tadpoles (blow-up orbifold singularities ?) 

§ We also worked out lower-dim. D-brane/defects. Their “data” 
not encoded in the anomaly polynomial.     



Thank You !
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