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review Mourad Sagnottl 2017, recent twist on cIaSS|caI solutlons 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 Il / Pisa

group...).

closed
strings

gravity
is 10D
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gauge interactions
confined to
(p+1) dimensions



Tadpole conditions <m==) Gauss law enforce )

EEEEE

Z Q Dp _|_ Z Q Op — O S

for background branes/O-planes
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Perturbative orientifold constructions contain

Object RR charge NS-NS tension
+ +
= +
+ +
+ -




®ome |l 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.
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It took a couple of years to realize that these models
contained Op_|_ planes: only way to cancel RR tadpoles

was adding anti-branes Dp (ADS,1999)

But Dp -Op_. are mutually non-BPS

=)

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

RR charge NS-NS tension

0 +
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The spectrum of bosons in fermions is “misaligned”
(see talk Giorgio) in this case, SUSY breaking at the string

scale

open-string spectrum

anti-sym. sym.
sym. anti-sym.

anti-sym. sym.
sym. anti-sym.

anti-sym. sym.

Fermions Bosons
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@ 6d ex: (ADS,1999) \;

EEEEE
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T4 /ZQ orbifold of type I, D9/09_and D5/05__ stable non-BPS configs.

Gravity (closed string) sector: Multiplicity Multiplet  Sector
SUsY 1 Gravity ~ Untwisted
1 Tensor Untwisted
4 Hypers Untwisted

16 @ Twisted

Gauge (open string) sector: ¢ — SO(16)5 x USp(16)%
SUSY breaking,

. Field /Multiplet Representation
non-linear SUSY
(E.D..Mourad,2000: A, (120,1;1,1) + (1,120;1,1) + (1,1;136,1) + (1,1;1,136)
Pradisi-Riccioni, 2001) XL (120,1;1,1) + (1,120;1,1) + (1,1;120,1) + (1, 1;1,120)
(4¢,¥R) (16,1651,1) + (1,1;16, 16)
MW oy, (16,1;16,1) + (1,165 1, 16)
2¢ (16,1;1,16) + (1,16;16,1)

E. Dudas — CNRS and E. Polytechnique



@ Charges / geometry : (all )5 at fixed points)

untwisted charges/tension twisted RR/NS-NS
charges/tension
(-32,-32) (0,0)
(+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)
=== 3 total number of 32 D9 and D5 fractional branes, tadpoles:
T n1 -+ ng =32, z(dwdi):sz,
T: nl—n2—4(d7’ Clz)_ 1 =1---106
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L4

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

= Condensing (167 16; 1, 1) breaks D9 gauge group
SO(16)g x SO(16)9 — SO(16)
= Condensing (1, 1; 16, 16) moves D5 into the bulk
USp(16)s x USp(16)s — USp(16)p
= Condensing (16, 1;1, 16) + (17 16; 16, 1) recombines

D9 and D) =) magnetize the D9 branes, “dissolve” [)5
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| B
v 2) New variations: BSB Islands X

= 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 T4/22 BSB orbifold, in which twisted
couplings cancel nontrivially between D9 and D5 antibranes,
distributed democratically among the fixed points.

N1 — 20,712 — 12,([& — 2,d7’2 =0
The E{’) are rigid*, they have no positions.

*In a different sense compared to usual terminology
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-2
@ SO(20)g x SO(12)g x [USp(2)5]'¢ ;

EEEEE
EEEEEEEEEEE

Twisted charges: 20 X 1; 12 X (—1)z' 2 X (_4)2

Massless open string spectrum :
L-fermions: (190, 1, 11¢) + (1,66, 116) + 16(1, 1, 221)

2
L-MW fermions : Zi(QO, 1, 27;)
R-fermions: (20, 12, 116)
Scalars: 4 X (207 12, 116) + 2 X Zi(QO’ 1, 2”3)

= As anticipated, no positions or motions in the bulk for D5
antibranes
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Only part of the D9 branes can move/have Wilson lines,
compatible with twisted charge cancelation.

Condensing the scalars 4 X (20,12, 11¢) . one
breaks/move D9 gauge group

SO(20)9 x SO(12)g — SO/(lQ)D X 53(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 )5 .

Easy to check in the brane recombination picture : T-dual
picture with D7 and D7

E. Dudas — CNRS and E. Polytechnique



Standard
BSB: D5 antibranes

can recombine and move
into the bulk

Red brane: D5
positive twisted charge

Green brane:
negative twisted charge D_5

“Island” BSB branes:
Green D5 antibranes
cannot move

Twisted tensors



D5 branes can be understood as :

uuuuuuuuuuuuuuuuuuu

- 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: )5 are instantons of part of D9,

only 95 scalars 2 x » (20,1, 2;)
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Using T-dual language with intersecting D7/D7’ branes
m==) partial recombination of branes/antibranes not possible,

but one can (non-perturbatively) recombine simultaneously

all branes.

D7’ antibranes are almost rigid.

If not possible to recombine at the non-perturbative level, the
branes are truly rigid. Examples: T4/Z4 orbifold
( 05 planes have non-vanishing twisted charges).

E. Dudas — CNRS and E. Polytechnique



features. Original BSB vacua: untwisted NS-NS tadpoles

S = —fdG.CE‘\/g (d1—|—d2—|—32)6_q)—|—"°
Our new BSB variation: also twisted NS-NS tadpoles/potentials

S=—[dx/g {(di+da+32)e®+>,(n1 —ng+4d)e Pp; +---}

twisted scalars A

Effects on the classical background/compactification, stability ?
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example:

Orbifold operations: g(21,22,23) = (21, —22, —23)
f(Zl,ZQ,Z:s) — (—2’1,22, —23) h(21722723) — (—21, —22723)

4d type | Z5 x Zo orbifolds have 09 and 05 planes,
D9 and D5 branes. They fall into two classes, depending
on discrete deformations

€ = €1€9€3 with e; = =1
€ — — ] : discrete torsion. Consider the case

(617 €2, 63) — (1, 1, —1) Exotic
The O-planes are: 09~ , 057 , 05, , 05:—%&

BSB solution: D9, D51, D59, D55 (anti)branes
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Twisted (RR) charges for various branes

D9 Dby Dby Dbjg
Gaugegroup  UUxU UxU UxU  USp?

g 0 0 (2,-2) (1,1,-1,-1)
f 0 (2,-2) 0 (1,-1,1,-1)
h (2,-2) 0 0 (1,-1,-1,1)

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

G = [U(8)%po x [U(8)]ps, x [U(8)%]ps, x [USp(8)*] 53

3

E. Dudas — CNRS and E. Polytechnique

EEEEE

uuuuuuuuuuuuuuuuuuu



o

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

G =[U(10) x U(6)]pe x [U(1)**]ps, x [U(1)*]ps, % [USP(2)"]ps,

Several twisted NS-NS tadpoles/scalar potentials:

16 16 _
V:fd6x\/—g6 e ¢ (D Dpo+32)+ ) (Np+4Dp, 1) x5 | +
i=1 i=1

+ f dx/—gie?

16 .16 .
i=1 i=1

where Xg 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
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4) Comments on string defects

Anomaly cancelation conditions in 6d are very strong:

The anomaly polynomial should factorize as (Sagnotti,1995)

Is = %QQB XE‘ Xf (we neglect abelian factors)

where Q3 has signature (1, N7) and

. 1 1 <
X§ = Sa trR? + > z; )\—:trFf
The anomaly can be canceled by

- - Sas = [ Qus CS A XP
adding Green-Schwarz couplings G5 / gLz N Ay
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Strings coupling to tensors in 6d have charges described by
an Nt + 1 dimensional vector () . The couplings are

S~ 05 Q" [

Anomaly inflow m==) anomaly polynomial of the 2d CFT is

Iy = Qap Q° (Xf + %QBX(NO

<

normal bundle
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Consistency of the moduli space of scalars in tensor  Z.
multiplets ==%  Kahler form .J satisfies

J-J>0, J-a<0, J-b; >0

(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) :

A
J-b. >0 where b; = bi  for branes and
¢ b,’i — —p, forantibranes
. __ bps __ bpy :
Qp1 = o> (branes) Qp1 = pu—— (antibranes)
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Conclusions and Perspectives )

EEEEE
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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.
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Thank You !
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