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I Why open strings? (we need D-branes...)
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[A HARD question — prime and hence it is not well
because... understood...
. J

(. It may determine the ultimate )
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I A recap on Op/Dp configurations
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UV finiteness in flat space, in absence of fluxes...

(NDI, —)‘é} L gp- 5(N0p_ — Nop+) (tadpole cancellation)

The open string sector gauge groups are...

Gym = (HU ) X (E[SO(?Nb)) x (];[USP(QNEJ)

The corresponding number of vector multiplets being

= ) N2+ ) Ny(2Ny—1) + » N(2N.+1)
a b c




I Review of gauged N=4 supergravities in 4d

[Schoen, Weidner 2006]

Ungauged global symmetry: Gglobal _ SL(Q.},R) > 80(6, 6 -

Consistent deformtions of the ungauged theory are encoded in the embedding tensor...

O S (2’ ) ‘ Irrep’s of

Gglobal — SL(27 R) X 80(63 6+ m)

Subject to the following quadratic constraints (QC)
R « R
@ formanfapg " =0, e famnrfapg™ =0
Guarantee gauge invariance!

Extra VM'’s
from open
strings!




I Induced scalar potentials...

The scalar fields span M ~ SL(2,R) 9 SO(6,6 + N)
salar 750 (2) 7 SO(6) x SO(6 + M)
hv_/ e -~ -
Meag M N

The potential reads

1 1 2
V = GZfaMNPfﬁQRSMaﬁ gMMQMNRMPS + (gT]MQ — MMQ)UNR’I]PS]

1
A — faMNP faQRSEOzﬁ MMNPQRS : {Object to}

14 match!!




I Swampland constraints on matter coupling

[Kim, Tarazi, Vafa 2020]

So far the number of VM's is unspecified in M _ SL(2,R) " SO(6,6 @
scalar 80(2) SO@) X <®)

Mg My \
Even though lower dimensional theories are less constrained by anomalies... |

4ad
[?"GgQG—d] —— [‘)’t < 16

Also expected
to be even!



I Non-Abelian brane actions & reductions...

[Myers 1999; Choi, Fernandez-Melgarejo, Sugimoto 2018]

M @,@ m

Work in static gauge:
worldvolume transverse [yi — )\Yi]
/
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... where all the objects needed in the previous transparency are

F=dA+1 AN A (YM non-Abelian field strength)

[ EMN = éMN =+ B’MN]

And each hatted quantity denotes the following expansion

o0 n

SaM AV =N VYO, e 0y, (e y)

Finally, when pullback P acts,




I A complete example: mllA with O6/D6

06 > | Y X X X X X — — _ [Dall’Agata, Villadoro, Zwirner 2009]
N -~ _ Ag_/a,_/
4D spacetime Y y*
Type IIA Field | oog | (—1)f2Q | physical dof’s || Type IIA Flux | opg | (—)2Q

o + + 1 Wap* + +
B — — 9 Wi + +
Ci — - 3 Wai + +
Cabe + + 1 Hijp, - —
Caij -+ + 9 H i — —
Cabijk — — 3 o) ™ T
Jab + + 6 F i — —
9ij + + 6 Fabij + +
Yyl — — 3N Fobeijk — -
Al + + 3N Flau 4 +




Bl for C(l)

Type IIA | Fluxes | SO(6,6+9) | SO(2,2+9/3) C N >
Jacobiid for wy,,™
Faibjck ag — i abe —N\4333 ”
Fai aj I avk Ay334
Fli a2 —fyaik —Ay314
Fo) a3 F ik Ay a4
Hyjp, bo —J i —A_333
H g ) Fyabk A 1933
w; 5 b1 f ooz A_334
W' =wpt' | @ Fraje = Fivn Aoz
W 1 f i abe 1133
F2a 90 foabi Ay335
grg” 91 farJK A 555
The QC's imply..

61(61—51)20, 61(61—51)2)),/&3604—2&261—agél20,
gog1 =0.




I The reduction Ansatz & Matching
/

ds%lo) = 7 % g datdz” +p (@ab e e’ + o ? M@'j@

\ 1
m n P _
@: ’T@ (4d Einstein framel!) l de™ + Aet =0

twist
VBulk = Vi + VHg + E
p Vi
+ [Fixed by the WZ term! ] - Sugra.

(0) 2¢-(2) : h h A

_ With appropriate choice

VDBI o VDBI + A VDBI of embedding tensor &
(neglect higher orders!) _ scalar parametrization! y

[ Fixed by tadpole cancellation! ]




I Moditied field strengths for O6/D6

We get from the WZ reduction the following form for the modified field strengths:

A~

fo = as +€+ 9@@)@ + 1Y x2 @m modiﬂe@

y?2
Afy = f4 @ gl_AQY _ 002 _ —.AY(QCl + ¢
Afs = fo —‘@ +3Ag0 + A’g1 J:@

=) Relation to Green-Schwarz via dualities... Resulting in a perfect matching!




I What about vacua?

[Only «no-scale» type Mkw vacua ]

yv [Balaguer, GD, Fernandez-Melgarejo,Nozawa, 2019]
Analysis including IIA, 1IB, and M
T

[Both «no-scale» Mkw & (non-)SUSY AdS ]
[GD, Guarino, Roest, 2011]

y Still Mkw, NO open/closed interplay —— ( Unpublished
It
@ith open stringD resus
}@SUSY and non-SUSY@

[Pure Closed string]




In the origin...
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Moving out of the origin with A ...
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Our non-SUSY perturbatively stable AdS vacua...
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Consider the following scaling limit...

Fluxes
In this limit flux numbers are
- HIGH and insensitive to flux
() welghts quantization!
Vole Al {KK
Scales 95 | Gan ES)G M3 | Taas
() weights || Q3 Q-1 Qb7

' EFT validity
String Ioop> Higher derivatives




Conclusions & Outlook

* Studying the dynamics of open strings in flux compactifications is an
important challenge for String Theory

« With many supercharges | can use lower d supergravities as a guideline for
constructing this coupling

 This analysis is very crucial in the context of the Swampland and the SLP
« We derived generalized S-/T- dual versions of the GS modifications

* In our 4d setup we found interesting novel things, like new SUSY & non-SUSY

AdS vacua...
‘ Hopefully more to come, so stay tuned...



Thank you tor your attention!
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