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Introduction

Internal D-brane or O-plane sources
important in string theory compactifications
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® O-planes seem necessary for de Sitter and for Minkowski beyond CY
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Maldacena, Nufez ’0o...]



Introduction

Internal D-brane or O-plane sources
important in string theory compactifications

® in AdS/CFT they realize flavor symmetries

® O-planes seem necessary for de Sitter and for Minkowski beyond CY

[Gibbons 84, de Wit, Smit, Hari Dass ’87,
Maldacena, Nufez ’0o...]

® it has been hard to find examples; often people have resorted to ‘smearing’

o .
[Acharya, Benini, Valandro o3,
Grana, Minasian, Petrini, AT ’06,
c Caviezel, Koerber, Kors, Liist, Wrase, Zagermann 08,

. Andriot, Goi, Minasian, Petrini ’10...}
localized smeared

However, O-planes should sit at fixed loci of involutions

> they shouldn’t be smeared by definition.



Plan:

I. Progress in finding solutions

II. How we introduce localized sources

III. de Sitter?



I. Geometry of solutions

® Systematic classification of BPS solutions:
more successful than ad hoc Ansitze

e old methods: G-structures; gen. complex geometry, pure spinors

[Strominger ’86, Gauntlett, Pakis ’o2...}
{Grafa, Minasian, Petrini, AT ’05...}

.. : : ‘calibration conjecture’:
® Conceptual origin: calibrations. Type II, for example: [Martacci, Smyﬂh s,

List, Patalong, Tsimpis ’10...]

collective D-brane calibration

(d—l—H/\)(I) = (LK —|—K/\)F [AT 11}
dQ = —LlK ¥ H + (q)) F)6 [Legramandi, Martucci, AT ’18}
pairing

NSs-brane calibration



e practically, the D-brane equation is enough for d > 4 AdSq X M1o—_4

Mil’lkd
E:> pur (& Spinor equations [Grafia, Minasian, Petrini, AT ’05]

. . . [Passias, Solard, AT ’17;
0> matrix pure spinor equations for extended susy Passias, Prins, AT '18;

+ Macpherson, in progress}

® In general more calibration equations {eg KK-monopole}l

. [Legramandi, Martucci, AT ’18}
needed for sufficiency



e practically, the D-brane equation is enough for d > 4 AdSq X M1o—_4

Mil’lkd
E:> pur (& Spinor equations [Grafia, Minasian, Petrini, AT ’05]

) . . [Passias, Solard, AT ’17;
0> matrix pure spinor equations for extended susy Passias, Prins, AT '18;

+ Macpherson, in progress}

® In general more calibration equations {eg KK-monopole}l

. [Legramandi, Martucci, AT ’18}
needed for sufficiency

® Supersymmetry breaking?

® For Minkowski: sometimes possible to break susy by adding one term
to pure SpinOr equations [Legramandi, AT, in progress}

® Via consistent truncations [Passias, Rota, AT, 15...]

® Direct solution of EoM, with some lessons from the susy case [Cordova, De Luca, AT, i8]



® some recent solution classes:
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® some recent solution classes:

. . 3
® AdS7 in ITA: S2 5T %" ® AdSs in ITA: (top. S°) — X,
~ . . [Apruzzi, Fazzi, Rosa, AT 13 [Apruzzi, Fazzi, Passias, Rota, AT 151 + “punctures”
+ Susy breaklng twins Apruzzi, Fazzi, Passias, Rota, AT ‘15; [Bah ’15; Bah, Passias, AT 17}

Cremonesi, AT ’15; Bah, Passias, AT ‘171
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® some recent solution classes:

® AdS7 in ITA:

+ susy-breaking twins

S2 51 Qu«

[Apruzzi, Fazzi, Rosa, AT 13
Apruzzi, Fazzi, Passias, Rota, AT ‘15;
Cremonesi, AT ’15; Bah, Passias, AT ‘171

® AdSs in ITA: (top. S°) = %,

[Apruzzi, Fazzi, Passias, Rota, AT 151
[Bah ’15; Bah, Passias, AT ’17}

+ “punctures”

® AdS4 in ITA
[Rota, AT 15; Passias, Prins, AT ’18; .
Bah, Passias, Weck 18]

.

----------------------------------------
. .

(top. S?) — KE4, 3, x X

Q
. ®
---------------------------------------

® AdS3in ITA: S0 T
N =(0,8), (0,7) : Fy and G5 superalg.

[Dibitetto, Lo Monaco, Petri, Passias, AT ’18}

Almost all analytic.

For ex. e 2

1 ¢
A 2 q 2
dSM6 = _Z_qu —

9
xq — 4q

[dual to CS-matter theories]

Dy? +

/

Rq
3¢ — xq

2
dskE, q(z) = deg. 6 pol.

1!

generalizes
[Guarino, Jafferis, Varela ’15} (anal.)
[Petrini, Zaffaroni ’09; Liist, Tsimpis ’09...} (num.)

formally similar to
[Gauntlett, Martelli, Sparks, Waldram 04} in 11d



® some recent solution classes:

° AdS7in ITA:  §2 ] w ° AdSs in ITA: (top. S7) — %,

[Apruzzi, Fazzi, Rosa, AT ’13 [Apruzzi, Fazzi, Passias, Rota, AT 151  + “punctures”
Apruzzi, Fazzi, Passias, Rota, AT ‘15; [Bah ’15; Bah, Passias, AT ’17}
Cremonesi, AT ’15; Bah, Passias, AT ‘171

+ susy-breaking twins

. 3 3 . . 6
e AdS4 in ITA (top.S®) — Hs, S ® AdS3in ITA: S6 — T
[Rota, AT’1s; Passias, Prins, AT ’18: g é ...................... . N = (0,8), (0,7) : Fy and G5 superalg,
Bah, Passias, Weck 18] (top .5 ) — KE4" Eg X Zg / [Dibitetto, Lo Monaco, Petri, Passias, AT ’18}

. .
.........................................

Almost all analytic.
1q q kg’

—2A 7.2 2 2 2
. e “dsy, = ———dx” — D d _
generalizes
[Guarino, Jafferis, Varela ’15} (anal.)
[dual to CS-matter theories] [Petrini, Zaffaroni ’09; Liist, Tsimpis ’09...} (num.)

formally similar to
[Gauntlett, Martelli, Sparks, Waldram 04} in 11d

® relations between different cases often suggest ‘correct’ coordinates

® we will now see that all these admit possible sources...



I1. Including sources

® Many AdS solutions have

near-horizon origin Dy dissolved, but

OS8 remains

4 [Youm ’99,
AdSG X top S Brandhuber, Oz ’99}

D3 dissolve; no source
after near-horizon

e —_— AdS5 ><S5




I1. Including sources

¢ Many AdS solutions have

near-horizon origin .
car-norizon orig D4 dissolved, but

OS8 remains

4 {Youm ,99)
AdS6 X top S Brandhuber, Oz ’99}

D3 dissolve; no source
after near-horizon

N Dy
. —_— AdS5 X S5

® Unclear if all AdS are near-horizon limits

NS5 stack
| o

ﬁ "
N

D38

® Intersecting brane solutions are rare anyway

Do

® Better strategy: start from analytic classes, explore boundary conditions for sources



® Sources create singularities where supergravity breaks down

0,...,p p+1,...,9

dsio = H~"?dst 4+ H'/?ds?

_ 3—p)/4
backreaction e® = g, HB~P)/

on flat space: : o
ds| =dr® +r°dsgs_,
harmonic function in ]R?L_p



® Sources create singularities where supergravity breaks down

0,...,p p+1,...,9

ds?y = H_l/stﬁ + HY2ds?

_ 3—p)/4
backreaction e® = g, HB~P)/

on flat space: , D g
ds| =dr® +r°dsgs_,
harmonic function in RY~?

® supergravity artifacts: they should be resolved in appropriate duality frame

D-branes O-planes [Op_: tension=charge=—2P~°]
- H p<7:H:1—(T;—0)7_p
- /7o r
7o T unphysical
‘hole’!
=8:H=a-+ a=0:
H p:8:H:CL—|Z/Zo| \Hp/ a |Z/ZO| H e? 5 o




® Example: AdS7 in ITA. All solutions:

/0

a = Fj

o>

1 a o o
ds? = 8,/ —=ds% g + 1/ —— ( d2?
o 5 hds T a(z+a2—2a@

interval

o piecewise cubic

ds

2
S2

)

[Apruzzi, Fazzi, Rosa, AT ’13
Apruzzi, Fazzi, Passias, Rota, AT ‘15;
Cremonesi, AT ’15; Bah, Passias, AT ‘17}

¢ _ ob/4_5/2q4 (‘Oé/d‘)g/4
e’ = 2°" /73t —— =
Va2 — 2ad

o
B=n (—z + FER 20@) vol g2

FQ = ( @ + _Tr U >V0152

16272 &2 — 2ad




® Example: AdS7 in ITA. All solutions:

/0

1 | « | o e
ds® = 84| ——dsigs, + 1/ —— [ dz* +
NG S ~dShgs, (z -

interval

a = Fj

o>

o piecewise cubic

2
20y dS%rz)

[Apruzzi, Fazzi, Rosa, AT ’13
Apruzzi, Fazzi, Passias, Rota, AT ‘15;
Cremonesi, AT ’15; Bah, Passias, AT ‘17}

¢ _ ob/4_5/2q4 (_04/54)3/4
e? = 27" 3 — =
Va2 — 2aié

o
B=n <—z + FER 20@) vol g2

mFyacy
5 - VOISQ
a¢ — 200

d
F =
? (1627r2 *

® Each BPS solution has a non-susy ‘evil twin’:

/s

042

» dS%vz

12 -
1 5 Q. Qv 5
\/gds _8\/ c')'zdSAdS7 " V « (dz i a2

a

)

[Passias, Rota, AT ’15; Malek, Samtleben, Vall Camell ‘181

some are unstable

[Danielsson, Dibitetto, Vargas '17; Apruzzi,
De Luca, Gnecchi, Lo Monaco, AT, in progress}




[Apruzzi, Fazzi, Rosa, AT ’13

® Example: AdS7 in ITA. All solutions: Apruzzi, Fazzi, Passias, Rota, AT ‘Is;
Cremonesi, AT ’15; Bah, Passias, AT ‘17}

1 Q o o - \3/4
ds* = 84| ——dsigs, + 1/ —— (dz2 + d322) ¢ 5/4,5/294 (—a/d)
V' a Vo a2 — 2ad e = 273N — -
V2 Va2 — 2aiiv
interval i
B=m —Z+ = — | volg2
a’ — 20k
o = F, C> a piecewise cubic ) o
o mFyac
Fy = lg2
2 (1627r2 TaC Qad) YOl
o Each BPS SOh.ltiOIl haS a non—susy ‘evil twin’; [Passias, Rota, AT ’15; Malek, Samtleben, Vall Camell ‘181
. 19 . , some are unstable
/| « /|« Q
ds® =X —Tdsidsw + 1/ — (dZ2 + 5 — dS?qz) [Danielsson, Dibitetto, Vargas '17; Apruzzi,
7"'\/g Q o a® —Roa De Luca, Gnecchi, Lo Monaco, AT, in progress}

e At endpoint, smoothness: S* should shrink, & finite = o —0,&—=0

D8s
e When Fpjumps > [)8 h
SmMoot
endpoint




® Example: AdS7 in ITA. All solutions:

interval

& =F, ©§>  «piecewise cubic

1 2 [ Q9 / Q 2 a” 2

[Apruzzi, Fazzi, Rosa, AT ’13
Apruzzi, Fazzi, Passias, Rota, AT ‘15;
Cremonesi, AT ’15; Bah, Passias, AT ‘17}

(/@)
Va2 — 2a6

BTF(—Z—I—, aa _,)volsz

a2 — 2y

o’ mFyacy
Py = 1
2 (1627r2 TRz 2ad) Ol

[0 — 25/47T5/234

® Each BPS solution has a non-susy ‘evil twin’:

dS —8'\/ __dSAdS7 _a (dz2 + d{2

042
— Xaa dS%z)

[Passias, Rota, AT ’15; Malek, Samtleben, Vall Camell ‘181

some are unstable

[Danielsson, Dibitetto, Vargas '17; Apruzzi,
De Luca, Gnecchi, Lo Monaco, AT, in progress}

e At endpoint, smoothness: S* should shrink, & finite

e When Fjy jumps > [)§

what happens with other boundary conditions?

> oa—0,a—0

D8s

smooth
endpoint




1 : .
ds> = 8, |- Lds2 o +1]-2 ( TR compare locally with
V2 a a a2 —2aa % 2 —1/2 72
dSlO =H dSH + Hl/zdSi



\1fd82 = 8/ —=dshus, + \/_é (dz2 - a22 “ dsgz) compare locally with
T 2 Q Q Q Qv dS%O _ H_l/zdsﬁ ‘|‘H1/2dsi

ox — (
transverse R3

52 ~ SR, 2 A+ 2da)

H

D6



\1fd82 = 8/ —=dshus, + \/_é (dz2 - a22 “ dsgz) compare locally with
T 2 Q Q Q Qv dS%O _ H_l/zdsﬁ ‘|‘H1/2dsi

ox — (
transverse R3

52 ~ SR, 2 A+ 2da)

H

D6

ocx — (

transverse R?

dsiy ~ 2_1/2dsfxds7 + 212(d2? + dszs)

06

H

g~
‘negative pole’ boundary
behavior of ‘hole’



Lo g [ 0o [Ca( Y compare locally with
2 q AT a a2 —2aa O ds2. — H-1/2042 4 [1/2742
S1ig = S| T S9

o v — O o (v — O O —> O [Bah, Passias, AT ‘171

b

transverse R> transverse R

ds? ~ z1/2dsid37 + 2 V2 (d2? + 22ds2,) ds?y ~ z‘l/z(dsids7 +ds2,) + 21/2dz2?
g O i e
8 zZ—

\ /

Y ~ P z

ocx — (

transverse R?

ds3y ~ 2_1/2d33&d87 + Y2 (d2? + ds?,)

06

H

_ e

‘negative pole’ boundary
behavior of ‘hole’




1 5 | o e 9 Q

o ) compare locally with
S

S2
dsto = H~'?dst + H'/?ds?

ox — (
transverse R3

ds? ~ zl/2dsids7 + 2 V2 (d2? + 22ds2,)

H

D6

o (v — O, & N O [Bah, Passias, AT ‘171

transverse R
ds3y ~ 2_1/2(dsids7 +ds2,) + 21/2dz2?

6¢—>OO

O8 " .

ocx — (

transverse R?

ds3y ~ 2_1/2d33&ds7 + Y2 (d2? + ds?,)

06

H

_ e

‘negative pole’ boundary
behavior of ‘hole’

® Not always so easy...

® Supergravity artifacts, but same local
behavior as solutions in flat space



< . [Cremonesi, AT ’151
® Holographic checks work with all sources rvros. Focsi ‘e
Exarnples D 8§ DS8s dual quiver theory {SU gauge groups}
N IO O ) 1
w | |
integral over susy, grav. & [Ohmori, Shimizu,
internal dimensions R-symmetry anomalies Tachikawa, Yonekura '14;

Cordova, Dumitrescu,

[Henningson, Skenderis 98} Intriligator ’15]

o = LE2(N3 — ANE? + 1043)



® Holographic checks work with all sources

Examples D3s D8s

integral over
internal dimensions
[Henningson, Skenderis "98}

2

dual quiver theory {SU gauge groups}

v
|

susy, grav. &

R-symmetry anomalies

o = LE2(N3 — ANE? + 1043)

[Cremonesi, AT ’151
[Apruzzi, Fazzi ‘17}

2 1

[Ohmori, Shimizu,
Tachikawa, Yonekura ’14;
Cordova, Dumitrescu,

Intriligator '15}

Eg—no

[Bah, Passias, AT 16}
[Apruzzi, Fazzi ‘17}




< . [Cremonesi, AT ’151
® Holographic checks work with all sources rvros. Focsi ‘e
Examples D 8§ DS8s dual quiver theory {SU gauge groups}
N 1 G- (e H( 2) 1
w | |
integral over susy, grav. & [Ohmori, Shimizu,
internal dimensions R-symmetry anomalies Tachikawa, Yonekura '14;

Cordova, Dumitrescu,

[Henningson, Skenderis 98} Intriligator ’15]

o = LE2(N3 — ANE? + 1043)

OO0 - O

a — 16 i]\]’57’1/2 [Bah, Passias, AT ’16]
7 10 0 A : .
pruzzi, Fazzi ‘17}

® HOlOgraphiC CheCk Of S_fOldSI sort of alternative to sources.

I was skeptical, but:

AdS4 solution: [Inverso, Trigiante, Samtleben 16} CFT3 dual: 1[Assel AT 181

free energy = CS=n
SQ X SQ — 1 1 @
(5 (v ) )

see also {Garozzo, Lo Monaco, Mekareeya 18}



e Sources can be introduced in most classes

® AdS7 in ITA:

S22 57

sources: D8, D6, O8, O6

o Ad85 in ITA: (tOp. SS) — Eg + “punctures”

sources: D8, D6, D4, O8, O6

® AdS4 in ITA

sources:
D8, Do, O8, O6
O8

(top.S®) — Hs, S°

(tOp. 52) — KE4, Eg X Zg/

e AdS3in ITA: S8 — [
N =(0,8), (0,7) : Fy and G5 superalg.

sources: O8




e Sources can be introduced in most classes

° AdS7 in ITA: S? 1 ¢ Ad85 in ITA: (tOp. SS) — Eg + “punctures”
sources: D8, D6, O8, O6 sources: D8, D6, D4, O8, O6
® AdS4 in ITA (top.S3) — Hs, 53 ® AdS3in ITA: SO — T
sources: N =(0,8), (0,7) : Fy and G5 superalg.
D8, D6,08,06  (top.S?) — KEy, 3, x 3/
08 sources: O8
. . - [D’Hoker, Gutperle,
® Other notable Classes ¢ Ads6 1n IIB (p7 q) ﬁVCbraneS Karch, Uhleman?l ’16...1

that admit sources: ® AdS5 in 11d: M5 {Gaiotto, Maldacena ’09...]

) AdS4 N — 4 1n IIA N859 D5 [...Assel, Bachas, Estes, Gomis ’11,’12}

. [Couzens, Lawrie, Martelli, Schifer-Nameki ’17;
® AdSS in F-theor y Haghighat, Murthy, Vandoren, Vafa '15}



e Sources can be introduced in most classes

® AdS7 in ITA: S?2 T o Ad85 in ITA: (tOp. SS) — Eg + “punctures”
sources: D8, D6, O8, O6 sources: D8, D6, D4, O8, O6
® AdS4 in ITA (top.S3) — Hs, 53 ® AdS3in ITA: SO — T
sources: N =(0,8), (0,7) : Fy and G5 superalg.
D8, D6,08,06  (top.S?) — KEy, 3, x 3/
08 sources: O8

o Ads6 1n IIB (p7 q)—ﬁvebranes [D’Hoker, Gutperle,

® Other notable classes Karch, Uhlemann '16...]

that admit sources: ® AdS5 in 11d: M5 {Gaiotto, Maldacena ’09...]

) AdS4 N — 4 1n IIA N859 D5 [...Assel, Bachas, Estes, Gomis ’11,’12}

. [Couzens, Lawrie, Martelli, Schifer-Nameki ’17;
® AdSS in F-theor y Haghighat, Murthy, Vandoren, Vafa '15}

® Let’s see if we can use this progress as inspiration for de Sitter...



dS

05, e
O Simplest model  Cordova, De Luca, AT 18] o
ZLio .
ds? = eQW(Z)als?1S4 + e 2W(2) (d2? + eQA(Z)dS?%)
compact hyperbolic °
O8_

Minkowski: [Dabholkar, Park ’96, Witten ’97,
Aharony, Komargodski, Patir ‘07}

see also {Silverstein, Strings 2013 talk}



dS

o Simple St mo del [Co6rdova, De Luca, AT ’18}1

ds? = eQW(Z)dSC2154 + e 2W(2) (d2? + eQA(Z)dS%%)

Boundary condition at O8+

6W_¢f{‘z—>0+ = —1

compact hyperbolic

same effect as
O.8+ O8_ + 16D8
2o .
{3
O8_

Minkowski: [Dabholkar, Park ’96, Witten ’97,
Aharony, Komargodski, Patir ‘07}

see also {Silverstein, Strings 2013 talk}



dS

same effect as
084 O8_ + 16D8
o Simplest mOdel [Co6rdova, De Luca, AT ’18}1 g
2 2W 2 oW 2 2\ 2 Z: &
ds“ =e (z)dsd84 +e2WE)(d2? + e (z)dsM5)
compact hyperbolic -
. O8&_
Boundary condition at O8+
Minkowski: [Dabholkar, Park ’96, Witten ’97,
€W_¢fi/‘z_>0+ — 1 £ = {W, %qb, %)\} Aharony, Komargodski, Patir ‘07}

see also {Silverstein, Strings 2013 talk}

merical lution: :
Numerical evolutio efi ~ |z — zp| /4 same as O8_ in flat space
we€ manage to r each [even the coefficients work}

10} w

0 5 10 15

08 O8_



dS

o Simple St mo del [Co6rdova, De Luca, AT ’18}1

ds? = eQW(Z)dSC2154 + e 2W(2) (d2? + eQA(Z)dS%%)
compact hyperbolic

Boundary condition at O8+

eV, o = —1 fi =AW, 6, 37}

Numerical evolution:

same effect as
O.8+ O8_ + 16D8
2o .
o
O8_

Minkowski: [Dabholkar, Park ’96, Witten ’97,
Aharony, Komargodski, Patir ‘07}

see also {Silverstein, Strings 2013 talk}

efi ~ |z — 2|71/ same as O8_ in flat space
we€ manage to r each [even the coefficients work}
)
30t N
° inevitably, O8_ has
20} strongly coupled region

Lol v /

08 O8_



® Rescaling symmetry: GMN = €GN, = ¢ — ¢

301 150+
20F 100f

10+ 50
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0 > 10 15 70 20 30 40 50 %

it makes strong-coupling region small, but it doesn’t make it disappear.
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30r 150
20F 100

10} 50+
' ' z ‘ ‘ ‘ ‘ —

0 > 10 15 10 20 30 40 50 %

it makes strong-coupling region small, but it doesn’t make it disappear.

® In the O8_ region stringy corrections become dominant L.>e PRt > e R
A

. . . 4
supergravity action is least important term,; R
ideally in this region we’d switch to another duality frame.

In other words: full string theory will fix c

it has been ~ argued that supergravity contributes to this (Cribiori, Junghans '19]



® Rescaling symmetry: GMN = €GN, = ¢ — ¢

30 150
20F 100

10} 50k
' ' z ‘ ‘ ‘ ‘

0 > 10 15 70 20 30 40 50 %

it makes strong-coupling region small, but it doesn’t make it disappear.

® In the O8_ region stringy corrections become dominant L.>e PRt > e R
A

. . . 4
supergravity action is least important term,; R
ideally in this region we’d switch to another duality frame.

In other words: full string theory will fix c

it has been ~ argued that supergravity contributes to this (Cribiori, Junghans '19]

® Hope that this solution is sensible comes from similarity with flat-space O8_
(which we know to exist in string theory)



e We also tried: O8,.—0O6_

2 _ _2W 7.2 —2W (7,2 | 2X3 ]2 2Xg 72
ds® = e ds5g, +e (dz* + e**3dsy,, +e“"2ds%,)

surrounds the O6

[Cérdova, De Luca, AT, work in progressl

H = hidz N\ voly+ hovols

F> = favols
F4 = f41V013/\dZ—|- f42VOl4
Fo #+ 0



® We alSO tried: O 8 -+ _O 6 — [Cérdova, De Luca, AT, work in progressl

H = hidz N\ voly+ hovols
2 _ 2W .2 —2W (7,2 | ,2X3 o2 25 72
ds® = e dsgg, +e " (dz* + e 2dsy,, + e*2dsts)

F2 = f2V012
F4 = f41V013 ANdz + f42VOl4
surrounds the O6 Fo + 0
e we already know one such solution for A < 0:
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® Recall: for AdS solution we can analytically ‘inside the hole’

ds =12,/— dSAdS —I—N/—— (dz + = dSSQ)

® Similar request for dS solution introduces many fine-tunings. Numerics unclear {so far}

® A perhaps more physical procedure: probe analysis perhaps following
[Sen ’96, ... Saracco, AT, Torroba ’13}



Conclusions

® A lot of progress in AdS solutions

®often localized O-plane sources are possible
®holography works even in their presence

® sometimes non-supersymmetric

e Time to look for de Sitter

® Using numerics, we find dS solutions with O8-planes
in relatively simple setup

® Also O8-O6 solutions

® There are regions where supergravity breaks down.

Inevitable! If you want solutions with O-planes.
We better learn how to deal with them.
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To me this confirms understanding supergravity EoMs
in strongly coupled region is not a meaningful enterprise.
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W —¢ 52 08, O8_

e Near sources, EoMs: e _¢82 fi~Fo0+... fi=1{W, 10,1}

o O8,: (95(/\) =0 = eVl o = —1 °l
® Near O8_, supergravity breaks down; %0

we shouldn’t take its EoMs seriously. Let’s do it anyway

e Not too clear: eV =% ~ |z — 29|, fi ~log|z — 20| 82 log |z — zo|: discontinuity of div. function?

e even worse if we write it as 02 f; ~ e®" W5+ ... ~ 0t

e if we extrapolate from O8 with a # 0: 02 (\/ ) =0 © ew_(bf{‘z_mg =1

this works v/
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