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It is useful to understand string theory backgrounds as classical solutions of
an underlying string field theory (saddle points of the space-time path integral
—> non perturbative contributions)

D-branes arise as classical solutions of open string field theory (fixed closed
string background)

A change in the closed string background can be described through a
classical solution in closed string field theory.

D-branes in a changing closed string background should be described within
open-closed string field theory.
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« Open-closed string field theory is “complicated” both technically and
conceptually.

* Therefore, before embarking in this endeavour, last year we systematically
explored the possibility of using Witten-type (super) OSFT’s with the addition of
gauge Iinvariant operators associated to physical closed strings.
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explored the possibility of using Witten-type (super) OSFT’s with the addition of
gauge Iinvariant operators associated to physical closed strings.
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« We showed that this approach can describe the fate of D-branes after a
(continuous) change of the closed string background.
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Motivations

e This shift is encoded in disk amplitudes involving off-shell open strings and on-

shell (deforming) closed strings. In principle all open-closed amplitudes are
reproduced even at loop level, with the moduli space completely covered by

the Schwinger parameters of the open string propagators. (Zwiebach '91-°92)
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Motivations

 Thanks to the open string propagators, these amplitudes are well-defined
towards open string degeneration, even at zero momentum.
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Motivations

 Thanks to the open string propagators, these amplitudes are well-defined

towards open string degeneration, even at zero momentum.

) /{242(
\ /ot
/ > t . o
X ?< . {NVWW "l:\,.
p——S, U ’ \ PN
< X : oy
b b (1 dt
== = | —pyrto
Ly Ly+e e—0 Jo 1 e—0

 This is enough to give well-defined amplitudes for generic external closed

string momenta.
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 Thanks to the open string propagators, these amplitudes are well-defined
towards open string degeneration, even at zero momentum.
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 This is enough to give well-defined amplitudes for generic external closed
string momenta.

* This can be useful, for example, to study D-instanton contributions to closed
string amplitudes, instead of the full-fledged open-closed SFT.




Motivations

 However when closed strings are very soft (or zero momentum) the regions of
closed string degenerations can produce un-tamed IR divergences
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e Simplest example is the disk bulk two-point function
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 Closed string deformations: very soft closed strings. Need closed string
propagators! —> OPEN-CLOSED SFT

e So our aim will be to understand D-branes deformations from closed strings
in the framework of a “classical” truncation of (bosonic) Open-Closed SFT
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* |n this framework the D-branes are in probe approximation and don’t back-
react on the closed string background. (interesting to relax this in the future!)

 (Almost) equivalent question in CFT. how a boundary state changes if |
change the bulk CFT? (Fredenhagen-Gaberdiel 0609034, 2D “bulk-boundary” RG-flows)
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Plan of the talk

Review of basic aspects of bosonic open-closed string field theory

Background shifts (closed + open) and the associated cosmological constant

Perturbative background shifts (accessible to explicit computations)

Example: D-brane deformations on a Narain compactification

Conclusion and outlook
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Bosonic open-closed SFT (Zwiebach '97)

Pick a starting closed string background (CFTO,gfo)) including coupling
constant. Then pick a consistent set of boundary conditions BCFT,

Level-matched closed string vector space, graded (degree=ghost-2), endowed
with a symplectic form

He: by |®) = Lg|®) =0, we(®1, 2) = (1)U (@1, c5 @2 )

Open string vector space, graded (degree=ghost-1), endowed with a
symplectic form

wo(W1, Ta) = (—1)U¥D) (W, Ty),

Quantum BV master action has a topological decomposition in genus +
boundaries

= ii Sg(®, 1) Sy5(®, )

9=0 b=0

Off-shell amplitude with integration
near degenerations removed
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Bosonic open-closed SFT

 The consistency of the construction is encoded in the quantum BV master

eqguation

 Geometrically
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Bosonic open-closed SFT

 The consistency of the construction is encoded in the quantum BV master

eqguation % X
(5,5)+2A8 =0 S(®,¥) = Z Z Sg,b(q)’ )
g=0 b=0
8 .0 1 8
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(7):("°)C+(7)0 < — A=A+ A, S5 -
()o = 35 55 A= Lo (—1yiwy O 0
° 27 © Opt OpJ

 Geometricall
y (Sgl,bl’ Sg2,62)0 S 291+g2,b1+b2

(Sg1,b15Sg2,b2)0 € Lgi+g9,b1+b2—1 5
AcSgp € Xgi1p,
AV, € Bypi1,
APS, p€Xgi1p-1, b>2

. Notice that §y o(®) and §, ;(0,'¥) satisfy classical master equations. They are
classical closed SFT and classical open SFT respectively.






 We can isolate the genus zero sector which obeys the master equation

(So, So)c + (So, So)o <+ ZA(()DSO =0. So = Zl?io SO,b



 We can isolate the genus zero sector which obeys the master equation

(So, So)c + (So, So)o <+ QA(()l)SO =0. So = Zgio SO,b

 Butitis not possible to also constrain the open strings to be classical (b=1)

b=0: (S0,0,50,0)c=0,
b=1: 2(50,0,501)c+ (50,1,50,1)0 =0,
b=2: (So1,501)c+2(S00,502)c + 2(S0.1,502)0 + 241851 =0.



 We can isolate the genus zero sector which obeys the master equation

(So, So)c + (So, So)o <+ QA(()l)SO =0. So = Zgio SO,b

 Butitis not possible to also constrain the open strings to be classical (b=1)

b=0: (S0,0,50,0)c=0,
b=1: 2(50,0,501)c+ (50,1,50,1)0 =0,
b=2: [(So1,S501)d+2(S00,502)c + 2(S0.1,502)0 + 248851 =0.




 We can isolate the genus zero sector which obeys the master equation

(So, So)c + (So, So)o <+ QA(()l)SO =0. So = Zgio SO,b

 Butitis not possible to also constrain the open strings to be classical (b=1)

b=0: (S0,0,50,0)c=0,
b=1: 2(50,0,501)c+ (50,1,50,1)0 =0,
b=2: [(So1,S501)d+2(S00,502)c + 2(S0.1,502)0 + 248851 =0.

. However one can consider Sy (@, ¥), where @, is a solution of Sy o(P). In

this case
W 0S50,0 9050,1 l 0
d=0_, ‘\ 6@’ 6P ) lo=a, ’

(50,0, 50.1)c




We can isolate the genus zero sector which obeys the master equation

(So, So)c + (So, So)o <+ QA(()l)SO =0. So = Zgio SO,b

But it is not possible to also constrain the open strings to be classical (b=1)

b=0: (S0,0,50,0)c=0,
b=1: 2(50,0,501)c+ (50,1,50,1)0 =0,
b=2: [(So1,S501)d+2(S00,502)c + 2(S0.1,502)0 + 248851 =0.

cl’

W 0S50,0 9050,1 l 0
d=0_, ‘\ 6@’ 6P ) lo=a, ’

Therefore we have a new solution of the open classical BV master equation

However one can consider Sy (®, V), where @, is a solution of S ((P). In

this case

(50,0, 50.1)c

S(I)cl (\Ij) = SO,]-(¢017 \II) (S@Cla S‘I)Cl)o =0.




We can isolate the genus zero sector which obeys the master equation

(So, So)c + (So, So)o <+ ZA(()DSO =0. So = Zl?io SO,b

But it is not possible to also constrain the open strings to be classical (b=1)

b=0: (S0,0,50,0)c=0,
b=1: 2(50,0,501)c+ (50,1,50,1)0 =0,
b=2: [(So1,S501)d+2(S00,502)c + 2(S0.1,502)0 + 248851 =0.

cl’

W 0S50,0 9050,1 ‘ 0
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Therefore we have a new solution of the open classical BV master equation

However one can consider Sy (®, V), where @, is a solution of S ((P). In

this case

(50,0, 50.1)c

S(I)cl (\Ij) = So,l((pcla \II) (Sq’cla S‘I)CI)O =0.

Zwiebach: This should describe open strings in a deformed closed string
background (always ignoring the D-brane back-reaction)
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 Assuming (graded) permutational symmetry for closed strings and cyclic symmetry for open strings,
the g=0 b=0,1 sectors of BV give rise to homotopy relations
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Sphere-Disk Homotopy Algebra (SDHA)

 Assuming (graded) permutational symmetry for closed strings and cyclic symmetry for open strings,
the g=0 b=0,1 sectors of BV give rise to homotopy relations
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Open string theory in deformed closed string background

e The new OSFT looks like

1 < 1 3
5o, (V) = c(i(l)s)k + Ac(Pet) — (0) Z l_wo (\Ijv ml(\I’@)l))

gs " 1=0 +1
Z((i?s)k B 1 0 (0[| Bo) Initial worldsheet partition function
2m2gs
A(Py) = — ! i ! W (CID [ (@Ak)) Non-dynamical constant
c\¥cl) — g(o) (k‘—|—1)' c cly Yk,0\ * ¢]
s k=0

mk,l(q)/\k' U, ®---®W¥;) Deformed open string products

. The m; obey weak- A relations (S(Dd(‘P) obeys classical master eq.)
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Open string vacuum shift

 The tadpole induces a vacuum shift, controlled by the open string eom
> (T =0.
=0

« After expanding the action around the vacuum shift solution ¥ = ¥, + y, extra
vacuum energy is generated
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« This quantity is (trivially) gauge invariant under open string gauge
transformations (OS on-shell action)

 This quantity is (non trivially) gauge invariant under closed string gauge
transtormations.

— 1
— k —
5D, = kZ:') o (P A) = 1) A = w, <5c1>d,13<0) - (A ¥ 16’?)) =0
. % Ik — Deformed BRST invariance
Iy = 2 _lk o(@H) + Z 2 T lk] (q’ﬁk’ Py ]> ll lOO O of the deformed boundary state!
k=0 k=0 j=1 | (See Jakub talk!)
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Background independence conjecture

The pair of solutions (®,,¥,) should represent a new open-closed
background (CFT* e B*)))

(CFTy,&s 1Bo)) —(@,w,) — (CFTx, g s [ B:))

This means that the constant part of the expanded action should match the disk
partition function of the new open-closed backgrounad

1 1
O|B.)) = —
2m2gy" 2m2g4”

(0[| Bo)) + A(Pcr; Py)

Notice that the coupling constant can generically change
* 0
g # g\

For @, = 0 we get the good old “Sen’s conjecture” of OSFT

1
272 g§°)

A(@a = 0,,) = (<011Bo) — (0B.))
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« We start with the L_, closed string equation of motion
i kl (P/\k
k=1

« Search for a perturbative solution generated by some V such that Q.V = 0.

oo
‘Pclfq’u:,uv-i'z,ukq’k

k=2
« For simplicity construct the solution in Siegel gauge b(;” =0
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Perturbative background shifts: closed string solution

We start with the L__ closed string equation of motion
f: kl (P/\k
k=1

Search for a perturbative solution generated by some V such that Q.V = 0.

&
D=y =pV +) u e

k=2
For simplicity construct the solution in Siegel gauge bar =0
b+
o, = —%LLPWQ(V V),

0

b 1 b 1
b, = OP+ lh |V, 0P+l V.V —=l3(V,V,V
= (3= LB ) - ghv.vin)

This is a solution provided
0= P, (V,V),

1 + 1
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Perturbative background shifts: closed string solution

We start with the L__ closed string equation of motion

oo

1
k=1

Search for a perturbative solution generated by some V such that Q.V = 0.

D=y =pV +) u e
k=2

For simplicity construct the solution in Siegel gauge bar =0
o Lb gt (V,V)
2 — T 371 2\V, ’
2L "
b e (1, (v b p 1
3 = L_+PO 2\ ﬁpo L(V,V) | — 613(V,‘/',V)

0

This is a solution provided

_ p+
0= P, lx(V,V), Sufficient conditions

1 bt _ 1 for exact bulk marginality
0=P; (512 (V, L%PJZQ(V, V)) - gls(Va v, V))
[ ] 0
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Cosmological constant, closed string part

e (Closed string part of the cosmological constant

1 by =
—g9Ac(p) = pwe(V,loo) + §u2 (wc (lo,o : L%PSle(V, V)) + we(V, ll,O(V))> + 01’
0

@o@
= +
"/
B X @L(V/ V) We (V, bio M)
2 @ 4 O (/{2)

oS
%
/A : En:r +
I

« Remember: this alone is not gauge invariant! As an amplitude it is missing the
region of open string degeneration.
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 We also need the open string solution. Tadpole-sourced equation of motion

o + M1 (¥) + me(U, W) +...=0
« Search the solution perturbatively in u (the initial D-brane tries to adapt)

T, =T, Zwm

* This gives the recursive equations
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Open string vacuum shift solution
We also need the open string solution. Tadpole-sourced equation of motion

Search the solution perturbatively in u (the initial D-brane tries to adapt)

T, =T, Zwm

This gives the recursive equations

Q\Ill — _ml,O(V) )
+
QYs = —% maoo(V,V) —map (Z Pyly(V, V))] —my,1(V,¥1) —mp2(¥1, V1)
0
Even if CI)M exists (exact bulk marginality) it is not guaranteed that ‘Pﬂ does! For

example it is highly non-obvious that m; ((V') is BRST trivial as an open string
state. ..

bia > l{ Strong condition
@o (go/r”@& v - on bulk-boundary OPE!

See 2103.04919 for examples
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Open string vacuum shift solution

 We can try to search the solution in Siegel gauge by, = 0

b+
Uy = —Pyd — = — 0
2 L() 0{ 9 [mg,o(v', V) ml,o (Lg_lz(‘/, V))] +

—m11(V,¥1) — mo2(¥q, ‘1’1)}

 Which is a solution provided

0= Poml,o(V) y
_|_

1 bt _
O = P(){ — 5 [m2,0(V, V) — ml,o (L%Pd*_lg(‘/, V))] +
0

—my1(V,¥1) — mpa(¥q, ‘1’1)} :

 EFT interpretation: the "massless” tadpole is zero . AKA: amplitudes between
deforming closed strings and a single massless open string are zero
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Cosmological constant, open string part

* The open string contribution to the cosmological constant is

‘W’m(\/)

* This is giving the missing part containing open string degeneration!
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Total cosmological constant

 Adding the closed and the open contribution we find

1 b

_g§0)A(N) = ,u,wC(V, lo,o) + 5/1 [wc (lo 05 L—PO ZQ(V V)) +wC(V, ll,o(V)) +
0

bo

+ wo (m1,o(V) L—Opoml O(V)) ] + (9(#3)’-

« At order u" we find an n-point bulk disk amplitude with correct treatment of IR
divergences

* Notice: the two-point amplitude

b+
A(V1, V2) = we (loo, L—Pflz(vl,‘@)) + we(V1,11,0(V2)) +
0

bo
tw, (ml,o(vo 2 Pom 0(V2))

correctly decouples BRST exact states (V, = Q(A) (up to boundary terms)
thanks to the non-trivial SDHA relation

[Qc, 11,0] + l2lo,0+lo,1m1,0 =0
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Explicit evaluation up to 2nd order

. We constructed SL(2,C) open-closed vertices for which [; = 0

[Qm ll,O] + l2l0,0+l0,1m1,0 =0 ll,O =0 — lglo,o + lO,lml,O =0

 We considered a “standard” closed string of the form

V(z,2) =ccV11(2,2)

. 1—+4/s
 Then we obtained y= 1+£
bo bt 1 1/)\02 1 T )
— Wo V), —P V) ) —we (loo, 2Pyl V,V):— / ds s°° / d “1(1-
w (m1,o( ) L 0m1,0( )) w (0,0 2o 2(V, V) 2\ ) S8 + L sy(s)« ] (1—s7)x

x (V1,1(4,4)V1,1(is,48) ) yyp

€. — 0
€& — 0

« Witten Theory: 4, = 17, the closed string channel disappears, together with
the regularization at closed string degeneration. Singular limit!
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Choose a reference boundary condition (for example Dirichlet, Neumann etc)
encoded in
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Construct the closed and open string solutions with
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The cosmological constant to second order is universally given by
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Example: deformation of a Narain compactification
To compare with the change in the g-function we have to relate the SFT
parameter € with the sigma-model one €,
E—E =FE+e, Vs D (¢) = €,;ccoX'0X’ + O(e?)

Compare the mass of the fluctuations of the closed SFT solution with the
weights of the primaries in the deformed sigma model (use computation by
Sen in 1902.00263). The upshot is

1
€c = €+ 569_1 e+ O(€%)

Then, for all possible boundary conditions we have verified that (up to cubic order)

1 1
@ UIBEN +460 = =5

(Ol B(E + €5(¢))))

Surprising change of the string coupling constant at second order!
(0 = o9 (1+ gytrleg ']+ O(E)

CONSISTENCY CHECK
This is independent of boundary conditions! &;=¢, Q"  QgQ' =g
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Thanks, comments and suggestions are welcome!!



