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M_otivation

Key challenge: Accelerated expanding
universes in String Theory?

Simplest explanation: positive cc,
e.g. Anti-D3-brane uplift

warped throat

D3

Figure: lllustration of Calabi-Yau
geometry admitting a warped throat
region.
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M_otivation

Key challenge: Accelerated expanding
universes in String Theory?

Simplest explanation: positive cc, warped throat
e.g. Anti-D3-brane uplift

Put p D3-branes at tip of KS throat e

KS throat: M units of Fs (K units of Hs) Figure: lllustration of Calabi-Yau

flux on A-cycle (B-cycle), Tip topologically geometry admitting a warped throat
S3W/ Rgs ~ \/gsM I region.
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Motivation (continued)

Uplifting contribution: Vi ~ exp (—N/gsM?)/V4/3, N = KM
|Vags| = Vg = N > g.M?
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Motivation (continued)

Uplifting contribution: Vi ~ exp (—N/gsM?)/V4/3, N = KM
|Vags| = Vg = N > g.M?

Problem: Need cancel flux contribution N to tadpole but negative Q3 bounded
by geometry = lower bound on g, M? key

Stability of D3's against KPV decay at leading order gives lower bound:
gsM? > 12
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Uplifting contribution: Vi ~ exp (—N/gsM?)/V4/3, N = KM
|Vags| = Vg = N > g.M?

Problem: Need cancel flux contribution N to tadpole but negative Q3 bounded
by geometry = lower bound on g, M? key

Stability of D3's against KPV decay at leading order gives lower bound:
gsM? > 12

Can quantum corrections be neglected in the KPV decay at small g, M??
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Motivation (continued)

Uplifting contribution: Vi ~ exp (—N/gsM?)/V4/3, N = KM
|Vags| = Vg = N > g.M?

Problem: Need cancel flux contribution N to tadpole but negative Q3 bounded
by geometry = lower bound on g, M? key

Stability of D3's against KPV decay at leading order gives lower bound:
gsM? > 12

Can quantum corrections be neglected in the KPV decay at small g, M??

No! Take as proxy curvature correction to D3 action:
a? / d*xR.pR?P ~ a'? / d*x1/Rés , Rss ~ \/gsM Is

Goal: Study the KPV process including quantum corrections
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mtline

KPV decay at tree level

Two perspectives to study the KPV setup
The NS5-brane picture

B The nonabelian brane stack picture

Limitations and Summary
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KPV decay at leading order ...,

Classical instability: brane-flux annihilation

L~ 008
L 005

L —om

Viev (¥)

L~ 0008

2
P

Figure: KPV potential.

Figure: The tip of the throat.

= Metastable minimum if p/M < 0.08, leading order in o’ analysis!
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Two perspectives to study the KPV decay

1. NS5-brane perspective

Single NS5 w/ p units of worldvolume flux
NS5-brane action controlled if Rs2 = /gsMsin Is = MEZ ls > Is
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Two perspectives to study the KPV decay

1. NS5-brane perspective

Single NS5 w/ p units of worldvolume flux
NS5-brane action controlled if Rs2 = /gsMsin Is = MEZ ls > Is

2. Nonabelian stack of D3-branes

Brane stack is nonabelian: Transverse displacement of branes described by
noncommutative scalars &' (live in adjoint rep of U(p) gauge group of stack)

Nonabelian brane stack dynamics described by Myers action, controlled if
distance of branes inside stack is substringy = Rs> ~ /gsM 2 I < \/gsp s
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Two perspectives to study the KPV decay

1. NS5-brane perspective

Single NS5 w/ p units of worldvolume flux
NS5-brane action controlled if Rs2 = /gsMsin Is = MEZ ls > Is

2. Nonabelian stack of D3-branes

Brane stack is nonabelian: Transverse displacement of branes described by
noncommutative scalars &' (live in adjoint rep of U(p) gauge group of stack)

Nonabelian brane stack dynamics described by Myers action, controlled if
distance of branes inside stack is substringy = Rs> ~ /gsM 2 I < \/gsp s

= at \/g.p < O(1): complementary regimes of validity, at ,/g.p = O(1):
overlapping regimes of validity
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The NSS_brane picture [Hebecker, SJS, Venken 22, SJS, Venken '22]

= Calculation of o/2 corrected NS5-brane potential + study where in (gsM, p/ M)
space minimum exists
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The NSS_brane piCture [Hebecker, SJS, Venken '22, SJS, Venken '22]

= Calculation of o/2 corrected NS5-brane potential + study where in (gsM, p/ M)

space minimum exists
Minimal bound on g, M?: g.M? > 144
(compare to g;M? > 12 from KPV!)
= need much more flux in throat for
consistent uplift
New way of uplifting w/o large warping by
tuning tree-level against o’ corrections?

1070°
107!
10710
al= 107?

10720

107%

V(¥min) <0

10735
20 10 60 80
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The NSS_brane picture [Hebecker, SJS, Venken 22, SJS, Venken '22]

= Calculation of o/2 corrected NS5-brane potential + study where in (gsM, p/ M)

space minimum exists
Minimal bound on g, M?: g.M? > 144
(compare to g;M? > 12 from KPV!)
= need much more flux in throat for
consistent uplift
New way of uplifting w/o large warping by
tuning tree-level against o’ corrections?
Find for V' (¥min) = 0: Rs2 ~ O(1) Is
=> very boundary of control

al= 107

10705

107!

10710

10720

o () <0

10-35
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The NSS_brane picture [Hebecker, SJS, Venken 22, SJS, Venken '22]

= Calculation of o/2 corrected NS5-brane potential + study where in (gsM, p/ M)
space minimum exists
Minimal bound on g, M?: g.M? > 144
(compare to g;M? > 12 from KPV!)
= need much more flux in throat for 10!
consistent uplift
New way of uplifting w/o large warping by
tuning tree-level against o’ corrections?

Find for V' (¥min) = 0: Rs2 ~ O(1) Is 107
=> very boundary of control 1ot o
min) <
New bound and new uplift work at s
boundary of control 20 10 o0 80
gsM

=-Advance into region not controlled from NS5 perspective by studying stack of
D3-branes (valid for Rs> < /gsp Is)
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The nonabelian brane stack picture
Nonabelian D3-brane stack dynamics in S-dual frame determined by e

S — T [ o Q) o (PIEw  EA(QT BT )

Ses = 7T3/STF (P|:C4+I'>\iq>iq>(56+ G NG +})

i

Q=0+ 210, 0" (Gy + g:Cy) Esb =G — Cop,  A=2md

Nonabelian features: Nonabelian pullback P, interior product i, symmetric
trace STr, ® noncommutative scalars
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The nonabelian brane stack picture

Nonabelian D3-brane stack dynamics in S-dual frame determined by e

S = T2 [ o 0] B (P EA(QT VBT )

Scs = 7T3/STF (P|:C4 -+ I'/\iq)iq)(BG + G A C4) + :|)
i\

S

Q=0+ 210, 0" (Gy + g:Cy) E.p = Gap — Cap A =271d

Nonabelian features: Nonabelian pullback P, interior product i, symmetric
trace STr, ® noncommutative scalars

Questions: Does stack expand? If yes, how large is $2?
= Only need stationary points of potential for ®

WISPs in String Cosmology 2024
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The leading order result ...,

8s

View =2 (P + gt ([, 27)(@, 7)) — B Fytr (@, <I>k]<1>’)>

Stationary point: ansatz [®', /] = A ®* and &' = —iAa'/2, o’
(p x p)-dim irr. rep of SU(2) = @' describe fuzzy sphere w/ A = —ig2f
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The leading order result ...,

8s

Vipy = L <p + 2tr ([0, ][0, @) — B2 Ftr ([0, <I>k]<1>’)>

Stationary point: ansatz [®', /] = A ®* and &' = —iAa'/2, o’
(p x p)-dim irr. rep of SU(2) = @' describe fuzzy sphere w/ A = —ig2f

Vipv(A = —ig2f) < Vipv(A = 0) = stack expands into S2

RZ, ~ Xtr((01)%) ~ Lz M 2
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The leading order result ...,

8s

Viey = L& <p + 23t ([0, T][®, 1)) — B Fygtr ([, @k]qﬂ))
Stationary point: ansatz [®', /] = A ®* and &' = —iAa'/2, o’

(p x p)-dim irr. rep of SU(2) = @' describe fuzzy sphere w/ A = —ig2f
Vipv(A = —ig2f) < Vipv(A = 0) = stack expands into S2

RZ, ~ Xtr((01)%) ~ Lz M 2

Condition for minimum: Rs: < Rss < p/M < 0.138 (compare to NS5:
p/M < 0.08)
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Nonabelian D3-brane stack at higher order ...,

Do same analysis including higher order corrections:

Higher commutator corrections ((p/M)? expansion), expand to next-to-leading
order

Higher derivative corrections at order o/* (1/(gsM)? expansion)

H . . WISPs in String Cosmology 2024
KPV at higher order in o
czuiws @ Simon Schreyer Bologna October 23

9/16



Nonabelian D3-brane stack at higher order ...,

Do same analysis including higher order corrections:

Higher commutator corrections ((p/M)? expansion), expand to next-to-leading
order

Higher derivative corrections at order o/* (1/(gsM)? expansion)

Goal: Calculate next-to-lo corrections to Vpy, A, Rs2 based on

S— _§/d4asn (,/det(cab)det(ag.) ( +a’25a/2)) + Ses.ae
— T3/STI'<P )

= Derive next-to leading order potential Vipynio

2
iXigpio Co A Cy — %(i(bi(p)ch ANCoACi+...
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mxt—to—leading order solution

Solving perturbatively for stationary points of Vipynio:

Ao = —igefy(L+0),v =1+ iz + -+,
2
6NA2%(_1+W+”'>+O(>‘4)
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mxt—to—leading order solution

Solving perturbatively for stationary points of Vipynio:

Ao = —igefy(1+8),y = 14 iz + -+,
2
6NA2%(_1+W+”'>+O(>‘4)

Vikpvnio (A = Anio) < Vkpynio(A = 0) = stack expands

Rs2 = RSQ,Ieading (1*/\2/\%2'5‘7(&%4)2 + - )
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mxt—to—leading order solution

Solving perturbatively for stationary points of Vipynio:

Ao = —igefy(1+8),y = 14 iz + -+,
2
6NA2%(_1+W+”')+O(>‘4)

Vikpvnio (A = Anio) < Vkpynio(A = 0) = stack expands
Rs> = Rs2 Jeading (1*/\2/\%+W +- )

Where do we find minima? Where do we trust solution?
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anditions for Control and Minima

1. Control over o’ expansion: (gsM)? > ¢ = 4.91 (ory — 1 < 1)

2

. R
AT R
2. Control over commutator expansion: =< = f, < 1
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anditions for Control and Minima

1. Control over o’ expansion: (gsM)? > ¢ = 4.91 (ory — 1 < 1)

2

2. Control over commutator expansmn R =<1
3. Control over perturbative solution of Ape: 6 < 1

4. Necessary condition for minimum: 52 <1
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anditions for Control and Minima

1. Control over o’ expansion: (gsM)? > ¢ = 4.91 (ory — 1 < 1)

2

2. Control over commutator expansmn R =<1
3. Control over perturbative solution of Ape: 6 < 1

4. Necessary condition for minimum: 52 <1

Where in (g;M, p/ M) space how well satisfied?
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Pheno Implications I

1071
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1072
=
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Pheno Implications I

10—0.5

1071

10—1.5

alz 107
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Pheno Implications II

Can access new region in (gsM, p/ M) space  Taple: Minimal values of g-M?>.

Compare (gsM?)min in Table w/ NS5 for Cm H (&M?) iy (&M

p=1: (gsM?)minnss = 144 0.1 302 3.23
0.2 | 165p 3.559
L 106p 3.714
0.5 || 83p 4.369
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Pheno Implications II

- Can access new region in (g:M, p/ M) space 1w

107!

« Compare (gsM?)min in Table w/ NS5 for 1015
p = 1: (gsM?)minnss = 144 N

1070
* Vkpvnlo (A = Anio) > 0VgsM > 2.25
= No new way of uplifting for large g;M

107%

10735
20 10 60 80

gsM
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Enitations

Do not control small gsM, o’ expansion breaks down

Not all relevant a/2 corrections on branes known, but crucial for value ¢ in
v =1+c/(gMP?+---
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Enitations

Do not control small gsM, o’ expansion breaks down

Not all relevant a/2 corrections on branes known, but crucial for value ¢ in
y=14c/(gsM)*+---

Worked in flat space approx. (Rss > Rs2) = cannot see KPV decay
explicitly + additional corrections

Do not control large p/ M from D3 perspective = need sum up all
commutator corrections
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STmmary

KPV setup can (and should!) be studied from 2 perspectives:

1. NS5-brane: when Rs2 >> Is(< large gsM, p/ M), and to explicitly see decay

2. D3-brane stack: when Rg> < /gsp Is(<> large gs M, small p/ M), includes
phenomenologically interesting regime of string size S (smallish gs M?)
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STmmary

KPV setup can (and should!) be studied from 2 perspectives:

1. NS5-brane: when Rs2 >> Is(< large gsM, p/ M), and to explicitly see decay
2. D3-brane stack: when Rg> < /gsp Is(<> large gs M, small p/ M), includes
phenomenologically interesting regime of string size S (smallish gs M?)

(gsM?)min = O(100) from both perspectives (tree level: g.M? > 12)
=> requires much larger flux contribution to D3 tadpole than assumed from
tree level

New way of uplifting proposed in pesecee: sis venien 221 can (if at all) work for small
gsM where o expansion breaks down
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STmmary

KPV setup can (and should!) be studied from 2 perspectives:

1. NS5-brane: when Rs2 >> Is(< large gsM, p/ M), and to explicitly see decay

2. D3-brane stack: when Rg> < /gsp Is(<> large gs M, small p/ M), includes
phenomenologically interesting regime of string size S (smallish gs M?)

(gsM?)min = O(100) from both perspectives (tree level: g.M? > 12)
=> requires much larger flux contribution to D3 tadpole than assumed from
tree level

New way of uplifting proposed in pesecee: sis venien 221 can (if at all) work for small
gsM where o expansion breaks down

Future: Extend stack analysis to KPV background, sum up all order
commutators to access regime of larger p/ M
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Thank you!
Any questions?
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mgher order scalar potential
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