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Perturbative control in string compactifications

In string compactification, features of 4-dimensional theory 1s explained in terms of
the size (Kahler moduli) and shape (complex structure moduli) of 6-dimensional
internal manifold.

Dynamics of the moduli can be explicitly studied in the framework of effective
supergravity, which is obtained by taking two limits,

1. Large (string frame) volume limit (V — o)
o = 0%/(2m)? < V32
2. Weak coupling limit : g; = 0 or equivalently, Im(7) - o (t = Cy + i e %)

: asymptotic limit in the field space of the Kdhler moduli and the axio-dilaton.



* However, the field values cannot be arbitrarily large as a tower of states descend
from UV :

1. As V — oo, KK modes become light, 4-dim EFT no linger holds.
2.AsV — o and g, — 0, string mass scale becomes low:
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3. In the strict asymptotic regime, the flux 1s not large enough to stabilize all the
complex structure moduli (tadpole conjecture) :
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 If we 1nsist on the models 1n which all the modul1 are stabilized, the strict
asymptotic regime 1s not appropriate, but still perturbative control must not be
spoiled.

: the value of the Kahler moduli and the axio-dilaton are still sizeable so deep
interior of the moduli space is not appropriate.

* Moreover, quantum corrections to the Kahler potential contain the mixing between

Kahler, complex structure moduli, as well as the dilaton.
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If the correction to the Kahler potential diverges along the large value of the
complex structure moduli, the perturbative control requires that the values of the
complex structure moduli cannot be arbitrarily large (cf. tadpole conjecture) but
restricted by the values of V and g, hence the KK/string mass scale.
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Analogy : Dilaton value constraints from perturbative control
The 4-loop correction to the world-sheet B-function generates 0(a’4)R4 term,
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Therefore, the correction to the Kéhler potential diverges in the limit g — 0 (Im(7) — )
: Perturbative control can be lost in the strict asymptotic regime.



Such a behavior may be a part of more generic term allowed by the SL(2, Z) symmetry of
the Kahler potential for the axio-dilaton.

: Ax10-dilaton shows a similar behavior to the complex structure modulus of torus

Periods of the holomorphic 1-form Q; = Z%(a — t ) are given by
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Then the Kahler potential can be written as
K, = —log [— ?f () /\ﬁl] = —log | —i|Z°)° (1 — T)]
T2

which 1s invariant under SL(2, Z) = Sp(2, Z) transformation,

- p o d c\ ([ 2° h
wtb ey o | ()2 () (20)

T — ,
ct +d

N y \(2‘2)(%5)(2‘2)(25)/




As SL(2, Z) = Sp(2, Z) functions, we may consider the Eisenstein series,

_ (770 — 70070 1))°
Br= Y (— i(Z°2'n) - 2TZ7))°
s |-nZO—|—-mZUT|2‘*
(n,m)#(0,0)

Z (Im'r)s
) In + mr|2s’

(n,m)#(0,0

the leading term of which in the limit g; = 0 (Im(t) — o) becomes
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Then the correction to the Kihler potential may be regarded as a part of
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Since Im(7) = e~® = el?®!, the condition above corresponds to the distance

conjecture-like bound :
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: Since the KK scale must be high enough to decouple from the 4-dimensilnal low
energy EFT, the value of @ cannot be too large.



Moreover, the perturbative control condition can be rewritten in terms of the string
mass scale as
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The case of the complex structure moduli

* The tree level the Kihler potential respects the Sp(2(h*! + 1)) symmetry
In terms of periods of holomorphic 3-form over 3-cycles (homology basis)
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Then similarly to the case of the dilaton, one may construct the Sp(2(h#*! + 1)) invariant
function
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Such that the sum of L% -1 = n;Zf +m! F; over the lattice is Sp(2(h%! + 1))
Invariant.
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Properties :

1. The exponents of the numerator (s) and the denominator (2s) are chosen such that it is
independent of Z°

—T .
2. In the presence of the complex structure modulus z such that |[II" - X - II|] — oo in the
limit |z| — oo, it diverges due to the n, £ 0, n,,m! = 0 part of the sum : Es~|z|°

Even if the explicit dependence of the correction to the Kahler potential on the complex
structure moduli 1s in general unknown, we may find some calculable examples in which the
correction to the Kahler potential contains the combination above.



* Example : Type IIB orientifold compactification with D3- and D7-branes

The string loop corrections at

0(gsa’™) O(gsa') (string frame)
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The dependence on the complex structure moduli can be explicitly calculable for the
complex structure modulus U of the T? factor :
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Except for the phase in the sum, it has the same structure as the Sp(2(h** + 1)) invariant
function E, (U, U).

The phase depends on the gauge fields which breaks the Sp(2(h%! + 1)) symmetry, but
suppressed in the large field limit :

aqg = A2 / UQ — the phase 2W'i(?'2,4(14 + ?'1,5(1,5) in the ny # 0,n5 = 0 part of the sum — () g5 U2 — 00



* Perturbative control : since

—2log Vg + 0K ~ —2log (VE — %51{)

ire that 0K < 1 e s
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Ignoring the potential. and if the kinetic term is given by @[9.2[*/(Im2)* the geodesic
distance of Im(z) ~ ¥ = & 10g(|Imz |) then the above bound becomes
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Moreover,
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Meanwhile,
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So far as the perturbative control V > 1 is automatically achieved,
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Summary

* The models like the KKLT or the large volume scenario require that all the moduli are
stabilized and perturbative control 1s achieved.

* Some corrections to the Kihler potential tend to diverge in the large field limit of the
dilaton and the complex structure moduli, spoiling the perturbative control in the strict
asymptotic regime.

* Such a behavior reflects the symmetry of the Kdhler potential, SL(2, Z) for the dilaton and
Sp(2(h*! + 1)) for the complex structure moduli.

* For the consistency with the perturbative control, the values of the dilaton and complex
structure moduli are bounded from above, and the bounds are determined by the volume of
the internal manifold or the string coupling constant, therefore the tower scales like the KK
and the string mass scale.

* From this, we obtain the distance conjecture like bound for the dilaton and the complex
structure moduli.
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