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Talk Structure
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# Neutrino Masses
# Large Volume Models
# Integrating out Heavy States

# Neutrino Masses in Large Volume Models
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Neutrino M asses

® Neutrino masses exist:
0.05eV < mi <0.3eV.

# |n the seesaw mechanism, this corresponds to a
Majorana mass scale for right-handed neutrinos

M, ~ 3 x101GeV.

# Equivalently, this is the suppression scale A of the
dimension five MSSM operator

1
Om, = FHaH>LL

\— = m, = OleV<sm g x

3 x 10GeV
~ .
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The Seesaw M echanism
L L T
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Neutrino M asses

Neutrino masses imply a scale A ~ 3 x 10'*GeV which is

9

9o
9o
9o

not t
not t
not t
not t

he Planck scale 1018GeV
he GUT scale 1019GeV
he intermediate scale 1011GeV

he TeV scale 10°GeV

Can string theory give a quantitative understanding of this
scale?

o
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L arge-Volume M odels
- o

n lIB flux compactifications, the appropriate 4-dimensional
supergravity theory is

K = —21n<V+3i/2>—ln(i/ﬂ/\ﬂ>—ln(3+5)a
Js
W = /Gg A Q4+ Z Azeits,

Including the leading stringy o’ corrections to the Kahler
potential gives dramatic changes in the structure of the
potential

—> a new minimum appears at exponentially large volume

\—V > 1 (Quevedo’s talk). J
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L arge Volume M odels

- . -

We take V = T,

32 = 101578, with 7, ~ 1010, 7, ~ 20.

u() :
Q, e
Uu) u(d)
%QR %
u()




Modull Stabilisation: Large-Volume

-

We take the overall volume to be V = 1049,

=

The mass scales present are:

¥

9

© o o o

Planck scale: Mp = 2.4 x 10'8GeV.

String scale: Mg = % ~ 1011 GeV.

Axion decay constant f, ~ Mg ~ 1011GeV.

KK scale Mg = 535 ~ 10°GeV.

Gravitino mass mg,, = &£ ~ 30TeV.,

Soft terms mgysy ~ I Mﬂ;?)//;m) ~ 1TeV.

What scale should we expect for neutrino masses?

o
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The Seesaw M echanism
L L T
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Heavy Statesin 4d Supergravity
-

fHow to describe a Kaluza-Klein or string state in 4d
supergravity?

Mg Mp
Mheavy = % — V1/2_|_a7
» WRONG:
K =od
Mp Mp
W = Mpeary®” = 5575720 = P2
V (T+T)
® RIGHT:
1 _
K = 55 @0
W = Mp®?
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States
B

he Lagrangian is
L = Kpg0,00"d + X (KiiDZ-WDjW - 3]W!2)

- Mp o5 -
— K@@@L@%JFWK O,

® For KK states,

Mp

1
K = 3(13(13 gIVGS MEKK — V2/3'

v/
# [or stringy states,

1 M
K = ——-® gives m; = —r

N Z z) N
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Yukawa Couplings

-

Consider a KK state as a right-handed neutrino

W = Mp®° + Yoy PHL
1 1 _ 1 -

(Kga, Kz ~ V~2/3 follows from locality)
The physical Yukawa is

K/2 Yomur
VEesKriKpn

= V_%YCDHL-

Your = ¢

LFor string states, You, = V1 You .

-
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|ntegrating out KK modes




|ntegrating out stringy modes
B L L N




Neutrino M asses
L L T
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|ntegrating out Heavy States

fIntegrating out string / KK states generates a dimension-ﬁveT
operator suppressed by

% pi/3
. ~1/12 ~1/12
(string) % X Mo XV Vo
V2/3 V1/3
~1/6 ~1/6
(KK) % X e XV Mo

# Integrating out heavy states of mass M does not
produce operators suppressed by M 1.

# The dimension-five suppression scale is independent of
the masses of the heavy states integrated out.
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Neutrino M asses
r

ully,

1/3
TS/

V2/3°

KHH ~ KLE ~

As 75 ~ agy(ms), we have

(v)? sin? 3 (aSM(mS))2/3

2/3 1/3
2Mp M3 /9
20TeV 8
e
~ 0.09eV | sin? 3 x
ms/2

This works remarkably well!
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Conclusions

=

In supergravity, integrating out heavy states of mass M
does not produce dimension-five operators suppressed

by M1,

For large-volume models, the dimension-five
suppression scale is independent of the masses of the
particles integrated out.

This suppression scale is

M M\ 13

For an intermediate string scale, this gives precisely the
scale 10'*GeV required for neutrino masses.

-
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Conclusions

Neutrino masses imply a scale A ~ 3 x 10'*GeV which is

<

K
<
K

not t
not t
not t
not t

he Planck scale 1018GeV
he GUT scale 1019GeV
he intermediate scale 1011GeV

he TeV scale 10°GeV

Can string theory give a quantitative understanding of this
scale?

o
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Conclusions

Neutrino masses imply a scale A ~ 3 x 10'*GeV which is

<

K
<
K

not t
not t
not t
not t

he Planck scale 1018GeV
he GUT scale 1019GeV
he intermediate scale 1011GeV

he TeV scale 10°GeV

Can string theory give a quantitative understanding of this
scale?

Yes - with an intermediate string scale m, ~ 10''GeV.
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