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Motivation

“ Typical type Il scenario
4+ Open string U(1) from visible gauge sector

4+ Extra U(1) from hidden gauge sector, compatible with experiment
as massless or very light hidden gauge symmetries

4+ Natural scenario: massless hidden U(1) with charged light matter

[non-trivial kinetic mixing xvh ] = [Mil|i~chargec:l scenario]

4+ Open-open U(1) mixing arises at one loop Holdom 56
el £, Cicoli, Goodoell #, Jaechel *, Rhioze 2, Redouds, Ringwatd ° '06-11
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Motivation

“ Typical type Il scenario
4+ Open string U(1) from visible gauge sector

4+ Extra U(1) from hidden gauge sector, compatible with experiment
as massless or very light hidden gauge symmetries

4+ Natural scenario: massless hidden U(1) with charged light matter

4+ Also natural to consider a massless hidden U(1) arising from the
closed string sector of the compactification
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Motivation

* Closed string U(1)’s in type I
4+ Arise from dimensional reduction of RR potential: C, = A1 A wp_1
4+ Mix with open string U(1)’s at tree level

4+ Do not have any light state charged under them

~
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Motivation

* Closed string U(1)’s in type I
4+ Arise from dimensional reduction of RR potential: C, = A1 A wp_1
4+ Mix with open string U(1)’s at tree level

4+ Do not have any light state charged under them

[ But then, w‘hvg bother? J
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Reason |: Millicharges

* U(1)» can mix with U(1)y and U(1)n at the same time

1 N 1
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1=v,h,b

4+ Removing the x’s by a change of basis induces a hypercharge on
matter charged under U(1)x
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Reason |: Millicharges

< U(1)b can mix with U(1)y and U(1)» at the same time
1 N 1
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1=v,h,b

4+ Removing the x’s by a change of basis induces a hypercharge on
matter charged under U(1)x

et _ XobXhb e TJree level
" T2 — X2, e Rel. position indep.
compared to
5one—100p o Xvh ® One-|00p
vh -

V1= e Rel. position dep.

A
C\%
=T

ULy

~

SM HS



Reason |: Millicharges

< U(1)b can mix with U(1)y and U(1)» at the same time
1 N 1
Laa D =7 D FOFOM 4 = (B FO" 4 3 FL PO )
1=v,h,b

4+ Removing the x’s by a change of basis induces a hypercharge on
matter charged under U(1)x

H XobXhb o Tree level

5o = v e

g VI3 — X, e Rel. position indep.
compared to

5one—100p o Xvh ® One-|00p

vh _ — 2 -
V= Xon e Rel. position dep.
( J j )
Both contributions

COUlCl ]DC comparable




Reason ll: Unification

 If U(1)y = U(1)y c SU(5) or Ggur, then mixing with U(1)» changes
the GUT relations
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Reason ll: Unification

 If U(1)y = U(1)y c SU(5) or Ggur, then mixing with U(1)» changes
the GUT relations

d gr"
measure - 'Og
TG, et
MSSM

é )

Gives further corrections
to U(1)., coupling constant
N l:~theor3 GUTs
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Computing Open-Closed U(1) mixing

D6, 7,




Mixing from DBI

“* Mixing between open and closed string U(1)’s can already
be seen at the level of the DBI action Joclene & Louis 04
Grimm & Lopes M1
Rerstan & Weigand ‘11
4+ Simple setup: separating two D-branes

Chmara, Tbdaes, 7. 7. U

Adjoint Higgsing

sU@ 5 )

U(1) = 5[U1)a = U(1)s]

L
2
mixing depends on the vev

of ¢ and some topological
Mg~ Ty ~ T conditions




Mixing from DBI
“* Type lIA with Higgsed D6-branes

4+ Closed string U(1)’s

Cs= A ANw;  w; € MY

4+ D6-brane moduli

¢, = (I)ZLCj Cj = Hl(ﬂ-) T, X;

¥, = 6] + No|

4+ Open-closed mixing

Jita—b) = —4—13((1)‘2, — @y) / Cj N\ wi



Mixing from DBI
“* Type lIA with Higgsed D6-branes

4+ Open-closed mixing

fita—v) = =75 (2a — ) / Cj N\ wi

Vanishes whenever Mg~ Ty ~ T
) = &) — SU(2)

or
the 2-cycles p;

/Wi/\Cj:/wi:O =  of r are trivial in

P3 ambient space



Mixing from the Witten effect

“* DBI dim. reduction only sees D-brane moduli dependence,
but typically we aim for models without open string moduli

“* More powerful method — use of the Witten effect
Wetten ‘79

Magnetic monopoles

Gauge theory that breaks CP =~~~ .
have electric charge

Simplest case: 0 F' A\ F . 3 QF = -~



Mixing from the Witten effect

“* DBI dim. reduction only sees D-brane moduli dependence,
but typically we aim for models without open string moduli

“* More powerful method — use of the Witten effect
Wetten ‘79

Magnetic monopoles

Gauge theory that breaks CP =~~~ .
have electric charge

Simplest case: 6 F' A\ F . 3 QF = _%
‘ QE =nG — Imf nm
Multiple U(I)’s ___,,...% { ij _nIm 1Jny
[ =N

Sia D —/ Refpy F) A xF, + Imf,q F, A F,
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U(1)’s and Monopoles

“* Upon adjoint Higgsing SU(2) — U(1) we obtain the following

massive states \ \

4+ W-bosons (fund. open string)
"\f\'
4+ Magnetic monopoles
(Dp-brane on p-chain 2) \ \

-
‘_—
——
. — -

0Y. =m, — T



Monopoles and Mixing

“* In our type IIA example these monopoles are D4-branes

interpolating between the D6-branes pe, P4 pe,

4+ 4-chain X interpolates positions g

4+ Flux FP4 on X interpolates Wilson lines

* From dimensional reduction of the D4-brane M,
CS action one can obtain the monopole charges
under the closed string U(1), and then obtain the
open-closed mixing via the Witten effect

1 .
Jita—b) = 5 /z:(J — i FPY) A w;



Monopoles and Mixing
“* This method is general and does not rely on
4+ D6-branes having moduli
4+ U(1) coming from a Higgsed U(1) [homotopic 3-cycles]
“* It can be applied to any open string U(1)x

4 Massless condition

WX:ZnXaﬂa:aZ4 nXQEZ
a

4+ 2.is wrapped by the open string monopole

> (fiX:%/z]X(J—i]:D4)/\Wi}




Mixing and M-theory

“* The expression

matches previous results motivated by M-theory
Cimana, Tbdunez, 7. 7. U

“* We can establish the following dictionary:
U(1)’s Monopoles

M-theory w € H ' (My) As € H5(Mq)

1,1 H, (M
w € 7‘[+ (MG) = H4_(M6,7TD6) P ( 6)

Wx—ﬂ}k(:@zgl \ {24}

relative homology group

type lIA



Mixing and Linear Equivalence

“* The vanishing kinetic mixing condition

1
[Refi(a—b) = 5/2 JNw; = Oj

00Xy =T, — T
Is similar to asking that the 3-cycles 12 and my

are linearly equivalent

“* Linear equivalence: criterion to compare p-cycles in the
same homology class [harmonic forms on (p+1)-chains vanish]

+ Typically used for divisors but can be applied to more general
cycles wrapped by BPS D-branes Lisehin "GO

4+ Allows to write the kinetic mixing as

1
Refi(a_b) — §/M J/\CU@/\’WQ de = 53(7’(’?)-53(7’(’3)



Recap of type IIA

“* Open-closed U(1) mixing is a holomorphic quantity of the
4d effective theory that can be computed via a chain integral

— -

0Yy = T, — T

“* The physical meaning of this chain is the internal
worldvolume of the open string U(1) monopole

“* The mathematical meaning is the measurement of linear
equivalence between submanifolds, or generalised version
that include D-brane Wilson lines



Recap of type IIA

“* Open-closed U(1) mixing is a holomorphic quantity of the
4d effective theory that can be computed via a chain integral

—

0Yy = T, — T

“* Another holomorphic quantity computed via a chain integral
Is the D6-brane superpotential " 06

Wpe ~/ (J —iF)?
Mg

both quantities related in N=2 (unorientifolded CY geometry)



Mixing in type IIB and F-theory GUTs




Mixing in type lIB -
% Type IIB with Higgsed D7-branes

4+ Closed string U(1)’s

D =05,

Cy = A ARey; v € HY!

4+ Two D7-branes in the same homology class of a CY are always
linearly equivalent to each other [no harmonic 5-form]

4+ However, magnetised D7-branes carry charge of D5-brane,
for which linear equivalence is non-trivial

4+ Open-closed mixing from DBI analysis with moduli
Jockers & Lowucs 04
)

fita—b) = —Z(a‘é —CLJ)/AJ‘ N Vi — Z@T — CI’Z”’)/ vx,. Vi N By
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Mixing in type lIB -
% Type IIB with Higgsed D7-branes

4+ Closed string U(1)’s

D =05,

Cy = A ARey; v € HY!

4+ Two D7-branes in the same homology class of a CY are always
linearly equivalent to each other [no harmonic 5-form]

4+ However, magnetised D7-branes carry charge of D5-brane,
for which linear equivalence is non-trivial

4+ Open-closed mixing from Witten effect [D5-brane monopole]

i .
fita—b) = —§/F%' N F



Mixing in type |IB

* General case ,

4+ Fluxes contribute to the Stiickelberg mass.
Massless open string U(1) for a linear combination
such that all induced D-brane charges also vanish

4+ Appropriate framework: generalised homology
Monopoles are described by D-brane networks on

generalised chains Euwslin and Martucec ~ O7

4+ Mixing can still be extracted from the Witten effect
on these open string magnetic monopoles

T
fz’X — _§](G,S)X('7i)7



Hypercharge mixing in F-theory GUTs

“* Consider F-theory SU(5) with hypercharge breaking

+ Flux Fy | trivial in H2(S) Buiean et al. " 06
ux Fy is non-trivial in uecan |
but trivial in ambient space @“”“9‘;& w‘“% Z?

A
U
b

qU(5)




Hypercharge mixing in F-theory GUTs

“* Consider F-theory SU(5) with hypercharge breaking

. _ R Buccan et al. ~ 06
Ut trvia in amblont space. D" kil 05
P Beasley et al, 'OF
4+ Monopole is subtle: genuine D-brane
network in a generalised chain @
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“* Consider F-theory SU(5) with hypercharge breaking
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Hypercharge mixing in F-theory GUTs

“* Consider F-theory SU(5) with hypercharge breaking

+ Flux Fy | trivial in H2(S) Buiean et al. " 06
ux Fy is non-trivial in uecan |
but trivial in ambient space @“”“9‘;& w‘“ff‘f; Z;

4+ Monopole is subtle: genuine D-brane
network in a generalised chain




Conclusions

“* Open-closed U(1) kinetic mixing is phenomenologically
relevant as a source of millicharged particles and inducing
corrections to gauge coupling unification

“* In general it can be computed via a chain integral.
Physical meaning: U(1) magnetic monopoles and Witten effect

“* Mathematical meaning: linear equivalence of submanifolds
and generalised version for D-branes (generalised geometry)

“* Particularly interesting case: F-theory GUT hypercharge
mixing with bulk U(1)’s. Monopole is subtle and so is the
expression for the mixing
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