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Open string U(1) from visible gauge sector!
Extra U(1) from hidden gauge sector, compatible with experiment

as massless or very light hidden gauge symmetries
1 1

| : : . 1
Lag 1" 5 FPFOW 4 oy B FOW 4 ol AN AN

i=v,h

Logm,\/

Hidden Photino DM

-12

WDNHQ
_-DHFNHO DQG

_15IlIllIllIllIllIllIllIllIllIll
-18 -15 -12 -9 -6 -3 0 3 6 9

Log,,my[eV]




Motivation

I Typical type Il scenario!
Open string U(1) from visible gauge sector!

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

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

I Typical type Il scenario!
Open string U(1)from visible gauge sector!

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

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

[non-trivial kinetic mixing xvh ] = [I\/Iilli-Charged scenario]

Open-open U(1) mixing arises at one loop tROGRI
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Motivation

I Typical type Il scenario!
Open string U(1) from visible gauge sector!

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

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

Also natural to consider a massless hidden U(1) arising from the
closed string sector of the compactibcation
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Motivation
Closed string U(1)Osn type II!
Arise from dimensional reduction of RR potential:!C, = A1 Al ,_1
Mix with open string U(1)Osat tree levell

Do not have any light state charged under them




Motivation
| Closed string U(1)Osn type 11!
Arise from dimensional reduction of RR potential:!C, = A1 Al ,_1
Mix with open string U(1)Osat tree levell

Do not have any light state charged under them

¥
[But then, why bother? J
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Reason . Millicharges

I U(1)» can mix with U(1)y and U(1) at the same time!
Ly 1" o FOR@ ¢ L () p) ey () ()
ad - Z Z v é Xobd' Xhbl yy
i=v,h,b

Removing the xOs by a change of basisnduces a hypercharge on
matter charged under U(1)h !
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Reason . Millicharges

I U(1)» can mix with U(1)y and U(1) at the same time!
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i=v,h,b

Removing the xOs by a change of basisnduces a hypercharge on
matter charged under U(1)h !

compared to
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Reason |: Millicharges

I U(1)» can mix with U(1)y and U(1) at the same time!

" 1 7 ) v 1 v v U
Lag ! Z Z F'L(W)F()“ + é (vaFF(W)F(b)M + thF/,(Lg)F(b)'u )

i=v,h,b

Removing the xOs by a change of basisnduces a hypercharge on
matter charged under U(1)h !

compared to

5eﬁ' — ] X’Uthb
vh —
| 2 2
IV X! Xiw
| one—loop _ vh
" Uh - n
L 2
(R

.

Both contributions
could be comparable

J

¥ Tree |level!

¥ Rel. position indep.

¥ One-loop!
¥ Rel. position dep.



Reason II: Unibcation

L If U = U(L) c SU(5)or Geur, then mixing with U(1), changes
the GUT relations

GUT
gineasured — g1
[ V1 X, ]




Reason II: Unibcation

L If U = U(L) c SU(5)or Geur, then mixing with U(1), changes
the GUT relations

measured gg}UT

[ Could explain deviations )

from unibcation in SM




Reason II: Unibcation

L If U = U(L) c SU(5)or Geur, then mixing with U(1), changes

the GUT relations

GUT
gineasured — g1
[ V1 X, ]

i Gives further corrections
to U(1)y coupling constant

In Ftheory GU'Ts
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Computing Open-Closed U(1) mixing

D68.1 !a




Mixing from DBI

I Mixing between open and closed string U(1)Os can already

be seen at the level of the DBI action! -RFNHUV |
*ULPP /R S

' HUVWDQ I

Simple setup: separating two D-branes
&PDUD ,EixH]

Adjoint Higgsing
|
SU(2) - U(1)
U(1) = S0~ U

mixing depends on the vev
of I and some topological
ra~y T~ T conditions




Mixing from DBI

Type lIA with Higgsed D6-branes!

Closed string U(1)Os
Cs=Ay! !, L, TH o

D6-brane moduli!

Open-closed mixing

i ) . n
Fi(a—b) =—4|—3(<I>‘Z,,—<I>?,)/!M i



Mixing from DBI
Type lIA with Higgsed D6-branes!

Open-closed mixing
i . ' n
Fita—t) = =33 (Pa — q%)/ﬂb A

Vanishes whenever

1L =11 55U(Q)

or

the 2-cycles "
of # are trivial in
ambient space



Mixing from the Witten e"ect

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

I More powerful method ! use of the Witten e"ect
L WWH

Magnetic monopoles

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

Simplest case: § F'! F . 3 QF = -~



Mixing from the Witten e"ect

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

I More powerful method ! use of the Witten e"ect
L WWH

Magnetic monopoles

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

\ 0
Simplest case: 6 F'! F e OF = o
: QE = ng ! Imf nm
Multiple U(I)’s ___,,...% { ij _nIm 1Jny
[ =N

Sad D — Refpq Fp AN xFy +1Imf,, F, A F,
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U(1)Os and Monopoles

I Upon adjoint Higgsing SU(2) ! U(1)we obtain the following

massive states! \ \

W-bosons (fund. open string)!

"\f\'
Magnetic monopoles
(Dp-brane on p-chain #) \ \

-
‘_—
——
. — -

0Y. =m, — T



Monopoles and Mixing

' In our type IIA example these monopoles are D4-branes
interpolating between the D6-branes! pe, P4 pe,

o ot s 7
4-chain # interpolates positions!

Flux F°% on # interpolates Wilson lines!

I 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 e"ect

NIl

fica—p) = (J! iFPH" w
>



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

Massless condition!

TX = ZnXoﬂTa =0's nx1 €7
(8

#4 is wrapped by the open string monopole!

' (fix - %/!X(J—i]-“m)/\wi}




Mixing and M-theory

' The expression !

[fix - %/!X(J—i]-“m)/\wi}

matches previous results motivated by M-theory!
&PDUD ,EixH]

I We can establish the following dictionary:
U(1)Os Monopoles

M-theory w!H Y1(M>7) As € Hs(M37)

| TH 37 (M) T4 ! Hy (Mg, mpe) —7 s (M)

11 ="y, TS ()
relative homology group

type A



Mixing and Linear Equivalence

The vanishing kinetic mixing condition !

1
[Refi(a! b) 25/ J1 wi 20}
I 4

is similar to asking that the 3-cycles $a and $o
are linearly equivalent!

00Xy =T, — T

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 ! FLWEKL

Allows to write the kinetic mixing as

1 1
Refi(a—b) - 5//\/1 JATAT dwy = 53(775) _53(772’)
6



Recap of type IIA

Open-closed U(1) mixing is a holomorphic quantity of the
4d e"ective 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 e"ective theory that can be computed via a chain integral !

(fix . %/!X(J—z'fD“)Awij

I Another holomorphic quantity computed via a chain integral
Is the D6-brane superpotential ! O0DUW XE

—

0Yy = T, — T

Wpe ! (J" iF)?
M

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



Mixing in type IIB and F-theory GUTs




Mixing in type IIB -

I Type IIB with Higgsed D7-branes!

" Closed string U(1)Os
Ci= A\ ARevy; v € HY'

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

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

Open-closed mixing from DBI analysis with moduli
-RFEFNHUV
Z, _

fia—p) = Z( L) Aoy 4(<1>£1"! Op') xS
S S

7
-



Type |IB with Higgsed D7-branes!

Mixing in type IIB -

Closed string U(1)Os
Ci= A\ ARevy; v € HY'

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

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

Open-closed mixing from Witten e"ect [D5-brane monopole]

i 5
fi(a—b):_§/!i N F
I



Mixing In type |IB

' General case! \

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

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

generalised chains! (YVOLQ DQIG O

" Mixing can still be extracted from the Witten e"ect
on these open string magnetic monopoles

| .
fix = —51(s . (Yi),



Hypercharge mixing in F-theory GUTSs

I Consider F-theory SU(5) with hypercharge breaking
| - WXLFDQ HW DC
Flux Fy is non-trivial in H3(S) 'RQDJXL 'LQKNR:
but trivial in ambient space %HDVO |_| \ HW D

@ PY 5
o
B

5U(5)




Hypercharge mixing in F-theory GUTSs

I Consider F-theory SU(5) with hypercharge breaking
| - WXLFDQ HW DC
Flux Fy is non-trivial in H3(S) 'RQDJXL 'LQKNR:
but trivial in ambient space %HDVO |_| \ HW D

Monopole is subtle: genuine D-brane
network in a generalised chain @ P 2
O
B

y
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Hypercharge mixing in F-theory GUTSs

I Consider F-theory SU(5) with hypercharge breaking
| - WXLFDQ HW DC
Flux Fy is non-trivial in H3(S) 'RQDJXL 'LQKNR
but trivial in ambient space %HDVO |_| \ HW D

Monopole is subtle: genuine D-brane
network in a generalised chain @ P 2
O
B

/ qu(%)
/ dA, =F,! !(IL,)

D74+ Db,




Hypercharge mixing in F-theory GUTSs

I Consider F-theory SU(5) with hypercharge breaking
| - WXLFDQ HW DC
Flux Fy is non-trivial in H3(S) 'RQDJXL 'LQKNR:
but trivial in ambient space %HDVO |_| \ HW D

Monopole is subtle: genuine D-brane

network in a generalised chain @ ~ 2
O
| A

5u(%)




Conclusions

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

In general it can be computed via a chain integral.
Physical meaning: U(1) magnetic monopoles and Witten e"ect !

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)Os. Monopole is subtle and so is the
expression for the mixing
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