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1. Motivation

Semi-realistic string theory compactifications generically lead to
U(1) gauge symmetries beyond U(1),

a- Baryonic

[Cremades, Ibanez, Marchesano '02]
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broken by non-perturbative effects to discrete

subgroups (e.g. matter parity, baryon triality)
[Berasaluce et al. "11]

Only detectable at experiments if M ~ 1 TeV (WIMPS)

[Ghilencea et al. '02]

» Other U(1)’s however may remain massless or very light (WISPs)
and lead to light hidden U(1) gauge symmetries compatible with
experiment.



1. Motivation

Light hidden U(1) gauge symmetries are a window of opportunity
to hidden sector physics, even at large string scale
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[Jaeckel, Ringwald '10]



1. Motivation

e Hidden U(1)’s are also a possible mechanism for mediating SUSY

breaking in a flavor independent way:

1
LD §|d,0—|— eAy + qAg|?

[Langacker et al '07]
[Verlinde et al. '07]



1. Motivation

In type Il string theory compactifications there are two sources of
hidden U(1) gauge symmetries:

e D-branes located ‘far away’ from the MSSM D-brane sector
e Bulk U(1)’s arising from KK reduction of the Ramond-Ramond

closed string fields =) they are generic and have no massless
matter charged under them
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In type Il string theory compactifications there are two sources of
hidden U(1) gauge symmetries:

e D-branes located ‘far away’ from the MSSM D-brane sector

e Bulk U(1)’s arising from KK reduction of the Ramond-Ramond
closed string fields =) they are generic and have no massless
matter charged under them

It Is therefore natural to ask:

« Can RR U(1)’s mix with the hypercharge??
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e Can we obtain new phenomenological scenarios ??
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2. U(1)'s in type lIA compactifications
Type 1A string theory on a CY orientifold R x Mg/Q,(—1)*Z¢

o =—J, ol =Q

 Closed string spectrum:

Rt L a2 11 N =1 chiral multiplets
Scalar components parametrize compactification moduli space:
JCEBQ—I-?:J:ZT%UJ%, Q. _C’3—|—\zl\%e (CQ) = ZNqu

axions

hlt N = 1 vector multiplets

RR U(1) gauge bosons from the expansions: [Grimm, Louis '04]

= Y Re(Var + YA fi = —iK T
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2. U(1)’'s in type lIA compactifications

D6-brane N = 1 vector & chiral multiplets

D6-branes wrap special Lagrangian 3-cycles in the CY

J|7Ta — 0 Y Im(Q)|7Ta — O

MSSM located In this sector
N, D6-branes =) SU(N,) xU(1), fo=—iN, | Q.

Deformations preserving sLag parametrized by b, (7, ) adjoint chiral
multiplets:

[McLean '98]

%) = 0] + Mo}




2. U(1)’s in type lIA compactifications

Many D6-brane U(1)'s become massive:

Stuckelberg mechanism for D6-brane U(1)’s:
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2. U(1)’s in type lIA compactifications

Many D6-brane U(1)'s become massive:

Stuckelberg mechanism for D6-brane U(1)’s:

/ Cs N\ Fy = —cé/ CL N FY |_J}> Q' = ZcéNaQ“ massive
R1:3 X7, R1.3

a
b= [ 4
Ta

Geometric interpretation: We associate to each D6-brane U(1) an
element m, —o(m,) € Hy (Mg, R)

Q" =) nlQ" massless <:> T, = Y nhNe(ma —o(m,)) trivial



2. U(1)’s in type lIA compactifications

U2) = U(l), xU(1)y
U(l), —U(1), massless

U(l),+U(1), massive




3. Kinetic mixing
We have seen the following U(1) charge assigment:
H; (Mg, R) D6-brane U(1)'s
H (Mg, R) RR U(1)'s

Can D6-brane and RR U(1)’s mix kinematically ?7?

Sad,mix = — / Re(fia)Fir A *4Fs 4+ Im(fia) Fig A F5|
R1,3



3. Kinetic mixing
We have seen the following U(1) charge assigment:
H; (Mg,R) [  D6-brane U(1)'s
Hf(Mg,R) ) RRU@)S

Can D6-brane and RR U(1)’s mix kinematically ?7?

Samie = — / Re(fia) Fiop A *4FS + Tm(fia) Fiag, A FY]
R1,3

From the D6-brane CS action: fia = @g/ w; AT+

a

Ta T Well-defined for massless U(1)’s:
m
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4. Mass mixing
We have seen the following U(1) charge assigment:
H; (Mg,R) [  D6-brane U(1)'s
Hf(Mg,R) ) RRU@)S

H,.( Mg, 7Z) =71®..0L® Ly, ®...0 L,

VY

by Tor H,(Msg)
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Does H,(Mg,Z)/H,(Mg,R) play arole in U(1) physics??
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4. Mass mixing

Torsional cycles cannot be detected by 4d massless bulk fields:

1
/ Wy = —/ dw, =0
ﬂ-‘;or k Er—l—l

Spectrum of torsional objects constrained by Poincaré duality and UCT:
Tor H3 (Mg, Z) ~ Tor Hy(Me,Z)

Tor Hy(Mg,Z) ~ Tor Hy( Mg, Z)
. D2-brane wrapping w5 I:> 4d particle

D4-brane wrapping 75" |:> 4d string

_ _ . ]- 1 M <7/ r toriyd T/ _tort r_toriy p P
Z;;. holonomies: 9. 08 (Mol Im )| = Llme )y (757 ]) = 3 mod |

Non-BPS objects in 4d, but stable mod k ~— -ning number

Aharanov-Bohm strings and particles [Alford, Krauss, Wilczek '89]



4. Mass mixing

A-B strings and particles are the consequence of massive U(1)’s

higgsed down to a discrete Z,; gauge symmetry via a Stuckelberg

mechanism [Banks, Seiberg '10]

We can see this more explicitly, by adding the massive forms which
correspond to the generators of Tor H*(Mg) ~ Tor Hz(Msg) and

Tor H?(Mg) ~ Tor Hy(Ms)
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4. Mass mixing
A-B strings and particles are the consequence of massive U(1)’s

higgsed down to a discrete Z,; gauge symmetry via a Stuckelberg
mechanism [Banks, Seiberg "10]

We can see this more explicitly, by adding the massive forms which
correspond to the generators of Tor H*(Mg) ~ Tor Hz(Msg) and
Tor H?(Mg) ~ Tor Hy(Ms)

dwtor _ k ﬁator ’ dﬁtor,ﬁ _ _kﬁ ~tor,« E — L—l
Expanding’ ZRG tor_l_Aa /\wtor_'_

<

dC3 = [Re(dN”) + k7o A®] A oy + dA® Nl +.

Massive RR U(1) gauge symmetries



4. Mass mixing

Massless RR U(1)’s

H;r (Mg, R)
Hodge duality: Hy (Mg, R) ~ H; (Mg, R)
Intersection number

Electric charges: D2 (4d particles)
Magnetic charges: D4 (4d monopoles)

TT{1\ NAalinNno
\+/) 9
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(4 UUCJ 1nnnl

Massive RR U(1)’'s

Tor H, (Me,7Z)

UCT+Poinc.: Tor Hy (Mg, Z) ~ Tor Hy (Mg, 7Z)

Linking number
Electric charges: D2 (4d A-B particles)
Magnetic charges: D4 (4d A-B strings)

77 NALINNAD Q\/ fa
[L‘{k yauyc oylinlic

H (Mg, Z)



4. Mass mixing

Can D6-brane and RR U(1)’s mix through the Stuckelberg mechanism ??

We have seen that a D4-brane wrapping a torsional 3-cycle
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4. Mass mixing

Can D6-brane and RR U(1)’s mix through the Stuckelberg mechanism ??

We have seen that a D4-brane wrapping a torsional 3-cycle

torﬁ
E :Cb 3

develops a coupling,

S4dDZCb CiQIBE/torBC’5
Ty

Rl?’

Similarly, a D6-brane wrapping the same 3-cycle develops a
Stuckelberg coupling in its worldvolume,

—S‘cb / C’ﬂ/\F2

JR1:3

Therefore, massive RR U(1)’s couple to the same complex structure
axions than D6-branes do.



4. Mass mixing

Massive RR U(1)’s therefore may mix with D6-brane U(1)’s.

Each linear combination of D6-brane and torsional RR U(1) gauge
symmetries has an element of H; (Mg,Z) associated to it. Massless
combinations of U(1)’s are trivial elements in integer homology.

= n,Q+) 1.Q%z massless
Z Na2'na 7Ta] _I_ Z naka’y[ﬂ_;’or,'y] — 0

a

Elements which are also trivial in de Rham do not mix with RR U(1)’s




5. Some phenomenological implications

RR U(1)’s allow for new phenomenological scenarios:

« Two stacks of fractional D6-branes which differ by w5°"

Massless:

Ul)y ~2U(1), —2U(1)y + U(1)rr
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RR U(1)’s allow for new phenomenological scenarios:

« Two stacks of fractional D6-branes which differ by w5°"

Massless:

Ul)y ~2U(1), —2U(1)y + U(1)rr

41 /10 3
— 4/ —=(NO—T"!

Massless:
U(l)y, ~2U(1),, —2U(1)s, +U(1)rr

fY1Y2 7é 0
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RR U(1)'s may also play a role in the context of F-theory GUT’s:

[Beasley, H__eckman, Vafa '08]
Hypercharge flux breaking [Donagi, Wijnholt "08]

SU(5) — SU(3) x SU(2) x U(1)
e 2-cycle ,OYtriviaI In de Rham in order U(1), to remain massless

If pYis a torsional 2-cycle of the CY,

Mixing of the “hypercharge” with a U(1)gg

1 3 k2

a1 Sasy)  KRRORR

Could explain the known few percent discrepancy in /
MSSM gauge coupling unification.



6. Torsion and discrete gauge symmetries

One interesting aspect of our analysis is the relation

Discrete gauge symmetries

&> Tor H,(M,Z)

which is rather universal: in general one can relate a set of discrete
gauge symmetries with a torsion group by considering the
corresponding A-B strings and particles.

For instance, for type IIA orientifolds:

U(1)etee. | group || charged particles cycle axions | group
9"y Tor H}r P Tor Hfr 9ij Tor Hj%
B™, | Tor H: F1 Tor H; | By | Tor H?
c,m Tor Hi D2 Tor H2+ Cijk Tor Hi

C, ™" | Tor HX D4 Tor H, || Cijrim | Tor H®




6. Torsion and discrete gauge symmetries

A particularly interesting case is that of M-theory, since it provides a
unifying picture for D-brane and RR U(1) gauge symmetries.

Massive U(1) gauge symmetries spontaneoulsy broken to discrete
gauge symmetries arise in this case from Tor Hy(Mz,Z) ~ Tor Hy( My, 7Z)

M2-branes wrapping torsional 2-cycles |::> 4d Aharanov-Bohm particles

M5-branes wrapping torsional 4-cycles =) 4d Aharanov-Bohm strings
ko ol = dwly™  dAs = (Re(dM )+ kg AP ) NG + dAP A WY

In the IIA perturbative limit they become the massive D6-brane and
RR U(1)’s.



7. Conclusions

* We have considered the interplay between open and closed string
U(1) gauge symmetries.

* RR U(1)’'s can play a prominent role. Mixing with the hypercharge
can occur either via direct kinetic mixing or via the mass terms
iInduced by Stuckelberg couplings. Interesting phenomenological
Implications.

* We have provided a geometric description of mass mixing in terms
of the torsional homology of the CY, and developped the right tools
to compute the mixing parameters in specific models.

e AS A h\/nrndllr\f we have nrovided a strinagv realization of discrete
P UUUUUU ) V rJ UV WA JUL 3] IIIIIIIIIIIIIIIIIIIIII

gauge symmetries and 4d A-B strings an d particles In terms of the
torsional homology.



