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Introduction

The SM and DM content could live in different sectors...

SU(3)c×SU(2)L×U(1)nv × U(1)mh ×Gh,︸ ︷︷ ︸
SM

︸ ︷︷ ︸
DM

...and be connected by some kind of portal

SM←→ DM
h, Z ′...

h

SM

SM

DM

DM

Z ′

SM

SM

DM

DM

Vı́ctor Martı́n Lozano (IFT–UAM/CSIC) Isospin violating DM in Stückelberg portals String Pheno 2015 2 / 18



String Realization

D6 brane type IIA string model

A stack of N overlapping
branes hosts a
U(N) ∼= SU(N)× U(1)
gauge group.
Visible and hidden gauge
boson couples to RR
axions (closed strings).

L = −1

2
Gij(∂φ

i−kiaAa)(∂φj−kjbAb)

Stückelberg Mechanism
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String Realization

SU(3)c×SU(2)L×U(1)nv × U(1)mh ×Gh,︸ ︷︷ ︸
SM

︸ ︷︷ ︸
DM

L = −1

4
~F T · f · ~F − 1

2
~AT ·M2 · ~A+

∑
α

ψα

(
i∂/+ ~QT

α · ~A/
)
ψα

In general f and M are non-diagonal. However we choose
f = diag(g−1

1 ... g−1
n+m). After two kind of transformations (canonical kinetic

terms and diagonal mass matrix):

L = −1

4
F ′′

2
i −

1

2
m2
iA
′′2
i +

∑
α

ψα

(
i∂/+ ~g′

T

α · ~A′′/
)
ψα

g′
(i)
α = ~QT

α · ~v′(i)
Wan-Zhe Feng, Gary Shiu, Pablo Soler, Fang Ye. PRL (2014)
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String Realization

MADRID MODELS

Luis E. Ibanez, F. Marchesano, R.Rabadan. JHEP (2001)

U(3)A×U(2)B×U(1)C×U(1)D × U(1)mh ×Gh,︸ ︷︷ ︸
SM

︸ ︷︷ ︸
DM

Matter field QA QB QC QD Y

QL 1 -1 0 0 1/6
qL 1 1 0 0 1/6
UR -1 0 1 0 -2/3
DR -1 0 -1 0 1/3
L 0 -1 0 -1 -1/2
ER 0 0 -1 1 1
NR 0 0 1 1 0

QY =
1

6
(QA − 3QC + 3QD)

gYα = eQYα =
e

6
(QαA − 3QαC + 3QαD)

gZ
′

α = aQαA + bQαB + cQαC +

dQαD +
∑m
i=1 hiQ

(h)
αi
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String Realization

MADRID MODELS

Luis E. Ibanez, F. Marchesano, R.Rabadan. JHEP (2001)

U(3)A×U(2)B×U(1)C×U(1)D × U(1)mh ×Gh,︸ ︷︷ ︸
SM

︸ ︷︷ ︸
DM

CVu = gZ
′

uL
+ gZ

′

uR
= (b+ c)

CVd = gZ
′

dL + gZ
′

dR = (b− c)

CAu = gZ
′

uL
− gZ′uR

= (2a+ b− c)
CAd = gZ

′

dL − gZ
′

dR = (2a+ b+ c)

CVt = (−b− c)
CVb = (−b+ c)

CAt = (2a− b− c)
CAb = (2a− b+ c)

CV` = (−b− c)
CA` = (−b+ c− 2d)
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Isospin Violation from Stückelberg portals

Effective Lagrangian for SI interactions,

LVSI = fp(ψ̄γµψ)(p̄γµp) + fn(ψ̄γµψ)(n̄γµn),

fp = 2bu + bd, fn = bu + 2bd,

bu =
hCVu
2m2

Z′
=

h

2m2
Z′

(b+ c) ,

bd =
hCVd
2m2

Z′
=

h

2m2
Z′

(b− c) .

fn
fp

=
(3b− c)
(3b+ c)

=
(3b/c− 1)

(3b/c+ 1)
.
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Isospin Violation from Stückelberg portals

Effective Lagrangian for SD interactions,

LSD = ap(ψ̄γµγ5ψ)(p̄γµγ5p) + an(ψ̄γµγ5ψ)(n̄γµγ5n),

ap =
∑
q=u,d,s

αA
q√

2GF
∆p
q =

h
2
√

2GFm2
Z′

[
CAu ∆p

u + CAd (∆p
d + ∆p

s)
]
,

an =
∑
q=u,d,s

αA
q√

2GF
∆n
q =

h
2
√

2GFm2
Z′

[
CAu ∆n

u + CAd (∆n
d + ∆n

s )
]
,

an
ap

=
∆n
u + 2a/c+b/c+1

2a/c+b/c−1 (∆n
d + ∆n

s )

∆p
u + 2a/c+b/c+1

2a/c+b/c−1 (∆p
d + ∆p

s)
.
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LHC and LUX: LUX

We have calculated LUX limits computing the number of events for a
Xe-based detector.

σSIp =
4

π
µ2
pf

2
p =

µ2
ph

2

πm4
Z′

(3b+ c)
2
,

σSDp =
24G2

F

π
µ2
pa

2
p =

3µ2
ph

2

πm4
Z′

[(2a+ b− c)∆p
u + (2a+ b+ c)(∆p

d + ∆p
s)]

2.

To calculate the cross section in neutrons we multiply by the (fn/fp)
2 and

(an/ap)
2 factors respectively.

(Standard Isothermal Maxwellian velocity distribution, v0 = 220 km/s,
vesc = 544 km/s, ρ0 = 0.3 GeV/cm3, the same as LUX)
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LHC and LUX: LHC

Dilepton and dijet searches from ATLAS detector (
√
s = 8 TeV,L = 20.5 fb−1):

pp→ Z ′ → µ+µ−(e+e−).

σl+l− '
(

1

3

∑
q

dLqq̄
dm2

Z′
× σ̂(qq̄ → Z ′)

)
× BR(Z ′ → l+l−) ,

σl+l− =
π

48s
WZ′

(
s,m2

Z′
)
× BR(Z ′ → l+l−) ,

WZ′ =
∑

q=u,d,c,s

cqωq
(
s,m2

Z′
)
.

WZ′ = cupωup
(
s,m2

Z′
)

+ cdownωdown
(
s,m2

Z′
)
.

σLOl+l− =
[
cupω̃up

(
s,m2

Z′
)

+ cdownω̃down
(
s,m2

Z′
)]
× BR(Z ′ → l+l−) .
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LHC and LUX: Benchmark points

σLOl+l− =
[
cupω̃up

(
s,m2

Z′
)

+ cdownω̃down
(
s,m2

Z′
)]
× BR(Z ′ → l+l−)
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ω̃up and ω̃down were calculated using CalcHEP 3.6.22 using the parton
distribution function CTEQ6L as ATLAS does.
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Benchmark Point

c = 0.1, d/c = 3, h = 0.5, mDM = 500 GeV, mZ′ = 3 TeV
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Benchmark Point

c = 0.1, d/c = 3, h = 0.5, mDM = 500 GeV, mZ′ = 3 TeV
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Benchmark Point

c = 0.1, d/c = 3, h = 0.5, mDM = 500 GeV, mZ′ = 3 TeV
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Benchmark Point

c = 0.1, d/c = 3, h = 0.5, mDM = 500 GeV, mZ′ = 3 TeV
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Benchmark Point

c = 0.1, d/c = 3, h = 0.5, mDM = 500 GeV, mZ′ = 3 TeV

b/c

5− 4− 3− 2− 1− 0 1 2 3 4 5

a/
c

4−

2−

0

2

4

=0p
/an

a

=5p
/an

a

=10p
/an

a

=-10
p

/an
a

=0.5
p

/an
a

=
-0

.7
p

/f
nf

=
0

p
/f

nf

=
1.

2
p

/f
nf

=
0.

8
p

/f
nf

BM2

Vı́ctor Martı́n Lozano (IFT–UAM/CSIC) Isospin violating DM in Stückelberg portals String Pheno 2015 16 / 18



Benchmark Point 2

c = 0.05, d/c = 5, h = 0.25, mDM = 500 GeV, mZ′ = 3 TeV
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Conclusions

The SM and the DM could live in different sectors
Both sectors could communicate via portals
D6-brane models provide Stückelberg (Z ′) portals
This kind of portals has an interesting and a very characteristic
phenomenology
This kind of models are easily proven by LUX and the LHC
More different aspects of the phenomenology to come (future work)

THANK YOU FOR YOUR ATTENTION
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