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Some of today’s challenges

dark matter /

SM hierarchy problem (even with SUSY, µ problem) /

why only 3 fundamental forces ? /

anomalous muon gµ − 2 /

baryon asymmetry /

⇒ new U(1)s
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Hidden photons

L ⊃ −1
4F

µνFµν − 1
4B

µνBµν − 1
2χF

µνBµν +
1
2m

2
γ′BµBµ

extra: suppressed couplings to SM matter
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still “alive”

L ⊃ −1
4F

µνFµν − 1
4B

µνBµν − 1
2χF

µνBµν +
1
2m

2
γ′BµBµ

Goodsell, Jaeckel, Redondo, Ringwald (2009)
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Heterotic strings
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Heterotic strings

5 consistent superstring theories

type I

type IIA

type IIB

Heterotic E8×E8

Heterotic SO(32)

properties:

gauge bosons ,

quantum gravity ,

10D /

N = 1 SUGRA
no D-branes
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Orbifolds

1D Z2 Orbifold in 5D

X

X

Z2X XZ2 : X ≃ −X

X ≃ X + 2πR
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Heterotic Orbifolds

6D Z2 orbifold in 10D

T 6
: Z2

T 6/Z2:
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Heterotic Orbifolds: strings and states

Brane States

Bulk States
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Heterotic Orbifolds: strings and states

Brane States

gauge bosons Aµ
Y , A

µ
X , ...
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Input and Output

Starting point: heterotic stringM4 × R6 × T 16

SO(9, 1)Lorentz × E8 × E8gauge

Input

Geometry: T 6, ZN

Embedding: O6 = R6/T 6
⋊ ZN →֒ O16

(subject to modular invariance (CFT) conditions)

Output M4 × O6 × O16

SO(3, 1)×
⊗ZR

niLorentz × G4D ⊂ E8×E8gauge

+ 4D matter (quarks, leptons, exotics)
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Orbifolder (arXiv:1110.5229 Nilles, SR-S, Vaudrevange, Wingerter)
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http://stringpheno.fisica.unam.mx/orbifolder


Orbifolder (arXiv:1110.5229 Nilles, SR-S, Vaudrevange, Wingerter)

“Program” example:

1 create orbifold(myZ6II) with point group(6,1)

2 cd myZ6II

3 set heterotic string type(E8xE8)

4 print available space groups

5 use space group(3)

6 set shift V = (1/3 1/2 1/2 0^5 1/3 0^7)

7 cd ~

8 create random orbifold from(myZ6II) load when done print info if(SM)

9 use(1,1,1,1,0,0,0,1) #models(1)

10 wait(1)

11 cd Model_SM1

12 cd vev-config

13 analyze config
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Z6–II Minilandscape

∼ 300 MSSM candidates:

supergravity multiplet

G4D = GSM × Ghid

3 SM families + Higgses

vectorlike exotics

gauge unification

heavy top

TeV gravitino mass

seesaw

R-parity

flavor symmetries

Lebedev, Nilles, Raby, Ramos-Sanchez, Vaudrevange, Wingerter (2006-2008)
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Hidden photons in heterotic orbifolds

Hidden Photons

in heterotic orbifolds
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Hidden photons

L ⊃ −1
4F

µν
a Fµν,a − 1

4F
µν
b Fµν,b − 1

2χabF
µν
a Fµν,b +

1
2m

2
bA

µ
bAµ,b
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Kinetic mixing

In SUSY theories

Lcanonical ⊃
∫

d2θ

{

1

4
WaWa +

1

4
WbWb −

1

2
χabWaWb

}

with
χab

gagb
=

bab
16π2

log
M2

S

µ2
+∆ab

In heterotic orbifolds, string threshold:

∆ab =
∑

i

biab|Gi|
16π2|G|

[

log

(

|η(Ti)|4Im(Ti)

)

+log

(

|η(Ui)|4Im(Ui)

)]

biab =
1

2

(

−2 triV,N=2(QaQb) + triH,N=2(QaQb)
)

Goodsell, SR-S, Ringwald (2011)
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An explicit MSSM candidate: matter spectrum

3 (net) generations

3 + 1 (3,2;1)
1/6,0 qi 1

(

3,2;1
)

−1/6,0
q̄i

3 + 2
(

3,1;1
)

−2/3,0
ūi 2 (3,1;1)

2/3,0 ui

3 + 2 (1,1;1)
1,0 ēi 2 (1,1;1)−1,0 ei

3 + 7
(

3,1;1
)

1/3,0
d̄i 7 (3,1;1)−1/3,0 di

3 (1,2;1)−1/2,0 ℓi
Higgses

1 + 9 (1,2;1)−1/2,0 hd 1 + 9 (1,2;1)
1/2,0 hu

SM Singlets

45 (1,1;1)
0,0 ni 8 (1,1;1)

0,∗ ξ±i
7 (1,1;8)

0,∗ hi 7
(

1,1;8
)

0,∗ h̄i

Exotics
8 (3,1;1)

1/6,∗ wi 8
(

3,1;1
)

−1/6,∗ w̄i

8 (1,1;1)
1/2,±

√
2/3 s+±

i 8 (1,1;1)−1/2,±
√
2/3 s−±

i

4 (1,2;1)
0,
√
2/3 m+

i 4 (1,2;1)
0,−

√
2/3 m−

i

Goodsell, SR-S, Ringwald (2011)
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Goodsell, SR-S, Ringwald (2011)

SU(8) strong int. Λ ∼ 1011 GeV
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X, X̄
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〈n〉∼ O(MPl)+ string couplings
⇓

G4D −→ SU(3)c × SU(2)L × U(1)Y × [SU(8) × U(1)X ]

M X X ≡ 〈n〉sX X
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Kinetic mixing in a realistic model

In our model bab = bY X = 0 and

χXY

gXgY
= ∆Y X =

1

16π2

8
√
2

3
log

(

|η(3T2)|4Im(T2)

)

6= 0

Contrary to previous findings
Dienes, Kolda, March-Russell (’96)
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Dark force scenario

If 〈ni〉 ∼ O(0,1), then

W = 10−5

MS
(ξ+ξ−)(hh̄) + 10−8 MS (hh̄)

Through SU(8) strong interactions, SUSY breaking with m3/2 ∼ 1
TeV and

Wnp = 7
(

Λ23

〈hh̄〉

)1/7

Since 〈hh̄〉 = Λ2(10−8z)−7/8, dark matter mass

W ⊃ 102MSz
−23/8ξ+ξ−

yielding mξ ∼ 10 GeV for z ∼ 107.

Good Dark Matter ,
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To take home...

Many interesting stringy MSSM candidates X

Extra U(1)s solve some problems and are natural in these
models X

Possible to obtain nice dark matter X
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