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Some of today's challenges

dark matter ®

SM hierarchy problem (even with SUSY, p problem) ®
why only 3 fundamental forces 7 ®

anomalous muon g, — 2 ®

e © ¢ ¢ ¢

baryon asymmetry ®

= new U(1)s
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@ GUTs ©
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Hidden photons

LD —1F"F,, — 1B" By, — $XF" By, + 3m?/ B"B,

extra: suppressed couplings to SM matter
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still “alive”
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Heterotic strings
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Heterotic strings

5 consistent superstring theories
o type |
@ type IIA
o type lIB

(]

(]

Heterotic EgxEg
Heterotic SO(32) ’

@ properties:

¢ gauge bosons ®
@ quantum gravity ©
s 10D

o N =1SUGRA

@ no D-branes
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Orbifolds

1D Zs Orbifold in 5D

| X X ~ X +27R

//
_— |
!
T " x}
Zio + X ~—=X
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Heterotic Orbifolds

6D Zs orbifold in 10D

r &S

\zg
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Heterotic Orbifolds: strings and states

Brane States

o)

35

Bulk States
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Heterotic Orbifolds: strings and states

Brane States

o)

35

gauge bosons Af, A%, ...
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Input and Output

@ Starting point: heterotic string

M?* x RS x T
SO(Q, 1)Lorentz X E8 X E8gauge

@ Input

o Geometry: TS, Zy
o Embedding: O = RS/TS xZy — O

(subject to modular invariance (CFT) conditions)

o Output

M* x O X O16
80(37 1) X ® ZiLorentz X g4D - ESXESQauge

+ 4D matter (quarks, leptons, exotics)
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Input and Output

@ Starting point: heterotic string

Mt x X T
SO(Q, 1)Lorentz X E8 X E8gauge

@ Input
o Geometry: TS, Zy
@ Embedding: — O
(subject to modular invariance (CFT) conditions)
o Output
M4 X X 016
80(3, 1) X X Gap C ESXESQauge

+ 4D matter (quarks, leptons, exotics)
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http://stringpheno.fisica.unam.mx/orbifolder

OI’beOICIeI' (arXiv:1110.5229 Nilles, SR-S, Vaudrevange, Wingerter)

b ”
Program” example:

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

2 cd myZ6II

3 set heterotic string type(E8xES8)

4 print available space groups

5 use space group(3)

6 set shift V = (1/3 1/2 1/2 075 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(1l)
10 wait(1)

11 cd Model_SM1

12 cd vev-config

13  analyze config

Sail Ramos-Séanchez — UNAM Hidden photons in heterotic orbifolds


http://stringpheno.fisica.unam.mx/orbifolder

Ze—l Minilandscape

~ 300 MSSM candidates:

@ supergravity multiplet
94D = Gsm X Ghid
3 SM families 4+ Higgses
vectorlike exotics
gauge unification
heavy top
TeV gravitino mass
seesaw

R-parity

© © © 6 6 ¢ ¢ ¢ ¢

flavor symmetries

Lebedev, Nilles, Raby, Ramos-Sanchez, Vaudrevange, Wingerter (2006-2008)
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Ze—l Minilandscape

~ 300 MSSM candidates:

supergravity multiplet
Gap = Gsm X Ghia

3 SM families + Higgses
vectorlike exotics demanded
gauge unification
heavy top

TeV gravitino mass
seesaw

for free ! ©®

°
°
°
°
°
°
°
°
@ 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

1 v 1 puv 1 v 1.2 41
LD —5F"Fva— 18y Fup — aXabFo" Fuvp + 3mp Ay Ay
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In SUSY theories
(1 1 1
Ecanonical D) d-o ZWaWa + ZWbWb - EXabWaWb
with

Xab _ bab
9a9b 1672

M2
log—QS—i-Aab
u
In heterotic orbifolds, string threshold:
AN Ll T T)|"m(T}) ) +1 U;)[“Im (U;
= D Tomargy | 108 (T Tm(Ts) ) +og ( In(U)| T U)

)

(R
ab —

(—2tr{ pr—2(Qa@b) + try Ar—2(Qa Qb))

| =

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

3 (net) generations
341 (3,2:1), 4, i L Bz1) 4, L
342 (3,11)_,,, u; 2 (3, 151)y,, u;
3+2 (1,1,1),, €; 2 (1,1;1)_,, €i
3+7 (3,1 1)1,/3,0 d; 7 (3,1;1) 45, di
3 (1,251) 4, b
Higgses
1+9 (L21) ., ha [[1+9 (1,21),5, hu
SM Singlets
45 (L,L1),, n; 8 (L1;1), &
7 (1,1;8), hi 7 (L8, i
Exotics
8 (3.1:1),,, w; 8 (3Li1)_, . w;
8 (L1110 1vays st 8 (LL1) 10 4v3/s s
4 (1,21)g s m; 4 (L,21)y m;

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

3 (net) generations
341 (3,2:1), 4, i L Bz1) 4, L
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347, (31314, d; (3, 1;1) 43, d;
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1+9 (L1 .0, ha [1+9 (L,21), h
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B (LLL)y ni 8 (L1;1),, &
7 (1,1;8),, hi / T (1L,18),, hs
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8 (3,1;1); 5. 8 (3.1 1)—1/6,* Wi
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An explicit MSSM candidate: matter spectrum

3 (net) generations
341 (3,21), qi 1 (3,2; 1)71/6,0 i
342 (BLil) ,,, W 2 (3L 1)y8, Ui
3+2 (1,1;1),, & 2 (L1;1)_, e;
3+7 (3,1 1)1//37O d; T B 1), d;
3 (1,2:1) 4,9, 4
Higgses
1+9 (1L,%1), 2,0 ha || 1+9 (1,21), 2,0 hu
SM Singlets
45 (1,1;1),, n; 8 (1,1;1),, &k
7 (L,1:8),, % 7 (1,13),, h;
3 (n)~ O(MPI)_L string couplings w0
8 Gap — SU@)e x SU@)L x U(1)y x [SU®8) x U(1) x] .

MXX=n: XX

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

3 (net) generations
341 (3,21), ¢ 1 (3,2; 1)71/670 G
3+2 (3,11) ,,, i 2 (3,151)y5, u;
342 (1,1;1),, e 2 (1L,131)_, e;
347 (3.11),,, d; 7 (B.11)_ d;

3 \(L21) 40, b
\ Higgfes
1+9 (AZ1) 0, ha [[JT+9 (1,21);,5, P
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B (1,11, n; 8 (L1;1), &
7 (1, 1;\;\& hj 7 (1,1;8),, h;
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4 ;
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ell, SR-S, Ringwald (2011)
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Kinetic mixing in a realistic model

In our model b, = by x = 0 and

XXY ]. 8\/5 4
=Ayx=—5—1 3T%)|*Im(T: 0
Ixgv YX = 1622 3 og | [n(3T2)["Im(T3) | #

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

If (n;) ~O(0,1), then
W =L (6767)(hR) + 107° Mg (hh)
Through SU(8) strong interactions, SUSY breaking with m3/5 ~ 1

TeV and 7
o A23
Wor =7 (475)

Since (hh) = A%(10782)~7/8, dark matter mass

W D 10° Mgz 23/8¢te
yielding m¢ ~ 10 GeV for z ~ 107,

Good Dark Matter ©)

Sail Ramos-Séanchez — UNAM Hidden photons in heterotic orbifolds



@ Many interesting stringy MSSM candidates v

@ Extra U(1)s solve some problems and are natural in these
models v/

@ Possible to obtain nice dark matter v
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