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1) Higher-dimensional completions ;
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of the Standard Model @ )

- Sometimes higher-dim. symmetries protect quantum
corrections in a way invisible from 4d.

Ex: Internal comp. of a gauge field protected by
higher-dim. gauge symmetry

om ~ (loop) X 7=
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« Compactification scale M. = R~! traditionally
defines the GUT/unification scale .

* Scale of supersymmetry breaking Mgq;rgv
usually much smaller.
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2) Magnetic compacitifications

Consider a 6-dim. theory : XoX1X2X3L5T¢
An internal magnetic field Fyg = B = f
break SUSY, due to the magnetic moment coupling

H=—-uB=—-1SB

Turns KK states k£, %k, into Landau levels 1 , mass

where Y, Iis the internal helicity of particles.
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An internal magnetic field is quantized

f — % ~J MéUT : N — integer ﬂUX

Each Landau level is N times degenerate.
Precisely N chiral fermion zero modes.
Magnet|zed mOde|S : Bachas (1995)....Cremades, Ibanez,Marchesano...Hebecker...

Buchmuller,Dierigl,Ruehle,Schweizer

Starting with a SUSY 6d theory, it is usually said that
the effect of the magnetic field is to add a D-term Fayet-
lliopoulos (FI) term in 4d

D=f — V=3D*=3f"~Myr
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Widely studied in string theory /
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T-dual
Internal magnetic fields ¢ iIntersecting branes

UN)

/ﬂ

chiral fermions
(N.M)

um)

Elegant geometrical intepretations :
- chiral fermions live at the intersection of branes

- Number of generations: intersection numbers
- Yukawa couplings : governed by areas
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Among the most succesful quasi-realistic /..
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Standard Model realizations in String Theory

left-handed
quarks " U(2) left-handed
: = leptons
U@)
right-handed/Z =
quarks 7\
i right-handed

" leptons
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to magnetic compactifications ? Several reasons:

= |f broken SUSY, most of quantum corrections not
calculable in string theory due to uncancelled NS-NS
tadpoles
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* There is no mass gap in the spectrum :
soft masses given by the Fl term of the same order
( 1/R2) as the masses of Landau levels
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one needs an effective theory for the whole tower.

Truncation to « zero modes » inconsistent.
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3) Effective field theory

Consider an abelian 6d SUSY theory compactified on
a torus.
N=2 SUSY in 4d before the magnetic flux;

4d Multiplets:  vector (V/, ¢)

charged hyper (Q, Q)

od effective action in superfields: (Marcus,Sagnotti,SiegeI :
Arkani-Hamed,Gregoire,Wacker)

S = /d%{i/d%WQWa + h.c. +/d49 (8V5V+¢$+\@V (5¢+0$))

+ /d29 Q0+ V29qd)Q + h.c. + /d49 (@ngqu + 56_29(1‘/@) }
0=05—105, Plg_g_g= %(A(; + i As5)



@ are internal components of gauge fields =
Wilson lines

Mode expansions with flux:

\/ LD, — Dy
. . a = l —

where (harmonic oscillator —2q9f" "
algebra) o \/

—2qqf



The final 4d effective action for Landau levels is

FI term /’
/d4x [/ d49 <¢¢+Z(Qn,j62gq‘/0@n,j +5n,j€_2ngOQ~n,j) ‘|‘2f‘/0>

n,J
1
+ / d20 (ngwa,o

+ Z (—i\/—quf(n + 1)@n+1,an,j + \/§C]9Qn,j ® Qn,j>> + h.c.

S

Coupled mass terms J

« SUSY broken like in the FI model, with an infinite
number of fields. Truncation to a finite number
Inconsistent.
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We also worked out the non-abelian case: SU(2)
gauge group in 6d with N=2 vector multiplet, flux
in the generator 75 .

* Interesting subtleties with the Stueckelberg
mechanism for Landau levels.

* In this case, there is always a recombination
mode ®_ o which restore SUSY by tachyon
condensation.

» the abelian flux seems the one needed to
break SUSY.
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SZ - /d4x {/d29 (4 3 + Z W+ ’I’L] a,,n,g) + h'C' y

ssssssssssssssssssssss

* / d'0 | @33 +2fVa+ Y (b1 i€ binj+ b nje 7 b))

n,J

+Z( (2n 4+ 1) (=g )V Vimg +iv2n(—gf)gesVen-1,;Ving

n,j

—Z\/Q(’I’L + 1)(_gf)g¢3v—,n+1,jv+,n,j + g2¢3g03V_,n,jV+,n,j)
3 ((1 - &v5) (~iv/2ln + DgNVo 16, (48)

—|—i\/2n(—gf P—n-1,Vemg + 903V njd_ni+ 9¢3¢—,n,jV+,n,j)
+ (1 + \/— ) ( \/2 (n + 1)(_gf)$+,n+1,jv+,n,j

2
g J— J—
+ ) 5 Or (Vinjo—ng— Vo jd+.nj) (V_,m,i¢—,m,z - V+,m,l¢+,m,z')] } )
I

with I = {n,j,n,7,m,1,m,l} and
Cr :/ d*x (wn,jaﬁ,jwm,lam,[) . (4'9)
T2
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4) Quantum corrections, Wilson lines as X
goldstone bosons

String attempt in a string model intersecting branes (Anastasopoulos et al,
2011): inconclusive due to the NS-NS tadpoles

ECHNIQUE
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Interested in Higgs = internal component of the gauge
field. 6d gauge symmetry could protect its mass

> Q’Il+l,stn+1,j
""" - IECEL LT
Qn,ja Qng = L
p--nna —
Qn,j’ Q'n.,:i."'
w--—--'\-..-a'-----¢ -...‘_,.-"

Figure 3: Bosonic contributions to the Wilson line mass with flux.
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Each contribution is quadratically divergent: the su
over the whole charged tower is however exactly

zero |

¢*g° o1 —a(n+i)e a(n+3)t
——47T2]N]E /0 dtt—Q(ne 2 (n+1)e 2 )
1 1
2 2 o0 1 §at §at
= LN at | S - = 0
47’(’2 0 t2 (eat _ 1)2 (eozt _ 1)2
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Xn,j

We checked also that the quartic coupling is zero.

Is there's a symmetry reason ?
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Action of charged matter fields invariant under
translations

Se = /dGCB (—DmQDY Q) , DnQ = (0m +iqgAm)Q
0Q =€"0,,Q, 0A, =€"0,A,

Symmetries for constant Wilson line background

5Q:€m mQa oan, =0
Flux background breaks the symmetries spontaneously

D, Q) = (&m + iqg (am + gemnxn>) Q, (An) = gemnazn
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Translational symmetries now non-linearly realized ==
with Wilson lines as Goldstone bosons

0Q = €"0,Q, oay, = Emgenm
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Conclusions, Perspectives
@ Strong theoretical arguments for SUSY at high scalés:
gravity, string theory
€ Energy scale of grand unification Moy ~ 1010 GeV
Scale of SUSY breaking Mgsysy ?
€ Magnetized compactifications : high-scale SUSY
breaking

1
Msysy ~ Mgur ~ R

€ Hope for a higher-dim. protection of scalar masses:
Higgs mass, inflaton.

€ Various applications possible: moduli stabilization (see
Buchmuller,Dierigl,Ruehle, Schweizer), INflation, string and field
theory orbifold GUT's.
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Thank you
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