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But what about SUSY breaking ?

Introduction

•   20 years of significant progress in string theory

•   Semi-realistic vacua possessing basic desirable features 

•   Reconstruction of low energy effective action with                SUSY at tree level

•   Quantitative comparison with low energy data : incorporate loop corrections
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N = 1



(stringy) Scherk-Schwarz mechanism

Introduction

•   Spontaneous breaking of SUSY with exactly tractable worldsheet description   

•    Worldsheet description in terms of freely-acting orbifolds

This is an output file created in Illustrator CS3

Colour reproduction
The badge version must only be reproduced on a 
plain white background using the correct blue:
 Pantone: 286
 CMYK: 100  75  0  0 
 RGB: 56  97  170
 Web: #3861AA

Where colour reproduction is not faithful, or the 
background is not plain white, the logo should be 
reproduced in black or white – whichever provides 
the greatest contrast. The outline version of the 
logo may be reproduced in another colour in 
instances of single-colour print.

Clear space
A clear space must be respected around the logo: 
other graphical or text elements must be no closer 
than 25% of the logo’s width.

Placement on a document
Use of the logo at top-left or top-centre of a 
document is reserved for official use.

Minimum size
Print: 10mm
Web: 60px

 
CERN Graphic Charter: use of the outline version of the CERN logo

   Scherk, Schwarz 1979 
   Rohm 1984
   Kounnas, Porrati 1988
   Atick, Witten 1988
   Kounnas, Rostand 1990

When SUSY is (spontaneously) broken but the vacuum is classically stable

it is meaningful and important to study one-loop radiative corrections to couplings              
in the low energy effective action



Thresholds to non-abelian gauge couplings in 4d heterotic vacua

Structure of the talk
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More realistic constructions                                    breaking and chirality

N = 2 N = 0

N = 0N = 1

Universality



Vacuum configuration



Start with                 heterotic string in 10d

Heterotic vacuum
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heterotic vacuum in 4d with                SUSY

              heterotic vacuum in 6d

reduce on                          , with N = 2, 3, 4, 6K3 ⇠ T 4/ZN

E8 ⇥ E7

E8 ⇥ E8

N = 1

Scherk-Schwarz reduction on T 2

N = 0SO(16)⇥ SO(12)

+ trivial  Wilson line background } freely-acting 
orbifold

Z0
2



Consider orbifold 

Heterotic vacuum
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ZN rotates complexified T4 coordinates

realises singular limit of K3 surface (preserves 8 supercharges)

Z0
2freely acting

spacetime fermion 
number

“fermion numbers” 
of original E8’s

order-2 shift along 
remaining T2

responsible for spontaneous SUSY breaking down to N = 0

vacuum is classically stable (W=0)

   Alvarez-Gaumé, Ginsparg, Moore, Vafa 1986
   Dixon, Harvey 1986
   Itoyama, Taylor 1987



Scherk Schwarz mechanism
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Deformation of vertex operators / fields by symmetry
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Scherk Schwarz mechanism
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Deformation of vertex operators / fields by symmetry
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Scherk Schwarz mechanism
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Deformation of vertex operators / fields by symmetry

�(X5 + 2⇡R) = eiQ �(X5)

�(X5)

Kaluza-Klein spectrum of charged states is shifted
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X

m2Z
�m eimX5/R

m ! m+Q/2⇡

MKK =
|Q|
2⇡R

Q



Scherk Schwarz mechanism
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‘Flat’ gauging of              supergravity :
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S T, U Ti, Ui, �
A

N = 2 completely fixed by string vacuum

action up to 2 derivatives fixed by the
couplings among vectors and hypers
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Scherk Schwarz mechanism
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Scherk Schwarz mechanism
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Identify extra massless states in string spectrum
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no longer annihilating spacetime supercharges !

stringy Scherk-Schwarz continuously deforms masses of all states 
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Gauge thresholds



One loop corrections
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Running coupling associated to gauge group

threshold correction
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Supersymmetric Universality
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Supersymmetric Universality
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Supersymmetric Universality
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If supersymmetry is unbroken

Difference of thresholds for gauge group factors        ,G1 G2

�G1 ��G2 =

Z

F
dµ �2,2(T, U)�(⌧̄)

holomorphic modular function (invariant)
regular everywhere

�(⌧̄) =
c�1

q̄
+ c0 + c1q̄ + . . .

= c�1j(⌧̄) + c0

the pole corresponds to the bosonic 
vacuum of the heterotic string



Supersymmetric Universality
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If supersymmetry is unbroken

Difference of thresholds for gauge group factors        ,G1 G2
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Independently of the details of the vacuum (almost)

universality

Dixon, Kaplunovsky, Louis ’91
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Does non-supersymmetric Universality arise in chiral models ?

What about singularities due to extra massless scalars ?
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What about singularities due to extra massless scalars ?
YES !
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Charged massless spectrum : Chiral

twisted sectors 16 N=1 chiral multiplets

16 fermions

16 complex scalars

G = SO(10)⇥ SO(16)

(16,1) + (10,1) + (1,1)

(10,1) + 2(1,1)

(16,1)

CY with Scherk-Schwarz flux (N=0)



Universality in Models with Chirality

This is an output file created in Illustrator CS3

Colour reproduction
The badge version must only be reproduced on a 
plain white background using the correct blue:
 Pantone: 286
 CMYK: 100  75  0  0 
 RGB: 56  97  170
 Web: #3861AA

Where colour reproduction is not faithful, or the 
background is not plain white, the logo should be 
reproduced in black or white – whichever provides 
the greatest contrast. The outline version of the 
logo may be reproduced in another colour in 
instances of single-colour print.

Clear space
A clear space must be respected around the logo: 
other graphical or text elements must be no closer 
than 25% of the logo’s width.

Placement on a document
Use of the logo at top-left or top-centre of a 
document is reserved for official use.

Minimum size
Print: 10mm
Web: 60px

 
CERN Graphic Charter: use of the outline version of the CERN logo

1
g h f s sg sh sf

1 1 1 1 1 1 1
1

1

1

1

1

1

1

1

g

h h
h

g
g

f f
f

s s
s

sg sg

sg

shsh
sh

sf sf
sf

g g g g g g

g

g

g

g

g

g

h

h

h h
f

f

f f

ss

s

s
sgsg

sg

sg

sh

sh

sh sh

sf

sf

sf sf

Figure 11.2: The orbit structure of the Z2 ⇥ Z2 ⇥ Z2 orbifold, with the generator of the third
Z2 shifting the a-cycle of the first T2 only.
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“Blue orbits”
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truly non-BPS orbit identical to the non-BPS orbit of the prototype 
model !
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Conclusions

  One-loop radiative corrections to gauge couplings in heterotic strings

  Supersymmetry spontaneously broken by Scherk-Schwarz flux

  Differences of thresholds for non-abelian gauge group factors

  Remarkable and unexpected Universality structure

  Can arise in chiral models

  Opens possibilities for string model building
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Outlook

  Gravitational thresholds 

  Semi-realistic string model building ?





Thank you !


