
Universality of radiative corrections to gauge 
couplings for strings with spontaneously 

broken supersymmetry

Ioannis Florakis

Friday, December 5, 14



Universality of radiative corrections to gauge 
couplings for strings with spontaneously 

broken supersymmetry

Ioannis Florakis

Based on work with 

C.  Angelantonj
M.  Tsulaia

Phys. Lett. B 736 (2014)

05/12/2014
DISCRETE 2014 - King’s College London

Friday, December 5, 14



Universality of radiative corrections to gauge 
couplings for strings with spontaneously 

broken supersymmetry

Ioannis Florakis

Based on work with 

C.  Angelantonj
M.  Tsulaia

Phys. Lett. B 736 (2014)

05/12/2014
DISCRETE 2014 - King’s College London

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

Friday, December 5, 14



Introduction

Friday, December 5, 14



But what about SUSY breaking ?

Introduction

•   Over last 20 years : significant progress in String Phenomenology

•   Semi-realistic vacua incorporating salient features of MSSM 

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

•   Quantitative comparison with low energy data : incorporate loop corrections

•   Quantum & string length corrections are still the centre of attention
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(stringy) Scherk-Schwarz mechanism

Introduction

•   Spontaneous breaking of SUSY with exactly tractable worldsheet description   

•    Worldsheet description in terms of freely-acting orbifolds

•   Exponential growth of string states may de-stabilise classical vacuum : tachyons

•   Related to Hagedorn problem : can be circumvented in special constructions 
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When SUSY is (spontaneously) broken but the vacuum is classically stable

Introduction

it is meaningful and important to study one-loop radiative corrections to couplings              
in the low energy effective action
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6= 0

   Fischler, Susskind 1986
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Study one-loop threshold corrections to non-abelian gauge couplings in 4d heterotic vacua

In this talk
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supersymmetry is spontaneously broken :

This setup is relevant for more realistic constructions of                                        breaking 

        sectors encode moduli dependence
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universality ?
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Vacuum configuration
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Start with                 heterotic string in 10d

Heterotic vacuum
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Consider orbifold 

Heterotic vacuum
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One-loop partition function

Heterotic vacuum
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One-loop partition function

Heterotic vacuum
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One-loop partition function

Heterotic vacuum
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Scherk Schwarz mechanism

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

Deformation of vertex operators / fields by symmetry

�(X5)

Q

Friday, December 5, 14



Scherk Schwarz mechanism
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Scherk Schwarz mechanism
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Scherk Schwarz mechanism
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Scherk Schwarz mechanism
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Scherk Schwarz mechanism
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Scherk Schwarz mechanism
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Gauge thresholds
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One loop corrections

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

Running coupling associated to gauge group

threshold correction

16⇥2

g2G(µ)
=

16⇥2

g2s
+ �G log

M2
s

µ2
+�G

G

massive charged string states 
running in the loop

F F

F

F

universal contribution 
due to dilaton exchange

⇠ TrQ2
G

IR finite

Friday, December 5, 14



One loop corrections
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One loop corrections
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logarithmic singularity at                  (plus images)T/2 = U

extra charged massless states

Drastically different than the supersymmetric case
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This simple and beautiful universal result is based on the “reduced MSDS identity”

Massive
Spectral boson-fermion
Degeneracy
Symmetry

Ō2
8 V̄8 � V̄ 3

8 = 8

Indicates presence of hidden spectral flow in the right-moving sector of heterotic theory

I.F., Kounnas 2009

Faraggi, I.F., Mohaupt, Tsulaia 2010
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For large T2 volume, the one-loop effective potential is given by

# massless bosons minus fermions with charge

Ferrara , Kounnas, Zwirner 1994

NQ Q = (Fs.t. + F1 + F2) mod 2
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absence of corrections M2
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3
2
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2
+O(e�|�|m3/2)

Determination via radiative corrections of the VEV of the “no scale 
modulus” at the ~TeV scale requires the absence of such terms
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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

  Moduli dependence encoded in N=2 sectors

  Opens possibilities for string model building
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Outlook

  Gravitational thresholds

  Cosmological constant

  Semi-realistic vacua Faraggi, Kounnas, Partouche 2014
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