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Lessons from String Amplitudes



String amplitudes at Colliders
Strings:

• massless modes  (m=0):   graviton, gauge boson, …

• massive modes  

String theory is only consistent in D=10

Compactification on manifold X6
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huge number of D=4 string vacua
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Question:  Can we make model-independent 	

low-energy string predictions 	


from parton amplitudes in superstring theory ? 

String signatures at LHC ?
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LHC:  Multijet production is dominated 
by tree-level QCD-scattering

Parton amplitudes are important 
for (collider) phenomenology
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• completely model independent 

• for any string compactification 

• any number of supersymmetries 

• even with broken supersymmetry 

!
g = gluon, � = gaugino,  = fermion, � = scalar
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Q1, Q2 = momentum transfer

a b
c

d

f2
b

f1
a

Any superstring theory with	

low Mstring and gstring<1

Universal deviation from SM	

in jet distribution
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String scale of order a TeV?
• Regge excitations of SM particles may be produced at LHC. Look 
like s-channel resonances

• No trace of such excitations at LHC for the moment.....

Ms > 4 TeV
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Future Projects

Update computations and           
adjust to recent LHC data 

Multi-jet processes: spin-dependence, … 

one-loop corrections 

prepare for future colliders:        
linear collider, e.g. processes with Z’



High energy behaviour of string amplitudes

Hard scattering (Rutherford scattering) 
probes the internal structure of the 

objects being scattered
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Scattering equations (Witten):
(N-3)! solutions  

Equations describe also Yang-Mills theory	

Link between YM and string theory at high energies !	


Saddle point approximation: x0 =
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Sign, that SYM and string theory have same underlying principles and descriptions ? 

related to discussions with: 	

Dieter, Gia 	


and Isermann ?



String amplitudes as tools for 

field-theory amplitudes


The structure of string amplitudes shows remarkable impact 
on the form and  organization of field-theory amplitudes

MFT (1, 2, 3, 4) = s12 AFT (1, 2, 3, 4)

˜AFT (1, 2, 4, 3)

graviton amplitudes = (gauge amplitudes)⇥ (gauge amplitudes)

KLT relations =

= ×
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Monodromy properties of the string world-sheet yield BCJ relations

BCJ relations at work

Properties of scattering amplitudes in both gauge and gravity 
theories suggest a deeper understanding from string theory

Stieberger

Many more concepts and structures                                    
of field-theory amplitudes following from       

mathematical aspects (motives, symbols, coproduct, …)   
of string amplitudes                                                      

to efficiently compute Feynman diagrams
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(Inverse) double Mellin transformation:
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Multiple (inverse) Mellin transforms trivialize tree-level string amplitudes 

Correlation functions from delta-functions and residua integrals	




• Striking match between supergravity and open superstring tree-level 
amplitude  communicated by Hodges’ determinant 

• Mellin transform from string world-sheet into dual space of kinematic 
invariants thus bypassing space-time 

• yields possible profound connection towards a dual description of 
perturbative string theory 

multiple Mellin transform Hodges’ determinant
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Mellin correspondence
A unified description of superstring and supergravity amplitudes

↵0

AG
N =

Z
dz �(z, �)

Z
dz0 �(z0, �) HN (z, z0)

AS
N =

Z
dµ(z)

Z
dz0 �(z0, �) HN (z, z0)



Unity of tree-level field-theory and 
superstring couplings

KLT
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SYM SUGRA

Heterotic Type II

Type I

Amplitudes in non-trivial background,  
e.g.: warped geometries, AdS5,…

???

Amplitude space = 	

space of physical observables

Unexpected connections between 
field- and string theory amplitudes !



Future Projects
String amplitudes serve as models    
for understanding field-theory aspects 
(e.g. high energy behaviour, …)    

String amplitudes serve as tools       
for deriving properties of field-theory 
amplitudes (e.g. KLT, BCJ, …) 

Understand web of amplitudes in view 
of string dualities or within M-theory  
=> dual description of perturbative 
string theory



 
 
 
 
 
 
 
 
 
 
 
 
 
 The Abdus Salam International Centre for Theoretical Physics (ICTP), in collaboration with the Asia 
Pacific Center for Theoretical Physics (APCTP), the International School for Advanced Studies (SISSA) and 
the Italian Institute for Nuclear Physics (INFN), will hold a 
 
 

SPRING SCHOOL on 
 SUPERSTRING THEORY   

and RELATED TOPICS 
 

31 March - 8 April 2014 
 

Miramare, Trieste, Italy 
 
 

TOPICS: 
 

• Dynamics of Supersymmetric Theories 

• Entanglement Entropy and Holography 

• Integrability in N=4 Yang-Mills Theory 

• Higher Spins and Holography 

• Physics of Black-Holes  

• Scattering Amplitudes in Field- and String-Theory 
 

 
 The Aim of the activity is to provide pedagogical treatment of these subjects in the form 
of a series of lectures by individual speakers.  The activity is intended for theoretical 
physicists or mathematicians with knowledge of quantum field theory, general relativity and 
string theory. 
 
PARTICIPATION 
 Scientists and students from all countries which are members of the United Nations, UNESCO or 
IAEA may attend the School.  As it will be conducted in English, participants should have an adequate 
working knowledge of this language.  Although the main purpose of the Centre is to help research workers 
from developing countries, through a programme of training activities within a framework of international 
cooperation, students and post-doctoral scientists from advanced countries are also welcome to attend. 
 
 As a rule, travel and subsistence expenses of the participants should be borne by the home institution.  
Every effort should be made by candidates to secure support for their fare (or at least half-fare).  However, 
limited funds are available for some participants who are nationals of, and working in, a developing country, 
and who are not more than 45 years old.  Such support is available only for those who attend the entire 
activity.  There is no registration fee to be paid. 
 
HOW TO APPLY FOR PARTICIPATION 
 The Application Form can be accessed at the activity website: 
http://agenda.ictp.it/smr.php?2577.  Once in the website, comprehensive instructions will guide 
you step-by-step, on how to fill out and submit the application form.  
 

ACTIVITY SECRETARIAT: 
 

Spring School on Superstring Theory and Related Topics (smr2577) 
the Abdus Salam International Centre for Theoretical Physics 

Strada Costiera 11, 34151 Trieste, Italy. 
Telephone: +39 040 2240 396 - Telefax: +39 040 2240 7396 - E-mail: smr2577@ictp.it 

Activity Web Page: http://agenda.ictp.it/smr.php?2577 
ICTP Home Page: http://www.ictp.it/ 

  
 
 
 
 
 
 
  

  
  
  

  
  

  
  
  

  

  

ORGANIZERS: 
 
 
N. ARKANI-HAMED 
(IAS, Princeton) 
 
E. GAVA  
(INFN, Trieste) 
 
R. GOPAKUMAR 
(HRI, Allahabad) 
 
K.S. NARAIN   
(ICTP, Trieste) 
 
S. RANDJBAR-DAEMI 
(ICTP, Trieste) 
 
 
 
 
LECTURERS INCLUDE:  
 
   
N. ARKANI-HAMED  
(IAS, Princeton) 
 
M. GABERDIEL 
(ETH, Zurich) 
 
J. MALDACENA  
(IAS Princeton) 
 
N. SEIBERG  
(IAS Princeton) 
 
S. STIEBERGER  
(Max-Planck-Institut, Munich) 
 
T. TAKAYANAGI   
(Kyoto University) 
 
P. VIEIRA   
(Perimeter Institute, Waterloo) 
 
   
   
   

DEADLINE 
for requesting participation 

 
15 January 2014 

 December 2013 


