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  Thirty years of  

  Erice on the brane 

  



0-branes, 1-branes, 2-branes,...p-branes. 
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Particle            String          Membrane 

p=0,d=1 p=1,d=2 p=2,d=3 



EARLY BRANE THEORISTS 

• ``I am concerned only with extended objects of one time and 

two space dimensions, i.e. ‘2-branes’’ 

 

``but possible ‘p-brane’ theories exist whenever there is a closed 

p + 2 form in superspace’’ 
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OXFORD ENGLISH DICTIONARY: first 

usage of brane 

• Duff, Inami, Pope, Sezgin and Stelle  

    Nucl. Physics B. 297 516 1988  

    CERN-TH-4731-87 

• ``We shall be concerned only with 

extended objects of one time and two 

space dimensions, i.e. ‘2-branes’... 

Possible ‘p-brane’ theories exist whenever 

there is a closed p + 2 form in superspace’’ 
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• Microscopic components of M-

theory  

•  Branch of particle phenomenology 

•  Seeds of the AdS/CFT correspondence 

•  Higher-dimensional progenitors of 

black holes  

•  Entire universes in their own right 
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BRANES NOW OCCUPY CENTRE STAGE: 

         



                                      find ft brane   

 

• 1987-2017 

 

• Total number of papers analyzed: 

•                       42,639 

• Total number of citations: 

•                    1,593,034 
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1987 

• But only after combatting fierce 

resistance! 

• Notable exception:  

   NINO ZICHICHI 

• Invited me in 1987 to talk on 

branes and continued to 

support them 1987-2017 
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Geneva and Erice: a tale of two cities 

• In 1987 I was a staff member in the Theory 

Division at CERN, on leave of absence 

from Imperial College London. I had spent 

the early 1980s arguing in favor of  

spacetime dimensions greater than four 

then the late 1980s arguing  in favor of 

worldvolume dimensions greater than two.  

• The latter struggle was by far the more 

bitter 
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GENEVA 

• At this time CERN was playing a 

prominent part in the development of 

branes and the 11-dimensional 

foundations of what was later to be called 

M-theory.   

 

• For example:  
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BRANES AT CERN 

   CERN-TH-4124-85, MJD 

• CERN-TH-4664-87,  

• MJD, Howe, Inami,Stelle 

• CERN-TH-4731-87, 

• MJD,Inami,Pope,Sezgin,Stelle 

• CERN-TH-4749-87, MJD 

• CERN-TH-4797-87,MJD 

• CERN-TH-4818-87, 

• Bergshoeff,MJD,Pope,Sezgin 
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 NEW SCIENTIST  

• That year I also co-authored an article for 

New Scientist with Christine Sutton, former 

editor of the CERN Courier, entitled  

  ``The Membrane at the End of the     

     Universe’’ 

• describing  conformal field theories (CFT) 

arising from branes living on the boundary 

of anti-de Sitter space (AdS), a theme later 

to play a part in the AdS/CFT 

correspondence 
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     NEW SCIENTIST with Christine Sutton 
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1987 Annual Report of the CERN Theory 

Division 

• There were a few papers  that started a 

heroic study of more complicated objects, 

namely supermembranes. During 1987 the 

CERN theory group became the leading 

research centre  for this subject, which is 

still in its infancy. The main goal is to 

understand why there exists an elegant 

and unique eleven dimensional 

supergravity, while string theory seems to 

be restricted to ten dimensions. 
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1988 Annual Report of the CERN Theory 

Division 

• During 1988 string theory has continued to 

thread much of the formal work in the TH 

division, renewed attention has been given 

to the development of conformal field 

theory and, relative to the previous year, 

work on supermembranes has somewhat 

shrunk. 
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CERN-TH Recommendations  

http//th-dep.web.cern.ch/cern-theoretical-

physics 

• The two following references give some of 

the history of CERN-TH: 

• 1) Physics in the CERN Theory Division by 

John Iliopoulos, 1993 

• 2) Theoretical High Energy Physics: formal 

theory by Luis Alvarez-Gaume and 

Wolfgang Lerche, 2004)  

• . 
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These histories seem rather coy about 

branes and we find only : 

• (1) Strings are the simplest extended 

objects. Although theories of higher 

dimensional objects have been studied 

(membranes, etc.), only strings seem to 

yield consistent theories. 

• (2) There was also some activity in the 

study of the theory of Supermembranes, 

and in particular it was shown how to 

extract 10-dimensional superstrings from 

11-dimensional supermembranes. 
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• A comprehensive snapshot of current 

research activities in CERN-TH is given by 

the programme of the 2014 Theory 

Retreat. 
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CERN-TH Recommendations  

http//th-dep.web.cern.ch/cern-theoretical-

physics 



Current CERN-TH research activities include 

• Brane wrapping 3-cycles, D5-brane 

effective action, Intersecting 7-branes, 

D5/M5-brane superpotentials, Branes on 

singularities,  Non-perturbative 7-branes, 

T-branes/gluing branes, Unoriented D-

branes, etc     

 

• Such initial ambivalence towards branes 

was not unique to CERN 
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Supersymmetry 
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1) Unifies bosons (force-carrying particles) with fermions 

(building block particles) 

 

2) Global}                                                  {Special Relativity 

               } supersymmetry square root of { 

    Local  }                                                   {General Relativity 

                              

3) Places an upper limit on the dimension of spacetime: 

 

                                       D=11 



1984 superstring revolution: 

• Replace particles by strings: 
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gravity and quantum theory are  

reconciled provided D=10 



There are no superstrings in eleven     

dimensions but there are supermembranes:  

•Bergshoeff, Sezgin and Townsend 1987: 

fundamental 2+1 Lagrangian * 

•Duff and Stelle 1991: membranes as 

solutions of D=11 supergravity 

 

•*based on Hughes Liu and Polchinski 

(p=3,D=6) 
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PUZZLE: supersymmetry maximum D=11 



Opposition 

• Which is why between the 1984 

Superstring Revolution and the 1995 M-

theory Revolution many string theorists 

were opposed to eleven dimensions. 

Membrane-related grant proposals tended 

to attract hostile referee reports during that 

period and papers with titles like 

Supermembranes: a fond farewell and 

Eleven dimensions (Ugh!) did not help. 
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Opposition to branes 

• One string theorist announced that ``I want 

to cover up my ears every time I hear the 

word membrane'' and some organisers of 

the annual superstring conferences even 

banned the use of the “M-word”.  

• My colleague Paul Townsend, one of the 

membrane pioneers, compared this with 

the theatrical superstition of calling 

Macbeth the “M-Play”. 
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Opposition to branes 

• This opposition continued even after it was 

shown in 1987 that one of the five 

consistent ten-dimensional superstring 

theories, the Type IIA string, was just the 

limiting case of the eleven-dimensional 

supermembrane .                                    

   Duff, Howe, Inami and Stelle 
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NOTABLE EXCEPTION: Nino Zichichi  

• He invited me to give two lectures on 

branes at the School on Subnuclear 

Physics in Erice 1987.   

• Continued to welcome me (together more 

recently with co-director Gerard 't Hooft) 

and others to speak about branes at Erice 

in the intervening 30 years and has also 

promoted them himself.  

• CERN theorist Sergio Ferrara was also 

always very supportive. 
© Imperial Col Page 26 



1987 Not the Standard Superstring Review 

• An appraisal of the current state of 

superstrings which differed from the 

orthodoxy in those heady days following 

the 1984 Superstring revolution.  

• ``Although I share the conviction that 

superstrings are the most exciting 

development in theoretical physics for 

many years, and that they offer the best 

promise to date of achieving the twin goals 

of a consistent quantum gravity and a 

unification of all the forces and particles . © Imperial College London Page 27 



1987 Not the Standard Superstring Review 

• ``Where I differ is the degree of emphasis 

that I would place on the unresolved 

problems of superstrings, and the likely 

time scales involved before superstrings 

(or something like superstrings) make 

contact with experimental reality.’’ 

• Specifically: 

• The vacuum degeneracy problem 

• Supermembranes 
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1987 Vacuum degeneracy 

• The  loss of uniqueness in going from ten 

dimensions to four: 

`` In the absence of an exhaustive 

classification, we do not know how many 

(consistent compactifications to four-

dimensions) there are but it surely runs 

into billions.’’ 
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1987 Vacuum degeneracy 

• ``For the time being therefore, the phrase 

``superstring-inspired phenomenology'' 

can only mean sifting through these 

billions of heterotic models in the hope of 

finding one that is realistic. 

• The trouble wth this needle-in-a-haystack 

approach is that even if we found one with 

good phenomenology, we would be left 

wondering in what sense this could be 

called a``prediction'' of string theory.’’ 
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1987 Vacuum degeneracy 

•  ``Some cosmologists, on the other hand, 

accept vacuum degeneracy as a fact of 

life. They argue that the Universe has 

billions of different vacua and we just 

happen to be living in one of them with 

SU(3) x SU(2) x U(1), three families etc. In 

which case…’’ 
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Murray Gell-Mann,  

Nobel laureate  

and string theorist 

 

  

 ``Physics will have been reduced to an  

environmental science like Botany.’’ 



Vacuum degeneracy 2017 

• Nowadays called the  Landscape problem: 

 

• Consensus now favours the 

 

• MULTIVERSE 
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1987 Supermembranes 

•  ``We do not yet know whether this 

``supermembrane'' is consistent at the 

quantum level but the orthodox claim that 

only strings can be quantum consistent 

now looks much less certain.’’ 
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1987 From super-spaghetti to super-ravioli 
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1987 From super-spaghetti to super-ravioli 

• ``Many of the supergravity theories that we 

used to study a few years ago are now 

known to be merely the field theory limit of 

an underlying string theory. What are we 

to make, therefore, of supergravity 

theories which cannot be obtained from 

strings such as N = 1 supergravity in 

eleven dimensions?’’ 
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1987 From super-spaghetti to super-ravioli 

• ``This is a particularly puzzling example 

since it is well known that upon 

dimensional reduction to 10 dimensions, it 

yields type IIA supergravity which is just 

the field theory limit of the Type IIA 

superstring 

• Indeed, if supersymmetry allows D =11, 

why do strings stop at D = 10?’’ 
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The Brane Scan: 
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String in D=10 but 

Membrane in D=11 

 

 D=spacetime dimension 

d=p+1=worldvolume 

dimension 

R=real 

C=complex 

H=quaternion 

O=octonion 



Strings in D=10 from membranes in D=11 
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 As the underlying space, shown here as a two-dimensional sheet, curls into a cylinder, the 

membrane wraps around it.  

The curled dimension becomes a circle so small that the two-dimensional space ends up 

looking one-dimensional, like a line. The tightly wrapped membrane then resembles a 

string. 

In fact it is the Type IIA string.  

Copyright 1998 Scientific American, Inc. 
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LATTER-DAY FLATLANDERS 

 

1884 

FLATLAND 

Edwin Abbott  

 

1987 
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1987 

FLATLAND MODULO 8 

M.J.D 

hep-th/0111237 

http://arxiv.org/abs/hep-th/0111237
http://arxiv.org/abs/hep-th/0111237
http://arxiv.org/abs/hep-th/0111237


1995 M-theory revolution 

• Five different string theories and D=11 supergravity unified by 

eleven-dimensional M-theory: strings plus branes 
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Edward Witten,  

Fields Medalist 

and string theorist 
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“Understanding what M- theory really  

is would transform our understanding of  

nature at least as radically as occurred  

in any of the major scientific upheavals  

in the past” 

 

 

 

``M stands for magic, mystery or membrane,  

according to taste’’ 

* 



NOVELTIES OF M-THEORY  
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Branes as well as strings (M-branes and D-branes) 

 

Subsumes D=11 supergravity and five D=10 strings 

 

Non-perturbative : Interchanges T duality (R goes to 1/R) with S-

duality (e goes to 1/e) 

 

Microscopic origin of Bekenstein/Hawking black hole entropy  

 

Ads/CFT duality, incorporates  ‘’Holography’’ 

 

The ‘’Braneworld’’ 



Story so far: Unification 

 

 

 

                               1831                            1967                          1974                       1984                  1995 

Electricity   }  

                  } 

                  } Electromagnetic force } 

                  }                                     } 

Magnetism}                                     } Electro-weak force     } 

                                                        }                                    } 

                         Weak nuclear force}                                    } Grand unified force } 

                                                                                             }                                 } 5 Different    } 

                                                             Strong nuclear force}                                 } D=10 String }   M-theory 

                                                                                                                                } Theories      } 

                                                                                                  Gravitational force} 
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           Faraday             Glashow,Weinberg,Salam        Georgi,Glashow          Green,Schwarz                   Witten 

? 

+branes in D=11 
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Sorry, I know you’ve got charm but I’m really into branes 



1987 : A heterotic 5-brane? 

• We conjectured the existence of a 

heterotic 5-brane as the ``magnetic dual’’ 

   of the heterotic string (1-brane) 

• Brane      Potential     Field-strength 

   1-brane   B_2            H_3=dB_2 

   5-brane   A_6            F_7=dB_6 

• In D=10     H_3=*F_7 

• In 1991 Strominger discovered it as a 

soliton solution of the string equations! 
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1988  

Classical and quantum supermembranes 
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1987 Branes = ``Singletons’’  
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• ``Singletons’’ live on the boundary of AdS 

 

D=11 AdS_4 x S^7     d=3 scalar multiplet 

 

D=10 AdS_5 x S^5     d=4 vector multiplet 

 

D=11 AdS_7 x S^4    d=6 tensor mulitplet 

Same dimensions and field content as branes 



1988 Conformal branescan:  

•  Conformal branescan: Anticipates  

• M2 Osp(8|4) 

• D3 SU(2,2|4)          

• M5 O*Sp(8|4)         
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N=4 gauge theory on the D3 worldvolume 

• ``This self-dual threebrane represents a 

new point (d = 4, D = 10) on the brane- 

scan. The worldvolume action is described 

by a four dimensional Maxwell multiplet 

with N=4 linearly realized and N=4 non-

linearly realized supersymmetries. ‘’ 

• ``Now d = 4, N = 4 abelian gauge theories 

are expected to display an SL(2,Z) duality. 

Could this be the origin of the SL(2,Z) of 

the Type IIB string? ‘’ 
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Born-Infeld predicted 

• Since 4 supersymmetries are unbroken 

the multiplet is uniquely given by the N = 4 

Maxwell multiplet with 8 +8 on-shell 

degrees of freedom. However, since 4 

supersymmetries are broken, the action 

must be an unusual (Born-Infeld?) one 

with N = 4 non-linearly realized 

supersymmetries.  
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1995 Polchinski’s D-branes 

• Dirichlet p-branes: surfaces of 

dimension p on which open strings can 

end.  

 

CollegeLondo

1996 Maldacena’s AdS/CFT duality 

Gravity in the p+2 bulk equivalent to CFT 

 on its p+1 boundary  

 



BRANEWORLD? 

•  ``We note that by virtue of its 

dimensionality, this self-dual threebrane 

comes closest to realizing the old idea of 

"spacetime as a membrane".  
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The braneworld                            Parallel universes? 
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BIG BANGS 

 CREATION 
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BIG BANGS 

LIFE 

 CREATION 
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BIG BANGS 

THOUGHT 

LIFE 

 CREATION 
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BIG BANGS 

BRANES 

THOUGHT 

LIFE 

 CREATION 


