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ǘƘŜ ƻōǎŜǊǾŜǊΩǎ ƎƘƻǎǘ 
 ɐ or, on the properties of a connection one-ŦƻǊƳ ƛƴ ŬŜƭŘ ǎǇŀŎŜ  ɐ  
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topic 

study theories with local symmetries (ym & gr)  

           from a field space perspective 

 

o why field space? 

           it is the natural arena for (non-perturbative) qft (covariant path integral picture) 

           [dewitt] 

 

o which tools? 

           covariant symplectic framework  

           a very flexible and powerful tool to study (pre)symplectic geometry covariantly 

           [ǎŜŜ ŜΦƎΦ ǿŀƭŘΩǎ ŎŀƭŎǳƭŀǘƛƻƴǎ ƻŦ ƴƻŜǘƘŜǊ ŎƘŀǊƎŜǎ]  

 

o what does presymplectic mean? 

           that we work at the gauge-variant level 
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motivations 

why gauge-variant? because... 

           ...it is simpler (i.e. it is the only thing we know how to do), and 

 

           ...because we want to focus on finite regions with boundaries and corners 

 

the point is: 

           gauge theories are non-local (gauss constraint      systems do not factorize),  

           and working with gauge variant quantities allows local treatment; 

           non-local aspects still manifest at boundaries and corners 

 

 

long term goal: understand (quantum) gravity and ym in finite regions 

           [ i also believe this is relevant for ongoing discussions on new (asymptotic) symmetries in gauge theories 

                    and gravity, see e.g. strominger et al. 2014-16, but this would be the subject for another talk ] 
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finite regions 

why finite regions? 

           because, they are the loci of observers and experimental apparata 

           [ŎŦΦ ƻŜŎƪƭΩǎ ζƎŜƴŜǊŀƭ ōƻǳƴŘŀǊȅη ǇǊƻƎǊŀƳ] 

 

 

furthermore, 

           their boundaries are where coupling between subsystems takes place 

           [ŎƻƴƴŜŎǘƛƻƴǎ ǘƻ ǊƻǾŜƭƭƛΩǎ ζǿƘȅ ƎŀǳƎŜΚηΣ ŀƴŘ ƻŦ ŎƻǳǊǎŜ with the whole extended-tqft framework, e.g. crane 90s] 
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summary 

Å study field space geometry of theories with local symmetries (ym & gr) 

 

Å using a gauge-variant spacetime-covariant symplectic framework 

 

Å in order to emphasize the role of boundaries and corners 

 

Å that is where non-locality will manifest itself  

 

Å and where the coupling to other subsystems [observers] takes place  

 

Å in this talk, for simplicity, we will focus mostly on ym theories 
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plan of the talk 

preliminaries 

i. mathematical framework 

ii. field-space connection one-forms 

iii. a covariant differential in field space 

 

explicit examples of connection one-forms 

iv. example one: via new fields 

v. example two: no new fields, via fermions 

vi. example three: no new fields, via gauge potentials 

 

covariant symplectic geometry 

vii. ym 

viii. gr 

 

ghosts 

ix. relation to geometric brst and the gribov problem 
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preliminaries 
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mathematical framework 

gauge group and field space 

ym theory with charge group      with Lie algebra  

 

gauge group (=group of gauge transformations) 

                                                                   and, infinitesimally  

 

 

field space:  

 

           where   

 

 

elements                    act on       as 
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more geometrically, 

this means there is a right-action of       on 

 

 

 

 

the infinitesimal version of this action defines a lifting operator from      to   

 

 

 

 

 

e.g. 

 

          ǿƘŜǊŜ ƛƴ ǘƘŜ ƭŀǎǘ ǘŜǊƳ ǿŜ ǳǎŜŘ ŘŜǿƛǘǘΩǎ ŎƻƴŘŜƴǎŜŘ ƴƻǘŀǘƛƻƴ 

 

mathematical framework 

right action and vector fields 
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the lift                                  generalizes immediately (pointwise) 

           to transformations which depend on the field configuration  

 

 

 

 

 

 

 

this transformations are useful, e.g. to implement «gauge fixings» 

 

from now on, we will always work with this more general gauge transformations  

 

 

rmk this is a promotion of a global to a local symmetry in field space 

mathematical framework 

field-dependent gauge transformations 
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now, that we have vector fields,  

          it is only natural to investigate differential forms on     (cf symplectic geometry!) 

 

the formula for         suggests the introduction of 

          a field-space differential operator, 

 

e.g. on                     , it gives 

 

it can be extended in the usual way to act on arbitrary forms, 

          taking care of proper antisymmetrization (wedge products are left understood) 

           

in particular, 

 

inclusion (form/vector contraction),                                                      , for  

e.g.                                     

 

mathematical framework 

differential forms 
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mathematical framework 

lie derivative and convariance 

lie derivative on               can be readily defined via ŎŀǊǘŀƴΩǎ ƳŀƎƛŎ ŦƻǊƳǳƭŀ   

 

 

of course, this definition is consistent with the dragging picture, e.g. 

 

 

 

now, notice that even if                                     transforms «nicely», i.e. equivariantly 

 

 

Its differential does not : 

 

 

this is the analogue of:                             while                                   

and to similar problems, there are of course similar solutions... 
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