
Generalised Bargmann - Wigner .classification :

Mined
. symmetry fields in Minkowski and Adsdit > 3

NicolasBoulanger Service de Physique de l
' Univers

, Champs et Gravitation

Universite de Mons
-
U S

Third Mandelstam School & Workshop , January 2019
,
Durban



PLANO_oti¥m
�2� Bargmann - Wigner in Mankowski space

�3� Bargmann . Wigner In Adsdn space

�4� UIR '

s of son , dti) & fields in dSd+ ,



⑦ A motivation for higher . spin fields : Quantum Field Theory

AtfO
: Majorana (1932) , Dirac ( 1936) ,

Fiery -Pauli (1939), and most notably Wigner 's 1939

classificationof VIR 's of Poincare group ISO (3.1) .

. Relativistic, linear & .covariant equations : Bargmann - Wigner (1948)

↳ massless
, helicity particlescharacterized by

• Mass m = o ; . helicity' s E { 972,1 , %. - . }[⇐'Ii::÷:÷÷::÷÷÷÷÷÷÷:]



°
Some comments about interactions

↳ Problems with :

•
Minimal nut coupling for s > 3124961)

°
Minimal Lorentz .coupling for s > 512 C 1964 )

.. Infinite- component Majorana - like equations (1968 )

( has tachyons )

↳ Togetherwiththe observation of high . spin hadronic resonancesBEEF
.

that consistent high . spin interactions require

infinitely - many fields of unbounded spin .



Once the HS representations have been seen to exist

in the sense of UIR

's
of spacetime isometry algebra ,

i.e . first quantization , then standard second
'

quantization
naturally requires a covariant Lagrangian

Fierypyrogen:

societeaueqpyadrat.colocal and .covariant Lagrangian
to every of maniacally - symmetric spacetime - isometry

algebra .



.
Initiated by F. P. in 1939 for massive , spin . 2 particle
in R

' '3
.

Then
, notably [ Chang ( 671

, Schwinger ( 701 ,
Singh . Hagen ( 74) ]

. In 1978
,
Fronsdal and Fang gone Lagrangian

form=ohelicity . s field around R" and

(A)dS↳by taking the M → o limit of Singh . Hagen 's L

Questions
:
Can we generalize this program to arbitrary
spacetime dimensions D > 4 ? Interactions ?

( them : D= 2+1 very interesting too . Not in this talk
. )



The
BW program in IR "

d
was achieved in late 80 's [W. Siegel &

B
.
Zwieback]

and in minimal form in [ Labastida 89 ,
X.Bekaoet& N.B

.
Zoot]The

BW program in Ads#+,
in the late nineties by R

.

Mets-aero
.

Before attacking the ambitious problem of introducing
consistent interactions among the various fields ,
one may want to fill a gap : the Bargmann - Wigner
program in dSd+, :

establish the dictionary in dsd,
between VIR '

s of SoCs , ol ti ) and covariant linear

wave equations in dSd+z .
First : review A s o -cases .



& Wigner 's classification of VIR's of Iso C1.

d)
↳ One

-

to
- one with the Sou , d) orbits Op of p e CIR

'
.d) *

together withVIRof little group Gp E Sou . d) stabilizingp.

1) F g eGp.gop=p2) Given a reposes . R ofGp, induce a UIR T of Isola , d)

on the Hilbert space of functions on Op valued in R .

µ

~
OL

~

T ( A , A) .4cg) =tea..iq) e
"9. ' 'R ( g-

'gon.g*, ) .41kg)
[ egg, (g) = Eg, ( Je . 9) Cg, (g) , dug191 -- flop dlecgl , g e G , g e K t.p - space with measurer ; Radon - Nikodym derivative]

wherego,
E SOU . d ) standard toast for p : go,

. p = g e Op
-1st.

gjoA-oga.iq
:

p
A9 a. 9

g.;
P

JA'q



The various orbits (

Op
} correspond to p being

1) Timelike -⇒ Massive particle

pm
-

. ( m, o , - . - so )
A

P2 = - m2
, Gp = SOLD) E :=p° & y = diag C-et , . . . , t)

④ a

2) Light - like mix. Massless particle

P2 = o & p t o pm = (- E , o , . . . go , E )
P*Pi
'

#In Light frame set : = nd÷I , pm = ( p- so , o , - . - so )

Little group Gp E ISO C d - t ) = Td,* Sold - t )

Mi
-

& M
- + rejected ⇒ { M Thi}u{Maj. }

↳ Take it , trivial no helicity VIR 's : Gp = sold -I) .

3) Spacelike -*tachyons : Gp = solid-t)

4) Nul p = ( o , . . .

,
o ) in (IR ''d)* : Go = sotted) .



=

i

'

As
for covariant , linearwave -equations

.

Take 4¥ Ca) valued in

GLC
Iti) irrep -⇒

⇐

A-
Young tableau

= with Ce t Cz S ol
- I

u: u: . . - Me. "
-

⇐i÷÷÷:÷÷. . . . . . i
ha

⇒ .

h
,

. Symmetrizing the indices of any

• Antisymmetrizing the indices
row with any index of a lower

of a -
column with any index

now gives zero identically .

of a .column at its right gives zero identically . Define p, = II.ah±
the height of ITF .



#
.
Build the curvature

c , c ,
he I

K¥.=oh . . .

d" 4¥ ⇐⇐m: - - - sa - rite.

by acting on 4¥ with s
,
cares =§÷h.#€.

and impose the wave equation he
,

Fie

KEE
= 0 .

( I
mom Bianchi identity di K = o t i E { I. . . . . s. }

t tDeduce thatok
,
K = o Fi wheredei

,
= *id"

* i divergence .

+Hence { ok",dei,} K = I K = o ⇒ K*¥ massless field .

+Foamier modes ECp) on p
'
= o [ ol

' "

, dy;]
,
= Sj a

light -eone : mass shell for light- like [ d
'"

,
d'" ]
,
= o =

Cotta
, ,

dig
,]
,particles .



Bianchi Id
. c* )

*"K-

-
o ti

. Petrini. . .mg., , . . . -=o ⇒ E -⇒¥ of

GLcd.IR
)

. transverse directions
c-

Fine
.

i E { t . I , . . . , d - i }
a =!date,

Kao Divergenaless : pt K+
. . .
± oein- . .iii.#⇐y Means that I valued in # ofGlyde,yTracelessness in sacred ) Tracelessness inSochi)Cd :

I reduces on- shell to TT in UIR R of Gp

Gp = sold - e ) little group for helicity
particles

→ Tca
, a) VIR,

induce
ISOGod't )

( *)

K
-iii-E 0 = Kc. ivies- = 3K- [ivies- aKi ⇐ I- Civ ie ] - = o



Gauge invariance Ky = d
'"

. . .

d
'"
K
,

Wave equation Tr Ky = o is PDE order see for 4

Invariant under

T. F. IT.

T8.)Y

I
I
⇐ / t" I4*1A" y

I
* / 4. ,g I

. .

- f-⇐ f-⇐f.⇐ f-⇐
-

- -

?An
-
shell

, fining gauge IT reduces to I = Cp-Is' Yi
.
. . . j . . .

X.B.& N.B . Partial
gauge fixing of Tir I = O SO ( d - 1) .

to (a - I
,

ol'"data
,
t z &j= , ok

" ol'" Try. ) Y = o : Labastida 89
.

New: turn .
to Adsdti



-

3WAVEEQUATi0N#i¥S

citation Lie algebra

soft
t

HE
.
ol t

EE
)

with generators Ma , = Mast

(n'ai) = diagto,
- . + , . .

.

,
+ ) I

o = ti Adsdti
-

o = - I 015*+1
(Mab )

A
,
B
,
. . .
=

o ,
O
, 1g . . -

,
d

a
,
b
,

. . . =0,1, - . .

,
d

Mab = diag (- , to - - -

, t ) SO C I, d )
O I

.

. . . ol

[ Mais , Mco ] = i MAD -

Taf
MBB -

7,5
,
Mac t

Ma's
Misc)



• Pa :=X

Mora
transactions IAlds,"

[ Mab
,Mcd ] =

i 7 be Mad t - -
.

[ Mab
,
Pe ] = 2in

,eqbpa,
[ Pa

,
Pb ]⇐iotMab

• Another useful decomposition of Mars , adapted to CFT :

D := icrAM• ,Pi: =Atto; t e,Ettore,Ki:= Moi - e
.Morii for 0=+1where C

, = { ,
s . t . CE = - r .

1 for o = - I

[ Mij . Mere ] = i Sjk Mie t - - - [Ki.Pj] = 2 @Mij t Sig. D)

[ Mij , Per ] =2iSky. Pig [ Mij , Kk ] = Zi 8kg. Ki,

[ D
,
Pi ] = Pi [ D

, Ki ] = - Ki

-.

Node .

.
5=+1 : D= - Moo=E



Quadratic Casimir C
,
[ sole t

it
.

dthz
)] =L MAB Maps .

Using Moi=z(Pit Ki ) ,

Mooi=L.
i - Ki )

Az MAB Maps = D ( D - d ) - P" Ki t C, [sold,]

⇒ an a lowest - weight state pass'D

annihilated
by ladder op . Ki ,

s .t . (D - a ) I Do J > = 0
,

Kil Do I > = 0 e

one finds

Cz [ so ( It

It
,

ed t

iz
)] = D (D - d) t ¥ se C set#-I )



.

In the sole tit, ed tiz) -covariant basis where

Pa
=
l

Mora
,

represent Pa = - i
-

Da as a diff . operator . T. the Lorentz- covariant deriv .

⇒Cg
= z MAB Maps=C, [ so a, d) ] - r gabMoraMab= Ca C so a. d) ] -yo,Papa• Set¥Da Da = -IzP' = z MAB Maps - I Mab Mab I

0M¥
.

HI

-

D( A - d ) ten
,
se L Setd - all

⇒Gives arelationbetween wave equation ( linear. relativistic )

and (abstract ) VIR of so (It'
II

,
d t

II
) .

(I. - tme)4=0
# IT



• Asking gauge invariance of wave equation
( I - d'

m¥
. ) 4¥ = O

,
Tr 4¥ = o =D. 4

,
on all indices

t
under 8×4* =

,#
⇐

DX⇐ ,gives [ Mets.aero
' gs,t -- it a set of possibilities for fined I

r

o me?E { ( SI - p ± - t) ( SI - PI t d - t ) - £7,Sk}I=n
, . . .

,
B

where PI : = ¥
a

hs
J

together with similar conditions on the gaugepara. Act,

and the gauge - for - gauge parameters { Is}i=z
,

. . .

,p±
Note: In CA Ids

,
at most I gauge parameter ! Different from Minkowski !



Group. -

theoreticaldescription
in Adsd,

Generalized Verma module
sole) to sold) c sole . d)
e

✓ = ( Pi
,

. . . Pin leo,
I >
j . . .ec . . . }

n = O , l , - r .

Recall C
, [ sacred ) ] = ee Ceo - d)

+
Cec sold)]

with

eo > see - he t ed
- I Massive unitary field

e
.
= e'E÷ Se - p, t d - t partially -masslessCgauge) fields{

e
. ±EE& e

.
s e ! Massive non

- unitary

ObserveomtE { EELet- d ) - £
,

see
}
I = 7 , - . .

,
B

In accordance with
¥

I = I MAB Maps - I Mab Mab

e. Ceo - d ) tisletd
- ell - I

,

secsetdtt - ell

Iq D 4 =
-e. I - ee to ) - se



Gauge invariance of Fiery - Pauli - type wave equation

- reflected by

Gauge field y
, Generalized Verma m

.

Irr . module IDCEE. ) ⇐
MEE . )

/ Olet.FI#)✓
- → Gauge param .

module
,

minimal energy / itself a quotient in
of states in themodule 84 =

¥
des

general L gauge for gauge )



Ads oh, DSdu

Vacuum

sole
) to sold) module Vacuum so (1,1 ) to so (d) module

IFLeo,
I TH l Ac

,
# )

. Casimir . Casimir

Ce = e.

Ceo
-d) t CelsoCd)] Ce = DecDe-d) t CelsoCd)]

•
Critical mass 472- l'm'⇒. )t¥ -

-
o

rME,
= e o Leo - d ) - ESh-mE¥=DelDo- d) - £Shk-1

•
massless for e

.
=

et
.
massless for Dc = ?

unitarily known (tilt= Ei unitarily?



4 VIR 's of SO ( I , dti )

IR
6

• Principal series : the = dz tie , & e arbitrary
[Rem : 1724

.

=L
-E)

Hdac
- d) 4

.
where da (A. - d ) =¥t ie )( ie - ¥) = - e ' - day ⇒ 572 > o in ds.lt, I

• Complementary series : p a De a d - p , p E { on. . . . or - t }
adCA- d )

P=P, ly= o for k = Pti , . . . , re .

• Exceptional series .

. He = d - p ( or Ae =p ) . p EH . . .ie-B

life= o for k = Pti , . . . , re . (no scalar)

• (D= 2kt

1)
Discrete series : Ae = ¥ t k ,

ke HE
.

,

i.e . de = def th' .

h ' e IN maximal height • s k s la
-

-( I-or SO ( I , 2 rt 2) a
rank

IsoGotta
If rank Iso

Lolth
) = htt .

the

Cartan
subgroup is sold it)

, compact .

Thertileommuting) generators of the Cartan subgroup
are compact .

For D= er
,
no compact Cartan subgroup . There is a solid) generator among the rtiI

.



Dictionary

Computing de so Cdte ) characters of Generalized
Verma modules ( using Bernstein

- Gelfand-Gelfand resolution]

and comparing with characters of so Go dtt ) VIR's

from the math
.

literature
,
we obtained the dictionary

• Principal &complementary : Massive fields . e.g .

dSd+, Adsd+,

Lmk)' ( e.=dh ) c e.=D ) (MR 12

a
#

⑥

I okq - ok Rae °

4

eompl . princip .

Ram'-_ eo Ceo - d) ee = def ⇒ Singleton
eeas - ptd - I MEE -I

,
Cd'-4)

d?'s def a dz , MIA
.

= - da't 4 , eo

Zd
- I & ee = def

Mehdi
,

= - dye
,



• Exceptional series: Cpartially ) masslessfieldswith less
-

than
-

maximal height

Unitarily
.

. only the last block must be activated

Dc = SB - P t d - t contrary to the first one in Ads
.

P = PB

them .

.

Theweights(Do
,
# ) labelling the UIR -⇒ Curvature and

not 4 potential
• Discrete series : massless field 4 with maximal height

Ae -- Lr - rtd - t

PB =P = r

SB SB Sps
SB I Lr

=

e#
SB-t +1

4 potential K curvature X
gauge parameter

Massless eases .

.

t = I ; PM .

.

1ats sis .



summary: Unitary fields .

dsdte

Imc Do ) A

if principal
P

•

die d
- p

ex.pt/eom,pe.

•

except
Re C Dc )

Adsdti
:

• @

O D
Ds

, he



•
In the scalar case s = o

,
the field

focus
obeys

I I II. - Haifa) 4¥ = o
,
m¥ = e.Ce. - d) - E. si I.

( II t212)deal = o in Ads 4 .
with

me? = - 2 = Cz Inot. 3) I D (e . It) ] = - e o C- eo + 3)

leaving 2 possibilities compatible with unitarily :

↳ e
,
= I ( Dirichlet ) or 2 ( Neuman ) BC's .

. So , in the zoology of ' ' massless " VIR 's

no C bosonic) fields propagating in Ads
, ,

we have

D (Stl , s) s 1,2 , . . . and D C 2 , o)

i
Fronsdeal on - shell

fields



Dirac singletons and Flato . Frans

.=
-

[ e. = d÷ ] .

Two remarkable so (2 , d) . UIRS : D ( E. , o) &DC€+£, 's )

Not propagating inside AdSd+± but at JAdSd+
,

.

↳ single line in compact weight space

E ^ D (E. , o ) :
RAC & D ( E . +12 . Is ) :

Diffee⇐



Flato - Fronsdal theorem ( D= 3 )

÷DCI,° ) Q D (zoo) = +0 D ( Str ,s )
5=0•D(^,¥QD(1>¥=D(%o)o⇒±D(⇒

CWT: Compositors of massless particles in Add,

RAI : I
, does = o (*) with dim ( $ ) = z . ( fd3× 2$.a§
conformalscalar

U ( so (2,01))• Symmetries of (*) : - = A associative algebra
Annik ( RAC) |v [ . , . ]

hs ( dts )



Module D ( e. , I ) for RAC
.

in too
,

of
t

.
From E = - Moo =D and L

-

i = Ki , Lte. = Pi , [E , Ei I= I LF.

and EE. , Ej I = 2 Ei Maj t Sig. E ) ,

✓ ( e
. ;
I ) = ( Lt; . . . Ein le. . a > }new where Ei tee . 07=0 ,

eone

searches
for nut avatars in 0 , Level by fennel .

.

°

l : Ei Ltg. leo . o > = EjLife?o > t 2 (iMaj t Sig. E) leo . -7
= 2 Sig. e . le. . o > ⇒ cannotvanish

.

↳ Levels.. Ei Lta Ltg . I e
. .
o > = (Lta Ei Ltg. t ILI. , LI ] Ltj ) Heo. o > =

= 2 e
. EhSjileo

, > t 2 ( i Mik t Sch E ) Ltg. leo so >
-

(ee t t ) Ltg. I e so>

= 4
..
Lt
.ch Sjw tea. o t 2 Sik Ltg. le. . o > t ri .

i ( 8jh Lt - Sj, Lts ) le. . o>
me-

rm=2 [ 2 (ee ti I 4h Sjw - Sjk Lti ] te. . I >
Hence L

-

i Lta Ehle.. I > = 2 I2 Leo ti ) - ol ] i tee . I > = o for eo = ¥ = Eo
2



.
It turns out that there is no other nul vector that are not descendant of

IN ) = Lti Lti III. o > , therefore DC ¥ .
I ) = OCHI . o )

RacVermamooted
Olds t ' . o )

•
Another example .

.
I = s of so Colt ,

I e. , J > ios, vacuum
.

EjI e . , I > ios,
I o by assumption

.
O (e.5) =L Ltg; - - - Ltjn I e. , I > us,}

↳ Level : Define teeth , s -I >ios.,, :=
EJ le. . s >jus,, .

hen
,

[
k teeth . s -I >ios.,, =. [ Eh .Ej] 8" I le. . s > i

, is . . . is
= 2 8 " t (i Maj t 8kg. E) leo , Dies, =

= 2 i i 8 " I [ Sinj teas)hi
,
. . is
- Sieh tee

. Dj is .. . is t

+ Cs -1)( Sigj lee's>i, hi, . .. is - Sieh lee, s>in jig. .is ) J t 2 fit ee leo's )ics,
f ÷
Iz Eh teeth . s -1 ) us.,, =IC d - i t s - i - o )te]leo.

s>pics, , ⇒
Nul vector at level I

if eo = Std - 2 .

Again , no higher independent nul vector : D ( Std . 2. s ) the Fransdal spin - s module .

Fransdal module D ( Std - a
,
s ) =

J ( Std- 205) UI R of soca , ol) .

DCStd - 1, s - I )



Reminder on algebra and characters

If V is a g - module,Xv= E multi et function on weight space .
de Iv nDynh.in labels simpleee-rest

↳ e
"
em : = e

"i ) where Ct.ee/=GiI-liuj for I = I.A" Aci, = di
dit

- -

symmetric Cartan matrix fandom . weight
simpleee.rest

.

Gii = (at"

,
acing = a Ait

=
2 ( a

' "
' x'I' )

,
dual to Killing form .

( ai'
,
di, ) (ace,

,
a
" '
) (asI

'

,
a'I' )

. Gij inverse of GET .

. a
"'

= ( a
"'
)
I Ayu, = Ca

"' )qI"" ⇒ (a "') I= ( a "' , I
I'" ) = Ca

' " )y GET = A it

IHi . Ea
"'T = Ca

' Ii Ed"' = Ati Ea
'"

.

o AAAAoExample . she , A = 2 . . >

-A -2 - Ik
.

It -4 11-2 A

,
Ya Cr-- e) ILi

, Lj I = i Eijh LkTate, a
.

e
" - "

cm = E.oexptc " -mini ] E
: =L. ± il. . Lo:=a↳

=

. o
exp =

e''E + e

"÷
+ .. . + I

'¥'
t e-
¥r [Lt

.
E] =L

. , [Lo,E) = ± a E

=
e''% ( at e-at . . . + e-

"i ) = e
"E a;I = e'

'I e-
' '' e''' 'If

-

I'T
en's
-
e-M2

⇒ X.
ate

) =

sj?nhhl¥
A elk

yay , = sat
'
- s

- A - i

=
s
's "
- s

- ' s- '

11=2 s
p - p

- T B - A- I



Fla to
-
Fronsdad theorem for d =3 ,

Rac ⑤ Rac = ¥
.

Dlsu
,
s )
, using

character formula :

r ) Character of Rac : DCI , o ) = { 172,07 , Ei 172,07 , Ei Ej 172.07 , - . . }
-

traceless

q := x,=@xpe, ) cu, , extra direction e.g in E
"'

associated with E = soca, generator.

Set q=a
'
so that • Xp

.. Cee , = okay Jt"a Xj (s) = a.
o

asj a 's
't'

- p
-et- '

A - s
- 1

1 t 92
⇒ XRachel =D ( ftp.i#a,s -f e) = = Track '

alas -⇒LE - I )

We have seen D ( Stl , s ) = { Lte; . . . Ein I sites>j, . . . j, } s
.

t
.

Ltd ISH . s>ji. . . -
O

.

2) character of Fron.se/alDCstn.s )
• inD

k -
-
o : I Stiles > i

,
. . .is ,

k -
- 1 : { Lti, I Sties >is . . . ist, } , Ei,

Jk Ej ISH , s>Liz. . .is. o EJIst's)jics." )
(y2)

Stl

Xs ( p , Cx2)
St't' Xs, (p, , Cy2)

Stitt

Xs ( p) 625+2 Xs, Cp )

k = 2 . LtiLti1St's> i . . .ig ,GirthYj,LII,
1st's>is. . is, } h , EightI Sth

,
s >ji.. ..is ,

Lttlth IsHoss
,

(f)St's Xstz (p ) C22)st3Xs+, Cp) (f)St

'S
Xs (A ) C275+3 Xs, Cp)

( Lt
.E) Istres> }



k =3 {Lt. iLI . 1st 's > i ...io Eith LI. LIEi 1st 's>hi . ..io#E)LtilstIos7i...ieKt.E)EithEjl..3h}⑤
→
Contributions to Xscp ) .

.
Cays" ← ask

E

§
• • ooo

→ Contributions toXstycp).. Case )st' £22htt •• .

±. ..,

,

⑧

! Stl •

Xs+ , ,s Cee ) = (x
' )" '

,

22h (Xs t a' Xs+y tCd' )2 '

s Sti stz

= E)
St'

Iga ¥, at Xs , g. (p) = ge.si#g?oazjs2st9
't '

-
s
- as- et- '

=

n - is
"

= ÷. Ln
""

, .
-

"" Iq. ] *÷. ,:¥⇒
Est 2

y
,
y 2p2S-

1
, p

- 25-1
+ 22 µ

- 25+1 )=÷i⇒. "⇐⇐ 'st'

- p
- 25-1 (a - c app)

= ¥ Crs-A' )Exsirs ) - a
' Xs, cm]

a
's

(X, Cp ) - 22 Xs. ICM)⇒ Xstr.su ) =
←am( Fs - E) Krs -Fs )

Difference of 2 characters of
generalised Verma modules .



Finally , compute the sum
a
's

(X, Cp I - 22 Xs. ICM)E := Xeno , t Iia-aekfs-ztke-FQ.is
⇐> E = Is [Xo t@X, -2471. ) t&

4 Xa - a' Xe) t@X
,
-
DXa)t . . . ]

= Ip (t - 24) [ Xo t a ' X, t 247/2 t . . . ]

= [ A - f' t 22 (p'-p-3) t 24 (p 5- A-s ) t . . .]
C E -Iker.¥) Im

=
At If, [B (rt 22h

'
t 2414 t - . . ) - A

' ( It Ff t II, t - . . )]
( I -Illa-Es )

=

It 22 /⇐¥⇒¥E÷n. - I -⇐÷i÷⇒¥III.'Iii:÷ ,

=
Ctto2)

2NCE
- f)2 (as - I, ye

= (XRae )
'

.

⇒ XR! = Xiao, t ⇐
,

Xcste
, , , ⇒

OCE.e) ④ DCI , o ) E Ito DISH. s)
↳ Holography Hsu ICFI
yr other talks !



In the orthonormalbasis for Br = so Cern) and Dr = so Car )
, { ee}i⇒

,
.. .

,
r

E
"

base
Cartesian

simple roots positive roots

Br
ei - ein tf i fr- I e, ± ej y sIa j s r ,

.
I = ¥

,

hi ei ,

EE e ; i E i s r
• Ki

.

:= eeicee, = et
.

en:
.

ee - ein 1 s i Er- i e , ± e j r sIa j s r
Dr

EE, t er
. Xena, := I t.EE#.Na.a
for { na ) a ⇐ et

.

set of non - negative
integers .

• Ci;E.get'" '
-

-

et oI*
.

In. = e-
'

LIE He

showactor of generalised Verma module
, for g semi. simple . (non- degeneracy in root system )

i y
⇒ c'

""
in)HII

,

et" I
,!jar ,! ec-eitei.ee , ,

-
ee- ei - ein)

= II. teifi it a

reicjcr ( r - Wing ) G - a-! a-'j )



.

G-auge-symmetri.es
: 84ms, = s The -1ms.is .

↳ Minimal set of fields & gauge parameters no. Fransdal .

- 2 L ( 4,174 ) = Du Yms , 1704M
'"

- sls They
'

mis . a, DO y 'm
is - 21

+ SCS - I ) The Y'yes-a, De Yeun
's -21

-
s The 40µs . , , Dey em 's - ')

Ads
'

, scs-hgl They '°µc ,-3, Dry 'dM 's -3 '

+ m? YM 's ' 4µs , t me
'

? Y'M's
-2' Y'

mis.z ,
-

whereme= of ( S2 t I D- 6) 5 - 2B t 6 )

. Fewer = - d' ( Ine For - Joe Tur ) , A' = - 2ft
, Gen t t't guo = o .

(D- 1) (D - 2)



•
. Max=sthy. : An (n ):= Yµ ( se ) , Sean(x) = Fick '

•S[An] = - 's
, fdux Fm Fµ , Fmu := 2 % Au]

. 8€ S[ An ] = o <= > 2" Fno ± o (Noether id . )

• Fiery . Pauli in metric . like notation :

-

hµµ, Cn) =:Ymca , Cn) , 8€%(, , = 2 2µ £µ§⇐hµ= 2 % to,)
. So [ Tea , ] = - 12 fd4× [20 Yn"@%a, + . . . ]

. Ses . [ tea , ]=o ⇐> On Focus=o, Eno :-.

"

pin . { zip .



°
Fronsdal 's formulation

° %
,
. . .µs

= 4(µ, . . .ms ) = %(s, s

↳ Gauge transformation : Se % . . .µ ,
= stem , Emz . . .µs)

Conttr. : fm Jet Yµoeo ... ÷ o ( s >,y) , JW Eno ... ± ° ( s >. 3)

.
Str [Y ] = f LCY ,FY )

, 8¥
"

= :Gm
"'
=o

Mls)

TH'Gµµ . . .ms
- Juve , MG'm, , .

.µs,a
Noether identity



ADSICFT & open problems d- ( RI, )2
- ) → o

HSy/CFTs@ [Sezgin . Sundell , Klebanov . Polyakov ]

Rkls ,
N -> a

ftp.#3
pUV fixed -pt

"%FFtkt.pk#/ " " 1
'

"

N →°

G
Critical OCN) Free Fermions Tzz

- 1N
D= 2 model CFT} where G = Newton's

.÷
lC@Prokushkin.Vasiliw ←> Minimal model

[Gaberdiel . Gopakumar ]
CFE



When bulk scalar field in D= 2 BC
,

AdSd+, [Girardelli . Pouati - Zoffarenni]
S:

~me.

S

S

>

S - 2°B#ary¥: OMJ's'o , ..., = 1 QJ'" .JYII's,
VN

.B_ulk: Gives mass to 5>2 fields , pertwrbatively . Spin fields s § 2

protected .


