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About Me:

- Moathematical ph\{s‘uc_is\- intevrested m 2D Cowforml Tield Theovies

ond Meir related mathewatics

YOA - Modules / ®-Ca\'¢gori¢,& [ Numbev 'l'he.onl / S'\'nvwﬂ"l'h(pn’ / TOFT

- A\acbm ond Re_P -}\ne.or\( 'Badzjr‘ow\d-

(aoa\= Construct ond c.lassi-[\/ rePrc.sg.w\-a\-iov\s relevant to
conformal field theovy.

- Yarticular interest n ‘loga.ri-\-\nmic" CFTs (l03CFT s)
— CFTs where +4he relevant meov\, is v\on-semisimple..

- OH'&A ivivolve 'ik'mﬂ.s called “relaxed” hiﬂ\ne.s-\- m(ak\- modules.



A very loose algebmis-\-s view o(' Chival CFT :

What is o 2D Confovmal field theovy?
2D QGuantum field theory with conformal Symmetry.
Quantum shodes orsavxised nto modules over dhe S\Imwne.\'V\! algebm.

Symmd'n‘ algebra,

Stote space
\levteyr Opevatov Alﬁdm\. S Collection of
VOA - modules
Chival CFT n-point functions
Nice: Modular ‘tensor Co.hjovxl & - Tensov structuve ®&
- Duals
Less nice: Poss. b‘y now - risic\

- Modular Pvr'oFev'He.s
'De{wh,\-l non - Semisimple — Fusion Rules
avaloque of MTC.



A first Example:

A NOA is o (Z—gmclzd) vectov space V, w a map Y:V—EndM[2*]

Yiv,2) = 2 V28 . veVia JAeZ |, vaeEnd (V)
neZ2

The Produd' is on fields (OPE) :

Yiv,z) Yiuw = 2= Yivamu,w) (2-w)"

nweZ

Examlale.'- Lx(sl). Grenevated by ews.hd . fm (ahA=1), ke€ , satisfying -

h(zyew)~ 2elw y h(z\f(w‘\'v-?.{(w\ . h(z) hw) ~ 2Kk ) c(z\{(w3~ 3
2~-wW 2-w (2-w)? (2-w)?

The endomovphiisms {Cn,hn,h,ﬂ | nel} spon an ;‘:\;,g offive Lie algebra

A
Lk (sl modules ¢ > Slg,k-modules

YUnder some technicod assum]:\-ioms.

+ hw

2~-w



Which modules play o role.”

Li(eh) for k€ Zpo :  Inteqnible highesk weight 8z - modules - )

A AN T

Z-~graded modules . Top spoce. is fin-dim. sl, - ivrep
Tfimihdy-mam( hishe.s{- weight wreducible modules «+ camplc.’m. redwc.ibi\i\-\/
=> SL, WZW models | Nice modulor tensov ca*z.gorics. A litle bit bwiv3.--



Which modules play o role.”

Lu(eh) for k€ Zpo :  Integnible highesk weight 8z - modules - )

A AN

Z-~graded modules. Top spoce. is fin-dim. sl, - ivrep
Tfimihdy-mam( hishe.s{- weight wreducible modules «+ campldc. redwc.ibi\i\-\/
=> SL, WZW models | Nice modulor tensov ca*z.gorics. A litle bit bwiv3.--

Lk (Sh) {‘Of k“'lgi . ueZzg , VéZzL ’ ﬂc.d Cu-"s"i
\Y

“Reloxed h.w. modules”

A W 4 | |

Top spoce.: . Fin-dim. Vevemo. Conj. Nevmo, Dense

Inf - many ivveducibles , hard to clssify relaxed medules , but viecessavy

Q: Yow do we ge:\- o bettev homdle on reloxed modules ?



Quantum Homiltonian Reduchon :

For o o simple Lie o.\ae.bm, teve is alwa\,s an assoc: Lu(g)

Given o nilpotent {-ec.g , We con “veduce’ dhe SYM\MC\‘Y\I of Lk(g) via GHR

L (o)
Ou'\'Pu‘\‘ is & 'w-alse.bvo\". Map extends 4o modules:

When £ is primcipal , i-e. [?o'_0} ,and K is admissible [ Kae -Wakimoto]

O ‘Yo

L) ¥ Wan

Lulg)-med —— Wi (9. 4) —wmod .
ivved. h.w. — irved.hw. or O.



Quantum Homiltonian Reduchon :

For o o simple Lie o.\aebm, teve is alwa\,s an assoc: Lu(g)

Given o nilpotent ey, We can “veduce’ +he symmetvy of Lulg) via GHR

> ‘H;s(‘-k“])) . wb.[ﬁ-*) Wi (e.f) wnique

)
Lk(q uP'I'b conj. of }eg

Ou'\'Pu‘\‘ is & ‘W-alse.bv&"- Map extends to modules:

When £ is primcipal , i-e. [?g_P} ,and K is admissible [ Kae -Wakimoto]
O /o

Lulg)-med —— Wi (o $) —mod.
ivved. h.w. — ivrved.hw. o O.

Wi(g.for) -mod is  semisimple. and Wi(g ) cannot have. relaxed modules
Hord +o clossify Lu (sla) tneovies sokisfy Hwese conditions

sl,0 Wi(sl, §) = Virasoro  with  c= 14— blu-W' Non-usmitary
uv Miniwal Mode g

These ove wel\ wmderstoad . Can we itk back Yo L« (sl) reloxed ?



lnwl-ing Hami [fonian Reduchon:

\Iden: Can we “reverse' GHR?

(Adomovic,'17] Yes! Owly for k admissive amd ¢ Z,,.
L (sh) — Vir®@ T lnverse. Hamiltonian Keduchon

Mis a‘half - ladtice VOA". - modules are o.lways relaxed

Tl- modules Vir ® TT ~modules

. v L | <& < \\
Lkl 9“1‘ “mOAMlL
Realises relaxed Li(sh)-modules inside Viv @ TT-modules

us'mg all Vir (finite ond well understood) and T- modules (eas\/) constructs
all relaxed Lg(sl)-modules. lrveducible quoch'-s, chavocters , modular data

all easier to extvact.



How for does +his extend?

Geveval Idea: Stort ot Wu(% .F‘w:..\, work back M’ough choins of Hamiltonian Reduchons

Le(st) < Yiv- [Adamovic, *1#]
Uoeel 4o Cconobruck
ownel QM;{\I all
Lk(s\z\ & BY & \"]‘!-k velaxed modwles

(Adamovic —Cvmh-,la -Gewn'2(] [M&Mwic - Yovmschu - Ridot 20, 23]
[ Fuly - Ridout 2]

Some additiovio) vesults for: genernd sl [ Felily “22,%29].
T [ﬁﬁu(.-mu«muwzs]
SPy (Beewn- Mesaghalli N2(]
Supey [Adawmovic 13 ]

[Fasque.\ - R - Ridour "4 (seon!)]
Classification of reloxed Li(st3)-modules via [GHR for

k+3=u , us3 ok
2

+ Modularity and fusion rules (choracker) .



Summvx_, .

— bverse Homiltovian Reduction gives a new way of comshuching and classifying
Affive and W—algebm modules relevont l°3CFT

— Constvucks all velaxed Li(g)—modules in known cases .

— ObYam all simple modules by decjencml-ion

— New concrefe examples of nonsemisimple fusion taegovies .

— Method natuvally gives bvoid [modulov info from Grothendieck Tiy

- Con bwld Lu(cp-module.s W/ iv\fimil-z-d:mmsioml wt- Spoces.



