
Elliptic fibrations & singularities to Anomalies & Spectra

=-theoy_ = Kd perspective on type IB theory .

"

geometric - engineering
"

→ a quantum theory ofgravity which in

some limit redoes to SLG ,2) -equiv .

Its inTÑ type EB supergravity .
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quantum effect
"
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Mthry on F → IB

2

µs brave on a- cycle = Fl string r# M2 brane on c-cycle .

)

2 brane patgb - cycle
⇒ cp.fi strife .

-
-

177 brane = magnetic source for G
.

Z it'

e~gi-s-z-iloglZ-Z.im'

e
✗
Zi

2-→ Zi
, z→i• . ed ffs)→ 0

.✓
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"
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"
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A Notkrian scheme ✗

An algebraic cycle of ✗ ⇒ _z④④_snbvarie-ies.li
ntegercoeff .

If dimcvi )=d i
,

" d- cycle
"

.

The group of all cycles 24×7=-10,2-4×2
the free

group generated by sabrarieties
of dim d

.

The degree of a zero - cycle I. Nip,

deg C.IN :p:) = -7 Ni [ Kcpi ) :k] .



Consider 0 an algebraic one- cycle .
0 = Emi Oi

.

Denote Oioj E -tj ) the teh- cycle defined by the intersection

of Oi and Oj . City ) .

et)
intersect ✗-y=o and ✗4-445--0 .

[ oil : or] and co : -1 : or] ⇒ zero cycle .

formal sum of this ⇒ the intersection

An
"

n- point
"

of 0 = apointUOi#
If it does NOT have h-pts for n>2

, O is a
"

tree
"

.

Let's say we have 2 curves
.

intersect transversally .

⇒ their intersection consists of isolated reduced closed points .



Fiber Types la la Kodaira

The types of 0 C- -2, CX) consists of the isomorphism class of each iried
.

curve Oi wt-topgidst.me#-kHpykd-Ei .
↳ characterized by the underlying set of the Oinoj

ci-tjl.IE#phnot---..ImiOi--an associated graph -6 O sie
.

1) the vertices are the tried . components coil of the fiber
a) the weight of the vertex cow

. to animed. comp- ② it is its malt .

(Mi)
.3) the vertices corr. to the Oi and Oj are connected

by ② ij-degco.no;) edges .



Kodaira type
= the type of a geometric fiber over a codim - 1- pt
of a minimal elliptic fibration

,

Kodaira
'

63 & Moron
'

64 ⇒ 10 types

Kodaira Io In> o I I UI IF IF It ¥* It

Neron A Bn G G G G Can Go G- g

Io : a smooth curve of genus 1 .

I , : an arced . nodal rational curve & dual graph
I : an tared

. cusp .

rational curve < AT



Iz : 0=01+02
, O

,

- Osip , -1Pa

• Pi

• p

dual graph
• AT
Pz

>

of?ji÷%
!

It : 0--0,1-02 , Oi 02--47 .

±:?⃝°"→ÉÉ'

=P .

• Pa or dual graph•

p
1

"

P.
•

Pi oo¥¥%,Ñ2 -

④ 1h33 ) : 0=00-1 - -
- + On -1

,
Oi -0in ' Pi , On - ,

• Oo - Po
.

Cf) n=3 : 0=00+9+02
,
Ooo

, =p , , Oi Oi Pr, 82 - Oo =p.
.



Type IF : 0=00+9+20+0} -10¢
f-

Oo - 02 -_ Po , OiQ=p , ,
02.03 -pz , 04.02^-173

2

Po
•Oo Oo Oy
•

p ,
Or % 2 B dual graph

Oz • %

Pa"
•

p,
Ot

o
,
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o,

Ñt

Oz nÑ*n
Type Int : 0=00+01+204 --

- +29+2+9+3 + Oath [ Only
for i=l , -

-

in-12 Oi
- Oi -11 =p ; Oo 2 2

[

Oo - 02 ' Pu , Oney ' Clare =

putz
Q - - - - 9+2

a
Oats /



Type : 0=00+0, -1202+20513041-2051-06

Oi -

Oi _u= pi i -3,45

Go -

%=po ,
Oils -pi , E. 04=12

- s a dual graph .
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02 2

00
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It : 0=00+24+302+403 -1604+59-+406+39 -12%

Oi - Oi -11 -_

Pi Li =3 ,

-
-

, -7 )

Oo - Of -_ Pg , Oil > =p , ,
Gile - P2
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.
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G : a simply - connected simple lie algebra w/ g .

-

§ : the affine Dynkin diagram that reduces upon removal

of its extra nodes to g .

Jt : its Langlands dual

§ andJt are distinct only when
g- is not simply -conn .

BCFG type .



Elliptic fibration = a surjective proper morphism p : Y → B
-

-

if the generic fiber of 4 is a smooth pvoj . curve of

genus 1 and y has a rational section
.

B is a curve ⇒ Y is an elliptic surface

B is a surface ⇒ Y is an elliptic 3 told

13 is of dim n -1 ⇒ Y is an elliptic info Id
.

The locus of singular fibers of Y e

= the discriminant locus 819 ) . ¥7divisor .

suaooth
.



Yi Y -713 a morphism of schemes
.

For any PEB , the fiber over p is Yp = YXB Spec kept .

The 1
"

pwj . Yp→ Y induces an homeomorphism from Yp onto g-
'

(p)

The 2nd pnj . gives Yp the structure ofa scheme over the residue field

kept
pis not a closed pt ⇒ Kcp ) is not necessarily alg .

closed
.

→ certain comp .
of Yp can be Kcpl - ironed .

while they become

reducible after an appropriate field extension
.

An Tried . scheme over a field K is geometrically irred
.
When it stays

irned .

over ANY field extension
.

The most refined description for Yp is always the one cot. to kept .

⇒ The geometric fiber over p is the fiber Ypxxcp, kept
2-



⇒ A geometricfiber is always composed of geometrically tried . comp .

⇒ The type of Yp is geometric if it does not change under a field
extension

.

T
"arithmeticfiber

"

The Kodaira fibers of type Ii , E , Il , ITI IM never need a field ext .

The rest IV. In> 1 , IF , It can come from fibers Yp whose types are not

geometric & require at least a field ext. of deg 2 to describe a

fiber at a geometric type .

→ Yp has a geometric type : split .

IVs
.
In In

→ otherwise
•

. norsplit . N
"

? In:L
,
Ii :S,



IF split

seamig-uq.li?*..*.nmsP*.-- -

✗ field ext
.

acabic ext
.

E t {
Dt BT Ii

0%0-0--0<=0¥ from arms
'

0-8*0

as Ñ¥eCl20) EE
.II, V20) from Iata ¥71s #

as

I¥ze zetas
-



Elliptic fibrations & singularities to Anomalies & Spectra ( Lecture 2)

elliptic fibration of : Y → B

A genus
-one fibration over a variety B

= a surj . morphism y : Y→B onto B Sit
.

the general fiber is smooth

pwj . curve of genus
- one

.

A national section of the genus 1- fibration
= a rational

map r :B→ Y se. the image of poor is
dense

in B and restrict to the id on the domain of T
.

⇒ When the genus
- 1- fibration admits a nationalsection

,

we call it an elliptic fibration .

→ birational to Weierstrass model
.



Weierstrass Model

L a line bundle over a feuasi - pnj . var . B

the pnoj . bundle Ti : ✗
•=P, [0,1-01*-01103]→ B

.

-

I I I"""÷÷÷*a section of Ops 1*2 f④3

I 11
a section of

④ f☒2⑦f④3

Q.CH/d-cif*3.Ol3)xO--fx06-



the most general Weierstrass eqh .

D= g- 2- + aixyz-azyz-CX3-a-X-t-aex-E-q.tn )
.

- -
z - e

ai is a section of TEL
④ i

on B
.

at a rational pe (✗= -2--0 ) .

f. Y → B
.

L : fund
.

line bundle of the Weierstrass model
.

→ can be dimly defined them the ellipticfibration Y as

L - R
'

4*04
.

The national section 0
'

. 2- = ✗ = 0
-

Nordell - Weil group
= the group of rational sections of piy→B

.

→ a finitely generated Abelian group .

→ its ranks & tension groups
are binational inv

.→ t
an id : for a Weierstrass model

,

0 : z=✗=0
.

of the elliptic
fibration

.



P-10Pa = (P, *E) *0
'

rank;N¥÷÷.÷÷
Pi⑦ Pa



D= g- 2- + aixyztazyE- ( ✗ 3 + A-X'ttaexz
"

-1962-3 )
- -

e - e

Tate and Deligne
'

72 two birational transform on $2

be ai -1492
[✗ '4

,
-2]→ [✗

, É(

y-aix-qz.z-T.by= Chaz -129¢ Yit ] → [✗-3b£ , £9 , 362-3
,

b
,
= ait Kab

be -

-
aiao-aa.ai-xaa.FI?a¥%÷É¥m .

= # *↳
> the locus ofpts p of B g. t .

Cg=-bE+36babx-46# the fiber over p
( Yp ) is singular .

⑧= - bibs - fbi - 4- bi + qbabyb, ← a section of 11*1×0"

j = kilo

17288--43 - Cao
- bi

, Ci are sections of Tippi
4kg = babs - bi .



yaz = ✗3+f✗z4gÉ . (the short-form ) f= -274
-

g= -546
.7--1 / [Hz

,
91-2,1 ] → [✗ 9 ] .

y'=✗3-fxtg.- in PT {-2--0} EAT
.

D= ~ 4f3+ 27g
'

7- branes live here !

I = ¥ = (psf
4¥
41-3+272

~ 172J 4¥
.

characterizes smooth fibers upto isomorphism .

"

Tate 's algorithm
"



Tate 's algorithm
R a_ÉÉimiy at valuation ✓

uniform i zing parameters

( & perfect residue field K=R/Cs)
.

-

characteristic 0
.

has only 3 ideals

1. 0 2. rig itself 3
.
SR

.

→ The scheme spec has only Zpts :

1. the generic pt ( defined by the 0 ideal)

2. the closest pt ( c. the principal ideal SR ) .

=L/ R an elliptic carve over R at Weierstrass egh .



→ The generic fiber
is a regular elliptic curve

.

→ Do a resolution of singularities⇒ a regular model E over R
.

& special fiber = the fiber over the closed pt Sparks) .-

Tate 's algorithm :

the type of the geometric fiber over the closed pt of spec R④manipulating the valuations of the off ← g.
& the arithmetic properties of some aux

. poly .

s becomes geometric by a

fieldexteasionklk.li
local index

"

= the order of the component group
=
# of reduced comp of the special fiber defined over K .

Tate 's notation : ai,j
= a- Ji
•

- a = ai.jsi-e-sf-fs.sig-gksk



Tate K
. Type v4) vlg ) v6) vcj ) j Monodromy Dual graph .

step

1 Io 70 70 O O Q Iz -

Il 0 0 I -1 • It :) ✗ to2

In 0 0 n> I - n • ( I 7) In,
3 I 71 I 2 -0 ° ft , f) 4 AT

4 II I 72 3 0 1728 ( I :) ✗ AT

5 IV 72 2 4 0 ° ( ; :) * AT
2 73 6

6 T*
→ 72 3 6

O f f! ;) The

7 2 73 (I -1 ) ÑntyIF
yz z

n-16 -n
•

8 It 73 4 f o o 45
'

) É
9 kt 3 75 9 ° 1728 (

°

,
F) Iz

lo It 74 5 10 0 ° ( IT ) Ép



Engineer the axio- dilator field K) on

space B

captures nonperturbative aspect :

e is magnetic deal to the 7-brane .

Detect 7-brane by its monotony
nontrivial only if the fiber is singular .

classified by Kodaira classification
can be deduced at Tate's algorithm ⇒ ADE Dynkingraph .

⇒ Associate ADE algebra
→ ADE classifications
→ get exceptional gage groups .

"

G- models
"



(fiber type .

☒- model a smooth divisor

☐ (g) contains only tried comps g. t.
Sis of type K .

( & any fiber away from S Tried
. )

Cartier divisor 8 → Tried comp . di
mas

⇒ gi is
the trivial lie algebra f.

' Ji =AT )
-

Lie algebra associated 4 4 : g
= ?⃝ gi
•

A- Lie group G attached to a given of depends on

1) the type of genomic sing . fibers

4 the MUCH .

trivial Marcy ) i Gis semisimple : G = eatGift
ex) (Kitts -model Ji .IE g-gaga , G- eat .



Mw 147 __Tx I

G- G- IT ✗ v45 , § =e8=☒ifi .

→

refuinesa choiceof embedding T into the Center ZCET ) of G
.

i. e. 2- (G) = 2-(E) IT
.

Lie alg . g associated 9 is the Langlands deal g
"

=P
,

-

fi of g-④iji

Denote eÑ the unique simply- onn simple group 4g
"

G =
e&_

✗ UH,
KAWHI

.

Mweorclfl



G-model
←

= an elliptic fibration of it-113 of 8 containing anired.conp.SE
.

1 . the genetic fiber over any
other component of 8 is ironed .

2. the fiber over the generic plots has a dual graph that
becomes of the same type as the Dynkin diagram of the Langlands
dualoff after removing the node corr

.

to the component

touchy the section of 4 .



G K

Ao Il , Il

Al IE
,
IE

,
IIS , II, N

"

An 72 Ins
Date Iiis

€6 cuts Si > i
G- It

If É
133 Ijss
Bnt} 74 Intns
Cnes Iii-v

, Iims
Fy wars

Gs zjns



Elliptic fibration & singularities to Anomalies & Spectra ( Lecture 3)

4 : Y → B a smooth flat fibration
.

0 has a unique component S over which the generic fiber is kducible

W/ duel graph Jt . ivied
. comp : Do,

- -

in
G-

Ca : the tried
. comp . of the generic over S

.

Houde

Ñscc)=tD ' "

i

-End
.4*151 = Ia Ma Daw intersection#s

.

Theirred
. canes of thefibro divisor

. degeneration over adina↳
Ca is the genericfiber of Da overs .

µ
"ci

The weight of a oer-ialca.r.t.la give weights of R
.

= the intersection #
.

Talc) = -£
,

Da - C
(c) =ÑG)---.Wn#



Asatuvatedsetofweigh-s.fis inv .

under the action of the Weyl group .

A set IT of integral weights is saturated if for any weight
at ETI

and any simple ✗ , the weight at -it C-IT for any o-EC-w.ie .

Asatuvat-mofasubsetofweighk-f-Tisfini-eift-isfin.ee
Any subset -11 of weights is contained ina unique

smallest saturated

subset ⇒ the saturation of Tl
.

tsaturatedsetahighestweightf.coinsists of all dominant weights
-lower than or efhal-6 X &their
if D is a dominant weight and uh ✗ tµc-T .

conjugates
under

⇒ W/ IT a finite saturated set of weights ,
the Weyl group.

7-
a finite- dim g- module

whose set of weights is CT
.



To a G-model :

The weight vectors of the ironed
. oat

.

rational curves of the fibers over

codimz pts form a set -11 whose saturation defines uniquely a R .

Aspinwall - Gross
'

96
.

Dictionary
elliptic fibration gauge theory

codim 1 singularities gaye algebra G)
codim 2 singularities representation CR)

Nordell- Weil group the fund
. group of

the
gage group

cvepant resolutions Coulomb phases
(MG ) )

.

flops phase transitions

triple intersection polynomial 5d prepotential
.



F-theory compactification

M-theory
→ Ftheoy

Lots
of} / bddttlio ) theory

5dm-t¥heoy→

gravity malt gravity multgnr.Bui.net
fro Mm , Am

-

-

tensor malt Bin
, &, 4¥

vector mut vector mat A ,pA-
•

hoppers AMI
it

hypers f , 2-1
ei.AE

tensormat : 5014Mt) /Sochi)

hyper : hit



Coulomb branch of the 5d theory .

Traum moduli space where the J is completely broken into
Cartan subalgh by the vev of the § in vectormalt

.

residual gauge sym .

= Weyl group Not g.
Full gauge

-fixing = A choice of a duel fund
. Weyl chamber Wo

Wo -14 Eh ! Lilo >0 ,
i =L

,

-
- -

, I}
-

mass of a hyper & its change
E. -_

given by D of R
.

massless × : Kerch) CW.ch

{
vector omelet→ Weyl chamber

massless hyper @ the singularities-7 subchamber structures
.



The network of flops via hyperplane arrangement
⇒ the thug of Coulomb branches of 5L gauge theories CUH ) .

The network of aepant resolutions

I the outwork of Weyl chambers of hyperplane geometry
IG , R)

A resolution of singularities of a variety Y

= a proper birational morphism 4 :& → Y
-7

is non singular
& of is an isomorphism away from the singular locus of Y .

i.e.
is aon singular

if U isthe sing . locus of Y, y maps
to 4-

'

(4) U )

isomorphically onto YIU ,

A birational proj . morphing is aepant if it preserves
the canonical

class
.

i.e. 14--4*14 .



In d=2
,

one unique aepant resolution
In d--3
, cuepant resolutions of Gonenstein singularities always exist

but usually not unique .

In d74
, cvepant resolutions are not always possible .

Coulomb branch = network of resolutions

subchambers = cvepant resolutions
walls & their intersections = partial resolutions

Monzonite walls
Athir intersections

= blowing down
.

reflections = flops .

et such ☒µg
such ✗ G-

(
'

leg ☒
SUGIXSUGD yI'l9 )



5dl6d Spectra .

F- theory on M-theory on CY} Ftheog on 43×51

t t t

n.co.in?ay,?Y...,?Ye?Yi-Y5d#P-g/s-m=spegmg.hit = ni +at +1 - h"
'

( cts ) -1

mi = h"
'
141+1

he h
" '

(G) - I

hit = hit + n?⃝
e-

hi = h "
'

(cts ) -11

Canonical class of the CY3 ,

h
" ' (B)= 4%431^-0

,

10# ( Noether)

Shida- Tate- Wazir -1hm like {
h
' "

(4) =h"+☒F"" .

h" '

(4) = h" 't) -ÉXCY)



Intersection they & Pushforward formulae
.

XlN= 5×4×7
The Chow group At

= the
group of divisors

F-[ U] = the class ofa subvariety Vin AHN .

a c-AHH
,✗ c- A-✗ (A)

, 5×2 -

-degree oft .

•

The total homological Chem class c(N= CCTX) n[In
filth ith dem ya,

.gg#$dYyf*d
.

If:X → Y f-*
.

pushforwart
e-

f- * [ v]=[f-1lb]
.

image W=fCV ) a subvariety off
, afar field RCV) an exeentim of the

RCD
.ft: A- * G) → ANY) : FEW]={

0 dimv=dimW

[Rcr) : 12cal] [rid ifdinlrdicnw



✗ a pwj . var. Y atmost GorenStein sing .

Y aaepant hesitation w/ Ky =f*K± .

-3

Alucfi ' 10 2- C ✗ a complete intersection of hypersurfaces

Zi = Vczi) meeting transversely in ✗
.

i-4
,

- - d
.

f- : Ñ→✗ centered ⑨ 2-
.

✗←É% = Blz ✗
.t

exceptional divisor E-✓(e)
.

The total darn class Ctx ) - CHE) (¥, '+¥¥ÉFILTH
f-* É= G)

*

hand (Zi
,

-
-
-

, Zd ) Zi - - Zd
.

If



' 17
It)=-zf☒Qata Act) -I Qata
f- -0m

d

f-*Tete)= ¥
, QCZDMe.ME#;eza??ze-

.

Ti : ✗☐

= PIG -101*+01*3 ] →B.

a (0%41)=1-1
c. (1) =L

**Eat - -9¥ / +39¥ /
*⇒
+9¥t=-2L

⇒ the chem class of a Weierstrass model

ayy, = CkH7CtHt2↳ctH+3 CCTB)
.

1+31-1+64



et two divisors of class Z and 2-a

f-* E-0 f*É= -Zita f*E3= -Grizz) Zzz - - -

ex) 3 divisors

f-x-E-tf-E-of-E-3-ZR-ztzf-E-E-tt.tt/ZiZzt, -
. -

for Weierstrass pioj . bundle I

I*1=0 TH-tt-OT-xtt-CT-xl-3.TL .
-

.

Tl*Ht=[C-4+-1-[-34-1] Lk-2

⇒ Ttx ( Hk (31-1+64) = - C-37k Ltt
f-



Elliptic fibrations & singularities to Anomalies & Spectra ( Lecture 4)

Baty her : The Euler characteristic of a cupant resolution of a variety
w/ Gorenstein canonical singularities is independent on the choice
a cnepant resolution

.

→ Identify ✗ as the degree ofthe total homological Chem class

of a aepant resolution f : → Y for a Weierstrass model

y : Y -213 is ✗ (F) =) coil
. =)

, ☒ f-☒ CUT)
Xo = [Qz④f④2☒f④3#→

cltslicl11.SI



kontsevich ! For 43 ) Hodge #s are the same for two different

aepant resolutions .

et smooth Weierstrass model

- generating fans of ✗ : XCY)=¥÷ CCBI
,

L= - K
.

- ✗ ( (4) = -601<2
.

-

- Hodge #
'

si h " ' 1441--11 - K2
,

h" ' 6%7--11+291<2
.

EH G- Weierstrass Model

- generating fans of ✗ : ayy be
42K€
(HS) (Kocis)

'(B)

- ✗( 497=-6 ok
'

.

-

- Hodge # 's i h "
'

(441--13-1%441443)=13+29K'tacks
+25

.



ex)

so(4) = [SII ✗ 7/2-2 .⑤ -

• • SUCH ✗ lots / = -419k4- 4K -S +5)

h " '
= 13-1<2

such h"
'

= 13+1715+81<5+25
.

Fourfold ? Chem numbers

Sy GUTH , Sy GUTT c-CITY , Sy GCTYIGCTYJ
,

Sy CITY)
,
Scott ) .

Pontryagin numbers : pity = city - LGCTY)

PITY)= city -2GW ↳CTYK24474
.



Fivefold ? Not generally true that Chern #s are inv .

under eepant
birational maps .

¥i÷É% Icici
,
Sacs

n 5dp-pote-ids-tripleinlersec-ionpd-ynomiak.TK
scaler fields in the vector mutt . are restricted G- the Cartan

subalgebra of the Lie group .

The change of hyper is simply given by a weight of R
.

Intriligator- Morrison
-Sei beg 47 .

6 Fpu 4) = É ( Iekte it>P- FER,

nrikñ , 01>13 )
for all simple group lay the exception of SUN>3D, this isthe full prepotential .



Da : fibral divisors of an 4 over B

⇒ Tried . comp .

of p*§=Em•a Da
Do = the divisor touching the section of the of .

define a poly .

over theChow ng d- Y if (IaDa§aP in A*CBK&a]

⇒ Sy LE Daba )} - 01314=5
, 4*1-212%13 . M

.

Triple intersection poly : 6F-wiplk.si/)--4*Cl-zDa0aY.y*#J
-

ex) G--model . AdinB- a. (B)
.

6 Fpre = - 8$, Chiu -197-11+942042 (-29*+97+2) -130k¥, (face- Ap -f)
2-2g

=
-K -S - S2 - f.Chie- 1) $23 µ @→ o) {

4-= -104-11+35
1-
genus ofs

6F←ip= -84-11%+384,148454-3068<(22+-5)-44--8
.

- 84-118 ,
"

-1240g -3-54%3 -2714g-4-529201<+918-6-518%2



Algorithm to get Geometric Data

step 1 : Determine a singular Weierstrass model w/ Kodaira fibers
associated -6 the desired G

.

step 2 : Determine a oepant resolution of the singular Weierstrass model
.

Cas a sequence of blowups . )

step 3 : compute the push forward formulae to push the total Chem class

of the resolved elliptic fibration to its base .

→ generating ten of ✗ is computed
→ for d-dim base

,
✗ is given by the coeff . of Ed

in power
series expansion .

→ ✗ Cots )
.

Step 4
'

. Compute the Hodge #s

step 5 : Determine the fiber structure of the resolved Weierstrass model
.

Step 6 : Determine the representations by computing the geometric weights
of the irred

. comp . of the singular fibers over coding
2-pts .

step 7 : compute the triple intersection poly .



5dm-4 theory
no = h

' "

oh-1

ha = hit + hit
"
= h" 1471-1-1 TZURi ( dim Ri - dim Ri"' )

•÷÷÷::÷no = dim G
,



Anomaly Cancellations in Gd Mtl , 01 supergravity .

Green- Schwarz mechanism for td - ⇒ II
.

R
,
Fi

→ pure
- gravitational anomaly CtrR" term )

na
- n r 1- 299T - -73--0

.

The remainder of Ig :

If = ¥ (trRÑ+§ Ia Xa
"
# R2 - 3- EXAM +4¥, Yabe- e-

___

✗al
" '
= tradj Fa

"
- ? NRI

,
a
#

Ri
,
a Fa

"

.

Yab = InnEIE.br#Ri.aFofttRi.bFbh---
(Rica, Riis )
Ga ✗ Gb

.

= ¥j MRI
, a Rjcb Aria Ag. ,b trFaTÑ trfb Fb

"

.



Consider (Ri , Ral G-Gi ✗ G- .

Is

dim Re ⇒ nr
,

: { MRI
= •

' - + dimR-nr.is

dim R , ⇒ Are
MRZ = -

- - + dink, MR. Ra

hyp-asii.i-dinki-dim-R.io .

hit = ? apicdin Ri - dim Ri
"

)

*
Ria Fat Ari

, a tresFI
*
Rion Fa

"
- B

Rica trfa Fa 't CRI
, a
€4s Fa)

"

Xa
"

= (Aa
, ad ;
- § Aria Aria ) trpa Fa

'

Xa
"" =U3aadj-iiBtr⇐Fa" +(G.adj-F.tki.acri.at#FaFaJ
22h

-

o

"
puregage anomalies

to cancel
.



rearrange : G=§ ' ✗ G.2

Is = ¥ ⇐RT + f- ( ×, + XI")trR+§(✗i%XI") -144k
- - -

factors as ÉIij✗!
"

✗jl4 , then the anomalies are cancelled

by addy the counter term Brij Bin Xjt ' to the Lagrangian .

HE ) =D Bci > + wci
) f An Bn Cn Da E E- ⇐ Fa Ga

__ D l 2 I 2 6 12 60 to 2

tt-dB-zkas.IT 2£ ¥0 Waist
-_

SYM CS

TeX by adding OLGS a £Bn
.

✗ = ÉktrR7- I É☒a Satta
'

.

the Dynkin index of Fa ofGa .



Coalesce :

he 9-K
'

ha
- hr -1294--273=0 .

Baradj
-

F- NRI , a BRI , a
⇒( Aa (Aa,ag

-

z na , a Ari , a) =

GK.gada-lca.adj-Etki.acq.ir/=-3SaAaDbT?jNRi.aRi.bARI ,a A-Rib
= Sa

- Sb Catb?
]



SUCHXGimodel-90-s-s.seIF
"

p to
I :-c -1-5" ✗ ☒ G-
I-Io_
Was + Iotas S¥v[g) Iotas

F- Vlt .

yzt-H-S-SI-xz-2-g.SI?z3
.

0=53+6 Caf}-127g's)
.

4 oepant resolutions . unweighted
/×

.
É ×

, ✗eÉ✗3 \
, 3,1✗cast -660445+5514215+814-+27)

h
' " h"

'

c

SUH 12-K2 12+419-1510-135
92 13-42 13+4%2414-+672

sU4✗Gz 14-10 14+41<41514+3542414-+67+651 .
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5d Gd
.

hyp - £5T .

ht -nu-29Mt -273--0

Mix = -1-11<+5+2-1)

nine -_ I' CKTT TED

m±= - sc*→⇒⇒
. / "⇒""*""""

"

+ Ttnxfi )
'

.

My ,= -56k -125+7=17
. .

h%l= Elks -15+4
0=53+414-3+2785 ) .

-

C" " Sando '=4f3 -127g} .

"
471 Nut , 914

thesame
.

has -5.8 - [f) = -141<+5+27) ☒
.

h¥Frs
in#

zones of # has aproj . line Laconia GIFs Cfx -1gal affectifd
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[ y :S :D deff to 4251
.

o tktf)=ÉÉ£ -
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