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INFINITE DISTANCE POINTS INFINITE TOWER OF STATES
BECOMING MASSLESS (SDC)

Moving from a point P in moduli space to
another point Q an infinite distance away,
there is a tower of states which becomes
exponentially massless in Planck units

m(Q) ~ m(P)e=dPiQ)
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Framework: Heterotic String on S*

Moduli: radius R and Wilson line A, T =1,...,16

momentum along St

[

Charges: 7 = (w,n,n!)

/T~

winding 16d momentum along the Heterotic torus

The mass of a state depends on the point of moduli space

M = M(Z, R, A")



Symmetry enhancements

Massless vectors <= space-time gauge bosons <= worldsheet currents

M(Z, R, A) = 0 > {J%(=)}



Symmetry enhancements

Massless vectors <= space-time gauge bosons <= worldsheet currents

M(Z, R, A) = 0 > {J%(=)}

* Generically: U1)"



Symmetry enhancements

Massless vectors <= space-time gauge bosons <= worldsheet currents

M(Z, R, A) = 0 > {J%(=)}

* Generically: U)"
° Atspecial points:  G" xU(1)'""



Symmetry enhancements

Massless vectors <= space-time gauge bosons <= worldsheet currents

M(Z,R, ATy =0 > {J9(2)}

* Generically: U)"
° Atspecial points: G" xU(1)'"™" whose currents satisfy

kab . ach
| I w)

J2) () ~ (z —w)? Z—w




Symmetry enhancements

Massless vectors <= space-time gauge bosons <= worldsheet currents

M(Z,R, ATy =0 > {J9(2)}

* Generically: U)"
° Atspecial points: G" xU(1)'"™" whose currents satisfy

Cartan-Killing metric

J@(Z)Jb(w) - m 4+ ifgb‘]c(w)

(z —w)? zZ—w




Symmetry enhancements

Massless vectors <= space-time gauge bosons <= worldsheet currents

M(Z,R, ATy =0 > {J9(2)}

* Generically: U)"
° Atspecial points: G" xU(1)'"™" whose currents satisfy

Cartan-Killing metric Structure constants

J9(2)Jb (w) ~ m W)

(z —w)? Z—w




Symmetry enhancements

Massless vectors <= space-time gauge bosons <= worldsheet currents

M(Z,R, ATy =0 > {J9(2)}

* Generically: U)"
° Atspecial points: G" xU(1)'"™" whose currents satisfy

Cartan-Killing metric Structure constants
J(2)Jb (w h

l zero modes

[, I = ifet e

classified in [Font, Fraiman, Grana, Nuinez, Parra de Freitas ‘18-'21]
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Example: E;© E; © U(1)

For A = 0 and generic radius, the massless states are
° J'(2) = ioY! ()
. J%(2) = ivV20Y?(2)
o J(z) = et Y (2) a €Ty x Ty
Their zero modes satisfy the algebra

JL N =71, 7% =1J°,7°1 =0

[JI,JQ] :QIJoz

(e(or, B)JHB o+ S root,
(7%, J% =S ol J! a=—f,

0 otherwise

\
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For A =0 and with & — o0 , the massless states are
° {,é — 0Y! z)emyg(z)

o {% —z\fay9( e inY?(2) Momentum towers

o @(z) — emIYI(Z) inY " (z) a € Tg x T



E,©F, / ~
For A =0 and with R — o0, the massless states are
o Jle) =iy (z)e @

. J2(2) = iﬁ@Yg(z)einyg(z)

° JTC: (Z) = eiaIYI(z)ez'an(z) a €Ty x Ty
Their zero modes satisfy the algebra
[JE, J7] = ind" 6,y m.00Y
[Jn, J) = ol Iy
e(a,B)JSjﬁ a + Broot,
[J&, I8 =l Tl 4 indpym0dY® a=—B,

0 otherwise
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For A =0 and with & — o0 , the massless states are
: JL(z) = oY (z)eY" (=)

. J2(2) = iﬁ@Yg(z)ei"’Yg(z)

° JT(: (Z) = 6iaIYI(z)ez'nY9(z) a €T x T's

Their zero modes satisfy the algebra @al exten@
oY?,0Y"] =0
[JT{, J;?],L] = in(SIJCSn+m, | [8Y9 J% —0

9 ol
[JT{,J%]:OJIJQ [aYan]_O

n+m

e(a, B)JSLEL a + Broot,
[J&, JP] = ol g+ in5n+m, a=—p3,

0 otherwise




Decompactification limits 9d — 10d

Es x Es theory

Eg X Eg 50(32)
10 d

R—0
A= (07,1,07,1)

9d



Decompactification limits 9d — 10d

SO(32) theory

Es X Eg 50(32)

10 d

od Eg @ Ey/ ~ Dis
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In lower dimension we find the affine version of the
higher dimensional algebra at infinite distance.

The central extension is related to the boson we are
decompactifying.

When the algebra is semisimple, all the factors become
affine with identified central extension.

Es x Fg S0(32)
Does this generalize to

lower dimensions?
Yes!

A~

Eg@E9/N D16
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General decompactification limits

Framework: Heterotic String on T¢ (e.g. d=2, dual to the case in
[Lee, Weigand, '21] [Lee, Lerche, Weigand, '21] )

- Full decompactification 8d —10d:

10 d Es x Ex SO(32)
8 d (Ey @ Ey)/ ~ D

1 ] _-cIJ 8 9
[Jng,TLg’ ng,?’TLg] - ?’6 (n86n8+m8508%,n9+m9 + n96n9+m9508Yﬂ8+m8,0)

[JTILS,nga J’I’?},g,mg] . Cl‘I‘Ivr?g—i—’rn,g,'n,g+mg
(¢, B)J&mes’nﬁmg « + froot,
Iql
T2, g Ty ] = 4 & Prstmasmoms ™t - o
, ’ +%(n85ns+ms,08Y0,ng+mg + n95n9+m9,08Yng+mg,0) o = _69
0 otherwise,

\



General decompactification limits

Framework: Heterotic String on T¢ (e.g. d=2, dual to the case in
[Lee, Weigand, '21] [Lee, Lerche, Weigand, '21] )
- Full decompactification 8d —10d:

10 d Fs x Eq SO(32)
dd (Fo ® Ey)/ ~ Dis
s ] = 18 s @ )t 1m0 @)
’ﬂs Ng? fr?fzg mg] . aIJ’n"?g-l-mg Nng—+mg
( 35) %meg oy L a + Broot,
[ L ms mg] _ < ns-l-ms n9+m9
_H’ n85ns+ms 8}/0 ,Ng+ma n95n9+m9 8Yng+mg 0 o = _63
otherwise,

\

— One central extension for each direction that is
decompactified
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General decompactification limits

Framework: Heterotic String on T¢ (e.g. d=2, dual to the case in
[Lee, Weigand, '21] [Lee, Lerche, Weigand, '21] )

- Partial decompactification 8d—9d:

———

Ay Age_;...@An

[Fraiman, Graina,

9d A Nuhez ‘18]
J./L .
Aodo. oA A A
38d N
o We can find all the algebras in the higher dimensional
theory

o All the factors are made affine, also the U(1)’s
o This generalizes to any d and any number of
decompactified dimensions.
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Presence of affine enhancements at infinite
distance in heterotic moduli space, which signal
decompactification.

In the lower dimensional theory there appears

the affine version of the higher dimensional one
number of central extensions = number of
dimensions that are decompactified
all the simple factors are made affine

Match with the dual picture of F-theory on K3



Thank youl!
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