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s there a way to use fundamental ideas that are believed to be true for Quantum gravitational theories to construct such condition?
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s there a way to use fundamental ideas that are believed to be true for Quantum gravitational theories to construct such condition?
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s there a way to use fundamental ideas that are believed to be true for Quantum gravitational theories to construct such condition?

Many more Swamplancl conditions exist ........
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D 8 Sul:)ercharges 16 Sul:)ercharges
Supercharges
Anomaly cancellation A & 11B
10 X G = Ey X Ey, SO(32), Eg x U(1)*, U(1)*°  Kim, Shiu, Vafa 197
[Adams, Dewolfe, Taylor 10’]
yr =1 mod 2 [Alvarez-Gaume and E. Witten ’84] r = 1, M-theory on KB or IIB on DP
o) X r =9 : CHL string
S])(Vl) [Bedroya, Hamada, Montero, Vafa 21’] r = 17 : Heterotic on S’
l String Theory allows only for 8d : SU(N ), SO(2N ), Sp(N), e, €7, g
8 3G Sl r= 0 mod 2 but not SO2N + 1), 14, & (Sl)d
[Garc'ia-Etxebarria, Hayashi ,Ohmori, Tachikawa, Yonekura 17’] [Hamada, Vafa 21’]
" Y mnk(G) =1 mod 2 r=3571L19
Montero, Vafa 20’ Can be realized.
[Morrison, ,Kumar, Taylor,..... 09°/10°/..]
5 CApiEee e i 6d (2,0), which is unique and s
[Kim, Shiu, Vafa 19’] [Lee,Weigand 19’][HCT, Vafa 21’] Chlne through USROS mnk(G) = 20 gl e EHER
5 Various Conditions

[Katz, Kim, HCT, Vafa 21’]

rank(G) < 21

[Kim, HCT, Vafa 19’]




6d ./ = 1 Supergravity theories

Super-multiplets:

Supergravity-multiplet| (¢ , B = Chiral fields contribute to gauge/gravitational anomalies
) g Spvr By Vi Cancelled by the Green-Schwarz-Sagnotti Mechanism

Tensor-multiplet(T) (B,uw O,y ) /R F/R
F/R F/R
Vector-multiplet(V) (A, 47) j}:{ + H =0
F/R F/R
F/R F/R

Hyper-multiplet(H) (4h,y™)

Anomaly polynomial factorizes as:

1o lQaﬁXj‘Xf Q,5 symmetric of signature (1,T)
1 2 e
X* = "R’ + 3 bi(irF)) a’, b €R
Anomaly Cancellation: i :
1 . D
R¥us: [ =" OOT: F2R2. 4. b = gﬂi(Aﬁde- — Z R A, Bp, Cp group theory coefficients
R

Te s e Yl treF? = AptrF?, trpF! = BetrF* + Cy(trF2)*

| o
(F)2: b b, = 5’11'2( Y niCi—Ci)EZ
R

(RO>: ag.a=9—TcZ ni, = hypers in number of in R

FPF?: b b= ) AAni ALAl €Z, i#]
R,S
The number of theories that satisty these anomaly conditions are infinite.
SLP would though suggest that only a finite number of those can truly be UV-completed in a gquantum gravity.

[Taylor, Kumar, Morison,....



e 6d N = 1 Supergravity theories

Completeness of Spectrum

« The vertex operator of the massless modes with representation R

C»(R)

e Fored 4 =1 supergravity there exist of G with conformal weight AR = kL) where C,(R) is the
(anti-)shelf dual BPS strings charged under B, second Casimir of the R must obey:
S ol

SCFT at low energy [HCT, Vafa’21]

Unitarity of the string worldsheet

 The representation R of a primary with highest weight

A = (A, .-+, A,) where r is the rank of the Lie algebra
must satisfy :

Anomaly cancellation for string of
charge 0 where k is the level of the current algebra of G on the worldsheet.

oo Iinflow e IIVS Z50)

« Centralcharges:¢; =30-0—-90-a+2,¢,=30-0-30:-a>0

Worldsheet

Supergravity Strings 0% > 0

[Kim, Kim, Park 16'] . Levels of G, SUQ2);: k.= Q- b, k;

[Shimizu, Tachikawa 16’]

%(Q-Q+Q-a+2)20



s there a way to use fundamental ideas that are believed to be true for Quantum gravitational theories to construct such condition?

Umtarlty T A,noma,ly Cancellatlon Completeness of Spectrum

otk 4

Emergent String Proposal

Infinite Distance Limit-
Emergence of
Tensionless String




Assumption: The string lattice A is generated by Supergravity strings Qi2 >0, 0, - e 0 [HCT, Vafa'21]

SR i — o

The moduli space of the theory is SO(1,T)/SO(T) parametrized by j € R/ Teing
e Tension: Q:j >0
Consider a theory with Gauge group G associated with vector b . —jratrR®=>j-a>0

|
Claim: in the limit —— ~ j - b — + oo while keeping M, ~ j* finite
8ym [Lee Lerche,Weigand’ 18]

one can express J =1 (Qy + 2 s; ; in a basis of supergravity strings {Q;} with Qg =0

l

where there must exist an asymptotically tensionless string QJ, with
Q,-b>0 Unitarity on the String

And _a.QOZZ

e

A 1 ' ' Lee,Lerche,Weigand’18
T,=j-Qy~——>0 &T,=j-b~t— +o0ast— + o Heterotic string of [Lee. Weigand®18]

[



« Asymptotically tensionless string with Qg =08&Q,:-6>0 [Lee Lerche Weigand’ 18]

* “Zariski Decomposition”: unique way to write v=P+N Bt tal Al it

[Kumar, Morrison, Taylor 20’]

Example 1: SUWN)with(N-8)F+1S with T<10and N <30 (withN=30forT=1) - No F-theory realisation for any N |

This theoryhas —a-b =—1, b - b = — 1 therefore —a = m b + N with m > 0 which impliesthat (—a —b) - 0y 2 0= 22> k=0,-b >0

v“ -

Independent of choice with 7'= 1 unique solution
of vectors a, b, Q,

But symmetric matter has highest weight (2,0,---,0).

[ g
R

[HCT, Vafa 21’}

[Angelantonj, Bonnefoy, Condeescu, Dudas 20’]

Example 2: SU((24) x SO8) with3 (A1), T=1 > No F-theory realisation for any N

With.g2 =80 - 100=s. CRapesgl b L e = = e pich, =8 k

k<Z|/[12
25| | 13
14
R
{16
AR
\|18
\| 19
120

N—1
| Matter: |
, st ki (242 = 1) Z l
Linear algebra implies: Q - b; # 0 Unitarity: > 20 | / ’

k, + 24

O 00 -1 O\ W =

Generally, any gauge group with b2 > 0 is restricted by unitarity since Q - b > 0

10

E.g. for general SU(N) "
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Example 3: SU(N) X SUN),T =9

Gauge Group Matter content
Witha’=0,b>=—-2,b2=-2.b,-b,=2,a-b,,=0 SU(N) x SU(N) 2(0.0)
& > 72 B T 1,2 SO(2N + 8) x Sp(N) G0
SU(N) x SO(N + 8) 0,0 + (H 1)
Linear algebra shows that —a = m(b; + b,), m € Q7 SU(N) x SUN +8) | @,0)+H 1D + (1,00
Sp(N) x SU(2N + 8) (O,0) + (1,01

But —a - Q = 2, hence 2 = m (k; + k,) and m = 1 since a characteristic vector

k (N*=1)  ky(N*-1)

Unitarity:

S S
k,+N k + N

<20

Gauge Group

Matter content

SO(2N + 8) x Sp(N) |

SU(N) x SO(N + 8)

o0+ H1)

SU(N) x SU(N + 8)

@0+ H 1)+ (1,m)

Sp(N) x SU(2N + 8)

G0 + (1,00)

[Dabholkar and J. Park’96]

String realisation: N < 8

For a specific choice: N < 9

(ki k) = (2,0), (1,1) : N <11 <

[Shiu, Kim, Vafa’19]

Similar analysis shows that they are all finite
for independent of the choice of vectors!

« There are in fact more theories allowed by anomalies with kK number of simple factors and excluded with similar tools as above:

Sp((N — 8)/2) X SUN) X SUN + 8) X --- X SO(N + 8(k — 2)) SUWN = 8) X SUWNV) X SUN + 8) X -+« X SUN + 8(k = 2))
FRF F®F F®F i FeF i Fex ok )
SUN — 8) X SUN) X SUN + 8) X +-+ X SON + 8(k — 2))
A FEF FEF FgF

SU(N):SSU(N)x o« X SU(N)

FQF

PRI F]

g

FQF




Minimal Matter

|

D 8 Sul:)ercharges 16 Sul:)ercharges g SUPercharges
11 . X M-theory
Anomaly cancellation | |
| A & 1IB
10 X G = E,x Ey, SO(32), Ey x U(1)™8, U(1)*%
9 X r = 1, M-theory on KB or IIB on DP
Sl
8 X (Sl)d
7 X rank(G) =1 mod 2
Montero, Vafa 20’
6d (2,0), unique, IBon K3 | 6d (1.1)
H-V=273-29T |
6 R T =21 EAsymmetric Orbifold: I'**(A,) with Z« twist
' B e o i
I kA | . . 55 : .
SR e e SRR e | Asymmetric Orbifold : I"°(D5) with Z, twist | v

281 |
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> No Dilaton!

Gravity multiplet: (84> A 2% | cannot be realized as low-energy theories of any perturbative string compactifications

Vector multiplet: (A 27, @) Bosonic Action
. : 1
Hypermultiplet: (Ly_4¢) S|k RE ZF A %xF + % AANFAF+ 9% AARAR
ceEN&kke?2

How can one find such a tlﬁeorg?

Similar to M-theory so could one find a 4d /' = 2 supergravity with one vector multiplet(coming from the 5d reduction)
whose strong coupling limit is the pure 5d theory?

[Mizoguchi '01]

Weyl group elements Eigenvalues
Fg(aq) (e, €2, €%, €, €7, €%) 9

Ay @ A, (e elie e o eie ) 15
Dy(ar) ® A (e3,€%, €, €, €%, %) 12

Ao A e Ay AT d iy (€2, €%, €2, €, €) 6

Attempt. Non-geometric compactification using some asymmetric orbifold

DID NOT WORK!

All the examples attempted had extra states in the twisted sectors

In fact it should not work!



The reason Is rather simple!

The exact statement is: The 5d pure supergravity can not be a strong coupling limit of 4d perturbative string.

Consider the 5d action with 5d Planck mass M being the only scale in the theory then the action is given by
L a3
S =M, jRS

And the tension of the string magnetically charged under the graviphoton is

1
Ts=— M:
5 2] 5

Meanwhile, in 4d the supergravity action would be given by:
— Af2
Comparing now this with the action of the 5d theory on a circle S! of radius L leads to
S=M3L|R M?L = M?
5 4 SEee ]

By the dimensional reduction, the monopole string must become 4d BPS string.
The tensions of 4d BPS strings are 7

\)

1
T MS2 F-string giMs  8M,
2 |

M; D-string L=

s




Swamplancl or Lanclscape?

v

Swampland Conjectures J

Self-Consistency J

Possibilities B B

Anomalies

Existence of Holographic Dual

?

Connectedness to string theory x
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Thank you very much!
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