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¢ outstanding work on vacua and SM >  No-go thms for de Sitter vacua

[Green, Martinec, Quigley, Sethi "11][Gautason, Junghans, Zagermann "12]
[Kutasov, Maxfield, Melnikov, Sethi "15][Quigley "15]
[Leedom, NR, Westphal '22]
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Sp(4,72): STUV model

1
Dilaton S = — + 160
g?

Kahler modulus T = a + it +w{(—w, + Uw,)

1
Complex structure modulus U = rem (Glz + i\/det(G)>
11

Wilson line V = — w, + Uw,

M =




SL(2,7)

Im(T5)

Fundamental domain - with 2 fixed pts

iy x) = (cx + A f(x)

Modular form of

ad — bc =1



SL(2,Z) Sp(4,27)

Im(T;)

Fundamental domain i with 2 fixed pts Siegel upper half plane
;] with 6 fixed pts o;
fr-x) = (ex + d)* flx) f(T - X) = det(CX + D)* f(X)
Modular form of
weight k _(ab _(AB
y (c d) e SL(2,2) r <C N Sp4,2)
ad —bc =1 AD-BC=1

Ring Ly, Eg, 1 &4 S5 X100 X125 X35



Fundamental domain

Modular form of
weight k

Ring

SL(2,7) Sp(4,2)

Im(T;)

.1'23; with 2 fixed pts Siegel upper half plane
o with 6 fixed pts o;
[y - x) = (cx + d)* f(x) f(T - X) = det(CX + D)* f(X)
_(ab _(AB
y = <C d) € SL(2,2) r= ( ! D) & Sp(4.7)
ad —bc =1 AD-BC=1

Ey, E6a@

X — cusp

Cusp form: g(X) — 0
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The EFT: Kahler Potential

K@= —In|detM - MD| = —In |-(T-T)U - V) + %(v- V)

[Lopes Cardoso, Liist, Mohaupt "94]
[Ferrara, Kounnas, Liist, Zwirner '91]
under Sp(4,2): o

M — (AM + B)(CM + D)™!

K — K + In |det(CM' + D)| + In [det(CM + D)
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the superpotential is more involved!

K — K+ In [det(CM' + D)| + In |det(CM + D)|

require invariance of 7

deﬁning G — K(z) + lIl | W(z) |2 — % — eG <GlGl]_GJ_ — 3)
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The EFT: superpotential

the superpotential is more involved!

K — K+ In [det(CM' + D)| + In |det(CM + D)|

require invariance of 7:
. . _ 2 T
defining G = Ky +In|Wp)|” = 7= ¢ (GiG”Gf B 3)

must be a modular function

U

(G must be invariant

U
W5, — det(CM + D)~'W,,,

We have a prediction on the form!
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Wp) — det(CM + D)_IWQ) is the prediction, we have to find the physics
W inherits its automorphic properties from moduli-dependent threshold corrections:

¢ b.c. for the running gauge couplings of the EFT at M

string
¢ moduli dependent = modular forms associated to the symmetry group

e computed in the N = 2 subsectors
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Wp) — det(CM + D)_IWQ) is the prediction, we have to find the physics

W inherits its automorphic properties from moduli-dependent threshold corrections:

back to Sp(4,7): look for moduli-dependent threshold corrections

ring &4, &, X10» X125 X35

[Mayr, Stieberger "95]

= threshold corrections fa — G + Aa [Stieberger ‘98]

¢ without singularities in % A a ™~ ba In (| )(12|2)

o with asingularity in # forV—0: A_ ~ b, In <|)(10|2)

o—Slb,

= W(Z)N eA
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The EFT: gaugino condensation

o—5/b,

W) ~ ——, but what about non-perturbative effects in the moduli?
€ ~—a

flashback to SL(2,7): ring of SL(2,7): E,, E¢, n

e—S/ba H(T)
W = mn=<
n®(T)

E(T) >n < Eq(T)

Pi(T
(D) nWD) S

H(T) is the most general modular function on SL(2,7)

[Rademacher, Zuckerman "38]
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a
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The EFT: gaugino condensation

—S/b
e a
W) ~ ——, but what about non-perturbative effects in the moduli?
e

a

back to Sp(4,7): build the most general modular function
using the ring of Sp(4,2): €4, €, 1100 X1 23

n m 4
%431 g% gzzt E6X10 :
Theorem: H(z) — - - 7 t93(.](2))
X12 X12 X1>
—S/b,
e H(z)

— W(Z) ~ - Aa

[Kidambi, Leedom, NR, Westphal WiP]



The EFT: gaugino condensation

%3’1 : g% ’ %ﬁ%w{ 10 ’
Hy=| — — : P(J2)
X12 X12 X1>

The check:
modular forms Jacobi lift: V # 0 Jacobi forms
(T\U #0,V =0) >< (T|U#0, V #0)
LB
Sha NS
\H\Og? = %
- BN
Y ° =
5 A AY
<
¥
(T, U #0,V =0) > < (T,U,V #0)

Hilbert forms V=0 Siegel forms



The EFT: gaugino condensation

3\ " 2\ " 2 ‘
&4 &% 566210 :
H(z) =\ — — > P (J(z))
A12 A12 A2
The check:

ST model STV model
modular forms Jacobi lift: V # 0 Jacobi forms
(T|U #0,V =0) > < (T|\U #0, V #0)

=R

Sha N S

AN o%: = %

- o

Y ° =
5 A AY
e
F
(T,U # 0,V =0) )( (T,U,V #0)
Hilbert forms V=0 Siegel forms

STU model STUV model



The EFT: gaugino condensation

&) n % : E186110 !
H(z) — |\ — — > P (j(z))
X12 X12 A12

The check:
1) Expansion in U

&, = EJT)+240E, (T, V)e ™ + ...

&= E(T) — 504E (T, V)e ™ + ...
)(10 — ¢10,1(T, V)e_zﬂU + ...

1
X2 = n**(T) + E¢12,1(T, V)e 27U 4 .



The EFT: gaugino condensation

The check:
1) Expansion in U

&, = E(T)+240E, (T, V)e ™Y +

&e = Eo(T) — 504E, (T, V)e > +

X10 = @r01(T, Ve 2"V 4 ..

1
X2 = n**(T) + E¢12,1(T, V)e 27U 4 .

E1E6X10

l

5 ¢
P(Ji)
Xt > )

2)Send V — 0

Ey (T, V) = EAT)

Eq (T, V) — E¢(T)

1
¢10 (15 V) = _(E6E41 — B4kl 1)
— 0

1
D121, V) = (E2E4 1 — Eeke1)

— 12 n**(T)



The EFT: gaugino condensation

n m 4
&3 &2 %2%;( . EN"( E.\" .
H ) = 4 6 4 26 10 P(jo) — H= <_g> <_162> P(j)
A12 X12 X2 n "

The check:

1) Expansion in U 2)Send V — 0
&, = E\T) + 240E, (T, V)e ™V + ... E, (T,V) — E(T)
&e = Eq(T) — 5S04E¢ (T, V)e ™V + ... Eq (T, V) = E¢(T)

1
Cblo (T, V) = _(E6E41 — EyEg 1)
— 0

110 = Gr1o1(T, V)e ™ + ...

1
1 P
X2 =124 (T) + —12¢12,1(T, Vye> VU + ... P11, V) = (E Ey 1 — E¢Eg )
- 12 n**(T)
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without explicitly computing 7°(S, T, U, V'), we prove:

¢ all 6 fixed points o; are extrema:

since 7°(S, T, U, V) is a Siegel modular function, VZ'(S, T, U, V)|{T, UVi=6 = 0

¢ these extrema are always either Minkowski or AdS minima when F¢ =0

[Kidambi, Leedom, NR, Westphal WiP]
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= can we uplift requiring F¢ # 0 ?
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[Leedom, NR, Westphal "22]

Why care about H ;)?

| E(T)\&) E(T) \&
2) For F¢ # 0, at the 2 fixed pts: H(T =<4 ) 6 > PI(T
or Fy # 0, at the 2 fixed pts D= (e inlz(T) G(T))




Gaugino condensation and Vacua

[Leedom, NR, Westphal "22]

Why care about H ;)?
E(TYN~ EA(T @
2) For F¢ # 0, at the 2 fixed pts: H(T) = < a )>C< ol > PJ(T))
n¥(T) n'%(T)
m
: i
| dS at both
i ¥ 1oy
3 |
o : — dS window 3 < A(S, S) < # AGS,3) ~ FiFy
A | ds i 1 AGS,S 3 YD)
g S 2 I S interval A(S,S) > HT)
SN |
i unstable dS
1 L - —p
Minkowski
—p
1 3 4 M



Gaugino condensation and Vacua

Why care about H ;)?

2) For F¢ # 0, at the 2 fixed pts:

1 f
i
i
3 i
i
o o i
Al i
ok i
~ > |
I
1 L -y
—p
1 2 3 4 N
V(p)=0
V(i) >0

[Leedom, NR, Westphal "22]

E (T 3 E (T @
H(T)=< i ))C< o )> P3(TY)

nS(T) n'(T)

dS at both

— dS window 3 < A(S,S) < #
(T, T)
H(T)

A(S,8) ~ FgFs

dS interval A(S,S) > 3 —
unstable dS

Minkowski

~ WiP: prociuce similar results for
i n m 4

| 23\ [ €2\" [ e,
(Hoyy=|— | | — ) PG
l X12 X12 A12

s
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e proven new no-go theorems for dS minima

e made considerable progress in the STUV setup

¢ extend the extrema analysis made for SL(2,Z) to Sp(4,Z2)
— new, bigger landscape of heterotic vacua

— extension of the no-go theorems: new dS vacua
¢ relate our findings with the Swampland program

¢ understand H and H,, <> orbifold geometry

Thank you



