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SUSY-QM

Based on: Phys. Rev. D93 (2016) 105023
In collaboration with Mikhail A. Plyushchay



SUSY from a fictitious similarity transformation

hy = p’
I 1 Ay 1 o1
= Gy () = (—z<<x>p@) ( : (x)pg@;))
Classically
he = ha
Let us consider the quantum analog of the factorization as
1 d
A= (@)

It is straightforward to find the following relations

He = AZ‘AC — Al/CAJ{/g

7T _ f
Hyye = A1/gA1/C — ACAg



SUSY from a fictitious similarity transformation

d d

He = FWE-W W= —1
. dx? ’ dx g
At the end of the day we have

Hg — diag(HC, Hl/C) Q<_|_ — AZO+

The N =2 SUSY is generated

[HQ QC::] — Oa Qg:— — 07 {QC—I—v QC—} — HC



Kinetic term with a PDM and SUSY

1
Let us consider a particle of mass M (x) = §m(x)

The corresponding EOM

T = —2 — — T
m(x) 2 m(z)
It is possible to make the point transformation
1 d



Kinetic term with a PDM and SUSY

Now the EOM reads

The canonical transformation (QZ, p) — (X, P), P = f(a:)p

Corresponds to the previous point transformation

1

m(x)p2 +ulz) — hi =P 4+U(y)

P () =



Kinetic term with a PDM and SUSY

1

m(z)

If we consider the PDM kinetic term hm(a:) —

e = (—is@c@w = ) iz @)

d 1 d
Hye= dea: C? dx

Cf = A},gAf,C

Implementing a similitude transformation

A= fL2A, 1/
A]L _ fl/ZA}’Jf—l/Z



Kinetic term with a PDM and SUSY

In terms of X

Where

Then

— -1 Ly~ @
A= B(x) @7 () = -+ W
dx dx



A reflectionless system

Just to illustrate one of the system that we studied

hm(az) — p2(1 o 0425132)2 T 57

Applying the recipe we found

d2
H, =— -y
oo E e 2
T 2 v 2
X cosh”(ay)

The mass term or from now on, the non-canonical mass was

m(z) = ds’

7= 7(057 C)

4dx?

(1 — x?)?



COSMOLOGY

Based on: 1906.05772 (accepted in JCAP)
In collaboration with Gonzalo A. Palma and Simén Riquelme



Cosmic Inflation

Why is the CMB so uniform ?
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Single-field Inflation

M2
PLR — g 0,000 - V<¢>>

S:/d4x\/?g<

¢(t7 X) = g (t) + 5¢(t7 X)

Background ¢O 3H¢'O a¢ov — O

Comoving gauge (S¢(t, X) =0
ds® = —N?dt* + ~;;(dz" + N'dt)(dz? + N7 dt)

vij = a” (t)[(1 + 2¢(¢,%))di; + hyj]



Single-field Inflation: Scalar perturbations

AL A )2 H?
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2 2
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Single-field Inflation: Tensor perturbations

2H?
Ph (k‘) = Has not been observed
2 7\ [2
T Mg,

It is possible to constraint through observation, the ratio between the spectra

Py .
r = F r < 0.062 (95%CL) BICEP2/Ke(c;I8fE30)IIaboratlon
¢
Near future surveys, could achieve 7 ~ (.01 é)“I;IgSSS4

Simons Observatory

Additionally, exists a relation between the field displacement and the tensor-to-scalar ratio

A(b r

> 0(1)y ) — o7
i ~ O oor



The Swampland program

Vafa (2005)
Vafa & Ooguri (2007)

String Theory Arkani-Hamed, Motl, Nicolis & Vafa (2006)
 Energy scale (Quantum Gravity) Klaewer & Palti (2016)
\ \)

Set of consistent low-
energy effective
Quzantum Field Theories
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The distance conjecture

From string compactifications it is possible to find a tower of massless states at finite distances

M (P)e vH@:P)

:ﬂi K-K or Winding modes

Weak gravity Conjecture

S
L
||

The requirement d(Q, P) < Mp; applies when the distance is a geodesic

A¢G < O(I)Mpl



The problem

If primordial gravitational waves are detected in the near future, then the inflaton necessarily

had super-Planckian displacements  agrawal, Obied, Steinhardt & Vafa (2018)
Obied, Ooguri, Spodyneiko & Vafa (2018)

A¢ > O(1)Mp Apc < O(1) Mp,

Y

®; oy

If one is interested in completing inflation in string theory, how can we overcome this issue!?



Multi-Scalar Field Theories



Multi-scalar field theories

Mg, 1 '
/(9( ) Wilson coefficients
ASAD_Z/d4x /__ gMVfabch¢cA¢dau¢aay¢

EFT ut-off

Effective field-space metric

12b(6) = ar + TEA NG NG 4

Riemann Normal Coordinates

1

Vc/LXb(¢) — 5ab — §Racbd(¢*)¢c¢d =+ ...

+AS)



Multi-scalar field theories

The Riemann tensor

1

IRéL\bcd = Raped A2 %abcd(f) + ...

Riemann-symmetrized linear combination of f*

Characteristic mass scale curvature R0—> R ~ Raz

[ Ro > A :The theory is indistinguishable from a theory with flat geometry Yab — 6ab

M Ry < A :ltis possible study genuine non-trivial effects from Yqab

For our purposes

A = Mp

>l<gabcd(f) — %(fadbc — fdbac — fa,cbd + fcbad)



Multi-scalar field theories

Dt$a+3H¢a+7ab%:O

D, X" = X"+ T} X ¢

The Hamilton-Jacobi (or fake SUGRA) potential

V(g) = 3W?(¢) — 29" W ()W (9)

The system admits exact non-geodesic solutions

CH=W
P = =29 Wy (9)



Inflation in a Hyperbolic field-space

2 2\ 2
(1-&)
a Kallosh & Linde (2015)

Achucarro, Kallosh, Linde,
Wang & Welling (2017)

7\ ok A

‘l‘
7 Yo

?E The scalar curvature of the field-space

‘:"{ 8 R2

- R=—— o= 0
570! 3

M.C. Escher - Heaven and Hell
The geodesics are given by % + Fg’cgbaqbb =0

Since we have a metric in field-space, it is possible to compute the proper field distance

86 = [ dty/rudndt




Overcoming the distance conjecture

Solving the EOM and matching the initial conditions it is possible to find

| 2 1 /IR
Apg = 2 @ arcsinh (2 2|A¢Ng)

Which yields the nice relation

Apg < Mp) < Adng

We can produce observable primordial gravitational waves without the need of geodesic
super-Planckian field displacements



Summary

® One dimensional Systems with PDM can be treated with the
inclusion of SUSY in particular systems with a “Poincare disk” mass

® We have used the very same geometry in the context of Multi-field
inflation in order to produce sizable primordial gravitational waves
without the need of super-Planckian geodesic field displacements,
overcoming the Swampland distance conjecture

}/appg Ei’zthday, Mikhail!



