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Motivation Set-up No-Go Theorem
What is and why study How to build a field space What ingredients for
supergeometry? supermanifold? fermionic curvature?
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Model Model 11 Supervertices
A minimal factorizable model A minimal non-factorizable How to write covariant
model scalar-fermion vertices?
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Disclaimer: Supergeometry # supersymmetry

J A theory with fermions and bosons with no extra symmetry

J Use VDW formalism [Vilkovisky (1984), DeWitt (1985)]

. ; . [Alonso, Jenkins, Manohar (2016), Cohen, Craig,
J Applications to geometric EFTs Sutherland (2021), Talbert (2023), Assi, Helset,

Manohar, Pagées, Shen (2023) ...]

J Solving the frame-dependence problem in cosmic inflation

[Burns, Karamitsos, Pilaftsis (2016), Falls,
Herrero-Valea (2019), Finn, Karamitsos,
Pilaftsis (2020) ..]
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) Field-space supermanifold of dimension (N|8M) in 4D spacetime

[DeWitt (2012)]



The Set-Up
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) Field-space supermanifold of dimension (N|8M) in 4D spacetime

(J Now fermions in the chart [DeWitt (2012)]

® = {9} = (¢, 0%, 9"T)T
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) Field-space supermanifold of dimension (N|8M) in 4D spacetime

J Now fermions in the chart [DeWitt (2012)]

@ = {29 = (¢*, ", 97T
) Field reparameterization = diffeomorphism

5 5 B = $o(d)



The Set-Up
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) Field-space supermanifold of dimension (N|8M) in 4D spacetime

J Now fermions in the chart [DeWitt (2012)]

@ = {29 = (¢*, ", 97T
) Field reparameterization = diffeomorphism
3 5 0 = 59

J Diffeomorphically - or frame invariant Lagrangian

e %g’“’c’)ﬂ)a k5(2) 8,07 + | C4(®)5,0% — U(®)
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The Set-Up
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) Field-space supermanifold of dimension (N|8M) in 4D spacetime

J Now fermions in the chart [DeWitt (2012)]

@ = {29 = (¢*, ", 97T
) Field reparameterization = diffeomorphism
3 5 0 = 59

J Diffeomorphically - or frame invariant Lagrangian

e %g’“’c’)ﬂ)a k5(2) 8,07 + | C4(®)5,0% — U(®)
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The Set-Up
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) Field-space supermanifold of dimension (N|8M) in 4D spacetime

J Now fermions in the chart [DeWitt (2012)]

@ = {29 = (¢*, ", 97T
) Field reparameterization = diffeomorphism
3 5 0 = 59

J Diffeomorphically - or frame invariant Lagrangian

e %g’“’c’)ﬂ)a k5(2) 8,07 + | C4(®)5,0% — U(®)
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The Set-Up (continued)

J Endow supermanifold with metric

aG,B —

(aGﬂ)ST



The Set-Up (continued)
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J Endow supermanifold with metric

_ sT
«Gs = («Gp) r )\
supersymmetric rank-2 FS tensor
> ultralocal
determined from action
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The Set-Up (continued)
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J Endow supermanifold with metric

oGs = (Gp)*' ™)
- supersymmetric rank-2 FS tensor
> - ultralocal
- determined from action
\_ _J

[ Global metric found from vielbeins and local metric
[Finn, Karamitsos, Pilaftsis (2021), VG, Finn,
Karamitsos, Pilaftsis (2022)]

aGB — aea aHb beng



The Set-Up (continued)
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J Endow supermanifold with metric

oGs = (Gp)*' )
- supersymmetric rank-2 FS tensor
> - ultralocal
- determined from action
\_ _J

[ Global metric found from vielbeins and local metric

[Finn, Karamitsos, Pilaftsis (2021), VG, Finn,
Karamitsos, Pilaftsis (2022)]

aGﬁ = ae“ aHb bezT‘
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No-Go Theorem
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) Flat field space can always be reparametrized into canonical Cartesian
form

1 1

L = — h() P $(8.0) + 5 9(9) [1"(0u) — (0.)r"¥)
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) Flat field space can always be reparametrized into canonical Cartesian
form

£ = = ShO)B790u8) + 5 9(0) [57O) — O v]

YN L

v={"} ¢={¥) — > g(¢) = {gxv}
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) Flat field space can always be reparametrized into canonical Cartesian
form

L = = JhB)B00) + 59(0) [BrO) — GD)r"v]
v N

v={"} ¢={¥) — > g(4) = {gxv}

J Reparameterise fields to make canonical

Y — = K(¢) '
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) Flat field space can always be reparametrized into canonical Cartesian
form

r 1

SB(8) BV (0,6) + 5 o

v A

@y v =

) [E’Y“(au"/’) - (Qua)')’u‘/)]
\

N

Y= — 2> g(¢) = {gxv}

J Reparameterise fields to make canonical
¥ — ¢ = K(¢)™

~
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No-Go Theorem
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) Flat field space can always be reparametrized into canonical Cartesian
form

£ = = RO 90u8) + 39(0) [b7O) — OuD)r"v]
YN
Y={y} P = {y*} — 2 g9(¢) ={9xv}

J Reparameterise fields to make canonical
¥ — ¢ = K(¢)™

i g
~—_ K@) =exp —5/09 h d

J (b acts as external parameter in the fermionic sector
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k=39 (g —ih)g™ (¢ +ih)y —39(g' —ih) 97 (g7 +ihT)
aGﬂ — % (g/T — ’LhT) J 0 gT14
—1 (g’ +ih)9 —gly 0

— —— —— @ = 0 [VG, Pilaftsis (2023)]
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No-Go Theorem (continued)

J Flatness confirmed by vanishing of Riemann tensor

k—3% (g —ih) g7 (¢ +ih)Y —3 (g —ih) 397 (g7 +ih")
G5 = L(gT—inT) %" 0 94
—1 (g’ +ih)9 —gly 0
— —— —— aﬁya = 0 [VG, Pilaftsis (2023)]

[ N

Take home message:

Non-zero fermionic curvature effects cannot be generated if
¢¥ depends linearly on) and )

\_ y,
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] A 2D factorizable model

Lr = 2k (08) (09) + » (50 +900) [$7(08) — @D
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] A 2D factorizable model

L = 2k (@,0) (09) + & (00 + 9u80) [B1*(0,8) — (BB)ry)

DN | =

] FS metric

k+ b0 (d)a"— ad'b —a b )
G = a’ 0 d' b = = (sh-+90) ¥
—b —d 0

\}

d = (go +91$¢) 1, + gy



Model 1
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] A 2D factorizable model

1 0 — N — _
Ly = 5’“ (au¢) (6“¢) + 9 (90 +91¢¢) [¢’Y“(anw) - (5u1/1)7“¢]
J FS metric
k+ b0 (d)a"— ad'b —a b )
G = a’ 0 d' b = %(96+g’1W)¢
—b —d 0

d = (90 +91E¢) 1, + gy

J Ricci scalar is fermion dependent
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Model 11
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(] A 4D non-factorizable model

L = 3 [31(08) - 0B1"v] + 270 [B(O) — (B0
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(] A 4D non-factorizable model

L = 3 [1(0,8) - OF1*v] + 570 [F(O,0) - (B.0)]

] FS metric

0 d'

G = {.Gp} = “d 0

1l 1 —
d == ].4 + Z(¢’Y“¢) 'Yy, + Z’Yﬂ "p"p’YN
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(] A 4D non-factorizable model

L = 3 [1(0,8) - OF1*v] + 570 [F(O,0) - (B.0)]

] FS metric

0 d'

G = {.Gs} = “d 0 d=14 + i—(%‘%)w + iv"@w

[ Richer structure of Ricci scalar

T 93,
R = —8+2() + @) +

29, . T
. —E(WP) +E(¢¢)

9 _ 5 )
g(«mw)? + 7 (009) (7*9)

J
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Supervertices

] Mixed ST and FS rank-2 tensor

oA =

1 (8 (8]
5 aCfa‘ - (_1) T Bﬂ,Cé‘
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Supervertices
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] Mixed ST and FS rank-2 tensor

1 (6 (07
a)\g — 5 a,cg _ (_1) +5+ BB,C(/;

J Covariant inverse superpropagator
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Supervertices
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] Mixed ST and FS rank-2 tensor

1 (04 (07
a)\g — 5 a,cg _ (_1) +5+ ﬂB,Cg

J Covariant inverse superpropagator

= (=1)% a3 pﬁ d(p* + p'B)

S 63

8”(I>=0

[ Covariant three-vertex

= | (=1)%Ag, plﬂt

+ (=1)* N Y ) 8(p* + PP + D7)

b)

N S a5
~
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Supervertices
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] Mixed ST and FS rank-2 tensor

1 « «
a)\g — 5 (a,Cg . (_1) P 'BH,C:;L)

J Covariant inverse superpropagator

= (=1)* N5 P 6" + )

S

[ Covariant three-vertex

N S
P ,

aB4

— o B
0, 8=0 <(_1) a)‘g;’ypu

+ (1) N D) ) 6(p* + p7 + D7)

(Note: # 0 unlike purely bosonic
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Supervertices (continued)
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() Covariant four-vertex

o o a
\ / S;&B"VS 0 ®=0 - (_1) a/\’;f Rpﬂ'v5 Py + (_1) O‘)‘g?'y‘s pﬁ
VRN

+ (=D N5 B 4 (—1) B N

§(p* +p° +p" +p°)

) Scalar contribution is additive
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(J Fermionic curvature arises from non-linearity
J Unlike supergravity, curvature not real-valued

) Derived generalised expressions for covariant scalar-fermion vertices




Summary and Outlook
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(J Fermionic curvature arises from non-linearity
J Unlike supergravity, curvature not real-valued

) Derived generalised expressions for covariant scalar-fermion vertices

What next?

J Compute higher loop effective
actions

J Add symmetries

J Compute amplitudes
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Thank you!
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