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Disclaimer: Supergeometry # supersymmetry
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Disclaimer: Supergeometry # supersymmetry

J A theory with fermions and bosons with no extra symmetry
Why supergeometry?

J Off-shell calculations are sensitive to choice of parametrisation

J Remove gauge-dependence in off-shell calculations

0 Uni field trisati . iant [Alonso, Jenkins, Manohar (2016), Cohen, Craig,
nique field-reparametrisation invarian Sutherland (2021), Talbert (2023), Assi, Helset,

expansion of geometric EFTs Manohar, Pagés, Shen (2023) ...]

. . . [Burns, Karamitsos, Pilaftsis (2016), Falls,
J Frame covariant description of cosmological Herrero-Valea (2019), Finn. Karamitsos,

inflation Pilaftsis (2020) ..]



The Set-Up

)

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

O Now fermions in the chart [Dewitt (2012)]
& = {2°) = (¢", 0%, PT)T
) Field reparameterization = diffeomorphism
3 - 5 = ()
J Diffeomorphically - or frame invariant Lagrangian
1 )
L = 59"0,0 oks(®) 0,9 + 545(@) 0,0 — U(®)
/
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J Endow supermanifold with metric

_ sT
«Gs = («Gp) r )\
- supersymmetric rank-2 FS tensor
> - ultralocal
- determined from action

\_ _J




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‘

1y 0 0
~ Hy=1 0 0 1uum
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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

L = — h(®) 1 5(0,0) + + 9(8) [67(0,%) — @)y Y]

. {¢X} ~ > 9(¢) = {g9xv}
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) Flat field space can always be reparametrized into canonical Cartesian
form

L = — h(®) 1 5(0,0) + + 9(8) [67(0,%) — @)y Y]

. {¢X} ~ > 9(¢) = {g9xv}

J Reparameterise fields to make canonical

Y — = K(¢) '



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

L = = SR $H0.0) + 59(0) [BrO) — OD)r"v]
/ N\ \
A ~
Y={y} P = {y*} s 9(¢) = {9xv}

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

i g
~—_5 K@) =exp —5/09 h d

J (b acts as external parameter in the fermionic sector
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k—3% (g —ih) g7 (¢ +ih)Y —3 (g —ih) 397 (g7 +ih")

prem— ) _T
xer (97 k7)) 0 gL,
—5 (g +ih) Y —gl, 0
— — — — R"‘ﬂ,y(s = 0 [VG, Pilaftsis (2023)]
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No-Go Theorem (continued)

k—3i¢ (g —ih)g™' (g +ih)yp —i¢ (g —ih) L¢T (g’T - th)
WGs = L(gT—inT) %" 0 g1,
—1 (g’ +ih)9 —gly 0
— — — — Raﬁvé = 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



Model 1
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1 A 2DJfactorizable|model

s %k((‘?“(b) (04¢) + %(gﬁg@zp) PY*(0u¥) — (8u¥)7Y]

~ —~s ¢ =(sP(T")y where TH=
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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
1
Li = 5k(8:6) (0"9) +

2 FS metric

k + bT(d—l)TaT .

G = T
b

(90 + 919%) [97*(8u%) — (BuB)¥*¥)

N | =

- _
ad”'b —a b “=§¢(96+9’11/1¢)

0 dr b= 5 (oh+9i0v) v
—d 0

\}

d = (90+9¥%) 12 + 199
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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

f N
4¢, 2019591 205954 GE N o
R=—+ |t -0 — e | (09
9 9ok gk 295k (¥¥)
L » ;
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The goal: off-shell vertices in the non-static limit for scalar-fermion
theories

] Notation
0,0%5 = 0\ 8(z0 — 1) 6% + %, 0,8” §(za — x5) == (D)%
{aB} = aB + (—1)* B

10



Supervertices: the full picture
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The goal: off-shell vertices in the non-static limit for scalar-fermion
theories

J Notation
0,0%5 = 0 5(z0 — m5) 6% + 1%, 0,8” §(z0 — 75) := (Dy)%
{af} = aB + (-1)*’Ba

[VG, Pilaftsis, 2023/2024]

[ Complete covariant inverse superpropagator
§
S;a,é = 0, ®” ( pky Rva,@& 0"®° + (—1)*7 pkyifa (D“)’yﬁ}
1

T 5(_1)7(054-[3) L a“qﬂ) + (=1)*(Dp)’ s oky (D“)’YB

+i(=1)* (M4(DW)’s + (—1)% oMo g 0,8
10
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The goal: off-shell vertices in the non-static limit for scalar-fermion
theories

] Notation
0,0%5 = 0\ 8(z0 — 1) 6% + %, 0,8” §(za — x5) == (D)%
{aB} = aB + (—1)* B

[VG, Pilaftsis, 2023/2024]

d Complete covariant inverse superpropagator bosonic sector

S;&B 26“(I)p(pk7 RvaﬁJ oM P + (_l)a'y Pk‘Y;{a (DM)WB} h
1 ) .
\+ 5(_1)7( il okyiaB 3#(1)7) +(=1) p(Du)pa phy (DM)E

+i(=1)* (M4(DW)’s + (—1)% oMo g 0,8
10



Supervertices: the full picture
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The goal: off-shell vertices in the non-static limit for scalar-fermion
theories

J Notation
0,0%5 = 0 5(z0 — m5) 6% + 1%, 0,8” §(z0 — 75) := (Dy)%
{af} = aB + (-1)*’Ba

[VG, Pilaftsis, 2023/2024]

[ Complete covariant inverse superpropagator
§
S;a,é = 0, ®” ( pky Rva,@& 0"®° + (—1)*7 pkyifa (D“)’yﬁ}
1

T 5(_1)7(054-[3) L a“qﬂ) + (=1)*(Dp)’ s oky (D“)’YB

+i(=1)* (a5 (D)5 + (=1)7 X5 5 0,87)
10
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[Vilkovisky (1984), DeWitt (1985),

. . . . . inn, Karamitsos, Pilaftsis, 2022
2 Implicit equation for the effective action using VDW "™ @ramitsos Filaftsts, 20221

exp (+T[®0]) = [ /Isdet G| [D@]exp (5 [@] + - / d'z/=g T[®0] o £ [®0, D]

11



Covariant effective action
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[Vilkovisky (1984), DeWitt (1985),

2 Implicit equation for the effective action using VDW "™ @ramitsos Filaftsts, 20221

exp (%1‘[@0]) - / /| sdet G| [D®] exp (%S ®] + % / diz\/—g T[®] o £ [, <I>])
J One and two loop expressions

r'Oid,| = ! Insdet 45, = ~strln &S,
2 b2 &

11



Covariant effective action

PRSP
OSSN
s T RN LR RN

[Vilkovisky (1984), DeWitt (1985),

2 Implicit equation for the effective action using VDW "™ @ramitsos Filaftsts, 20221

exp (%I‘[@o]) = [ isdet G| [D®) exp (%s @] + % [ dzy=gT(®o].0 = (20, <1>])

J One and two loop expressions

r'Oid,| = ! Insdet 45, = ~ strln|¢S,
2 b2 a

11
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[Vilkovisky (1984), DeWitt (1985),

2 Implicit equation for the effective action using VDW "™ @ramitsos Filaftsts, 20221

exp (%I‘[@o]) = [ isdet G| [D®) exp (%s @] + % [ dzy=gT(®o].0 = (20, <1>])

J One and two loop expressions

( % ( N
Y@, = 5 Insdet 55 = 5 strln “5;
1 04 &
r?[®] = R AP
1 34+¢(B+4 aB A4S A EC
4+ ﬁ(_l)ﬁw (B+9) Siesay A BAYNA C{C‘SB}S

11
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[Vilkovisky (1984), DeWitt (1985),

2 Implicit equation for the effective action using VDW "™ @ramitsos Filaftsts, 20221

exp (%1‘[«1»01) = [/isdet G| [D®] exp (%s @] + % [ dzy=gT(®o].0 = (20, @])

J One and two loop expressions

I [®]

%lnsdet &SB = %strln &SB

) [q, 0]
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J Flat FS example

1 ! - (A -
L= 50,00"6 + 070 — 0,7 = Y ()P — V(9)
J One-loop covariant effective action

rfe] = | Trin {0+ V" (¢) ¥ [2/(8) (=i + Y (8)) 'Y (¢) ~ Y"(9)] ¥}
—iTrln(—if + Y (9))

12



Explicit computation of I'V

J Flat FS example
1 3 - i - _
L= 50,00"6 + 070 — 0,7 = Y ()P — V(9)
J One-loop covariant effective action

r[@] = %Tﬂn {O+V"(¢) — ¥ [2Y'(9)(—id + Y (9)) 'Y (9) — Y"(9)]| ¢}
— i[TrIn(—id + Y (¢)) - N

K Schwinger’s proper time
T —— representation
+

k Zassenhaus formula
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Explicit computation of I'V

J Flat FS example
1 3 - i - _
L= 50,00"6 + 070 — 0,7 = Y ()P — V(9)
J One-loop covariant effective action

r[@] = %Tﬂn {O+V"(¢) — ¥ [2Y'(9)(—id + Y (9)) 'Y (9) — Y"(9)]| ¢}
—i[lrin(—id + Y(¢))| > \

J Compute second term explicitly \

- ETr / > @ e—t[m+(mf+h¢)2—iha¢]
0
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Explicit computation of I'V

J Flat FS example
L= 20,000+ 970, — L0 — Y (9)i — V(9)

J One-loop covariant effective action

r[@] = %’mn {O+V"(¢) — ¥ [2Y'(9)(—id + Y (9)) 'Y (9) — Y"(9)]| ¢}
— i[TrIn(—id + Y (¢))

\
J Extract UV poles \
v
= — —— = I'fi1-— -
. /d G (h26? + 2hm ) -

42 (16" + 2hmg)" + 12 (@,07) T (2 3 ) + fimte
2 2 12
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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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