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oupergeometry in QFT

Motivation

g Off-shell calculations sensitive to choice of parametrisation

8 Gauge-fixing in gauge theory and quantum [Barvinsky, Vilkovisky (1985),
. Ellicott, Toms (1989), Burgess,
gl’C[Vlty Kunstatter (1987), Odintsov (1990)]

8 Potential solution to quantum frame problem  [Bums Karamitsos, Pilaftsis (2016)
Falls, Herrero-Valea (2019), Finn,

Karamitsos, Pilaftsis (2020) .. ]

g8 New physics phenomena in SMEFT [Alonso, Jenkins, Manohar (2016),

Cohen, Craig, Sutherland (2021),
IDlsclcumer Supergeometry + Supersymmetlﬂ

Talbert (2023), Assi, Helset,
Mcanohar, Pages, Shen (2023) ...]
Theory with bosons and fermions and no extra symmetry
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oupergeometry in QFT

Supermanifolds

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

Now fermions in the chart ” [DeWitt (2012)]
= {3} = | ¢
@Y T

Field reparameterization = diffeomorphism
P — O = PY(P)

[Finn, Karamitsos, Pilaftsis (2021),
V@G, Finn, Karamitsos, Pilaftsis

Diffeormophically - or frame invariont Lagrangion
(2022)]
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oupergeometry in QFT

Supermanifolds
Supermanifold metric
4Gp = (4Gp)"' rsupersymmetric rank-2 FS tensor !
———— | ultralocal |
determmedirom action

Global metric found from vielbeins and local metric

[Finn, Karamitsos, Pilaftsis (2021),

VG, Finn, Karamitsos, Pilaftsis
(2022)]
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Covariant Interactions

e

Scalar-Fermion Theories

D Oper(ItOl' [Ecker, Honerkamp, (1972)]
(0u®%)p = (5AB a;(LA) + Mpu 8uq)M) 0(xa—zp) = (Dy)%

Important supergeometric identity
(Du)ab;c — Rabcm a,uq)m
Complete covariant inverse superpropagator [VG, Pilaftsis (2024)]

Sup = (~1)™ (D) ke (D) + 0,8 (ke Ry 047

1
+ (_]‘)an mkn;[a (D“)nb] + 5(_1)n(a+b) mkn;ab 8#(1)”)

W)+ (1) Xy 0,8™) — Ul

a)\g = 1 (a Céi _ (_1)a+b+abb<—u)
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Covariant Effective Action 3 } i

Implicit equation

.. . . . . Vilkovisky (1984), DeWitt (1985),
Implicit equation for effective action using VDW e o e o

1

exp (%I‘[@]) = [ /sdet Gl D@, exp 1.5 @] + % [sev=grie. = [@.2,)

Master functional differential equation for 1PI QEA at all orders  ixim @oos)

N n—1
2i (I‘(") 5A5ab> OA" = str | ATHY (-1)FATWATI®A .. 1T (5A)}
k=1

One and two loops expressions
e Sy = VSV, = A7

F(l)[q)] — % In sdet (“S’b) = % str (ln

1 1
F(z) [(I)] _ gS{abcd} Adc E (_l)bc+m(b—l—d) S{mca} /\ab/\cd/\mn {ndb}S

A% S, = 25, .
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Covariant Eftective Action

Schwinger-DeWitt Heat Kernel Method

Use HK to compute one-loop effective action in x-space

1. Represent In A as integral over ¢
2. Obtain UV divergences as 1/e-polesin t — 07 limit

3. Solve iteratively a diffusion-type equation in powers of ¢
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Covariant Eftective Action

Schwinger-DeWitt Heat Kernel Method

Use HK to compute one-loop effective action in x-space

S S — S — e e ———— S — S — —— S — S——

1. Represent In A as integral over ¢

2. Obtain UV divergences as 1/e-polesin t — 07 limit

tS’ Use Zassenhaus formula to derive HK coefficients |

e — S —

exp [t(X +Y)| = exp(tX) exp(tY) exp (— g[x, Y]) exp [? (z[y, X, Y]]+ [X, [X, Y]])] ..

—— —

— L (r—)24m?2
<x|e_t(_62_m2)|y> _ (& 4t( y) + t

Egfor X=-82-m? and Y = -V
(4mt) /2

t(—82—m2— 482 +m2
(wle™ PNty = [ dty (e @Iy

~ 5102V 5 (VIO VIO [0, V1)) Ot 1

x (yletVe
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QEA with Curvature

Pure scalar theory

Diffeormophically - or frame invariant Lagrangion

]‘ v
E p— §gﬂ/ 8”<I>A
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QEA with Curvature

Pure scalar theory

Scalar frame invariant Lagrangian

1

L = §Q”VBM¢A AGB(9) au¢B

Mixed-rank covariant inverse propagator
“So = — (D) (D)7 — R, (0,9™) (0" ¢7) —

Project D? operator with vielbeins

(D*)% = (D) (D" = “ez (D) Peg

Extract covariant heat kernel

2 A —(za—2zp)? /4t A
(ale™ |z) ? (4mt) 472 ?
Aesg (xg) — 5A IWA o OI
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QEA with Curvature

Pure scalar theory

Covariant heat diffusion equation

0
5 (@ale™|ep) = (za| D* e |zp) = (24| D’|zp)
Series expansionin ¢
dt e—(@a—zp)?/4t
(1) _— M qu N A M
@ — /mAxB/ T [(RMN&,gb o N + U )+2U UM,

LRy 0,6 06N By 0,6° a”qu] (s —24) + ALV
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QEA with Curvature

Pure scalar theory

Covariant heat diffusion equation

0
e (CI}AletD2

ot

z5) = (za| D |zp) = (zale'” D*|ap)

Integrate over ¢

/m - (@4 — 257 (Run 0,6M 8"¢" +U%) 6(zp — z4)

1

1
o = -

1672
i ‘
i 64712 /wA TB [(mA B CEB)Z] {U%Uﬂﬂ * RAMPN a“¢M 6M¢N RPSAT 0V¢S 8V¢T
+ RA o 8,0M 89N U, + UARP, 1 0,0M 86N } 5(z5 — 24) .
+ ATW
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QEA with Curvature

Pure scalar theory

Covariant heat diffusion equation

a 2 2 2
57 (@ale™ les) = (za| D* €7 |zp) = (za|e” D’lzp)
Integrate over ¢ X 0

1
=

—1+e
o / Lch ~ 25| (Run ,8Y 06V +U%) 8(an xﬂ
TA,LB
0
... [ =) VAU 4 Ry 0,07 06" Rz 0,6° 04"

647m2e
+RA L 8,0M 86N UP, + UARE,, v 8,6M ¥ N } 5(zp —z4).

+

ATD — _° / dte” (a—zp)?/4t 42
TAB (dmt)¥/2 2

i v

e S ——

_I_

(5| (Rypn 8,8™ 89" + U ) (D) o(D)%
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QEA with Curvature

Pure scalar theory

Covariant heat diffusion equation

0
(zale'” ep) = (w4l D> |ap) = (a| ™ D?|zp)

ot

Integrate over ¢

1

1) _ _ 2] T M qu N A B
I'uv —r 1@2 /:BA,:BB [(SCA TB) ] (RMN 0,0 0"¢" +U ) (5(333 Ty) ~
2 2 N S qu T
LI_6471'26/:1:,4:1:13 [(mA—xB) ] {U U +RMPN ”¢ 3u¢ RSAT ng 9, ¢ H
+ Ry 0,8M 09N UN + UARD, 4 0 ¢Ma”¢N} S(os —24) .|
+ Ar(l) terms Wlth 1/ €- pOIeS [Alonso, Jenkins, Manohar (2016),
U\/rcontrlbutmg terms - ESZ?S’]MME NLaterof;ges
1
I‘S\), = T Bdn2e /mA (U UM+RMBN LY 5“¢N UB ‘|‘U S Gl B
L "‘ RN u¢M "™ R, Hsar 0,¢° 0" T ) : B
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Fermionic One-loop QEA

New Clifford Algebra and Bosonization

Diffeormophically - or frame invariant Lagrangion

L = M + %3“(1)14 — U(®)

use to get
fermion
metric
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Fermionic One-loop QEA

Extracting divergent terms

Fermionic one-loop effective action

) — —Z trln (—-D* — A) — %trln 1+ z’X“DN(—Dz—A)_l 4

Series expansionin ¢

2 _
r® = Ztr212—13,+...) B = A? - [D? A]
V| 1 1 1 N
. ::I:A/Q:B(:I:Bl (ﬁle — s+ chA A = 2 167r26|xA a xBlzeB) xﬂ
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Fermionic One-loop QEA ¥

Extracting divergent terms

Fermionic one-loop effective action

—1

) — —3 trln (—-D* — A) — %trln 1+ iX'D,(-D*—A) V]

Series expansionin ¢

r® — %tr([1—13+...)

1 —2-+2¢ 1 1
Rle ~ 5| 4 2 1672¢

1 - €
L — /<w3|(ﬁ|xA—xB| d+2 |

TAXB

o N 1 — € ]‘ —-:G 1 1 o —E-:
E = [ (@l D, fos) Gacl <4—7T2|a:3 — 20| — o fup — 2o[*A + 5 las — 2ol B) % |:v;ﬂ

24— 26[*B) |2

TA,XZB,XC

— S e — S —— e S S— — S S—— —

Viola Gattus 02/09/24 11



Fermionic One-loop QEA J

Extracting divergent terms

Only terms with scaling factor |za — zg|* are non zero

I 1
— =442¢ —242 4 . 2€B
h /<xB| M i M A 2 167T2e|xA “s| ) Za)

A, XTB
_ 1 1
. 2¢ € 24-2¢
" =.’BA xl:gAI XDy oz} (el (M - 1M+ 5647T2€|$B ~ 2l B) Viea)

No leftover o- function integration — keep O(D?) terms

B 1 — € € 1 €
I; = /(xAlz)\“Du lzB) (zo| (mle—x(ﬂ a+2 —M+ MB)V@@

ZTA,XB,XC
D, XE, LR

-\ vV 1 —2+2¢ € 1 +2¢
(@oli3 D, los) (ar| (mghon — ael 7% - 1 A+ 56MB)V 2.4)

DN |
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Fermionic One-loop QEA f

Divergent terms

New fermionic operators in the UV

1 _ _ _ _ _
(o = g5 [ A[D.VDX)D(NDaX') = D*D, (WD, X)+ DsD,(N*DNADoN]
1 _ _ _ _ _ _ _ _
By = —c1 /w A% DV DAIN DX + Ao DL(NDN) N DsX” = A, D* (VD)
+ XD X Dg(X DAY) = 23D D, (MWD X)| (=N M N, 4 8,0"
1 \ \ \ \ \ \ 174
(Bov = —55.3. /. ANVRUDIV) + (DNWVAY + 2D NVADY)]
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Conclusions

oummary

g8 New approach to Schwinger-DeWitt HK technique
g8 Systematically identify covariant EFT operators

g8 Computation of the covariant one-loop EA with fermions

Next up

8 Include gauge and gravitational interactions
8 Include global or local symmetries

8 Phenomenology: dark-sector fermions & SM neutrinos/axions

Thank you!
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