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SMEFT vs. HEFT

* In the standard model effective field theory (SMEFT) the Higgs
boson is embedded in an SU(2) doublet

* In the Higgs effective field theory (HEFT) the Higgs boson is
introduced as a singlet

* |n terms of expansions we typically say:
* SMEFT: Expansion around the EW-symmetric point
* HEFT: Expansion around the EW-vacuum

R. Alonso, E. Jenkins, A. Manohar., arXiv:1605.03602
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SMEFT vs. HEFT: Motivation for Geometry

A smooth map from SMEFT to HEFT can always be found.

* Any map from HEFT to SMEFT will have singularities

R. Gomez-Ambrosio, et al., arXiv:2204.01763

* The singularities are not necessarily physical.

R. Alonso, E. Jenkins, A. Manohar., arXiv:1511.00724

* Geometry allows us to reveal the nature of the singularities in a
systematic manner

T. Cohen, et al, arXiv:2008.08597
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SMEFT vs HEFT: Physical Singularities

* |n the case of physical
singularities, the theory cannot

be matched onto SMEFT 5%
D>

e Particles that induce additional - !
electroweak symmetry break.lng s =&
as well as particles that obtain | T
more than half their mass from oo .

electroweak symmetry breaking _

are examples of such theories \' ‘;’ (
X
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Geometric formalism of EFTs

* Treat fields as if they are coordinates on a manifold M equipped
with a Riemannian metric g

* Two derivative term in the Lagrangian comes from the metric

L= 0y0,0'0“9) ~V($) + 0(8*)

* Physical amplitudes related to tensor on the manifold M

2
V;((Il(lzrrggflhl) + § ('SIQR(xl((I;;(lq)uz + SI:SR(Il((){zuq)Q;g + 314R(11((12(1¢3)(14)

Two-to-two scattering. T.Cohen, et al., arXiv:2108.03240
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[Stanolarol Geowmetric Formalism: Mathematical De‘todls]

Fields as coordinates on a manifold M wteM
Introduce a (Pseudo-)Riemannian metric on M g=gij(u)du' ®du? : TM x TM — R
( Pullback to space-time along a map \ ( o:X—-M \
Coordinates pu“back to fields (gb*uz)(:r) = uz(fﬁ(m)) = sz(m)
% 7 .4 - i . 7 = 7 7
One-Forms pullback to dervatives (¢"du’)(z) = d(u'(¢(2)) = d¢'(2) = O,¢'(e)d=
\_ Two derivative term provided by geow\etrt/j k 6’9 = 9:4($(2))0,¢'0,¢'dz” @ dx” )
Potential must be added in Bl/ hand V(gb(;{;)) Z ¢*g
Formalism limited to two derivative terms ddu=0 = 0,0,¢' £ ¢"g
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[ Fibre Bundles }
(A bundle consists of a: \

Total Bpacs Loca“y the bundle locks like a direct

Base Space product of the base space and the
& Surjective Map J Hbres
1 E=2XF /

: y
=t
It
L r

At every Point in the bundle local inverses to the Surjec‘tive map
exist. The maps are called sections
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[ Fibre Bundles Geowmetry J

Locally a Fibre bundle admits fFibred :
[ ! coordinates = = (VP Rl 3l ad GrswlC Ep]
The coordinates na‘tura“y SPlit wnto E, = (M x X),
fibre and base coordinates — u € M,z* € ¥

consists of
four blocks Gui  Gij

A wmetric on E (Q,uu gm)

f

of Pomcare invariance 0
< m l‘es the off- ( Guv )

ohagona[ Blocks

vanish
o
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Lagrangian from Metric

e After Poincare invariance
g = gupdx* @ dx'|+
¢ (...)

guwnt’ = -V(¢) c L

* Scalar potential is now geometric!

gl-jdui R du’

\“m

gin*o,¢to, ¢’ c L
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Amplitudes on Fibre Bundle

* Individual Feynman rules obtained from taking partial derivatives
of the two blocks of the metric g,,, and g;;

* Using the compatibility of the Levi Civita connection we can
rewrite derivatives in terms of Christoffel symbols

Vg =0 0kgij = Flgigéu' T Flgqui
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Amplitudes on Fibre Bundles

i _ U _PH
Fju_rij_rwo_o

[ — plH _ pHh _ pH
RHVP pr pr Rvpl o
[, = —= gil . . ;
uv — 29 Guv,l L — R — — R*
Jku Juk qu ijk —
ﬁ
r“_— .
9" gf"” Non-zero Riemann tensors:
i i ) ]
1 . R].UV'RH]V’RLJV’ RVl]’RV,DO" ]kl

D%=§¢mwmw+gmu—gmm)
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Amplitudes on Fibre Bundles

* The three point amplitude is given as™:

B EV Rg uay Tlajaza; (Pa1 - ma1) +1la,a,as (Pa2 B maz)
+ Fa3a2a1 (pa3 T ma3)
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Amplitudes on Fibre Bundles

ay, p1 as, pPs

az, p2 (4, P4 az, p2 a4, P4

- H #
( ‘Ha]a-;(uag 90102 + 21{ ajyjra { azjiaqy

asjiag

1 3
T Ta vﬂ-l Vﬂa 7 - Zvﬂz l{’“blual Vﬂ-a ‘R‘Vbl pasg (pg1 o mgl )—l
+ ﬁvad R T 2 —m2 )(ps, —mp,)"" +40,,T 2 —m2

pas alagbl aq az2* ayagag \'a,q

biba 1 by 1 2 2
o 129 ' 'l aszaqbo alagbI (p(n o ma1 )(pb1 mb]) (pa.q as) o 12]’ asb 1010304 a, o mal
201

b1 1 2 2
k. | N mal)) + perms(a;azazay)
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Amplitudes on Fibre Bundles

ap, 1 as,p3 a1, p1 as,
> by --------- <~ b
Y l ” -~ 2
ay, P2 1, P4 az,p2 aq, P4
- _ m RM
Z( 1{(1.1 (1.3(14(123‘1102 + 21{ aijpa { azjiaq
1 3
o r— 1z S o by v 2 . 23\—1
vﬂl Vﬂa R asjiay 4 Vﬂz R vaq Va4 R bypag (p61 mb1 )
pby F  _wyes =33 . 2 2
% ﬁvﬂd R ;Laq ajashy \aqy m, )(pbl mbl) + 40, 21 ajagayg \'aq m,
biba 1 by 1 2 2
- 129 | aszasbo a;agbI (pcn o ma: )(pln mbl) (paq (13) — 121 asby ]' ajazag \Way mcn

b1 1 2 2
k. | N mal)) + perms(a;azazay)
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Jet Bundles

* Given a smooth fibre bundle (E, X, ) we can extend it to create a
jet bundle

* Ateach pointp € E we define equivalence ClaSSGS] ¢. The set of
all equivalence classes is a smooth manifold J1E

 The manifolds X, J1E create the first jet bundle (2, J1E, ;)
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[ Jet Bundle Geowmetry ]

B JlE—\
-
¢*(z") = z* Field!
T AN ~ |
¢ (’U.. ) =¢ (1’) M uz uz
A A :
A—A
] ™\
< > Sl |/ L
= xrH > T /a:'“ zH
\ )
jro*(zh) =2 7ot (u') = ¢'(x) §'¢° (ul) = 0,¢' ()

Derivatives!

39[&@[” Fields W(JQE
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b, € G

1. ¢(p) = ¥(p)

\

_/

2 0¢ o u' B O o u'
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Geometry on Jet Bundle

* The first jet bundle introduces an additional coordinate ufl thus
the metric becomes

IJuw Yui gl;{ dx
g=(dx“ dut dulit) ui Yij gi}/ duj:
gui 9y 9i; ) \4%

* The coordinates are independent on the manifold J1E
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Lagrangian from Jet Bundle Metric

g = 9gudxt @ dxV|+ gl-jdui ® du’ + gi”jvdufl X du{,'

+giudut @ dx# + gi.duy, @ du

+ g;,dul, @ dxV

gin*o,¢to,¢’ c L

gmﬂ?‘“’ =

95 0P°9,0,0'0,0,¢7 C L
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Conclusions

* Fibre bundles allow us to describe all terms in a geometric
manner

* On-shell amplitudes correspond to geometric tensors

* Invariance of S-Matrix given by the transformation properties of
tensors

Outlook

* Computation of amplitudes in higher jet bundle orders

* Renormalization of scalar theories

* Introduction of gauge fields into the formalism

* Automation of the computation up to higher point functions
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Back up

* The propagator is defined by

1

Adrd2 (p3 +pa) = (57]”0,51,,0,61142 + (p3 + 1)4)2.(7111(12)

* If the masses are diagonal and the kinetic term is canonical then it
is possible to rewrite as

ij
Ap) = —2

pZ_mZ
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