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Field Space Geometry in Higgs Sector

o SM Higgs doublet under different parametrization
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Field Space Geometry in Higgs Sector

o SM Higgs doublet under different parametrization

Cartesian Coodinates
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Field Space Geometry in General Scalar Sector

> A general scalar theory with two derivatives
1
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o Under non-derivative field redefinition
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Field Space Geometry in General Scalar Sector

> A general scalar theory with two derivatives
1

£ = 591(9)(8,8)(0"67) — V(9)
o Under non-derivative field redefinition
E/ ¢ — ¢" = ¢"(9) \\E E/ Coodinate transformation \\: { F(i;eelgnfgti;e ]
(0,8) — (8,:8") = Z‘Z (0,7) — Vector
i\ 9ij = G = gz:z g;b; gul j E‘\ (0, 2)-tensor metric /:E

_____________________________________________

o . o Al , Jenkins, Manohar [arXiv: 1511.00724, 1605.03602]
> SM Higgs under Unitary representation: Crott, Loe forxiv: 2307.15742]

Alminawi, Brivio, Davighi [arXiv: 2308.00017]
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Partition Function & Effective Action

o Partition function

o Tree level: Stationary point

ol | TU¢] = Sl
8 lps T 1
o One-loop level: Gaussian approximation - —ilog Z[J] = S[¢] + J§ + %Tr log (91%3) ‘ T
p=¢+¢ V[ .
S[g] + Jo = S[] + Jo + %qb’%j ¢=$¢’ +0(¢") {FM s Z%Tr = (91%) gb‘P}
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Covariant Expansion of Action
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Covariant Expansion of Action

o Action = Function(al) on field space

/ Covariant expansion along geodesic from ¢ to ¢ \
6S VS .
— .. VAR v A
5o — Vi 9ij(9)[2u(0%9)]" — V,V(9)

528 \ER
o5 Saog — —196(9)2° + Rii(9,6%)(9"4") + ViV,;V(¢)] 8 (z — y)
oo »'Vo \ Gaillard, [Nucl. Phys. B 268, 669-692 (1986)]
\ Alonso, Jenkins, Manohar [arXiv: 1605.03602] /
Alonso, West [arXiv:2207.02050]
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o > Covariant 1-loop Effective E:/Cthn | \ ' Dy = 0u+ (0u9) Ti(@) ~ (0,8 )Vi
onso, Jenkins, Manohar [arXiv: 1511.00724] | :

. Alonso, Kanshin, Saa [arXiv: 1710.06848] o o o o

° Dlvergent Part = RGE Assi, Helset, Manohar, Pages, Shen [arXiv.2307.03187] ! Covarlant derlvatlve on fleld Space 1
Jenkins, Manohar, Naterop, Pages [arXiv:2308.06315] ! !
o Hard region (div + finite) = EFT matching!

Fuentes-Martin, Portoles, Ruiz-Femenia [arXiv: 1607.02142]
Zhang [arXiv: 1610.00710]
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Geometrical Functional Matching

o Top-down: find EFT from UV theory
Energy
PN
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Geometrical Functional Matching

o Top-down: find EFT from UV theory
Energy

H

[ 1PI effective action ]

UV Lyv (I)A,qba |:> FUVL
A

A\
EFT CLprr[¢?] m===) Tgprd)

Henning, Lu, Murayama [arXiv: 1412.1837]
Cohen, Lu, Zhang [arXiv: 2011.02484]

o Tree level:

}), P /d4x£[b9]FT[¢] = /d4$£Uv[‘T’(¢),¢]

o One-loop level:

1
/d4 £[E]FTW - @E

Fuentes-Martin, Kénig, Pages, Thomsen, Wilsch [arXiv:2212.04510]
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Geometrical Functional Matching

o Top-down: find EFT from UV theory

Energy
o Tree level:
[ 1PI effective action ]
UV Lyy (I)A,Qba I:> FUVL ?), P /d4x£[§]FT[¢] = /d4$£Uv[‘i’(¢),¢] Heavy EOM
A .
o One-loop level: LDvaiEris
4
d*zll :'1/d4/dpt1 v
4 / errl9) "2 ) emd” € (19 o) i(‘)u—n'au—puw
EFT Lgrr[¢®] mmm=) Tgerld] Take hard

region
Henning, Lu, Murayama [arXiv: 1412.1837]
Cohen, Lu, Zhang [arXiv: 2011.02484]

Fuentes-Martin, Kénig, Pages, Thomsen, Wilsch [arXiv:2212.04510]
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Geometrical Functional Matching

o Top-down: find EFT from UV theory

Energy
o Tree level:
[ 1PI effective action ]
UV Luv[@4,4%] m===) Tyyi[®(e),d] / d* 2L (6] = / d*zLyyy[8(), 9 Heavy EOM
A Covasiant!
o One-loop level:
1 d4 _
/d4 g[E]FT[gb] = za/d‘lx/ (2;))4 trlog ( ) -
v i@u—>i8M—pu @:@[(ﬂ
EFT CLgprr(¢®] mE===) Trrr(4] Take hard only covariance of
resion licht components
Henning, Lu, Murayama [arXiv: 1412.1837] g p
Cohen, Lu, Zhang [arXiv: 2011.02484] (submanifold)
Fuentes-Martin, Kénig, Pages, Thomsen, Wilsch [arXiv:2212.04510]
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Geometrical Functional Matching

1 d* , . ,L_
Lhrlol =i [ 71108 (20 +2)" + Riki(8u)(0"') + V'V,V]

2=2[g]
o Divide into covariant quantities of submanifold intrinsic
- curvature
-’ \
L .- LH
@ == /@}l// K'%// r~~ " rT 7\
T 3 P _ |
g KHL/’ @H Rabcd —IRabcd |+|Kachd — Kadec
N\ p Y
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extrinsic
curvature

o Take hard region: separate hard scale from potential

{ hard scale J

0 O
0 M?

~ 1 [ d SN S
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Geometrical Functional Matching

1 d* :
ﬁ%]FT[qb] = z—/ (275))4 trlog [(@L 4= £y, +Zpu)2 + M2+ U]

o Geometrical Covariant Derivative Expansion: keep the subcovariance when evaluating the momentum

=3[9

integral

_______________ use CDE trick

Gaillard, [Nucl. Phys. B 268, 669-692 (1986)]

Henning, Lu, Murayama [arXiv: 1412.1837]

N e e e e o - —— Jg oo oocoooooooooo - Cohen, Lu, Zhang [arXiv: 2011.02484]

Fuentes-Martin, Kénig, Pages, Thomsen, Wilsch [arXiv:2212.04510]

o Result: effective Lagrangian built by geometric quantities

' d S N gy L (% &y, o' '
ceffj—%/hard (27:)’ Z {Z[p _M2< ﬂgw:ap (g o )] p_M2(:{f_M{{_“:—|—z{p gylp,lKu})}

0
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Example: ‘Non’linear Sigma Model

o Reparametrized linear sigma model:

>

1 1 o m e e 1
Lov =30k + 3 (1 ’ %) ' gas (m) (9,m") (9 1= 2 A(h? + 2ho)’

o h:radial, m: spherical, field space is flat. g the meric on i sphere.
o O(N+1) symmetry breaking = massive h
o Integrate out h = EFT of  (up to dim-8 under canonical dimension counting)

. extrinsic intrinsic
potential
curvature curvature
1 - 1 1 =
L5erlm = S AT KK + = B(0, M2, 0)(K G K Y+
_ L [ 6L 1T+ 2 (—102L + 67)5 + —(12L — 34)(8,m - B,m)’
~ 16n2 | 2 I 9t I T oM ult s Ovmt
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Summary

o Geometrical Functional Matching: keep geometric covariance
during EFT matching

o Geometry on field space helps expand action covariantly
- Hard region expansion breaks covariance, only covariance on submanifold

survives
o Geometric covariant derivative expansion: preserve the covaiance

o EFT built by geometric quantities, e.g. extrinsic/intrinsic curvature
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Thank you!
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