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EFT Approach for BSM

L = »CSM -+ ZC@OZ

« SMEFT, Higgs EFT, etc.
 Well-motivated for current status of the LHC

 Too many operators!! [84 at dim-6, 993 at dim-8]
[See Gu’s talk] [Grzadkowski, Iskrzynski, Misiak, Rosiek; Murphy]

Is there a simple, physical organizing principle for the (SM)EFT?



Geometry for EFT

— Field Redefinition Invariance

[Meetz, Honerkamp, ...]

) ¢
* Field redefinitions

* redundancies in the operator

1

* rearrange the operator basis

e Can be viewed as a coordinate transformation

o — ' (x)



Geometry for EFT

—scalar example

r— %h“(gb)auqbla“gb‘] ~V(¢)

-

01y + crygd™ + cryrrnd™ ot + ...

Incorporate all EFT operators in a two-derivative theory

But NOT all terms are physical though...



Geometry for EFT

—scalar example
1
L= §h”(¢)au¢—’a“¢‘] — V(o)

» Field redefinition: ¢! — qb/l(qﬁ)
5) A a B
e Metric: hri(o) — h/IJ(¢/) = hap(9) 82’1 32/,1

 Leads to the notion of curvature, covariant derivatives, etc.

Physical quantities (amplitudes, RG, etc.)

must be written in terms of geometric objects



Geometry for EFT

—scalar example
1
L= Shrs($)0,0'0"¢" — V(¢)

* Tree amplitudes
Argxr = Rryrrsis + Rrxgrsi2 + Virgko) + - -

the amplitude is arranged into geometric building blocks



Geometry for EFT

—scalar example
1
L= §h”(¢)au¢-’a“¢‘f — V(o)

. One—lc)op RGEs: [t'Hooft] [See Gersdorff’s talk]
e Standard decomposition from background field method
¢ =o'+

e But 77[ IS not covariant under field redefinition,
the geometry structure is lost.



Geometry for EFT

—scalar example
1
L= §h”(¢)au¢—’a“¢‘] — V(o)

* One-loop RGEs: [Alonso, Jenkins, Manohar]

e Covariant fluctuation follows from geodesic motion

I’ —
d)\2 1k (9) d\  d)\ 0
_ 1
o' =o'+’ — SThen’n™ + ...

1

75 =5 /d4x [QIJ(DM?)I(DM?)J — RIJKLUI(DM¢>JUK(DM¢)L + V;IJ77177J]

Manifest geometry!



Geometry for EFT

—scalar example
1
L= Shrs($)0,0'0"¢" — V(¢)

* One-loop RGEs: [Alonso, Jenkins, Manohar]

1 1 1
1—loop 4 U 2
AS = 593, /d x (—12T1"[YWY | + —2Tr[X ])

[Yﬂy]ij — ['@N , @V]Z]
X'y = —R'ju(Duo) (D*¢) + g V.

Geometric building blocks



Geometry for EFT

—scalar example
1
L= §h”(¢)au¢-’a“¢‘f — V(o)

e SMEFT v.s. HEFT: Linear v.s. nonlinear realized EW symmetry
[Alonso, Jenkins, Manohar; Falkowski, Rattazzi; Cohen, Craig, Lu, Sutherland;...]

 Geometric viewpoint: O(4) invariant point in the scalar manifold



Geometry for EFT

— Challenges toward a GENERIC Geometry picture

 (Generic field redefinitions

[Cohen, Craig, Lu, Sutherland; Cheung, Helset, Parra-Martinez; Craig, Lee; Alminawi, Brivio, Davighi;...]

¢ — ¢'(¢,09,...)

* Higher loops [Jenkins, Manohar, Naterop, Pages]
* (Geometric picture for higher spin

. Spln 1:  [Helset, Jenkins, Manohar]

e Spin 1/2: this talk

[See also Gattus, Pilaftsis, 2307.01126; Finn, Karamitsos, Pilaftsis, 2006.05831]



Fermionic Geometry for EFT



Fermionic Geometry for EFT
—Setup

= :%ikﬁr(gb) (&p’YMBuwr) ™ iwﬁﬂ(gb) (Dugb)llzﬁ”yuwr — &ﬁMﬁr(Cb)wr T ﬁﬁgwﬂ;#y(gba F)¢T

kinetic term Yukawa

Dim-6 Examples

< _
trivial in Warsaw basis (bpy*e,) (HViD, H) (HTH)({pe, H) (bpot” e, H) B,

Sufficient for all dim-6 fermonic operators® and most of dim 8.



Fermionic Geometry for EFT
— Chiral structure for dipole

£ =ik () (579D, ) + s (6) (D) 74" — P My (807 + BP0, T3 (6, F)07

* The duality relation €,.,00"”7 = 20,775 leads to

THY _ _
wO_MVT,LLl/w — @DO'ILU/T'LU/PR?#

/'\ o TH T = o, T Pra

R R

for self-dual """



Fermionic Geometry for EFT
—Setup

£ =ik () (579D, ) + s (6) (D) 74" — P My (807 + BP0, T3 (6, F)07

 Field redefinitions: PP — RPT(@WF

ke — |(R) TR

pr

+ 5 @Y k@R

wprt = |(B)Nwr R 4o

pr

-5 [@uEy R



Fermionic Geometry for EFT
— “Supermanifold” for the SMEFT

£ =ik () (579D, ) + s (6) (D) 74" — P My (807 + BP0, T3 (6, F)07

e Unified geometry between scalar and fermion:

hry ) — (3ksrr — wsrr) ¥°  (Gkis 1 + wrsr) Y ¢!
Gab(9,) = (%kEp,J N WEPJ) ) 0 kirp ?" = %Zi
— (§kps,g + wWpss) ©° kg 0 PP

* Following the same construction as in supermanifold



Fermionic Geometry for EFT
— “Supermanifold” for the SMEFT

1 = . - —= —5
£ =ik (6) (57 Dyts") + oprs (0)( D) 9P1"40" = 3 M (80 + 00, T (6, F)u"

e Unified geometry between scalar and fermion:

_ _ _ (1
F]IDS :F]SDI o kp?“ (§krs,f —+ wTSI)

L 1 _
szjg :Fi—)] = <§k§r,f - wgr[) kP

_ 1 r (1
Bpr1j = Wprg,1 — <§k’ps,1 — wpsl> k! (§ktr,J T WtrJ) (I J)

scalars



Fermionic Geometry for EFT
— Tree amplitudes

 Amplitudes are composed of geometric building blocks

WPyl — TP’ Aprry = (Urp up) Repyr

PPt — Tl Pt Aprrgk = (ﬂfpjup)?KprU + (ﬂfﬁKup)ﬁJprlK

Nontrivial geometric building blocks



Fermionic Geometry for EFT
—One-loop RGEs

» For RGEs of bosonic operators, 1 = 1y + X

1, 5t 5 5 y
Ox S :/d4a: {izkpr (Xpw“DMXT) — X’ Mprx" + XpO"u,/’]%'L; XT} y
X




Fermionic Geometry for EFT
—One-loop RGEs

» For RGEs of bosonic operators, 1 = 1y + X

AS =392, /d T {gTr VY] + Tr [(DpM)(DFM) — (MM)?]
16
- 5 T((DLT")(D, T*) — (THTP)]

— ATV, (MTH 4+ TH M)] — 8Tr(/\/lT“”)2} ,

Geometric building blocks



Fermionic Geometry for EFT
—One-loop RGEs

» For RGEs of bosonic operators, 1 = 1y + X

AS =392, /d T {gTr VY] + Tr [(DpM)(DFM) — (MM)?]
16
- 5 T((DLT"*)(D, T*) — (THTP)]

ATV, (MTH 4+ TH M)] — 8Tr(/\/lT“”)2} ,

Vl”, =D D, = B 15 (Dud) (Do) + (Vithy)
(DyM)P, =kP"(D,Mg,) = k' [ D, My, — T5:(Dud) Mg, — T5,.(Dyuo) Mg,
(MM same geometric structure

=k (DT = [ DT — DD T = T3, (Du0) T2

]
)
)P, =kP My k% M, \
)
P = kpfﬁ_gv quT;B _



Fermionic Geometry for EFT
—One-loop RGEs in the SMEFT

* We calculate the bosonic RGEs up to dim 8 using geometry.

[Agree w/ Chala, Guedes, Ramos, Santiago; Das Bakshi, Chala, Diaz-Carmona, Guedes; Accettulli, Huber, De Angelis]
M., >t H-%C  JHHH) -°C, . HH H)?
or O [Yel|pH — leH?3 ( ) — leH5 ( )
pr pr

1

T4 > Crop B (B —iBm) +°
pr

1 ~
CropsH(HH) (B —iB)
pr



Fermionic Geometry for EFT
—One-loop RGEs in the SMEFT

* We calculate the bosonic RGEs up to dim 8 using geometry.

[Agree w/ Chala, Guedes, Ramos, Santiago; Das Bakshi, Chala, Diaz-Carmona, Guedes; Accettulli, Huber, De Angelis]

 dim-6 D2H4 example:

6, 2

Cran :gg%/ﬁ + 295/{2 — 2Kk9 — 6K19 — 2K11,
6 - 3 2

CH4D2 :ggll{’l — 8/439 + 4/{,11 .

T Geometry groups terms together

6 6 ~(1 6 6 6 ~(1
/'{/1 = [ye C€2H2D + 2y€ CéQ}{QD —|— Ncyu CUQHQD + Ncyd CdQHQD + 2Ncyq Cq(2.)[_.[2D]
tt tt tt tt tt

— NYYSCppop + NYIY,CH)

q>H?2D

ko =TT [—y;YJGCesz +Yive),

6 6 (1
+NCYUYJ Cu2H2D - NCYJYU CSQ}{QD} )

6 6
K11 =Tr [—NCYdYJ CudH2D - NCYUYdT CldH2Dj|



Conclusion & Outlook

. emerges in EFT from
* We generalize this picture to fermions

* Organize physical quantities, amplitudes and RGEs,
iInto simple building blocks

e New results on fermionic RGEs

* Four fermion operators, mixed type of loops, SUSY structures, ...
for future work

Thank you! Cam o’n



