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THE LOW-ENERGY EFFECTIVE FIELD THEORY

Effective field theory valid below the electroweak scale.

Lierr = Loep+qep + Z CﬁD)O,(?D),
k,D>4

where CE?D) have an implicit suppression of #

Ew



RUNNING AT ONE LOOP IN THE LEFT

Running first calculated at one-loop in (Jenkins, Manohar,
and Stoffer 2018)

Focus on vectorial operators

(EVMPL/R w) (X’V“PL/R X) %X S {d>ea U}




RUNNING AT ONE LOOP IN THE LEFT
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DSixTools basis (Fuentes-Martin, Ruiz-Femenia, Vicente, and Virto 2021) ;



THE LEFT HAS A LARGE (BROKEN) FLAVOUR SYMMETRY

(U3, x UB)de X Zo,g) x (U(3)e, x U(3)ey % Zoe)
X (U(2)y, x U(2)u, ¥ Z7y) x U@3),

Kinetic terms invariant under d; — Uy dj, dy — U} dk,
dL — dR,

Masses and other operators break this — their
components are charged under the flavour group.

L= iaiDdi + ia;Ddﬁ; + [sim. for u,, ug, e, eg, 1]
- [Md]ijaidjé + h.c. + [sim. for M¥, M?]
+ Cijr (aIL“/C’jL) (af"/eﬁ) + [other ops]

(Neglecting purely gluonic operators)




WE USE A SMALLER LARGE (BROKEN) FLAVOUR SYMMETRY

SU3)g x SU(3)e x SU2)y X Z

Kinetic terms invariant under d} — UZdjL, dh, — Ugd{?,
(dLa eL7 UL) — (dR7 eR7 UR)-

Masses and other operators break this — their
components are charged under the flavour group.

L= iaiLDdi + iH;Ddg + [sim. for uy, ug, e, er, 1]
— [M7;d,d} + h.c. + [sim. for MY, M¢]
+ Cijk (abd{) <éf7ei) + [other ops]

(Neglecting purely gluonic operators)
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Flavour & parity basis

DSixTools/San Diego basis



SOLVING RUNNING

(e Salt) =7l (1= 1)

Solve for

C\/(tb) = U(tb7 tw)C\/(tw)

i

mp \ r)?
(571US),‘J‘ = (m—b) (5,'}'

w
No mixing, directions with +ve 4 shrink, -ve 4 grow.



PHENO EXAMPLE

b T b T b M€
s T s T s 1, e

7 only at My scale = 7, and some e and p, at m,, scale




PHENO EXAMPLE

bsuu (teal bars) can be better than current/projected
bst7 (solid/dashed lines)
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Also (Cornella, Faroughy, Fuentes-Martin, Isidori, and Neubert 2021)



SUMMARY

- Flavour and parity simplify running in the LEFT
-~ can be block diagonalised to all orders

- The map My, — my is fully understandable in terms of
eigenvalues and eigenvectors

- Many possible pheno applications!



BACKUP SLIDES




RUNNING AT ONE LOOP IN THE LEFT

Schematically (Jenkins, Manohar, and Stoffer 2018)

masses — (41)2 M = (€2 + g°)M + (e + g)dM’ + csM® + cyM® + d*M°
QED — (4m)? e =€ +e’dM + d’M?,
QCD — (47)? g = g° + g°dM + d*M?
dipoles — (47)2d = (€% + g* + eg)d + eM(cs + c7) + (e + g)d’ M,
4f scalar — (4m)% ¢s = (€2 + g2)(cs + 1) + (€% + g° + eg)d?,
4f tensor — (4m)? ér = (€% + g%)(cs + ¢7),
4f vector — (4m)? ¢y = (€2 + g?)cy + (€2 + g% + eg)d?,

Neglect operators in grey at 0(0.1%) accuracy.

{cs,cr} and ¢y do not mix due to helicity selection rules.
(Cheung and Shen 2015)



SOLVING RUNNING

(8) = €(6)% + g (1)q-

In U(tb, tw) =

1 1
e RORPracy ORI

: (Iy(t), [v(82), v (B)1] + Dv(t), Iv(R), v (0)I) + -+ -,

6 (477)6 t>tHh>t

1
= — 4 x 1.803x 107 — 44 x 3.783 x 1072 — E[&e,&g] x 7.379 x 1070 4 .

Neglecting higher order terms matches fully numerical

solution to 0(0.0001%) accuracy for lepton universal b — s
block.
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