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Evolution of scale-dependent parameters in
QFT:
(1) Well known for renormalisable theories
(2) Some aspects of EFTs well understood
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Evolution of scale-dependent parameters
within simplified SM
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Things change at higher dimensions
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Things change at higher dimensions
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On-shell amplitude methods

(+) No fields, no gauge redundancies, no
gcamma martrices, no polarization vectors, ...

(+) Only observable quantities

(4+) Infinitely easier to apply to high-spin
particles

(--) Perturbation theory not well understood



The goal: computing amplitudes without using

fields/Lagrangians (for massless particles)

Strategy:
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And 3-point amplitudes are completely determined by

quantum mechanics and special relativity
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Spinor-helicity variables



Spinor-helicity variables
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All sensible quantities appearing in an amplitude can
be written simply as products of angles and

brackets, e.g.:

sij = (pi +p;)? = (ij)]ij]

(Wi Pruz) (W37, Prus) = 2(13)[42)
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Main result

An amplitude can be written simply as a linear
combination of products of angles and brackets:

./\/l(l, 2, 74) — Z<12>ai<13>bi s [34]07; e

Little-group scaling:
#i] — #(i) = 2h;

Locality (only single poles!) -+ unitarity:
residue(M, pole = s,t,u) = M’ x M"
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3-point amplitudes are fixed

3-point amplitudes are products of only brackets or
only angles, e.g.:

" 7»% M = [12]°[23]°[31]°

a:h1+h2—h3
b= ho+ hs — hy

C:h1—|—h3—h2
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e+ e- to mu+ mu-
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Things change at higher dimensions
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On-shell methods in EFT
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On-shell methods in EFT
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On-shell methods in EFT
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On-shell methods in EFT
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Moving to dimension-eight
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Besides pure , anomalous
dimensions of dimension-8 operators |Murphy ‘20; Li, Ren,
Shu, Xiao, Yu, Zheng ‘20| not always phenomenologically
irrelevant

Simplest example:

Integrate out

absent at tree-level
dimension-6, one-loop dimension-6 and tree-level

dimension-& lMC, Krause, Nardini ‘18; Durieux, McCullough, Salvioni ‘22|
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Some partial results:

MC, Guedes, Ramos, Santiago; 2106.05291
Accettulli Huber, Angelis; 2108.03669

Bakshi, MC, Diaz-Carmona, Guedes; 2205.03301
Helset, Jenkins, Manohar; 2212.03253
Asteriadis, Dawson, Fontes; 2212.03258

Bakshi, Diaz-Carmona; 2301.07151

More generally,
well understood

Craig, Jiang, Li, Sutherland; 2001.00017
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Murphy ‘20;
based on Craig et al ‘20
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It is obvious that there are zeros in mixing of specific
operators of different classes

It is , not even
with amplitude methods

OS)¢2D3 — i(éW”Due)(D(uDy)qﬁTgb) + h.c.
Og2>¢2D2 — (DM¢TDV¢)BMPBS
e2¢p2 D3 — i(ev*Dye)(¢' D, D,y ¢) + h.c.
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A different perspective:
, from unitarity+locality
[Adams, Arkani-Hamed, Nicolis, Rattazzi ‘06]

1
C(ngbQDz <0

But some others are not:
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Positivity bounds
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A different perspective:
, from unitarity+locality
[Adams, Arkani-Hamed, Nicolis, Rattazzi ‘06]

1
C(ngbQDz <0

But some others are not:
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A different perspective:
, from unitarity+locality

[Adams, Arkani-Hamed, Nicolis, Rattazzi ‘06]

1
C(ngbQDz <0

But some others are not:

10 \\\\ 3+1/2
Oty ps = < = (43)(41)[43][31]
2 4

0 -1/2

“Therefore”,

C.(ngqszz — #152;)¢QD3 + = #1 =0
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1. For any (Cg)qsz Dsacg)¢2 D3) compatible with the

positivity bounds ( cg?qp e +c2, . <0 ), there exists
UV such that only (CS)¢2 Dg,cﬁiﬁ D3) (and lower-

dimensional [< ones) at tree level.
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1. For any (Cg)qsz Dgacg)¢2 D3) compatible with the

positivity bounds ( cg?qp e +c2, . <0 ), there exists
UV such that only (cg)qg Dg,cg)qg D3) (and lower-

dimensional [< ones) at tree level.
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2. Within any such UV, compute (  to order O(¢?)
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1. For any (Cg)qsz Dsacg)¢2 D3) compatible with the

positivity bounds ( cg?qp e +c2, . <0 ), there exists
UV such that only (CS)¢2 Dg,cﬁiﬁ D3) (and lower-

dimensional [< ones) at tree level.

N
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2. Within any such UV, compute (  to order O(¢?)
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So (s <0 in any of the aforementioned UV, and
therefoxl‘e for a,ll2values of (cg)q52 Dg,cig)CbQ ») compatible
with 022;2173 + Ciz)qpps <0

3. The beta function is linear in the Wilson
coeflicients:

Bg = 04(0222521)3 - Cg)qu:a) , a=0

Therefore,
(1) (2) (1)
O€2¢2D3 T O€2¢2D3 HCQBQCerl)Q
%,—/
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How do things change if we consider instead...?”
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1. For any (Cg)qsz Dsacg)¢2 D3) compatible with the

positivity bounds ( cg?qp e +c2, . <0 ), there exists

UV such thg,t only (CS)¢2 Dg,cﬁiﬁ D3) (and lower-
dimensional [< ones) at tree level.

2. Within any such UV, compute to order O(¢?)
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1. For any ('3 Cg)qp D3) compatible with the

e2p2 D3
positivity bounds ( cg?qp e +c2, . <0 ), there exists
UV such that only (CS)¢2 Dg,cﬁiﬁ D3) (and lower-

dimensional [< ones) at tree level.

2. Within any such UV, compute to order O(¢?)
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Resorting to the UV to understand the IR is only a
trick . In general:

(1) Some tree-level O, obey ¢; > 0

(2) If O, involves fields not present in O, and c,

not constrained by positivity, then 7;; =0
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Other aspects of anomalous dimensions:

Let us consider the mixing = — » @{ji

Positivity bounds:

220, cl+cd>0, d+cd+cl=0

1
C(ngbQDQ >0

From where we obtain:

D g = e+ 24 62) + B+ D) e+

:(CI—Fﬁ)Cqbﬁl (a+ B +7) ()—i—ac()
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Other aspects of anomalous dimensions:

D = el + 24 0) 5D+ ) 432+

= (a+B)cyd + (a+5+w>“+ac”+

1. The anomalous dimensions are positive

ey ne) nC)
¢4D4 ¢,4D4 ¢,4D4

Cotgepr  + + +

2. They fulfill
Y (1) (2 27, SO R J¢Y (3)

BQ¢2D2’ C¢4D4 B2¢2D2’ C¢4D4 B2¢2D2’ (;’54D4
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Full electroweak SMEFT (with no flavour)

1 2 3 ~(1 ~(2 ~(1 (2 (3 ~(4 1 2 1 2
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Coleaps  + + + - (0] — —~ 0 0 0 0 0
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s+ + + o« o« @ - - - 0 0o [ -
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Eaaps  +  +  + - X . o - - [0] -
Co2p2p 0 0 0 — 0 0 0 0 — 0 0 [0] -
cpprp 0 0 0 0 0 (0] - - 0 — - [0] -
Ceawzp 0 0 0 — 0 0 0 0 0 0 0 0] -
covap 0 0 0 0 0 [0] - - 0 — - 0 0
cap: 0 0 0 - (0] - - - y .
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Full electroweak SMEFT (with no flavour)

1 2 3 ~(1 ~(2 ~(1 (2 (3 ~(4 1 2 1 2
Czﬁa]ga CL::)D.Q C:(;{:“]D“ Cinzﬁz D3 Ci:z::;bz D3 C;(zq)ﬁzﬂa Ciz{:}z D3 Cjz 5:,2133 C}zinﬂa Ced 2 \‘3;;-1])32 5541]32 C}zizﬂz C§232D2

(1) g’ g’ g’

Chigrpr o 5 i — 0] — — 0 0 0 0 0
Cyhgapa +  +  + 0 0 [0] = - 0 0 0 0 0
s+ + + o« o« @ - - - 0 0o [ -
Einquz ps + + + — X X 0 — — [0] —
Eadaps  +  +  + - x x o - - [0 -
Co2p2p 0 0 0 — 0 0 0 0 — 0 0 [0] -
cpprp 0 0 0 0 0 (0] - - 0 — - [0] -
Ceawzp 0 0 0 — 0 0 0 0 0 0 0 0] -
covap 0 0 0 0 0 [0] - - 0 — - 0 0
cap: 0 0 0 - (0] - - - < <

47



Full electroweak SMEFT (with no flavour)
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Full electroweak SMEFT (with no flavour)
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Outlook

Positivity bounds on dimension-8 interactions (which
are ) restrict
different aspects of (certain) anomalous dimensions

( )

Further applications include [MC, Li ‘ongoing
work|, LEFT and other EFTs.

Phenomenological relevance of dimension-8 quantum
corrections still to be fully understood
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Thank you!
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Positivity in the presence of light loops
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Positivity in the presence
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of light loops
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Positivity in the presence of light loops
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(b) Subtracted amplitude
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Positivity in the presence of light loops
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(b) Subtracted amplitude

Deform the integration
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Positivity in the presence of light loops
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