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The SMEFT is the SM extended with effective
operators

(Probably) the most reasonable model of new physics

i o © G o®
{ J
J

LsMmEFT = LM + Z A

If probed by experiments at very different scales,
[Jenkins, Manohar, Trott, Alonso
13].

Interesting theoretical aspects at dimension &
(positivity, tree-loop mixing, test tools, ...)



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-8 |McC, Krause, Nardini ‘18; Duricux, McCullough, Salvioni ‘22,
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Some partial results:

MC, Guedes, Ramos, Santiago; 2106.05291
Accettulli Huber, De 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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It is obvious that there are zeros in mixing of specific
operators of different classes

It is , not even
with amplitude methods

O(;22D3 — Z(@’YMD 6)(D(’u 1/)¢T¢) + h.c.
Og3¢2D2 — (DM¢TDV¢)BMpBﬁ
e2$2 D3 — i(éVMDye)((ﬁTD(MDy)(b) + h.c.
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A different

perspective:

)

from unitarity-+locality
[Adams, Arkani-Hamed, Nicolis, Rattazzi ‘06]

A(s) = ag + ags® + - - -

«4(38) S0 |
0i(p1) ~ pilps) 8 /7
i ° . >
»i(p2) 0j(p4)
A(s) = A(s,t =0)
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A different perspective:
, from unitarity+locality
[Adams, Arkani-Hamed, Nicolis, Rattazzi ‘06]

1
C(ngbQDz <0

11



A different perspective:
, from unitarity+locality
[Adams, Arkani-Hamed, Nicolis, Rattazzi ‘06]

1
C(ngbQDz <0

But some others are not:

(e 3

0 - +1/2

Oeps = — (43)(41)[43][31]

2 4

0 -1/2
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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.

N
AN
N
N _
N

2. Within any such UV, compute (0 to order O(¢)

7N
s -
/
/

} s
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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.

N
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2. Within any such UV, compute N to order O(¢?)

7N 4
s -
/

See Minyuan’s talk 16



1. For any (Cg)qsz Dsacg)¢2 D3) compatible with the

positivity bounds ( cg?qp e +c2, . <0 ), there exists
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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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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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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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The dim-6 squared contributions tulfill positivity:

2 (1) (2) (1) (2) 3)
Ca =1, + Cyi =il T Cya T Cya >0
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The dim-6 squared contributions fulfill positivity:

cﬁ) >0, cff;) ies =i, CE;B e cf;) >0

¢ ¢*
8 11
16781 ps = 3 [ = 2eip)” = 5 (Cpipa)” + 46l paciri s

+3cky i, +2(ci)? — 2(ci))2+6(cy))? — 6(csn)? + 3ck, — 3c%ud] ,

8 9
16762 pe = 3 | ~ 2 pa)? = (e )? 2P

1 3 1 3
3y e —2c)? — 22 6(c)? - 6(c;;>2—3c%1u] |

(1) T (2 b

[ — 5(chiap2)” + g(CH4D2)2 — 2ChapaChip: T 4(0532)2 £l 12(C(H331)2 + 3¢t ud

16m°By1 s =

| oo
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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

N N
N\ N N
N N N N s
N N N N /
N AN N N s
N N N N /
N N N N /
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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
Czﬁd]ga CE&*’)D‘“ Ct(;{,a]Dd Cinzﬁz D3 Ci:z::i,z D3 C;(zq)ﬁzﬂa Ciz{:}z D3 Cjz Ebzﬂs C}zinﬂa Ced 2 \‘3;;4])32 5541]32 C}zizﬂz C§232D2

Coleaps  + + + - (0] — —~ 0 0 0 0 0
Cyhgapa +  +  + 0 0 [0] = - 0 0 0 0 0
s+ + + o« o« @ - - - 0 0o [ -
Eidaps  +  + 4 - ’ ’ o - - [0] -
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
Czﬁd]ga CE&*’)D‘“ Ct(;{,a]Dd Cinzﬁz D3 Ci:z::i,z D3 C;(zq)ﬁzﬂa Ciz{:}z D3 Cjz Ebzﬂs C}zinﬂa Ced 2 \‘3;;4])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 [ -
Eidaps  +  + 4 - ’ . o - - [0] -
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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°

mep: T 5 g - [0] - — 0 0 0 0 0
Cyhgapa +  +  + 0 0 [0] = - 0 0 0 0 0
ape + +  + x x [0] —4|§|2 - - 0o o [ -
Gapaps  + +  + - x X o - - [0 -
Eaaps  + + + —~ x X 0 - - [0 -
Co2p2p 0 0 0 — 0 0 0 0 — 0 0 [0] -
Cipap 0 0 0 0 0 [0] — — 0 — — [0] —
Ceawzp 0 0 0 — 0 0 0 0 0 0 0 0] -
cawap 0 0 0 0 0 (0] _ — 0 _ 0 0
e | 0 0 - (0] - - - - - x <
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Full electroweak SMEFT (with no flavour)

1
C(Bgtﬁ!ﬂ D2
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2wWip
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(2)

(3) ~(1)

~(2)
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2 2 2
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. - - 0 0
+ - +‘92—\Y\2‘ x
+ - + -
+ - - -
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0 0 0 0 0
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0 0 0 0 0
0 0 0 -
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4y
3

0

0

~(3
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Bl el = & -

~(4
C}zinﬂa

Ced 2

(1)

Cjap2

0

0

(2)
Clapaz

(1)
Ciz2.2 p2

° [o] o [ol & o] [e] = =

.

(2)
Cizp2 p2

0
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Can’t we just compute all anomalous dimensions in

some automated way?
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EFT in UV
Tools like matchmakerett or matchete

not yet fully automatic
|Carmona et al ¢ 21; Fuentes-Martin et al ‘22|

\J
EFT in IR

Main obstacles: Green’s and physical bases |Mc, Diaz
Carmona, Guedes ‘21; Ren, Yu ‘22; Fonseca]; lMC,
Santiago]

7
e
Ve
\ / il \\
AN / - - ~
e N~ AN e N
\\ // / N N ; N
N v \ N / \
AN / \ N / \
/
. | |
| | [ ] [ ]
4 N I —— , I ——
it AN /\ 7 \ /\
/ \ \ / 4 \ /
/ N \ Y v N Py
/ \

'~ renormalise g ST ’ S

¢4 D4 ¢6 D2 off-shell ¢6 D2 X ¢4 D2

local 1
L((hovca) GP(prpjaPi'Gj,“') y



Require Lagrangian with redundant operators to
provide as that without them

Too many constraints on-shell. Solution:
Compute the amplitudes in different Montecarlo

physical phase-space points. Problem reduced to
linear algebra
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Application to the purely Higgs sector |

|:

1
Co — CpO T 5”’“2517 ; (22)

g6 — Cy6 + 2AT4p (23)
i pe = chipe +2X@2r0h — 2 — ()
1 7
— 4C¢|:|T';5D — EcquT;bD_ZT;?D T TgQD y
(24)

65526) — 65526) — 2)\(7“;1421)74 — rq(bi)DQ — cngr;bD .

(25)
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Outlook

Renormalising the SMEFT to dimension 8 is a heavy
task, but which can be

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. 37



Thank you!
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