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SMEFT Dim-8 RGEs
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SMEFT Lagrangian

78
Bosoni , (8) _ a2
osonic operators’ RGE: c, =167 p—— =
dft
Classes of operator that are tree-level generated in weakly coupled UV theories: arXiv:2001.0001
— Craig, Jiang, Li,
Sutherland

Bosonic : {¢8, o° D?, o* D* X? ¢*, X ¢* DQ,XZHQDQ,X?’HQ,X4}

Fermionic :  {1°X¢”, *¢*D?, °¢°, ¥?¢" D, v? X ¢* D, *¢* D* 4> X3¢, * X* D, ¢p* X ¢ D*}

SMEFT Dim-8 on-shell basis : arXiv:2005.00059 — C. W. Murphy
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Divergences to RGEs, some details:

* Compute 1-PI loop diagrams. Use FeynRules, FeynARTS, and FormCalc packages.

* Divergences are captured by the operators of off-shell/Green’s basis. arXivi2112.12724

16m%€ Lpry = K4(D,¢) (D ) +ia?|¢]? — A|o[* + & —5%— + €

[on RHS we have Green'’s basis]

* Removing redundant operators using on-shell relations. arXiv:2106.05291

. Cross-checl.(s with MatChMa.kerEFT.. \/ SXiv2119 10787
H"8 topologies are computed in MM primarily. - A Carmona, A Lazopoulos, P Olgoso, J Santiago

* Cross-checks with arXiv:2108.05669 (on-shell amplitude methods). v/  arXiv:i2108.03669 |
- M A Huber, S De Angelis.

5



Mixing induced by

Bosonic-bosonic RGE:

W2 ¢4 WB¢4 G2 ¢4 ¢6D2 ¢8 /

¢4D4 B¢4D2 W¢4D2 BQ¢4

2 1212 2
b f 2D 2 g ; 0 0 0 0 U . 00 * Largest contribution from each
W= 2D 2 92 0 0 0 0 0 0 0 0 operator class is shown. Zeroes

WEGD™ 192 0 0 0 0 0 0 00 are cross-checked and consistent.

G2 ¢* D? 0 0 0 0 0 0 0 0 0

W32 0 0 0 0 0 0 0 0 0
W2 Bg¢? 0 0 0 0 0 0 0 0 0

G3 2 0 0 0 0 0 0 0 0 0 * Loop genera.ted operators that

S D! g2 0 0 0 0 0 0 0 0 are rertlormahsed by tree-generated

operators are grey.
Bao* D? 2 A 0 0 0 0 0 0 0 . : :
gb4 ; 99 ; (unlike renorm. of dim-6 by dim-6).

Wao*D g5 0 g5 0 0 0 0 0 0

B*¢* 919  §iA 9192 A 0 9192 0 00

W2 ga 919 95 0 A gig2 O 0 0
WDBo*  gig5  goA BA G192 9192 A 0 0 0 * Blue entries contribute larger than

G2 p? 0 0 0 0 0 0 g3 0 0 naive dimensional analysis expectations.

8 3 2 2 2 2 2 dc 1
¢ A g1 A goA giA  GA G1g2A 0 A ~ TPt (192X — 6(g7 + 393) + - ..) cys

Hoan T 1602



Fermionic-bosonic RGE: S |
Mixing induced by two-fermion operators

¢23¢3 ¢2w¢3 ¢2G¢3 ¢2¢2D3 ¢2¢5 ¢2¢4D ¢23¢2D ¢2W¢2D ¢2G¢2D ¢2¢3D2 >

B2 D? 0 0 0 g 0 0 0 0 0 0
W242D? 0 0 0 g2 0 0 0 0 0 0
W B¢p? D? 0 0 0 9192 0 0 0 0 0 0
G242 D? 0 0 0 g2 0 0 0 0 0 0
W32 0 0 0 0 0 0 0 0 0 0
W2 B2 0 0 0 0 0 0 0 0 0 0
G3 2 0 0 0 0 0 0 0 0 0 0
o1 D 0 0 0 |2 0 0 0 0 0 0
B¢*D? 0 0 0 g11y"|? 0 0 y*|? 0 0 g1y"
W' D? 0 0 0 g2|y"|? 0 0 0 ik 0 goy"
B¢ g1y’ 0 0 gily'|? 0 0 g1ly*|? 0 0 91y’
W2 0 921" 0 931y |’ 0 95 0 g2|y*|? 0 95y’
WBe* gy g1y’ 0  qigly')? O gi92 W) aly'l 0 g192Y"
G2 0 0 931! 0 0 0 0 0 0 0
@0 D? 0 0 0 95|y*|? 0 v P eyt ely'f 0 y' Y|
° 0 0 0 Ayt R AP gAY gAY 0 Ayt yt|?




RGEs of Dim-6,4,2

* Dim-8 operators also induce running of dim-6, dim-4, dim-2 operators.

¢4D4 B¢4D2 W¢4D2 BQ ¢4 WQ ¢4 WB¢4 G2¢4 ¢6D2 ¢8
2 10 0 0 0 0 0 0 0 0
¢ A’ gt go i 0 0 0 0 Ty 0
B2ot gipnt guip? 0 Ty 0 0 0 0 0
W=o? gap? 0 ot 0 Ty 0 0 0 0
WBo”  gigap®  gop® g1 0 0 T 0 0 0
G2 0 0 0 0 0 0 112 0 0
¢ D? A g’ golr” 0 U U U T U
o Npt At Agep? gip? g’ gigep® 0 A )

u~is the squared
Higgs mass in the SMEFT.

\ Lower dim. classes renormalised by bosonic dim-8 operators.

Similar contributions from two-fermion dim-8 operators are computed.
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Positivity bounds arXiv:1908.09845, 2110.01624

d* M (s,t = 0)
> ()
ds?

* Restrictions on Wilson coefficients of dim-8 operators.

QY | (D, H'D,H)(D”H'D*H)
¢i “e o’ ¢i le (DMHTD,,H)(D“HTDVH)
RN QY | (DrH'D,H)(D"H' D, H)
Tree-level scattering : R

2 — 2 2)
b ’ . " C DD > ()

] ! ORI
C¢4D4 T C¢4D4 > 0

(2)

c 1 0 3

M(S)1 o1 0= =24+ L2 Cq(543)4 T 65541)4 T Cq(54})4 > 0

A4



Dim-8 RGEs effects on positivity QW ...

Q(Q)
WZ2H?2D?2

* For V|V, = V,V, process: QY. s
Qw2
Q%ng¢zp2 + g%c(v[l/)z¢2D2 + 291926(;/)B¢2D2 <0,
Q%ngqplﬁ T 930%1/)%2172 — 291920%/)3&192 <0,
C(Ml/)QqﬂD? < 0,
9%6%)%2172 T 291926%?/)3&172 T ggcgggﬂm <0,

4 1
gch2¢2D2 o 291926%/)3¢2D2 T 950593(/52172 S 0.

(D+HTDYH)W! Wle
(D*H'D, H)W! Wive
(D*H'D, H)W]! Wive

il 'K (DH T DY HYW !, WK

arXiv:1902.08977

X?¢*D? operators are not generated at tree-level matching of weakly coupled UV completion

of the SMEFT.
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Dim-8 RGEs effects on positivity

* RGE of X?¢*D? operators:

1 1 1 .1 A
g2 02 () = iy e (8) = oo (A) 108 = <0
1
— égg 20(1) + 36(2) + cgi)Dél
16/ (1) (2) (1) (2) A
3 ( l2qb2D3 _I_Cl2qb2D3 _|_3Cq2qb2D3 +36q2¢2D3>a1 o lOgﬁ > O,

11



Sufficient conditions :

* Putting the RGEs of the operators.

* Derive relations among operators of same class.

* Wilson coefficients generated from UV theories
matched to SMEFT Dim-8 at tree-level are bounded by

these positivity (or negativity) constraints.

(D
2

(D
2

¢2D3 —|_ C

¢2D3 _|_ C

12

2514) + 2(:2524)
(1)
(1) (2)
¢R¢2D3 _|_ C¢%¢2D3
(2) (3) (4)
2 $2 D3 + C 2 $2 D3 + C¢L¢2D3_
(2) AC) A
¢%¢2 D3 qubZ D3 ¢L¢2 D3

2 + 3¢ + 8 >

(3>
+ C i

Fe? >

-4 1,1

>0,
>0,

>0,

<0,



Summary

* Renormalization of bosonic SMEFT operators by dim-8 tree-level generated operators
are discussed.

* Tree-generated ops. mix with loop-generated ops.
* Mixing induced terms larger than naive dimensional analysis.

* Dim-8 ops. induced running of lower dimensional ops. are computed
(loop-generated dim-6 ops. have non-zero mixing).

e Positivity bounds on X?¢*D? hold at sufficiently small scales at one-loop accuracy.
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Upcoming...

— SDB, A. Diaz-Carmona

d5 d% d6 dg d5 X d@ d7 dg dg X d6 dg d5 X d7 dg
d<4 (bosonic) v v
d<4 (fermionic) v X X
ds v v v
dg (bosonic) v v X v X
dg (fermionic) v v X X X X
d v v v
ds (bosonic) v
dg (fermionic) X X X X v

Blank entries vanish; a tick v represents that the complete contribution is known; the
v~ implies that only (but substantial) partial results have been already obtained; the X
indicates that nothing, or very little, is known. The contribution made in this paper is
marked Dy g
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Thanks for your attention !
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RGEs of Dim-6,4,2

* Fermionic dim-8 operators also induce running of dim-6, dim-4, dim-2 operators.

¢23¢3 ¢2w¢3 ¢2G¢3 ¢2¢2D3 ¢2¢5 ¢2¢4D ¢2B¢2D ¢2W¢2D ¢2G¢2D ¢2¢3D2

P? 0 0 0 0 0 0 0 0 0 0
P* 0 0 0 |yt 0 0 0 0 0 iyt
B?? 0 0 0 0 0 0 0 0 0 0
W22 0 0 0 0 0 0 0 0 0 0
W B¢? 0 0 0 0 0 0 0 0 0 0
G*¢p? 0 0 0 0 0 0 0 0 0 0
Pt D? 0 0 0 1|yt 0 0 0 0 0 2yt
0° 0 0 I/ Y Vo T 7 e Ul 1 e O A 0 Yyl

k Lower dim. classes renormalised by the fermionic dim-8 operators.

16



