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EFT approach to BSM physics
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The Renormalization Group Equations (RGESs)

RGE evolution improves perturbative convergence across scale gaps

Known fully at 1-loop order]

. A Jenkins, Manohar, Trott, Alonso
CZ [1308.2627] [1310.4838] [1312.2014]
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MEFITIN @ nutshell 8 S v

A Python software for global interpretation of particle physics data in SMEFT

THEORY DATA
SM: (N)NLO QCD + NLO EW
SMEFT: NLO QCD, quadratic in WCs LEP+SLD: EWPOs, WW, BrW...
56 WCs + 1-loop SMEFT RGEs! LHC: Higgs, top, VV... Mostly Run-2
7 . 446 data points!
F wilson HL-LHC, CEPC and FCCee projections
Aebischer, et al
[1804.05033]
UV models
METHOD

Matched to SMEFT NI &
up to 1-loop M + ) matchit
Carmona, et al ter Hoeve, ANR, et al
[2112.10787]  [2309.04523]

Bayesian Nested Sampling

TOOLS
PCA, Fisher, closure
yy (Ci | .D) tests, documentation.
Posterior on WCs For more, see E. Celada’s talk on Wednesday

2, UNIVERSITA
) | DEGLI STUDI | Connecting Scales: RGE Effects in global SMEFT fits | Alejo N. Rossia, 17 June 2025
7 D1 PADOVA



https://github.com/LHCfitNikhef/smefit_release
https://inspirehep.net/literature/2895783
https://inspirehep.net/literature/2895783
https://github.com/arossia94/match2fit
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CEPC vs FCCee
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RGE effects in the linear fit
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er effects in the quadratic fit
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Effects on operator subsets

‘ Enhanced effects in fits to small subsets of operators...
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Impact on UV-complete toy models

[ Large effects for models that interact with the top quark ]

1-loop matched models Tree-level matched vector bosons
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[ Theoretical uncertainties on the Z-pole have a huge impact ]
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Impact on UV-complete toy models

[ The top Yukawa running can be very important }
Marginalised 95% C.1., O (A—J‘) , at HL-LHC + FCC-ee
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Bonus: The Higgs trilinear coupling

[ FCCee/CEPC could improve significantly on HL-LHC ]

Bounds (1/TeV?), g = 250 GeV
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Conclusions

The inclusion of RGE effects is key to seize on the advantages of using (SM)EFTs.
Crucial for low-energy lepton colliders exploring heavy New Physics.

We included the full effects of 1-loop RGEs.

Larger RGE effects in linear fits and with restricted operator sets.

Quadratic global fits yield milder RGE effects.

Simple UV-complete models of colored particles show large RGE effects.

Z-pole theory uncertainties seriously harm our sensitivity to NP.

FCC-ee (CEPC?) offers great sensitivity to the Higgs self-coupling with the price of
correlations.
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Thank you for your attention!

Alejo N. Rossia

Theoretical Physics at the Energy Frontier Group
Dipartimento di Fisica e Astronomia “Galileo Galilei”
Universita degli Studi di Padova

E-mail: alejonahuel dot rossia at unipd dot it
http://www.dfa.unipd.it/
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Correlation matrix
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Fitted operators

Operator Coefficient
O@G CoG

O, CpB

Ouw CoWw

O,wp CoWB

OWD Cp

(’)w D CoD

Ow CWWw

Ote; Otf, OQ87

/"Q:rs. . ‘y—‘?‘\

2
'C
.E

1¥ DI PADOVA
‘“@/

UNIVERSITA
DEGLI STUDI | Connecting Scales: RGE Effects in global SMEFT fits |

o) o Ow Cew
o Ows cen (%)
Ot Cot Oic Ct@@
s e (@ Coy

ation quarks
o (%)

Otpd Cod

: 3

0w )

Occp CC(,D
O, Cou

(-)
Q¢

',Ocp

O, Cot; Oy Cop £ )~ )
(’)(3) (3) o7 Cor CtZ —S8¢ CtB + Co Ctw
o Cot () W _ 3
c Coq Cpg — Copq
O(,oe C(,pe T T
O &7
C}QQ 26;[53333) . % 3(3333) C%Q 8 3(3333)
1(3333 8(3333
Cbt rﬁ(b : C%t qu )
ng (1332} 13 q(233i) Céj; 1(1233) + 1 q(z331) + ! q(z331)
C%i Cégi?)?)i} o Cg(giB?)i} C%; 625“33) + %(Cq(tSBZ} . Cq(ngSi))
81133 1 133
g 4 S
C§u 2 (1332) C%u 537333) + %CSSSZ)
8(3322 1(33
b by
8 8(3374) 1 1(3347)
8 8(3354) 1 1(333’3)

Alejo N. Rossia, 17 June 2025

17



More results

Tree-level matched vector bosons
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More results

Tree-level matched scalars
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More results

1-loop matched models
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More results

Tree-level matched fermions

Tree-level matched scalars

| B T

15

T;

i

S

A

Q4

¢ N

Wy

w1

]

©,

[1]

i

._” + S
L
w
ﬁw v 8
I§O.w
s W
e
; g
GRS
B .o =H
.mﬂmTh“ L A .
MO&MT
v £ £ E =
-
5 58 ¢ 5§ B ) |
S e @ e o
= U ¢ 0
[e2 s =H ca o't
2288 v ) Amw
.Y\&o-
|+|
2 .\\\\\\\\\\\\\\\\\\\\\\\\\\\\\aAﬂ
H S -
= SRS
Hm.oeee
g =
Z 2 0 0 O
MNFFF
~HET R
- e
o
Lias Loy Liss Lis
8 S =] = =
o -~ o
[ASL] N
- —
m. g o
. =~
MLMT
=~ =
mDLﬂh.E e
S5 85 4
52 4% S
w F g B3 W
ol B = I
5828 &
£E58%Q .
c2a 8 VAL,
U o U o
£ 7 & =
mZ e+ - I,
+
&)
M - IS
= 33z
2888
82000 YAAAIAI IS,
< 2 O O O
£z & A&
THEITNR I,
2
5
I,
W]
e (1)
s ez o
= — ] -
L
w
> e
10

1000

100F

0.1

[ASL] I

22

-
=
o
=1
=
=
7

—

DEGLI STUDI | Connecting Scales: RGE Effects in global SMEFT fits | Alejo N. Rossia, 17 June 2025

DI PADOVA




CEPC (& FCCee) projections

Celada, ANR, et al [2404.12809]

Z-pole EWPOs
W-pole data

ZH production (inc. and asym.)

Light di-fermion production (inc. and asym.)

WW and tt production via Optimal Observables

Energy (/5)

Lint (Run time)

FCC-ee (4 1Ps)

CEPC (2 IPs)

Lrcc.ee/ LoEPC

91 GeV (Z-pole)
161 GeV (2mw)
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350 GeV

365 GeV (2my)
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10 ab—! (3 years)
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Based on Snowmass 2022 (+ FCC Mid-Term Feas. Rep.)

Update to ESPPU26 coming out soon!
Armadillo, Celada, ANR, et al [25xx.yyyzZz]

> UNIVERSITA

: : DEGLI STUDI | Connecting Scales: RGE Effects in global SMEFT fits | Alejo N. Rossia, 17 June 2025

a1 PADOVA

f 4D
(= f) gm

e o

- ms



https://inspirehep.net/literature/2895783
https://inspirehep.net/literature/2779255
https://inspirehep.net/literature/2895783
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