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The SMEFT approach

Precision era QLHC with all experimental data consistent with the SM motivates

the use of:
C — Lon + =2 + =2
SMEFT - SM | A | A2 l ¢
. describing any UV physics at A»Vj
Bases

d=5: Weinberg PRL43(1979)1566 Anomalous dimensions (d=6)
d=6: Buchmller,Wyler Nucl.Phys.B268(1986)621

Grzadkowski et al 1008.4884 Alonso,Jenkins,Manohar, Trott 1308.2627,1310.4838,1312.2014
d=7: Lehman 1410.4193, Henning,Lu,Melia,Murayama 1512.0343 Grojean, Jenkins,Manohar, Trott1301.2588
d=8: Li,Ren,Shu,Xiao,Yu,Zheng 2005.00008 Alonso,Chang,Jenkins,Manohar,Shotwell 1405.0486

Murphy 2005.00059 Miro,Ingoldby,Riembau 2005.06983
d=9: Li,Ren,Xiao,Yu,Zheng 2007.07899, Liao,Ma 2007.08125 Baratella,Fernandez,Pomarol 2005.07129,2010.13809
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Is dimension—six enough?

® Do not give the main contributions to several observables

® For small values of A allowed by data, NLO corrections are mandatory

® To keep up with the precision at the LHC, these corrections are needed too

/ Signals of the electroweak phase transition at colliders and gravitational wavﬁ
B observatories EWPD in the SMEFT to dimension eight

Tyler Corbett, Andreas Helset, Adam Martin, Michael Trott

Mikael Chala, Claudius Krause, Germano Nardini

—  On the impact of dimension-eight SMEFT operators on Higgs measurements

Chris Hays, Adam Martin, Veronica Sanz, Jack Setford

Novel angular dependence in Drell-Yan lepton production via dimension-8 operators

Simone Alioli. Radia Bouahezal. Emanuele Mereahetti. Frank Petriello

Probing New Physics in Dimension-8 Neutral Gauge Couplings at e* ¢~ Colliders

\ John Ellis, Hong-Jian He, Rui-Qing Xiao
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Towards the renormalisation of the Standard Model effective
field theory to dimension eight: Bosonic interactions I

M. Chalal®, G. Guedes™?2, M. Ramos!2, J. Santiago?
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J.Blas,J.Criado,M.Pérez-Victoria,
J.Santiago JHEP03(2018)109
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Theoretical setup
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Structure of the RGEs

/ e W NORNG! \
Yo | €6 €D Con oy, Couy Covn Coud Curd Vi | Cp Cop Con oy, Copy Coin Coud Cne

¢4 w2¢4
Ch O 0 0 O 0 0O O 0 Co O 0 0 O 0 0 0 0
CoD x x 0 0 0O 0 O Cop x # 0 0 O 0 O
Com x 0 0 0 0 O Com O 0 0 0 0 O
(ll)f x 0 0 0 0 “jf x 0 0 0 0
((;PL X 0 0 0 f(f’g’ll’.-: X 0 0 0
Coopg x 0 0 Chopr x 0 0
Cpud x 0 Copud x 0
Cyrg 0 Cipro 0

\ where () is a zero only in the physical basiy

OL) = (Dup! D) (DY 6TD g) O s = (61 9)2 W], Wk
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Structure of the RGEs

[ o o I
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000 0 O 0 0 0 < [00O0O O O O O O
ChD B 6 0 0 0 0 0 cyp @ P o 0 O 0 O
Cor 0 0 0 0 0 0 ¢y 00 0 0 0 0
Cou, # 0 0 0 O %1% # 0 0 0 0
) 3
Sy, 0 0 0 0 ¢y 0 0 0 O
Copyr b 0 0 Copyn 0 0O O
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K where () is a zero only in the physical basiy

Owps = (8T O)S o WL B Ohys = (9107 0) (80" o)W, WH
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Conseguences

® The operators which are renormalized arise at tree-level in UV completions, in
contrast with what is expected from the running triggered by dimension-eight

interactions

Mixing ‘‘up’”’ and
‘“to the right”’
between

tree and loop
level operators

C.Murphy
JHEP10(2020) 174
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Xyt YrH?
6 X?H*D?, XL HYD?, HD?, P2 H®
X7yyD, X3p*H, YU H'D,
X2 HD?, Xy H?D, W22 H?
YiD? VEPHED?,
X2,
iy HD
4 X3X3, XpHAD?, X3 HA,
XLXrH?*D?, | X3’ H, XputH®
HD*, XpyvH2D, | ¢*H?
A—L}\"H l-'L’D. (h 2 ”:‘1)2._
Xp?HD?, Xr2?,
X ?HD?, VS HD
Y H2D3,
D22 D?
2 X3H?D?, XHH2,
X fi‘f' D, X _,2,1 2 H,
XgpU?HD?2, Xput
0t D?
0 X3
0 2 4 6 8

Maria Ramos Higgs Hunting 2021



Conseguences

® The operators which are renormalized arise at tree-level in UV completions

® S and U parameters are not renormalized, at one-loop, by tree-level dimension
six 1nteractions:

v? Vv?

Lo (1) 1 vt
6r° = A2 [%WB +wa4p] ' TerU T AW

R.Alonso, E.Jenkins,A.Manohar,

M.Trott JHEPO4(2014)159 _ Ot(/[lf)ng‘l i (¢T¢) (ngUIqb)Win“’/
G 2 )
3 Oyegs = (870! 9) (91 pyW L, W 7¥

Opwp = (¢70" $)W,, B
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Conseguences

® The operators which are renormalized arise at tree-level in UV completions

® S and U parameters are not renormalized, at one-loop, by tree-level dimension
six 1nteractions

® The contributions triggered by dimension-six terms respect the positivity
bounds, with arbitrary Wilson coefficients:

1 M
1671:2c(2) = =(5¢%,. +16¢C;nCim+16¢c2 )log— >0
b4 3( $D ¢D O qu) g u

1 16 M
1672 [céj} + cc(;)_ = ?(ciD —CyppCen T+ ZCiD)IOgE >0,

7 M
1672 [c;;) + c((;) + c((;)_ = 3((:q,2)D + SCiD)log H >0;

This holds for contributions from fermionic operators
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Conseguences

® The operators which are renormalized arise at tree-level in UV completions

® S and U parameters are not renormalized, at one-loop, by tree-level dimension-
six 1nteractions

® The contributions triggered by dimension-six terms respect the positivity
bounds, with arbitrary Wilson coefficients

® Important corrections to the EW phase transition

C 108 A 126 A
Voo —21d 12+ Al |4 _¢(1_ 211 _) 64 120 1082148
p2Ao P+ Al + 5 (17— 0g = | 191° + 2 log =2 |9

EWPT is strong and first order for: 1.7TeV™2 < co S 3.7 TeV ™2

C. Caprini et al. JCAP 03, 024 (2020) _9 _9
1.5TeV™" S ey S 2.6TeV
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Conclusions

® Clear motivations to explore beyond dimension-six interactions
® We are one step ahead in the renormalization of the SMEFT

® Many phenomenological consequences show the potential of
including both dimension-eight operators and their running in
future studies

® Ongoing work to extend our results
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Other conseguences “kup

oL
PO A2

where 0'5526) X ciud

al = oA Coyp TC

—> Cotb <59 for A =1TeV

Competitive with what was found from top EW interactions
F.Maltoni,L.Mantani,K.Mimasu JHEP10(2019)004

O = (¢¢) (90 $) (Dol o’ D )
Ogp = (¢'D*¢)* (41 D,.0)

Maria Ramos Higgs Hunting 2021

recall



z&ck

vV COMP\@“OV\ N 2106 ,0572.91 /’(P

._ - - e
Lnp =k5S) ¢ + A58 ¢ + 15,020, ¢ + (kz,E{ ¢To, ¢ + h.c.)

2 (1)
o _ 4 Ks Cot Kz,
[ A e
(2) 2
C 2 C 2
02 = (22 —x2 ), 9t _ghE
A2 M4 =9 =0 A4 M6 ?
(3)
C(-,f)':] 2 C¢4 2 9 9

Maria Ramos Higgs Hunting 2021



Tables of operators “Fup

Operator Notation Operator Notation
X (®7p)* Oy
- (W) @
2 (¢'¢)* (D" D ¢) Oy (@) ¢ o' $) (D¢ o' D"$) Oy
3 (D,6"D,$)(D"$D1P) 05 (D, "D, $)(D D" ) 0,
e (DD, $)(D”$'D,$) O,
~ LK o+t viard P 14Kl A1) IJKf 4t yiard PT7KU ~(2)
s e (TP IywW WP W, o, e (o pIW WP W, UH
. e’ (@Tol p)B Wy W, Oprpsr  €75(@' ! 9)BW] WP +BW] WiP) O,
1 = 2
(¢7¢)2GH, 6™ Oy (7¢)°Gh, G O
< (¢ p) W, Wi O g (91 )2, Wi O
3 7 4
~ (@'’ o’ pIw] wir Ol 4 (¢'o! p) oo’ pIW! wr Olrgs
(¢7¢)(¢ o’ )W) BH Oy hsi (@'p) o0’ )W, B Oy
1 s 2
(¢'$)2B,, B Oy (¢'$)?B,,,B" Opgs
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Tables of operators “Fup
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Tables of operators “Fup

Operator Notation Operator Notation

¢2D*  (D,D*¢")(D,D"¢) Opy

D ($T)D$Y(D"D) O, (PTRIDNBTID ) O,

212 Tuve 4 1: 771 uve 115
X‘p D D,W (¢ 1D Hd)) OWD(;b avB ((f) 1D gd)) OBD¢)
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