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Introduction
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New/modified interactions 1
between SM particles

Ns=7TeV, L =40pb
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INew physics is not just around the corner in EFT!
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Assumption and precision



Parametrize any NP but an « number of coefficients

Ny
C; .
L=Lsy+) ) w704 SMfields & sym.
d>4 i
® Assumption : e =<4 a finite number of
L= Ly + Z %O? coefficients
; A =>Predictive!

measure only C;/A*

¢ Model independent (i.e. parametrize a large class of
models) : any HEAVY NP

e SMis the leading term : EFT for precision physics

® higher the exp. precision => smaller EFT error
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M ()" = [Msar ()| 2 (Msas (@) Mg(2)) H | Mas () + ..
RS N oA

(0.0l)

O(1) ©(0.1) 10%
O(1) 0(0.5) 50% 0(0.25)

- Contains :
- 1 dim6 insertion squared
- Interference wi Insertions
- Interference with 1 dim8 insertion

. ...at 1/A™°
+ Error (estimate)

Diension 8 basis: Liet al., 2005.00008
Study case: Dawson et al., 2110.06929

usually

lincluded
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https://arxiv.org/abs/2005.00008
https://arxiv.org/abs/2110.06929
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How well do we know the SM?
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LHC<LEP: QCD perturbative (¢) and non-pert.

(PDF,hadronisation), backgrounds, ...

LEP
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Cross-sections
and precision
plummet at high
energy

EFT/SM is larger at
H.E. but so are the
EFT errors
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Interference



Azatov et al., Helicity Selection Rules and Non-Interference for
BSM Amplitudes, 1607.05236
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https://arxiv.org/abs/1607.05236

M ()| = |Msar ()| |+ 2R (Msar(2) Mjg(z)) H (| Mas(z)* + ...
A© * A2 O (A™%)

R (M () Mo(x)) = \/ [ Msar () | Mas ()] cos a L{\
/‘ “ >R

moma&spin Not always positive
Can be suppressed 1
Mgy (1) =1, Mspr(w2) =0
ooy [M(z)] jf Oint =0
x Mg (1) =0, Mas(z2) =1
- Observable dependent

oraxnl2 M?->M?>—iTM Oyl
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https://arxiv.org/abs/2008.11743
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O is not the right variable to probe the interference
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A = do(cosd > 0) — do(cos 8 < 0)

ALO =72 > > 0¥ =0.16
ANO =215
KA — 1.1

No/little cancellation
(Much) larger sensitivity
Less sensitive to corrections (smaller errors)
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C.D., M. Maltoni 2012.06595

. do

oIt = / dP gg't > >, ~ =Phase space
Suppression

O_|meas| E/dq)meas d_O' EXperImenta”y
fomy @® accessible?

N
— ]\;E}noo ; w; * sign (gﬂ; M E(p;, um))

do neutrino momenta,

Fully: —2(pp — Zy) o cos @ helicities, jet
do flavours, initial

arton direction,...
Not atall: o, (1;) = — o;, (Hp) P
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https://arxiv.org/abs/2012.06595

0,

o | meas |

Efficiency of an observable to revive:

Example: CPV in diboson (C.D., J. Toucheque 2110.02993)

On going: For O,y and connection with NLO and
uncertainties (with M. Maltoni)
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https://arxiv.org/abs/2110.02993

Number of operators and global fit



X3 0% and g04D2
Qc | [ABOGYIGErGSH || Q, (¢T)? (0To) (Tpere)

& | ABCGGErGSE | Qun | (ple)O(ety) 010) (G ?)
Qw | eEWIW]ewEr |l Qup | (D e)” (¢!D,p) o' 0)(qpdrp)
Qv EIJKWl{VWI;]pwpKu

X2p? D2 X W22 D

Que | ¢loGAGH | Quy | (howe)r oWl oD, )1 ,)
Qus | ¢leGia™ | Q| (0"e)eBu (i D! o) (I,r'"1,)
Qew |  WloWL W Qug | (Go"Tu,)p Gy, Epyer)
Qv | ¢leWiLwh | Quw | (Go"u)T' g W}, " ar)
Q.p ol B, B* Qus | (340" u,)p B, (p1iD! ©)(@,m v q,)
Q5 o' p By B Qac | (Gpot'T4d,)p Gy, ' Uy )
Qowp | o't WLB" | Qaw | (o™ d,)T WL, dyy*d,)
Quvs | ¢ ToWLB" | Qus | (30"d.)e B 'D,p)(uyy"d,)

New interactions + param/field redefinitions
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- limited number of operators contribute at the tree-
level but it increases

- with the number of loop

- with the number of legs
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pp — tt, LHC 13 TeV

New operators
contribute at NLO

SMEFT@NLO

2008.11743

Linear O(A™2), ¢i/A? = 1 TeV 2

m (tt) [GeV]
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https://arxiv.org/abs/2008.11743

Dawson & Giardino, 2201.09887

2 top 4F contribution to Z decay

95% CL limits from NLO EWPO on 4-fermion operators
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Ellis et al.,2012.02779
SMEFIT, 2105.00006
Almeida et al, 2108.04828
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Table 4: List of CP-odd dimension-6 operators in our reduced basis under tbig¢1)**

symmetry. m, # 0 # m,,
at the interference level

C.D., J. Toucheque, 2110.02993

Bonnefoy et al., 2112.03889
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https://arxiv.org/abs/2110.02993
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discussed at the LHCEFTWG
see next talk
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Final comments



- SMEFT is good to parametrise any heavy new physics BUT

- Understand error

. from EFT : 1/A (dim8, ...)

* Og, Apw

- interference

- Global fit
- correlation
- EFT in backgrounds

- with SM parameters fit

- with PDF4EFT fit
- +...7

C. Degrande



Back up



Precise : EFT
model ind.)

SM+>100%
Assume SM
+dim6 only

Ci .
We measure ., what is! 7

Unitarity +Form
allowed Factor
SM+NP
= NP only 1/! °
Unitarity bound

SM /!9

>

E
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