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Standard Model Effective Field Theory

<+ new physics at high scale A 4
— at low energies: EFT with SM fields only Luv
dim-d operator composed At
Wilson coefficient of SM fields (respecting r
i EFT
c O,(ld) SM symmetries)
Lsmerr = Lsm+ Y Y

) — £SM+ZCRO£L6)+...
d>5 n A n

NP scale —T L ;=%

A2
—> model independent

o Warsaw basis: (ﬂavor universal) [Grzadkowski, Iskrzyriski, Misiak, Rosiek (JHEP 2010)]
® 1 dim-5 operator

® 59 (non-B) + 4 (B) dim-6 operators
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Dimension-6 Operators

Definition 95% CL Definition 95% CL
two-fermion operators bosonic operators

A d
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® p

— —
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(1) t 7l

(@' Dy, o) gy q —0.06, 0.22
5 (H - )<_ )1 | . CoB <¢T<p— ”22>BWBW [—0.11,0.11]
cpq ("D, 1) (@ Tlg)  [-0.21,0.05] T -
pv _

Cye i(cpTDugo)(évﬂe) [—0.21,0.26] CeWB ((Tp TI(‘O)TB TWW [—0.17,0.27]

= - I _
L(,Dll) i(gOTDH(,D) (l'y“l) [_0_1170_13] CpD (80 D 90) (90 DMSO) [ 0-5270-43]
6(3) i(SOTBuTISO) (_’Y“TIZ) [_0.2170'05] four-fermion operator

cu (Iyul) (I97) [~0.16,0.02]

95% CL bounds in TeV~2 from [SMEFIT (JHEP 2021)]
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SMEFT corrections

© Calculation at LO, including dim-6 and (dim-6)? SMEFT corrections

f M = \/lSM + Z ¢ _) (d\m 6)
R ZL|S Z M M RSM + Z AQR + Z A4 nm
DOFs (excl. y )
FS spin) dim-6 (dlm—6)
< expand R-matrix to order O(A™%)
R 1 [ Rsm C,[ R, A,Rsm
= — = - _ —|— —_ _ — _
P=%R ™ 9 {ASM ZA2 [ASM A2, ]
C.Co [Rypm  AnRi + ApmR A, AR
+Z A4 l~ B —':2 SM+ A3 SM]}
n,m ASM ASM ASM

<+ similar: concurrence, purity, Bell violation, ...
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[Horodecki, Horodecki, Horodecki, Horodeck, RMP 2009]

Rem i nd er: CO nCU rren Ce [Ashby-Pickering, Barr, Wierzchucka, JHEP 2022]

C(p) ={ig>f}[;pic<|\m>>] () = ﬁ (1= tra[(trp [0)(¥])’])

2
3 0<C(p) < —, C(p)> 0= entangled

V3

for qutrits: analytically calculable only for pure states

= provide lower and upper bound: pa/B =1trp/ap
(C(p))* = (Cs(p))* = 2 max [tr p* — trpfy, tr 7 — 1

(C(p))” < (Cup(p))” =2 min [1 —trp?, 1— trpj)]
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[Horodecki, Horodecki, Horodecki, Horodeck, RMP 2009]

Rem i nd er: CO nCU rren Ce [Ashby-Pickering, Barr, Wierzchucka, JHEP 2022]

C(p) ={ig>f}[;pic<|\m>>] () = ﬁ (1= tra[(trp [0)(¥])’])

2
3 0<C(p) < —, C(p)> 0= entangled

V3

for qutrits: analytically calculable only for pure states

— provide lower and upper bound: pa/B =1trp/ap
(C(p))* > (Cus(p))* = 2 max [tx p* — trpfy, txp° — tr piy
(C(p))” < (Cup(p))” =2 min [1 —trp?, 1— trpj)]

for pure state: P(p) =trp* =1 — Cie(p) =C(p) = Cusl(p)
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SMEFT effects in e"e™ — W W ™ at linear order
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SMEFT effects in pp — WTW~
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SMEFT effects in pp — WHTIW~
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Central High-Energy Region (pp — W ™)

myw = 500 GeV, cosf =0
dim-6 + (dim-6)?
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—> SMEFT effects only through balance of RH and LH couplings
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—> entanglement in pp — ZZ not very sensitive to dim-6 effects
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pp — W2

& only one partonic channel (ud — W Z); pure state

ud — W+Z in SM
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pp — W2

& only one partonic channel (ud — W Z); pure state

o at pp collider: du and ud —

ud = W+Z in SM
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& only one partonic channel (ud — W Z); pure state
¢ at pp collider: du and ud =  mixed state

& quite sensitive to Oy (and also (9&?;1))

ud — W+Z in SM pp — WTZ in SM pp — W1 Z with ey = %Eg/%

= CLB
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—> entanglement-related observables can be used to probe new physics

oete” = WHTW—, pp — WTW™ and pp — W Z are sensitive to dim-6 modifications

(but potentially to dim-8 operators)
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—> entanglement-related observables can be used to probe new physics

oete” = WHTW—, pp — WTW™ and pp — W Z are sensitive to dim-6 modifications
(but potentially to dim-8 operators)

Thank you for your attention!
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Weak boson production at proton colliders in the SM |

pp — L4
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Weak boson production at proton colliders in the SM |l
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