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The Large Hadron Collider
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Motivations

@ No new physics states have been observed so far at the LHC
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@ Standard Model lagrangian
1 _ _
LM = —2F? +ippy — yiibp + D' Do — V(¢)

@ If new physics lies at a scale A > v = 246 GeV, its effects at low
energy (E ~ v) are best studied using effective field theory methods
and are parametrized by an effective Lagrangian L.g that includes
higher-dimensional operators:

Log = LM 4 £0) 4 £0O) 4
where

5 (6)
£<5>:0‘;\)0<5> : £<6>:Z%0§6) , L® =

o Contributions to observables arranged as an expansion in E/A,
leading contributions from dimension-6 operators
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Motivations

59 independent SM dim-6 operators [B. Grzadkowski et al. arXiv:1008.4884]
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Table 2: Dimension-six operators ather than the four-fermion ones.
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@ The search for heavy new physics has become a program of SM
precision measurements at LHC, aiming at testing the existence of
one or several of these higher dimensional effective operators [C.
Englert, R. Rosenfeld, M. Spannowsky and AT arXiv:1603.05304, O. Eboli et al.
arXiv:1604.03105, C. Grojean et al. arXiv:1604.06444, C. Degrande et al.
arXiv:1609.04033]

@ It is crucial to have precise determinations of the modifications
induced by higher-dimensional operators (they alter the total rates,
deform the SM differential distributions), in particular when a
numerical estimator, like a Monte Carlo tool, is available [S. Fichet, P.
R. Teles and AT arXiv: 1611.01165]
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Optimal determination of the rates

(w. S. Fichet and P. R. Teles - arXiv: 1611.01165)

o Effective lagrangian for a single dim-6 operator

Log = LM 4 %0@

o Amplitude
_ AqSM &\ BSM
M = M 4 FM
e Event rate (7 bin label)

sM, « o® pom
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Optimized method for MC simulations

S

o o>M is obtained by simply setting & = ag = 0 in the MC

o 0" and oP5M are obtained by running the MC for two non-zero

values a1 and as.

SM  _ 0
o, = o,
- A? [adol — ool
J;qnt — 2%r 1¥r (041 +042)JS
102 a9 — 1
At agot — aqo?
O'?SM — o r T 07[?
o102 Q2 — (1

where 0% = o, (v;)
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Results: minimizing the uncertainties

@ Relative variance

Nuc
@ Trace of relative covariance matrix admits a minimum (independent

of the value of the interference) for oy = 0, aa — oo and

SM

2
ap ~ A BSM

@ The relative covariance matrix at the minimum (5, = \/oSMgBSM)

1 - gﬁt 0
C_fmin: 1 _ Or 1+4a 16 2 __ Or
T NMC 0-7iﬂnt m U—mt o-’irnt
0 - o-oi-zl‘t 1
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Results: minimizing the uncertainties

e For fixed a1, trC,.(0, a1, az) is minimized for ao going to infinity

3

logyo(az)

logyo(a)
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Concrete example

Search for the effective operator Oz in W W production at LHC
Osw = gijkWi,uVWj’prk’pu
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New physics effects in gg — HZ

(w. C. Englert, R. Rosenfeld and M. Spannowsky - EPL 114 (2016) 3, 31001)

Parametrized by the following dim-6 operators

ZCt

Omt (tRfy“tR)(@TD P)
0, = ——yt<I>T<I><I>T QLtr +h.c.

Process gg — (H, Z)Z — bbl*{~ (decays not shown)
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Results: expected exclusion limits

Projected exclusion at 95% CLg for the boosted analysis including
showering and hadronization (£ = 3 ab™!)
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Ongoing/future work

@ Searches for DM higher-dimensional operators at LHC
(monojet+MET, monojet+monolepton+MET)

1
O ~

1
FxxllHH O~ Fqulud

[N. Bernal, C. S. Fong, N. Fonseca, arXiv:1605.07188]

@ New physics in WW scattering at LHC (strategies for increasing
sensitivity to HWW and WWWW couplings)

@ Search for higher dimensional operators in double Higgs production at
ete™ colliders

@ Test of top-quark and Higgs compositeness at LHC (scaling laws ?)
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