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Without ''clipping''                                             With ''clipping''

Latest news on setting limits on dim-8 SMEFT operators – CMS, full Run 2 data

Limits weaker by a factor ~4-5 by only considering unitarity,
similar for WZ  (CMS Collaboration, arXiv:2005.01173)
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New developments: ''full clipping'' under implementation (work in progress)

● Limits on f as a function of Λ.
● Obtained limit can be compared to theoretical limit (unitarity condition).
● Observed limit is physically meaningful if stronger than theoretical limit.
  + study of new variables to improve sensitivity to BSM effects.

Two examples:

We can already place some meaningful limits on fS0 and fT1 if Λ is less than 1.7-1.8 TeV
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''Full clipping'' first results – some optimistic examples

Observed limits are physical for

fT2 (negative values only),  fM1 and fM7
 
as long as Λ < 2-2.5 TeV
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''Full clipping'' results – some not so optimistic examples

fT0 – meaningful limits only for negative values.

fM0 – no meaningful limits at the present moment,
 but will improve at HL-LHC.

Little hope for fS1.
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Dim-6 SMEFT operators in same-sign WW

Decompose W+W+→ W+W+ process into helicity amplitudes and derive analytic expressions
for cross sections in the presence of dim-6 operators (on-shell approximation)
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Analytic expressions at leading order in s from arXiv:2011.07367:

The effect of dim-6 operators on the W+W+ → W+W+ process

disappears,                      and          most promising
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Dim-6 vs dim-8 in W+W+→W+W+

''Remedios'' (composite vectors) models of 
D. Liu, A. Pomarol, R. Rattazzi, F.Riva, 
arXiv:1603.03064

A. Azatov, R. Contino, C. S. Machado, F. Riva, arXiv:1607.05236
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Warsaw basis - all dim-6 operators potentially relevant to VBS at the LHC
from B. Grządkowski, M. Iskrzyński, M. Misiak, J.Rosiek (arXiv:1008.4884)
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Warsaw basis - all dim-6 operators potentially relevant to VBS at the LHC
- omit CP-violating operators
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Warsaw basis - all dim-6 operators potentially relevant to VBS at the LHC
- omit leptonic operators
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Warsaw basis - all dim-6 operators potentially relevant to VBS at the LHC
- omit operators that do not affect the W+W+ process at LO
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Warsaw basis - all dim-6 operators potentially relevant to VBS at the LHC
- omit gluonic operators that are well constrained by other processes
  (see arXiv:1611.00767 and arXiv:1911.07866)
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Warsaw basis - all dim-6 operators potentially relevant to VBS at the LHC
Part 2: 4-fermion operators - omitting B-violating operators
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Warsaw basis - all dim-6 operators potentially relevant to VBS at the LHC
Part 2: 4-fermion operators - omit leptonic operators
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● Current experimental limits on dim-6 operators:

   Non-4-fermion:
   [28] S. Dawson, S. Homiller, S. D. Lane, arXiv:2007.01296,
   [29] J. Ellis, C. W. Murphy, V. Sanz, T. You, arXiv:1803.03252
   4-fermion:
   [30] O. Domenech, A. Pomarol, J. Serra, arXiv:1201.6510,
   [31] CMS Collaboration, arXiv:1703.09986

● Operators for which experimental limits are not available:

   Q_quqd(1), Q_quqd(8) – no sensitivity up to the strong coupling limit,
   Q_uW, Q_uB, Q_dG, Q_dW, Q_dB (''dipole operators'') – claimed to be strongly
      constrained in [29] and A. Falkowski http://cds.cern.ch/record/2001958?ln=pl,
      in addition no sensitivity to Q_uB and Q_dB, while Q_uW, Q_dG and Q_dW
      affect mostly jet distributions,
   Q_phiud – affects mainly jet pT,
   Q_qq(3) is identical to Q_qq(1) assuming flavor-diagonal Wilson coefficients.

Simulation work: potential impact of dim-6 operators on W+W+

● MG5 (all relevant UFOs produced) + Pythia 8 + FastJet
   Study of BSM effects in kinematic distributions, for each operator the most sensitive
                                                                                                              variable chosen

←include LHC Run 2 data,
     dim-6 only (no (dim-6)2 terms)

←early LHC dijet data (enough)

http://cds.cern.ch/record/2001958?ln=pl
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Summary of
''background'' (non-VBS)
operators

Significant effects possible
from Q_phiq(3) with
current bounds, but
kinematics distinctly
different from VBS
operators.

> 5 sigma!
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Q_W: significant effects possible at the HL-LHC even with ''individual” bounds

Current bounds taken from [28]:

Potential impact of VBS dim-6 operators on W+W+

>> 5 sigma!

Correlation matrix from [29]: negligible to mild correlation between operators of interest
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Q_phiW and Q_phiBox: significant effects possible at the HL-LHC
if current ''global'' bounds are considered

Potential impact of VBS dim-6 operators on W+W+

>> 5 sigma!

>> 5 sigma!
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Summary and conclusions

1. ''Full clipping'' method to set limits on SMEFT dim-8 operators is under implementation
      in the analysis of Run 2 data.

2. For most dim-8 operators the limits are already physical, i.e., stronger than the limits
     coming from pure theory (unitarity conditions), but only for relatively low values of
     the cutoff parameter Λ – typically below 2 TeV.

3. The potential impact of all dimension-6 operators in the same-sign scattering process
     have been studied, taking into account the current experimental limits from other
     processes.

4. The answer to the question whether we can safely ignore dim-6 operators in VBS
     analyses at this point seems to be no.  Particularly large effects are possible from Q_W.
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