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The VBS viewpoint on the EFT landscape

Introduction:

e No need no introduce VBS to this audience, excellent
overview by Ansgar (here)

* Also excellent overview on the BSM sate-of-the-art, given
by Marc (here)

e | atest experimental developments shown by Joanny
(here) and Kenneth (here)

e This talk: dim6 EFT interpretation of the former


https://indico.cern.ch/event/980773/contributions/4163505/attachments/2177295/3676868/denner_vbs_snowmass.pdf
https://indico.cern.ch/event/980773/contributions/4134894/attachments/2178364/3678961/2101_VBSsnowmass.pdf
https://indico.cern.ch/event/980773/contributions/4134823/attachments/2177381/3677025/JManjarres_VBS_ATLAS.pdf
https://indico.cern.ch/event/980773/contributions/4134827/attachments/2177438/3677115/Long_VBSCANSnowmass_2021_01_23.pdf

The VBS viewpoint on the EFT landscape

EFT has been “traditionally” a Higgs-Sector theory
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For completeness: the Warsaw basis (2010)

X3 S06 and S041)2 ¢2S03
Qc | [APCGYIGHrGSH || Q, (0Tp)? Qey (0To) (lperp)

& | FAPCGAGEGSH || Qoo | (plo)D(ple) Quy (©'0) (Gpurp)
Qw | e EWEW]PWEr 11Qup | (6T D*0)" (¢'Due) | Qus (#T0) (Gpdrep)
Qw €IJKWI{1/WVJ;)WPK/¢

X2 VX o V2 0*D

Que | ¢loGAGH™ | Quy | Gome)r' oWl | @Y | (pliD, 9)(n )
Qe | ¢0GLe™ | Qi | (o™e)eBw | QY | (pliD] @) (Er"y1,)
Qow fo Wi W Qua | (G T u )@ G, | Qpe (611D, ) (" e,)
Qi WL | Quy | (o™ u)raW,, | Q% | (#iD.e) g a)
Qs | ¢10BwB™ | Qus | (G0"u)FBu | Q9 | (¢1iD} 0)@r""e)
Q.5 ot B, B Quc | (@™ TAd)9 G2, | Quu | (218D ) (@ u,)
QoW B ol WL{VB“V Qaw (q_pUWdr)TISO W,{y Qi (@TiBu W)(Jzﬂudr)
Quivs | ¢ITeWiLB™ || Quz | (G0"d)¢Bu | Quua | i(P'Dup)(@"d;)

+ fermion operators (for future work)




In practise:
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Small Clarification:

Warsaw cW

Warsaw cHW/cHB

SILH c3W

SILH cHW/cHB

Enters TGC/QGC

Enters VV/VBS




"SMEFT analysis of vector boson

scattering and diboson data from the
[HC Run Il

Jacob J. Ethier, Raquel Gomez-Ambrosio. Giacomo Magni, Juan Rojo,

https://arxiv.org/abs/2101.03180



https://arxiv.org/abs/2101.03180

Final state Selection Observable naat | £ (fb™1) Label
EW-only oRd 1 36.1 ATLAS_WWjj_fid
WEW=j; EW-only Ofd CMS_WWjj_fid
4 137
EW+QCD do/dmy () CMS_WWjj_mll
EW+QCD do/dmry, , 5 36.1 ATLAS _WZjj_mwz
ZW=jj EW-only oRa CMS_WZjj_fid
4 137
EW+QCD do/dm;; *) CMS_WZjj_mj]j
EW+QCD ORd 1 139 ATLAS_ZZjj_fid
YAAY]
EW-only Tfid 1 139 CMS_ZZjj_fid
N EW-only Ofid 1 36.1 ATLAS_AZjj_fid
Y237
EW-only oRd 1 35.9 CMS_AZjj_fid
VBS total (unfolded) 18
7754 EW+QCD+Bkg | Events/myzz 4 139 CMS_ZZjj_mzz
Y233 EW+QCD+Bkg | Events/pr,, 11 36.1 ATLAS_AZjj_ptlla
VBS total (detector-level) 15




Montecarlo evt generation: MG5 or POWHEG
+4+ Parton Shower with Pythia
4 Analysis with Rivet3

SMEFTSIM (2?) : EFT at Linear Order, Mw scheme
Future: test SMEFT@NLO

Retrieve datapoints with HEPData (with
all available errors and correlations)

All technical details
Perform fit with SMEFiT in Juan’s talk_here




RESULTS



VBS AZjj ATLAS /5 = 13 TeV
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Quality of the Dataset

Process Dataset Ndat x*/Ndar (SM) | x?/ngas (EFT)
ATLAS WW_memu 13 0.70 0.66
CMS_WW_memu 13 1.28 1.32

Diboson ATLAS_WZ_ptz 7 1.38 0.93
CMS_WZ_ptz 11 1.48 1.14
CMS_ZZ mzz 8 1.17 0.74
Total diboson 52 1.17 0.97
ATLAS_WWjj_fid 1 0.01 0.67
CMS_Wwjj_fid 1 2.17 0.15
CMS_WWjj_mll 3 0.31 0.45
ATLAS_WZjj_mwz D 1.60 1.52
CMS_WZjj_fid 1 0.38 0.79

VBS CMS_WZjj_mjj 3 1.10 0.73
ATLAS_ZZjj_fid 1 0.09 0.15
CMS_ZZjj_fid 1 0.02 0.02
ATLAS_AZjj_fid 1 0.00 0.25
CMS_AZjj_fid 1 0.03 0.38
Total VBS 18 0.83 0.75
Total 70 1.084 0.917




Singular Values

Principal Component Analysis
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Figure 4.4. The posterior probability distributions associated to each of the n,, = 16 coefficients

that are constrained in this analysis for the baseline dataset. Note that the z-axis ranges are different
for each coefficient.
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Results (qualitative)
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Results (quantitative)

Class Coofficiont VBS+diboson VBS+diboson Diboson-only
(marginalised) (individual) (marginalised)
cw -0.13, 0.14] -0.001, 0.13] -0.20, 0.11]
ey hosonic Cow -0.55, 1.4] -0.048, 0.91] -0.97, 2.1]
(CP-oven CoB 11, 8.8] -0.62, 0.69] —
CoW B -0.13, 0.44] -0.050, 0.071] -0.20, 0.44]
CoD :0.93, 0.32] -0.21, 0.08] -1.09, 0.26]
co -0.35, 0.57] -0.008, 0.46] -0.63, 0.85]
purely bosonic C i [-2.9, 1.8] [-0.49, 0.93] 4.9, 1.3]
(CP-0dd) ¢ ip 1.4, 1.8] [-0.49, 0.69] -1.3, 2.4]
.5 19, 23] 1.2, 1.4] —
e -0.56, 0.45] -0.015, 0.031] -1.3, 0.12]
e’ -0.037, 0.051] | [-0.024,-0.002] | [-0.068, 0.081]
) [0.043, 0.50] -0.007, 0.12] 0.038, 0.68]
two-fermion ) 0.002, 0.011] | [-0.006, 0.014] | [-0.008, 0.013]
Coe -0.58, 0.77] -0.038, 0.021] 1.5, 0.41]
Cou :0.49, 0.53] -0.073, 0.42] -0.59, 0.58]
Cod 1.3, 1.0] -0.53, 0.39] 1.4, 1.2]

Table 4.2 of
2101.03180
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Fisher information
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Comparison with Higgs fits
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— J. Baglio, S. Dawson, S. Homiller, S. D. Lane, and |. M. Lewis, Validity of standard model EFT studies
of VH and W production at NLO, Phys. Rev. D 101 (2020), no. 11 115004, [arXiv:2003.07862].

B /. Ellis, M. Madigan, K. Mimasu, V. Sanz, and T. You, Top, Higgs, Diboson and Electroweak fit to the
Standard Model Effective Field Theory, arXiv:2012.02779.



ATOY MODEL FOR HL-LHC

See previous talks for HL-LHC prospects



Generate pseudodata, assuming SM as hypothesis
O'?HhCEO',Eh(l—FTi(SE(};Ei), 1=1,...,Npin,

Keep same binning as LHC, assume clean extraction of the signal. Systematic errors reduced
by 50% (inline with projections), stat error reduced to 20% (based on lumi), gaussian shape

Final state Selection Observable | nga; | £ (ab™1)
EW-induced do /dmy 7 3
WEW =5
EW-induced do /dmy 4 3
EW-induced | do/dpr 5 3
ZW:I:]j / 2ee
EW-induced | do/dm}Y? 5 3
EW-induced | do/dmzz 9 3
AN
EW-induced | do/dmzz 9 3
N EW-induced | do/dpy* | 13 3
Y233
EW-induced | do/dm~z 9 3
HL-LHC VBS total 61




1 EEE VBS-only (current data)
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NEXT STEPS



This project in context

Here, now Best bounvs,
or New Physics
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The TO-DO list is very substantial. ..

e (quoting Ansgar) we need to establish priorities:

e Quadratic + NLO EFT (NLO QCD, EW?)
e Dim 6 + Dim 8 VBS interpretation
 Global fit of LHC data

e Polarisation studies s

e Other HL-LHC projections, BSM regions?

23



THANKS



BACKUP

1 VBS-only .1 VBS-only (with detector-level data)
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Figure 4.10. Posterior distributions associated to the VBS-only fits that include only unfolded
cross-sections (blue) and also the detector-level distributions (orange).



BACKUP

=

=

o

g

>

3

%

.

) N

A M

> >

+ +

> >

> >
o o S P~
-] -] - _ _
— — — - o

(zASL/T) SPUNOE [9497] 2OUIPYUO) %66

IRMMMDO

MMMO

ado

Ingmdo

amdo

1NMAD

MdD

ngdo

gdo

bde)d

bdn

pdD

ndo

1dgD

adn

26



