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The new physics searches

Two main methods of beyond Standard Model

o

new physics” search at the collider experiments:
» Direct search — the search for new particles in the collision data (“unknown unknowns”)

» Indirect search — the precision measurement of the known processes, which can be slightly changed by
new physics beyond SM of the unachieved energy scale (“unknown knowns”)

Current direct search results:
ATLAS Exotlcs Searches* - 95% CL Upper Exclusion Limits
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No hew paftlcleé found so far... And the limits for most of the states are at the level of 3-5 TeV, which can not be
significantly improved without the increase of collision energy.

55M Z'ie)

S5M Z'iag)

LFV 2', BRleu) = 10%
55M Vriiv)

55M Vrigg)

S5M V(T

LRSM W10, My,
LRSM Wg{rhg), My,
Axigluon, Coloron, cotd =1

scalar LQ (pair prod.}, coupling to 1% gen, fermions, # = 1
scalar L (pair prod.}, coupling to 1% gen. fermions, f = 0.5
scalar LQ (pair prod.), coupling to 2™ gen. fermions, f=1
scalar LG (pair prod.), coupling to 2™ gen. fermions, 8 =0.5
scalar L@ (pair prod.), coupling to 3 gen, fermions, £ = 1
scalar LQ (single prod.), coup. to 3" gen, ferm., f=1,A=1

excited light quark {gg), A=m,
excited light quark fqyl. fe=f= F = 1A= mg
excited b quark, fy=F=f = 1A=

excited muon, few fef el fm

quark compositeness (qa), M = 1
quark compositenzss (), M
quark comiositeness (g, fuum = — 1
quark comiositeness (F), fum = — 1

ADD [jj} HLE, mgs = 3
ADD (yy. 8) HLZ, nen = 3
ADD Gy emission, n=2
ADD QBH [}, e = 6
ADD QBH (e, me
RS Guelad, 90, kfMp
RS Guxlit), kilds, 1
RS Geclyyd, kiM;
RS QBH (jj). ngp =1
RS OBH few). neg
nen-rotating BH, Mp = 4 TeV, ey = 6
SPIIt-UED, 4=4 TeV

(axlalvector mediator (x), gq =
{awlal-ivector medistor (g4). g
scalar mediator (+H1E), ga= 1. gou =1 my=1 GeV
pseudoscalar mediator (+Ut), g, my=1GeV
scalar mediator (fermion portal), A, = 1,my, = 1 Gev
complex sc. mad. dark QCO), M., =5 GeV, CTy, =25 mm

Type Ill Seesaw, B, = By = B,
string resonance

Mg
Lt
Lt
",
Mo
Mo

A

My
My

My
My
M,

Al
Al
Almr

Alr

Ma
Ma
L3
Moan
Mo
Me..
Ma..
Ma..
Mgan
Mg
My
e

Miraa
Mg
Mo
Mo
e,
My,

Magms
My

Overview
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Indirect new physics searches
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Indirect searches are also ongoing. These searches will have significant profit from the increase of
luminosity w/o increase of collision energy.

The hottest topics are:

= Flavor physics (especially B physics) — some deviations from SM already reported

= Studies of electroweak boson interactions (VBF, VBS, multibosons)

= Top physics

These measurements increase the precision of SM tests. Theory predictions also can be very accurate:
NLO, NNLO, ...



Why Zy?

» Associated Zy production can be used for the study of anomalous triple gauge couplings
(aTGC)

» Neutral vertices Zyy and ZZy are forbidden in SM at tree level, so its possible existence is the
clear sign of new physics

» Neutrino channel of Z boson decay provides significantly bigger branching than charged

lepton channels (vv/ee ~ 6) and much better background control than hadronic channel (dijet
final state has huge background contamination at hadron collider experiments)

SM Zy production: Beyond SM Zy production:




Why Zy: anomalous couplings formalism and public results

» Vertex functions formalism (e.g. for ZZy vertex):
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This can leads also to constrain BSM models, such as SUSY. h (=3.2x 107433 x 1074




Backgrounds and current selection

ATLAS selection: CMS selection:
Photons Leptons Jets E;[v] > 175 GeV and |nly]| < 1.44
Er > 130 GeV pr > 1 GV pr > 30 GeV E.[miss] > 170 GeV
In| < 2.37, In| < 2.47(2.7) for e(u), In| < 4.5 T

A miss]) > 2
excluding 1.37 < |p| < 1.52 excluding 1.37 < |p°| < 1.52 AR(jet,¥) > 0.3 d)(v'pT[ ])

Lepton veto (p;>10 GeV)

Event selection

NY =1, N%* =0, EM > 150GeV, EP™ signif. > 10.5GeV'2, A@(EF™,y) > n/2 Ad(jet, prmiss]) > 0.5 (prljet] > 30 GeV)

Inclusive : Nj = 0, Exclusive : Njg =0

> Base selection is similar. ATLAS one is more advanced.
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Beam halo 5.90 + 4.70
Z(ELyy o)
Nhkg W0x 3x 3 20+ 3% 2 Spurious ECAL signals | 5.63 + 2.20
NS 1580 + 50 + 140 1000 + 40 + 90 Rare backgrounds 3.03 + 0.69
N¥E(exp) 2328 + 4+ 135 1710+ 4+ 91 Total Expectation 76.45 + 8.82
NETDRE 3910+ 50 + 190 2710 + 40 = 130 Data 77
Nt ohe) 3812 2599

» Wy is the biggest background for that study for both of experiments.
It has two sources: a) lepton is not reconstructed/identified/out of acceptance; b) hadronic t lepton decay.


https://arxiv.org/pdf/1810.04995.pdf
https://cds.cern.ch/record/2204922/files/SMP-16-004-pas.pdf

Setup for the study

» MG5 aMC samples were generated for this study (100k each)

» Pythia8 was used for parton showering, hadronization and underlying event

» Delphes framework was used for detector simulation (ATLAS geometry card) and particles
reconstruction

Detector
simulator

dgeiﬂ,s . &3’1’#‘{
0 M ¢

MC Generator



https://launchpad.net/mg5amcnlo
http://home.thep.lu.se/Pythia/
https://link.springer.com/content/pdf/10.1007/JHEP02(2014)057.pdf
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New ideas for backgrounds suppression: Angle

Wy and Zy channels are similar in terms of analysis.

In the SR, two momentum vectors can be measured: Py

and Py.

Seeking for some separation potential.
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Wy channel: Zy channel:

ve u~ ve
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PMISS

= The simplest angular variable that can be constructed is cos (913 prmiss )
‘y;

= First LO Monte Carlo studies with the MadGraph5 revealed the

separation potential of cos (95 pyniss )
’)/;

»  The distribution shown in the rest frame.

pmMiss

Py

" In case of Wy channel the angle 05 zmiss is mostly 0 or 7.
yPt

It is the development of Ad(y,p;[miss]) cut to maximize the separation power.



New ideas for backgrounds suppression: missing P-

» Missing energy is calculated in the following way:

Epmiss — _ Zﬁ%(z)

where i — photons, leptons and jets.

» For Zy, full momentum of Z is genuine missing P+. It will be not added to this formula.

» For Wy, only part of W momentum is genuine missing P;. Lepton will leave a trace.

The cause to be in lepton veto region: Either lepton not reconstructed/out of acceptance or it is hadronic t
decay.

In any case it will be calculated in missing P;: acceptance of calorimeter is much bigger (up to |n|=4.9),
soft jets will be also taken into account

Missing P will be slightly different for Zy. However, the best separation power will give the soft jets term:

Softjets=| EIUSS|-y phard i)

where i — hard objects: identified photons, leptons and jets with p;>10 GeV.



New ideas for backgrounds suppression: missing P;

Soft jets term for these two processes:
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This observable has obvious separation power. Can be used in experimental fiducial volume definition or as a
Machine Learning (ML) discriminant.




Summary

» Indirect “new physics” searches start play the leading role.
» Anomalous couplings search is one of the most perspective topics.

» Zy final state (with Z decay to neutrino) is very sensitive to neutral anomalous
couplings.
» The phase space for its measurement can be optimized further.

» Couple of new observables with good separation potential from the dominant Wy
background were found:

" COS (9 ﬁy’ﬁtmiss )

= Softjets term p;

» The optimization is continuing. Results can be used in the experimental studies
(fiducial volume definition, additional ML discriminants).

The reported study was funded by RFBR according to the research project Ne 18-32-20160.



