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Abstract. Indirect searches of beyond the Standard Model effects are discussed.
The Z(νν̄)γ process is considered in this respect. The limiting factors of the
separation of this process from the background one are studied phenomenolog-
ically. New potential selection methods are proposed to increase the signal to
background ratio.

1 Introduction
After the discovery of the Higgs boson by the LHC experiments [1, 2], the main focus in
the high energy physics was shifted to the extensive search of beyond the Standard Model
physics (BSM) or so-called "new physics".

In general, there are two basic methods of such search. The first method, which is called
direct search, is the kind of study, when one is looking for the new particles which are not
predicted by the Standard Model (SM). The second method, called indirect search, is the
study, when one is looking into the known processes with the highest possible precision to be
able to find any small deviation caused by the new physics.

1.1 Direct searches

The direct searches are running by both ATLAS and CMS experiments and the most relevant
mass limits are demonstrated in figure 1.

As a summary from these limits, it should be noticed that no new particles were observed
and the limits are on the level of 3-5 TeV already. These limits will not be significantly
improved without increase the collision energy, which is not foreseen in the near future.

1.2 Indirect searches

The indirect searches, where the new physics from the higher energy range slightly changes
interactions of the known particles, are also in the focus of the experimental studies. In this
type of searches, the significant gain could arise from the increase of luminosity, which is
planned for the LHC.

Indirect searches is the hot topic in the fields of flavor physics (especially, b-physics),
electroweak bosons interactions, top physics, etc. Theory predictions can also reach high
level of precision for these sectors, as far as the techniques of perturbative calculations are
improving intensively.
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ADD GKK + g/q 0 e, µ 1 − 4 j Yes 36.1 n = 2 1711.033017.7 TeVMD

ADD non-resonant γγ 2 γ − − 36.7 n = 3 HLZ NLO 1707.041478.6 TeVMS

ADD QBH − 2 j − 37.0 n = 6 1703.091278.9 TeVMth

ADD BH high
∑
pT ≥ 1 e, µ ≥ 2 j − 3.2 n = 6, MD = 3 TeV, rot BH 1606.022658.2 TeVMth

ADD BH multijet − ≥ 3 j − 3.6 n = 6, MD = 3 TeV, rot BH 1512.025869.55 TeVMth

RS1 GKK → γγ 2 γ − − 36.7 k/MPl = 0.1 1707.041474.1 TeVGKK mass
Bulk RS GKK →WW /ZZ multi-channel 36.1 k/MPl = 1.0 1808.023802.3 TeVGKK mass
Bulk RS GKK →WW → qqqq 0 e, µ 2 J − 139 k/MPl = 1.0 ATLAS-CONF-2019-0031.6 TeVGKK mass
Bulk RS gKK → tt 1 e, µ ≥ 1 b, ≥ 1J/2j Yes 36.1 Γ/m = 15% 1804.108233.8 TeVgKK mass

2UED / RPP 1 e, µ ≥ 2 b, ≥ 3 j Yes 36.1 Tier (1,1), B(A(1,1) → tt) = 1 1803.096781.8 TeVKK mass

SSM Z ′ → ℓℓ 2 e, µ − − 139 1903.062485.1 TeVZ′ mass
SSM Z ′ → ττ 2 τ − − 36.1 1709.072422.42 TeVZ′ mass
Leptophobic Z ′ → bb − 2 b − 36.1 1805.092992.1 TeVZ′ mass
Leptophobic Z ′ → tt 1 e, µ ≥ 1 b, ≥ 1J/2j Yes 36.1 Γ/m = 1% 1804.108233.0 TeVZ′ mass
SSM W ′ → ℓν 1 e, µ − Yes 139 CERN-EP-2019-1006.0 TeVW′ mass
SSM W ′ → τν 1 τ − Yes 36.1 1801.069923.7 TeVW′ mass
HVT V ′ →WZ → qqqq model B 0 e, µ 2 J − 139 gV = 3 ATLAS-CONF-2019-0033.6 TeVV′ mass
HVT V ′ →WH/ZH model B multi-channel 36.1 gV = 3 1712.065182.93 TeVV′ mass
LRSM WR → tb multi-channel 36.1 1807.104733.25 TeVWR mass
LRSM WR → µNR 2 µ 1 J − 80 m(NR) = 0.5 TeV, gL = gR 1904.126795.0 TeVWR mass

CI qqqq − 2 j − 37.0 η−LL 1703.0912721.8 TeVΛ

CI ℓℓqq 2 e, µ − − 36.1 η−LL 1707.0242440.0 TeVΛ

CI tttt ≥1 e,µ ≥1 b, ≥1 j Yes 36.1 |C4t | = 4π 1811.023052.57 TeVΛ

Axial-vector mediator (Dirac DM) 0 e, µ 1 − 4 j Yes 36.1 gq=0.25, gχ=1.0, m(χ) = 1 GeV 1711.033011.55 TeVmmed

Colored scalar mediator (Dirac DM) 0 e, µ 1 − 4 j Yes 36.1 g=1.0, m(χ) = 1 GeV 1711.033011.67 TeVmmed

VVχχ EFT (Dirac DM) 0 e, µ 1 J, ≤ 1 j Yes 3.2 m(χ) < 150 GeV 1608.02372700 GeVM∗
Scalar reson. φ→ tχ (Dirac DM) 0-1 e, µ 1 b, 0-1 J Yes 36.1 y = 0.4, λ = 0.2, m(χ) = 10 GeV 1812.097433.4 TeVmφ

Scalar LQ 1st gen 1,2 e ≥ 2 j Yes 36.1 β = 1 1902.003771.4 TeVLQ mass
Scalar LQ 2nd gen 1,2 µ ≥ 2 j Yes 36.1 β = 1 1902.003771.56 TeVLQ mass
Scalar LQ 3rd gen 2 τ 2 b − 36.1 B(LQu

3 → bτ) = 1 1902.081031.03 TeVLQu
3

mass

Scalar LQ 3rd gen 0-1 e, µ 2 b Yes 36.1 B(LQd
3 → tτ) = 0 1902.08103970 GeVLQd

3
mass

VLQ TT → Ht/Zt/Wb + X multi-channel 36.1 SU(2) doublet 1808.023431.37 TeVT mass
VLQ BB →Wt/Zb + X multi-channel 36.1 SU(2) doublet 1808.023431.34 TeVB mass
VLQ T5/3T5/3 |T5/3 →Wt + X 2(SS)/≥3 e,µ ≥1 b, ≥1 j Yes 36.1 B(T5/3 →Wt)= 1, c(T5/3Wt)= 1 1807.118831.64 TeVT5/3 mass

VLQ Y →Wb + X 1 e, µ ≥ 1 b, ≥ 1j Yes 36.1 B(Y →Wb)= 1, cR (Wb)= 1 1812.073431.85 TeVY mass
VLQ B → Hb + X 0 e,µ, 2 γ ≥ 1 b, ≥ 1j Yes 79.8 κB= 0.5 ATLAS-CONF-2018-0241.21 TeVB mass
VLQ QQ →WqWq 1 e, µ ≥ 4 j Yes 20.3 1509.04261690 GeVQ mass

Excited quark q∗ → qg − 2 j − 139 only u∗ and d∗, Λ = m(q∗) ATLAS-CONF-2019-0076.7 TeVq∗ mass
Excited quark q∗ → qγ 1 γ 1 j − 36.7 only u∗ and d∗, Λ = m(q∗) 1709.104405.3 TeVq∗ mass
Excited quark b∗ → bg − 1 b, 1 j − 36.1 1805.092992.6 TeVb∗ mass
Excited lepton ℓ∗ 3 e, µ − − 20.3 Λ = 3.0 TeV 1411.29213.0 TeVℓ∗ mass
Excited lepton ν∗ 3 e,µ, τ − − 20.3 Λ = 1.6 TeV 1411.29211.6 TeVν∗ mass

Type III Seesaw 1 e, µ ≥ 2 j Yes 79.8 ATLAS-CONF-2018-020560 GeVN0 mass
LRSM Majorana ν 2 µ 2 j − 36.1 m(WR ) = 4.1 TeV, gL = gR 1809.111053.2 TeVNR mass
Higgs triplet H±± → ℓℓ 2,3,4 e,µ (SS) − − 36.1 DY production 1710.09748870 GeVH±± mass
Higgs triplet H±± → ℓτ 3 e,µ, τ − − 20.3 DY production, B(H±±

L
→ ℓτ) = 1 1411.2921400 GeVH±± mass

Multi-charged particles − − − 36.1 DY production, |q| = 5e 1812.036731.22 TeVmulti-charged particle mass
Magnetic monopoles − − − 34.4 DY production, |g | = 1gD , spin 1/2 1905.101302.37 TeVmonopole mass

Mass scale [TeV]10−1 1 10
√
s = 8 TeV

√
s = 13 TeV

partial data

√
s = 13 TeV
full data

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits
Status: May 2019

ATLAS Preliminary∫
L dt = (3.2 – 139) fb−1

√
s = 8, 13 TeV

*Only a selection of the available mass limits on new states or phenomena is shown.
†Small-radius (large-radius) jets are denoted by the letter j (J).

Figure 1. Summary of the mass limits of the possible new particles from ATLAS (left [3]) and CMS
(right [4]) searches.

Figure 2. Summary of the current limits on the parameters of the neutral aTGCs [5].

2 Analysis

2.1 Zγ final state

The associated Zγ production can be used for the study of neutral anomalous triple gauge
couplings (aTGC). Since the neutral vertices are forbidden in the SM at the tree level, its
possible existence is the clear sign of the new physics. Neutrino channel of the Z boson
decay provides significantly higher branching ratio than charged lepton channels does and,
in the meantime, have much better background control compared to the hadronic channels.
Thus, the neutrino channel is the most sensitive for neutral aTGCs, as shown in 2.

2

EPJ Web of Conferences 222, 02015 (2019) https://doi.org/10.1051/epjconf/201922202015
QFTHEP 2019



q

q̄

Z/γ∗

aT GC  γ

Z
Figure 3. Feynman diagrams of
Z(νν̄)γ production: SM initial-state
photon radiation (left) and an aTGC
BSM vertex (right).

In the figure 3 one can see the Feynman diagrams for SM and BSM associated Zγ pro-
ductions.

Neutral anomalous couplings can be described by the vertex functions formalism, where
the coupling is described by eight parameters hV

1 -hV
4 (where V = Z, γ) [6]. Non-zero values

of such parameters lead to the excess in Zγ cross section at high energies. Current sensitivity
of experiments to the Zγγ/ZZγ vertices become close to the order of SM loop corrections.
The predicted order of this value is 10−4 - 10−5 [7]. The loop contribution from BSM models,
such as SUSY, is different. This fact can also provide constrains for the BSM models from
the experimentally obtained limits.

2.2 Discussion on limiting factors

The latest public analyses for the considered final state are available in [8] for the ATLAS
and in [9] for the CMS experiment.

One of the main limiting factors, which decrease the sensitivity of this final state, is the
significant background contamination.

If one looks into selection criteria of the Z(νν̄)γ studies, it can be noticed that they has high
level of similarity. Both experiments use quite high photon pT threshold and high missing
pT requirement. Also both of the experiments are using charged lepton veto and the angular
cut on ∆φ(γ, �p miss

T ). The ATLAS selection is a bit more advanced and has some additional
constraints, such as a requirement of Emiss

T significance 1.
The highest background contamination comes from the process of Wγ associated produc-

tion. It has two main sources:

• Lepton is not reconstructed or identified or it is out of the experimental acceptance;

• W decays into τ lepton mode, with subsequent τ decay into hadrons.

So the main goal is to construct the criteria for the further suppression of this dominant
background process.

2.3 Setup for the study

For the study of possible additional observables, which are sensitive to the differences
between Zγ and Wγ channels, one used the chain of Monte Carlo (MC) simulation,
which consists of MG5_aMC@NLO generator [10] for the initial hard-scattering processes,
Pythia8 [11] for the modeling of the parton shower, hadronization and underlying event, and
the Delphes framework [12] for the detector simulation and particle reconstruction.

2.4 New angular requirement

The Wγ and Zγ background channels are very similar in terms of analysis. In this case, within
the Signal Region (SR), only two four-vectors can be measured: p miss

T = {�p miss
T , E miss

T } and

1Emiss
T significance=Emiss

T /

√∑
p jet

T + EγT

3
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p γ = {�p γ, E γ}. Thus the set of variables that possibly could be used for the separation of Wγ
and Zγ channels is limited: the missing transverse energy and the energy of the photon, the
missing transverse momentum and the photon’s momentum, as well as the angles between
different particles’ momenta.
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Figure 4. The distribution over the cos
(
̂�p γ�p miss

T

)
variable in the pmiss

T rest frame at the Monte Carlo
generator level.

During the previous analyses, the variable used for the separation of these channels was
the angle between the missing transverse momentum and the transverse momentum of the
registered photon: φ = ̂�p miss

T �p γT . In this case, not all the information, available from the
measurements, is used: the Z-axis projection of the photon momentum p γZ is not involved.
In order to include the missing p γZ information, which possibly could increase the separation
power, the new angular variable was suggested. This new variable Φ defines as the cosine of
the angle between the photon momentum �p γ and the missing transverse momentum �p miss

T :

Φ = cos
(
̂�p γ�p miss

T

)
. In this case Φ is no more the flat angle in the transverse plane but the

spatial angle between the two momenta. The preliminary results of Monte Carlo simulation
corresponding to the Φ variable in the pmiss

T rest frame are shown in figure 4. The generated
statistics was 100k events for both Wγ and Zγ channels.

Figure 4 demonstrates that Φ variable has the separation potential - while for the Zγ
channel events are distributed over the range of values relatively uniformly, in case of Wγ
channel almost all the events are located around borders (Φ = ±1). This property allows to
apply an additional separation cut in the analysis, based on the value of Φ.
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channel almost all the events are located around borders (Φ = ±1). This property allows to
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2.5 Soft jets term requirement

The missing transverse energy can be calculated as the negative sum of all reconstructed
particles energy deposit in the calorimeter [12]:

�p miss
T = −

∑

i

�pT (i), (1)

where the index i runs over the identified particles.
There is a difference in the �p miss

T for these two processes in study:

• For Zγ process the full momentum of Z is genuine missing transverse energy. It will not
present in the equation 1.

• For Wγ process the part from the charged lepton will leave a deposit in most of cases as a
soft jet, which will be included in the equation 1.

Thus the missing transverse energy distribution should be slightly different. However the
best separation power will give the soft jets term, which can be calculated as follows:

�pso f t jets
T = �p miss

T −
∑

j

�p hard particles
T ( j), (2)

where the index j runs over the hard objects: identified photons, leptons and jets with pT >
10 GeV.

It will include just soft jets contributions. This observable is shown for W(lν)γ and Z(νν̄)γ
in figure 5.
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Figure 5. Distributions for sum of soft jets pT (soft jets term) in the case of W(lν)γ and Z(νν̄)γ pro-
cesses.

Indeed the shapes are quite different, which shows a good separation potential.
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3 Conclusions

Indirect “new physics” searches are now playing the leading role in the high energy physics.
Anomalous couplings searches are one of the most perspective topics.

The Zγ final state (with Z decay to neutrino-antineutrino pair) is sensitive to the neutral
anomalous couplings. The phase space for its measurement can be optimized further.

Two new observables with good separation potential of the dominant Wγ background
were suggested:

• Φ = cos
(
̂�p γ�p miss

T

)
;

• Soft jets term pso f t jets
T .

The optimization is still ongoing, but the results of such optimisation can already be
used in the experimental studies, like fiducial volume definition, additional machine learning
discriminants, etc.
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