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ESTIMATES FOR AXTAL-VECTOR COUPLING OF AN ABELIAN Z' BOSON
FROM MODERN COLLIDER DATA

In the present paper we derive upper boundaries for Z’ boson axial-vector coupling to Standard
Model fermions. We use all currently-available data on Z' boson searches in the narrow-resonance
approximation at the LHC at 7 TeV, 8 TeV, and 13 TeV, and Tevatron. The Z’ boson is described using
an effective low-energy Lagrangain in a model-independent parameterization. The cross section is
computed in the narrow width approximation. We compare the calculated cross section to
experimental upper boundaries for deviations from the Standard Model at 95% confidence level. These
boundaries are transformed into limits for the axial-vector coupling at different Z’ mass values. The
presented values are consistent with a fit of LHC forward-backward asymmetry data recently obtained
in the literature. We conclude that the Z- Z' mixing angle cannot be higher than 2~4x10™. We also see
that while the latest 13 TeV data provides higher energy reach, more strict coupling bounds arise from
the 8 TeV data. At the same time, Tevatron data still posesses accuracy comparable to the LHC data at
resonance energies up to 1 TeV.
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Y nauiii cTaTTi 0OTPpUMAaHO 00MeKeHHSI 3BepPXy HA aKcialbHO-BEKTOPHiI KOHCTAHTH B3aemozii Z'-
0030Ha 3 ¢epmionamu CtaHaapTHoi Mozaesi. JInsi 1bOro BUKOPHCTOBYIOTHCSI BCi JOCTYNHI Ha AaHmii
MOMEHT JaHi 3 nomykiB Z'-0030Ha B Ha0JM:KeHHi By3bKOro pe3oHaHcy B ekcrniepuMmenTax Ha LHC 3a
eHepriii 7 TeB, 8 TeB i 13 TeB, a Tako:x Ha TeBaTpoHi. Z'-0030H MapaMeTPU3y€EThCs 32 J0NMOMOIOI0
e()eKTHBHOT0 HH3KOECHEPIreTHYHOIO JIarpaH:KiaHy B MoJe/1bHO-He3a/lexkHil mapamerpusaunii. Ilepepis
00UMCII0ETbCSl B HAOMM:keHHI Majioi mmpuHu. Ile 3HavyeHHs NMOPIBHIOEThCSA 3 eKCHEPHMEHTAIBLHO
BCTAHOBJIECHMMH BEePXHIMH rpaHHUAMHU BigxuieHb Big CtanaapTHoi MoaeJi 3 piBHeM qoBipu 95%. Mu
NepeTBOPIOEMO 1i rPaHuIi Ha o0MesKeHHsl 3BepXy JUIsl aKCialbHO-BEKTOPHOI KOHCTAHTH B3a€EMOIi 3a
pi3HuUX 3HavyeHb Macu Z'-003oHa. OTpuMaHi o0Me:xKeHHsI cyMicHI 3 HaBeleHMMH B .JirepaTypi
iHTepBajJaMH 3HaYeHb, HEIIOJABHO OTPUMAHHUMH 3 acUMeTpii po3ciloBanHs Bnepea-Hazag Ha LHC. Mu
JIeMOHCTPY€EMO, IO KYT 3MillyBaHHsl Z- Z' He MO:Ke NepeBHIIYyBaTH 2~4x10, Jani, oTpUMaHi mix yac
excriepumenTy LHC Ha eneprii 13 TeB, naiote 3mory gocaigutu 06acti 6ib11 BHCOKHX Mac, TOAi K
HaHBHINY TOYHiCTH HAa cboroaHi gaioTh aaHi 8 TeB. /lani npuckopoBaya TeBaTpoH Takok MOKa3ylOTh
TO4HicTh, cniBcTaBHy 3 LHC 3a enepriii pe3onancy 10 1 TeB.

Kurouosi ciioBa: HOBi kaniOpyBanbHi 6030HH, Tevatron, LHC, MmoaenbHO-He3aneKHUMA M IXia.

B naHHOIi cTaTbe MOJIy4eHO OTPAaHHYeHHE CBEPXYy Ha aKCHAJIbHO-BEKTOPHBbIC KOHCTAHTBI CBA3HU
Z'-0030Ha ¢ pepmuonamu CtaHaapTHoi Moaenau. s 3Toro Henoab3yores Bee JOCTYHbIE HA JAHHbIH
MOMEHT JJaHHbIE 10 MoucKaM Z'-0030Ha B NPUOJIMIKEHNH Y3KOro pe3oHaHca B 3kcnepumentax Ha LHC
npu Heprusix 7 TaB, 8 TaB u 13 TaB, a tax:ke na TeBaTpone Z'-6030H napaMeTpHu3yeTcsi ¢ IOMOLIbLIO
e(ppeKTHBHOTO HU3KOIHEPreTHYECKOro JAarpaH:kKMaHa B MOJeJIbHO-HEe3aBHCHMOIl NMapaMeTpU3aluu.
Cedenue paccyuThbiBaeTcs B MNPHOIMKEHMM MaJioil IIMPHHBI. JTO 3HaYeHHe CPaBHHBaeTcs C
IKCNEPUMEHTAIBHO YCTAHOBJICHHBIMH BEPXHHMMHU I'PAHHIIAMH OTKJIOHeHHH oT CTaHaapTHON MoJen ¢
ypoBHeM JoBepusi 95%. Mbl nmpeoGpa3yeM 3TH IPaHHIbI B OrPAHHYEHHS CBEpPXy I aKCHAJIbHO-
BeKTOPHOIl KOHCTAHTBHI CBS3M NPH Pa3JHYHBIX 3HAYeHUSAX Maccbl Z'-0o3oHa. IlomydyeHHbIe
OrpaHMYeHHsl COBMECTHMBI € NPHBEJCHHBIMM B JIMTepaType HMHTepPBAJIaMH 3Ha4YeHHWH, HeJIaBHO
NMOJTYyYeHHBIMH H3 acHMMeETPUH paccessHus Bhepea-Hazag Ha LHC. Mbl nmoka3piBaeM, 4YTO YroJ
cMemIMBaHuA Z- Z' He MOsKeT NpeBbIATH 2~4x10™, Tanubre, noJiyyeHHble B 3kcnepumente LHC Ha
sHeprun 13 T3B, mo3BoJsSIlOT HccaenoBaTh 00JacTH 0oJee BBICOKMX Macc, B TO BpeMsl Kak
Hau00JbLIYI0 TOYHOCTH Ha cerogHsi odecneynBaloT JaHHble 8 ToB. /lannbie yckoputeass TeBaTpon
TaK:Ke J1al0T TOYHOCTh, cpaBuuMyI0 ¢ LHC npu sHeprusix pe3onanca go 1 T2B.

KiroueBsie ciioBa: kaqnbpoBounsie 6030Hb1, Tevatron, LHC, MoznensHO-HE3aBUCHMBIH TOAXO.

© A. V. Gulov, A. A. Kozhushko, 2016
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1. Introduction

Proton-(anti)proton scattering into a pair of leptons (known as the Drell-Yan
process) is one of the most widely studied processes at modern hadron colliders — the
Large Hadron Collider (LHC) and Tevatron — for two reasons. Firstly, final state particles
in this case are easily detected in electromagnetic calorimeters and muon spectrometers,
and the background noise in this case is relatively low. Secondly, a huge number of new
physics effects beyond the Standard model (SM) of elementary particles is predicted to
manifest themselves in this process. A new heavy neutral vector boson (Z' boson) [1,2] is
one of those effects of numerous Grand Unification and Supersymmetry Theories. Both
the Tevatron and LHC collaborations try to catch the particle as a resonance in the Drell-
Yan process. Observing no peak they conclude that the Z' mass is no less than
approximately 2.5-3.5 TeV [3-10]. However, in those searches the collaborations rely on
a predefined set of Z' models with certain assumptions about Z’ coupling strength.

The data presented by the collaborations in [3-10] are deviations of the Drell-Yan
cross-section from the SM value within experimental uncertainties at 95% confidence
level (CL) at certain energy scales. This uncertainty is considered to be the maximal
deviation from the SM and the upper boundary for possible new physics effects, which
are not detected because the hypothetical resonance is too weak. Hence, by comparing
this boundary with theoretical predictions for a certain model (any kind of a Z’ or, for
example, a spin-2 Kaluza-Klein excitation) one can derive the model-dependent lower
bound for mass of this hypothetical resonance.

In the present paper we use the data published in [3-10] in a slightly different way to
derive an upper limit for axial-vector coupling of an Abelian Z' boson [2] to SM
fermions. We calculate the Z' production cross section for several mass values in a simple
narrow-width approximation (NWA) and compare it to the experimentally measured
Drell-Yan uncertainties. From a simple inequality we compute upper limits for the Z’
coupling at different resonance masses. We can compare our present results to the LHC
[11] data fits. Finally, the presented estimations will indicate, which of the four hadron
collider experiments have been the most accurate so far: Tevatron at Vs=1.96 TeV, LHC
at Vs=7 TeV, LHC at Vs=8 TeV, or LHC at Vs=13 TeV.

2. Abelian Z' couplings to leptons and quarks
Being decoupled at energies of order of my, the Abelian Z' boson interacts with the

SM particles as an additional U(1) gauge boson. Its couplings to the SM fermions are
usually parameterized by the effective Lagrangian [2]:

Lzy}' = Z;fy”[(vf+ysaf)cosﬁoJf/2. (D

Here fis an arbitrary SM fermion state; ar and v, are the Z’ couplings to the axial-
vector and vector fermion currents, respectively; 6, is the Z- Z' mixing angle. The a, and
v, couplings are proportional to the Z' gauge coupling g . This parameterization is

suggested by a number of natural conditions described in [2].
At low energies the Z' couplings enter the cross section together with the inverse Z’
mass, so it is convenient to introduce the dimensionless couplings

c_zf =a,m, /(x/HmZ’), V/. =v,my, /(\/Emz), )
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which are constrained by experiments. Below the Z' decoupling threshold the effective
U (1) symmetry is a trace of the renormalizability of an unknown complete model with
the Z’ boson, and it leads to additional relations between the Z' couplings [2]:

a, =& =-a, =-a, =d, Vs = Va, +2a, v =V, +2a, (3)
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where ¢,, g4, [, and v, are the up-type and the down-type quark, the lepton, and the
neutrino inside any fermion generation, correspondingly, and a is a universal coupling
constant, which defines also the Z- Z' mixing angle in (1):

0, = —2asin0, cosb,m, / (m, /., ). @

Z' peak searches are not sensitive to the Z- Z' mixing angle, and a region of energies
near Z boson peak should be used to obtain ¢, value. However, in case of Abelian Z', Eq.
(4) allows to estimate the mixing angle by using axial-vector coupling value obtained
from high-energy data.

In the narrow width approximation the cross section of the pp(pp) —>["l" is
obtained in the following simple form:

Oywy = (520-1 +‘7u20-2 +av,o;, )(a_zrl +vlzr2 +avly). Q)

Here o, ,; and I}, 5 are numerical factors. To obtain widest-possible estimations for
a’, weset v, and v, in Eq. (5) to zero and compare Eq. (5) at several Z' mass values
with the experimentally measured bounds for 95% CL uncertainties presented in [3-10].

3. Conclusions

The results of our estimations for @~ are presented in Table 1. We consider ATLAS
results for dileptons at 7 TeV [3], 8 TeV [4], and 13 TeV [5], CMS results for dileptons at
7 TeV [6], and 8 TeV [7], DO results for dielectrons at 1.96 TeV [8], and CDF results for
dielectrons [9] and dimuons [10] at 1.96 TeV. The CMS collaboration also published
their results for the 13 TeV Run, but that paper uses a cross section normalization factor
and does not provide specific numerical value for this factor, so we have to refrain from

using that data at the moment. The table contains upper limits for z” from separate data
sets. For the Z' masses up to 3 TeV the most strict upper limits come from the 8 TeV
ATLAS data (40 fb"' combined). The Z-Z' mixing angle 6, corresponding to the most
strict values are calculated using Eq. (4) and also presented in Table 1. We can see that
for m, > 1.2 TeV values of 6, > 4x10™ can be excluded at 95% CL by ATLAS data.

Each of the Tevatron experiments gathered about 3~4 fb™' of integrated luminosity,
and the values obtained from this data are close to the estimations from the LHC data.

Recently the 92% CL interval for a’ (0.1x10° < &> < 22.1x10° at
mz=1.2~4.5 TeV) [11] was obtained from CMS Drell-Yan forward-backward asymmetry
at 7 and 8 TeV. For Z' masses over 3 TeV this interval overlaps with our most strict upper
limits, while for lighter Z’ bosons the interval from [11] is one order of magnitude apart
from our estimates.

The LHC currently operates at 13 TeV collision energy and has already broken its
own integrated luminosity record set during 8 TeV run. This novel data has not been
processed and published yet, so while the current run provides higher energy reach, the
previous run gives more strict limits for Z’ couplings.
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Table 1

The upper limits for axial-vector coupling a’ obtained from data from different.
mZ', TeVIATLAS 13| ATLAS 8| ATLAS 7| CMS8 | CMS7 | DO,ee | CDF,ee | CDF,un| 60
0.5 |3.49x10°[1.54x10°|4.24x10°|2.77x10°(5.70x10° | 1.24x10° | 9.92x10° | 1.56x10° | 0.002
1 1.26x10° [4.90x107 | 1.92x10°|1.02x10°°|2.09x10° | 1.99x10°|2.17x107° | 2.65x10” | 6x10™
1.5 |8.18x107 |3.13x107 | 1.72x10° | 1.11x10° | 2.96x10° 3x10™
2.0 [6.90x107 |3.00x107 | 2.34x10° | 1.21x10°|3.73x10¢ 2x10™
25 |6.74x107 |3.65%107 | 4.23x10° | 1.70x10° 2x10™
3.0 |7.47x107 |5.39x107 | 1.15x107 | 2.48x10° 2x10™
3.5 19.04x107 9.23x107 2x10™
40 |1.21x10° 2x10™
45 | 1.75x10° 2x10™

The highlighted cells are the most strict limits. The last column contains the mixing angle
corresponding to the most strict limits
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