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1. Diboson Production

Precision measurements of diboson processes play an important role in electroweak physics and
searches for New Physics (NP) which may exist at some energy scale A. NP searches are often
related to measurements of the diboson production cross sections and the trilinear gauge boson
couplings (TGCs) [1]. In presence of NP these observables are expected to deviate from their SM
predictions. The charged TGCs studied in WW, WZ and Wy production are Ag\l/ —AKy — Ay where
V =Z or Y, and A represents the deviation from the SM prediction. In the SM, Ag\{ =AKy = Ay =
0. The neutral TGCs h}/ (i = 3,4) studied in Zy production are not allowed in the SM and their
values are predicted to be zero. Diboson production is an important background in studies of the
top quark, and searches for the Higgs boson and SUSY particles. Thus, precise knowledge of
diboson processes and their proper modeling is important for current and future studies.

2. Zy Production

The ete"y (uT~y) events selected from 1 fb~! (2 fb~!) of CDF data require a photon with
transverse energy Et > 7 GeV, spatially separated from a lepton by ARy, > 0.7. The three-body
mass cut of 100 GeV separates events which originate from two different processes, initial and final
state radiation (ISR and FSR), and their individual cross section measurements. The combined
ISR+FSR cross section is measured to be 07,5, = 4.6 £ 0.4 (gat y gyat) = 0-3(1umi) pb [2]. Photon
Er spectra from |1y events shown in Fig. 1 are combined with vVy candidate events selected from
2 fb~! of data and used to set the limits on TGCs. The one-dimensional 95% C.L. limits on hgﬁ
at A = 1.2 TeV are [h!| < 0.051, |hZ| < 0.050 and |h}*| < 0.0034. At the D@ experiment the
VY events are reconstructed from 3.6 fb~! of data requiring one isolated photon of E1 > 90 GeV
and missing transverse energy of Et > 70 GeV. The cross section is measured to be 0zy_.ypy =
32+ 9(gat+syst) = 2(umi) b [3] with a observed signal significance of 5.1 standard deviations (s.d.).
The photon Et spectrum is used to set limits on Zyy/ZZy TGCs. The one-dimensional 95% C.L
limits at A = 1.5 TeV are |h,| < 0.036, || < 0.035 and |th)2| < 0.0019 [3]. The combination
with a 1 fb~! [Ty analysis [4] results in the most restrictive limits on these couplings of \hg‘oz\ <
0.033 and \hXbZ] < 0.0017 of which three of them (hXbZ and h%,) are currently world bests. The Zy
cross sections measured by the two collaborations are in agreement with the next-to-leading (NLO)
prediction [5].

3. ZZ Production

Three 111’ (I,I" = e, ) candidate events were observed in 1.7 fb~! of D@ data. This was the
first observation of ZZ production at the hadron collider with a significance of 5.3 s.d. [6]. The
measured cross section is zz = 1.75:1):%? (stat 4 syst) pb. The | [vu (I = e, ) events selected from
2.7 fb~! of D@ data were used to measure the cross section of 077 = 2.01 + 0.97 (sat+syst) Pb [71.
The combination of all analyzed ZZ final states results in measured cross section of 0zz = 1.60 +
0.65sat+sy) Pb and a significance of 5.7 s.d.. Five | [1'l" candidate events were selected in 4.8 fb~!
of CDF data with significance of 5.7 s.d. measuring the cross section of 077 = 1.56‘1’8:2;L (stat +

syst) pb. All measured ZZ cross sections are in agreement with the NLO prediction [8].
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Figure 1: Photon Er spectra of Zy — Ily candi- compared to the SM and different TGC pre-
date events selected from CDF data. dictions.

4. WW Production in Leptonic Final States

The most precise WW cross section measurements at a hadron collider were performed analyzing
lvl’v (I, = e, ) final states with 3.6 fb~! of CDF data [9] and 1.0 fb~! of D@ data [10]. Both
event selections require the presence of two oppositely charged leptons and significant FEt per
event. After all selection criteria were applied, 654 candidate events were found in CDF data
yielding the cross section of Oyw = 12.1ﬂ:§‘6l (stat + syst) pb. The lepton pr spectrum shown
in Fig. 2 has been used to set the one-dimensional 95% C.L. limits on TGCs for A =2 TeV of
—0.57 < AKy < 0.65, —0.14 < Ay = Az < 0.15 and —0.22 < Ag? < 0.30 under the U (2). x U (1)y-
conserving constraints [11]. The D@ experiment selected 100 candidate events and measured the
cross section of Gww = 11.5 £ 2.1 (gat syg) = 0.7(umi) pb- The pr distributions of the leading and
trailing leptons were used to set limits on anomalous TGCs. The one-dimensional 95% C.L. limits
for A =2TeV are —0.54 < Ak, < 0.83, —=0.14 <Ay, = Az < 0.18 and —0.14 < Ag% < 0.30 under
the SJ(2)L x U (1)y-conserving constraints, and —0.12 < Ak, = Akz < 0.35 and —0.14 < A, =
Az < 0.18 under the assumption that WVW and ZWW couplings are equal [1]. Both measurements
are in agreement with the SM NLO prediction of 12.4 + 0.8 pb [8].

5. WW and WZ Production in Dijet Final States

The first observation of vector boson pair production in a dijet final states using 3.5 fb~! of data
has been presented by the CDF Collaboration [12]. The analysis is based on selecting events with
Ft > 60 GeV, and two jets with pt > 25 GeV, without an explicit requirement on the charged
lepton. The measured production cross section of Owwwz+zz = 18.04£3.7 gat syt) = 1.1 (jumi) Pb
comes from a fit in the dijet mass distribution in the 40 GeV < M 33 < 160 GeV mass range (Fig. 3)
with a significance of 5.3 s.d. Imposing an explicit requirement on the charged lepton and adding
more data, the CDF experiment measures Oww-rwz with two different methods. The first method
is a dijet mass fit in 28 GeV < M 33 < 200 GeV mass range in 4.3 fb~! of data [13], with a
result of 18.1+4.1 (g4 55) pb With a significance of 5.2 s.d.. The second method uses a matrix
element-based event probability discriminant to differentiate between signal and background. The
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WW 4 WZ cross section is then measured to be 16.5f§:(3) (stat + syst) pb with significance of 5.4
s.d. [14].
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Figure 3: Top: Data-to-background combined Ivqq channels for data and MC predic-
comparison. Bottom:  Signal-to- tions. Top: A comparison of the extracted signal to
background-subtracted data compari- background-subtracted data, along with + 1 O sys-
son. The dashed lines represent the tematic uncertainties on the background. Bottom:
4+ 1 O stat. variations on the extracted The residual distance between the data and signal,
signal. The gray band represents the divided by the total uncertainty.

systematic uncertainty due to the elec-
troweak background shape.

The first evidence of WW +WZ production in semi-leptonic final states in 1.1 fb~! of D@ data
yields a cross section of Oww+wz = 20.2 £ 4.4(gq ) £ 1.2(1um) b [15] The cross section is
measured from the Random Forest (RF) output distribution shown in Fig. 4. Further, the dijet pt
distribution is used to set limits on anomalous TGCs [16]. The one-dimensional 95% C.L. limits
for A =2 TeV are —0.44 < Aky < 0.55, —0.10 <Ay =Az < 0.11 and —0.12 < Agf < 0.20 under
the SJ(2), x U (1)y-conserving constraints, and —0.16 < Ak, = Akz < 0.23 and —0.11 < A, =
Az < 0.11 under the YWWW = ZWW assumption.

6. Combined Limitson TGCs

The D@ experiment combines four different 0.7-1 fb~! diboson analyses (WW — Ivl’v, WZ —
IVIT [17], Wy — lvy [18] and WW +WZ — lvqq) to set the limits on charged TGCs [19]. Two
different relations between anomalous TGCs has been considered for Anp = 2 TeV. Combined
one-dimensional 95% C.L. limits are —0.29 < Ak}, < 0.38, —0.08 <A, = Az < 0.08 and —0.07 <
Ag? < 0.16 under the SJ(2). x U(1)y-conserving constraints, and —0.11 < Aky = Akz < 0.18
and —0.08 < Ay = Az < 0.08 under the YWWW = ZWW assumption. These are the tightest limits
to date on charged TGCs at a hadron collider with sensitivity comparable to that of an individual
LEP2 experiment. The measured values and the one-dimensional 68% C.L. intervals of the W
boson magnetic dipole and electric quadrupole moments respecting SJ(2). @ U(1)y symmetry
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with g7 = 1 are py = 2.02700% (e/2Mw ) and g = —1.000.09 (€/M3), respectively. These are
the most stringent results of tyy and ¢y moments to date.

7. Summary

The CDF and D@ Collaborations have presented recent results of diboson production studies at the
Tevatron. Measured cross sections and TGCs are in agreement with the SM predictions. The CDF
experiment reports the first observation of the vector boson pair production in dijet final states. The
D@ experiment reports the first observation of Zy production in V VY final states, sets the world’s
tightest limits on the hXo, hAZrO and h%o TGCs, and tightest limits on charged couplings from the
combination of four analyses. The D@ experiment also presents the world’s best results on the W
boson magnetic dipole and electromagnetic quadrupole moments.
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