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Select 4 leptons (e or µ) 
pT(lepton)>15 GeV/c 
   (one > 25 GeV/c) 
10 candidates 
76<mll<106 GeV/c2;  8 remain 
All same‐flavour, opposite charge 

Expected background < 0.01 event 

σ(pp → ZZ) = (2.8        (stat) ± 0.3 (sys)) pb  +1.2 
– 0.9 

NLO predic?on (1.4± 0.1) pb  

Cross‐sec?on assuming standard model source: 

CDF other analysis cross‐sec, ZZ →4l + ZZ →llνν  
llνν dominates: σ(pp → ZZ) = (1.6±0.3(stat)        (sys)) pb  +0.3 

– 0.2 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Most kinema?c proper?es are as expected from SM predic?on 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For the high‐mass events pT(ZZ) is not like SM predic?on 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pT(ZZ)  

M(ZZ)   For mean expected events 
prob. to observe ≥4 events with MZZ>300GeV/c2 

where MZZ of at least 4 within any 20GeV/c2 window: 
      O(10–4)     (a range, depends Pythia/MC@NLO+Herwig) 

Addi?onally include pT(ZZ) in likelihood:  
      O(10–5) 

Prob. of likelihood of pT(ZZ) distribu?on alone 
being less than that of the data for high‐mass events: 
      O(10–4) 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Select Z→ee & Z→µµ as for llll channel 
Signal region defined as ET>100GeV 
Here normalising Z+jets using:  
  50<ET<100 GeV and |Δφmin|<0.5  

Here cross‐checking W+jets 
jet→lepton misiden?fica?on method 
using same‐charge events with 
50<ET<100 GeV  

angle between ET and 
closest jet (or lepton) 

same‐charge 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Mvis = | (E,p)lep 1 + (E,p)lep 2 + (|ET|,Ex,Ey,0) | 

                electron channel        muon channel 
standard model          13.6±1.8      12.4±1.8 
data                 18        9 
expected M(G*)=325GeV/c2, 1pb signal       17±1           18±1 

RS graviton, M(G*)=325 GeV/c2, recoiling 
against a parton with ET>100GeV 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Select Z→ee & Z→µµ as for llll channel 
Addi?onally, ≥2 jets ET>25GeV 
70<Mjj<110 accepted as a Z candidate 

electron channel  muon channel 

Here, M(lljj)<300GeV/c2 defines  
  control region for Alpgen Z+jets 
  normalisa?on 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electron channel        muon channel 
standard model          424±40      266±24 
data                   392          253 
expected M(G*)=325GeV/c2, 1pb signal   41±1         32±1 

ET(leading jet)>50GeV 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ET(leading jet)>50GeV 
and pT(ll) or pT (jj) > 40GeV/c 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(b)

lljj ll+ET 

M(G*)=325GeV/c2    expected   observed            expected   observed 
RS:           0.29 pb   0.25 pb          0.38 pb        0.23 pb 
Boosted RS:             0.30 pb    0.30 pb          0.27 pb      0.26 pb 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Searched for heavy resonances decaying to Z pairs"
  MZZ and pT(ZZ) distribu?ons in 4 lepton channel are 
   different from those expected from standard model 
 Four events have MZZ consistent with 327GeV/c2 

  ll+ET and lljj channels do not confirm a new resonance 
  limits set at level of 0.3pb in RS graviton models  

CDF
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RS1 graviton, k/MP=0.1 
M=600 GeV/c2, σ(pp→G→ZZ) ≈ 1pb 
M=700 GeV/c2, σ(pp→G→ZZ) ≈ 0.1pb 

Previous CDF limit 491 GeV/c2. 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6

TABLE I: Four-lepton candidate events.

leptons MZ1 , pT (Z1) MZ2 , pT (Z2) MZZ pT (ZZ) !ET Njets Jet ET

(GeV/c2), (GeV/c) (GeV/c2), (GeV/c) (GeV/c2) (GeV/c) (GeV) (GeV)
eeee 93.3, 18.2 92.9, 17.4 196.6 35 14 0
µµµµ 85.9, 101.9 92.1, 54.8 321.1 47.4 8.4 1 36.7
eeµµ 92.0, 156.0 89.9, 139.7 324.7 126.8 31 2 97.4, 40.0
eeee 101.3, 57.8 91.6, 13.2 334.4 44.7 9.9 1 22.7
eeµµ 87.9, 17.7 91.8, 29.8 191.8 31 10.5 0
µµµµ 95.9, 197.9 92.0, 87.2 329.0 110.9 23.3 2 97.2, 24.7
eeµµ 95.2, 36.7 89.7, 38.8 237.5 10.2 1.2 0
µµµµ 88.4, 51.0 89.8, 26.6 194.1 25.9 3.3 0

We validate the background model using events with a1

reconstructed Z boson and !ET < 100 GeV. Irreducible2

background contributions to a search for new physics in3

this channel come from standard model diboson produc-4

tion processes WW , WZ, and ZZ, as well as from top-5

quark production. Other non-negligible background con-6

tributions come from Z+jets events that have large !ET7

due to jet mismeasurement; from W+jets events where8

one of the jets is misreconstructed as a lepton and forms9

a Z boson candidate with the charged lepton from the10

decay of the W boson; and, in the ee+ !ET channel, from11

Wγ production with the photon misreconstructed as an12

electron.13

Irreducible backgrounds are estimated using the14

pythia generator and the full CDF detector simulation,15

normalized to NLO cross sections [23]. The Z+jets con-16

tribution is also estimated using pythia simulation and17

is normalised using a subset of the !ET < 100 GeV data.18

As Z+jets events have high !ET only through misrecon-19

struction, the normalisation is carried out on events hav-20

ing 50 < !ET < 100 GeV that also have a small angle21

∆φmin between the !ET and the closest jet, or lepton,22

reconstructed in the event: −0.5 < ∆φmin < 0.5. The23

distribution is shown in Fig. 7.a. It is verified that this24

procedure is not sensitive to the !ET range used.25
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FIG. 7: (a) ∆φmin as used for Z+jets normalization, and
(b) M!! for same-sign dielectron pairs with large !ET used to
validate the W+jets background estimation.

The background contribution from the W+jets process26

is estimated from a data sample where events contain an27

identified lepton and an additional jet. These events are28

weighted by jet-to-lepton misidentification rates as de-29

scribed in Section IV to estimate the total yield. Owing30

to differences in jet-to-lepton fake rates between electrons31

and muons, the W+jets contribution is found to be neg-32

ligible in the µµ + !ET channel, but non-negligible in the33

ee + !ET channel.34

Photon conversions are the major source of jets be-35

ing misidentified as electrons, and so W+jets events re-36

sult in approximately equal numbers of same-charged37

and oppositely-charged candidate events. The estimate38

is therefore validated against the sample of events that39

have two lepton candidates of the same charge and 50 <40

!ET < 100 GeV. Fig. 7.b shows that this selection is dom-41

inated by W+jets. The estimate is also cross-checked by42

applying the same misidentification rates to W± → e±ν43

simulation normalised to the NLO production cross sec-44

tion. This gives a consistent result within 10%.45

The overall modeling of the sample composition is46

demonstrated by the !ET spectrum shown in Fig. 8. The
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FIG. 8: !ET distribution for events with opposite sign lepton
pairs (ee + µµ). The contribution of Z+jets events is normal-
ized in the region 50GeV< !ET <100GeV using events with
low |∆φmin|.

.

47

largest uncertainty in this channel is owing to the Z+jets48
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