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DE> Diboson Physics at D@ SN

UNIVERSITY

Standard Model Diboson Predictions Ns=1.96 TeV)

#* Diboson processes have low
Cross sections

¢ Provide natural series of goals for
detector sensitivity

¢ Probe fundamental details of standard
model EW sector directly Ly

¢ Search at Tevatron explores higher I
energies than LEP and provides i
access to some channels (e.g., WZ)
not available there

¢ New physics would be reflected in increased cross sections
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#* Motivated by Higgs and SUSY searches

¢ Share same or similar final states
 Vital to understand diboson background

¢ Share similar analysis techniques that can be used at the LHC
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The D@ Detector S
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¢ electrons < 3.2
¢ muons<2.0
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#* Selected events from 1.7 fb! of Runlib data
¢ Four isolated leptons

4e channel: Four electrons with p; > 30, 25, 15, 15 GeV sorted by
number of electrons with |n| < 1.1

44 channel: Four muons with p; > 30, 25, 15, 15 GeV

2e2u channel: Two electrons and two muons with p; > 25, 15 GeV

sorted by number of electrons with |n| < 1.1
¢ That come from a pair of Z bosons
Dilepton mass M,, > 70, 50 GeV

(one combo of opposite-charge, like flavor lepton pairings) 5200_ DY, 1.7 fo™
% Clean Signature 2 | Y decam
¢ No SM background with 4 leptons = [ R el
¢ Small number of expected events means 1501 .. [Jbackground
understanding background is important BEESREE
¢ Small Z(y)+jets background I SRS S L
* Jets reconstructed as leptons 100 i ipegen it e
* Varies depending upon number of :35EEEEEEEE????@?E???““ETE”'EEZ'333
electrons in central calorimeter R N R R
A N
| sob i |
% Predicted background: 0.147553 : SEEEEEEE
* Predicted signal: 1.89 + 0.08 S A S R R

* Observe 3 candidate events M, (GeV)
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RuN 231347 Evt 25076242 Wed Mar 14 08:32:56 2007 Run 223735 Evi 14448774 Sun Jul 30 07-03.38 2006

Run 232216 Evt 15136574 Mon Apr 16 1201:04 2007

1 MET [_J=N

Run 232216 Evt 15136574 Mon Apr 1612:01:04 2007

ET scale: 3 GeV
ET scale: 98 Gev ET scale: 88 GeV e [T 7

Rumn 231347 Evt 25076242 Wed Mar 14 03:32:56 2007 Run 223736 Evt 14448774 Sun Jul 30 07:03:38 2006
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2 [ D@Runll, 1.7 fb' ® /4edata
#* Production results O2.5[- v 4y data
: v r [ ]signal
¢ Measured cross section: 2 I I background
1757 02! (stat.) 4 013 {(ayst.) pb :’j 2:_
¢ Expected significance of 3.7c N
¢ Observed significance of 5.3c 1'5:
1:— —o—0—V—
#* Combined with previous ZZ — lllI 0.5
analysis (1 fb-! Runlla) and -
ZZ — vy (2.7 fbd) S o
. 0 100 200 300 400 500
¢ Measured cross section: Four lepton invariant mass (GeV)
1.60+0.63 (stat.)T0'12 (syst.) pb
¢ Expected significance of 4.8c SMNLO: 6(ZZ) =14 +0.1 pb
¢ Observed significance of 5.7c
» First Tevatron Observation PRL 101, 171803 (2008)
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#* Selected events from 3.6 fb1 of Runll data
¢ Single high E; photon with p; > 90 GeV and |n| < 1.1

¢ Large missing transverse energy me; > 70 GeV
» Suppresses multijet background

* Reduce backgrounds oV
¢ Mis-measured mE; q .
* Reject events with jets with p; > 15 GeV e . el ~y
¢ W—lvand Z-ll
e Veto muons q

» |solated tracks
« Additional EM objects with p; > 15 GeV P ",
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#* Reduce backgrounds

¢ Non-collision background | S m—
(e.g., muon from halo or cosmics -'
- EM4 I i I
undergoing bremsstrahlung) s I
 Pointing algorithm ol / i
(assume EM shower initiated by photons) s i
—require |z, — Z] < 10 cm :
—require DCA <4 cm ' m:;a "z':u
E oFE 0.8
bl = D@, 1.05 fb' o7t | o
:2:' 20:? —*— data 05' mis nan-coIIision =y P lae #-
g 181 —ely 0.5, - misidentified jets Y i - EM
W 16 " 0.4¢ 2 -
= [:lnon-colllsmn 0.3f |-, _,/ /.a-f"—“"j;.! clusters
::_ [ misidentified jets ?’?—L [/ oes
10E- )10 15 36 || 40 :l |
3 DCA [cm] T z /]
8 \ Rpea /
6 PRL 101, 011601 (2008) X S P
4= ] 4
. R
[ 77 ] [N
% 2 4 6 8 10 12 14 16 18 20 22

DCA [cm]
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* Predicted background: 17.3 2.4

* Predicted Signal: 33.7 £+ 3.4
#¥* Observe 51 candidate events

#* Production results
¢ Measured cross section
o(Zy)BR(Z—wvv) = 32.9 £ 9(stattsyst) £ 2(lumi) fb
¢ Observed significance of 5.1c
* First Tevatron observation in this channel

Ly — vvy
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SM NLO: 6(Zy)-BR(Z—wv) =39 + 4 fb

PRL 102, 201802 (20009)
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DES WW — lvlv

#* Selected events from 1 fb! of Runll data

¢ Two isolated leptons from same vertex
* ee, eu or uu of opposite charge
— At least one electron in central calorimeter
e Leading lepton pT > 25 GeV
o Trailing lepton pT > 15 GeV

3 [(a) eeteutuu pg, 1 fi5' > [(b) ee‘+eu+uu D@, 1 ft'
o0 Oao0r Mt
o = WIZ+ify
220 2> Nwz,zz
c | Lol _
S T |Itt

: 10; *
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Leading Lepton P, (GeV) Trailing Lepton <8 (GeV)
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w WW = lviv AL

UNIVERSITY

#* Reduce backgrounds
¢ Zll

« Optimized mE; cuts for each channel
—mET > 45 (ee), 20 (en), 35 (uun) GeV
¢ ttand W+jets

* Require balanced event:
P71 + pyl2 + mEq| < 20 (ee), 25 (ep), 16 (uu) GeV

[(a) ee D@, 1 fb'
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B %] WW — Lyl

Process ee e Hu
Signal 1238 £0.62 44.43+0.86 7.89+0.35
Background 11.08 +1.80 2421+3.78 291+046

Total expected 2346 +1.90 68.64+3.88 10.79+0.58
Data 22 64 14

#* Production results

¢ Measured cross section
c(WW)=11.5 =+ 2.1(stat+syst) = 0.7(lum1) pb

SM NLO: c(WW)=12.0+0.7 pb

arXiv: 0904.0673
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DES WWIWZ — | vjj Qo
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#* Selected events from 1.1 fb1 of Runll data

¢ One isolated lepton with p; > 20 GeV and |n| < 1.1 (2.0) for electrons
(muons)

¢ mE; > 20 GeV
¢ Two jets with p; > 30, 20 GeV and |n| < 2.5

u-channel t-channel
q i 4 q W
q’ I W q’ I: Z

s-channel
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#* Reduce backgrounds

¢ Multijet backgrounds
* “Transverse” W mass > 35 GeV
¢ W+jets (Z+jets, top)
e “Random Forest” multivariate discriminant

WWIWZ — | vjj S

UNIVERSITY

% - DO, 1.1 b —+ Data % 4001 DO, 1.1 f5' —+- Data - Background
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DES WWIWZ — | vjj Qo
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#* Production results

: % 3000 D@, 1.1 fb' —+-Data
¢ Measured cross section o I Diboson Signal
: = Wet
o(WW+WZ) =20.2 £ 4 4(stat+syst) £ 1.2(lumi) pb g =i EZ +;E1:ss

r.::ﬁ} 2000 I Top

¢ Expected significance of 3.6c [JMultijet

¢ Observed significance of 4.4c
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%” Prob = 0.45

PRL 102, 161801 (20009)
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w Conclusions

#* So far, everything agrees with the standard model

D@ Run II Diboson Measurements fs=1.96 TeV)

= 5 ! : - i : -
E"' " —— _ : - SM I?redictil:;m
Evidence of \éig ; - DO T@fleasurément
WWIWZ —1lvijj & - 0O DOLimic | Measurement of

2 | S(WW
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First observation of L} | ~ First observation of
Zy—vvy 77
~

| | 1
W & Z W W

Process (Decay)

#* Now have over 6 fb-! of reconstructed data
¢ Much more diboson physics to come from D@
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PEJ Calculation of Significance i
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#* Performed using a semi-frequentist approach
¢ Assume data is drawn randomly from a Poisson parent distribution

* [nput is the information in channels (binned)
¢ s is expected signal, b is expected background, d is data

¢ Generate pseudo-experiments via random Poisson with mean value from
expected b and s+b
¢ Systematic uncertainties treated using a Bayesian model

* Treated as Gaussian-distributed, randomly sampled for each pseudo-
experiment

* Nominal background prediction varied according to smeared values of
systematics, changing the mean of the random Poisson with each pseudo-

experiment
#* Use a negative log-likelihood ratio (LLR) test statistic:
o |\Ibins
LLR(3,b,d)=Y 5 -d,In 2)
1=0 |
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