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Outline

Review and discuss ATLAS results on the search
for new particles in multi-lepton and diboson
(and similar) final states using 1~2 fb-' data

» Inclusive 3 or more leptons
» Heavy neutrino and right-handed W boson
» Leptoquark
» Diboson resonances
- LZ — 4-lepton, and 2-lepton + 2-jet
- WZ — 3-lepton + E7™iss
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Multi-lepton Searches

ATLAS-CONF-2011-158 (1.0 fb)

Inclusive search for new physics signature with >3 high pt leptons
Not necessarily involving Z’s, ET™s or jets in the final state
Veto events with OS SF lepton pair in Z mass window

Benchmark :

» Doubly charged Higgs
» Excited neutrinos

Also sensitive to
» SUSY multi-lepton
» Seesaw mechanism

» 4th gen. b’b’ = WitWt, ZbZb, etc.
» 4-tops from composite top

) ...
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-158/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-158/

Multi-lepton : Selection

Electron Muon
pr >20GeV  >20GeV
In| <247% <25

Isolation : pt&o¢0-2/pt < 0.1
* crack removed

Selection Cuts
» Single lepton triggers
» >3 good leptons

» No OS-SF pair lepton with
IMu—Mz|<10 GeV or My<20 GeV

=> Nominal signal region

» Additionally require pt’>30 GeV
-> Tight signal region

Background

Process Nominal Tight
Z+jets 79+32+24 1.0+ 1.5
tt + e-fake 39+£1.6+05 1.1 £0.5+£0.2
tt + P-fake 48 +06£0.2 0.9+0.1 £0.1
Double Fakes 5.1 & 1.1 4 02+02+0.0
Diboson 3.6t04 1.5 +0.2
Single Top 0.1 £0.1 0.0+£0.0
tt + W/Z 0.5+0.0 0.3+0.0
Total BG [(25.9+3.814.3|149%1.6*0.9
Signal
(MH++=3200 Gev)| 45102 4202
Data 31 6

Jet-faking lepton background dominant outside the Z mass region

» (off-shell) Z + jets
p tt
» Double fakes (e.g, VWW+bb)
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Use data-driven estimation

(see backup for more details)
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Multl-lepton Data
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-> No significant excess found at high lepton pt or Ey™ss
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Multi-lepton : Limits

Set 95% CL limits on fiducial cross section T.ght s.gnal region
. — 4 ' o '

- USlng MCLIMIT PaCkage ’%10 ? i) S|gnatur|e (I=e, M)fL 102 fb' (s=7 TeV Et
FidUCiaI Region II | =—e— Expected limit at 95% CL —e— Observed limit |
I

} PT>20(Or 30) Ge\/’ |n|<25 ;I\l_losz_ Expected limit + 1o Expected limit + 2 o 5

) >3 IePtOnS (e, u) % E ------ Right-Handed Theory =~ ------ Left-Hanfjecf Theory E

» No OS SF pair lepton with ! ATLAS preliminary  _

8l <My <10l GeV E

Observed (expected) limits : ! N
o™i < 38 (28) fb for pr>20 GeV I |

< 14 (1) fb for pr>30 GeV M, [GeV]

Outside fiducial region Inside fiducial region
Fraction Sel. Efficiency Fraction Sel. Efficiency
o < 41 (34) pb H:: (100GeV) 0.68 0.02 0.32 0.57
for 200 (300) H - (150GeV) 0.53 0.02 0.47 0.6l
GeV excited Ve H**'~~ (200GeV) 0.44 0.03 0.56 0.63
H**'~~ (300GeV) 0.36 0.03 0.64 0.66
Excited Ve (200GeV) 0.6l 0.02 0.39 0.49
Excited V. (300GeV) 0.55 0.02 0.45 0.52 .




Heavy Neutrino / Wr

Non-zero masses for SM neutrinos
> Evidence for new physics

Possible explanation : Seesaw mechanism
» light neutrino mass my = mp%/mn given by heavy neutrino N via mp
» Majorana nature for light and heavy neutrino — same-sign leptons

ATLAS Preliminary (2.1 fb’!)

-

.

Lagrangian of Effective Operator (HNEO)

» Based on effective operators
Vector (V), Scalar (51,52 and S3)

» Sensitivity varies with a?4 vs N mass
- a = heavy N - lepton coupling

- A = new physics scale )

-

\_

e, L

q

Q
Left-Right Symmetric Model (LRSM)
» Extend SM EW gauge group

- new force carriers : Wr, Z’
» Heavy N produced in decay of Wk

» mixing and no-mixing scenarios
- only electron and muon considered

J

=> Signature : SS (Majorana) or OS (Majorana, Dirac) lepton pair with > 1 jet
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Nu / Wr : Selection

Selection Cuts

» 2 leptons and =1 jets
»Mu> 110 GeV

pT
In|

Electron Muon Jet
>25GeV  >25GeV >20 GeV
< 2.47% <24 <28

Isolation required for both e and |
* crack removed

» Scaler pt sum of leptons and up to 2 jets : St > 400 GeV (OS only)

» LRSM search : My;5 > 400 GeV

.E 240 :_' r—T7r 77T T T '_:
S .0 [ ATLAS Preliminary ~ [Lat=211 0S -
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= 15[ ' ' ' ' =
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Nu / Wr : Background and Systematics

Reconstructed WRr mass (OS)

Reconstructed WRr mass (SS)

> 500 T T T — T T ] > F T T T I 3
o L . - _ o ) —
= . ATLAS Preliminary fL dt=2.11fo" 0OS | = N ATLAS Preliminary fL dt=2.11fo" SS -
: B _ -o-Data (731 entries) ] : 80 _ -o-Data (106 entries) 3
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o =+ Diboson . o = Diboson E
o 300 [ M Top 1 a8 *E1 M Top ;
- [Z1Background uncertainty 1 50 [Z1Background uncertainty A
N — LRSM i — LRSM .
000 b + my, =1.2 TeV,m,=0.1 TeV - 40 my, =1.5 TeV,m\=0.8 TeV 3
| .
100 . 20 BN | E
i 10 Dy — -
0 ] 0 i . coee RN | E
0.4 0.6 0.8 1 1.2 2 0.4 4 1.6 1.8 2
= ' ' ' ' = o Y, ' ]
(Q 1.5 — V2o oN ] (L) 4 - :2????/???5' -
L e il “ s R B 4 v B
S kkkt kbl i ) P e i/ I
0.5 — +— 1 m’/kz’&%yxx&x&&%ﬁ%%%ﬂ/ 7 77 o
0 . . . . . . . 0L N s Ll T A A A e s PP PP
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
my, [TeV] my, [TeV]
Background Systematics
» SS final states » Misidentified leptons
- Misidentified leptons (W+jets, tt, QCD) » Electron charge mislD
- Electron charge misID due to hard brem » For both signal and background:
- Diboson from MC - Lepton efficiency, energy scale
» OS final states & resolution

- Z/y*+jets (MC scaled to data) - JES’JER.
- tt, single-top, diboson from MC - PDF (signal)
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Nu / Wr : Limits

HNEO model L RSM model
I 4 | | | | | | | | | | | | r 1 | | | | | | | | | | | | | | | I/,’I |
% - ATLAS Prelirrllinary OJ , Expected ] % Witfll mixing, ee+|uu+eu, Expelcted ’ ]
=, - 0. Observed ] =, - === With mixing, ee+uu+eu, Observed 7
q i SS+0S v’ i S No mixing, ee+uu, Expected , .
: O, s, » Expected & o
3 3= — >l — No mixing, ee+uu, Observed .- _ 1
< - —0 , Observed det =2.1fb
i SS _ - ATLAS Preliminary . -
TN\ e OS3 , Expected ] i \E =7 TeV |
I —— O, , Observed - . SS+0S ----- i
i ,,,,, \ — -1 7 B . 60/,/’// —
- S f Ldt=2.1fb" ] [ . ’
B 7 e .
- \ i o N y
1_— ee+uu+eu TN >~ __ -’ : .
! s=7TeV NMajorana """"""" ] Majorana :
| | | | | | | | | | | | | | | | | =|. | | | | | | | | T | | | | | | | |
% 1 2 3 0 1 15 2 2.5
m,, [TeV] my, [TeV]
Set 95% CL limits on a4 vs MN for HNEO and excluded mass
region in (Mwr, MN) for LRSM
- Bayesian approach with nuisance parameters for systematics
-> M < 1.8(2.3) TeV excluded for Wr with AM(WR, N) > 0.3(0.9) TeV
Similar limits for Dirac neutrino (in backup)
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Leptoquarks

Quarks and leptons look similar = New symmetry at high energy scale?

Could be mediated by new gauge boson :“Leptoquark”
» Baryon and lepton quantum numbers, colored and fractional electric charge

» Predominantly produced in pairs via gg or qq
» Usually assumed to couple within generations (FCNC)

2 leptons (Iv, ll) + 2 jets in the final state

» |st generation : eeqq, evqq
Phys. Lett. B 709, 158 (2012) (| fb)

/ e_
\ u
e’ Ve
. / » 2nd generation : YHqq, MVqq
b Submitted to EPJC (I fb'!)
\ ud

LQ
/
L
/
/
/
\
\
S
w

LQ
arXiv:1203.3172

Analysis strategy

» Data-driven estimation for major backgrounds (W/Z+jets, tt, QCD)
» Form log-likelihood ratio from signal-sensitive variables to look for data excess

» Results combined to set limits on Mig vs B (= Br(LQ—I%q))
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http://dx.doi.org/10.1016/j.physletb.2012.02.004
http://dx.doi.org/10.1016/j.physletb.2012.02.004
http://arxiv.org/abs/1203.3172
http://arxiv.org/abs/1203.3172

Leptoquarks : Analysis

Electron Muon Jet
pr > 30 GeV > 30 GeV > 30 GeV
In| <247* <24 <28
Isolation  Er<one02/Er < 0.1 pt<oned2/pt < 0.2

Selection Cuts
» Exactly | or 2 charged leptons
» At least 2 jets

» Er™iss > 30 GeV (lvqq)
» M1(LET™ss) > 40 GeV (lvqq)

» M > 40 GeV (liqq)

LLR >0

* crack removed

Construct likelihood for signal and background

hypotheses :

Lg = nbi(Xij) and Ls = nSi(Xij) with

- My, St, Mg for lljj channel
- M1(LMET), S1, MT9(jet,MET), Mo for IVjj channel

as input variables
No cut on LLR

Process eejj eVvijj M Ujj HVjj
V+ijets 26 + 14 | 688 +210 | 8500+3400 | 74000+17000
Top 53+22 | 173 + 38 590 + 240 | 1600+1900
Diboson 0.7 £0.3 Il +2 120 + 30 1020 + 180
Multijet 23x15] 75+ 15 130 + 120 9690 + 230
Total BG (34 £ 14 (950 £ 220 9300+3400 (9600017000
LQ (600GeV)| 7505 45+0.2 8.2 + 0.4 3.9+0.2
Data 22 900 9254 97113
SEARCH2012 12
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Use LLR = log(Ls/Lg)
as a final variable
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Leptoquarks Data
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Leptoquarks Limits
? T E g T T 1 I.:. T, T T T T1 T T T T1 | T T 171 | IIIIIIII E
0 ATLAS - 1 0.9 ATLAS -
S - g o8 E
o LQLQ - eejirevii | E 0.7 LQLQ — uwjj+uvij =
- 4 3 06 p =
det=1.03fb 1 a4 O det=1.03fb E
= 0.5 E
\s=7 TeV ] \s=7TeV s
= 0.4 =
B eejsevii (Exp) 0.3 B il (Bxp) =
— ecjj+evij (Obs) 3 0.9 — ppjjtuvjj (Obs) 3
Do (5.4 b ] ' 0 DO (1.0 fo ]
----- CMS (36 pb™ 0.1% sasans CMS (34 pb) =
ool b b b b b L 39 oAbl b b b b Lo b by -
00 300 400 500 600 700 800 900 10‘ 00 300 400 500 600 700 800 900 1000 1100
m 4 [GeV] m 4 [GeV]

Set 95% CL limits on LQ pair production cross section and
exclusion regions in (ML, B) plane

- Modified frequentist approach with LLR test statistic

Observed (expected) limits on LQ mass

st Gen. LQ 2nd Gen. LQ

B=0.5 B=10 B=0.5 B=10
607 (587) | 660 (650) | 594 (605) | 685 (671)
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Diboson Searches

Look for “narrow’ resonances decaying to WW/WZ/ZZ and Wy/Zy
Two benchmark models in Pythia as a baseline

e N p
w/z W
G” W’
W/Z 7
Spin-2 RS1 Graviton = WW/ZZ Spin-1 SSMW’-boson = WZ
\ J o\ J

Other interesting models that predict diboson final states

» RS with “SM fields in the bulk” : G* = WW, ZZ, KK Z' = WW
» Low-scale technicolor : pt/at = WL, WW, Wy/Zy
» Minimum walking technicolor: R = WZ, Wh, Zh

For a longer term :
» VV resonances in Vector Boson Scattering : e.g, qq — qqWW

SEARCH2012 |5 K.Terashi (U. of Tokyo)



77 (— 11+11/11+ qq) Resonance

=

N
N

Events / 5 GeV/c?

Sensitive to high-mass ZZ resonances over wide mass range
Motivated by CDF 4l events at ~325 GeV (not confirmed by other channels)

41" CDF, =615 . R
cat CDF 6 fb-' : PRD 85, 012008 (2012)
I I PYTHIA zZ - 4L
= | T T | T T T | T T T I T T T ] = T | T I T T T [ T T T
3 g 2 -E_ CDFLGfb1 """" 4| eXpeCted g _CDFL6fb1 -------- 41 + lljj + llvv expected :
— ? ] | :
o | Hio o
&\315;—_ ...................... ........................... \:| 2 o &\0) ;
2 ° . S —4lobserved I 2
o) H : : : E o]
2 o . T T —— | £ ,
N / 5 T N,
N E s N 10'1§
Tt 7 Exp oo L BemeammmmmE X E
u; §§§4§§ kmxw\w i P DRI R o @)

fo0 150 200 250 300 350 400 450 500 800 400 600 800 1000 9200 400 600 800 1000
M,, (GeV/c?) M. (GeV/c?) M. (GeV/c?)

ZZ = lI+ll => Clean signal; very small background; sensitive at low mass
ZZ — ll+qq => Larger branching fraction; sensitive at high mass

RS| Graviton = ZZ as a benchmark Submitted to PLB (| fb')
Fiducial cross section limits for ZZ — I+l arXiv: 1203.0718
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http://prd.aps.org/abstract/PRD/v85/i1/e012008
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http://arxiv.org/abs/1203.0718

11 +11: Selection

Selection Cuts Electron Muon
» 2 OS SF pairs (eeee, eepp, ppee, HUUH) ptr > 15GeV > 15GeV
» [Mu - Mz| <25 GeV In| < 247% <25
» Mzz > 300 GeV Isolation : pt<°"e9-2/pT < 0.15
* crack removed

> I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
77 1.9 £0.1 £0.1 S oL ) 77 5
Fake Leptons | 0.02 *!'%00; **8002 | 3 e - VST 71ev f Ldt=1.02f0" G7(325) B
Total BG 1.9 +1.0_ 4, 08 4, E S G*(500) =
10° - G*(750) =
Signal = --.G*1000) -
Me+ = 325 Gev | 590 + 40 + 30 105 t4 1000 E
500 GeV 71 +3+4 e I e k/M,=0.1 ~
750 GeV | 12+£0.5+0.6 oE Al E
1000 GeV| | 5+0.1 +0.1 T
10% — =
Data 3 S 5
- | EE S \ N E
BOUCIIN [ [ R [ SRR

0 2000 400 600 800 -10(50 1200 1400 1600
m,, [GeV]
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11 +11 : Background and Systematics

Background

» SM ZZ from MC

» Misidentified leptons from data

- W.i+jets

- Z+X (jets or photons)
- tt = bb+lvilv

Systematics

» Luminosity

» Misidentified leptons

- Limited WZ(— 3l)+jets sample

- heavy vs light flavor jets

» Lepton efficiency : 3-6% for e, |-2% for Y

Misidentified lepton background estimated by
» selecting events with 3 real leptons + “lepton-like” jet

» applying fake factor = Prob(jet — lepton cut) / Prob.(jet — “lepton-like” jet cut) obtained
from jet-dominant control sample

» correcting for real lepton contamination and double counting

ZZ background modeling checked at Mzz < 300 GeV

Process eeee MUUU eel
ZZ .3 +£0.1 £0.1 25+£0.1 £0.1 3.6 £ 0.1 £0.1
Fake Leptons |0.01 09244, *002454,[ 0.3 *0943 £ 0.2 0.0 *19,40 *084
Total BG 1.310.1 0.1 | 2.7 19943 £ 0.3 | 3.6 *1:0o, *0-8 4
Data 2 6 l
SEARCH2012 18

K.Terashi (U. of Tokyo)



1+ jj : Selection

Selection CUFS Electron Muon Jet
» 2 SF leptons with |My - Mz| < 25 GeV pr >20GeV >20GeV > 25 GeV

»p 65 <M; < 115 GeV In| < 2.47* <24 <28

) Lowl;mass selection = Isolation : pt<°ne92/pT < 0.1
pr*>50 GeV + p1i>50 GeV * crack removed

» High-mass selection =

pr/>200 GeV + p71i>200 GeV -> Also sensitive to WZ—jjli

% EI ! ! | ! ! ! | ! ! ! ! ! ! ! ! ! | ! ! ! | ! ! ! | ! ! IE % 104’__I ! ! | ! ! ! | ! ! ! ! ! ! ! ! ! | ! ! ! | ! ! ! | ! ! I__
:? Lzhvigets =3 P Ziy*Hets
2 10E\s=7Tev f Ldt=1.021fb" gif(‘g;g)kg T g ENs=7Tev f Ldt=1.021fb" Other Bkg 3
Z 10 G*(500) - £ oL G*(500)
weoE . - Y E .- G*(750) =
oL -+ G*(750) 1 - o .
10°¢ ---G*(1000) = 10 s ---G*(1000)
10 k/ffi,=0.1 = - \ /i, =0.1 -
: i - e | =
1= bug . = | . e =
E 1. !. . .| : \\\\\\\\ * \\\\\\\: 101 ;_ : L : g\ i\\\\ \\\\\\\\\*\\\\\\\ N
107 5 EERE I I - i [ L= NS
02 Low-mass @ viedd 4 10" High-mass . IR E
:_L_l LEJEI i J_'_l'ﬂ_lrli.tl_l : | | 11 1 |E'I"; I B I — ]_J. 1 l: :J._I LJ | — J__l ] :J_ | I__I | | 11 1 |;'T"; | i-l-l--L-l-l--l-l-:

0 200 400 600 800 1000 1200 1400 160( 0 200 400 600 800 1000 1200 1400 1600
m,; [GeV] m,; [GeV]
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1 +jj : Background and Systematics

Background
S Process Low-mass High-mass
p Z+jets from data-driven method Z-+jets 3530 + 190 60 + 27
- Define control regions : Top 8| + 75 04 + 0.3
M;j<65 GeV or M>115 GeV Diboson | 92 + 14 4+ |
- Use M;j sidebands to determine MC W + jets 9+5 | + |
(ALPGEN) normalization Multijet 14 + |4 02 + 0.2
- Systematic uncertainty estimated from Total BG| 3720 + 200 66 + 27
normalization difference between M;jj — —
680 + 120 21 £ 4

sidebands Signal

- Cross check with SHERPA and MCFM Mo = 259 LeV) [ (e = 750 GeV)
Data 3515 85
» Top, Diboson,W+jets from MC
Systematics
» Z+jets background modeling (~40%)
» Top (~25%), Diboson (7%),W+jets (40%)
> JES (~13%) E) Statistical analysis details
» Lepton efficiency, scale & resolution (1-2%) for I+l and llI+jj in backup

» PDF, ISR/FSR (signal)
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11 + 11 : Fiducial Limits

Signal acceptance and selection efficiency to get limits on new theory

Fiducial Region Cross section limits within fiducial region
» pr>15 GeV, |N|<2.5 Ny
» 2 OS SF pairs leptons (e, H)| Ozzfd <
» 66 <My < 116 GeV €2z X Br(ZZ—1lll) x L
) MZZ > 300 GeV — 57 — 092 Pb

0.61 x0.01 x 1.02

Reco & ID efficiency

» Largely process independent

Gﬁ:‘::“ Theory  Fid. Sel.  Exp.Limit Obs. Limit

[GeV] [pb] Acceptance Efficiency [pb] [pb]

325 950 23% 61% 4.0 4.0 Need parton-level
350 4 27% 61% 3.3 3.3 fiducial acceptance
500 6.5 28% 63% 32 3.2

750 | 0.69 31% 66% 2.9 29 | for new theory
1000 | 0.13 32% 66% 2.8 2.8

1250 | 0.03 33% 67% 2.7 2.7

1500 | 0.0l 35% 66% 2.6 2.6
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77 — 11 +11/1+jj : Limits

95% CL observed limits on O:Br

Graviton
Mass

325
350
500
750
1000
1250
1500

MHj

[pb]

1.6
|.8
0.5
0.7
0.6
0.9

lj
[pb]

10.9
2.1
0.5
0.5
0.4
0.4

[pb]

4.0
3.3
3.3
2.9
2.8
2.8
2.6

11+ 1Ij
[pb]

4.0
3.0
|.3
0.5
0.4
0.4
0.4

c(pp —» G*) x BR(G* — Z2) [pb]

10

101——

eejj+Hupjj+4l
ATLAS

_[ Ldt=1.02fb" \Vs=7TeV

—@— Expected limit at 95% CL

—@— Observed limit at 95% CL

" Expected limit£ 16
Expected limit+ 2c

RS1 Graviton (k/m,=0.1)

-
| | |

| | | |
400

| | | | | |
600 800 10

|~ LS | 1 1 1 | 1 1 1
00 1200 1400 1600
M. [GeV]

Set 95% CL limits on 0 Br for the RSI G™ signal (k/mp = 0.1)
- Modified frequentist approach with LLR test statistic

RS| Graviton (k/mp = 0.1) excluded within 325-845 GeV at 95% CL

SEARCH2012
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WZ (— lv + 1l) Resonance

ATLAS Preliminary (1.0 fb')

Resonance search inWZ — 3 lepton final state

-

Small branching fraction but also small background (dominated by SM WZ)

W N W N
W’ W= pr
Z Z
G.Altarelli et al., Z. Phys. C 45, 109 (1989)
EGM W —=» W/Z LSTC pt/at > WL
- Predominantly longitudinal W/Z WI/Z polarization not accounted
- W —-=WZ coupling w.r.t SMW-WZ for in pt decay in PYTHIA
coupling given by Mw-Mz/ Mw~ -> slightly lower Axg than W’
- / - J
Analysis strategy
» Select events with 3 leptons and Et™'ss
» Background modeling checked in control region data
» Look for excess events in MTYV4
SEARCH2012 23
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WZ — Iv + 11 ;: Selection

Selection Cuts

Electron Muon
or > 25 GeV > 95 GeV » Exactly 3 leptons (veto 4th one)
| <247* <94 » At least one pair of |My - Mz| <20 GeV
. . i
Isolation Et7<oned3 < 4GeV preoned?/pr < 0.1 ¢ E]T VI\S/S g |2 55§e\>/
P M" > e
* crack removed
Background modeling checked in control regions
> R T LN L T T T T T T T
16— . — o 16 o data2011
§ 14: s=7TeV 3\7;&20“ . ((3 14:_ s=7TeV V\jlza E
é o f Ldt=1.0210" | = 1 ¢ o f Ldt=1.02f6" [ %i E
& - P+dets 1 2 " ATLAS Preliminary [, Peets 7
M 10f 1 Y 1ok E
8- = 8 " -
6F ATLAS Preliminary_: 6 | =
4 ~ - 4= J -
oF —— - 2 ‘ ‘ ‘,= Elﬁ \ =
O: |!||||||||||||||||_|_|||I|||I|: %:....l_r...|....|....0|0.-L—.+¢....:
0 20 40 60 80 100 120 140 0 70 80 90 100 110 120
m¥ [GeV] m; [GeV]
WZ background (MC@NLO) I’+jets background (data-driven)
control region = Mt"WW% < 300 GeV control region = Et™iss < 25 GeV
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WZ — Iv+ 11 : Data

> 102_ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.I(IjIIIZI61I1III =
S CATLAS Preliminary (s - 7 Tev v .
8 - -gz i
. . . . -1

Statistical significance of data 3 . | f Ldt=1.02f" i |
assessed using Iog-l\ibzelihood S - Siao0 GV
I I — W’(750 GeV) -
ratio built from M1"¥4 and i . %lpT(goo S
pseudo-experiments b e | 1 Dstat@syst  _
Lowest p-value (= | — CLy) - iy -H_‘ I -
= 0.19 at Mt"W4 = 550 GeV o1k | )
. - -
-> No significant excess = - -
M B % I I | | L 11181 | I I |§j | ]

found in data 07100 200 300 400 500 600 700 800 900 1000
m¥Z [GeV]

Process evee LUVvee evVUH MUVUH Combined
WZ 62+02+05 | 76+02+05 | 92+02+05 | 11.6+02+0.6 | 346+04+ 1.9
ZZ  |0.25%0.06%0%4 09 | 0.48+0.09*0 11 409 [ 0.3740.07+013 909 [ 0.63£0.10*013 904 | 1.7 + 0.2 044,
Zy 1.3+06+04 - 1.0+ 04 +08 - 2.3+ 0.7 g
I’ +jets 1.1 £04+£0.7 | 1.32£05%0605 | 30£0.7 6,9 [ 1.0£04%050¢ | 6.4 £ 1.0*3249
Total BG| 8.9+0.8+1.0 | 9.3+0.5+%8,, | 13.610.8*20.,, | 13.240.5%°%_, ¢ | 45.0%1.3*424;
Data 9 7 16 16 48
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WZ — lv + 11 : Limits

PT(AXE) as implemented in PYTHIA

Mat = .1 MpT
Mot = Mzt + Mw
E‘Q_ _’),‘/‘/; T T | I T T T | T T T | T T T | T 11 | T 11 | T 1T 1 | T 1T 1 i g i T T T T | T T T T | T T T T | T T T T | T T T T | T T T T ]
= - 7, ATLAS Preliminary Shopp =W —=W2) - = 2 ATLAS Preliminar 555 0(pp = p,, &, = WZ)
5 %, CE %%y y
| & . .. ,f‘. . .
” x/‘/yy& W’ — WZ Expected Limit % 10 = //y/& pT /aT — WZ Expected Limit _
o 10k ‘/0/,,’ Expected = 10 | © - <3 Expected = 10 ]
— _ - e ]
: ,«/0/,& Expected + 20 E - /f‘/);.& Expected + 20 _
A | % h
B /y"&‘/y - QObserved limit i /’/7/& — Observed limit
. B _
_ o, 7 TeV _ - 7 TeV .
- %, s=7Te 7 s=7Te
///‘//
— ’/ —
1 — ,//"/‘/,/,/ . 1— ]
B //,‘/ _ B 7,/0/’( -
i _ B “ —_— i
i Ldt=1.02 b % = : Ldt=1.02 b 5, — -
L y/’////‘/ — | /%/‘/,//., —
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | ./I’/,:r//‘ | | | | | | | | | | | | | | | | | | | | | ,//?‘/0/ | | | | | | |
200 300 400 500 600 700 800 900 10 200 300 400 500 600 700 800
my, [GeV] m, [GeV]

Set 95% CL limits on 0+Br for the W’ and pr signal using

- Finely binned signal templates
- Modified frequentist approach with LLR test statistic

0-Br < 0.5 pb for Mw=800 GeV, < 0.6 pb for Mpt =700 GeV
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WZ — Iv + 11 : Limits on (MpT, MTCT)

; 500 T T T T T [ 7 T ;l 500 T .
[ i ATLAS Prellmlnary : i ) i ATLAS Prellmlnary ,-' |
O, i P 1 S i : 1
3 i Ldt = 1.02 fb” e | E B Ldt=1.02 fo" ]
= 4oo—f dt=1.021b | J 1 & 400 | Ldt=1.021b | L .
- m, =1.1 M i [ M >>m, ]
300 = oo~ A =
200__ Observed Limit with p_ Acceptance ] 200__ Observed Limit with p_Acceptance ]
- 7 sesssssss Expected Limit with P, Acceptance = 7% iisssssss Expected Limit with P, Acceptance
_ Observed Limit with W’ Acceptance | B Observed Limit with W’ Acceptance _|
100 = ssseeess Expected Limit with W’ Acceptance 100— e Expected Limit with W’ Acceptance
B m, =m, -m, m B m, =m, -m, m
_ 1 1 | 1 1 1 1 T 1 T 1 1 1 1 1 1 1 C 1 1 1 1 | 1 1 1 1 T 1 ;I' 1 1 1 1 1 1

200 300 400 500 200 300 400 500

m, [GeV] m, [GeV]

95% CL excluded mass regions in (MpT, Ma1) plane assuming acceptance
for W’ and pt as implemented in PYTHIA

- with 2 mass assumptions for ar and pr

Mot = Mzt + Mw

Acceptance X Efficiency from
EGMW 483 (553) 469 (507)
LSTC pT (PYTHIA) 467 (506) 456 (482)
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Summary

Reviewed ATLAS results on the search for new particles in multi-
lepton and diboson final states with 1-~2 fb"! data

Haven’t seen hints for new physics yet ...

Inclusive 3 or more leptons
= Preliminary limits on O(fiducial) for =3 non-Z leptons, and G for H** and v

Heavy neutrino and WWRr
= Preliminary limits on effective Lagrangian and (Mwg, Mn) for LRSM

Leptoquark

= |imits on O(LQ-pair) for Ist generation LQ and mass
= | imits on O(LQ-pair) for 2nd generation LQ and mass

ZZ resonance — 4-lepton,and 2-lepton + 2-jet
= |imits on O(RS| G —=ZZ) and G* mass

WZ resonance — 3-lepton + Er'iss
= Preliminary limits on (W’ —=W2Z), o(pr/lar—=WZ) and (Mp1, Ma1) for LSTC
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ts Background

Multi-lepton : Z+je

30

25

20

Entries / 20 GeV

15

10

» loosing isolation (0.5) to enhance Z+jets fakes

OO

—o— Data
i
W Wz

W wz

fL=1.02fb'1 \Ns=7TeV

£ Syst. Error
Il single Top
- Double fakes

W 77

- Z+Jets Fake

ATLAS preliminary

¢

50

100

150

200

Electron E; [GeV]
Estimated from fakes inside Z mass window by

» anti-ET™ss cut (<50 GeV) to reject WZ
» Subtracting non-Z background with MC
» Scaling to outside Z window

SR
N /. Est.

RyET

lel

SEARCH2012

Riso - RMET - Rijy - (

SR
NZ,MC

SRMET
NZ,MC

SR
NZ,MC

S R,my;
NZ,MC

CR-Z
Obs.,Data

CR-Z
BG,MC

30

)

Entries / 20 Ge

60

50

40

30

20

10

OO

50

fL=1.02fb'1 \Ns=7TeV

—e— Data 22 Syst. Error
o i Il single Top
W Wz B Double fakes
W wz W 7z

- Z+Jets Fake

ATLAS preliminary

| N

wwwwwwwwwwww

............... -
200
Muon P, [GeV]

Nominal signal region

Z + e-fake Z + J-fake

Nzmc>R 5.8 |.9
Npg McCR~Z 27.7 32.2
NData R4 43 59
Nz mcR-MET 5.8 1.9
Nz mc>RM 8.4 5.5
Riso 0.53 0.24
NzesSR [ 5.6 3.1 | 2.3 £ 0.8
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Multi-lepton : tt Background

Estimated from e + U + 3rd lepton failing isolation cut
Increase top purity with Et™ss > 20 GeV

Fake e and M contributions estimated separately

> 50—“"|""|""|""|""|""|""|""|~~— > 3071 T LA L B B B B L BB
S . L=1.02f6" Vs=7 TeV ’ S - L=1.02f6" Vs=7 TeV -
o) B -e- Data & Syst. Error 7] o B —o- Data & Syst. Error .
- 40‘_ i Il Single Top | ~ 25 Bt Il Single Top .
2] - B i.w/;z M Double Fakes - 7 - BN i.\w/z M Double Fakes ]
qc) B Bl Diboson Ml Zuu + Jets i T = B Diboson M Zuu + Jets .
Lﬁ B ’ M Z+x + Jets i < 20—~ M Zx + Jets ]
30_— ] Ll - _
- . 151 ! -
20— - - .
- j 100 =
101 ATLAS Preliminary — ' ATLAS Preliminary -
i_L o T g 9 . SRR AN l L: O — ) T g PO ot adan 4
qO 20 30 40 50 60 70 80 90 100 0O 20 40 60 80 100 120 140 160 180 200
Muon P, [GeV] Missing ET [GeV]
Nominal signal region Tight signal region
Electron Muon Electron Muon
N>R MC 2.3 +0.3 3.8+0.3 0.7 +£0.1 0.7 £ 0.1
N R MC 40+ 0.5 548 + 3.2 40+ 0.5 548 + 3.2
NCR Data 8 76 8 76
NacR MC 1.2 £ 0.3 74 + 1.3 1.2 £ 0.3 74+ 1.3
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Multi-lepton : Data

Background composition after all cuts applied

> C T T T T T T | T T T | T T T | T T T | T T T | T T T | T T T | T T T ]
& 16 L=1.02f" Vs=7 TeV -]
o - -o- Data 8% Syst. Error _
— 14 W i Fakes Ml Single Top -
B B M it+w/z I Double Fakes 7]
c 12— Bl Diboson [l Z+Jets Fakes —]
G>3 - B Z<o + Jets .
w10 ATLAS Preliminary —
8t =
6 =
4 =
21— .

%O 100 120 140' 160 180. 200
Leading Lepton pT or E; [GeV]
> : T T T T T T | T T T | T T T | T T T | T T T | T T T :
o 40 L=1.02fb" Vs=7 TeV E
o - -e- Data & Syst. Error .
Z 35 B tf Fakes M Single Top N
n - B it+w/z M Double Fakes -
c 30 - Ml Diboson Ml Z+Jets Fakes =
q>> m Bl Zv + Jets =
4 25 E
20| 3
10 ATLAS Preliminary -
5 :
ll. PTI TETE IR RN AR

% 100 120 140 160 180 200
Sub Sub Leading Lepton pT or E; [GeV]

SEARCH2012

32

Events / 10 GeV

Events / 10 GeV

25

20

15

O _ L ‘A“A PPNPAPN

—

X
¥
10 &k

L=1.02fb

-o- Data

B it Fakes
M T+ W/Z

Vs=7 TeV
8% Syst. Error
Il Single Top
I Double Fakes

80 300 120140 160 180 200

B Diboson [ Z+Jets Fakes
B Z+t + Jets

|IIII|IIII|IIII|IIIIT

ATLAS Preliminary

J'll‘ ll JI|ILL|ILl

Sub-Leading Lepton pT or E; [GeV]

0

L=1.021"

-o- Data

B tt Fakes
M tt+W/zZ
I Diboson
B Ztt + Jets

Vs=7 TeV
8% Syst. Error
Il Single Top
I Double Fakes
I Z+Jets Fakes

ATLAS Preliminary

20 40 60 80

100 120

140 160 180 200
Missing ET [GeV]
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Nu / Wr : Limits

HNEO model | RSM model
_ 4 I I I I | I I I I | I I I I r 1 I I I | I I I I | I I I I | I I I I I/,’I I
% - ATLAS Preliminary O, , Expected 7 % With mixing, ee+uu+eu, Expected e B
=, - 0., , Observed ] =, - === With mixing, ee+uu+eu, Observed 7
g i OS v i < - No mixing, ee+uu, Expected -
. O.. .., Expected S iy
S 3 S1/82 - ol — No mixing, ee+uu, Observed .- 1
< - — 031,32, Observed - ATLAS Prelimi det =2.11b
= - B reliminar 7
BN U Ogy . Expected 7 ! y Ns=7TeV
2__ | —— O, , Observed 7 0S |
T det =21f" | i
1 ~ ee+uuten PR | |
- B=7TeV  Np.. T - 3 ]
| | | | | | | | | | | | | | 1 1 | =|. 1 | | | [ | | | | T | | | | | | | |
O0 1 2 3 0 1 1.5 2 2.5
m, [TeV] my, [TeV]

95% CL limits on a4 vs MN for HNEO and excluded mass region
in (Mwg, MN) for LRSM with Dirac-type neutrinos

=> Similar to those with Majorana-type neutrino
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11+ 11/11+ jj : Statistical Analysis

Perform counting experiments inside mass windows (Mzz>300 GeV for lI+ll)
Mass windows optimized using signal predictions
|dentical systematics taken to be correlated across channels

Res. Nass Expected  Expected
MR S RAIIT Background Signal OleE
[GeV] [GeV]
350 | 330-360 | eejj | 1167295 | 161*36,4 | 109
U] 163%28 33 1651716 | 147
500 | 480-530 | eeijj 6+, 27+34 8
MMjj 8. 23*23 6 | Look for bumps in full mass
750 | 730-830 | eejj 4*2 6.5 6 | spectrum using BUMPHUNTER
ujj | 1.27%995 6.9706 47 2 | algorithm
1000 [900-1090 | eejj 2.1%1359 |.2+0.2 2
auij | 1.2+08,4 | 940 | 3 -> Most significant excess
1250 | 1150-00 | eejj | 0.4%%455 | 0.18+0.01 | | p-value Significance
upjj | 0.5%%°04 | 0.21£0.01 I Il 0.07 |.50
1500 | 1300-00 | eejj | 0.1%0.1 0.04+0.01 | 0 | lljj (Low-mass) 0.08 .40
U] 0.4+0.4 0.04+0.01 | lljj (High-mass) 0.08 |.40
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WZ — v+ 1l : MtW2 =506 GeV

, (\ Run Number: 183780,
/ / o~ Event Number: 7827222
Al AL 5N _ Date: 2011-06-20, 23:54:44 CET

\/
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X - . y i \
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