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Outline

» Introduction

4 Cross section measurements
- Wy, ZyWW,WZ and ZZ

» Anomalous triple gauge couplings

» Search for narrow/wide diboson resonances
- Extra dimension, SSM W', Technicolor and SM Higgs

ATLAS and CMS public results:

https://twiki.cern.ch/twiki/bin/view/AtlasPublic
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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Diboson Physics

» Precision test of the Standard Model couplings

» Important background in SM Higgs and BSM searches
» Probe to new physics via triple gauge couplings

» Diboson “resonances” in various BSM scenarios

» Vector boson scattering as production mechanism
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Probe to TGCs
Background to resonance searches
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Z:y(—Ily) Production
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Background to resonance searches CI=g5
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Selection Cuts E. [GeV]

» 2 isolated leptons pt'Pton > 25 GeV , ,
» Isolated photon Er > |5 GeV Higher order QCD corrections

» AR\y > 0.7 (suppress FSR) important at high ErY
» My > 40 GeV (MCFM : only up to one real emission)
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Events
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Main background to H—=>WW

and resonance searches

Sensitive to TGCs
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Selection Cuts

» 2 isolated leptons pt'*Pton > 20 GeV

» Large relative Ex™'ss

» Veto events with [My - Mz| < |5 GeV
» Veto jets with pt > 25 GeV

» Veto b-tagged jets with pt > 20 GeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-025/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-025/

WZ(—vil) Production
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Major background to multi-lepton
and resonance searches

Sensitive to anomalous TGCs
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Events / 20 GeV

Phys. Lett. B 709, 341 (2012)
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Selection Cuts

» 2 isolated leptons pt'®Pon > |5 GeV
and |[Myg - Mz| < 10 GeV

» 3rd isolated lepton pr'ePto" > 20 GeV

» Ex™iss > 25 GeV

» MW > 20 GeV
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http://www.sciencedirect.com/science/article/pii/S0370269312001943
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Z1.7(—llvv) Production

> B T T T | T T T | T T T | T T T | T T T | T T T | T T T | T T T ]
o - ATLAS Preliminary  * Data LJIw -
©) - @zz—ivw @AWW 5
o 25 [Ldt=4.7 b z+X @zz—il ]
B B Bl W+X i
P [ \s=7TeV Wy /Wy* ]
L oo @Top —
C - ]
® — —]
> B i
15 ~

- L_ | .

s,

T ]
60 80 100 120 140 160 180 200
P} [GeV.

F:

ﬁ

4

o

Events / 20GeV

35

30

25

20

15

10

ATLAS-CONF-2012-027

T | T T T T | T T T T | T T T T | T T T T | T
ATLAS Preliminary  *Data LJwz
@zz-ivv ERWW

[ Ldt=4.7 fb” Oz+x  @BZzZ-li
Bl W+X
\s=7TeV | Wy /Wy *
Ol Top
Bl

P

|

150 200 250 _ 300 350
m (I+E™) [GeV]

N
o
o

Higher branching fraction but  Selection Cuts
more background than ZZ—4l  » 2 isolated leptons pr'*P®" > 20 GeV

Important background for
H—ZZ, ZH(invisible), SUSY

with |My - Mz| < |5 GeV
» Axial Ex™ss = Ex™iss- cos AD(ET™ss, p1') > 80 GeV
» Veto jets with pt > 25 GeV

) |ETmiss _ PT”VPT” <06
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Summary of Diboson Measurements
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Anomalous Triple Gauge Couplings

SM Forbidden

Alternative probe to New Physics : NP contributions to TGCs

-> Increased x-section at high VV mass
Use effective Lagrangian at low energy << Anp (NP scale)

Look for deviation of dimensionless couplings from SM predictions
» Charged TGCs : g;¥ = ky = 1,4y =0 for WWV (V=Z, y)
» Neutral TGCs : f4" (CP-violating), f5¥ (CP-conserving) for ZZZ, ZZy
hi2" (CP-violating), hs4" (CP-conserving) for ZyZ, Zyy

A suppression factor that depends on Anp introduced to conserve unitarity

» AS) = ,\Z > Results presented for each parameter
(1 + §/Anp?) (fixing others to SM predictions) under
for Agi¥ =g/V' -1, different Anp assumptions

Aky = ky—1,and Ay
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from Wry/Zy

Anomalous TGCs

ATLAS Preliminary

R

Cross sections of high ET/ events (>60 GeV for Zy, >100 GeV for Wy)

used to extract limits on aTGCs
- NLO predictions with different TGC assumptions simulated using MCFM

- Bayesian used to set limits
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Anomalous TGCs
from WW

Submitted to PLB
arXiv : 1203.6232
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Lepton P [GeV]

Leading lepton pt spectra used to place limits on aTGCs from WW
- Re-weighting used to predict lepton pr spectra with different TGC assumptions
- Binned likelihood fit performed to extract the limits
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Anomalous TGCs from WZ/Z.Z
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Cross sections used to extract limits on aTGCs
- Re-weighting used to predict # of expected events with different TGC assumptions
- Profile likelihood ratio used to extract the limits
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Diboson Resonances

Many BSM models predict new heavy particles that decay to diboson
final states for a sizable fraction of time

B. C.Allanach et al,,
L. Randall and R. Sundrum (RS1) JHEP 12,039 (2002)

Phys. Rev. Lett. 83, 3370 (1999)
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Experimental sensitivity depends a lot on background, detector
resolution, systematics, resonance shape, ...

» Typically dilepton/diphoton final states are more sensitive to RS|
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Diboson Narrow Resonances

Use benchmark models in

- W/Z\
G*
W)z
Spin-2 RSI G* = WW/ZZ |

.

Other interesting models t
narrow diboson resonances

» RS with “SM fields in the

PYTHIA as a baseline Br :WW~20%, ZZ~10%

- W p _ 1fSuppressed Br to Il, yy
W’ 40
-------- o
&
A
Spin-1 SSMW’-boson = WZ

nat predict

200 400 600 80010001200140016001800

M(G, ) [GeV]
bulk”: G*=>WW,ZZ, KK Z' = WW (CalcHEP)

» Low-scale technicolor :

» Minimum walking technicolor :

» VV resonances in VBS :

Note:

Spin correlation not implemented

in G* decay of PYTHIA RSI

LIP seminar, May 2nd, 2012

pt/at = WZWWWy/Zy (PYTHIA)
R = WZ,WH, ZH (MadGraph)
e.g,qq — qqWW (WHIZARD)

0.1¢
0.09F
0.08F
0.07F
0.06F
0.05F
0.04F
0.03F
0.02F
0.01F

of

RSI G* (PYTHIA)
| Bulk RS G* (CalcHEP)
| SSMW (PYTHIA)

-08 06 -04 -02 O 02 04 06 08 1
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Z1.7. (—llll, llgg) Resonance

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

I\IIZZ
o 4 i
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> ® data CDF 6 fb-! : PRD 85,012008 (2012)
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ZZ > I+l => Clean signal; very small background; sensitive at low mass
ZZ — ll+qq => Larger branching fraction; sensitive at high mass

Aim to provide fiducial cross section limits for ZZ — |+l
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http://prd.aps.org/abstract/PRD/v85/i1/e012008
http://prd.aps.org/abstract/PRD/v85/i1/e012008

7.7—l1lll : Selection

Submitted to PLB
arXiv : 1203.0718
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» 2 OS SF leptons pairs (eeee, eeuy, ppee, JUHUM)
with pr'ePton > |5 GeV

» [Mi - Mz| < 25 GeV

» Mzz > 300 GeV
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http://arxiv.org/abs/1203.0718
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Z1.7—llll : Background and Systematics

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

Background
» SM ZZ from MC
» Misidentified leptons from data

- WZ+j§tS » Misidentified leptons
- Z+X (jets or photons) - Limited WZ(— 3l)+jets sample
- tt = bb+IVviv

- heavy vs light flavor jets

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 | 2.7 199,43 £ 0.3 | 3.6 *1:0,o, *0-8 4
Data 2 6 l
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Entries / 40 GeV

1.7—llqq : Selection

Selection Cuts
» 2 SF leptons with pt > 20 GeV and |My - Mz| < 25 GeV
» 65 <M; <115 GeV

» Low-mass selection =
pT>50 GeV + p71I>50 GeV

» High-mass selection =
pT#>200 GeV + p7i>200 GeV

- 1 = it "]
10°- ATLAS <Data 2 & '"FE ATLAS _eData -
E DZ/Y *+JetS E g 103 - Z/Y *+jetS _
10'E \s=7 TeV f Ldt=1.021" gif(‘g;g)kg T g ENs=7Tev f Ldt=1.021" Other Bkg 3
s .- G*(750) 1 - " - G(750) 3
10°¢ ---G*(1000) = 10 s ---G*(1000)
10 K/, =0.1 = - \ K/, =0.1 ]
= - 1 . e \ E
= o R SN - : TTEE -
E - . B s~ *—— 10" = ] N ? \\\\\\\\‘*\\\\\\‘“
107 P NN = ; AN AN
10’ Low-mass ..:  teafd 2 10°= High-mass . IR E
:_L_l J:EJEI I J_'J'1_:|71|_| : | | | | | |E'I"; I 1l | ]_J. | l: :J._I LJ L J__l ] :J_ | I__! | | | | | |;'T"; | E-J-I--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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1.7—llqq : Background and Systematics

Background

» Z+jets from data-driven method
- Define control regions :
M;<65 GeV or M;>115 GeV

- Use M;; sidebands to determine MC
(ALPGEN) normalization

- Systematic uncertainty from normalization

difference between M; sidebands
- Cross check with SHERPA and MCFM

» Top, Diboson,W+jets from MC

Systematics
» Z+jets background modeling (~40%)

» Top (~25%), Diboson (7%), W+ijets (40%)

b JES (~13%)

» Lepton efficiency, scale & resolution (1-2%)

» PDF, ISR/FSR (signal)

LIP seminar, May 2nd, 2012
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Process Low-mass High-mass
Z+jets 3530 £ 190 60 + 27
Top 81 + 25 04 +0.3
Diboson 92 + 14 4+ |
W + jets 9+5 | + |
Multijet 14 + 14 0.2+0.2
Total BG| 3720 * 200 66 * 27
Signal 680 + 120 21 £ 4
(Ma+ = 350 GeV) | (Mg = 750 GeV)
Data 3515 85
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Z.7—l1lll : 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 < Mll <116 GeV &zz X Br(ZZ—'llll) X L
» Mzz > 300 GeV _ 5.7 = 0.92 pb

0.61 x0.01 x 1.02

Reco & ID efficiency

» Largely process independent

G';:'::“ 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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7.7, llgq : 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

Il
[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

kY IL&:Lwﬂkarmv

—@— Expected limit at 95% CL
—@— Observed limit at 95% CL

" Expected limit£ 16

Expected limit+ 2c

.~
] ]

RS1

Graviton (k/mM,=0.1)

| | | |
400

| | | | | |
600 800

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

12

| 1 1 1 | 1 1 1
00 1400 1600
M. [GeV]

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

Submitted to PRD

Resonance search in WZ — 3-lepton final state arXiv : 1204.1648
Small branching fraction but also small background (dominated by SMWZ)
- N N
W W
/
W W= pr
A A
G.Altarelli et al., Z. Phys. C 45, 109 (1989)
EGM W’ = W/Z LSTC pt/at & WZ
- Predominantly longitudinal W/Z WI/Z polarization not accounted for
- W’WZ coupling is given by SM in pt decay in PYTHIA
WWZ coupling x Mw-Mz/ Mw~ -> slightly lower Axg than W’
N J

Analysis strategy
» Select events with 3 leptons and E7™ss

» Background modeling checked in control region data
» Look for excess events in MtYV4
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WZ— Wil : Selection

Selection Cuts

» Exactly 3 leptons pr'ePton > 25 GeV (veto 4th one)
» At least one pair of |My - Mz| <20 GeV

p EtMiss > 25 GeV

» MW > |5 GeV
Background modeling checked in control regions
> S L L L L L L e > - b E R
16F . ] 16F . ]
& L Ns=7Tev S § C \s=7TeV VS
= 14c 1 W zz 4 <~ 14¢ 1 I zz ~
P N det =1.02fb ? 00 Z+ ] 1) - det —1.02 b ) Tze ]
€ 12 ! ’ 1 & 1 - IP+Jet E
o) - IP+Jets 1 > - ATLAS Preliminary [ +Jels .
o 105 4 " 10 N -
8- - 8- dl E
60 ATLAS Preliminary_: 6 l -
41 ~ - 4= J =
2F || s } = 2r ‘,_~ ‘,= ELI \ E
O: ! E [ oy oy ey e P |: :' - ’_r‘l T 1 T BRI |0|0|‘L_|+' I |:
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)
-> MtWZ2 < 300 GeV > EtMiss < 25 GeV
25
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WZ—lvil : Data

% 102 = | l | l LI l L l L l LI l | l I I.I (Ijla'tlal 2]61I1| LI =
D FATLAS Preliminary \s — 7 Tev mwz .
Q - 27 -
. . . . -1

Statistical significance of data 3 . | f Ldt=1.02f" =5
i ilceli c - CJW'(350 GeV) =
assessed using Iog-l\lbzellhood S - f Siao0 GV
' ' LLI - W’(750 GeV)
ratio built from MtYY4 and . ’.H %IpT((SOO Sev)
pseudo-experiments b e | 1 Dstat@syst  _
Lowest p-value (= | — CLy) - iy -H_‘ IR g
= 0.19 at Mt"W4 = 550 GeV 4 > |
10 =
-> No significant excess = & :
M i % L1 1 | | L 14141 | 1 1 1 Iléj | ]

found in data 0""100 200 300 400 500 600 700 800 900 1000
m¥Z [GeV]

Process evee Uvee evVU U MVUU Combined

WL 62+02+05 | 76+02+05 | 92+02+05 | 11.6+02+06 | 3460419
4 0.25+0.06*094 ¢ o9 [ 0.48+0.09*% ! 509 [ 0.37£0.07*013.909 | 0.63£0.10%13 004 | 1.7 £ 0.2 *04;

VA% .3 +0.6 £ 0.4 - .0+ 04 +£0.8 - 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| 8.910.8%1.0 9.3+0.5%%8 1o | 13.610.8"2:0.5, | 13.210.5%%9. |0 | 45.0%1.3%42 4,
Data 9 7 16 16 48
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WZ—lvil : Limits

o x Br [pb]

PT(AXE€) as implemented in PYTHIA
MaT = I . I MpT

:}"/’/;’l T | T T T 1 | T 1T T 1 | T 1T T 1 | T 1T 1 | T 1T 1 | T 1T 1 | T T 1 |_ '3‘ T | T T T T | T T T T | T T T |_

- ”’%ATLAS Preliminary S5 opp = W — WZ) - % ATLAS Preliminary 555 o(pp = p., &, = WZ)

i "x‘/‘/yy W’ — W7 — Expected Limi ”j 0 T Jap — WZ — Exwectedlimt

10 &‘/0/,, " Expected = 1o | ®© | Expected = 1o .

&/‘/y,/ Expected = 20 ; Expected = 20 |

4&&/ —— Observed limit _ —— Observed limit i

r,///‘/‘/ i _ |

- s=7 TeV . - \s=7 TeV 7

15 = 1=
- 1021 - - 10210 %, :
- f Ldt = 1.02 fb = : : f Ldt = 1.02 fb s, _
T T A B B B S T R R B i+ 75 Lo

200 300 400 500 600 700 800 900 10t 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

O0:Br < 0.5 pb for Mw=800 GeV, < 0.6 pb for MpT1 =700 GeV
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WZ—-Wll :

lelts on (MpT, MTCT)

m, [GeV]

500 T T T T | T T T T T | : T
~ ATLAS Preliminary : A
B . e i
- [Lat=10280" | L& -
400 f dt=1.021b | ) -
- om, = tim . S ]
300— _|
200__ Observed Limit with p_Acceptance ]
= 7 asssssass Expected Limit with P, Acceptance -
_ Observed Limit with W’ Acceptance |
100 = eesesseess Expected Limit with W’ Acceptance —
- | m,, = m, -m, )
200 300 400 500
m, [GeV]
T
o
95%

for W’ and pT as implemented in PYTHIA

- with 2 mass assumptions for ar and pr

EGMW’
LSTC pr (PYTHIA)

483 (553)
467 (506)

> il _
) ATLAS Prellmlnary i
O |
3 B Ldt=1.02 o ]
£ 400 f _
[ Mg >>m, A i
300 0 A -
L ““ _|
200__ Observed Limit with p_Acceptance ]
= 8 asssssass Expected Limit with P, Acceptance
B Observed Limit with W’ Acceptance |
100 = eesessess Expected Limit with W’ Acceptance —
- | m,, = m, -m, )

200 300 400 500
m, [GeV]

T

CL excluded mass regions in (MpT, Mat) plane assuming acceptance

Acceptance X Efficiency from [Pl B § iP5 Sl 5 a2l v Y s

469 (507)
456 (482)
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WZ (—1lvll) Resonance

CMS-PAS-EXO-11-041
.CMS. P.r?I.imi.n.a.rY 201? _

CMS Preliminary 2011
I IIIIIII|III|III

> T 11 | L | [ | | ] > B I | L | L | |
O10* 1 e Data = o 1 e Data .
(g ;fL dt=4.7fb = 2217y - (05103 E_fL dt=4.7fb = 2217y .
[ _ it . - — tt ]
Ol \s=7TeV B Z+Jets ] ® f \s=7TeV B Z+Jets _
~CE CIWZ z o CIWZ
2 — W'(600GeV) 1 £210°F — W'(600 GeV) =
TRl Before Hr cut : o f After Ht cut |
- 10 E
ik | - = -
10-1 = E 10-1 = |J —
E L1 1 | 1 1 | | |E :I | | | | 11 1 | 1 |:| L 1 | L 1]
0O 200 400 600 800 100012001400 0O 200 400 600 800 100012001400
Myz (GeV) My (GeV)

Selection Cuts in I fb-' analysis
» Z-cand. leptons pt' > 20(15) GeV, pt? > 10(15) GeV for e (H4) channel
» 60 < MZI < 120 GeV
» W-cand. lepton pt > 20 GeV, Et™ss > 30 GeV
» Hr = z I:).I_Iepton cut

29
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11041Winter2012
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CMS-PAS-EXO-1 1-061

/1.7

(—vvqq) Resonance

3 LB B 10 F T 1 T T T T L B I =
- [ Z(vv)+jets . - [ Z{vv)+jets .
B T W(kv)+jets . g ] W(kv)+jets
B ti+jets =1 B ti+jets -
L [ ] Dibosons i - [ ] Dibosons |
G* (1250 GeV), k/M_ = 0.2 G* (1250 GeV), kiM, = 0.2
%) 102 [ ® Data | % 102 i ® Data ]
(D - CMS Preliminary - (D - CMS Preliminary -
O B J-Idt=4.7fb",p's=7TeV 2 O I Jldt=4.7ﬂ:",f's=7TeV g
« -1 (@) = -]
B = S~ = -t
2 2 |
= A0 - c 105 -
@ = @ E =
> B > E 5
LL L -
+ _— - -
W AR
: 1 I_—h 1 1 | l 1 1 1 1 | | | | : 1 l 1 | 1 1 1 | ! | | [_1 1 | l :
100 150 200 250 300 1000 1200 1400 1600 1800 2000
Leading Jet Mass (GeV) Jet-MET Transverse Mass (GeV)
Selection Cuts Background

» pret! > 300 GeV, Er™ss > 300 GeV » Determined with MC using (Mjec1, M7)

» Veto events with isolated leptons

sideband regions

or >3 jets (PT>3O GeV) Yield | Run2011 Data | SM Prediction Ratio
) Acb“- <?2.8 N4 138 131 +3 1.05 + 0.02
_ Ng 125 125+3 1.00 £ 0.03
) Mletf > 70 GeV N 542 57947 | 0.94+001
» Mr(jet, ET™=) > 900 GeV Np 283 2594+5 | 1.09 +0.02
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http://cdsweb.cern.ch/record/1426654
http://cdsweb.cern.ch/record/1426654

Z1.7—vvqq : Limits

1 T 1 | D WL T T 1 ] | S| ] | O. T '| | | I 1 | | T I T T
— CMS Preliminary Observed Limit - "~ CMS Preliminary
I o guoer;  (seismes Expected Limit | -
= I!. dt= 4.7fb",{s=7TeV B 1-sigma band ] I J!. dt= 4.7fb", {s=7TeV
;\“‘\_\_ l I ‘:‘;: 'E,Tﬂa Zagg | 0.25 - CDF (v, 5.4/b)
- b Pl . il
e Y _ _— g:» :;mp, : g§ DO (ee, 77, 5.4/fb)

S 10" _ ' JREE 0.2 B ATLAS (ee, 1.08/fb; jiys, 1.21/fb) 1
o i CMS (v, 2.2/fb) ]

- E B i

Y 2 CMS (Jet MET, 4.7/fb)

CD } 015 mig Oblique parameters i)
X B ]
© 2

19 0.1}
e |
i \_ 005 -
10-3 [T OO [ T S Y B T I L1 T R PR T S e aaanAEATERETERE BAENEINTRTE AR [E6R
1000 1100 1200 1300 1400 1500 600 800 1000 1200 1400
Graviton Mass (GeV) Graviton Mass (GeV)

Set 95% CL limits on 0+Br for RS| Graviton signal using

- Profile likelihood ratio for nuisance parameters
- Modified frequentist CLs approach

o Br < 47(21) fb and k/miy < 0.11(0.29) for Mg+=1.0(1.5) TeV
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Diboson Wide Resonances

Diboson resonances could be wide in various BSM scenarios

EGM Z’(700 GeV)—>WW

gzww coupling = 1~20 x gzww Total SM Higgs width vs My
B 103§ o |""|""|"”|””|””|””|':
5 I, =22GeV:BR(Z — W'W) =002 : > ]
107 ¢ 'I'I‘I ——— I'_ =23GeV:BR{Z — W'W) = 0.08 3 E
= | ’ I'y, =32 GeV ; BR{Z' — W'W) = 0.35
', = 88 GeV ; BRIZ — W'W) = 0.68 0 10! = —3
102 - I L I',,, = 122 GeV ; BR{Z — W'W') = 0.83 N
- Fj_r‘ lb I',, = 200 GeV ; BRZ — W'W y:oac.D % 100 — —
=
i f ! —
Rt —
10 | A i 50 E E
: ‘ UH-'h ‘ 10772 ;— _
b : \JkH H ’ I ” x1 03 10_3100 — 2<I)ol — l3(I)ol ol lé(l)(l)lllIlll7ltl);)mllmll1ooo
500 1000 1500 o
Z’ Mass [MeV] Mtiges (GeV)

SM Higgs : reasonable benchmark for wide diboson resonances
» spin difference will need to be accounted for in interpretation
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H—Z27Z—llgqq Search

Tagged (2 b-tags) and Untagged
(<2 b-tags) analyses

Selection Cuts

» 2 SF leptons with |My - Mz| < 8 GeV

» ErMiss < 50 GeV
» 70 < M; < 105 GeV, ARjj > 0.7
» High-mass (Mn > 300 GeV) =

pTiet>45 GeV, A®|<T11/2, A¢jj<'|'l'/2

Background

» Z+jets — Data-driven determination of
normalization using M;; sidebands
Shape taken from MC simulation

» Top — M; sidebands + reversed Et™s cut

» Diboson (WZ, ZZ,WW) — Determined
from MC

LIP seminar, May 2nd, 2012

Entries / 5 GeV

Entries / 10 GeV

ATLAS-CONF-2012-017

8000 ATLAS Preliminary =~ 7
70002— f L dt=4.71 fb-1, \s=7TeV ;oie}lelt?asG _;
- —— Signal x 100
6000 o (m, =300 GeV)—
- Other BG .
50001 E
- Untagged 1
4000 E
30005 E
20001 E
1000~ E
O: ! TR - i Coa | E T ]

0 50 100 150 200 250
1201 ATLAS Prelimihary ~ '~ 7 "7 ]
B f L dt=4.71 fb", \s=7TeV ;oia_le |t3SG ]
100—_ —_— Sigr{al x10
- (mH=300 GeV)
80 L Other BG N
: Tagged
60 88 E
40— 7 ]
201 i e
O: N B -

0 15 200 250

m, [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-017/
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Entries / 20 GeV

Entries / 50 GeV

2405 ATLAS Preliminary 'd;t'a' | =
220E (L gt=a.71 6" s =7 Tev Sl 5 E
200;—f ':'(rki'lioo GeV) =
180 — Total BG =
160 :%O; jets =
::28; Diboson E
100C High-mass -
80 Untagged -
60 E
401 E
20 E
Coa e el L L | ey

0 200 300 400 500 600 700 800
my; [GeV]
- ATLAS Preliminary =~ E
oo e data —
- f L dt=4.71fb",\s =7 TeV [ Signal ]
VA (mH=400 GeV) —
= —— Total BG .
6F — Z +jets =
- ‘ 4 — Top =
5§ Diboson g
4 | High-mass -
3 | 1~ Tagge E
2k 3
0e | . I_I'r—T—f 1
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[T Ny T v M — . S e
200 300 400 500 600 700 800

m. [GeV]

I1jj

95% CL limit on O/O’SM

H—Z27Z—llgq Search

10~ ATLAS Preliminary
| H—ZZ—liqq

—— Observed
Expected

=+10
[ [Ldt=4.7f0",\s=7TeV [Jx20

8F -
6~ -
4 -
B, :
O i | | | | | | | | | | | | | | | | | | | | | |
200 300 400 500 600
my, [GeV]

95% CL exclusion for SM Higgs :
300-310 GeV, 360-400 GeV

No significant excess at high mass, or

difference between tagged and untagged
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H—-WW--lygq
Search

w

10

Entries / 20 GeV

10?

ATLAS-CONF-2012-018 "

Selection Cuts (ggF H+0/| jet)
p priePon > 40 GeV, Er™s > 40 GeV
» >2 jets with Efiet! > 60 GeV

p 71 <M; <91 GeV
4 ARjj <|.3,ARy < 1.3
» no b-tags

Background
» WHjets
» Top, Z+jets, QCD

» Diboson (WW,W/Z, Z7)

Fit to Mjj spectrum

BG fit: £(x) = 1

LIP seminar, May 2nd, 2012
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H—-WW-—lvgg Search
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i + 1o

B + 20 .
—e— Observed

95% C.L. limit on o/c(SM)
S

1 \s=7 TeV —
f L dt=4.7 fo" -

" H+0/1j, H— WW—> Iv jj ATLAS Preliminary 7
10300 350 400 450 500 550 600
m,, [GeV]

95% CL limit on cross section for ggF :
2.2(10) x Osm at My = 400(600) GeV

No significant excess at high mass...
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H—ZZ7Z—llyvyv Search

ATLAS-CONEF-2012-016
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Low (<280 GeV) and high mass (>280 GeV)
Low and high pile-up conditions

Selection Cuts

Background

» 2 SF leptons with |My - Mz| < |5 GeV p Ztjets

p ErMiss > 66(82) GeV » Top
» AD(L]) and AD(I,ET™'ss) cuts » Diboson (ZZ,WZ,WW)
» no b-tags

LIP seminar, May 2nd, 2012

38 K.Terashi (U. of Tokyo)


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-016/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-016/

H—ZZ7Z—llyvyv Search
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H—Z.7Z—llll Search

ATLAS-CONF-201I-162
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95% CL exclusion for SM Higgs :
134-156, 182-233,256-265,268-415 GeV

Again not very interesting structure at high mass...
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Summary

» Making precision tests of the Standard Model at the LHC
with ~4.7 fb-! of luminosity in 201 |

» Both total and fiducial cross sections measured to provide
less model-dependent results

» Limits on anomalous triple gauge couplings becoming
competitive with the LEP and Tevatron

» Probing narrow/wide diboson resonances in new physics
models; complementary to dilepton/dijet resonances

» Opening up many interesting channels with 8 TeV collisions
in 2012!!

4]
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1.7l llgq : 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—uvuu : MtV =506 GeV

G Run Number: 183780,

A T Event Number: 7827222

) @ Date: 2011-06-20, 23:54:44 CET
QAT / ‘
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LL—pppp : Mzz =240 GeV

o ATI AC .

" CYPEDIMENT V-mm 4
Bl LA LIVRIVARAND '—ll ‘
http://atlas.ch ' —
P ) ’,//,
/__’ /.. A
A

primary Z mass : 89.18 GeV
pr(l.u) = 61.60 GeV
pr(Hz) = 25.68 GeV
secondary Z mass : 88.03 GeV | A
pr(Hs) = 42.69 GeV Run Number: 183602, Event Number: 282919

pr(ks) = 38.60 GeV ' Date: 2011-06-18, 06:36:40 CE




