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Overview

o Moftivations and previous measurements.

o 8 TeV analysis strategy
 Cross section measurement

« Anomalous Triple Gauge Coupling (aTGC)
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Semileptonic diboson production

Associated production of a gauge bosons pair: WW or
WZ

« AWdecaystoer or uv.The
other W or Z decays to a jet

pair.

Interactions between vector bosons:

« Test of non-Abelian electroweak gauge
symmetry

« Possible anomalous coupling due to new

physics n

Main background to Higgs physics: ‘ »
« WH//H, H>WW

Detecting di-jet resonances: a ke

technique for future (and present
analysis at hadron colliders.

A
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A wide analysis effort

Multiboson Cross Section Measurements

Status: March 2015
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WW/WZ->1vjj 7 TeV measurement

o In agreement with Standard Model.
« Cross section: systematic dominated
« aTGC: statistics dominated

oSS (T TeV) = 68 4 T(stat.) £ 19(syst.) pb 3 Z*F

S 20000F
aiirectel (8 TeV) ~ 80.13 & 8% pb 2 o000
o At 8TeV: " 14000

« gain sensitivity in aTGC measurement.

« larger fraction of W/Z bosons produced  swof

7 TeV : /Ldt:5fb_1
8 TeV : /Ldt:QO fh—1

e

IAITLAISI | LIS I N B R BN I B gy pu

- [Ldt=4.61fb" B

r _ —e— Data .

C Vs =7TeV Bl wwwz ]

:— I tor quarks —:
I multijet

W/Z + jets

W—Iv + 2jets

with a Lorentz boost 6000f
* better modelling of close-by jets 4000f

topologies 2000}

0= |50 I100I I150I 200 250

- Possible to separate signal peak from g

background peak. g
« Parallel analysis: highly boosted -

TOpO|Ogy ‘ 50 100 ﬁgijet M;?s [Ge\?jso
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8 TeV analysis

o Collaboration between several institutions.

o We followed the same strategy adopted at 7 TeV:

« select|vj events
 MonteCarlo simulation of signal and background

 fit of the jet-jet invariant mass spectrum to extract the signal
Cross section

Background contribution:
o W+ jefts
« top/anti-top production
* single top production
o« /+jefts
« QCD multijet
o WH+jets is the largest contribution
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The ATLAS detector

Tile calorimeters

- LAr hadronic end-cap and
forward calorimeters
Pixel detector \

LAr eleciromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor tracker
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o ELECTRON /

Physics objects

MUON o JETS

good _ * Anti_Kf, R=0.4
reconstruction ¢ p;>25GeV
clueliing « cenfral n

p: > 30 GeV region
central n region . reject jets
Impact parameter originating
isolation from PileUp

ETmiss
complementary
sum of p; of dll
particles in the
event

E > 40 GeV
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Event selection

o Preselection:

« Un-prescaled trigger on a single lepton
« Detector based quality criteria

« One primary vertex, at least three associated tracks

o Select leptonic W decay: gsooooé—l - | ‘* - detzofb - _
« exactly one selected lepton, Ec;xtoooo;— f:iﬁ:wz,-ets E
« not overlapping with jets. g L :
. Emss > 40 GeV N T ;
« Transverse mass: Mq(l,E;™ss)>40 Ge"\9°°°; -/ “ E
10000 : -

o Select hadronic W/Z decay: D EE 100\1&?"260 =210’
« exactly two selected jets My(1v) [MeV]

« opfimized cuts to reduce background (next)
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Further di-jet event

o Reduce QCD background:

e A (.o Em5) >0.8

o Increase signal over
background ratio:

* A n (jleod'jsubleod) <1.5

o Separate signal peak from

background peak:
. (W) > 100 GeV
(o1(W) = | pr(l)+ E;MSs ] )
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QCD background modelling

o W/Ll+jets and top background described with MonteCarlo

generafors.

o QCD multijet: MonteCarlo modelling not sufficiently good

 data-driven estimation

« Shape: QCD enriched sample from modified event selection

0.14—=

« Normalization: fit
E,miss spectrum.

o ETmiss:
« provides good
discrimination between
QCD multijet and W+jefts
(main spectrum
component)
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QCD normalization extraction

o Full selection but the E;™s > 40 GeV cut

o Full MonteCarlo template plus QCD enriched sample fitted to
data

« W/Z+jets and QCD normalization are the free parameters
of the fif
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Electron channel

8000

o Fit results:

« Data/MonteCarlo
agreement not perfect
(improvement ongoing) ==

« Correction to W/Z+jets
normalization is small
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Di-jet invariant mass spectrum

o Full selection applied
o The signal peak is now clearly visible

o Disagreement in the high mass tail:
« further investigation needed

>
g 8000 Ldt=201b" jet-jet invariant mass
< 7000 te=8TeY . = ?Dact;
y‘_:,) W—ev /uv +2jets Il Wiets
2 6000 Il ZZllqq
. w [ ttbar_st
o Systematic 5000 g
. . 4000
uncertainties to be
added 2000
. : 1000 510"
D.oshed .Imes f MG, . ) MeV]
give anidea o 9, O19E AJES SR
the order of e FURRFRI & S0A
) g o5 bttt
magnitude OE ety M
]
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Boosted channel

o W produced with a large boost: decays into quark pair
with small angular separation.

« Single large jet (fat jet) instead of a jet pair.

[Courtesy, DaV1d Freeborn UCL

[

o Parallel analysis:

common leptonic & w0 : Eéggna.wmwz
SeleCTlon. 300 MC W-+jets, Z+ets
. One 'I:O'I' je‘l‘ Wi'l'h 250 C ttbar + single top

P>250 GeV 200

150

100

o Jet substructure
analysis:
e energy correlation

between jet
constituents.

50

1.2

—_

ratio MC/data

0.8
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Signal yield extraction

o Binned Maximum Likelihood fit of the invariant mass
spectrum.

« Systematic uncertainties on shape and normalization
of simulated templates are taken into account in the
fit.

o Extracted parameter: number of WW+W/Z events

Nmeos.
« The ratio ow/ 0y Is fixed at the theoretical value.

o Preliminary fit tests ongoing. First results expected in
a short fime.
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Cross section computation

o From the fit event yield, cross section is measured in the

fiducial phase space.
Fiducial phase space:

N N. meas * Kinematic region accessed
Ofid — L.-D-RB by the analysis.
* Defined applying event
selection to MonteCarlo
particle-level objects.

o D= JXC/FL{dWCWW_'_(l_ J%W)CWZ

. ww WZ. 1 reco,selected
CYW and CW4: correction factors for W _ Ny
WW and WZ channels ~ " NinFiducial

e fWW:ratio between WW and WW+W/Z A

theoretical fiducial cross sections.

D = 0.88 £ 0.03 (stat.) & 0.08 (syst.)

® Margherita Spalla 21/10/15 @16



Systematic uncertainties

o Systematics affect both template’s normalization and shape

« Systematic on signal normalization not included in the fit: D
factor uncertainty

o Systematic sources:

* physic objects measurements:
 |largest contribution: Jet Energy Scale (~4%)
« studied in detail by dedicated analysis

 MonteCarlo modelling:
 |largest conftribution: signal shape, W+jets
« comparison between generators

o Full set of systematics under implementation.
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anomalous Triple Gauge Couplings (aTGC)

o Contribution from new physics processes:
vector boson couplings may deviate from
Standard Model.

o Model-independent extension
of Standard Model Lagrangian

TGC vertex

Example from 7 TeV analysis

« aTGC parameters to be gms foﬂssfb_, +oa
= <. A=0.
evaluated from data 2 10 (s=7Tev B o vz
- [ Wiz+jets
. . < 10° Il top quarks
o Most sensitive variable: g —

W— uv + 2jets

Prj = | Prlliead)t Prllsuoiead) |
» |larger effects expected in high-
P, tail

300 400 500

o Limifts expected to improve by a 3 E — =005
S ;gg *

factor 2 at 8 TeV | , — //////////////*
P, [GeV]
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Conclusions

o Standard Model WW/WIZ->1v | measurement at 8 TeV

* The analysis is difficult because of large background (W
+jets production)

o Larger statistics exploited to improve signal
discrimination from background with respect to 7 TeV
analysis.

o Cross section is extracted from a binned Maximum
Likelyhood fit to data.

* First results available in a short time.

o Evaluation and implementation of the full set of
systematics is proceeding.
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Backup
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CMS diboson results

Mar. 2015

CMS Preliminary

CMS measurements | 7 TeV CMS measuremen|t (stat,stat+sys)

vs. NLO (nnLo) theory 8 TeV CMS measurement (stat,stat+sys) +——+—e—+——
YY, (NNLO th.) 1.06 = 0.01+0.12 5.0fb™
Wy 1.16 +0.03 +0.13 5.0fb™

Zy — 0.98 +0.01+0.05 5.0fb

Zy — — 0.98 +0.01+0.05 19.5fb
WW+WZ 1.05+0.13+0.15 4.9fb
WW 1.11+0.04 +0.10 4.9
WW, (NNLO th.) — 1.01+0.02 +0.08 19.4fb"
"4 1.17 £ 0.07 = 0.07 4.9 fb™
Wz — o — 1.12 +0.03 £ 0.07 19.6fb™
ZZ o 0.99 +0.14 +0.07 4.9fb

ZZ . 1.00 £ 0.06 = 0.08 19.6 fb™

. . . | . . . . | . . . .
o httpﬁﬂerf’ns_z:ffg?,;,\lﬁ 1 Production Cross S1é5ction Ratio: o, / Otheoz
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WW/WZ->1vjj 7 TeV measurement

H T T T [ T T T 1 T T T [T T T[T T T[T T
o Anomalous Triple prerprrrErrRpEr e L
ATLAS —— ATLAS Wvjj, Vs = 7TeV
Gauge Couplings:
| 95% CL intervals CMS Wvjj, \s =7TeV  _|
LEP Scenario 507, App =
— ATLAS WW, |s = 7TeV
4.6fb", A=
Agz e
1 . . —— CMS WW, {s = 7TeV
Prfrnms 1 4.91fb", App =
——
ATLAS WZ, (s = 7TeV
L 4.61b7, A= _
——
— ATLAS Wy, |s = 7TeV
— 4.6fb", A=
—
2 = CMS Wy, Vs =7TeV
— 5.0 fb", A=
—_—
T I DO comb., Vs = 1.96TeV|
— 8.6 fb", Ap =2TeV
— = LEP comb. ]
0.7 fb", App =
——
Ak,
B 1
—
Lo b b b b b |

-04 -02 O 02 04 06 0.8
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Status:

Standard Model Total Production Cross Section Measurements ey 2015 J£dt
“mmmmmmmmmmm’q_\wﬂﬂh T ' TTr 1T TTr 1T ' TTr 1T ' T [fb ]
Ptpl 7 éoor\%gEiTlESR?z&(zdua‘z%oz (theory) + 8x10°8
ota
Je|t|s |3n=0.4 = O Sk 2D T oo 0.1<pr<2TeV % 4.5
P
Dijets R=0.4" [« 73 s 03 <my <57 45
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W 79 IR M 0 oo $ 0.035
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‘T T - o 46
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-
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WW o =71.4+12+55-4.9pb (data) Observed
total “MCFM (theory) b S;a; ; 20.3
c=168+2.9+3. stal+Ssys
Wit o o y 2.0
total 7= A2 P B 20.3
H o =23.9+ 3.9 - 3.5 pb (data) LHC pPp \/E =8TeV
ggIF LHC-HXSWG (theory) 20.3
tota
o =19.0+1.4-1.3+1.0pb (data) b Theory 4 6
WZ MCFM (theory) Observed .
ot T i A A e 130
o =6.7+0.7+0.5-0.4 pb (data) 512“_5 st 4 6
Zz MGFM (theory) 14 .
total 7 =T e heor ™ @4 20.3
o =2.43 + 0.6 — 0.55 pb (data)
Hver LHC-HXSWG (theory) ‘I L. 20.3
total ATLAS Preliminary
ttWI o = 300.0 ﬁ(:lgf?ﬂo(tgeéoye)o +70.0-40.0fb (da{a)h R 1 7 8 T V 203
tota un \/_ = e
b
ttzl o = 150.0 qESLSA?)iNsL%O([ﬁezolryO) fb (data) 203
tota

102 10° 10* 10° 10° 10 05 1 15 2
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10°10%10310210°t 1 10!
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Di-jet event selection: jet-jet An

o Cutat: An (jleod'jsubleod) <1.5

0.09
0.08—
0.07 ;— deltaEta(j,j)

— — WW/WZ
0.06— i

= — Wijets
005 Zjets

- — ttbar_st
0.04— —QCD
0.03—
0.02—
0.01—

Og 6

jet-jet deltaEta
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8 TeV expectation

o Total expected cross section:
aipbele (8 TeV) ~ 80.13 + 8% pb

o Expected cross section in the fiducial phase space:

oihected(8 TeV) ~ 0.41 & 0.01 pb

Fiducial phase space:

* Kinematic region accessed
by the analysis.

* Defined applying event

Expected signalevent yield after event selection to MonteCarlo
selection particle-level objects.

process expected events
WW 1459.49
WZ 365.146
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QCD normalization extraction

Muon channel

Missing transverse energ
— data

C3QCD

I Wijets

E ZZllqq

] ttbar_st

[ Zjets

= WWsignal

5000

4000

3000

2000

1000

150 250 ) 300
E™* (MeV)

e
5 songs®ore M ites ++++ hitt n + t
005590 *¢ $ b

-0.15 . . . . . x10°
0 50 100 150 200 250 300

® Margherita Spalla 21/10/15 @27



data-MC

Events /9 GeV

0.15
12 0.1
0.05

-0.05
-0.1
-0.15

Kinematic distributions after full selection

Ldt=201fb"
(s=8TeV
W ev /uv +2jets

miss
Er

data
[Jacop
I Wiets
Bl Z2lqq
[ ttbar_st
[ Zets
[ Wwsignal

a
o
o
o

Events / 3 GeV
D
=)
S
o

3000

Missing Er

2000

Ldt=201fb" Lepton P_

[s=8TeV —data
Oaco

W—ev /uv +2 jets W Wiets

W ZZllqq

[Dttbar_st

OZjets

B WWsignal

250
lepton p_[MeV]

o
o
a1
I_%I.Hllllll

-o-
-0

o
-

Yo

i

*
&

. ¥
X,
2e—
EE——

—te—_

T

x10°

00 50 200

oL
o

250
lepton p_[MeV]

frruss [MeV]
? ,,,,,,,, -0--0-g-0- _+_ ++ ”””””” i T
= e - —¢—-6—+++'+' - + TI'
E . ) ) _+_ ) x10°
50 100 150 200 250 0
ET\ss MeV]
>
[0
5]
<
2
C
[
>
]

det=20fb"

{s=8TeV
W—ev/uv +2 jets

Po(lv) SeleCtEd 1€pt0n pT

data

[Jacp
I Wiets
B ZZllqq
[ ttbar_st
[ Zets
[ WWsignal

Reconstructed W p;

350)(
Pr(lv) [MeV]

—.—- 1
.
S =
ro——

—

0P 21/10/15 @28

300 350
PT(l,V) [MeV]



Kinematic distributions after full selection
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Kinematic distributions after full selection
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Boosted topology

o Assume an heavy particle X decaying to two jets of
momentum p, and p,

o Z:p]/px

o Minimal angular separation between decay products is
roughly:

“ N

- \
-~
-~

Mx 1 boosted X __ ' single

ARmzn ~ 1
Ptx /2(1— 2)

= ' jet
= (T~

-

o If ARy, <Rt the two jets from X decay cannot be
resolved.

* Ry =radius parameter of the used jet reconstruction
algorithm.

* Inourcase R;=0.4
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Boosted selection

o Preselection and leptonic W selection: common o
resolved channel

o Hadronic W/Z selection
« Jetsreconstructed with Anti-Kt, R=1

Trimming algorithm applied before any selection/
calibration
Exactly one jet satisfying:
. p,>250 GeV
e | n|<24
Top background rejection

» Discard events with ‘small’ (Anti-Kt r=0.4) jets passing the
resolved selection and not overlapping with the selected
faft jet.

Cut on jet substructure variables
« D,<0.8 (see next)
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Jet trimming

o Trimmed fat jets are used for the boosted analysis.

o A frimming algorithm takes as input the constituents
of a jet

» |t reconstructs sub-jets using the Kt algorithm with radius

parameter Ryt < Rigs

« Sub-jets carrying a fraction of the jet p; smaller than f_
are removed from the jet.

.......
-
e

Initial jet . p"T/p',;‘3t < feut Trimmed jet

o In fthis analysis: Ryt =0.2 and f;;=0.5
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Jet substructure analysis: D,

o D, is the ratio between 2-point (e,) and 3-point (e,)
energy correlations functions between jet constituents
« =1 Iin this analysis.

1 arXiv:1409.6298
egﬁ) = Z pTiijARfj 0.06: .................
’ PTy 1<icicn, 005! Contours of DY’
e:(f ) = 5 Z PT,PT; PT}, ARZARkaREk |
PTy <ici<h<n, 004l | Theoretical
expectation
P 003}
(B |
l)gﬁ) 3 0.02}
(B)\3 |
(62 ) 0.01}
0.00L —=e®T UL T

0.0 0.1 02 03 0.4
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Systematics: detail

Systematic uncertainty Effect: Included in:
(Shape/Normalization) (Fit/D factors)

Luminosity N -

Physics objects

Jet Energy Scale (JES) SN F/D
Jet Energy Resolution (JER) SN F/D
Jet Vertex Fraction (JVF)* SN F/D
Lepton momentum scale/resolution SN F/D
Lepton reconstruction/selection efficiency N F/D
Emss scale/resolution SN F/D
Background modelling

W /Z+jets: scale variations S F
W /Z+jets: generator S F
W /Z+jets: parton shower S F
W /Z+jets: data-reweighting™* S F
oww /owz ratio S F
tt cross section N F
tt: generator - parton shower - ISR/FSR SN F
Single top cross section: o /oy SN F
Multijet normalization N F
Multijet shape S F
07z uncertainty N F
Signal modelling

WW /W Z scale variations SN F/D
WW /W Z generators SN F/D
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Systematic uncertainties

o Example of signal shape systematic study: comparison
between different generators.

relative difference

® Margherita Spalla

jet-jet invariant mass (events passing full fiducial selection)

WV events: No decay type requirement.
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