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4+ 8 TeV —> 13 TeV: increase in cross section profits various processes in different ways

4+ Inclusive di-boson, Higgs
production (ggF,VH):

13TeV/8TeV ~ 2
20 fb’? Run1 ~ 10 fb"! Run2

4+ top physics, VBS, ttH, HH:
13TeV/8TeV ~ 3-4
20 fb-' Run1 ~ 5-7 fb-' Run2

4+ new physics state / new
physics in tail of distributions:

13TeV/8TeV > 10
20 fb-7 Run1 ~ few fb-' Run2
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Statistics is not everything: some time (and data) is needed to reach the same level of
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Overview

4+ Concentrating effort in:
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searched for new physics: use as much luminosity as available
stat. limited measurements: repeating measurement when similar unc. is achieved

sys. limited analyses: trying to assess the impact of systematic uncertainties
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ATLAS Online Luminosity
w2011 pp Vs =7 TeV
— 2012 pp Vs=8TeV
m— 2015 pp Vs=13 TeV
w2016 pp Vs =13 TeV

4+ 2015 dataset: 3.2 fb™

ZZ | WW inclusive cross section

HH->bbyy
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Delivered Luminosity [fb™]
N
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10 4+ 2015+2016 (summer) dataset: ~13 fb-’
> WZ analysis
° f VBF Higgs cross section
ob L T 3 HH searches: bbbb, WWyy
\CA a4 3ot oct direct search for di-boson resonances

Month in Year
e —

4+ More results in Jan Stark’s talk later today
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Q Measurement

pp — tt

pp = g

pp —~ WW

NNLO-+NNLL

LHC-XS (N°LO ggF)
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VERY first 13 TeV ATLAS EWK result
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Phys. Rev. Lett. 116, 101801
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4 leptons (electrons or muons), 2 on-shell Z bosons —> very low Br but exceptionally pure final state
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i {s=13TeV, 3.2 fb™
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Signal composition in SR:
qQq->ZZ. 93% ,99->2Z: 7%

Run1 unc.

A lot of room for improvements: but mainly need to incorporate
more statistics
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-13/

WW @ [3TeV ATLAS-CONF-2016-090 I

‘simplified’ version of Run1 analysis:
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electron+muon only: reduce Drell-Yann background

pt>25GeV on both leptons: strongly reduce DY and W+jets

| === E e

vetoing on jets ( pr>25/30 GeV for |5#|<2.5/4.5 ) and b-tagged jets LT L
( pr>20 GeV, [5|<2.5)

Cut & count analysis:
leading backgrounds ttbar+single top, DY(Z->tt) normalised in control regions

small backgrounds W+jets (data-driven) and WZ/ZZ (from MC) checked in validation regions
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3 500F 1 1 L WW—_-e*v u'v, pre-fit @ Drell-Yan ] g rell-Yan
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| Bzl W o g e T R RN W= e e e
l 20 40 60 80 100 120 (% =
1 Leading lepton p_ [GeV] | G 7] S =
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5 v
Drell-Yan CR: E
.................................................................................................. e
45<my<85 GeV, anti MET cuts 4 5 ==1 jet, 21 b-tagged jet

40% extrap. unc.[MET, MC mod] Mess after b-jet veto 15% extrap. unc.[JES sys+MC mod]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-090/
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Signal composition in SR:

qq->WW: 92%
gg->WW (non res.): 6%
gg->H->WW: 2%

Signal / background scaled
to fit predictions

Process norm. factor
Drell-Yan 1.034 + 0.030
Top 0.875 £ 0.035

4+ Signal predictions scaled
up by 8% with respect to
MC predictions
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-090/

WW @ |3TeV: results ATLAS-CONF-2016-090 [i§

o
fiducial _ Nobs — WESE@ unc.
Oww = R : f WWsolets i
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stat. (*) det. bkg. theo. lumi

e e 8 TeV . . 3.4% 45% 2.0%
; a'?{fw_,e” = 529 + 20 (stat.) + 50 (syst.) + 11 (lumi.) fbf ey N I T
. T—— __ _— R — PO __ _ & e 7% 59, 99, 4% 1%
11% uncertainty on fiducial xSection Dominant systematic sources: JES and W+jets/fake
O_fzd
Inclusive nNNLO+H: 1}0372@\/ 1.41 + 0.06 (stat.) + 0.16 (syst.) + 0.04(lumi.)
qq->WW (NNLO), gg->WW (NLO), H->WW (N3LO) O8Tev
T T T T T T T — ——— T A'Il'LAS Ptl‘e||m|na|ry | | ITotal crolss sectloL ratio
ATLAS Preliminary Is =13 TeV, 3.16 fb! 3.16 b7 (13 TeV) and 20.3 o (8 Tev) (13 TeV/8TeV)
— Data
NNLO (qq), NLO (gg), stat. —+
nNNLO-+H|calculation Powheg NLO(H I stat.+syst.

(fixed-order acceptance)

- = nNNLO+H Prediction
WW — e*v u’v
NNNLO+H calculation

Fiducial cross section
(MC acceptance)

Data Powheg NLO(qq’ ), Fiducial cross section ratio
— 529 +20+50=«11 fb SherpalLO (ggWW) WW — e*vu’v (13 TeV /8 TeV)
| | | | | | | | | | | | | | | | | | | | | | | | | |
stat. - 08 1 12 14 16 1.8 2 22
— |Stallt'TS¥St'l+ u|m'l' o |, Do Cross section ratio (13 TeV /8 TeV)
300 400 600 700 :
- Caveat: (yet) no cancellation of detector
(*) different definition of stat. error Of. [fb]

systematlcs between 8TeV and 13TeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-090/

S [T T S 40T T — T
[0} - ATLAS Preliminary ® Data . [0} = ATLAS Preliminary ® Data =
(g 500 - 5=13TeV, 133" ':'K“A'.;Z.d‘ﬁ‘é& [oNNLO) (\5 400 /s=13TeV, 1331 :lmzidfﬁggi;gSNNLo) = v I I t' ( R 1 )
=7k ] 2 gs0F- 4 =z 4 Very clean selection (same as Run1):
2 400F - Q 300F — R 3 :
5 I a 1 + 3isolated leptons (pr>25/15/15)
W 300 - - 3 cee E .
: )3 200 (7 e=eor 1 OSSF pair + Mr cut for 3rd lepton
200 - 150 - =
- - 100 - =
100:— —: 505_ _E
Q 151 = = o F "3 Main backgrounds:
s f ] s F + e . :
g of +++**++++'+| + + + § gt ++++ | . fake leptons: data-driven matrix method
E - . E 0.53— _E . : H 1
05, T T - o i ZZ. MC+ 4lepton validation region
m¥ [GeV] m, [GeV]
NLO xSection + NLO acceptance WZ fid. stat. sys. tot
T | T T | T T | T 7 T T | L | T T | T T | T T
i ATLAS Preliminary 8 TeV 2.0%  24%  2.2%
[s=13TeV, 133 fb
hee | tr=ois T Wz 13 TeV 27%  55%  32% | 6.9%
euu 1.18 £+ 0.18 —+—+— o Dats ] ] ] ]
== Powheg+Pythia leading uncertainties from events with electrons:
CT10
M| 129010 e+ electron ID, fake background
combined 1.24 + 0.09 o+
T T B Ly e Excess w.r.t. NLO predictions largely mitigated when
I O Sfid/ gtheory moving to NNLO inclusive cross section
NNLO/NLO Wzo Wz
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https://cds.cern.ch/record/2206093/files/ATLAS-CONF-2016-043.pdf

ATLAS-CONF-2016-043 .
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https://cds.cern.ch/record/2206093/files/ATLAS-CONF-2016-043.pdf

Similar performance between Run1 and Run2 analyses:

combination performed by correlating theory sys and treating
detector sys as uncorrelated

(As in Run1) extracting aTGC limit from

template fit to mtV? distribution:
effects mainly in the tails
up to 8% Powheg VS MC@NLO difference

Dataset Coupling  Expected [TeV~2] Observed [TeV 2]
* — — cw [ Nip [-4.1; 7.6] -3.8; 8.6]
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U A - ] e /A2 -3.4; 6.9] 3.6; 7.3
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10° SO
DU I i 3
102 & - T N L B L B
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] improvements in = ATLAS Vs =8 TeV, 20.3 fb”
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- N NGO I ——
05—, ., . | L . LT
0 200 400 000 800 005 0 005 04 015 02 025
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aTGC Intervals at 95% C.L.



https://cds.cern.ch/record/2206093/files/ATLAS-CONF-2016-043.pdf
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3 pp— 1t
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8 TeV, 20.3 fb™", Eur. Phys. J. C 74:3109 (201
13 TeV, 3.2 fb™", arXiv:1606.02699

o pp—tq

7 TeV, 4.6 fb™", PRD 90, 112006 (2014)

8 TeV, 20.3 fb™!, ATLAS-CONF-2014-007

13 TeV, 3.2 fo™', ATLAS-CONF-2015-079

I pp— Www

7 TeV, 4.6 o™, PRD 87, 112001 (2013)

8 TeV, 20.3 fb™", arXiv:1608.03086

13 TeV, 3.2 fo™', ATLAS-CONF-2016-090

Y pp—> WZ

7 TeV, 4.6 fb™', Eur. Phys. J. C (2012) 72:2173
8 TeV, 20.3 fb™", PRD 93, 092004 (2016)

13 TeV, 3.2 fo™", arXiv:1606.04017

© pp—>H

7 TeV, 4.5 ™", Eur. Phys. J. C76 (2016) 6

8 TeV, 20.3 fb™', Eur. Phys. J. C76 (2016) 6
13 TeV, 13.3 fb™", ATLAS-CONF-2016-081

L pp—2Z

7 TeV, 4.6 fb™', JHEP 03, 128 (2013)

8 TeV, 20.3 fb™!, ATLAS-CONF-2013-020
13 TeV, 3.2 fb™", PRL 116, 101801 (2016)
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ZZ analysis is still statistically

limited: already 6 times more
statistics already recorded and ready
to be analysed

WZ analysis starts to be limited
by the knowledge of reducible
background: more statistics will

also increase the possibility of data-
driven tests

WW is limited by detector
systematics (mainly by jet energy
scale uncertainty and jet veto):
increasing prt cut, more sophisticated
background estimation techniques

working on understanding correlation to reduce the
impact of detector uncertainties in the 13TeV/8TeV
(following the example of 7TeV/8TeV top mass combination)

Fortunately(/unfortunately ) results are very consistent between Run1 and Run2: confirming agreement
between data and MC when higher order calculation are considered
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Eur. Phys. J. C (2016) 76:6 (472

ATLAS Input measurements
Individual analysis + 1o 0n W/Z S)

m,, (GeV)
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| 74 q
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http://arxiv.org/abs/1606.02266
http://link.springer.com/article/10.1140/epjc/s10052-015-3769-y

VBF lgs prouct:n
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Standard selectlon for nggs candldate + optlmlsed categorles for VBF at Ieast 2 jetS Iarge AYJJ and Iarge mJJ

H->yy (ATLAS-CONF-2016-067) : H->ZZ (ATLAS-CONF-2016-079)
Zz.ets BDT: m-. A o A . > il TT | TTTT | TTTT |.| T |.| | TTTT | TTT Ial.ial TT | TTTT | TT |:
J W, I YJll ’ I (pYY,les & 385 : ATLAS Prellmlnaryég.zggs(m =125 GeV)
> 4 ‘NI B s s s ey s s A s o e C'{I) 30 __H — 27" _>_14| B Z+jets, tt _—> InCIUSI‘Ie
) S5F Data . - 5 - 13 TeV, 14.8 b {4V, VWV .
0] = ATLAS Preliminary 3 2 C W Uncertainty ]
> 40 =eee- Background Fit Vs =13 TeV, 13.3fb" = qc) o5 [ ;
€ ggf — Signal + Background Fit =~ H—yy, m, =125.09 GeV AT - i i .
Ij>j 30§ —— SM Signal + Background VBF loose ] o0 E
osf. 3 50% VBF : e :
- 3 . . 15 : .
20% 3 in signal : o :
15 { / } H i { E o E v
10 ' .11 2 T - -
T Y T
SOV Wi : % 90 101112013014015010 (pr>30GeV),
110 120 130 140 150 160 .
: m;i>120 GeV
m,, [GeV] . m,, [GeV]
>  20p———— ] increasing . "9102_“II”III”IIHIIHIIHIHa'I(aI”III”I”_:
S  ,gE e Dau ATLAS Preliminary . & | ATLAS Preliminary oy oo + .
g 18; ----- Background Fit Vs=13TeV, 13.3 fb}-/w ] BDT cut Discriminant o F H— 22 — 4l =i :
2 16 — signal + Background Fit ~ H—y7, m, =125.09 GeV BDT-2jVBF 13 TeV, 14.8 b = %fjets i
q>) 14F —— SM Signal + Background VBF tight - 10 ?NJet:ZVBF—enriched tt+V, VWV _§
LU - 3 v vz, Uncertainty ]
12 — - ]
1o E BDT_2jet_VBF: - % % ]
s ] Pt 13 ]
8F = . A g , E
6: = ‘ * Prj E e 77 E
45 ] 75% VBF . ° KTA{jj - ok %
= ¢ . : . . ¢ AN 107" E /2
2 : o ID:D—I;JI_I; -;;0 - Bl ll M I n S I g n aI An4tj] E E
1P O Al Pl I AU il i . - . ° my - .
110 120 130 140 150 160 . + min(ARy) L ]
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fit to myy in BDT bins : template fit to BDT discriminant
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| VBF nggs productlon results B B
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H->yy (ATLAS CONF-2016- 067)

T T L L B L BN B T
B ATLAS Preliminary —e—i Total
L Vs=13TeV, 133"
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Exercising 0ot il
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differential cross
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H->2Z7 (ATLAS CONF-2016-079)

In VBF-enhanced region:
~ 1 VBF event, ~2ggF events:
3.4 events expected , 9 observed

ovpr*BH — ZZ") = 0. 37+8 %? pb

osm.vBr - B(H — ZZ*) = 0.100 + 0.003 pb

j 30_ T 1T | T T T | T T T | T T T | T T T T T T T T T T ]

€ [ ATLAS Preliminary .

< B * b .- .+ . .

(\ul 25__H =22 =4 82: :::I: unsgsgnryncf

2 S d excess . 13 TeV, 14.8 fb —— Exp.: stats. + syst. unc. -
observed, 20 4

1.s.d. expected
15

|IIII|IIII|II
1III|IIII

10 30

also interpreted in
. terms of anomalous 5% 7 4 20
H->ZZ couplings 10

| L |
0> 04 06 08 1 12 13

0y ¥BR(H — ZZ*) [pb]

Results are still completely statistically limited
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VBF + photon
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Photon coming to the rescue of VBF (H->bb) analysis:
provide clean source of trigger (biggest limitation in inclusive VBF analysis)

reduces gluon-initiated background

BDT trained with di-jet and photon+jets quantities (mj, |Ayj| ...)

-.(L) B T T T | T T T | T T T | T T T | T T T | T T T i
S 0.12-ATLAS Simulation Preliminary [ VBF H(125) +v
AT E s =13 TeV . - 7] NonRes Bkgd E
0.1 : . _
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: i — — VBFH ]
0.08 - S O s=13TeV, 12610 mmzsy oD @ 3
_ i - C Wi Z +y (EWK) .
N i > 60 High BDT N;nges Bkgd _
0-061 u T - —— Uncertainty ]
B ] g’ 50 —
0.04— — Ll u .
- ] 40 =
: +++++ E
s 0.6 3 t ++H++ E
BDT response 10?ﬂ -
et B T
obs/exp 0 BR/(0*BR)su < 4.0/6.0 g o3 i e
ERY T |
2 % o e TF
@ -0.1F 1
805 | e ‘

Using Z+gamma as “calibration signal”: 0.3 + 0.8 ~60 80" 100 120 140 160 180 200 220 240
m,, [GeV]
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.092004

Dl-lggs searches
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UItlmate goal is the measurement of nggs boson self coupllng

SM process ( cn#=33fb ) way out of reach for current analyses also due to e h
negative interference with “non resonant” production h .7
Run1 result: 611<690 fb 0 B ',\
N\
N\
‘h

Still many new physics models (2HDM, graviton) predict resonant and
non resonant enhancement of di-Higgs production:

SM Higgs boson as extra handle to assess presence of new physics == 'h

sensitivity to anomalous triboson coupling: A

4 1
bb
— -1
tl) WW | 10 - - _h
= | 99 10®  Given the extremely
£ | i 102 low cross section:
7 — . heed to rely to at
5| L least one high .h
_'51 ZZ statistic decay mode X e
L Ve
OO A --@_
Zy N h
uu .
bb WW 99 T CC ZZ 1Y Zy uu

lower background
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Dl-nggs searches yy+X
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Desplte the very Iow Br dl-photon peak in flnal state is a key mgredlent to boost the sens:tlwty

HH->yybb (ATLAS-CONF-2016-004)

S L B e

------- Di-Higgs

E = ATLAS Preliminary
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A T
= ATLAS Preliminary e Di-Higgs
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[ 2-tag signal region ... Continuum Bkg. ]
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¢ Data
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150
m,, [GeV]

160

signal extraction

obs/exp onn<3.9/5.4 pb (120/160 onnsM)

Excellent mass
resolution: select

narrow window in myypp

for every mx
hypothesis

95% CL limit on 6, xBRy _,,,,, [pb]
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HH->yyWW*->yylvqq (ATLAS-CONF-2016-071)

2 photons + 1Iepton (e/p) + Ob-Jets

> C ]
5 14__ ATLAS Prellmlnary + Daa ]
~ - 4T Continuum bkg. |
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140

Cut&count
analysis: &
same cuts o
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Dr-Hrggs searches 4b (ATLAS-CONF-2016-049) .
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Largest Br perfect for ngh mass searches (but trlggermg is a dellcate |ssue)

Resolved analysis . Boosted analysis
e . Higgs identified as R=1.0 jet. Better efficiency at
=4 b-tagged jets in final state . 99 ) -0 I B : y
. high pt, easier combinatorics
optimised set of requirements for best pairing . N _ _
N _ o - Requiring R=0.2 subnets to pass b-tagging requirement:
multi-jet background estimated from mjj sidebands - classify events according to the number of tagged subjects in
in 2 b-tagged . the 2 pairs
r————7rr 7T T :> ““““““““““““ a‘a ““““ >2 H‘Hwa“a”“”
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. { 1 1 31045'|""|""|""|"_"|""5
my;j / mzy fit for signal extraction ETE | ATLAs Preliminary — BukFs 1o -
8 B (s=13TeV, 13.3 "  seueas Expected Limit (95% CL) i
8. 5 T Expected = 2
Obs o'hh<0,96 pb (29 thSM) 1 10 = —_— Prgwous Obs. Limit (L = 3.2 fo )_§
- - OEIEY Previous Exp. Limit (L = 3.2 fb™) ]
e L ]
/|\ - |
N S0P =
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p . T . T b NN — N ]
Very high mass still statistically dominated TR - D — -
% 105 =
Low mass will soon be sensitive background modelling : .
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https://cds.cern.ch/record/2206131/files/ATLAS-CONF-2016-049.pdf
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Di-boson resonance searches
(a.k.a. direct searches for new physics)
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Here V=W/Z ... see Jan Stark’s talk for VH
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different composition of WW/WZ/ZZ
leptonic states: lower background, easier to trigger ..... but low Branching ratio

hadronic states: larger branching ratio .... generally larger background (not well described by MC)

Z(v)V W(lv)V
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W boson in di-jet events
[ ATLAS Preliminary —— Merged analysis ] > ————
7F 99 — H— ZZ — ttqq —— Resolved analysis 8 9000 o Data_ 3
—e— (Combined ] © 50005 ; g";g‘g‘:‘? é
— J VS jj: 2 70005 T Fitted e, é
boosted topologies rescue the high pr 5000~ P N
—_ 4000 ; reliminary 1
] case 300(); N Vs=13 TeV, 15.5fb™ ) 'E
E 2000 N : N, <30 3
E well understood substructure to00E- Y E
] techniques allow to significantly reduce < 09
' the background g E

| T T T | 1 1 4
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DI-bOSOﬂ resonance searches strategles

ATLAS-CONF-2016-082 ATLAS-CONF-2016-062
Z(IhV Z(v)V W(lv) J
for Il: jj and J 4 Vi, Y v
for vv: J only
L b h I L )2

4+ Select V boson through mass related cuts (different window for W and 2):

I, j—>easy , Iv:using MET+Mr
vv: using MT (vvJ)
J: V contained in a single R=1.0 jet (using substructure to reduce bkgd)

4+ Apply extra selection for boost sensitivity:

mass dependent cut on prV, pr balance of the bosons
VBF region for IIV

4+ define CRs/VRs for background normalisation (if MC) and/or
shape check (using mV sidebands)

4+ Extract S|gnal from VV mass proxy: m(lvdJ), m(JJ), m(lljj) ..

Dao .Valerlor ' |
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ATLAS-CONF-2016-055

VV(JJ)

ATLAS Preliminary
{s=13TeV, 13.2 fb™

—e— Data

—— ggF H 1600 GeV
Wijets

Z+jets

SM diboson

Top Quarks

80 100 120 140 160 180 200
m(J) [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-055/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-062/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-082/
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the leading background [ shape

normalisation from CR] from MC, normalisation from CR]
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Di-boson resonance searches: results

4+ Large variety of interpretations:
* high mass Higgs boson, Graviton, Z', W’, heavy vector triplets (HVT)

E T | T T T T | T T T T | T T T T | T T T T | T T T ]
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4+ ... still no combination yet
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HighLuminosity LHC

FREIBURG

4+ Prospects studies are a tricky business .... Z"’ln ‘s
. . . 7Sos.. . “Pe
usually require a lot of assumptions on performance of detector not already built oﬂelop/a/refjs
. L 72
relies of some approximation: parameterisation of performance applied on truth quantities On
clearly NOT suited for convoluted analyses (easy to get overoptimistic scenarios).
4+ ... at the same time experimentalists usually surpass their own expectations: new algorithms, new
techniques ... etc ...
4+ Concentrating on latest results based on Phase2 Upgrade Runi-like
scoping document: N
= T TN T
more “reliable” results: more recent MC production, more stable 2 0'65 ATLAS Simulation : ggfgggréeConr_
detector layout 5 05 Pr,> 30 GeV,1=200.S,, = 2%\ A, Middle =
2 - * Low -
using as benchmark analyses which are currently statistically S b E
limited but also that are strongly dependent on detector design § - m M -
choices 5 03 -
o C _
critical detector design component:  coverage of the inner g 0.21 =
tracker (2.7 —>4.0) Z ot .

+ impact acceptance/veto for charged lepton (e,mu,tau)
reconstruction

+ impact capabilities of rejecting pileUp jets at large rapidity best Run2 scenario
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+ The golden channel H->2Z->41:

* +20% acceptance with forward lepton reconstruction

* very clean Higgs selection (m4 window), concentrate on separating

VBF from ggF contribution

<« BDT variables:

+ PU contribution in ggf ~ 25%/50% (even with large eta tracker)

4+ Expected performance with 3 ab™:

* cut & count analysis in 3 BDT bins

+ 13% / 17% uncertainty on uvsr without / with theory uncertainties

HL-LHC prospects: VBF Higgs
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LN LR N LA B L R
ATLAS Simulation Preliminary

o T ]
< - -
Q - ]
S 0.08F =
~ - — VBF125 .
% 0.07¢ — ggF125 E
> 0.06[ — aazz b =
o) = 3
ﬁ 0.055— _E
£ 0.04F :
2 003
0.02F
0.01F
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BDT score

ATL-PHYS-PUB-2014-018

10°

14 TeV, 3000 fb™ [Fake t [ Others
T,y + €T, VBF —H o1t

Events / 0.015

10*

10°

10°

ATLAS Simulation Prelim. ggz — tt [l tT+single-top

0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98 1
BDT output

Dab ‘Valér)'ov ‘

4+ Atougher case HVBF H->z7 ( 1+ final state):

“ BDT to separate signal from background (S/B=0.4 in best BDT bin)

* only assessing effect of PU rejection from extended tracker: up to
factor 2 improvement in performance

4+ Expected performance with 3 ab:
“ no theory uncertainty, 10% bgk unc., 5% detector sys on signal
“ 75% PU rejection in the forward region

+ 12% uncertainty on lvsr
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4+ Using ssWW as benchmark analysis:

good compromise between available statistics and amount of background: likely the first
VBS final state that will enter the precision realm

events

events

characteristic experimental features: 2 SS leptons + MET + 2 forward jets with high mj

Run1 analysis strategy: cut and count with mjj>500 GeV, Ay;>2.4
main MC bkgd (WZ/ssWW QCD) scaled by 1.6 to account for experimental backgrounds 4

600
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300

200

100
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300

250

200

150

100

50

- ATLAS Simulation '

L Low Scenario hi<2.7

- det =3ab" Vs =14 TeV
r <u>=200

A
] WWEjj-EW

[ ] other SM bkgs-
B Wz .
] W*Wi-QCD

LHCC-G-166 .

O
-4
2D
-2
zI.IJ
o

4+ Several advantages from increasing tracker acceptance:
better signal efficiency: 10 %
factor 2 better rejection of WZ events from 3rd lepton veto

reducing events where “tagging” jets originates from PileUp: 27% —> 18%

2 4
Subleading jet n

- ATLAS Simulation '
= Reference Scenario Inl<4.0

:—det =3ab" Vs=14TeVv
C <u>=200

[0 WWI-EW
[ ] other SM bkgs.-
L Nk% =
[ ] w*wsjj-QCD

2 4

Subleading jet n

4+ Expected performance (assuming 15% background uncertainty):
precision on ssWW fiducial xSection for 3 ab™': 6%

13% with Run1 acceptance

4+ Higher statistics allows application of more sophisticated methods as well
as better precision on NP effects (old studies):

5 o discoveries for fso/A2>4.5 TeV2

MBI Workshop 26-08-2016



https://cds.cern.ch/record/1558703/files/ATL-PHYS-PUB-2013-006.pdf
https://cds.cern.ch/record/2055248/files/LHCC-G-166.pdf

HLLC prospects dl-H:ggs o
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" HH->77bb (ATL-PHYS-PUB-2015-046)

HH->yybb (ATL-PHYS-PUB-2014-019)

3107 L dt = 3000 fo" (11000 x HH [Wttbar lep [ bbij
§1o6 =14 Tov Dzjets [lttbar_had [Jwijets . o .
Lol T W i e, 4+ ==2 photons, =2 b-tagged jets (70%) efficiency:
N had-had + bb: optimised kinematic cuts on dR among objets
10°
102 prb>180 GeV, mT2>180 GeV > 22r T T T [ T ] > T T T . .
. o) - ATLASSimulation Preliminary 3 @ o5 ATLAS Simulation Preliminary ]
10 ~13 sig. events (S/B~1.6%) (05 20- Vs=14TeV, 3000 o™ (L?) - Vs=14 TeV, 3000 fo! -
1 = 18 - E%EE)H§W) - tf)l'(l(w) ER ol - Elész)H)(w) - tf)l'(l(w) y
2 a0 ftx 4 £ 20p Yy o E
100 150 200 250 300 350 400 450 m.z??ieV] § 165_ - Z(bb;HY(YY) - bb’Y'Y _E qc) - - Z(bb)H(Y'Y) - bb‘Y'Y ]
m 14¢ . . Others 7 & i ; Others -
>10° = - C A - |
§1o8 L ot=3000 7 E;O xe:H jets Egthers ::35 : E i 1
= s= e —eet] E - B 7
: o CJbbH lep-lep + bb: ] ! E i
i 1 ATLAS Simulation Preliminary E E ]
huge ttbar background o E .
dRbb<1.0, ptPP>160 GeV i

~6 sig. events (S/B<<1%)

| |
200 25( 150 200 250
m, s [GeV] m,, [GeV]

i
100 150

b b L |
300 400 500 600 700 _ 800
P2’ [GeV]

+ With3ab' @ 14TeV:
8.4 signal events, 47 bkgd. events (S/B~20%)

Latcaooor' 10 <HH [l [zt

(s=14TeV I:IW(—WVT)"'ietS.Othersl:l bbH lep t-had + bb:
u ch%nnel -
pt°°>200 GeV, mr2>220 GeV

kinematic reconstruction to
reduce top background

~14 sig. events (S/B~1.5%)

ATLAS Simulation Preliminary

Events /10 GeV

1.3 s.d. expected
significance

500 600
mzTe [GeV]

0] HH/G SM < 3 ATLAS Simulation Preliminary

\'s = 14 TeV: 3000 fb'

_
o
IIII|IIII|IIII|III

Projected limit on the total HH yield (events)

oHH/oSM < 4.3 @ 95% C.L. @ 95% C.L. - Exp. 95% CLs

5 (R ER K
4+ Extracting also confidence interval tri-linear coupling: A SR
-4 < AHHH/ASMHHH < 1 2 y
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Summary and conclusions
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4+ The start .......
13 TeV LHC Run2 is in full swing ....

first preliminary EWK result being produced: inclusive cross
section, VBF Higgs, searches for di-Higgs and di-boson
resonances

\\\

.ll
the summer dataset allows similar performance as Run1, more

(a1 ’l ﬂll ‘
g g&*“
refined and complete analyses expected by the end of the year
STAY TUNED \\ —

confirming results from Run1, no major surprised

+ ... the finish(?)

while HL HLC is still far away, intensive work is already ongoing

constantly refining our projections with more detailed and
precise simulation

improvement in detector component proved to have a strong
impact on analyses sensitivities (especially on VBS/VBF
channels): better acceptance, better background rejction

" S
} -_—

Thank you for your attention
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WW theoretical predictions
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pp — WW order of oioh A OWW —sen
sub-process O(as) [pb] |70] [fb]
qq [10,14] O(a?) 111.1 +2.8 | 16.2040.13 | 42277
gg (non-resonant) [16] O(a?) 6.827 5z 28.1755 | 44.947.2
g9 — H — WW [17][31] O(a?) tot. / O(a?) fid. | 10457525 | 4.5£0.80 | 11.0£2.1
qq + gg (non-resonant) + gg — H nNNLO-+H 128.475°2 15.8770 14 478117

Detailed explanation of the xSection ratio plot.
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- mBI

Workshop 26-08-2016 |




E 2.2:| T TT | T 1T | T 1T | T 1T | 1T TT | 1T 17T | T TT |:
= D ATLAS Preliminary | Bestfit -
Ky 1 al H—2Z" — 4 —es%CL
N 1'85 13 TeV, 14.8 b "+~ 95% CL .
T 1.6t ° SM -
T 48 e E
£ 144 |
< .20 E
I - ]
eI | -
mr ]
s 0-8F E
0.6F g
0.4" £
0.21 . -
O:I L1 1 | 111 | 11 ~|.~|..L~1 L1 1 | | | ) | L"I’ 11 I:

O 05 1 15 2 25 § 3.5
Ogghsoprr*BR(H — 2Z27) [pb]

<

ao Valerio

2 Aln(L)

-
o

| T L'l T 1 | T 1 | T 1

, 1 P
C(‘) - {f-'n'\‘s.\l[.zfluzz lp[“ + Guw

1

4

1

2

1
1 [Cﬂ"'"ng"w (;waom,;w

11

.'I ‘I\

11 7+ y— v
- .E K [Qx'\'nu'u’ “'uu W

1

A

w WIW#]

Y e w . A
[{A(-.'\".,.,‘q".,N .‘1‘“,/“ + Snﬁ.,(.,.'y,‘\., 44‘“,1‘1‘ J

) . w ) ., e
[f‘nhnz\gum Zuw A" + saKaz\Gazy Ly A ]

N . W 0,
* Sakagg9age (’tw(' ]

. v . 7
[('ﬂ'\nzz ZywZ" + sakazz Ly Z" }

M . 1+ t'—;xu
-+ Suhvl.\“"y “’ “u“ ]

O
&
2
[~}
i
o
L

UNI

- —{'(, NH()\ Zp(‘)“ .4‘“’ + K"{)z Z(;(')"Z‘“’ + (KHHH' l"'l": (')" ‘1' o + h.(?.)] }/\'0 N

Not excluded
range at 95% CL

expected

KHVV
observed

KAVYVY * sin @
expected observed

[-6.3,5.1]

[0.9,7.5]

[-6.3,6.5] [-9.7,11.0]

-
N

N
L

| 6

T
©
)

III|III|III|III|III|III|III|III"
'

ATLAS Prelimi
reliminary — Observed
-1
13Tev, 1487 Expected

[$)}

o> "
O L
-

8% CL

.~ L
III|III|IIII~.I‘-4I|ILJ-‘l"III

-
N

L

-2AIn(L)

-
o

RN AT T AN T N Y MR
o]

ATLAS Preliminary

— H—ZZ* — 4
13 TeVv, 14.8 b

T T | T T T T | T T T T | T T T T | Tr
'

— Observed

----- Expected

-6 -4 -2 0 2




O
&
2
[~}
i
o
L

UNI

H->yy H->ZZ7 H->77

3
012 8 L I L I L IAJTI-LIAjISISI I III T I IIPI II LI I T 171 w i<1|0 T I T T T T I T T T T I T T T T I ]
o= 012F T T T T T ARV S imulation Preliminary o 700 =
3 - ATLAS Preliminary L Lyvoy-et, jetet S E = - ATLAS Simulation Prelim. gz -t W ff+singletop 3
S 0.1 (s=13TeV. 13.3 fb" ¢ data sideband ] N — VBF125 - % 6001 14 TeV, 3000 b [DFake t [ Others =
B = , . i P 7] C X g VBF —100xH - 1t 7
€ Woymoisgev L VEF 15 —soFizs = D s00- T E
0.08~ o H 1 e - - -
- [ Jag ] Z E 400 =
,' _‘ . GNJ ] - .
0.06" -4 3 : = =
- £ = 300¢ =
- (@] 1 C ]
0.04 — z 3 2001 =
0.02 —: E 1005_ _E
. 0
N S I .. -~ S0 400 600 800 1000 1200 1400 1600 1800 2000 -15 -10 = 0 5
2 3 4 5 6 7 8 M, (GeV) n.¥1,
An.
I
3
:E ———T [ T T T T T T T T T T T T T T T T T T T T g?) |||||||||||||||llll|l.lll|.llll|l.ll.l|l"'__ <t ?1,0| T T T T T T T T T T T T T T T T 3
S 0.455- ATLAS Preliminary E YY,Y-jet, jet-jet e) ATLAS Simulation Preliminary S 900k -
= _ o 3 o = ATLAS Simulation Prelim. ggz —tc [l ff+singlestop =
- o ~ — ~ E =
S 04E (5-13Tev, 13310 data sideband > - - 2 800E 1416y, 3000 10" MFaket [MOthers E
; 0.35 H—yy, m =125 GeV [_JveF 5 ggF125 E § 700F i s VEF TR S
z »TH - ] g £
< [ JgoH 2 = W eooE E
8 E 5005 E
© 3 o =
£ 3 400 =
S = = 3
b . 300 =
E 200F- =
E 100E- 3
I s 4 = 7S - Ty 6‘ I7II I_8 0_ 0 02 04 06 08 1 -
0 0.5 1 1.5 2 2.5 3 , ' ' ) lept ' tralit
o n n-centr
. T]Zpr epton n-centrality

= = (MGec 1y NGer2)

aoValeio ~ MBIWorkshop 26-08-2016 36




UNI
FREIBURG

Dao Valerio MBI Workshop 26-08-2016 37




HH->bbbb: resolved
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LLEPTONS AND JETS REQUIREMENTS

ELECTRONS
Loose Likelihood quality electrons with hit in innermost layer, ET > 7 GeV and || < 2.47
Muons
Loose identification || < 2.7
Calo-tagged muons with pr > 15 GeV and || < 0.1
Combined, stand-alone (with ID hits if available) and segment tagged muons with pr > 5 GeV
JETS
anti-k, jets with pr > 30 GeV, |n| < 4.5 and passing pile-up jet rejection requirements

EVENT SELECTION

QuaprurLET  Require at least one quadruplet of leptons consisting of two pairs of same flavour
SELECTION opposite-charge leptons fulfilling the following requirements:
pr thresholds for three leading leptons in the quadruplet - 20, 15 and 10 GeV
Maximum of one calo-tagged or standalone muon per quadruplet
Select best quadruplet to be the one with the (sub)leading dilepton mass
(second) closest the Z mass
Leading dilepton mass requirement: 50 GeV < mj; < 106 GeV
Sub-leading dilepton mass requirement: 12 < m34 < 115 GeV
Remove quadruplet if alternative same-flavour opposite-charge dilepton gives mg < 5 GeV
AR(£, €") > 0.10 (0.20) for all same(different)-flavour leptons in the quadruplet
IsoLATION Contribution from the other leptons of the quadruplet is subtracted
Muon track isolation (AR < 0.30): Zpr/pr < 0.15
Muon calorimeter isolation (AR = 0.20): ZEt/pr < 0.30
Electron track isolation (AR < 0.20) : £E¢/Et < 0.15
Electron calorimeter isolation (AR = 0.20) : ZEv/Et < 0.20
IMPACT Apply impact parameter significance cut to all leptons of the quadruplet.
PARAMETER For electrons : |dy/og,| < 5
SieNiFicance  For muons : |dy /oy, | < 3
VERTEX Require a common vertex for the leptons
SELECTION x*/ndof < 6 for 4u and < 9 for others.
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H->WW (ATLAS-CONF-2016-074)
evuyv final state: 2 on-shell W (my>55 GeV)

%104"'| L A B B > T L L B R I
10} ATLAS Preliminary ~+ data Wotherw 3 O g ATLAS Preliminary ~+data M other vv
3 10% k- Vs=13TeV, 13.21b" [JveFnwAs00  Top E_ B3 Vs=13TeV, 13.2fb™ [JveFnwasoo  Top
2 H—WW— evuv + = 2 jets VBF SR Cvernwazoo [wsiets 3 2 10° [ H-WW- evuv +1 jet VBF SR Cvernwa7oo [ wjets
S ww Bziets ] o Bww B zets
w %,‘ SM(sys @ stat) E: L 102 % SM(sys @ stat)
10
ER
1 E_ 1
107! — 107!
= 2 E ' = 2 %
? 45k | P 5L
"g 1; a a +I-T- % 1;_~ _._‘-‘——LTl J+
O 0.5 / 3 O 0.5p 3
0 200 400 600 800 1000 120 0 200 400 600 800 1000 120
m; [GeV] m; [GeV]
m;j>400 GeV, |Ay;|>4
. %106"'| L L L B R R B L A LR
top dominated 8 F ATLASPreliminary  +aaa Woterw
Q& 10 (so13Tev, 132" [JogF Nwa 300 | Top
% 10° B HWW— vy ggF SR [JagF nwa 700 ijets
g .WW .Z+]ets
1)

7/55 SM(sys @ stat)

VBF 1jets:
jet n>2.4,
min(|Az;|)>1.5

1.5%
) S N + 4 " |

mbenadrs _+_ 1

Data / SM

ggF:VBF 2jets:

inclusive minus VBF categories
WW dominated

10007200
m; [GeV]

0 200 400 600 800



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-079/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-074/

High mass H->WW/ZZ (2

O
-4
2D
-2
zI.IJ
o

- - .~ > " — s Sai

H->ZZ (ATLAS-CONF-2016-079) : H->WW (
NWA: same width as SM Higgs boson (peak width dominated -
by detector resolution) . 2 R e
: — 10 F ATLAS Preliminary —®- Observed (CLs)
5 [ T T T T T T i g [ T T T T T T T 71 e = F Vs=13TeV, 13210 ---- Expected (CLs)
s ATLAS Preliminary ~ — Observed CL, limit | =3 ATLAS Preliminary  — Observed CL, limit |  * = H— WW— evuv (ggF, NWA) 5 * ;0
P [ 13Tev, 148" — I [ 13Tev, 14807 it | . % o
N 10k NWA Expected CL; limit | N 1ok NWA Expected CL limit | : + L |
é : [ Expected = 16 ; é : [ Expected = 10 ; . % i ]
5 T [ JExpected 206 | 5 | JExpectedz20 ] o é
P I ] c
5 o . _8
o ok . E10TE .
E E o ; =
o o I : O
O\O 0\0 L = ° \O ]
3 3 ° % 10-2 L l l l | l l l l | l l l l |
102 | | | | | | | 103 | | | | | | | ° 1000 2000 3000
200 300 400 500 600 700 800 900 1000 200 300 400 500 600 700 800 900 1000
mg [GeV] mg [GeV] | m, [GeV]
. . . L4 =y | | | | | | | | | | | |
LWA: different assumptions on the width . 8 | | |
: — 10 F ATLAS Preliminary —o- Observed (CLs)
. < ' Vs=13TeV, 13.2fb" ---- Expected (CLs)
* = H—> WW— evuv (VBF, NWA) ERS
g T I I I I I ] T [ T T T T T 1 . 0 (=20
53 ATLAS Preliminary ~— Observed CL, limit | § | ATLASPreliminary — Observed CL, limit | =
1 [ 13Tev,148f" Expected CL. limit | P [ 13Tev, 148" o1 . % TE E
N 1oL LWA 1% xpected CL limi . N ol watos 7 Expected CL limit | . 0
é . . Expected + 10 ] J)/ E . Expected = 10 E : o)
T C D Expected + 20 - = L D Expected =20 1 : g
s | 1 % b 1o T o E
: : 3 5
a 1 S 1 . -
E E . <
3 g : % | |
- S ° 2 U | | | | | | | | | | |
2| 48| T . ® 10 7000 2000 3000
(o)} o)) °
10! ! ! ! ! ! 10 | | | | | . m, [GeV]
400 500 600 700 800 900 1000 400 500 600 700 800 900 1000 .
mg [GeV] mg [GeV] .+

<

o Valerio

a

Workshop 26-

08-2016



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-079/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-074/

Prospects for nggs couplmgs -

UNI
FREIBURG

A bit out-dated studies ATL-PHYS-PUB-2014-016

ATLAS Simulation Preliminary ATLAS Simulation Preliminary
Vs =14 TeV: [Ldt=300 fb ; [Ldt=3000 fb" Vs =14 TeV: [Ldt=300 b’ det 3000 fb™

- 0 H—yy (comb.)

Heyy (comb.) % E;
........................... ..................... ] (VBF Ilke)

)

)

. (WH-like
H— ZZ (comb.) é (ZH-like
(ttH-like)

......................................................................... | T e

H— WW (comb.) % (VH-like)

(ttH-like)
........................... ...... . ............. ] (VBF-Ilke)
s (ggF-like)

H—-WW (com(b )

H— Zy (incl.)

(1

H— bb (comb.) (VBF-like

_________________________________________________________________________ . H—-Zy (incl

0j)

)

)

R

p . (WH-like)

H—tt (VBF-like) m (ZH-like)
p—— S T— _ H—tt (VBF-like)

)

)

)

H—uw (comb.
(incl.
(ttH-like

H—uu (comb.)

Dao Valeio MBI Workshop 26-08-2016 43



http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-016/

~ Prospects forVBS:

UNI
FREIBURG

https://cds.cern.ch/record/1558703/files/ATL-PHYS-PUB-2013-006.pdf

Dao Valerio MBI Workshop 26-08-2016 44



https://cds.cern.ch/record/1558703/files/ATL-PHYS-PUB-2013-006.pdf

§ 103 ]__ T T I T T T T I T T T T I T T T T E
= - ATLAS Preliminary -
N T Vs=13TeV, 155 fb" ]
t, B T — Observed 95% CL ]
g‘r | ---- Expected 95% CL |
% e+ 1o

& 102 + 20 B =
(-;g:) — GRS_>ZZ’ k/MPI=1 E
L _
= | _

10
- ] o)
L i 2
1 1l 1 1 I 1 1 1 I 1 1 1 I 1 1 1 ; 10
1500 2000 2500 3000 ;
G, [GeV] 1\
x 1
O
f 1
a 107
RS
VV->|| >,
10°
10°7°
103 ]__ T T I T T T T I T T T T I T T T T B
= ATLAS Preliminary -
C B A ]
- Vs =13TeV, 15.5 fb — Observed 95% CL -
@ | ---- Expected 95% CL
e+ 1o
102 + 20

o(pp—G, +X)xBR(G,  —~WW) [fb]

10

— G WW, kKM _=1

WV->ly]

ATLAS Preliminary —e— QObserved 95% CL upper limit
{s=13TeV, 13.2f0" - Expected 95% CL upper limit
Expected limit (+ 10)
[ ] Evpected limit (= 20)
o p—>G*—>WW)k/MPI=1

1 IIIIIL|,| 1 IIIIILL| 1 IIIIIII| L1111

1l

500

1000 1500 2000 2500 3000 3500 4000 4500

m(G*) [GeV]

'
K=
N
N
)
*
S
c
@
X
o
S
1
Q.
e
5
E
—
o
N
Te)
(o]

o(pp — G*) x BR(G" — Z2) [pb]

10

1072

UNI
FREIBURG

ATLAS Preliminary —e— Observed (CLs)
. oo L mmeees Expected (CLs)

(s=13TeV, 132" [J*2 _
...... Bulk RS G*, k/M,=1

100 g | Lowod | | | | R
500 1000 1500 2000 2500 3000 3500 4000 4500 5000
mg- [GeV]
ZZ->(lliw)(]ljj)
J__l I L I L I L I L I L I L I L I L I T 17T li_
B A —— Observed Limit
ATLAS Preliminar

10 s Y 4 — — Expected Limit 3
1 pp—>G"—~ZZ —>wvaqq [ ] Expected 2 ¢ —
107 E
102 E
10°E E
10—4I_IIIIIIIIIIIIIIIIIIII~:~‘IIIIIIIIIIIIIIIIIIIIIIII_I

500 1000 1500 2000 2500 3000 3500 4000 4500 5000
mg. [GeV]




10°

ATLAS Preliminary
{s=13TeV, 15.5 0"

I TTTITH

e+ 1o

102 + 20

o(pp—W'+X)xBR(W'=W2Z) [fb]

— Model A, g,
— Model B, g,

— Observed 95% CL
---- Expected 95% CL

1
3

10
1 1500 I 2000 2500 I 3000
m,, [GeV]
§ 103 ]__ T T I T T T T I T T T T I T T T T E
'5 = ATLAS Preliminary .
C _ 4 ]
% B fs=13TeV, 1551 — Observed 95% CL ]
N | ---- Expected 95% CL
& - o
’>>'é‘ 102 s + 20 —
§ — Model A, g, =1 :
a — Model B, g,= 3 ]
\6* - -
10 =
1 Il 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
1500 2000 2500 3000
m,, [GeV]

<

o Valerio

a

= S B R B BN AR B IR
% EATLAS Preliminary ——e—— Observed 95% CL upper limit E
E 10 s=13 TeV, 13.2 ! - Expected 95% CL upper limit _g'
) - Expected limit (= 10) ]
; 1 3 |:| Expected limit (= 20) =
0 C o(pp —> W'—> WZ) HVT Model A, g =1 ]
g_/' 10’1;— o(pp — W WZ) HVT Model B, g =3 3
© C 3
102
10°7°
v b v b v v b By 03 L1
500 1000 1500 2000 2500 3000 3500 4000 45C
m(W’) [GeV]
WVLSHy
= SR B L DL B BN LRI R
o = 3
: " ATLAS Preliminary =~ —e— Observed 95% CL upper limit N
; 10 'E_ Vs=13 TeV, 13.2 ot -------- Expected 95% CL upper limit _E'
% - Expected limit (+ 10) .
N 1 |:| Expected limit (= 20) 3
i A o(pp — Z'> WW) HVT Model A, g, =1 .
\% 10_1'5_ o(pp — Z—> WW) HVT Model B, g =3 5
o) C 7
102
107°
v b v v b b b v by SN P R
500 1000 1500 2000 2500 3000 3500 4000 4500

MBI Worksh

m(Z’) [GeV]

op 26-08-2016

resonances: W’/Z'RS interpretations

o (pp— HVT W’) X (BR — W2) [pb]

95% C.L. limit o(HVT W’)xBR(WZ) [pb]

UNI
FREIBURG

[T I T T 17T I T T 17T I T 1 T 7T I T 1 1 1 I T T 17T I T 1 T 7T I T 1 T 7T I T T 17T I_

[ ATLAS Preliminary ~—— Observed Limit =

10 4 — — Expected Limit 3

- | Vs=13TeV,132fb" pumy Expected =10 3

C | “HVT = WZ - v qq [ ] Expected 20 -

e\~ e HVT Model A, g =1—

107 E

102 = IE

10_3 1E'_I I 111 | I 111 | I 11 1 | I 111 1 I 111 | I I":~I~~f~| 11 1 | I 111 | E
500 1000 1500 2000 2500 3000 3500 4000 450C

m,,. [GeV]

ZZ->(lliw)(]ljj)

ATLAS Preliminary —e— Observed (CLs)

...... Expected (CLs)
10l HVT-WZ~lgg [ + 1o E
s Is=13Tev, 132" [J=20 :
LA ol HVT Model A, g =1 _

107"

1072

107 ! ! ! ! RN ! !
I | 1111 1111 111 1 1111 111 1* 11 1 1 1111 1111
500 1000 1500 2000 2500 3000 3500 4000 4500 500(

m,,. [GeV]




O
&
2
[~}
i
o
L

UNI

ATLAS Preliminary —e— Observed (CLs)

ATLAS Preliminary —e— Observed (CLs)

10 qq—=H->ZZ-llgg = Expected (CLs) = 10 gg—H-ZZ—lqqg Expected (CLs) =
_ 4+ E@:to E ) + El=to E
\s=13TeV, 13.21b =20 ] 's=13TeV, 13.21b 20 ]

o) o
& 2
N N
N N
! I
L L
i o
m m
X1 — X1 =
I = E T s E
1 - 3 I - 3
o - 1 [®)] - 1
A=) B - k) - i
5 5
WV>I = 107 = = 107 E
-~V E F E E F E
_ B i _ B i
o o
o\o 10_2 g— = o\o 10_2 g_
—_ o) E o) =
_O 2 T T T T I T T T T I T T T T I T T T T I T T T Ig o) : . m : :
a 10 E
_ ATLAS Preliminary ~ —*— Observed 95% CL upper limit 3 i 7 i 7
2 [ o qaTey 130t Expected 95% CL upper imit ] 107 E 10°E =
S 10g s=13TeV, 13.210" xpected 95% CL upper fimit —_ S N B U BN B S E R RN BN B
' [ Expected limit (+ 10) 3 500 1000 1500 2000 2500 300( 500 1000 1500 2000 2500 3000
£ [ ] Expected limit (+ 20) N m,, [GeV] m,, [GeV]
= Scalar Singlet (NDA) 3
(?) Scalar Singlet (Unsupp.) N
o
M

ZZ->(liw) (Jljj

(6]
—_ —
Q o
N N
IIIIIIII| IIIII|T|'| T 1T

1073
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1
500 1000 1500 2000 2500 3000
E‘ : T I T T T T I T T T T I T T T T I T T T T I T T T T j
Mscaar [GEV] E— 10 ATLAS Preliminary —— Observed I._irr.lit_:
N = | (s=13TeV, 13211 —_ _ Expected Limit 3
? - gg— H—ZZ — v qq [ Expected =10 7
o = [ ] Expected +2 o _|
m E =
x = .
T L |
-
(@] - ]
9 - ]
o) 10—2 E_ =
10°
= 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1

500 1000 1500 2000 2500 3000
m,, [GeV]

<

o Valerio

a

MBI Workshop 26-08-2016 47




llqq analysis

UNI
FREIBURG

> 4G [T = T ] > —— N —
© | ATLAS Preliminary 4 Data S ATLAS Preliminary + Data o ATLAS Preliminary + Data
2 [ s=13TeV, 132" 1 H700 GeV (0.1 pb) @ Ji=13TeV, 13.2 b1 1 H1.6TeV(10fb) ] 1L  eo13Tev, 132" C Z+jets .
§102_ [ Z+jets | §102 [ Z+jets < § E ) [ W +jets
oo ?ﬁ ZZS; Mqu 1 Top Quarks E I-U ﬂﬁ ZdZI — tqq SR aoF 1 SM Diboson W el 0 lep. low-purity SR 1 Top Quarks ]
F Tagged SR. g9 [ SM Diboson ] o ow-purity SR, 09 [ Top Quarks ] [ SM Diboson
10"k vz, Stat.@Syst. Uncert. | vy, Stat.@Syst. Uncert. 10 il . Stat.@Syst. Uncert. |
£ = = = Pre-fit background = = = Pre-fit background ] i = = = Pre-fit background 7
1.0 . H_'—|_ -
1.0 - ] 10 3
E | i E
i 10 § 10—1 L === .
101k - ] Pl e E
; - 10 1 3 i i
F | 3 10—2 husdmnn -
L _JzL_J S 3 ] 1 3
10725‘ 10-3 ‘ ] 3 I_ﬁj
E E 10 -
10—3- 10—4 _.|...I.. ....- 10—4....I....I....I....I..--I-...-
T T T T T T T T T T T T
o 15fF-122 515 R R e R -
£ £ g Py ”y 7 2
3 1.0 3 1.0 3 1.0 [ogo—et= o . 7207 s AR /%/ ////% /%
8 8 3 %
)f-] - ! 05 05f - —--- oo R e S -
1 1 1 1 1 1 1
400 600 800 1000 1200 1400 1600 1800 2000 500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000 3500
m(¢ejj) [GeV] m(¢eJ) [GeV] mr(vvJ) [GeV]
e 10°e _ .
3 - 4 Data > ' ' ' ' E >
O 104L ATLAS Preliminary 1 H700 GeV (0.1 pb) & | ATLAS Preliminary + Data E S [ ATLAS Preliminary + Data
) Vs=13TeV, 13.2 fb~" AP % F _ 1 [ H1.6TeV(10fb) ] PR 1 C Z+jets 3
o 1 Z+jets £102L V5=13TeV, 132fb L) Vs=13TeV, 1321
2oL Hozz-uqq e ] a3 ‘ C Z+jets 3 & . _ 0 W+ jets
i Untagged SR, goF [ SM Diboson & '\I'/IIH Zthlahééqq_t - ] SM Diboson (D 102] 0 lep. high-purity SR [ Top Quarks ]
£ Top Quarks ] oL ereea nanpurily SR, 99 =1 Top Quarks ] g [==1 SM Diboson E
102 ZZ Stat.@Syst. Uncert. 4 3 . Stat.@Syst. Uncert. 3 101 7z, Stat.DSyst. Uncert. |
= == Prefit background L - = = Pre-fit background - = = Pre-fit background 1}
10 3 10F E
E : E 1.0 .
i 10k i i
b E § 10k
-1 . —2’ _- : 1
10 10 102l -t ]
‘‘‘‘‘ ] e
102 E S " I N B o E 102k E
1078 sy L 104 /4 ,a////- 1004 v v
I-1 ML NS SN LY. N R ap B T
9 % z o 15F--2---f - o 15F- -T2 T 4
a + @ ®
R R O 2 (2 2o 7 7/ 77 ///// < 10pk f%////é $10 v:**a#//?}/‘ ////4%4%
© i g f g
Y| N ¥ .. —Hoo N7 ] g g
PR | P 1 P 1 " 1 L | IR B PR R 05 ___________ ___I- 0-5 _______ L oo | |
200 600 800 1000 1200 1400 1600 i 800 2000 500 1 ooo 1500 2000 2500 3000 500 1000 1500 2000 2500 3000 3500

Dao Valerio

MBI Workshop 26-08-2016




