ATLAS Run 2 Physics Results

David W. Miller
University of Chicago
US LHC Users Association Annual Meeting

On behalf of the ATLAS Collaboration

THE UNIVERSITY OF
&/ CHICAGO

November 2nd, 2017 USLUA Annual Meeting - ATLAS Run 2 Results




Will highlight thisi{today with se
high precision measurementsiand'r
physics searches in ATIfAS

Run:

M(JJ

)

299584
Event:
2016-05-20 08:26:49 CEST
=2.40 TeV

-~ YATILAS

SN EXPERIMENT

"'nt res<ults confront the Standard
Mod with high-precision and state-
of-the % “techniques

Advanoes in experimental methods
for hadro‘jlc ﬁnal states yield new .

\

\

v/
\~
é\

\

)
.

)
;_,w

Program

\ ,\\*

563621388



Recent precision W mass measurements
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Events/ GeV

Data / Pred.

Recent precision W mass measurements
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Template fits to the transverse mass and the lepton transverse
momentum are used to extract the W boson mass from the data.

Measurements are split among lepton flavor and charge.

Final W boson mass is determined from a combination of the lepton and
transverse mass measurements.
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Events/ GeV

Data / Pred.

Recent precision W mass measurements
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Recent precision W mass measurements

arXiv:1701.07240
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Higgs decays to heavy fermions

A crucial aspect of the
endeavor to prove direct
evidence of Higgs decays
to pairs of b-quarks is the
invariant mass
resolution for this
massive resonance.

A series of sophisticated
jet kinematic
calibrations is required to
provide optimal
performance in this
challenging channel.

A 43% relative
improvement results in a
7% fractional mass
resolution in this complex
final state

November 2nd, 2017
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Events / 20 GeV

Data/Pred.

nggs decays to heavy fermions
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Analysis is split into lepton multiplicities (0-2), jet multiplicities (2-3), and vector boson
transverse momentum (75-150 GeV, 150+ GeV)

Primary analysis strategy is based on a multivariate (BDT) discriminant using up to 13
input variables. Validation performed using two alternative approaches, including an
explicit dijet mass analysis.
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Higgs decays to heavy fermions
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Sensitivity dominated by 0-lepton selection (E;Mss > 150 GeV + angular
selection criteria).
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nggs decays to heavy fermions
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Evidence for Higgs decays to heavy fermions
observed with a significance of 3.50.
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Higgs coupling to top quarks

Significant open question in Higgs physics is the
top Yukawa coupling and observation of Higgs
production in association with top quark pairs.

New analysis released last week focuses on the
multi-lepton final states for this process.

ATLAS-CONF-2017-077

All: 2+ light jets + 1+ b-jet

N

Number of thaa

3¢+1Thad

1 2 3 4
Number of light leptons
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Events

Data / Pred.

Higgs coupling to top quarks

ATLAS CONF 2017 077
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Most sensitive final states are the:
» Same-sign 2-lepton signatures (with or without hadronic taus)
> 3-lepton signatures

Critical issues are associated production backgrounds (tt+Z, tt+W), fake hadronic taus, and
non-prompt leptons
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Higgs coupling to top quarks

Systematic
uncertainties are
dominated by
modeling and
hadronic final state
measurement
uncertainties

» Jet energy scale
» Flavor tagging
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ttH cross section (PDF)
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tte¢ cross section
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Higgs coupling to top quarks
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Channel Best fit u Significance
Observed Expected Observed Expected
20084179 1.7 718 (stat.) 17 (syst.) 1.0 113 (stat.) T1:2 (syst.) 0.90 0.5¢0
1+27haa -0.6 T54 (stat.) T13 (syst.) 1.0 759 (stat.) T3 (syst.) - 0.60
40 -0.5 T332 (stat.) 102 (syst.) 1.0 717 (stat.) 53 (syst.) - 0.80
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Combined 1.6 703 (stat.) 153 (syst.) 1.0 T93 (stat.) TO-3 (syst.) 410 2.80
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Searching for New Physics with Lorentz-
boosted W/Z bosons

SSM Z/ - ¢ 2e,pu - - 36.1 Z’ mass 4.5 TeV
%) SSM Z' - 77 271 - - 36.1 Z’ mass 2.4 TeV
S | Leptophobic Z/ — bb - 2b - 32 |z mass 1.5 TeV
@ | Leptophobic Z’ — tt e >1b,>1J2 Yes 3.2 |2 mass 2.0 TeV
g SSM W’ — (v Tepn - Yes 36.1 W’ mass 5.1 TeV
®  HVT V' - WV — qqqq model B Oe,p 2J - 367 |V mass 3.5 TeV
8 HVT V/ - WH/ZH model B multi-channel 36.1 V’ mass 2.93 TeV

LRSM W/, — tb e 2b01] Yes 203

LRSM W/, — tb Oe >1b1J - 203

If M,,» >> M, then significant Lorentz-boost for W, look for two-body structure!

p
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Imaging W jets 1n the data

ATLAS-CONF-2017-06
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Imaging W jets 1n the data
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Searching for new massive particles using
Lorentz-boosted W/Z bosons

ATLAS

EXPERIMENT




Searching for new massive particles using
Lorentz-boosted W/Z bosons

Number of
events
W, G*... W/z/H arXiv:1708.04445
. 3
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¢ Data
1TE —Fit E
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Background 10 ; --- Fit + HVT model B m=2.4 TeV
New particle rr1=ass Q
C
» Search for a mass i
| ] 'E
peak corresponding &

to the new particle

» Observe W candidate pairs with up to 2.5 TeV invariant mass
» >1 TeV transverse momentum for each candidate W boson!



Searching for new massive particles using
Lorentz-boosted W/Z bosons

Number of .
events arXiv:1708.04445
A W’, G*... W/z/H T T [ T T T T [ T T T T [ T T T 1
ATLAS
10°= Vs =13 TeV, 36.7 fb” =
W/Z/H - 3

- VV - qaqq — Observed 95% CL limit ]
R ---- Expected 95% CL limit 7
Expected limit + 1o i
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- HVT model A,g, =1 ]
— HVT model B, g,=3

102: .

6(pp—V'+X) x B(V'=>WW+W2Z) [fb]

Background

. 10
New particle mass =

» Search for a mass

o

peak corresponding L | T~ —
to the new particle . :

m(V') [TeV]

» Observe W candidate pairs with up to 2.5 TeV invariant mass
» >1 TeV transverse momentum for each candidate W boson!



SUSY searches using these techniques

ATLAS-CONF-2017-021

> 106 _I T T T | T T T T I T T T T | T T T DI | T T T T I T T T I—
= i e Data E
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(3 1800 :—{Ag:lg?esv!zgﬁhfglmary —— Observed I'imlit in 2015 B c%
Cf/;vj 600 ;_ Multi-bin analysis : EZF;Z(:ZZ |Ilif:1lilt (é11<:;§£)§ :/) _; E
[ — All limits at 95% CL .
£ 1400 - o 4 48 ¢
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1000 N — M§ [GeV]
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600 \ = .
wof '\ 1 aspects of our physics program.
200 [~ i =
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Systematic uncertainties for the W mass

%;80700
2 80650
280600
£
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Detailed assessments of

ATLAS
Vs=7TeV, 4.11fb"
W= v

+

IIII|IIII|IIII|I II|IIII|IIII|IIII|IIII|IIII|IIII

'

AP (W)
Yo (W)
A (W)
Vv m(W)

— Comb Fit [JTotal Unc.

[]Stat. Unc.
—Total Unc.
[]JStat. Unc.
—Total Unc.

th

g

TR

0.0<h‘|||<0.8 O.8<|1‘|||<1.4 1.4<|n||<2.0 2.0<|n||<2.4

individual systematic

uncertainties including
dedicated corrections is

Consistency checks across
numerous channels and
detector regions.

what permits this excellent

performance.

November 2nd, 2017

Category
W-boson charge W+ w- Combined
Kinematic distribution péT mr pfr mr pfr mr
dmw [MeV]
(u) scale factor 02 10 02 1.0 0.2 1.0
Y ET correction 09 122 11 10.2 1.0 11.2
Residual corrections (statistics) 20 27 20 27 20 27
Residual corrections (interpolation) 14 31 14 31 14 31
Residual corrections (Z — W extrapolation) 0.2 58 02 43 02 5.1
Total 26 142 27 11.8 26 13.0
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Selection criteria for Higgs+ttbar

Channel Selection criteria
Common Nijets > 2 and Np_jers > 1
. . 20SS Two very tight light leptons with pp > 20 GeV
* Jet requirements: Njets 2 2, Same charge light leptons
. Zero medium T,,q9 candidates
Nb-jets > 1 Njets > 45 No—jets < 3
. 0 3¢ Three light leptons with pr > 10 GeV; sum of light lepton charges +1
* ZISS, 2|SS+1ta u: NJets 2 4 Two same-charge leptons must be very tight and have pr > 15 GeV
. The opposite-charge lepton must be loose, isolated and pass the non-prompt BDT
°
2 I OS+ 1ta u’ 1 I+2tha d . Zero medium 7,,q9 candidates
Niets > 3 m({T07) > 12 GeV and [m(€tL~) — 91.2 GeV| > 10 GeV for all SFOC pairs
J s |m(3¢) — 91.2 GeV| > 10 GeV
° S|gna| to backgrou nd raho 40 FOl.lr light leptons; summ of light lepton (tha‘rges 0
Third and fourth leading leptons must be tight
ranging from few % to >40% m(£r7) > 12 GeV and [m(€t¢7) — 91.2 GeV| > 10 GeV for all SFOC pairs
. |m(4€) — 125 GeV| > 5 GeV
IN some Cha N neIS (4') 3|+1ta U) Split 2 categories: Z-depleted (0 SFOC pairs) and Z-enriched (2 or 4 SFOC pairs)
. 1042704 One tight light lepton, with pt > 27 GeV
¢ Ve ry d |ﬁ:e rent baCkg rou nd Two medium 7,,q4 candidates of opposite charge, at least one being tight
. . ]Vjets Z 3
contri buuons 20SS+17haa  Two very tight light leptons with pr > 15 GeV
. Same charge light leptons
¢ Fa kE/non'prom pt Ilght One medium 74,9 candidate, of opposite charge to that of the light leptons
]Vjets 2 4
and Thad Ieptons |m(ee) — 91.2 GeV| > 10 GeV for ee events
° Irred UC|b|e baCkgrOU ndS- 200S+1mhaa  Two loose and isolated light leptons, with pr > 25, 15 GeV
* One medium 7y,,q candidate
ttW + ttz a nd Other‘ rare Opposite charge light leptons
One medium 7,,q9 candidate
Standard Model m(£t07) > 12 GeV and [m(£T£7) = 91.2 GeV| > 10 GeV for all SFOC pairs
Njets Z 3
pl"OCGSSGS 30+1Thad 3/ selection, except:

One medium 71,9 candidate, of opposite charge to the total charge of the light leptons
The two same-charge leptons must be tight and have pr > 10 GeV
The opposite-charge lepton must be loose and isolated
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ATLAS  Preliminary
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Details for Higgs+ttbar

Mg mis-id W

otz @ Diboson (tot.) ( stat.,syst.)
[l Fake 7., @ Non-prompt L | B | LA ALERLELENF
[0Other .. _
ATLAS Preliminary {s=13TeV, 36.1 fo
4¢ Z-enr. 4¢ Z-dep.
— total stat.
ttH, Ho1t - kee— 1.5 jg ( tg:g, t(())..g )
= : F +0.7 +0.7 +0.2
ttH, Hoyy e 06 “o5 (o6: 02 )
_ — : +0.6 +0.3 +0.5
{iH, H—bb e 0.8 5 (03: 05 )
. 1.5 +0.6 +0.4 +0.5
ttH, H—>VV o= 9 06 ( 041 04 )
3¢ W OR 8¢ TOR ; R WY P\ e #0302 +03
ttH combined ri 1.2 53 (025 02 )
1 1 1 ; 1 1 I 1 1 1 l 1 1 1 I 1 1 1 l 1 1 1
=2 0 2 4 6 8 10
best fit u " for m =125 GeV
t
Channel Best fit p Significance
E Observed Expected Observed Expected
T _E 200S+17haa 1.7 718 (stat.) T34 (syst.) 1.0 715 (stat.) T1-2 (syst.) 0.90 0.50
ﬁmigra'y"’g“”ev = 144-27h04q 0.6 T35 (stat.) T13 (syst.) 1.0 féé (stat.) T12 (syst.) - 0.60
=;:Sg:°” 3 40 -0.5 753 (stat.) T03 (syst.) 1.0 717 (stat.) T03 (syst.) - 0.80
E'c'?g‘jg“ka”‘ _é 30+1Thad 1.6 717 (stat.) T5§ (syst.) 1.0 719 (stat.) TO3 (syst.) 1.3¢0 0.90
s E 2088+ 17haa 3.5 113 (stat.) f (syst.) 1.0 T3§ (stat.) T05 (syst.) 3.40 1.1o
5 3¢ 1.8 0% (stat.) Jjgg (syst.) 1.0 708 (stat.) TO-% (syst.) 2.40 1.50
2088 1.5 704 (stat.) T55 (syst.) 1.0 794 (stat.) TO9 (syst.) 2.70 1.90
Combined 1.6 703 (stat.) 103 (syst.) 1.0 *03 (stat.) T53 (syst.) 410 2.80
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Events / bin

Data / Pred.

Details and uncertainties for ttH

105 T T T T T T T T T L T
ATLAS Preliminary —4- Data W iiH
{s =13 TeV, 36.1 fb Ctiw Oz Uncertainty Source Ap
10°F pre-Fit [ Diboson [ Non-prompt ttH modelling (cross section) +0.20 —0.09
Il g mis-id [ Other _ Jet energy scale and resolution 4+0.18 —0.15
10° F Il Fake 7, 777 Uncertainty Non-prompt light-lepton estimates +0.15 —0.13
== Jet flavour tagging and 7,4 identification +0.11 —0.09
102k BPYT ttW modelling +0.10 —0.09
=t ttZ modelling +0.08 —0.07
ok Other background modelling 4+0.08 —0.07
—|_|— Luminosity +0.08 —0.06
ttH modelling (acceptance) +0.08 —0.04
TE Fake 7,.q4 estimates +0.07 —=0.07
Other experimental uncertainties +0.05 —0.04
107" | Simulation statistics +0.04 —-0.04
s Charge misassignment +0.01 —-0.01
Total systematic uncertainty +0.39 —-0.30

1/7/A//z%i§/ /%/%/4////;/%;///

A

Qfss 3KSR SK,/M/ 3;;,/2(:;

Vl/é?‘”//

R

CR

QKS +7

7.

the combined value of p.

Comparison of prediction to data before the fit
in the eight signal and four control regions. The
systematic uncertainties in the predicted yields
are indicated by the hashed blue band.
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Events / bin

Data - Bkgd.
Bkgd. Unc.

—k
o
w

102

Details for Higgs+ttbar

T T T T T T T T T
| [ [

[ T I T T T T T T T | T T T

~ ATLAS Preliminary -+-Data

| (s=13TeV, 36.1 fb” ItEE Euﬁt?;-fi)
_Ei tt w=

| Post-Fit []Background

7 Bkgd. Unc.

®
------- Bkgd. (u=0)
---- Pre-Fit Bkgd.

|
—o-

Event yields as a function of
log10(S/B) for data, background
and a Higgs boson signal with mH =
125 GeV.

The discriminant bins in all signal
regions are combined into bins of
log10(S/B), where S is the expected
signal yield and B the background
yield from the unconditional fit.



Events /0.1

Validation of boosted boson tagging

In-situ tests of boson tagging
with analysis selections 2

x10°
Frr T T -
— ATLAS Preliminary —e— Data -
OF \s=13TeV,36.1 1" B Shepay +jet
= Trimmed anti-k, R=1.0 I Sherpa W/Z + v -
0 E v + jet selection I MG tt+y =
- m™™ > 50 GeV [ Stat. uncert. ]
- Sys. @ Stat. uncert.
] — E
1 - £ i
F S e 4 =
007 o + +++_-
: : : : : : : e
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Leading Trimmed large-R Jet D,
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6000~ —Fit _ -1 —
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2000 TR e -
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50 60 70 80 90 100 110 120 130 140 150

m, [GeV]

< Detailed data/MC comparisons
for all observables, including
precision measurements
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Boosted obJ ect calibrations and systematics

- Data 2016, 15 = 13 TeV ATLAS Prellmlnary
0.18anti-k, R = 1.0 jets, LC+JES+JMS

0.16: Trimmed( =005, R,,,=0.2)
In l<2 m /pJE‘—01o

T T T [ T T T T [ T T T T [ T T T T

- ATLAS Preliminary .
1.5 1s=13TeVv,321b" -

L1
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