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The ATLAS

Experiment ATLAS

New beam pipe; 41" pixel layer @ 3.3 cm (IBL)
Improved Trigger/DAQ system; 100 kHz L1 rate
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Recent ATLAS Result Collage ATLAS
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Run-2 Performance ATLAS
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Run-2
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Delivered Luminosity [pb™/0.1]
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Rate and

Plleup Mitigation at Trigger Level
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Average L1_XE40 Rate per bunch [HZ]

Rate and

£

Plleup Mitigation at Trigger Level — ALLAS

[arXiv:1611.09661] [ATL-DAQ-PUB-2017-001]
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Plleup Stability

Reconstructed Z mass (Mz>ee) VS. |
normalized to the 2016 average <mz>ee>

A 1005_I L | L I L I.I I.I | | L I L I L | L I_
© n ATLAS Preliminary _
QS 1.004— y -
S r s=13TeV,L =339 b ]
\E/ 1.003[— 2016 data =
& | ool Electron energy response
- stabel to 0.05% ]

1.001— =

- & TIT

| T Th _

- T {F + N

1 ____{}{JI}{:}'LJ[} ....... .E].DDDD ........ [IDEFD-DE-B.DGMG ........ D—D .................................. .___.

0.999|— =
0998:I 1 1 1 | 11 1 1 I | I I | | 11 1 1 | 11 1 1 I | I I | | | I I | | | I | |:
% 10 15 20 25 30 35 40 45

w

[20/21-9102-SAHd-INOD-11V]



Plleup Stability
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Jet Plleup Mitigation ATLAS

Pileup affects hard-scatter jets and produces extra jets

( Pileup jet multiplicity )

15 [ATLAS CONF 2014 018] ; [EPJ C (2016) 76:581]
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Jet Pileup Mitigation ATLAS

Jets @ EM/LCW
constituent scale

MC JES
correction

In-situ
correction

Origin
correction

Pileup
correction

Global seq.
calibration

Jets for Physics

[EM/LCW+JES+GSC+n-sity]

jet area based
correction

PP =pr = pxA-ax(Npy —1) = Bx(u)

residual correction

frorﬁ MC

pT @ EM sce;:le I dependent
number of average
| primary vertices number of
o jet area interactions
median pileup oer bunch

oT density from MC
[N dependent]



Jet Plleup Mitigation ATLAS

Event with 4 Pileup Vertices
in 7 TeV Collisions
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Jet Pileup Mitigation
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Jet

Efficiency
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0.8

0.6

Plleup Mitigation

[ATLAS-CONF-2014-018]
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Jet Pileup Mitigation ATLAS

[EPJ C (2016) 76:581] [EPJ C (2016) 76:581]
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Jet Pileup Mitigation ATLAS

[courtesy Matthew Klein]

Initial Event

hard-scattering jet
pileup jets

pileup jet

hard-scattering jet

forward central region forward
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Jet Pileup Mitigation ATLAS

[courtesy Matthew Klein]

Discard central HS jets

pileup jets

pileup jet

hard-scattering jet

forward central region forward
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Jet Pileup Mitigation ATLAS

[courtesy Matthew Klein]

Stochastic jets: Use tracking

pileup tracks

pileup jet

hard-scattering jet

forward central region forward



Jet Pileup Mitigation

£

L

EXPERIMENT

Calculate pileup vertex pr-imbalance ...

Small/no imbalance ...
Keep

hard-scattering jet

forward

pileup tracks

central region

[courtesy Matthew Klein]

Large imbalance ...
Reject

pileup jet

forward
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Jet Pileup Mitigation ATLAS

[courtesy Matthew Klein]

Final hard scattering event

hard-scattering jet

forward central region forward



Higgs Physics P —
£> 1t ATLAS and CMS
2 : LHC Run 1

Run-1 measurements: <

Higgs mass (precision: +0.2%) 107 E

Spin-parity of Higgs-Boson _
Production via gluon & vector-boson fusion 10°}

¢ ATLAS+CMS ]
------- SM Higgs boson

Production with W and Z Y
Decays to yy, WW, ZZ, and TT ol E|95°/f o
10 1 10 10°
o Particle mass [GeV] i
Run-2 priorities: —_—

[JHEP 08 (2016) 045]

Reestablish Run-1 measurements @ 13 TeV

Refine measurements of couplings, mass, etc.
Search for ttH production to probe ttH vertex directly
Search for H = bb decays

Search for rare decays

Expand use of Higgs as tool to find new physics



Higgs

E weights / GeV

E weights - bkg
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PhysICS

e

[ATLAS-CONF-2016-067

—e— Data

------ Background Vs=13TeV, 13.3 fb™
—— Signal + Background

— Signal

| |
ATLAS Preliminary

H—yy, m, = 125.09 GeV

S/B weighted sum of
event categories

.
~
&
5
IS
e
L]

H > yy

reestablished

Ofid — 43.2

+14.9 (stat.)
+4.9 (syst.)

[SM prediction: 62.8 ©3 fb]

Event categories
enhance sensitivity
and help to separate production modes



Higgs Physics ATLAS
Vector
Gluon fusion [ggH] boson fusion [VBF]
t 0
g t H 0
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g
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- 0
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Higgs Physics

lVLt’[H

VH
VBF
ggH
Run-2

l'LFlun-1

Signal strengths derived from H > yy

ATLAS Preliminary
Vs=13TeV,13.3 "

—e— Total
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Moy = 0.25 _5g9
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u,, =023 s
0.80
HVBF = 224 +0.71

I S
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| -0 Moino = 0.85 _o%
0.28
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Higgs

Events/2.5 GeV
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PhysICS

[ATLAS-CONF-2016-079]

— ATLAS Preliminary % 2°

[ Higgs (m =125 GeV)
CH— 7Z7* > 4l . 2z

B Z+jets, tt
tt+V, VVV

7, Uncertainty

2015 + 2016

- 13 TeV, 14.8 fb™

\\\

N\

90

* o

100 110 120 130 140 150 160 170

m,, [GeV]

H > ZZ > 4 lept.
re-observed

4¢
O-ﬁd sum

1.01
= 4.487 150 tb

[SM prediction:  3.07 *031 fb]
[1.66 high]

Combine with
H > yy results ...
to obtain total cross section ...



Higgs

PhysICS

m,, [118-129] GeV

pr ;> 30 GeV

~

2 or more jets

O\

>=1 leptons Ojet ljet m.<120 GeV m.>120 GeV
(pr > 8 GeV) ! !
Discriminant Discriminant Discrim.inant Discriminant
Just counting BDT-ZZ BDT-1j BD1-2)VH BDT-2jVBF
BDT ZZ: BDT_ljet: BDT_2jet VH: BDT 2jet_VBF:
* Pru * P * Prj * Prj
. TI](LL]S * XJR * Prp * Prp
. = . 14 * Mj * Pt
log(MEy,/ * An A
MEz;) ’ ATI44,‘ ’ An4€ii
oy ¢y
*  min(ARy) * min(ARy)

H > 77 > 4 lept.

[ATLAS-CONF-2016-079]




Higgs

PhysICS

G, [PD]

Total pp > H + X cross section @ /s = 7,8,13 TeV
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Higgs Physics ATLAS

Run 1; L = 25 fb~!

tt H : ATLAS and CMS -8- ATLAS+CMS E
LHC Run 1 — ATLAS +
-+ CMS S
o( 8 1e = 0.13 pb B é —lo S
( \/) p x 4 98 - ——— — 120 )
o(13TeV) = 0.5pb 99 — o
. .
Combination veF i
of three analyses:
uWH
ttH, H > bb i
ttH, multi-lepton final states
ttH, H > yy, event categorization Moy
. o W
Combined significance: ttH
4.40 observed i
2.00 expected M . *,.!tzﬁl o

-1 -050 05 1 15 2 25 3 35 4
Parameter value




Higgs Physics

multi-lepton

ATLAS | o v o= analysis
p ~ \

EXPERIMENT

Run: 300571
Event: 905997537
2016-05-31 12:01:03 CEST
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Higgs Physics ATLAS

[ATLAS-CONF-2016-058]
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Mainly targets: 70 5 7/ Total Uncertainty

ol 2015 + 2016

* B 4
H >~ WW | 4
H-> 1T s0f ]
4

e 1
Strategy: . _
Target final states that 0 ¥ 7 L, ]
cannot be produced oo AL , ]
in tt decays ... { ;

10 ] 1
i.e.: 3 or more leptons ———————e

2 same-sign leptons 0
27 27, 27 2 Sr 4r
07;7.901 e@ 0?}7'30/ 6}(/ 0?}7601 L, 7% 7?;7&90'

Fit to data yields: s = 2.5 *17



Higgs Physics

ttH

H > bb decay

Complex final states:

1| + Bjets (4 b-jets)
2| + 4jets (4 b-jets)

Strategy:

Use multiple selection regions
to constrain background ...

[Categorization by number of jets/b-jets]
[Challenge: estimation of tt+heavy flavor]

Two-stage MVA ...

+1.0

Fit to data yields: pi = 2.1 ;g

Events /0.2

Ratio to Bkgd.
L om

[ATLAS-CONF-2016-080]

I l L l L l L l L l T T 1 l L l LI

= ATLAS Preliminary - Data [E
- \s=13TeV, 13.2fb" ttH (u =4.0)
— _ 95% excl. —
_ B ttH (].Lﬁt=2.1) -
= Background -

7, Bkgd. Unc.
- Bkgd. (u=0 fit)

[ IIIIII|
[ | IIIIII|

2015 + 2016

[ IIIIII|
[ 1 Illlll|

__ttH (bb) Combined
Dilepton and Single Lepton

Post-fit

?Illlll|

| | | l |

...................................




Higgs Physics

ttH

Combination of

13 TeV results
ttH(H—yy)
(13 TeV 13.3fb™)

ttH(H-=WW/tt/ZZ)
(13 TeV 13.2fb™)

ttH(H—bb)
(13 TeV 13.21b™7)

ttH combination
(13 TeV)

ttH combination
(7-8TeV, 4.5-20.3fb™")

£

L

EXPERIMENT

[ATLAS-CONF-2016-068]

] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ]
ATLAS Preliminary 1s=13 TeV, 13.2-13.3 fb™
— total stat. (tot.) (stat., syst.)
—e 1.2 12 +0.2
-0.3 t1_0 ( i-1.0 ) i-0.2 )
_ o— 1.3 07 +1.1
. — 25 47 (%75 %9 )
1.0 05 +0.9
=== 2.1 to.g (%055 07 )
0.7 04 +0.6
2015+ 2016 | I==@== 1.8 f0_7 (54> o5 )
Y g 790 (9240
| | | i | | | | | | | | | | | | | | | | |
0 2 4 6 8 10
best fit u_ for m =125 GeV
{fH H 3
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Searches for New

100 ———

luminosity ratio
o

PhysICS

ratios of LHC pa

— , :
rton luminosities: 13 TeV /8 TeV
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Searches for New Physics I L
i N : [ATLAS-CONF-2016-069]
U) E I I I I I I Ef
Ue.t SEarches S o ATLAS Preliminary -
at high energy g 10 (s=13 TeV, 15.7 fb” =
o Data -
10° = Background fit |
2 > 2 processes = — BumpHunter interval 5
well described by QCD ... 100 _;
€. 10° —
any deviation from SM 2 - .
implies new physics ... 10°E E
g, ox3 |
€.0. 10 = p-value = 0.67 =
quantum black holes > 8.7 TeV - Fit Range: 1.1 -7.1 TeV ]
excited quarks > 5.6 TeV 1= Iy'l<06 =
heavy SM-like W’ > 2.9 TeV o E | I I i =
excited W* bosons > 3.3 TeV e 2 =
leptophobic Z S oF =
contact interactions S -2 —
'c,_) — —
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D ' g Z
Searches for New Physics q ATLAS
q
Dijet searches O e _ 1arXiv:1503.05916)
and dark matter § L
';' gX et 1, gq —_— 1 @00 /// ///
Consider & Oéo L
models with mediator R, e.g. Z’, § _________________________ Q\_Qf____/;;___/_/ _______
connecting SM & Dark Sector 5 Dijets L5
8 O /// //
B DM annihilation = QQ’
X 4 DM production 10° C Monojets AN g
* “ ot Qe
9x R 9q : // & ///§ §
B // //&"\* \QO
X q _ o // / ©
q X // // s\\'A
R™) Uy S< ) )/ Q(b
X Iy X 9q % [ = /// : §
R* // /// QQ)
q g e AR -
9q : 102 v/ 1 o o
d 1 Monojet 10" 102 10° 10
. . searches
Direct detection
Dark matter mass [GeV]
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Searches for New Physics ° - ATLAS

Dijet searches 0% e 12XV: 150305916

and dark matter
g, =3/2, g, =16

Consider
models with mediator R, e.g. Z,
connecting SM & Dark Sector

Mediator Mass [GeV]

DM annihilation
¢ DM production 10°F p

R* : " Dijets
% Ja ] Monojets J

|

K|
=<

X X 9q %

9x
R* q g

q . q Monojet 10° -

1
searches 10 10
Dark matter mass [GeV]

103 10%

Direct detection
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ATLAS

EXPERIMENT

[6292°90€ | :AIXI€]

Searches for New Physics q
g
2.5
20}
1.5}
RQ
QO |
10}
' CDF 1.1 fb™!
-1
05l CMS 20 1b
not covered
0.0 I | | | | | | | | | | | | | | | | | |
0 500 1000 1500 2000 2500

M 7'y (G@V)
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Searches for New

Dijet searches
at low energy

Trigger Object Level
Analysis [aka TLA]

Problem:

Trigger limits statistics
at low dijet mass ...

Solution:

Partial event recording
for low m; events...

Store:

HLT information for jets
with pr> 20 GeV, seeded by L1_J100

[no calorimeter, no muon information]

£

Shysics 7 4 ATLAS

[ATLAS -CONF-2016-030]
|

2 ol —e— TLAjets -
.~ £ — Offline jets selected by any single-jet trigger =
T Offline jets selected by j110 single-jet trigger _
106 é_ -o-o-o—-o—_.__.__.__._ _é
10* - -
1°E ATLAS Prelimi =
= reliminary =
= (s=13TeV, 3.41b" =
13_ ly*l < 0.6 B
. E | =
2 150 E
g e T ey ++++++++++
= 0.5F
S\() 500 600 700 800 900 1000
—l

m, [TeV]
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Searches for New Physics ° - ATLAS

[ATLAS CONF 2016- 030]

ATLAS Prellmlnary

's=13 TeV, 3.4 fb™

o Data
Background fit
— BumpHunter interva

Dijet searches
at low energy

—

o

N

I IIIIIII—

Trigger Object Level
Analysis [aka TLA]

Measure:

Dijet mass spectrum
from 400 to 1000 GeV

—

o

o

I IIIIII|
[

\ 5
Search for localized excess 10

using BumpHunter p-value = 0.19
Fit Range: 394 - 1236 GeV
ly*l < 0.3 |
Analysis requires jgé 2= =
dedicated jet calibration ... £ (2’; -
o “E | | | | | | IE
® 400 500 600 700 800 9001000

m; [GeV]
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Searches for New

0.35

0.3

0.25

0.2
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Physics °

Q|

- ATLAS Preliminary

\s =13 TeV: 3.4-15.7 fb’’

- - . Expected limit

g
| I —
Low-mass dijet (TLA) _
ATLAS-CONF-2016-030 -
High-mass dijet 27 .
ATLAS-CONF-2016-069  /.# -
Dijet+ISR (y) fix -
ATLAS-CONF-2016-070 / & O
Dijet+ISR (jet) [iid
ATLAS-CONF-2016-070f:i® ]
i -
Wty <06 —

— Observed limit

2000 3000
m,,. [GeV]
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Searches for New
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§§ production, B(a — qQ

Physics — SUSY

55?):1 00%
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All limits at 95% CL

Run-1 Limit
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=== Exp. limits (xt1c
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Searches for New Physics — SUSY

. . : 0 0

Stop Pair Production  _ ggg Sop ParProdution b = 1, oW, -
% - ATLAS Prelimi ——__ Observed limit (1 otshzfr\;) -
No lepton ... O reliminary C%
. . s___r SRA+SRB+SRD | ----- Expected limit (1 0¢,,) | 2
2 b-jet; > 4 jets E 500 [~ | 13Tey 133 b “ 18
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Searches for New

Stop Pair Production

Two leptons ...

Z-veto for same flavor
ET,miss > 200 GeV

P> 20 GeV
. t—t+x"
14
p ; W/l .
LT %
S~o ﬁF ~0
2: Xl
» w\ ¥
14

~<iv <

p v

b b /
f// 0
- Al
S o 0
o~ X1
,[.
b V4

t—b+xT

Physics — SUSY
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Searches for New

Stop Pair Production
Combination

Overlay of different
stop decay channels,
mass hierarchies and
decay scenarios

Most challenging
region: m(t) =~ m(x°)

reduced Etmiss
soft cascade particles

Physics — SUSY
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Standard Model Measurements

E
Standard Model Production Cross Section Measurements Status: August 2016
—
o) 11 A-Ototal (x2) L.
o 10 A0 inelastic ATLAS Prellmlnary Theory
Rl
5 : 0> 1 Run 1,2 \/_=7, 8, 13 TeV LHC pp V5 =7 TeV
10° ¥ o0i1<pr<2Tev 3
E Q= =
- Data 45-4.9fb™1 3
: n>2 Fo] i
105 0.3 <ij-<5 TeV
E = |
A LHC pp Vs =8 TeV E
B pt > 25 GeV .
i A Data 20.3fb™! i
].04 E -3--n; >0 |
= -O- 3
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3 ) anO
10 E - AL BBl Data 0.08- 148173
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W mass measurement ...

Strategy:
Select W-events with W decaying leptonically ...

Signature: electron or muon; Etmiss, PTmiss
Recoll energy ur measures pr of W boson

Fit sensitive quantities ...

transverse lepton momentum
missing transverse momentum
transverse mass

]3147 ﬁrrniss = - (ﬁ;ﬁ + ﬁT) , mr = \/QpeTp%iss(l — cos A¢)

Signal distributions constructed from Monte Carlo reweighting mw ...

W mass determination by x2-minimization ...

pr, > 30 GeV
PT.miss > 30 GeV
ur <30GeV
mr > 60 GeV
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Standard Model Measurements — W Mass

Normalised to unity

Var./Nom.
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Standard Model Measurements — W Mass

Events / GeV

Data / Pred.
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Standard Model Measurements — W Mass

£

Cross checks with Z events

® m, (Fit)
ATLAS ® : Stzat. Uncertainty
\s=7TeV, 4.1-4.6 fb™ — Full Uncertainty
== m, (LEP Comb.)
+ Full Uncertainty
@
@
@
| I | | | | | | | | | | | | | | | | | I |
91120 91140 91160 91180 91200 91220 91240
m, [MeV]
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EXPERIMENT

[0v220 1O L:AIXI€]

93



Standard Model Measurements — W Mass

m
X
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m
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I I I | I I I I I I I I.I | I I I I I I I I I |. IrT]IW I(Plar{iall ClorlT]bl.) '§<'
ATLAS . a0 Stat. Uncertainty | =
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—_——— '
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Standard Model Measurements — W Mass

=

EXPERI
Combined Value | Stat. Muon Elec. Recoil Bckg. QCD EW PDF Total | y?/dof
categories [MeV] | Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. | of Comb.
mrt, W*, e-u 80370.0 | 12.3 8.3 6.7 14.5 9.7 94 34 169 30.9 2/6
mt, W—, e-u 80381.1 | 13.9 8.8 6.6 11.8 10.2 9.7 3.4 16.2 30.5 7/6
mr, W*, e-u 80375.7 9.6 7.8 5.5 13.0 8.3 9.6 34 10.2 25.1 11/13
pt, W+, e-u 80352.0 9.6 6.5 8.4 2.5 5.2 8.3 57 145 235 5/6

T
pL, W™, e-p 80383.4 | 10.8 70 8.1 2.5 6.1 81 57 135 236 10/6
pf}, W=, e-u 80369.4 7.2 6.3 6.7 2.5 4.6 8.3 5.7 90 18.7 19/13
pf}, W=*, e 80347.2 9.9 00 148 2.6 5.7 8.2 5.3 89 23.1 4/5
mrt, W=, e 80364.6 | 13.5 00 144 13.2 12.8 9.5 34 10.2 30.8 8/5
mT—pf;, W+, e 803454 | 11.7 0.0 16.0 3.8 7.4 8.3 50 13.7 274 1/5
mT—pf}, W~ e 803594 | 12.9 0.0 15.1 3.9 8.5 8.4 49 134 27.6 8/5
mT—pf}, W=, e 80349.8 9.0 0.0 147 3.3 6.1 8.3 5.1 90 229 12/11
pf}, W=, u 80382.3 | 10.1 10.7 0.0 2.5 3.9 8.4 6.0 107 214 /7
mt, W*, u 80381.5 | 13.0 11.6 0.0 13.0 6.0 9.6 34 112 272 3/7
mT—pé, W*, u 80364.1 | 114 124 0.0 4.0 4.7 8.8 54 17.6 27.2 5/7
mT—pf}, W=, u 80398.6 | 12.0 13.0 0.0 4.1 5.7 8.4 53 168 274 3/7
mr-pl, W*, u 80382.0 8.6 10.7 0.0 3.7 4.3 8.6 54 109 21.0 10/15

T

mT—pf}, W*, e-u | 80352.7 8.9 6.6 8.2 3.1 5.5 8.4 54 146 234 7/13
mT—pf}, W=, e-u | 80383.6 9.7 7.2 7.8 3.3 6.6 8.3 53 13.6 234 15/13
mT—p{f, W=, e-u | 80369.5 6.8 6.6 6.4 2.9 4.5 8.3 5.5 92 18.5 29/27

<
m
Z
—l

[0v2/20 10/ L:AXIE]
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ALEPH

DELPHI

ATLAS W*
ATLAS W~

ATLAS W~

| | | | | | |
ATLAS ¢
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@
® Measurement °
Stat. Uncertainty

— Full Uncertainty @

m,, [MeV]

[0v2/20° 1O L :AXIE]
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Standard Model Measurements — W Mass

ATLAS

m,, [GeV]
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Final Remarks L

Excellent Run 2 performance ...

Enhanced detectors & trigger systems work well ...

ATLAS coping well with increased pileup ...

High precision analyses from Run 1 ...
Wealth of results already from 13 TeV data ...

Exploration of 2016 data in many topologies ...

e.g. complex searches with multiple signal regions|
no significant excesses; some ~2-30 effects

About 100 pb~! data more to come until LS2.
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