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Outline 2

» Measurements of the fundamental SM parameters
» my,, sin By, ag

» Production cross sections

Muon Chambers Electromagnetic Calorimeters
End Cap Toroid
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» Inclusive jet production at 8 TeV
» Inclusive photon and di-photon
» 4-jet differential

» Electroweak: mulfi-bosons
» W /Z physics
» Diboson(WW,WZ,ZZ, VBS Zy)
» Triboson (WWW,WVy)

Barrel Toroid Inner Detector Hadronic Calorimeters




ATLAS Online Luminosity

[ Vs=8TeV, [Ldt=63 15", su>=195
[0 \s=7TeV, [Ldt=52" <u>= 9.1

Data samples

Recorded Luminosity [pb ~/0.1]

ATLAS Online Luminosity
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— 2016 pp Vs=13TeV
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Part I: determination of my,, sin 8y, a,



[ arixiv:1701.07240 |
Measurement of W mass at ATLAS 5

» my, created by EWSB

» Sensitive to high order corrections from
top and Higgs

SM (
rem (

Precise measurement of my, =»test the consistency of the SM


https://arxiv.org/abs/1701.07240

Global fit (2014)

Measurement

SM Preciiction (*)
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68% and 95% CL contours
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my, Can give strongest constraints


https://arxiv.org/abs/1407.3792

New measurement

» 2011 data (7 TeV 4.6 fb!)

I B s L I = T :
ATLAS ¥REERll > Electron channel: 7.8 M events

L
— Full Uncertainty

{E:?Te\/, 4,1—4_6fb-1ﬂ7 _ ______________ — m,, (Full Comb.) > Muon Chqnnel: 5’9 M evenTS

Stat. Uncertainty
Full Uncertainty

» Fit to pt, my to obtain the my,
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6, and AFB

Charge forward-backward
symmetry gq —» Z/y* - ITl-events
can be used to extract 6y,

Fitting measured AFB with MC
templates with varied sindy,

Use ATLAS-epWZ12 LO PDF

PDF uncertainty dominates

ATLAS, e CC
ATLAS, e CF
ATLAS, u
ATLAS combined
CMS

DO

CDF

LEP. A2
LEP, A2
SLD, A .
LEP+SLC

PDG Fit

JHEPO9?(2015)049

(s=7TeV, 4.8fbh""



http://dx.doi.org/10.1007/JHEP09(2015)049

STDM-2016-10
Measurement of a, from TEEC 9

» Transverse Energy-Energy Correlation (TEEC) and its asymmetry (ATEEC) sensitive to a, (infrared safe).

» Defined as E; reweighted opening angles

Herwig++ off
Sherpa OK
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= 9% rixridard
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-10/

Determination of ay

—— Experimental Uncertainty
Total Uncertainty
[ PDG Total Uncertainty

ATLAS Preliminary

ATLAS ATEEC Vs =8 TeV (NLO)
This analysis

ATLAS TEEC \s = 7 TeV (NLO)
Phys. Lett. B 750 (2015) 427

ATLAS N, \s = 7 TeV (NLO)

ATLAS-CONF-2013-041 (2013)

Malaescu & Starovoitov ATLAS jets \s = 7 TeV (NLO)

Eur. Phys. J. C 72 (2012) 2041

CMS R,, \s =7 TeV (NLO)
Eur. Phys. J. C 73 (2013) 2604

CMS inclusive jet cross section \s = 7 TeV (NLO)
Eur. Phys. J. C 75 (2015) 288

CMS 3-jet mass \s =7 TeV (NLO)
Eur. Phys. J. C 75 (2015) 186

CMS tt cross section \s = 7 TeV (NNLO)
Phys. Lett. B 728, 496 (2013)

World average 2016
Chin. Phys. C 40 (2016) 100001
l 1 1 1 l 1 1 1 1 l
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Part Il: QCD (Jet
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|STDM-2015-01 |
Inclusive et cross sections at 8 TeV 12
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» Test of QCD(strong coupling, PDF...)

dly| [pb/GeV]

» Directly probe physics at the shortest
distance accessible
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-01/

Inclusive photon production 13

» Important test ground for pQCD
and MC tools

» Parton radiation, fragmentation,
resummation of threshold logs

13 TeV, 32%isx

Phase-space region

E]> 125 Gev

Isolation requirement ER° <48 +4.2-107°-

Requirement on |1 7”7 <0.6 | 0.6 <|n”| <137 | 156 <|n”| < 1.81 | 1.81 <|n”| < 2.37
356 604 480466 140955 275483



https://arxiv.org/abs/1701.06882

Comparison with theory
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Production of photon pairs 15

fs=8TeV, 20.2 fo’
- Data + stat. unc.
& Total exp. uncertainty
2¢yNNLO (NNLO)
e SHERPA 2.2.1 (ME+PS at NLO)
- c-_.‘:- [MIE+ )

» Important test of pQCD
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» Important background for H - yy
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http://arxiv.org/abs/1704.03839
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4-jet differential cross section 17

_ Data
Vs=8 TeV, 95 pb' - 20.3 fb™! l

.HEJ (< 0.9)

BlackHat/Sherpa (x 1.0)

_ Data
Vs=8 TeV, 95 pb'-20.3 b .

lHEJ (x0.9)

BlackHat/Sherpa (x 1.0)
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» Test pQCD
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.NJet/Sherpa (x1.0)

Triggers . , 100 GV

Total experimental
systematic uncertainty

do/d

—o—p‘_:r”>1 00 GeV

Total experimental
systematic uncertainty

NLO (scale @ PDF)
uncertainty

Theory/Data

NLO (scale @ PDF)
uncertainty

Theory/Data

4i65
[17.4 b1

360

[20.3 1] foo8 Tev. sopnT 2081 ® Unfolded distributions

P oo !
ekt ¢ 10 compared with
predictions
® Generally good
| agreements, except
= pseaic uncerany PT(4)

NLO (scale @ PDF)
uncertainty

) [fb/GeV]

l NJet/Sherpa (x 1.0)

- p‘T“>1 00 GeV

Theory/Data


https://link.springer.com/article/10.1007/JHEP12(2015)105

ariv:1704.01530
K; splitting scales 18

» Complementary point of view on jets

» (Track-)Jet production rates on different
resolution scales

» Use Z/y* - I*l~ to select the events

(a) Step 1. (b) Step 2.

Quick review on K; algorithm:

(c) Step 3.

merge (ig o) if digg is Minimum,
k : number of momenta left in the input list

dr = min(d;;, djp)
i,]



https://arxiv.org/abs/1704.01530

ENUIR

Data (2012
ATLAS oS5 2 iers

Vs =8TeV, 20.2 b “ uitijets
Z—e'e,R=04 mmEW Z+jets
g= Top quarks
— W(W)

[Events / GeV]

dN
d|d,

T R NS .

Prediction

Detector level : dl
Purity : ~99%

-+ Data (2012)
= MEPS@NLO
-+ NNLOPS

Prediction
Data

19

ATLAS
Vs=8TeV, 20.2 fb™

Unfolded to charged-particle level
No generators can fully describe the data



Part lll; Electroweak
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7 TeV, 20 o', Nat. Commun. 2, 463 (2011)

8 TeV, 500 ub', Phys.Lett. B761 158 (2016)

13 TeV, 60 ub', Phys. Rev. Lett. 117 182002 (2016)
A ppowW T ppo2iy

7 TeV, 4.6 th”, arXiv:1612.03016 (far Z/W)

8TeV, 20.2 i, JHEP 02, 117 (2017) {for Z)

13 TeV, 81 pb’, PLB 759 (2016) 601 (for W)

13 TeV, 3.2 ib”, JHEP 02, 117 (2017) (for 2)

O ppott
7TeV, 4.6 b, Eur. Phys. J. C 74:3109 (2014)

8TeV, 203 10", Eur. Phys. J. C 74:3109 (2014)
13 TeV, 3.2 b, arXiv:1606.02699

0 ppotg

7 TeV, 4.6 1o, PRD 90, 112006 (2014)

8 TeV, 20.3 b, arXiv:1702.02859

13 TeV, 3.2 b, arXiv:1609.03920

O pp—oH

7 TeV, 4.5t Eur. Phys. J. C76 (2016) 6
aTeV, 203 16", Eur. Phys. J. CT6 (2016) 6

13 TeV, 13.3 fb!, ATLAS-CONF-2016-081

g’evﬁfa_f;'mo 87, 112001 (2013) w
8TeV, 20.3 b, JHEP 09 029 (2016) ATLAS S/\/\

13 TeV, 3.2 b, arXiv:1702.04519

T ppowz Summary
7TeV, 461fb", Eur. Phys. J. C (2012) 72:2173

8TeV, 20.3 1t PRD 93, 092004 (2016)
13 TeV, 3.2167, Phys. Lett. B 762 (2016)
A ppo2Z

7 TeV, 4.6 ib™", JHEP 03, 128 (2013)
8TeV, 20.3 b, JHEP 01, 099 (2017)

13 TeV, 3.2 1b”, PRL 116, 101801 (2016)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SM/

Eur. Phys. J. C /7 (2017) 367

W/Z cross sections 21

» Standard Candles of the hadron colliders

» Can study EWK physics as well as QCD effects

4 Z - uw
©Z—>e'e
2=z o0

66 <m, < 116 GeV

| [Pb]

800Fys=7Tev, 4.6 b
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="
>
S
5
o

do/din | [pb]
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Pull



https://link.springer.com/article/10.1140/epjc/s10052-017-4911-9

Test of electron/muon universality

ATLAS
(s=7TeV, 46"

. Data
B R, LEP e 5> W'W
0.95 B R, LEP+SLD e’e — Z
O Standard Model




Constraining the PDF
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T I T T T
ATLAS
Vs=7TeV, 46"

o)}
o

W STy, fs=7TeV, 4.6 b

— Data
stat. uncertainty
[ total uncertainty
ABM12
CT14
HERAPDF2.0
JR14
MMHT2014
NNPDF3.0

do/dn| [pb]

a2 T4A 146 148 15 152 154
| [ofid

W |V —e— ATLAS Data

uncorrelated unc.

total unc.

Theory

- = = Theory + shifts

T T T I T T T
ATLAS
Vs=7TeV, 46"

| M-

—— Data
stat. uncertainty ATLAS-EPWZ1 6
[ total uncertainty L , . | N .
*  ABM12
CT14
HERAPDF2.0
JR14
MMHT2014
NNPDF3.0

I 1 1 L I 1 L 1 I L L L 1 1 I 1 L L I L
9.2 94 96 9.8f_d 10 o 10.2

| | -
OW= s v/ OZiy* 5 11

Theory/Data




More strangeness at low X 24

s+ S
Q° = 1.9 GeV?, x=0.023 ry = ——— = 1.19 + 0.07 (exp)
A ABM12 —h—
m NNPDF3.0 —=—

e MMHT14 — + 0.02 (mod) *9%2 (par)

v CT14 — v ~0.10

o ATLAS-epWZ12

ATLAS-epWZ16
exp uncertainty
 exp+mod+par uncertainty
exp+mod+par+thy uncertainty

0O 02 04 06 038




Constrain | Vcs | with W

» Allow |Vcs| to vary freely in the PDF fit

ATLAS

5D —->Klv

= D, —>1lv

> NNPDF1.2

ATLAS-epWZ16

inner uncertainty: exp only
outer uncertainty: total

0.85 0.9 0.95




STDM-2016-09

VBS 7 production

» Standard candle to calib. VBS tag
» Sensitive to aGC

ATLAS Préliminary

{s=13TeV,3.21b"

Zjj EW-enriched region
¢ Data

B EW-Zjj (POWHEG)

B QCD-Zjj (ALPGEN)

| T T T T
- ATLAS Preliminary
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-09/

LHC electroweak Xjj production measurements ATLAS Preliminary

) Total uncertaint N Theory uncertaint
Stat. uncertainty . y § y y

ATLAS EW-Wijj 1s=7 TeV
CERN-EP-2017-008

ATLAS EW-Wjj 15=8 TeV
CERN-EP-2017-008

CMS EW—WQ \s=8 TeV
JHEP 1611 (2018) 147

ATLAS EW-Zj{') \s=8 TeV
JHEP 1404 (2014) 031

ATLAS EW-Zjj \s=13 TeV
This result (CERN-EP-2017-115)

CMS EW-Zjj \s=8 TeV
Eur.Phys.J. C75(2015) 66

LHC EW Hi%;s \s=8 TeV
JHEP 1608 (2016) 045

1.4 1.6 1.8
¢ normalized to SM prediction




13 TeV arXiv: 1702.04519

WW production 28

» Sensitive to gauge boson interactions and QCD
» Important background for BSM

» Measurement with 3.2fb!, eu final state, in fiducial region

Fiducial selection requirement Cut value ATLAS \s=13TeV, 3.16 fb"

nNNNLO+H calculation
(fixed-order acceptance)

WW — e*v pfv

1SS . . .
ET Rel nNNLO+H calculation Fiducial cross section
Jmiss (MC acceptance)

pp — WW sub-process

Tww— eu

[fb] Data

—_ +20+50 +

X ' 3 0.42 27
gg (non-resonant) O(QS) 6.827 042 | 28.1 f 27

gg— H— WW O(a3) tot. [ O(e) fid. | 10.45% 080 | 4.5 0.6

_ : — 700
qq + gg (non-resonant) + nNNLO+H 1284 * 15.87% 17 | 478 =17 f
gg —> H—- WW G\ﬁw Seu [fb]



https://arxiv.org/abs/1702.04519

ATLAS Total cross-section ratio
316107 (13 TeV) and 20.3 fb" (8 Tev) 13 TeV/8TeV)

I stat.+syst.
- nNNLO+H Prediction

~ Fiducial cross-section ratio
WW — e*vu'v (13 TeV/8TeV)

1 1.2 1.4 1.6 1.8 2 2.2
Cross-section ratio (13 TeV / 8 TeV)

fid
13 TeV,WW—eu

———— = 1.41 £ 0.06 (stat.) £ 0.16 (syst.) + 0.04(lumt.)

g TeV,WW —eu

o



https://arxiv.org/abs/1702.04519
http://dx.doi.org/10.1007/JHEP09(2016)029

| QrXiv:1706.01702
WV (V=W,Z) semi-leptonic decay 30

>
8 ATLAS
< s =8 TeV, 20.2 fb”
» V->qqg' reconstructed in resolved (jj) 2 iiv :RM
or merged/large-R (J) jets é i } Data
» Compared to leptonic decay: - E\;\L\; quark
» Large background ® B Vjets

Uncertainty
» ~6X higherin BF ©

» No neutrino for WO

-d
)
—
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8
©

a

Top conftrol region :
one b-tagged jet and dR(j,J) > 1.0


https://arxiv.org/abs/1706.01702

Signal regions 31

ATLAS ¢ Data
{s=8TeV, 20.2 o mwv

WV = vJ B v+Jets

[ Top quark
I Muttijet
Uncertainty

ATLAS ¢ Data

Vs =8 TeV, 20.2 fb |wv

WV = hj B v+Jets
[ Top quark
[CIMuttijet
Uncertainty

ATLAS
Vs =8TeV, 20.2 fo

Signal Region Signal Region

® Data

=
e
O
le}
-
2
o
o
>
L

Events / 6 GeV

Tot. uncertainty

|| stat. uncertainty
— MC@NLO

P

¢ 2 &z 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
100 120 140 160 180 200 ' 100 120 140

160
m; [GeV]

m, [GeV]

Ratio of measurement to prediction, o}y, " /o, "=

4.5 sigma 1.3 sigma



Limits on aGC

ATLAS
(s=8TeV, 202"

obs. 95% CL, WV—lvjj -

| aramens exp. 95% CL, WV—lvjj
obs. 95% CL, WV—lvJ -

e exp. 95% CL, WV—lvJ

- ATLAS
- {s=8TeV, 20.3fb"
— 95% C.L. in EFT Scenario

---- Expected
— Observed

WW

... leptonic |

N
o

C, /A% [TeV?]




Phys. Lett. B762 (2016) 1 -
WZ cross section at 13 TeV

0.95+0.17 —+—@+—+ ATLAS 125+0.36 . : ATLAS

[s=13TeV, 3.2 " (s=13TeV, 3.2 "

1.03 +0.13 N 1414 0.32
W2

1.41+0.16 +——+ 1.49 £ 0.30

® Data ® Data
1.19 + 0.12 : : Powheg+Pythia 1.35+0.25 === Powheg+Pythia

combined 1.18 + 0.08 combined | 1.39 + 0.15
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HL-LHC

Run 1 Run 2 Run 3

LS1 EYETS LS2 LS3

injector upgrade
cryo Point 4
DS collimation

splice consolidation

HL-LHC
installation

button collimators

R2E project P2-PT{11 T dip.)

Civil Eng. P1-P5
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experiment
experiment experiment upgrade p: h 2
beam pipes y phase 1 upgrade phase
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We are L =2-3 x 103 cmr2g-1 L = 5-7.5 x 103 cmr2g1
here <p> up to 80 (levelled)

<p> up to 200
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» SM spans 12 order of magnitudes in cross sections, no significant deviation seen

v

On fundamental parameters in SM:
» mymeasured to a precision of 19 MeV, modeling systematics dominate

» sin 6y, a; measured
Jet inclusive cross sections consistent with prediction
Inclusive photon and photon pair: N(N)LO predictions challenged, SHERPA OK
Failure to model the kT splitting scales in Z+jets
W/Z data =» test of EWK(lepton universality), ATLAS-epWZ16(more strange), Vcs
Di-boson, VBS, triboson: No suprises, constraints on anomalous couplings

vV v v Vv Vv

3000 fbo! ahead, stay tuned for discoveries!
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6, and AFB

» EWK leadsto AFBinqgq —» Z/y* — [Tl events

do Ao

2 3 o
— = —A(1 5“60) + B cosb
d(cos6) 35 {“ (14 cos™6) + B cos ]

» In Collins-Soper Frame:

» At pp collider, direction of the quark not known:
assume the direction of the boost of [*1~ system
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Ilgnore lepton/baryon
X number violating

terms

Unknown new
physics at energy
scale beyond the
reach of the
collider
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C. Degrande et al arxiv:1205.4231




CP conserving Operator

Dim-6

Te[W,, W"PWH]
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Ls1 = [(DH‘D:]JF D‘”‘I’} X [(Dl-"(l))-l- Du‘b]

Luo = Tr[Wu W] x | (Dp)" DPO)
La = Tr[W,, W] x [(Dﬁcxn )" D «p]
Lus = | (Du®)’ Wa, WF'DF )

Lty = [(Dﬁ@j "W, WAIDY @}

Lro = Tr [Wus W] X Tr |Wog W*|

L T.2 — Tr [I""v[‘t'}{ IV‘:{ﬁ:| X Tr [I'\f Bu ‘[vln]

Dim-8




Upgrades

Higher rate, longer latency
Trigger

New all silicon
Inner tracker

New front-end
electronics

1 After and in front of Endcap calo. :

) Forward muon tagger

e —

ngh granularlty t|m|ng detector

7 £
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| “rr\ff‘{"ﬁf‘ New inner endcap Muon chamber

New inner barrel muon trigger chamber
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