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e Machine Overview: from LHC status to HL-LHC ~y
(common material) Z |ATLAS

e Discussion of physics over the next 5 years.
The HL-LHC case and prospects have been discussed £
and documented. Let's focus on years leadinguptoit

e The next 5 years are critical in further developing the
physics program in preparation for the extreme dataset of A@)S

the HL-LHC.
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Not show: Trigger system
which selects the most
interesting ~0.0025% of

collisions
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Key:
Muon
Electron
Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)
----- Photon

3 major sub-detectors (from in, out):
1. Charged Particle reconstruction

2. Calorimetery (
3. Muon Reconstruction

Imbalance in transverse energy
signals non-interacting particles =

nsverse slic
through CMS




HL-LHC

LHC Project Timeline
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Summary of next major steps:

e 13 TeV data collection will end with Run at end of 2018

e 14 TeV data collection for 3 years after 2 year shut down
LHC Luminosity

e |LS3: Major upgrades and preparation for the
high-luminosity (HL) LHC |

w 14TeV Phase-I
.. 14TeV Phase-l|

. |
G Buttler



HL-LHC Project In Words
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* Higgs discovery raises immediate scientific questions EXI!TﬁNS* =

e How is the hierarchy problem resolved in nature?
e |f Standard Model and cosmology apply at TeV scale, where is dark matter?

e Key science topics
* Precise measurements of Higgs couplings and self-couplings
* This tells us whether and how far the SM applies; self-couplings just within reach at HL-LHC

* Inclusive supersymmetry searches, including hard-to-observe scenarios
* Complementary to limits on new physics from other techniques; keep an open mind

e Direct searches for BSM physics, including dark matter production
* Complementary to direct DM searches and astrophysical measurements

* |Implications for detector upgrade
e High statistics needed to explore high masses, small couplings, rare decays

* Need high lumi, high trigger acceptance, high reconstruction efficiency
* Acceptance for W/Z/y, and jet / energy flow resolution, must be as good or better than Run 2

* The UK programme addresses these points directly
e Global reconstruction requires a balanced approach to sub-detector upgrades



L HC Data Collection &1

EXPERIMENT

Deslign
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Pile-up conditions have been much more challenging in

T
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H L'LHC COHdItIOnS EATLAs2—%’/;é

XPERIMENT

A collision with O(20) interactions: ~now
A collision with O(200) interactions: HL-LHC




ATLAS Program

A subset of the ATLAS-UK program is shown
l.e. Flavor physics not mentioned,
Measurement program is under represented



Connections

How the general physics area of this project fits within a possible future European
Strategy (timeline of 2020-2030)?

“Europe’s top priority should be the exploitation of the full potential of the LHC, including
the high-luminosity upgrade of the machine and detectors with a view to collecting ten
times more data than in the initial design, by around 2030.”

-ES 2013

UK involvement: All plots shown and analyses highlighted have strong UK involvement but
only a subset of the full ATLAS-UK activities. Individual institute are not noted as the subset

chosen was a personal choice.

ATLAS-UK is 10.7% of ATLAS authors, but punches above it’s weight (when funded properly)
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Higgs Physics Programs

EXPERIMENT

Higgs measurements at the LHC test a new part of SM
This is a unique deliverable of the LHC

Everything experimentally confirmed before 2012

Gauge boson interactions with new scalar.
Discovery channels and measured mass to 0.2%

Yukawa coupling with new scalar. New interaction type
Single experiment observations this year!

Higgs potential
To be fully explored with the HL-LHC

Also:
Determined CP nature

Observed all major production modes ”



@ATLAS
EXPERIMENT

http://atlos.ch

Run: 204769
Event: 71902630
Date: 2012-06-10
Time: 13:24:37 CEST



Higgs Example ATLAS

Wlth a “simple” example most of the program |s eluc:ldated
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Run

Higgs Progress ..«

and gave us the first-ever detailed measurements %2'—"—“‘:
. - - urren
exploring Higgs & coupling to gauge bosons
Looking » Learning about Higgs >
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Run

[ |
Higgs Progress .mnis
. RUﬁngIMENT
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Run

[ |
Higgs Progress . mnis
RuﬁnglMENT
H HL-LHC
*Current
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: : There it Simpl Detailed Ultimate
Production Decay Search Hints o Meacurements Messuremente S,
H(yy)
ggF, VBF H(Z2) Gauge Bc_:sons
(ttH, VH) Interactions
H(WW)
99F VBE 2t »
: 3rd Generation
ttH any Fermion Yukawa »
Couplings
VH H(bb) »
all H(mumu) 2nd Generation
Fermion Yukawa
VH H(cc) Couplings




(fb/GeV]

_—d

oo

T4

doidy

Theory/Data

D= hDooN

Excitement in Run

do/dp+(H) [pb/GeV]

; T Iggll-l| @ILHICI 1|3I TIeIVI |NILIL-I*-INILIOI T T I T T T T ISIMI T T I T T T T
Y9y T T T T TEmE e ¢t=0.1,c4=0.075
- Mp=125 GeV ---- ¢=0.5,c4=0.042

_____ ci=1.5,C4=-0.042
ci=2.0,c4=-0.083

_Grazzini et. al.

JHEPO3@017)115
_|||||||1
;....I....I....I....I....I....I....I.-—T-._..—E
50 100 150 200 250 300 350 400
pr(H) [GeV]

| T 1 T T T T T T ]

(1 12l ATLAS Prelminary ¢ Caa
~ H =2 — 4 Syst, uresriantics .
- 13 1aY, 7981’ D MGS FFx K < 1.47, <XF A
0 \NLCOPS £ = 1.1, 1 XH ]
..... ware XH = VBF D WHs ZHIHboH .

Total stat & syEt. uncersity
p-value NNLOPS « 7 8%

p-valuve MGS Fxbx - 5.9,

L‘I'j”l
Lo

I :
of I i g 4
9
.04 i,’,—
W 1
- I - 5
N 02: - P
3.02- ‘+. 4 5]
0:.---“--\-.-‘,-..-..:‘ 3S £7 7700 PP 5r) YOI P 15Ty oy s Pry-rt WP I
L .
1 5 d ] . ] =
| S EETE TR T SRR R O FITTPRIR ¥ =l
g = | i |
i - _
. .
05" . ) i

P-., (GeV]

0 10 15 20 357 45 80 B8) 120 200 350 1000

Higgs pT spectrum is sensitive
to BSM effects and Yukawa
couplings to light fermions

Current measurements run out
of statistics at larger pT(H)
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VH and ttH will
contribute in Run 2/3

<

Jet substructure (JSS)

gg->H->bb will soon be established at ATLAS and start at 450 GeV
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More nggS ATLAS

Cannot cover all in interesting ATLAS Preliminary o oum
stuff...so flash somethings

\E =13 TeV, 27.5-36.1 fb'1 S Expected + o

Expected + 2¢

Ogy, (PP — HH)=3341f  [Phys. Rev. Lett. 117 (2016) 012001]
[Phys. Rev. Lett. 117 (2016) 079901] (Err.)

- - _ _ obs. exp.
* Higgs self coupling is probed via HH 5 7 1as
bbt*t| | it ' '

production measurements. Watch out how  eruerzoinien| |
the HH program is optimized in preparation for bBbB| | e 13.0  20.7

sensitivity with the HL-LHC B . o
- - H y H [CERN-EP-20122«£;J{] '
’ W'Wyy| oe 230 160
’ . .
H 7 [CERN-EP-2018-104] ,,,,i T T T T T
- .\ 1 10 107 10° 10* 10°
\\ 95% C.L. upper limit on 6 (pp — HH) normalized to ¢ __
--=-H “H
£ | ATLASProliminary ——Dm
* Higgs boson needed to restore unitarity of T gl ' 1NN s i oo |
the WW scattering cross-section. Watch out — vz
. . Cther prompt
for the evolution of the program which had 1st | st Tozluncenanty ~
observation in one channel T2 { ;
jEt jet ' A A A o A A L
20 !—+— ATLAS-CONF-2018-030  ~
wy W
we w
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BSM Physics Program

e The LHC is a discovery machine built to find physics
beyond the SM (BSM)

e | arge expansion in discovery potential with jump from 8 -
> 13 TeV

e Often hear discovery potential drying up or only returning
with the HL-LHC.

e This is an exaggeration! A few examples to follow
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Supersymmetry

ATLAS SUSY Searches™ - 95% CL Lower Limits

Very satisfying
theoretically as it provides

e Dark Matter candidates

e solves hierarchy
problem

e unification of the forces

Limits on gluino @ 2 TeV
physiological boundary of
“naturalness”
(Barbieri-Giudice)

Many regions of parameter
space are still viable
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1 2 Tevwass scale [TeV]
*ATLAS TDR: sensitivity with 300/fb collected!


https://www.sciencedirect.com/science/article/pii/055032138890171X

Electroweak SUSY

e Strongly production (gluions, squarks)

focus of Run 1 & start of Run 2

e EW SUSY: Just getting started!
First limits with Run 2 data

Am(i}, X9) [GeV]

Example:

e Higgsino as DM candidate with m ~100-300 GeVj 5 |

e “Compressed scenario”: small mass splitting
leads to - experimentally
challenging 23
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Electroweak SUSY

10-°
0

Followed prescriptions in 1206.2892 [hep-ph]
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Non-Standard Sighature

ATLAS

EXPERIMENT

* |t is relatively easy to create theoretically i.e. long-lived particles
in both SUSY and non-SUSY models

* Experimentally, very challenging!

We have seen only a
few of the 36/fb results
from this program.

~0 background search:
sensitivity scales with L

Heather Russell

displaced
multitrack vertices

displaced lepions,
lepion-jets, or
lepton pairs

multitrack verticas in the
muon spectrometar

disappearing or
Kinked tracks

| non-pointing
\  _..-=~ (converted) photons

.
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...........
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emerging jets

trackless,
. low-EMF jets

quasi-stable
charged Qarticles



Exotics”

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

Status: July 2018

*nearly all searches that atgLAS
not SUSY-motivated

EXPERIMENT

ATLAS Preliminary
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HVT VW — WV - qoqomade B 0= z2J - %8 V' mass 415 TaV =3 LT ASDONFEN A0
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Most sectors have limits beyond 1 TeV!



q

VA (Myed)

q

>
»
E
o
%3
©
=
=
Q

1.6

14

1.2

0.8

=

Dark Matter=

£

ATLAS

*outside of SUSY framework =" 'MEnT

I

|
n

I

IIIIII

IIIIII

ll]

q

=~

LA

Dijet + 15R

X (mpm)

s

Axial-vectorimediator, Dirac DM |

| DM i
All limits at £5%! CL i

PR [ TR TR T 1 PR T T N TR S 1 |
2 2.5 3 35
Mediator Mass [TeV]

27

Added 3 new search techniques
in Run 2 to reach lower mass!
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Slowing Down?

Resonance search sensitivity increase with luminosity is slowing for some

q e/M
High-energy searches roughly:

W’ mass reach grows ~linearly
with the ~log of the luminosity

q U
6
Approximation of sensitivity

S' 9.9 with full Run 2 dataset
=
£ 5 Reach:
a O ® Combined Run 3 (300/fb): ~6.2 TeV
0 4.5 o HL-LHC (3000/fb): ~7.2 TeV
=
= 4

TR Year of data
3.2 —3>@ collection
Run 1

Limit O 20 40 60 80 100 120 140
13 TeV pp Lumi [1/fb] 30



Performance

Gains from luminosity can be outpaced by gains in performance

L>>‘ l' | I I 1 l LI | | l | A | I | I I | I I LI | | I | I A | I l.l.
a ¢ 1.4 ATLAS Simulation 1s=13 TeV —
q 0 g B Z'2btag: -
Z' o 120 +1.25 TeV ]
NAANMNNNMNNN ) B =15TeV -
e} b < 1 A2TeV _
8 N ¥25TeV -

© +3TeV

= 0.8 %4 TeV
€ N +5TeV
> 0.6 -
=% tracks b jet 0.4 of i
b had \ X v ]
—————— ) hadron ~ -
0.2 A, e _
------ impact - L -
Flar-:—_ir]- eter Ol l | I l ) I l 1 1 l L Ll l L1 l m 1 1 m | -

15 2 25 3 35 4/45 5
m; [TeV
-4y secondary

vertex Efficiency to identify both b-jets is 5%

do .~ @ At lower pTs, can tag b’s with 70% efficiency
— /,/.;'.“&— primary vertex
‘ ol \* Increasing that to 15% would improve the sensitivity
N\ roughly as much as the full Run 3 dataset

'4 ;



Large-R jet

Run: 29%584

Bwvent: Z63262]12882
2016-05-20 08:26:4% CEEZ]
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Performance Improvementsgg%

|dentification efficiency at the high energy frontier is difficult

Expect to see a lot of R&D and innovation during Run 3
Wonderful playground for Machine Learning applications!

If my favorite search for a heavy ... can performance
resonance includes very high pT... improvements lead to big gains?

(b-)jet ‘ Yes!

W/Z had M: ‘ Yes!

Jet substructure (JSS)
technique pioneered in UK!




Performance Improvement 7

|dentification efficiency at the high energy frontier is difficult
Expect to see a lot of R&D and innovation during Run 3

Wonderful playground for Machine Learning applications!
If my favorite search for a heavy

... can performance
resonance includes very high pT...

improvements lead to big gains?

(b-)jet ‘ Yes! What fraction of the

resonance program®*
does this cover?

| 8%

Jet substructure (JSS)
technique pioneered in UK!

— 149

WiZ had ~esmie Yes!
top “‘é@ Yes! B

@ only b-tagging
© only JSS

both b-tag & JSS
© neither b-tag & JSS

— 259

*does not include SUSY



Performance Improvement L7

|dentification efficiency at the high energy frontier is difficult

Expect to see a lot of R&D and innovation during Run 3

Wonderful playground for Machine Learning applications!

If my favorite search for a heavy
resonance includes very high pT...

... can performance
improvements lead to big gains?

(b-)jet Yes! What fraction of the

ARAARS . for X->yy if resonance program®
phOtOﬂ VA highly boosted does this cover?
electron - for X->ee if | 8%
muon . highly boosted

yes, but limited

tau Yes!
W/Z had M: Yes! @ only b-tagging

© only JSS
top ‘“ﬁ% Yes! B

both b-tag & JSS
WIZ lept 00000 at high pT

© neither b-tag & JSS
Higg bb Yes!

(A

— 149

— 259

*does not include SUSY



Keep Searching

e We don’t know the description of nature so we really don’t know what
new physics will look like in our detector.

e Therefore we must look in many places in many ways
e We could also have hints in the recent anomalies in the flavor sector.
 Not yet fully probed all the models proposed

® |t would terrible to learn in 10 years we missed new physics _ .

Example: Leptoquarks

pair-production single-production
target lower masses target higher masses
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Measuring the SM

£

ATLAS

EXPERIMENT

With the large dataset collected, measurement precision is

already surpassing L

W boson mass
EPJ C78 (2018) 110

ALEPH

DELPHI

ATLAS W'

ATLAS W~

ATLAS W*

T T T | T T T
ATLAS ¢
L
@
@
_._
_.—
_.__
® Measurement
_._

= Stat. Uncertainty

— Full Uncertainty @

top quark mass

C lifetime expectations

electroweak parameters

1 1 | 1 1 1 1 I 1 1 1 1 1 1 l 1 1 1 1 | 1 1 1 1
80250 80300 80350 80400 80450 80500
m,, [MeV]

Similar precision to best
previous single exp (CDF)

Precision: ~0.02%

ATLAS Prel minary
- LEP- and SLD: Z-pols | eem 023152 £ 0 00013
Conibinasions ATLAS Preliminary s e e S e
b b s LEP-" and SLD: A, —e— | 023221 0.0002Y
CDF iMar 2014) g 173.16=0.57=0.74 SLD: A, i 0.23088 + 1 50023
. Tevatron ——— 0.25148 1 D.00033
00 (Jul 2018) M 174.95 = 0.40 = 0.64 - -
LHCh: 7+8 TeV ' « | 022142 4000105
CNS (Apr221€) - 17244 =013 =047 CNS:8 TeV —e——3 0.23101=0.00053
ATLAS: 7 TaV . 0.22080 1 000120
ATLAS (Sep 201/ W EEE LU ATLAS: @6 . 11, — 1t 0.22118 + 0 00049
am':ncolrlamll:x —— stab ucera Ty ATLAS: eer B “te _ 0.23168 £ 0.00043
taral uncertainty — T Uncerwey AT AS: 8 Tav - 072140 + D 00035
] 1 1 1 L L i 1 1 1 L - : l'\
168 170 175 150 023 0231 0.232

My [GEV] Sin‘0,,

Precision: ~0.3%

Watch out for new techniques
for mass measurement less

0.15 %precision
using novel approach

reliant on experimental
systematics

Further progress requiggs iImproved modeling



£

Run 3: Measurements -~

Differential measurements in newly established associated
production channels i.e. Wt, ttZ, tZqg

ttZ

Events

ttw

« Coupling modified in many BSM models
* Important background in ttH measurements

l [ [ [ [ [ | |

10°E- ATLAS e Dataz015 [z =
— 5=13TeV,321b" B Bwz -
[~ Post-Fit Zz Other 7
. Fake lzplons - f; Uncerlainty
E = A factor of 10 more
o 1 data (Run 3) will
H|i| | _ provide very
. 4] . interesting
- y measurements

{:

LI II

10"

IIIII

| | | | l
\3{ . WZ\;&_?-ZZ_CP 4{ -

| | i |
looa o> S>> 3. 4L T
5 O8 2‘«?64,- <"~754j. 3-9531. 702.7°SF. 1 "SF. g DR 1 "OF 5,

- Rare SM source of same-sign dilepton pairs
- Important bkgd in same-sign BSM searches
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Run 3: Measurements ~

e Measurements tend to be in the bulk of the phase-space far
from where the searches are carried out.

* Watch out for new measurements bridging the gap to:

* improve modeling of SM in search areas (prepare for HL-
LHC!)

e search through measurements i.e. non-resonant physics, Y &
W propagators form factors in high mass Drell-Yann, etc

* allow for easier reinterpretation & "= " aco A
— =1 jet I =
j:— "“%_ —‘1———«?3[—«—‘7;
Once these measurements are S } E
released, continue strong UK it | N 2
connection with theory community - :
to maximally leverage the L . L
e o 1. p et

200 3C0 €00 800 1000 1200 1400

40 O:\iSS [Ge\l]



Maintaining Leadership

e Currently activities in 3 areas! More than “usual”
* Operation of current ATLAS detector

* Construction of upgraded ATLAS detector
Highly driven by UK involvement

e Data analysis (both directly in physics and in
performance)

* Any diminishment in one area jeopardized UK leadership
and impact as all are intertwined. Not a time to cut funds.

* 10% diminishment in previous round decreased our
contribution to the basic needs of the experiment.
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Conclusion

In full swing of Run 2 of the LHC. Run 3 is exciting with 14
TeV collisions and HL-LHC will build upon that further.

ATLAS-UK is driving the physics program forward with many
exciting results and impactful work done in the next 5 years

We live in data-driven times!
It is for the experimental community to continue a broad program in
order to advance humanity’s understanding of the Universe.

Colliders are a centerpiece of this program!
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extras
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)
Higgs Physics Program

RIMENT

* Higgs Boson: first and only fundamental scalar in the SM
 Understanding its properties is a unique deliverable of the LHC programme

* Run 1: Discovery and establish couplings to bosons. First hints of coupling
to heavy fermions

e Run 2: First differential measurements in boson channels. Establish
couplings to heavy fermions

* Run 3 -> HL-LHC: Differential measurements in all channels further
constraining BSM physics. Reduce space for new physics i.e. BR(invisible)

e HL-LHC: Establish couplings to 2nd generation fermions H(cc), Hmumu)
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Higgs Physics Program::

E>‘> I llll T T T T IrT 1] L lTTTI 1] L | lll]l ]
| & 1L ATLAS Preliminary 5 o
: ! o vy o2 - ."‘ ]
- Se=iETuy, €61 -0 o Interaction with gauge bosons:
o [y =125.09GeV, y, | <2.5 W » H .77 ATLAS-CONF-2018-018
EL'|> 107" oo SMHiggs boson - Well established in run-1 Run 1
L : : H -ww _CONF-2018-
X ATLAS-CONF-2018-004
4,." 6.3 (5.2) 6 obs (exp) (run-2 only)
2| |
10 '_.""t b : Yukawa coupling to fermions:
Top-quark: ttH 80 fb
107 T E 6.36 (5.1c) obs (exp) arXiv:1806.00425
‘ Run 2
- ATLAS-CONF-2018-031 - Beauty-quark H — bb: [g0 fbo!
10 “F 1 New VH(bbl) not !ncludled ¥ 5.46 (5.50) obs (exp) ATLAS-CONF-2018-036
1 0—1 1 10 10° Tau-lepton: H- 1t
Particle mass [GeV] 6.45 (5.40) obs (exp) ATLAS-CONF-2018-021
. . : Muon H - pu: H *
The Higgs Boson is only 6 years old! Rapidly | o o ops oo hen
: : - imit = sm ATLAS-CONF-2018-026
moving field has accomplished much: HL-LHC
2% precision in mass measurement Charm-quark: H - cc:
. c /o <104 (obs) PRL 120 (2018) 211802
« Observation of

 coupling to bosons
 coupling to heavy fermions

+ all 4 major production modes
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Gauge boson and Yukawa fermion coupling

Earlier 7 and 8 TeV results:

At 7 and 8 TeV Higgs boson discovered.

Main channels:H - vy, H -ZZ, H - WW

Recent 13 TeV results:

H-WW
> 2000_ T I T T T T I T T T T l T T T T I T T T T I T { ] T
8 i ; : -~ Data
S 1800 ATLAS Preliminary S Uncertainty ]
= o . : B ww 3
= 1600: H—-WW*—sevuv, th <1 —3% :
£ 1400[ Vs =13 TeV, 36.1 fb [ Mis-Id u
> _ Wz ]
i 1200 ] ttwe ‘
1000F Bl Higos 1
800F ]
600Ff 1
400Ff 1
200Ff ]
> 0—_ T T e s (T T e ) U e o | e _J
R
> = w ATLAS-CONF-2018-004
§ 200F -
100F .
Ofs >
: I 1 i 1 1 I 1 1 1 1 ] 1 1 1 1 I 1 1 1 1 I 1 1 :
50 100 150 200 250
6 T Car" fransverse mass m;[GeV]

Events/ GeV

Data/Bkg
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Yukawa coupling to fermions:

Only glimpse at 7 and 8 TeV (2012)
ATLAS/CMS combined H - tt:

5.56 (5.00) obs (exp) for 7/8/13 TeV

H-1t

JHEP 08 (2016) 045

- ATLAS Preliminary
— {s=13TeV, 36.1fb"

¢ & VBF high-p?* SR

IE===E == I ===l | == e | lirslE=ri)

-o- Data 2015+2016
CIH- 77 (u=1.09)
B Z>rtr

B Other Backgr.

LI Misidentiied 7~ AT| AS-CONF-2018-021

777z Uncertainty

ATLAS 7/8/13 TeV:
6.4c (5.40) obs (exp)

O | I N S PSS I Jusssi] i

Example of mass in
1/13 signal categories

0 50 100

di-tau mass mYMC [GeV]

150 200



Observation of ttH production ... ...
June 2018 update: ttH( - vy) and ttH(ZZ - 4l) with 80 fb™  AJ| channels combined:

8
ttH N : .E 10 | I LI | | | LI I L | L I L | L I LI g
>351,_(,,YY)|,,,.....,....l....__ 3L ATLAS $ Data :
0 - ¢ Data ATLAS = Vs=13 TeV, 36.1 - 1 TH (1= -
0] - H : 80 fb Bl tH (n=1.32) =
Lo 30:_ """"""" Continuum Background Vs =13 TeV, |80 fb'l e it 10° e fH (u=1) -
o\ E - === Total Background m,, = 125.09 GeV E 107 E * |:| Background -
E 25 — Signal + Background All categories - ? _?
_-5, = In(1+S/B) weighted sum . 10* =
) B i1 2 ]
= 20: . 10° - =
re) B u - 3
c 15:— ] 10 -
S E : 3
- | , - il i B R e e R R B E
5:_. + + + ? + ‘ 4 + 4_E _%' 4 T i L I | R | { LI } | R B | } T } | L { T i ||| T
E 5 2 4b N
_I 1 | 1 1 | 1 l 1 | 1 | I 1 | 1 | I 1 1 | 1 I 1 1 | | =] @ j=. —
110 120 130 140 150 160 £ . £
Dl_phOton maSS m’Y’Y [GeV] D 1 1 1 1 |‘I L 11 | I‘I | ﬁ'l l‘l.l I | N I | I 1 1 1 1 I 1111 I 1 111 I 1 111
-3 25 -2 156 -1 -05 O 0.5
log. (S/B)
Analysis Integrated Expected Observed "
luminosity [fb™!]  significance significance

H — ~~ 79.8 3.7 0 4.1 o

H — multilepton 36.1 2.8 o 41 o

H — bb 36.1 1.6 o 14 0

H—Z7Z* -4 79.8 1.2 o 0o

Combined (13 TeV) 36.1-79.8 49 o 58 o

Combined (7, 8, 13 TeV) 4.5, 20.3, 36.1-79.8 [ 5.1 0 6.3 0 |

Direct observation of top Higgs coupling.
9T. Carli Lonfirmation of Yukawa coupling for fermions.



ttH production cross-section

June 2018 update: ttH(-yy) and ttH(— ZZ — 4l) with 80 fb™
ATLAS-CONF-2018-031

Inclusive ttH production cross-section Gluon-gluon fusion
oYl i e e e ] i e R 8 v, K on
Q F arXiv:1806.00425 - %
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Consistent with Higgs boson coupling as in SM.
16T. Carli 15 Constrains BSM contributions.

Already 20% precision !




Associated VH production and H — bb

H - bb highest branching ratio: Br=58%

- Br(H - bb) constrains invisible Higgs decays
— Tests Higgs Yukawa coupling to fermions

Analysis with large background:
- Use high-p_boson region

— Multi-variate analysis in 0, 1 and 2 lepton channels

— Dijet mass analysis as cross-check

Example: One input to di-jet mass analysis global fit
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Di-boson validation analysis VZ( - bb):
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Observation of H — bb R

Di-jet mass analysis: Main multi-variate analysis:
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VH alone: 4.96 (4.30) obs (exp) (13 TeV)

Observation of Higgs decay to beauty quarks !

Combined (7,8,13 TeV) VBF, ttH, VH:
5.40 (5.50) obs (exp)
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W Higgs production modes

Associated WH or ZH productlon (VH) Vector-boson fusion (VBF) Assoclated ttH production (ttH)
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ATLAS Preliminary ot Tors] Stot. BE Syst BB sM Gluon-gluon fu5|o_n _(ggF) observed since 2012
Vs =13TeV, 36.1 -|80 fb? and used for precision measurements (~10%).

M = 125.00 GeV, |y | < 2.5 ATLAS-CONF-2018-031

Total Stat. Syst.

ooF = 107+ 8 (£ 87+ 20 )

VH b5.30 (4_8(5) obs (exp) ATLAS-CONF-2018-036
VBF = 121t 05 (i e 208

VBF 6.50 (5.30) obs (exp) |ATLAS-CONF-2018-031
W . 157 o (£ 0t o) ttH 6.30 (5.16) obs (exp) | arXiv:1806.00425
ZH - ——— 074+ 8B (+ 3%+ 3%)
ttH + tH ==+ 122+ 025 (£ 317 .+ 0%

e e Observed all major Higgs production modes !
Cross-section normalized to SM value Consistent with SM.
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Measurements of electroweak parameters

Measurement of electroweak mixing angle:
Drell-Yan cross-section qq— Z - |l expanded as sum of 9 harmonic polynomials (NNLO QCD).

In LO QCD (Z-boson rest frame:) A, (and A ) sensitive to weak mixing angle

do 3 d(TU-*'L ' o) /
— = {( | + cos20) + Ag cos H}‘ ATLAS-CONF-2018-037
dyt® dmt® dcos@  16m dytt dmtt |

ATLAS Preliminary

_ LEP-1 and SLD: Z-pole -

A, measured using two leptons |1n|<2.4 (cc) LEP-1 and SLD: A% | =
and at least one forward electron 2.5<|1|<4.6 (Cf). g p. o B |
Using 8 TeV data (2012). o — —
Result from likelihood fit: LHCDb: 748 TeV B , . B

PN CMS: 8 TeV B — o B E
sin’6,,-0.23140 +0.00036 ° E | B

ATLAS: 7 TeV [ ® i
Uncertainty break-down: ATLAS: ee_ +un E L ]
CC

0.00021 (stat )+0.00024 ( PDF ) =0.00016 (syst) aTLAs: ee., B i G
Main limitation knowledge initial quark direction.  st| as: g Tev B - B B

023 0231 0232

Other recent electroweak measurements: e Loy

ff
W-mass: 80370 +- 19 MeV EPJ C78(2018) 110 ~0.02% _ e _
Higgs mass: 124970 +- 240 MeV arXiv:1806.00242 -0.2% 0.15% precision on sin®
Top-mass: 172510 +- 500 MeV ATLAS-CONF-2017-071 | ~0.3%
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ATLAS Phase-l and Il Upgrade Programmes

Phase-|
(up to and including LS2: 2019-
2020)

— Upgrade TDAQ

L1 Calorimeter trigger
* L1 Muon trigger
* Topological triggers
* High Level Trigger
* Readout

— LAr readout electronics

— New small muon wheel in forward
region

— Forward detector system

— Computing
UK construction project funded to
2019

Phase-l|
(LS3: 2024-2026)

— Replace tracking system

— Replace calorimeter and muon detector
readout electronics

— Forward timing detector (HGTD)

— Replace some muon detectors
— Upgrade TDAQ

New trigger architecture
* Phase-I L1 Triggers = LOTrigger
* Gobal Trigger Processor
* Hardware Track Trigger
* Event Filter & DAQ
* Muon Trigger Electronics
e Central Trigger Processor

— Computing
UK R&D for Tracker and L1 Track Trigger
funded to March 2018

Phase-II construction bid under review by
STFC

ATLAS-UK upgrade projects focus on areas that build on successful

delivery of original construction

C. Butler




Fractional Contribution
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