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Higgs Hunting

July 29-31, w/7 Orsay-Paris, France

Resulfs and prospects in the electroweak symmetry breaking sector

see also recent
conferences

Advisory
Committ
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www.higgshunting.fr
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Large number of results !

I will be selective with only
few details !

For more results : look at backup
and references

I will insist more on raw results
( less on phenomenological
interpretations )

Rien n’est cru si fermement que ce
que I’on sait le moins

Nothing is believed more strongly that which we know the least

Montaigne, Essais

Corfou 2-9-2019 4



J Historical introduction , Setting the stage

Corfou 2-9-2019



Spontaneous Symmetry breaking
The Brout-Englert-Higgs mechanism

The LHC

Corfou 2-9-2019



1950 Ginzburg-Landau ( Meissner-Ochsenfeld effect — London penetration length ~ W mass
1959 Nambu — Pippard coherence length ~ H mass )
1960 Goldstone, Gell-Mann Levy, NJL |
1961 Schwinger
1962 Anderson
1964 Brout, Englert, Higgs, Guralnik,Hagen,Kiblé}t
1967 Weinberg, Salam Faddeev,Popov
1970 Glashow, Iliopoulos,

Maiani, ‘t Hooft, Veltman, BRST.....
2

1983 Rubbia, van der M P@rticles ’ﬂf mass V=2 T
198 Spi_“" L) PRGN | CNR

1989 constructi
beginning

1992<«— LOI of ‘lar
1994<«— TP of ATL _
1995 discovery ( )
1996 «— approval o

1998 «— approval o | ' ALICE)

1999 ~— ATLAS Ph LEP data ended in
2000

2006 «—

2008 +— CMS Phys

2010 «—— ATLAS E ﬂﬂ* 2'0

2012 <« start-up ar \g 4 (p
4" July discovery of boson ( m ~ 125 Ge

;gii = boson like properties Nobel prize to Englert and Higgs

Tevatron data ended in Sept 2011



2010 2009 2008

2012 2011

2013

10th september 2008 : first beams around
19th september 2008 : incident

14 months of major repairs and consolidation
New Quench Protection system
20th november 2009 : first beams around (again)

december 2009 : collisions at 2.36 TeV cms

January 2010 : decided scenario 2010-11 7 TeV cms

30th march 2010 : first collisions at 7 TeV ¢cms ~ nStead of 14 TeV
august 2010 : luminosity of 103! cm2 s™!

may 2011 : luminosity > 10% ¢cm? s-!
november 2011 : integrated luminosity ~ 5 fb-!
13* december 2011 : first ‘signal’ around 126 GeViges

march 2012 : start again at 8 TeV
( 50 ns between bunches )
4™ July 2012 : evidence for a new boson
(8 TeV integrated luminosity ~ 6 fb!)

(Standard-Model) boson-like properties
peak luminosity 7 10* cm? 7!
integrated luminosity ~ 5+ 20 fb! § end of Run-1



Muon Spectrometer ([n[<2.7) : air-core toroids ( B ~ 0.5 / 1T in barrel/ end-cap) with gas-based
muon chambers Muon trigger and measurement with momentum resolution < 107% up to E, ~ 1 TeV

run 1 ATLAS detector

Muon Detectors Tile Calorigeter

3-level trigger
reducing the rate
from 40 MHz to
~200 Hz

Length :~ 46 m
Radius : ~12m

Liquid Argon Calorimeter Welghf .~ 7000 tons

~]108 electronic channels

3000 km of cables
\ G
w_/ _4

Inner Detector ([n/<2.5, B=2T):
W| SiPixels, Si strips, Transition

& 3 9"@:1 Radiation detector (straws)
et ;‘?‘F ¢ ? ‘

Precise tracking and vertexing,
e/ separation

Momentum resolution:

o/pr ~ 3.8x10+ p,(GeV) & 0.015

Toroid Magnets  Solenoid Magnet SCT Trdgker P (Chambef' /"eSO/Uf/.On @MS)

EM calorimeter: Pb-LAr Accordion
e/y trigger, identification and measurement
E-resolution: c/E ~ 10%/VE

\

HAD calorimetry ([n/<5): segmentation, hermeticity
Fe/scintillator Tiles (central), Cu/W-LAr (fwd)
Trigger and measurement of jets and missing &

E-resolution: o/E ~ 50%/VE @ 0.03




Cells in Layer 3
AdxAn = 0.0245x0.05

transverse and longitudinal

—_—

3 oy segmentation of the EM
T Smm uare cellsin . .
L Cyerz ATLAS ( Liquid Argon)
N accordion calorimeter
>Mmig = ,

-6
an = U.QUE%mmm

( very stable - about
~ o 200 000 channels )

AnxAd = 0.025%0.1 Corfou 2-9-2019



Events / GeV

Data - Fit

4500
4000
3500
3000
2500
2000
1500
1000

500

4
5
5

— Background-only

Vs =7 TeV J Ldt=0.02fo " Apr 18,2011

ATLAS Preliminary
H—vyy channel

1
]

200

! I | Lo il | L ---_-------1-.1--1--[-..1--1- It !
u T u T T u T T u T T T u T u u T T u y T

-200—

100

120 130 140 150 1860
M., [GeV]
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35

30

Events / 5 GeV

25

20

15

10

Vs =7 TeV JLdt={J.05 o™ Apr24, 2011

ATLAS Preliminary
H-zz"

[ ] Signal (mH=125*GeV)
Il Background 27"’

—4| channel

—4— Data

B Background Z+jets, tt

10

-

-10—

Data - Background
o

50

700 150 200 250 300 350 400 450

500

M, [GeV]
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13 TeV 13-14 TeV

energy

Diodes Consolidation 5t07.5x
splice consolidation LIU Installation cryolimit HL-LHC nominal
7 TeV 8 Tev button collimators interaction luminosity
R2E project P711 T dip. coll. regmns installation

Civil Eng. P1-P5

ATLAS - CMS radlanorl
experiment upgrade phase 1 damage ATLAS - CMS
beam pipes 2 . luminosit . N HL upgrade
75%, nominal luminosity M}f ALICE - LHCb ! 2 x nominal fuminosity i
nominal upgrade

luminosity

|
BT 1000 (ultimate

discovery now
of H boson

© F.Gianotti (Granada)

Corfou 2-9-2019 13



J' Results from (Run-1 and ) Run-2

Corfou 2-9-2019
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J' Results from (Run-1 and ) Run-2
* detector
* SM

* BSM
* (B-E)H
* Vector-boson scattering

Corfou 2-9-2019
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short summary

1 > No new physics (yet) outside the
discovery of the H boson

2> We are entering precision physics area

Large sample of various particles produced in Run-2

W bosons 12 10°
Z bosons 3 10°
Top 300 10¢
B quarks 40 1012

BEH bosons 8 10°

16



* detector

Corfou 2-9-2019

17



ATLAS New detectors in Run-2:
in Run-2 °* Innermost pixel layer IBL, 3.4cm from interaction point
« Forward proton detectors (one arm in 2016, 210m from IP)

PixeNgdetec o} -

Toroid magnets LAr glectroy

Muon chambers Solenoid magnet | Transition radiaifgn tr \
L4
Semiconductor tracker 3\

IBL 8"

Corfou 2-9-2019



Integrated pp luminosity

Also collected Pb-Pb p-Pd Xe-Xe data

—
N
o

80
60

during Run-2 low n data for high precision
W physics

- ATLAS
— Preliminary

/5213 TeV ATLAS Online, 13TeV  [Ldt=146.9b"
2015: <u>=134
2016: <p> =251

:_ .LHC Delivered Recordeg, =
[ 2017: <u>=237.8
=
=

- [ ]ATLAS Recorded

2018: <u> = 36.1
[ ]Good for Physics

Total: <u> = 33.7

Recorded Luminosity [pb "0.1]

612

|II\I|IIII|IIII|IIII|IIIIJ_

UONEIQIED 612

uolEIgIED

IIII|II\I|IIII|IIII|IIII|IIIIT

e
i

80

Mobth in Year u — Mean Number of Interactions per Crossing

High-luminosity comes

o . .
measured to 1.7% precision with a challenge

(ATLAS-CONF-2019-021)

Corfou 2-9-2019 19



All dogmas need to be revisited

Like the fact that the response of the calorimeter is constant w.r.t time
( there are also short time-scale variations due to T change )

TLAS Prellmlnary
Vs = 13 TeV, 3.2 (2015) + 33.0 (2016) + 44.3 (2017) + 59.9 (2018) fbo™'
Z—ee

— 2018 data
— 2017 data
— 2016 data
— 2015 data

1| _
III*IIII'III1|II.II.|.J..HI|IIII|IIII|Ir

l
X

|IIH‘1

:lHHﬁIEIIII}l_IIII“III]I'III|TII'TTIIII|IIII|I1

nH*i"""-h-

........... —"" 0 e

05

energy mis-calibration definel B4 = EMC(l + ;)

We have a lot of data in order to make precise calibrations

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/EGAM-2019-01/fig_02a.png

But the needs for precision physics are very important !
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-024/fig_05.png

Standard Model Production Cross Section Measurements Status: July 2019

—

Tolai D ATLAS Preliminary | ¥
—_— ‘ Theory
b O Run 2 /s = 5,13 TeV
100 LH 5 =5 Te
= L
\/ ).0
10°
LHC pp Vs =13 TeV
10* = B Data 3279810
V
3
10 O~ , e -O- .
e 82 Fat
2 @ % total
e n>2 ? -0~ =)=
e . Hg?\:/W
10! n23 0=
=O= E
n>4 H—bb
Cn ] | n] |
1 g ==Os
nj25 n | = | = u n
On o
n=6 VBF
10_1 h H-ww
=0
n27 H-yy (= |
10—2 i) H—ZZ—4t
=[l= e
"™
10_3 wz
a

4 o evidence
PP Jets Dijets W z Y tf t WW WZ ZZ H tiW tiZ tiH ft wWwzlZij VVij for weak triboson
WW EWK EWK .
tot.  tot.  tot.  tot. tot.  tot.  tot. tot.  tot. [ pl‘oductlon

Theory agrees so far with the measured cross sections

on 15 orders of magnitude
Corfou 2-9-2019 22




4o evidence for weak triboson production using 2015-2017 data

—LWM Vi I;{E
AN IJ
——— P Ii
7 Vs
% 5 L e L B S B
5 120k ATLAS ¢ Data Cwvv
o - 13 TeV, 79.8 o' Owz Bz
- [ www: £t ENon-prompt @y conv. ]
0 1001 postfit [ Cther 7 Total uncert. -
£ _ S i e e
o Stgmiflcanee
i Dacay ¢l ] - .
e 80r il Ohservedd  Expected
60k R R combised 3.2 2.4
I e W — ffigy L. L. Te
40: WHW — (el L. 2.
20: WYV E combimed 3.2s 2y
[ WV — foggfd (0 e L.i{hr
ol WV E — fofudf gyl b | 8y
&3 1.5} ¢ ++ +4 *L9 WYY commbined | I 1er J.1e
1 pocoded
S o et
S %

7100 150 200 250 300
m“- [GeV]
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Total production cross section[pb]

—

o
—
N

—

o
[
—

— — — —
o o o o
™ w N )
N |||||||| | I|IIIII| I Illlml I IIIIII|| I IIIIIII| I IIIII|T| T TTI

—
Q

—
o
=]

For different center-of-mass energies

3% 53

@ Measurement

1
3
I

\
N
‘e’(-

——
Theory

pp — X

3

pp — tT
pp —1q

pp — H
PP 2 YW
PP x?. 1M/Z

R

Ir

¥

d N % B H <

3

ATLAS Pereli

— 1
minary

*On

3

_LLLLI_I,I,l IIIIIIII| IIIII|,|,|| IIIIIIII| IIIIIIII| IIIIII|,|,| L 111

Q pp—X

7 TeV, 20ub™, Nat. Commun. 2, 463 (2011)

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

13 TeV, 60ub™, Phys. Rev. Lett. 117 182002 (2016)
K ppo W pp— Zly*

2.76 TeV, 4 pb”, arXiv:1807.03567 (for Z/W)
5TeV, 25 pb’, Eur. Phys. J. C79 (2019) 128 (for Z/W)
7 TeV, 4.6 fo', Eur. Phys. J. C77 (2017) 367 (for Z/W)
8 TeV, 20.2 ", JHEP 02, 117 (2017) (for 2)

8 TeV, 20.2 fb", arXiv:1904.05631 (for W)

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

13 TeV, 3.216", JHEP 02, 117 (2017) (for Z)

2 po— it

7 TeV, 4.6 fo”, Eur. Phys. J. C 74:3109 (2014)

8 TeV, 20.31b", Eur. Phys. J. C 74:3109 (2014)
13 TeV, 3.216", Phys. Lett. B 761 (2016)

o pp—lq

7 TeV, 4.6 fo", PRD 90, 112006 (2014)

8 TeV, 20.3 15", Eur. Phys. J. C 77 (2017) 531

13 TeV, 3.216", JHEP 1704 (2017) 086

O pp->H

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

8 TeV, 20.3 fo", Eur. Phys. J. C76 (2016) 6

13 TeV, 36.1 o, Phys. Lett. B 786 (2018) 114
T po— Www

7 TeV, 4.6 f5", PRD 87, 112001 (2013)

8 TeV, 20.3 15", JHEP 09 029 (2016)

13 TeV, 36.1 fb', arXiv:1905.04242

T pp—WZ

7 TeV, 4.6 fb”, Eur. Phys. J. C (2012) 72:2173

8 TeV, 20.3 f", PRD 93, 092004 (2016)

13 TeV, 36.1 fo', arXiv:1902.05759

E pp—2Z

7 TeV, 4.6 fb", JHEP 03, 128 (2013)

8 TeV, 20.3 f", JHEP 01, 099 (2017)

13 TeV, 36.1 fu’', Phys. Rev. D 97 (2018) 032005

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-024/fig_24.png



Measurement of fiducial and differential W+ W-
production

cross-sections at Vs=13 TeV tector
events containing jets with a

Suppress ﬁ transverse momentum exceeding 35 GeV

top-quark background

are not included in the measurement phase space

WW — eTvuty

el [ L A ' — =3
@ = ATLAS 4 Data2015+2016 E
= L L L L ) L B ) L L B é 102 ; i,"g =13 TeV: 36.1 fb'1 I:I Stat. @ syst. uncertainty _:
8 1400 ATLAS + Dlalta 2 D‘reII—Yan‘ — = ? pp — ety ] [NNLO(CIQ)+NLO(99)]®!LO(EYV) ?
= 4 [_]Signal (WW) [lll Di- and triboson ko C Powheg—BomF'yth\gS, k=1.13 N
0 1000 VS= 13 TeV, 36.1 ib ] Top B Pred. stat B - ok 755 Powheg-Box+Herwig++, k=1.13* ]
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Measurement of Z(—I|+I-) y
sections in pp collisions at Ys= 13 TeV with the

ATL

(c)9 “TO0000 ——@®NNN\ Y (d) § ————

= BOG_ — T T [ T T T [ T T T [ T T T T T T T [ T T T T T T ]
[ = ATLAS Preliminary e Data =
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Inclusive and (!ifferential measurements of the

charge

aétbeyairon-inspired)

central-forward charged
asymmetry is defined

t

C

_ N(Alyl > 0) = N(Aly| <0)

~ N(Aly| > 0) + N(A]y| <0)

Alyl = 1y:] = lyel|

different from 0 because of interference at NLO

O C _
< 0.014 === NNLOQCD +NLOEW ATLAS Preliminary-

0_012}- Powheg+Pythia8

0.01 $ Data (stat/total)
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FCNC ( Flavour-Changing Neutral Current) window for new physics

tqy 80 fb1 13 TeV
B(t—>yc) <2.210# (2.7 10* exp)

topology P 5
Lo 1y B(t—>yu) <2.8 10> (4.0 10~ exp)

| 1 b-jet, MET
NN to separate S and B

ATLAS+CMS Preliminary 95%CL upper limits <@ ATLAS <—@ CMS

t— Hq 36fb"!

LHCtopWG [1] ATLAS-CONF-2018-049 [2] JHEP 02 (2017) 079
[3] JHEP 06 (2018) 102 [4] JHEP 04 (2016) 035
September 2018 [5] EPJC 76 (2016) 55 [6] JHEP 02 (2017) 028
[7]1 JHEP 07 (2018) 176 [8] CMS-PAS-TOP-17-017 H— b'ﬁ
imi 9] JHEP 07 (2017) 003
ey o amypredcions =S EI2HOMEV ER2HOME)
from arXiv:1311.2028 Rmssmrpv BRrs

H—tt [rleorha.d' e had

JHEP 1905 (2019) 123

H—-WW"r1,ZZ" 2¢58,3¢) ?ET!;J?SSTEV, 361 b ]
B(t— He)=0
Hoyy —
_______ == Observed
a1 Expected + 1o
Combined --- Expected + 2¢ N

vl b o b b X100
4 5 6 7 8 9 10

95% CL limiton 2 (t — Hu)

LY m
t—=Zu 7
b N % B R

oes o= oz (o7 {08 = 107"
Branching ratio

B(t—>Hu) < 1.2 103 ( 0.8 10+ exp)

arXiv:1908.08461



Observation of light-by-light scattering in ultraperipheral
Pb+Pb collisions with the ATLAS detector

backgrounds

Signal :2 photons with very low p.(yy)

+ <1 GeV/c and no further
activity in the detector

Field strength up to 10>° V/m

vy luminosity ~ ~5 107 ’9

Phys.Rev.Lett. 123 (2019) no.5, 052001



Look at low-energy back-to-back photon pairs with
no additional activity in detector

g50IIIIIIIIIIIIIIII|IIII|IIIIIIIIIIII
g 45 ATLAS
P 40 Pb+Pb \s, =5.02 TeV
@
o 35 1
. —e— Data 2018, 1.7 nb”
small acoplanarity " el (y

[ ]CEPgg — vy
B vy — ee

& Sys. unc.

Ay = (1 = |Ad,,|/7) < 0.01 25

20
15
10
S

T T T g T

Sl A G 5 s e e 1 s O O SO A N

% 001 002 003 004 005
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ATLAS = o Event display for an

Event: 453765663

EXPERIMENT 2018-11-26 18:32:03 CEST

exclusive yy— vy
candidate.

Two back-to-back
photons (E," =11 GeV

and E,”> =10 GeV) with

myy =29 GeV, A =0.002
P.r=1.2 @GeV

no additional activity in the detector

18—t

T
ATLAS

e L ’ soe
59 yy—yy events observed T =" | T
with an expected background ° ]
of 1243 (8.20) 1 ORI e
5 10 15 20 251”[(39\}3]0 0 02 04 06 08 1 12 14 1-6p¥71[-(839\/]2

(a) (b)

Phys.Rev.Lett. 123 (2019) no.5, 052001



EW precision measurements

Weak angle sin?0'
8 TeV data

W mass my,
7 TeV data

ATL-CONF-2018-037
Eur.Phys.J. C78 (2018) no.2, 110,
tum: Eur.Phys.J. C78 (2018) no.11, 898

One wants to have measurements with uncertainties close to the
results of the EW fit sin?0' . =.23153 +.00006 m,, = 80354 + 7 MeV:

arXiv:1803.01853

qq = Z|y" -

F-B asymmetry

I
. - . mW
ATLAS Er?".m"n.ar.y. == Stat. Uncertainty

LEP-1 and SLD: Z-pole
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SLD: A,
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—e—

—e—

——
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0.23140 = 0.00036

LEP Comb.

Tevatron Comb.

LEP+Tevatron

ATLAS

Electroweak Fit

80376433 MeV

— Full Uncertainty

4

—— e

—_—

80370+19 MeV

80387416 MeV

80385+15 MeV

o
® 80356+8 MeV

80320

|
80360

1
80340

|
80380

804|100 80420
my, [MeV]




JHEP 04 (2019) 098

Run-1 + 26fb! of Run-2

Events / 40 MeV

0.7
2.1x 1077 o505 c1

BY — utu) = (2.8+0'8) x 1077
BB = utu) <

—_
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Likelihood contours for
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Search for
Physics BSM
(Beyond the
Standard
Model)

Some
(temporary)
rest

in a lot of places
Full Run-2 results

35




A vast programme covering searches for high and low mass

earch for Physics BSM (1)

small couplings, long lived particles, forbidden decays, ...

flTLAS SUSY Searches* - 95% CL Lower Limits

particles.

ATLAS Preliminary

y 2013 Vi=13 eV
1
Model Signature  [£dt ] Mass limit Reference
T T — T T T T T
3. g Dep  ZEps J’a 360 [P eny 155 mn‘.‘k.lmn:zw 174202382
moncjet  1-3pm KT 361 |4 [ & Degen) a3 o7 migmi =5 GV 17110330
8. B gE) Dep  26pm E™ 359 (g 20 mit}200 CeV 71202882
£ Fodyiddan 09516 mit'|-200 eV 171202332
I; 0. B0l L0 3en 4ot %1 | 186 "'F?fs“m 1T0E.0a7T3
1.2 mp-mit =50 GeV 180511381
H * 0, imi o
ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary - pin b Uy
: = 1.15 L 200 GV ATLAS-CONF-2019-015
Status: May 2019 JLdt=(3.2-139) fb? Vs=8,13TeV 2
e b Lkt 225 llﬂ'(&k.?ﬂﬂm ATLAE-CONF-201 8041
Model ly Jetsi ET™ [ratn] Limit Reference 135 L |20 G ATLAE CONF-2019015
T T T
ADD G +g/q Oep 1-4]  Yes 361 |Mp 7.7 TeV n=2 1711.03301 o8 o mith-so0gey, B 1 70E.CRREE, 1711.03301
@ | ADD non-resonant yy 2y - - %7 |Me 86TeV 3HLZNLO 170704147 “-mm .,ﬁ'“_"‘tnlo"c:“m‘f Bﬁaﬁla;:?:"‘:“f e i
S opasH - 2j - 370 M 89TeV 6 1703.00127 ir dolln Hir Ty
© | ADDBH high 3 pr 2lepn 22j = 32 |My 82TeV n=6,Mp = 3TeV, 1ot BH 1606.02265 023135 AmiEE, 2= 130 By, mit = 100 GV SUSRMES
g /:g‘D gH multijet = 23j = 36 My 9.55TeV| n=6 Mp=3TeV,rotBH 1512.02586 023048 Amit T 130 Gen melf)-0 Gev BUBY2MME-Z
S KK = VY y - - 367 |Grkmass 41 TeV KW¥p =0.1 1707.04147 .
® | BukRS Gk » WW/ZZ multi-channel 36.1 | Giumass 23TeV KMo =10 1808.02380 18 miE =1 GV AEDE BEE RSN, ip e
£ Bulk RS Gyx — WW — qqqq Oe,u 24 - 139 |iGkmass 1.6 TeV. k/Mpr =1.0 ATLAS-CONF-2019-003 0.440.50 mif)=400 G ATLAE CONF-20H 3047
W kRS grk — tt leu 21b>12) Yes 361 | gk mass 38TeV T/m=15% 1804.10823 116 i - E00 e 1BE.10T8
2UED/ RPP leu 22b>3) Yes 361 |KKmass 1.8 TeV Tier (1,1), B(AM) — tt) =1 1803.09678 085 ,.%!_,.q eV 1BIE.01640
SSM 2" — ¢ 2eu e - 139 |zimass 51TeV 1903.06248 S e it
@ | SSMZ' > 27 5 B 36.1 |2 mass 2.42TeV 1709.07242 Sy 7
S | Leptophobic 2’ — bb B 2b - %1 |Zmass 2.1 TeV 1805.09299 032488 mit%e0 eV, memit T 180 Gov 170603685
§ Leptophobic Z' — tt leu 21b,>1J/2 Yes 361 |2 mass 3.0TeV r/im=1% 1804.10823 086 N S Np— ATLAS.CONF-S019.018
SSM W’ — v ten - Yes 139 [WWimass 6.0TeV CERN-EP-2019-100
§ SSM W’ — 1v. 17 - Yes 361 | Wrmass 3.7TeV 1801.06992 06 mitf-o 1409 5204, 180602203
8 | HVTV' > WZ-gggqmodelB  Oeyu 24 - 139 [Wimass 36TeV =3 ATLAS-CONF-2019-003 it it 15 ooV ATLAS CONF-Z019.014
@ | HVT V' — WH/ZHmodel B multichannel 361 |V mass 2.93TeV =3 171206518 . oo s
LRSM W — th multi-channel 36.1 | Wemass 3.25TeV 1807.10473 - el A R LA O
LRSM Wk — ulNg 24 19 = 80 | Wemass 5.0TeV m(Ng) = 0.5TeV, g = gr 1904.12679 07s 2 FLJ-70 Gy : WA CONES
1 L =0 S T pemity T} ATLAS-CONF-2019-008
2 Claqaq - 2j - a0 (A 218TeV i, 170309127 . a e = B e
S | Cltgq 2en e - 34 | 400TeV 1, 1707.02424 NN i '"": ':g i i
2leu 21b>1 X Coel = 4 1811.02305 = ey
Ci ettt ep i Yes 361 [A 257 TeV Gl BT e el
Axial-vector mediator (DiracDM) O e, u 1-4j Yes 361 Minet 1.55 TeV 8,=0.25, g,=1.0, m(x) = 1 GeV 1711.03301 » 1 BOE.04030
S Colored scalar mediator (DiracDM) O e, 1-4)  Yes 361 | mina 167 TeV 1.0, m(y) = 1GeV 1711.03301 i 82508 s e ey
Q| VWyy EFT (Dirac DM) Oep  14,51j Yes 32 M. 700 GeV m(y) < 150 GeV 1608.02372 -
Scalar reson. ¢ - ty (DiracDM)  0-1e,u  1b,01J Yes 361 [me 3.4TeV ¥ =0.4,4=02, mly) = 10 GeV 181200743 046 [re— e
Scalar LQ 1% gen 12e >2]  Yes 361 |LQmass 1.4TeV p=1 1902.00877 Fars Higgsin IRTLIPSHYE PLIE B X
Scalar LQ 2" gen 124 2] Yes 3.1 [LQmass 1.56 TeV p=1 190200377 20 150201558 1508.04005
Scalar LQ 3¢ gen 2T 2b = 36.1 [LQgmass 1.03 TeV BLQS - br) =1 1902.08103 206 24 mgif}=100 GeV 171004901, 108,408
Scalar LQ 3 gen 0-1epu 2b Yes 361 |LQjmass 970 GeV BLQY - t1) =0 1902.08103
VLQ TT = Ht/Zt/Wb+ X multi-channel 36.1 | Tmass 1.37 TeV SU@) doublet 1808.02343 Lo 1N S oIy
sS4 VLQBB - W/Zbt X multi-channel 36.1 | Bmass 134 TeV SU() doublet 1808.02343 . e AS0Y
m© E VLQ Ts/3 o3l Tsys —» We+ X 2(SS)/23eu21b,21) Yes  36.1 Ts/3 mass 1.64 TeV B(Tsz = Wi)=1, c(TssWe)=1 1807.11883 | .. 18 1B04.03568
f 3 VY- Wwbh+X lepu 21b21 Yes 361 |Ymass 1.85TeV B(Y — Wh)=1, cr(Wb)=1 1812.07343 106 20 ATLAE CONF-218.002
VLQ B — Hb + X Oeu,2y =1b>1j Yes 798 |Bmass 1.21 TeV k=05 ATLAS-CONF-2018-024 055 108 ATLAE-CONF-S018.003
VLQ QQ — WaqWq e >4]  Yes 203 [iQmass 690 GeV. 1500.04261 042 061 TR
@ Excited quark g° — qg = 2j = 139 |lqfimass 6.7 TeV. only u” and d*, A = m(q") ATLAS-CONF-2019-007 041,45 B —bey bl 2% 1T10.05544
E _8 Excited quark g* — qy 1y 1j - 36.7 q° mass. 5.3 TeV only u* and d*, A = m(q") 1709.10440 D By <300 10 16 BRE—qu}= 100K, oosa=1 ATLAS-CONF-2019.006
-2 £ Excited quark b — bg - 1b,1j - 36.1 b* mass. 2.6 TeV 1805.09299
W @ Excitedlepton (* 3epu - - 203 |Wimass 3.0TeV 1411.2921
Excited lepton v* 3eurt = = 203 |Hfmass 1.6 TeV. 1411.2921 L s L PR | ' s s L
Type il Seesaw Teuw 22 Yes 798 |NOmass 560 GeV ATLAS-CONF-2018-020 1 Mass scale [TeV]
LRSM Majorana v 2pu 2] - 36.1 Ng mass 3.2TeV m(Wg)=4.1TeV, g, = gr 1809.11105
& | Higos triplet H* — (¢ 234eu(SS) - - 361 | HE=mass 870 GeV DY production 1710.09748
£ Higgs triplet H** — (1 Seut - - 203 |F==mass 400 GeV DY production, B(H;* — ¢r) = 1 1411.2921
O | Multi-charged particles - - - 361 |multicharged particle mass 122TeV DY production, lg| = Se 1812.03673
Magnetic monopoles - - - 344 |monopolemass 2.37TeV DY production, lg| = 180, spin 1/2 1905.10130
Vi=gTev  Vs=13TeV | ys=13TeV e L L
partial data full data 10™ 1 10 Mass scale [TeV]

*Only a selection of the ava
Small-

lable mass limits on new states or phenomena is shown.
radius (large-radius) jets are denoted by the letter j (J)

See backup !

36



Search for Physics BSM (2)
Full Run-2

-----

highest-mass dijet event
the two central high-p .. jets

each have p, of 3.74 TeV

their invariant mass is o =
8.02 TeV. = T uuuuuuuu u

~CONF-2019-007

ICICT COO0 T T L oooaooooono)

ATLAS

EXPERIMENT

dielectron candidate with the
highest invariant mass in the
2015-2018 data taking period
with m_ = 4.06 TeV

search for Z° and W’

arXiv:1903.06248

arXiv:1906.05609

Corfou 2-9-2019 37




Search for Physics BSM (3)  Full Run-2

Analysis and detector improvements very important !

2 b-jets

3 - 1 —
2 100 & —— Phys. Rev. D 98, 032016 (36.1 fb™) =
o R Phys. Rev. D 98, 032016 (Scaled to 139 fb™) A
ﬂg . — — Current Result (139 fb™) -
x 2
X —2 [ EE
< 10 - E
X C _
o) L _
10°E £

- ATLAS Preliminary e LT E 2

[ Vs=13TeV e

104 DM mediator Z'(bb), g, = 0.25, 2 b-tag -

F 1 | [ 1 | |- |- | L1 1 1 | |- I 1 1 3

L1 1 | L1 1 L1 | L1 1 |- | L1 L1
1.5 2 2.5 3 3.5 4 4.5 5
MM mediator z [ 1€ V]

—

To be published soon see P.Savard @LP

width/mass = 3%

©Nishu priv com

Significant improvement in b-tagging performance at high p,

Corfou 2-9-2019
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Search for Physics BSM (4)  Full Run-2 arXiv:1906.08589
Resonances decaying to VV (WW, WZ, 7Z.7)

Small-radius jets Large radius jet
The diboson system is

reconstructed using pairs of
high transverse momentum, large-radius Jets

diboson resonances with
masses greater than 1.3 TeV

ATLAS

EXPERIMENT

Highest m ,(=4440 GeV)
diboson candidate

The leading (subleading) jet has 1
a p, of 2136 GeV (2291 Gel),

a mass of 89.5 GeV (62.5 GeV)




Search for Physics BSM (5)

SUSY Electroweak production ( could dominate
if squarks and gluinos heavy )

) [GeV]

0

1

m(X

350 July 2019 ATLAS Preliminary \s=8,13 TeV, 20.3-139 fb" All limits at 95% CL
T T T T I T T T T I T I: T T I T :1 I:~I I T T T T I T T T T I T T T T I T T I_

[ ’ TS 7| ==+ Expected limits

= | == Observed limits
300 —

- N
250 [ 1 X1 X2 via

[ ] wWZ 21+3l

[ 7 arXiv:1403.5294
200— — arXiv:1803.02762

[ ] arXiv:1806.02293

B ] ATLAS-CONF-2019-014
1 50 — — ATLAS-CONF-2019-020

[ 1 [ Wh Ibb+2jbb+ yy+Ff

— 1 arxiv:1812.09432
100 7 ] ATLAS-CONF-2019-019

B N ATLAS-CONF-2019-031

50— — %% via
E 1 w2
1 1 1 1 I 1 1 1 1 I 1 1 1 1 L 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1 I“ I_ a’/x‘\/14035294
900 200 300 400 500 600 700 800 ATLAS-CONF-2019-008

m(%,, %) [GeV]

Example : weak-boson-mediated decays




Search for Physics BSM (6) Full Run-2
SUSY Strong production of Squarks and Gluinos Golden mode

Sensitive searches for squarks and gluinos (in ) i
R-parity conserving scenarios) with >” L
neutralino as LSP (no leptons) SN
Many different scenarios investigated o
with cut-based analyses and BDTs >‘ ~.
M, = sum (pjets > 50 GeV + E_ ™)
> 1065""I""I'"'I'_"_'I""I""I""I""I"" rrrT
8 = ATLAS Preliminary —— sy Total E
o 10° Vs=13Tev, 1391t ¢ Data -
Q e, MB-Ssd [ WHjets 3
> 10%E [ fi(+EW) &singletop 3
g c [ z+jets y
> [ Diboson
- I Multijet
3.%,)=(1800,600)
Tl _; v I
g2 ! . T 7 2 L
4 i <
0 ' \ q

1000 2000 3000 4000 5000 6000
m,, [GeV]

ATLAS-CONF-2019-040



Search for Physics BSM (7)

&4 production, B({g — q 1‘:):1 00%

S‘ 1600 [ T T T | T T T | T T T | T T T ‘ T T T ‘ T T T | T T T | T |
8 - ATLAS Preliminary Exp.limit (+10gg)
= M0 is=13Tev, 139 b S Obs it @S -
£ |_ 0-eptons, 2-6 jets 0L obs. 36 b _
- - 0Ds. —
1200 L Alllimits at 95 % CL [arXiv:1712.02332] _
1000— —
q C _
p ~ ) 800 __ _
‘- 4« X1 - u
~~- i 600} —
q X1 - i
P L 4
q 400 — —
200— —
B L L L | L L L | L L L | L L L ‘ L L 1l ‘ L L L | \l : L L | L ]
800 800 1000 1200 1400 1600 1800 2000
Used simplified scenarios m@(Ge
gg production, B(g — qq i‘T —qqW* i‘:):m{]%, m(f"]:(n'@) + m(jf':))."z
S‘ 1300 _I T T | T T T I T 1 T | T T 71 I T T T | T T 1 | T T T | T T 1 | T T T | T 1 I_
- —  limit (+1
8 o ATLAS Preliminary o it 1528
yS2 E Vs=13 Tev, 139 "' T e amitshB
€ 1400 [ Heptons, 2-6 jets I Exp. limits B|?1T
All limits at 95 % CL g OLobs. 3610
[arXiv:1712.02332]

1000

800

600

400

200

PR N [ NI [T T T [ T | R T ' VR IR

600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
m(g) [GeV]

ATLAS-CONF-2019-040



Search for Physics BSM (8) Fluctuation reported in m,, spectrum

~
o

| ALEPH archived data: p*u-

—_— signal+background

m,, spectrum obtained from

analysis of archived ALEPH
data ( with b bbar) )

------- background only

Events/ 1 GeV
A G o
o o6 o
—
I—!—|

— 3igna|

arXiv:1610.06536

CMS

JHEP 1811 (2018) 161 0 45 50

m [GeV]

19.7 7' (8 TeV)
I

'S
o

19.7 ' (8 Tev
IR

= Signal+background fit ]

3597 (13 Tev)

\
s
X)
o

CMS 3591 (13 TeV)
L e B B B |
SR2

T L B
= Signal+background fit T SR1 — Signal+background fit

w
w
T T

m— Signal+background fit

140
-deficit

===== Background-only fit

4.2 ©

===== Background-only fit
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o

T T
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20

=== Background-only fit
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Search for Physics BSM (8)

Events/ GeV

Events / GeV

Full Run-2 ~ same cuts than CMS

ATLAS Prellmlnary
Vs =8TeV,20.3 1"
SR1

5 ATLAS Prehmmary
E Vs =13TeV, 139 +

;sm + + + ++
ey
§++++ ++++++** ++#+ P

++@

Events/ GeV

Events / GeV

ATLAS Prellmlnary
L.'s &?,Te‘ur 20.31"

F ATLAS Preliminary
— Vs=13TeV, 139"

1.
= e

no significant excess observed 44

ATLAS-CONF-2019-036



Search for Physics BSM (8)

long lived particles

Multiple reasons to be long lived .. small couplings .. intermediate states

many challenging signatures

disappearing or
displaced kinked tracks
multitrack vertices p )
non-pointing
* .=~ (converted) photons

'
.
'

'

'

displaced leptons,
lepton-jets, or
lepton pairs

emerging jets

+ trackless,
i low-EMF jets

quasi-stable

charged particles
multitrack vertices in the g Q

muon spectrometer

>/

©M.H.Genest EPS2019

ATLAS Long-lived Particle Searches* - 95% CL Exclusion
Status: July 2019

ATLAS Preliminary
JLdt=(18.4-36.1) b V5 =8, 13 TeV

Model Signature  [Ldt ] Lifetime limit Reference

RPV x9 — eev/euv/uuy  displaced lepton pair 203 [ x? lfetime _ : I ) 12T ) 1070V 1504.05162
GGM 0 - ZG displaced vix +jets  20.3 [ x{ lfetime . eaomm m(&)= 1.1 TeV, m(x2)= 1.0 TeV. 1504.05162
GGM 3 - ZG displaced dimuon 329 |xf lifetime 0.029-18.0m m(#)=1.1TeV, m(x)= 1.0 TeV 1808.03057
GMSB non-pointing or delayed y 20.3 [ x} lifetime . oo0ssam SPS8 with A= 200 TeV 1409.5542
AMSB pp - xiQxtx;  disappearingtrack 203 [ x¥ lietime . o230m m(x;)= 450 GeV. 13103675

cg AMSB pp — xjx3.x;x;  disappearing track 361 | xy lifetime 0.057-1.53m m(x)= 450 GeV 171202118

D avse pp—xidxixp  large pixel dE/dx 18.4 | X lifetime . 13t90m m(x})= 450 GeV 1506.05332
Stealth SUSY 2 MS vertices 36.1 § lifetime 0.1-519m B(g - 5g)= 0.1, m(g)= 500 GeV| 1811.07370
Split SUSY large pixel dE/dx 36.1 & lifetime. >09m m(&)= 1.8TeV, m(x})= 100 GeV 1808.04095
Spit SUSY displaced vix + Ep'** 328 | & lfetime 003-132m m(§)=1.8Te, m(x9)= 100 GeV. 171004901
Split SUSY 062-6jets +E7  36.1 | glifetime 0.021m m(g)= 18 TeV, m(x})= 100 GeV | ATLAS-CONF-2018-003
Hoss Tow-EMF trkcless jets, MS vix36.1 | s lfetime 018-120m m(s)=25 GeV 1902.03094

R FRVZHo27+X 2e-, u-jels 203 |FANEHHE o0-3 mm m(ya)= 400 MeV 151105542

E" FRVZ H - 2yq + X 2e- u- n-jets 36.1 7 lifetime 1.5-284 mm m(ya)= 400 MeV CERN-EP-2019-140

i FRVZ H > 4yg + X 2e- - m-jots 361 | yalietime 3.7-178 mm m(ye)= 400 MeV CERN-EP-2019-140

% H= 2424 displaced dimuon 329 Z, lifetime 0.009-24.0 m m(Zy)= 40 GeV' 1808.03057
H— 22, 2, + low-EMF trackless jet36.1 | Zq lifetime 021-52m m(Zy)=10GeV 1811.02542
VHwith H - ss — bbbb 1 -2+ multib-jets  36.1 | slifetime  0-3mm B(H > s5)= 1, m(s)= 60 GeV. 1806.07355

5 ®(200 GeV) — 55 low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.41-51.5m o xB=1pb, m(s)= 50 GeV' 1902.03094

g ®(600 GeV) — s low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.04-21.5m o x B=1pb, m(s)= 50 GeV' 1902.03094
®(1TeV) = ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.06-52.4m  x B=1pb, m(s)= 150 GeV| 1902.03094
HV Z'(1 TeV) > quqy 2 ID/MS vertices 203 | slifetime . odasm % B=1pb, m(s)= 50 GeV 1504.03634

g HY Z/2 TeV) - quay 2IDMSverticos 203 | slifetime | “ X8l mi= ey 1504.03634

0.01 0.1 1 10 100 cr [m]
- \E=13Tev
1 1 1 1 1
*Only a selection of the available lifetime limits is shown. e o 1 i 100
7 [ns]

Corfou 2-9-2019
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* (B-E)H

Corfou 2-9-2019
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The (Brout-Englert-) Higgs = BEH boson(s)

1 Additional BEH bosons

3 Search for a pair of BEH bosons

Corfou 2-9-2019
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1 Additional BEH bosons (1)

General recipe : SM Higgs Doublet + Additional Field = Additional H bosons
SM + 1 additional H doublet = 2HDM ( Two Higgs Doublet

Model ) that corresponds to 5 physical Higgs bosons

+ - ©

h, H, A, H, H ]
- - - - - n

6 N e

Four Vi Coupling scale factor [ Type 1 Type I Lepton-specific Flipped ) é
Ky sin(8 — a) -

Ky cos(a)/ sin(f3) 5

K4 cos(a)/sin(B) —sin(a)/cos(B) cos(a)/sin(f)  —sin{a)/ cos(B) ;

Kf cos(a)/ sin(B) —sin(a)/cos(B) —sin(a)/cos(B)  cos(a)/ sin(S) E

MSSM c type I HDM .. Numerous benchmark models like hMSSM

Corfou 2-9-2019 48



tan 3

:
200

October 2018

1 Additional BEH bosons (2)

ATLAS Preliminary
hMSSM, 95% CL limits

— Observed
- -- Expected —

1000
m, [GeV]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/HIGGS/

] HA-tt

Ys=13TeV, 36.1f0"

JHEP 01 (2018) 055
[ H' - tv

Ys =13 TeV, 36.1 0"

JHEP 09 (2018) 139
[ H-tb

Ys=13TeV,36.11b"

arXiv:1808.03599 [hep-ex]
[ H— ZZ— 4l/Ivy

Ys=13TeV,36.1 "

Eur. Phys. J. C (2018) 78: 293

09— A— Zh

Ys=13TeV, 36.1 0"

JHEP 03 (2018) 174
[ H—> WW— iviv

Ys=13TeV,36.1f"

Eur. Phys. J. C 78 (2018) 24

I H— hh— 4b,

— bb yy/r,
- WWryy
Ys=8TeV, 2031
Phys. Rev. D92, 092004 (2015)
[ H->hh—>bbyy
Ys=13Tev,321"
ATLAS-CONF-2016-004
sminie N1 couplings [k, Ky, K]
Ys=13TeV,36.1-79.81b"
ATLAS-CONF-2018-031

2000
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1 Additional BEH bosons (3) yy excess at 95 GeV

comparison between CMS and ATLAS results (Sven Heinemeyer)

CMS PAS HIG-17-013 ATLAS-CONF-2018-025
20 fb! (8 TeV) +36 tb! (13 TeV) 80 fb! (13 TeV)

3.5 . :
—— CMS obs. limit
30 === CMSexp. limit |
—— ATLAS abs. limit
o8 - - - ATLAS exp. limit
. —+— CMS excess

2.0F

¢
/a8

65 70 75 80 8 90 95 100 105 110
My, [GeV] 50
© Sven Heinemeyer Higgs Hunting 2019



2 The SM BEH boson (1) executive summary

7 years after the discovery we have now a much clearer picture
of the BEH boson properties

altis spin 0 and its interactions with bosons are mainly CP-even
& We know its mass at 0.2% accuracy

BEH boson couples to mass = couplings to be measured

Increasing precision in all measurements
» bosonic sector : inclusive measurement at ~10% precision

differential measurements probing extended phase space
with increasing accuracy

» fermionic sector : 3rd generation (<, t, b) established
with uncertainties approaching ~ 20% level . Most
promising channel for 2"¢ generation is H>un




GF H-—->WW,ZZ, vy, (bb),tt

H— WW, vy, 11, ZZ, bb

100

A.Djouadi Phys.Rept.457:1-216

o(pp - H + X) |pb]
V5 = 14 TeV
MRST/NLO
my = 178 GeV

-
-
-
-

-] Typical uncertainties on cross-section
gg 5% NNNLO
VBF  <5% NN()LO

WH,ZH <5% NNLO
ttH 10% NLO

These production cross sections have to be used
with the decays bb ,tt, WW ,ZZ, vy

channels with good mass resolution




A.Djouadi Phys.Rept.457:1-216
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ATLAS wTotal | Stat. only g
Run 1 5 = 7-8 TeV, 25 o, Run 2: {5= 13 TeV, 36.1 fb”’ Total  (Stat only) g

Run 1 H—41 E 12451+ 052 ( +0.52) GeV S_'-«
Run1H—yy 126.02 + 0.51 ( +0.43) GeV 2
Run 2 H—41 124.79 + 0.37 ( + 0.36) GeV j:;
Run 2 H—yy 3

| Run1+2H4l 32:

Run 1+2 H-yy

Run 1Combined

Run 2 Combined 124.86 £ 0.27 ( £ 0.18) GeV

Run 1+2 Combined 124.97 £ 0.24 ( £ 0.16) GeV

ATLAS + CMS Run 1 125.09+0.24 (£ 0.21) GeV

12538 £ 0.41 (£ 0.37) GeV

123 124 125 126 127 128
my, [GeV]

uncertainty on mass <0.2 %

Remember ATLAS has an uncertainty on W mass of 19 MeV Eurphys.J. €78 (2018)no.2, 110

note that Am,=0.1 GeV —> ABRH-—> Z7Z))/ BRH—>ZZ) ~1%

At longer term uncertainty will be dominated by 41
( for H— vy : need to extrapolate frometoy!)



start to be sensitive to | subtle effects] like interference

( between signal and background) in yy

Martin, Dix01|1 and Li Phys.Rev.Lett. 111 (2013) 11180

NLO (go): T,Ziééi: g . :E?ﬁ"i —
I - AL

Interference depends of S/B , therefore is smaller at high p (H)

where S/B is larger

some work can be done at high pT ( H+2j) see for instance
Phys.Rev. D92 (2015) no.1, 013004



Ol0FT T T 7

dosig/dMyy [fb/GeV]

j——————— 77— .HiggsSignal@LO(gg)
. Higgs Signal @ NLO (gg)

1 L [ , [ , L N L
120 122 124 126 128 130
My, [GeV]

The expected median mass

the Higgs boson

do™/dMyy [fb/GeV]

However the effect is larger for
larger H width
— could constrain the H width

005
0.00 |
—005F

—0.10]

—T . Interference @ L.O (gg)

" Interference @ LO (qg)
. Interference @ NLO (gg)

C | 1 I I | I I 1 | I 1 1 | I 1 I | I I I 13
120 122 124 126 128 130
M,y [GeV]

ATL-PHYS-PUB-2016-009

shift is found to be|Amy = =35 £ 9 MeV
assuming a Standard Model width of 4 MeV for

There is also an effect on the
cross-section measurement

( few % ) to be taken into
account

L.Dixon and Y.Li Phys.Rev.Lett. 111 (2013) 111802




L= (6 .BR)/ (c .BR),
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H—>bb

Main analysis is targetting VH but
also start to look at ggH and VBF modes

H—11

Analysis targets VBF
and gg—Hj production
Three decay channels

_|||1||||\||||!|||||||||\|||||||||||_
L ATLAS —e— Data .
E (5=13TeV,79.8 1" Bl VH, H — bb (1=1.06) 1
[ 0+1+2 leptons [ Diboson .
I 2+3jets, 2 b-tags Uncertainty ]
F Weighted by Higgs S/B Dijet mass analysis

_+_

TlepThad’ TlepTlep’ ThadThad

Phys. Rev. D 99, 072001 (2019)

1y T T T T | T T T T | T T T T p= |
B -o- Data 2015+2016 |
—ATLAS a COH-> 7t (u=1.09) |
- Vs=13TeV, 36.11b o .
| AllSRs B Other backgrounds |
[] Misidentified 7 .
772 Uncertainty

Phys.Lett. B786 (2018) 59-86

a
o

ll[\\fl[ll

illllllll\llllilII|III|I\I|III|III|I£
40 60 80 100 120 140 160 180 200
m,,, [GeV]

H—bb : 5.4 6 obs 5.5 ¢ exp

200
+0.16

e [GeV] L = 1.01 £ 0.12(stat.)"  5(syst.)

Weighted events/ 10GeV
Events / 10 GeV (Weighted, backgr. sub.)

ol\ll“ll‘llllHll T

Data—Bkg
(_n-P-Il\) onN b

Observation of H->1tt

(6.4 c obs - 5.4 G exp ) Combination of VH channels gives
when combined with Run-

sionificance obs(exp) of 5.3 ¢ (4.8 ©)



Observation of ttH (june 2018) ttH(—>yy) full Run-2

ATLAS e Total Stat. [ Syst. — SM
Vs=13TeV, 36.1-79.8 b

T T L s T T
Jv Data ATLA|S Preliminzlary
s Continuum Background s = 13 TeV, 139 fb
=== Total Background m, = 125.09 GeV
= Signal + Background All categories

In(1+3/B) weighted sum

Total Stat. Syst.

ftH (bb) I 0.79+ 0% (+ 05 ,+0.53)

fiH (multilepton) 56t g4 (£ 0% . % 837 )
ttH (vy) [ 139£ 08 (3% .£3%)

fiH (22) <1.77 at 68% CL

Sum of Weights / 1.375 GeV

Phys.Lett. B784 (2018) 173-191

SM
GIIH/GHH

[ R T R T R B | PR R R R N T T
120 140 150 160

Combined with Run-1 Mo 1Y)
obs(exp) significance of Observed (exp)
63 (51) o significance of

4.9(4.2) o

ATLAS-CONF-2019-C
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H->
u?i H—oee, eu, et, T

e — -1
Vs=13TeV, 36-139 b Expected + 26

50

x10°
- R I e
© F ATLAS Preliminary -+ Data _— .
(V] - = ] -
E ¥1s=13 TeV, 139 b == Total PDF = d f @
S E Hom AN no evidence for H—ee
£ & ---- Bkg. PDF 3
Ll - 0
= - —
LIJ E E T T T T T T \‘ T T T T T I| T T T T LI
E = ATLAS Preliminary — Observed
E = [ e A Expected + 1o

. 1000 A S T — — eu '|
50041 — :
0
~500—4 * et |
—1000 PR T O O T O I B :
110 115 120 125 130 135 140 145 150 155 160
my, [GeV] 1
1=05+0.7 ur |
L oo | L R R I | L Lo
ATLAS-CONF-2019-028 107 107 o0 o1
95% CL upper limiton B(H = 11in %
several categories arXiv:1907.06131

ATLAS-CONF-2019-037

BR(H—>ee) < 3.6 (3.5) 10
obs exp
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Phys.Rev.Lett. 120 (2018) no.21, 211802

H—cc

in mode Z(—>I'NH
observed (expected) upper limit on u at the 95% CL of 110 (1503?8)

)105 BB NI L Oy B s S B B B B ey s = = L LA L NN LI B N B ]
[0} 4 Data 3 @ ¢ Data
(O] ATLAS - Preit = 9 4ot ATLAS - Pre-fit —=
= Is=13 TeV, 36.1 fb” — Fit Result T = E Vs=13TeV,36.1 o’ — Fit Result 3
@ 10* 2c4ags.755p§<150 GeV I Z + jets = P - 20—tags.p_zr215l'JGeV P Z +jets .
= ot 3 1= B ot 7
o .z ] 2 100 i zZz =
1 VAL 7 i E mZw 3
10° [ ZH(bb) - E [ ZH(bb) 3
— ZH(cc) (100xSM) 3 — ZH(cT) (100xSM)
N 10? =
10° = 7
10
10
1
1
: : 145
= 3 12
= = 1.0
o o
g ! \ ! ! \ g 82 | ! L
8 100 120 140 160 180 200 8 ’ 60 80 100 120 140 160 180 200

m - [GeV] m[GeV]

IiAd

also H>J/yy ----



Upper limit at 95% CL on
BR(H—inv) obs(exp) 0.26(0.17)

Upper limit on BH_s iny

0.8

0.6

04

0.2

Invisible H

\ \
ATLAS

Vs =13 TeV, 36.1

Vs=7TeV, 47 fb"
Vs=8TeV, 203"

— Observed limit

immaan Expected limit £1o

...... Expected limit +2¢
All limits at 95% CL

o'

Run 2 Run 2 Run 2 Run 2 Run 1

SM BR(H—4v) ~ 1.2 10°

Run 1+2

| | | |
V(had)H Z(lep)H VBF  Combined Combined Combined

Comparison with direct
detection experiments

Bebseved - 0 o4

H—inv

All limits at 90% CL

ATLAS
Vs=7TeV, 47"
Vs=8TeV, 203"
Vs=13TeV, 36.1fb"

Higgs portals
we Scalar wimp
= Fermion wWiMP
Other experiments

== DarkSide50
e | X

=== PandaX-|
= XenoniT

Cresst-lll

10 10?

E ™5 + 2 jets

10°

10!
Mympe [GEV]

Phys.Rev.Lett. 122 (2019) no.23, 231801



H—oyy

- ATLAS Preliminary ¢ Data
= {s=13TeV, 1391b" — Fit
----- Background

H—o4l

Events / GeV

%240:7\\I\‘I\\\l\\II‘.\II.\‘I\\\l\\‘lll‘:]\tll\‘l\\\l\\lt
8220 - ATLAS Preliminary I i (= 126 Ge)

) FH—ZZ" - 4 B
ai200 - 5

e 4 XX, VWV
3 F 13 TeV, 139 fb B i i
<180

o
>160
L

4% Uncertainty
140

120
100
80
60
40

TLAS-CONF-2019-02P

H—yy, m, =125.09 GeV

Data-Background

4.5 (stat.) £ 5.6 (syst. )+ 0.3 (theo.) tb

m,, [GeV] SM expectation of 63.6 + 3.3 fb

f= 10470051t )0 % (exp.) 00 th) = 1.0470:12 constraint on charm coupling

thl‘Ollgh pT distribution (see also next slide)
ATLAS-CONF-2019-025 —
‘ (gg—> H and cc— H)

. Coeflicient  Observed 95% CL limit  Expected 93% CL limit
SySt (baCkgrOllnd mOdelllng Ke [—19.24] [=15. 19]

> stat !

+ energy resolution + ....



Gy [P]

60:

20

40:

" ATLAS Preliminary

[ &H—yy QH-ZZ"-4

L 4 Combined data
Systematic uncertainty

S B I B
— Oy My=125.00 GeV

QCD scale uncertainty
Il Total uncertainty (scale @ PDF+a,)

{s=7TeV, 45"
{s=8TeV, 203"

{s=13TeV, 139 fb
P I TN S T N S O TN TN N TR TR T A T

~10 11 12 13

Vs=13TeV, 139"

[pb/GeV]

TH

—h
( N
|||||||||||||||||

16 III|IIII.|I‘III|IIII|II
. ATLAS Preliminary

II|IIII|IIII|IIIIIIII
¢ Combined data

"""" NNLOPS K = 1.1, + XH

[P foiririn B9

€

~
O T T T[T T[T

Data/Theory

Hoo b d B b b b bvn bvva beaa Ba o |

Combined inclusive pp—H cross section

55. 4_4 > pb ((+3.1(stat.) 73 3 (sys ))
SM=556+25 pb

Corfou 2-9-2019
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ATLAS-CONF-2019-005

0.09

Stat. [ Syst. | SM

Py, = 76% Total Stat. Syst.

1 +0.07
ggF == 1.04 =009 ( 2007, jpg)
VBF —— 121 0% om0
wH = I 130 pm( lokm. low)
ZH b 1.05 *0o( o024, 012
ttH+tH e | 121 108 cou7, 0%
| ‘ L 1| ‘ | - | L 1| ‘ L 1| | | - ‘ L 1| ‘ L L1 | L 1| ‘ L1 ‘ L 11
06 08 1 12 14 16 18 2 22 24 26

assumption of SM branching fractions

Cross-section normalized to SM value

13 TeV
up to 80 fb!

= L1 = 111 +00$(stat)+g;g§

ATLAS Prehmmary —e— Total
Vs=13TeV, 24.5-79.8 fb"
my = 125.09 GeV, |y, | < 2.5

1 (sig. th.) +0.03 (bkg. th.)

iconic H plot
The SM BEH mechanism predicts

relations between couplings and masses

. ATLAS Preliminary
Vs=13TeV, 24.5- 139 fo"
m,, = 125.09 GeV

.......... SM Higgs boson

T IIIIIII|
| IIIIIIIL

I IIIIIII| I IIIIIII|
‘\
| lIIIIIIl | IIIIIII|

BT IIII!I|
L1 IIIIII|

mgy(m,,) used for quarks

||||||l|||||| IIII|

10 10°
Particle mass [GeV]



3 Search for a pair of BEH bosons (1)

After discovering the Higgs boson, the
ultimate probe of the Standard Model
Is to fully measure the Higgs potential.

d—v+h

1 1 1
V(p) = Euz(f)z +Z)L¢4 — Av?h? Z/”‘LLL

mass term self coupling terms
1 112 h2

© A.Ferrari Kolymbari-July-18 66



3 Search for a pair of BEH bosons (2)

Standard Model Ahhh

-=--h /_rh
-=af) h‘*,h

33.4 fb @ 13 TeV (significant destructive interference)

Beyond Standard Model

Resonant Non-resonant

::D X h ::}> h
' '
__.'\ L
.\‘"h \‘"h
*h ‘h

KK gravitons, heavy higgs, ... tthh vertex, coloured scalars, ...

Corfou 2-9-2019
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3 Search for a pair of BEH bosons (3) arXiv:1906.02025

b LN A o I A L R L SR M 3 |- - - Exp. 95% CL limits
ATLAS —e— Observed 1
L PR Expected - d
=13Tev, 275-36.1 17 o SRORC0 1 |~ Obs. 95% GL limits
L oM (pp—>HH)=3351 Expected£26 1 e
bbbb
L Obs. Exp. Exp.stat. _| =
HH-> bbt*t 125 15 12 = b bbr*t
HH—> bbbb 129 21 18 1 |— By
- I Allowed x, interval b
HH— bbyy 20.3 26 26 A —_
. il | at95% CL _ Sonb
HH— W'WW*'W 160 120 77 s Obs. Exp. ] - Comb. 15 (exp.)
e ] C Exp. stat. il
HH- W'Wy 230 170 160 B 2 ) ATLAS 1
i . Bl iR o s =13 TeV n Comb. +26 (exp.)
HH—> bBW*W’ 305 305 240 B -53-115 e
T TR - | | I( | )I : I 27'|5 . 36.I1 fo | = Theory prediction
C b d 6.9 10 8.8 11 L Ll Li 1l Ll I | 1111 | 1 | Ll | T T | 11
'“J. R B R i R [ Ty

1o2 103 1o4 105 K
95 / CL upper limit on Oy ¢ (pp — HH) normalised to c A

95% CL confidence intervals:
95% CL limit for k, = 1:

Ky: obs. [-5,12] (exp. [-5.8, 12])

6.9 (10) X SM obs. (exp.)

Ka = /lHHH//iHHH

see also new result on 4b channel (VBF) 4rr4s-conrF-2019-030

and (better) new result on bblvlv arxiv:1908.06765 "



ATL-PHYS-PUB-2019-00¢

3 Search for a pair of BEH bosons (4) constraint of the
H self-coupling from H differential production and decay mesurements

The Higgs boson cross sections, the branching fractions and the Higgs boson
kinematics are affected by the Higgs-boson self coupling contribution through next to

leading order electroweak corrections.

t

|
|
|
[ p—— s |
|
|
|

<

t

With the
assumption that new physics affects only the Higgs boson self-coupling (g gy ), the ratio

AunH A3 is determined to be Agpp /A3, = 4.0557, excluding values outside the

interval —3.2 < /lHHH//lSiM“m < 11.9 at the 95% C.L.

Results similar to di-Higgs direct search 69

Theory :JHEP 1612 (2016) 080 Eur.Phys.J. C77 (2017) no.12, 887



* Vector-boson scattering

Corfou 2-9-2019
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ATLAS-CONF-2019-033

EW weak boson scattering Full Run-2

H boson regularizes the EW weak boson scattering at high energies

g 77
scattering

q!

Observed (expected)
significance for EW
production: 5.50 (4.30)

oig(EW) = 0.82 + 0.21 fb
SM pred.= 0.61 + 0.03 fb

ATLAS Preliminary
\' 13 T V, 139 b

ATLAS observed vector
“ boson scattering at:

arXiv:1812.09740

« 6.90in WW channel
« 530in WZ channel

WW 77 WZ

also EW Zy ATLAS-CONF-2019-039 observed

arXiv:1906.03203



J Future of ATLAS , run 3, HL-LHC
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13 TeV 13-14 TeV

energy

Diodes Consolidation 5t07.5x
splice consolidation LIU Installation cryolimit HL-LHC nominal
7 TeV 8 Tev button collimators interaction luminosity
R2E project P711 T dip. coll. regmns installation

Civil Eng. P1-P5

ATLAS - CMS radlanorl
experiment upgrade phase 1 damage ATLAS - CMS
beam pipes 2 . luminosit . N HL upgrade
75%, nominal luminosity M}f ALICE - LHCb ! 2 x nominal fuminosity i
nominal upgrade

luminosity

|
BT 1000 (ultimate

discovery now
of H boson

© F.Gianotti (Granada)
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(i) Liquid Argon Calorimeter Electronics

Super Cells

Aim to improve the Level-1 calorimeter decision
for Run 3 and beyond
(enhanced jet-rejection and pile-up subtraction)

(ii) Trigger / DAQ upgrade

Take full advantage of the finer segmentation
available with LAr electronics upgrade, and
improved muon trigger information (NSW)

L
Big Wheel EM

(iii) Muon System: New Small Wheel

Replacement of the inner muon stations in the ' — H
endcap regions of the detector; - ;
- reduced muon fake trigger rate, preserve
position resolution and efficiency at HL-LHC

Corfou 2-9-2019 74
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Muon Detectors Tile Calorimeter

Toroid Magnets

Solenoid Magnet

New muon chambers
in the inner barrel region

Liguid Argon Calorimeter Upg raded Trigger and
Data Acquisition System:

-L0: 1 MHz
- Improved High-Level
Trigger

Electronics Upgrade :

- LAr Calorimeter
- Tile Calorimeter
- Muon system

New Inner Tracking Detector
(all silicon tracker, up to |n| =4)

Options:

- High granularity timing detector
(forward region)

- High-n muon tagger

Corfou 2-9-2019

©P.Savard LP 2019



It is very hard to predict, especially the future.
N.Bohr

{s =14 TeV, 3000 'S per experiment

[ Total ATLAS and CMS

e Statist_ical HL-LHC Prajection
—— Experimental

Theory Uncertainty [%]
- Tot Stat Exp Th

1.8 08 10 13

1.7 08 07 1.3 H

—
i

=

=,

= 15 07 06 1.2
_

arXiv:1902.00134
7
N

Kg L 25 09 08 21
LY _; 34 09 11 31 A m
Kp FD— 37 13 13 32 W
- > 30— _ : o T
K = 19 09 08 15 g F {TLAS Simulation F:rellmlnary .Stat.@PDF g
K, =— 1 43 38 10 17 Eg 25 :_‘v's =14 TeV, 20? pb” <u>=2 .PDF g
Kzy == |9.8 72 17 &4 - - my fromm, & p_ o
0 002 004 006 008 01 012 014 ~
Expected uncertainty
2 SM
Kj = 0;/0;
Sensitivity to hh direct search ;
0 ‘
. s HH CT10 HLAHC LHeC = CT10 HLLHC LHeC
50% uncertainty on K3= P Weed <
1’

will require

arXiv:1905.03764

self coupling normalized to SM



J Conclusions
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» Fantastic Run-2 dataset , thanks to the outstanding
performance of the LHC and ATLAS

» During Run-3 emphasis on precision

» < 5% of the data that will be delivered by HL-LHC
— alot to do !

Thanks for your attention
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J Backup
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J Historical introduction , Setting the stage
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J' Results from (Run-1 and ) Run-2
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* detector
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Recorded Luminosity [pb 0.1]

600—FIII|IIII‘\III|IIII|IIII|II\\lllllllll

500

400

300

200

100

Recorded Luminosity [pb “Y0.1]

Ldt=146.9 fo ™'

2015: <u>=134
2016: <u> = 25.1
2017: <u>=37.8
2018: <u> = 36.1
Total: <pu> = 33.7

ATLAS Online, 13 TeV

—_—

HEEM

At= 25 ns

I\II|IIII|\III|IIII|IIII|II\IT

uoNEIGNED 61/

0 10 20 30 40 50 60 70 80
Mean Number of Interactions per Crossing

180_\\\\‘\\\\l\\\\‘\\\\‘\\\\‘l\\\\\\\\\\I\\\
- ATLAS Online Luminosity

1605_ [ Vs =8TeV, Lt 208", 42 207

140;’ O V=TTV, det=5.2fb", Q=01

At= 50 ns

10 15 20 25 30 356 40 45
Mean Number of Interactions per Crossing
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Pile UD increases at higher energy ( higher luminosity + higher cross sections )
9
Experiments have requested 25 ns (instead of 30 ns) operation at 13 TeV

But if the time constant is larger than S0 ns (i.e integrating time
of the LAr calorimeter ) then the pile-up is independent of the
bunch spacing ( for a given luminosity )

Corfou 2-9-2019 84
M. Lamont, IPAC’13



—0.002
—@®— Data :
—0()03&L + Total prediction + =
—0.004 _ HV drop = f(luminosity) =
T = f(luminosity) #?
—0.005 - L 2016/2015 average T difference _E

_ E:|||||||||||||||||||||||||||||||||||||||||||||||||
O'OO—%.‘:_) -2 -15 -1 05 0 05 1 15 2

M

Comparison between the energy scale corrections derived from
Z— ee events in 2015 and 2016 as a function of 1. The difference
of the energy scales measured in the data are compared with

predictions taking into account the luminosity-induced high-voltage
reduction and LAr temperature changes as well as the small overgll
difference in LAr temperature between 2015 and 2016

JINST 14 (2019) no.03, P03017



additional constant term c¢ as a function of eta

LI DL R L AL L L B L B L L B LA B | ]
— ATLAS Preliminary FEn
= Ys=13TeV, 3.2 (2015) + 33.0 (2016) + 44.3 (2017) + 59.9 (2018) fb™" =
— Z-—ee -
S — 2018 data =
— — 2017 data :E
g_E —i— — 2016 data =
E_ —— - —2015 data - i—l— _E
= = =
E ——— *—!—: I . : : —I— 5 *EE = E
= T i —— ==
_|_ 1 | 1 1 1 | | | 1 1 1 1 | 1 1 | 1 1 | | | _1_
+— i iE
4+ |+ It 4=
H+¢ .+____,I._+ ......... :. : ...................... :"""l"""' ........ __ ...... __;
1 + L 1 1 1 L E

2 -1.5 -1 -0.5 0 0.5 1 1.5 2

=

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/EGAM-2019-01/fig_02b.png



Data driven energy calibraton of standard particle flow jets w.r.t p..

Q 115~ o S =
o n ATLAS Prellmlnary ] o
<~ 44 Vs=13TeV, 800 E 3
§ F Anti-k, R=0.4 (PFlow+JES) ] g
T 1.05F =
n . =
11 — ;
E b Tl = 3
0.95F] — ¢
- . z
09:_ |:|7/+jet _: %
- | Z — ee + jet . S
0.85 £ Total uncertainty vZ — uu + jet — :
- B Statistical component - Multijet ] 5
0.8—+————— e — g
20 30 107 2x10° 10° _ 2x10°
P [GeV]
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Data driven b-jet tagging efficiency w.r.t p.

U) T T TT I T T I T T 1T | T TT I T T l 7 TT1 I T TT1 l T T 1T T4
IEII_) - ATLAS Preliminary s=13TeV, 139 6" 1
= 1.2 b-jet Calibration with tf Events ]
2 ; 15} DL1¢, = 70 % Single Cut OP .
) . - ]
O ~ anti-k, R=0.4 EMPFlow Jets ]
= 1 1—_ —+—— Measured Scale Factor (total unc.) ]
LU 'L s Smoothed Scale Factor (total unc.) 7
- . ]
© 1.05 —
2 B ]
= \ N N
1 S —

0.95( -
- ¥ .
0.9 e
0.85 =
0'8:_1 L1 1 [ | | | | | | L 111 | | I 1111 | | | I 1 11 I—:

0O 50 100 150 200 250 300 350 400

p, [GeV]
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VBF, VBS, and Triboson Cross Section Measurements status: Juiy 2019

YYY
Zyy—-ttyy
— [Mjer = 0]
Wyy—-tvyy
— [njer = 0]
WWy—-evuvy

WWW, (tot.)

— WWW - {vitvij

— WWW{vlvey
WWZ, (tot.)

Hjj EWK, (tot.)

— H(=»WW)jj EWK

— H(>»»)ii EWK (ly|<2.5)
Wjj EWK (M(jj) > 1 Tev)

— M(jj) > 500 GeV
Zjj EWK
vy -» WW

Zyij EWK
(WV+2ZV)jj EWK

W:Wjj EWK

W2zZjj EWK

TT T[T T T T[T T T T[T T T T[T T T T[T T T T[T T T T[T TTT
o =72.6+6.5+9.2fb(data)
MG5-aMCNLO (theory)

o =5.07+0.73 - 0.68 + 0.42 - 0.39 fb (data)
MCFM NLO (theory)

o =3.48+40.61-0.56 + 0.3 — 0.26 fb (data)
MCFM NLO (theory)

ATLAS Preliminary

fol({ghéb%yfk))(dala) Run 1,2 \/5_' = 7,8,13 TeV

1
Ni
8-0.7+1-0.9fb (data)
NLO (theory)

o =15+0.9+0.5 fb (data)
VBFNLO+CT14 (NLO) (theory)

o =0.65+0.16 - 0.15 4 0.16 — 0.14 pb (data)
Sherpa 2.2.2 (theory)
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4o evidence for weak triboson production using 2015-2017 data
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Figure 5: (a) Extracted signal strengths p for the four analysis regions and for the combination. (b) Event yields as a
function of log,, (S/B) for data, background B and the signal S. Events in all eleven signal regions are included. The
background and signal yields are shown after the global signal-plus-background fit. The hatched band corresponds to
the systematic uncertainties, and the statistical uncertainties are represented by the error bars on the data points. The
lower panel shows the ratio of the data to the expected background estimated from the fit, compared to the expected
distribution including the signal (red line).
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Measurement of fiducial and differential W+ W-

production
cross-section
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Figure 4: Kinematic distributions of the selected data events after the full event selection (from left to right and

top to bottom}: plli‘ad*'. Moy p?". [¥egls Adbey and |cos 67|, Data are shown together with the predictions of the 93
signal and background production processes. Statistical and systematic uncertainties in the predictions are shown as
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Figure 8: Measured fiducial cross-sections of WW — e production for two of the six observables: Ad,, and
| cos #"|. The measured cross-section values are shown as points with error bars giving the statistical uncertainty
and solid bands indicating the size of the total uncertainty. The results are compared with the NNLO prediction
with extra NLO EW corrections and NLO corrections for gg — WW production, and with NLO+PS predictions
from PowneG-Box+Pyraia 8, Pownec-Box+HerwiG++ and Suerea 2.2.2 for ¢4 initial states, combined with
Suerpra+0peENLoors (LO+PS) for the gg initial states. All three gg NLO+PS predictions are normalized to the NNLO
theoretical prediction for the total cross-section, with the gg LO+PS contribution normalized to NLO. Theoretical
predictions are indicated as markers with hatched bands denoting PDF+scale uncertainties.
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Measurement of Z(—I|+I|-) y differential cross-
sections in pp collisions at Ys= 13 TeV with the

ATLAS detector
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Inclusive and differential measurements of the

charge
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positive asymmetry

J.Aguilar-Saavedra et al. Rev.Mod.Phys. 87 (2015) 421-455
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Observation of light-by-light scattering in ultraperipheral
Pb+Pb collisions with the ATLAS detector
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Figure 3: Kinematic distributions for ¥y — yy event candidates: (a)
diphoton invariant mass, (b) diphoton transverse momentum. Data
(points) are compared with the sum of signal and background expectations
(histograms). Systematic uncertainties of the signal and background
processes, excluding that of the luminosity, are shown as shaded bands.

Ay = (1 = |Ady,|/m) < 0.01
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FIG. 1. The inclusive asymmetry in pure QCD (black) and
QCD+EW|28] (red). Capital letters (NLO, NNLO) corre-
spond to the unexpanded definition (2), while small letters
(nlo, nnlo) to the definition (3). The CDF/D@ (naive) av-
erage is from Ref. [29]. Error bands are from scale variation
only. Our final prediction corresponds to scenario 10.
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FCNC ( Flavour-Changing Neutral Current)

Table 1: Observed (expected) 95% CL limits on the effective coupling strengths for different vertices and couplings.
the production cross section, and the branching ratio. For the former, the energy scale is assumed to be A = 1 TeV.

Observable Vertex Coupling Obs. Exp.
’Cl(&:’)* " Cﬁg)*) fwy LH 019 02270
‘Cﬁ? +C Ss”‘ tuy RH 027 027779
)Cﬁs’)* * Cﬁi‘s})*) tcy LH 052 0577,
Cow + Ciy. rcy RH 048 0.597)0°
a(pp — ty) o] ruy LH 36 520
o(pp — ty) [1b] tuy RH 78 752:
a(pp — ty) [fb] tcy LH 40 49ﬁ2
a(pp —1y) [Ib]  1cy RH 3 s
B(t — qn)[107]  tuy LH 28 4077
B(t — qy)[107°]  ruy RH 6.1 5_9J:21:2
Bt — gn)[107] ey LH 2 27l
B(t — qy)[107]  1cy RH TR

Events / bin

Data / Pred
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Figure I: Tree-level Feynman diagrams for top-quark production (left) and decay (right) via FCNCs. The tqy vertex,
which is not present in the SM., is highlighted.
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FCNC ( Flavour-Changing Neutral Current)
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Table 3: Summary of 95% CL upper limits on Z(r — Hc) and %(t — Hu), in each case neglecting the other decay

mode. Signatures with two same-charge (three) leptons and no Thag candidates are denoted by 2£SS (3£).

95% CL upper limits
on #A(r — Hc)
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ATL-CONF-2018-037

EW precision measurements
Weak angle sin?0'

do 3 doV+L

dpif dyfC dm? dcos d¢ 16w dp{i{') dy?t dm!?

|
{(1 + cos” 0) + 5 Ap(l - 3 cos’ 0) + Ay sin26 cos ¢

1
+5 Ay sin” 6 cos2¢ + Az sinf cos ¢ + Ay cosd

+As sin” 0 sin 2¢ + Ap sin26 sing + A7 sin6 sin qb}

App = 3/8 X Ay
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EW precision measurements
W mass my,

arXiv:1701.07240

my = 80369.5 + 6.8 MeV(stat.) + 10.6 MeV (exp. syst.) = 13.6 MeV(mod. syst.)
= 80369.5 £ 18.5 MeV,

Combined ‘ Value ‘ Stat. Muon Elec. Recoil Bckg.] QCD § EW| PDF [Total | y?/dof
categories [MeV] | Unc. Unc. Unc. Unc. Unc.§ Unc. §Uncf Unc. § Unc. | of Comb.
mr-pt, W=, e-p | 803695 | 68 66 64 29  45] 83| 550 92 | 185| 29727
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Figure 8: Dimuon invariant mass distributions in the unblinded data, in the four intervals of BDT output. Superim-
posed is the result of the maximum-likelihood fit. The total fit is shown as a continuous line, with the dashed lines
corresponding to the observed signal component, the b — ppX background, and the continuum background. The
signal components are grouped in one single curve, including both the B — u* ™ and the (negative) B” — u*u~
component. The curve representing the peaking BE;) — hh' background lies very close to the horizontal axis in all
BDT bins.
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Figure 9: (a) Likelihood contours for the simultaneous fit to B(BY — u*u~) and B(B" — u*u), for values of
—2AIn(L)equal to 2.3, 6.2 and 11.8. The SM prediction with uncertainties is indicated. (b) Neyman contours in the
B(BY — u* " )-B(BY — u*p) plane for 68.3%, 95.5% and 99.7% coverage. Ateach —2A In (L) or coverage value,
the inner contours are statistical uncertainty only, while the outer ones include statistical and systematic uncertainties.
The construction of these contours makes use of both the dimuon (26.3 tb~!) and the reference channel (15.1 fb~!)
datasets.



B physics

G!)S = =0.076 £0.034 (Stﬂt.) + 0.019 (S}JSI.) rad
ATy = 0.068 +0.004 (stat.) + 0.003 (syst.) ps~'
Iy = 0.669+0.001 (stat.) + 0.001 (syst.) ps~'

Measurement of Al _and ¢_in B .= J/{(up) @(KK)

» CP violation in B.= J/{ @ occurs through the interference in mixing and
decay.

» The time evolution of flavour tagged is very sensitive New Physics

« B. mixing: bp=0 n )
JH )] -+

— Mass difference L =,
A s +NP“T#? Bas
H™ DM B” —p={) :‘ u,c,t > b

— Mixing phase s

— Decay width difference Al's=T',— T', T, AT, decay with and
decay width difference

» 9 Physics parameters describe B.—> 1/l ¢ decay: ¢:(=2p.)  CP violating phase
|A%, |A,|°  CP state amplitudes
0, B, Strong phases

A7, B S-wave narameters
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Search for Physics BSM

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

July 2019 Vi=13 eV
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Search for Physics BSM

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: May 2019 JL£dt=(32-139)fb! Vs=8,13TeV
Model £y Jetsi EI'™® [ratm™] Limit Reference
L g = R | B : T | i 3 =
ADD Gkk +g/q Oepu 1-4j  Yes 361 Mp 7.7 TeV n=2 1711.03301
g ADD non-resonant yy 2y o = 36.7 Ms 8.6 TeV n=3HLZNLO 1707.04147
.S ADD QBH = 2j = 37.0 My 89TeV n=6 1703.09127
'é’ ADD BH high ¥, p1 >lepu >2] o 3.2 M 8.2 TeV n=6,Mp=3TeV,rotBH 1606.02265
“E’ ADD BH multijet il >3] . 36 | M 9.55TeV| n=6, Mp =3TeV,rotBH 1512.02586
B8 RS1 Gy — vy 2y - - 36.7 | Gkk mass 4.1 TeV k/Mp; = 0.1 1707.04147
© Bulk RS Gkx » WW/ZZ multi-channel 36.1 Gkk mass 2.3 TeV k/Mp =1.0 1808.02380
< Bulk RS Gk — WW — qqqq Oeu 2J = 139 Gk mass 1.6 TeV k/Mp; = 1.0 ATLAS-CONF-2019-003
W BukRS ik — tt lep >1b,21J2) Yes  36.1 8Kk Mass 3.8 TeV r/m=15% 1804.10823
2UED / RPP lep 22b,23] Yes 361 KK mass 1.8 TeV Tier (1,1), B(AMY - tt) =1 1803.09678
SSM Z’ — ¢t 2epu = = 139 Z’ mass 5.1 TeV 1903.06248
» SSM Z’' - 7 2T . - 36.1 Z' mass 2.42TeV 1709.07242
g Leptophobic Z' — bb - 2b . 36.1 Z’ mass 2.1 TeV 1805.09299
@ | Leptophobic Z" — tt lepu >1b,>1J2) Yes  36.1 Z’ mass 3.0 TeV r/m=1% 1804.10823
-8 SSM W’ — v Teu - Yes 139 W’ mass 6.0 TeV CERN-EP-2019-100
S SSMW -1y I - Yes 361 | W mass 3.7 TeV 1801.06992
% HVT V' - WZ - qqqq model B O e, u 2J - 139 V' mass 3.6 TeV gv=3 ATLAS-CONF-2019-003
()] HVT V' - WH/ZH model B multi-channel 36.1 V'’ mass 2.93 TeV gv=3 1712.06518
LRSM Wk — tb multi-channel 36.1 Wg mass 3.25 TeV 1807.10473
LRSM Wg — uNg 2u 1J - 80 W mass 5.0 TeV m(Ng) =0.5TeV, g, = gr 1904.12679
s Cl qqqq - 2j - 37.0 A 21.8TeV n, 1703.09127
O Clttgq 2epu - - 361 |A 40.0 TeV 7y, 1707.02424
Cl tttt 2tepu 21b,21) Yes 36.1 A 2.57 TeV |Carl = 4n 1811.02305
Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Mmed 1.55 TeV 84=0.25, g,=1.0, m(y) = 1 GeV 1711.03301
S Colored scalar mediator (Dirac DM) 0 e, u 1-4j Yes 36.1 Mmed 1.67 TeV g=1.0, m(y) = 1 GeV 1711.03301
Q VWxyx EFT (Dirac DM) Oe,u 1J,<1j Yes 3.2 M, 700 GeV m(y) < 150 GeV 1608.02372
Scalar reson. ¢ — ty (DiracDM)  0-1 e,z 1b,0-1J Yes 36.1 my 3.4 TeV y=04,21=0.2, m(y) = 10 GeV 1812.09743
Scalar LQ 15t gen 12e =12 Yes 36.1 LQ mass 1.4 TeV p=1 1902.00377
QG Scalar LQ 2" gen 1.2u >2j Yes  36.1 LQmass 1.56 TeV B=1 1902.00377
= ScalarLQ 3" gen 27 2b - 361 | LQymass 1.03 TeV BLQY - br) =1 1902.08103
Scalar LQ 3" gen 0-1eu 2b Yes  36.1 LQg mass 970 GeV BLQY - t1) =0 1902.08103
VLQ TT — Ht/Zt/ Wb+ X multi-channel 36.1 T mass 1.37 TeV SU(2) doublet 1808.02343
>9 VLQ BB — Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
© & VLQTs3ToslTos » We+ X 2(SS)28eu>1b21] Yes 361 | Toamass 1.64 TeV B(Tejs — We)=1, o(Tes We)= 1 1807.11883
:q:) g_ VLQY - Wb+ X 1e,u >1b,21j Yes 36.1 Y mass 1.85 TeV B(Y - Wb)=1, cg(Wb)=1 1812.07343
VLQB —» Hb+ X Oeu,2y 21b,>1j Yes 79.8 B mass 1.21 TeV xg=0.5 ATLAS-CONF-2018-024
VLQ QQ - WqWq lenu 24 Yes 203 |lQmass 690 GeV 1509.04261
o Excited quark ¢* — qg - 2j - 139 q* mass 6.7 TeV only u* and d*, A = m(q") ATLAS-CONF-2019-007
E S Excited quark g* — qy 1y 1j - 36.7 | q° mass 5.3 TeV only u* and d*, A = m(q") 1709.10440
S ' Excited quark b* — bg - 1b,1]j B 36.1 | b* mass 2.6 TeV 1805.09299
uj @:, Excited lepton ¢* 3epu - = 20.3 £ mass 3.0 Tev A=3.0TeV 1411.2921
Excited lepton v* 3eut = = 20.3 v* mass 1.6 TeV A=1.6TeV 1411.2921
Type Il Seesaw 1eu =12 Yes 79.8 N° mass 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2u 2]j = 36.1 Ng mass 3.2TeV m(Wg) =4.1TeV, g1 = gr 1809.11105
§  Higgs triplet H** — ¢¢ 234eu(SS) - - 36.1 | HE mass 870 GeV DY production 1710.09748
< Higgs triplet H** — (1 3eut . - 20.3 H mass 400 GeV DY production, B(H;* — (1) =1 1411.2921
¢} Multi-charged particles - - e 36.1 multi-charged particle mass 1.22 TeV DY production, |q| = 5e 1812.03673
Magnetic monopoles - - - 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
V5 =8TeV ‘/—=_13TeV Vs =13 TeV . ""71 s T ; 5 R 1(') . e
partial data full data 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.
tSmall-radius (large-radius) jets are denoted by the letter j (J).



the intrinsic width of the ¢* signals is comparable to the detector resolution
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Search for Physics BSM

parton-level generators assuming spin-Y2 excited quarks with the same coupling constants as SM quarks
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Search for Physics BSM
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Observed and expected 95% CL lower limits on my: for three Z” gauge boson models

Lower limits on mz: [TeV]

Model ee Jar [l
obs exp | obs exp | obs exp
z), 43 43140 3845 45
Zy 46 46|42 41 |48 47
Z;;SM 49 49 (45 4451 5.0
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Full Run-2

Observed and expected 95% CL
lower limits on the W’ mass

arXiv:1906.05609

m(W’”) lower limit [TeV]

Decay Observed  Expected
W' — ey 6.0 5.7
W' — uv 5.1 5.1
W' — (v 6.0 5.8
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Search for Physics BSM Full Run-2
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Search for Physics BSM Full Run-2
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Search for Physics BSM
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Search for Physics BSM

MB-SSd | MB-GGd | MB-C
N, > 2 > 4 > 2
p1(1) [GeV] > 200 > 200 > 600
p1liza....N; ) [GeVI | > 100 > 100 > 50
nGi=1....N; )l <20 <20 <28
Ab(j1,2,3)PT") min > 0.8 > 0.4 > 0.4
A¢(ji>3.p7 ") min > 04 > 0.2 > 0.2
Aplanarity - > (.04 -
ED/ \Hy [GeV'/?] > 10 > 10 > 10
me[GeV] > 1000 | > 1000 | > 1600

Table 3:

Summary of preselection criteria used for the multi-bin search.
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Search for Physics BSM
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Figure 8: Observed nieq distributions for the (a) MB-SSd, (b) MB-GGd and (c) MB-C regions obtained after applying
the selection criteria from Table 3, before the final binning selections on this quantity. The histograms show the
MC background predictions prior to the fits described in the text, normalized to the cross-section times integrated

luminosity. The hatched (red) error bands indicate the combined experimental and MC statistical uncertainties.

Expected distributions for benchmark signal model points, normalized using NLO+NLL cross-section (Section 3)
times integrated luminosity, are also shown for comparison (masses in GeV).
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Search for Physics BSM

Table 1: Event selection in the two search regions. A dash means that the variable is not used
for selection.

Event SR1 SR2
category Additional forward jet Additional central jet
Muons OS, pr > 25GeV, 5] < 2.1
My My, > 12GeV
b-tagged jet pr > 30GeV, || <24
Additional jet pr > 30GeV,24 < || < 4.7 pr > 30GeV, |y| <24
Jet veto No other jets pr > 30GeV, || <24 Nojets pr > 30GeV,24 < || < 4.7
p?iss — <40 GeV
AP(pp,ij) — >2.5rad

Table 3: The local significances, the measured fiducial signal cross sections with +1s.d. uncer-
tainties, and the upper limits at 95% CL, together with the values of Ng for the two SRs and
two collision energies. The reconstruction efficiencies and the integrated luminosities are also
listed.

Vs (TeV) 8 13
Event category SR1 SR2 SR1 SR2
Local significance (s.d.) 4.2 2.9 2.0 1.4 deficit
Ns 220476 228+95 145493 —-149+10.1
Ns observed upper limit at 95% CL 40.4 447 36.9 32.2
Ns expected upper limit at 95% CL 18.3 27.6 27.6 35.6
greco 0.27 +0.01 0.28 4+ 0.01
Integrated luminosity, £ (fb~1) 19.7 £ 0.5 359+0.9
Tgg (fb) 41+14 42417 14409 —1.54+1.0
Observed upper limit at 95% CL (fb) 7.6 8.4 3.7 3.2

Expected upper limit at 95% CL (fb) 3.4 5.2 2.7 3.5
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Search for Physics BSM Full Run-2

8 TeV [3 TeV
Region SR1 SR2 SR1 SR2
Local significance (28 GeV) 0.5 0.5 0.7 0.2
Max. significance 0.9(29.5GeV) | 1.1(29.5GeV) | 0.8 (27.5GeV) | 2.1 (26 GeV)

Table 2: Local significance for a dimuon excess at 28 GeV in each signal region and the maximum observed
significance in the dimuon invariant mass probed from 26 to 30 GeV in steps of 0.5 GeV are quoted.
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Search for Physics BSM dark matter

If produced at the LHC,
DM interactions will be
mediated by particles
that can also be directly
searched for

— complementarity

ATLAS released combination
of E7mies Dased DM searches
INnvolving £; e + X, X = J6t, 7,
W, Z, H, b(b), t(t) using large
number of models
arXiv:1903.01400, up to 37 fb~!

If light enough, Higgs boson can
decay to DM (H — invisible)
ATLAS combination:

BR(H — invisible) < 0.26

(0.17 expected)

arXiv:1904.05105, 36 fb~"
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Resonance

E= Dijet

Dt ¥& = 13 TV, 37.0 for!

PRD 96, 052004 (2017)

Dijet TLA ¥8 = 13 TeV, 20.3 fp'
PAL 121 (2018) 0818016

Dijet + ISA ¥2 =13 TeV, 155 b
Praliminary ATLAS-GONF-2016-070

. tt resonance

s=13Tev, 361107
EPJG 78 (2018) 565

B Dibjet

Vs=13TeV, 361 1"
PRD 08 (2018) 032016

T Eme,X

|=_‘r1+, Ye=13TeV, 361 1"

Eur. Phys. J. C 77 (2017) 303
EM™sjot {5=13 TeV. 36.1 f!
JHEP 1801 (2018) 126
EM™.z(i} ¥e = 13 TaV, 36.1 i
PLB 776 (2017) 318

EM® chad) ¥ = 13 TeV, 36.1 o™
JHEP 10 (2018) 180
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tan 3

1 Additional BEH bosons

QOctober 2018

N W hO

Preliminary 7]
hMSSM, 95% CL limits]

— Observed
- - -+ Expected

600
m, [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/HIGGS/

[ ] HA—>tt
Ys=13TeV,36.11"

JHEP 01 (2018) 055
) H - v

Ys=13TeV,36.1 10"

JHEP 09 (2018) 139
[ H-=tb

Ys=13TeV,36.1f"

arXiv:1808.03599 [hep-ex]
[ H— ZZ— 4l/livy

¥s=13TeV, 36.1 0"

Eur. Phys. J. C (2018) 78: 293

99— A— Zh

Ys=13TeV,36.1 "

JHEP 03 (2018) 174
] H> WW— v

Ys=13TeV,36.110"

Eur. Phys. J. C 78 (2018) 24
@ H— hhs 4b,

— bb yy/tT,
— WWryy

¥s=8TeV, 203"

Phys. Rev. D92, 092004 (2015)
) H—> hh > bb vy

Ys=13TeV,321"

ATLAS-CONF-2016-004
=== _h couplings [k, ¥, K]

Ys=13TeV,36.1-79.81b"

ATLAS-CONF-2018-031
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1 Additional BEH bosons

_ sqlmg.tan B)+tan 3 s, (mga,tan f3)

- V1 +tan2 g

Ky = Sy(my, tan G) ang

kg = sq(my,tanB) /1 +tan? g,

where the functions s, and s; are given by:

1

= (n32 +m> )2 r'mzjbJ
A1+ oS

(m% +”£;1 tanZ B — m% ( I+tan 'B) )2

B BN

B (mA + ”"z) tan 3 .

= T~ (1o 7Y
m% +my tan” B—my (1+tan®B) ™"
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1 Additional BEH bosons

—
ATLAS Preliminary ==& Obs. 95% CL
V- 13Tev, 36.1-79.81" o EXp. 95% CL
| hMssM

tang

10

0 500 600
m, [GeV]

TR I
2100 300 4

o

Figure 14: Regions of the [ma,tan 8] plane in the hMSSM excluded by fits to the measured rates of Higgs boson
production and decays. Likelihood contours at 95% CL., defined in the asymptotic approximationby —2log A = 5.99,
are drawn for both the data and the expectation of the SM Higgs sector. The regions to the left of the solid contour
are excluded. The decoupling limit, in which all Higgs boson couplings tend to their SM value. corresponds to
ma — oo. The hMSSM is a good approximation of the MSSM only for moderate values of tan 8. For tan 8 = 10
the scenario is approximate due to missing supersymmetry corrections in the Higgs boson coupling to b-quarks,
and for tan 8 of O(1) the precision of the approximation depends on m4 [34].

The Higgs boson couplings to vector bosons, up-type fermions and down-type fermions relative to the
corresponding SM predictions are expressed as functions of the ratio of the vacuum expectation values of
the Higgs doublets, tan £, and the masses of the CP-odd scalar (m4), the Z boson, and of &.
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1 A d di tiO n al BEH b 0SONS © A.Kaczmarska Higgs Hunting 2019

l Charged Higgs searches

H predicted by 2HDM, Higgs triplets....

In Type IT 2HDM:

*  Main production in association with a
top quark

* At high mass H* > tb is the dominant
decay mode

«  BR(H* > 1v) significant for a large
range of masses for high tanp

H:t predicted by Left-Right Symmetric Models (LRSM), Higgs
- Triplet Model (HTM), Zee-Babu and Georgi-Machacek models

f o InLRSM and HTM:

¥ P * Dominant production at the LHC: DY pair production

% * Decays: H 3| or He >W=W:

WE " | * BR~f(m iggs tri

B " ~ f(m,,, . vev of Higgs triplet)
f v == * Lowmy, and low vev: H >|tlt dominates

* H>w JHEP 09 (2018) 139
* H*> tb JHEP 11 (2018) 085
* HEH >4W Eur. Phys. J. C (2019) 79  Ht -> W*Z Phys. Lett. B 787 (2019) 68

« HEH7 >4 Eur. Phys. J. €78 (2018) 199 « Ht -> cs Eur. Phys. J. C, 73 6 (2013) 2465, Runl




1 Additional BEH bosons vy excess at 95 GeV

CMS Preliminary 19.7 b (8 TeV) + 359 ™" (13 TeV)
T T rTrr7Tror 7 r7m r0 | ro0 1 17 17T T T H

16T | | | |
C H— vy — Observed ]
14 5 Expected + 16

S T - Expected + 26 ]
12F P -

CMS PAS HIG-17-013

o(H = 1Y), | oH = 717),,

AN T T T AT A B A S BN
80 85 S0 g5 100 105 110

my (GeV)

these yield an excess with approximately 2.8¢
local (1.30 global) significance for the same

hypothesis mass as for the 13 TeV dataset alone,
mass of 95.3 GeV.
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1 Additional BEH bosons vy excess at 95 GeV

Local p-value

CMS PAS HIG-17-013
CMS Preliminary 19.7 fb™' (8 TeV) + 35.9 b (13 TeV)
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1 Additional BEH bosons fyy excess at 95 GeV

CMS Preiiminary 19.7 fo' (8 TeV)
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Events / GeV

data - best fit PDF

1 Additional BEH bosons vy excess at 95 GeV

CMS Freiminsry 359 b (13 TeV)
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Events / GeV
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Additional BEH bosons vy excess at 95 GeV
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1 Additional BEH bosons vyy excess at 95 GeV

Search for the standard model

Higgs boson at LEP

~l I | I | I | | I | | | | | I | I |
UL 1

= LEP ;
= - (@) Vs = 91-210 GeV .
g | |
iJ B — Observed ]
U N Expected for background

X100 |- -
u, C ]
=) - i

10 -2 [ A T R N SN N TN N TN TN N SN S NN N O

20 40 60 80 100 120
2
mg(GeV/c)

Phys.Lett. B565 (2003) 61-75
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1 Additional BEH bosons vy excess at 95 GeV

hep-ex/0107029

\ e L89.GEV]

“J:'-——mnq‘%u-nuul"lIlllllll""' ﬂ

_________________________________________________

E \‘ﬂ‘ﬂ:hﬂ‘ﬁﬂm
N

___________________________

QII|IIIIIIII|II
| |
, .
|
| |
=
n ll.:‘l
: -
|
|
1
|

98 = 189 -m,

l&\l)l
-
»
<

—
=
=]
[—
—
=
=
[t
=]
o
CJII|IIIIIIII
—
=]
o
—
—
=]
[a—
-
=

QII|IIIIIIII|II

© D.Treille

%

M
o [
v s i

QII|IIIIIIII

||||i| |i|||| _||||i|||i||| 132
90 100 110 120 90 100 110 120

m.. {Gre’i.--'.fr.:zj m.. (GeV/ >




1 Additional BEH bosons fyy excess at 95 GeV

ATLAS Preliminary — Observed
\s=13TeV,80fb" .. Expected
X—=yy RERE;

[ ]x2c
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ATLAS-CONF-2018-02°%

.. Worse limit
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pp — H (N3LO QCD + NLO EW) Vs= 13 TeV]

LHC HIGGS XS WG 2016

pp — qgH (NNLO QCD + NLO EW)

pp - WH (NNLO QCD + NLO EW)

pp — ZH (NNLO QCD + NLO EW)

=~ pp - ttH (NLO QCD + NLO EW)

PP — bbH (NNLO QCD in 5FS, NLO QCD in 4FS)
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PRL 114, 191803 (2015)

ATLAS and CMS —— Total . | Stat 1 Syst

LHC Run 1 Total Stat Syst
ATLAS H—yy —— 126.02 £ 0.51 (£ 0.43 + 0.27) GeV
CMS H—yy = 124.70 £ 0.34 (£ 0.31£ 0.15) GeV
ATLAS H—ZZ -4l | : 124.51+ 0.52 ( £ 0.52 j|0.04) GeV I
CMS H—ZZ—4l 125.59 £ 0.45 (+ 0.42 + 0.17) GeV

ATLAS+CMS vy 125.07 £ 0.29 (£ 0.25 + 0.14) GeV

ATLAS+CMS 4] 125.15+0.40 (£ 0.37 £ 0.15) GeV

ATLAS+CMS yy+4l 125.09 + 0.24 ( £ 0.21 £ 0.11) GeV

123 124 125 126 127 128 129
m,, (GeV) uncertainty on mass < 0.2 %

Remember ATLAS has an uncertainty on W mass of 19 MeV Eurphys.J. €78 (2018)no.2, 110

note that Am,=0.1 GeV — ABRH—>ZZ))/BRH->ZZ) ~1%

At longer term uncertainty will be dominated by 41
( for H— vy : need to extrapolate frometoy!)



TiepTiep VBF TiepTiep DOOStEd

Z—IICR Z—IICR

ATLAS

¥s=13TeV, 36.1fb™

E3H—-r [ Top

B Z— 7z [ Other backgrounds
L1 Z—ll [ Misidentified

&
&

Phys. Rev. D 99, 072001 (2019)
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Combination
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1000 [

Arbitrary units

reconstruction of Higgs mass

with collinear approximation
and angle between the two ©

800 L
600 |
400 L

200 L

l E T
] 900
—MMC Reconstruction - 800 =5 — MMC Reconstruction
------- Collinear Approximation 7 E wumenn Collinear Approximation
] ;o (00 F
Realistic resolution 4 ‘E = Realistic resalution
\e=1.96 TeV 3 S 600 \s=1.96 TeV
gg—H—T 1wV ] > 500 B gg—H-TT VWY
M, =115 GeVic? . @ o M=115 Gevid
Mo Frout ] E 400 £ Mo Fir cut
] < 300 E
_‘ 200 £
] 100 £ Y
Y 1 .I Ly 1 H-—'-.'-'..H" J .D E' N N R IM!’*
50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
M(tt) GeV/c? M(tT) GeV/c?

Improvement comes from requiring that the relative orientations
of the neutrinos and other decay products are consistent with the
mass and kinematics of a 7 lepton decay

NuclL.Instrum.Meth. A654 (2011) 481-489



Phys.Rev. D98 (2018) no.5, 052003

. q T T T
* Three analysis channels: ATLAS 15213 Te
. . —Total — Stat.
* 2 b-tagged jets + forward jet(s) Tot) (S, Syt
* 2 b-tagged jets + 2 central jets Photon| 3061 H—e—4 2520 (419 28
* 2 b-tagged jets + 2 forward jets + central high-pr y :
q
» Use BDT to select signal regions (Total of 9) AllHad.| 265%' et 44 32 (428 15
Goooe T o T g UL el e ot ()
o) - — Signal+Background Fit 1 © 60- —— Signal+Background Fit P PPN B N B PP B PP B B AP
E 5000 """g{on'rbﬁu‘“?“t Background —: 2 Y = R MNan-resonant Background -4 =2 0 2 4 [+ 8 10 123M'|4 16
- —» bb) + Jels 14 = C b + - =
§ 4000[- T M BD (= 3070 % 505 Tl ﬂ_, :t:)}tu.,]:li 3077 ] Mypr = Over o b6 OVer Hos 6
w 13 40 .
ATLAS - E ATLAS : * Fitto the m,, spectrum
2000 5-13 Tev, 24.5 1" E 205 15=13 TeV, 306 fb' . .
1000t Wo-eentral channel, SR 3 - photon channel, SR | -+ Significance: 1.90 obs. (0.70 exp.)
- = 10k PAR g .
T et ] ottt .o * Observed signal strength
. o for the Higgs boson: 0
= 400 | = 20~ — — + .
3 400 sty i “ TR py = 2.5 + 1.3(stat.) Ty 3(syst.)
TU + Il 0. - - . -
e 0 ' S _1o- ARARRII Statistically limited, more data needed
80 100 120 140 160 180 200 60 80 100 120 140 160 180 200 220 240
m,, [GeV] My, [GeV]

© K.Becker Higgs Hunting 2019
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ATLAS-CONF-2018-052
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e Ri @ »rl ATLAS Preliminary —*- Data [ 5M Higgs (u =58) 1
* Boosted analysis: 2 large-R jets B2 Gersrov st —owm Ve, 19
* 2 b-tagged track jets in one large R-jet % £ . Signal Region Q0D Fit + 1o — Top ]
@ i
. . . o f
* Higgs-candidate jet: pr > 480 GeV NHobh U
. . deca i
* Fit to the jet-mass spectrum Y 10f
5t
* Significance: 1.60 obs. (0.280 exp.) i 2f T T T T T T T
8 QCD and Top = 1o
* Needs more data S o
g L
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. ey %1
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© K.Becker Higgs Hunting 2019
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designed to measure the
different Higgs boson production

processes in specific regions

of phase space and in a
way that can be

easily combined with
other decay channels

Compared to the signal
strength measurements thex Erovide

finer granularitx

theory uncertainties are smaller

In fact there are
31 STXS, but

measure 9
(lack of statistics)

arXiv:1802.04146

s=13 TeV, 36.1 fb™!
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2 The SM BEH boson categories

Several categories are made in order to enhance the sensitivity
in order to have different S/B , based on
- number of jets
- different resolutions
- different kinematics giving different S/B

S/B has to be different for various categories
This is needed if we want to gain in statistical significance

if S,/B,=S,/B,
then S,/\B,® S,/\B,=(S,+S,) / \(B,+B,)

and one does not gain making categories

(one of) the work of the experimentalist is to find categories
with different S/B !
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three bins of m;; defined by
boundaries at [1. 1.5, 2, -] TeV

For the SR, an event is required to have

* no isolated electron or muon,

N - —> shown right plot - A TLA S

= 3L L
: O — c 107 3

a leading jet with pt > 80 GeV, g i i 13TeV, 36 fb!
* a subleading jet with p1 > 50 GeV, L nl - « Data
10° E —
* no additional jets with pt > 25 GeV, B g — B+S,B;,~1
o EMiSS 5 180 GeV - i 7 B syst
T | ) 10
. H_IF"SS >[50 GeV. ; . Strong DZ
The two jets are required to have the following properties: 1;_ B EwW Hw 1 ’ﬁ
B E L
* not be aligned with EM™, | Adj e | > 1, 2 = S B
e 05, | Aot 83 e L E o IE
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5 it o [‘)I c NB— i I s s s ! s E L A I W/,
be well separated mnun. | A."}jj | > 4.8, 0 2000 4000 200 400 600 800
* be in opposite  hemispheres, n;, -1, <0, mjj [GeV] E-TISS [GeV]
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Category Data Ssp S B S/NB S/B|%]
VBF High 40 45 23 34 0.39 6.6
VBF Medium 109 55 28 100 0.28 2.8
VBF Low 450 9.6 49 420 0.24 1.2
2-jet High 3400 38 19 3440  0.33 0.6
2-jet Medium 13938 70 35 13910  0.30 0.3
2-jet Low 40747 75 38 40860  0.19 0.1
I-jet High 2885 32 16 2830 0.3l 0.6
I-jet Medium 24919 107 54 24890  0.35 0.2
I-jet Low 77482 134 68 77670  0.24 0.1
0-jet High 24777 85 43 24740  0.27 0.2
0O-jet Medium 85281 155 79 85000  0.27 0.1
0-jet Low 180478 144 73 180000  0.17 <0.1

ATLAS-CONF-2019-028
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Source Uncertainty (%)

Fit (stat.) 10
Fit (syst.) 8.3
Photon energy scale & resolution 4.0

Background modeling (spurious signal) 3

. . Correction factor 32
Table 3: The breakdown of uncertainties on the inclusive diphoton fiducial cross section measurement. The

uncertainties from the statistics of the data and the systematic sources affecting the signal extraction are shown. The Photon isolation efficiency 4.6
remaining uncertainties are associated with the unfolding correction factor and luminosity. Pileup 1.9

Photon ID efficiency 1.3
Trigger efficiency 0.7

Source Uncertainty (%) Dalitz Decays 04
Theoretical modelin
6.9 ¢

Statistics

Diphoton vertex selection 0.1

Signal extraction S)’St. 7.9 Photon energy scale & resolution 0.1
Photon energy scale & resolution 4.6 Luminosity 20
Background modelling (spurious signal) 6.4 Total 14

Correction factor 2.6

Pile-up modelling 2.0 ATLAS-CONF-2018-
Photon identification efliciency 1.2 028 80 fb_l

Photon isolation efficiency 1.1
Trigger efficiency 0.5
Theoretical modelling 0.5 Uncertainty in fiducial cross section
Syst.

Photon energy scale & resolution 0.1 T Uncertainty Group Ty

Luminosity 1.7 Diphoton Theory (QCD) 0.041
Total 11.0 e ik Theory (B(H — yy)) 0.028

Fit (syst.) 6%

Photon energy scale & resolution  4.3% Theory (PDF+(}' S) 0.021

Background modelling 4.2%

Photon efficiency 1.8% Theor}’ (UE"{PS) 0026
ATLAS-CONF-2019-029 St By S GOhEDn - Luminosity 0.031

b-jet flavor tagging -

139 fb-] T-6iion saleciivn ) Experimental (yield) 0.017

= Experimental (migrations) 0.015

Theoretical modeling

Signal composition Mass resolution 0.029
Higgs boson pf & |y |

UE/PS Mass scale 0.006
L Background shape 0.027

Total

Phys.Rev. D98 (2018) 052005 36 fb!
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Figure 14: The modification of the p?' differential cross section for different values of «.. shown separately for the
cross sections of the ggF and ¢¢ — H production modes. As expected, for a given value of k., the effect on the

¢¢ — H production cross section is larger than that on the ggF production.

-2InA

Figure 15: The profile likelihood ratio. A, shown as a function of k.. for the fit to the p?’ distribution. The intersection
of the =2 In A curve with the horizontal line provides the 95% confidence intervals.
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ATL-PHYS-PUB-2019-00¢

3 Search for a pair of BEH bosons constraint of the
H self-coupling from H differential production and decay mesurements

- (EW qqH indl. V H — qqH) VH (H + leptonic V)
| v
P4 [0,200] | 9§ > VH |
L

[

r \L | |
B o C— [roe ] o [ ]
p;: [0,150] — p¥[0,150]
pY. [150,250]

(+) (+)

> 2-jet VBF cuts

= 3

Constructed from figures in

arXiv:1610.07922 —| 2F 50,0 | —[p¥iz50,7 |

Figure 3: Schematic diagram of the VBF + V(had)H (left) and V(lep)H (right) STXS regions. p?” is the pr of the
Higgs boson plus two jets system, p¥ is the pr of the vector boson V in the VH production mode, p%l is the py of the

jet with the highest pr. In the VH. H — bb analysis. the separation in jet number of the p¥ [150, 250] region in the
V H production mode has been ignored, merging the 0 and the > 1 jet regions. The diagrams are obtained from Ref.
[14].
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* Vector-boson scattering
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10 I I I I
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Figure 2: The cross-sections for longitudinal gauge-boson scattering resulting from subsets of
the tree-level diagrams: (a) diagrams involving only three-gauge-boson couplings, (b) diagram
involving only four-gauge-boson couplings, (¢) diagrams involving Higgs bosons.
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J Future of ATLAS , run 3, HL-LHC
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J Conclusions
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