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* InRun 2 (2015-18) the LHC set important milestones:

o O O O
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100
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60

Integrated luminosity [fb™’

20

LHC @ 13 TeV

Demonstrated reliable operation with 6.5 TeV beams

Exploited 25 ns bunch spacing to operate with >2500 bunches
Reached design luminosity L5, 5= 103 cm2s? ... and doubled it!
Delivered 160 fb1to ATLAS and CMS, 6.7 fb'' to LHCb and 33 pbto ALICE

120 |

40 |

205 2066 2017 2018 total

160 fb!
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LHC operations @ 13 TeV

Stable Beams
(Physics data
taking)

Fault/

Downtime Efficiency similar to CERN LEP

(1990-2000) in spite of more
complex machine, larger
stored beam energy, etc.

* Robust machine configuration

« Efficient and optimized operational

Operations
2018 data procedures and tools

- Exploited to push the luminosity
« Stronger focusing at the interaction points: p* down to 30 cm (design was 55 cm)
« Usage of high-brightness beams from the injectors (BCMS)

« Operational usage luminosity leveling (separation, crossing angle and 3* - down to
25 cml)

- Luminosity leveling in ATLAS and CMS routinely used in operation during 2018
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Sketch of the CMS detector

SUPERCONDUCTING CALORIMETERS
COIL ECAL Scintillating PboWO, HCAL Plastic scintillator
Crystals |

,»

Total weight : 12,500 t
Overall diameter : 15 m

— brass

T [ resseess sandwich
" Bk [

Overall length : 21.6 m
Magnetic field : 4 Tesla
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Silicon Microstrips T
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Drift Tube Resistive Plate
Chambers (DT) Chambers (RPC)
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Sketch of the ATLAS detector
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Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

LAr eleciromagnetic calorimeters

Toroid magnets

Muon chambaers Solenoid magnet | Transifion radiatfion tracker

Semiconductor tracker
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Pile-up - trigger

* Total inelastic pp cross section ~80 mb

PU distribution in Run 2

600_—FIII|IIII||II||TII|IIIII|II|INIIIT|IIIJ—
ATLAS Online, 13 TeV det=146.9 fo !
2015: <u>=13.4

* Multiple events overlap with the main hard 5 s00

. . . [] 2016: <p>=25.1
interaction and several vertices are 400 B 2017 o= 378

. [ 2018: <u> = 36.1
reconstructed in the detectors [ Total: <> = 337

300

*  Maximum pileup of ~60 events until now 200

Recorded Luminosity [pb "0.1]

100

I_I||[IIIIlIIII]II\IlIII[lIII
IIII‘II\Illlll‘ll\lllllllllll

uoneiqied 61/2

Run 1 event with ~20 pileup vertices

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

L=39f"(Vs=13TeV, 2017)

1 01 . Trigger paths
CMS -l DP-2017-029
10°E Preliminary _—
.

B,
[ Y
% B low mass double muon + track
Bs double muon inclusive

z

W

Events / GeV
3,

* Mitigation measures adopted to reduce the
effect of PU on the measurement of the
main interaction 10*

| |

1 10 10°
pHu invariant mass [GeV]

WIN2019 - June 3, 2019



Luminosity measurement

 The luminosity enters all cross section measurements and

its uncertainty is in some cases the dominant uncertainty
 ATLAS and CMS relies on different detectors

e (Calibration of luminometers is carried out with VdM scans

 Beams are separated by the LHC in known steps

Scan 1: X-plane BCID 0865

2 I ndf

Mean

0.1322 £ 0.0007643

221122

56.42 + 0.48

E : cMs Preliminary " 0.004936 + 0.0009866
:
2 VdM Scan: Fill 6868
13
: |-

10?

L

10':7 ‘
o 3
-2
o SRMI N T TR TT:
I BRI P A A SRR
& 2

i

4

0.6 0.4 0.2 0 0.2 04 A?nﬁm]

Scan 2: Y-plane BCID 0865

221 ndf 2395122

0.1276 + 00007385

3 E CMS Prelimina Mean 0.001039 + 0.0009452
% L y peak 56.96 + 0.4969
;10 L VdM Scan: Fill 6868
ST
10
1=
10’1?
102 l
= o
i1 i
8 GE
I BRRIRNIRIE BN,
F RS
¢ 2 %
© 2F
3E
4E
0.6 0.4 0.2 0 0.2 0.4 0,6
A[mm]

N events o 1: d t
CMS-PAS-LUM-18-002
2018 data taking
Systematic Correction (%) | Uncertainty (%)
Length scale —0.8 0.2
Orbit drift 0.2 0.1
x-y nonfactorization 0.0 2.0
Beam-beam deflection 1.5 02
Dynamic-§* —0.5 '
Normalization | Beam current calibration 2.3 0.2
Ghosts and satellites 0.4 0.1
Scan to scan variation — 0.3
Bunch to bunch variation — 0.1
Cross-detector consistency — 0.5
Background subtraction 0t0 0.8 0.1
Afterglow (HFOC) Oto4 0.160.4
Integration Cross-detector stability — 0.6
Linearity — 1.1
CMS deadtime — <0.1
Total 2.5

* Normalization: uncertainties from luminosity calibration in the VdM scan procedure: 2.1%

* Integration: uncertainties from the detector operations

* Total uncertainty for 2018: 2.5%
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LHC+HL-LHC schedule

We are here

LS1 EYETS LS2 14 TeV LS3 14 TeV
13 TeV energy
. et INJECTOR UPGRADE got?n 7n ;I
splice consolidation olimit N i
7Tev B8 TeV button collimators TDIS absorber interaction - e LH.C luminosity
R2E project 11T dipole & collimator regions installation
Civil Eng. P1-P5 ﬂ
201 | 2012 | 2013 | 2014 ’ 2015 ’ 2016 I 2017 ‘ 2018 2019 I 2020 | 2021 | 2022 | 2023 ’ 2024 ’ 2025 ’ 2026 HH” ’ || 2038
ATLAS -CMS radiation
experiment upgrade phase 1 damage ATLAS - CMS
beam pipes 2 x nom. luminosity 2.5 x nominal luminosity upgrade phase 2
zg‘r’r‘:inal nominal luminosity S——— ALICE - LHCb !

luminosity / UP9rade

ol 15010 (500 15" e
PU 55-60 PU 140-200

Approximately 5% of the total

integrated luminosity collected Important detector
until now upgrades in view of HL-LHC
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1

Production Cross Section

—

1

Cross section of SM processes

_ Maroh 2019 CMS Preliminary

5 - 8 @ 7 TeV CMS measurement (L<5.0 fb™) i
10° =" @ 8 TeV CMS measurement (L < 19.6 fb") -
= = @ 13 TeV CMS measurement (L <137 fb™) 3

” >n jeEsE) — Theory prediction .

1 04 E_m el Z Z Z CMS 95%CL limits at 7, 8 and 13 TeV E
ook " W and Z bosons -
O ’ Higgs boson

1 02 E_ % @ = mmm i ;-?ietéﬂ 0 . ?§
- 2@ o @ ]
10 T 2 o &IEJE i E " PARRE
v ° Tz % 5" Ty
07" 3 = it S
02k :ij? <  Top quark & -]
- o 3

0—3 ;_ -?—?' a —;
: 1 ;

—4
0IIIIIIIIIIIII%IIIIIIIIIIIIIIIIIVBFIIIIIII
EW "EW 'w 'ew 'Ew 'EW EW EW
W Z Wy Zy WWWZZququzww WyssWW qazyqawzaazz VWWWWVr Zr Wyttt Wt tty tZg tZ ty tw mtgquqH VH WH ZH ttH tH HH

All results at: http://cern.ch/go/pNj7 ™ "' # =+ Th- A, in exp. Ac
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-010/
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Electroweak measurements

« Precision EW measurements at the LHC: < OMS R
O ¢ Data E
- My, g 10 ZDUU mb
. : . : . EW §
— Differential W and Z (+jets) cross sections and § 10 I Misid.
asymmetries and sin29,, g
102
— Di-, tri-boson production and anomalous couplings o
* All measurements are mainly based onZand W 1
production and their leptonic decays to £ where £ =e,u 10" . . :
_— Z 9 ’B’B g ;zEE"'0'"'ttt'nw“'!'*!*!'§'§'§'i¥'+~% """" I%
5 of | ,
— W= #{v 8 720 30 100 200 1000 2000
m [GeV]
W CMS Experiment at the LHC, CERN
'ﬁ Datarechded: 2015-Oct-30 19:23:54.631552 GMT Z 9 ““ event CMS 2.3fb'1(13TeV)
= | Run/[Eveflt/Ls}26 T T T T ™ ]
| 10 ¢+ Data E
10° Z>ee muwiw
B EW

I Misid.

14E E

1212:.”'.”."‘&.'. M’“'.".’.’.’gi”&’} """"""""" ”:E
i | RS SRE
20 30 100 200 1000 2000
one mMIGeV]

Data/(DY+Bkg)




W MAdass pp collisions

13912 fb 1 @ /s = 13 TeV

EPJC 78 (2018) 110

* Need very good control of detector performance
* Understanding of theoretical modelling and related measurements e.g. p,y
* Template fits are performed to the lepton p, and transverse mass distributions

x10° x10°
> T T T T T T T T T 3 > T T T T T =
8 ATLAS -e- Data = 8 ATLAS -e-Data 3
o {s=7TeV, 46’ WW— e'v = g \s=7TeV,46fb" EW-e'v -
o []Background 3 " []Background _
- $2/dof = 36/39 o z x2/dof = 54/59
2 = 2 E
c = | E
o - _
= = =
w - -
1 1 ] 1 -
< 1 < T I | I
3 1% . L B 1% . UL
& T BT o it ol 11y [ MR 5 Y TSR 1 AT I B
B .1 e BT s + T UL L s L L Lt L S O I
~ 0.99 ++ ' I ~ 0.99 T
S0.98 S 0.98 ] s i
8 30 32 34 36 38 40 42 44 46 48 50 ‘Q“ 60 70 80 90 100 110 120
p'T [GeV] m; [GeV]
> T T ! T | T T T T T T = > C T -I .l T T T -
£ ATLAS Simulation B Nominal 3 £ 0.12F ATLAS Simulation B Nominal -
; \s=7 TeV, pp— W +X —— Am,=-50 MeV _i ; 01 E \s=7TeV, pp— WX — A my=-50 MeV |
° — Amy=+50 MeV—; S - — Amy=+50 MeV ]
@ i £ 0.08 -
s 3 © r .
E E £ 0.06F 3
2 E 2 - 3
= 0.04]— -
E 0.02 —
£ 1of E 10 :
(o] E, . L. . ey [e] E FE———— |
ANless = — - Z e e
=~ £ — i E 3
5 0.99F 5 099 E
>

40 42 44 46 48

> 3 3
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W MAdass pp collisions

139+2 fbl1 @ /s = 13 TeV

p[r’ W+% I+V T T T | T T T | T T T | T T T | T _I I T T T I T T T I. IrnlW I(PlariialI (:I’oh]bl)
prwroty | ATEAS T
| + A —
P W [fv_ | Vs=7TeV,41-46f" ——eu— — m,, (Full Comb.)
My, W T + Stat. Uncertainty
my, W—oTv P Full Uncertainty
m; WS Py | °
pLWSety | T T T T E———— : : :
mWoev | e B _______ em
p'T, W s uty —_——— ATLAS w .

N = Stat. Uncertainty
mpWoowlv_ | _To-i.- . ____
mp-pl, W I'v —— - — Full Uncertainty
mpl, W Iy _—
mT-p‘T,Wt%Fv...|...|...|...|—...|...|...|...|...|. LEP Comb. .80376i33MeV

80280 80300 80320 80340 80360 80380 80400 80420 80440 80460

My IMeV] 1 atron Comb. o-20387:16 MeV

LEP+Tevatron

+
PS 80385+15 MeV

ATLAS

+
4‘@370_1 9 MeV

Electroweak Fit

_?&5618 MeV
|

| | |
80320 80340 80360 80380 80400 80420
m,, [MeV]

mw = 80370+ 19 MeV = 80370+ 7 (stat.) + 11 (exp. syst.) + 14 (mod. syst.) MeV
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sin?d,, measurement

e Forward-backward (FB) asymmetry in Drell Yan process usingZ 2 yp andZ > ee @ 8 TeV:

CMS Or — OB

AN
=y
&~

|

=>» FB asymmetry related to interference of vector and axial currents and sensitive to sin?9,,
though the axial and vector components of the lepton couplings

. . . e 4CMS ‘ 9 HR 18.8 fb™ (8 TeV)
Diluted A at different rapidity Y & R T
[a1] 08 LA L I L I L L L L O B L L :
L L ]
< [ PYTHIAS 1 —
r LONNPDF3.0 1 EPJC 78 (2018) 701 -
0.4 aT -
L A/\AAAA‘;
0.2 Labasatioog
L /\faDDEE-II"'
ok THEFRT
Seseeveus !=
§5§§§§§§§§5§§ ¢ 00<ly <04 ]
S02 4 aasaan Aat ° 04<ly <08 -
poneeet - 08<ly <12 ] - .
-04 LL  oo0sF =
F O 12<Iy|<16 1 E I +++ ]
: ] O, L4 4+ +-. Atest e ]
06 s 16<Iy|<20 ] © O bt st w
r » 20<Iy|<24 ] S ot E
0 e s oo '11‘0‘ T 650" 110[70 90 1107050 Ti0[ 700 110[70 90 11070 50 710
m, (GeV) m,, (GeV)

sin?9 ;= 0.23101 * 0.00053 (0.00036 (stat) &= 0.00018 (syst) & 0.00016 (th) == 0.00031 (PDF)




mepos 226159 SiN%Jy, Measurement

* ATLAS measures all the Z boson decay angular coefficients, Aj to A, with Z =2 pp

and Z->ee (both central and one central, one forward) & O e
L ATLAS Simulation Preliminary 7
. . . r Vs = 8 TeV, Z/y* (NLO QCD) =
e A, originates from the Z axial and vector currents and B moevent<i0Gey ]
iS Sensitive tO Sinzﬂw 04095—A . A :fzz;i/eed;or;n Approximation—:
0.08— Yaa N ]
+ 025 ; N
< F . ; A :
- ATLAS ] 007 - ) :
0.2F 8TeV,20.3 fb! - 0.06E- fua =
C —e— Data ] i ‘ A AE
I —=— DYNNLO (NNLO) 4 0050 Lol b L L L L
0.15_— —+— POWHEG+MINLO Z+j ] ATLAS_CONF_2018_037 0.229 0.23 0.231 0.232 0.233 0.234 0.235
- ] sin°6,
b - ATere oy ﬁ
j : LEP-1 and SLD: Zpole | o | 023152+ 0.00016
0.050 ‘“‘% — LEP-1 and SLD: A2 —e— | 0.23221 0.00029
- '*ﬁ ! SLD: A B —e—i 1 0.23098 + 0.00026
N T Tevatron B — | 0.23148 + 0.00033
1 10 10% LHCb: 7+8 TeV B : o . | 0.23142 +0.00106
p$ [GeV] | _|
CMS: 8 TeV ————t 0.23101+ 0.00053
ATLAS: 7 TeV - . . | 0.23080 +0.00120
— ATLAS: eeccrit . | — 1 0.23119 % 0.00049
ExPeCt to reach a precision ATLAS: ee., B e | 0.23166 +0.00043
of ~0.00015 or better at HL-LHC ATLAS: 8 TeV B — | 0.23140 + 0.00036
"0.23 0231 0232
.2
sin“eL,

sin%8,, = 0.23140 + 0.00021 (stat.) + 0.00024 (PDF) + 0.00016 (syst.)
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in2 lept
M,y VS Sin“Q P

80-5 | I I I ] | I | | I ] [ | [ | I | I ] | I | I ]
68% and 95% CL contours sin®(0,,) LEP+SLC = 10

| direct M,, and sinz(ezﬁ) measurémenﬂs

M fit w/o M, sin*(6f ) and Z|widths medsurements

fit w/o M, sin(6’ ) and M measurements

fit w/o M, sin®(6’ ), M and Z widths measurements

Illllll|l|l||ll|ll|

[T/ III/IIlIIIl

o)
o
W
o

|

— M,, world comb. + 1o
80.36 —

|l|l|l

vl nr

Llri il

\ €] fitter|sw
1 1 | I | 1 1 I | | | | I | | \I\ |

0.2308 0.231 0.2312 0.2314 0.2316 0.2318 0.232 0.2322
sin®(6..)
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Di-boson: cross section ratio to theory

Nllarch 2019 ' ‘ | ' ' ' ’ | , CMS Prehmmary CMS
CMS measurements 7 TeV CMS measurement (stat,stat+sys) o+ a
vs. NNLO (nLo) theory 8 TeV CMS measurement (stat,stat+sys) — e —i

13 TeV CMS measurement (stat,stat+sys) ++eo—+—
Y ———— 1.06 £0.01 £0.12 5.0 fb"
Wy, (NLO th) = ' 1.16+0.03+0.13 5.0fb"
Zy, (NLO th.) — 0.98+0.01+0.05 5.0fb" : :
Zy, (NLO th) i 0.98+0.01+005 195f" | ° Dedicated analysis
WW+WZ ————— 1.01+£0.13+0.14 49 fb" to reduce systematics
WW —_ — 1.07+0.04+0.09 4.9 fb1-1 - High precision
WW L 1.00+0.02+0.08 19.41b . ;
WW , Jmm . 0.96+005+008 23 b differential measurements
"4 ——o—— 1.05+0.07+0.06 4.9fb"
"4 ——e—— 1.02+0.04+0.07 19.6fb"
WZ — 0.96+0.02+0.05 35.9fh" =
ZZ H————of——+ 0.97+0.13+0.07 4.9fb"
ZZ i 0.97+0.06+0.08 19.6fb
77 . 1.06+0.02+0.04 137 b (
Al restis at: 1 Production Cross S1§ction Ratio: o.../0 :
http:/cern.ch/go/pNj7 ©Uexp’ “theo

Higher statistical power @ 13 TeV =» no longer a limitation
Theory predictions updated to latest NNLO calculations
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Z differential measurements

CMS Preliminary

Differential distributions of Z

production with 2016 data

Y, pT and ¢* of the I*l" system

Compared with several MC

generators
MINLO
aMC@NLO
POWHEG
FEWZ

. 7T
¢° = tan

cos(#,) = tanh( 1

2

_17-1-

2

sin(6; )

),

do/dp"’ [pb/C

T

do/dg*

CMS-PAS-SMP-17-010

359fb 13TeV

B e
5ool —-—Data ;
[ —=— aMC@NLO
a00l —— POWHEG -
0 %—e— FEWZ ]
3001 == .
L == ]
2002— e —
100F- =]
[ hi<24, p >25 GeV
- —C—‘
I P I PO T T T T T T ]
80020406081.0121.41.61.820 22+24
Iy
s — MINLO
3 —=— aMC@NLO
: - —— POWHEG
30 ==
£ mi<2.4, p_r>25 GeV
25
20F
155 +*,
10E i
st .
£ -
0Bl Ll i T
1 10 10? - 10°
p'’ [GeV]
—~MINLO
—=— aMC@NLO 1
—— POWHEG

mi<2.4, pT>25 GeV 7

102

107"

MINLO/Data POWHEG/Data aMC@NLO/C FEWZ/Data POWHEG/Data aMC@NLO/Data

MINLO/Data POWHEG/Data aMC@NLO/L

12?

| O N O R TR TR N | -
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A
1.074—0—0——?—_0_0_:—0——0—0—‘_(

0'8"””'| T TT] B T — !mmf
12} B
o —H—+~+++mﬂ+%*”“-i-4-.. :
) Hm —+ :
’ | H 4

[N
T T

. |
o [T eSS SN Y EaNE
== w%m““”'”mpf
0.8?\‘\|\|| “|f|

0.8~ -

CMS Preiiminary 35.91b" (13 TeV)
H\‘\\\‘Hlillllll\‘\\\‘\\l‘lll IH‘H\‘H[[II
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5|
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1111 I\II‘ _A
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Diboson differential measurements

* From single bosons to di-bosons using WWwW 9 uvev events:

q wooq W
q//
Z]v
q Wooq W

* Measure fiducial and differentia cross sections

S 10°F T =
3 E ATLAS ¢ Data 2015+ 2016
8 L[ (s=13TeV, 36.1 " CStat@syst.u 1
=0 3 INNLO(qa)+ NLO(QQ)1®NLO(EW) 3
s EPp—evuv 3
o &3 Powheg-Box+Pythia8, k=1.13 * 3
A 10 *“‘ Powheg-Box+Herwig++, k=1.13* _|
Ec E ".“lq.‘ Sherpa2.2.2, k=1.0 * 3
S F 7 comb w. Sherpa+OL gg—WW, k=1.7 ]
1 ? ey =
101 w— 4
E _*__0*‘._'_
102 E -
10°
E |
145 '
1.2F
[P ISV GP P U O U G SRR S S
g wmw&éw&*&
O 08F
3 08E :
o 1.4
é’ 1.2F
Tabrutat it *H'?—
0.8E LN
0.6F
40 50 60

pS" [GeV]

fid.
do™/dly, | [fo]

Anomalous couplings related to

T T
ATLAS ¢ Data 2015 2016

| Vs=13TeV, 36.1 fo! T Stat. @ syst. uncertainty i
B INNLO(qq)+ NLO(gg)]@NLO(EW) 4

[ pp—e Vu v B33 Powheg-Box+Pythia8, k=1.13 *
4001~ E&5) Powheg-Box+Herwig++, k=1.13* |

Sherpa 2.2.2, k=1.0*

200&@‘ 3’?%;@;’% _____ o

* comb. w. Sherpa+OL gg—WW, k=1.7

dim 6 operators in EFT approach
arXiv:1205.4231

Parameter Observed 95% CL [TeV‘z]

cwww A [-3.4,3.3]

T e
I e i cw [ A? [-7.4,4.1]
s wmmmmm@mw%m cB/A* [-21,18]
| G /A2 [~16.16]
' 3;;‘*%@;*—.—wf;;;—,—wv;;—;;.;«—.—;a,—;;;;;;;;m—;;i oy / A? [-76,76]

All measurements in agreement with SM = I|m|ts on anomalous couplings derived
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events / bin

arXiv:1903.10415

... and tri-bosons

ATLAS, using 80 fb! (2015-2017) sees evidence of triboson production WWW,
WW?Z (4 sigma observed)

—— A V) Vi
4

A 4 \ 4

—t—hrnn Vs -

Search in several decay channels: WWW, WWZ, WZZ with leptons

Data / Bkgd.

108 ey ; Significance
= ATLAS 4 Data ATLAS \s=13TeV,79.8fb" Decay channel
Cys= -1 L L I B B
104 E—E =1 Tev’ 798 - VVV (U-=1 38) tot. - - - - Combined Observed EXpeCted
= [ ]Background stat. ngg: tsct)?t. tot stat .
ol %/ Bkgd. Unc. VW 27 e W=224 02 w03 WWW combined 330 240
g : WWW — tvlvqq 430 1.70
102 NWW 3¢ e 1 w=047 00 i
E : WWW — Cvlvly 1.00 2.00
F ! +0.96 +0.49
10 WVZ 3¢| —-e—— |, w=-0.10 ygs  Lo4r
B g WV Z combined 2.90 2.00
C ] : W= 244 +0.92 +0.83
1 , . ... d WVZ 4 e o ess 07 WVZ — lvgqtt - 1.00
2F e T T w03 w025
151 H_l } Combined Ho w=138 037 05 WVZ — tvevel]qqtltt |  3.50 1.80
1 TS oo 4 Ll e | L T B |
- . 0 2 4 6 8
s L T . VVV combined 4.00 310
1o w = oW/l




Top physics

* Heaviest quark @ LHC tt is mainly produced through gg fusion:
e Very short lifetime, no top hadrons )

* Top mass Yukawa coupling order 1,

large effect in the global electroweak fits

e LHCis atop factory: @ 13 TeV CM energy, ~800 pb
=>» 40M tt pairs produced per experiment in 2018 9 '
* Top decays almost always

* intoareal Wandab quark

e According to W decay:
leptonic, semileptonic
and fully hadronic

e Very clean signature EXPERIMENT

for leptonic and semi-leptonic decays,

leptons plus b-tagged jets
— b-tagging important
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top-pair production cross-section

Inclusive tt cross section [pb]

—i
o
w

—_i
-
[\

10

LHC + Tevatron measurements

oObOr<aE<«doEOEO®J

* Preliminary

Tevatron combined 1.96 TeV (L < 8.8
CMS dilepton,l+jets 5.02 TeV (L =

ATLAS epn 7 TeV (L= 4.6 fb"

CMS eyt 7 TeV (L(= 56 ) LHCIop WG
ATLAS ep 8 TeV (L = 20.2 fp™)

CMSen8TeV (L=19.7 o)

LHC combined ep 8 TeV (L = 5.3-20.3 fb™) LHCtop WG
ATLAS ep 13 TeV (L =3.2fb™)
CMSep 13 TeV (L=2.21b") .
CMS ep* 13 TeV (L = 35.6 fb™)
ATLAS ee/pp* 13 TeV (L = 85 pb;))

ATLAS |+jets* 13 TeV (L=85pb ) [ o -
CMS l+jets 13 TeV (L=221b") _ - |
CMS all-jets* 13 TeV (L =2.53 fb™) QOOI— 4 1 -
i ..+. ......... ...é.]. ..... (b. ] _:
800f MY ‘E
I A 17
700" 1 -
=== NNLO+NNLL (pp) - 1
= NNLO+NNLL (pp) S

1 1 1 | 1 I 1 1 1 1 1 1 1 | | 1
| | ] | |

2747  ATLAS+CMS Preliminary Sept2018 _

Gzakon, Fiedler, Mitov, PRL 110 (2013) 252004 13 ¥s[TeV]
NNPDF3.0, m,__ = 1725 GeV, a,(M,) = 0.118 +0.001

—_t IIII|
N

4 6 8 10 12

Vs [TeV.



Direct top mass measurement

Direct mass measurements (MC mass)

CMS

Recostruction of top decays in fully leptonic, semileptonic and fully hadronic channels

CMS Run 1 results PRD 93 (2016) 072004

* CMS measurement at 13 TeV

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

CMS 2010, dilepton
JHEP 07 (2011) 049, 36 pb’

CMS 2011, dilepton
EPJC 72 (2012) 2202, 5.0 fb”'

CMS 2011, all-jets
EPJC 74 (2014) 2758, 3.5 o’

CMS 2011, lepton+jets
JHEP 12 (2012) 105, 5.0 fb"

CMS 2012, dilepton
This analysis, 19.7 fb”!

CMS 2012, all-jets
This analysis, 18.2 fb”!

CMS 2012, lepton+jets
This analysis, 19.7 fb”!

175.50 + 4.60 + 4.60 GeV
(value * stat + syst)

172.50 + 0.43 + 1.43 GeV
(value * stat + syst)

173.49 + 0.69 + 1.21 GeV
(value * stat + syst)

173.49 + 0.43 + 0.98 GeV
(value * stat + syst)

172,82+ 0.19 + 1.22 GeV
(value * stat + syst)

172.32 + 0.25 + 0.59 GeV
(value * stat + syst)

172.35+ 0.16 + 0.48 GeV
(value * stat + syst)

CMS combination

172.44 + 0.13 + 0.47 GeV
(value * stat + syst)

Tevatron combination (2014) @
arXiv:1407.2682 174.34 + 0.37 + 0.52 GeV
(value * stat + syst)
World combination 2014 —
ATLAS, CDF, CMS, DO 173.34+0.27+ 0.71 GeV
arXiv:1403.4427 (value * stat + syst)
| ‘ | | | | | | L | | l | | | | | | |

m, [GeV]

M,,, = 172.25 * 0.08 (stat+JSF) % 0.62 (syst) GeV
Dominated by semileptonic channel

* lLargest systematic uncertainties

— Color reconnection models
(more models than in Run 1)

— Flavour jet energy response

x10° CMS 35.9 b (13 TeV)
% 80? Eticorrect = mmSinglet ]
(5 70F EmEtiwrong =¥":5tss 3
t [ttt unmatched QCD multijet
3 60 o Data %Dibosrglr: e E
2 50- / E
i) : y ]
g
= 30
€
S? 20¢
10f
O
=
8
©
(@)

~306 00 EPJC 78 (2018) 891
m{'[GeV]  EPJC 79 (2019) 313

! L ) L L L J ) L
100 200
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Direct top mass measurement A@é

* Direct mass measurements (MC mass)

EXPERIMENT

— Recostruction of top decays in fully leptonic, semileptonic and fully hadronic channels

Recent ATLAS combination of all direct measurements in Run 1

Inputs to the combination

mfci,'pep"’” (8 TeV) H-O-H
My’ (8 TeV) |-n+-|
mes® (7 TeV) I—l—.—l—|
mg'pjets (8 TeV) H-O-H

mige”® (7 TeV)

ATLAS

Mg, T stat. * syst. (total)

172.99 + 0.41+ 0.74 (0.85 + 0.05)
172.08 + 0.39 + 0.82 (0.91+ 0.06)
172.33 £ 0.75 + 1.04 (1.28 + 0.08)

173.72 £ 0.55 £ 1.02 (1.16 £ 0.11)

H—e—H175.06 + 1.35 £ 1.21 (1.82 £ 0.13)

EPJC 79 (2019) 290

migs”" (7 TeV) H+e+—  173.79 +0.54 + 1.31 (1.42 + 0.07)
————— Combination )
stat. uncertainty —— stat. uncertainty
total uncertainty —— total uncertainty
| | | 1 1 | 1 1 E | | | 1 | | 1 | | 1 1 | | 1 1 | I
165 170 175 180 185
My, [GEV]

WIN2019 - June 3, 2019

Compatibility evaluations ATLAS
m,, * stat. £ syst. (total)

my eV oA 173.20 + 0.46 + 0.76 (0.89 + 0.04)
mgTev HOH 172.68 + 0.26 + 0.48 (0.54 + 0.04)

giepton o+ 172.98 + 0.39 + 0.74 (0.84 + 0.04)
Mies® HeH 172.13 £0.37 £ 0.61 (0.71£ 0.04)

et | e+  174.08 + 0.56 + 0.80 (0.98 + 0.05)
ATLAS (2018) HéH 172.69 + 0.25 + 0.41 (0.48 + 0.03)
----- ATLAS Combination
I stat. uncertainty —— stat. uncertainty

total uncertainty . —— total uncertainty
| | | | | | Ll | | | | | | | I | | |

165 170

1 | |
175 180

Miop [GeV]

185



Top pole mass measurement

Direct mass measurements can be interpreted as pole mass measurement (pole of propagator)

« MC mass relation with pole mass still under study, difference due to non perturbative
effects estimated to be ~0.5-1 GeV

* Using the tt production cross section, inclusive and differential, the pole mass and running
mass in the MS bar scheme can be determined

ATLAS

DO o ., Vs=1.96 TeV

incL?
PRD 94, 092004 (2016)

nfcl‘.‘ + AIOI

— 1728 *37 Gev

From lepton and dilepton differential distributions

— 178 T T i
> - - CMS ¢ NNPDF3.0, ys=7+8 TeV
: _ incL’ ' +1.7
(3 - ATLAS MCFM NLO fixed-order . JHEP 08 (2016) 029 1738 1 g GeV
o 176— Vs =8TeV,20.21b" 1
B C 7 CMS ot , Vs=13 TeV
S incL’ +2.7
174 * + { } % } } ‘} } % { l l } % L JHEP 09 (2017} 051 ¢ 1706 57 Gev
- ' ' = CMS o, Ys=13 TeV
A +0.8
172— ] arXiv:1904.05237 - 1705 g Gev
- Eur. Phys. J. C 77 (2017) 804 e CTi4 ] —) h
170 — s MMUT - ATLAS ot , Vs= 8 TeV . 1732 *16 Gev
- + NNPDF3.0 EPIC 77 (2017) 804 < 16 ¢
168~ | total uncertainty v HERAPDF 2.0 7] ATLAS off . {52748 TeV
— 1 statistical uncertainty ° ABM 11 — Cineys V8= e 405
: world-average direct reconstruction NNPDF nojet EPJC 74 (3?)34) 3109 . 1728 ~ 26 GeV
166 :

Comb. (8 dist), u=ml/2

Comb. (8 dist), p=H, /4

Comb. (8 dist), u=E /2

ATLAS tt+1 jet arXiv:1905.02302

ATLAS oyt *, Vs=7Tev
JHEP 10(2015) 121

> ATLAS o', (s=8 TeV
) e . . _._

mis anaiysis

+23
173.7 7 51 GeV

+1.2 oy
1711 11 GeV

mP¢ = 171.1 0.4 (stat) + 0.9 (syst) *97] (theo) GeV 1SIO 16|0 1170 1é0 15[90

m>*“IGeV]
Consistent results between direct and indirect measurements -

Pole mass
Running mass m(m;) = 162.9 = 0.5 (stat) + 1.0 (syst) *3-] (theo) GeV



tt differential measurements and mass

CMS 35.9 1b” (13 TeV) CMS 35.9 b (13 TeV)
= T [ T 1 T T T 1 T T] _ Z o2f . [ T 1 T T T 1 L ~
T 0.2 s00aua 400<M(th) 500<M(tf) 300<M(t) 400<M(f) [., s00<Mp | © Data dof=23 £ 0. 300<M(t) 400<M(th) 500<M(tf) 300<M(t) 400<M(h) s500<M(ff) | © Data, dof=23
%‘ <400GeV <500GeV <1500GeV <400GeV <500GeV | | <1500GeV NLO CT14 %‘ <400GeV <500GeV <1500GeV <400GeV <500GeV k= <1500GeV NLO CT14
S N,=0 N=0 N,=0 N, >0 Ne>0 [T N0 0,=0.118 S N,=0 N=0 N,,=0 N>0 N>0 ] N>0 pole_
o} i i _#, i i i [ oo o} i i # i [ i [ my°=172.5 GeV
B 0.15 ; e B 0.15 ] s
b i —172.5 GeV, 261 t rl o — 05=0.118, x*~61
T ---167.5 GeV, 12=87 I: T == 0=0.113, x?=56
0.1 { == 177.5 GeV, x?=144 0.1 ? == 0g=0.123, x?=87
'é"' I?- % ?
(&
0.05 _H_ 0.05f ™
val Q
143 §‘ , I I | I | | I | I I 1.4 % ?. , I I ! I | | I | [
L {oi-btemy e 1
E 1'% i P lese b E 1% %.._. : r‘?—:.;. L4
0.8 Q oar—’ 8 g
0.6 , , , , , , 0.6 . , . . . .
1T 2 1 2 1 2 1 2 1 2 1 2 12 1 2 1 2 1 2 1 2
ly(tt)] |y(tt)|
= CM'S T L L | T T T T 1T |359 f'b-1 |(13' Te|V) ole
€ 02f wow | s | o | wown | | wewmicomwz  ®  Extracted ag and mPe'® and also gluon PDF
= <400GeV <500GeV |  <1500GeV <400GeV <500GeV i <1500GeV |  NLO
'E 015 N0 Ny=0 é—i N0 N0 N>0 J’;Ik'i N0 | e _ 1725 Gev . CMS . — I CMS e
o \ — CT14, 22=64(32) e X
= 3.& { rg ?L_ ---MMHTT4,12=51(33) %1.27 xg(x) p2=30000 GeV? NLO +4 ©1.2-xg(x) p?=30000GeV* NLO
0.1r + & ”gﬁ ?i ‘ -= NNPDF31, x2=41(39) x - |:I HERA 4 w F :’ HERA
i i _ _
b4 ; ! "£’§ | —en HERAPDF, 1336(35) | ] HERA +tt 1 | ] HERA +tt
0.05 Mﬂ‘i___l i % i i . ABMP16, 12=27(27) |
-0or | ) I 1 | i JR14, 2=34(34)
e A | T S i CJ15, 32=35(31) 1 1= A
" 1 | o
o 14 \‘d
= 1.2 F
© o
5 ME
0.8 I |
0.6 . , , , . . .
1 2 1 2 1 2 1 2 1 2 1 2 0.8~ 1 08- 7
. ()] el el A R N
arXiv:1904.05237 e S B
_ -\ +0.0002 ( )—|—0.0008 ( )+0.0011 ( ) _ +0.0021 (
ag(mz) = 0.1135 £ 0.0016(fit) " 501 (model) " g7 (param) “;pg05 (scale) = 0.11357 ) 5,17 (total
pole _ 170.5 4 0.7(fit) & 0.1(model) 129 4 0.3(scale) GeV = 170.5 + 0.8(total) G
m = . /1t Jd(moae aram J(scale) GeV = . .3(tota e
t —0.1



Slngle top production also measured

q g ATLAS+CMS u ATLAS
S 10° ope : R%.SAS CMS -
= C _-.i.?.;.- LHCIopWG ]
z %_{ >\A/< g - - = NNLO t-channel |
t-channel tW production s-channel % TR R curonainy |
(dominant) (very small) e ;. - i .. } ... = _2‘;? mootany |
JHEP 05 (2019) 088 M
10 B
O meas. f..: left handed form factor ; _
Vin| = e €T NAnaGed rorm ractor - L .00 | L1
|fLV tbl \/O'theo. Vib=1) =1 in the SM T—— ﬁ
| |
Directly sensitive to Vtb: ’ ° (5 [TeV)
ATLAS + CMS 7 and 8 TeV combined
[|fLVth| = 1.02 £ 0.04 (meas.) + 0.02 (theo.) = 1.02 + 0.04]
CMS 13 TeV tW: 63.1 +£ 1.8 (sjcat) + 6.4 (syst) £ 2.1 (lumi)pb  JHEP 10 (2018) 117

CMS 13 TeV t-channel ~ Top quark 136 4 1 (stat) 4= 22 (syst) pb
Top antiquark 82 41 (stat) & 14 (syst) pb arXiv:1812.10514

Ratio (PDF) 1.66 4 0.02 (stat) + 0.05 (syst)

Nadia Pastrone 27
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ttV measurements
Several tV and ttV measurements carried out by ATLAS and CMS

Very important to probe couplings of the top with photon and Z boson

) Top Quark Production Cross Section Measurements Status: November 2018
J/f , g ATLAS Preliminary
a > > a —_ Theory
b 10° Fg Run 1,2 s =7,8,13 TeV .
F LHC pp Vs =7 TeV .
W [ BBl Data 45-461b"
i = .
LHC pp Vs =8 TeV
> > 2 .
b ¢ 10 E ™ xm . Bl Data 202203 3
d g T L ]
r LHC pp Vs =13 TeV
L A
t I BBl  Data 32-798Mb
d 10' £ E
: 1 :
u wT+
g t 1 | n a ] ]
t
HE -
. Z/v* =
A
A
A
107 E o] E
tt t tW t  ttW  ttZ  tZj  ttH tty
t-chan s-chan fid. +jets

28




the final s

Four top productlon (tttt)

e Spectacular process with 4 top quarks in

tate

e Searches in single lepton, double lepton

same and

Single lep. / OS dilep.

SS dilep. / trilep.

Combined O

L1 L1 L1 L1 L1 o e b e
2 0 2 4 6 8 10 12 14 16

opposite sign, triple lepton

ATLAS PRD 99, 052009 (2019)

T I I I

ATLAS F_ 13 TeV 36 1 fb1
— tot. tTtT (SM)
tat.
sé tot (stat syst)

; 1) 1
Best-fit 4 = o'/ 0"y,

e ATLAS: significance 2.8 06 (1.0 0
expected)

WIN2019 -

June 3, 2019

Nadia Pastrone

|
o+

Full Run 2 dataset used

137 fb~! (13 TeV)

i

CMS Preliminary

ZZzz Observed upperlimit f
50 - !
1

Predicted cross section, i

Phys. Rev. D 95 (2017) 053004

40

CMS-PAS-TOP-1 8-Qﬂ3

w
o
~

ot [fb]

N
o

=
o

%0 o5 10 15 20 25

lyelye™|
CMS: same sign dileptons and
three leptons, significance 2.6 o

(2.7 o expected) 29




CMS

Higgs boson discovery A@

EXPERIMENT

The Royal Swedish Academy of Sciences has decided to award the Nobel Prize in Physics for 2013 to

Francois Englert Peter W. Higgs

Jniversité Lipre de Bruxelles, Brussels, Balgium

“for the theoretical discovery of a mechanism that contributes to our understanding of the

origin of mass of subatomic particles, and which recently was confirmed through the discovery
of the predicted fundamental particle, by the ATLAS and CMS experiments at CERN's

Large Hadron Collider”

/,r~ Congratulations to Professors
Vs Wrancois Englert & Peter nggs

Higgs Press Material from CMS

b Higgs Press Material from ATLAS



Main Higgs production processes

g q - > q
W, Z
ggH t.ba ———H— _____ H VBF
W, Z
9. QQQQ/
q > > q
102|]|||IIIIIIII'Illlll:g
\[§=8TeV §
@ q
S
<]
S
3

T III]III|

o(pp — H+X) [pb]
=

—

Cs]]

| lllIIIII

T

—————— #o ttH

T l[lIIIII
1 l[lIIlII

1021 pp collisions

Il|

g TOTOO———1

1 I 1 | | | I 1 | | | I 1 | | | | | | 1

100 150 200 250 300
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SM Higgs boson decays

% 1= |
(@) - ~
5 =
E L

P10 e L
+ — —
o ———
(a8

%)

o

D

H—L
Q
T T \\HH‘ T T

§

10°°

€

WWwW

\/

LHC HIGGS XS WG 2013

W
Ll

|- | ‘ 11| |-

Al o 1L ]
1080 100 120

| |
140 160 180 200
M, [GeV]

m,=125.09 GeV

Decay channel

Branching ratio [%]

H — bb
H->WW
H — gg
H- 11
H — cc
H—-> ZZ
H — yy
H— Zy
H - pp

57.5+1.9
21.6 +0.9
8.56 +0.86
6.30 +0.36
2.90 +0.35
2.67 £0.11
0.228 +0.011
0.155 +0.014
0.022 +0.001

expected Higgs boson’s natural width: 4 MeV << experimental resolution

WIN2019 - June 3, 2019
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Higgs boson mass measurement

v" SM cross sections and decay BRs depend on the mass
v" The mass is measured using high resolution channels:
* H-2>ZZ->4l - small systematic uncertainties compared to current statistical ones
* H-2>yy - more important systematic uncertainties and effect of interference
A T l A S : E:‘I: lEe)((:Zi;i:(fr:OaWtztrhr\;alij’ ;:OE.ORBIT‘M.GZMQO GMT

EXPERIMENT un/Event: 194108 / 564224000
http://atlas.ch o —

M,,=125.9 GeV

i g8 | S G/M=0.9%
Run 1, ATLAS and CMS combined Still used as common
M, =125.09 + 0.24 [+ 0.21 (stat) + 0.11(syst)] GeV reference measurement

WIN2019 - June 3, 2019 Nadia Pastrone 33



Mass measurement @ 13 TeV

4 lepton channel, using 3D fit with Z1 mass constrained to the Z mass, mass, mass resolution

. .. CMS 35.9 b (13 Tev) CMS 35.9 b (13 TeV
and a BG discriminant o 7O T T g 8y : 7 )
(O] r + Data 7 <
N ok [] H(125) ] < 7
a I [ q9-2Z, Zy* ] o r
5 sof M o222 ] " BE —— Wy D'y DL .
m,, = 125.26 % 0.21 GeV g % =P f N ]/
=125.26 =+ 0.20 (stat) =+ 0.08 (syst)) i3 ]
30[- N\
CMS i JHEP 11 (2017) 047 i 3 ;
2 ;
10 B
C 1; ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .
90 80 90 100 110 120 130 140 150 160 170 18; ' : '1é ' 12 — ‘1:2
m,, (GeV) 5 5 5.r5nH (GeVS 6
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
ATLAS ~-Total [ |Stat. only
Run 1: Vs = 7-8 TeV, 25 fb™, Run 2: {s = 13 TeV, 36.1 fb”' Total  (Stat. only)
Runi1H—4l ——— 124.51+0.52 ( + 0.52) GeV
Run 1 H-yy M 126.02£051(£043)GeV ATLAS in Run 2 combination paper:
Run 2 H—4] — 124.79 + 0.37 ( + 0.36) GeV
| Phys. Lett. B 784 (2018) 345
Run 2 H—yy l—O_I—' 124.93 £ 0.40 ( £ 0.21) GeV
Run 142 H—4l — 124.71+0.30 ( £ 0.30) GeV
Run 142 H—yy ———— 125.32 +0.35 ( £0.19) GeV mH =125.26 % 0.24 GeV
Run 1Combined ——— 125.38 £ 0.41 ( £ 0.37) GeV
Run 2 Combined -—OT 124.86 + 0.27 ( £ 0.18) GeV
Run 1+2 Combined -—-T—- 124.97 £ 0.24 (£ 0.16) GeV
ATLAS + CMS Run 1 —— 12500+ 024 ( £ 0.21) GeV Here, interference in H=>yy neglected
1 1 | 1 1 1 1 | 1 1 1 1 | | 1 | 1 | 1 1 | 1 | 1 1 1 1 | 1 1 1

123 124 125 126 127 128
m, [GeV]

a2
=
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M,, [GeV]

SM fits to all EW precision measurements

Fundamental parameters of SM measured at the LHC:

My, M,, M,,, sin?9,,

Used in SM fits to all EW precision measurements

Gfitter EPJC 78, 675 (2018)

T T T I T T T T I T T T T I

-
-
-

\

Hm Global EW fit
Bl Indirect det lMination

-® Measurement

]

IIII!IIII!II

: 0 0 EE m, comb. + 1o : 0,
- 68% ang 95% CL contours 1 m, = 172.47 Gev 7] A : .
80.5 — W Fitw/o M, and m measurements i - 6 =0.46 GeV P — A (LEP)
i | — o =0.46 ®0.50 sV i :
- Fitw/o M, m, and M, measurements i G n:E@Ge - A,(SLD) .
- Direct M,, and m measurements i - . 2 lept .
80.45 — i SO, (QFB) :
B A sinZG)::f:t(Tevt.) —f—
= bl - AT . A S S
80.4 Al By )
Dt (1) S B I e el
[~ Lo &y 7 0,c l. _.__
~ M, comb. 1o : o . ] Arg
80.35 [ w,, =80.379 +0.013 Gev . 72 ! | Af;.;’ ., —e—
: By A - R o
803 [ = R|  —em
- . § T . m, L N =
N N, . 5 o Hxe ] ®) (2 %
8025 - o0 a0 P = B b ——
[ W W e it ] 0 (M2) .

2 3

||||i||||i
o 1
-0)/ o

llillllilllli
3 -2
m, [GeV] (O
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2018: observation of ttH

Several channels are combined:
— H-2>vy, H 277 2 4l: cleanest channel

— Multilepton (H2WW, ZZ, tt): simultaneous fit
of ttH, ttW and ttZ (important BG)

— H—>bb: : tt+HF background is constrained from data

pp — ttH

‘ |—>r-r+ — € +Ve+V +Th*+V;
bW-— b+p-+v,

bW+—> b+q+q’ N jet
u-
b-jet

jet ] ‘,

CMS
b-jet “

WIN2019 - June 3, 2019 Th*
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ttH results

ATLAS significance PLB 784 (2018) 173
Analysis Integrated ttH cross Obs. Exp.
luminosity [fb!] section [fb] sign.  sign.
H — vy 79.8 710 *150 (stat.) 7520 (syst.)  4.lo 370
H — multilepton 36.1 790 £150 (stat.) *130 (syst) 4.1o 2.80
H — bb 36.1 400 ’_L}Zg (stat.) £ 270 (syst.) 140 1.60
H— 77" — 4¢ 79.8 <900 (68% CL) Oc 120
Combined (13 TeV) 36.1-79.8 670 + 90 (stat.) ¥} 0 (syst.) 5.80 4.90
Combined (7, 8, 13 TeV) 4.5, 20.3, 36.1-79.8 - 6.30c 5S.lo
e B A B S S S PRL 120 (2018) 231801 5 o' (7 TeV) + 19.7 o™ (8 TeV) + 35.9 tb™ (13 TeV)
ATLAS |- Total Stat. [ Syst. — SM CMS L ;bcs ?sr;/:tdea syst)
Vs=13TeV, 36.1 - 79.8 fb L m— 10 (syst)
Total  Stat. Syst. FEH(WW* D —— *20 (stat ®syst)
ftH (bb) |_EIH 079+ 2% (+ 92 +053) L ’
) ttH(Z2Z*) (=
ffH (multilepton) He——y 156+ 54 (£ 0% »* om ) L !
i 1) sy rm0s 38 (x 085 02) tiHe) | -
ttH (z2) fe <1.77 at 68% CL ttH(xr) ____—
Gombnea | - 1a2s 98 (r018,2 %) (HED) | ———
1 1 I 1 | 1 1 I 1 1 | 1 1 1 1 I 1 1 ;
1 0 1 > 3 4 7+8 TeV I -—-—-—
Ousd Ot 13 Tev —-n-—
CMS significance: | combined e




ttH, H->yy with full Run 2 data A@AS

EXPERIMENT

>=1 |lepton Fully hadronic
e or mu + 1 btagged jet No e nor mu + 1 btagged jet + 2 jets
> L L L L L > L L e
8 18:— ¢ Data ATLAS Preliminary = 8 F ¢ Data ATLAS Preliminary
10 1 " Continuum Background Vs =13TeV, 139 ft" — ) 14; -------------- Continuum Background Vs = 13 TeV, 139 b = .
¢l 14i - - Total Background m, = 125.09 GeV E g 1oL -~ -- Total Background m, = 125.09 GeV A Contlnuous BG
: E— Signal + Background Had 1 category ] : [ —— signal + Background Lep 1 category J
5 120 5 ‘ cat % 0 P t cat 4 +small BG for other
e 10 urest cateqgo g oF urest catego . .
DE gory & s gory Higgs production modes
C 7 6_ .
6 E ]
| I TR T
2 I 2 H l l l { i i
CIR o s o 1 S S VA Ht— 4 +— 4 id - Weighted sum of all categories
SEREET) 120 130 140 150G160 00— 20 130 140 180 160
my, [GeV] M,y [GeV] % E_ ¢| pata | ATLAS Prelimin;ry _E
Category ttH Signal | non-t7H Higgs | Continuum Background | Total (Expected) | Data 10 B0F e $°“‘Ii'l‘3“”’|: B“":m““d fs=13 TEZ'JSQ LR
[sp] F - - Total Backgroun: my = 125.09 Ge' ]
{TH “Lep” Category 1 | 7.9+15 | 042+0.12 4.6+ 0.9 129+ 1.8 15 = 250 Signals Background  Allcaegoris e
ttH “Lep” Category 2 || 3.9 +0.6 0.43 +0.15 75+1.2 11.8+1.3 11 2 ook In(1+S/B) weighted sum
(@] L -
ttH “Lep” Category 3 || 1.45+0.24 0.49 +0.19 75+1.2 95+1.2 6 g 152 * E
{TH “Had” Category 1 | 6.9 % 1.6 0.8 0.5 45+09 12219 15 5 | } :
{TH “Had” Category 2 | 5.6 + 1.0 1.1+0.8 165+ 1.7 232423 31 R E
tFH “Had” Category 3 || 7.7 +1.3 3.1+£22 56.0 + 3.0 67 + 4 82 5 f
ttH “Had” Category 4 4.9 +0.8 5+4 101 +£4 111 +6 105 oG T T R Ty T R

m,, [GeV]

o1 X Byy = 1. 59+8 gg fb = 1. 59+8 gg (stat.) J_’gzg (exp. fg:ﬁ (theo.) fb
perg = 1.38 7038 = 1.38 1037 (stat.) To-17 (exp.) o7 (theo.)

Significance 4.9 o (expected 4.2 o)



2018: observation of H =2 bb

Production process with highest sensitivity: VH, H 2 bb

All W,Z leptonic decays exploited

~
/ "rn

|

i = -tracks

i P(b-jet) = 177.3 GeV ' S \ B e \X "
Z . biracks -\

b-jet

e* tracks

s

WH, W - ¢v A

AN S
/ N
D 5 e
. \
P,(b-jet) = 85.3 GeV
p—>
L—~b+b
P iss = 187.1 GeV s

P(u*) = 79.2 GeV

CMS Experiment at LHC, CERN Z H , Z E fe

Data recorded: Wed Oct 18 03:06:39 2017 CDT

RonEvent 05200 de7eass ATLAS PLB 786 (2018) 59

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

511" (7 TeV) + 18.9 b (8 TeV) + 77.2fb™' (13 TeV)

LI UL PR LLANLAN L ANLL LLL A L L L  L B B

ATLA - Data 8 107
\s=13TeV,79.8fb" I VH, H - bb (1=1.06) k=) CMS ‘ Sj;ig,ound
0+1+2 leptons [ Diboson LICJ 10%F VH, H—bb B VH.Hobb
2+3 jets, 2 b-tags Uncertainty Background uncertainty
Weighted by Higgs S/B Dijet mass analysis 10° Signal + Background
10*
+ 10°
10°
10
1
2 15 !
a _‘_,j:i*'—Ti
i I I P PR I W I B i, 8 1
40 60 80 100 120 140 160 180 200 O
-3 -2.5 -2 -1.5 -1 -0.5 0
My, [GeV] log, (S/B)

P,(b-jet) = 196.0 GeV
<
11
-

P,(b-jet) = 129.8 GeV x o
P

\ | \
W

=
ZH, Z>vv \ .

et P s = 319.1 GeV
CMS Experiment at LHC, CEl
Data recorded: Sun Jun 25 08 \544 2017 CDT
Run/Event: 297486 / 550591089
Lumi section: 335
<51fb" (7 TeV) +<19.8 " (8 TeV) + < 77.2fb™ (13 TeV)
e Observed
CM_S —_— 110 (stat @ syst)
H—-bb m— +1G (Syst)
: stat  syst
9gF : 2.80+2.08 £1.30
VBF | ——— 253+0.98+1.17
ttH | — 0.85 +0.23 +0.37
WH ——— 1.24 £0.29 £ 0.24
ZH —.- 0.88£0.24 £ 0.16
Combined | == 1.04 £0.14 £ 0.14
PP B B B B B AN R R

0 1 2 3 4 s 8 9
Best fit

Run 1 + Run 2 data:

ATLAS significance 5.4 o (expected 5.5 o)
CMS significance 5.6 o (expected 5.5 o) 39




Higgs coupling to 2" generation fermions

* No conclusive results yet, first channel with sensitivity reaching SM prediction H2> pu

* Excellent mass resolution, which matters a lot for this channel 2015-2017 data
— ATLAS 2.4-3.3 GeV ATLAS-CONF-2018-
. CMS12-33Gey  PRL122(2019)021801 3 oo ey T
%10° 35.9 o' (13 TeV) g E Central high p:“ \s=13TeV,79.8 b E
. . e N £ ¥2/ndof = 54.6/48 H—uu analysis ]
= CMS categories . —
?5) 10 ’|:|—>MM QII:SH;)gweighted CMS: . 20005 e Data E
g 8t 1=0.7 for m =125 GeV ? gjsﬁt W= 1.0 1500:_ — gzcnkgr:uzrz)d _:
5 6:— il B component = 1o (20) Slgnlf 090 (eXp. 1.0 0') C 2
= g | SMx10 \. </ 1000 -
|.?>j 4= r N - ]
3 o ATLAS: 5001 E
% O T T B T R [T B B B u = 0.1 E A
2 S Signif. 0.0 0 (exp. 0.9 0) | CpmmmT e
— P component subtracted = =
EZOZ { ot by d ~ Y 2§++++++ R R i +++++_§
5_2005 { i iy ; LTS } g5 _g;+ +++ 44 '+'+'+ ﬁq;"" ++++ +++ ﬁ} Hr_i
110 115 120 125 130 135 140 145 150 o ST UOUOT U
m,, [GeV] 110 115 120 125 130 135 140 145 150 155 160

m,, [GeV]

* several categories to improve the sensitivity mainly based on mass resolution and
addressing the VBF signature

* Both results are dominated by statistics, expected to keep improving with 1/ /f L

e ATLAS and CMS currently have similar sensitivity but different data sets

* If coupling is SM like, CMS, with current analysis extended to full Run 2 data expects to start
setting a lower limit on the Higgs coupling to muons: p=1.0+0.5

* Analysis improvements could further improve the sensitivity 40



Combination of all channels

All main channels have been measured/combined
in each experiment
Measurements and compatibility tests are carried out:

— Fits of signal strengths p — o, BR relative to SM and their
ratios, including new STXS measurements

— Fits in the k-framework - coupling modifiers and their ratios
All of them assume a SM-like Higgs boson Spin Parity 0* and with a narrow width
such that production and decay are decoupled BRI - o (8 - T ()
i Ty
At the LHC we can only measure oxBR need further assumptions to extract o, BR or
couplings independently

Decay/Production

Spin parity and width T
compatibility tests are also Ho77
carried out and no deviations [H-WW

H-ott
from SM have been found Hobh

Hopp

|Channel measured _
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Signal strengths p Results @ 13 Tev

ATLAS-CONF-2019-005

 uisthe so called signal strength (u=1 in the SM) CMS: arXiv:1809.10733
o, BR/ o.-BR/
p=—— and o = = ! = W; X
oM BR{M' IJ{ (o 'BRf)SM g /ff

* Most constrained parameterization: one single signal strength u

/ ATLAS + CMS at Run 1 (7+8 TeV) \

p=1.09"31 = 1.097007 (stat) *0:04 (expt) 7003 (thbgd)*0:0¢ (thsig)

ATLAS 13 TeV
p= 1117008 = 1.11 + 0.05 (stat.) 1003 (exp.) 1002 (sig. th.) +0.03 (bkg. fh.)

CMS 13 TeV
\‘u: 1.17 £ 0.10 = 1.17 £ 0.06 (stat) "5 (sig theo) + 0.06 (other@

* Statistical, experimental systematic and theoretical uncertainties comparable

* For all other measurement, except [, statistical uncertainties are dominant
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Signal strengths

I [ I | I I [ | [ [ I | | I [ | I [ [ | [
ézl;ﬁ‘gllz:es“g‘g'giﬁy ——i Total Stat. == Syst. "I SM
my, =125.09 GeV, ly | <25 O X BR measured
P, = 71% Total Stat. Syst.
agF vy e 0.96 :o14( o1, 309)
goF ZZ I-:IH 1.04 *315( +o1a, +006) Results @ 13 Tev
ggF ww (== 1.08 o9 ( o041, +0.15)
goF 7t reme 096 9E( 9%, '3 ATLAS-CONF-2019-005
| ggF comb. o 104 wo0s( w007, *00T) CMS: arXiv:1809.10733
VBF vy = 139 1055 ( 5%, o)
VBF 27 —== 268 0w ( foas oE)
VBF Ww HE=H 059 oS ( 1935, +oar)
VBF 1t = 116 05 ( 0. ‘o)
VBF bb : — 3.01 TIET( S, fo%)
VBF comb. e 1.21  *02( +018 1 +018)
VH vy —==— 109 0% ( 15k, o%)
VH 77— —a—y 068 *3%( i, o)
| VHbb | 119 To%( foi, o%)
VH comb. == 115 1825 ( zots, 1012)
ttH+tH vy = 110 T34 ( 5%, 519
ttH+tH VvV =y 150 f925( foa, Toa)
ttH+tH 1t E— 138 g ( 0%, 10%)
itH+tH bb === 0.79 355 ( o020, +o052)
| ttH+tH comb. Pz'u'"""'"""""""""'H'.é}"'i'gfgf";'('"Qé.];',"i'g;'fg')""
| | | | | | | | | | | | | | | | | | | | |

—2 0 2 4 6 8
Parameter normalized to SM value



Signal strength u: production, decay

Production o measured, fixing SM BRs

BR measured, fixing SM o

* Simplified Template Cross Sections
(STXS) in specific phase space in
each production mode.

L L B I I B B 35.9fb" (13 TeV)
M ® Observed
ATLAS Preliminary  —e—Total Stat. [ Syst. SM CmMS = 1o (stat ® syst)
Vs=13TeV,24.5-79.8 o' L — +20 (stat ® syst)
— 1 t)
My, =125.09 GeV, ly | <25 u o (syst)
Py =76% Total ~Stat. Syst. L
| y74 -
ggF == 1.04 +o00( o007, '95) W -
VBF — 121 05 5%, 0E) pww e
WH e 130 03( 5. 2% e S
ZH = 1.05 23 ( so2a, 012) r
l-lbb ———
ttH+tH I i 121 9% ( sor7, T0%) -
i
P I AR AN AN ERTEIN VRN BRI AR PRI A W
06 08 1 12 14 16 18 2 22 24 26 e e T R e

Cross-section normalized to SM value

allow phase space dependent interpretations, such as EFTs

ATLAS-CONF-2019-005
CMS: arXiv:1809.10733

qq ~ Hqq

% qq ~ Hqq.p/> 200 GeV

—>| qq — Hqq, VH topo

—>|qq — Hqq, VBF topo + Rest |

V(lep)H

qq~ Hlv, p,” < 250 GeV/

g

qq~ Hlv, p,* > 250 GeV

99/qq~ HIl, p,” < 150 GeV

|

99/qq ~ HIL, 150 < p,” < 250 GeV |

99/qq ~ HIL p,¥ > 250 GeV

ATLAS Preliminary 8,822 o]

(s=13TeV,36.1-79.81b" B8 ——]

my= 13 2950/.09 GeV,ly, <25 5 5. o}

=89%

P 5.6, o

F—e—Total | SM
10 1 10
T T T
9g—H, 0-jet ]
9g—H, 1et, p! < 60 GeV |_._|
gg—H, 1-jet, 60 < p! < 120 GeV ;_+|
gg—H, 1-jet, 120 < p;‘ <200 GeV
gg—H, 2 1-jet, p! = 200 GeV | e
9g—H, 2 2-jet, p!! < 200 GeV |_1._|
qq—Haqq, VBF topo + Rest | [ag!
qq—Hqq, VH topo —|-|
qq—Haq, p/, 2200 GeV —_— |
qq—Hlv, p‘r’ <250 GeV | ——ri
qq—Hlv, p¥ > 250 GeV .—|—.—|
99/qq—Hll, p¥ < 150 GeV —.{—4
99/gq—Hil, 150 < pY < 250 GeV _.|_|
99/aq—Hll, pY > 250 GeV | —a—
ttH + tH [Fe
Il L Il L
10 107 1 10 o
o xB,/B;, [pb]

All signal strengths and STXS in different channels are consistent with 1 (SM)

Parameter value

Limit model dependency, measure regions of phase space sensitive to BSM effects, and

ATLAS Preliminary Total Stel.  Syst
4 |8, 0ge 101 (1012 w007,
Vs=13TeV, 36.1-79.8fb 86 012 (011 -0.06
BB 063 103 (1022 1027
my,=125.09 GeV, |y, | <25 b5 22 163 928 (0188 -0.22
H By/B 0.86 +0.18 , 40.13  40.12,
P, =89% ww'=zz 86 .16 (011 -011)
SM B../B = 4029 4022 +0.19
—e—iTotal Stat. we/Bzz i 087 924 (019 -0.14)
== Syst. | SM 3 0 2 B % g
Total Stat. Syst.
i 1018 4016 40.09,
|99 —>H, Ojet x B, 129 547 (L0150 —0.08)
Jet, pH 10.43 4037  +0.23
99—H, 1-jet, pif < 60 GeV x B, 057 047 (o3e ‘050
§ 10.38 4033  +0.18
lgg—H, 1-jet, 60 < p! <120 GeV x B, 087 1038 (1033 1018
§ 1081 4071 +0.39,
lgg—H, 1-jet, 120 < p <200 GeV x B, i 130 1981 (1071 4039
; 10.84 4073 +0.43
lgg—H, = 1-jet, p! > 200 GeV x By, e 205 1055 (oen ‘os)
y 0.56 4046 +0.32
lgg—H, 2 2-jet, p;‘<200 GeV x B, T‘ 111 :o o (Co4ar ':025)
1045 4036 +0.27,
gg—Hqq, VBF topo + Rest x B, ‘ 157 ‘0% (:0 o :0‘2‘)
135 4131 40.32,
l99—Haq, VH topo x B, ——— 012 15 (A5 100
51 4134 +0.69,
9g—Haq, P, 2200 GeV x B,,  f—=m=—i 095 15 (M3 9%
124 4102 +0.71
qg—Hiv, p¥ <250 GeV x B,, e 228 120 (*102 4071,
v 4232 4144 +181
ag—Hiv, p¥ 2 250 GeV x B,, PEe== 191 70 (5 08
v +1.26 ,+1.01 +0.76,
l99/ag—HIl, p¥ < 150 GeV x B, = 085 *1% (101 1076
v .29 +102  +0.79
l00/ag—HIl, 150 < pY <250 GeV x B, e 086 1% (‘ooe o)
v 4308 +187 +2.38
Py 2 =2
lgg/aq—Hil, p¥ > 250 GeV x By, 290 B9 (187 123
1039 4030  +0.24
tH + tH > By, = 144 o33 (Zo27 —019)
o b e b e b e e e b

-10 -5

0

5 10

15
Parameter normalized to SM value
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Higgs Couplings: k-framework

In the k-framework the Higgs ’
boson couplings are scaled by
. oo t
coupling modifiers k .
The definition is such that: Bffective |
Loops Interference scaling factor Resolved scaling factor
Production
2 _ _ SM 2 _pJyJ o(ggH) v g-t K2 1.04x2 4 0.002k2 — 0.038xi ks,
Kj=0jlog or K =T"Tgy o (VBF) — — ) 0.731%, +O.27K§
o(WH) — — K3y
‘ 2. .M 7(qq/qg — ZH) — — Kz
K3 = f BRJSMK3 Ty = - HBRH o(gg — ZH) v Z-t 2.246K% + 0.47K2 — 1.94K 7K
- BSM O’(ttH) — — K
o(gb — WtH) — W-t 2?911(% + 2.31x2; — 4.22K¢ky
. . b — tH - W- 2.63x% + 3.58k2, — 5.21
With BRg,, the BR of invisible iR Rt - o AR
+ undetected decayS Partial decay width
2z _ — K2
— Undetected decays can be Tww — — <,
non SM decays or come from - v Wt < ,1<559K%V +0.07k¢ — 0.67Kwki
different BRs of known but rbb — — 2
2
not measured decays: cc, gg, e - - Ky

Total width for Bggy = 0
0.581 + 0.22k3 + 0.08x3+
I'y v — K% + 0.06x2 + 0.026x% + 0.029x2+
+0.0023x3 + 0.0015x3, +
+ 0.00025x2 + 0.00022x2

f New Physics is lower than m,/ BSM
f above m,/2, effective couplings of the loops would be modified

’
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Higgs boson couplings

No BSM in the loops, loops as in SM
only depend on couplings

Fitting the 5 main tree level coupling
modifiers + k, and resolving all the
loops

Within current precision Higgs
couplings scale with particle masses

ATLAS-CONF-2019-005
CMS: arXiv:1809.10733

m m
F v
Key- OF Ky

Ratio to SM

—_ —_ —_ -
< < < <
w N L

(@) —
001_;(”'5

Nadia Pastrone

35.9 fb' (13 TeV)

T |tl

------- SM Higgs boson
— (M, ¢) fit
ERY

[ ]*2c
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R
Particle mass [GeV]



Events / 4GeV

CMS H = ZZ - 4l, full Run 2 datasets

CMS Preliminary 2016 + 2017 + 2018
T T

137.1fb" (13 TeV
T

I
350

300

250

200

150

100

50

¢ Data
[JH(125)
C99-22, 21"
9922, 2y
B Z+X

o;'III|IIIIIIIII|IIII|IIII|IIII|IIII|I

200
m,, (GeV)

Various measurements have been carried out, including fiducial
and differential cross sections

300

5.1fb" (7 TeV), 19.7 fo'' (8 TeV), 137.1 fb' (13 TeV)

CMS-PAS-HIG-19-001

»
=

G4 (fD)

C 4 Data (stat. ® sys. unc.)
3 L — Systematic uncertainty ]
[ Standard model

LHC HXSWG YR4, m =125.09 GeV

3_ ezzsezai;zzeaaa

pp > (H—-4l)+X

o b b b B b Bvwn b v B

6 7 8 9

10 11 12 13 14

s (TeV)

Expected Observed
Minclusive | 1- 00+8 8§(Stat )+8 8g(sy5t°) 0 94+8:8;(Stat )+8:8§(Sy5t-)
gt | 1008 (stat) B (syst) | 097708 ctat ) 08 syst
e | 100703 (stat ) "4 (syst) | 064708 (ctat ) FUb(syst
ot | 100785 (stat) BByt | 115788 (stat ) 1458yt
s | 10078 stat) oyt | 013752 (stat) $HT(oyst)
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CMS H->ZZ->4], full Run 2 statistics

* More granural STXS measurements are also performed

P [0,200]

—Ojet

|—1jet |

pT
0
60
120
200

ggH-0j/pT[0,10]
ggH-0j/pT[10-200]
ggH-1j/pT[0-60]
ggH-1j/pT[60-120]
ggH-1j/pT[120-200]
ggH-2j/pT[0-60]
ggH-2)/pT[60-120]
ggH-2)/pT[120-200]
9ggH/pT>200
ggH-2j/mJJ>350
VBF-1j
VBF-rest
VBF-2j/mJJ[350,700]
VBF-2j/mJJ>700
VBF-3j/mJJ>350
VBF-2j/pT>200
VH-had/mJJ[60-120]
VH-rest
VH-lep/pTV[0-150]
VH-lep/pTV>150
ttH-lep
ttH-had

Reconstructed category

* All measurements again in agreement with SM

pH [200, co]

[ m; [0 350] |

[, [ 350 o]

&

O:2Jet 25N BJeIOO H“

CMS simulation Preliminary
T ogRO7RTI0, 0]
[ 99H-0j/pT[10-200]
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2.49
3. 21+1 85

+1.57
0.00%, 5,

+1.20
0.57

0.07735%

CMS Preliminary 137.1 " (13 TeV)

o f'.l O'| O Mo zz0al
my, prorie Gy (D)

0.80
2.53
0.88
0.57
H-=— 0.10
F—a— 0.16
-] 0.23
- 0.11
L 0.10
. 0.07
= | 0.05
—— 0.07
= | 0.04
I:—| 0.25
0.02
: = | 0.11
— 0.03
- 0.05

b bbb 1000008,

012345678910
G/GSM

48



Electroweak: future prospects

 ATLAS and CMS are working to complete the full Run 2 analyses in all channels
* Once published, as for Run 1, Run 2 results may be combined

* Run 3 and later at HL-LHC will allow an increase in precision
PDFs at the HL-LHC (Q =10 GeV )

arXiv:1902.04070 " TES# PDF4LHC15 " " [ PDF4LHC15 K
-------- + HL-LHC (scen C) -+ + HL-LHC (scen C)
3 wwwo + HL-LHC (scen A) T www + HL-LHC (scen A)
PDF 5 5
<1, o
improvements 2 2
Y & s
X x
o ;
Ll Lol Lol Ll L Lol Lol L m
107 107 1072 1072 107" 10°° 107 107 1072 107"
— 190 o = e
% | 68% and 95% prob. contoursi < qg; | 68% and 95% prob. contours
O) |- T HL-LHC projections NC 0.233 ?D:D HL-LHC projections o
| tsi - (D0 Fitwio My, m, = - [T Fitwio M, sin?@_ ), m_ @ | |
mprovemen sin e - (11 Full Fit (Current) n © [ Fitwio Mx sinz(eeﬁ)‘ Hob
| [T Full Fit (HL-LHC) Himi W eff
0.2325 Full Fit (Current)
the measurement so | - Tl it (HLALHC)
of precision EW 5
0.232 —
observables: | 22~ i ;
Am,, ~10 MeV [ i E S —— B
ASinzﬁw ~0-00015 §Mw=ao4a7930.oo7eev """"""""""""""""""""""""""""""""""
: . 0.231 __ | iMy=80.379 = 0.007 GeV
Coeoc Loy | R T R R |
. . 4 4 2 . . 4
WIN2019 — June 3' 2019 80.3 80.35 80 80.45 80.25 80.3 80.35 80 49
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Higgs: future prospects

CMs. !
PRL 122 (2019) 121803 5 —
pp collisions 2016
g -
NN——p - --- - H s K " 35.9fb 1@ +/s =13 TeV
H

Y A Y pmmm===- <\

g . H ..
7 oTe== S H

combined results from four final states:

bbyy, bbtt, bbbb, and bbVV
V =W or Z boson

CMS
Run | combined . ege @
erved 8.5 Quite far from SM sensitivity O(10x)
bbVV
Ermenied 88.75M . : . .
- No evidence for a signal is observed in
bbbb
Ervecied 35.0.5M " a search for narrow resonances - HH
- 99— ,
bore e Observed performed in the mass range 250-3000 GeV
Expected 25.1xSM - -~ Median expected
bbyy B I 68% expected
Erpeciea 16.%M 95% expected
Run Il combined
Observed 22.2xSM
Expected 12.8x SM l ‘ o . .
678910 20 30 405060 100 200 300400
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Higgs: future prospects

arXiv:1902.00134

With 3000 fb-'/experiment current projections indicate a combined 4.0 o sensitivity to
double Higgs production

Statistical-only Statistical + Systematic

ATLAS CMS ATLAS CMS
HH — bbbb 1.4 1.2 0.61 0.95 A
HEH — birr . L6 51 4 R ATLAS and CMS 3000 fb™' (14 TeV)
HH — bbyy 21 18 20 1.8 = HL-LHC prospects
HH — bbVV (llvv) - 0.59 - 0.56 B —— ATLAS
HH — bbZZ(4l) - 0.37 - 0.37 R e CMS
combined 3.5 2.8 3.0 2.6 I —e— Combination
Combined Combined
4.5 4.0

95%

68%
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Outstanding results from the LHC experiments thanks to the LHC
team and the excellent performance of the collider

M—f'* Conclusions

Achieved crucial improvements on the knowledge of electroweak
interactions, top physics and of the Higgs boson:

— Precise measurements of EW interactions
— Higgs discovery and related measurements
Only ~ 5% of the expected total data have been collected until now

ATLAS and CMS will continue to collect and analyze the data and
upgrade the detectors in view of High Lumi LHC

Improved measurements may further confirm the validity of the SM
or indicate deviations which could be hints of new physics
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Data / prediction

Differential measurements

arXiv:1812.06504

Differential measurements mainly carried out in H=2>yy and H=>ZZ->4| channels
To verify QCD modelling and accessing Higgs couplings and spin parity properties

] * No deviations from predictions observed
CMS 35.9 b (13 TeV) _ P 1> OPS
10 H  Constrains on k¥, K,, K, and dimension-6
- Ac(p. > 600) / 250 .
S ' operators in the EFT approach can be
1 é—rﬁ% ﬁ Ac(p >200) / 120 )
- L . Ac(pt > 600) / 250 derived
10 I
= 4 Combination ?ﬁ _ ,CMs 3591 (13TeV)
1072 ;_ Syst. unc. i3 ~ g — Combination i
= H - bb 1.5:_—H—>ZZ -6
- l C|—H->vy
10—3 E— H - rer 1_ _5
E H->2z2z  mmeeeees YT 1777 0 5:_
1074 i L —4
= aMC@NLO, NNLOPS | -
© Gg, from CYRM-2017-002 \ OF s
=] N T T e e e L C
10 - | | | | | | _0.5__
oF - —12
§§_ —1=
25_ %i . E —1
(};M? L4y L ¥ M L % ] —1.5 |[+Bestfit *SM --2c —1o | B(Kc,l(b)i
e T T i A I R B R B B
1 8 6 4 2 0 2 4 6 8
07530 45 80 120 200 350 600 = ;
C
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sin?3d,, with projections

ATL-PHYS-PUB-2018-037
AT_LA_S Simu!atiqn Ffreliminary

LEP-1 and SLD: Z-pole average —%— | 023152+ 0.00016
LEP-1 and SLD: A% B ——e—— | 0.23221:0.00029
SLD: A, B — | 0.23098 = 0.00026
Tevatron B o — " | 0.23148 = 0.00033
LHCb: 7+8 TeV B - "~ | 0.23142 =0.00106
CMS: 8 TeV [ o " | 0.23101+ 0.00053
ATLAS: 7 TeV B o ~ | 0.23080 = 0.00120
ATLAS Preliminary: 8 TeV B o ~ | 0.23140 = 0.00036
HL-LHC ATLAS CT14: 14 TeV B | 0.23153 = 0.00018
HL-LHC ATLAS PDFALHC15,, ,.: 14 TeV | | 0.23153 = 0.00015
HL-LHC ATLAS PDFLHeC: 14 TeV B "~ | 0.23153 + 0.00008
023 0231 0232
sin’e’
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Measurement of sin%9,,

* sin%9,, provides an indirect measurement of W mass
sin? Oy = 1 —MW/M%

 Z decays are sensitive to the axial and vector lepton couplings,

— ZQf Sil’l2 Qw,

at tree level:
_ Tf

and allow the measurement of sin9/°"

Uf/&lf = 1- 4‘Qf‘ sm Qeff sin2 Qéff = Ks Sin2 Ow
Enhanced Born Approximation (EBA

e Will help to disentangle LEP/SLD tension (3.20)
— sin?8 from A;%° (LEP) = 0.23221=+0.00029
— sin29,, from A(SLD) - 0.23098+0.00026
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Top pair production and decay

?@m&w&<~ 90& >@Wm<

E_,, "¢ ©¢,(m=172.5 GeV)'
177.31 +10.1

7 TeV 108

8 TeV 252.89 +13'§

13 TeV 831.76 +40-é

* high rate, large background
e Used with more data

~

I

* Low rate but clean
* Early measurement

'https://twiki.cern.ch/twiki/bin/view/LHCPhysics/TtbarNNLO
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Based on W decay

“alljets” 46%

t+ets 15%

1%
T+t o

0 .
i 2%,%0 L+jets 15%

et+jets 15%

' "dileptons™ "lepton+jets™

* Moderate rate, moderate backgroung
 Early differential measurement
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Trigger and Data Acquisition

* The trigger system must be able to take in real time the
decision of which collisions must be saved

e 2-level trigger systems

40 MHz + Design input: 40 MHz

100KHz « Levell output 100 KHz

O(1) kHz * High Level Trigger output O(1) kHz
(saved for physics analysis)

e The HLT has access to the full event information

Nadia Pastrone
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A@ ttH production with H->yy

EXPERIMENT

ATLAS-CONF-2019-004

* updated photon identification and jet calibration

collisions
e <PU>=23(2015-16) up to 37 (2017-18) bp

1392 fb1 @ +/s = 13 TeV

e data-driven background estimations
* simultaneous fit in seven signal-enriched event categories

> 016 —————

8 C H-vyy, m, = 125 GeV‘ > ATLAS Simulation Preliminary 7

0 0.14F /s = 13 TeV, 139 fb’ E

o (ttH) X B, = 1.59%033 fb S 0.2 3
S o Had 1 ]

1 1 icti B 0.1 MC -]
in agreement with SM prediction z : = ¥ e Model
significance of 4.9 (4.2 expt) o Z 005¢ Lep3 E
0.06— — Signal Model

0.04~ 3

0.021 3

Powheg generator — PDF 4LHC15 cesesest il | | | Wl vevoves

, . .. 115 120 125 130 135 140

+ Pythia8 (A14 set) parton showering/hadronization m,, [GeV]
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