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A Toroidal LHC ApparatuS Detector
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ATLAS

EXPERIMENT

Run Number: 160958, Event Number: 9038972
Date: 2010-08-08 11:01:12 BST
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Standard Model of Elementary Particles

three generations of matter
(elementary fermions)

three generations of antimatter
(elementary antifermions)

interactions / force carriers
(elementary bosons)
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Standard Model Total Production Cross Section Measurements status: July 2018
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Standard Model Total Production Cross Section Measurements
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Standard Model Production Cross Section Measurements Status: July 2021
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Standard Model Production Cross Section Measurements Il

Status: July 2018
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0 =202+2 8 b (NLOBlackhat+CT10) Nucl. Phys. B. 918 (2017) 257
c=95+09-1. 2 pb (NLOBlackhat+CT10) Nucl. Phys. B 918 (2017 257
o = 151 = 25 fb (MadGraph+PRD 83 (2011) 074013) JHEP 11 (2017) 086

o = 48+ 10 fb (Whizard+NLO PRD 91, 072007 (2015)

o = 0.6+ 0.08 pb (Madgraph5 + aMCNLO) EPJC 77 (2017) 40

o = 232 = 32 fb (MCFM) JHEP 11,172 (2015)

Ratio — 8.87.+0.16 (Blackhat) EPJC 74° 3168 (2014

Ratio = 8.97 + 0.1 (Blackhat) EPJC 74: 3168 (2014

Ratio = 8.789 = 0.046 (Blackhat EPJC 74: 3168 (2014

Ratio = 8.676 = 0.031 (Blackhat EPJC 74: 3168 (2014

Ratio = 10.54 + 0.12 (DYNNLO + CT14NNLO) PLB 759 (2016) 601

Ratio = 9.92 + 0.1 (old) EPJC 77 (2017) 367

o = 0.052 + 0.007 — 0.02 pb (Sherpa 2.2.1 NLO) JHEP 05 (2018) 077

EPJC 75, 82 (2015
JHEP 05 (2018) 07

o =0.239 + 0.03 - 0.084 pb (Sherpa 2.2.1 NLO)
EPJC 75, 82 (2015)

o =1.1+0.13-0.38 pb (Sherpa 2.2.1 NLO) JHEP 05'(2018) 077
o =0.933+0.027 pb §3|ackhat EPJC 75, 82 (2015)
o =5+05-14pb( herpa221 NLO) JHEP 05'(2018) 077
o = 4.67 + 0.06 pb (Blackhat) EPJC 75, 82 (2015)
oc=236+13-5pb (Sherpa 2.2.1 NLO) JHEP 05'(2018) 077
o = 23.47 = 0.22 pb (Blackhat) EPJC 75, 82 (2015)
o =1265+ 2 1-14.4 pb (Sherpa 2.2.1 NLO) JHEP 05'(2018) 077
o = 111.98 + 0.44 pb (Blackhat) EPJC 75, 82 (2015

o= 584+8—37 pb (Sherpa 2.2.1 NLO) JHEP 05'(2018) 07

o = 474.22 = 0.84 pb (Blackhat) EPJC 75, 82 (2015)
o =1849+ 1 nb (DYNNLO + CT14NNLO) PLB 759 (2016) 601

6-6.
o = 95.9 + 2.9 nb (DYNNLO + CT14NNLO) EPJC 77 (2017) 367
ATLAS-CONF-2016-04
JHEP 07, 032 (2013)
EPJC 77'(2017) 361

JHEP 07, 032 (2013)

EPJC 77 (2017) 361

JHEP 07, 032 (2013)
o = 1.33 4 0.04 - 0.15 pb (Blackhat+Sherpa) EPJC 77 (2017) 361
o = 0.646 + 0.031 pb (Blackhat) JHEP 07, 032 (2013)
o =5.88+0.1-0.39 pb (BIaCkhaI+Sherpa) EPJC 77 (2017) 361
o = 3.1 +0.14 pb (Blackhat) JHEP 07, 032 (2013)
o = 26.08 4+ 0.45 — 1.24 pb (BlackHat+Sherpa) EPJC 77 (2017) 361
o =14.9 + 0.4 pb (Blackhat) JHEP 07, 032 (2013)
o =109.94454-4 16 pb (Blackhat+Sherpa) EPJC 77 (2017) 361
oc=648+31pb (Blackhat JHEP 07, 032 (2013)
o =55.96 4+ 1.5 - 1.7 nb (DYNNLO+CT14 NNLO) JHEP 02 (2017) 117
o=3294+08- O 92 nb (DYNNLO+CT14 NNLO JHEP 02 (2017) 117
o =28.31+0.68 — 0.8 nb (DYNNLO+CT14 NNLO JHEP 02 (2017) 117
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iminary

ATLAS Prel

7,8,13 TeV

Reference

Run 1,2 +/s

Standard Model Production Cross Section Measurements lll

Status: July 2018

Measurement

ECM [TeV] fL dt[fb_l]
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The LHC tests the Standard Model
to a very high precision
many of these measurements

have percent precision

andisome even permille
lerror o9 VieVion ithe VWimass)
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(elebrating the Standard Model

Those are impressive achievements

a single theory, developed long time ago
based on rather simple building blocks

can predict Nature’s behaviour
in a huge range of energies
with unparalleled precision
in many kinematic situations
involving numerous different particles

So why aren’t we just happy?
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So here we are
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Higgs Boson
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A New Boson Discovery
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Events/s GeV

e We have also measured these boson couplings more precisely

B ] I T 1
+ [afa
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B - Background 22"
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Events / 2 GeV

Events - Fitted bkg

Higgs — vy

PO o e B B O 0 S B e i e o e
Selected diphoton sample ] 30
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ATLAS Preliminary
--------------- Continuum Background Vs =13 TeV, 139 fo'

s
¢ Data

8000 :— Sig+Bkg Fit l:m'1=126.3 GEV} _: 25 f— ..... Total Background my = 125.09 GeV
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Precision progress on the Higgs boson

ATLAS preliminary

e+ total

Run1:Vs=7-8TeV, 25 fb™*, Run2: Vs =13 TeV, 140 fb*

stat. only |

combination

total (stat. only)

Run 1 H — yy | e 126.02 + 0.51 (+ 0.43) GeV
Run1H — 40 | | 124.51 + 0.52 (+ 0.52) GeV
Run 2 H — vy o 125.17 + 0.14 (+ 0.11) GeV
Run 2H — 40 |—o—|| 124.99 + 0.19 (+ 0.18) GeV
Runl1l+2H—yy 125.22 + 0.14 (+ 0.11) GeV
Runl+2H—>40 124.94 + 0.18 (+ 0.17) GeV
Run 1 combined I ® I 125.38 + 0.41 (+ 0.37) GeV
Run 2 combined I—O:—| 125.10 £ 0.11 (£ 0.09) GeV
Run 1 + 2 combined e 125.11 + 0.11 (+ 0.09) GeV
l | [ I | l
123 124 125 126 127 128

my [GeV]
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¢ Gluon fusion Vector Boson .\_fusmn

WH, ZH and ttH associated production

7 7 . - ...= r
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g LY
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q q \ r_
! I RALREEEREEREREN R
0% M(H)= 125 GeV =
NLO EVY) '§
¢

* gg->H (87%)
* pp = VVqq = Hqgqg (7%
* qq > V* > VH (4%)
* gg > tttt > ttH (1%)
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Higgs Boson decay modes

Zy
023% g15%

Higgs BR + Total Uncert

a
—I& R

%

: — 0.02% /
1 I}E,ul 1 I1Eul 1 00 /
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Observation of new production and decay modes

ATLAS

EXPERIMENT
@ Observed VH production (5.30) and H—bb decay modes (5.40)

e Higgs to bb is the most common Higgs decay, but very hard to study

Ratic bo GM

e Just observed, but already performing differential measurements!

E ATLAS Preliminary ¥ H obb. ¥ dspions cross sections:
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Observation of the ttH production mechanism ?ﬁ LAS

XPERIMENT

@ ATLAS observed the ttH production mechanism in 2018

e Confirms Yukawa coupling (Higgs + fermion interactions)

Li ] T 1 T L} [ ¥ ki 1 T 'I T 1 r L L L T

= F ——r——
% & 35 4 pan ATLAS 1
o 3{]':— v Continuum Background s = 13 TeV, 79.8 fb e
i " - --- Total Background m, = 125.09 GeV .
E 25:_ ——— Signal + Background All categories B
5 F In{1+S/B) weighted sum .
a» - th
o9 = “F :
2 15 { =
Process Obs. SiW/"' ]
H to yy 1 m: * + :
H to multilep 4.1 5 e Ll 4 l l =
H to bb 1.4 : £ f et RN
Htozzto 4 D 70 120 130 140 150 160
Comb (13 TeV) 5.8 m_ [GeV]
Comb (7, 8, 13 TeV)| 6.3




ttX, and t-channel tX; atthe LHC13

NLO inclusive cross section Xg
gluon fusion @ SM rate (k=1 k4, =2/3) Xy
107 )

. E= J:"—:  (comkpy + 18,05, 78 )0, X

£
=
| ]
%
[
IVA” 4 ! %
1=
g o° 3oe o0° o90° 120° 150° 180°
L
e For ttH: o(ttH) ~ |ny‘ K*(A cos a+ B sm a) p
FortH:o(tH) ~ |y, | k 2(A cos® a + Bsin’ ) t Cyxcosa + Dyx sm} E
* In 5M, Higgs 1s CP-even: t-H and W-H vertex interference
e o = (), interference term destructive
» For a = 180" or y, = — y, ¢, interference term constructive, and o(tH) ~ 10 * 6(tH ),

36
¢ Also get enhancement of o(tH ) for CP-odd Higgs, with a = 90°



Thank you for your attentions
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