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VACUUM STABILITY OF THE UNIVERSE

How stable is the Universe if we take into

account the measured values of the
top quark and the Higgs boson masses?
If the answer is "not much” we need

new physics, judge for yourself!

m)

CONSISTENCY OF THE
STANDARD MODEL

The mw-m+mny plot from EWK fits
tells you about the allowed mass
for a SM Higgs considering the
current knowledge of the top
quark and W boson masses
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Extensive program at the LHC to measure Standard Model processes

Total production cross section [pb]
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W/Z cross-sections
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Top Quark

Why so heavy? M: ~ Mu (“natural”)

Quark Mass Why are all the others so much lighter?
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Top Quark Cross-Section
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QCD production (tt)

g

tt Cross-Section
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Low top
momentum

Confirmed by CMS
One of the
few outstanding
tensions with SM
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Single Top Cross-Section
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Single Top Cross-Section

Eur. Phys. J. C 77 (2017) 531
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Top + W/Z Bosons
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Very sensitive to BSM physics
(e.g. FCNC tq2)
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Events /2.5 GeV

Higgs() Boson

Only scalar field of the SM. Why this “intermediate” mass?
Consistent measurements in final states involving bosons
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Events /2.5 GeV

Higgs() Boson

Only scalar field of the SM. Why this “intermediate” mass?
Consistent measurements in final states involving bosons
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arXiv:1806.00242

Higgs Mass

Only scalar field of the SM. Why this “intermediate” mass?
Consistent measurements in several final states
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Fermion Couplings

Fermion masses from Yukawa couplings with the Higgs boson, unconstrained from theory

Couplings scale with fermions generations (u/d/e << ¢/s/py << b/t/7)
Higgs to di-muon not observed yet
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ATLAS-CONF-—2018-13

ttH

Associated production of top-quark pair with a Higgs boson

Rich combination of final states
depending on the decay of top quarks
and Higgs bosons

Typically classified in H(bb), H(yy) and
H(leptons) signatures
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ATLAS-CONF-—2018-13

ttH(yy)

Small BR, but very clean channel. Higgs kinematics completely reconstructed
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ttH Cross-Section

Combination includes Higgs boson decays Measured cross-section (670 = 20% fb)
into bb , WW*, T, vy, and ZZ* larger but still compatible with SM
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Higgs(yy) Cross-Sections
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0 goH

ATLAS Simulation H—yy, m, =125.09 GeV

Different production channels contribute
to the same H—yy final state

Diphoton fiducial

VBF-enhanced

Different selections more sensitive to
certain processes

lepton =1

High ET**°

ttH-enhanced -ttt tr rr°r 1 T 1 1T/

1
- pp— H—yy,(s=13TeV, 36.1 fb™ ¢ data
O 01 02 03 04 05 06 07 08 09 1 (2 ATLAS — Standard Model
--¢C,, =0.05
Fraction of Signal Process / Fiducial Region (particle level) m _ E:Vi 5 % 10

+

10

Differential cross-section show overall
good agreement with theory predictions |
at NNLO ! —T—i

I |I|II|I| I’_IIIIIII

ﬁﬁ
i
4
[Te—
s
o
—et |
cch

o 9 © 9 9

jets i
28 T



top
VH
VBF
MQgH
Run-2

Run-1

oyge X B(H — vy) [fb]

H—-Yyy channel

ATLAS

s =13 TeV, 36.1 fb"
— H — yy, m, = 125.09 GeV

—e— Total

—e— Stat.

Total Stat. Exp. Theo.
+0.6 +0.6 +0.1 +0.1
— e Yoo = 0.5 o6 [—0.5 -01 -00 ]
+0.9 +08 +02 +0.2
— k ® 4 Mo = 0.7 _os [—0.8 -02 -o04 ]
+0.6 +05 +03 +03
— F—e—H W, = 20 5 [ 05 -02 -02 }
+0.19 [ +0.16 +0.07 +0.07
— e MogH =0.81 —018[ 0.16 -0.06 _oos]
B ;'o'{'"l 012 +0.06 +007 | |
— ggH @NgLo m MRun -_ O 99 I: 0.12 -0.05 -0.05 :|
+0.28 [+0.23 +0.10 +0.12
— 9gH@NNLO  |-@—H MRun1—1 17 _oze[ 0.23 -0.08 —008]
11 | | I I | | | I I | I | I I | I 1 1 1 1 | 1 1 1 | I 1 1 1 1 | 1 1 1 | 1 1
0 1 2 3 4 5 6 7
Signal strength
40_ T T T | T T T T T T I I T I I T I | T T T | T .I T | ]
- ATLAS o Best fit ]
35 Vs=13TeV,36.11b™" —68% CL
- H—yy,m,=125.09 GeV 95% CL C
30 T +SM —
25  f -
20 i -
156 -
10 =
5'__I 1 1 | 1 1 1 ] 1 1 1 | 1 1 | | | 1 | | 1 1 1 | 1 | 1 I—_
20 40 60 80 100 ..120 140 160
| ggli'x B(H — yy) [fb]

ouplings

H—47 channel

ATLAS-COM-CONF-2018-013

Standard Template

. ATLAS Preliminary s cocessn ' 0SS o00HONS (STXS)
. H - ZZ* ()| Obzeerved: Stat See baCKup
13 TeV,79.8 b SM Prediction
— Reduced Stage 1 - ly,) < 25 6B (0 B)S‘., o] —
ggF-0j B - 850 + 160 720+ 50 N
ggF-1j-p;’-Low | — * 9 +100 170+ 20 N
ggF-1j-p¢'-Med | .. 110 £ 65 120 + 20 N
ggF-v -p;’-High | — 7426 24+5 B
ggF-2j — 160 £ 110 140+ 30
VBF-p_ -Low . ) 220 + 90 872+27
T — —
VBF-pjT-High | . 8 3 30 + 25 4104 a
VH-Had — + 20+105 359°7
VH-Lep . - 40 +35 165",
P < 60 Y -
ttH - l 1 L 1 l L 1 L l L 1 L l L ‘9ISICLI 11‘)'.: .l l—
0 2 4 6 8 10
o-B/(c-B)
:E‘ 2 2—’ ] I T ] ] ] L} I [ ] .l I T ‘_.:
S << ATLAS Preliminary + BestFit
N — %
Q. fHszz 4 68% CLObe.
: bg i [ 13Tev, 798 1" ; S?ISI/O CLObs. -
0...‘1 _8"_— 7l
1.6/ .
1.4
1.2 :
1
0.8 B
' i l ' ' ' ' ‘ ' ' l : i ' l '
0 01 0.2 03 04 0.5

29
OygeB [PD]



W/Z bosons
- Standard candles
« W mass known with
- astonishing precision
- W/Z+jets production
« background to searches
and precision measurements

my = 80370 = 19 MeV

Conclusions

Standard Model measurements are at the core of the physics programme of the

m,, [GeV]

ATLAS Collaboration
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Top quark
- Heaviest known quark,

mass measurement challenging
 Important tool for searches

my = 172.51 £+ 0.50 GeV

Higgs boson

* Only known fundamental
scalar particle

« Couplings and xs
compatible with SM

* Interplay with top quarks

my = 124.97 £ 0.24 GeV
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Higgs Simplified Template Cross-Sections (STXS)

ATLAS preliminary
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