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The new particle—

- Beyond any reasonable doubt, we have discovered a new particle

* A boson since it decays to bosons!
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The new particle—

- Beyond any reasonable doubt, we have discovered a new particle
* A boson since it decays to bosons!

- Is it a Higgs boson?
» Scalar (JPC = 0+)

* Its vacuum expectation value is responsible for EW symmetry breaking
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Spin analyses

“The outcome of the spin analysis has as much suspense as a
football game between Brazil and Tonga” (theorist in 2012-3)
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Spin analyses

“The outcome of the spin analysis has as much suspense as a
football game between Brazil and Tonga” (theorist in 2012-3)

Be prepared for the unexpected!
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Spin analyses

* Observation of H — yy excludes spin-1 (Landau-Yang theorem)

« Compare SM 0+ hypothesis with alternatives (0, 1%, 2%) via angular
distributions / masses in yy, ZZ* = 4¢, WW* — fv{v final states

Choi, Muehlleitner, Zerwas
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Spin analyses -

* Observation of H — yy excludes spin-1 (Landau-Yang theorem)

« Compare SM 0+ hypothesis with alternatives (0, 1%, 2%) via angular
distributions / masses in yy, ZZ* = 4¢, WW* — fv{v final states
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The new particle—

IMichelangelo Mangano]
- Beyond any reasonable doubt, we have discovered a new particle
* A boson since it decays to bosons!
- Is it a Higgs boson?
» Scalar (JPC = 0*) v
* Its vacuum expectation value is responsible for EW symmetry breaking

- First evidence: large decay rates to WW, ZZ and small to yy (and Zy)

cfr: f0(980) JPC=O++ and ['(f0—YY)=290 eV, but it’s not “a” Higgs
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The new particle—

- Beyond any reasonable doubt, we have discovered a new particle
* A boson since it decays to bosons!
- Is it a Higgs boson?
» Scalar (JPC = 0*) v
* Its vacuum expectation value is responsible for EW symmetry breaking v
* First evidence: large decay rates into WW, ZZ and small into yy (and Zy)
* Is it the SM Higgs boson?

- Elementary particle, associated to the sole mechanism responsible for the
masses of gauge bosons and fermions

- Couplings, width (lifetime), self-interactions (potential) as predicted by the SM
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The SM Higgs bosomat the LHC? <

Production mechanisms Decay modes

Gluon-fusion Vector boson fusion (VBF)
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ATLAS Preliminary Total uncertainty
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Higgs boson resultsrdecays (CMS)-
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Decay modes

—

Q

Q
r

Higgs BR + Total Uncert [%]

—
<
W

WW

| L 111Ul ||
LHC HIGGS XS WG 2013

N
N

4
1080 100

120

140

160

I1 80I I200
M, [GeV]

Combined
u=100=+0.13

H — bb tagged
u=0.93 = 0.49

H — tt tagged
u=0.91+0.27

H— yy tagged
u=1.13+0.24

H— WW tagged
u=0.83 = 0.21

H— ZZ tagged
u=1.00+0.29

19.7 b (8 TeV) + 5.1 b (7 TeV)

CMS m, =125 GeV
Preliminary ATLAS/CMS
-
— > 40
=r#— >00
—&—r > 00
—T— > 00
| | | | | | | | 1 1 | | | | | | | |
0 0.5 1 1.5 2

* 30 at Tevatron

Best fit o/oSM

Bruno Lenzi (CERN)

Higgs physics and experimental results

21-25/10/2014

15



--‘\___-

The SM Higgs bosomn at the LF

Production mechanisms
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Higgs couplings scale with mass”

19.7 b (8 TeV) + 5.11fb" (7 TeV)
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Higgs couplings Scale with m

19.7 0" (8 TeV) + 5.1 o’ (7 Tev)
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Higgs width

« SM: H(125 GeV) ~ 4 MeV. Detector resolution ~ 1 GeV

 Need to look for other observables sensitive to width
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Higgs width

« SM: H(125 GeV) ~ 4 MeV. Detector resolution ~ 1 GeV

 Need to look for other observables sensitive to width
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Higgs width

« SM: H(125 GeV) ~ 4 MeV. Detector resolution ~ 1 GeV

 Need to look for other observables sensitive to width
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Differential distributions

Kinematics of Higgs production / decay corrected for detector effects
(validate theoretical calculations)
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Prospects

 All the measurements seem to indicate that this particle is consistent with the
SM Higgs boson

« Couplings measured to ~30% precision

 Deviations in the most attractive scenarios of physics beyond the SM = 10%
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Prospects

 All the measurements seem to indicate that this particle is consistent with the
SM Higgs boson

« Couplings measured to ~30% precision

 Deviations in the most attractive scenarios of physics beyond the SM = 10%
« How to go beyond ?

- Better experimentalists (and theorists) ?

« More data (luminosity) ?

- More energy ?

- Collide different particles ?
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- LHC is expected to operate for another ~15y and produce ~100x more data

LHC splice collimation, HL-LHC
consolidation cryogenics, ... installations

~350 fb-* ~3000 fb-
_ ~100 fb-"
A I By LS2
8 TeV 13-14 TeV 14 TeV HL-LHC
> > > >

2013 2015 2016 2017 2018 2020 2022 2023

ATLAS phase 0 winter shutdown
oV <]l detector consolidation CMS pixel upgrade phase 1 upgrade phase 2 upgrade

2012 2014 2019 2021
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- LHC is expected to operate for another ~15y and produce ~100x more data

* Naively would lead to 10x better coupling determinations but with higher

luminosities comes higher pileup — challenging for the detectors

23 additional interactions

ATLAS Simulation Preliminary
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Future circular colliders (FCC, pre M\ust“I'IIEP, VLHC)

* 80 - 100 km tunnel

* 4 interaction points

« e*er /s ~ 240 and 350 GeV
* Need top-up injection

* pp: /s upto 100 TeV
« 20T magnets

 Higgs factory and increased
reach for new physics

 Detailed studies of physics
case starting
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Higgs prospects attHC and e*e”¢

Facility LHC HL-LHC  ILC500 ILC500-up ILC1000 ILC1000-up CLIC TLEP (4 IPs)
Vs (GeV) 14,000 14,000  250/500  250/500  250/500/1000  250/500/1000  350,/1400/3000 240/350

[ L£dt (fb=1)  300/expt  3000/expt 2504500 115041600 250+500+1000 1150+1600+2500 500+15004+2000  10,000+2600
iy 5—7%  2-5% 8.3% 4.4% 3.8% 2.3% —/5.5/<5.5% 1.45%

Ky 6-8%  3—5% 2.0% 1.1% 1.1% 0.67% 3.6/0.79/0.56% 0.79%
K 4-6%  2—-5% 0.39% 0.21% 0.21% 0.2% 1.5/0.15/0.11% 0.10%

Kz 4-6%  2—4% 0.49% 0.24% 0.50% 0.3% 0.49/0.33/0.24% 0.05%

K 6-8%  2-5% 1.9% 0.98% 1.3% 0.72% 3.5/1.4/<1.3% 0.51%

Kq = Ky 10-13% 4—17% 0.93% 0.60% 0.51% 0.4% 1.7/0.32/0.19% 0.39%

Ky = Ky 14-15% 7—10% 2.5% 1.3% 1.3% 0.9% 3.1/1.0/0.7% 0.69%
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+ Cross sections increase with /s 8
o 48
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- Important for HH production E o we— T EE
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- Destructive interference - A et T L
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Need to explore many final : My =125 GeV -
states: bbyy, bbtt, bbWW), ... I MSTW2008 -
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= r | | | | | | | | | | | |:
7 8 910 20 30 40 50 60 7080 10°
\'s [TeV]
HL-LHC ILC500 ILC500-up ILC1000 ILC1000-up CLIC1400 CLIC3000 HE-LHC VLHC
Vs (GeV) 14000 500 500 500/1000 500/1000 1400 3000 33,000 100,000
f Ldt (fb~1) | 3000/expt 500 1600% 500+1000  1600+2500% 1500 +2000 3000 3000
A 50% 83% 46% 21% 13% 21% 10% 20% 8%
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Leptos

Unifies special relativity,
quantum mechanics and
field theory

Describes electroweak
and strong interactions
between all known
particles

BEH mechanism gives
mass to W,Z bosons
(+ fermions)

Survived last decades of
experimental verification

- Higgs boson was (?) the
only missing piece
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