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That magic moment!
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A long journey

Letter of Intent

1 October 1992

  

...

25 years of ATLAS at MPP!
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(Brout-Englert-)Higgs mechanism

P. W. Higgs

F. Englert

R. Brout

F. Englert and R. Brout, Phys. Rev. Lett. 13 (1964) 321-323

P. W. Higgs, Phys. Rev. Lett. 13 (1964) 508-509

Elementary particles aquire mass by interacting with Higgs field φ.

V(Φ)

Electroweak symmetry spontaneously

broken in the ground state.
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MATTER FORCE PARTICLES

New particle: Higgs boson!New particle: Higgs boson!
* scalar (J* scalar (JCPCP = 0 = 0++), with neutral charge), with neutral charge
* couplings proportional to particle masses* couplings proportional to particle masses

HH
91.2 GeV 

172.4 GeV1.270.0024 

0.0048 0.104 4.2 GeV 

0.000511 0.1057 1.777 GeV 

<0.0000022 <0.00017 <0.0155 GeV 80.4 GeV 
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First experimental and phenomenological attempts

  

J. Ellis et al.,  
„A phenomenological profile of the Higgs boson“ 
Nucl. Phys. B 106 (1976) 292-340 

5/22



And the hunt begins

CERN Fermilab

Tevatron

Period Collider Type
√
s

∫
Ldt (fb−1)

1989 - 1994 LEP I e+e− 91.2 GeV 0.2

1995 - 2000 LEP II e+e− 130-209 GeV 0.8

1987 - 1996 Tevatron I pp̄ 1.8 TeV 0.1

2002 - 2011 Tevatron II pp̄ 1.96 TeV 10

2011 LHC Ia pp 7 TeV 5

2012 LHC Ib pp 8 TeV 20

2015 - 2018 LHC II pp 13 TeV 70(+50)

2021 - 2023 LHC III pp 14 TeV 300

2026 - 2035 HL-LHC pp 14 TeV 3000
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Direct searches at LEP and Tevatron

LEP:

+e

-e

(*)
Z

)ττ, q, qνν, -l+ (->l
(*)

Z

)ττ, bH (-> b

LEP I (e+e− → Z → Hf f̄ ):

1995: mH > 58 GeV at 95% CL.

LEP II (e+e− → ZH):

Just before the planned shut-down in September 2000, few Higgs-like events at 115 GeV.

After one-month extended run and no additional signal,

a difficult decision was made to switch the LEP off,

in order not to delay the LHC.
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LEP I (e+e− → Z → Hf f̄ ):

1995: mH > 58 GeV at 95% CL.

LEP II (e+e− → ZH):

Just before the planned shut-down in September 2000, few Higgs-like events at 115 GeV.

After one-month extended run and no additional signal,

a difficult decision was made to switch the LEP off,

in order not to delay the LHC.

(D.Froidevaux, Freiburg 2008)
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Direct searches at LEP and Tevatron

LEP:

+e

-e

(*)
Z

)ττ, q, qνν, -l+ (->l
(*)

Z

)ττ, bH (-> b

LEP I (e+e− → Z → Hf f̄ ):

1995: mH > 58 GeV at 95% CL.

LEP II (e+e− → ZH):

2001: mH > 114.4 GeV at 95% CL.

Tevatron:

q

q

V

V

)ττ, γγ, WW, bH (-> b

g

g

t/b

t/b

t/b

)γγH (-> WW, 

From 2008 on: starts to exclude higher masses.

By 2012:

100 < mH < 106 GeV and 147 < mH < 180 GeV

excluded at 95% CL.
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Indirect Higgs mass constraints

EW precision data (LEP/SLC) Theory bounds (LEP/SLD)

Best-fit mass: mH =94+29
−24 GeV.

mH <171 GeV at 95% CL.

became more stringent after the

top-quark discovery at the Tevatron

(1995).

Standard Model validity scale Λ [GeV]

LHC designed to explore the entire allowed mass range, 100-1000 GeV.

⇒ Either fully exclude it (New physics.), or find it (Holy grail! And still new physics?).
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Higgs boson search at the LHC

0.1 1 10
10

10

−7

9

10
−5

10
−3

10
−1

10
1

10
3

10

10
5

7

√s   (TeV)

 N
u

m
b

e
r 

o
f 

e
v
e

n
ts

 p
e

r 
s
e

c
o

n
d

 a
t 

 L
 =

 1
0

3
3  c

m
−

2  s
−

1
W
Z

top quark pairs

Higgs boson

Total rate

(150 GeV)

b quark
pair production

high energy jets

gauge bosons

Or: How to find the right grains of sand?

1-5 Higgs bosons per 10 billion collisions.
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Higgs boson search channels

Combination of different production and decay channels.

ggF VBF VH ttH

H → γγ Excellent mass resolution,

but large diphoton background.

H → ZZ (∗) → 4` Excellent mass resolution,

but very low number of events.

H →W+W− → `ν`ν Large signal,

but very poor mass resolution (neutrinos).

H → τ+τ− Best accessible via H+jet production.

H → bb̄ Best accessible via VH, ttH.
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Driven by the passion

Continuous, untiring effort in

improving theory predictions

and experimental approaches.

LoI (1992): H → γγ,WW ,ZZ .

Technical Design Report (1999):

Need up to 3 years of LHC running

at 14 TeV for a discovery

(by combining several channels).

10 years for the discovery of each

key production and decay mode.

Just before the start of the LHC:

Optimized analyses and more channels.

Up to three times higher sensitivity,

especially for low Higgs boson masses.

11/22



Showtime
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Too bumpy too soon

Internal ATLAS analysis document of one

group was leaked.

(By a former LEP Higgs enthusiast?...)

→ Busy time over that Easter

to scrutinize the analysis by the

collaboration as fast as possible.
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Too bumpy too soon

Internal ATLAS analysis document of one

group was leaked.

(By a former LEP Higgs enthusiast?...)

→ Busy time over that Easter

to scrutinize the analysis by the

collaboration as fast as possible.

This just reinforced our collaboration rules:

Only look at the data, once the analysis strategy has been settled and approved.

Always cross-check by another independent analysis group.

Keep confidential until the very last step of the collaboration approval

Secrecy for the sake of scientific integrity.

... No matter how insisting journalists or non-ATLAS (i.e. CMS) colleagues may be.
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(R)evolution of the excluded mass range
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(R)evolution of the excluded mass range
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Some food for dreamers?
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Thank you for the nice christmas gift!

I hope that you don’t take it away.
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CERN July seminar approaching

No champagne. Finalize, scrutinize, scrutinize again, keep confidential!

July 2nd: Tevatron announces evidence for a new particle in search for SM H → bb̄.

(2.8σ at mH = 125 GeV.)

What is CMS seeing?
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July 4th, 2012

CMS Combined: 5σ at 125 GeV. ATLAS Combined: 5σ at 126.5 GeV.

R. Heuer:,,I think we have it!”
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July 4th, 2012

CMS Combined: 5σ at 125 GeV. ATLAS Combined: 5σ at 126.5 GeV.
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It is a Higgs boson

July 31st , 2012:

Observation papers published.

Phys. Lett B (716) 2012 1

Phys. Lett. B 716 (2012) 30

Spring 2013:

Evidence of the spin-0 nature.

Phys. Lett. B 726 (2013) 120

PRL 110 (2013) 081803

October 8th, 2013:
Nobel prize awarded to

F. Englert and P. W. Higgs.
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LHC Run-1 legacy (ATLAS+CMS combined)

Combined mass, mH :

125.09± 0.21(stat.)± 0.11(syst.) GeV

Thank you, nature!

γγ: >5σ (each experiment)

ZZ : >5σ (each experiment)

WW : >5σ (each experiment)

ττ : 5.5σ (combined)

bb̄: 2.6σ (combined)

ggF: >5σ (each experiment)

VBF: 5.4σ (combined)

VH: 3.5σ (combined)

ttH: 4.4σ (combined)

All couplings consistent with the Standard Model.
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Run-2 pushes already further

Observation of H → ττ decays by CMS.

arXiv:1708.00373

Evidence for

H → bb̄ decays

in VH production.

arXiv:1708.03299,

arXiv:1709.07497

3.5σ 3.8σ

Still on the list: ttH, H → Zγ, H → µµ etc.
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SM is not enough - Higgs portal to discoveries

Additional Higgs bosons from an extended Higgs sector.

New resonances decaying into Higgs boson(s).

Dark matter interaction with the Higgs sector.

q

q

q

q

W/Z

W/Z

H

CP-violation (anomalous couplings).

Exotic Higgs decays (FCNC, lepton flavour violation).

etc ...
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The discovery of the Higgs boson crowns an enormous scientific effort.

The Higgs boson sector

opens a unique new window

to the unknown universe.
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