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The top Breakthrough of the Year — the discovery of
L T — ;,x the Higgs boson — was an unusually easy choice,
. The HIGGS "‘ representing both a triumph of the human intellect
and the culmination of decades of work by many
thousands of physicists and engineers

The Nobel Prize in Physics 2013 was awarded jointly to
Francois Englert and Peter W. Higgs "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"
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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
(+fermion masses and mixing)

Survived last decades of
experimental verification

- Higgs boson was (?) the
only missing piece
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The Higgs boson and searches for other diphoton resonances at the LHC 28/02/2016

5



B Mass of the universe:

775" J | Massless electron:
T

A high-energy
mostly dark matter EUIRRER s vich -
Mass of the proton: s

98% binding energy
(QCD confinement)

REACTIONS TO THE
LATEST HIGGS BOSON
ANNOUNCEMENT...

'Mass of sub-atomic particles

0O infinite Bohr radius,
I\ atoms lose integrity
A\

* No chemistry, no life

[nobelprize.org]

Bruno Lenzi (CERN)

The Higgs boson and searches for other diphoton resonances at the LHC

28/02/2016


http://nobelprize.org

http://www.phdcomics.com/higgs/
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THE PREDICTED EFFECT 16 THVY.
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LHC collisions and pite-up _ — <

Collisions at 40 MHz,
events recorded @ up to 500

SOATLAS Hz, ~90% used for analyses
.iEXVPER|MENT

89, Event Number: 2415161¢

« Multiple collisions per LHC
bunch crossing (~20 in 2012)

- Experimental conditions
beyond detector design
capabilities

- Clean signatures: leptons
(e,u) and photons

* Increasingly difficult:
(b-)jets, taus, missing
transverse energy
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LHC collisions and pile-up_ =~

Muon
Spectromeder

Hadronic
Caolorimeter

Electromagnetic
Calorimeter

Solen

Tracking {
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» Collisions at 40 MHz,

S
s

; - Experimental conditions
% The dashed tracks
|Neutrino

are nvisible fo beyond detector design
e ceteder capabilities

- Clean signatures: leptons
(e,u) and photons

* Increasingly difficult:
(b-)jets, taus, missing
transverse energy

events recorded @ up to 500
Hz, ~90% used for analyses
\\ | |

, - Multiple collisions per LHC
Y% \%/ bunch crossing (~20 in 2012)
/4
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Production mechanisms

Gluon-fusion

Vector boson fusion (VBF)

Decay modes

L] = N B S e
; / § : b‘I l o §§,
% > CTJ B : _§
O - -8
H 4 H 5 7z g
¢ - === 210y S -3
z e E
: ey :
56T il :
g \ o
Mm102 E
w =
Associated with W / Z Associated with tt (or bb) 3 i
I - S
H L’
q 10° : =
W+, z* ,/ : : ]
’ : N—
104 L1 1 |ml [ B R [
— 80 100 140 160 180 200
q M, [GeV]
‘ . Maln channels (bosonic): H — VY, H — ZZ* — 4{2 H — WW* — EVEV
i+ Fermionic modes (associated production): (VBF) H = 11, (W/Z) H = bb [
« Rare decays: H = Zy,H = pp
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Photon identification

Goal: high y efficiency, jet (m® — yy) rejection factors ~10*

H—yy 2 y jet di-jet | Y
| |||||||I |||||||‘ |||||||I |||||||I IIIII|,|] IIIII|,|] IIII|,|,|]| IIII||||| ||||||||| |||||||‘ |||||||I |||||||‘
102 107" 1 10 102 10® 10* 10° 10° 107 10%® 10° 10"
cross section [pb]

Second Lay/e/r/,,/ R

* No hadronic activity

VS

* Narrow showers

e No second maxima

o
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H — yy: analysis strategy

 Select clean yy sample (purity ~75%) §5°°°;‘;Lr:am-x@=m =17y +DY
- Reconstruct myy : ~ 1% resolution & “°°°'§,,“ E
30001 %, =
- Split events in categories 2000?— 0’“......“‘. 3
- Improve sensitivity 1000; “.’“"”‘“m...,,, =

0

110 120 130 140 150 160
m,, [GeV]

« Resolution and S/B vary with e.g. n

« Access to production modes

ITH leptonic

1t hadronic
VH dilepton
VH one lepton

- W/Z = £, vorjets Vi o

VH hadronic
VBF tight

- Forward jets to tag VBF VBF 10080
Forward - highp

Forward - low Py,

Central - highp”

Central - lowp

+ Leptons and jets for ttH

0 01 02 03 04 05 06 0.7 08 09 1
Fraction of each signal process per category
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Enhancing the signal with
weights from the categories
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Run r‘vber 20912 Event Number: 86250372

Date: 2012-08-24 07:59:04 UTC

In(1+S/B) w. Events / 10 GeV

weighted (Data-Bkg.)

Bruno Lenzi (CERN)

Events /3 GeV

— H(125) (u=1.4)
H(110) (u=1.6)
<--- H(150) (u=6.2)

TLA S QATLAS
EXPERIMENT

ATLAS Preliminary

H— tt VBF+Boosted
[s=7TeV, 45" . 2=
(s=8TeV,20.3 0" *

Higgs physics and experimental results

¢ Data
B z+x
zy. zz
[ ]my=125 GeV

Run 214680, Event 271333760

—; &PTERHN\AS 17 Nov 2012 ©7:42:05 CET
SEERNEL L WW* = vev

Events / 3 GeV

140 160 1 80 4
m,, (GeV) /

(W/Z) H - bb

—e— Data
— H(125) (u=1.4)

Il Others
Fakes
Uncert.

Run: 207629

200 G 101402870

e Date 2012-87-29
[CIAR 1ime: ©0:05:11 UTC
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ATLAS and CMS Preliminary ——ATLAS
LHC Run 1 - CMS
-o- ATLAS+CMS
— : —=+ 1o
u ————>> 55 *%°
ggF .
Uyer —
; ° > 5o
! —
WH .
Man T
W * .
ttH .
w —_—
—=—
IIII|IIIIIIIIIlIIII|IIII|IIII|IIII|IIII

YY + 48: my = 125.09 + 0.24 GeV (0.2% precision!)

0
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Parameter value
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Parameter value

Rare decays (uy, 2y): 7-10x SM
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The new particle

- A boson since it decays to bosons but is it a Higgs boson?
» Scalar (JPC = 0+)
« Its vacuum expectation value is responsible for EW symmetry breaking

+ Evidence: couplings proportional to mass

* 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

cades

A program for the next d

e — _ = —

ﬂ
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WJS2013

100 K T T T ] T T T T T 1 T ] T T v
ratios of LHC parton luminosities: 13 TeV /8 TeV ;

luminosity ratio
o

Total Integrated Luminosity [fb]

« 2012: 20 fb™! for analyses

+ 2015: ~4 fb! delivered
~2-3 fb1 for analyses

« 2016: expect 20-30 fb™

Surpass run-1 sensitivity in
basically all domains

Stirling

f ! T 7 T ™1
- ATLAS Online Luminosity  (s=13TeV

St [ LHC Delivered
- [[_] ATLAS Recorded

- Total Delivered: 4.2 fb"
~  Total Recorded: 3.9 fb™

llllJllllJllLJlllLJ

0 PR ek  — M :
24/05 21/06 19/07 16/08 13/09 11/10

08/11

Day in 2015
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http://www.hep.ph.ic.ac.uk/~wstirlin/plots/plots.html
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ATLAS-CONF-2015-060

ATLAS-CONF-2015-059
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« Spin-0: Higgs-like (2HDM, NMSSM, ...), other decays should be favoured

« Spin-2: Randall-Sundrum graviton, same sensitivity in £+£- decays

>

(31800 ¢ ATLAS Preliminary  pp—sH-syy E
N 1600 £ N
%1400;— \s=13TeV, 3.2 fb =
1200 m,, = 125.09 GeV —
“1000 = E
800 - =
600;_ e data _;
400 B~ — s + b fit =
200 f— - - - background, b —f
g 0k e EPRE X X SO T
S ° " ﬁ ¢ L I -+ 2
-100 & | | | | | | | N
110 115 120 125 130 135 140 145 150 155 160

m,., [GeV]
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Pure sample of photons: >90% above 200 GeV

Fraction

Selection efficiency increasing with mass

« ldentification and isolation =90%

ATLAS: focus on scalar signal
(~30% gain from cuts on Et/ myy)

CMS: events split between EM barrel

CMS-PAS-EXO-15-004

CMS Preliminary

2.6 fb" (13 TeV)

it

(better resolution) and end cap

Signal + background fit to diphoton
Invariant mass spectrum

Events /1 GeV

- Signal from simulation (~1% mass resolution)

- Background function validated on simulation,

fitted on data

I B!
500

Bruno Lenzi (CERN)
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2000 2500
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-15-004/

Events / 40 GeV
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-15-004/
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-15-004/

« 8 TeV results re-analysed using same method as for 13 TeV data

- ATLAS: compatibility at 1.40 (2.20) between datasets assuming gg (gQ)

« CMS: 30 combined significance @ 750 GeV assuming narrow RS signal

‘T% ATll A S o | % o ?MS Pre\l'inzin‘ary _ .2.6 fo'' (13 TeV) + 1?_._7."fb'1 (8 TeV)
S 10°e = Y |
= n . SR It S ¥ I DAY B 16
S - N ' Y
S 102 E 10 ¥
Z = o — Continuum+H fit (m, = 125 GeV)3 = B :
O B \’%o 288 - - Continuum component of the fit 3 | -
10 = 116 120 125 130 135 —| - I D (L1 A 2 5
s =8 TeV, f Ldt=203" !} + : 102 -,‘ - 001
1 e Data t H t E - ‘ —— Combined ]
- —— Continuum+H fit (m, =125 GeV) 1 ﬁ t H - N 13TeV
_1|_— Continuum+H fit (m, = 250 GeV) - 8TeV
10 = — Continuum+H fit (m, = 500 GeV) | | = I R | R 3 5
100 2 4 7 ] 10° " ' '
00 00 300 00 500 600 00 gpe 6102 7107 8107
m,, [GeV] Mg, (GeV)
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http://jsfiddle.net/adavid/

R
- Ultra-fast reaction from theory community @])e New Work Times
-

Physicists in Europe Find Tantalizing

- Many possibilities, no obvious explanation Hints of a Mysterious New Particle

* No other channels (di-jet, tt, WW, ZZ, Zy) ?

- Need more data to confirm / study / exclude

#Run2Seminar and subsequent yy-related arXiv submissions

250
200

150

100

Cumulative number of submissions

13 Dec 20 Dec 27 Dec 03 Jan 10 Jan 17 Jan 24 Jun 31 Jan 07 Feb 14 Feb 21 Feb
Date and time of last update (UTC)
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~analysis & collaboration

B

>\ I8 F 7 TN

« LHC run-2 just started

» Higher energy, expect

larger luminosity

-« Great opportunity for

new discoveries

« The next one might be
just around the corner

Bruno Lenzi (CERN)
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 Signal + background fit to diphoton invariant mass spectrum

- Signal from simulation (~1% mass resolution)

"._6 | T | T T T | T T T | T T T
E‘ 103 = Ocr G ; iotri i E 05 *
< = aussian distribution 3 - I' e [1-10]% myy . :
-5 : : 04>il|0 T T T T T T T T T T T T T T ’| T T T T — Brelt_ngner
_g i Scp-Oow ] 035 ;_ ’ — gluon-gluon Iummosllty
S 2k _ = dependence of matrix
= = Ocs Origh E “E element on §
ko] n . 0.25
@) - - E . . o
2 i power law ] 02 M,:800 GeV, T,: 10 % M,
10 powe_rnlaw o = 0.15 % N
- ~(-m) 3 o= el
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 Signal + background fit to diphoton invariant mass spectrum

- Signal from simulation (~1% mass resolution)

- Background function validated on simulation, fitted on data
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