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OQepeAiwdN EpwTAMOTA OTN o
2wHaTidiokn Puoiki

= KaBlepwpevo
MpoTUTIO

Quarks

Katam\nKTlkn cuudwvia
Ocswpiac — MNepapatoc!
[[la TIoAAQ Xpovia (~40),
g€ Jla HEYAAN
EVEPYELAKN TIEPLOXN
~100 GeV kal pe
akpifeta 0.1%

+ (POPEIC AAANAETTIOPATEWY
+ TO CWHATIOIA TNG AVTIUANG
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OepeAiON EpwTnUaTa OTH o

2WHaTIOIOK PUOIKN

SM

World Average

KaBiepwpevo MpoTtuto, aAla ?7?

¢ EW Symmetry Breaking
¢ Hierarchy problem: s

why weak force is 10%2 times stronger than gravity campoumoms
MW (N126 GEV) — MP|aan (N1019 Gev) .
IVIplanck ~ (8nGNewton) "

+ Unification of couplings

L . . MSSM
+ Radiative corrections ~ quadratically [ Word Avecage

divergent

MH2 ~ Mtree? Acutoff - a(Acutoff)?
YrepuBpn KataoTpodn

¢ Dark Matter / Supersymmetry-SUSY
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To LHC @)

Proton - Proton 2808 bunch/beam
Protons/bunch 10"

Beam energy 7 TeV (7x10'2eV)
Luminosity 10%4cm-2s-

Crossing rate 40 MHz

Collisionratex 107-10°

Parton ;;fj
(quark, gluon) C%[/ g
k"’j '| Higas? New physics rate = .00001 Hz
Particle ..‘U m, € A z° Event selection:
- |||I¥;‘t s SUSY.... 1in 10,000,000,000,000

24/08/16 KaB. K. ®ouvtdg, Epy. Puoikig YywnAwv Evepyeiwy, Mav. lwavvivwyv



O1 epyaoigg yia Tov MnXaviopo &y

Higgs kai yia To Mtrolovio Higgs

= Englert F, Brout R (1964). "Broken Symmetry and the Mass of
Gauge Vector Mesons". Physical Review Letters 13 (9): 321

= R. Brout, F. Englert (1998). "Spontaneous Symmetry Breaking
in Gauge Theories: A Historical Survey”. hep-th/9802142

= Higgs P (1964). "Broken Symmetries and the Masses of
Gauge Bosons". Physical Review Letters 13 (16): 508

O (1964). "Global Conservation
Laws and Massless Particles". Physical Review Letters 13
(20): 585

o (2009). "The History of the Guralnik, Hagen and
Kibble development of the Theory of Spontaneous Symmetry
Breaking and Gauge Particles". Int. Modern Physics A24 (14):
2601-2627
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Higgs Boson ©)

OAa ra cwuaridia rapayovrail kara ro Big Bang xwpi¢ pada.

H aAAnAsmidpaon ue ro medio Higgs, ra ocwuaridia ammokrouv uada.
000 usyaAurepn givar n aAAnAsmidpaon, 1000 usyaAurepn givai n pada.
To medio Higgs yepilel 6Ao To Zuurmrav.

O Bperavog ouoiko¢ Peter Higgs mporeive (1964) ro Asyousvo umrolovio
Higgs mou oxerilsral e Tov unxaviouo kai rov mredio Higgs.

H aAAnAeTTidopaon e
10 Tredio Higgs

Mnxavikn TpIN ME
TTAOXUPPEVUCTO UYPO

22/08/2016




Mnyxaviopoc Higgs kair Mtrolovio Higgs
Me Baon tn Bewpia tTwv Weinberg-Salam BewpoUpe dU0 UTIOBETIKA
cwpatida We kat B XQPIZ pada.

AuTd armoktoUv pala peow tTou pnxaviopou Higgs (M-H).

O M-H eioayel eva ocuvbeTo (Uyadiko) BabBuwTto nedio pe
duvaulko V(®P) rmou nmpokaAei Tnv HAekTpaoObevn dldoraon tng
ouppeTplac (EWSB)

O ouvduaouocg Twv palwv We kat B ipoadiopilel T pala tou
owuaTtidiou Z° evw pe AANo cuvdouacouo TipoodlopileTal AAANo

owuaTtidlo xwpeic pala rmou TautideTal UE TO PWTOVLO:

y=sin 6, ‘W° + cos 6, ‘- B
Z° =cos 6, ‘"W° -sinf,, ‘B

O, = Ywvia avauEng (N yovia Weinberg)

22/08/2016




Mnyxaviopoc Higgs kair Mtrolovio Higgs

‘Exovtag urioyn OTLAv © eival 1o « » N1 <«
» TNV TIEPITTTWOT TWV OUDETEPWV PEUNATWY,
OTIWG OTO OXNMA:

0 AOYoC TwV “evtacewVv oUleU&NC” TwV NAEKTpPaAcOBevVOV
aAAnAerudpaocewyv dideTal:

Kal loxUEeL:

22/08/2016




Avalntnon Tou Higgs oTta tmreipduarta Tou LEP

oto CERN, 1989-2000

Lo U IR [ [ I .I_I Ill_lll_lJ l:
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Avalntnon Tou Higgs oTa TTeipauaTta Tou &N
TEVATRON ot1o FERILAB, 1986-2012

2. UYKPOUOMEVEC DEOUEC TTPWTOVIWV-aVTITIpWTOVIiwY 1.9 TeV

Tevatron

+10 Expected +ATLAS+CMS
420 Expected
Exclusion

95% CL Limit/SM

§
g 5
Q_E
S8
g &
®
3

g
7 ATLAS+CMS

- b
g Exclusion February 27, 2012

100 110 120 130 140 150 160 170 180 190 200
m,, (GeV/c?)
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]
r r r A
LHC + lNMeipauarta: QeauaTIKi EKKIVION TO 20
MpwTeC p-p ouykpouoeic og Vs = 7 TeV aTic 30 Maptiou 2010

' '“";f:;;fz?::;:;?;::?:';: 33333 . @v\ N e / s s Z// 2

Datayesorded: 2010-Jul-08.0 5:58&911 GMT(04:2568 GEST,

 CATLAS

EXPERIMENT

Z =unll Mpwreg Pb-Pb
~——® guYKpOUOEIG O€
S s=2.76TeVIN
N OTIG

/7 Nogupiou

2010
2> EgapeTikn arrodoon tou LHC, Twv mreipapdtwy kal Tou GRID.

23.9.2010 19:49:24
Run 79646 Event 143858637 bld 19 [t




H 10T0pIO pPEXPI TWPU ...

Run: 154822, Event: 14321500
Date: 2010-05-10 02:07:22 CEST

P,(H) =27 GeV n()= 07 |
p,(1*) =45 GeV n(u*) = 2.2

M =87 GeV
MM

@ Z>up candidate |
22/08/2016  in 7 TeV collisions




To lNMeipapa CMS ©

gy * \ 3 ,‘~/ 4r
La&erszH Sll“ coﬁ\ ":‘acker (pikels and mlc\;(\ostnps)
2'1_€ad tungs "té“telectromagneflc calonmeter #

24/08/16 KaB. K. ®ouvtdg, Epy. Puoikig YywnAwv Evepyeiwy, Mav. lwavvivwyv 12



To lNMeipapa CMS

Oom

Key:
Muon
Electron
Charged Hadron (e.g. Pion)
— = = = Neutral Hadron |e.g. Neutron)
Photon
®

Silicon
Tracker

200%

A\ Elactromagnetic
}‘ " Calorimeter
5

Hadron </ superconducting
Calorimeter Solenoid

Iron return yoke interspersed
[ransverse slice with Muon chambers
through CMS

0. Bamay, CERN, febvicuy

24/08/16 KaB. K. ®ouvtdg, Epy. Puoikig YywnAwv Evepyeiwy, Mav. lwavvivwyv i



To MNeipapa CMS ©
Total weight 34000t CMS

PbWO, crystals
Overalllength 28.7m MUON ENDCAPS
HCAL Scintillator/brass 473 Cathode Strip Chambers (CSC)
Interleaved ~7k ch 432 Resistive Plate Chambers (RPC)
. 3.8T Solenoid
'4-"’ - -

Si Strips ~16 m2
~137K ch

£
y.

o A
Steel + quartz
Fibers 2~k ch

Pixel

Tracker Pixels & Tracker

* Pixels (100x150 um?)
ECAL ~1 m2 ~66M ch
HCAL +Si Strips (80-180 um)
Muons ~200 m2 ~9.6M ch

MUON BARREL
Solenoid coil 250 Drift Tubes (DT) and :
~ 92/08/2016 | 480 Resistive Plate Chambers (RPC) 16
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4 louAiou 2012 @y

Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000 ﬂ

3 ¢

A )

. =

KaB. K. ®ouvrtdg, Epy. Puoikig
24/08/16 YwnAwv Evepyeiwy, Mav. lwavvivwy 17
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—— S/B Weighted Data

\s=7TeV,L=5.1fo' S+B Fit
s=-8TeV L=53fb Bkg Fit Component
IS = evV,L=0o. [ +1o

[ +20

YywnAwv Evepyeiwy, MNav. lwavvivwv
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L (Z,) pr:43 GeV

TeV DATA

lepton Mass : 126.9

eV
W(Z,) py: 24
GeV

e*(Z,) pr:21 GeV

CMS Experiment at LHC, CERN

Data recorded: Mon May 28 01:35:47 2012 CEST
Run/Event: 195099 / 137440354

Lumi section: 115

KaB. K. ®ouvtag, Epy. Puoikig YynAwv
Evepyeiwy, MNav. lwavvivwv



CMS Experiment at LHC, CERN

Data recorded: Thu Oct 13 03:39:46 2011 CEST
Run/Event: 178421 / 87514902

Lumi section: 86

Y(Z,) E;:8 GeV w(Z,) pr: 28 GeV

DATA

Mass : 126.1 GeV

+

KaB. K. ®ouvrtdg, Epy. Puoikig
24/08/16 YywnAwv Evepyeiwy, MNav. lwavvivwv




NMwc¢ Trapayerai To Mmrolévio Higgs? X
A) ZUvtnén dUo ykAouviwv (ggF)
B) 20v1nén evocg dtavuopatikoU proloviou (VBF)

) Alaomiaon evog dtavuouatikoU uroloviou (VH)
A) Zuurapaywyn He to top quark (ttH)

A I A B

-
\'s= 14 TeV &

300 400 500 1000
M, [GeV]



[Mwc¢ avixvevetal To Mtrolovio Higgs? @)

E€aptaTal amno
TNV rubavn pada
Tou proloviou
Higgs 80-200
GeV

|
<

H-2>vyy
H>2ZZ(*)>4l
H>WW(*)2Iviv

a3
=
W
v
—
©
S
[t
-+
o
(s
v
(=)
R=l
ale

H2T*T-
H->bb
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4 |OYAIOY 2012
YTtroynolio 'eyovoc Mtrolovio Higgs

Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000 g

o ¢
> —
¢ %ATLAS 4
? EXPERIMENT ]
http://atlas.ch ..
Run: 203602

Event: 82614360
Date: 2012-05-18
Time: 20:28:11 CEST

H—yy
\s=7TeV,L=511b"
s=8TeV,L=531fb"

—
[9)]
o
o

Events / 1.5 GeV

500: ¢— Data

S+B Fit
Bkg Fit Component
| =10

| B =20

©
)
-
=
2
Y
=
o
+
D
S~
w

o

110 120 130




Ytrownoio 'eyovog Mtrolovio Higgs ©
@ATLAS

EXPERIMENT
http://atlas.ch

Run: 204769
Event: 71992630
Date: 2912-06-10
Time: 13:24:31 CEST



Maykoouia AvuKowwon oto CERN, 4 louAiou 20@
=l

, Sergio Bertolucci

Fabiola Giannotti, ATLAS

‘ o S
ek Rolf Heuer, DG-CERN

3 - ﬂ_‘ _
' Sas el A"

= B
=
Joseph Incadela, CMS

.

Steven Mayers

-\1
T
t._?“'

At

(i
&

—

Francois Englert
Peter Higgs
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July 4, 2012: Discovery of the Higgs-Boson
S(B Weighted Mass Distribution

D) AI\CI 11 TAIADD MI2rIINNriNt |
l

= Sum of mass distributions for each event class, weighted by S/B
» Bisintegral of background model over a constant signal fraction interval

CMS Preliminary —e— S/B Weighted Data
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Avalntnon Tou Mtroloviou Higgs?

-AvVaKATAOKEUT TNG avaAAoiwtng
nalag tou proloviou Higgs
-Avalntnon Kopudwv avw arno
TO UTIOBABPO AAAWV AVTIOPACEWV e ToV: Lo =4
->TATIOTIKY AvAAuon yia v Lo
aveUpeaon TNG oroudalotTnTag g '
eEexouoag KopuPpng

-Macla Higgs = 125.5 £ 0.4 GeV

35f * Data o
S mmBackgrounazz  ATLAS Preliminary

- Il Background Z+jets, )
30F ) Signal (m =125 GeV) H-ZZ -4

0

= M

8 [ [ Signal (m, =150 GeV)
G - I Signal (m =190 GeV)

2 | | 3 ; T T T T
w’ | ATLAS Preliminary 2011 + 2012 Data . . , . S
B 10 £ — Obs. Vs=7TeV: [Ldt=4.6-4.810" 5 _: 10° r ATLAS Preliminary 2011 + 2012 Data 'y
& [ B s=8TeV: [Ldt=5.8-5.910" 7 g 10°F —obs 18=7ToV: [Lot=46481"
.*é ' =10 . = 10? ---- Exp s=BTeV: Lt w5859 1"
= ;" [J+20 1 !r‘ .
a T 107
o | =
L - 0 e A
lor) :E: 1 0 - r -------------------- "3(-
L 10K
F 107K
I 10° r
107
107} 107k
E SR 109 .................... | i feecacascasacassssccssssscssscascnacan
- CLs Limits 1 E Y ‘ .3
- ‘ ' ‘ v 100 200 300 400 500 600
100 200 300 400 500 600 m, [GeV]
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IIII|IIII|IIIIIIII|IIIIIIIIIIIIIIII

{s =7 TeV (2011), f[Ldt=4.8fb"
{s =8 TeV (2012), [Ldt=5.9 b

[ETHTTTAN

E07/11 EPS Prel
- — Observed

III|||| III]I;,III

12/11 CERN Prel.

—— Observed
Expected

III,I,I" | III|,I,|||

Observed
Expected

_10_ ------ Expected ., Expected
10 ElllllllllIIIIIllIl|Illl|l||l]l||lllllE

110 115 120 125 130 135 140 145 150

my [GeV]
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To spin Tou Mtroloviou Higgs

H -2 vy

T
eData Spin Oj

[ ]26 ]

H e&:wpia LandaU'Yang \s =8 TeV [Ld1 - 20.7 fo! Siana hypothesis D o 7

arokAeiel spin=1

H peAETn TNC YWVIAKNC
KATAVOUNG TwV PwToVviwv
ekelvwyv mou £dwoav

avaAAloiwtn pacla tou Higgs R S
R ——

>0yKkplon HETAEU TwV spin=0 s

Kal Spin-2, € CUNMEQPACA 5 B0 75 100

OTL TO Spin-2 armokAgieTal Kata fn (%)

99% CL

‘Exel avakaAudBei To urolovio Higgs, miou ripoBAerel To KIT

22/08/2016



Is the new particle a Higgs boson ?
ATLAS and CMS have verified the two “fingerprints”

1) To accomplish its job (providing mass)
it interacts with other particles (in particular W, Z)
with strength proportional to their masses

19.7 fo' (8 TeV) + 5.1 16" (7 TeV)
_II[ T IIIIIIII T IIIIIIII T IIIIlIII T

| ATLAS . - CMS 1
's=7TeV, 4.5-4.7 o' ‘
's=8TeV, 20.3 fb'

=== 68% CL
" F |—95% CL
- |---SM Higgs

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
. -
.
e -
. -
‘ -
.

. | -

.

T B
. m |
It completes the Standard Model (M.e) fit

T B 68% CL
. i 0 : — 95% CL

. thus describing ~5% of the Universe , L ——==- ]
0

'I”I’Tl | I 1 1111
10" 1 10 102 I 0.1 1 10 100
Particle mass (GeV)

— Observed
--- SM Expected

L1 IIllIlI

[ T T TTTTIT

Particle mass [GeV]

e 2) It has spin 0, it is representing a scalar field
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AvakdaAuwn Tou Mtroloviou Higgs, 4 louAiou 2012
Higgs Discovery!

Observation of a new particle in the search for the Standard Model

Higgs boson with the ATLAS detector at the LHC
(arXiv: 1207.7214, Physics Letters B 716 (2012) 1-29)

Contents lists available at SciVerse SciencaDirect

Physics Letters B

www.elseviercomdocata/physletb

Observation of a new particle in the search for the Standard Model Higgs boson
with the ATLAS detector at the LHC™

ATLAS Collaboration*
Ihis paper is dedicated to the memaory of our ATLAS colleagues who dad not live to see the full impact and significance of thewr

contnbutions to the expenment

ABSTRACT

A search for the Standard Model Higes boson in peoton-peoton collisions with the ATLAS detector at
the LHC is presented. The datasets wied correspood to legrased haminosities of appeoximately 4.8 ™'
ollected ot (T 7 TeVin 2011 and 58 "7 at /5 im 2012, Indwidual searches in the channels
Ha Il &l H—=py aod H— WW" S euuv in the 8 TeV data are combieed with previously
published resaks of searches for H — 22 ww*), Bband T47* in the 7 TeV data and results from
impeoved analyses of the H —» 229 . 4c and H —» yy channels m the 7 TeV data Clear evidence for
the production of 2 seutral bx with 2 measured mass of 126.0=04 (sta) =04 (sys) GeV is presented
This observatbion, whid 3 symificance of 59 standard deviations, corresponding %0 3 background
fuctuation protability af 1.7 x 10-%, is compatible with the prodection and decay of the Standasd Model

Higgs bason
22/08/201 D 2012 CERN. Published by Elsewier BY. All rights reserved.
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O1 cuyypa@eic TWV EPYATIWYV YIO TOV
Mnyxavioué Higgs kai yia to Mtrolovio Higgs

o
A

| 4 N 7
Gerald C.R.Hagen Tom W.B. Peter Higgs

&N

Guralnik Kibble Francois Englert

= \\

e N
|
— XL
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Bpofeio Nobel Quoikng 2013 &y

m 2013 Oct 08: Francois Englert and Peter Higgs
receive the Physics Nobel price!

m “ 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” Nobel Foundation ‘

22/08/2016



EtriAoyoc¢

AvakaAudpOnke 1o Mmolovio Higgs, oe anmoAutn cuppwvia pe
™ Bewpia Tou KaBlepwpevou Mpoturmou (Standard Model)

Mada 125.5 GeV

Spin =0 g(o-;—f‘w ~U®)~Lr
/ A P=< rP—=iah, c
PopTio =0 !\ - 7
Xpwua =0 = O = 0. A,
OuoTipia = +1 P )RR R G
Xpovog HuZwng ~10-22 sec X<

H €peuva cuveyxileTal he MEPLOCOTEPO TIAOOC Kal TEETI0IBNOoN
yla avalnmmon NEAZ OYZIKHX!
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[Tepa ammo 10 LHC: NEeg onpayyeg ~
80-100 yu. TTEPIPEPEI

Very ngh Energy LHC (VHE LHC)

Salgve.i: 7 /£ |~ Saad G
y; o A ; v . o g .ot
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["papMIKOI ETTITOXUVTEG efe-

AieOviic 'paupIKOC ETTITaXUVTAC
International Linear Collider (ILC)

W O

) - o 4 N e ‘.

f‘i Legend A r ,4?,-—-?‘ S

[ §5 /1

| wmmw CERN existingLHC . # &

| | Potential underground siting : 2,7* { &

% ames CLIC15TeV i g
swss CLIC3TeV ¢ oy

2UUTTAVEC [ pappIKOC ETTITAXUVTAGC
Compact Linear Collider (CLIC)
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