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CERN
MexaHn3bMm Ha Xurc n maca Ha Xurc 6o3oHa

OcHoBHa nges 114.4 GeV <m_,< 186 GeV (95% CL)
158 GeV<m,< 175 GeV (95% CL)
lNone 3anbnBa uanarta BceneHa. A = 157 GeV
YacTuuuTte B3aumoaemncTBaT c Hero, [T G | g
KaTo Nno TO3u HAa4YuH npuagoomueBar maca 5 | i Ay, = |
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o . Wty 002742000012
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CERN

Spontaneous symmetry breaking

J. J. Sakurai Prize for Theoretical Particle Physics 2010:
L to R) Kibble, Guralnik, Hagen, Enlert,o__u"_t‘,‘_l__—liggs

: ~ el =

"For elucidation of the properties of spontaneous symmetry breaking in four-
dimensional relativistic gauge theory and of the mechanism for the

consistent generation of vector boson masses."
n. NuTtos Otkputeto Ha 6030Ha Ha Xurrc LIEPH, 30 torm 2015



CERN

CtaHpapTteH mopen

» CM e nposepeH 1 NOTBbPAEH €KCnepuMeHTarHO C
N3KMIOYUTENTHO BUCOKA MPEeLn3HOCT

» Bcu4yku pyHOoameHTanHm yactmum (KBapku 1 NIENTOHN) U
npeHocutenn Ha sB3anmogencteusa (y, W,Z, g) ca
HabnogaBaHK

» TEeXHUTEe CBOUCTBA ce uacnensart

» Ho
v Xurrc — 6030Ha He e HabntogaBaH ekcnepuMeHTarHo
v Peq OCHOBHUM BbMNPOCK HAMAT OTroBOp

N. Nutos OTkpuTHeTo Ha 6030Ha Ha Xurrc UEPH, 30 torm 2015



CERN

CtpykTtypa Ha BceneHarta

. Nutos OtkpuTHeTo Ha 6030Ha Ha Xurrc LIEPH, 30 torm 2015



CERN

NMpobnemun Ha CM

» CM nma MHOro npon3BoSiHM NapamMeTpu
Hanpumep — 3aLlo 6 kBapka?

» CM uma “nponycHat OCHOBEH efIEMEHT”

MexaHn3bM 3a reHepupaHe Ha Habngaemmte macu (Xurrc MexaHnsbm)
» Kou e nstoyHunka Ha macara

3aulo Z-6030Ha e MacmBeH, HO CBbpP3aHnA ¢ Hero oToH e 6eamacoB?
» CM Boaun 0o “HOHCEHC” NP1 MHOrO BUCOKU EHEPIrUm

BepoaTtHocTtTta 3a W W/ pa3cenBaHe ctaBa > 1 npu eHeprun > 1 TeV
» CM norn4yeckn He e NbrieH

He BKIYBa rpaBmntaums

N. Nutos OTkpuTHeTo Ha 6030Ha Ha Xurrc UEPH, 30 torm 2015
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CERN

KakBoO He 3Haem

¢ [Nlo3HaBame camo okorno 4% OT CbOBbPKUMOTO B
Habnagaemara Bcenena

¢ OT KakBO € CbCTaBeHa TbMHaTa MaTepus
¢ 3awo BceneHara ce paswmnpsBa ¢ NOCTOAHHO YCKOPEHUE
Kon e natoyHuka (kakBa e npupogara) Ha TbMHaTa eHeprugd
¢ 3allo BbB BceneHarta nma camo matepus
Kbae v Kora e nsdyesHana aHtumartepusita

N. Nutos OTkpuTHeTo Ha 6030Ha Ha Xurrc UEPH, 30 torm 2015
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CERN

dusunka nzsoH CM

» CM 1psabBa ga ce pasrnexaga Kato HUCKOeHepreTuvyeH peHOMEHONorm4eH
mMozen

» Hyxpgaewm ce oT no-pyHoameHTarnHa reopus (Mogen) KOMTo da BKo4vBa B
cebe cn CM kaTo HUCKO EHEPreTUYHO NPUBAMXKEHNE

» Benuko obeanHeHue
v Technicolor
v SUSY
v' JoNbNHUTENHN N3MEPEHUS
v Manbk Xurrc
v' CTpyHHU MOgenu
> BbB BCMYKM TSX Ce Npeacka3BaT MHOIO HOBU ABITEHUS U YaCTULIN

Heobxogumo e:

Ia ce Hamepu Xurrc — 6030H
[a ce HamepAT yKa3aHus 3a pusnka nasbvH CM

LHC TpsabBa Aa n3nbuJIHU Te3U 3a4a4m

=tPH, 30 rorm 2015
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CERN

Kak na npecb3ganem paxnaHeTto?

E =m c?

EHeprusita e matepus
MaTepusita e eHeprus

MHoOro eHepruss = MHOro matepus
U obpaTHO
MHoro martepusi = MHOro eHeprus

Otkputeto Ha 6030Ha Ha Xurrc LIEPH, 30 torm 2015

J1. NNutoB



CERN

Kak ce npaBu Ta3un marna?

N. Nutos OTkpuTHeTo Ha 6030Ha Ha Xurrc LIEPH, 30 torm 2015



CERN

LHC

. Nutos OtkpuTHeTo Ha 6030Ha Ha Xurrc LIEPH, 30 torm 2015



CERN

<P

EE [Gran Sasso

1858 628 m

~ LiMAC =3
| [= oY

LHC Large Hadron Collider SPS Super Proton Synchrotron PSS Proton Synchrotron

A0 Antproton Decelerator CNGS Cern Meutrinos to Gran Sasso
LEIR LowEnergylonRing UMNAC LiMNear ACcelerator nToF Neut

OtkpuTHeTo Ha 6030Ha Ha Xurrc - LIEPH, 30 1orm 2015



ATLAS, CMS, ALICE and LHCDb .
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Muon Detectors Electromagnetic Calorimeters
\

Forward Calorimeters
Solenoid

“VERY FORWARD
5 FbFQNILEIESI

End Cap Toroid

L g—

l SUPERGONDUCTING COIL

Total Weight : 14,500t =
4 % Overall diameter : ;:gg m

Overall length : .60m
Barrel Toroid Inner Detector Shielding Magnetic fild . 4 Tesla

Hadronic Calorimeters .
CMS — Compact.Muon Solenoid

ATLAS — A Toroidal LHC Apparatus

T : (). 5
ECAL M4 M5
SPD/PS . M3 -
RICH2 M| M2

J30Ha Ha AUITC H, 30 torm 2015

LHCDb z ALICE — A Large lon ColllderiP xperiment
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CERN

Crpaga 40 B CERN

== TR

. Nutos OTkpuTHeTo Ha 6030Ha Ha Xurrc LIEPH, 30 rorm 2015



CERN

Ha3zaa KkbM HavyanoTto

Metaphysics Quantum Electroweak
Vv Gravity Transition
? E Quarks and Leptons Hadronsl Nuclei s
A1031 =
s
9;1025 I~ Extrapolation
é 1019 — Nucleo-
© e synthesis
§1o13 - LHC
& PP LEP
T‘illll ’-10 T
10 |~
|
10%% 10'% 10%  3min 15 Billion
. . Years
Time after Big Bang
1. Nutos OTkputreTo Ha 6030Ha Ha Xurrc

LEPH, 30 torm 2015



CERN

1. Nutos OTkputreTo Ha 6030Ha Ha Xurrc LEPH
, 30 torm 2015



e CALORIMETERS T& _

CAL HCAL \
25000 scintillating Plastic scintillator/brass )

< bWO, crystals sandwich \
’ /’/// ‘\

IRON YOKE

CMS Detector
Weight: 12’500 t
Diameter: 15 m

Length: 21.6 m
Magnetic field: 4 T

TRACKER

\Pix £ ~ 100 million individual
Vlicon Microstrips detecting elements

10 m? of silicon sensors 43000 cables of

MUON BARR - B EW- | 1200 km total length

" "MIWON ENDCAPS

Drift Tube Resisiivelate —
. Cathode Strip-Ghambers (CSG)
~ Resistive Plate Chambers (RPC)

Chambers (DT)  Chambers (R



Sehematic View of CMS ~2500 physicists

(800 PhD students, ~1000 postDoc)
>180 institutes&labs from 43

countries
SUPERCONDUCTING CALORIME

COIL ECAL

Scintillating
PbWOA4 crystals

HCAL

Plastic scintillator/brass
sandwich

W /““””

2

IRON YOKE

TRACKER

Silicon Microstrips
Pixels

Total weight:12,500t
Overall diameter:15m

MUON
Overall length:21.6 m

Magnetic field : 4 Tesla UON BARREL ENDCAPS
Drift Tube Resistive Plate Cathode Strip Chambers
Chambers Chambers Resistive Plate Chambers
. Nutos OTkpuTHeTo Ha 6030Ha Ha Xurrc

LIEPH, 30 torm 2015
25



CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter : 15.0 m Pixel (100x150 pm) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 pm) ~200m? ~9.6M channels
Magnetic field :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels



CMS centemspu 2008 (MbpBM CHONM

s

TKMTVIe Ha DO3OHa Ha LIEPH, 30 torm 2015
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OTBapsaHe Ha CMS (Nov.08)
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CERN

Ctapt Ha LHC

)
0’0

[MbpBu onut — 10.09.2008

19.09.2008 — MHUMOEHT— M3nycHaTn 6 T. TeyeH He
2009 — peMOoHT

HoemBpu 2009 — pectapT

Hekemepu 2009

[TepBuM conbebum npu 900 GeV

[MbpBU conbebuUm Npu 2.36 TeV

MapT 2010 — pectapT

30 MapT — lNbpBu B3anmogencTteus npun 7 TeV
Habop Ha gaHHu 2011 — 5 fb1)

Habop Ha gaHHu 2012 — 8 TeB, uen — 10 fb1

2013 - 2014 — pobaBsiHe Ha MarHUTN N cUCTEMa 3a CUFYPHOCT — rOTOBHOCT 3a 13
TeV

s KOHn 2015 — PecTtapTt — 3 roanHn Habop Ha OaHHu

J K/
0’0 000

e WV Y o o

K/
>

L)

oV VYV VY

N. Nutos OTkpuTHeTo Ha 6030Ha Ha Xurrc UEPH, 30 torm 2015
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CERN

1. Nutos OTkputreTo Ha 6030Ha Ha Xurrc LEPH
, 30 torm 2015



CERN

Maca Ha Xurc 6030Ha

m,, [GeV]

Directlimitfrom LEP:
M, > 114.4 GeV

J1. NNutoB

SM theory

o i i i i i i 2 FFF

m;, = 175 GeV
a,(Mz) = 0.118

Experiment
6 December 2011 My, = 161 GeV 800
_ L Aag, =
5] i1 —0.02750+000033 ] :
- 31 0.02749:0.00010  ff ___ 800
4 - it incl. low Q° data %
| My =94%% S,
X 3 24 4
. v
' @ 200
14 ((lo =
|LEP cMS| @ —
excluded v S excluded (&) -
0 - < o L
30 100 103

106 1092 1012 1019 1018

95% CL:obs 127-600, exp:117-543

99% CL: obs 128-525, exp:125-500

OTkpuTHeTo Ha 6030Ha Ha Xurrc

LEPH, 30 torm 2015



CERN

PaxnaHe Ha Xurc 6030HU
10°

LHC HIGGS XS WG 2012

10

o(pp - H+X) [pb]

Vs=8 TeV: 25-30% higher o than Vs=7 TeV at low m,,
All production modes to be exploited

gg VBF VH ttH
Latter 3 have smaller cross sections but better S/B in many

t T fusion



CERN

PaxnaHe Ha Xurc 6030HU

—

10"

Branching ratios

KaHanu Ha pasnag

- — T T T ° —/ 10 T T T T 3
s O - 3
f\bb 1§ & [ Ns=T7TeV SM -
B 2 - i
- g m n I
_ T 1§ WW — FFngg 3
3 o E ]
10_15.. WW — Tl ™\
— S .\ 27 - I'lqq .
I 102 ‘\ ZZ — I'Tnn E
E_ _E i Hot't N :
- . 3 ZZ — Il |
- 107 CWA\BF MOt I=e,m N3
| i - MWH — Fnbb\ *. N = nNg,N,N; -
ZH— I'ob| \ ™.\ % g = udscb
I ! ! | ! ! L -4 Lt I | |

100 200 300 500 1000 10700 200 300 400 500
M, [GeV] M, [GeV]

. Nutos OTkpuTHeTo Ha 6030Ha Ha Xurrc LIEPH, 30 torm 2015
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CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000

AT




St 2011-Ape=23 060517 CET REENAE
Run 143302 Event 2730779 [RRENERN
COM Engegy 7.00TeV )
H>GarmaCGaress candhdstc | =




CERN

EdekTMBHaA Mmaca Ha gBa poToHa - CMS

19.7 b (8 TeV) + 5.1 fb™ (7 TeV)

CMS
H— vy

u
my=

1147028
1

24,70 = 0.34 GeV

S/(S+B) weighted sum
¢ Data

- S4B fits (weighted sum)
------ B component

...... +10
------ +20

> x103:
D N
G 35F
~ -
2 3P
c -
Q os5F
()] o
O [
D ot
— N
S 15F
© -
= 1
D os5F
2 -
~ 0
w
200
100
0
-100

B component subtracted

110

115

J1. NNutoB

130 135 140 145 150

m,, (GeV)

OTkpuTHeTo Ha 6030Ha Ha Xurrc

Local p-value

| IIIIIIII| IIIIIIII| IIIIIIII| IIILIFII| IIIIIIIII| IIIIIIII| IIIIIIII| T

\Jf\\7 \10

"30

= 4a

’ 50
— Observed 7 + 8 TeV
—— Observed 7 TeV

—— Observed 8 TeV

--- Expected 7 + 8 TeV
-—— Expected 7 TeV

--—- Expected 8 TeV

o

130 135 140 145 150

m, (GeV)

LIEPH, 30 torm 2015


http://inspirehep.net/search?p=collaboration:%27CMS%27&ln=bg

CERN
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Events / 2 GeV

4000

\s=7TeV
2000—
\s=8TeV

I
J

-
s
e
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Ldt = 20.7 fo'

Data 2011+2012
SM Higgs boson mH=126.8 GeV (fit)

Bkg (4th order polynomial)

H—yy

500
400
300
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o
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-100
-200
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—_

150
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130 140
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ATLAS Coll. CERN-PH-EP-2013-103
e-Print: arXiv:1307.1427 [hep-ex]

J1. NNutoB

OtkputHeTo Ha 603¢

o
o 5
— 10" — Ops 2012
© Exp 2012

ATLAS

Q H—Z7*—4l
S 10% T 2BS 201 S
P - \s=7 TeV |Ldt =4.6 fb
— Obs Combination |
10k - Exp Combination  ys—g TeV [Ldt =20.7 i
5 S
20
. silie. 30
.............. :?.:. . '-.‘:. 46
" ) 6(5
3 70
10'13III\|III\|‘.|J“|I\I|\I\I|\I\I.::‘|IIII‘III\
110 120 130 140 150 160 170 180

my, [GeV]


http://arxiv.org/abs/arXiv:1307.1427

CMS Experment st the LHC, CERN BB
Sat 201 1= A= 25 083420 CET SURRAE
Fun SE76TS Event 37665697 A
COM Erargy 700TeV ;

M llrdo canddae B |'.l




CMS Expesment 91 the LHC, CERN RS
Sun 201 1-Aug-07 05:00.32 CET SRR
Ran 172822 Event 255453303) IR
C.OM Emergy 7 00TV o
Mo 2l dmu conddae B . s“




Events / 3 GeV

CERN

H >4l - CMS

CMS Preliminary {s=7TeV,L=5.1f";ys=8TeV,L=19.6 1"

35 I I I I I I I I I I [ [ [ [ [ [
T T
30[ ) z+x .
: _| * : q; 1 E I ' T 17T T :
B Zy ZZ | S 10-1 E_ " %
251 - 1 T 1028 N
- . m=126Gev| > 10°F E
- i 1 &10
20 L - ] f—U 1 0-4 ‘..'*.
- ] 100 é ¥ é
101 1 oe i,
E 10-10 zbse;::l m“,Kn,prm“ arV,
5 107" L =
1 1012 : i\ CMS Preliminary
0 L 10713 Loy HoZZoal
80 100 120 140 160 180 104 * ;f__ 7TeV,L=5.110"
-15 ' 8TeV,L=196f" !
m4I[GeV] 1816E|||||||||||¥||||||||||||||||||||||||
110 120 130 140 150 160 170 180

m, [GeV]

. Nutos OTkpuTHeTo Ha 6030Ha Ha Xurrc LIEPH, 30 rorm 2015



CERN

H >4l - ATLAS

= L

8 40— *® Data2011+2012
o [ SV Higgs Boson
2 35 u m,=124.3 GeV (fit)
L%’ - [ Background Z, ZZ*

~ [ Background Z+jets, tf
30— 77 Syst.Unc.

25
201~
l?
15—
:',‘;/
10_—
51
&

150

100

ATLAS Coll. CERN-PH-EP-2013-103
e-Print: arXiv:1307.1427 [hep-ex]

J1. NNutoB

OTkpuTHeTo Ha 6030Ha Ha Xurrc

ATLAS
H%ZZ*%J‘4I o |||||||||||||\\|\||\|\|‘I\II‘I\I\
\s=7TeV |Ldt=4.61fb" Q A5
Vs=8TeV JLdt=20.7 o' T 107 — CE))?S 2912 77 al ATLAS
o 103 —— Obs 2011 — —4
N Exp 2011 Vs=7 TeV [Ldt =4.6 fb"
— Obs Combination .
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. AL R 30
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_: 2 50
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LIEPH, 30 torm 2015


http://arxiv.org/abs/arXiv:1307.1427

@ In summary

We have observed a new
boson with a mass of
125.3 + 0.6 GeV

at
5 o significance !

N. Nutos OTkpuTHeTo Ha 6030Ha Ha Xurrc UEPH, 30 torm 2015



CERN

J1. lutoB UEPH, 30 torm 2015




CERN

OTkpuxme nun Xurc 603oHa?

3a Ja OTroBOpUM Ha TO3M BbMNpOC TpsibBa aa

onpeaenum:

CMMHA, CEYEHUATA 3a paXkgaHe N BEPOSAITHOCTU 3a pasnaj Ha
HoBaTa 4YacTuua

OkomnnekToBaH nu e CtaHgapTHUa moaen? [danu Tasu
yacTtuua e Xurc 6o3oHa ot CM?

[ann ToBa He e “nbpBu bpatoByen’ Ha Xurrc 6o3oHa ot CM
npeackasaH OT HAKOE OT HeroBute pasLumpeHmnsa’?

HabntogaBame nu 3a NbpBU MbT CUrHaNM 3a pusnka N3BbH
CM?

N. Nutos OTkpuTHeTo Ha 6030Ha Ha Xurrc UEPH, 30 torm 2015



CERN

SM Higgs boson?

Ha6momasau 8 H—2>yy u H> ZZ 241 s=0,2
HabOmronasan B H = bb, tt s=0,1
Houte pesynratn Ha CMS 1 ATLAS

HoBara yactuna € ckanapaa S =07
CeueHusd 3a paxxkgane? BepostHocTH 3a pa3nan?

KoHcTanTu Ha B3auUMOJIENCTBUE?

N. Nutos OTkpuTHeTo Ha 6030Ha Ha Xurrc UEPH, 30 torm 2015



CERN

Xurc 6030H ot CM~?

ATLAS Total uncertainty
my, = 125.5 GeV * 1o *+ 20
__________________ |

H— bb
n=1.15+0.62

Is=7TeV,L<51fb" \s=8TeV,L<19.6fb"

CMS Preliminary m,=125.7 GeV
P, = 0.65

>]" Ceolicmeama Ha Hoeama Yacmuua ca
] cbeMecmumu ¢ me3u Ha 6030HBbM Ha Xuac

K7z
e npedcxasaH 8 paMKume Ha CM /
W ,

v ::f:::!::::::::::::f::::ff:::ffff:::%ﬁ::::f:::ff: """""""""" e —— : l“'1‘ H—- WW

7\‘FZ ...... i-!i ..................................... % .................... ....... e — |11| ..... 211 u=0.68+0.20 i i

Kol o N | A T | :

i : e H— ZZ !
| |_‘_I ____________________________________ |1 ) é o 1= 0.92+0.28 —I—

\s=7TeV [Ldt=4.6-4.8fb"

\s =8 TeV [Ldt=20.7 ib"

J1. NNutoB

Parameter valu¢
Combined H — yy, ZZ*, WW

OT

0

0.5 1 1.5 2 25
Best fit G/GSM



C Physics Nobel prize 2013

“Rg ¢
e

Francois Englert Peter 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"

OtkpuTHeTo Ha 6030Ha Ha Xurrc LIEPH, 30 1orm 2015
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LHC n TeopusaTta

Murayama, ICFA Seminar, 2011 CERN
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CERN

KakBo 3Haem?

HanpaBuxme camo nbupBaTa
MCTOpPUYECKa CTbNKa OT eauH

AbNbr NbT KbM Ono3HaBaHe Ha
CTpyKTypaTa Ha BceneHaTta

N. Nutos OTkpuTHeTo Ha 6030Ha Ha Xurrc UEPH, 30 torm 2015
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CERN

brazodaps 36 GHUMTHLEn!
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CERN

Bulgarian participation

. Nutos OtkpuTHeTo Ha 6030Ha Ha Xurrc LIEPH, 30 torm 2015



Bbnrapcko y4
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CERN

bbarapcko yuactue RPCs (caex 1999)

[Ipoan3BoacTBO Ha amymMuHUeBU paMku 3a RPCs
(> 20 tons) at Stilmetin Sofia

B Codus: CrnobsBane na 125 RPC




CERN. MHcTanupaHe Ha MIOOHHUTe Kamepu (DTs, RPCs)

NHcTtanauma Ha RPC ¢ y4acTtueto Ha
6bnrapcku cneunanuctu ot Cocunckus
YHusepcutet u UAUNAE Ha BAH

n. Nvtos OTKPUTMETO Ha DO30HA Ha XUrrc UEPH, 30 torm 2015



CERN

AOpoHusa KanopumeTsp

NHcTanaumsa Ha nbpBaTta NonoBMHa Ha
agpoHHMa Kanopumetsp (350 tons) B
mMarHuta Ha CMS- April 2006

pon3BOoACTBO HA MeCUHIoBu Niio4u

B bvnrapus
KLIM 2. Uckbp

[l3anH , Npon3BMUOACTBO U TECTOBE - g
Ha HV 3axpaHBaHu4 ‘

3yyaBaHe Ha cBoKncTBara Ha

. Nutos O‘IT:,%%JTE(;(TEOI-Q §030Ha Ha Xurrc UEPH, 30 torm 2015
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CERN

CMS ueHtbp Codhus




CERN

CMS ueHTbp Cochus




CERN

IeTekTopu

J1. NNutoB

Texxbk abcopbep

Hadron calorimeter

EM calorimete

tracker

h*.e*p y

MatepuancronamZ,
Pb, kpuctanu (PbWO,,,

TexKkn matepuanu
Fe, Cu

INexku maTepunanu

Bceku cnon ngeHmduumpa unm namepBa 4actTmuu, KOUTo He ca
U3MepeHn OT NO-BbTPEeLUeH Crion

EonHMYeH aeTeKTop He MOXe Ja u3amepu eHepruata/mmnyrnca

Ha BCUYKUN HCTULMU

OTkpuTHeTo Ha 6030Ha Ha Xurrc

LEPH, 30 rorm 2015
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