‘ Jak. s posvitit

 na Hiqqsiv- Boson, :




Castice

e Jak je vidime? (sedmdesata léta)
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EXPERIMENT

Run Number: 271298, Event Number: 403602858

Date: 2015-07-11 02:09:14 CEST
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Srazky castic
* Chceme-li néco nového vytvorit, musime nejprve néco rozbit ©
* Proton:
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Srazky castic
* Chceme-li néco nového vytvorit, musime nejprve néco rozbit ©
* Srazka dvou protonu:
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Srazky castic

* Chceme-li néco nového vytvorit, musime nejprve néco rozbit ©
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Srazky castic

* Chceme-li néco nového vytvorit, musime nejprve néco rozbit ©




Posvitme si na atom!
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Srazky castic

* Chceme-li néco nového vytvorit, musime nejprve néco rozbit ©
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Srazky castic

* Chceme-li néco noveého vytvorit, musime nejprve neco rozbit.

¢ éaStO se ale nestane skoro nic...

19. 10. 2016
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Srazky castic

* Chceme-li néco noveého vytvorit, musime nejprve neco rozbit.

e \Ve srazkach ale mohou vznikat castice nové!
e E = mc?

19. 10. 2016
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Srazky castic

* Chceme-li néco nového vytvorit, musime nejprve néco rozbit.

e \Ve srazkach ale mohou vznikat castice nové!

19. 10. 2016

12



Interakce
* Energie se muze premeénit v hmotu noveé tézké castice.
e Zde Z boson ~ tézky foton, nestabilni a rychle se rozpada.
e m2ct= E2 — pc?

ET scale: 41 GaVv i

antiproton

19. 10. 2016




Interakce
* Energie se muze premeénit v hmotu nové tézké castice.
* Zde Z boson ~ tézky foton.
e m2ct= E2 — p?c?

| Mass - Z Candidate |

ET scale: 41 GaVv i

antiproton
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* Slozitéjsi pripad...
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Interakce

Bins: 380

Mean: 0.779

Rms: 3.71

Min: 0.00966
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,Castice je kopedek

...kdyz zkoumdam, jak ¢asto se néco déje pri ruzné energii.
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VSecky interakce svéta [zatim...]

Standard Model Interactions
(Forces Mediated by Gauge Bosons)

T

Xis any fermion in X is electrically charged. X is any quark.
the Standard Model.
D v g
N MEVM< J
L
U g
Uis a up-type quark; Lis a lepton and v is the

D is adown-type quark.  corresponding neutrino.

W- W-
w+ w+

X Y
X

Xis a photon or Z-boson. X andY are any two
electroweak bosons such
that charge is conserved.
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VSecky interakce svéta [zatim...]

18



VSecky interakce svéta [zatim ve skuteénosti...
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CERN: laborator ,E = mc2“
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CERN — Evropské centrum (sub)jaderného vyzkumu

19.10. 2016
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Experiment ATLAS

Detector characteristics

Width: 44m
Diameter: 22m
Weight: 7000t

Solenoid CERN AC - ATLAS V1997
Forward Calorimeters

Muon Detectors Electromagnetic Calorimeters

ATLAS

End Cap Toroid

. | —= il A
Barrel Toroid Inner Detector Shielding

19. 10. 2016 Hadronic Calorimeters
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Barrel Toroid

Experiment ATLAS

Muon Detectors

Inner Detector

Solenoid

Electromagnetic Calorimeters

Hadronic Calorimeters

ATLAS

Detector characteristics

Width: 44m
Diameter: 22m
Weight: 7000t

Forward Calorimeters

/

CERN AC - ATLAS V1997

End Cap Toroid

Shielding
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Experiment ATLAS

2 Detector characteristics
Muon Detectors Electromagnetic Calorimeters ] ‘I')V,idth:t . ‘21f24m
= (] [
= {] | weight:
Eniannie CERN AC - ATLAS V1997

v n— ~-
i Inner Detector & i
10. 2016 22MPel Tereld Hadronic Calorimeters Shielding
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Experiment ATLAS
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Experiment ATLAS
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Experiment ATLAS

—
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Jak ATLAS vidi cast

=
)

Muon
Spectrometer

Hadronic
Calorimeter

The dashed tracks
are invisible to
the detector

Electromagnetic
Calorimeter

Solenoid magnet
Transition
Radiation
Tracking Tracker *
Pixel/SCT
detector
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Higgs :: Peter Higgs
* Teorie ,,z hrnecku” funguje pro nehmotné castice...
* Jak casticim v teorii dodat hmotnost?

19. 10. 2016 29



Higgsuv boson

* Interakci s Higgsovym polem ziskavaji castice hmotnost (r. 1964).
* Bonus: Teorie predpovida novou castici (Higgs), ale nerika, jak tézkou.
* Cekejme tedy nékde kopecek, ale hledejme, jestli viibec, a kde.

proton

antiproton

19. 10. 2016
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Hon na Higgstv boson

_FIVE NOVELS IN ONE OUTRAGEOUS VOLUME

DOUGLAS

7 @ A%MS
.. Y,
.

THE ULTIMATE
HITCHHIKER'S
GUIDE TO
THE GALAXY -

Tue Hicas

HunNTER’S
(GUIDE

John F. Gunion
Howard E. Haber
Gordon Kane
Sally Dawson
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Higgsuv boson

* BEH boson (Brout, Englert, Higgs).

 Dor. 2012: Neutralni a zrejmeé tézka (dosud nepozorovana) Castice.
* Interakce BEH bosonu s danou castici je tim vetsi, Cim je Castice tezsi.
* A zkoumejme zaroven vice moznosti, na co se Higgs muze rozpadat:

w
~ )
w X H'S \["
H ) Uﬁ . 21 nt
- <! Y ,’/ - f
H» w
w H Im f
Pr—— ! : (\,]'
’ :
Z > 4 f

) H\\ )
i 20— Guv > 21 Juv
20 RS Lo
Z He» Z
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Higgsuv boson

* BEH boson (Brout, Englert, Higgs).
(a také Gerald Guralnik, C. R. Hagen, and Tom Kibble )

% The Nobel Prize in Physics 2013
? Francois Englert, Peter Higgs

Share this: I EIEIEl 2«

The Nobel Prize in Physics
2013

Photo: .5\.'f'»"lal"| moud Photo: A. Mah mou d
Francois Englert Peter W. Higgs
Prize share: 1/2 Prize share: 1/2 Robert Brout (1928 - 2011)

19. 10. 2016
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Mezitim u konkurence ... Experiment CMS...

e ...byl navrzen tak, aby nejlépe vidél rozpad Higgsova bosonu na dva fotony.

19. 10. 2016 34



Mezitim u konkurence ... Experiment CMS...

e ...byl navrzen tak, aby nejlépe vidél rozpad Higgsova bosonu na dva fotony.
* Rozpad Higgsova bosonu na dva fotony??

19. 10. 2016 35



Higgsuv boson

* Rozpad Higgsova bosonu na dva fotony??

19. 10. 2016

Run
Eve

1 191426
nt:

86694500

SATLAS

A EXPERIMENT

2011-10-22 17:30:29 CEsT  http://atlas.ch
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Higgsuv boson

* Rozpad Higgsova bosonu na dva fotony?? — Ano!!

SATLAS

Run: 191426 2
Event: 86694500 A2 EXPERIMENT

2011-10-22 17:30:29 CEsT  http://atlas.ch

19. 10. 2016
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Higgsuv boson

* Rozpad Higgsova bosonu na dva fotony?? — Ano!!
* Higgs si vlastné posviti na nas ©

SATLAS

Run: 191426 2
Event: 86694500 A2 EXPERIMENT

2011-10-22 17:30:29 CEsT  http://atlas.ch

19. 10. 2016
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Higgsuv boson

 Jak vypada? Aneb: jedna vlastovka jaro nedéla...

19. 10. 2016
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iggsuv boson

H

jedna vlastovka

dela...

jaro ne

 Jak vypada? Aneb

5
g
=
=
=
=

129 CEST

40
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Higgsuv boson

 Jak vypada? Aneb: jedna vlastovka jaro nedéla...
///// 3-prong T4 ATLAS

% f.i EXPERIMENT

¥, Run 190878 ,Event 2721965
Time 2011-10-12, 12:09 CEST

miss
ET

Event. 6604500 J EXPERIMENT y . 2 ' ["1_ ron
2011-10-22 17:30:29 CeST  http://atlas.ch 2 N p g Thad
Ve

Prlt )= 72 GeV
Pr(Tiag P") = 45 GeV
E,m™ = 28 GeV
p,(jet) = 107 GeV
Coll. mass = 121 GeV




Higgsuv boson

 Jak vypada? Aneb: jedna vlastovka jaro nedéla...

GATLAS

-i EXPERIMENT

Run 190878,Event 2721965
Time 2011-10-12, 12:09 CEST

“~
Run: 191426 "\‘i: EéP]E.RITMENT
Event: 86694500 s

2011-10-22 17:30:29 CeST  http://atlas.ch

ATLAS

EXPERIMENT

Run Number: 203195, Event Number: 36443051
Date: 2012-05-11 00:03:43 CEST

19. 10. 2016




Higgsuv boson

 Jak vypada? Aneb: jedna vlastovka jaro nedéla...

SATLAS
A EXPERIMENT

Run 190878,Event 2721965
Time 2011-10-12, 12:09 CEST

ATLAS

EXPERIMENT

Run Number: 280862, Event Number: 53564866 ¥

Date: 2015-10-02 16:24:44 CEST

A EXPERIMENT

Run Number: 203195, Event Number: 36443051
Date: 2012-05-11 00:03:43 CEST
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Higgsuv boson

* Mnoho udalosti, mésice behu urychlovace a provozu detektoru:

Events/5 GeV

40}

35

30

25

20

15

10

e Data 2011+ 2012

[ SM Higgs Boson
m, =124.3 GeV (fit)

[ | Background Z, ZZ*
B Background Z+jets, ft
72 Syst.Unc.

NN
NN

,_‘_]I_L,IlIIIIIIIII

100

150
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ATLAS

H—ZZ"—4l
\s=7TeV |Ldt=4.6fb"
Is=8TeV JLdt=20.7fo

8000
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Events / 2 GeV

4000
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10000— =

\s=8TeV

\s:?TeV_[

g
s
"u

Ldt=481b"

Ldt=20.7 fo'

Data 2011+2012
SM Higgs boson mH=1 26.8 GeV (fit)

Bkg (4th order polynomial)
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+ At

-100 E
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+..
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o

"y

o
8IIIIIII|HI IIII|IIII|IIII|IIII|IIII| T | I 11 | 11 | I 11 |

Events - Fitted bkg

110
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)
H+++'¢++
q30 140 50
m,, [GeV]
44



Higgsuv boson

» Cekdni na Higgse.

> 35 _l L | T T T | T 1T | T T T | L | L | T T T | L L |_ > [ T T T T T T T T | T T T T | T T T T | T T T T | T T T T ]
3 - - 7 & 4500 1 =
O - ¥s=7TeV | Ldt=0.05fb Apr 24, 2011 7 O} = Ys=7TeV | Ldt=0.021b  Apr 18,2011 o
w0 30 L 7] ~ = =
P - a £ 4000~ =
I - 1 3 = =
s sk ATLAS Preliminary ~ — 3500 4 Data ATLAS Preliminary J
- H—)ZZ( )—>4I channel . 3000 — H—yy channel —
20— — — — Background-only -
n [ Signal (mH=125 GeV) 7 2500 =
: I Background 22" i - -
15— B Background Z+jets, tt 2000 — —
C —4— Data ] = -
10 :_ _: 1500 E_ _E
- B 1000 = —
51— — - =
C ] 500 — —
-U [a) _l ! ! i ! ! ! ! ! ! ! 1 1 1 1 1 1 | ! ! | 1 1 | 1 1 1 1 1 1 1 | |_ — (al :-‘- :- ! ! y e y y :
5 10 - & 200~ N
E '
o o
S 0 - S 0
@
% -10 _. P N E T E N E N E N H U B B '200 I P T T H S TS S -_
0 50 100 150 200 250 300 350 400 450 500 100 110 120 130 140 150 160
M, [GeV] M., [GeV]
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Higgsuv boson

* Vidéno experimentem ATLAS:

20

> L
[0} e Data2011+ 2012
g 40 - N SI?/Iéll—Hggs goson A TLA?
© } . H—ZZ*—4l
] - m,=124.3 GeV (fit) j A
5 35 ) gasground 2. 27" \s=7TeV |Ldt-46fb
=> - ’ f _ _ -1
L - [ Background Z+jets, ff Vs =8TeV ILdt 20.7fo
30 %% syst.Unc.
25

151
10
5
0 1
100 150 200 250
m,, [GeV]
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Events / 2 GeV

Events - Fitted bkg
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.mezitim u konkurence (experiment CMS):

35

Higgsuv boson

CMS Preliminary fs=7TeV,L=5.1f";ys=8TeV,L=196fb"

(?3 E 1 I I I I l | I I I I I I | l. IDTatla I I | E
o 30F ] z+x -
2 []zv'zz :
o 250 -
z : [ |my=126 <3evE
20— ﬂ —
151 =
10F :

5k

01 -
80 100 120 140 160 180

m,, [GeV]
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19.7 b (8 TeV) + 5.1 b (7 TeV)

= x103:

8 35EF '?MS S/(S+B) weighted sum
-~ - Ty ¢ Data

n 3

"E C S+B fits (weighted sum)
CI>J 25 E ------ B component

[ A LU +1o

o o TRa .. +20

2

o 15F

3 L. 0.26

o Couo=1.1455

m N

+ 05 m,=124.70=x0.34 GeV

@ :I | 11 | 1 | L1 1 | | | I | L1 1 | L1 1 1 | L1 1 1
(75 0

B component subtracted

115 120

125 130

135 140 145 150
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Elementarni, Watsone!

FERMIONS
MATTER

| QUARKS

.| LEPTONS

BOSONS
FORCE CARRIERS

| | GAUGE BOSONS

HIGGS BOSON
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(@1

<

Q-

..'Q("'l -

antibottom antistrange
quark quark

antitop Al antitop
quark quark

strange antistrange
quark N, quark




19. 10.

Up Quark
~0.002 GeV

Down Quark
~ 0.005 GeV

Elementarni

Charm Quark
1.25 GeV

Strange Quark
~0.095 GeV

Top Quark
175 GeV

4.2 GeV

Bottom Quark

These are relative masses not size — they have no measurable size

Electron
0.0005 GeV

Muon
0.105 GeV

Tau
1.78 GeV

Electron Neutrino
2016

Muon Neutrino
~0

Tau Neutrino
~0

For reference:

Proton
0.938 GeV

Originally thought to be
massless but now not
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Beta rozpad
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Activities

MMLepton rc_lepton;
rc_lepton.pt = ed->leptons.pT.at(@) / Gev;

rc_lepton.eta = fabs( rc_lepton.eta );

double hthad = 0.;
double dR_1j_min = 1e108; [/ distance between the electron and the closest jet
double pTdR_1j_min = @.; //pT/dR (lepton-closest jet)
for( size t j =0 ; j < ed->jets.n ; ++j ) {
const double jet_pT = ed->jets.pT.at(j) / Gev;

hthad += jet_pT;

double dR_1j = PhysicsHelperFunctions::DeltaR( ed->leptons, 0, ed->jets, j );

//cout << "Nj = " << ed->jets.n << " j_ind = " << j << " dR_1j = " << dR_1j <<

if( dR_1j < dR_lj_min ) {
dr_1j_min = dR_1j;

pTdR_1j_min = jet_pT / dR_1j;

}

rc_event.hthad = hthad;
rc_lepton.dR = drR_1lj_min;
rc_lepton.dRpt = pTdR_1lj_min;

const double lep_phi = ed->leptons.phi.at(0);

const double met_phi = ed->MET.phi;

double dPhi = PhysicsHelperFunctions::Phi_mphi_phi( lep_phi - met_phi );

rc_lepton.dPhi = fabs( dPhi );

int trigger = ed->leptons.property["trigMatch"].at(®); // which trigger the lepton 1
sbe (use lep_trigMatch in MinisL)

rc_lepton.trigger = trigger; // 1,2 or 3, or even adding the info on the prescale

bool tight = ( rc_channel == FakesWeights::EJETS ) ? ed-»electrons.property["tight"]
€.at(0);

// Finally..

qcd_weight = m_moma->GetFakesWeight( rc_channel, rc_event, rc_lepton, tight );
11 qcd_weight = m_moma->GetFakesWeight( rc_channel, tight, rc_lepton.pt, rc_lepton.et
s, rc_lepton.dRpt, rc_event.jetpt, rc_event.njets, rc_event.ntag, rc_lepton.trigger );

pT = " << rc_lepton.pt <

11 cout << "ch: " << rc_channel << " tight = " << tight <<
§" drR_1j_min = " << rc_lepton.dR << " dPhi_1_MET = " << rc_lepton.dPhi <<
-:--- CutFlowTTbarResolved.cxx 51% L613  (C++/1 Abbrev)

trigger = " <

63 Jan 6 13:56 histoarams:data_ﬁa.ront
1.7M Jan 6 13:56 histograms_data_el.root
6.0K Jan 6 13:56

“FW-r--r--. 1 ditek zb
-fW-r--r--. 1 qitek zp
drwxr-xr-x. 5 qitek zp

ealita

Tue Jan 6, 14:57

File State| [Page| [Portrait|[1.000] BBox| | ing/eps/el_reco_dj2b_topH_n.eps: Data/Prediction |[Tue Jan 6 00:10:06

#! fusr/bin/python

import os, sys
rc_lepton.eta = ( rc_channel == FakesWeights::EJETS ) ? ed->electrons.property["el_cl _eta"].at(®) : ed->muor frgm ROOT'iNZOFt .

frem array import array

from MAMboPlottingToolkit import *

_can

_files
corrs

s

=[]
=[]

2015

[fariable Size

Save ALl

Save Hor

[ [ ]

DIy
o

[lxpluse142] /afs/cern.ch/user/q/qitek/qitek/TopResolved_8TeV MAMbo/MAMbo/run/s m

Events / GeV

Data/Prediction

FT L L L L L L B |
T ATLAS Internal —+— Dataejets 7
L [ tt (non full-had) |
500_‘[ Ldt=20.3fb" Vs=8TeV W Singletop ]
L W+jets _
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