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[Molog elval 0 0TOXOC TOU
HXONpTOC ?

o NWwg aTTO PETPNOELG OTK TIELPRUATX
UTOLXELUUBUUV CWHXTLOLWV(ZZ) e‘c:,ayouue
Tt)xnpocpoptsg vl Tnv YZIKH (Touc vopoug

TNG PLOANG)

o TEXVLKEC XVAALONC DEDOUEVWIV KTTO
TTELPRUPOTX 2.2

e TLHOC ev&o«pepa VO HETPHOOULME ? AC dOUE
TNV T[EpLT[T(DOT] Tou KaxBrepwpévou
[MpoTOTTOUL...
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To KaBiepwpuéevo lMNpdTuTtro
Standard Model

O1 ANNAeIdpAoEIC : ZUleuen

H UAn : Quarks & Leptons

QUVAMEWYV Kal UANG
(gauge symmetry)
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Deppidvia : spin 1/2

AANNAemIdpaCEIg A10d0TEC
HAeKTpOUQYVNTIKES Y

AoBeveic W=, Z
loxupég Gluon(g)
BAPUTIKEG Graviton(G)

MTtrolovia : spin 0, 1 (2)

Higgs

Bapuodvia : mpwTtovio:uud,

vETPOVIO:ddu
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YT1roAsittovTtal : Graviton
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Tt AEN yvwpiCovpe on duvokn
>TOLXELWOWYV ZWHATLOLWV?

e TX TTELPRPOTX £XOUV €TTXANOeVOEL
To KaxBrepwpévo MpdTLTTO pE
EVTUTTWOLXKN akpLlpfeLal

* = ... EXoupe Bpel TNV Bewpiax | (2?)
e AEN exoupe AOYO VX WPAEXVOUE....

* ... XLTO ELVOIL ONO???
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AVOTTAVTNTX EpPWTAHXTX 0TN PLOLKN

>TOLXELWOWYV ZWHOTLOLWV
[LXTL 1 OO €XEL PTLOEEL TPEIC TTAVOUOIOTUTIEC
(uTtdpxouv TtepIo0dTEPEC?) 'YeVLIEC CWHOTLOLWVY ?
O punxaviopog Higgs divel paCec oTo quark kol To
AeTTTOVLIX (Pprkape To Higgs | aAAd sivar poAig n apxh...)
LTl Ol HATEC TWV KOUKPK ELVOL TOOO dLXPOPETLKEC?
YTrapxet evotrtotnon OAQN Twv duvopewy (GUT)?

MTropel n BapuTNTX Vo evotrolnOel pe QM oe eva SM
(Hierarchy problem: weak interactions 1044 stronger
than gravity!)

LT DTTXPXEL KOVPHETPLO HETHED DANC KoL VTLOANC?
KO L XAAX..... ZKOTeVRN YANn, ZKoTewvn Evépyela ...
Xpeialeral yia ouvexnc ‘avraAdayn’ avaueoa

oTn Bswpia Kai 1o reipaua !
6/3/2017 YTtroAloy.Quoiki 22 5



- 'The CERN Accelerating Complex —
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The LHC benefits from a large accelerator infrastructure progressively installed at

CERN since it was founded back in the 50’s. The proton bunches produced from a

hydrogen source are accelerated by the Linac and Booster. Then, the PS and SPS
increase the energy up to 450 GeV before entering the LHC.



The LHC and the Experiments at CERN

————— -

R

The Large Hadron Collider Experiments

CMS+TOTEM

Abbert De Roeck (CERN)

4 peydAa meipdpata oto LHC umdpxouv + 3 pikpoTepa-e&c1dikeupéva meipdpara:
LHCf(LHC-forward): measurement of neutral mO meson production, in order to
understand ultra high energy cosmic rays

MOEDAL :Monopole and exotic particle detector at the LHC

TOTEM: Total cross section, elastic scattering and diffraction dissociation at
the LHC



A Toroidal LHC ApparatuS

Muon Detectors Electromagnetic Calorimeters

Forward Calorimeters

Solenoid

End Cap Toroid

- 22 m

- Inner Detector ” . e
Barrel Toroid Hadronic Calorimeters Shielding

44 m
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CMS

Compact Muon Spectrometer

15 m

2
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% CMS Collaboration
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MXTL HEYXAEC EVEPYELEC KL HEYXAOL XVLXVEVUTEC???

I—IOAAEG Ol., Meyé()\EQEVE'pYELEQ ...000.00000 00..000.....
TTPOKANTLKEC
EPWTNOELG : LHC 7+7 TeV .

MPOKANTLKEC
OewpnTLKEC
TIPOPAEPELC

MOAN& evepYELOKK
CWHXTIdLX VX

XVLXVELTOUV KOL

. ATLAS and CMS V& KOTRYPAPODV

Farwand Cascnmet

~...in Their complexity R,

Rane! Tosad tnmer Dvtecton
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H wpoowarn avakaAuyn tov Higgs anoppoia
Hiagc ouvOeTNC UTOAOYIOTIKAC 6la5|Kaa|ag |
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The dots and the error bars represent the observed number of events in a given mass bin. The numbers come from a long chain of data analysis beginning with
the trigger event selection, followed by the event reconstruction, the event filtering and analysis for the millions of events recorded by the experiments

The data simulation and analysis is performed on a distributed data grid system called the WLCG (Worldwide LHC Computing Grid). This
infrastructure based on tiers computing centres has been installed all around the world to absorb the heavy computing load of the high LHC
statistics. The tier 0 is located at the data production centre (CERN) and absorbs 20% of the load, 11 tiers 1 connected through direct high
bandwidth fibre links (10 Gb/s) are scattered across the main participating countries/regions and ~ 140 tiers 2 are providing the specific computing
support necessary to research teams. The WLCG provides more than 250,000 processors, and close to 150 PB of disk storage from over 150 sites
in 34 countries, producing a massive distributed computing infrastructure that support the needs of more than 8,000 physicists.



Hlerarchlcal Computing Model

CERN/Qutside Resource Ratio ~1:2
Tier0/(Z Tierl)/(X Tier2) ~1:1:1

~100 MBytes/sec

Offline Farm,
CERN Computer Ctr

Physicists work on analysis
"channels”

Physics data cach 100 - 1000 . a -
REEETR R TR N\ Mbits/sec Each institute has ~10 physicists
e 3 Y o working on one or more channels
Workstations AN S, LIET A g
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200Hz - 400Hz

Event Summary Data (ESD): ~| MB/evt
RAW: ~1.7-1.IMB/evt

Analysis Object Data (AOD): ~ 100 kB/evt

Sl o derived data (dESD, JAOD, NTU...)
{\ A CERN distributed over the Grid

§ s, Analysis
‘\\ ' m“ Facility

Tier-0 . ”
Data Recordingtoup} Tler_ I > (-'-T
First Pass Processing [ }
: Tier-2
[Tler- I )

19 Tier-| centers
RAW data copy on tape
Analysis data on disk
Reprocessing

140Tier-2 centers
(~80 sites)
Analysis data on disk
User Analysis




How these collaborations work? Where they get money?

The ATLAS Collaboration includes about 3000 physicists and engineers
from 175 institutes in 39 countries. CMS has a similar list of participants
often from the same countries, but not completely overlapping.

Each institute has
specific responsi-
bilities as
formalized in a
Memorandum

of Understanding.

Financial support
comes from the
funding agencies
of individual

|| participating states.
6/372017 YTtoAoy.Quaikn 22 16




H MeBodoloylax oTn duoLKN
>TOLXELWOWYV ZWUXKTLOLWV

LR LLLE IS
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H MeBodoAoyilax oTn duokn
>TOLXELWOWV ZWUATLOLWYV
Simulation and Data Analysis Chain

Process (e.g. PP->H+X->yy+X)

Detector Simulations (GEANT4) Experiments




H MeBodoAoyilax oTn DUOLKN ZTOLXELWOWYV

> WHXTLOLWYV
Y 4
/ OQeswpla
Nelpopo LOO P
U YTTONOYLOHOL Npooouoiwaon
, GF\%%:\(U oT0 AMNAETTLOp&TEWM
“MpwToyevh” AeSoUEVQ G)au)PLEC:QCD (MC Generation)
(Raw Data)
Mpocopolwon TNG
AVIXVEVLTLKNC
ALKTXENC
AVOKOXTXOKEL [ {
A£DOUEVIIV CN— “MpwToyevn” Asdopeva
(Reconstruction) ~—— (Raw Data)
H AvaAvon Agdopévuwv NavouoloTuTTad
Mpocopoiwaonc TWV TTELPKPOXTLKUOV
Av&Auon Aedopévuwv i
TEALKX ATTOTEAEOPXTX




H MeBodoAoyilax oTn DUOLKN ZTOLXELWOWYV
>WHATLOLWYV (OLVEXELX)

eETTLAOYN TNG dLadikaaiag(physical process) @Ewp(O(

eFeynmann Diagrams ]
eMatrix Elements < ]
e‘home made’ MC if a ‘new’ process (attached [pocopotwon

to the general frame i.e. PYTHIA) ARPBTIDBECETEN
, , , , (MC Generation)

eETTLAOYN TNC KXTGAANANC GLVXPTNONG dOUNC,
XV OLYKpoUOVTHL 6xdpovLx (i.e. proton structure ,
function if pp colliders) [lpooopolwon Tng
eETTIAOYH KXTAAANAOU TTPOTUTIOU YLX TNV AVLXVEULTLKNG
adpovoTroinon Twv quark, gluon (fragmentation ALXTOENG
model)
e[Txpaywyn yeyovoToc
Existing Frames : PYTHIA, HERWIG, VECBOS,
ISAJET..... H PYTHIA ewvat To TTARpEC KL TuVRBWC
xpnotpotroloVpevo MC oTo oTTolo PTTOpPEL VXX
TpooappooTel MC ywx non-standard model
process T1.X. SUSY, €1Teldn mrepLeéxet Structure &
Fragmentation functions

20



H MegBodoAoylax oTn PUOLKN ZTOLXELWOWV

> WUATLOLWYV (CLVEXELX)

eETTLAOYN TNC 6L0(6L|<0(0L0(g(phy5|cal process)

eFeynmann Diagrams v e+
eProcess Calculation \

Loops and Legs

Feynman diagrams in
Pertubative theory

Leading Order
LO, 1% order or tree leve!

FNAE 2 Y e — B e Next Leading Order
- G & ¥ NLO

€ ’ ) Next Next Leading Order
6/3/20 g NNLO

Loops and legs in QED



H MegBodoAoylax oTn PUOLKN ZTOLXELWOWV

>WUATLOLWYV (CLVEXELX)

eETTLAOYN TNC dLadikaaioc(physical process)
eFeynmann Diagrams

eProcess Calculation NLO RQVOIUTiOn

’ ‘ m 2006

m 2011

Loops 4 . :
" p
- ;

weo (NN &

o ‘ ' Y
B \4/ g
0 ,_ Z
1/ P p . / g -9

|
2 3 4 5 5 7 8 Legs
N. Glover Durham Univ. UK, ACAT’ 2011

'NLO Revolution [30]



H MegBodoAoylax oTn PUOLKN ZTOLXELWOWV
SWHXTLOLWYV (CLVEXELX)

eETTIAOYNA TNC KATAAANANC OCLUVXPTNONC DOMUNG

0.8 [

= QCDfit

Q.7 -\ --===  CTEQ4M
0.6 |

0.5 N\
0.4 F % N\

0.3 | S N\

6/3/2017 e
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H MgBodoloyla oTn PUOLKNA ZTOLXELWOWV
>WUATLOLWYV (CLVEXELX)

e ETTLIAOYN KATAAANAOUL TTPOTUTIOV YLX TNV adpovoTroinon Twv quark,
gluon (fragmentation model)

First link in the simulation chain: Event generation

\|‘ W ¢ P

»Hadr'onizm‘ion

..‘.?. ' y e ‘s.
“Wt
d,\la,_‘» w * “..’ S
LW G , Parton shower
xlo i t- t " y.,lo ,‘ jefs
L ; S
. - —~ UHard sub-process
&8,
g
ProTon Proton

Multiple m*remctuon/underlying event |

Sequential steps in the formation of an event
6/3/2017 (The event presented here is a SUSY event with a hard process: u-quark gluon —u-squark gluino, the u-squark
being the superpartmer of a u-quark and the gluino the gluon counterpart)



H MegBodoAoylax oTn PUOLKN ZTOLXELWOWV
SWHATLOLWYV (OLVEXELX)

2

eProcess Calculation
From Symmetries to event generation

Phywsios Modeol
Symbolnc computatlon

¢ Form Mable Mathe

Basic __
5 \ » _;""‘E: FeynRules
Mass Spectrum Feynman Rules Couplings
|
e e Automation
J Grace, CompHEP, CalcHEP, FeynCa
Amegic++, Sherpa, Madgroph, Wh
Ab Initio Automal\ Parton Distribution Functions
Apdf: CTEQ. MRST
matrix glemenf ISR - g
genera‘rlon CIRCE
1SR, Beamatraniung Numerical Multi-dimensional
ke s e ik e s In'regra'rlon
- Vegas, Bases, Dice Vamp, Parint
A generator o rr ion Bhower
g f EV(‘!'I' m.;»n H- onnlutlon

event generators

6/3/20

Puthia MHerw
v"u'~..LJ

Final event

From symmetries to Event Generation



H MeBodoAoyilax oTn DUOLKN ZTOLXELWOWYV
>WHATLOLWYV (OLVEXELX)

eATTO TOV [EVATOPX TNC XAANAETTIOpaaNC (TT.X. @Ewp[(x

PYTHIA) TTpokOTITEL YIX K&GOE YEYOovOC TO 0UVOAO
TWV ‘OToOEPWV’, XVLXVEVTLUWY CWHATLOLWY, O

TOTTOC TOULCG (8, Y, M, K, 1T, p) T 4-dLaVOOUATX Mpooopolwon

Touc:(E, p~), < AMNAETTLOPp&XTEWV]
(MC Generation)

Mpooopoiwon Tov AvixveuTh < : Mpogopoiwon g

7 p , , AVLXVELTLKNC
e AAANAETTIOPXOT HE TNV LAN (XTTWAELX EVEPYELXC ALGTOE
iy , neG
dE/dX, NAEKTPOPXYVNTLKEC KXL TTUPNVLKEC

OAANAETTILOPAOELC, TTOAXTIAN OKEOXON MS)

¢[dLOTNTEC TNC KVLXVEVTLKAC DLATAENC: NAEKPLKO

KXL/] HXYVNTLKO TTEdLO, TTOipaxywyn, dLxdoaon,

XVXKAKOT) TOU (PWTOC KATT)

e[eWUETPLX TOL KVLXVELTH

eMETXOXNUATLOPOC TOV ONPAXTOC (NAEKTPOVLKKX)
e¥NLoTToinon Tov CAUXTOC o6



H MeBodoAoyilax oTn DUOLKN ZTOLXELWOWYV
>WHATLOLWYV (OLVEXELX)

¢|OTOPLKK: -
e‘home-made’ TTPOYPAUHKT @E(DPLO(
TTpooopoilwaong |
eEEeN(OOOVTOL OE AOYLOPLKE TTRKETX : lpogopoiwan
Garfield (drift chambers), EGS (e-v: ANANAETTILOpOOEWV

oTrvOLpLoTéc, kohopipeTpa), FLUKA (MC Generation)

(VETPOVLX),...— Xpnon 1970-cnpepa

; , Mpocopolwon TNG
o2NHUEPX TTEPIAXUPAVOVTOL OTHV TTLO AVLXVEUTLKAG

eCEALYHEVN Hoppn Tov Geant (oe C++) ALGTRENC
BIG Machine-Big Overhead! T
“MpwToyevn” Asdopeva

e [T PEAANAX XPNOLUOTTOLOOVTHL

‘ ; . . , (Raw Data)
home-made’fast simulations-kx0¢ MXVOLOLOTUTIX
TTELPOPO OLKO TOU TTKETO, TT.X. L TWV TELPAUATKGDY
ATLFAST. KataAnyouv os Raw Data
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H MeBodoAoyilax oTn DUOLKN ZTOLXELWOWYV
>WHATLOLWYV (OLVEXELX)

eXpnon Histogramming-fitting
tools [ROOT+Minuit= AoyLoHLKO
TTKETO 0 C++ YLX TNV XVEALON
OEDOUEVWIY, YLK TTIPOTGPUOYN
KXTXVOHWYV KATT].

e MEAETN TWV YEVLKWV
XOKPOAKTNPLOTLKWY TOU KVLXVEVUTN
occupancy, XxTrodoaon, dLAXKPLTLKNA
LKOKVOTNTX

e>0YKpPLON HE ‘TTpWTOYEVH
0EDOUEVH XTTO TO TTELPOHAL.

6/3/2017 YTtrohoy.Puoiki ZZ

Oewpl

Mpooopolwon
ANMNAETTLOp&TEWV
(MC Generation)

Mpocopolwon TNG
AVIXVEVLTLKNC
ALKTXENC

“MpwToyevn” Asdopeva

(Raw Data)
[TxvopoLloTLTIX
TWV TTELPAXPATLKWV

28



H MeBodoAoyilax oTn DUOLKN ZTOLXELWOWYV
>WHATLOLWYV (OLVEXELX)

N

Neltpapo

|

Oswpla
J
O
O
O
, Hist-Fitting tools o

“MpwToyevi’ AedOPEVX = (ROOT)
(Raw Data) ﬁ
I °
O
O
O
]
\/ “MpwToyevn” Acdopéva
(Raw Data)
- [TxvopoLloTLTIX
Event Display-Visualisation TWV TTELPXUGTIKADV

6/3/2017 YTtrohoy.Puoiki ZZ 29



H MegBodoAoylax oTn PUOLKN ZTOLXELWOWV
SWHXTLOLWYV (CLVEXELX)

Neltpapo

}

(@)

i

\%

Oswpla
]
]

“MpwToyevn” Acdopév
(Raw Data) \ ,
AVOKOXTXOKELN

AvaAvon AgdopEVWV

A£DOUEVIIV
(Reconstruction)

“MpwToyevn” Acdopéva
(Raw Data)
[TXvopOLOTLUTTX
TWV TTELPAPATLKWV

e

—

ROOT-based
Analysis

AvaAvon AgdopEvwy

JL

Mpocopotiwaonc

TEALKX ATTOTEAEOPXTX

6/3/2017

YTtrohoy.Puoiki ZZ
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H MegBodoAoylax oTn PUOLKN ZTOLXELWOWV

2 W

Neltpapo

}

o'

HXTLOLWYV (OLVEXELX)

AVOKXTXOKELN
A£DOUEVIIV
(Reconstruction)

Oswpla

——— 4‘%

Charged track
reconstruction

|

YTTOANOYLOMOC TNC
opHNG

!

b

Find primary &
secondary vertex

6/3/2017

Jy
m

YTtrohoy.Puoiki ZZ

Calorimeter
Cluster/Energy
reconstruction

|

AvoyvwpLlon
HAekTpoviwv/y
Adpoviwv,Loviwy

YTro)\ochruvc')gem /hadr
Evépyelag e-y/Tt/ |
Etot, ETmiss

31



H MegBodoAoylax oTn PUOLKN ZTOLXELWOWV
>WHKTLOLWYV (OLVEXELX)

I E(PO(IJO( AvoKaTOXOKEL | @Ewp (O(
| AedopéVV I
o — 1  (Reconstruction) [~ =

Detector data / e ﬂ .
Specific Physics Event visualization

Visualization (Histos)

Analysis :
ROOT ROOT L (Event Display)

! — TOOLS
2TOTLOTLKN AvaAvon| [ (ROOT)

ATTOTEAETUATWV
>0ykplon Data & MC

Vv

Q_ TeEAKKX

ATTOTEANEOPOT
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Tt Ox p&xBovpe ?

e BOOLKEC TEXVLKEC TNV XVXALON
OEQOUEVWIV — ZTATLOTLKN

e BXOLKEC TEXVLKEC OTNV TIPOCOHOLWON
OEDOHEVWV
- MéBodoL Monte Carlo
- Xpnon Mevvntopwv
e J0YKPLON TOUL TTELPXPATOC HE TNV Bewpl
- EEoxywyn TwWV XTTOTEAEOUATWY (EVEPYEC
OLXTOMEC OPLX YLK UTTPEN VEWYV TCWHATLOLWV)

6/3/2017 YTtroAloy.Quoiki 22 33



LTl Xpel&XTeTal YITOAOYLOTLKA PUOLKNA
OTX 2ZTOLXELWON ZWHUKTLX ?
* YTTOAOYIOUOC OXTTO TLC KXTXVOUEC DEDOUEVIIV
TTXPAUETPWYV OTTWC:

= EVEPYEC DLATOMEC, XPOVOC NULCWNC CWHATLOLOUL:
(koxTavopéc dN/dt)

Estimators: Least Square, Maximum Likelihood/
profile likelihood...

=MA&TeC CWHPATLOLWV
Fitting : Katavopéc Breit-Wigner (Cauchy)

=T110AWON (polarization), otaBepéc cOTeLENC : KTTO
KXTavopéc do/dQ

= xvoiCNTNon véwyv cwpaTdlwyv (confidence limits

method: CLS) i

6/3/2017 YTtroAloy.Quoiki 22 34



LTl Xpel&XTeToLl YTTOAOYLOTLKA PLOLKN
OTO ZTOLXELWON ZWHAXTLX ?

e YTTOAOYLOHOC TNC OTTOUdXLOTNTAC TOU
ONUOTOC KXL TNC TILOTOTNTAC TC
HETPNONG :

=>Signal/Background

=Confidence limits

=3 UOTNUATIKE OPXAPOTO (systematic
errors,checks), yéTpnonc

6/3/2017 YTtroAloy.Quoiki 22 35



LTl XpelXTeToL YTTOAOYLOTLK PLOLKN
OTO 2ZTOLXELWON ZWHATLX ?

e J0YKpPLOTN BewplaC KXL TTELPXPATOC

= FevnTopeg KO(TO(vouwv / ueuokuevwv YEYOVOTWYV
KOTX TX OEwpNTK& TTIPOTUTT

= I'Ipooouowucn ™G O(VLXVEUTLKI’]C_', 6L0(T0(Enc;
AM\n}\ETrLSpO(Gn CWHATLOLWV UE TNV OAN-
SUMTTEPLPOPK TNC KVLXVEVUTLKAC dLEATARENC

 Event Display
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MNwc O TTeTOXOLPE TO OTOXO TOU
HxONuoToc?

e ATTOKTNON auﬂatpw(g oTnv XVXALON 6260uevwv LIE
Y XVTLTTRP&GOEON Bewplog KL TTELPXPKTOC WC
EENG:

» ELOOYWYLKX PHOOAPOTH 0T dLAWPOPX BEPXT

» MMPpOKTLKN €EO0LKELWON HE TTXPAROELYHKTH ¢ ETTLALON
TIPORBANPATWY HE TNV BoNBELX TWV dLOKTKOVTWV

> ETtiAvon TTpoBANHETWY GTTO TOUC POLTNTEC
> OL (POLTNTEC AVAAXUBXVOULV EPYRTLEC TTOL XPOPOLUV
XVXAVON TIPXYHATLKWY OEQOUEVIIV
» OL (OLTNTEC TTPOVTLXTOLY TK KTTOTEAETUARTA TWV
EPYOXTLWV LTTO HOPWPN ETTLOTNHOVLKAC TTipouaiaonc
« H yvwon Kal EUTTEIpIa TTOU Ba aTTOKTNOEI £XEI EPAPUOYEC
o€ TTOAAG TTEdia TTEPA aTTO TNV PUOIKN ZTOIXEIWDOWV
2. WHATIOIWV
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ELooxywyLkec ALAEEELC

e ELoaxywyn otnv ROOT

eH ROOT epyaAelo avaAvong dedopévwy (histograming
tool)

eH Root oav TTEpLBEANOV XVEAVONC DEOOHEVIV
eETTiALON TTpOPANUGTWYV pe TRV ROOT

e AVOidpoun oTnV ZTOTLOTLKN

o KaTavopéc (dLakplTéc& auvexelc:binomial, poisson,
gauss, chi-square)

e Estimators (Least square, Max.Liklehood)
e Confidence limits
e Errors : statistical, systematic

e MéBodoL Monte Carlo
eBxOLKEC OXPXEC
e[MxpadelypaxTx-YTTONOYLOHOL

e[evTOpPEC
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ELOXYWYLKEC ALXAEEELC (ouvixeio)

e Boolkéc GTpO(TnyLKég OTNV XVAALON

-ETrO\oyn yeyovmwv xTT0000N, ALO(KpLTLKr] LKAVOTNTK,
‘KxBaxpoTNTR dEdOUEVWIV , YEYOVOTX LTTORB&GOpPOUL

o ATTOTEAéOUATX PLOLKAC

e Evepyéc dLaTopég, p&Ceg, exclusion limits,
UTTOAOYLOHOC TIXPOHETPWV PUOLKAC

e Event Display

e [MxpovOoilXON ETTLOTNHOVLKWV
XTTOTEAECTUATWYV

6/3/2017 YTtrohoy.Puoiki ZZ 39



BLBALOYpOpL

Introduction to High Energy Physics (4th edition), Donald H. Perkins
(Cambridge, 2000)

Modern Particle Physics (October 2013), Mark Thomson (Cambridge
University Press 2013)

Introduction to Elementary Particles, D. Griffiths (John Willey)
Particles and Nuclei (4th edition), Ch. Povh et al (Springer, 2004)
Numerical Recipes in C (2nd edition), William Press et al (Cambridge)
Statistics for Particle Physics, Richard Barlow ()

PYTHIA manual, CERN (http://www.thep.lu.se/~torbjorn/Pythia.html)
ROOT manual, CERN (http://root.cern.ch)

The Review of Particle Physics, http://pdg.lbl.gov/
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BLBALOYpapla (OLUVEXELX)

BonOnTik&
* Quarks and Leptons, Halzen & Martin (Willey,1984)

» Concepts of Particle Physics, Gottfreid & Weisskopf
(Oxford, 1984)

+ The Experimental Foundations of Particle Physics, Cahn
& Goldhaber (Cambridge, 1989)

+ Data Analysis Techniques for High Energy Physics,
Fruwirth, Regler, Bock, Grotte, Notz (Cambridge)

» Pattern Classification, R.O. Duda et al (Willey)

» Introduction to Statistical Pattern Recognition,
Fukunaga, (Academic Press)
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BLBALOYpOpLX (OUVEXELX)

BonOnTik& ( oLUVEXELX)
Statistical data analysis, Glen Cowan (Oxford Science Publication)

Probability and Statistics in Particle Physics, A.G.Frodesen et al.,
(Universitetsforlaget Bergen-Oslo-Tromso, 1979)

Workshop on Confidence Limits, Ed. F.James, L.Lyons & Y.Perrin
(Cern yellow report 2000-05, Jan 2000) and useful links on
Statistics in Particle Physics: http://www.nu.to.infn.it/
Statistics/

L.Lyons Open statistical issues in Particle Physics (2008): http://

projecteuclid.org/DPubS?
service=Ul&version=1.0&verb=Display&handle=euclid.aoas/

1223908045
MINUIT: Function Minimization and Error Analysis Reference
Manual, F. James, http://wwwasdoc.web.cern.ch/wwwasdoc/
minuit/minmain.html

Introduction to Linux (http://tldp.org/LDP/intro-linux/html/) and Ubundu
g;gjﬁ;(;www.techsoup.org/le%g}'\gvggentegésoftware/page78584gfm)

UCIKN
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