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Ddidi adronuli amaCqarebeli 
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Zalebis unificireba 
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gauge 

x8 

Elementaruli nawilakebisa da velebis 
urTierTqmedebebis Seswavla  
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A most basic question is why particles (and 
matter) have masses (and so different masses) 

The mass mystery could be solved with the ‘Higgs mechanism’ 
which predicts the existence of a new elementary particle, the 
‘Higgs’ particle (theory 1964, P. Higgs, R. Brout and F. Englert)  

Peter Higgs 

The Higgs (H) particle has been searched 
for since decades at accelerators, but not 
yet found…  
 
The LHC will have sufficient energy to 
produce it for sure, if it exists  

Francois 
Englert 
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7 F. Zwicky 1898-1974 

Dark Matter in the Universe 

Astronomers found that 
most of the matter in the 
Universe must be invisible 
Dark Matter  

‘Supersymmetric’ particles ? 

Vera Rubin ~ 1970 



8 

Supersymmetry (SUSY) 

Our known world Maybe a new world? 

Establishes a symmetry between fermions (matter) 
and bosons (forces): 
 
- Each particle p with spin s has a SUSY partner p 
  with spin s -1/2  
 
- Examples  q (s=1/2)    q (s=0)      squark 
   
  g (s=1)       g (s=1/2)   gluino 

Motivation: 
 
- Unification  
  (fermions-bosons, 
   matter-forces) 
- Solves some deep 
  problems of the  
  Standard Model 

~ 

~ 

~ 

(Julius Wess and Bruno Zumino, 1974) 
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pp physics at the LHC corresponds 
to conditions around here 

HI physics at the LHC corresponds 
to conditions around here 
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1. Pprotonebis wyaro, 

100kev 

2. wrfivi amCqarebeli, 50mev  

3. Bbusteri, 1,4gev  

4. Pprotonuli 

sinqrotroni, 28gev 

5. super Pprotonuli 

sinqrotroni, 450gev 

6. didi adronuli 

amaCqarebeli Semxvedr 

nakadebze, 7tev. 
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mZlavri amaCqarebelebi da deteqtorebi 

MmaRali energiebi da intensiuri 

nakadebi uaRresad swrafi da zusti 

Suqis mikroskopi 

2 000 

eleqtruli mikroskopi 

2 000 000 

LHC <10-16cm 
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Bunch Crossing   4 10 7  Hz 

  7x10 12  eV    nakadis energia   
10 34  cm -2  s -1  

  naTeba 
2835    konaTa raodenoba    
10 11  

  protonebi/konaSi 

7 TeV  Proton   Proton    
colliding beams   

Proton Collisions   10 9  Hz 

Parton Collisions   

New Particle Production    10 -5     Hz    

(Higgs, SUSY, ....)   
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Selection of 1 event in 10,000,000,000,000;  10**13 

7.5 m  (25 ns) 
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Collisions at LHC 



http://hands-on-cern.physto.se/ani/acc_lhc_atlas/lhc_atlas.swf 
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Eeleqtronis,  protonis da miu-mezonis identifikacia 

ATLAS 

19 
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Electrons and Photons (e, ) – combine information from calorimeters and tracking 
devices 

   e,  provide narrow clusters in electromagnetic calorimeter, and deposit all their energy therein 

   e ( ) clusters must (not) match with incoming track 

   e can be separated from pions using transition radiation in TRT (ATLAS) 

   For many interesting physics processes e’s and ’s are isolated from other particles 

   However, not so for e’s from charm and beauty decays and ’s from 0 decays 

   Backgrounds stem mostly from misidentified jets 

Muons (µ) – identified using muon chambers at outer detector (other particles are 
absorbed) 

   µ momentum and charge can be determined from track bending in B field of µ chambers 

   Backgrounds stem mostly from charged /K decays in flight 
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ATLAS 

Detector 

45 m 

24 m 

ATLAS superimposed to 
the 5 floors of building 40 

7000 Tons 
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ATLAS Cavern 
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 monacemebis dagrovebis trigeris sistema atlas-ze dafuZnebulia sawyisi monacemebis sam 

safexurian SerCevaze. trigeris saSualebiT xdeba monacemTa arCeva manam informacia Caiwereba 

mexsierebaSi (informaciis matareblebze).  

 im 10’s PetaByte/sec (100 000 CD’s/sec) SemTxvevebidan romlebic warmoiqmnebian atlas-ze 

mxolod 100 MetaByte/sec (1 CD’s/2sec) airCeva rogorc saWiro, kargi SemTxveva Semdgomi 
analizisaTvis. 

35 
Irakli Minashvili, Georgian Teachers 

Program, CERN, May 6-12, 2012 



Irakli Minashvili, Georgian Teachers 
Program, CERN, May 6-12, 2012 

36 



Irakli Minashvili, Georgian Teachers 
Program, CERN, May 6-12, 2012 

37 



 atlas deteqtoris menejmenTis Txovnaa rac SeiZleba male 

moamzadoT axali Taoba fizikosebisa Ldid adronul kolaiderze 

dasmuli amocanebis gadasawyvetad. Mmxolod momaval Taobas Seswevs 

aseTi ambiciuri proeqtebis warmatebulad Sesruleba. 

 gisurvebT am saqmeSi kovelgvar winsvlas.  

 

 

 

gmadlobT yuradRebisaTvis da moTminebisTvis.  

 

 

momaval Sexvedramde.  
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Back slides 
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The LHC is the largest cryogenic system on earth,  
cooler than outer space 

QuickTime™ and a
TIFF (LZW ) decompressor

are needed to  see this picture.

Magnets cooled down in a bath of 
~120 tons of superfluid Helium 
(excellent thermal conductor) 

 ~100 years ago, on 10 July 1908: Heike K Onnes 
   first liquefied Helium (60 ml in 1 hour) in Leiden 
 LHC today: 32000 He liters liquefied per hour  
   by eight big cryogenic plants  
   (the largest refrigerator in the world) 

One sector: 3.3 km, 154 dipoles 

H K Onnes 
Nobel Prize in Physics 1913 
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An exponential development 
over 70 years, 

following emerging technologies, 

superconductivity has been the 
key technology for high energy 
accelerators since the 1980s. 



Irakli Minashvili, Georgian 
Teachers Program, CERN, May 
6-12, 2012 
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Main parameters of the machine 

crossing 

angle 

'long range’ 

interactions 

two beams, 2808 bunches 

each, separated by 25 ns 

Beam energy                                           7       TeV 
Instantaneous luminosity  L                1034     cm-2s-1 

Integrated luminosity/year                ~ 100     fb-1  
Dipole field                                             8.4      T 
Dipole current                                     11700    A 
Circulating current/beam                      0.53    A 
Number of bunches                            2808 
Bunch spacing                                        25      ns 
Protons per bunch                                1011 
R.m.s. beam radius at IP1/5                  16       m 
R.m.s. bunch length                              7.5      cm 
Stored beam energy                             360      MJ 
Crossing angle                                      300     rad 
Number of events per crossing            20 
Luminosity lifetime                                10       hours   

Design operation 

Aircraft carrier at 12 knots 

x200 Tevatron 

L
N2kb f

4 x y

n. of protons 
per bunch 

n. of bunches 

beam size at IP  
( x,y = 16 m)  

n. of turns 
per second 

N = L x pp  X)  
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How much do the protons weigh in the LHC at 7Tev? 
The energy of a proton is 7 TeV. Via E = mc2 the mass is simply 7 TeV/c2 - and 
these are the units usually used. 
7 TeV/c2 divided by the rest mass .938272029 GeV/c2 gives us 7460.52 times the 
rest mass 
Working in SI units we can do the same thing more explicitly: 
At 7 TeV: 
Energy = 7 *1012 *1.60206 *10-19 Joules 
c= 2.99793 108 m/s 
m = Energy/c2 = 1.2477-23 Kg 
 
At rest (rest mass proton = mp): 
Energy = mp c2 = 0.938272029 *109*1.60206*10-19 Joules (or just say mp = 
0.938272029 GeV/c2 ) 
mp = Energy/c2 = 1.672009-27 Kg  
m/mp = 7460.52 as before 
This number is gamma i.e. 1/square root( 1- v2/c2) - from which you can easily 
calculate the velocity. 
 51 

Irakli Minashvili, Georgian Teachers 
Program, CERN, May 6-12, 2012 



CERN- birTvuli kvlevebis evropuli  centri 

Collider -amaCqarebeli Semxvedr nakadebze 

LHC- didi adronuli amaCqarebeli  Semxvedr 
nakadebze 

LINAC - wrfivi amCqarebeli 

PS - Pprotonuli sinqrotroni 

ATLAS – zogadi daniSnulebis deteqtori  

CMS – mionebis kompaqturi solenoidi 

Trigger – piroba, romlis Sesrulebis 
 SemTxvevaSi xdeba fizikuri 

 monacemebis Cawera  

 


