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Forces in Nature

Four fundamental forces?

Or just one ’superforce’?
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Big Bang and Evolution of Universe

Quark-gluon plasma.
Matter-antimatter asymmetry riddle.
Open questions: inflation? origin and cause of Big Bang? era before Big Bang?

M. Trzebiński Elementary Particle Physics 5/24



Components of Universe
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Components of Universe

Galaxies rotation – dark matter?

Expansion of Universe – dark energy?

M. Trzebiński Elementary Particle Physics 6/24



Components of Matter
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Components of Matter

Our current best understanding of matter components:
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M. Trzebiński Elementary Particle Physics 8/24



Higgs Mechanism

Analogy: the Higgs field → a room full of people

no interaction with Higgs field → massless particle → travels with the speed of
light
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Higgs Mechanism

Analogy: the Higgs field → a room full of people

interaction with Higgs field → massive particle → cannot travel with the speed
of light
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Higgs Mechanism

Analogy: the Higgs field → a room full of people

self interaction (fluctuation) of the Higgs field → the Higgs boson
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Fundamental problems:

When?

Why?

How?

Components?

Principles?

High Energy Physics addresses these questions by studying
the behaviour of the Nature at the smallest possible distances,
where its elementary ingredients interact.

Structure of matter?

Mass hierarchy?

Particle interactions?



One Way of Learning:
Accelerator Experiments
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Resolution: 0.03 mm (about 25 cm from eye).

Resolution

How far from each other are objects before they will visually merge.

Microscope:

visible light – magnification up to 1500x,

ultraviolet – magnification up to 3500x.

Observation Conditions

The wavelength must be
shorter than the size of the
object.
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How to Observe (in micro-scale)?

Corpuscular-wave Duality

Matter has properties of both: corpuscles and waves. In particular, each particle
has a corresponding wavelength, which is in inverse proportion to its energy:

wavelength ∼ 1/particle energy
The higher is the particle energy, the smaller is its wavelength.
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How to Observe (in micro-scale)?

Corpuscular-wave Duality

Matter has properties of both: corpuscles and waves. In particular, each particle
has a corresponding wavelength, which is in inverse proportion to its energy:

wavelength ∼ 1/particle energy
The higher is the particle energy, the smaller is its wavelength.

electron source

acceleration (energy
increase) in the electric
field

focusing in the
magnetic field

’illuminating’

data readout

Electron microscope:
• magnification: 107x

• resolution: 50 pm
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Research Facility (just one of few)

Conseil Europen pour la Recherche Nuclaire
European Organization for Nuclear Research

CERN:

created: 29 September 1954 (decided in 1952),

the biggest lab in the world devoted for fundamental research,

∼2600 employees and ∼13000 users (scientists and engineers) from all
over the world,

side ’technologies’: www, touch screen, ...

(Some) scientific equipment:

accelerators: Proton Synchrotron, Super Proton Synchrotron, Large
Hadron Collider,

LHC detectors1: ATLAS, CMS, ALICE, LHCb, TOTEM, LHCf, MoEDAL.

1At CERN we have about 60 other experiments: e.g. COMPASS, NA61/SHINE, ...
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CERN – Conseil Europen pour la Recherche Nuclaire
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Large Hadron Collider

The most powerful accelerator built (so far):
27 km of circumference.

Started in 2008.

Superconducting electromagnets: 1232
dipoles and 858 quadrupoles.

Temperature of magnets: 1.9 K (-271.3 0C).

Magnetic field: (up to) 8.33 T.

Ultra-high vacuum 10−13 atm.

Accelerates protons to 14 TeV or
heavy ions to 2.76 GeV/nucl.

Particles are accelerated to 0.999999991× c.

Discovery of the Higgs boson by ATLAS
and CMS experiments → Nobel prize for
Francois Englert and Peter Higgsa in 2013.

M. Trzebiński Elementary Particle Physics 16/24



Particle Collisions
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Particle Detectors (on example of ATLAS@LHC)

Usually huge, but very precise equipment:

composed of sub-detectors.
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Particle Detectors (on example of ATLAS@LHC)
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Interaction Point

how we describe the interaction how we see the interaction

We cannot directly see what happened in the interaction point

BUT

by studying behaviour and properties of products we can make conclusions.
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Example: Higgs Boson Search

Lets assume that based on theoretical predictions we would like to find a Higgs
boson decaying into four muons.
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Example: Higgs Boson Search

Lets assume that based on theoretical predictions we would like to find a Higgs
boson decaying into four muons.

1) From all collisions detected in ATLAS choose only ones containing four
muons.

2) By using tracker, check if these muons point to the same point (vertex).

3) Measure momentum and energy of muons.

4) Use conservations laws → energy and momentum of products must sum up
to energy and momentum of initial particle.

5) Compute mass of initial particle: mass2 = energy2 - momentum2.

6) Plot mass spectrum.

Please note that this is a VERY simplified view – just to give you an idea!
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Summary

We learnt a lot over last centuries / decades / year!

However, it seems that the more we learn the more questions
appear!

A lot to discover – long lasting questions like:
– what are the most basics laws of nature?
– what is the origin and destiny of Universe?
– what are the most elementary elements of matter?

One way of finding answers: studying the behaviour of the Nature
at the smallest possible distances, where its elementary ingredients
interact.

Tools: particle accelerators and detectors.
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Summer School and PhD Studies in Cracow

Usually the first opportunity for
students to participate in a real
scientific research.

Four weeks: one for classes and
three for work on project (theory or
experiment).

Lectures and projects in English.

Support for lodging for the best
candidates.

Visit our webpage: ppss.ifj.edu.pl

Join us on Facebook:
https://www.facebook.com/ifjpanppss

In future: possibility to be a PhD
student in IFJ PAN Cracow.

In case of questions send mail to:
ppss@ifj.edu.pl
or contact me directly.

M. Trzebiński Elementary Particle Physics 24/24


	0.0: 
	0.1: 
	0.2: 
	0.3: 
	0.4: 
	0.5: 
	0.6: 
	0.7: 
	0.8: 
	0.9: 
	0.10: 
	0.11: 
	0.12: 
	0.13: 
	0.14: 
	0.15: 
	0.16: 
	0.17: 
	0.18: 
	0.19: 
	0.20: 
	0.21: 
	0.22: 
	0.23: 
	0.24: 
	0.25: 
	0.26: 
	0.27: 
	0.28: 
	0.29: 
	0.30: 
	0.31: 
	anm0: 
	1.0: 
	1.1: 
	1.2: 
	1.3: 
	1.4: 
	1.5: 
	1.6: 
	1.7: 
	1.8: 
	1.9: 
	1.10: 
	1.11: 
	1.12: 
	1.13: 
	1.14: 
	1.15: 
	1.16: 
	1.17: 
	1.18: 
	1.19: 
	1.20: 
	1.21: 
	1.22: 
	1.23: 
	1.24: 
	1.25: 
	1.26: 
	1.27: 
	1.28: 
	1.29: 
	1.30: 
	1.31: 
	1.32: 
	1.33: 
	anm1: 
	2.0: 
	2.1: 
	2.2: 
	2.3: 
	2.4: 
	2.5: 
	2.6: 
	2.7: 
	2.8: 
	2.9: 
	2.10: 
	2.11: 
	2.12: 
	2.13: 
	2.14: 
	2.15: 
	2.16: 
	2.17: 
	2.18: 
	2.19: 
	2.20: 
	2.21: 
	2.22: 
	2.23: 
	2.24: 
	2.25: 
	2.26: 
	2.27: 
	2.28: 
	2.29: 
	2.30: 
	2.31: 
	2.32: 
	2.33: 
	anm2: 
	3.0: 
	3.1: 
	3.2: 
	3.3: 
	3.4: 
	3.5: 
	3.6: 
	3.7: 
	3.8: 
	3.9: 
	3.10: 
	3.11: 
	3.12: 
	3.13: 
	3.14: 
	3.15: 
	3.16: 
	3.17: 
	3.18: 
	3.19: 
	3.20: 
	3.21: 
	3.22: 
	3.23: 
	3.24: 
	3.25: 
	3.26: 
	3.27: 
	3.28: 
	3.29: 
	3.30: 
	3.31: 
	3.32: 
	3.33: 
	3.34: 
	anm3: 
	4.0: 
	4.1: 
	4.2: 
	4.3: 
	4.4: 
	4.5: 
	4.6: 
	4.7: 
	4.8: 
	4.9: 
	4.10: 
	4.11: 
	4.12: 
	4.13: 
	4.14: 
	4.15: 
	4.16: 
	4.17: 
	4.18: 
	4.19: 
	4.20: 
	4.21: 
	4.22: 
	4.23: 
	4.24: 
	4.25: 
	4.26: 
	4.27: 
	4.28: 
	4.29: 
	4.30: 
	4.31: 
	4.32: 
	4.33: 
	4.34: 
	4.35: 
	4.36: 
	4.37: 
	4.38: 
	4.39: 
	4.40: 
	4.41: 
	4.42: 
	4.43: 
	anm4: 
	5.0: 
	5.1: 
	5.2: 
	5.3: 
	5.4: 
	5.5: 
	5.6: 
	5.7: 
	5.8: 
	5.9: 
	5.10: 
	5.11: 
	5.12: 
	5.13: 
	5.14: 
	5.15: 
	5.16: 
	5.17: 
	5.18: 
	anm5: 
	6.0: 
	6.1: 
	6.2: 
	6.3: 
	6.4: 
	6.5: 
	6.6: 
	6.7: 
	6.8: 
	6.9: 
	6.10: 
	6.11: 
	6.12: 
	6.13: 
	6.14: 
	6.15: 
	6.16: 
	6.17: 
	6.18: 
	6.19: 
	6.20: 
	6.21: 
	6.22: 
	6.23: 
	6.24: 
	6.25: 
	6.26: 
	6.27: 
	6.28: 
	6.29: 
	6.30: 
	6.31: 
	6.32: 
	6.33: 
	6.34: 
	6.35: 
	6.36: 
	6.37: 
	6.38: 
	6.39: 
	6.40: 
	6.41: 
	6.42: 
	6.43: 
	6.44: 
	6.45: 
	6.46: 
	6.47: 
	6.48: 
	6.49: 
	6.50: 
	6.51: 
	6.52: 
	6.53: 
	6.54: 
	6.55: 
	6.56: 
	6.57: 
	6.58: 
	6.59: 
	6.60: 
	6.61: 
	6.62: 
	6.63: 
	6.64: 
	6.65: 
	6.66: 
	6.67: 
	6.68: 
	6.69: 
	6.70: 
	6.71: 
	6.72: 
	6.73: 
	6.74: 
	6.75: 
	6.76: 
	6.77: 
	6.78: 
	6.79: 
	6.80: 
	6.81: 
	6.82: 
	6.83: 
	6.84: 
	6.85: 
	6.86: 
	6.87: 
	6.88: 
	6.89: 
	6.90: 
	6.91: 
	6.92: 
	6.93: 
	6.94: 
	6.95: 
	6.96: 
	6.97: 
	6.98: 
	6.99: 
	6.100: 
	6.101: 
	6.102: 
	6.103: 
	6.104: 
	6.105: 
	6.106: 
	6.107: 
	6.108: 
	6.109: 
	6.110: 
	6.111: 
	6.112: 
	6.113: 
	6.114: 
	6.115: 
	6.116: 
	6.117: 
	6.118: 
	6.119: 
	6.120: 
	6.121: 
	6.122: 
	6.123: 
	6.124: 
	6.125: 
	6.126: 
	6.127: 
	6.128: 
	6.129: 
	6.130: 
	6.131: 
	6.132: 
	6.133: 
	6.134: 
	6.135: 
	6.136: 
	6.137: 
	6.138: 
	6.139: 
	6.140: 
	6.141: 
	6.142: 
	6.143: 
	6.144: 
	6.145: 
	6.146: 
	6.147: 
	6.148: 
	6.149: 
	6.150: 
	6.151: 
	6.152: 
	6.153: 
	6.154: 
	6.155: 
	6.156: 
	6.157: 
	6.158: 
	6.159: 
	6.160: 
	6.161: 
	6.162: 
	6.163: 
	6.164: 
	6.165: 
	6.166: 
	6.167: 
	6.168: 
	6.169: 
	6.170: 
	6.171: 
	6.172: 
	6.173: 
	6.174: 
	6.175: 
	6.176: 
	6.177: 
	6.178: 
	6.179: 
	6.180: 
	6.181: 
	6.182: 
	6.183: 
	6.184: 
	6.185: 
	6.186: 
	6.187: 
	6.188: 
	6.189: 
	6.190: 
	6.191: 
	6.192: 
	6.193: 
	6.194: 
	6.195: 
	6.196: 
	6.197: 
	6.198: 
	6.199: 
	6.200: 
	6.201: 
	6.202: 
	6.203: 
	6.204: 
	6.205: 
	6.206: 
	6.207: 
	6.208: 
	6.209: 
	6.210: 
	6.211: 
	6.212: 
	6.213: 
	6.214: 
	6.215: 
	6.216: 
	6.217: 
	6.218: 
	6.219: 
	6.220: 
	6.221: 
	6.222: 
	6.223: 
	6.224: 
	6.225: 
	6.226: 
	6.227: 
	6.228: 
	6.229: 
	6.230: 
	6.231: 
	6.232: 
	6.233: 
	6.234: 
	6.235: 
	6.236: 
	6.237: 
	6.238: 
	6.239: 
	6.240: 
	6.241: 
	6.242: 
	6.243: 
	6.244: 
	6.245: 
	6.246: 
	6.247: 
	6.248: 
	6.249: 
	6.250: 
	6.251: 
	6.252: 
	6.253: 
	6.254: 
	6.255: 
	6.256: 
	6.257: 
	6.258: 
	6.259: 
	6.260: 
	6.261: 
	6.262: 
	6.263: 
	6.264: 
	6.265: 
	6.266: 
	6.267: 
	6.268: 
	6.269: 
	6.270: 
	6.271: 
	6.272: 
	6.273: 
	6.274: 
	6.275: 
	6.276: 
	6.277: 
	6.278: 
	6.279: 
	6.280: 
	6.281: 
	6.282: 
	6.283: 
	6.284: 
	6.285: 
	6.286: 
	6.287: 
	6.288: 
	6.289: 
	6.290: 
	6.291: 
	6.292: 
	6.293: 
	6.294: 
	6.295: 
	6.296: 
	6.297: 
	6.298: 
	6.299: 
	6.300: 
	6.301: 
	6.302: 
	6.303: 
	6.304: 
	6.305: 
	6.306: 
	6.307: 
	6.308: 
	6.309: 
	6.310: 
	6.311: 
	6.312: 
	6.313: 
	6.314: 
	6.315: 
	6.316: 
	6.317: 
	6.318: 
	6.319: 
	6.320: 
	6.321: 
	6.322: 
	6.323: 
	6.324: 
	6.325: 
	6.326: 
	6.327: 
	6.328: 
	6.329: 
	6.330: 
	6.331: 
	6.332: 
	6.333: 
	6.334: 
	6.335: 
	6.336: 
	6.337: 
	6.338: 
	6.339: 
	6.340: 
	6.341: 
	6.342: 
	6.343: 
	6.344: 
	6.345: 
	6.346: 
	6.347: 
	6.348: 
	6.349: 
	6.350: 
	6.351: 
	6.352: 
	6.353: 
	6.354: 
	6.355: 
	6.356: 
	6.357: 
	6.358: 
	6.359: 
	6.360: 
	6.361: 
	6.362: 
	6.363: 
	6.364: 
	6.365: 
	6.366: 
	6.367: 
	6.368: 
	6.369: 
	6.370: 
	6.371: 
	6.372: 
	6.373: 
	6.374: 
	6.375: 
	6.376: 
	6.377: 
	6.378: 
	6.379: 
	6.380: 
	6.381: 
	6.382: 
	6.383: 
	6.384: 
	6.385: 
	6.386: 
	6.387: 
	6.388: 
	6.389: 
	6.390: 
	6.391: 
	6.392: 
	6.393: 
	6.394: 
	6.395: 
	6.396: 
	6.397: 
	6.398: 
	6.399: 
	6.400: 
	6.401: 
	6.402: 
	6.403: 
	6.404: 
	6.405: 
	6.406: 
	6.407: 
	6.408: 
	6.409: 
	6.410: 
	6.411: 
	6.412: 
	6.413: 
	6.414: 
	6.415: 
	6.416: 
	6.417: 
	6.418: 
	6.419: 
	6.420: 
	6.421: 
	6.422: 
	6.423: 
	6.424: 
	6.425: 
	6.426: 
	6.427: 
	6.428: 
	6.429: 
	6.430: 
	6.431: 
	6.432: 
	6.433: 
	6.434: 
	6.435: 
	6.436: 
	6.437: 
	6.438: 
	6.439: 
	6.440: 
	6.441: 
	6.442: 
	6.443: 
	6.444: 
	6.445: 
	6.446: 
	6.447: 
	6.448: 
	6.449: 
	6.450: 
	6.451: 
	6.452: 
	6.453: 
	6.454: 
	6.455: 
	6.456: 
	6.457: 
	6.458: 
	6.459: 
	6.460: 
	6.461: 
	6.462: 
	6.463: 
	6.464: 
	6.465: 
	6.466: 
	6.467: 
	6.468: 
	6.469: 
	6.470: 
	6.471: 
	6.472: 
	6.473: 
	6.474: 
	6.475: 
	6.476: 
	6.477: 
	6.478: 
	6.479: 
	6.480: 
	6.481: 
	6.482: 
	6.483: 
	6.484: 
	6.485: 
	6.486: 
	6.487: 
	6.488: 
	6.489: 
	6.490: 
	6.491: 
	6.492: 
	6.493: 
	6.494: 
	6.495: 
	6.496: 
	6.497: 
	6.498: 
	6.499: 
	6.500: 
	6.501: 
	6.502: 
	6.503: 
	6.504: 
	6.505: 
	6.506: 
	6.507: 
	6.508: 
	6.509: 
	6.510: 
	6.511: 
	6.512: 
	6.513: 
	6.514: 
	6.515: 
	6.516: 
	6.517: 
	6.518: 
	6.519: 
	6.520: 
	6.521: 
	6.522: 
	6.523: 
	6.524: 
	anm6: 


