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What is Particle Physics?

- Study of the nature of matter in its most fundamental state i.e. what our 
Universe is made up of.

- How these fundamental constituents interact with each other to produce 
the Universe as we see it.
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10�15m
<latexit sha1_base64="KJbIN+HQON01PrXJk3jxCNbxxj8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4sSR1bOuu4MZlBfuAdloyadqGJjNDklHK0P9w40IRt/6LO//GTFtBRQ9cOJxzL/fe40eCa4PQh5NZWV1b38hu5ra2d3b38vsHTR3GirIGDUWo2j7RTPCANQw3grUjxYj0BWv5k6vUb90xpXkY3JppxDxJRgEfckqMlXoY9ZIzfDGDXSWh7OcLqHhZLZfcMkRFhCq4hFNSqrjnLsRWSVEAS9T7+ffuIKSxZIGhgmjdwSgyXkKU4VSwWa4baxYROiEj1rE0IJJpL5lfPYMnVhnAYahsBQbO1e8TCZFaT6VvOyUxY/3bS8W/vE5shlUv4UEUGxbQxaJhLKAJYRoBHHDFqBFTSwhV3N4K6ZgoQo0NKmdD+PoU/k+apSJGRXzjFmruMo4sOALH4BRgUAE1cA3qoAEoUOABPIFn5955dF6c10VrxlnOHIIfcN4+AeIVkWw=</latexit><latexit sha1_base64="KJbIN+HQON01PrXJk3jxCNbxxj8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4sSR1bOuu4MZlBfuAdloyadqGJjNDklHK0P9w40IRt/6LO//GTFtBRQ9cOJxzL/fe40eCa4PQh5NZWV1b38hu5ra2d3b38vsHTR3GirIGDUWo2j7RTPCANQw3grUjxYj0BWv5k6vUb90xpXkY3JppxDxJRgEfckqMlXoY9ZIzfDGDXSWh7OcLqHhZLZfcMkRFhCq4hFNSqrjnLsRWSVEAS9T7+ffuIKSxZIGhgmjdwSgyXkKU4VSwWa4baxYROiEj1rE0IJJpL5lfPYMnVhnAYahsBQbO1e8TCZFaT6VvOyUxY/3bS8W/vE5shlUv4UEUGxbQxaJhLKAJYRoBHHDFqBFTSwhV3N4K6ZgoQo0NKmdD+PoU/k+apSJGRXzjFmruMo4sOALH4BRgUAE1cA3qoAEoUOABPIFn5955dF6c10VrxlnOHIIfcN4+AeIVkWw=</latexit><latexit sha1_base64="KJbIN+HQON01PrXJk3jxCNbxxj8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4sSR1bOuu4MZlBfuAdloyadqGJjNDklHK0P9w40IRt/6LO//GTFtBRQ9cOJxzL/fe40eCa4PQh5NZWV1b38hu5ra2d3b38vsHTR3GirIGDUWo2j7RTPCANQw3grUjxYj0BWv5k6vUb90xpXkY3JppxDxJRgEfckqMlXoY9ZIzfDGDXSWh7OcLqHhZLZfcMkRFhCq4hFNSqrjnLsRWSVEAS9T7+ffuIKSxZIGhgmjdwSgyXkKU4VSwWa4baxYROiEj1rE0IJJpL5lfPYMnVhnAYahsBQbO1e8TCZFaT6VvOyUxY/3bS8W/vE5shlUv4UEUGxbQxaJhLKAJYRoBHHDFqBFTSwhV3N4K6ZgoQo0NKmdD+PoU/k+apSJGRXzjFmruMo4sOALH4BRgUAE1cA3qoAEoUOABPIFn5955dF6c10VrxlnOHIIfcN4+AeIVkWw=</latexit><latexit sha1_base64="KJbIN+HQON01PrXJk3jxCNbxxj8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4sSR1bOuu4MZlBfuAdloyadqGJjNDklHK0P9w40IRt/6LO//GTFtBRQ9cOJxzL/fe40eCa4PQh5NZWV1b38hu5ra2d3b38vsHTR3GirIGDUWo2j7RTPCANQw3grUjxYj0BWv5k6vUb90xpXkY3JppxDxJRgEfckqMlXoY9ZIzfDGDXSWh7OcLqHhZLZfcMkRFhCq4hFNSqrjnLsRWSVEAS9T7+ffuIKSxZIGhgmjdwSgyXkKU4VSwWa4baxYROiEj1rE0IJJpL5lfPYMnVhnAYahsBQbO1e8TCZFaT6VvOyUxY/3bS8W/vE5shlUv4UEUGxbQxaJhLKAJYRoBHHDFqBFTSwhV3N4K6ZgoQo0NKmdD+PoU/k+apSJGRXzjFmruMo4sOALH4BRgUAE1cA3qoAEoUOABPIFn5955dF6c10VrxlnOHIIfcN4+AeIVkWw=</latexit>

10�18m
<latexit sha1_base64="y4z3Hs/VwwESTGE9w3RA8/ExbU4=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT89xdQa7SkI5KBRR6bJadr0yRCWEKtjFGXEr3oUHsVUyFMES9UHhvTuMaCJZaKggWncwik0vJcpwKtgs3000iwmdkBHrWBoSyXQvnV89g6dWGcIgUrZCA+fq94mUSK2n0redkpix/u1l4l9eJzFBtZfyME4MC+liUZAIaCKYRQCHXDFqxNQSQhW3t0I6JopQY4PK2xC+PoX/k6ZbwqiEb7xizVvGkQPH4AScAQwqoAauQR00AAUKPIAn8OzcO4/Oi/O6aF1xljNH4Aect0/mtpFv</latexit><latexit sha1_base64="y4z3Hs/VwwESTGE9w3RA8/ExbU4=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT89xdQa7SkI5KBRR6bJadr0yRCWEKtjFGXEr3oUHsVUyFMES9UHhvTuMaCJZaKggWncwik0vJcpwKtgs3000iwmdkBHrWBoSyXQvnV89g6dWGcIgUrZCA+fq94mUSK2n0redkpix/u1l4l9eJzFBtZfyME4MC+liUZAIaCKYRQCHXDFqxNQSQhW3t0I6JopQY4PK2xC+PoX/k6ZbwqiEb7xizVvGkQPH4AScAQwqoAauQR00AAUKPIAn8OzcO4/Oi/O6aF1xljNH4Aect0/mtpFv</latexit><latexit sha1_base64="y4z3Hs/VwwESTGE9w3RA8/ExbU4=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT89xdQa7SkI5KBRR6bJadr0yRCWEKtjFGXEr3oUHsVUyFMES9UHhvTuMaCJZaKggWncwik0vJcpwKtgs3000iwmdkBHrWBoSyXQvnV89g6dWGcIgUrZCA+fq94mUSK2n0redkpix/u1l4l9eJzFBtZfyME4MC+liUZAIaCKYRQCHXDFqxNQSQhW3t0I6JopQY4PK2xC+PoX/k6ZbwqiEb7xizVvGkQPH4AScAQwqoAauQR00AAUKPIAn8OzcO4/Oi/O6aF1xljNH4Aect0/mtpFv</latexit><latexit sha1_base64="y4z3Hs/VwwESTGE9w3RA8/ExbU4=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT89xdQa7SkI5KBRR6bJadr0yRCWEKtjFGXEr3oUHsVUyFMES9UHhvTuMaCJZaKggWncwik0vJcpwKtgs3000iwmdkBHrWBoSyXQvnV89g6dWGcIgUrZCA+fq94mUSK2n0redkpix/u1l4l9eJzFBtZfyME4MC+liUZAIaCKYRQCHXDFqxNQSQhW3t0I6JopQY4PK2xC+PoX/k6ZbwqiEb7xizVvGkQPH4AScAQwqoAauQR00AAUKPIAn8OzcO4/Oi/O6aF1xljNH4Aect0/mtpFv</latexit>



Lets explore this!!!

Lets take Ketevi, the workshop  
organizer

Ketevi is made up of cells Cells are made up of molecules

molecules are made up of Atoms

nucleons made up  
of Quarks

Fundamental Constituents 
of Nature

10�14m
<latexit sha1_base64="gHE0ymICTS4D1j+jRe/VJWtWb6A=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT8+xN4NdJaEcFIqodFktu14ZohJCFezijLgV78KD2CoZimCJ+qDw3h1GNJEsNFQQrTsYxaaXEmU4FWyW7yaaxYROyIh1LA2JZLqXzq+ewVOrDGEQKVuhgXP1+0RKpNZT6dtOScxY//Yy8S+vk5ig2kt5GCeGhXSxKEgENBHMIoBDrhg1YmoJoYrbWyEdE0WosUHlbQhfn8L/SdMtYVTCN16x5i3jyIFjcALOAAYVUAPXoA4agAIFHsATeHbunUfnxXldtK44y5kj8APO2yfgipFr</latexit><latexit sha1_base64="gHE0ymICTS4D1j+jRe/VJWtWb6A=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT8+xN4NdJaEcFIqodFktu14ZohJCFezijLgV78KD2CoZimCJ+qDw3h1GNJEsNFQQrTsYxaaXEmU4FWyW7yaaxYROyIh1LA2JZLqXzq+ewVOrDGEQKVuhgXP1+0RKpNZT6dtOScxY//Yy8S+vk5ig2kt5GCeGhXSxKEgENBHMIoBDrhg1YmoJoYrbWyEdE0WosUHlbQhfn8L/SdMtYVTCN16x5i3jyIFjcALOAAYVUAPXoA4agAIFHsATeHbunUfnxXldtK44y5kj8APO2yfgipFr</latexit><latexit sha1_base64="gHE0ymICTS4D1j+jRe/VJWtWb6A=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT8+xN4NdJaEcFIqodFktu14ZohJCFezijLgV78KD2CoZimCJ+qDw3h1GNJEsNFQQrTsYxaaXEmU4FWyW7yaaxYROyIh1LA2JZLqXzq+ewVOrDGEQKVuhgXP1+0RKpNZT6dtOScxY//Yy8S+vk5ig2kt5GCeGhXSxKEgENBHMIoBDrhg1YmoJoYrbWyEdE0WosUHlbQhfn8L/SdMtYVTCN16x5i3jyIFjcALOAAYVUAPXoA4agAIFHsATeHbunUfnxXldtK44y5kj8APO2yfgipFr</latexit><latexit sha1_base64="gHE0ymICTS4D1j+jRe/VJWtWb6A=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT8+xN4NdJaEcFIqodFktu14ZohJCFezijLgV78KD2CoZimCJ+qDw3h1GNJEsNFQQrTsYxaaXEmU4FWyW7yaaxYROyIh1LA2JZLqXzq+ewVOrDGEQKVuhgXP1+0RKpNZT6dtOScxY//Yy8S+vk5ig2kt5GCeGhXSxKEgENBHMIoBDrhg1YmoJoYrbWyEdE0WosUHlbQhfn8L/SdMtYVTCN16x5i3jyIFjcALOAAYVUAPXoA4agAIFHsATeHbunUfnxXldtK44y5kj8APO2yfgipFr</latexit>

1m 1µm

1nm

10�10m
<latexit sha1_base64="vgiTQZgZtyvYMYl+UW5YCqIDE58=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT88xmsGuklAOCkVUuqyWXa8MUQmhCnZxRtyKd+FBbJUMRbBEfVB47w4jmkgWGiqI1h2MYtNLiTKcCjbLdxPNYkInZMQ6loZEMt1L51fP4KlVhjCIlK3QwLn6fSIlUuup9G2nJGasf3uZ+JfXSUxQ7aU8jBPDQrpYFCQCmghmEcAhV4waMbWEUMXtrZCOiSLU2KDyNoSvT+H/pOmWMCrhG69Y85Zx5MAxOAFnAIMKqIFrUAcNQIECD+AJPDv3zqPz4rwuWlec5cwR+AHn7RPaXpFn</latexit><latexit sha1_base64="vgiTQZgZtyvYMYl+UW5YCqIDE58=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT88xmsGuklAOCkVUuqyWXa8MUQmhCnZxRtyKd+FBbJUMRbBEfVB47w4jmkgWGiqI1h2MYtNLiTKcCjbLdxPNYkInZMQ6loZEMt1L51fP4KlVhjCIlK3QwLn6fSIlUuup9G2nJGasf3uZ+JfXSUxQ7aU8jBPDQrpYFCQCmghmEcAhV4waMbWEUMXtrZCOiSLU2KDyNoSvT+H/pOmWMCrhG69Y85Zx5MAxOAFnAIMKqIFrUAcNQIECD+AJPDv3zqPz4rwuWlec5cwR+AHn7RPaXpFn</latexit><latexit sha1_base64="vgiTQZgZtyvYMYl+UW5YCqIDE58=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT88xmsGuklAOCkVUuqyWXa8MUQmhCnZxRtyKd+FBbJUMRbBEfVB47w4jmkgWGiqI1h2MYtNLiTKcCjbLdxPNYkInZMQ6loZEMt1L51fP4KlVhjCIlK3QwLn6fSIlUuup9G2nJGasf3uZ+JfXSUxQ7aU8jBPDQrpYFCQCmghmEcAhV4waMbWEUMXtrZCOiSLU2KDyNoSvT+H/pOmWMCrhG69Y85Zx5MAxOAFnAIMKqIFrUAcNQIECD+AJPDv3zqPz4rwuWlec5cwR+AHn7RPaXpFn</latexit><latexit sha1_base64="vgiTQZgZtyvYMYl+UW5YCqIDE58=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT88xmsGuklAOCkVUuqyWXa8MUQmhCnZxRtyKd+FBbJUMRbBEfVB47w4jmkgWGiqI1h2MYtNLiTKcCjbLdxPNYkInZMQ6loZEMt1L51fP4KlVhjCIlK3QwLn6fSIlUuup9G2nJGasf3uZ+JfXSUxQ7aU8jBPDQrpYFCQCmghmEcAhV4waMbWEUMXtrZCOiSLU2KDyNoSvT+H/pOmWMCrhG69Y85Zx5MAxOAFnAIMKqIFrUAcNQIECD+AJPDv3zqPz4rwuWlec5cwR+AHn7RPaXpFn</latexit>

10�15m
<latexit sha1_base64="KJbIN+HQON01PrXJk3jxCNbxxj8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4sSR1bOuu4MZlBfuAdloyadqGJjNDklHK0P9w40IRt/6LO//GTFtBRQ9cOJxzL/fe40eCa4PQh5NZWV1b38hu5ra2d3b38vsHTR3GirIGDUWo2j7RTPCANQw3grUjxYj0BWv5k6vUb90xpXkY3JppxDxJRgEfckqMlXoY9ZIzfDGDXSWh7OcLqHhZLZfcMkRFhCq4hFNSqrjnLsRWSVEAS9T7+ffuIKSxZIGhgmjdwSgyXkKU4VSwWa4baxYROiEj1rE0IJJpL5lfPYMnVhnAYahsBQbO1e8TCZFaT6VvOyUxY/3bS8W/vE5shlUv4UEUGxbQxaJhLKAJYRoBHHDFqBFTSwhV3N4K6ZgoQo0NKmdD+PoU/k+apSJGRXzjFmruMo4sOALH4BRgUAE1cA3qoAEoUOABPIFn5955dF6c10VrxlnOHIIfcN4+AeIVkWw=</latexit><latexit sha1_base64="KJbIN+HQON01PrXJk3jxCNbxxj8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4sSR1bOuu4MZlBfuAdloyadqGJjNDklHK0P9w40IRt/6LO//GTFtBRQ9cOJxzL/fe40eCa4PQh5NZWV1b38hu5ra2d3b38vsHTR3GirIGDUWo2j7RTPCANQw3grUjxYj0BWv5k6vUb90xpXkY3JppxDxJRgEfckqMlXoY9ZIzfDGDXSWh7OcLqHhZLZfcMkRFhCq4hFNSqrjnLsRWSVEAS9T7+ffuIKSxZIGhgmjdwSgyXkKU4VSwWa4baxYROiEj1rE0IJJpL5lfPYMnVhnAYahsBQbO1e8TCZFaT6VvOyUxY/3bS8W/vE5shlUv4UEUGxbQxaJhLKAJYRoBHHDFqBFTSwhV3N4K6ZgoQo0NKmdD+PoU/k+apSJGRXzjFmruMo4sOALH4BRgUAE1cA3qoAEoUOABPIFn5955dF6c10VrxlnOHIIfcN4+AeIVkWw=</latexit><latexit sha1_base64="KJbIN+HQON01PrXJk3jxCNbxxj8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4sSR1bOuu4MZlBfuAdloyadqGJjNDklHK0P9w40IRt/6LO//GTFtBRQ9cOJxzL/fe40eCa4PQh5NZWV1b38hu5ra2d3b38vsHTR3GirIGDUWo2j7RTPCANQw3grUjxYj0BWv5k6vUb90xpXkY3JppxDxJRgEfckqMlXoY9ZIzfDGDXSWh7OcLqHhZLZfcMkRFhCq4hFNSqrjnLsRWSVEAS9T7+ffuIKSxZIGhgmjdwSgyXkKU4VSwWa4baxYROiEj1rE0IJJpL5lfPYMnVhnAYahsBQbO1e8TCZFaT6VvOyUxY/3bS8W/vE5shlUv4UEUGxbQxaJhLKAJYRoBHHDFqBFTSwhV3N4K6ZgoQo0NKmdD+PoU/k+apSJGRXzjFmruMo4sOALH4BRgUAE1cA3qoAEoUOABPIFn5955dF6c10VrxlnOHIIfcN4+AeIVkWw=</latexit><latexit sha1_base64="KJbIN+HQON01PrXJk3jxCNbxxj8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4sSR1bOuu4MZlBfuAdloyadqGJjNDklHK0P9w40IRt/6LO//GTFtBRQ9cOJxzL/fe40eCa4PQh5NZWV1b38hu5ra2d3b38vsHTR3GirIGDUWo2j7RTPCANQw3grUjxYj0BWv5k6vUb90xpXkY3JppxDxJRgEfckqMlXoY9ZIzfDGDXSWh7OcLqHhZLZfcMkRFhCq4hFNSqrjnLsRWSVEAS9T7+ffuIKSxZIGhgmjdwSgyXkKU4VSwWa4baxYROiEj1rE0IJJpL5lfPYMnVhnAYahsBQbO1e8TCZFaT6VvOyUxY/3bS8W/vE5shlUv4UEUGxbQxaJhLKAJYRoBHHDFqBFTSwhV3N4K6ZgoQo0NKmdD+PoU/k+apSJGRXzjFmruMo4sOALH4BRgUAE1cA3qoAEoUOABPIFn5955dF6c10VrxlnOHIIfcN4+AeIVkWw=</latexit>

10�18m
<latexit sha1_base64="y4z3Hs/VwwESTGE9w3RA8/ExbU4=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT89xdQa7SkI5KBRR6bJadr0yRCWEKtjFGXEr3oUHsVUyFMES9UHhvTuMaCJZaKggWncwik0vJcpwKtgs3000iwmdkBHrWBoSyXQvnV89g6dWGcIgUrZCA+fq94mUSK2n0redkpix/u1l4l9eJzFBtZfyME4MC+liUZAIaCKYRQCHXDFqxNQSQhW3t0I6JopQY4PK2xC+PoX/k6ZbwqiEb7xizVvGkQPH4AScAQwqoAauQR00AAUKPIAn8OzcO4/Oi/O6aF1xljNH4Aect0/mtpFv</latexit><latexit sha1_base64="y4z3Hs/VwwESTGE9w3RA8/ExbU4=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT89xdQa7SkI5KBRR6bJadr0yRCWEKtjFGXEr3oUHsVUyFMES9UHhvTuMaCJZaKggWncwik0vJcpwKtgs3000iwmdkBHrWBoSyXQvnV89g6dWGcIgUrZCA+fq94mUSK2n0redkpix/u1l4l9eJzFBtZfyME4MC+liUZAIaCKYRQCHXDFqxNQSQhW3t0I6JopQY4PK2xC+PoX/k6ZbwqiEb7xizVvGkQPH4AScAQwqoAauQR00AAUKPIAn8OzcO4/Oi/O6aF1xljNH4Aect0/mtpFv</latexit><latexit sha1_base64="y4z3Hs/VwwESTGE9w3RA8/ExbU4=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT89xdQa7SkI5KBRR6bJadr0yRCWEKtjFGXEr3oUHsVUyFMES9UHhvTuMaCJZaKggWncwik0vJcpwKtgs3000iwmdkBHrWBoSyXQvnV89g6dWGcIgUrZCA+fq94mUSK2n0redkpix/u1l4l9eJzFBtZfyME4MC+liUZAIaCKYRQCHXDFqxNQSQhW3t0I6JopQY4PK2xC+PoX/k6ZbwqiEb7xizVvGkQPH4AScAQwqoAauQR00AAUKPIAn8OzcO4/Oi/O6aF1xljNH4Aect0/mtpFv</latexit><latexit sha1_base64="y4z3Hs/VwwESTGE9w3RA8/ExbU4=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT89xdQa7SkI5KBRR6bJadr0yRCWEKtjFGXEr3oUHsVUyFMES9UHhvTuMaCJZaKggWncwik0vJcpwKtgs3000iwmdkBHrWBoSyXQvnV89g6dWGcIgUrZCA+fq94mUSK2n0redkpix/u1l4l9eJzFBtZfyME4MC+liUZAIaCKYRQCHXDFqxNQSQhW3t0I6JopQY4PK2xC+PoX/k6ZbwqiEb7xizVvGkQPH4AScAQwqoAauQR00AAUKPIAn8OzcO4/Oi/O6aF1xljNH4Aect0/mtpFv</latexit>



Lets explore this!!!

Lets take Ketevi, the workshop  
organizer

Ketevi is made up of cells Cells are made up of molecules

molecules are made up of Atoms

nucleons made up  
of Quarks

Fundamental Constituents 
of Nature

Standard Model of  
Particle Physics

10�14m
<latexit sha1_base64="gHE0ymICTS4D1j+jRe/VJWtWb6A=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT8+xN4NdJaEcFIqodFktu14ZohJCFezijLgV78KD2CoZimCJ+qDw3h1GNJEsNFQQrTsYxaaXEmU4FWyW7yaaxYROyIh1LA2JZLqXzq+ewVOrDGEQKVuhgXP1+0RKpNZT6dtOScxY//Yy8S+vk5ig2kt5GCeGhXSxKEgENBHMIoBDrhg1YmoJoYrbWyEdE0WosUHlbQhfn8L/SdMtYVTCN16x5i3jyIFjcALOAAYVUAPXoA4agAIFHsATeHbunUfnxXldtK44y5kj8APO2yfgipFr</latexit><latexit sha1_base64="gHE0ymICTS4D1j+jRe/VJWtWb6A=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT8+xN4NdJaEcFIqodFktu14ZohJCFezijLgV78KD2CoZimCJ+qDw3h1GNJEsNFQQrTsYxaaXEmU4FWyW7yaaxYROyIh1LA2JZLqXzq+ewVOrDGEQKVuhgXP1+0RKpNZT6dtOScxY//Yy8S+vk5ig2kt5GCeGhXSxKEgENBHMIoBDrhg1YmoJoYrbWyEdE0WosUHlbQhfn8L/SdMtYVTCN16x5i3jyIFjcALOAAYVUAPXoA4agAIFHsATeHbunUfnxXldtK44y5kj8APO2yfgipFr</latexit><latexit sha1_base64="gHE0ymICTS4D1j+jRe/VJWtWb6A=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT8+xN4NdJaEcFIqodFktu14ZohJCFezijLgV78KD2CoZimCJ+qDw3h1GNJEsNFQQrTsYxaaXEmU4FWyW7yaaxYROyIh1LA2JZLqXzq+ewVOrDGEQKVuhgXP1+0RKpNZT6dtOScxY//Yy8S+vk5ig2kt5GCeGhXSxKEgENBHMIoBDrhg1YmoJoYrbWyEdE0WosUHlbQhfn8L/SdMtYVTCN16x5i3jyIFjcALOAAYVUAPXoA4agAIFHsATeHbunUfnxXldtK44y5kj8APO2yfgipFr</latexit><latexit sha1_base64="gHE0ymICTS4D1j+jRe/VJWtWb6A=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT8+xN4NdJaEcFIqodFktu14ZohJCFezijLgV78KD2CoZimCJ+qDw3h1GNJEsNFQQrTsYxaaXEmU4FWyW7yaaxYROyIh1LA2JZLqXzq+ewVOrDGEQKVuhgXP1+0RKpNZT6dtOScxY//Yy8S+vk5ig2kt5GCeGhXSxKEgENBHMIoBDrhg1YmoJoYrbWyEdE0WosUHlbQhfn8L/SdMtYVTCN16x5i3jyIFjcALOAAYVUAPXoA4agAIFHsATeHbunUfnxXldtK44y5kj8APO2yfgipFr</latexit>

1m 1µm

1nm

10�10m
<latexit sha1_base64="vgiTQZgZtyvYMYl+UW5YCqIDE58=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT88xmsGuklAOCkVUuqyWXa8MUQmhCnZxRtyKd+FBbJUMRbBEfVB47w4jmkgWGiqI1h2MYtNLiTKcCjbLdxPNYkInZMQ6loZEMt1L51fP4KlVhjCIlK3QwLn6fSIlUuup9G2nJGasf3uZ+JfXSUxQ7aU8jBPDQrpYFCQCmghmEcAhV4waMbWEUMXtrZCOiSLU2KDyNoSvT+H/pOmWMCrhG69Y85Zx5MAxOAFnAIMKqIFrUAcNQIECD+AJPDv3zqPz4rwuWlec5cwR+AHn7RPaXpFn</latexit><latexit sha1_base64="vgiTQZgZtyvYMYl+UW5YCqIDE58=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT88xmsGuklAOCkVUuqyWXa8MUQmhCnZxRtyKd+FBbJUMRbBEfVB47w4jmkgWGiqI1h2MYtNLiTKcCjbLdxPNYkInZMQ6loZEMt1L51fP4KlVhjCIlK3QwLn6fSIlUuup9G2nJGasf3uZ+JfXSUxQ7aU8jBPDQrpYFCQCmghmEcAhV4waMbWEUMXtrZCOiSLU2KDyNoSvT+H/pOmWMCrhG69Y85Zx5MAxOAFnAIMKqIFrUAcNQIECD+AJPDv3zqPz4rwuWlec5cwR+AHn7RPaXpFn</latexit><latexit sha1_base64="vgiTQZgZtyvYMYl+UW5YCqIDE58=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT88xmsGuklAOCkVUuqyWXa8MUQmhCnZxRtyKd+FBbJUMRbBEfVB47w4jmkgWGiqI1h2MYtNLiTKcCjbLdxPNYkInZMQ6loZEMt1L51fP4KlVhjCIlK3QwLn6fSIlUuup9G2nJGasf3uZ+JfXSUxQ7aU8jBPDQrpYFCQCmghmEcAhV4waMbWEUMXtrZCOiSLU2KDyNoSvT+H/pOmWMCrhG69Y85Zx5MAxOAFnAIMKqIFrUAcNQIECD+AJPDv3zqPz4rwuWlec5cwR+AHn7RPaXpFn</latexit><latexit sha1_base64="vgiTQZgZtyvYMYl+UW5YCqIDE58=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT88xmsGuklAOCkVUuqyWXa8MUQmhCnZxRtyKd+FBbJUMRbBEfVB47w4jmkgWGiqI1h2MYtNLiTKcCjbLdxPNYkInZMQ6loZEMt1L51fP4KlVhjCIlK3QwLn6fSIlUuup9G2nJGasf3uZ+JfXSUxQ7aU8jBPDQrpYFCQCmghmEcAhV4waMbWEUMXtrZCOiSLU2KDyNoSvT+H/pOmWMCrhG69Y85Zx5MAxOAFnAIMKqIFrUAcNQIECD+AJPDv3zqPz4rwuWlec5cwR+AHn7RPaXpFn</latexit>

10�15m
<latexit sha1_base64="KJbIN+HQON01PrXJk3jxCNbxxj8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4sSR1bOuu4MZlBfuAdloyadqGJjNDklHK0P9w40IRt/6LO//GTFtBRQ9cOJxzL/fe40eCa4PQh5NZWV1b38hu5ra2d3b38vsHTR3GirIGDUWo2j7RTPCANQw3grUjxYj0BWv5k6vUb90xpXkY3JppxDxJRgEfckqMlXoY9ZIzfDGDXSWh7OcLqHhZLZfcMkRFhCq4hFNSqrjnLsRWSVEAS9T7+ffuIKSxZIGhgmjdwSgyXkKU4VSwWa4baxYROiEj1rE0IJJpL5lfPYMnVhnAYahsBQbO1e8TCZFaT6VvOyUxY/3bS8W/vE5shlUv4UEUGxbQxaJhLKAJYRoBHHDFqBFTSwhV3N4K6ZgoQo0NKmdD+PoU/k+apSJGRXzjFmruMo4sOALH4BRgUAE1cA3qoAEoUOABPIFn5955dF6c10VrxlnOHIIfcN4+AeIVkWw=</latexit><latexit sha1_base64="KJbIN+HQON01PrXJk3jxCNbxxj8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4sSR1bOuu4MZlBfuAdloyadqGJjNDklHK0P9w40IRt/6LO//GTFtBRQ9cOJxzL/fe40eCa4PQh5NZWV1b38hu5ra2d3b38vsHTR3GirIGDUWo2j7RTPCANQw3grUjxYj0BWv5k6vUb90xpXkY3JppxDxJRgEfckqMlXoY9ZIzfDGDXSWh7OcLqHhZLZfcMkRFhCq4hFNSqrjnLsRWSVEAS9T7+ffuIKSxZIGhgmjdwSgyXkKU4VSwWa4baxYROiEj1rE0IJJpL5lfPYMnVhnAYahsBQbO1e8TCZFaT6VvOyUxY/3bS8W/vE5shlUv4UEUGxbQxaJhLKAJYRoBHHDFqBFTSwhV3N4K6ZgoQo0NKmdD+PoU/k+apSJGRXzjFmruMo4sOALH4BRgUAE1cA3qoAEoUOABPIFn5955dF6c10VrxlnOHIIfcN4+AeIVkWw=</latexit><latexit sha1_base64="KJbIN+HQON01PrXJk3jxCNbxxj8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4sSR1bOuu4MZlBfuAdloyadqGJjNDklHK0P9w40IRt/6LO//GTFtBRQ9cOJxzL/fe40eCa4PQh5NZWV1b38hu5ra2d3b38vsHTR3GirIGDUWo2j7RTPCANQw3grUjxYj0BWv5k6vUb90xpXkY3JppxDxJRgEfckqMlXoY9ZIzfDGDXSWh7OcLqHhZLZfcMkRFhCq4hFNSqrjnLsRWSVEAS9T7+ffuIKSxZIGhgmjdwSgyXkKU4VSwWa4baxYROiEj1rE0IJJpL5lfPYMnVhnAYahsBQbO1e8TCZFaT6VvOyUxY/3bS8W/vE5shlUv4UEUGxbQxaJhLKAJYRoBHHDFqBFTSwhV3N4K6ZgoQo0NKmdD+PoU/k+apSJGRXzjFmruMo4sOALH4BRgUAE1cA3qoAEoUOABPIFn5955dF6c10VrxlnOHIIfcN4+AeIVkWw=</latexit><latexit sha1_base64="KJbIN+HQON01PrXJk3jxCNbxxj8=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4sSR1bOuu4MZlBfuAdloyadqGJjNDklHK0P9w40IRt/6LO//GTFtBRQ9cOJxzL/fe40eCa4PQh5NZWV1b38hu5ra2d3b38vsHTR3GirIGDUWo2j7RTPCANQw3grUjxYj0BWv5k6vUb90xpXkY3JppxDxJRgEfckqMlXoY9ZIzfDGDXSWh7OcLqHhZLZfcMkRFhCq4hFNSqrjnLsRWSVEAS9T7+ffuIKSxZIGhgmjdwSgyXkKU4VSwWa4baxYROiEj1rE0IJJpL5lfPYMnVhnAYahsBQbO1e8TCZFaT6VvOyUxY/3bS8W/vE5shlUv4UEUGxbQxaJhLKAJYRoBHHDFqBFTSwhV3N4K6ZgoQo0NKmdD+PoU/k+apSJGRXzjFmruMo4sOALH4BRgUAE1cA3qoAEoUOABPIFn5955dF6c10VrxlnOHIIfcN4+AeIVkWw=</latexit>

10�18m
<latexit sha1_base64="y4z3Hs/VwwESTGE9w3RA8/ExbU4=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT89xdQa7SkI5KBRR6bJadr0yRCWEKtjFGXEr3oUHsVUyFMES9UHhvTuMaCJZaKggWncwik0vJcpwKtgs3000iwmdkBHrWBoSyXQvnV89g6dWGcIgUrZCA+fq94mUSK2n0redkpix/u1l4l9eJzFBtZfyME4MC+liUZAIaCKYRQCHXDFqxNQSQhW3t0I6JopQY4PK2xC+PoX/k6ZbwqiEb7xizVvGkQPH4AScAQwqoAauQR00AAUKPIAn8OzcO4/Oi/O6aF1xljNH4Aect0/mtpFv</latexit><latexit sha1_base64="y4z3Hs/VwwESTGE9w3RA8/ExbU4=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT89xdQa7SkI5KBRR6bJadr0yRCWEKtjFGXEr3oUHsVUyFMES9UHhvTuMaCJZaKggWncwik0vJcpwKtgs3000iwmdkBHrWBoSyXQvnV89g6dWGcIgUrZCA+fq94mUSK2n0redkpix/u1l4l9eJzFBtZfyME4MC+liUZAIaCKYRQCHXDFqxNQSQhW3t0I6JopQY4PK2xC+PoX/k6ZbwqiEb7xizVvGkQPH4AScAQwqoAauQR00AAUKPIAn8OzcO4/Oi/O6aF1xljNH4Aect0/mtpFv</latexit><latexit sha1_base64="y4z3Hs/VwwESTGE9w3RA8/ExbU4=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT89xdQa7SkI5KBRR6bJadr0yRCWEKtjFGXEr3oUHsVUyFMES9UHhvTuMaCJZaKggWncwik0vJcpwKtgs3000iwmdkBHrWBoSyXQvnV89g6dWGcIgUrZCA+fq94mUSK2n0redkpix/u1l4l9eJzFBtZfyME4MC+liUZAIaCKYRQCHXDFqxNQSQhW3t0I6JopQY4PK2xC+PoX/k6ZbwqiEb7xizVvGkQPH4AScAQwqoAauQR00AAUKPIAn8OzcO4/Oi/O6aF1xljNH4Aect0/mtpFv</latexit><latexit sha1_base64="y4z3Hs/VwwESTGE9w3RA8/ExbU4=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3lmQc2roruHFZwT6gLzJppg1NZoYko5Sh/+HGhSJu/Rd3/o2ZtoKKHrhwOOde7r3HjwXXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZQoyho0EpFq+0QzwUPWMNwI1o4VI9IXrOVPrjK/dceU5lF4a6Yx60kyCnnAKTFW6mPUT89xdQa7SkI5KBRR6bJadr0yRCWEKtjFGXEr3oUHsVUyFMES9UHhvTuMaCJZaKggWncwik0vJcpwKtgs3000iwmdkBHrWBoSyXQvnV89g6dWGcIgUrZCA+fq94mUSK2n0redkpix/u1l4l9eJzFBtZfyME4MC+liUZAIaCKYRQCHXDFqxNQSQhW3t0I6JopQY4PK2xC+PoX/k6ZbwqiEb7xizVvGkQPH4AScAQwqoAauQR00AAUKPIAn8OzcO4/Oi/O6aF1xljNH4Aect0/mtpFv</latexit>



Very Brief History

“atomos” meaning “not to be cut” or Fundamental

Beginning of 20th century -  The Democritus model of a fundamental atom was investigated  
further through scattering experiments.

400 B.C - Greek philosopher Democritus postulates smallest constituent of nature to be atom. 

1917 - 1920 - Ernst Rutherford discovers and names Proton as existing 
inside atomic nucleus.

1897 - JJ. Thompson discovers Electron in Cathode Ray experiment.

1932 - James Chadwick discovers neutral particle called Neutron inside 
atom.

Scattering experiments were the precursors of the high energy  
collider experiments we see today



Very Brief History continued

1950-90’s - Invention of more sophisticated particle accelerators meant the discovery of  many 
particles we call the “particle zoo”. Some of these were Fundamental particles

2012 - Highest energy particle accelerator at Cern, found the last particle in the Higgs Boson.

1930’s - Enrico Fermi proposed very small particle called Neutrino to explain β decay spectrum.

1940’s - Hideki Yukawa proposed that Meson particle must be responsible for holding nucleus 
together.

- It was later found that actually Mesons are bound states of quarks and Gluons 
are responsible for holding nucleus together.

Fast forward

This leads us to the Standard Model of Particle Physics



Standard Model of Particle Physics

- Like a periodic table of elements, but for particle physicists.

- Model used to classify and explain the fundamental particles and their interactions. 

- One of the most successful theories created so far.



Standard Model of Particle Physics

Fermions Bosons

Leptons Quarks

Electron Muon Tau

Electron  
Neutrino

Muon  
Neutrino

Tau  
Neutrino

Up Charm Top 

Anti-particles

Down Strange Bottom

Anti-particles

Photon
Gluon

Weak (W/Z)

Bosons 
(Scalars)

Higgs

Gauge  
(Force Carriers)



Particles classifications:

We may classify particles primarily using their spin and their charge.  

Spin - value of intrinsic angular momentum assigned to all particles.

Charge - intrinsic property of a particle and determines how it responds when placed  
in a presence of a certain force. not specific to electric charge

In Standard Model:

Fermions: spin = 1/2  

Gauge Bosons: spin = 1  

Scalar Boson: spin = 0 

Leptons: Integer charges, e.g.1e 

Quarks: Fractional charges, e.g. 2/3e 

Anti-particles look and behave like their corresponding matter particles, but have opposite charge.



Another form of classification is through particle masses.

Nature of particles is best explained using Quantum Field Theory and Relativity. 

- Particles are so small that classical physics fails

- Particles move so fast that special relativity provides best tools to explain their properties

To explain the energy, momenta and masses of particles we use

energy-momentum relation:

E2 = (mc2)2 + (pc)2
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e.g. particles at rest i.e. no momentum has energy

E = mc2
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Einstein’s famous equation



E2 = m2 + p2
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Natural units allow us to easily convert energy into mass and momentum i.e. 

Thus units of Energy, Mass & Momentum are written in some variation of eV 

Particle Physicists are lazy!!!! Natural Units: c = 1

Energy of a particle is measured in electron volts (eV) 1eV = 1.6⇥ 10�19J
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Mega, Giga or Tera - electron volts (MeV, GeV or TeV)

e.g. Mass of the electron is 0.511 MeV which is very very small

With all these in mind the Standard Model can be shown as:





- Top quark is heaviest with m = 173 GeV 

- Higgs Boson is 2nd heaviest with m = 126 GeV 

…

…

- Lightest Particles in SM are Photon and Gluon 
with m = 0 GeV 



How do these particles interact with each other 
to form the world we see?



At this point it might be important to define some fundamental building blocks of the SM. 

In particle physics we usually rely on Group theory when setting up fundamental interactions. 

SM interactions are based on the following gauge group based :

SU(3)c ⇥ SU(2)w ⇥ U(1)Y
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For instance, in nature there are 4 fundamental forces: - Electromagnetic force

- Weak force

- Strong force

- Gravitational force

Strong Force
Weak Force contains Electromagnetic Force



Fundamental forces and their carriers

Electromagnetism  (QED) Photon (γ) exchange

Strong interactions (QCD) Gluon (g)  exchange

Weak interactions W and Z bosons exchange

Gravitational interactions Graviton (G) exchange ?

-   Photon mediates electromagnetic interactions i.e the reason we can see each other is  
because there is a group of photons bouncing back and forth between us at the speed of light.

- Strong force is mediated by the Gluon particle. Strong force is responsible for quark  
confinement i.e. why the protons/neutrons and in the end atoms stick together to  

form us and the world around us.

- W/Z bosons mediate the weak force which is responsible mostly for radioactive decay 
and  other nuclear processes. Weak force is also mostly how neutrinos interact with other 

matter.

- Gravity is postulated to be mediated by a hypothetical Graviton and is not part of the 
SM.



Which forces act on which matter particles?

Weak EM Strong

Quarks ✔ ✔ ✔

Charged leptons ✔ ✔ ✖

Neutral leptons 
(neutrinos)

✔ ✖ ✖

- EM forces acts on all fermions as long as they have charge i.e. it acts on charged leptons  
and all quarks.

- Weak force acts on all leptons and all quarks.

- Strong force only acts on quarks. 



Which forces act on which matter particles?



Some properties of the matter particles

Quarks:

Charge Q of particle is defined as Q = I3 + Y/2
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3rd component  
of isospin, quantum  

number of strong interactions

Hypercharge which we  
mentioned before 

Family of quark Charge (Q) Hypercharge (Y) Isospin (I3)

u, c, t +2/3 +1/3 +1/2

d, s, b -1/3 +1/3 -1/2

Fractional charges of quarks means they can form bound states to create  
Baryons and Mesons with integer charge. 



Quarks continued:

qqq Q Bar.
uuu 2 Δ++

uud 1 Δ+

udd 0 Δ0

ddd -1 Δ-

uus 1 Σ*+

uds 0 Σ*0

dds -1 Σ*-

uss 0 Ξ*0

dss -1 Ξ*0

sss -1 Ω-

Baryons are bound states of 3 quarks 
 of the form (qqq) 

Mesons are bound states of 2 quarks 
 of the form (q qbar) 

qqbar Q Mes.
uubar 0 π0

udbar 1 π+

ubar d -1 π-

ddbar 0 η
uus 1 K+

uds 0 K0

dds -1 K-

uss 0 K0

dss -1 η’



Quarks continued:

qqq Q Bar.
uuu 2 Δ++

uud 1 Δ+

udd 0 Δ0

ddd -1 Δ-

uus 1 Σ*+

uds 0 Σ*0

dds -1 Σ*-

uss 0 Ξ*0

dss -1 Ξ*0

sss -1 Ω-

Baryons are bound states of 3 quarks 
 of the form (qqq) 

Mesons are bound states of 2 quarks 
 of the form (q qbar) 

qqbar Q Mes.
uubar 0 π0

udbar 1 π+

ubar d -1 π-

ddbar 0 η
uus 1 K+

uds 0 K0

dds -1 K-

uss 0 K0

dss -1 η’

These form part of the particle zoo

Interesting fact: One of these baryons - J/Psi particle - was discovered here at  
BNL in 1976 by the Alpha Magnetic Spectrometer experiment.

Samuel Ting, PI on the experiment shared a Nobel Prize for the discovery.



Leptons :

Family of lepton Charge (Q) Hypercharge (Y) Isospin (I3)

e, µ, τ -1 -1/2 -1/2

νe, νµ, ντ 0 -1 +1/2

- Leptons already have integer charge so its harder to naturally form bound states.

- Neutrinos were initially thought to have zero mass, however recently  
observations of neutrinos coming from the Sun and atmosphere  

showed that they oscillate.

- Oscillate meaning they change from one state to the other as they propagate

If they oscillate, they must have mass - more on this During Dr. Mary Bishai’s talk.



Ok so what about the Higgs particle?

- Higgs is a very important particle because it is responsible for the SM  
particle masses through its interactions with these particles.

- best way to explain this is to use another piece of machinery commonly used 
in particle physics.

Lagrangian - Equation used to map out particle interactions

General Lagrangian term contains 

Kinetic term 
fermion interactions  

with Bosons

Fermion mass term Yukawa term 
interaction of  scalar  

with fermions

L �  ̄Dµ�µ +m ̄L R + (Dµ�)†Dµ�+ y� ̄L R
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Scalar interaction  
with Bosons



- In order for a particle to have mass, it must be chiral, i.e. have a right 
handed and left handed components.

Dirac Mass

- The Higgs couples to fermions through Yukawa interaction and to 
gauge bosons through the kinetic term 

(Dµ�)†Dµ�
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After the process of electroweak symmetry breaking the scalar is written

vacuum expectation  
value of the scalar

Higgs scalar

� =
v + hp

2
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Plugging back into the previous Lagrangian means

spins same direction  
as momentum

spins opposite direction  
as momentum



Plugging ϕ into the Lagrangian

L �  ̄Dµ�µ +m ̄L R + (Dµ�)†Dµ�+ y� ̄L R
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We get, for interactions with fermions

L � yvp
2
 ̄L R +

yp
2
h ̄L R
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Thus the fermion mass is m =
yvp
2
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Boson masses come from the scalar kinetic term

I realize I may have confused you so early on a Monday Morning

so top quark mass is mt =
ytvp
2

<latexit sha1_base64="N0mv30PTECD/AHmia9WlDX9d1jw=">AAACCXicdVDLSgMxFM3UV62vUZdugkVwVZIiti6UghuXClaFdiiZNKOhmYfJHWEYZuvGX3HjQhG3/oE7/8ZMraCiBy6cnHMvuff4iZIGCHl3KlPTM7Nz1fnawuLS8oq7unZm4lRz0eWxivWFz4xQMhJdkKDERaIFC30lzv3RYemf3whtZBydQpYIL2SXkQwkZ2ClgYvDQQ4F3sf9QDOeZ+PXTZH3zbWGvFkUA7dOGoQQSikuCW3tEkv29tpN2sa0tCzqaILjgfvWH8Y8DUUEXDFjepQk4OVMg+RKFLV+akTC+Ihdip6lEQuF8fLxJQXessoQB7G2FQEeq98nchYak4W+7QwZXJnfXin+5fVSCNpeLqMkBRHxz4+CVGGIcRkLHkotOKjMEsa1tLtifsVsJGDDq9kQvi7F/5OzZoOSBj3ZqXcOJnFU0QbaRNuIohbqoCN0jLqIo1t0jx7Rk3PnPDjPzstna8WZzKyjH3BePwCPKprk</latexit><latexit sha1_base64="N0mv30PTECD/AHmia9WlDX9d1jw=">AAACCXicdVDLSgMxFM3UV62vUZdugkVwVZIiti6UghuXClaFdiiZNKOhmYfJHWEYZuvGX3HjQhG3/oE7/8ZMraCiBy6cnHMvuff4iZIGCHl3KlPTM7Nz1fnawuLS8oq7unZm4lRz0eWxivWFz4xQMhJdkKDERaIFC30lzv3RYemf3whtZBydQpYIL2SXkQwkZ2ClgYvDQQ4F3sf9QDOeZ+PXTZH3zbWGvFkUA7dOGoQQSikuCW3tEkv29tpN2sa0tCzqaILjgfvWH8Y8DUUEXDFjepQk4OVMg+RKFLV+akTC+Ihdip6lEQuF8fLxJQXessoQB7G2FQEeq98nchYak4W+7QwZXJnfXin+5fVSCNpeLqMkBRHxz4+CVGGIcRkLHkotOKjMEsa1tLtifsVsJGDDq9kQvi7F/5OzZoOSBj3ZqXcOJnFU0QbaRNuIohbqoCN0jLqIo1t0jx7Rk3PnPDjPzstna8WZzKyjH3BePwCPKprk</latexit><latexit sha1_base64="N0mv30PTECD/AHmia9WlDX9d1jw=">AAACCXicdVDLSgMxFM3UV62vUZdugkVwVZIiti6UghuXClaFdiiZNKOhmYfJHWEYZuvGX3HjQhG3/oE7/8ZMraCiBy6cnHMvuff4iZIGCHl3KlPTM7Nz1fnawuLS8oq7unZm4lRz0eWxivWFz4xQMhJdkKDERaIFC30lzv3RYemf3whtZBydQpYIL2SXkQwkZ2ClgYvDQQ4F3sf9QDOeZ+PXTZH3zbWGvFkUA7dOGoQQSikuCW3tEkv29tpN2sa0tCzqaILjgfvWH8Y8DUUEXDFjepQk4OVMg+RKFLV+akTC+Ihdip6lEQuF8fLxJQXessoQB7G2FQEeq98nchYak4W+7QwZXJnfXin+5fVSCNpeLqMkBRHxz4+CVGGIcRkLHkotOKjMEsa1tLtifsVsJGDDq9kQvi7F/5OzZoOSBj3ZqXcOJnFU0QbaRNuIohbqoCN0jLqIo1t0jx7Rk3PnPDjPzstna8WZzKyjH3BePwCPKprk</latexit><latexit sha1_base64="N0mv30PTECD/AHmia9WlDX9d1jw=">AAACCXicdVDLSgMxFM3UV62vUZdugkVwVZIiti6UghuXClaFdiiZNKOhmYfJHWEYZuvGX3HjQhG3/oE7/8ZMraCiBy6cnHMvuff4iZIGCHl3KlPTM7Nz1fnawuLS8oq7unZm4lRz0eWxivWFz4xQMhJdkKDERaIFC30lzv3RYemf3whtZBydQpYIL2SXkQwkZ2ClgYvDQQ4F3sf9QDOeZ+PXTZH3zbWGvFkUA7dOGoQQSikuCW3tEkv29tpN2sa0tCzqaILjgfvWH8Y8DUUEXDFjepQk4OVMg+RKFLV+akTC+Ihdip6lEQuF8fLxJQXessoQB7G2FQEeq98nchYak4W+7QwZXJnfXin+5fVSCNpeLqMkBRHxz4+CVGGIcRkLHkotOKjMEsa1tLtifsVsJGDDq9kQvi7F/5OzZoOSBj3ZqXcOJnFU0QbaRNuIohbqoCN0jLqIo1t0jx7Rk3PnPDjPzstna8WZzKyjH3BePwCPKprk</latexit>

Determined 
experimentally



This is how we theoretically explain where particle masses come from. 

Particle masses are actually determined experimentally, more about 
this later.

Further tools used by particle physicists to quantify particle interactions 
are Feynman Diagrams.

Richard Feynman 
Nobel Prize 1965

Yukawa interaction



How are the particles found in Experiments?

Many of these particles were found in high energy collider experiments

e.g.

Tevatron Collider at Fermilab near Chicago



Large Hadron Collider at Cern in Switzerland

Tunnel & beam pip, Deep 
underground



Large Hadron Collider at Cern in Switzerland

Tunnel & beam pip, Deep 
underground

Atlas detector



Large Hadron Collider at Cern in Switzerland

Tunnel & beam pip, Deep 
underground

Atlas detector for real real



So how does this all work exactly?

Bunches of protons are accelerated in the beam pipe using highly 
powered magnets. 

Protons collide at high energies in detector into many particles which 
detected as they interact with the detector.



So how does this all work exactly?

Bunches of protons are accelerated in the beam pipe using highly 
powered magnets. 

Protons collide at high energies in detector into many particles which 
detected as they interact with the detector.



Specific example: how the Higgs was discovered

Higgs was discovered using two main channels:

- Observing two photons coming 
from the same point

- Observing 4 leptons, 2 pairs, 
each coming from the same point

Higgs is produced from proton collisions and then quickly decay into other 
SM particles which are longer lived.



How does this look to us after data reduction?

To see this process, we use different variables that give us a handle this process.

Also, since there is so much data, this is a statistical process.

One such variable is the invariant mass distribution of the decay products of 
the Higgs.

Bump hunting



Summary

Particle Physics tells us about the nature and interactions of subatomic 
particles.

Currently particle physics is best explained by the Standard Model.

With the discovery of the Higgs in 2012 at the LHC, all SM particles have 
been discovered.

SM is one of the most successful theories in nature as it explains a lot of 
what we see in Nature.

However, Particle physics is incomplete; we will explore this in the next 
talk.



Some resources

https://home.cern/science/accelerators/large-hadron-collider

http://hypatia.phys.uoa.gr/ReadAbout/

About LHC

Particle Physics

http://particleadventure.org/index.html

https://quarknet.org/

https://quarknet.org/data-portfolio

ATLAS simulation tool

Overview of LHC &  
virtual tour of Cern

Interactive learning for PP
even has a cellphone App

many resources for teachers and students

a lot of useful practical PP information 

https://home.cern/science/accelerators/large-hadron-collider
http://hypatia.phys.uoa.gr/ReadAbout/
http://particleadventure.org/index.html
https://quarknet.org/
https://quarknet.org/data-portfolio

