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Breaking Baryons

On the Awesomeness of
Particle Accelerators and Colliders

● Title inspired by Carlos Garcia Prado's  “How I Met Your Pointer” at 29C3
--> tinyurl.com/howimetyourpointer

● Goes well with “Desperately Seeking Susy” by atdotde:
Tomorrow (Day 2), 20:30h, Saal 6
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Accelerators and Colliders
What are we doing?

--> give high energies to particles
by making them ‘fast’ (accelerating)

--> make them collide

--> see what happens

storage rings

linear accelerators
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Accelerators and Colliders
Why are we doing it? E = m·c²
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Accelerators and Colliders
What stuff do we use?

We use storage rings
to produce collisions
which are analyzed by
enormous experiments
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Storage Ring

acceleration:
● straight
● fancy electrical

fields (alternating)
● adds energy

curve:
● curved
● strong magnetic

fields (constant)
● adds no energy
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Storage Ring: Acceleration
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radiofrequency cavity
● several hundred kg
● niobium alloy

(ductile, 
superconductive,
not too expensive)

● cooled to ~4 K for 
superconductivity
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Storage Ring: Acceleration
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klystron
● ~100 MHz radio –

~2 GHz microwave
● uses waveguides, 

not cables
● LHC: 16 klystrons of

300 kW/400 MHz
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LHC: 1,232 cryodipoles
● 14 meters, 35 tons, 

500,000 CHF each
● ~12,000 A current,

~8.5 T magnetic field
● 600 t niobium wire

(25 % world / 5 yr)
● stored energy: 11 GJ

(15,000 t @ 150 km/h)



30C3: Breaking Baryons (by emtiu)

Storage Ring: Curves Ouch (2008)
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Storage Ring: Summary

Particles get perfectly timed 
energy kicks from electric 
fields in funny-looking metal 
tubes that use lots of power

Huge-ass 
superconducting 
magnets keep the 
particles in a circle
so they get a kick
tens of thousands
of times per second
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Storage Ring: Machine Layout

Increasingly large accelerators
● historical development
● pre-acceleration
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Storage Ring: Machine Layout
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Collisions
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1. They are very 
hard to produce

2. We produce
an enormous 
number of them
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Collisions: Beam Shape
1. continuous stream: nope

2. packets of single particles: nope

Why? Because:

1. High-frequency acceleration makes bunches

2. Making one-proton-wide beams intersect is unfeasible
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Collisions: Beam Shape
packets of enormous bunches

LHC:

100,000,000,000 (10¹¹) protons per bunch
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Collisions: Bunches
If you stand next to the LHC:
● A bunch flies by every 25 nanoseconds.
● There's about 7,50 meters of space between two bunches.
● You are passed by 2,808 different bunches. Per direction.
● In each direction, you could measure a current of 0.6 mA.
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Collisions: Interaction
A packet of 100 billion protons

collides head-on with

a packet of 100 billion protons

squeezed into

the cross sectional area of a human hair (~0.01 mm²).

How many collisions do you think there are?
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Collisions: Interaction

20
collisions per bunch crossing
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Collisions: Interaction

20
collisions per bunch crossing

This is called ‘pile-up’, and it's considered to be 
almost a bit too much.



30C3: Breaking Baryons (by emtiu)

Collisions: Interaction

600 million
… because if there's 20 collisions every 25 ns, you get about

collisions per second (per interaction point).
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Experiment: Layout
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● interaction point
in the center

● ‘onion’ structure
● huge magnetic field 

for momentum 
information

● 3,000 km of cables



30C3: Breaking Baryons (by emtiu)

Experiment: Layout
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inner tracking
● located ~centimeters

off the beamline
● leaves particles 

largely undisturbed
● precise location data



30C3: Breaking Baryons (by emtiu)

Experiment: Layout
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calorimeters
● must be outside of

the inner tracking
● stops the particles, 

has them deposit
all their energy

● rough energy data
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Experiment: Layout
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muon detectors
● outside of it all,

very large
● only for one special 

particle: the muon
● energy and direction 

information
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Experiments: Triggering
events

● 40 million bunch 
crossings per second

measurements
● ~100 million channels
● ~1.5 megabytes of

raw data per crossing
● ~60 TB/s
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Experiments: Triggering
events

● 40 million bunch 
crossings per second

reconstruction of an event: ~5 million lines of C++ code
simulating 30 million objects in 15 seconds of CPU time

--> 600 million CPUs dedicated to event calculation? Na-uh.

measurements
● ~100 million channels
● ~1.5 megabytes of

raw data per crossing
● ~60 TB/s
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Experiments: Triggering
40 million events per second (60 TB/s)

Level 1 trigger
Has 25 ns of time to evaluate 

if an event is ‘interesting’.
Has to eliminate 99.75 %

of events.

100,000 events per second (150 GB/s)
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100,000 events per second (150 GB/s)

Experiments: Triggering

Level 2/3 trigger
Has 10 µs of time to evaluate 

if an event is ‘interesting’.
Has to eliminate 99.87 %

of events (again!).

~150 events per second (~300 MB/s)
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Worldwide LHC Computing Grid
The 4 LHC experiment (CMS, ATLAS, LHCb, ALICE) 
produce ~25 PB of data per year.

LHC Optical Private Network: 
11 dedicated 10 Gbit/s links from CERN outward, 150 
secondary links to ~170 datacenters in ~35 countries

250,000 cores and ~100 PB of storage for 8,000 scientists
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Triggers: Criteria
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Triggers: Criteria
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Example: Positron (~1930)
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positron = anti-electron
(positive charge, otherwide identical)
● theorized in 1928 by Dirac
● first identified in 1931
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Die Moral von der Geschicht'

You can only discover 
that which you can 
accept as a result!
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We call it …
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Recap

parts = device

+
m = me

60 TB/s

300 MB/s
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Fundamental Particle Physics
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Did you like it?
● My name's Michael Büker (@emtiu on Twitter, DECT 7892).

I talk about science.

● Find the slides, video link and please leave feedback!
--> tinyurl.com/breakingbaryons

● Go watch Desperately Seeking Susy by atdotde!
Tomorrow (Day 2), 20:30h in Saal 6


