Introduction to Particle Accelerators
TUTORIAL 3 QUESTIONS & ANSWERS
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2 Phase space ellipses
Assume somewhere in the storage ring there is a position where α = 0.
Where would such a situation occur typically?
α=0 means that the beta function has an extreme value: maximum or minimum.
Such a situation occurs in general in the center of quadrupoles (in a pure FoDo or similar structure this is always the case) or in the middle of a beam waist.

How will the phase space ellipse look like?
Depending on the beta (maximum or minimum) the ellipse will be flat in the horizontal plane or upright.
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In a drift space x’1 = x’2 since there are no magnets, so the ellipse evolves keeping constant the maximum x’

3 Apertures and beam envelopes at LHC
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4 Apertures and beam envelopes at HERA
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The HERA magnet structure in the arcs consists of a symmetric FoDo with 90° phase

advance per cell and an aperture radius of r, =20mm.
a.) Given the value of = 80m in a QF quadrupole lens, what beam emittance would just

touch the vacuum chamber ?

omax = gmaxﬁ =1 =20mm
2
€ max =£=400ﬂ=5*10_6mdm
B 80m

b.) If the typical emittance of a stored beam at injection energy E=40 GeV is € = 2*10-7
rad m, how many o of beam envelope fit into the storage ring ?

O'beam = gtjvpiml * ﬁ =+2%*1 0_7 * 80

Opeam = 4mm

2 1y =50 the vacuum aperture corresponds to 5 sigma of the stored

beam.
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General case:

remember that
l+a’
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If a = 0 we get the following picture: The beam will need the largest aperture if the
ellipse is flat, or it will have the largest divergence.
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Can you give a physical interpretation of the 3 function at such a place ?

Starting from a mini-beta insertion with a.=0, how does the phase space picture develop
in the long drift space ?




image4.png
If\\ N




image5.png
The LHC magnet structure in the arcs consists of a symmetric FoDo with 90° phase
advance per cell and an aperture radius of r, =20mm.

a.) Given the value of f3 ,,,. = 500m in a QF quadrupole lens, what beam emittance would
Jjust touch the vacuum chamber ? (We call this value the “acceptance” of the machine).

Omax = Emaxﬁ =h= 20mm

2 2
£ o =M=8*10'7radm
o} 500m

b.) If the typical emittance of a stored beam at 450 GeV injection energy is € ~ 7*10°
rad m, how many o of beam envelope fit into the vacuum chamber for f=500m ?

Cream = \[Epiea™ B =N7*107 radm* 500m

O oum = 1.9mm — 1, =100

the vacuum aperture corresponds to 10 sigma of the stored beam ... indeed there is
not much space for errors and distortions.

c) what will happen if — keeping the beam optics constant — you accelerate the beam to
an energy of E = 7000 GeV ?
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The beam emittance will shrink as a function of the relativistic parameters *y. In the
given energy range 3 = 1 and so we can simplify the scaling and set

% V450 —4.5%1071°

€7000 = €450
The beam dimension will shrink (in bolJﬁ“iSPanes) and the beam lifetime and background
rates will improve.

During luminosity operation at this energy we require at least 14 sigma aperture due to
background and quench safety reasons. What is the maximum beta function that can be
accepted if the aperture of our mini beta quadrupoles is 20mm?
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