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Detectors at accelerators experiments
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Figure 4.15: Schematic view of a detector for colliding beam experiments.

From https://edit.ethz.ch/itp/education/lectures_hs10/PPP1/2010_11_01.pdf



Silicon strip tracker

Calorimeter
Muon identification

Silicon pixel tracker

4
~
g - 4
¢ —

IS

/

=

. J 1
4 Tesla solenoid

Figure 4.16: The CMS experiment at the LHC.
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Figure 4.17: Momentum measurement in collider experiments using a magnetic field. The
magnetic field 1s parallel to the beams (orthogonal to the page).
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Transversaler u. longitudinaler Impuls
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Figure 4.18: Azxes labelling conventions (a) and definition of transverse momentum (b).
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Figure 4.19: Definition of the longitudinal scattering angle ¢y (a) and definition of par-
ticle distance in the n-¢ plane (b). Source: [10].
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Figure 4.20: Pseudorapidity as a function of Ocyr (a) and pseudorapidity for various values
of Oy (b). Source (b): [11].
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(a) Sum of Transverse Enargy = 782 Gev

Figure 4.22: Two jet event, reconstructed in the tracking chamber (b) and calorimeter
signals (a) of the D@ experiment.



Missing mass method

A collision 1s characterized by an initial total energy and momentum (FEi,, p;,). In the
final state we have n particles with total energy and momentum given by:

E:iﬂ-, (4.10)
P=) 7. (4.11)

Sometimes an experiment may measure F < E;, and P # P,,. In this case one or more
particles have not been detected. Typically this happens with neutral particles, most often
neutrinos, but also with neutrons, 7%, or KE. The latter have a long lifetime and may decay
outside the sensitive volume. To quantify this process, we introduce the concept of missing

mass:

missing mass X ¢2 = \/(Em — E)2 — (Pin — B)2c2. (4.12)

The missing mass 1s measured for every collision and 1ts spectrum 1s plotted. If the spec-
trum has a well-defined peak one particle has escaped our detector.



Figure 4.24: Production and decay of a W™ boson in a pp collision.

Muon-Impuls wird gemessen, Neutrino entweicht Detektor
Gesamtsumme des transversalen Impulses is ungleich 0!
Experimentelle Signatur: fehlender transversaler Impuls



Invariant mass method

The mmvariant mass 1s a characteristic of the total energy and momentum of an object or a
system of objects that 1s the same 1n all frames of reference. When the system as a whole
is at rest, the invariant mass is equal to the total energy of the system divided by ¢2. If
the system 1s one particle, the invariant mass may also be called the rest mass:

m?ct = B2 — p22
For a system of N particles we have

N 2 N 2
2t = (ZE,) — (Z f)’ic> (4.13)

i

where W 1s the invariant mass of the decaying particle. For a particle of Mass M decaying
mto two particles, M — 1 + 2, Eq.4.13 becomes:

M?*c* = (E; + Ey)® — (B1 + Po)’® = mic' + mic' + 2(E1Ey — By - Pac®) = (p1 +p2)*.



Invariante Masse: ni® —yy

Figure 4.28: 7 decay in two photons. ¥ denotes the laboratory frame (left) and ¥* denotes
the pion rest frame (right). Source [8, p. 95].
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Figure 4.29: Invariant mass spectrum for photon pairs. The 7° appears as a peak at the

pion mass.
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Energies and rates of the cosmic-ray particles
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Figure 24.8: The all-particle spectrum from air shower measurements. The shaded
area shows the range of the the direct cosmic ray spectrum measurements. See
full-color version on color pages at end of book. 1 Gaisser, T. Stanev in www.pdg.Ibl.gov
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Felix Aharonian, Nature 416, 797-798,2002
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p = proton

L = muon

T = pion

V = neutrino
et = electron
e” = positron
Y= photon
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Figure 2.4: Two body decay of the parent meson into muon and neutrino. - The
left figure displays the back-to-back kinematics in the meson center of mass (cm) frame.
The right figure shows the momenta after Lorentz transformation into the laboratory frame.
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Figure 2.4: Two body decay of the parent meson into muon and neutrino. - The
left figure displays the back-to-back kinematics in the meson center of mass (em) frame.

The right figure shows the momenta after Lorentz transformation into the laboratory frame.

E, =v B + B0y P = |p™"| cosB, and

Ey =7 E" + 57 Py e = |p™| cos(8, — m) = —|p™"| cosb,,

E, = v/p™|(1 +cosf,) and

- 1—|-T'1'
E, = ylp |(1—r-

ri = mg/m?

— COs Hl,).

Aus Schoenert et al., Phys.Rev.D79:043009,2009
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Borexino Detector
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Fig. 2. The Inner and Outer Nylon Vessels installed and
inflated with nitrogen in the Stainless Steel Sphere.
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Fig. 3. Inner surface of the Stainless Steel Sphere. The picture
1s taken from the main SSS door. and shows the internal
surface of the sphere with PMT's evenly mounted inside. The
total number of PMTs i1s 2212.



Fig. 5. The mner surface of the Water Tank covered with
layer of Tyvek. The Tyvek sheets improve light collection 1
the Outer Detector by reflecting the photons back into th

Fig. 4. A pictorial drawing of the Borexino detector. Inside
the Water Tank, the Stainless Steel Sphere is supported
by 20 steel legs. Within the sphere, the drawings shows
some PMTs (white full circles) and the Inner and Outer water.
Nylon Vessels. The steel plates beneath the tank improve
the shielding against radiation from the rock.

gether with the low absorption of the scintillator ¢
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Fig. 8. Time response of the Borexino scintillator mixture
Fig. 6. Emission spectrum of the PC+PPO mixture used in for a and 3 particles.
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Fig. 7. Attenuation length of PC (full squares) and PPO
(empty circles).
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Figure 2. Spectral fit in the energy region 160 2000 keV. Contributions from 24Pb, pp, and
pep neutrinos, not shown, are almost negligible with respect to those in the figure.



