Problems

1.28. We wish to measure the total π+p cross-section at 20 GeV incident momentum. We build a liquid hydrogen target (=60 kg/m3) l= 1 m long. We measure the flux before the target and that after the target with two scintillation counters. Measurements are made with the target empty and with the target full. By normalising the fluxes after the target to the same incident flux we obtain in the two cases N0= 7.5 ( 105 and NH= 6.9 ( 105 respectively. Find the cross section and its statistical error (ignoring the uncertainty of the normalisation).

1.31. A Cherenkov counter containing nitrogen gas at pressure  is located on a charged particle beam with momentum p=20 GeV. The dependence of the refraction index on the pressure  is given by the law n–1=3(10–9 (Pa). The Cherenkov detector must see the π and not the K. In which range must the pressure be? 

1.33 . Considering the Cherenkov effect in water (n=1.33), determine: 1. the minimum velocity of a charged particle for emitting radiation, 2. the minimum kinetic energy for a proton and for a pion to do so, 3. the Cherenkov angle for a pion with energy Eπ=400 MeV
1.34. Consider a Cherenkov apparatus to be operated as a threshold counter. The pressure of the N2 gas it contains can be varied. The index n depends on the pressure (, measured in pascal, as n=1+3(10–9 (. A beam composed of +s, K+s and protons all with momentum p crosses the counter. Knowing that +s are above threshold for (≥5.2(103 Pa. a) find the momentum p; b) find the minimum pressure at which the K+s are above threshold; c) same for the protons
Hint. p is much larger than the mass of each species
1.37. Neutrons originated from radioactive elements in the ambient have kinetic energies up to a few MeV. We want to detect such neutrons with a TPC containing 40Ar. If the neutron energy is low enough, the internal structure of the nucleus is not resolved and it appears as a single object to the neutron (coherent scattering). Assuming a nuclear radius RA=4 fm, which the minimum neutron kinetic energy to resolve the nucleus structure? Which is the maximum recoil energy of the nucleus in a collision with the limit initial kinetic energy? [mAr=37.2 GeV]. 
2.19. Consider a + beam of momentum p=200 GeV at a proton accelerator facility. We built a muon beam by letting the pion decay in a vacuum pipe. Calculate the energy range of the muons. 
4.25. A ‘beauty factory’ is (in particle physics) a high-luminosity electron-positron collider dedicated to the study of the 
[image: image1.wmf] process. Its centre of mass energy is at the ((41S3) resonance, namely at 10580 MeV. This is only 20 MeV above the sum of the masses of the two Bs. Usually, in a collider the energies of the two beams are equal. However, in such a configuration the two Bs are produced with very low energies. They travel distances that are too small to be measured. Therefore, the beauty factories are asymmetric. Consider PEP2 at SLAC, where the electron momentum is pe–= 9 GeV and the positron momentum is pe+= 3 GeV. Consider the case in which the two Bs are produced with the same energy. Find the distance travelled by the Bs in a lifetime and the angles of their directions to the beams. 

5.21. Consider two counter rotating beams of electrons and positrons stored in the LEP collider  both with energy Ee=100 GeV. The beam intensity slowly decays due to beam-beam interactions and various types of losses. One of the losses (very small indeed) may be the interaction of the electrons with the photons of the cosmic microwave background. Assume the photon energy E= 0.25 meV and a photon density =3(108 m–3. 
 (a) Evaluate the energy for a photon EFT against an electron at rest to have the same CM energy. (b) Assuming the cross-section Thomson cross section 
[image: image2.wmf], evaluate the interaction length and the corresponding time. Considering that 
[image: image3.wmf]electrons are stored in each ring, determine the rate of the considered events in the whole ring. Take the average value 
[image: image4.wmf] for the angle between the initial photon and the beam. (c) Determine the energy or the photons that scatter backward at 180˚ after a head-on collision.

6.17. A beam of  particles of kinetic energy E=10 MeV and intensity I=1µA hits a lead target [A=207, Z=82, =1.14(104 kg/m3] of thickness t=0.2 mm. We locate a counter of area S=1 cm2 at a distance of l=0.5 m beyond the target at the angle =40˚. Neglecting, when necessary, the variation of the angle on the detector find: a. the number of incident particles per second Ri, b. the solid angle   under which the target sees the detector, c. the differential cross section at the detector, d. how many hits the detector counts per second.

7.14. Consider the neutrino cross-section on electron 
[image: image5.wmf] and on an  ‘average nucleon’ (namely the average between the cross sections on protons and neutrons) 
[image: image6.wmf] at energies √s>>m, where m is the target mass and h any hadronic state (the factor 0.2 is due to the quark distribution inside the nucleus). Calculate their ratio at E=50 GeV. How does this ratio depend on energy? Calculate /E  for the two reactions.

7.16. The GALLEX experiment at the Gran Sasso laboratory measured the e flux from the sun by counting the electrons produced in the reaction e+71Ga( 71Ge+e–. Its energy threshold is Eth = 233 keV. From the solar luminosity one finds the expected neutrino flux = 6 ( 1014 m–2s–1. For a rough calculation, assume the whole flux to be above threshold and the average cross-section =10–48 m2. Assuming the detection efficiency =40%, how many 71Ga nuclei are necessary to have one neutrino interaction per day? What is the corresponding 71Ga mass? What is the natural gallium mass if the abundance of the 71Ga isotope is a = 40%? (The measured flux turned out to be about one half of the expected one. This was a fundamental observation in the process of discovering of neutrino oscillations)
7.29.  In 1959 B. Pontecorvo proposed an experimental idea to establish whether 
[image: image7.wmf] and 
[image: image8.wmf] are different particles or not. To produce 
[image: image9.wmf], a low energy π+ beam is brought to rest in a target. The m+s from their decays come to rest too and then decay. 
1. Which is the lowest energy-threshold reaction that would be permitted if 
[image: image10.wmf] but forbidden if 
[image: image11.wmf]?
2. Which is its energy threshold? 
3. Does the considered process provide  any 
[image: image12.wmf] above threshold? 
8.8. Consider an integrated luminosity of 100 ev/fb of the BaBar experiment. In the laboratory frame the centre of mass moves with the average Lorentz factor 
[image: image13.wmf]. How many seconds at a luminosity L=1034 cm–2s–1 would be needed to collect such sample? Assuming the value ∆R=3 at the 
[image: image14.wmf] resonance, how many 
[image: image15.wmf] pairs have been collected? What is the average separation between production and decay vertices?

9.1. The CHARM2 experiment at CERN studied the reaction e–( e– using a ‘narrow band beam’ with mean energy <E>=24 GeV. The Super Proton Synchrotron provided two pulses t=6 ms apart, with a cycle of T=14.4 s. The useful mass of the target detector was M=547 t, the side of its square useful cross section was l=3.2 m long. The target nuclei contained an equal number of protons and neutrons. What was the duty cycle (fraction of time in which interactions take place)? If we want to have an interaction every 4 pulses on average, how large a neutrino flux  is needed? How much intensity I? [= 1.7(10–45 m2/GeV].

Consider an electron of energy Ee=20 GeV detected by the CHARM2 experiment, produced by an elastic e scattering. How large can the scattering angle be, at most? Evaluate the accuracy that is necessary in the measurement of the electron direction to verify this to be the case. Can we build the calorimeter using Fe? 

9.21. Consider the 
[image: image16.wmf] Tevatron collider working at √s(2 TeV. For a Z produced at rest, what are approximately the momentum fractions of the annihilating quark and antiquark? Evaluate in which fraction they are sea quarks. If the Z is produced with a longitudinal momentum of 100 GeV what are approximately the momentum fractions of the quark and of the antiquark?

9.30. In 1960 S. Glashow pointed out the possibility of establishing the charged weak bosons via the resonant reaction 
[image: image17.wmf]. Why the idea did not work in practice? 
10.2. In the T2K experiment the proton beam accelerated by the J-PARC high-intensity proton synchrotron is driven on a target. The emerging pions are focussed in the forward direction and then drift in a vacuum pipe in which they decay. At the end of the decay volume all the charged and neutral particles are absorbed, with the exclusion of neutrinos. The neutrino beam is aimed to the SuperKAMIOKANDE detector located at Kamioka at a distance L=295 km. The neutrino flux at Kamioka, averaged over the duty cycle, will be =2(1011 m–2yr–1. SuperKAMIOKANDE is a water Cherenkov detector with a fiducial mass of 22.5 kt. Consider the detection of the s by observing the  produced via the CC processes on protons and neutrons and similarly of the of the es by observing the e. Assume a cross section per nucleon 
[image: image18.wmf] in both cases. 
1. Which is dominant neutrino flavour in the resulting neutrino beam?
2. Considering pions of energy Eπ = 5 GeV, which is the energy E of the neutrinos emitted at the angle =2.5˚? Which is the corresponding angle * in the pion CM frame?
3.Which is the energy E of the neutrinos emitted at the angle =0˚?
4. Assuming (unrealistically) neutrino beam to be monoenergetic with the energy of question 2 and that neutrinos do not oscillate, how many CC neutrino interactions per year would take place in the SuperKAMIOKANDE fiducial volume?
10.6. Consider a neutrino beam produced in a proton accelerator facility. The accelerated proton beam is driven on a target. The emerging pions are focussed in the forward direction and then drift in a vacuum pipe in which they decay. At the end of the decay volume all the charged and neutral particles are absorbed, with the exclusion of neutrinos. In the “long base line” experiments studying neutrino oscillations the detector is located at several hundred kilometres from the source, at L=730 km in the OPERA experiment at Gran Sasso on the CNGS beam from the SpS accelerator at CERN and L=295 km in the T2K experiment with the SuperKAMIOKANDE detector on the beam from the J-PARC 50 GeV high-intensity accelerator in Japan. Assume a typical pion beam E=80 GeV in the first case and E=7 GeV in the second. In both cases
a) calculate the pion decay length
b) calculate the maximum and minimum neutrino energy
c) In the CM neutrinos are emitted isotropically in *. Hence half of them are emitted forward, namely with 
[image: image19.wmf]. Find the corresponding angle in the L frame and the beam “radius” at the far detectors. 
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