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PH 415: l'^rticlc Physics

Answer ,lll questions. Time: Two l.lours

Mass of profon = 940 McV/c2
Mass of neutron = 940 MeV/c'1
Mass of olcctron = 0.50 McV/c'?
Electron charge = 1.6x10 l'C
Velocity of light = 3.0x10 8 ms-r

(l). Discuss the principles of operation o{a Cyclotron and its limitatioDs in acceleratiDg
charged particles to very high energies. Explain how the energy limitation ofcJclotron
may be removed by modulating the frequency oftlle acceleratiDg field.

A cyclotron machinc wl'rich is used to accelcrate prolons, has a uniform magnetic field
of I.0T and a radius of 0.25n. In this uachine protoDs make 250 rcvolulions bcforc
they emerye and receive equal acceletation each time when lhey cross the accelerating
gap. Estinate thc following:

(D The energy ofthe protons whcn they emerge.
(iD Tlre frequency and tbe vollagc oflhe accelerating potcDtial.

(:2) ID a proton' ncuttotl collision event a new particle , say X , u,as created aiong with two
protol1.
(a) Write down the particle reaction for the above collision event.
(b) Identify the baryon number B, electdc chargc e ,third comporent of the Isospin 13,

Isospin and str.angeness S ofthe particle X.'(c) Give possibie quarks collten1ofthe particle X.
(d) Anolher cxperinent predicts that the mass of the particle X is 140 McV/ c2.

Estimate the minimum kinetic energy of the inciderlt proton required to ploduce
the above rcaclion iD a laboratory. Assutno tltal the neutron is at rest in the
laborJtor).

(e) Give the decay mode ofparticle X.



J.
(o) Give the charge Q , baryor ntunber B, isospirl, I, thirdcomponent ofthe isospin, ll

and strangeness, S ofu, d and s quar.ks.
(b) Dcteroinelhe chatge, baryol nunber, isospiD, third cou]poneDt oftltc isospin and

strangeness ofpa icles having the lollowing quark structurc:
i. uus ii. uds

ili. utl iv. di
\. /,,\.\ \'1. J,lj

(c) Wdte down thc expfession relatiDg
(i) the hypercharge, y ro S and B
(ii) the charge Q to 11 ancl y of particles.

Whit va[te does thc hyperchargc take lbr stl.ange qualk.

(cl) The lou,est lying baryons wr r spin-parity slate of ]* ale
2

p,tt.,- ,- t ldentify Yaodllof thesc baryons and armnge
theur in a diagram according to tl.tcil valLre of Y and It.

(") Deducc the relationship 2n11 +2na =3m/.+nr lbr the masses of thc lnel11bcls

II
ofrhc btr'1o., o"tcl lrirlt;- .ulrercthcs1ntboLh.t\etiteiru.ual ntettrilg.

You nray fincl the Gcll-Mann-Okubo nrass formula,
I r ^'tt-tlto- nttl ' nl,l1l ,l1 --f /f uirhu.ual uorcr;on usclul.-t 4 )

4. Civing rcasons classify the follou,ing prooesscs as stLong, clcctromagDetic, weak or
totally forbiddcn

tar t l*) I,

(b) z + 7:, -+ r<o + Ao

(c) Xo -+Ao+7

(d) ,\a > 1t + n-
,Draw lrcynnan diagrarns for the processes (b) and (d).


