
NATURAL SCIENCES TRIPOS Part IIITuesday 18 January 2005 2.00 to 3.30EXPERIMENTAL AND THEORETICAL PHYSICS (4)Partile PhysisAnswer two questions only. The approximate number of marks allottedto eah part of a question is indiated in the right hand marginwhere appropriate. The paper ontains FOUR sides (inluding thisone) and is aompanied by a book giving values of onstants andontaining mathematial formulae whih you may quote withoutproof.STATIONERY REQUIREMENTS SPECIAL REQUIREMENTS20 Page Answer BookRough Work PadMetri Graph Paper Mathematial Formulae Handbook

You may not start to read the questionsprinted on the subsequent pages of thisquestion paper until instruted that youmay do so by the Invigilator.

F4



21 Write down the possible �nal states onsisting of a harged kaon, a neutralkaon and a harged pion whih an be produed in antiproton-proton ollisions viathe strong interations, giving reasons for your answer. Explain why these �nalstates are useful for the study of CP violation. [4℄�K+ = (us), K0 = (sd), �+ = (ud)�Show that the �+�� �nal state produed in the deay of a neutral kaon is aneigenstate of CP with eigenvalue +1. [4℄�Kaons and pions are spin zero partiles.�The strangeness eigenstates K0 and K0 are related to the mass eigenstatesKS and KL and to the CP eigenstates K01 (CP = +1) and K02 (CP = �1) asK0 / KL +KS; K0 / KL � KS;KS / K01 + �K02; KL / K02 + �K01;where � = j�jei� is a omplex onstant. For a neutral kaon whih is initiallyprodued as a K0, show that the deay rate to �+�� at a proper time t > 0 isgiven by� (K0t=0 ! �+��) / e��St + j�j2e��Lt + 2j�je�(�S+�L)t=2 os(�mt� �)where �S = 1=�S, �L = 1=�L, �S and �L are the KS and KL lifetimes, and�m � mL �mS is the di�erene in the KL and KS masses. What is theorresponding expression for the deay rate � (K0t=0 ! �+��) for an initial K0 ? [8℄The asymmetry A+� in the K0 and K0 deay rates to �+�� is given byA+� � � (K0t=0 ! �+��)� � (K0t=0 ! �+��)� (K0t=0 ! �+��) + � (K0t=0 ! �+��) � �2j�je�St=2 os(�mt� �)1 + j�j2e�St ;where the last expression on the right-hand side (whih need not be derived) usesthe approximation �L � �S. The �gure overleaf shows measurements from theCPLEAR experiment of the asymmetry A+� as a funtion of t=�S. By onsideringthe times where the asymmetry reahes a maximum and next passes through zero,or otherwise, obtain estimates of the quantities j�j and �. [8℄��m = 3:5� 10�12MeV, �S = 0:9� 10�10 s, h = 6:58� 10�22MeVs�Explain briey how CP violation is aommodated within the StandardModel and outline the urrent experimental onstraints on parameters relevant toCP violation derived from measurements using kaons or B hadrons. [6℄
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42 Write brief aounts of two of the following:(a) proton and neutron elasti form fators and their measurement; [15℄(b) olour SU(3) and olour potentials; [15℄() deep-inelasti (anti)neutrino-nuleon sattering; [15℄(d) experimental evidene for neutrino osillations. [15℄3 State what is meant by the terms heliity and hirality and explain how theyare related for highly relativisti partiles and antipartiles. [5℄The vertex fator for the interation between a Z0 boson and a fermion f isproportional to fL�(1� 5) + fR�(1 + 5). Without detailed mathematis,explain why this restrits the possible spin states of the inoming and outgoingpartiles and antipartiles in e+e� ! Z0 ! ff sattering in the relativisti limit.Draw diagrams illustrating the allowed spin on�gurations for this proess in theentre of mass frame. For the ase where the eletron is right-handed and thefermion is left-handed, explain (still without detailed mathematis) why thedi�erential ross setion in the entre of mass frame takes the formd�RLd
 / (eR)2(fL)2(1� os �)2where � is the angle between the eletron and fermion diretions. Write downsimilar expressions for the other allowed spin on�gurations. [9℄Find the relative total ross setions �R and �L for the prodution of aright-handed or left-handed fermion in ollisions of unpolarised eletrons withunpolarised positrons on the peak of the Z0 resonane. Hene show that theaverage heliity (average polarisation) of the �nal state fermion in suh ollisions isPf = (fR)2 � (fL)2(fR)2 + (fL)2 :The average polarisation of the �� lepton in e+e� ! �+�� sattering has beenmeasured by experiments at the LEP Collider to be P� = �0:1465. Find the valueof sin2 �W orresponding to this measurement. [9℄�fR = �Qf sin2 �W, fL = I3W �Qf sin2 �W�Outline how the eletroweak setor of the Standard Model an be auratelytested using experimental measurements made on the Z0 resonane. Explain whysuh measurements provide indiret information on the W boson, top quark andHiggs boson masses, and summarise the urrent status of diret and indiretmeasurements of these masses. (Preise numerial values are not expeted.) [7℄END OF PAPER
F4


