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TOWARDS NEW UNDERSTANDINGOF NUCLEAR ROTATION�P. RozmejTheoretial Physis Department, M. Curie-Skªodowska Universitypl. M. Curie-Skªodowskiej 1, 20-031 Lublin, Polandand R. ArvieuInstitut des Sienes Nuléaires, F-38026 Grenoble-Cedex, Frane(Reeived January 13, 1999)Properties of time evolution of wave pakets built up from rotatoreigenstates are disussed. The mehanism of perfet loning of the ini-tial wave paket for irular states at frational revival times is explained.The smooth transition from irular to linear through intermediate elliptistates is desribed. Examples of time evolution of a nulear wave paketreated in Coulomb exitation mehanism are presented.PACS numbers: 03.65.Sq, 03.65.Ge, 32.90+a1. IntrodutionThe advent of experimental tehniques (mainly short, tunable laser pul-ses) resulted in rapidly growing interest in time evolution of Wave Pak-ets (WP) in many �elds of physis and hemistry. Nine years ago Aver-bukh and Perelman [1℄ disovered and explained a universal senario ofthis time evolution appliable to a wide lass of quantum systems. Thegeneral requirements for their senario are very weak: (i) the initial WPhave to be a superposition of bound states of system's Hamiltonian, (ii) theweights of the superposition should be strongly peaked around the meanvalue ( (t = 0) = Pn n�n where H�n = En�n). In suh onditions,as we already explained during the previous onferene [2℄, the evolutionis governed basially by two time sales, Tl = 2�~=jE0njn=�n � the pe-riod of motion of the orresponding lassial system with E = E�n, and� Presented at the XXXIII Zakopane Shool of Physis, Zakopane, Poland, September1�9, 1998. (799)



800 P. Rozmej, R. ArvieuTrev = 2�~=jE00njn=�n � revival time, after whih the WP reassembles to ashape reminding the initial one. In general the longer time sales also ex-ist and usually Tl << Trev << : : : . However, there exist systems whereEn depends quadratially on the quantum number n (in�nite square well,ideal rotator). In suh ases the quantum evolution is exatly periodi withT = Trev. The general senario of [1℄ exhibits in these ases some partiularlyinteresting features.2. Time evolution of WP in quantum rotator, lones and mutantsThe time evolution of the WP is given by the formula:	(t) =Xn n �n exp��iEnt~ � : (1)Let us expand energies in Taylor series En=E�n+E0�n (n��n)+E00�n (n��n)2+: : : .If En is only quadrati funtion of quantum number n, the series termi-nates at E00�n. This is the ase for quantum rotator, H = (~2=2J) I2, withEI = (~2=2J) I(I + 1). Introduing time sales mentioned above one anrewrite (1) in the form (k = (I � �I)):	(t) =XI I �I exp ��2�i� ktTl + k2tTrev�� : (2)For all times of the form t = (m=n)Trev (where m and n are mutually primenumbers) it is possible to use Gauss sum and rewrite (2) in the form:	 �t = mn Trev� = l�1Xs=0 as 	 sl ; (3)where l = n=2 for n�multiple of 4, l = n otherwise, 	 sl is either idential(lone) or similar (mutant) to the initial WP, depending on topology of themotion.The initial WP an be reated as a Coherent State (CS) of angularmomentum [3, 4℄, ful�lling during evolution the minimum unertainty on-dition: �L2x�L2y = 14hLzi2. One of the best possible hoie of suh CS anbe written in an exponential form depending on 2 real parameters N and �:	N;�(�; �) =s N2� sinh(2N) eN sin �(os�+i� sin�) ; (4)with hLzi N!1�! � (N � 12) and � = hLzi=(2�L2y) = �q�L2x=�L2y. Thereare 2 speial ases, partiularly interesting: (i) � = 1, orresponding to



Towards New Understanding of Nulear Rotation 801irular states, and (ii) � = 0, so alled linear states. In the former ase theexpansion of the initial WP in spherial harmonis ontains only funtionswith maximal M = I, in the latter only those with M = 0. In general ase,� 6= 0, additional sumation over M is neessary and the motion is alledellipti: jCS; �; t = 0i =XIM bIM(N; �)Y IM (�; �) : (5)In all ases the oe�ients bIM are given analytially. For � = 1 all frationalrevivals (3) are opies of the initial WP (lones). Their number is equalq = n=2 for even n or q = n for odd n. For � 6= 1 frational revivals have ingeneral di�erent shapes (from resents on a sphere to rings at � = 0) thanthe initial WP (we all them mutants). However if the position of frationalrevival oinides with that of the initial WP the lone is always built. Theexample of WP shapes for the ellipti state with N = 20; � = 0:3 is shownin Fig. 1.
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Fig. 1. Initial WP (left) and evolved one at t = (1=6)Trev or (1=3)Trev (right). Onelone and two mutants (resent shaped) are learly visible in the right �gure.3. Nulear rotationIt is well known [5, 6℄ that during Coulomb exitation (CE) a deformednuleus is exited to a oherent mixture of rotational states. This superpo-sition is also peaked around a mean value of angular momentum, so one anexpet similar features as predited by senario of Averbukh and Perelman.The most lear ase is CE with baksattering as in this ase exited WP hasylindrial symmetry (only Y I0 omponents, as linear CS). The partial wavesand frational revivals have then topology of rings on a sphere. Thereforefor presentation of shapes only one angular variable (�) is su�ient. In Fig.2 we present the time evolution of WP obtained by CE of 238U bombardedby 40Ar at E = 170 MeV. The amplitudes of exitation of given I angu-lar momentum eigenstates have been alulated within semilassial theory



802 P. Rozmej, R. Arvieuof CE [5℄. The left part shows the `ideal ase', i.e. when EI 's follow per-fet rotor dependene I(I + 1), the right orresponds to time evolution (1)with energies taken from experiment. Although the `arpet' for experimen-
EI=I(I+1)
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Fig. 2. Time evolution of nulear rotational wave paket obtained in CE of 238Upresented in `quantum arpet' representation. Contours of 2� sin �j	 j2 are plotted.tal energies is not as regular as that for `ideal' ones, still strong revivalsof WP our. The absolute time sales for nulear rotation are very short(Trev � 10�19s, Tl � 10�20s) and are still beyond time resolution of presentexperimental tehniques. For more details see [3, 4℄.REFERENCES[1℄ I.S. Averbukh, N.F. Perelman, Phys. Lett. A139, 449 (1989).[2℄ P. Rozmej, W. Berej, R. Arvieu, Ata Phys. Pol. B28, 243 (1996).[3℄ P. Rozmej, R. Arvieu, Phys. Rev. A58, 4314 (1998).[4℄ R. Arvieu, P. Rozmej, Pitures of quantum nulear rotation beyond the or-respondene priniple, preprint: quant-ph/9803078.[5℄ R. Broglia, A. Winther, Heavy Ion Reations, Benjamin, New York 1981.[6℄ L. Fonda, N. Manko�-Borstnik, M. Rosina, Phys. Rep. 158, 159 (1988).


