
Ú 2A í Ú 11Ú
2000ê 11Â

Non-r epr oduci bi l i ty of t he Cr oss Sect ions M easured in the
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AM U» t h m izÀ epÄ de Et EIZ¹ an° ne IÊ of e ECi tation f1mct iom fg É e " F + " Nb di¸ pative

bØvy m oo² Sons tzave been pd om d at incide zt ezï ZSÊ fEØ 1 1Þ Ø 108 MeV in stµ e of 250

kev - T he two mm urm em d ffm d by two tarF t foils , 7O m d 71d m f , r¡ ed ively . M l the
oth£ ¿× , m a ta1 Þ ndim zs wm kept m k identid in both e × e imØ Ê . 1E e data indm te m -
Iµ mducibi li ty of the nom d f-avg aeirû @cillat iù yields m t he two m² Í Øne m . This mpports

m m t theorem I pmd cm m d g m m smsiW ity m d ctm e m cg nplex quantu n coiliSEEK- -

k ey w÷ ² di m p¤tive tE« vy m 1Þ tl¯ £,1, nm -Eµ ma m baity of the ck m secm m , chaE÷

Ç Ie Á u s sect ion f l uctuat ion pha Eom enon in d issipat ive heavy ion coll is ion ( D H IC ) has
been exp er im en tal ly Ä tabushed si nce 1985 [11 M · t m Ä k ab ly , t he czw sect ion f luct uat ion

ar e not w ashed ou t in sp i t e of t h e h igh in t r i nsic ex ci tat ions of t he in t em l ed at e di nuclear sys-

tm 1 ( E À ) form ed m D H I C an d t he enorm ou s nEm ber of f ind m iczp channels Þ n t r ib ti t i Ö Ø

EEl eaa m ble ck m sect ions - Ç 1e di scover y of th e f in e ex ci ta t ion f unct ion st r uet um in D H I C is

¿ im por tan t ¿ the d isÞ ver y of D H I C i tsel f . × 1e phezm n enon of t he non -sel f- av® ag ing of

ex ci t at io n fun ct ion oeci l lat ions m pzØ Ø Ê a un ique chal lenge for dist i ngu ish ins betw em nu -

m em us di f fer en t Þ ZEÊ PÊ Ê Ed models of D H IC , al l of w h ich have been equadl y succÊ d u l in

dÊ q i bi zl g th e m ergy aver ag ed obeerv abb -

M odem unden tan di ng of quan tmm chaot ic s© t ter ing m d m i cm scopic an d m Ä ¿ Þ pic

Þ m p lex quan tu m Þ 11ig om is based on t he as u n pt ion t hat t he deÞ h er g Ece t im e , i . e . t he

t i m e i t tait6 Ø loee d t he ini t ial phase Þ r r elat ions , ² the shor tÊ t t i m e scal e of t he pm b-
lem [2ú ] . T h is m p i iÄ the absence of a Þ n d ad on betw een the par t i al w id th am pUtt ld× × F

Ey irkg di f fem n t m m nance level an d m iczp cham el quan t tm nu n b® for t he Þ l l iSion s pm eed -

iII g thm ugh t he form at ion m d dÅ ay of h igh l y ex ci t ed in tg m ed ate systm 1 ( I S ) . T h e idea of

a rapid phase ran dom i m ion hm been or ig inali y devel opd and m ccm ful l y appl ied i n t he Þ Ô
tex t of t he ran dom -m at r i x t heor y ( R M T ) of h ighl y ex ci t ed m o ù ly in t ® act ing system [21

H ow ever th e dOm a n of i u app iim bi l i t y fo r m an y-body syste m has been m m ined m open

quÊ t ion . I n D H IC t he dev iat ions f rom th e predict ions of R M r m azl i fÊ t t ha m elvÊ in per -

gist ence of a m i czp chann el corm lat ion k ad izl g Ø the non -sel f -aver agin g of ex ci t at ion f unct ion
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osci l l at iom ( E m ) in d m e com p lex m em eÞ p ic ool l isions -

R em 1ti y th e non -sel f -aver ag i ng of E m in D H IC has bem in ter pret ed in term d t he
spi n of f-d iagonal m iÁ £ chmm el S -m at ix Þ rm l at ions m d quan t um chaot ic ptm mm g Eon d SI-

OW deCohen n ce[51. Ç Ee Þ h eIÄ ce betw eg 1 th e h igh l y exci t ed st at Ê of t he IS om um spon u -

neously resa n bli ng t he spon tm m us b reak i ng of m t at ional sy m n et ry - 1TEis zÄ ul ts m t tze
phys ical pi ctEm of th e coll apse of t he in i t iall y delocal im d inÞ hem n t super pcs i t ion of t he ex -

t ended re· nance stat Ê of th e I S int o t he spad all y local im d Þ h® e nt l y zu ta t ing mm y-body

w ave pncitem - T h e foUow iù slow deÞ heTench m m l u ng in slow zÄ torat ion of m t at ioz1al

sym n et r y and sp rm di ù £f t he m t at ing w ave pack ets , is closel y Ó lat d t o t he lom l im t ion

w i th i n th e i nf in i t e m m ber of or thogonal subspaeÊ of t he H i rber t spsÊ ¤ I t has bem show n

th at f iÉ te m n -van ish ing deÞ herence w id th , p # 0 , Ê a pm m Ed i t ion for th e non-sel f -aven s -

ing of E FO in D H I C - I t has bem rem nt l y argued t hat spon tm m us m i ÚÅ cham el cor m lat ion
and slow deÞ heren ce stmu l d k zÄ ui t in t he cm ¿ á Ct ions for D H IC beina seEE i t ive to m i n -

fm i t esim al l y m all per tu bat ion - T h is suggÊ ts a pom iba i t y t hat t he cm Ø sect ions of D H I C

m ay not k repm ducib le in i ndependm t m Ä R nÄ 1en ts d t he sam e syst m 1¤

Since the pÓ dict ion of t he non -m pm duci b i l i t y of t he cm es sect ion m D H I C h in a sharp

Þ n t m st w i t h m odm I quan tU B t heory of Þ m plex m em eÞ p ic Þ l l isiOI± , i t is h ighl y dÊ ir able
Ø ts t t hi s predi ct ion expezt m pen td l y . I n ou r ex per im a H w e tÄ t t h e sensi t iv i t y by ped or m -

i IEg tw o indepÄ den t m easm Ä Een ts w it h th e sa n e m ct ion sy sta n usin g sl igh t l y d if fa Ä t

th ickn e s of t he m ¬ eÊ ¤ U se of t he di f fezÄ t t az¬ ets m ul t s in , even th oug h M ini m iEI Ball y
sm al l bu t non-vm ish iE± , di f fezm t " tz get -m vim m 18 1tal " per tu r bat ions in to n ud eLb nuclem

H am il tonian du e to , e . g . d i f ferent def ect locat ion , elecu u m c st r uetun , spaci al dist ibu t ion
of elecÊp mag net ic f ields et c . in th e W O tz get fo il s - I n t hi s paper w e br iefl y m pon t he ex -

P¼ im ent al resul ts an d t hei r theom t i Á l in t e p ret at ion -

T w o in depen den t m em uzÄ I 1hen ts of t he ex ci t at ion f unct ions of t he di s ipat ive p m duct s
have been car r ied ou t for t h e sam e m act ion syst a n o f 19F + é N b at Ch ina I nst i t ut e of A tom ic

E ng gy ( C IA E ) , Beij ins . I n t h e tw o m eastzm n Ä ts , th e bØ m 19² + w m pm v ided by the

H I- 13 tan d¥ M eed m to r in C I AE , th e b¹ n irtc idm t a E× ¬ m w em fzu I1 100 to 108M eV i n
steps of 250 iteV . T h e sam e thm e seu o f det ector at OL² = 38¤, 45¤ an d 53¤ w ere used as w el l

× t he sam e e Õ er im en tal param eter s fo r th e accelg atü , t he elecnw 1ic and th e acquisi t ion

sy st m w em select ed . I n ot hg w or ds , alnm t t he sam e macm scop ic expd m en td cond it iom

have b em ctm m for t he tw o m ms tm m ô ² . T h e only di f f em m m th e tw o m eastIm n m Ê
has been t hat t w o di f fm n t t ar get foi ls of mN b w ere usd . T he fo il w i th th ick nØ of

7Opd d w m m ed in th e f i rst m m um m t , 811d th e ´ l w i t h th ick nm d 7 1Ftd d w m

m ed in t he secon d m ¥ sum n en t .
T he exci tat ion f unct io ns of t he dis ipet ive product s in 19F + " N b reacti ons an prÄ m ted

in F i g . 1 , w iz« ü th e en u r bers am stat ist ical on l y . I t is obv ious t hat t h e char acter ist i c non -

sel f -aven s i EIg sm ct111Ê of exci tat ion f unct ions m m f IC per sist for d i of the dissi pat i ve f r 88 ¤

m m ts pm duoed in t he tw o Þ il i sions - M Ø t of the m r d at ion Þ ef f ici m ts betw m 1 th e pm d-

uct s w i t h di f fa Ä 1t chaI¬ e num ber Z am gm ater th an 0 . 6 fo r each indi v idual m easUEØ Ea u -

I t is seen t hat for som e enezg Ê the ck m sect iOIE × ¬ clear l y non- re pm duci b le ou tside of t h e

rang e of t he ex per im en tal m u m . A nd m ost of th e Þ n ú i at ion coef f ici en t s bet w een the prod -

UCÊ w it h t he sam e chazg e n m Ibem m th e W O m easum m n tS × -e fom d to k m al l , abou t

0 . 1 . A s shom in F ig . 2 , the d at ive m ap i t ude of the oscil lat ions for t he d i f f eren ¹ Ð ( E )

- Ò2( E ) is b igg ® than t hat for ei t tm Ò1( E ) or e 2 ( E ) . Bot h d t he f° Ø Ø indi cat e th at
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the cmØ sect ions for the two independ6 1t expe iments with almost the same maÚØ Þ picai

Þ ndit ions have nm -mpmducible osci llat ing component -

1ï 104 1̧ 1¶ 1² 104 106 1"
E× A EeV

Fqz.2 The diffz e zce of oä illation amplitude m the two Ä ci ta60n fm c60m d 19F + 92Nb
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T he mEp ezt m g 1tal dau w em m Ê 11l l y select d and ched d - Á El y t he n i UÛ Ø mzd o´ -

gÄ ou tgoi IEg f raÁ m ts w m ch¹ m to avoid t lhue PEm ib le m m m inam z f zu n carbon acÞ zd -
ing to t h e tw o body k ine I1at ies , and onl y t he data m nin g fzÄ n t he m t t a ing azl gb 38¤ and

53¤ w en used foe suf f icien t stat ist ical Þ Ä 1ts . T he eEê ® im ental er m r due t o the dev iat ion od
th e in cidm t beam w as Þ n u u ll ed by using tw o IIBoni tom pl aced at ¿ 12 ¤ w i th rÄ pect to t he

bm 1 di züCHon - I t w m h m d Ø k neg1ig i ble. m e bem dim et ions w er e pm of n ad an d m -

m et ed befom each ener gy st ep - 111e en w d t he tar get t hiclm e· ev al uat ed by a ¿ ecu o phÕ
tom et w is about 51ª / Á n2 . I t has not in f lum eed t be rm ul t sign i f ican t ly . I f t h e rÄ ui t w as k 1¤

duced w the erzur ot ¤ thickz½ d dr µ t , tbe m itatbn fund iÞ behM OUES fü the
tw o m easu m n enÕ sh ul d k evolved i n to m m e syst Ä mt ic out Þ m e rat he t han bein g repm -

dud ble fof sÁ n e enezÜies an d zm n-m pzo duci ble fozr mmd zer enez¬ ies .
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FIg.3 EAF d the dim pative fE, e nmÊ É 1ittd fzmu Ød Þ s of 19F + 93Nb at Oia = 53¤

T he en mv autocom lation fun ct ions ( EA Fs) × × acted fm 1 the exper imental data as

shown m Fig . 3 . T he ermrs m due Ø the fini te sin d th dam sm p li rht l A cÞ rd EEg Ø
the statist iÁ l mact ion w ith mm mry appmach[5] , the f luemat ing S-maz ix w i th total spin J
azzd -t y Ð Á n be zµ fÄ a ztd in ttEe fom :

SZ ( E ) = [ W e ( J J ) ] UZU PM ( J - I } ] S t s ´ ® , ( 1 )

wh®e
i m l Ä Ç ¢ Ï

Ú ( E ) = ( È i » ¸ r ( 2 )J i 2,r l HE ? É + iF /2 '

E ú the total ena gy d the sysza n , We (J , O is th avm ee mrtial mastiÞ pmbebili¤

t y , é is t he aver ag e def lect ion angle due to the J -dependence of th e pot m t ial phase sh if ts , r

and D m th e w m g e m l dew w id th M l m l spaeiÔ ± m th e m nance em gm of

Eï deV
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the iZEta nØ iate systm . m e a zu azm ( ex i t ) d anm l indim a ( b ) ® ä i fy inm a c mi -

cm u m a ( b ) of the react ion pazm m , orbi tal nmmm tum and channel m n . T he m m ai imd

part ial width ampli ud es-
ü {6}=Z BZ¢ È (3)

whm BZ Êú ´ -tW nal mm M nd b znalimd eF½ m mndanGam iazvariabh
ì ú mzu mm Í ö ¤ m mai n m 1alt of the m med z is t hat r Ø ª 'RZ ÷ × J # f azld/

or Rñ Ð' m m n iatd vaztabla . m e Þ m lation orç izzatÊ fm zz the inf ini td y m all m -

tmncH 3dt offd ù £,zal (J » Ð) ¤Þ m lation betw m ù azd P I t alm m be ç wn that

swi tching off the Þ rrelat ion between the F s by mÄ ns d a pmpg iy applied limi t ing pmce-
dï ü ² Ê Þ t EÄ ult m tbe vmm hizzg of the Þ n ¨ lat ion d the ? ' s. Ç Emüfon , the OTW EEd

the Þ rmlation betW¢ æ ? ' s m Ä U a m m è m m zmm y h Ø à Â - I I E W Eï ¡ S

bIØ Õ Â d th k m m ml mÀ hEve - Þ Sé IE EUtg g ves ztse b a Emmu u p tc aØ1dz vd xi ty h EU-
13E Â zz J mÀ ô iq Ð ó ¿ ç é º m k view± ¿ tk m u aGÞ d tlz ä É IEEm ute - 113e ·

d mÄm B m n a d dE iEIn Rm y m , É , d ttE EW ar Ä b d ty Ø. h m zvmú Ö d dEe

d d Ä ÙÄ ¢È´ , ½Ð , E a IIÄ æ¹ m m d q m zuzn d m B¤ It dg m ys ¤ r¦ ular i t y azld the
peztod ei ty of th Þ ha Ä t IOtat ion mua ng a damping of t he Þ hem11t nucl¥ r m tat ion - A

rich dynm m d the m Á n be studid uSEª EAF of the m Hating Ú£" º t iom . T he EA F

Ê expzw ed in te m of th zee physdØ l quand m r , h Ø mEd p .
C U J ) cc ReM Õ ( 2,ri e/ (h Ø » ip ) ) / ( 1 - exp( - h ( F - ie ) / (h Ø - ip ) ) ) ] . ( 4 )

T he sol id lines in F ig . 3 ® e the f it s to our data by using the form ula ( 4 ) . I t is non-

h m tzian ( st rueturd ) , EUE¤ periodic ( dm ped and in É ular ) and repm ducg the ó Æ ial
trm d of the e´ ® inm taI data . I t should be m phm d that the Þ nÉ tion fÊ turÄ for the
two indepm dm t mÄ Ë " Ä nm m am quite simi lar in µ i te of the non-mproducibil ity d the de¤ .

tailed enez¬y dependÄ ce of the cm¹ sect ions- For example , the values of the F and h Ø for
M goÖ frÊ nm ts N at 53¤ in the two mØ a m m ts m 360 keV and 1. 3M eV - th e j h m

80 and 1Þ keV , Ë ê ä t ively . W e ok ® ve that while the detailed ed epm da BCÄ of the data

Me mpm ducd mt lw poorly , the rate of the dm Fizzg of the osci llat ions in di f fem u C U , £ )

can be zw md m d rather well tmÖ the alnm t Sam p vd ue-
A np vay , tha ªEUªE two expm znmztal facts, the EU Z-sel f-avÔ agizzg and EU H epmdud bi l -

ity d the u Ä s md Þ s. m e EBon-sel f -av® ag izzg d the crEm ± ct iom in excitation fm ct iom

implies that the sm unat ion over m extm nely h rge um ber of exi t micp chm neis is not
equivd g zt to the av® 88 irhg ov® the a zm n ble of dif fa Ä t unÞ rzÀ ated individual a u s sec-

t iom . Ç Eis a ØgÄ " that m mch m rt ic1liar indepm dent m² a Eè Ä " of the g nEe system Þ e
ob, « VÄ a per t ied ar zØ l in tiozz d e ( E ) rather than the ØECi tation fm ct ion av® ag ed ov® the

ensm ble of al i p± ible m l imuon of the underlying pm cÄ . × 1is indieam the pzobaMIM ic
m um d the mEdd yiØ phmm ne m z. In other words, in the mse of the In n-equil ibzt m

IEó , the m ct ion a u Ê ä t ion at a fixd m e w sM Eld be dÄ cr ibed in term d a pmh baity
dim butm rather thm being m mideM m dete mini st ic mpmdUcible quan t i ty . Such m h1¤
terpmtat ion is Þ nsistent w i th the non-self -averaging m d ED IT-mpmducibi li ty of the m s sec-

tiom rµ OTted m this peper . T he a g zi fiÁ nt Ø d l ladons m EA F clm riy indi ü " qum -P® iod-

id ty , i t . the prg m ce of su m s b diÖ harm niÊ in the a Eezz y depm dÊECies of th cm¿
á ctions- T hemfom , it is appmpd ate to mfe m m ch quasi-periodic st m ctUZ¼ " " cillat ion

rather than fluctuat ionç.

Ó z experm a ztal data m ppon the pmdiet m d the thØ W ah tBt the exnÄ Ee ó Å tw ity

ß Ü ï í ë å ' í (EEP& NP) Ú 24í
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aZEd cha B in D H IC - A lso , a clear ph ysical pi ctu m on D H I C has been pzÊ en ted - An in t erm e-
diat e di n tsclm r syst m m f orm ed in t he D H I C of 19F + 93N b w as far f m 1 equ i l ib r i m 1 stat e .

T h e E S w i t h m average l i f et im e h d r m ta tÊ cohem n t ly an d t h i s COK Em t m t at ion is

dam ped an d i r r ¦ uiar due to th e decoherenÄ w idt h p # 0 . T h e cohem r e or igi nate f m m t he

SPon tan Ø us bEØ ld EEg of m tat ional an d inva 3ion sm m E Ã ¿ w h i le th e decoherence resul t s i n

t he IÄ tor at ion of t hm e sYEm met r i Ê ¤ Ç 1e t im e evol ut ion of E À Á n k dÊ cr i bed by th e th r ee
param et em , t he deÁ y w idt h r , t he aE» Â ar veloci ty of coh× × 1t rotat ion Ø an d th e deÞ her --

ence w id t h j3. T h Ê e physical quan t i t ies have bem determ i ned fm m th e anal ysis of t he E A F .
Ç 1e non vanishi ng of p sig n i f i es t he nonÖ u ii iM uzz1 quan tmn chaot ic dynam iØ i n hi gh ly ex -

ci t ed m an y -body syst a EE ¤ Sin ce t he obtained t he p -w i dt h is t he about « ¼£ ozd Ø$ of m agn i -
t ude less t han the cham et ed st ic nuclear spzÄ d ing w i dt h [2.Ê , t h is im pl m t hat m IClear Þ her -

en t m ot ion is m uch mom stab le t h an t he nuclear Þ lleet ive m ot ion .

T h authom wish to thank the staffs d the H L 13
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