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Abstract Angular correlation ofexcitationfhⅡction8 in di88ipative heavy ion c01H8ion

27Al+27Al h船been mea8ured． The incident beam ener西es ranged from 114Mev

to 127 MeV in 8tep8 0f 200 keV．The angular analysis region w硒coⅡtiⅡuous bom
50。to 90。in the center of Inass system．An aⅡgular coherent wid七h，at le黯t 400，
was obtained． Thi8 long_ranEe angular correlation couldⅡot be interpreted in the

framework of the standard statistical reaction theory with BtB七e of equilibrium or near

equilibrium，maybe it reveal8 the formation 0f a new kind of dissipative structure in
￡he reac￡ion of 27Al+27Al With the state￡hat is￡盯from e口uilibrium．
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1 INTRoDUCTIoN

One of the most important reslllts 0n the study of heavy ion physics is discdvery of

the so．called deep indastic comsion(DIC)．The iⅡterpretation 0f the DIC is based on a

pictllre of the fbm僦ion and decay of aIl intermediate dinuclear system(IDS)．Withjn
the lif乩iIne ofIDS，the relative knetic energy js transfbTIned iIlto the iⅡt血sic exdtation
energy of n悖system and the 01．bitalⅡ衄entllm into intriⅡsic姐譬111ar momeIltll工n of
the system．The tr蛆sformation is a dissipative mocess and the DIC is a180 called the
dissipative heavy ion collision∞ⅢC)．The IDS formed at the eally staEe ofthe comsion
can not reach complete statistical eqllilibrim and i【ecays into a projectik．1i1【e丘aPment
aIld a target．1ike丘agment．A s耐es 0fnon—eq词ibrim fbatllres appe肛iⅡthe DHIC．Ebr
ex舢nple，the energy spectnlm is the beⅡ．Hke shape and the anPmar distribution of the

products is asyIr皿etric with respect to 90。in the center of mass system fC．M．1．
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Recently'a noticeable development iIl DHIC is to measllre the excitation mnctions，【1～5
to study both aⅣerAge and丑uctuation properties，and moreover，to study the evolutjon

process of theⅢS with time．IDS fo珊ed iII DⅢC carries lIi譬h excitation energy corre．
spanding to excited overlapping levels(，》D，，is the average width of the kvels and

工)nleir spach91．The structllre width of the energy auctuatioⅡjn exdtation fhnctjons
of DmC is about 1 Mev．n is di艉rent丘om either the耵oss structllre with a width of
3～5 M：eV血duced by the poteⅡtial scattering，or the矗ne structure characterized by a

width of<0．1 MeV corresponding to the Ericson丑uctuation． The丑uctuation in the

DHIC is also not the inte珊ediate structIlre coming from the isolated 1evel m01ecul缸
resonance with，(D．

It is interestiIIg that the fluctuation structme iII the DHIC can not be smoothed

out in spite of the hj曲intrinsic excitation and a P，eat腼b盯of矗nal nlicro．cha册els
EspeciaUy，sun血ng the excitation血nctions of the di矗毛rent dissipative products，the
feature of the nonsemaVeragiⅡg is stiⅡl[ept．In addition，anomalous large angular cor-

relation has been r印orted between the丘a哪衄ts at 60。，120。and 160。h the DHIC of
10F+89Y∽hI ord盯to exm证e the phenoⅡlenon 0f the long—range孙叫牡correlation，
an experiInent has been ca盯ied out fbr the缶st time to rneasure the哪!llar correla土ion of
the excitation缸ctions at the wide continuous姐出s in the DⅢC of鲋Al+2 7A1 Some
reslllts and discussions甜e presented iⅡthjs paper．

2 EXPERIMENTAL RESUFrS

AⅡexperimeⅡt of 27Al+27Al h孙b∞n performed event by event．The beam 27A18+

w豁口rovided by the T孤dem accelerator at LNS(the Laboratorio Nazionale del Sud)，
INFN fIstituto N姚ionale di Fisica Nucleare)，Catania，Italyt The iⅡcident beam enerEies
were from 114 to 127MeV血step8 of 200 keV．An a】_I】miIlium foil of 38 pg／cm2 w越used

asthetarget．The beamhtensitywas 0baut 50nA．Atotal of300h beamtimewas used

in order to get s恤cient statistics．
hl the e】cperiment，three sets of△E—E只as．soUd state tdescopes were used to

identif'the出ar譬e nuⅡlber Z of the丘a鲫ents emjtted丘om the reaction． The△E
detector js an ionjzation ch锄1ber皿ed with C4H10 gas at a pressllre of 4kPa，the residual
energy E is deposited血a Si position seⅡsitive detector．The detector system coVered

a wide r舭lge of continuous andes丘om 10．40 to 57．40 iⅡthe laboratory system． A

seIIliconductor detector was set at 5．80 toⅡ10Ⅱitor the beam． A E盯ady cup c01lecting
the be锄charge wag placed at O。to nonnalize the product counts．
The an911lar correlation coemcient w酗calclllated thrau曲the e】【pression，

删忙([掰一-][黼。])。 ㈣

and the normalized aⅡgular coⅡdatioⅡfuIlct主0n(NAcF)for the缸ed angle目is de舡ed

“(e，口7)=G(口，口，)／【G(9，口)c(o’，8’)]1／2 (2)

where the big brad【et<>$tands for the arithmetic average oVer the measured energy

r孤ge and万(E，口)represents the average cross section cllrVe—Table 1 lists the anglllar
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correlation coe伍cients aIId Fi91 plots the NAcF of the Al-like products(su珊[血lg from
z=11 to z=15)eInitted from the DⅢC of 27Al+27A1．The angLilar analysis region is
contiImous from 50。to 90。iIL the C．M．and the a丑91dar resolution is about 40． The

errors a￡e due to the矗nite size of the data s锄pling．阻】

Thble 1 AnEular correlation coemcients of the Al—like products in DHIC of 27Al+27Al

520 1 0．96 0．97 0．09 0．97 0．93 O，81 O．58 0．53 0．48

56。 1 0．98 0．95 0．97 0．95 o．88 0．71 0．65 0．58

60。 1 0．95 0．97 0．95 0．88 0．71 O．66 0．60

64。 1 0．97 0．93 0．78 0．55 0．49 0 45

680 1 0．08 O．89 O．70 0．64 O．59

720 1 0．93 0．76 0．70 0．66

76。 1 0，92 0．89 0．84

80。 1 0．07 0．04

84。 l 0．96

880 1

F-g．1 PlotB of NACF of the Aklike productB iIl the DⅡIc of 27Al+27Al

3 DISCUSSIoNS

nom Table 1 and F璩1，the姐911l缸coherent width of the A1-lil【e products in the
DmC of 27Al+27A1 iB at le躺t 40。aIId the NACF shaw8 an asy加皿屺try relative to the
C．M．reference andes．The Inost of correlation co蛐cieⅡts areⅡlore tha丑0．5 a丑d stroⅡg
long-range an911l缸correlation is obvious．

hI the丘anle、帕rk of the standard compound nudear reactiDn statistical theory，
Brink“口a7J predjcts that the姐gul缸coherent Width口c=1／工gr，wh盯e上F is the

争∞iIIg momentI】加．h the case of the 27Al+27Al reaction，五耵皇38^and—c is about
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3。．n is Inuch smaUer than 40。．h fact．the basjc featllres of the DmC are the non．
eqtlihbrillm of IDS and the strong correlation betweeIl cllannels，whereas the above目p
renects ozlly the size of the partide itself and there is no correlation considered．

T址iIlg into account the an911lar morⅡentum correlation between S．matrix elements，
Hartmann et口胪J proposed a tbr州a to矗nd the an只1l：Iar coherent width：

口。=1．67(△2+52)1／2／△2 (3)

where△is the width of nLe reaction j．w缸dow and占the aⅡ置IllarⅡlomeⅡtllm correlation

1吼gth．h the DⅢC，占<△姐d△>5～10，姐d whatever占and△are，always
如<30。． The e】叩er如1ental reslllts about the lon分range anglllar correlation in the

reactions of 19F+89Y and 27A1+27Al can notbe weⅡmted by this model thatis based

on the state of near eauihbrim either．
Accordjng to the famo瑚dissipative structllre theory suggested by Prigogine“Ⅱ‘

i士l t】le state f矗r f如m equjlibrium，non．equilibrium is not oIIly the reason of disorder，but
is espedany the oliP江of也e ord盯too．IⅡthjs case，there is a new kiIld of coherence
whj出does not耐“in the state of eqllinbrium or near eqllilibrium and a 10ng—range
correlation c强be fbrmed bec瓢use of this new kmd of coherence． At thjs po主nt，the
mlctuation c姐not be nedected，and it plays a very i玎1portaⅡt T0le iⅡthe fbrInation of
the djssipative structllre．As mentioned by Kun，【9J theⅢS formed iⅡthe DⅢC is far
丘0m equjlibrium．The e】印erimental fhcts of the non弛lf．averaging excitation缸ctions
and the long．range an911la工coⅡela土ion z℃veal probably the f湘a土ion of a new order
dissipative structllre in DⅢC．The asymInetry of NACF rdative to the C．M．蛐gle can
be considered as the sDace localization．The loca】izanon is due to a small盘llctuation in

the state far矗om equjlibrim．It is spontaneous 8pace 8ymmetry bre出ng．A f证ther
analysis is in progress．

4 CoNCLUSIoN

There is a 10ng-ra丑ge趾glll缸corrdation h the dissipatjve heavy ion com8ion of

27A1+27A1．The 10ng-r趾ge弧911l村correlation can notbe越erpreted by the standard
compo皿d Imclear reaction statistical theory孤d by the rnodd based on the cond主tion
0f near equmbri哪．Maybe the 10ng-r啦ge蛆gul缸c0Ⅱelation reVeals the formation 0f
a new dissipative stmctllre in the DmC With the state that is f盯丘om equjlibrium
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