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Tom tit: Cau vong hat nhin duoc quan sat ¢ tan xa dan hdi a-hat nhan va cac nhan
nhe ¢ niang lwong trung binh do sy hip thu yéu cua thé quang hoc va xay ra hiéu tng
khic xa ciia song dén. Céc song khic xa nay giao thoa dan dén xuat hién hiéu tng cau
vong hat nhan 1a sy dao dong cua cac cuc tiéu Airy o tiét tiét dién tan xa dan hdi.
Ngudi ta cling mong doi bire tranh twong tu xay ra ¢ tan xa dan hoi. Mot vai dic trung
ciia cau vong hat nhan trong tan xa phi dan hdi cua cac ion nhe da duoc khao trong
thuc nghiém, nhu thi nghiém do tan xa phi dan hdi °O+ *C tai ving nang lwong khic
xa do nhém nghién ciru cua vién Kurchatov thuc hién. Khéc véi tan xa dan hoi, di
liéu tan xa phi phi dan hoi cho thay hiéu tng cau vong yéu hon dan hdi véi ciu tric
Airy bi nhoe di. Bé nghién ctu hiéu tmg nay, chung t6i d& xut ky thuat phan tich bién
d6 tan xa phi dan hoi thanh cac thanh phan mé men géc khac nhau. Dya trén ky thuat
phan tich méi nay, cac phan tich lién kénh tan xa dan hdi va phi dan hdi cua tan xa **C
, %0+ 2C | and a+ *Zr tai ving ning lugng khic xa da chi ra riang viéc lam nhoe di
cau tric Airy trong tn xa dan hdi 1a do chdng chap céc song riéng phan khac nhau.

Tir khoa: Cau vong hat nhan, khic xa, cuc tiéu Airy.

1. Giéi thiéu

Céu vong hat nhan trong tan xa dan hoi 1a mét trong nhiing chu dé quan trong trong
nghién cru tn xa hat nhan —hat nhan [1]. Khi hé tan xa bi hap thu yéu nhu (tan xa alpha-hat
nhan, °0+1%0, ?C+*C, *0+'C), c4c séng tan xa c6 thé di sdu vao hat nhan va bi khic xa
boi luc hat nhan dan dén xuat hién hiéu wng cau vong hat nhan[1,2]. Séng khic xa gilp
chung ta xac dinh thong tin thé twong tac dén ving bén trong hat nhan. Thé tuong tac dugc
xéac dinh tir cau vong hat nhén la thong tin hitu ich cho cac nghién ctu cau tric. Chang han
nghién cuu cau trac alpha cluster trong **Mo[3], °Ne[4] and *Ti[5], °0+'°O cluster bands
trong *°S[6]..., gin day nhét cho phan tng nhiét hach *C-'2C[7]. Co ché béan cb dién
(Semiclassical framework), lan dau tién dugc dé xuat bai Brink and Takigawa[8] va phét
trién boi Michel va cong su [9-10], duoc st dung dé giai thich cau vong hat nhén, trong d6
bién do tan xa duoc phan tach thanh thanh phan bén trong (internal component- séng tan xa
di xuyén qua rao thé Coulomb va thé xuyén tdm va bi khic xa boi luc hat nhan) va thanh
phan rao chan( barier component-bi phan xa tir rao thé). Fuller[11] ciing da d& xuat ky thuat
twong ty, V4i bién do tan xa duoc phan tach thanh thanh phan far-side (refractive component)
va near-side (diffractive component). Co ché nay rat thanh céng gidp ching ta c6 thé hiéu rd
duoc su hinh thanh nuclear rainbow trong elastic.



Cau vdng hat nhan ciing dwoc tim thay trong tan xa phi dan hoi. Hau hét cac nghién
ctru cho dén nay déu dung co ché giai thich cau vong hat nhan trong tan xa dan hdi vao phi
dan hdi. Nhu Michel et al [12-13] di phan tach bién d6 tan xa phi dan hoi thanh 2 thanh phan
internal va Barier cho hé a+*Ca and °Li+**C, hay Demminova[14-15] phan tich thanh 2
thanh phan near-far side. Cac nghién ctru nay ciing cho thay sy chiém wu thé cua thanh phan
far-side & goc 16n tuong ty nhu ¢ tdn Xa dan hdi. Tuy nhién, hau hét cac sb liéu thuc nghiém
déu chi ra vai cau vong va cyc tiéu Airy cua inelastic khong rd so vai tan xa dan hoi. Dé giai
thich cho vén dé nay, trong nghién cuu kich thich 2+ va 3- °0 cua tan xa °0+'°0 [16], Khoa
va cong su cho rang do sy gia ting phan 4o hap thu cua thé quang hoc kénh tan xa phi dan
hdi so véi dan hdi. Hoac trong nghién ciu *He+'*C[15], Demmynova cho ring sy khong
quan sat rd cau vong hat nhan & tan xa phi dan hdi 1a do sy bit dinh caa thé dich chuyén
(form factor). Trong nghién ciru ndy ching t6i phat trién hudng phan tich nham giai thich phu
hop hon van dé trén. Nhu ching ta biét, ang vi mdi song riéng phan L cia tan xa dan hoi, &
kénh phi dan hdi song riéng phan L' lién kénh vai spin | caa hat nhan kich thich va cé thé
nhan cac gia tri tir L'=L-I,..L+I, tir 46 chiing t6i phan tich bién do tan xa phi dan hoi thanh
tong cac bién do thanh phan ung véi cac L’. Két qua phan tich tiét dién tan xa phi dan hoi
g vai cac bién do thanh phan cho thiy r& dong gop cuia mdi thanh phan Ién tiét dién phi
dan hoi tong ciing nhu 1am 16 sy hinh thanh cau vong hat nhan trong trong xa phi dan hoi.

Pé minh hoa cho phuong phép nay, chung t6i khao sat trén cac hé tiéu biéu trong
nghién ctu cu vdng hat nhan nhu véi light-heavy ion-scatteringla **C+'°C, °0+C va
alpha-scattering 1a alpha+®Zr. Bdi vé6i hé *2C+*C, *0+'C, nang lwong lan luot duoc phan
tich twong ung la 240MeV [17-18]va 200MeV [19] véi sé liéu thuc nghiém dugc xac dinh
cho ca tan xa dan hdi va phi dan hdi 2+(4.44MeV) cua **C. Pay 1a nhitng ning luong cho
thdy rd nhat ciu tric cdu vong hat nhan caa hé *?C+C, *0+%C trén thuc nghiém. Déi véi
hé alpha+*Zr, nang lugng duoc chon phan tich 99.5MeV, day 1a truong hop sb liéu thuc
nghiém dugc xac dinh gém tan xa dan hoi va phi dan hoéi 2+(2.186MeV), 3-(2.748MeV) [20]
va biéu hién rd cau vong hat nhan.

2. Cong thirc

Trong khudn khd nghién ctru nay, bién d6 tn xa dan hdi va phi dan héi duoc xéac dinh
thong qua giai h¢ phuong trinh lién kénh [21]
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trong d6 ki hiéu o 14 kénh dan hoi va o’ 1a kénh phi dan hoi. L,S,J lan luot song riéng phan,
spin tong nodi va spin toan phan cua hé ¢ kénh dan héi. Tuong tu L', S', J' cho kén phi dan hoi
o’. O day chung ta xét truong hop spin target va projectile bang 0 va trang thai kich thich
target cd spin I, ta c6 bao toan spin toan phan J=L= L'+I. Cac yéu t6 matran & vé trai va vé
phai (1) mang thng tin thé duong chéo V., (R) va thé lién kénh V__.(R) (chi tiét c6 thé xem
& [21] ). Trong d6 phan thuc dugc tinh todn dya trén mau folding.

Voatar (R) = N [ 01 (%) Paniay (1) Vi (5) AT, 2)



V6i § =T —T,+R lakhoang cach giira 2 nucleon, V, (S) 14 trong tac NN higu dung va Ng
|a hé s6 tai chudn. p,,, Paacay trong ng 1a mat do cua projectile va target.
Déi vai thé duong chéo va thé lién kénh duogc xac dinh theo md hinh Hybrid [21], trong d6

thé duong chéo co dang Wood-Saxon.
Woaa(a‘a')

W . , 3
a(a'a’) 1+exp[(R—a)/c] 3)
va thé lién kénh
dw
W =5 Wea 4
aa | dR ( )

Vv6i S, 1a do dai bién dang dugc xéac dinh theo cuong d6 dich chuyén dién.

Giai hé phuong trinh lién kénh (1), Ta thu duoc bién d6 tn xa dan hdi va phi dan hoi [23].
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Trong do L'=L—1,L—1+2,....,L+1, budc bang 2 do bao toan tinh chin I giira kénh
vao va kénh ra. Rat tién lgi khi minh hoa cau tric Airy cua cau vong hat nhan bang cach phan
tach bién do tn xa dan hoi thanh hai thanh phan near-side va far-side (phuong phap duoc dé
xut bai Fuller [12]) .

f(0)=f, (0)+f-(0)= fa (0)+f (0)
+ i(ZL +1) exp(2iaL)[(§£‘) (cos@)+Q!" (cos 49)} (9)

Trong do6 QI(_")(COSH):%|:pL(COS,9)iZ_iQL (Cosg)} , B(cos6), Q_(cosd) lan luot 1a ham Legrende loai
T
1 va loai 2. Ky thuat nay ciing dwoc ap dung trong tan xa phi dan hoi.
fu, (6,0)=fy (0,0)+; (0,0)=

z,k( ]Z(2L+1)< MM, [LO) s, (47" (G + Qi w0)



Vi Q(jﬂ)(cosg):% R, (Cosg)iZ_iQLM (cos6)| » Py (cos6), Q,, (cosd) lan luot Ia ham Legrende lién
T

két loai 1 va loai 2. Dbi vai cau vong hat nhan trong tan xa dan hoi, khi séng tan xa di vao
mién tuong tac hat nhan, do luc hat nhan dan dén bi khdc xa va léch hudng quy dao(deflect
trajectories), su lIéch hudng phu thudc vao gia tri séng L, khi L cang nho su 1éch hudong quy
dao cang 16n. Véan dé dit ra ddi véi truong hop inelastic, tng véi mdi séng riéng phan dén
dan hoi, song riéng phan phi dan hoi L’ s& nhan gié tri khac nhau L—1,L—1+2,....,L+1
nén sé bi khuc xa ¢ cac goc khac nhau. Nhu ¢ hinh 1, truong hop target bi kich thich voi spin
| =2, s6ng L'=L—2s& bi khic xa manh nhat, va L' =L+ 2bj khic xa yéu nhat. Dua
trén ddc diém ndy, ching toi phan tach bién do tan xa phi dan hdi & (10) thanh téng cac bién
d6 thanh phan L’

L+I

fu, (6,0)= Z fim, (6,0)

L'=L-I

1 \% 1 i(o,+o. -
fim, (9,§0)=ﬂ(vj2(2L+1)<L I,~M,M, |LOYe' IS (47) Y™ (6,0) (11)
L

Va tiét dién tan xa vai mdi thanh phan L' twong Gng l1a
do—i: _ 2
“do — 2| fuw (0.9) (12)

Chiing ta dé  bién d¢ tng v6i mdi truong hop L* f,,, (6,¢) & (11) duoc ldy tong theo L co
dang twong tu nhu bién do tan xa dan hoi (5). Nhu ta da biét, co ché hinh thanh cau vong hat
nhan cho tan xa dan hdi da duoc duoc hiéu 15, do d6 viéc tach bién do phi dan hdi thanh tong
cac bién do c6 dang twong tu nhu dan hdi s& gilp ching ta hiéu & hon co hoc hinh thanh cau
vong hat nhan trong tan xa phi dan hoi so véi chi phan tach bién do téng (10) thanh thanh
phan near-far side hay thanh phan Internal-Barier.

L'=L+2

L'=L

a) Elastic scatterin
) & b) Inelastic scattering I'=L-2

Hinh 1, Quy dao céc séng L va L' ing véi tan xa dan hoi, phi dan hoi véi bia kich thich co 1=2.
3. Két qua va thao luan.
3.1 Tan xa ?C+"C tai 240MeV va **0+"C at 200MeV

Hé 2C+™C va ®0+C Ia nhitng tng c& vién tét nhit cho quan séat cau vdng hat nhan.
Trong d6, dién hinh sé liéu tan xa dan hoi va phi dan hdi 2+(4.44MeV) tai 200MeV ddi véi
hé 2C+'2C va tai 200MeV cho hé *0+'C (hinh 2) vai tiét dién tan xa dan hoi c6 cyc tiéu



Airy duoc xéac dinh rat rd. Trong khi d6, ddc diém thd vi 1a cuc tiéu Airy cua tan xa phi dan
hoi 2+ khong quan sat rd va bi nhoe di.

O hinh 2 ta ciing thiy diém dang chd y, mic du khong xac dinh rd cuc tiéu Airy, tiét dién
t4n xa phi dan hoi Y*C 2+ trén hé C+C va O+™Cvan Ion tiét dién dan hdi & géc I6n
(viing g6c khuc xa). Nhu chung ta biét chinh cac séng khic xa gay nén hiéu tng cau vong hat
nhan, vai viéc quan sét rd cuc tiéu Airy ¢ tan xa dan hdi, ta ciing mong doi 6 thé quan sat rd
cau vong hat nhan ¢ tiét dién 2+. Tuy nhién két qua thuc nghiém lai chi ra sy nhoe di cua cuc
tiéu Airy Al trén tiét dién 2+ va ta chua c6 sy giai thich hop Iy cho van dé nay.
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Hinh 2. So sénh tiét dién tan xa dan hoi va phi dan hoi 2+(4.44MeV ) cia hé C+%C va *0+C

Dé tra 1oi cho vén dé trén, chlng t6i 4p dung phwong phép tach bién do tan xa phi dan hoi
thanh cac bién do con theo L’ nhu & (11,12). Trude tién, dé tinh bién do tan xa cling nhu tiét
dién, ching ta cin xéc dinh thé duong chéo V_ (R)va thé lién kénhV__.(R). Mat do **C
dung trong mau folding cho tinh toan phan thyuc thé quang hoc va thé duong chéo duoc dugc
tinh theo md hinh ciu tric ba cum alpha trong phuong phép nhém cong huéng[22]. M6 hinh
nay mo ta tdt cuong do dich chuyén dién BE(0 —2 ) 46.5e*fm* so véi thuc nghiém 41e?
fm*[23], trong khi d6 mat do co ban cua *°0 dugc x4c dinh tir tinh toan vi mo ciu trdc theo
mo hinh cum a+C OCM (Orthogonality Condition Model)[24]. Tuong tac NN hiéu dung
duoc sir dung 1a twong tic CDM3Y3 c6 tinh dén hiéu ung tai chinh hop RT[25]. Phién ban
nay da dugc st dung dé tinh thé thyuc trong phan tich tan xa dan hdi *2C + *2C va **0 +2C tai
ving ning luong khic xa va cau trac Airy dugc xéac dinh rd va két qua phan tich cho thay thé
thuc md ta rat tét cau tric Airy véi hé tai chuan Ng gan 1. Phan ao cua coupling potential
dugc xac dinh theo (4) véi do dang bién dang &, =1.564(fm) tuong tng véi BE(0>2)
41e* fm*)[23].
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Hinh 3. M0 ta lién kénh tan xa dan hoi va phi dan hoi *C 2*cuia hé **C+"C tai E_y = 240 MeV
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Hinh 4.M0 ta lién kénh tan xa dan hoi va phi dan hoi **C 2*cia hé **0+C tai E 4 = 200 MeV

Hinh 3,4 lan luot md ta tan xa dan hoi va phi dan hdi cua hé *C+%C, *0+C vei cac
gia tri thé quang hoc OP duoc cho & bang 1. Ta thay két qua tinh toan md ta tt s6 liu thuc
nghiém. Bdi voi kénh tan xa dan hoi, vi tri cuc tiéu Airy A; dugc xac dinh rd trén thuc
nghiém cling nhu tinh toan tai 0c.m~41° cho hé 2C+2C va 0c m=65° cho hé *0+2C. Déi voi
kénh phi dan hoi 2+, ca thuc nghiém va tinh toan (duong lién nét mau den) déu cho thay cau
trdc Airy bi nhoe di. Tinh toan farside ciing dugc thuc hién cho ca kénh dan hdi va phi dan
hdi, ta thdy thanh phan farside caa tan xa dan hoi ciing chiém wvu thé & goc 16n twong ty nhu &
tan xa dan hoi va bi nhoe di. Ta thay k§y thuat near-far khéng giai thich su nhoe di cua cuc
tiéu Airy A; cua tiét dién 2+.
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Hinh 5. Tuong tw nhu hinh 3 Voi cac tinh todn duwoc thuc hién tai W=W0m(a'a‘) /3.

Ap dung ky thuat phan tich bién d6 con theo L’ nhu & biéu thic (11-12), ta ¢d bién do tan
xa phi dan hoi 2+ duoc phan tich thanh ba thanh phan tuong Gmg L’=L-2, L’=L, L’=L+2, tiét
dién 3 thanh phan nay duoc chi ra & phan dudi caa hinh 3 va hinh 4. Ta thiy thanh phan
L’=L(duong mau do6) co tiét dién cho thay rd cau tric cau vong hat nhan va déng gop chinh
vao cac dao dong & goc nho ciing cau tric cau vongcua tiét dién 2+ ¢ goc 16n. Vi tri cuc tiéu
Airy A; cta thanh phan nay duoc xac dinh rd tai ~40°déi véi hé C+2C va ~62° ddi vai he
%0+'2C va gén vdi cuc tiéu Airy A; cia tan xa dan hdi trong ting. Trong khi d6, thanh phan
L’=L-2(duong lién nét mau xanh duong) va L’=L+2(duong lién nét mau xanh 14 cay) co tiét
dién tron tai goc nho , & goc 16n khong cho thay rd cau tric cau vong hat nhan nhu thanh
phan L’=L. Tuy nhién ta ciing c6 thé xac dinh cyc tiéu Airy A; caa thanh phan L’=L+2 1a
0c.m~33° va thanh phan L’=L-2 13 6cy~52° cho he **C+'C, trong khi dbi vai he *0+C,
cuc tiéu A; cua thanh phan L’=L+2 1a 6c.m~49° va thanh phan L’=L-2 13 0c.m~84°. Vai ciu
vong caa hai thanh phan nay thap hon so véi thanh phan L’=L va 1am nhoe di cuc tiéu Airy
A cta thanh phan L’=L. Tir d6 c6 thé khiang dinh do tron Ian ba thanh phan séng riéng phan
dan dén 1am nhoe di cuc tiéu Airy cua tiét dién 2+.
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Hinh 6.Tuwong tw nhu hinh 4 Véi cdc tinh todn dwoc thuc hién tai Woaa(a'a') /3.

Dé 1am rd hon cyc tiéu Airy cia 2 thanh phan L’=L-2 va L’=L+2, c4c tinh toan duoc
thuc hién bing cach giam W, =W,"*“*?/3 (hinh 5 va 6). Trong truong hop nay ba thanh phan
L’=L-2, L,L+2 déu cho thay rd cuc tiéu Airy va vai cau vong, ta thay cau tric ciu vong cua
ba thanh phan phu hop véi bic tranh khic xa & hinh 1. Béi véi he P*C+2C, the tu cuc tiédu
Airy A; cua ba thanh phan L’=L-2, L, L+2 lan luot 1a =33°, ~40°, ~52°, ta thdy thanh phan
L’=L c6 A; gin véi tan xa dan hdi (A;=41°). Trong khi d6, thanh phan L’=L+2 dich vé phia
g6c nho va thanh phan L’=L-2 dich vé phia goc 16n so véi thanh phan L’=L, ciing twong tu
nhu vay cho hé °0+2C, ba thanh phan L’=L-2, L’=L, L’=L+2 c6 A; lan luot la ~84°, ~62°,
A1~49° theo thir ty tir goc 16n dén géc nho. Trong truong ndy tan xa phi dan hdi cé thé xem
nhu trudng hop quan sat cau vong hat nhan theo mau.

Bang 1. Gié tri best fit OM trong tinh todn CC.

Heé tan EvLab Nr | Jv(MeVFfm®) | Woen(MeV) | Roen(fm) | Agen(fm) | Woex(MeV)
Xa

ZC+2C | 240MeV | 1.067 336.0 19.29 5.743 0.595 19.29
®o+C | 200MeV | 0.936 300.4 13.32 6.150 0.502 17.00
a+®Zr [ 99.5MeV | 1.0 300.5 19.53 6.848 0.646 19.53

2+ va 3-

3.2 Tan xa Alpha+*Zr tai 99.5MeV

Céu vong hat nhan lan dau dugc quan sat qua tan xa alpha-hat nhan. Trong d6, hé tan xa
o +2Zr 14 truong hop dién hinh trong quan sat cau vong hat nhan trén hé alpha-hat nhan voi
sb lieu duoc do tan xa dan hoi do boi by Put and Paans trén dai nang luong tu 40-
118MeV[20] cho thay rd bic tranh tién hoa theo ning luong cua cuc tiéu Airy chinh. Trong
thi nghiém nay, bén canh tiét dién dan hoi, tai 99.5MeV dir liéu tan xa phi dan hdi 2+ va 3-
cling dugc xac dinh. Do d6 phan tich nang lwong nay gidp ta bd sung bic tranh hinh thanh
cau vong cua kich thich 3- ma trong trudng hop hé light heavy ion scattering *°0+*C,
2C+'2C khong c6 dit liu thuc nghiém.



Dé md ta s liéu thuc nghiém, phan thuc thé quang hoc ciing duoc tinh toan theo mau
folding v&i mat do alpha c6 dang Gauss va mat do *°Zr c6 dang Fermi [26], trong khi d6 mat
d6 dich chuyén cua ®Zr dung dé thé lién kénh duogc xay dung theo mé hinh Bohr—

Mottelson[27], .. (r) =5, % Gia tris,_,duogc lay 0.398(fm) twong ung voéi
r

BE(0->2+) dugc xac dinh theo kich thich Coulomb 420e*fm*[28] va &,_, duoc lay 0.760

(fm) twong ung véi  BE(0>3-) duoc xac dinh theo tan xa phi dan hoi nucleon
48000e*fm°[29].
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Hinh 8.Md ta lién kénh tan xa dan hoi véi phi dan hoi *°Zr 2 va 3 taiE ., = 99.5 MeV.

Két qua tinh toan dugc trinh bay ¢ hinh 8 véi thé quang hoc nhu & bang 1. Ta thiy doi
V6i tan xa dan hdi, cuc tidu Airy A; duoc xéac dinh kha rd ~60° va vai ciu vong trai dai dén
~130°. Trong khi do, két qua phan tich Iy thuyét ciing nhu thuc nghiém déu cho thay su nhoe
di cua cuc tiéu Airy A; cua tiét dién 2* va 3~ Ddi véi truong hop 2°, hoan toan twong tu nhu
trudng hop 2C+C, *0+0. Ta ciing thiy thanh phdn L’=L déng gop chinh vao cac dao
dong ¢ goc nho ciing nhu cau trdc cau vong hat nhan cuc tiéu Airy va vai cau vong cua tiét
dién 2+. Cuc tiéu Ariy cua thanh phan nay duoc xac dinh rd A; ~60° tuwong tu nhu cuc tiéu
Airy cua tan xa dan hdi, trong khi d6 thanh phin L’=L+2 c6 A; dich vé phia goc nho ~49° so
véi thanh phan L’=L, d6i thanh phan L’=L-2, mic du khéng xac dinh duogc rd cuc tiéu Airy,
tuy nhién trong tinh toan véi W/3(hinh 9), A; dwoc xéac dinh =~77°, dichvé phia géc 16n so
vé6i thanh phan L’=L.

Dbi véi truong hop 3-. Ta thdy thanh phan L’=L-1 va L’=L+1 déng goép chinh vao
cac dao dong & goc nho cua tiét dién 3-. Trong khi ¢ goc 16n, thanh phan L’=L-1 déng gop
chinh vao c4u triic cau vong hat nhan. Thanh phan nay c6 A;=63°, 16n hon khoang 3° so voi
A; cua tan xa dan hoi, thanh phan L’=L-1 trong truong hop nay khéng thay rd Ay, tuy nhién
ta cling c6 thé xac dinh A; cua thanh phan nay khitinh toan tai W, =W,/ ““*?/3 vsi A=58°,



nhé hon khoang 2° so v&i A; cua tan xa dan hdi. Hai thanh phan con lai, thanh phan L’=L+3
c6 A; ~47%ich v& phi géc nho so vaithanh phan L+1 va L’=L-3 c6 A; ~83%ich vé phia géc
I6n so véi thanh phan L-1. Nhu vay thir tu vi tri cuc tiéu Airyc na cac thanh phan L’=L-3,L-
1,L+1,L+3 trong tiét dién 3- lan luot ~83°~63°, ~58° ~47° ciing phui hop v&i bic tranh khic
Xa duoc chi ra ¢ hinh 1.

4. Kétluan

Trong nghién ciru nay, chiing t6i da dé xuat phuong phap phén tich bién do tan xa phi dan
hoi thanh cac bién d6 con theo L’ tuwong ty nhu bién d6 tan xa dan hoi, tir d6 giai thich su
nhoe di cua cuc tiéu Airy A; cua tiét dién phi dan hdi 2+ trén hé tan xa ion nhe *C+'C tai
Eiap=240MeV va ®0+'C tai E;5,= 200MeV la do chdng chap céc séng riéng phan. O truong
hop kich thich 2+, thanh phan L’=L déng gop chinh vao sy hinh thanh cic dao dong & goc
nhé ciing nhu cau trdc cau vong hat nhan & goc 16n trong khi hai thanh phan L’=L-2,L+2 lam
nhoe di cyc tiéu Airycia thanh phan L’=L. Brc tranh twong tu ciing dugc khao sét kich thich
2+,3- trén h¢ o +°Zr vdi tai Ejap= 99.5MeV.

Bén canh sy nhoe di cua tiét dién phi dan hoi, ching toi cling cho thay cau vdng hat nhan
dbi véi truong hop kich thich (khac 0) twong ty nhu hiéu ung Ccau vong mau xay ra trong tu
nhién. Cac phan tich vi tri cuc tiéu Airy tng vai cac thanh phan L’ ting dan tir L’=L-2,L,L+2
g véi kich thich 2+ trén he 2C+%C, °0+'°C |, o +%Zr déu cho thdy tht tu goc giam dan
pht hop Vvéi thir ty mau trén cau vong. Di véi truong hop kich thich 3- trén o +°Zr voi
thanh phan L’ tang dan tir L’=L-3,L-1,L+1, L+3 ciing cho thay thu tu vi tri Airy giam dan.
Phuong phap phén tich nay ciing ¢ thé ma rong ra trong nghién ciru cau vong hat nhan cho
cac trudng hop phan ng chuyén hoic trao dbi dién tich.
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Hinh 9.Tuwong tw hinh 8 Vdi cdc tinh todan duoc thuc hiégn tai Woaa(alal) /3.
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NUCLEAR RIANBOW IN THE INELASTIC
NUCLEUS-NUCLEUS SCATTERING

Abstract: The nuclear rainbow, observed in the elastic a-nucleus and light heavy-ion (HI) scattering
at medium energies, is proven to be due to the weak absorption that allows the refraction of the
incident wave by the attractive optical potential. The rainbow pattern is associated with a broad
oscillation of the Airy minima in the elastic scattering cross section, resulted from an interference of
the refracted far-side trajectories. A similar refractive scattering pattern is naturally expected to be
seen also in the inelastic scattering channels of the nucleus-nucleus system that exhibits a pronounced
rainbow pattern in the elastic scattering. Some feature of the nuclear rainbow in the inelastic light HI
scattering has been observed so far in experiments, like the measurement of the inelastic **0+ **C
scattering at refractive energies by the Kurchatov-institute group. As variance with the elastic channel,
the obtained data show a much weaker rainbow pattern in the inelastic cross section, with the Airy
structure suppressed and smeared out. To investigate this effect, a method of the near-far
decomposition of the inelastic scattering amplitude is proposed in the present work to explicitly reveal
the coherent contributions by different angular momenta to the inelastic cross section. Based on the
new decomposition technique, our coupled channel analysis of the elastic and inelastic **C+ **C , **O+
2C , and a+ *Zr scattering at refractive energies has shown unambiguously that the suppression of
the Airy structure of the nuclear rainbow in the inelastic scattering is due to the multipole mixing of
different partial waves that contribute equally to the scattering cross section

Key words: Nuclear rainbow, refraction, Airy minima.



