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NGHIEN CUU HAT NHAN KHONG BEN TREN MAY GIA TOC

TS. Nguyén Ngec Duy”
ThS. Nguyén Kim Uyén?

TOM TAT

Hiéu biét cua ching ta vé co ché phan i#ng hat nhan va tinh chdt hat nhan con
nhiéu han ché khi ma ching ta chi ding lai & viéc nghién cizu trén cac hat nhan beén.
Trong khi d6, nghién ciru hat nhan khong bén khdng chi cung cdp cho ching ta
nhéizng kién thizc mai khac xa so véi nhiing hiéu biét hién tai déi véi hat nhan bén ma
con gilp chdng ta nghién cizu sdu hon vé vii tru thdng qua cac phdn ing téng hop
nguyén té trén cac sao. Pé nghién cizu hat nhan khong bén thi may gia toc va cac hé
phé ké 1a nhiing thiét bi khong thé thiéu. Trong bai viét ndy, ching téi trinh bay
nhitng két qua nghién cizu méi nhdt vé cau tric nhém cuia cac hat nhan khong bén
26gj va MC cuing véi sudt phan i#ng "Be(a,y)**C va ?Mg(a,p)?Al thong qua viée do
dac thuc nghiém tan xa 'Be+a va Mg+« duroc thuc hién trén may gia téc AVF va
hé phé ké CRIB cua trung tdm hat nhan CNS cuia Pai hoc Tokyo, Nhdt Ban.

Tir khoa: CRIB, 26Si, 11C, cdu truc nhom alpha, hat nhan khdng bén.

1. Giéi thiéu

Viéc nghién ciru chuyén sau vé tinh chat hat nhan va cic co ché tuwong tac
nucleon hay phan rng hat nhan c6 vai tro quan trong trong vat 1y hién dai. Nhiing
thong tin thu dugc tir nhimg nghién ciru nay khong nhiing cung cap tri thirc cho nén
vin minh nhan loai ma con gop phan cai bién thé giéi v6i hang loat cac tng dung
trong nhiéu linh vuc y hoc, ning luong, néng nghiép, cong nghiép, méi trudng, khao
cd, thién van, v.v.. Trong ty nhién, ) lugng hat nhan bén chi ¢o khoang 300, trong
khi hat nhan khong bén duoc 1y thuyét du doan vao 6000 dong vi, gap 20 lan sb
luong d@)ng Vi bén. Vi vay, co thé noi hiéu biét cua con nguoi vé hat nhan cho dén
nay méi chi dimg lai & mot s6 rat it cac hat nhan bén.

Dé nghién ciru cac hat nhan khong bén, chung ta can phai tao ra chiung thong
qua cac phan ung hat nhan véi chum hat c6 nang lugng du 16n va cuong d¢ di manh
bang may gia tdc. Vi 1y do do, hang loat to hop gia toc hién dai da va dang duoc
xdy dung trén thé gidi nhu : RIKEN (Nhat Ban), Dubna (Nga), CERN (Chau Au),
MSU (My¥), Catania (Italia), Lanzhou (Trung quéc). Kha nhiéu kham pha méi da
dugc phat hién trong thoi gian gﬁn day, vi du nhu hién tugng Halo [1], cAu trac nhém
[2] ctia cac hat nhan nhe ndm xa dudng bén, hay su bién mét va xuat hién cta cac sb
Magic [3] da lam dao 1n quan niém vé cau triic hat nhan va co ché phan ung hat

"Truong Pai hoc Pong Nai. .
Truong Pai hoc Su pham Ky thuat Tp. HS Chi Minh.
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nhan thong thuong. Ngoai ra, v6i ki thuat may gia téc hién dai, ching ta c6 thé thuc
hién ddng thoi viéc nghién ciru cac tinh chat hat nhan khéng bén va mé phong cac
qua trinh tong hop nguyén té trén cc sao trong vii tru va giai thich cac hién tuong
bét thudng trong quan sat thién van.

Trong s6 céc hat nhan khong bén nhe, chung t61 ddc bi¢t quan tdm dén cac hat ''C
va 2°Si vi né lién quan dén véan dé ciu trac nhom (alpha cluster) trong hat nhan va thién
van hoc. Vé mat cAu trac hat nhan, trang thai 3/2- tai mtc kich thich 8.11 MeV cua e
duoc dy doan 14 ¢6 cdu tric nhom alpha, tuong tu nhu ddi véi *C [4], theo su két hop
ato+"He duwa trén nhimg két qua nghién ctru trén hat nhin guong cua n6 1a ''B thong
qua phan tmg tan xa “B(d.d)"'B. Pdng vi ''B ¢6 ciu tric nhém o+o+H & trang thai
kich thich murc ning lugng 8.56 MeV [5, 6]. i voi hat khong bén, gidu proton 2°Si, sb
liéu vé hat nhan nay con nhiéu han ché, nhét 1 trong viing ning luong trén ngudng alpha
(9.17 MeV). Mat d6 mirc cong hudng trén ngudng alpha cua *°Si duoc du doan s& rat
cao dya trén nhitng s6 liéu hat nhin guong cia nd, **Mg, va c6 khoang trén 152 muc
kich thich [7]. Tuy nhién, cac nghién ctru gin ddy ciia Matic va Thomas [8, 9] méi chi
ghi nhan dugc mot vai mic cong hudng véi do sai sb trong ddi 16n. Dya vao quy luat
nhém alpha [10] va nhitng két qua tinh toan tiét dién phan Gng theo mau phi théng ké
cua Briet-Wigner [11], mot sO murc cong huong cua 26gj duge du doan c6 ciu tric dang
nhom alpha. Do do, viéc nghién ctru cac muc kich thich cong hudng trong ving nang
luong trén ngudng alpha cua cac hat khong bén nay c6 ¥ nghia rat quan trong trong viéc
danh gia m6 hinh 1y thuyét vé cau trac nhom hién nay.

Ngoai y nghia vé cu truc hat nhan, cac muc cong huong cia ''C va *°Si ciing 1a
chiéc chia khoa 1am sang to nhitng van dé thién vin ma céc nha khoa hoc trén thé
giéi dang quan tim hién nay. Thét vay, dién bién phan tng bét proton trong qué trinh
tong hop nguyén t6 ning hon helium trén cac sao trong vii tru tré nén phirc tap hon &
nhiét do 16n hon 0.2 GigaKelvin (T > 2 GK). Khi d6, chudi pp ¢ thé bi bé giy ra
thanh cic chudi phan ung khac nhau dé tong hop cac hat C, N, O ma khong can
thong qua phéan mg atato —'*C (triple-alpha), d6 la:

"Be(a,y)" C(B+v)"'B(p,2a)He, (a)
"Be(a,)" C(p.y)"*N(p,») " O(p+v)"N(p,»)"*0, (b)
"Be(a,)" C(p.y) " N(B+v)"*C(p.)"Np.»"0, (©
"Be(a,)" C(a,p)"N(p,y)" 0. (d

Trong d6, tbc d6 phan tng 7Be(a,y)”C rit quan trong cho dién bién tiép theo
hinh thanh C, N, O. Céc hat nhan nay 13 cic hat mam cho su tong hop cac nguyén to
ning trong cac giai doan tiép theo ctia sy hinh thanh cic ngdi sao va phan tng
"Be(a,y)" C cho phép chung ta giai thich dwoc co ché vé sy hinh thanh céc ngdi sao
ning nghéo nguyén té kim loai.
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Trong khi C lién quan dén sy tdn tai cua cac sao nang c6 xu hudng trd thanh
sao lun tréng CO thi *°Si lai lién quan dén viéc xac dinh toc do cua phan ung
Mg (a,p)” Al gitp 1am sang to thé chd cia Mg trong qua trinh tdng hop nguyén t6
trén cac sao. Phan tng nay lién quan dén hang loat vin dé thién vin: sy quan sat tia
gamma 1.275 MeV tu vi try, do phé bién cua *Na va su bat thuong vé ti sb
*'Ne/*Ne trong cac thién thé. Trong chu trinh NeNa-MgAl cia qua trinh chay
hydrogen, vi tri 22Mg dong vai tro 1a mot diém cho. Tai vi tri nay, s€ c6 mot tién trinh
khac xay ra theo co ché:

ZMg(ap) (0. 0*Si(ap) (p.) "' S(aup) (0. )" Ar(ap) (p.) K ..

Néu tdc do phan ung cua “’Mg(a,p)” Al va phan tng *Mg(p,7)*> Al cham hon so
v6i qua trinh quang rd sau khi bat proton va phan rd béta” (B") thi dién bién tong hop
hat nhén tai day s& cho theo thoi gian séng ciia Mg dé c6 phan rd 7. Mot khi Mg
khong phai 1a diém cho thi kha ning phan rd B tao hat **Na s& suy giam. Chinh diéu
nay tac dong dén do phd bién cua ddng vi **Ne (tac dong dén ti s6 **Ne/**Ne) va viéc
quan sat tia gamma 1.275 MeV trong vii tru. Tia gamma ndy duogc phét ra tir **Ne &
trang thai kich thich khi *Na phan ra [3+. Burc xa nay dugc dy doén la tdn tai trong vii
try, cung voi tia 1.809 MeV. Céac nha khoa hoc thudc co quan vii try NASA da thuc
hién rat nhiéu cudc truy tim bﬁng cac v¢ tinh. Tuy nhién, dén nim 1983 mdai chi quan
sat dugc tia gamma 1.809 dugc phat ra tur hat trang thai kich thich cua 26Mg va cho
dén nay, chung ta van chua do duoc tia 1.275 MeV. Piéu nay c6 thé dugc giai thich
dua trén cac sd liéu thuc nghiém cua cac phan ung hat nhan va phan ra [3+ tai diém
chd *Mg.

Nhiam nghién ctru cu trac nhom (alpha cluster) cta cac hat khong bén nhe e,
2%Si va cac hat nhan guong cua chung (''B, 26Mg) cling nhu cac van dé thién van vira
néu, chung t6i da tién hanh do dac truc tiép cac phan tng 'Bet+o va “*Mg+a tai
phong nghién ctru hat nhan CRIB [12] cta Pai hoc Tong hop Tokyo dit tai Vién
nghién ctru lién hop qudc té RIKEN, Nhat Ban. Ching toi da ghi nhan duoc 11 va 06
murc cong hudng trén ngudng alpha 1an luot d6i voi ''C va 2°Si. Str dung cac muc
cong hudng nay, ching t6i di danh gia cdu trac hat nhan "¢ va %Si va xac dinh suét
phéan Ung cua 7Be(a,y)”C va 22Mg( a,p)”Al lién quan dén cac van dé thién van trinh
duoc dé cap & phan trén.

2. Thuc nghiém

Céc thuc nghiém do phan tng "Be(a,y)"'C va “’Mg(a,p)” Al dugc thyc hién vé6i
k¥ thuat bia day theo co ché dong hoc ngugc. Cac chum hat duoc gia toc tir may gia
toc cyclotron AVF, trong to hgp may gia toc ciia vién nghién ciru RIKEN. Co ché
dong hoc ngugc (chum hat khong bén nang ban vao bia nhe) duoc 4p dung cho céc
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nghién ciru ndy. DAy 1a mot k¥ thuat hién dai nhét hién nay cho phép chung ta nghién
ctru cac phan @mg voi hat nhan khong bén bang cach st dung may gia toc. Do hat
nhan khong bén khong ton tai lau, chi vai phan ngan gidy cho dén vai gidy, dan dén
mot kho khan rat 16n 1a ching ta khong thé dung hat nhan khéng bén 1am bia vi chi
sau thoi gian séng ngdn (vai gidy) thi bia da “bién mat”. Trong khi v6 sb cac hat
khong bén va cac phan tmg v6i hat khong bén ludn xay ra lién tuc trong vii tru. Vi
vay, dé co thé nghién ctru cac phan Gmg hat nhan thién vin, ngudi ta cin tao ra chium
hat khong bén, la nhitng hat ning ban vao bia khi nhe. bé tao cac chum hat khong
bén ngudi ta phai sit dung phan tng so cép, trong d6, chum hat dén va bia 13 nhiing
hat nhan bén va tién hanh trén may gia tc. Vi vy, viéc chon ra mot phan tng so cip
tr nhiéu phéan tng khac nhau dé tao ra chum hat phong xa la mdt qué trinh nghién
ctru, tinh toan phuec tap (tiét dién phan rng, cong ngheé, thiét ké loc lua céc kénh ra
ctia phan tng,...). Trong nhitng phép do nay, chiing t6i str dung phan tmg so cip la
I He(*’Ne,”’ Mg)n dé tao chum hat Mg va "Li(p,”Be)n dé tao chum 'Be c6 cudng dod
16n va ning lugng can thiét cho cac phan tmg. Trong d6, chum hat tao ra duoc ghi do
bdi hé théng detector xac dinh vi tri va nang lugng hat, PPAC [13] va MCP [14].
Hinh 1 1a so dd céu tao hé phé ké CRIB dugc dung dé tao ra cac chum hat khong bén
¢6 cudng do cao, ching han nhu Mg va 'Be.

3He gas

a/A m Ave
selection slit F1 / Tﬂwé . Yclotrop,
- 77 /‘;/ (%."_: i _
i ==
“ " “[71 Secondaf/ F3 plane
\\ ) N\ . C{ // 74 setup experiment
NN | i e 3 —_— ;
\ i @‘i'i ! lﬁ"'m Wien F"t:,j\ '"' l S,
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q/A PPACa PPACH

selection slit F2

Hinh 1. Hé phd ké CRIB vé6i may gia toc AVF dung dé tao cac chum hat khong bén.

Chum hat khong bén 'Be dugc tao ra co ning luong 14.7 MeV véi cuong do 2 x
10° hat/gidy khi gia téc chum hat so cap 'Li t6i ning lwong 5.0 MeV/u phan tGng vé6i
bia khi hydrogen c6 bé day 1a 2.3 mg/cm®. Chum hat Mg c¢6 cudng d6 1.2 x 10°
hat/gidy voi ning lugng 25.5 MeV dugc tao ra khi gia tc chum hat so cap *’Ne dén
ning luong 6.2 MeV/u phan tng vé6i bia khi *He c6 bé day 1a 2.6 mg/cm”. Chi tiét
tinh toan, thiét ké va két qua tao chum hat 22Mg va 'Be da dugc cong bd tai [15,16].
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Viéc do dac tan xa alpha véi cac chum hat khong bén 22Mg va 'Be duoc ghi do boi
hé théng detector bd tri tai budng F3 cia hé phd ké. Bia khi *He dugc bom vao
budng tan xa c6 4p suat twong Gmg v6i do day bia sao cho chum hat t6i ding hoan
toan & cubi bia. Bia khi *He c6 ap suat 1an luot 1a 140 torr va 815 torr trong phan tmg
2ZMg-l-oz va 'Be+a.

Dbi voi phan tng “’Mg(a,p)” Al, cac hat ra proton va alpha dugc do dac béi hai
hé thdng detector, GEM-MSTPC va cic telescope gom cac detector ban dan silicon
duoc ghép theo k¥ thuat AE-E. Detector GEM-MSTPC [17] 1a moét loai detector hi¢n
dai, dugc chung toi thiét ké nham do déng thoi ca nhitng hat nang va hat nhe. Trong
d6, viing ¢ gain thip s& cho phép xac dinh duong di va d6 mit ning luong cua cac
hat trong chum t6i “*Mg gitip nhan dang hat; ving c6 gain cao do duong di va do mét
nang lugng cua alpha va proton. Nho do, chiing ta xac dinh dugc nang luong va goc
tan xa ctia phan tmg. Cac hat alpha khi ra khoi GEM-MSTPC s& tiép tuc duoc do boi
hé thong detector AE-E nham ghi nhan ning luong va nhan biét alpha va proton. Cau
trac phép do “’Mg+a véi cac detector trong budng F3 dugc trinh bay trong hinh 2.

Silicon detectors
GEM-MSTPC 500pm x 90mm x 90mm

Mylar window

z

2ZMg beams

PPACa PPACD

Gas: ‘*I—ie €0, (10%)
(140torr/ 300 K)

Hinh 2. So d b tri thyc nghiém do *Mg+a.

Déi voi phan tmg "Be(a,y)" C, céc tia gamma dugc ghi nhan boi ma trén detector
nhép nhay Nal duoc bd tri doc theo truc dudng bay ctua chum hat to1 "Be. Cac hat
alpha dugc ghi nhan béi cac telescope AE-E. Hé ghi do phan mg nay dugc bb tri tai
budng F3 nhu chi ra trong hinh 3.
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250 mm
Hinh 3. So d6 b tri thyc nghiém do "Be+a.

Viéc thu thap dir liéu tur cac detector dugc thuc hién thong qua h¢ dién tir voi
212 kénh s6 liéu, sit dung ADC V185 va TDC V1190, ciung véi cac Flash ADC
COPPER do nhém nghién ctru ché tao cho GEM-MSTPC. Trigger ctia phép do duoc
thiét 1ap boi PPACa véi PPACD hoidc PPACa v6i MCP va céc Silicon detector. Cac sd
liéu dugc ghi vao 6 cing may tinh véi cac file c6 dung luong ¢ 1GB/file dudi dang
ma thap luc phan dé xu 1y offline.

3. Xir ly s6 liéu va két qua

3.1. Phdn #ng Mg+«

Cac file s6 liéu dudi dang ma thap luc phan duoc giai ma bang chuong trinh may
tinh do nhom tac gia bédo cdo ndy va cac cong sy tu 1ap trinh dé tinh toan. Viéc chuan
nang lugng cho detector dugc thuc hién bdi ngué)n alpha va chum hat so cép 2'Ne
v6i dién tich khac nhau. Ngudn alpha gém cac ddng vi >*'Np, **' Am va ***Cm tuong
ung véi cac muc nang lugng 4.788 MeV, 5.486 MeV va 5.795 MeV. Chum hat so
cap c6 ning luong xac dinh (dugc kiém tra v6i phuong phap Bp) voi cac dién tich
10%,9%, 8", 7" va 6" duoc phat ra tir may gia tic.

Viéc phan tich sb liéu thuc nghi¢m dugc thuc hién theo phuong phap su ki¢n-su
kién (event-by-event) nén chung ta can nhén dang cac hat dé biét duoc sy kién phan
g xay ra ma chung ta quan tdm (**Mg+o). Chum hat khong bén Mg bay vao bia
1An mot sé hat **Ne va *'Na. Cac hat ndy dugc nhén biét bang duong cong do mat
nang lugng dugc ghi nhéan tryc tiép boi detector GEM-MSTPC (hinh 4a). Cac hat
proton va alpha dugc nhan dang theo phuong phap AE-E (hinh 4b). Trong d6, d6 mat
nang luong AE dugce do bd1 GEM-MSTPC va E dugc do bai Silicon detector.
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AE (MeV)

Pad No. 2.4

Hinh 4a. Puong cong d6 mat ning luong
ctia cac hat trong chum hat téi Mg duoc Hinh 4b. Nhan dang hat o va proton
do boi detector GEM-MSTPC. theo phuong phap AE-E.

AE (Me\f)

Dua vao thong tin ghi nhan tir cac detector, chung ta x4c dinh nang lugng phan
mg Eem va goc tan xa 0 tuong tng véi goc khdi dQ cia céc hat alpha. Tir d6, chiing
ta thu duoc ham tiét dién vi phan (do/ dQ) ctia phan tng va xac dinh cac dinh cong
hudng. Két qua cac dinh cong hudng trong ham tiét dién vi phan g vdi goc tan xa
O1ab = 5-10 d9 duogc chi ra trong hinh 5.

20— 7
. 1504 !
7
= ] i 10.35974
5 100 1 10.67521
G 1 10.82963
'\g 1t J 11.24163
o ] £

50 : J 147817 o
4 = = -, “ft:!t‘
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0: - e 4‘_“‘.‘“"’"’"'
1 1.5 2 2.5 3
Ecm (MeV)

Hinh 5. Cac dinh cong huong trong ham tiét dién vi phan cta phan tng
Mg(a,0)**Mg.

Str dung chuong trinh may tinh AZURE [18] dé khp ham theo phuong phép R-
matrix [19] véi cac thong s6 dau vao (gia tri nang luong va dg rong dinh) tir cac dinh
cong huong thu duoc trong ham tiét dién vi phan. Chung t6i da xac dinh dugc 06
murc kich thich ciia hat nhan hop phan *°Si trén ngudng alpha trong phan img
*Mg+a., dugce trinh bay trong bang 1.

Bang 1. Cac muc kich thich méi cia *°Si trén ngudng alpha trong nghién ctru

22Mg+0(.
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Cac muc Er (MeV) " (MeV) J7
1 10.325 + 0.071 0.218 @, 1)
2 10.678 £ 0.016 0.194 0"
3 10.831 +£0.113 0.186 1
4 11.245 + 0.028 0.208 4*
5 11.493 +0.216 0.292 3
6 11.807 £ 0.117 0.156 (0%, 29)

A , r 2 .
Cau truc nhom trong 6Si

Viéc khéo sat cau trac nhom alpha trong cic muc cong huong nay duoc thuc hién
dua trén quy ludt nhom alpha va két qua so sanh cic muc nay véi trang thai cong huong
¢6 cAu tric nhom alpha ciia cac hat nhan di biét 1a '*C va **Mg. Hai murc ning luong
10.325 MeV va 10.831 MeV cao hon nhiéu so v6i ngudng phat 3a. (7.265 MeV) va thap
hon ngudng phat 4o (14.438 MeV) nén ching c6 kha nang chira nhém alpha theo dang
(p+3a+3a+p). That vy, cac mirc cong huong 10.325 MeV va 10.831 MeV rét gan véi
cac mirc cong hudng cia *C (co trang thai két nhom 3a) [20] tuong Gng lan luot 14
10.300 MeV (0, 10.844 MeV (1°). Néu coi 15i cta *°Si gdm 3a+3a. lién két véi hai
proton hoa tri thi cdc mirc cong hudng cta *°Si bi gdy ra boi su kich thich trong 18i 3o vi
cau trac nhom (p+3a+3o:+p) thdoa man dinh luat bao toan spin va chan-1é (J7).

Sudt phén irng *Mg(o,p)” Al

Suat phan tng ctia phan Gmg Mg( a,p)” Al dugc xac dinh dya trén cac muc kich
thich cong huéng ctia cac hat nhan *°Si theo biéu thirc sau:

11605E,

N, (ov),, =8.08x10"(uT,) ™" > (wy), exp[— ! ][cm3.mol'1.s'l]. (1)

6

Trong do, E; 1a nang lugng cta cac muc kich thich, x 1a khdi lugng rat gon cua
hé va T 1a MegaKelvin. Ham luc cong hudng dugce xac dinh nhu sau:

r,r
r

of 2

V6i o, I, T}, va I'la thira s6 spin théng ké, do rong kénh vao, do rong kénh ra
va do rong toan phan cua trang thai cong huong.

Két qua tinh toan suit phan ung “*Mg(a,p)” Al theo nhing biéu thirc trén duoc
chi ra trong (hinh 6) va dugc so sanh véi phan ung canh tranh vdi nd 1a phan ung
22Mg(p, 7)23Al (hinh 7) trong nghién ctru [21]. Trong d6, d6 rong riéng phan kénh ra
(I'p) duoc gia dinh chiém 10% dong rong toan phan I'. Két qua chi ra rang, véi didu
kién nhiét d6 moi trudng vil tru ¢ gia tri trong khoang 0.5 dén 3 GK, suat phan tng
bt proton (p, 7 16n hon nhiéu so véi phan ing (a,p). Pidu ndy c6 thé dugc giai thich
dwa trén rao thé Coulomb cuia hai phan tmg. Chung ta thy rang, qua trinh bét proton
s& dién ra manh mé hon so véi bat alpha vi dién tich cta proton nho hon bdn 1an so
v6i dién tich alpha. Do d6, xac sudt dé phan tmg (p, ) xay ra cao hon so v6i phan ting
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Hinh 6. Suit phan Gng **Mg(oL,p).

Hinh 7. Suit phan Gng *Mg(p,y).

Vi két qua suat phan ing thu duoc nhu trén, ching ta thay rang phan tng (p, »)
chiém wu thé, do d6, viéc chung ta khong thé quan sat duogc tia ‘gamma 1.275 MeV
chi c6 thé la do phan ung (p,7) manh hon co ché phan rd B*. Pé xac dinh diéu nay,
chung ta can tinh toan tdc do phan Gng ctia cac phan (mg nay va phan ra B theo biéu

thirc sau:
Rop = pr;ia NA<O-V> 0’
pr_pn:(pp N, (ov) o
In2
Rﬂ+__|2/—2.

)

(4)

)

Véi p 1a mat do vat chit cia méi truong vii try; X, X, 1a do pho bién cua alpha
va proton trong vl try; mg, my la khdi lugng cta alpha va proton; T/, thoi gian ban
rd cua “*Mg. Két qua téc do phan tng duoc xéc dinh theo cac biéu thire (3), (4) va (5)

duogc chi ra trong bang 3.

Bang 3. Téc do phan tmg cia “*Mg(p,y)* Al, *Mg(a,p)*°Al va phan ra p*.

Ty (GK) R, (reaction/s) R, (reaction/s) Rg: (decay/s)
1.0 7.80E+03 2.99E-06 0.178881
1.5 2.47E+04 1.79E-04 0.178881
2.0 4.92E+04 1.26E-03 0.178881
2.5 7.80E+04 3.90E-03 0.178881

Nhu vay, chiing ta c6 thé nhan thiy rang tbc d6 phan tng (p, ) 1a rat 16n so véi
hai qua trinh con lai. Chinh vi diéu nay, né bo qua qué trinh phan ri béta dan dén
viéc chung ta khong thé ghi nhan duoc tia gamma 1.275 MeV trong vil try, hay noi
cach khac tia gamma 1.275 khong duoc ghi nhan cho dén nay 1a do co ché phan ting
bt proton ciia **Mg. Vi tde d6 phan img nhanh gap nhiéu 1an phan rd béta nén **Mg
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khong phai 1a mot diém cho trong chudi rp-process cta qua trinh téng hop hop hat
nhén trong vii tru. Phan Gmg (p,7) ciing gdy anh huéng dén ti sb **Ne/**Ne trong gi6
mat troi va trong cac thién thé.

3.2. Phin irng 'Be+a

Viée chuan ning lugng cho detector duoc thyc hién boi ngudn alpha va ngudn
gamma “°Co. Ngudn alpha gém cac ddng vi Z'Np, *’Am va ***Cm twong tng véi
cac muc nang lugng 4.788 MeV, 5.486 MeV va 5.795 MeV. Viéc nhan biét hat cling
duogc thuc hién tvong tu nhu dbi v6i phan tng “’Mg+a. Két qua phan biét alpha va
proton duogc chi ra trong hinh 8.

do 80— 1

4O 400F
Iz
87} 300 |-

250 F-

200

150

100

50

0

L 7| =S T TS R N SRS RS EE P A
6 1 15 2 25 3 35 4 45 5 55 6

2 3 4 5
AE (MeV) E. (MeV)

Hinh 8. Két qua phén biét hat alpha va

proton trong phan g "Be-+a. Hinh 9. Ham tiét dién vi phan gdm céc dinh

cong hudng trong tan xa 'Be(a,a) Be.

Ning lugng ctia phan tng duge xac dinh dya vao d6 mat nang luong tir dau bia
dén vi tri xay ra phan Gng. Vi tri ciia phan ng va goc tan xa duoc tinh toan duwa trén
duong bay ctia 'Be (dugc ghi nhan bai PPAC, MCP) va dudng bay ctia alpha, proton
(dugc xac dinh cac detector silicon). Ttur 6, chiing ta xac dinh dugc ham tiét dién vi
phan cua tan xa dan hdi 'Be(a,a) Be, tan xa khong dan hoi 'Be(o,o’)'Be* va
7Be(oc,p)lOB. Hinh 9 14 ham tiét dién vi phan cia tan xa dan hdi 'Be(a,0,) Be thu
dugc voi duong cong duge lam khop bang chwong trinh may tinh SAMMYS [22]
theo phuong phap R-matrix.

Viéc khép ham theo phuong phap R-matrix duogc thyuc hién véi cac thong s6 dau
vao 14 cac dinh cong hudng vé gia tri ning lwong va do rong dinh thu duogc trong
ham tiét dién vi phan. Chang t6i dd xac dinh dugc 11 mirc kich thich cua hat nhan
hop phan ''C trén ngudng alpha trong phan ng "Be+o nhu chi ra trong bang 2.
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Béang 2. Cac muc kich thich méi cua "C trén nguong alpha trong nghién ctu
;
Be+ta.

Cac mirc Er (MeV) I (keV) J”

1 8.90 £0.31 (3/2% - 9/2%)
2 9.20 £ 0.40 500 5/2°

3 9.65 +0.32 210 (3/2)

4 9.78 £0.08 240 (5/2)

5 9.97 £0.03 120 (7/2)

6 10.08 + 0.50 230 712"

7 10.68 £ 0.32 200 9/2"

8 11.03 +0.40 300 (52, 712)

9 11.44 +0.40 360 (327 -7/2)
10 12.40 + 0.25 1000-2000 9/2"

11 12.65+0.10 360 (7/2%

Cdu trac nhém trong *'C

Két qua cong hudng manh cia cac muc c6 do rong alpha 16n trong tan xa 7Be( o)
phan 4nh ciu tric nhom cua alpha trong hat nhan hop phan ''C. Do d6, cac muc 9.78
MeV, 11.03 va 12.40 MeV c6 thé ton tai cdu tric nhom theo quy luat nhom alpha trong
hat nhan va theo tinh toan dua trén phuong phap dong hoc phan tir phan déi xtimg hoa
AMD (antisymmetrized molecular dynamics) [23]. Trong d6, hat ''C ¢6 céu trac 15i 1a
20 lién két voi “He hinh thanh nén hé twong tic giita cac nhom vé6i nhau theo mé hinh
(2a+He). Lai 20 trong duong véi “Be 14 hat khong bén c6 thoi gian séng cuc ngén va
gan nhu phan rd thanh hai hat alpha ttrc khic ngay sau khi dugc hinh thanh. Vi vy, su
cong huong manh trong hat nhan ''C ciing c6 thé bj gy ra boi 18i 2a.

Sudt phén irng 7Be(a,y)” C

Suét phan tng cua phan tmg "Be(a,y)" C duoc xac dinh dua trén cac muc kich
thich 8.90 MeV, 9.20 MeV va 9.97 MeV, la cac muc c¢6 do rong alpha 7, nhd, theo
cong thirc (1). Trong d6, ham luc oy duoc xac dinh theo biéu thire (2). Két qua thu
duoc trong nghién ctru ndy chi ra rang, trong ving nhiét do [0.2 — 10] GK thi sut
phan tung "Be(o,y)" C twong dbi 16m, c6 gia tri nam trong khoang [107 — 10°]
cm’.mol™.s", nhd hon gia tri sudt phan tng tdng dwoc ghi nhan trong nghién ctru
NACRE [24, 25], xem hinh 10. Ngoai ra, tiét dién phan g tao ''C & trang thai kich
thich cong hudng 8.90 MeV chiém uu thé so véi hai mirc con lai. Suat phan ing nay
du 16n dé cac chudi phan tmg (a), (b), (c) va (d) xay ra tao sb lugng dang ké cac hat
nhan mam cho chu trinh CNO va cac qua trinh tong hop cac hat ning tiép theo.
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Hinh 10. Suét phan tng 7Be(a,y)“C.

3. Két luan

Trong nghién ctru nay, ching t6i da xac dinh dugc cac muc kich thich cong
huong cta cac hat nhan ''C (11 mirc) va *°Si (06 mtrc) dé bd sung vao ngan hang dir
liéu hat nhan thé gidi. Trong do, cac mic 9.78 MeV, 11.03 va 12.40 MeV cta ''C ¢6
thé ton tai cdu trac nhom dang (20+ He); cac mirc 10.325 MeV va 10.831 MeV cua
°Si c6 chu tric nhom gdm 181 3a lién két v6i hai proton hoa tri theo dang
(p+3a+3a+p). Bén canh d6, sudt phan tng cia 7Be(0c,y)”C va 22Mg( ap)Al cling
duoc xac dinh. Két qua chi ra ring, suit phan Gng hat nhan cua 'Be(a,y)" C twong dbi
16n trong ving nhiét d6 T > 0.2 GK, mdi trudng ciia siéu tan tinh. Didu nay dam bao
cho su hinh thanh mét lwong rat rat hat nhan trong ving C, N, O cho thay phan tng
"Be(a,y)" C 1a mot trong nhitng phan tng quan trong dé hinh thanh nén nhiing ngoi
sao nang c6 do giau kim loai thap ma sau nay co xu hudng trg thanh sao lin tring
CO. Trong khi d6, phan tng “’Mg(a,p)”’ Al va phan ri beta bi 14n 4t boi *Mg(p, ) Al
tai vi tri **Mg trong qué trinh téng hop hat nhan trén cac sao. Do d6, nhitng hién
tuong bit thuong trong quan sat thién vin lién quan dén 22Mg ¢6 thé duoc giai thich
thoa dang dya trén nhiing nghién ctru co ché phan mg hat nhan, nhu da thyc hién
trong nghién ctru ndy. V461 nhitng két qua dat dugc, chung ta cé thé xac dinh duoc
van dé Ne-E, su bién mét cua tia gamma 1.275 MeV va sy bat dinh d6 phé bién **Na
va Mg khong phai 1a mot diém cho vi qua trinh tdng hop hat nhan van dién ra theo
mot qua trinh xac dinh thong qua phan tmg “*Mg(p, »* Al
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Chung toi xin chdn thanh cam on GS.TS. Shigeru Kubono, GS.TS. Hidetoshi
Yamaguchi, TS. David Miles Kahl va GS.TS. Lé Hong Khiém da thao ludn va dwa ra
nhitng gop y khoa hoc quy bau cho nghién ciru cua chung toi. Chung toi ciing xin gui
loi cam on chdn thanh dén dgi ngii ky s may gia toc AVF tai RIKEN, cdc c¢dng tic
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STUDY OF UNSTABLE NUCLEI BY USING ACCELERATORS

ABSTRACT

Our knowledge of nuclear structure and nuclear reaction mechanism has been
very limited since most of data are obtained via studies of stable nuclei. However,
unstable isotopes are believed to provide much more information which is important for
nuclear structure as well as astrophysical aspects via stellar reactions. In order to
investigate unstable nuclei, it is important to do researches by using accelerators. In this
report, we present the newest data of cluster structure 2°Si and 'C together with
reaction rates of 'Be(a,7)*'C and ?Mg(e,p)*Al by measuring scatterings of ‘Be+¢ and
2Mg+a which were performed by using AVF cyclotron and CRIB spectrometer at
Center of Nuclear Study of the University of Tokyo located in RIKEN, Japan.

Keywords: CRIB, 26Si, 11C, alpha cluster, unstable isotopes, nucleosynthesis.
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