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Tém tit: Bao céo trinh by két qua ghi nhan va phan tich phé gamma phat xa trén
duong bay cua ®'Fe duoc tao thanh tir kénh phan tng (p,pn). Thi nghiém dugc thuc
hién tai RIKEN trong khuon kho du 4n qudc té SEASTAR nghién ciru hat nhan giau
notron. Cac chuyén dich gamma tirc thoi c6 nang luong 575.2 keV, 941.7 keV, 1570
keV va trang thai dong phan c6 ning luong 387 keV cuia *’Fe dd duoc ghi nhan. Ngoai
ra, bao cAo ciing sé trinh bay chi tiét vé cau hinh thi nghiém va phwong phap nhan dién
hat.

Tir khéa: SEASTAR, ¥Fe, nhdn dién hat, phé gamma

. MO PAU

Hat nhan nguyén tr 14 mot hé tuan theo Iyc hat nhan va co hoc luong tir, bang
chtng chinh 1a cdu trac vo cua cac nucleon. Cac hat nhan c6 16p vo duoc dién day boi
proton hodc neutron dugc goi 1a hat nhan magic va c6 dang hinh céu Tuy nhién, cac sb
magic nay khong phai la lu6n dung cho céc hat nhén giau nucleon nam Xa vung bén, vi du
nhu sy bién mat clia s6 magic N=28 trong hat nhan *?Si [1] hodc su xuét hién 16p vo dong
ctia hat nhan hai 1an magic 20 [2]. C4c hat nhan khong bén nay cé thoi gian séng rat ngan.
Vi vay, phuong phap do phd gamma tirc thoi phat ra ciia cac hat nhan trén dudng bay ngay
sau phan tng la cong cu tot nhat dé nghién ctru sy tién hoa cua 16p vo hat nhan giau
nucleon. Dy 4n nghién ctru SEASTAR duogc xdy dyng véi muc dich tim kiém hé théng
nang lugng kich thich 2*1(E(2*1)) cua cac hat nhan tir ?Ar dén *°Zr [3]. Thi nghiém dau
tién dugc thuc hién tai RIKEN thang 5 nam 2014 dé do phé cac hat nhan lan can vung
N=34 va N=40.
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Hinhl. So' do mize kich thich cac trang thai 366.8 keV, 388.5 keV, 389.8 keV, 941.7 keV va 1570.2
keV ciia hat nhdn *'Fe[5]

Hat nhén ®’Fe 1a hat nhén chan-1é¢ c6 26 proton va 41 neutron, ¢6 chu ki béan ra la
416(92) ms [4][5]. Trude nam 2014, hat nhan giau neutron nay dugc biet dén véi hai trang



thai cO murc nang lugng 367 keV va 387 keV[4]. Trong d9, trang thai 387 keV la trang thai
ddng phan (trang thai kich thich c6 thdi gian séng dai), né 1a bang chimg cho su bién dang
ctia hat nhan ®’Fe, mot hat nhan gidu neutron trong ving dao ngugc N= 40 [4]. Nam 2014,
Deyan RADULOV dua ra so do muc kich thich ctua ’Fe thong qua phan ra B~ cua $’Mn[5].
Ngoai hai trang thai di biét, tac gia nay cong bd 15 trang thai kich thich méi va bang
chtng vé cdu trac doublet (2 mirc nang lugng 366.8 keV va 389.8 keV — hinh 1) cta hat
nhan chén 1é 57Fe.

Trong bao co nay, ching t0i s& trinh bay két qua phan tich pho cua *’Fe tir kénh
phén tng *®Fe(p,pn)®’Fe trong bo s6 liéu ctia chién dich thi nghiém SEASTAR dau tién.

I1. CAU HINH THI NGHIEM VA CAC DETECTOR GHI NHAN
1. Céu hinh thi nghi¢m

Chum so cap 28U c6 niang luong 345 MeV/u dugc tao ra tir hé thong may gia toc
SRC (Superconducting Ring Cyclotron). Tai vi tri 16i vao ciia BigRIPS[6][7], U duoc
ban vao bia °Be tao phan mg phan manh. Chum thir cp (vi du %Fe) thu duoc s& gay phan
g “knockout” véi bia LH2 (liquid hydrogen) dit tai vi tri F8 (161 vao ctia ZeroDegree) —
hinh 2. Xung quanh bia 1a hé thdng detector chinh, ching bao gom MINOS[8][9] va
DALI2[10][11]. Cac hat proton tao ra trong phan Gng dugc do boi detector MINOS.
Detector DALI2 dung dé do gamma tirc thoi phat ra tir cac hat nhan néng dang bay. Céc
hat nhin nay tiép tuc dugc dan téi detector EURICA[12][13] dat trong h¢ thong
ZeroDegree. EURICA 1a hé thong detector ding dé do gamma tré.
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MINOS 1a cum tir viét tit cua “nuclear Maglc Number Off Stability”, day 1a mot
thiét bi gdm mot bia phan ung hydro long (LH2) dit trong mot TPC (Time Projection
Chamber) [8] — hinh 3. Phan dién cuc ghi nhan ciia TPC chia lam 18 hinh vanh khuyén
ddng tam. M&i vong duoc chia nhé thanh cic “miéng” va cho phép ghi nhan dugc thong
tin toa do X va Y. Hé thdng dién tir cuia TPC c6 3604 kénh. Céc ion dugc tao ra khi proton
di chuyén trong budng khi ctia TPC dai 300 mm. Thoi gian troi vé cac dién cuc clia cac ion
ndy cho phép xéac dinh vi tri twong tac (Zv) cua proton. Vi tri Xv va Yy dugc dinh nghia
bang tin hiéu xuat hién 3604 miéng trén dién cuc.

Viéc xac dinh chinh xac vi tri twong tac véi proton cung cép cac thong tin quan
trong cho cac hi€u chinh vé nang luong mét trong bia. Tur do, ching ta tinh dugc van tde
clia san phdm phan Gng, day 1a dai luong quan trong ding cho hiéu chinh Doppler ddi véi
cac phép do ning luong gamma tirc thoi. Phia trudc cua bia thir cdp LH, dit 2 detector
PPAC[14]. Ching duoc st dung dé xac dinh vi tri phan tng trong trudng hop chi ¢ 1
proton phat ra sau phan tmg (vi du phan tng (p,p’) hoac (p.pn)). Piém tuong tac trong
truong hop nay sé& dugc xac dinh 14 giao diém cia duong thang cta hat téi va vét cua
proton dugc xac dinh bang MINOS. Trong trudng hop ¢6 nhiéu hon 1 proton dugc phat ra
sau phan tung (vi du phan tng (p,2p) hodc (p,2pn)), vi tri twong tic duge dinh nghia bang
vét ctia 2 proton do boi MINOS.

3. Detector DALI2

Detector DALI2 (Detector Array for Low Intensity radiation) bao gdm 186 tinh thé
Nal(TI) (hinh 4) dugc bé tri xung quanh hé thong bia va MINOS. Ngoai viéc do ning
lugng gamma, DALI2 con cho phép xac dinh vi tri va goc cta tia gamma [11].

Trong thi nghiém, DALI2 do cic tia gamma tirc thoi voi goc khdi xap xi 4m. Céc
gamma tirc thdi ndy duge phét ra tir hat nhan ®'Fe dang bay vé6i B ~ 0.57. Do d6, ning
luong gamma dung dé nghién ctru trang thai kich thich ctia hat nhan can dugc hiéu chinh
hiéu tmg Doppler theo cong thirc (1):
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trong do, Eyo va E, 12 ning luong g véi trang thai nghi cua ®'Fe va nang luong do dugc
truc tlep clia tia gamma, 0 14 goc phét cua tia gamma, B = v/c, v 1a van tdc ciia hat nhan, ¢
13 van téc anh sang.

Hinh 4. Detector DALI2 véi 168 tinh thé Nal(TI)



4. Detector EURICA

Detector EURICA (EUroball Rlken Cluster Array) bao gdm hai phan: phan thi
nhit 13 detector gamma; phan thir hai 1a DSSD (Double-side-stripped-silicon-detector)
stopper (hinh 5)[12][13]. Phan detector gamma bao gdm 84 tinh thé Ge tinh khiét duoc
chia 1am 12 b6 véi muyc dich do cac tia gamma tré. DSSD stopper st dung dé ding chum
hat t6i bang cach sir dung 8 tim DSSD véi kich thudc mdi tim 60 mmx40 mmx1 mm.

Detector gamma DSSD stopper

Hinh5. Detector EURICA

I11. NHAN DIEN HAT

‘Qua trinh gia téc hat cia BigRIPS dugc chia thanh 2 giai doan (stage): giai doan
thar nhat tir FO dén F3, giai doan thir 2 tir F3 dén F7 (hinh 6).
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Hinh 6. So'd6 b6 tri ciia BigRIPS. Cdc ky hiéu Dn va Fn tiwong teng véi vi tri cdc nam cham luong
cuce tir va tiéu diém. Giai doan 1 bat dau tie FO (chira bia so cap) dén F2, co thé goi la giai doan
san xudat chum. Giai doan 2 bat dau tir F3 den F7, noi dat cac detector stk dung dé nhdn dién hat.

Phuong phap TOF-Bp-AE dugc sit dung dé nhan dién va tach hat trong giai
doan tir F3 dén F7 [6][7]. O day, TOF (Time Of Flight) la thoi gian bay; Bp 1a cuong do
tir truong ti 16 véi A/Q cua hat (A 13 sé khéi, Q 13 dién tich); AE 1a d6 mét nang luong cua
hat. Phép do thoi gian bay sir dung hai detector nhap nhay dat tai F3 va F7, F9 va F11, dai
luong nay dung dé tinh van tc p theo phuong trinh (2):

L
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trong do: L = 46.6 m la quang duong bay cua hat (hinh 6).

Tai mdi tiéu diém (F3, F5, F7, F9 va F11) dat hai detector PPAC (position-sensitive
Parallel Plate Avalanche Counter — mot loai detector toa d6)[14] dung cho phép do Bp. Gia
tri Bp nay két hop véi gia tri van toc p tinh dugc trong phwong trinh (2) dugc st dung dé
xéc dinh ti s6 A/Q theo phuong trinh (3):
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trong d6 : A 1a s6 khoi va dién tich Q=Ze ddi v6i cac hat nhan bi tudc hoan toan 16p vo
electron (Z 1a so6 hiéu nguyén ti, e la dién tich nguyén t6), my=931.494 MeV la don vi khoi
lugng nguyén tu, y =1/4/1-

S6 hiéu nguyén tir Z ctia hat nhan phan manh duoc tinh bang cong thirc (4) - cong

thirc Bethe-Block. Do mét ning luong AE cia cac hat nhin nay duoc do bang detector
MUSIC (MUIti-Sampling lonization Chamber) [15] dat ¢ tiéu diém F7, F11.

AE = 2 N, [in e n(1 — B2) - 8] @)

mev?2

trong d6: me 1a khéi lugng cua electron, e 1a dién tich nguyén td, z, N va I twong tmg véi s6
hiéu nguyén tir, mat d6 nguyén tir va thé niang kich thich trung binh cta vat liéu, Z 1a s6
hiéu nguyén tir cua hat toi.

X4y dung twong quan gitta Z va ti s6 A/Q nhu trén hinh 7 cho phép xac lwa chon
chum hat t6i ciia kénh phan tmg ®Fe(p,pn)®’Fe. Chum hat nhan %®Fe la ving dugc khoanh
tron mau den nam & vi tri Z=26 va ti s6 A/Q~2.615 (hinh 7-(b)). Hinh 7-(a) 14 hinh chiéu
cua cac déng vi Fe trén truc A/Q.
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Hinh7. Nhdn dién hat ®Fe ¢ BigRIPS - (b), hinh chiéu trén A/Q ciia dong vi Fe ¢6 Z=26 - (a)

Nguyén 1y nhan dién hat nhan Fe sau phan tng trong ZeroDegree [7] tir F9 dén
F11 twong tw nhu nguyén 1y nhan dién %®Fe trong giai doan 2 cua BigRIPS. Do khéng c6
su lién hé chat ché gitra ti ) A/Q cua hat v&di ma tran tin hi¢u vé vi tri (X) va goc (A) do
dugc 6 F9 va F11. Vi vay, ching ta can co cac hiéu chinh véi céc tin hiéu nay dé thu dugc
két qua t6t nhat. Phuong phap str dung dé hiéu chinh cho dong vi Fe dugc miéu ta trong
trich dan [7]. Qua trinh hiéu chinh 1a viéc thay dbi cac sb hang trong ma trén cua pho ké tur
ZeroDegree sao cho tuong quan ti s& A/Q va cac tin hiéu vé vi tri va goc tai F9 va F11 1a
cac duong thang. Hinh 8-(a) 1a két qua hiéu chinh A/Q véi tin hiéu vi tri (X) & F9. Hinh 8-
(b) 1a trong quan cua Z va ti sb A/Q & ZeroDegree, hat nhan ¢’Fe 1a ving duoc danh déu
c6 Z=26 va A/Q=2.577.
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Hinh 8. (a) - Tuwong quan giita F9X va NIQ; (b) - Nhdn dién hat *'Fe ¢ ZeroDegree.

IV. KET QUA VA THAO LUAN

Hinh 9 la pho gamma cua ®'Fe do duoc tir kénh (p,pn). Mobi mot detector Nal trong
DALI2 dugc thiét 1ap mot ngudng nang luong va cura s6 thoi gian dé dinh nghia tin hiéu
do. Tham s6 mult 1a s6 lwong detector Nal ciia DALI2 c6 tin hiéu. So d6 muc trong trich
dan[5] cong bd 3 trang thai c6 spin va do chin 1 1a 3/2", ching c6 ning luong kich thich
lan luot 12 941.7 keV, 1359.4 keV va 1570.2 keV. Chung t6i ki vong cac dinh ghi nhan
duogc trong hinh 9 1a cua cac trang thai nay.
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Hinh 9. Phé chuyén dich trang théi ciia 6TFe tao thanh tir phan vmg %Fe (p,pn) voi
mult <=2 do dwoc ¢ DAL2
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Két qua md phong ham phan tmg ciia DALI2 ddi v6i cac gamma c6 ning lugng
367, 575, 942, 1570 keV dugc biéu dién ¢ hinh 10, do phan giai (FWHM) cua 4 dinh thu
duoc bang m6 phong phu hop voi thi nghiém. Hinh 11 la két qua lam khop (fit) phd thuc
nghiém bang tong 4 phd mo phong két hop véi hai ham mii mé ta phong nén.
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Hinh10. Két qud mo phong cac dinh ning lwong 367, 575, 942, 1570 keV trong DALI2
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Hinh11. Fit phé thuc nghiém bang tong 4 ham phdn iimg ciia DALI2 voi nang luong 367, 575, 942,
1570 keV va hai ham mi mo ta phéng nén.

Ching ta c6 4 dinh 16n & cac vi tri xp xi 367 keV, 575 keV, 942 keV va 1570 keV.
Dinh 16n dau tién (367) 1a két qua phan ri tir cdu trac “doublet” cia hat nhan 8Fe. N6 ¢
thé 1a dich chuyén tryc tiép tir trang thai 366.8 keV vé trang thai co ban, hoic gian tiép tir
trang thai 389.8 keV (chung ta khong do dugc ning luong dich chuyén 23 keV) vé trang
thai 366.8 keV roi vé trang thai co ban hodc ca hai (so dd hinh 1). Pinh 16n tht hai & vi tri
575 keV la dinh trung phung véi dich chuyen 367 keV. Véi d6 phan giai cua phép do
DALI2, dinh thir ba & vi tri 942 keV 1a téng ciia 367 keV va 575 keV. binh nay co thé 1a
phan ra tu trang thai 941.7 keV hodc 948.7 keV hodc ca 2. Hai trang thai gan nhau 941.7
keV va 948.7 keV co phan ra giéng nhau, trang thai 941.7 keV c6 cuong do 16n nhét trong
cac nhanh cta phén rd B [5]. Hinh dang ctia dinh thir ba trén hinh 11 cho thiy né chi 1a mot
dich chuyén don. Mic du dinh dich chuyén 1570 keV khong nhin rd trong hinh 9, nhung
két qua fit & hinh 11 cho thiy su dong gop ctia nd vao phd. Pinh & vi tri 628 keV (dinh
phan ra tir 1750 vé 942 keV [5]), 980 keV va 1360 keV (mét trang thai khac co spin 3/2°)
khong xuét hién trong pho.



Thoti gian song cua trang thai dong phan la 152 ps. Sau do6, nd s€ phén ra theo hai
nhanh vé trang thai co ban [5]: nhanh phan ra truc tiép tao nén dinh ning luong 388.5 keV
¢6 cuong d6 nhanh 1a 3.6; nhanh phan ra gian tiép qua dinh 367 keV c6 cudng do nhanh 1a
41. Hinh 12 bidu didn két qua do phd gamma tré cua Fe tai EURICA, dinh thu duoc 1a
dinh 367 keV duoc tao tir nhanh phan ri gian tiép cia trang thai ddng phan.
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Hinh12. Phé gamma tré ciia ¥ Fe do bang EURICA
V. KET LUAN

Béo c4o di trinh bay vé cau hinh thi nghiém, phuong phap nhan dién hat, phan tich
phé trong chién dich thi nghiém SEASTAR dau tién. Phép do c6 d6 phan gidi ¢& vai chuc
keV, nhung két qua phén tich pho ghi nhan & DALI2 mét 1an nita khang dinh vé trang thai
dich chuyén c6 spin 3/2" ctia hat nhan giau neutron 8’Fe v6i cac mirc ning luong 367 keV,
575 keV, 942 keV va 1570 keV. Su dich chuyén cia trang thai dong phan 388.5 keV vé
trang thai 367 keV cta hat nhan chén 1é nay ciing di duoc x4c nhan & két qua phén tich sd
lidu két hop giita DALI2 va EURICA. Sau khi ¢ cac tinh toan Iy thuyét tir cac dong
nghiép, chiing t6i s& tiép tuc phan tich dé dua ra cong bd vé so d6 murc va tiét dién cac
trang thai cua hat nhan 67Fe.
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GAMMA RAY SPECTRUM OF ¢’Fe VIA THE (p,np) REACTION

Abstract: The in-beam gamma-ray spectrum of 5Fe from (p,np) reaction is
measured.The experiment was performed at RIKEN in the framework of the
SEASTAR international project to study unstable neutron-rich nuclei. Prompt gamma
transitions of 575.2 keV, 941.7 keV and 1570 keV and isomeric state with energy of
387 keV were observed. Besides, the experimental setup and the method for particle
identification are discussed in detais.

Keywords: SEASTAR, ®’Fe, particle identification, gamma ray spectrum.



