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Heavy lon Research Facility in Lanzhou (HIRFL)

HIRFL Complex

e-cooler

K SHANS

Mode: ECR/SECR + SFC
lons: Ar, Ca, Ne, Mg, Ni, Kr, ...

Energy: ~ 5 MeV/u
Typical Intensity: ~500 pnA (3%-40Ar)
200~500 pnA (#°Ca)

Institute of Modern Physics, Chinese Academy of Sciences 18th TASCA Workshop (TASCAZ21)



Status of SHANS

g Fusion- ion ion .
‘ S usion-evaporation reactio | Experimental Method
= = > Beam energy: ~5 MeV/u
_ > Exc. Energy of CN: 20~50 MeV
eiaction o aege aom > Deexcitation: 3~5 n or p evaporation
Production f
Chain1
i Detector chamber al 215U 1 ER
EEI et
’ 211Th
Qn o,
7.767 MeV
59.7ms
207Ra
o,
/g.;gom.sw MeV

ER-a-a correlation

[T Helium gas
’\1\_,

— 0 1 2m

o

Separation
Gas-filled recoil separator: ;‘j
> Flight time: ~1 us = i
» Transmission: >10% pr—
> Filling gas: Helium (~100 Pa)

Identification
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Gas-filled recolil separator - SHANS

s
|

[ SFC: Sector Focusing Cyclotron |

| & K ~70 MeV (E,<10 AMeV)
191 ~3X10" pps (C-Ne)
~ (1-5) X102 pps (Mg-Zn)

Building 2# | EEEOCCooCoa®

HIRFL @ Lanzhou

A

Institute of Modern Physics, Chinese Academy of Sciences

Technical parameters of the gas-filled separator.

SHANS

Parameters Values
Configuration Q.,DpQ,Q4
Total length 6.5 m
Angular acceptance 25 msr
Dispersion 7.3 mm/%Bp
Dy magnet

Bending radius 1.8m
Central trajectory length 1.6m
Bending angle 52°
Maximum magnetic rigidity 2.9Tm
Entrance angle —45°

Exit angle 22°

Q, magnets

Effective length 667 mm
Aperture radius 120 mm
Maximum field gradient 6.8 T/m
Qn magnel

Effective length 500 mm
Aperture radius 85 mm
Maximum field gradient 8.9T/m

18th TASCA Workshop (TASCA21)

Spectrometer for Heavy Atoms and Nuclear Structure (SHANS)

Z.Y. Zhang, et al., Nucl. Instrum. Methods Phys. Res., B 317, 315 (2013).




Detection System and Digital Electronics

Leading Eglge

[1N1T) J— |
T

LY
[ SAWPLES | [ SUM || CHARGE

TIMING [\ Threshold
FILTER N

Trigger

A 7CROSS || TIVE STANP |

=11

O Energy-time-position correlation measurement (ER-a-a decay chain) r— |
> MWPC, Si-box detector (15 x 5 cm2, 72% eff. and 35-keV FWHM for a’s) il

O Digital data acquisition electronics
» 100 MHz sampling rate, 14 bit digital res., max. 80 MB/s data rate

O Digital pulse processing technique

> trapezoidal filter, pulse shape fitting method, RC-CR? filter
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Motivation — a decay

% Search for new U and Np isotopes near the heaviest proton drip line a-decay Q values
¢ Study the a-decay properties for unknown nuclides far from stability I g P
“* Investigate the structure evolution near the N=126 shell closure N
2
@ >
504
y ([P , IR
Ernest Rutherford i -
E. Rutherford, H. Geiger, Proc. Roy. Soc. A 81, 162 (1908) Nk )
M. Thoennessen, The Discovery of Isotopes - A Complete Compilation, ( o8 158 -
Springer, Switzerland, 2016. TN -
82D H "y T p) i . - N
: o 126 ;
2 2 . Qi, R. Liotta and R. Wyss, Prog. Part. Nucl. Phys. iy~ =
50 e it 105 e, T e
(2019) 214. S e
50 82 P. Van Duppen and A. N. Andreyev, The Euroschool

Z.Y. Zhang, et al., Phys. Rev. Lett. 122, 192503 (2019)

on Exotic Beams—Vol. 5. L. Ma, et al., Phys. Rev. Lett. 125, 032502 (2020).
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Motivation — a-decay reduced width (62)

&
George Gamov

G. Gamow, Z. Phys. 51 (1928) 204.

a decay

V

[preformation ] [ penetration ]
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nuclear WKB
structure proximation
information

A=82-P/h

/]

decay constant reduced decay width
(preformation probability)

penetrability

P = exp l—z - f}i"@\/VN(r) +V.(r) + Vet (r) — E drl (WKB proximation)

J. O. Rasmussen, Phys. Rev. 113, 1593 (1959).

T T 1 |
Rn<}> (]f' Ra+ Th%
2 L EO-.,
;10 n C) 60 i
2 - Po ®--@® “®... g
o) L (11) ‘..
@._
-186P0 ®...
10" £ .
i 2161|218U|dat? n |2015| 021|0P0 | | | 1
100 104 108 112 116 120 124 128 132 136 140 144 148

Neutron number
L. Ma, Z. Zhang, et al, Phys. Rev. C 91, 051302 (2015)
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Motivation — superallowed a decay

Chain Nuclide E, (keV) Ty b, (%) W,
N=7 108 o 4400(200) 58719 ps 100° ~3.7°
N=1Z 1047e 4900(200) <18 ns 100° >13.1°
N=Z+2 119By 3480(20) [17] 3807 ms [17] 0.9(3) [35] 613 [17]
N=Z+2 H0X e 3720(20) [17] 953 ms [17] 64(35) [35] 24712 116]
N=Z+2 106Te 4128(9) [36] 7050 ps [17] 100 [35] 44503 [17]
e N=Z+4 H2Xe 3216(7) [36] 2.7(8) s [37] 0.8%,4 [36] 34737 [36]
C.Qi, R. Liotta and R. Wyss, Progress in Particle and Nuclear Physics 105 (2019)214-251 N — Z + 4 lOSTC 3314(4) lZOJ 21(1) S l37J 49(4) B()J 27(3) ’36_‘
104 -
52 €52 W, = 8%/8%(*?Po) 108X e and 194Te, at least for one of them Wa = 5,
1d,, 1d,, indicating superallowed character.
0g-), | J K. Auranen, et al., Phys. Rev. Lett. 121, 182501 (2018).
1d5/2 % % 1d5/2 — A —
Valence Nuclide W, Nuclide W, WTe /wPo
0 a 104Te 3% 212pg 1.0 3%
0000000 E— —VOOOOOOOO0—
892 02y, a+n BTe 20x03 2PPo 0.73*x0.14f 2.7 0.7
i \Y a+2n Te 463056 2“Po 1.53+0.02]3.02 = 0.37
a+3n WTe 145+0.63 2PPo 1.16 £0.01§1.25 =0.54
Near 100Sn, valence protons and neutrons occupy same a+4n  BTe 219027 %0 1.59£0.01]1.38 £0.17
orbitals, resulting in stronger proton-neutron interactions E—

“Lower limit; see text for details.

. : : S. N. Liddick, et al., Phys. Rev. Lett. 97, 082501 (2006).
104Te — 1005n decay is of particular interest because enhanced proton- y (2006)

neutron interactions could result in an unusually large preformation factor. R. D. Macfarlane, et al., Phys. Rev. Lett. 14, 114 (1965).

D. Seweryniak, et al., Phys. Rev. C 73, 061301(R) (2006).
l. G. Darby, et al., Phys. Rev. Lett. 105, 162502 (2010).
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Motivation — proton-neutron interaction

o force |
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T. Otsuka, et al.,
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Nucl. Phys A 466, 189 (1987).
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Larger spatial
overlap

N

Stronger
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interaction

Rev. Mod. Phys. 92, 015002 (2020).
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O. Sorlln and M. G. Porquet, Prog. Part. Nucl. Phys. 61, 602 (2008).
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Motivation — proton-neutron interaction

S4Ca provides evidence for the onset of a new subshell at N=34

a b C f d VT,
Protons  Neutrons V5o 34 5/2
VP12 2
VPq/2 VP2
32
VP30 VP50
28
vf T
80Fe (Z = 26) 58Cr (Z = 24) 56T (Z = 22) 54Ca (Z = 20)

D. Steppenbeck, et al., Nature 502, 207 (2013).
F. Wienholtz, et al., Nature 498, 346 (2013).

216

. 92 U124 . Does the p-n interaction between
(1)}13/2 O%un | raf,, and vify, orbits have a
712 NS 1892 | significant impact on nuclear

XY structure evolution or a decay in
N%, uranium region? "
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Lightest uranium isotopes 214.216.218

2 @ New iIsotopes produced at SHANS
=====x Proton drip line (FRDM2012)

17Fr 1»&Fr 19%Frc 200Fcm 201Fr 202Fr 203Fr 206Fr 207Fr 208Fr 20%Fr 210Fr 211Fr
n

a4 e .. N e e I .......

110 112 114 & 118 120 122 124

4E 126En 13TRn 138En 13%En

19540 196Ar  LRTAL

o5
. 182(49Ar, 4n)218U, 184W(4°Ca, a2n)2'8U aue
180W(40Ar! 4n)216U
shunnnnesdennnponnennnnnd
Z 182W(3¢Ar, 4n)214U
[ R EERR NI
EEssEEEEEsmEmEnd
22 .
fesEEEEEEEEEEER
211Pa 212Fa 213Fam 214Fa 2[5Fn 216Fa | Z17Fa
.llllllllllllllllllllllllllll:
o0 : 208Th 209Th 2l0Th 2LLTh 212Th 213Th 2l4Th
Yessuneaunnnnng
206hc 20750 2064 2098c 2104c 211lAc 21240 2134c
.llllIIIIIIIIIIACIIIIIIIIIII-
a6 : 20lRa 202Re 203Fm 204Rm 205FRa ‘2055{:‘.... 2llRa 212Rm Z13Ex
!llelll‘

:‘MQU TROTT 22UTT 222TT 2RITT T 2ISTT | 22GTX
216Fn
217Th

2lAAc 21740 2lEAc 219Ac 2204A: 2214 2234

215Fm 216Ra 217Rn 218Rn 21%Rn 220Rm 22.Ra |222Ra

2l4Fr 215Fr 216Fr 217Fr 218Fr 21%Fr |220Fr 221Fr

213Rn 214Rn 215Rn 216En 217En QIGRJL. 220Bn
2134 2ldAc 21540 21640 21TAC . 2195
212Pa 213Pa 214Po 215Fc 216Fa . 218Fa

128 120 132 1324

2lAc

211Pa

B k 2HMBEk 235Dk
Cm’233Cm 2HCm
- Am 230Am 231Am 232Am 233Am

PU .‘2‘292&1 230F 231&.
L
:. . . . 225Ny 226Mp 227Mp 226 2251 230Mp .

22T 22eTT

219Fa 220F0 221Fo 222Fn 223Fn ‘2‘241’:.‘2‘251’: ...
218Th 219Th 220Th 22lTh 222Th ‘2‘231’h.‘2‘251"h ...
——

Seconds
B-10+15 [ 10-01
W1o0+10 10-02
Bl 1o0+07 10-03
B 10+05 10-04
W10+04 10-05
B 10+03 10-06

10+02 10-07
10+01 10-15
M10+00 < 10-15
unknown

135 il

205Ac: PRC 89, 014308 (2014)
216: PRC 91, 051302 (2015)
215J: EPJA 51, 88 (2015)
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223Np: PLB 771, 303 (2017)
219N|p: PLB 777, 212 (2018)
224Np: PRC 98, 044302 (2018)
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220Np: PRL 122, 192503 (2019)
222Np: PRL 125, 032502 (2020)
214U: PRL 126, 152502 (2021)



New isotope 214U

S6Ar+182W -> 214U+4n @ SHANS - 2 events for 214U (10 pb@184 MeV)

L L T T —
301_ At(ER- @ )<001s (a) ]
% - 210,211 -
s I fe : E,..: 9256 keV E,: 10171 keV
© r B i im : i im :
T prasia - chain 1 lP: P 4 mm chain 2 l ™19 2 mm
0] - s -
€ - 2142155 1 214 214
3 1o / . U U
O - ]
C ] al 1
E.:8543 keV E.:8522keV
- N 210 T: 0.286 ms 210 T:1.228 ms
8000 At(ER- ) <0.01s 5 (b) 7 Th| P:-1.8mm Th| P:-19.3mm
C . ] a2 esc. a2
7800 - At(e, ) <508 \ A E,: 7923 keV _ JF.: 3618 keV+4364 keV
> - . U] 206| T:6.45ms Iopgl T:3.51ms
2 L (chain 1) - 1 1
= 7600 — _ Ra P:-2.5mm 1 Ra| P:-21.2mm
> . . - RSP |
o L ] Vi) esc.a3,7 """
S L00 - = E E : 7287 keV Missing
o : “Th 210 1 202] T:0.145s 202
2 C . ] Rn] P:-2.1mm Rn
£ 7200 —
£ C . ] esc. a4 4
g f : e ] E,: 705 keV+6082 keV E,: 6643 keV
3 7000 - i) Pa e 198| T:0.673s 198| T7:8.71 s (sum of a3 and a4 decay times)
- - / U] Po| P -4.7mm Pod P.-19.6mm
= a (chain 2) + a5
% 6800 | S . 2 / ] E,: 6197 keV
S B 2182t4r, . i 194] T:50.0s
6600 — 210211, ] Pb P:-2.4 mm
6400 [ . 214Y:
T I P T TR L
7000 7500 8000 8500 9000

Mother a-particle energy (keV)

E, = 8533(18) keV

— 0.95
Ty =0.52%93>,,, ms
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Previous studies on 416U

40Ar+180W @ SHANS 4 events for 2169y (300 pb@190 MeV)

. - ] 8.384(30) sforayzm o
10 3n : S oa ey 4 L E At (ER-a1) < 50 ms N3 216 wsesl =k v 472 ms - "
: ; : E : At(a1-02)<6's , 216m|) ’. AL I 2239 ' '
: : : ] i L vl keV .
: : s oL ®sy 2emyg Og gl e e e s L ”I ‘I BT N R T (8 ) T.,=0.74 ms
: : - A .
= ; : 187.2 MeV E205.5 MeV i % 000 s m U 2ismy L 212Th1309 3 1.7 me 212Th
= E E - =1 20m, I '
~— E > = 216, Pa Pa > sl 2
E 5 00 Pa & . ] [ =
5 E L. *m}’a ‘/ \1‘ . =l A T m E 10582 keV, 0 _
g S nof o . " PP A 5T - N - N S S S S N SR §=0.31 keV 216 0" T,=472ms 85ms
@ 01 SO S A T 5 7138 8af U
@ E 3 5 .*‘- oot S 208R3 L 1.35
S I N "us T I E.=8384 keV
© g - .'ZHJ':”A:C o0 T ;_ THAN R TIVIN PNV TR POV T | ol 5°=34 keV
: / 5 w0k . gy B5T7 F8 TR TUEE e 0 HoE I TSNS N T S N
0.01 : \ 3 C 6.417 3r 0
SRS R SR : = Il 12%Rn r 7455 212
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000 00 W 800 9000 9500 10000 10500 11000 0 lI RPN, N PRV T \ I”“ )
(MeV) 5 7T T (RS ! g ST T e s
Parent o energy (keV) Energyf MeV Log t/s

L. Ma, Z. Zhang, et al, Phys. Rev. C 91, 051302 (2015)
82Kr+136.13'Ba @ GARIS - 3 events for 21%9U 48Ca+248Cm (DIT) @ SHIP - 1 events for 2163y

2r Previous 2 Previ
@ " AT(ER - o) Z(EL . = 8390 (33) kev 216 | (a)
= )
1} X T2 (exp‘)cfEm(exp;gﬁ 1 (05) N Eat [ ] U,l U
=26"38 ms Eus Euo 3346 + 4989 keV

o=l LY 0 Lo ! 212 5.5ms
2r i . az Th

AT(op - o) s Th(oa) ---+ 7826 keV

T2 (exp.) =18 *\y ms Exllexp Sl B0 k=Y : 208 : 0.25s

1t 20 _ I

ﬁﬂ (13 =30 2 me 1 Ea (ref.) = 7802 (10) keV ._Ra < e
0 i L 0 | ‘ |
Z:I'w 12 (exp.) = 0.7 02 sec il QDBRB (Otgd)

Tiz (ref) = 1.3 (2) sec AT (0l - Olgd) o o (o) - 7126 23 o 1224 + 5384 keV
1k 74s
r Ex (ref.) = 7133 (5) keV/

0 PN TN ORI P

40 1.2 3 45 8000 7000 8000 9000 10000

logio(T1z2)(sec) Energy(keV) EC, B*,9.2m
Y. Wakabayashi, et al. RIKEN Accel. Prog. Rep. 48, 70 (2015) H. M. Devaraja, S. Heinz, et al. Phys. Lett. B 748, 199 (2015)
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218U in this work

OAr+180\ -> 216J+4n @ SHANS — 13 events for 21%9U (300 pb @191 MeV)

10F
sl 10.539(16) 215u al 0.89°7 ms 21EU
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Previous studies on 2183y

2TAI+197Au @ VASSILISSA - 4 events for 2183y WOAr+182\W @ RITU = 20 events for 2183y
800 Y - — — i I I I TR
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’ 7000 7500 8000 8500 9000 9500 10000 10500 11000 314Th
Mother o energy [keV]
A.N. Andreyey, et al., Z. Phys. A 342, 123 (1992). A. P. Leppanen, et al., Phys. Rev. C 75, 054307 (2007).

A. P. Leppénen, et al., Eur. Phys. J. A 25, 183 (2005).
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218 in this work

AOAr+182\W -> 218J+4n @ SHANS - 41 events for 289U (768 pb @190 MeV)
AOCa+184\W -> 218U+a2n @ SHANS - 35 events for 218U (325 pb @206 MeV)
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Ground-state-to-ground-state a-decay of 214.216.218

This work Literature data
Eo/keV Ty;5/ms §°/keV Eq/keV T),5/ms events  Ref.
21U 8533(18) 0.52700° 128720 - -
2 events

Isotope

8384(30) 4.72772 4 Ma, etal. @ SHANS
2161y 8374(17) 2.25;'%’2?)& 78tﬁ 8340(50) 3-8i§:§ 3 Devaraja, etal. @ SHIP
13 events 8390(33) 2.6777 1  Wakabayashi, et al. @ GARIS

8600(30) 1.1575°% 3 Ma, etal. @ SHANS

—0.42
2187 8612(14) 0_65J_r8:85; 53tg 8612(9) 0.51tg'}g 20 Leppanen, etal. @ RITU
76 events 8625(25) 1-57_Lg'_:; 4 Andreyev, et al. @ VASSILISSA

L. Ma, et al., Phys. Rev. C91, 051302(R) (2015).

a) The value is deduced by combining all 21 decay H. M. Devaraja, et al., Phys. Lett. B 748, 199 (2015).
: . Y. Wakabayashi, et al., RIKEN Accel. Prog. Rep. 48, 70 (2015).
events from this work and Refs., and is also used for A P. Leppanen. et al.. Phys. Rev. C 75, 054307 (2007).

the decay width calculation for 216U. A. P. Leppénen, et al., Eur. Phys. J. A 25, 183 (2005).
A. N. Andreyev,, Z. Phys. A 342, 123 (1992).
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Enhanced a-particle clustering

Aavmarc SRRl ARRRRI ARRRRSAE
i . | ] Rnd.-4 Ra) Th
~ ] .
£ v : E ~102 F o, %
Fo: i ] > f Po &
— C | ] x i @_...-(D-""(D ®
=t ol . o T % ¢ ®
I * | [86p g
= | - .
e O M A o B A e s 10! |- €ven-even nuclei :
14 | | (b) - [ g.s.-t0-g.s. a decay ) 210p g ]
- | | - AU T N (T TN N NN (N Ml AU N RSN N
2= | i 7 100 104 108 112 116 120 124 128 132 136 140 144 148
~ L Y : _ ~_ Neutron number _ _
E I N ] 1 218Y: the minimum decay width in U isotopes
=T J ] i Pb Po Rn Ra Th u
< | p "';:5 180 T T T T T T T T T
0.6 X I 3/2 — 160 [
oal Mo/ RCEA Jor2 ] 140 [
I ] ] ] Il:?/z ] ] ] p:"/z ] ] ] ..I. ] | 120 :
R e T L L L < !
92 96 100 104 108 112 116 120 124 128 132 136 140 = 100 |-
N 2t
> 80|
. N [
Neutron pairing gap: 60 |-
1 40 |-
A2 N) =5 [BEZN) + BZN ~2) ~2BZ N 1) 2|
o
82

A. N. Andreyey, et al., Phys. Rev. Lett. 110, 242502 (2013).

C. Qi, et al., Phys. Lett. B 734, 203 (2014). Proton number
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Enhanced decay width in N;N, scheme
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» Remarkable simplification of the 8% systematics in N,N, scheme
» N>126: dominated by p-p and n-n pairing
10% |
» N<126: p-n interaction plays a key role i
214U: NN, = (Z-82)-(N-126) = -40

216U: NN, = (Z-82)-(N-126) = -20
218U: NN, = (Z-82):(N-126) = 0 10" £

» 214216y 82 values are significantly enhanced by a factor of Bttt bbb bl
two as compared with Po-Th NN, systematics with N<126 T PN
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Large-scale shell model calculations

Supporting the increased occupancy of mif,, orbit
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Achievements

PHYSICAL REVIEW LETTERS 126, 152502 (2021)
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A Lightweight Among
Heavyweights

SYNOPSIS

Researchers have observed the lightest uranium isotope to date, offering

insight into models of nuclear structure.

By Katherine Wright

physics, but the consequences of adding to the set are

much further reaching. A team of researchers using the
Heavy lon Research Facility in Lanzhou, China, has now
expanded the collection with the discovery of the lightest
uranium isotope to date [1], The finding could have implications

D iscovering new isotopes is like the stamp collecting of

for our understanding of a particular type of radioactive decay
that is still mysterious despite more than a century of work.

Uranium is an inherently unstable element. All of its isotopes
are radioactive, with the most abundant ones having half-lives
ranging from 150,000 to 4.5 billion years (roughly the age of
Earth). Naturally occurring uranium contains between 140 and
146 neutrons. The newly discovered isotope has just 122, one
fewer than the previous record for the element.

The team created the isotope in a “fusion-evaporation”
reaction, which involved firing a beam of argon at a tungsten
target and monitoring the fusion products. They identified two

previously discovered light uranium isotopes—uranium-216

Credit: APS/Carin Cain

and uranium-218—as well as the new one, uranium-214, which
has a blink-and-you’ll-miss-it half-life of 0.5 ms.

The number of neutrens in this isotope sits near a so-called
magic neutron number, specifically 126, which makes it
interesting for studying nuclear stability, Magic isotopes are
unusually stable, and observing their near neighbors provides
opportunities to probe how nuclear structure influences
radioactive decay processes. In this case, measurements from
the three observed uranium isotopes suggest that they
experience an enhanced proton-neutron interaction compared
with isotopes of other elements. This stronger interaction
affects the formation of alpha particles in the nucleus, a
complex quantum many-body problem whose details are still
unknown.

Katherine Wright is the Deputy Editor of Physics.
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CAFE2 Project in Lanzhou

China Accelerator Facility for Superheavy Elements (CAFE2)

LEBT

Designed parameters
lons
AlQ
Beam energy 4.5-7 MeV/u

Beam current 5~10 puA

Running mode
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Status of CAFE2

(" Proton beam (17 MeV, 7 mA, >100 kW, >100 hours, CW mode) h
sMeV ‘?(“)‘f\;\\ mﬁﬂi\"” | Y. He, Z. Wang, Z. Qin, et al., 10th Int. Particle

S pi } Accelerator Conf. (IPAC2019), Melbourne,
|\ AN : _—— ‘\‘.“( Australia (2019).
S.-H. Liu, Z.-J. Wang, H. Jia, et al., Nucl. Instru.
3 ; Meth. A 843, 11-17 (2017).
";\ G e Z.-J. Wang, Y. He, H. Jia, et al., Phys. Rev. Accel.

» =L Beams 19, 120101 (2016).
(D ECRIS+LEBT @ RFQ & MEBT @ HCM6-1

& HCM6-2 Taper HCM6 (@) SCM6 @ HEBT

Fig. 2. Schematic layout of the 25 MeV demo facility.

EC + LEBT - \ Chinese ADS Front-end superconducting demo linac (CAFe)
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SHANS2

Rotating . D,
_ _ target X
Differential Q, OS> D, dipole magnet
pumping - Q, Deflection angle 30°
S, Qs D, Entrance and exit edge .
o et 0,-34
é 4 angles
: % ya ol i Deflection radius 1.6 m
/o /] Max. magnetic field 1.563 T
~ o B “Lper £79 mm
7 fo D, dipole magnet
0 ; .
= o S Yo Deflection angle 10°
& 3 . i -
p Entrance and exit edge 10, 10°
3 angles
.‘ < Deflection radius 2.5m
Max. magnetic field 1.1T
- +93 mm
L. N. Sheng, et al., NIM A1004, 165348 (2021). . _ Q, quadrupole magnet
etection NS e 0.46 m, ®162 mm, 11.85
Separator DGFRS DGFRS-II Garis Garis-ll RITU BGS TASCA | SHANS [ SHANS2 R Uil
FLNR FLNR | RIKEN | RIKEN JYFL | LBNL | Gsi IMP IMP Q, quadrupole magnet
Location Dubna Dubna Wako Wako Jyvaskyla |Berkeley|Darmstadt|Lanzhou| Lanzhou Length, aperture, max. 0.45 m, ®324 mm, 4.2
Russia Russia Japan Japan Finland USA | Germany | China China gradient T/m
Conﬁguration DQth QthQthD DQthD QVDQhQVD QVDQhQV QthD DQth QVDQVQh QVDQVQhD Q3 quadrup0|e magnet
Deflection angle 23° (30+10)° | (45+10)° | (30+7)° 25°  [(25+45)°] 30° 52° | (30+10)°
max. Bxp (Tm) 3.1 3.2 2.16 2.43 2.2 25 2.35 2.88 2.56 Length, aperture, max. 0.63 m, ®314 mm, 5.03
Length(m) 4 71 5.76 5.06 48 46 35 6.5 5.85 gradient T/m
Dispersion (mm/%Bxp) 73 9.7 19.3 10 20 9 7.3 (22)
solid angle(msr) 10 12.2 18.5 10 45 13.3 25 25
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Summary and outlook

New uranium isotope 24U was studied at SHANS, and more precise a-

decay data for 216.218 were measured.

% Significant enhancement of 62 for 14215U is found by comparing with

Po-Th NN, systematics.

s The new feature can be attributed to the strong monopole interaction

between the valence 1r1f,,, protons and vif;, neutrons.

s CAFEZ2 project is carrying out at IMP involving a new gas-filled recoil
separator SHANS2.

% The verification experiment for element 115 with 48Ca+243Am is

planning.
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