_HIAF. v IERSRIIMEAT

Institute of Modern Physic e Academy of Sci

SRR s IR R
(High Intensity Heavy-ion Accelerator Facility: HIAF)

FRIRZIEREASS

NG

FERFGOa IR

ERARBERIXIPIEIL IR BRHF 2022.7.3-5



_HIAF.

HIAFE 7Y

HIAF _E 31X

o3Ik oy B e

{E

vV VY V 'V

+
&Qn

10N =

HIAFZ 1213t R

ERIBRRBERRIPIEIRIR

R 2022.7.3-5



HIAF

HIAFi& 7T

Challenges in MODERN NUCLEAR PHYSICS
Quest for a UNIFIED DESCRIPTION of ALL Nuclei

INTERDISCIPLINARITY
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Nucleosynthesis
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Radicisoctopes,
Reactors, ...

1 abundances
L4 :\ -
- " i
. '| *
- il -
. | .
% t ';J'u
- '-'":.'
I| ||
)
|

I
" ; .'_u ar Abundances |
Element = B W

BASIC SCIENCE

Many Body
Finite Quantum
System

Symmetry
Principle

<> SHELL STRUCTURE
(Magic Numbers)

< SHAPES
< EXCITATIONS

ABUNDANCES :|J1(J 120 130 140 150 160 170 180 190 200 210

BMass Number

ERIBRRBERRIPIEIRIR

=
Neutron number N

{7 AR

* BRANER, RFENE—HEk

© RTEMTFERER

+ LETENEIR

* QCDHREMESRETEXY R TER

= FE

B E R
EENEETFRR
MENTENEE

%%EEI&% 'f’tﬂ']muu.
mEEFMEREE

¥R 2022.7.3-5



HIAF

FE e S s

IJ.I w o Bl j

BRE . v

(. )

bl

AR

ERIBRRBERRIPIEIRIR

g,,,% NERSEECHERRE oo

L/Q Institute of Modern Physics, Chinese Academy of Sciences

HIAF{&;

SSC: H~238Q
up to ~100 AMeV  SKFC: H~333Q
up to ~10 AMeV

= + Proton: 1.5 MeV~25 MeV
IM P mﬁ*-ﬁ‘_‘l&w H~Ke: 1.33 AMeV~6 AMeV

' Beam particle. H~?3%Y
Energy. 0.3 AMeV~ 0.7 AMcV

LEAF: Low Energy intense-highly-chargedion Accelerator Facility

Nuclear Astrophysics
Multifunctional Experimental Terminal
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Atomic Physics 3
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L:191m,Bp:25 Tm
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SRing: Spectrometer ring
Circumference:281m S m———
Rigidity: 15Tm [ o — "=
\ Electron/Stochastic cooling

\: Three operation modes
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BRing: Booster ring
Circumference: 569.1 m
Rigidity: 34 Tm

Beam accumulation
Beam cooling
Beam acceleration

\

iLinac: Superconducting linac
Length:120 m, Energy: 17MeV/u(U3#*)

(o |

A 7 Il iLinac )

ERIBRRBERRIPIEIRIR

B HIAF FESE

SECR iLinac BRing HFRS SRing

Length / circumference (m) 114 569 192 277
Final energy of U (MeV/u) 0.014 (U3%) 17 (U3s) 835 (U3) 800 (U2%) 800 (U*2%)
Max. magnetic rigidity (Tm) 34 25 15
Max. beam intensity of U @HA (@ 28 ppA (U3*) 2x10Uppp (U3S)  ----m-- 10'%ppp (U%2)

. ast ramping Momentum- DC,
Operation mode bC 12T/s, 3Hz resolution 1100 | deceleration
Emittance or Acceptance +30mrad(H)/£15| 40/40, 1.5%

5/5 00/100, 0.5% ’

(H/V, m:mm-mrad, dp/p) mrad(V), +2% | (normal mode)
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Products of E, Al %

fusion reactions H . =
162 . M i
82 | - T

OB ERARN = TR
BTHX | (Meviu) | (ouh)
O% %% RN
Products of .+ 48 10
MNT reactions 2
50 186+ 36 10
» To synthesize new isotopes 781 w19+
» To measure nuclear masses and lifetimes N 30 10
28 = » To build the decay schemes 209Bj3L* 30 10
20 50 » To map out the drip lines 238) J34+ 17 10

» To root the decay chains of the SHN

» To build a bridge to the island of SHN The low-energy intense beams wil

enable producing very n-deficient nuclei
by fusion reactions and particularly
8 » To study the evolution of shell structure heavy and super-heavy n-rich nuclei by
multi-nucleon transfer reactions
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» To simulate the rp and r processes
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Is there a limit, in terms of proton and mass numbers, to the existence of nuclei?
Unprecedented opportunities for the synthesis of new isotopes and structure studies

Proton number

A= Hbw
. _ —e - M= BR
Fusion reactions: o FH - MITEMIFIEESR
50T + 249Bk —s 299119* e *;*9:* SHN O éiﬁlZO-l&G%%ﬁiﬁ?
50T + 249-251Cf _y 299-301120* - Island g ﬁ%%%%é%%liﬁ
14ms | 78ms i (=] 7 [m] ==
BAN|j + 249-251Cf _y 313-31512G* e AEN Y 9 O...0.5
115
‘ T v — INRBER AR
@ ZCa:+Np—+ 113 O % R ERERRAFTT A
@ Ca+2U—>connz A X 000000 O EzE S % F B
@ IK:2U—> Rttt 60 200000000 O&lFPFBERZER
@ Ca:+XTh—> os110 00000 0000000 O..0.000
@ Cl+ZU—> w10 000 00000000
@ s u—> Hstos o0 00000000 ﬁ%%ii}lg fgﬂ%ﬁ e
Bh107| 0000000 @ Z2&=R=E il 2
29150 00000000 MNT reactions: O 3 #THIK-isomers N
Db105 .‘.....‘ 238U+248Cm, 2495k’ 251Cf D EE*&%EPﬁtL%:uE’ME:%\
Rf 104 ‘ | ‘ o o o o o o
150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184
Neutron number HI FT U%%ﬁ"ﬂ:ﬁ E‘]E}F

RSB ARSI R

ERIBRRBERRIPIEIRIR ¥R 2022.7.3-5




R AR - 75 SR i) 38

TV

1T

TE M E:
> DEEWMMESS0%
> 1.0 MeVHY y Gk
RN ER~10%
BEE 77 ##~2.0 keV
> 10.0 MeVH] o RIF:
RN ZER~80%

o =5

HEENH#~1.0%
HBEEZLMEREEBREERF LHEENPREES FRR
EETHREREARN

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
o .

ARBEHTER (KF) . REPEELE BETRUEMRERR;
RECERBEGNRENG; BT EREEETFARIERMTTAR

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ERIBRRBERRIPIEIRIR

Q
o

R 2022.7.3-5



BB SR TRBRN:
FEFRTFERRRIIRNGE

BFEZLMRRREBiRHERR
EHRENPREESTRR
Bz B AEE PR L
mEFE. RE
EFIHNFERT

ZEREERT
MR, BE
TR F B
. BERTEH

MRS KN
\/IL:?

I EEAET
> WEFIEHITIER0.5~10%
> FREH. BREEn

-
=JAA

T00____ 5
~=TmER 106 0
1000 4 e, 104 N0
ST NSRE S S sos
100f /f / A \;\j,;c\ ):\if \\;\ 104
—_ 4 AL : oA
= oy VAR SN
= 10f - / s i NN
— / g /} Ve
g 13 # 103
o
2 o1 z= 23815 4+ 248
2 Eom= 770 MeV
~0.5/F g

198p¢ 4+ 2385
Eem, = 700 MeV

B BkoAirs

260

270

fragment mass number

[RBEAREGEMFN-F R Tia0 Ees

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

L L
195 205
mass number

EFRRETNEXE:
MR E AT M R
o)

% R 5t K ATETEE (L -
SHlEEFRRES
HTEFM: BHmus
EFiRES

H N NEE
FIEA D EREE
SHEMBEHEREIEN:
MRBETELF MR

ERIBRRBERRIPIEIRIR

R 2022.7.3-5




To explore the hitherto unknown territories and find new phenomena

- (o BT RATE MR 4 CRERRR R RTRD 2
| High energy - EBEE LRI AR L

| FRagment Separator |~ PR KRR LU In i 512

_J (HFRS) O EBRERNE RIS AR TG

R — > AR IR R AT ABLE CREBLRITEN=ZL) 2
R A e
;E%f’ﬁpguﬁi > BIFE
RIBe > BYAREIER R E S

> BN FSFERSMR

> RERLIBCERN. SHEALIE
> B, BEREH. O TFE
> R FIZEB IR

> JERESHIZEFIFNME R

> Pre/Main&s5#): =%

PRoBMER. B&F
S LIEE

> BSHK: BEXE
W, ESHNIE,
RSSO

MRBR: BFHARERE

g o
......
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ERIBRRBERRIPIEIRIR R 2022.7.3-5



10% % & € 4. (S1C6) 104 &£ £ 4l (S1C6)
TR EROILEERTR, RARERATREA-RLES, TFORESERSARERTR, RORTIHTUAN -
RLULRSNNRR, NASIAND, KT ERNRNRE, KAEE, SLETAPNNNA, NX5TANY, HAR

REFSRENE, ARRTAEZ T RARRRER, | IFEENRERST, REFSRLNE, ARREAEEL

| ARNNREEE
A 4\7 e T 2l

@a

- pri o P omes W

il RS 191.8  +30(X); £15(Y) *2.0 (A8)?O{I-1:1L%?n |
SuperfRS 1822 xa0(; *20(v) 25 (DORD 20
o DIGRIPS 782 40(X); £50(Y)  *3 &iiof’fﬁﬁ) o5
RIS 86.8  *£40(X); £40(Y)  *5 (i;zzolﬁorgr?]) :

ERIBRRBERRIPIEIRIR R 2022.7.3-5



e g Tt

J

Position

Secondan/ taraet
Secondat

Position

de
ToF2
- AE
e Secondary TA

F4->F6: 53m

ISpersive mo

e Degrader

Position

D

F2->F4: 65m

Dispersive mode

==R=1100
~i=R=1500

=R=7%0

B KHENIE (Tm)

Fragment Separator + Zero Degree Spectrometer

DIRAG

0003
00025 +
0.002

25
25

F1:850: F3-1:700
F6:1000

Position
ToF2
AE

N

B KHEMIE (Tm)

]
e
),

o .2
wlb...u
v 5
(@) (=%

nnnnn

F2->F6: 117m

§

SRR

)
©
O
S
o
k=
©
S
O
LS
<
o
<<

L
S
T

e
X (mm)

80 40

ESSL_ S S 7 2  KSSSY
S ST 22 ISSSSSSINS

Achromatic mode
* Degrader

+1mm
+30mrad
+1.5mm
mra
+2%

+

AP/P

AX
AX
AY
AY

o

Position resolution ¢ (mm)

R 2022.7.3-5

Detectors aided high mass resolution

25

by

¥

-.

SXK49E

-
-

2N

F1:850; F4:1100

2

Z



93

92

91

90

89

87

-HIAF.

Achromatic mode

238U@800AMeV+12C -> 208Th
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BFHFRSIEFRZEREEE, SERERNZRTHRIZLINHAF:

» RIB production mechanism

» Discovery of new isotope

» Mass measurement of extremely short-lived nuclel
» Mechanism of fission/spallation
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FIFHFRSRIFO-FAGBMENTR A D ERZE R FA-FOEAZEIRIN,
SeMmBEnNRlRE, AIFRSHRERYYIERETIN:

> Interaction cross section -> nuclear radii and matter distribution, halo and skin structures
» Knockout/Quasifree knockout = single-particle structures, unbound states/nucleli, clusters

» Charge change/exchange - Gamow-Teller strength, spin-dipole resonance, neutron skins
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® New magic numbers @ Shell evolution
® Shape coexistence @ halos -

@ F4-F6i{Y: FSE=4ilE

> Interaction cross section/Fragmentation cross section
> Knockout (inclusive cross section + momentum distr.)
» Charge exchange

@ CsIpgEFl: 7ERyignE

»>Spectroscopy of nuclei at limits > E(2*), E(4*), ...
> Knockout (exclusive cross section + momentum distr.)
>Inelastic/Coulomb excitation> B(E2)

@ CsliF%5]+DSSDBEF! : 4=HAERMTFAE, E, =il

»Quasi-free scattering
»Missing mass > unbound states
»Reaction mechanism of knockout/quasi-free/...
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PaITERE.

KIFWERGEN

RIBN
Super-FRS

« Target
* Tracker
- Calorimeter

R’B Startversion

R3B@GSI (Eii'#') \

Large

/ acceplance
dipole magnet

N .

Heavy
fragments

Protons

AT IERAVIS(CHIERE

Energy-dispersed
ion beam
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|

-5p —»
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W %
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” . [,:tl_\'k 1t Crystal bl
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LAND

J
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LAN D@GSI
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Invariant Mass Measurement
Missing Mass Measurement

unbound states/nuclei

Nuclear structure and dynamics of

~

Exotic nuclei from
Super-FRS with
different momenta

%

+3p, p, -3p

)

Manganergatic
degiadar | |
LASER, f—]
(TAT &
T dslector
beam Tt

Monoenergetic yray spectroscopy

ion beam
» p
> p

> P

LASER spectioscopy

Decay spectroscopy

LEB@NuSTAR, FAIR

in-beam y-ray
spectroscopy
with AGATA

LASER
spectroscopy
moments, radii

a, B, v -decay
spectroscopy
isomers,

very exotic nuclei

in-trap ex-
periments
precision mass
mesurements
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| {8270 % i1 R Tk |

LR #N=Z L R B _ _
(s T i —g= (AR AT )

R T 5
g pairing) i gk R AR

i, RRIE T J

/ Experimental methods Physics goals \

new isotope, mass of very exotic nuclei, y-ray spectroscopy, equation of state

» fragmentation/cascade fragmentation
low energy experiment, 3 delayed v, p, n, ... emission, isomer decay, proton decay /

slowed/stopped beam experiment

> interaction cross section/elastic scattering —> nuclear radii and matter distribution, halo and skin structures
» knockout/quasi-free knockout -> single-particle structures, unbound states/nuclei, clusters
» electromagnetic excitation > B(E2), pigmy/giant resonance, astrophysical S factor
» charge-exchange reactions > Gamow-Teller strength, spin-dipole resonance, neutron skins
» fission > shell structure, dynamical properties
» spallation -> reaction mechanism, applications (waste transmutation, ...)
9
9
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Nucleon distributions or radii _ Halo

- - . > . . .
Total interaction cross sections Halos in heavier nuclides

) ) » Giant neutron halos with > two neutrons
Elastic proton scattering

» Deformed halos

» Coupling of continuum and discrete states

Neutron distributions or radii

-

Proton distributions or radii
» Nuclear size evolution of n-rich nuclides

Isotope shifts > New shell closures in n-rich regions

Electron scattering > Constrains on nuclear theories

L atom Skin » EOS for cold asymmetric nuclear matter

==

Charge changing cross sections

Measurements of nuclear matter and/or charge radii provide the most original
evidences for neutron and proton halos, neutron skins, and new magic numbers

ERIBRRBERRIPIEIRIR R 2022.7.3-5



HIAF

Proton scattering or light particle scattering with low-momentum transfer provides
crucial information on nuclear matter distribution and incompressibility of nuclide

Pilot IKAR experiments performed at FRS.

IOOE T T T T T T T T T 100
10" E 10
-2 K
d.)—u 10 Er (f)—' 102 L |
E | E ‘
T 10%F E 0% 3
a | £ <
10 104
1, "
"Licore-
-5 -5 1 1 1 1
L 10 L 2 4 6 8 10
r [fm] r [fm]

In inverse kinematic reactions using an active target, precisely measure the angular distribution
in a broad angular region including the first diffraction minimum
In the center-of-mass frame, proton wavelength of ~ 1 fm at an incident energy of 500 MeV/u

Measurements of the nucleon density distribution by elastic proton scattering

Study of the N/Z ratio dependence of the saturation density; the nuclear density
near the maximum of r?p(r) sensitive to the saturation density of nuclear matter
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In order to understand the properties of nuclides far away from the stability, it is crucial

to precisely locate the position of single particle states near the Fermi surface, and to
investigate the degree to which their wave functions reflect pure single-particle motion

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S .
.,

The momentum distributions of fragments following one- or
two-nucleon removal is the spectroscopic method well established,
that gives knowledge on the wave function of the initial nucleons

Can use very low intensity beam (~10 /s)!

*
g -
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

T=1,8=0 T=0,5=1

4% 68 60 fe

Two possible pairing schemos

L
LK

Quartetting

a-cluster transfer  Two neutron transfer  Deuteron transfer
AT=0 Ar=t AT=0 of AT=1

v - "

o AT o &
fires

TWED weazen YWD wean 'Wb We1.2e1)

Structure

Systematic study along isotopic

and/or isotonic chains:
» Evolution of single particle states?
» Robustness of the shell closures?

» T=0, S=1 proton-neutron pairing?
» Coupling to the continuum?
» Heavier Halos and giant halos?
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_HIAF.

The tensor forces are essential to bind nucleons together in light nuclides, but they
are not treated explicitly in models such as mean field models and shell models

1 1
= —— - _ 2 A - )
The pion interaction: 0140924 = 3(] 812((1) 3 1°029
i:[he tensor force is as important as the central forces!
In a three-body model 102 ; —
. He
61: 10° T p— .
Li ®He o

10° | S -

.8 | Without tensor' i
a + n + p a + n + n 10710 [ W. Horiuchi and Y. Suzuki
[ Phys Rev.C76,024311
The tensor force leads to a strong correlation between a np R 5 4 5 8 10
pair and high-momentum nucleons in nuclei. While the high- k [fm™]

momentum nucleon is picked up by a particle, the correlated
nucleon may be emitted and measured using (p, pd), (p, nd),
and (d, pt) reactions

The momentum distribution of relative
motion of the two nucleons in SLi and ¢He,

Proposed by I.Tanihata and S.Terashima reflecting the effect of tensor forces
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Radioactive beams of energy higher than 1-2A GeV provide new opportunities to D\/\

study giant resonances in asymmetric nuclei including a new mode (isoscalar E1) B e
7y 0.0 1.0 0.1 . Giant dipole resonance of n-rich nuclei: a precise determination of neutron skins
. The low-lying E1 strength (PDR) in n-rich nuclei constrains the neutron-skin thickness
T ¥ W : o
The oy 1s a robust and less model dependent observable to extract neutron-skin thickness
: . f he [~ o(E)
# New? (- = G The electric dipole polarizability: ap = [ dE,
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N NZ N S -_‘\FI::::OJ?G m e E 005 - the neutron-skin thickness E
Giant resonates in macroscopic view § O6F - GOR(ysemat) |l j ERE ]
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> If it is decoupled E [MeV] Correlation between neutron-skin thickness
e e T R Inverse energy-weighted dipole strength for and dipole polarizability in 6Ni
6$N1. Inset: Experimental dipole polarizability D. Rossi et al. PRL 111, 242503 (2013)

I

A systematic change of neutron skin thicknesses provides sensitive
constraints on the EOS
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Is a neutron skin decoupled from the core?



pUIE R

ter ring
81m

SRing: Spectrome
Circumference.
Rigidity7 15Tm

b

HPGe l
[ Spmpm
e
wee [N T——— II DSSD,AE-E LN
SRR AT RS
LAB: ~10 (deg.), EE: ~10-100 MeV/u
s FREBREP.A, (P, (dp)%
/ ERPRTFESR, BET. BT (HT)/RRE
DSSD,AE-E MESEREN, FRASNEE YR

LAB: ~90 (deg.), BE&: ~500MeViu LAB: ~30 (deg.), REE: ~200 MeV/u
TRz B (p,p), (0,) FRIBEE(p.p) (aa)
REEHESHLE. SHE, BF. RTEER) | NERT, ik
mEBANEREYE, RITIFEEHIR, IR RR, R E5HR NS

IRE R RA S R E

Etectron/Stochastic
cooling
Three oper

FZATHERRIE (IMS) FASchottky BRI (SMS)

ERIBRRBERRIPIEIRIR

R 2022.7.3-5




(MeV)

20

S
0

|
%)

Difference from DZ28
o

N
¢

HIAF SRing

2B FR: ST RIE. (IMS) FASchottky R (SMS)

> ﬁ%/ﬁg}ﬁ%\ ':F'%i%g%ﬁi%ﬂ: 10 20 30 40 5 60 70 80 90 100 110 120 130 140 150 160 170 180
NEUTRONS

—

';H \: :.—\-| \ -‘-I- sl
> WHRLIBUEN . KIFhZIE
. . . SRingRE N 1K X 45
= = =ty o =B S
> SHRERTSETFFRRED
e u mff¥l AN =r 2=\ a 90
> EHXRAEIMEPIZITE P
80 R
- S2p= 0 —csa reanen S2n =/0 1 70 O
! e 0 0
o kUGS, KOURA . MASS UNCERTAINTY, keV
§ S iy N
S i T 0 S u<t
. = T<u<?2
N ] 30 2<u<4
= . 2 d<u<i2
B 1. AME2020, CPC, 45 (2021) 030001-3 ;ﬁ <u< ggo
i measured masses 2550 R mEE N . 200<<uu<
__ | Extrapolated Mass
_20 I Lit 111111 I L1 1111111 I Lii 111111 l Liti111111 I L1\
40 60 80 100 120

Neutron number, N

BRNErESREXEFZNRE. &

ERIBRRBERRIPIEIRIR R 2022.7.3-5




HIAF.

Physics along the N=Z line

N=Z Test the Isospin Multiplet Mass Equation
Te(52)
| Unknown Sn(s0) T Charge-dependent effects.
B without mass and life Cd(ng") Il Degenerate if no charge-dependent
B withcut risss Pd“sﬁ)\g(m,,\ Interaction and D, corrected for. l
Rh(45)
.| Mass accuracy >10keV ';:((:;)) . -3/2
Mo(42) | R
B Mass accuracy <10keV p) N;(Tu_g E | - -1/2
r I 45' _____
B stavle Sr(38)[1(]%): ‘ Nl — +1)2
e (A,T,Jr) P —
50 +3/2
Se(34)
As(33)
Ge(32) | | | | 2 3
s S 8 M(T,AT)=a(T,A)+b{T, AT, +c(T, DT} + AT, AT
Cu(zsa)I 54 - 60
N|(28) l 52 I I I I ) ) 1 1
Fe?;é)ﬂ 50 50 FY.H.Zhang, et al., PRL 109, 102501 (2012). .
Mn(25) | | 48 . 4r { 7
ey il > 30f ,
Ti22) [ [ [ [ 42 ~ 0tk .
o g m S wf {0
T14 16 18 20 22 24 26 28 30 32 34 36 38 < —> Isobar ob--eemeeoo “'i‘i""f"'i _____________
-10 .
» Understanding of the rp process path and end point. 20—t 11

20 24 28 32 36 40 44 48 52 56

» Shape evolution for the nuclei along the N=Z line. Atomic Number

» Study of the isospin symmetry breaking and its mechanisms.
» Search for the new form of n-p pairing.
> Precision tests of the shell model around 10Sn,
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Mass Measurements of N-rich Nuclides around ’8Ni

Ge(32)
Zn(30) S
Ni(28) s
Fe(26) O 58
Cr(24) olololojololo | 54 we
Ti(22) 52

28 30 32 34 36 38 40 42 44 46 48 50

Production: Fragmentation of Projectile 8Kr Using the HFRS.
Measurement: The Isochronous Mass Spectrometer with Double ToF Detectors.

Systematically measure nuclear masses with a precision of ~ 50keV, and deduce
one-neutron and two-neutron separation energies.

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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ERIBRRBERRIPIEIRIR R 2022.7.3-5



HIAF SRing

Understanding of the solar pp neutrinos

LOREX project: 2%°Tl in lorandite at Allchar mine is used for long-time detection of solar pp neutrinos with the by
far lowest threshold of neutrino energy of 52 keV.

The neutrino caputure cross section o, can be deduced from the half-life of bound-state 3 decay of 29°5T[81+,

LOREX: 205 4 p, —»205pp* 4 o > <P, -0, >
Share common M;

B, decay: 20581+ —>205ph* 4 o= 4 Ve> O

e

Understanding of the abundance of 2%Pb
N(295Pb)/N(24Pb)=P (295Pb)/P (204Pb) x T(2%5Pb )/ T

ol 204 == 205 == 206 :
| l ~103 ~1 ~2.5-103

| in inter-stellar media s-production ratio  lifetime raio of the Galaxy
Tl 204 =205

In the s-process enviroment:

Hg WA \ \ \ 205ph is strongly reduced by free electron capture.

The mean lifetime of 2%°Tl is determinde by Ay, of bare 2°>Tl.
r-process Is 205Pb counter-balanced by the B, decay of bare 205T|?

S-Process
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RAPID COMMUNICATIONS

PHYSICAL REVIEW C 67. 012801(R) (2003)

a-decay branching ratios of near-threshold states in ’Ne and the astrophysical rate
of BO(a,y)YNe

(] B. Davids,! A. M. van den Bcrg,1 P. Dendooven,! F. Fleurot,"* M. Hunyadi,1 M. A. de Huu,! K. E. Rehm,?
R. E. Segel.’ R. H. Siemssen,'! H. W. Wilschut,! H. J. Wortche,' and A. H. Wuosmaa®
1Kernjj=sisch Versneller Instituut, Zernikelaan 25, 9747 AA Groningen, The Netherlands
2Physics Division, Argonne National Laboratory, Argonne, Illinois 60439
*Department of Physics, Northwestern University, Evanston, Illinois 60208
(Received 5 June 2002; published 21 January 2003)

E 3a-reaction TABLE I. Branching ratios B,=1",/I" and decay widths. Upper limits are specified at the 90% confidence level.
== . E. (MeV J7 B, (present work B, (Ref. [10 B, (Ref. [19 B, (adopted I, (meV Ref. ', (meV
%ﬁECNO?EEZ;Hl\J;é%E&E 4.033 ) 3+ s(p4 3x107* ) — — 34(3><f0—4) “”1;9 ) [20] s(iou)
.03 > . . i .

4.379 = =3.9X10 "~ 0.044x0.032 =39X10 7 458+92 [23] <24
4.549 (13- 0.16%+0.04 0.07+0.03 0.10+0.02 39773 [18] 44730
4.600 (%Jr) 0.32%£0.04 0.25=0.04 0.32£0.03 0.30+0.02 101£355 [22] 43+24
4.712 (37) 0.85+0.04 0.82*0.15 0.85+0.04 43+8 [18] 230*+80
5.092 ii+ 0.90x0.06 0.90=0.09 0.90+0.05 196+39 [23] 1800= 1000
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Strangeness

HIAF
= EE

M. Kaneta and Tohoku University .t s
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Hypernuclei with Double Strangeness
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Hypernuclei are produced by coalescence of A in
high-energy peripheral collisions

Production of hypernuclei is expected to have large
cross sections at high-energy (>1.2 AGeV)

In high-energy (>3.75 AGeV) collisions,
hypernuclei can be produced!
Production of AA hypernuclei

double-A

Decay of AA hypernuclei rd + 2 -5 nAA
¥ nAA -> SHe + o+ Bt o+ E ->nnAA
E nnAA -> “He + = + - =-
E 4 H->p+3He + - + - : jHe +i - 4MH
He + = -»>5,,H
B 5,.H —)p+4He+r|:'+'Jr 6L o+ 5 -» TMHB
E 7,,He -> "Be + - + 7 B+ 5 -8, He
F 8,,He -> %He + *He + n- + m- = AA
B 10, 1§ -> 10B + - + - E 9%Be + E- -> 10, ,Li
UL > 1B+ 4 E 10Be + 5- -> 11,,0i
B 11,,Be -> 1UC + 1 + ®10B +E-->11,,Be
F 12,,Be -> 12C + - + 7" B 1B + E -> 12, Be
_— .

Possible hypernuclear setup at HIAF

o rJusazes ] [ - TN
ZDC

High energy & moderate intensity

Expected reconstructed rate

1 20Ne + 12C at 4.25 A GeV
1 Beam intensity: 107 /s

Single-A Double-A
hypernuclei hypernuclei

9 X 10!
6 X 102
3X103

8 X 10°
6 X 10°
2 X107

per day
per week
per month
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The first phase covers an area of ~0.6 square kilometers (900 mu)
Total construction area ~ 125,000 square meters
another 2 square kilometers space is reserved for future development

mTotal budget is ~ 6.8 billion CNY

m~ 3.49 billion comes from the central government.
1.67 billion for HIAF and 1.82 billion for CiADS.

m1.0 billion from The China National Nuclear
Corporation (CNNC) for CIADS

m2.35 billion from local government for infrastructure
mPartners for the CiIADS project: CIAE, CGN, IHEP
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Ground broke in August 2018
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B HIAF construction time schedule

2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Civil construction \
Electric power, cooling water, compressed air,
network. cryogenic, supporting system, efc.
ECR design & fabrication SECR ms_tal!anpn
and commissioning
iL inac installation and Day
Linac design & fabrication ! Lo One
commissioning exp
Prototypes of PS, RF cavity, chamber, N BRing installation & :
fabrication S
magnets, etc. commissioning
HFRS & SRing installation &
COIMIMissioning
| Terminals installation

> 20224FEJESECRECIf{HTR;
> 20244 JKiLinacFFigHteR;
> 2025F4HBringsLIL SRR S H

2025 F R R F T RYEL I A& M4
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(China advanced NUclear physics research Facility, CNUF)
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