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1. Introduction to mass measurements in CSRe
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1. Introduction to mass measurements in CSRe

~8000 nuclides predicted
~3100 nuclides observed
~ 2400 masses measured

A lot of experimental work are needed
---to synthesize new isotopes
---to measure their basic properties

NUBSE 2012
ersion : March 18th, 2010
Parity (Z,N) : all
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1. Introduction to mass measurements in CSRe

_Mainz-TRAP | =
T o) :

A

{ swipTraP. | (HrFRAP |IMATS |

\ [ sPIRAL2 ]/7‘" & (PENTATRAP | TRIGATRAP |

. k :'ﬁ,. ;.‘_‘E_.'J‘I-Iarvard-TRAP ] [ ISOLTI&\;? 1_

JTHAMERICA
Trap-based spectrometry:

Very high precision up to 1011
but limited by T,,, and yield

Commissioned |}
’ around ~ 2008

Ring-based spectrometry:
Low production yield, short-lived




1. Introduction to mass measurements in CSRe
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2. Experimental details and brief results
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2. Experimental details and brief results

Isochronous conditions
High performance ToF

Of most importance relies on a ToF detector with good time resolution



2. Experimental details and brief results

Continuous effort to improve the time resolution of ToF
Sigma=70 ps to 37 ps
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T|me d|ffe|’ence / ps Fig. 7. Detection efficiency dependence on Z of ions and the number of ions

circulating in the CSRe per injection.

B. Mei et al., NIM A 624, 109 (2010)
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2. Experimental details and brief results
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2. Experimental details and brief results

" 00 /V—44g.s. Y,—1.09
= B
o 3007 8
= o V-44 isomer
~ 200 ™
? i Q&j g <= o T 3 w L o ~Db i
2 100 F S IMIBCEAE 5 ¢ & TIeS
i ! 3 zl O /= %) w < O F OoHy
= 0--.-----.-i-? -Q°$—--o—-o-o-o-o-.—oi-°-!-n§-§§§
1 [~ } ‘O_., o CtN) g O % 8 M~ - 0 o
o -100 | + o) < i gl = <l g ‘C.f) N E i
% I % pd = = < uﬂ'? O 3 > S ZL
Uj) -200 N -
= _300-_ Co- 52Cg ss-élsomer)
! u-
-400 - 5
| 1 | | | 1 |
608 610 612 614 616 618 620

ME(C*2Co)= -34361(8) keV, ME(**™Co)=-33974(10) keV

Revolution Time (ns)




2. Experimental details and brief results
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2. Experimental details and brief results

Precisions of new masses since 2010
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2. Experimental details and brief results

Nuclear Astrophysics

[

Energy Nucleo-
generation synthesis
path

Element
abundance

CSRe Masses
(10>~1077)

Magicity
Shell
Drip lines

Pairing
Deformation
Halos

Symmetry
in nuclei

Time scale
Light curves

Mass
Formula

J

Nuclear Structure

e 65As: 64Ge waiting point in rp-process
PRL 106, 112501 (2011)
e 45Cr: Ca-Sc cycle in rp-process
Astrophys. J. Lett. 766, L8 (2013)
o BV: 4Ti(p,y )BV rate in type-l XRB
PRC 89, 035802 (2014)
o 5As: 64Ge(p,y)8°As & 55As(p,y)%Se in XRB
Astrophys. J. 818, 78 (2016)
e 827Zr: Abundance of p-nucleus 34Sr
in progress

e 53Ni: Isospin Multiplet Mass Equation
PRL 109, 102501 (2012)

e 51Co: Isospin non-conserving forces
Phys. Lett. B 735,327 (2014)

e 53Sc: N=32 neutron magic number
CPC V39, 104001 (2015)

e 52Co: Identification of IAS & B*/EC decay
PRL 117, 182503 (2016)

e 54Ni: CVC test in Standard Model
PLB 767, 20 (2017)



3. Impact on the studies of nuclear astrophysics

> (p,y ) reaction rates in the rp-process of type-l XRB
- waiting point nucleus %Ge in the rp-process

> Ca-Sc and Zr-Nb cycles in the rp-process

-» Overproduction of p-nucleus 84Sr in the vp-process

- Abundance ratio of ®2Mo/**Mo in the vp-process



3. Impact on the studies of nuclear astrophysics

rp-process in X-ray burst Nuclear inputs:

Masses, Half-lifes,
Reaction rates

Waiting point




3. Impact on the studies of nuclear astrophysics

=> (p,7 ) reaction rates in the rp-process of type-I XRB

1) A. Parikh, et al., PRC79, 045802 (2009), and Prog. Part. Nucl. Phys., 69 (2013) 225-253
2) H. Schatz and W.-J. Ong, arXiv:1610.07596v1
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3. Impact on the studies of nuclear astrophysics

=> (p,7 ) reaction rates in the rp-process of type-I XRB

® Result from CSRe
B Result from PRC 79,045802(2009)
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3. Impact on the studies of nuclear astrophysics

=> (p,7 ) reaction rates in the rp-process of type-I XRB
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3. Impact on the studies of nuclear astrophysics

=> (p,7 ) reaction rates in the rp-process of type-I XRB
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3. Impact on the studies of nuclear astrophysics

= (p,7 ) reaction rates in the rp-process of type-I XRB
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3. Impact on the studies of nuclear astrophysics

= (p,7 ) reaction rates in the rp-process of type-I XRB
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3. Impact on the studies of nuclear astrophysics

-> waiting point nucleus **Ge in the rp-process
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3. Impact on the studies of nuclear astrophysics

-> waiting point nucleus **Ge in the rp-process
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3. Impact on the studies of nuclear astrophysics

-> waiting point nucleus **Ge in the rp-process

Light curve shape
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89%-90% of the reaction flow passes through %Ge via proton
capture indicating that:
64Ge is not a significant rp-process waiting point.



3. Impact on the studies of nuclear astrophysics

->» Ca-Sc and Zr-Nb cycles in the rp-process
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3. Impact on the studies of nuclear astrophysics

> Ca-Sc and Zr-Nb cycles in the rp-process
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3. Impact on the studies of nuclear astrophysics

->» Ca-Sc and Zr-Nb cycles in the rp-process
X.L.Yan etal 2013 ApJ 766 L8
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3. Impact on the studies of nuclear astrophysics

=>» Ca-Sc and Zr-Nb cycles in the rp-process

Zr-Nb cycle was proposed by H. Schatz et al, Phys. Rep. 294, 167
(1998) based on the FRDM mass prediction in 1992, which show a
very low or even negative a separation energy of 8Mo.

Zr-Nb cycle: 3Nb(p,a)8Zr Pd(6) |
o T 84 80 Rh4s) [T
Sa for Mo isotopes Mo(y,a) Zr

6.0F ——-— FRDM((1992) =
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T & AME12 1| E. Haettner et al,

1| PRL 106, 122501 (2011)].
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=>» Ca-Sc and Zr-Nb cycles in the rp-process
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3. Impact on the studies of nuclear astrophysics

=>» Ca-Sc and Zr-Nb cycles in the rp-process
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From our S_ values and reasonable extrapolation to Mo, the

Zr-Nb cycle should be weaker or disappeared.




3. Impact on the studies of nuclear astrophysics

=> Overproduction of p-nucleus *Sr in the vp-process
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3. Impact on the studies of nuclear astrophysics

=> Overproduction of p-nucleus 3*Sr in the vp-process

Table 4

/ \ p-Nucler Abundances and Their Possible Sources
Species Abundance® Fraction® (%) y -Process® v-Process p-QSE* vp-Process’
Ge 0.58 0.889 Yes No Yes Yes
Bgy 0.20 0.362 Yes No &
84gr 0.13124 0.5551 Yes No
Mo 0.386 14.8362 No No
“Mo 0.241 9.2466 No No No
%Ru 0.1053 5.542 No No No
%Ru 0.0355 1.8688 No No No
102pq4 0.0146 1.02 No No No Yes
106cq 0.01980 1.25 No No No Yes
108¢q 0.01410 0.89 No No No Yes
31n 0.0078 4.288 No No No [Yes]
11285 0.03625 0.971 [Yes] No No [Yes]
145y 0.02460 0.659 [Yes] No No [Yes]
115¢. N N1N&S n 10 N~ N~ N~ Va1

Calculated abundance ratio of 34Sr/°4Mo should be lower than the observed one

Shinya Wanajo, Hans-Thomas Janka, and Shigeru Kubono, The Astrophysical Journal,
729:46 (18pp), 2011 March 1, UNCERTAINTIES IN THE vp-PROCESS: SUPERNOVA
DYNAMICS VERSUS NUCLEAR PHYSICS




3. Impact on the studies of nuclear astrophysics

=> Overproduction of p-nucleus 3*Sr in the vp-process

relative to solar

S. Wanajo et al., ApJ, 729:46 (2011)  C. Frohlich et al.,

PRL 96, 142502 (2006)
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“Future precision measurements of both 82Zr and 8Nb are thus highly desired.”



3. Impact on the studies of :iticlear astrophysics

= Overproduction of p-nucleus 3*Sr in the vp-process
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Conclusion: 38 40 38 40 A
Sp(83NDb) is reduced by 0.545 MeV, the (p,y) reaction floyy from 827Zrto8Nb |N >
is suppressed because of the competition of (y,p) reaction of 8Nb. Then a
reduction of Mo, which is the precursor of 8Sr, will lead to a less
abundance of 84Sr.




3. Impact on the studies of nuclear astrophysics

> Abundance ratio of *?Mo/**Mo in the vp-process

the 92Mo/°**Mo solar abundance ratio =1.57
VP process in the inner ejecta of core-collapse supernovae

Y, (electron fraction)=0.57, ® Sp(**Rh)=1.64+0.1 MeV [J. L. Fisker et al.,]
J. FALLIS ez al.

Astro. This Work AMEO3
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J. Fallis et al., PHYSICAL REVIEW C 78, 022801(R) (2008) Sp(**Rh)=2.007+0.001 MeV



3. Impact on the studies of nuclear astrophysics

> Abundance ratio of *?Mo/**Mo in the vp-process

Searching for the long-lived isomer in ®3Rh

Qp = 2.007 MeV
y §
92 +
Ru+p | (p,y)<>(p,y)
Isomer ?
1/2 -
_______ 9/2 +
BRh
11/2* 994 keV
|
5/t 971 keV
132 877 keV (13/2) e 864.1 keV
512t 601 keV (5/2%) 621.7 keV
112 420keV
712+ 263 keV 29 1Ly 2397 keV
M OkeV 972°) vy ¥ 0 keV
%Rh %Rh

K. Schmidt et al., EPJ. A 8, 303 (2000)
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C. Weber et al., PRC 78, 054310 (2008)
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4. Summary and perspectives

1) IMS becomes available in CSRe-Lanzhou and some results
have been obtained in the very neutron-deficient region below
A=100

2) Some issues in the studies of nuclear astrophysics and nuclear
structure have been touched on the basis of mass
measurements in CSRe.

3) In-ring decay is observed and partial half-life measured
which shows the capability of IMS at CSRe

4) Mass measurement for the shortest state of 70 us is achieved
which may be a “record ” in the IMS technique

S5) We will develop and use a Double-ToF IMS technique, which
may further improve the precision of IMS in CSRe.



4. Summary and perspectives

Double-ToF IMS

Double-ToF Detectors

18 m (85 ns)
L] — TJ U]




4. Summary and perspectives

Why velocity measurement ?

For a specific ion species, the Bp
(or orbit length C, or vilocity v) is
not constant. it changes in the
acceptance range A(Bp),
therefore the revolution time, T,
changes according to:

1 1 A(B
AT =T - (_2 ——)" M
ve Y Bp
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4. Summary and perspectives

Principle:
If T; and v; are measured, we have C; = v; - T;

Then the revolution time T} at the ideal orbit length C,=12880 cm can be

deduced.

Ci=vi-Tp v =1/ [1—B]
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") B
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4. Summary and perspectives

Plot of T; vs Bp from 3°Ar fragmentation
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4. Summary and perspectives

Plot of T, @ C,=12880cm vs Bp
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4. Summary and perspectives
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4. Summary and perspectives

OE%5, TE&MREEHE
\ji Y] 2 il
HEnsh RREHE O 22 m
O ZEiRZE>10keV > Caasaoie
= o Q S v IIIEI"
B EEiEE<10kevy N & . “E@%%
Wi SV A O
‘CSRe | 2 && ;Q* < B S
& K 4 e X
o Qs Zni0) T i 40\0
x (28) [T o bl \Q’
& O
2 o
gl g Y
S\
Ca < 353“0 0
o F
i = ‘b%
3"3132«& °
=azlER N Techniques:
IMS, SMS and
Double ToF IMS




Thank you for your attention !

H. S. Xu Y. H. Zhang, X. L.Tu, X. L. Yan, M. Wang. X. H. Zhou,Y. J. Yuan, J. W. Xia,
J. C. Yang, X. C.Chen, G. B. Jia, Z. G. Hu, X. W. Ma, R. S. Mao, B. Mei, P. Shuai,
Z.Y. Sun, S. Kubono, S. T. Wang, G. Q. Xiao, X. Xu, Y. D. Zang, H. W. Zhao,

T. C. Zhao, W. Zhang, W. L. Zhan (IMP-CAS, Lanzhou, China)

Yu.A. Litvinov, S.Typel (GSI, Darmstadt, Germany)
K. Blaum (MPIK, Heidelberg, Germany)
Y. Sun (Shanghai Jiao Tong University, Shanghai, China)
Baohua SUN (Beihang University)
H. Schatz, B. A. Brown (MSU, USA)
G. Audi (CSNSM-IN2P3-CNRS, Orsay, France)
T. Uesaka, Y. Yamaguchi, (RIKEN, Saitama, Japan)
T. Yamaguchi (Saitama University, Saitama, Japan)

A. Ozawa (University of Tsukuba, Japan)

Yhzhang@impcas.ac.cn



