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l. Introduction
O Nuclear structure

= Tracking shell closure
2n-separation energy: S, =M(Z, N) -M(Z, N+2)-2m_

Shell gap energy: 820 = S2(Z, N) — S2,(Z, N +2)

= oa-cluster in SHN & a-decay

. , In 2
2l a-preformation: S, =——
| \3 VT, ,,P
4t 5
@g | P=€IP{—EfJ2#(VT(F)—Qa)d?‘}
g d
24l ) v=uw/2r=2E,/h
| 319126 chain | 4— A
0 10 180 E, = Q. {&056—#&039 E}{p(—2 : 2)],
Neutron number N :

N.D. Ly et al, Phys.Scr. 96 (2021) 035301.

Q,=M(ZN)-M(A-4z-2)-M,

Two neutron separation energy / MeV

Shell gap 3, / keV
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M. Block, NPA 944 (2075) 471-491.
Q Mo et al, PRCI0, 024320 (2074)
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l. Introduction
Q Astrophysical implications

Beta-decay rates

N-Z
A

1
InT1/2 = ag + (a222 — 5 —ay ) In(Q — agd) + aga’Z* + §a2221n(A) —aZn +8(Z,N)

’,5 process '

Q- =M(Z,N)—M(Z+1,N—1) [Zhou et al. (2017)] e
= Epind(Z + 1,N — 1) — Epina(Z, N) + My, — My Pb (82) S::tli::\l;ekm

« Capture rates

N (ov) =154x10" (uty ) X 7, eXP[—‘“-;OSEfj

9

[ ocess]

i

E=E_+Q—> Q= (m—mg)x931.5MeV

 Photodissociation rate in r-process !
o4
2, (Z,A) o exp P#}(oﬁ)(z,#ﬂ : S upernovae(l
Cosmic Rays
« Saha Equation Presans .Big Bang
Y(Z’—A+1) % EXP[—M} Particles 2023eu ;25) 320-335
Y(Z,A) KT G
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ll. Proposed mass measurements at RAON

/7

% lIsotopes of interest (neutron-rich 36-1405pn)

S. Sarkar et al, Phys. Rev. C 81, 064328 (2070)

[ baseline . e =  M(ASn) are essential for nuclear
2 O10F 000 \.mml o S structure & astrophysics
;/ . Xygen (0) ¢ SnCWG v1f?l,2 I
oot = = M("0Sn) is important for:
Om:(d < 4000 Calcium (Ca)
o3E S.(®Sn)x0.75 B * « Shell closure at N = 82+8 ?
2000 Y \'Efml
S %% :7/ Tin (Sn) * r-process abundance
=< E -~ —4
01F . 140Sn
= (b) 0 2 ‘ 6 8
0.0k — 160 Valence Neutron Number {(n) 20
0.5 1.0 40Ca 48C3
t (5) 132G 140G
S. Brett et al., Eur. Phys. J. A 48, 184 (2012)
Isotope m (u) Am () T12 (ms)
136gn 135.939990 320 355
< 1378n 136.946550 430 249
L 137.951840 430
. 139Sn 138.958730 430
8 0 ‘ .
£ 140
e My405,+ 0.5 MeV | Sn 139.962970 320
120 1;0 1:10 1‘50 1:50 1170 1180 1;0 2(');

Mass number A
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ll. Proposed mass measurements at RAON

s Isotopes of interest (proton-rich Ti — Fe)

20
Neutron number N

N Z=19(K)
2=18 (Ar)

Tsotope | Implications Am (keV) | Ty (ms) V€ Her %; 0‘+“‘Cr (T. -—2()) BN
1n 2= ]
_ _ T ol —A_ MEO3+A
a7y 0g0(p, )T 28 82 ‘/0" __________ Iy 2 AMEQO3-A
ey ETJ b
B T (o 3 -
\Y Ti(py)~V&N=20 43 80 - Sp= 1773 2
BTi+p o
4y “y(py)BCr 80 111 £
|t —T—676.9 3
; + ——267.9
i)V § 0.0 o
YV (T,=-1) 50 100 150 200
“Cr N=20 56 43 D. Puentes et al, Phys. Rev. C 101, (2020) 064309 Time (s)
¥ 4
50y Wiy scr 37 61 Cr(24) T\ﬂ T‘
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8\ N=20 1 I\T
N “Crp)Ma TR | fT\ﬁ\T\:T*
’ sc(21)
#647pe N=20 Z=28(N) Ca (20) ‘ /
[ z=27(Co) 4 A L
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e “"Mn(p,y)*Fe [/ 225 n)
C L
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100

> S,(5Cr) = 2.139 MeV (A
MEO3)

> S,(*5Cr) = 2.684 MeV
Am(#Cr) = 35 keV

(Yan et al, Astrophys.).Lett.766, L8)



ll. Proposed mass measurements at RAON

* Beam productions _ _
Neutron-rich 132-140Sn jsotopes

Proton beam 10— — T
- Intensity: 1 epA T o 70 MeV, RAON |
_ : i A ~m- 480 MeV, Nat.U_
Energy: 70 MeV _ . “~ o 42 ey, UOX ]
2] 51 - —a- 1.2 GeV, UCX
& 10 _ . . . ]
— * i -
Target | " o oiEmea. |
- Materials: UC, % i . g0 1
: . D 4ok . | _
- Thickness: 18g/cm? < 10% . y ]
- Melting point: 2350 °C i . 1
: . 1
. 10-° L e
Driver: SC (superconductive Cyclotron) 132 134 136 138 140 142
Mass number A
lon Source: RILIS Estimated production yields of Tin isotopes using proton
(Resonance lonization Laser lon Source) beams at 70 MeV (opened circles) based on p+U reactions
SJ. Park & J.B. Kim, Hyper. Inter. 241 (2020) 39 with projectile at 42 MeV (diamonds - HRIBF), 1.2 GeV

(triangles - CERN), 480 MeV (squares — TRIUMF).

S

A Yields
136 ~750
137 ~ 300
138 ~ 80
139 ~ 10
140 = |0
Contaminants
|, Sb & Te
Requirement

UC, targets !



ll. Proposed mass measurements at RAON &

/7

* Beam productions
Proton-rich isotopes

g ATV 4SCr 4G _4TMn dgfe 4TI 44V 450 46Mn 47Mn 48Fe
— 71 T T T T T T T T 7 — 71 ' 1T ' T T 1 T T
Proton beam I T . 1

- Intensity: 1 epA S0 ) : [ |
- Energy: 70 MeV g T ,C 9
10-°+ . o4 w8 | ]
SPACS code [ Schmitt et al. Phys. Rev. C 94, 039901 (2016) é : . s O LI e
10 L I T T 1 (I 1 1 1 v 1078+ ? , 2 L ’ _
Target for Z = 22 - 24 . I | g : 15
o « 45Cr 4 2 |
- Materials: Ti g_w*_— [ e | Ve Syol . s i 1 '
- Thickness: 0.05 mol/cm? N"E 108+ f s 4y - i ;':mn i L O SiberbergTsao 1 g0k i
; ST ° 9 odtTi | 1 v ol P T B T B
- Melting point: ~1660 °C 5 T s 4V M 45Mn defe 4TFe BV @ 40 d6Fe 4TFe
. . E | Isotopes Isotopes
- Materials: Ni T L I |
- Thickness: 0.05 mol/cm?2 \;5 T e 41Ti 44V 45Cr 46Mn 47Mn  48Fe
. . N # & g i e i 1 T 1 T T T T T T T
- Melting point: ~1455 °C 30 R T = 10l i
> i L e, Y [ S v o o g 2
1076 4 + =3 A pd o J
- Max Yie'ds: 10_ 104 — T T T T T T T S I R R B e [3 s . A 46F in: 0.
/ Lem2/uA Ti Ni Zr Nb la Ta Th U Ti N Zr NblaTaTh U = 10 > ¢ o e ] € mma;g bps gISD?AOC)S)
(pps/mmol.cm™/uA) Production targets E | v . L ax. Pps
& 107 2 . i
Driver: SC (Superconductive Cyclotron) §10*2— " e . 7 4’Mn Min: 0.03 pps (SPACS)
o Yield,.,. 1320 pps (Tsao)
lon Source: RILIS 43V 44Cr 45Mn 46Fe  47Fe
(Resonance lonization Laser lon Source) Isotopes
S.J. Park & J.B. Kim, Hyper. Inter. 241 (2020) 39
Nuclei  4Mn 46Mn 47"Mn 46Fe 47Fe 48Fe
mol/cm? Ni Ni Ni Ni Ni Ni
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ll. Proposed mass measurements at RAON

Ly
0 'm'“"“n |
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ll. Proposed mass measurements at RAON

s Separability

e
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1365n 135.93970 0.350 1383 137.95114
136) 135.91460 83.400 138) 137.92273
1363h 135.93075 0.923 1385h 137.94133
136Ter 135.92010 17.630 138Te+ 137.92947
100~ BT 90— b
@ ] 60+ -
:
S | 3
30
02 03 04 35 07 08 09 1 11 1.2

ToF - 2729 (us)

ToF - 2894 (ps)

cUcC |- 1U-Z | cUc | NFS rdll viectrg

0.150
6.230
0.380
1.400

= R, =12x10°
with
N = 134 turns

Sn* & Sb* ions can be separated.

= ToF = ~3 ms << 150 ms

- possible for measuring 136138Sn,



ll. Proposed mass measurements at RAON

s Separability

Nuclide Mass (u) LEY?
ATj 40.98315 82 ms
41Sc 40.96925 596.3 ms
41Ca 40.96228 99.4 ky
100_- —
80" 41SC+ 41Ti+ _
-& 60— 41Ca+ i
c
>
Q
o 401 i
20+ 1
0_. ..||:.“|...\“...‘.‘
0 0.1 0.2 0.3 0.4 0.5

ToF - 1045 (ps)
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Nuclide Mass (u) LEY?
45Sc 4495591 Stable
45Tj 4495812 184.8 m
45V 4496577 547 ms
45Cr 4497905 60.9 ms
45Mn 4499461 18 ms*
80—
: 45SC+ 45Mn+:
asTj+ V*
60 1
B
340 1
8 L
20+
0.. .|.‘.\‘.‘\..‘.|..
0.8 1 1.1 1.2 1.3 1.4

ToF - 1095 (us)



Il. Proposed mass measurements at RAON

2 Letters of Intent

LOI 1: Neutron-rich nuclei

LOI 2: Proton-rich nuclei

Isotope m (u) Am () Ty (ms)
) 135.939990 320 355
BT5n 136.946550 430 249
) 137.951840 430 143
) 138.958730 430 120
405n 139.962970 320 50

Isotope | Implications Am (keV) | T2 (ms)
4y 0S¢(p, y)MTi 28 32
Yy Ti(py)°V & N =20 43 80
44y “y(py)HCr 80 111

FTip,y) ¥V
Hop N=20 56 43
5Cr V(py)PCr 37 ol

B4 N=20 298, 84 #, 36

NN 46Cr(p,y)*Mn 28 88
BATg N=20 298, 504 13,22
185, 4?1\11]1(1),?)48F o 04 50




l1l. MRTOF Simulator

To

Mirror  Lens Drift region Lens  Mirror

P SR f

End cap

IR R

o 1‘

T

|

~Input

- o
MULTI-REFLECTION TIME-OF-FLIGHT SIMULATOR
(MRTOF-5 1.0)
- Output
m0 [BI904I6 [ul ¢ Mass | Fillal Tnitial K-energy [ 1500 dev] 0.1 [eV] Simuating . [ [ 1[%]
ml [131.90799 [u] &  m2 [131.50955 [u] lon positon dev. | 1 [mm] ToFsave |  MRTOFSOn40ion  dat
m3 (13191451 [u] ¢ m4 [131.91782 [u] lon mass m [mi  def 000 [l PDsave |  PID5Im00ion dat

m3 [131.93300 [u] ©
m7 [131.96307 [u] ©

¥ Separation-PID

Yield Calculator

m6 [131.94582 [u] ©
m8 [131.9779 [u] ©

Rm| 05 10%5

ClearGraph | PID |

Number of turns I 50 [laps]
Number of ions I 400 [ions]

s;.nmaﬁonimmal| 10 <|| >|[ns]

* MRTOF " MiniMRTOF ‘ Show ion run v

Stop.Reset

@ Unsave " Save

ToF m0-2 [ 12282209 1228203 12282281 [us]

ToF m3-5 [12282512 12282666 12283373 [us]

ToF m6-8 | 1228397 12284773 12283464 [us]

Rm Analysis | Close

N AT drift oL o7 6 esededel el
MRTOF  ~ 70 154 AEPTING 370 es 154 70 (mm)
MiniMRTOF 35 77 33 185 33 77 35

P. Schury et al., Nucl. Instr. Meth. B 335, 39 (2014)

J. Y. Moon et al., Private communication.
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Time-of-Flight Diagram of the ions
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lll. MRTOF Simulator
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Approach
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[z A [® ¥ lokopes 2[5 - [z EM] [ | Flows 2Z-[® [ O = SIMION 1
T eobars A-[a A= [ag |l [ || kekas  A-[as o Anal X
with peoton [E) or neutron ] nalysis _ _
=) BT 0 | Cosssecin(abl & vied oo 4 65 G+
Enengy Me] 0 TRz = T 13 Resut Fik Fesuksdal F S B
For peld 13 N53070752472068 Readt Gragh Input ) T T
— 10 5163031233543 — n - .
1 W Coas secton ftl kel o~ |
Incident o Jeud] 2 b e Cross sectir
incidant o feut] i s Tes g =y azs7IGE 12  Cosssetin Datafile 150n0400ori 324z = 0.6 N
Thickness [molfcm] [ v & 33HAE-18 G3SEETEND v @ Yied L -~ .
Bin[ns] [ 1 number of ions [ 4 ~— - g
Ouiput C5 Fie [DASKKU Wiorks\MA_TOF\RADN_MRT OF_Simwbaton\ RADNMRTC Caleuate -Graph Clese. ME L B
SPACS: Yield [pps]vs N SilberTsao Yield [pps] vs N Fit | Reset | L i
w0 n - 4
Ll PEadd TN Output ,
> +*
s - . o ToFmesn [ wmw [l 0.3+ 075 0.8 0.85 0.9 —
- - » 0 " - ToF - 2143 (ps) _
FWH 0002538
> 0 =t [us] oo b o by by
4+
= * Res Pwr Rm 5915
2 s * 165 0 100 200 300 400
» = - Precision: 0845 1E7
-
. 5 : Number of laps
‘ i 2 z
2 1




S

IV. Summary

Large uncertainty in nuclear mass of the 41Ti, 4344V, 4445Cr, 4547Mn, 46-48Fe (proton-rich) and 136-140Sn
(neutron-rich) isotopes

= Precise masses of 41Ti, 4344V, 4445Cr, 4547Mn, 46-48Fe (proton-rich) and 36-140Sn (neutron-rich) isotopes
are important for astrophysical calculations and shell closures.

= Ni target for 10% pps of Ti-Cr and UC, target for 10 — 750 pps of 136-1405n,

» RI beam production is necessary for the measurements.

= Mass resolving power of MR-TOF at RAON is about 10° - uncertainty is better than 10 keV.

= Precise mass measurements at RAON are feasible.

= MRTOF Simulator is useful for pre-estimating parameters before experiments.
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