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Development of prompt gamma ray analysis at J-PARC / ANNRI
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Fig.1 Normalized detection limits of PGA and MPGA are shown; (a) Peak to total ratio =0.5; (b) peak-to-total ratio = 0.2
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ELBDIZONTHRIERANLESI NS Z L8
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13]c LA L7%255, MPGA OF fid B AR D
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DEETHLIFZHBFAL TBEWV, ZD720,
P/T 7&K <. 22 oMM S Wl EARR T
&> TH MPGA fIE %17 ) BT K Z v,

Fig. 2 |ZEZERBEIFERT O KRR HE SR (CRM
No.10) #ifl%E L 72BNz A7 MLk
BT o ZOHEKIZIE 1.82ppm D Cd A& TS 72
B, Cd DY — 27 H558 B X 18 651keV i &
nrz, Zof, KHITRT LHI12K CLS,C N %
EOLHEDOE — 7 biERTE /2o PGA & MPGA

Cd ;:;‘:é 1} K

Yoy

4000 (keV)
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Fig. 2 MPGA spectrum of NIES Certified Reference
Material No.10 (CRM No.10) “Rice Flour-
Unpolished”.
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DARY N E T 5720, RINEEY)E - Al
EWFZERT OiEME 75 25 v 7 F ¥ BC681 @ Cd
? 558keV ¥ — 7 fED A2 NV % Fig. 3 125
Jo PGA A7 MVd MPGA & T H 72 A
R MVTHY, MPGA DA~ Fvik PGA A
Ry MV ERET 57292 558keV D H =ik
KT LD 651keV DOH v TH — N EDUT7:
AR PV oTnb, CADOY — 7 127E
H4 5% & MPGA Tl PGA IZHRTY ZF L -
A AP WEINTNDE I EDRDD 5,

MPGAEED b ) — D ORFEIE, G 1EREDS
FCHEOEWHRPESD ICHBEONL I LETH
Bo Al - EESEFI & RIS, AT R O R E
WIXRG B Z T E R LAk v, WIZIE
LWz B 2D IR MEE OB Wl EDS LT
AR TH 5720, =T IL MPGA O FF4E
FTREFETH S L E 2 Do Figda IZRRINELEY)

Table 1 Candidate gamma rays in Fig.4.

Ey/ keV Iy/ % Nucleus
514.00 37.66 Ir-194
514.20 70.16 Ce-136
514.80 7.89 Rb-85
514.84 12.5 Ra-226
514.86 100.0 Yb-174
515.02 7.09 Pd-108
515.11 10.71 Ir-194
515.60 29.41 0s-186
516.00 31.78 Ar-40
516.04 5.19 Se-74
516.36 6.42 Sm-150
516.60 13.40 Pr-141
516.72 7.12 Sm-152
516.78 11.18 Nd-146
517.07 85.09 CL-35
517.11 18.69 Pt-196
517.18 6.72 0s-192
517.29 7.46 Te-126
517.44 9.70 Nd-148
517.60 24.0 W-186
517.78 6.96 Ge-70
517.95 8.33 In-115
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Fig. 3 Comparison of (a) PGA and (b) MPGA spectra of CRM No.10.
B7: MPGA BCR680: MPGA
BCR680: PGA
6x10°
3 511 cd
|
L&)
1
4

0

400 450 500 550

Gamma ray energy/keV

600

g
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Fig. 4 Comparison of (a) PGA and (b,c) MPGA spectra of IRMM Certified Reference
Materials BCR-680 (and B7) “Polyethylene”.
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Capture Gamma's (CapGam) 2B \>T 514keV 7
5 518keV & T TAHHXTIEEAS 5% LL - Td 5 77 >~
TR ERLIEZLDTHAED, TNTLEL
DFFENFE YT 5o Fig. 4b & 4c I2ZNF1L BT,
BCR680 &l £l Z 52 L 72D MPGA A X7 v
T B 5L HILZ 511keV OXFHEE — 7
Ea v TN YEELT IS K BT A BRASHERE &
N %, Fig. 4b @ B7 #E TlE. 511keV O T A
VE—MIZ 1 DDOE =7 2R S I, RT7 &
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MM E 2 RST BRI, AT E2EHTE L
L7-3E CTh A TR UNHIESE (ANNRID
[19,20] DOBEMS % iR 2D o F PR SO 2 2 1



Cilses

(ANNRID) (ZREEREER 7 Ind iz (J-PARC) @
WHE - AR EBRER (MLF) o BLO4 |Z8%
BINTEBY (Fig. 5. FIIET—FHllE. K
BRI L TRSITICH N TS [2127],
MLF 7L — % E31HED ). KR, I
BRI, RAXVEIET L —% LIFIENTW A,
ANNRI TlZZ2OH T RXTOHFEF T L)L F—
I TR D BVEEIMGFONLBERETL—¥
MHALTWA [28]c 72, ANNRIOVY—L4 T
AVIEAMNL—=bFIFA 2 THY, TBENT A
F—hlT2HHTLENTEL, ETL—%
5 21.5m L2 7 D Ge #fa SR S b
7T AY — Ge M gEh 2 & & AR Ge Mt %
8H. KAy Ty 7Ly —L L THWT
V25 BGO M 280> SRERL S5 A > ~ il 8 5
BEATEEE S, 27m A& 1213 Nal M ih 2R 2k i
ENTV5b, GeMiligsl Nal Btiesid, MHigs
DR & IE T RE 2 WP 4 OV F—SEIE D S5 AH
MECFIH 2N TV 525, Ge B gIEFEICITCHE
SOOI DET — % . R, ZERE PSR
WZHWS L, Nal R EE R T — 7. RIEFE
WHEERIZH WSO TWA,

RER O I ETFE— 22 BB T %
72O DIEENFRESINTEB Y _Ei S HY 5,

ETFL =256 11mMEIZIEX AT -2
JA=FPEREENTWDSH, 2Tmm¢ & 15mm ¢
DREZOAY A= DD, FIZHETOE—
LEREEDSR T E A2, T OME RIS 572

TO chopper

Concrete + Iron + Boron resin

5533 %5

Neutron filter
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Fig.5 Cut-away, schematic drawing of the ANNRI facility.
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Fig. 6 (a) Prompt gamma-ray energy and (b) time-of-light spectra of the mixed sample.
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Abstract

Prompt gamma-ray analysis (PGA) uses
capture gamma rays, which are characteristic of
each particular nucleus emitted from a sample
while it is being irradiated with neutrons.
It has been used as a rapid, nondestructive
method for performing both qualitative and
quantitative multielemental analysis. Therefore,
cosmochemical, environmental, archeological
samples and samples from materials science and
engineering are analyzed. Although, researchers
have endeavored to improve the accuracy
and the detection sensitivity in PGA with the
coincidence and anti-coincidence methods, further
improvements are possible. We developed a new
analytical technique (TOF-PGA) that combines
prompt gamma-ray analysis (PGA) and time-
of-flight elemental analysis (TOF) by using an
intense pulsed neutron beam at the Japan Proton
Accelerator Research Complex (J-PARC). It
allows us to obtain the results from both methods
at the same time. Moreover, it can be used to
quantify elemental concentrations in the sample,
to which neither of these methods can be applied
independently, if TOF-PGA is used. TOF-PGA
showed high merits, although the capability may
differ in terms of the target element and coexisting
elements.
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Fig. 1 Periodic table of the elements in Dec. 2015. The RIKEN team have fulfilled the
criteria for element 113. And the 7™ row of the table will be complete.
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Fig. 2 The figure shows the RKEN RILAC facility. The GARIS was installed at the RILAC

experimental hall.

B ABEICHE O AT R O FEERR FE L7 [19].
2. 112 FLFEOBRERO KDL, GSI 293k
HL TV 12 BRI ICRABEIID LD 5
720 [20]c ZLC. 200349 H. 113 FHocRE
FROHEMFITTRTEN, 9EL V) EIcb5
EEEA B S NT=DTH 5o

2. ERFE
ERBLOZOMRIZ, EA 4 E— 0%
RIS LA RS 22 2 UBEICE G L.
GARIS # HHWTHME L 2 WL T2 6 78 L.
B ERNE A L O 2 8l 5 L v
IFFIZEVITbN D, BAE LBV (AR
. EEEEIREICSH D . 1 LEE o H
TR & > THBhE S 5o Biphie L 7- 75385
I ASHLT- & 13I3FH CERE 2 b > TEMD2 S
ROHT. RATL TV BEBEREEIE, E—2o%
ZOMOHE LV F205 GARIS 12X ) 4
e S A, AT AR 2R CARATIRE [ &2l S 7z
%, BRI ERANICIT BA T ALER) = AL F —
AE E NS E S N-RATIRR & @By — v

HiAF N ZEREREALL, MHBEEOITITRE U
THIET 5, ZO% CHEBNICHIET 2E5 %
BOHTEIZL - T BEHEBEZ OB AT H
N5 RHOMPET )L — & iR % Ffo 72
RS L T, BRI B = L F — & fi ey
MEFo IO oz &, BIERMIZ,
ELHIZE ) RMBHEOE T E S L EEEEFE

12

T AHENH KL, Fig. 312, 113 FoEERIME
AL7-EEEy b7y TERLT,

HERE, KBEY -k THEMBT 235 %
BT 5 720 AR O AR S 7z 30 ~ 60
ug/cm? O fFEHERIZ 29Bi % £ 500 ug/cm? .22
EAETHHFICL D ER S N ERREN L, B
30 cm O [A1#E I 12 2655 S U455 2000 [A1Hz DL
FoalgmERE T &Nz, ¥ — AR R AR
0.8 puA. FITHI 0.5 puA &\ 5RE THRE X
n7z.

GARIS i3, D1-Q1-Q2-D2 £ W) VD 4 oD
BIGA CHERSINTBY ., FEREAY 7 A% T
LS %o ZRISTREH O MY O BERIREED S~
) A ERBENT DO EMN AT L L
XD, EOIESEREL LDk S, D1
& D2 1L ¥ — kTR Sk T & ZE SR
o EET A H RO MR TH D, QL L Q2
IARBERRAB A ETICIOE S ¢ 5% B 2 ol HE
WA TH Db, NS DBEADFSZEERIE L
CATH 2012id, N 7 AR TOERBEER O
TR 2 M5 T LR S VA, 2003 4E
TIAT % o 72 MM FER D & P B (g,,) = 0.62
x (0/vy) x ZV L)) EERA)VE & S Uk
ENEA STz (v ld. KERETOR— 7 HE
(/137 =219 x 10° m/s) %KL TV %,) N7
LA AL, 85 /S A A NDIETTHREE NI,
REBRDZEFEFR B DO IERN =1L 80 % & WLAH
L LN TW5,

Bt 23 1 — X O FRAT R B2 25 & FERLICHL £



A %3375 2016, pp. 10-16

Evaporation Residues

MIn
Primary beams

D
ES
I:l He gas: 85 Pa
|:| Vacuum

Beam stopper

Differential
pumping
section

Rotating

Pbtargets  geam intensity monitor

He gas inlet Mylar foil: 0.1 pm

s

<l
M
E!lﬁlﬂ

Si detector
(SSD) Box

TOF-detector

arrival =} A

of ER
Vad

“SSD Box 124

Fig.3 The schematic view of the GARIS and the detector setup were shown in the upper. The
GARIS consists of four magnets in a D1-Q1-Q2-D2 configuration. The detector setup
consists of two ToF detectors and position scensitive Si detector box. The Photograph
of GARIS, ToF detectors and Si detector box are shown in the bottom.
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278113 decay chains
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1003 MeV L]
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204 MeV B
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S.F.

10.26 MeV
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192 MeV
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9.39 MeV
526

Aug 12,2012 (3rd)

20987 4 70717 3 9113
one n evaporation

9.08, 9,77, 9.39Mev ¢

.82, 9.05-9.23 MeV 00 + 2> PIph’

five n evaporation

SF40.9, SF0.787 s, alpha 8.63 MeV 1265
8.40-8.74 MeV (79 %)

SF. (21%) Ty 2.0 ,8
/ 8.66 MeV 3.78s

8.57-8.80 MeV
Tys 40008

decays observed in “7%113 synthesis

% decaysobserved in #**8h synthesis

Fig.5 The figure shows the decay chains related to the *113. Three decay chains observed at RIKEN

are shown in left-side. The first two decay chains consist of four alpha decays and ended by
spontaneous fission of *2Db. And the third decay chain consists of six alpha decays and connected
to “*Md. Right-side figure shows the comparison of the decay property originated from **113

and *“Bh. The decay properties are fully consistent with each other.
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Decay time distribution with logarithmic scale.

N=165
78113 278113 1=2.0ms -
274 B 274Rg =18 ms
Rg § v —
270Mt N=161
270Mt t=0.69s 1 I g,
=
- N=159 ; ""'
Bh 2668h t=3.0s / \ —
N=157 : I 1% event
262 262 o
Db Db t=56s N / l\ I] 2" event
' l 3rd event
1 1 ] 1 ] ] ] ]
10 ps 1ms 0.1s 10s 1000 s
T_decay

Fig.6 Decay time distribution of the decay family originating from *°113 are shown. The
logarithm of the decay time is taken are the abscissa. Mean life times 7 determined
from three decay chains. Curves correspond to single-exponential decay curves with 7.
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Abstract

A joint working party of the IUPAC and
IUPAP has recommended that the RIKEN
research group be given recognition for the
discovery of the element 113. Three decay chains
originated from 2”113 were observed by using
29Bi ("Zn,n) 278113 reaction. The first and second
decay chains consist of four alpha decays and
ended by spontaneous fission of 2Db. The third
chain consists of six alpha decays connected to the
2Md. Those decay properties are consistent with
known properties of Bh, ?2Db and *3Lr. The
experimental method and results are described in
this report.
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[UPAC (EIFSHIEIS A LS EA) 13 2015 4F 12
A 30 HIZJE 7% 113,115,117,118 DILE DR,
EREIZDOWTOHEFREZITo 72, TND, 12
H 31 HE &1, IUPAC » 5 #HFHKIZIEZ S/,
113 Tt HE T 5 5 ROELEI B 7V — 7
W5 Z6NEEVIAEDLDTHo720 TDOH
DK FICHALE T CRUE R AAH D, TV T
WOTCEGLHEESD = 2 — AN H AR %2 BT
Ko7zl

FiF, MEESH 2P ICEEZLTHED
IUPAC #2 OR&EIC [#Hrc 113,115,117,118 O
MREE %] EWHTHEDRH D 4 DOHITLHED
REIZDOWTMOE DT 7V A0S hHH DL
bITWiz, L LA S 2 OIS ROEHE
DFBFEIZDOWTIERE SN Do 72,

FERRLOBEEICOWVWTIE, FITERR
DG Lz V— FIZIUPAC " E#H L., £
IS U CHE S 2@ w» T, IUPAC &
IUPAP (HEFSAMMS HEEES) 25 &IEh
725 % OHEME 7 )V — 7 (Joint Working Party,
JWP) I2Xo>THESNS,

A, 2012 £ 4 HIZHCE O 58 B
ANDT=)VDH Y, 201245 H 31 HDSZ D
Yy Thotzo MHEKEY =5 — L HH/
NW—=FHFOa—NVIs LT U3 FILEOERD
BEMER TR L Tz, BRF 7L — 7082 7% 5
TR OFCIE. 2004 4F 10 H 15 HFITO H A
WAL OmGEICBRsN -0 THY [1].
29Bi |12 Zn #MESF L C L3 HILEE A L2 &

* hkudo@sc.niigata-u.ac.jp

17

FTHVDYLEVEAERISIZEE5DTH S,
—H, ATy R) == 50TT - F
TF O 7NV — 713 Am |2 ¥Ca & BEF L T 115
FLEEZERL. TORBHENS 113 FLETH S
EVIDLDTHY) ., FDO®RA DI 2004 4E 2
A 2 HEATOKEY 2 OMm G| s 7z
[2]c & LMDV — T & b HTEIERO I
iz L TWARbIX, F7THT7Vv—7Dh2b
TR BEELLZ IR, BEEIN TS
TN—=TH26N5Z 81205,

J& -7 5 113,115,117,118 D 7t FE I R L
TOJWP 20 6 D23, IUPAC Technical
Reports & L CT20164E 1 H 21 HIZFH ¥ 5 14 Vi
THREIN ZOLR= 2 &2, 113FT
FER OB L THEICHNT S, LER—
FClE, BROBELEELMNG T H12H72- T,
IUPAC OZFIZIL LTI SN /2 2012455 H 31
HETOmXLIZEDELTWD,

BROEEDL L LR DL ETHEST (2) ORE
WL TXROBIZE 2 5. HAEBORRT X)L
F=MEVDO T, MERTORHITR S
AT EREZNID, ZOREIZHEAMIEYE A
BRI T ZOMDTL 5 Ly, fE- T, filE
SHASPEH DO A7 1272 8 ) D Twnitd, FEv
LR EROEI T THLI L1l b, D
B Ay RBGSEHOBHEP BTN TV RN LA
WRTHDB. —H. BHEHEED, BoHETHbo
TWLIGAEIE, R L, B EL T L
7o 3 AT, MERMICE T 2O RO



L 5533 %

ATEATHTHD, TITEEIIL-TLA
D, KL (cross reaction) T 5. Bz
£, 28Cn (Z=112) DOFEIZH 72> T, #8U+%Ca
THEBEAER INYE L, “2PusCa THENT S
BIR] (Z=114) OWKAE L L TH *Cn, HLH VI
MCm+*Ca I h 5 @ Py (Z=116) D FRIALFE
ELTO®Cn (RZFDOTF3HK%) OREDFE L
THhbH7%HIE, REEEHIMRICETHTHRD - T
VDA T% ZOFEMEHIZEL D E R D,
RERIBE X, SO &) IR BN & AFHRT
@ﬁ&%bﬁ#%ﬂbﬁ%ﬁ%i&?éﬁm%a
K 5o GE)MAEDLETH UBEAE 2 EGWT
Aty Wb W b cross bombardment & 1357
%)
FERAWMEAT 2 12H 72> THEO—HE - T
WHLDON, o O ANTF—ThH b, D aiff
@l%wﬁ (I D BYFIREEND B EDSH 5 2

) RIZWEINWAT & e B0 HEo Ty BA
&w$%®kéuﬁaﬁ®1%w$—ﬁﬁof

HRBHIEWD DB
MHEOHEZ L LFEHL AT 2,

118
116
114

VARWE

110

108

2016

[FTF T NV—TDFT— %]

243Am + 48Ca @}iﬁ:\ 288115 — 284113 — 280Rg
— 216\t — 27?Bh — 2%Db & ) filhEsE % 3 F
REBPIL 7280 ODPFRMOFETH D [2], &
OB TO3IHLOT— ¥ HO—FIFT L v, #
BAHIANTF—TLH 1HERBM SN, 1
287115 — 283113 — ™Rg — Mt — 'Bh (missing
o-decay) — %'Db (100 mine) & [[{%E SN T 5,
ELELLHBBAGHETHTLTEY, WIho
FED BRI DD D TId 7\ (See Fig. 1)

2007 4F- 12 BNp+8Ca SIS 12 & 0 j B §5 28 2
HEE S, #2113 — ¥®Rg — 7“Mt — ?°Bh —
BDh LFEZEENTWELA [3]. 22 ThWwWih
O LB DOTIE . 20 TORIGE
243Am + BCa DL TIX, FUBMEEZ R Twin

V REFOMIEB 72572 W2 2R, Ol
,rif IRROFEEZ G- L TH I EIZIE R bRy,

2010 4F 12, *Bk+%Ca G2 X ), 5FH R D
W17 S U3 2 WA EEE L 1FRD
2117 205 B3 OGS BN S 7z [46], &
nb, M126bhb L)z, *Am + ¥Ca T

249Bk+48

117

. spontaneous fission

I:’ EC-decay

Fig. 1 Part of decay chains reported by Dubna group.

18



M 4533 %

B SN IEHEGE L 1ZE I DD TH D, K7
FOT N =TI ES5I2Am(*8Ca,2n) Kt 12
LD 115 - B3 23 Lo [7,8]0 Zhid
W7 = B3 O IS & ) 2113 O [[ %
AT 2D TH DA%, LIEnZRE L -8
W2 LITR B DLLDTH L, LIzh - T,
BHAMEEMET A LT bR V. R4 YD
GSI T BAm+*8Ca FUGIZ & 0. #1) R L35k
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AE TR T d A H B 0 2 % Db
(Ty=1.2 d) AL EEL TG FILEOAR T
AERHS 5 5 [10-12] 12X B ZodERE ik
PEHEINCRIT B, Thbb, {LFGHHICE LT
. B 7 R ETC 3R ORI A & CTIUERER 72 %
FEEIEEREZRD 20,
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oL, Db OHFBESHETHDb o TV
[1]. (See Fig.2 chain D) K2 2007 4F 12k L
72 p8EESE [13] (Fig.2 chain @) bl3& AL
MO LD EFBL TWBHA, 2°Bh @ o FLT 4L
F—DE VR, Db O HE SR OF D E
NAHALN-Z L&, T/, FEClizasy [14]
ST 7z 29Bh OIRZIETdH 5 Db 1d o 3
LTWwWabZENs, 1I3HFILHEDFHIESEBEHICHE
W72 ENTWDL EIRRBELZEV) 2k
Ty FIFERAOREEZ LT DL LT AR
WEkENRTW, T4bb, 78113 ot o
ZOBh 1XMEH S X R v nw) 2 ETH D,
2006 4F, Qin 512 & 1 *Am (*Mg,3n)%Bh @
BUGIZ & 0 A pl S 7z 25Bh o fREE sy S 7z
[15]c & 512, 2009 4. #WF 7V — 71 “Cm
+ BNa B T2Bh # & L7-& 25 [16]. Qin
L= e TIn—F%ExRL. L2dBao
R TH5H PLr[17] 1228 DnTWwb, i
(X 2Bh 2558 2 MU X DERR S 722 &2k b,
XD, 2Bh iZpREEEEE O R TOS (anchor)
L)) DRI TH B Z & AR STz,
Z LT, 20124, 113 b k< msnTw
% B8y FCORBEESBIH Sz [18]. (See
Fig.2 chain ®) Z OEGESHDEI OO @ L F L

27

113

o 11.52+0.04
4.93 ms

2]
113
o 11.82+0.06
0.667 ms

274

Rg

274

Rg

- 10.65+0.06

34.3 ms 9.97 ms

77
Mt

g 10.26+0.07

X 444ms

Bh

a, 9.39+0.06

5.26s

Hy R.63+0.06

Fig. 2 Decay chain of element 113 reported by RIKEN group.
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Table 1 Major Pu isotopes in the environment
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L. ICP-MS CTE& L 925 mUOERKTH 5
JRAGIRE O 52 e fl RN DB T I HE S C
WERHATL, HERBEIZOWTIX, Th
¥ TOXRRICHE S N2 RAGIREE 12 400-900C @
IhWEIFASEB S TwWEd, EE 513, HigEE
#ESUEL (IAEA) % T, 375-600°C TIRALALIR
L7zth. AU CPursERLE LAY,
ZF OAER, IKALIREE AT 450°C % #8 2 e Wi A
29 20py IR ILF SRS ORI L — K L F L7
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—
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Mass spectrum of 20 L seawater
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10000 |- wpy o
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Fig. 1 Mass spectra of 20 L seawater sample and operational blank (a) and 30 g marine sediment
sample and operational blank (b) after a two-stage ion exchange chromatographic

separation.
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Fig. 2 Schematic of ICP-MS/MS and ion-molecule reactions for
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(a) and chemical separation of Cs and major interfering Ba in environmental samples.
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Fig. 3 Distributions of “"Pu/“"Pu atom ratio in sediment and water columns in the western
North Pacific before the Fukushima accident. The values shown in the graph are
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the range of “"Pu/“" Pu atom ratios observed in the water column and sediment
columns. This graph is adapted from ref. 27, and more refs. cited therein.
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W hei gL, 26.3+5.7mBq (g Ca) 1 TH Y., =
D Sr-90 [T KFABEANZERRH KOS DTH S (11),
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premolar) and P3 (Third premolar) and P1
(First premolar). The groups of teeth are
arranged according to the chronological order
of tooth development. Error bars represent the
counting errors of b-ray measurements.
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Fig.2 Cs-137 specific activity in cattle teeth. Groupl:
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(First premolar). The groups of teeth are
arranged according to the chronological order
of tooth development. Error bars represent the
counting errors of g-ray measurements.
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Ani Aprahamian (University of Notre Dame,
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Scientific programs with exotic nuclei at
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Hiroyoshi Sakurai (RIKEN and University of
Tokyo, Japan)

(3) Nuclear science program at ISAC/TRIUMF"
Jens Dilling (TRIUMF, Canada)

FRIB"

Paul Mantica (Michigan State University,
USA)

Radioactive beam facilities in Europe -

(2)

(4)

(5)
current status and future perspectives
Peter Egelhof (GSI Helmholtzzentrum fiir
Schwerionenforschung GmbH, Germany)
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Nuclear astrophysics experiment at China
JinPing underground Laboratory
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Xiaodong Tang (Institute of Modern Physics,
China)
(7) Nuclear forces and their impact on matter at
neutron-rich extremes
Achim Schwenk (TU Darmstadt, Germany)
(8) Use of radioactive beams for the synthesis of
the heaviest elements
Walter Loveland (Oregon State University,
USA)
(9) Potential for harvesting of long-lived
radioisotopes at the Facility for Rare Isotope
Beams (FRIB) : Synergistic activities for
basic and applied nuclear science”
Suzanne Lapi (Washington University, USA)
(10) High-power target solutions for large-scale
direct Tc-99m production via the Mo-100
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Paul Schaffer (TRIUMF and Simon Fraser
University, Canada)
(11) Applications of nuclear science for nuclear
security”
Jolie Cizewski (Rutgers University, USA)
(12) Story of Miharu in response to the Fukushima
Daiichi nuclear power plant accident”
Takeshi Koike (Tohoku University, Japan)
(13) Simulating the supernova neutrinosphere
with heavy ion collisions including neutron
rich radioactive beams”
Charles Horowitz (Indiana University, USA)
(14) Radioactive isotope beam developments at
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Peter Kunz (TRIUMF and Simon Fraser
University, Canada)
(15) Beta-delayed neutron spectroscopy using
trapped ions
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Nicholas Scielzo (Lawrence Livermore
National Laboratory, USA)

(16) Neutron generator facility at SFU - GEANT4
dose prediction and verification
Kris Starosta (Simon Fraser University,
Canada)

(17) SzRIT project at RIBF, RIKEN - exploring
symmetry energy at supra-density”

Tetsuya Murakami (Kyoto University, Japan)

(18) Dipole response of exotic nuclei and the
nuclear symmetry energy”

Thomas Aumann (TU Darmstadt and GSI
Helmholtzzentrum fiir Schwerionenforschung
GmbH, Germany)

(19) Learning from the continuum structure of
light nuclei”

Lee Sobotka (Washington University, USA)

(20) Partial dynamical symmetries in nuclei
Richard Casten (WNSL Yale University,
USA)

(21) In-trap decay spectroscopy for electron
capture branching ratios using TITAN at
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Corina Andreoiu (Simon Fraser University,
Canada)

(22) Measured charge density difference between
the isotones 2%Pb - 2%T1
Shalom Shlomo (Texas A&M University,
United States)

(23) Investigating the low-lying structure of **Ca
from the B~ decay of *°K
Jennifer Pore (Simon Fraser University,
Canada)

(24) Doppler shift lifetime measurements using
the TIGRESS Integrated Plunger
Aaron Chester (Simon Fraser University,
Canada)

(25) How to observe chemical equilibration
in a femto-scale system on a zeptosecond
timescale
Alan MclIntosh (Texas A&M University,
United States)
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