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In the first year of the three-year implementation ﬁeriod of this study, we
designed the experiment based on simulations, and submitted a proposal to the Program Advisory
Committee to make it passed. In the second year, we tested the detectors and prepared the
experiment, and finally carried out the actual experiment at the heavy ion accelerator facility. The
third year was basically for the analysis of the data obtained by the experiment.

By the data analysis, the energy dependence of the reaction cross sections, which is the first goal
of this study, is going to be derived. Now we have most of the materials to conclude this study, and
expect to submit a paper in the near future.

As the achievements of this study, 4 presentations at domestic academic conferences, 6 presentations
at international conferences, 3 proceedings of these conferences, and 1 master®s thesis have been
made at present.



B X C—19,. F—19—1, Z—19.

1. WFZERHA S DY 5

AWFZEIL, ITHERENBRE LWARELEE
v—A L a=— 7 B RO E
EThD A oKREENEZHNCTE Yy 7
N TLFERARICED LN EZRE LI H DT
b5,

By IRV RERARICEBIT AU F U LADE
e, BHE S HEED —BET, RED
MThH TN, T ZEFE TR T D R E
BRSRER S, TSN & DR
T LM ENIRD DoH 5, ARWFIEITED
FTH b ol LTI D KISORIE Z1T -
7o

AWFFAREE X, RFEFEAERRIZ, K
FIR TR ' % — (Center for
Nuclear Study: CNS) Ok /L F—RLE
¥ B — L 55HES: CNS Radioactive Ion Beam
separator (CRIB) [2lic BV TE < OB %
AR, A2V T « B Z—=7T® Istituto
Nazionale di Fisica Nucleare - Laboratori
Nazionali del Sud INFN-LNS)(Z [ EHF7E 5
CLTHEEL., baAoRBEOENA2EE
L7z, D% H K CNS ICHMEEEE & L
TRLHZ LR AEEEE—LE hadg
DOARIBIEORER & i AN DA T —~
DERBIZE ST,

2. MEOBEH

oy ZN U PRERI, SRE 2B SR
Sz BT, FHmO BRI IR L
MHTE A7, BRBIFORII OGS E b
WX 5, PIIFHICBIT KB UL
EOEERIT., By PN BNEE LT RFED
RFHLO—o S TWb, FO—FT, U
FULAOEKEOBIIEN, HERLY 34
BH/NIWNEWH N LN TS, 2D
MEHwmICBT2 Y 77 ARE) BT
RO R B W T H IR EERED 5 H O
—ODOTHhHITHLELLT ., KRR ENZRHE
T ST > TR,
AWFFETIX, By IR TEARICBIT S
VF U LADEREEZHOTBHEOHD, Ho
& b EER Be(n,p)7Li & "Be(n,a)*He S Hr
HEOW F%E haA OKRBIETHEL, By
TN TEFEB T T MBI D AR EM & T
WO RN DAL, JRKOFTE S X
DEAREIZ L, VT U ARBEORIZE T 50
NEHMTH D,

3. WrED ik

AR O TSI, Be & HET n 235
e B RLZECTHELETH D20, EHHENR
BENEHEL <, ZNUDBIEIZE > THERD

BRF—ANFEL TR HEATHH D,

Z DOEATHIN EE 2 (A5 T2 01, AL
BOGD ZARFRERT v o RV b KRS O
AR Z IR 5 b e A OREEEZ, R
LRERE L PET & DFUE~HI TS L7zl
Lz L, buA OKRBIETIE, Be &

— L EFPMETF- O D ICEBFREANC AT L.

CK—19 (Gt#)

“RRREET v RV ERIET D, E T
DTGB LA WHEH RS & 273
W HEEERMFEERT S LIk T, H
&5 RIS OWTmEEZE X T, e
A DAREBIEIZZORMEN S, 2 E TEICH
FRBE S D R ELAN 2K = 3 L ¥ —1fE
WToORTE AN TE 2, TR
I B FEERAIIE RIS TE 5 2 LT
LTV, BEICERNM TR FITD
72 BRICARLERE & - & ORI
INTZDIEFHOTORRETHD,

Be RZZER B — L DOARITRTIRD CRIB IZ
THT o 72, BALFHRSERT (BRAFF) 0O AVF A 7
o herhbiHEEND Ui B— A RIRE
FMHUKFELMBIE~AR L, El Sz
WA A % W ERA & HE Sy BEgs I k> T
#ifL L Be B— 22T,

4. WFFERR S
(D Mg T A R
AREBROFNC, KBKRL DT R F— « fif
BERRHET L0 a s EfET
A EEbE T, ALY a vk
HH 25 V7B An7 0 R O (L i B R (PSD) 7 o+ b
HAF—RT, 5FETEAT U HRETHSR
PREZ L TV 72, ZDOT A MZ
ko ToaA L 77 FORENE R
L7 IS Ko THEET A= F— -
NESTREECEIES D Z &N T, £7-.
V7 MU =TI K VALE ORI & = x v
X — KA DM IE DO FIEZ B%E LTz,

2) BE—L %A L (RHIE)

BERF O gRfEs L7z B — A % A A,
Program Advisory Committee for Nuclear
Physics (NP-PAC) IZHIGE L, & ZE L TF
ik 28 4 11 AT 14 BE#4S L7-, CRIB T4
a7 Be B —ADOERERTO R/ X—
1L 22.1+0. 14 MeV, 58I 1X10° pps & 725
KO L, RISHEDE Y T v 7%,
BN D, B — AOTFRERRE &R 1k A
9 2 B D Parallel-Plate Avalanche Counter
(PPAC) . R Y =F L > CD, PG FHEf), £ LT
6 RLDAE-ERERL D PSD T L 2R a—F b7 5,
PSD 7L 2 a— AT — Az xt L CE120,
+340%F LT E560 T &N VTZ, CDy HEF D JE I
1264 pg/em® T, ZOHEIPEHHPTOE—
LDZRINVT—DIRNY % 120 keV FREEIZH
Z. 'Li OEEIRAE & 478 keV D F —AhLINEE
% QIEARY MV ETHBETHIHWTH D,

(3) SRS R

AE-ERL 7RI L0 BT L BT & o bl
T KMOVLi & Be BRI BECE T2, D
Rl z#EH L, 2 Kiraf v TR
MAARY NEEIRL, B BLDY a-
a T BRI SN, ZFNHORLT-ORT O
TRV X—SOHELA B R E O IEEY ) 722 BR
PEIXTFARL TV 3 T v rvDZER
HE—HL WA LEMER L, &HIT,



SIRBOED Q EEBH SN R LT =5
HET DL Mo Q fH-0.580 MeV
(Be(d, Lip)'H X & ) & 16.766 MeV
(Be(d, o a)H i) IZ43fiRBE 200 keV, 300
keV OHEFHNTENEN—HLTWAH I LR
bhot-(®1),

8

Be(d,p’Li)'H

£ 80
€

[ = TIL UN
12 13 14 15 16 17 18 19 20 21 22
Q value (MeV)

I :oivzam}‘mgv»; CEN
1 Be(d, 'Lip) 'H ;i (72) & Be(d, a a)'H
i CH) D QIEAZ by, RENTZZENER
B O % =7,

B U772 ZARBUSICRBW T, HEH IR
TEAYHNE D DL, spectator IZHT- BT D
B, BRI TTH DEN O ER D
Dz ive EFUT E—F L TWD 0 THIWr
T 5, KEBRTHOLNEZT—Z05BI%, £
AU 75 MeV/c FREE EC, =7 —DO#iPHNT—
BELTWBZ ERNboroTz, ZIUIHAAD 2
o BBEIZHT 5,

ZOFBENTOT —X 2RI L, FEHIR
TR ALFXF—ToOWmBEEsRT &K 2
("Be (n, po) 'Li &) BELOE 3 (Be(n, o)X
IS DX 7B X2 D po GEERTEE) & p (G
—FhAIRRE) O E LT, ENF DT R ILF
—IZBWCQEEAT VAR TY v FLT
Bon-boThDd, B, huADOKREE
ICBWTIAR T v > VR O e 71392k
T Tz, BLEAEE) R (& Bkl -0
BEF7 —n ) ICHETIERREDOE
BIIZ T TCRBLY, £2. Bk bRENT
W72 (Half-0ff Energy—Shell, HOES Wrifif&) .

Be(n, po)'Li BL Be(n, a)He F¥ %
T, T SO T RE L S U D R i b
BIHICHIEZ T 5 & B B o gim 2
ELWZ E DR TE Tz, X072 Erx,
R 1THfNT 2 Z L HD 3 DDF ¥ v R ILIZ[A]
REIZIEH L CHpiis 2 il 5 = & CTrlfE
2725,

0.004
0.0035 -
0.003 | %

0.0025 - % B

—a— iBe(n,po)
i "Be(n,py)

TR |

{ 5% i
0.001 [ ﬁ ¢ % % t %% E
0.0005 |- i % ‘}{’ # t b ¢ %%@ 1
Xxi(*‘i ilxixx‘xixx‘**xx‘,,
%o 05 1 15 2 25 3
Eqpm. (MeV)

HOES cross section (arb. units)

2 Be(n,po) Li 8L Be(n, p) Li T+ >
/L@ HOES Wi A5 oD Jihikd BE%K,

0.004

0.0035 -
0.003 |

el i %
Zhi
w %%w

! I ! I 1
0 0.5 1 15 2 25 3
E. m. (MeV)

HOES cross section (arb. units)

X 3 Be (n, a)'He T ¥ > F/LD HOES Wiififs
D Fhite B,

(4) RATBfRHT

4 1% Be (n, po) . Be (n, p1) . £ LT Be(n, a)
F ¥ RN ETRTED T RATHIFH & F25R
FT—=H LD TH D,

10

E t

7Be(n,po) previous data

L i g
Ji—— mmﬁesent data

gy ,
1 normalized to-the,|

(b MeV'?)
3

GE1/2

+-and H
present-and-previous

po data

'y
e
L)

“ 1T "Be(n, a ) previous data

73%\\ L | IR
107 02 04 06 08

L L L L |
1 12 14 16 18 2
Ecm (MeV)

4 "Be(n, po) & Be(n, a) DiBEDEERT —
% Be(n, p) OARHET —% £ RITHIFHRE &
DLLES,

Be(n,po) & Beln, a)TF ¥ R/IZEH LT
I = DR T — % [4,5], Be (n, p) (2B LT
T ET — % EARBPIET —F D Be(n, po) H>
LML LTEARRET — & 2R /R LT D,
7272 L. Z® Be(n, p) DHALITEER 72
DTHO ., EHTOHNE LTI, BT v
FV RATHIGHRE CRFRIC I RT A — & —
ZHETLHZ TR 2, ¥ 3 IR AEDER
TR EREIET 5 ETH D,

FEMTICIX Z OFEIR OB O W7 H 7 v
VORIV ETeIBYENT & DT A —F TR
AL, 20K 4 1T X9 IRz
DR ZHRT 5 Z e bhoTz, E
(21 Be (n, po) T ¥ v RN DI &4 - 72 R1TH
AT DRFZED & 5 08, SEIBYENL IR B SR 72
Ndolz, AFFETITIVZYLEEZLND
I HERL DE ] & EET v RV OELD
W&o T, HEEENSDEMNITTH - T,
L0 REMED/NE ST D 5 5 Wikl 0
HEZBEfELTWD,

(5) fE i
'y PR ESRIZEB VT LI AR E
B D HE RS, Beln,p)Li & Be(n,



o) He 1&, W5 IEVTAEFEERIIFIE S EADD
HHFT, Fex IO LIFR0 -T2,
b EER T XL —FICTORET Li O
B IRE~DE 56 5D TN 22 1 E
1T o7,

Be (n, p) 'Li BUSIZEI LTI, R 1 —
B COEBRE DT — X BNl Sz,
BrlTINETEMSINTIRDPSTZEHE N
ERIEDH G- p 20O THIE LTz, K21
T po k92 pr DEFLHIFRRTH 10 063
FUREEE L A DN D D, FDOEEN, By 7N
VIEFEARICB W TEE LB+ keV 205 100
keV FRE O R /)L X —HEHIBIZBWTIEMIZE
DOFREFEIZ 72 D%, R ATHIENT OFERIC L D
72, ZHUIASBOITOBETH 5, U,
pr DFHIZE 5T %ISR N ERD & Lz
5. TLi OARREIT IBWRERD Z it b,

Be(n, a) KIGDIED X, K=/ F—T
DOEBRE, BT X —H T O KR ]
B E DU S STV D A3, 100 keV Alf
B EE/R T RLX —COMHET — %
DRI LT\, Bx ORIETIE, m=xL
F—ETREDT —F L OBRAEEEZHER LD
. 100 keV R OH =707 — & Zfgfi T
25
BiRE R CIET — 2 AT O3 Tl d 5 723,
B e AE R E iz W E TR TR
V. FHmIIBIT DY F U ARBEOMRIN
T C—RRET 2 72O OISR A R L D
BH, BEROBLDODFENTET-LEEZTND,

<G SCHER

@O C. Spitaleri et al., Physics of
Atomic Nuclei 74, 1725 (2011).

@ Y. Yanagisawa et al., Nucl. Instrum.
Meth. A 539, 74 (2005).

® A. Coc et al., J. Cosm. and Astropart.
Phys. 40, 050 (2014).

@ A. Adahchour and P. Descouvemont, J.
Phys. G 29, 395 (2003).

® L. Lamia et al., Astrophys.
175 (2017)

J. 850,

5. ERFERIHIE
UdEsEsms) o)

@O S.Hayakawa et al.,
the neutron-induced reactions on 'Be
with CRIB by the Trojan Horse method” ,
AIP  Conference Proceedings 1947
(2018) 020011, DOI: 10.1063/1.5030815
(EHH)

@ S. Hayakawa et al., “Measurements of
the 7Betn Big—Bang Nucleosynthesis
reactions at CRIB by the Trojan Horse
method” , CNS Anuual Report 2016,
CNS-REP-96 (2018) 11-12,
http://www. cns. s. u—
tokyo. ac. jp/index. php?AnnualReports

(FEwHiA)

“Measurements of

@ K. Abe, S. Hayakawa, H. Yamaguchi, and
L. Lamia, “Feasibility Study for the
"Be+n Reaction Measurements by Trojan
Horse Method at CRIB” , JPS Conf. Proc
14 (2017) 020507,
DOI: 10.7566/JPSCP. 14. 020507 (&FHiH)

@ K. Abe, S. Hayakawa, H. Yamaguchi, and
L. Lamia, “Feasibility Study for the
"Be+n Reaction Measurements by Trojan
Horse Method at CRIB” , CNS Anuual
Report 2015, CNS-REP-95 (2017) 5-6,
http://www. cns. s. u—
tokyo. ac. jp/index. php?AnnualReports
(&EHA)

® S. Hayakawa,
cosmological 'Li

“Trials for the
problem with "Be

beams at CRIB and collaborating
studies” , IL NUOVO CIMENTO C, 39
(2017) 370, 1-4,

DOT: 10.1393/ncc/i2016-16370-2 (&
)

(Fa¥k) (GF10 1)

@ BB etal., [heADOKEEZLD
Betn &y 78U onFE GRS ORIE IL |
HAMEE S BB KRR, 201749 A 12
-15 H, FHCE KT WA RFHE )

@ BJI|Bdh, TCRIB T® "Be B — A%

ey N BSOS OWE ] T

HAFFER TX BRRIK L oA . 2017 4

7?2&m¢LEM$H%%(%£Eﬁ%

m

S. Hayakawa et al., “Measurements of

the neutron-induced reactions on 7Be

with CRIB by the Trojan Horse method”,

The 14th international symposium on

Origin of Matter and Evolution of

Galaxies (OMEG2017) (188, [EE2R).,

20174 6 A 27-30 B, KH (4#E)

S. Hayakawa et al., “Measurements of

the neutron-induced reactions on 7Be

with CRIB by the Trojan Horse method”,

The 8th  Nuclear Physics in

Astrophysics International Conference

(NPAS8) (M A, [ElBE4), 2017 4 6 7 18

23 H

F)E et al., [ e A DORBIECZLD

Betn b 7N IHEARSOSORE |

A AR B35 72 [BIERRE, 2017 44

3 A 1720 H., KIRRFEFFy /32

&

®

©

ORI B TH)
® S. Hayakawa, “Upcoming CRIB
experiment: "Be+n reaction

measurements by the Trojan horse
method”, SKKU workshop (158, [EFE5
). 20164510 A 11 A, AKJF GEE)

S. Hayakawa, “Trials for the
cosmological 7Li problem with 7Be
beams at CRIB and collaborating
studies”, The 2nd Sicily-East Asia

S




e

©

®

6

Workshop on Low-energy Nuclear
Physics (H#H, [FEFE2), 2016 45 6 ]
26-28 0, FRLZARFZERT (B R IRFE )
K. Abe, S. Hayakawa, H. Yamaguchi,
and L. Lamia, “Feasibility Study for the
"Betn Reaction Measurements by
Trojan Horse Method at CRIB”, 14th
International Symposium on Nuclei in
the Cosmos XIV (KA ¥ —_ [EFEFEE),

2016 4F 6 H 19-24 A, K X v £
VTR )

S. Hayakawa, ” Trojan horse method at
CRIB for RI+n reactions”, 8th Japan-
Italy Symposium GAFF#E, [EFEFR),
2016 4= 3 A 7-10 H., FLFHFZEHT
Bz o & — (EERFT)

)14, [Big-Bang+(CRIB, THM)|
A BRI T e T 8 2 (R AR R T

2016 4% 2 A 22-24 A ENZ KA = JEX
Y SR CROHD = 1)

. MR

(1) WFFEAREH

BJIl 2h (HAYAKAWA, Seiya)
KRS « RFEFBRELRIEER: « RHTAFIT

=

=

B

WFFeE 5 + 00747743



