( BHE K KPR

BEFARAMAFRE-EFE

SCHOOL OF SCIENCE, THE UNIVERSITY OF TOKYO

2

RIM=N

Using (d,p) Transfer Reactions at OEDO-SHARAQ to Measure

Astrophysical Reactions Important in r- and vp- processes

Thomas Chillery

For the SAKURA Collaboration
Postdoc Researcher

————————— — INFN-LNGS

-

-
-
-
-
-

DREB 2024
25" June 2024

thomas.chillery@Ings.infn.it 1



Outline

Motivation + Goal

 SH18: r-process Nucleosynthesis **°Sn(d,p) } :
»  SH19: vp-process in CCSNe 56Ni(d,p) Spring 2022

Experimental Method
 Surrogate Ratio

e-RI scattering with SCRIT
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Preliminary Analysis
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130Sn(n,y) Motivation 1203n(d,p)

Supernova i1 Where do the heavy neutron-rich isotopes come from?

 r-process nucleosynthesis
« CCSNe and/or NS-mergers
 Large neutron density: 10%0-26 cm-3

n-capture on Tin
» Models disagree on reaction rate by several orders magnitude

Reaction Rate [cm3smol-1]

Credit: X-ray: NASA/CXC/RIKEN of sn e  coan
& GSFC/T. Sato et al; Optical: DSS '
10°
] VWAM
10° .. '
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10° | 'I,I |
10° 10-1000 4} \/ 2
(CN only) ‘ ¥
10" - . . , .
80 85 90 95 100 105
Neutron Number
Credit: University of Warwick/Mark Garlick M.R. Mumpower et al. Prog. Part. Nucl. Phys. 86 (2016) 86-126
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.~ >Ni(n,p) Motivation S®Ni(d,p)

. 73Sr || 74Sr || 75Sr || 76Sr || 7 798¢ || 7°Sr || 80Sr

Ejecta N ==
4Rb bI' b(|™8b||72Rb||7°Rb
69Ky || 70Kr 71&,- 2Kr || 73Kr || 72Hr || 75Kr || 76Kr || 77Kr || 78Kr

1N = ___|l==
7&3% ﬂ' lr||73Er 74Br || 75Br || 76Br || 77Br
64Se || 65Se ﬁﬁs\e 6TSe:ESSe:IfSe 08e||7T1Se || 72Se || T35e || T4Se || T9Se || 7T6Se
I LN = |
rp_process 65As ﬂl As“ As" YAs||7°As || T1As || 72As || 73As
60Ge||51Ge 62Ge \i}(‘e'ﬁfl eI6| 0Ge| 71Ge ||72Ge
RIL N R vp-process

Major waiting srba N2 N
pOInt tl/2 -~ 6 dayS = 1]

;a”ﬁﬁGa”BGGa||57Ga||ESGa| 69Ga

57 Egn‘”i;nj IiZnJ s22n ||63Zn |[84Zn
56C 57 :U NIU m 60ﬂ|6 bu |l62Cu |sacu

55Ni 56N||57N| seNi |[ i ||60N|

==
I56C0I Col[%8Co

59Co

Different assumptions
— large abundance changes

60Zn,%4Ge(n,p) important but less so...

Where do the heavy proton-rich
iIsotopes come from?

X-ray bursts: rp-process?
» Products trapped by NS gravity!

CCSNe: vp-process?
* Ni B-decay too long but...
« %Ni(n,p)°¢Co — flow to heavy p-nuclei

Mass fraction, log,, Xa
I

| | I
Standard ——

>Ni(n,p)>%Co X 2 -----
>®Ni(n,p)*°Co /3 e

80 100 120 140 160 180
Mass number, A N. Nishimura
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Goals

130Sn(d,p) 6Ni(d,p)
Measure 139Sn(d,p) ~ 22 MeV/nucleon Measure %5Ni(d,p) ~ 15 MeV/nucleon
Determine CN and DRC cross-section Determine cross sections for p-decay channel
components for y-decay channel
Cross Section [mb/MeV]
Reaction Rate [cm3s-tmol-] — s
10‘9 i TALYs -+ gamma
| I | i | | | 1 0;_ -=- neutron
i - —e— proton
107 _ i - -+ alpha
§ Ie
10° [ L -
L CN+DRC | il
10°} CN § 1075
101 - i 10—25_
- T =1 i -
9 ! -
o ”5'0””6'0””?'U”Hs'olmglumi[']d”['1'- 107 e e e e
10 12 14 16 18 20
Neutron Number . B (MeV)
Important region
Y. Xu and S. Goriely et al. PRC 90 (2014) 024604 for vp-process B. Mauss & D. Suzuki
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Surrogate Ratio

For CN component of o, ,, :
Surrogate ratio method

01308n(ny) = 777

/

Goal
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Surrogate Ratio

Theory
(Optical Model)

!

CN

For CN component of o, ,, :
Surrogate ratio method

0131sn
0130sn(ny) — 9130Te(ny) X —cn X 777
/ ‘ 0131Te
Goal Reference
0.020 ,/
v present data
© Anand 1979
e Schwerer 1976
0.015 e Dovbenko 1968
o —— = —  TENDL-2015
e
b 0.010
ki 1307 071318
e O e s i -
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Neutron Energy (MeV)

W. Tornow et al. EPJ Web. Conf. 146 (2017) 09013
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Surrogate Ratio

For CN component of o, , : Theory

Surrogate ratio method

(Optical Model)

!

Similar technique
applied for *6Ni(d,p)>’Ni

0.16”35\45 P1315n
— n )4
0130sn(ny) = 0130Te(ny) X SCN X pi3iTe MEASURE
/ ‘ 131Te Y
P131$n
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v present data
®  Anand 1979 130Sn +n
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g — — —  TENDL-201§ 130Sn +d
S T
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0.005 lsoTe(n.‘y)lslgTe 52 MeV
o 3.0 MeV 4
g .‘rt't!‘-&_._-—-—r——z———n-!
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Neutron Energy (MeV) _——— - - 2 —_—— o b -
131Sn

W. Tornow et al. EPJ Web. Conf. 146 (2017) 09013
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How to measure decay probability? (P,)

130Sn(d,p)*31Sn measured at 4.8 MeV/u by Kozub et al.
« DRCdetermined .
» Only protons measured — no y’s or recoils
» Could not extract CN component

120 Detector :
S\ & 3§ =
100 | > < pd i
l L e - | - e——m——-- oo
w 58 38
1 L‘E’.« @ (ap] =
£ L3 } /2
3 01 i S
O 1 g * ™~
1 .
401 ! { \/ o Identify reaction products
1 | -
20 - EHH' vl H | > PY
Ny | .
ol M B b it Spectrometer y-detection unnecessary
-3000 -2000 -1000 0 1000 2000 3000

Q(keV)

R.L. Kozub et al. PRL 109 (2012) 172501
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Experimental Setup

e-RlIscattering with SCRIT

28GHzECRIS

OEDO-SHARAQ
[This Talk] ]
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Experimental Setup

. 130Sn(d,p) oNi(d,p)
April 2022 May 2022
i W SHARAQ |4 ™o, 1. S56Ni
- 2. 130Te 2. 58N
N 3. 124gn

OEDO
(Optimized Energy Degrading Optics)

Energy Degrader J:i ¢ Beam Focusing Device

BTNV

OEDO

— SHARAQ —

BigRIPS (RIKEN) S. Michimasa et al. NIM B 540 (2023) 194 - 198
S. Michimasa et al. PTEP 043D01 (2019)

J. W. Hwang et al. PTEP 043D02 (2019)
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Experimental Setup

Accessibility on mass-energy plane

1000 ;
New-generation |
in-flight facilities
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1 100
Nuclear mass (u)
S. Michimasa et al. NIM B 540 (2023) 194 - 198

S. Michimasa et al. PTEP 043D01 (2019)
J. W. Hwang et al. PTEP 043D02 (2019)
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Recent OEDO Publications

July 2023
OEDO Beam Optics

Nuclear Instruments and Methods in Physics
Research Section B: Beam Interactions with ‘

ELSEVIER Materials and Atoms
Volume 540, July 2023, Pages 194-198

OEDO-SHARAQ system: Multifaceted
performances in low-energy RI production
and high-resolution spectroscopy

S.Michimasa ® 9 =, I Chillery ¢, J.W. Hwang ®, T. Sumikama ¢, 5. Hanai % N. Imai ©,

M. Dozono 9, 5. Ota &, D.S. Ahn ?, 5. Hayakawa 9, Y. Hijikata 9, K. Kameya f, K. Kawata 9, R. Kojima @
, K. Kusaka €, ]. Li 9, K. Miki f, M. Ohtake &, Y. Shimizu &, D. Suzuki <, H. Suzuki ¢, H. Takeda ¢,

K. Yako 9, ¥. Yanagisawa %, K. Yoshida , M. Yoshimoto €, S. Shimoura €@

November 2023
OEDO Day-0 Experiment

JOURNAL ARTICLE

Studying the impact of deuteron non-elastic
breakup on “Zr + d reaction cross sections measured
at 28 MeV/nucleon 3

Thomas Chillery =&, Jongwon Hwang, Masanori Dozono, Nobuaki Imai,

Shin’ichiro Michimasa, Toshiyuki Sumikama, Nobuyuki Chiga, Shinsuke Ota,

Shinsuke Nakayama, Deuk Soon Ahn, Olga Beliuskina, Kazuya Chikaato, Naoki Fukuda,
Seiya Hayakawa, Eiji Ideguchi, Kotaro Iribe, Chihiro Iwamoto, Shoichiro Kawase,

Keita Kawata, Noritaka Kitamura, Kensuke Kusaka, Shoichiro Masuoka, Hareru Miki,
Hiroari Miyatake, Daisuke Nagae, Ryo Nakajima, Keita Nakano, Masao Ohtake,
Shunichiro Omika, Hooi Jin Ong, Hideaki Otsu, Hiroyoshi Sakurai, Philipp Schrock,
Hideki Shimizu, Yohei Shimizu, Xiachui Sun, Daisuke Suzuki, Hiroshi Suzuki,
Motonobu Takaki, Maya Takechi, Hiroyuki Takeda, Satoshi Takeuchi, Takashi Teranishi,
Rieko Tsunoda, He Wang, Yukinobu Watanabe, Yutaka X Watanabe, Kathrin Wimmer,
Kentaro Yako, Hiroki Yamada, Kazunari Yamada, Hidetoshi Yamaguchi, Lei Yang,

Rikuto Yanagihara, Yoshiyuki Yanagisawa, Hiroya Yoshida, Koichi Yoshida,

Susumu Shimoura

S. Michimasa et al. NIM B 540 (2023) 194 - 198
T. Chillery et al. PTEP 121D01 (2023)
N Imai et al. PLB 850 (2024) 138470

March 2024
First Transfer Measurement at OEDO

Physics Letters B

Volume 850, March 2024, 138470

W T

ELSEVIER

Letter

Neutron capture reaction cross-section of
/9Se through the 7?Se(d,p) reaction in
inverse kinematics

N.Imai® © =,M.Dozono ! S. Michimasa 9, T. Sumikama €, S. Ota ? 2, S. Hayakawa ©,

~

] W. Hwang ° ®, K. Iribe 9, C. Iwamoto 9, S. Kawase &, K. Kawata 9, N. Kitamura 9, S. Masuoka 9,

K. Nakano &, P. Schrock 9, D. Suzuki ¢, R. Tsunoda 9, K. Wimmer f3, D.S. Ahn € ?, O. Beliuskina @ 4,

N. Chiga ¢, N. Fukuda %, E. Ideguchi ", K. Kusaka ¢, H. Miki |, H. Miyatake ¢, D. Nagae ¢, S. Ohmika/,

M. Ohtake €, H.]. Ong ", H. Otsu €, H. Sakurai ¢, H. Shimizu 9, Y. Shimizu &, X. Sun €, H. Suzuki ¢,

M. Takaki 9, H. Takeda ¢, S. Takeuchi |, T. Teranishi 9, Y. Watanabe ¢, Y.X. Watanabe 9, K. Yako 9,

H. Yamada |, H. Yamaguchi 9, L. Yang %, R. Yanagihara ", Y. Yanagisawa €, K. Yoshida €,

S. Shimoura °
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Experimental Setup

Beam _ :
130G 22 MeV/nucl  Tracking Target: CD, Solld2
%Nj 15 MeV/nucl ~ Detectors ~ 300 - 600 pg/em

10° pps T T i

PP | FE12 | y'zl SO |
sigRips | | | | ]
& OEDO i ‘ ‘ i : |

LA : Pyt !
—l
Radiation Detector
Array (TINA)

Analysis:
130Sn(d,p) Ni(d,p)
S. Bae (South Korea)  J. L (CNS)
H. Tanaka (Kyushu) S. Ishio (Tohoku)
T. Haginouchi (Tohoku)
T. Chillery  (CNS)
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EXperimenta| Setup lonisation Chamber
AE and E

~._ DBragg curve fitting

/ S~

q
Beam _ : /
130G 22 MeV/nucl  Tracking Target: CD, Solid /
56Ni 15 MeV/nucl Detectors ~ 300 - 600 pg/cm? ~ /:
5 Py o N ! i
s T Vakil |k, Tracking
. ! | I i Products
gigRips |+ | | ]
& OEDO | | ‘ ‘ i : i
!_ ____________ : p! i Spectrometer
—c SHARAQ (QQD)
. Ap/p = £3%
Radiation Detector :
Array (TINA) Angle acc: = 30mrad
Analysis:
130Sn(d,p) 5Ni(d,p)
S. Bae (South Korea)  J. Ll (CNS)
H. Tanaka (Kyushu) S. Ishio (Tohoku)
T. Haginouchi (Tohoku)
T. Chillery  (CNS)
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Experimental Setup: TINA

TiNA: Silicon + Csl telescope detector array
« Measure charged particles at 6,,, = 100° — 172°
» Solid angle coverage: ~ 50%

Csl 18 + 16

SiYY1l6 SITTT4  Target Holder
TTT DSSD
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130Sn Condition at Secondary Target | *sn(.p)

« (ood energy compression, ~ 5% « Well-focused beamspot on @ = 50 mm target
4000 High energy run | o0r |
. 104 + 2 MeV/u I - FWHM
3500 :_ 40 {2 :
c - FE9 Degrader angle-tuned - e
& 3000 23.6 =+ 1.3 MeV/u (5.5%) r sy
s F | T 20+
c - - B
> 25000 e [ b
= > et
5 20005 g L
5. F S
et - o] -
§ 1500: — _20l—
© 1000F i 3
0:| L \_—J’J NI BT B B A I L1 —60_' r a4 1 e e g T v op g e el gyl aw
0 20 40 60 80 100 120 —60 —40 -20 0 20 40 60
Beam Energy [MeV/nucleon] Target X [mm]
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Ty Data Analysis: PID Sn(d,p)

PPAC calibrations courtesy
S. Ishio & H. Tanaka

5705 LL
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kg m

o, = 31071310 Data Analysis: A/Q 0Sn(d.p)
A Bp e A/Q (B after target)
Q Py cmy "k
Counts 3.051
25001 3
- ﬂ ga/0 /(A/Q) 7955_
- =0.267% =
2000~ g 9:_
- 2,850
1500~ =
B 2.8
10001 2.75F o
: R U
i 2.7 |
500 -
E 2.65}
_ll"LJLIMJIJIIIII [ ENERE AR NE SRRl EREN 2 :1 Gl i bevea b b b oo bena oo b aag
96 265 27 275 28 285 29 295 3 305 3l '9,,(, 265 27 275 28 285 29 205 3 305 3.1
A/Q (B before target) A/Q (P before target)
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Data Analysis: TINA 05n(d,p)

Counts / 400 keV

» 131Te and 131Sn Level Density 30
» Part of total data (YY1) 25

« (Gates: Beam PID, beamspot Sn=5.9 MeV

20

In
* \ery preliminary! ary

15

Z o \/Erpr(Errr + Ecs) [MeV] =

10

|
|
|
1 PR R N T B | 1 L1 | TR R S TR N T Ll | PR |
0 5 10 15 20 .25

1305 dp)13lsn E, (°'Te) [MeV]
Counts / 400 keV

16—

|-I"IIFTIFFI

14

Sn=5.2 MeV

IHary

|I||||I“:LI_‘|IH||||I
20

16 18 20 Y L a—T 35 25

E~, [MeV E_(131Sn) [MeV Online Analysis
ca | ] < (75n) [MeV] Courtesy Prof. N. Imai

E
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Data Analysis: lonisation Chamber *Ni(d.p)

Energy loss

pe_r pad [MeV] 51/ A~y lonisation
—_— L i /
32 - * Measured Reaction J Chamber
. e Fit Products
"E o AWEVS | SHARAQ
; SO Spectrometer
N 1000 B 4 I’,' - .‘.' L k
: : P f;ﬂ; %;» Gated only on beam PID
0 FRRRRRH o0 ' Prellmlnary
200 Range inIC [mm] 800 soak’ _
U s L
700 i
Bragg curve fit using spline + SRIM-2013 600 ;‘ e
* peak ~Z SR A0
. range ~A, B, (2) 500" '-' SeNj26+ : “ONI®t .
400 i
Future: oo ~
Checking IC correlations o T C t S <
Use IC data to Clean TINA SpeCtra E '..};;:'.:",::. !;" ’h‘) e i)"-:'ir'i«'p'!.'bl""#"is‘;n%i}\,[' ) '| Y lv | 1O|u|r Ieus}ll 11 |S| |I(? ]

N TR CaT L i’;‘(tl
20?.9 1.95 2 2.05 2.1 2.15 2.2 2.25 2.3

Mass-to-Charge (A/Q)
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Conclusions and Future Outlook

Spring 2022: BigRIPS-OEDO beamline successfully produced low-energy beams

SH18: 124130Sn, and 10Te [S. Bae, H. Tanaka, T. Chillery, T. Haginouchi]

* Opcapture — I-process models — astrophysics sites
« Reaction components (CN vs DRC)

SH19: 5%58Nj [S. Ishio, J. Li]
* Gpdecay — VP-process in CCSNe — p-rich nucleosynthesis

Offline analysis is ongoing
* lonisation chamber PID
« TiNA proton energy spectra -> Excitation functions for 130Sn and °6Ni

Wednesday 11:20 Talk by Carlos Ferrera: *°Ca(d,p)*'Ca @ 15 MeV/u

Future nuclear structure experiment: 8°Sr(p,t)’8Sr [J. W. Hwang]
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SH18 Motivation

Where do the heavy elements come from?

» s-and r-process nucleosynthesis
Solar

107"
Abundance

« CCSNe and/or NS-mergers
 Large neutron density: 1020-26 ¢m-3

T lIIlIIII

1072

1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 l
80 100 120 140 160 180 200 220

T. Kajino et al. Prog. Part. Nucl. Mass Number
Phys. 107 (2019) 109-166

& KADoNIS — TALYS
— Mon=Smoker —— ClGAR

n-capture on Tin
» Models disagree on reaction rate

: n H‘ by several orders magnitude
Reaction Rate ¢ ' V
[cm3s-imol] 4
10° !

10 - 1000

10° |

a0 a5 90 95 100 105
M.R. Mumpower et al. Prog. Part. Neutron Number
Nucl. Phys. 86 (2016) 86-126
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Y. Xu and S. Goriely et al.
PRC. 90 (2014) 024604

SH18 Goal

107 |

Reaction Rate 10°
[cm3s-imol-]

)

Sn Z=50

Reaction Mechanisms

Two processes: DRC and CN

CN dominates at N = 80

L CN+DRC 2
10° L CN i
10' |
T i
| 2 !
lU- P I TR TR TR T N T 1 |||||||||||||||||||-
50 60 70 30 90 100 110
Neutron Number
120
§ g
100 4 g <
T 3
80 | a3 Q =
@ > 9 /g °
c 3 =
3 60 - } @
O 3 + S
q‘ .
40 * @
\J U]
20
R.L. Kozub et al. PRL
109 (2012) 172501 3000 2000 -1000 O 1000 2000 3000

Q(keV)

» 130Sn(d,p)!3Sn measured at 4.8 MeV/u
by Kozub et al.
« DRC determined

» Only protons measured — no y’s or recoils

» Could not extract CN component

GOAL: Measure 130Sn(d,p) ~ 23 MeV/u

thomas.chillery@Ings.infn.it

Largely unmeasured in exotic region



Experimental Method: Surrogate Ratio

B*

\
&
/

[

A

n A
T

>
o) -

Compound 3 | Region

- c of
nuclear reaction 9f

S |Interest
I 1 neutron separation
2 threshold
L

1 proton separation

threshold
B
Surrogate
reaction .
— € \ C+c
@ . 20”7
A B* ........ ‘
pX

5Ni(d,p)>'Ni” — >°Co + p
Reference: *8Ni(d,p)°*°Ni*

1308n(d1p)1318n* N l3lsn + y
Reference: 13Te(d,p)31Te"
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N 30
Surrogate Ratio £
g 20
Th E
For CN component of o) : o tica?ol\r/?:)del ;‘z tof
Surrogate ratio method (Op I ) . o .
0 4 [§] 10
J(hbar)
&h i courtesy
_ n 4 )
01308sn(ny) = 0130Te(ny) X Uf?ﬁT X pl3iTe MEASURE N. Imai
/ [ o
P131$n
Goal Reference 14
0.020 ,/
v present data
®  Anand 1979 130Sn + n
0.01 5 (] Schwerer 1976 T
¢ Dovbenko 1968
. — — —  TENDL201S 130Sn +d
e A
b 0.010
0.005 l'm'l'e(n.'y)l’“gTe 52 MeV
o 3.0 MeV X
g Rl - T I
0 2 4 6 8 10 12 14
Neutron Energy (MeV) - — =l — = S —_—
131Sn

W. Tornow et al. EPJ Web. Conf. 146 (2017) 09013
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New method applied to the 56Ni(d,p)X reaction courtesy: b. suzuki

T 30; A CN S
o SONi(d,p)| MulEe) =2 F (e JmGE (B S 56N|+n
L cross g formatlon decay 9
8 400 section S 20
2" 2
o o o .
o 12345678910 extracted G (E*sniJ,7) o O
57Ni spin 57N| spln
- CN
P )
s PP Total ‘ 5
o 1F P 10°%¢ N
£ : 3 — i 0,
=10 o > - !
5 S o) 5 :
B © = 10 = (]
(0] (6] —_— _
» 40 %F 2 o - I
2 £ i f
o — L .
5 ol proton decay o 10 9] o
i|||\\| -8 E 1’1 ﬁﬁﬁg :
dep;n o : p - !
s g 1 :
2 1% Total , = - 2 : :
g (_% o C |
c S I i .
.g E_ 10—1 coeoc e e b e by ey oy Wy
g LY % 105 11 115 12
%’ : § E*S?Ni (MeV)
° | {neutron decay E
R llﬁ T S About 10% error expected

. 1 -3
10705 11 115 12 125 13 1090 105 11 115 12 125 13
E*S?Ni (MeV) E*S?Ni (MeV)

— Reference surrogate data of 58Ni will be used for control




DRC and CN Reaction Mechanisms

Direct Radiative Capture (DRC) Compound Nuclear (CN)

—

\\

\
130Sn +n

130Sn +n

130Sn + d 4

—
\

131Sn 5 131Sn
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Data sets

Irradiation
EXp. Purpose Beam Target Time [hr]
Physics 1308n 40
Reference 130Te CD, 287ug/cm? 20
SH18 Sys. Error 124gn 18
13OSn 1
Isomer Meas. Al 0.8mm
1245n 0.3
Irradiation
EXp. Purpose Beam Target Time [hr]
CD, 644ug/cm? 22
Physics 6N :
CD, 285ug/cm? 32
SH19 :
Reference 8N CD, 285ug/cm? 24
Csl Calibration SN Al 0.8mm 3

thomas.chillery@Ings.infn.it



Courtesy: Michimasa

Experimental Setup

SO
g BEY@ April 2021
May 2021
Rate [kpps
Beam | T1 Mom. Energy [MeV/u] (puEit@? | Trans.
Slit. F3-S0
F3 SO F3 SO
185 160  PTEP 2019
130Gn + 0.5% 170 22.9 ~ 85%
(50%) (50%) Trans. F3 — S0 18%
_ 482 356 — 4X increase
56 -+ 0 = 0,
NI + 0.5% 113 15.5 (33%) (33%) 85%

thomas.chillery@Ings.infn.it



OEDQO: Principle 1308
170 MeV/u
1. Slow down beams using degrader +/- 3.4 MeV/u

. beam

r%

Wedge: -2.2 mrad

%7

X

L

thickness

X

Animation courtesy: J. W. Hwang

J. W. Hwang et al. PTEP 043D02 (2019) 23 MeV/u

+/- 1.4 MeV/u
(Straggling in Al)

thomas.chillery@Ings.infn.it



OEDQO: Principle

2. Focus beam of interest using RFD RF Deflector
SO (Target
Energy degrader ‘ (Target)

iyl RF OFF ‘

atiny
\/ER\/EY/
VVV

|\

rauny

Il \X/ Il
i\
N
VVV

Courtesy: S. Michimasa

thomas.chillery@Ings.infn.it



OEDO configuration

............................................. FEgDegrader ............................................. Al degrader (2 pCS) Courtesy: D. Suzuki
Wedge angle: Amrad  F-E9 F-E10 MWDC (2pcs) F-E12 SO
N
XO0: -36 mm A e
ax: ssom 111 I - ] 1+ /ZI :
‘Wedge central thickness: 2.966 mm —
EFIat thickness: 0.300 mm PPACPPAC PPAC_PPAC l
Total hickness: 2 TiNA cD
‘Total degrader thickness 3.266 mm : RF Deflector 2
\oltage: 100kv
chkbid.yaml ni56phys0144 (46485 evts recorded) | Phase shift: 257 degrees
slit 10mm->8mm Wed May 18 18:03:14 2022(1652864594)
src.fX:fe10.fT
50 : hx12t10 )
2 Entries 35798
— :'_ Mean x 1472
E 40 ?— v Mean y -5.411
__. Std Dev x 102 |
: 30:_' ; ‘. +|SdDevy 15.01’
(«B) 20 o \:  |integral  3.526e+04 T —————
9 E 4 | sa] 28] o 140 beamE
] t Sis ot | 38264l o7 C Entries 1133
+ 10 4 rC : ean .
S - o[ wl == %°Ni energy oo oo
— - o 15,5 £ 1 MeV/u Underfow - ©
Fovd - 1 L QOverflow 30
>< -10 - :.,..' 80 O Integral 1103
—20;—' - w sof—
- g . Target aperture o
_S%ZIIIIiUI.r.'Illll?l.l-::}'.lllflillllilllllllllillll 0 0:|||\|||||.-q|||\||||'|||\|||\|| I A My
1500 —1490 —1480 —1470 —1460 —1450 —1440 —1430 —1420 o 2 4 6 8 10 12 14 & 18 20




FE9 X [mm)]

T . Data Analysis: Beam PID
Ao | Iy )
BigRIPS
oepo || 3| FE9 | FE9PPAC calibration courtesy
1% S. Ishio & H. Tanaka
s0f 4 13050 (dl,p) a0l
30 30F-
2(}5—' . 2{];--
m‘i_ = 10f
- E, -
oF X 0
- i u
- LL -
-10— 10—
—203— : -20;
a0F ~30F
_40:_ o ;-._- SO SCRE I . —4Uf— |
:||-|||||||'|'||'.|"|.l|||.|||.|||"||||| Eocv e v bt Py g
415 420 425 430 435 440 445 -156 -1550 -1540 -1530 -1520 -1510

TOF(F3-FE9) [ns]

TOF (F3-FE9) [arb. units]

thomas.chillery@Ings.infn.it




S1 X [mm]

Data Analysis: Beam PID

SH18: 130Sn(d,p)

48+ 4T+ 46+ 45+

SH19: 56Ni(d,p)

28+ 27+ 26+ 25+

.-\-' .

56Pqi

lﬂﬂ_ 150_ -
. 1305y L
B i lf-'\._ '
50— 50—
- iplvy 'g' L
:_ g [
{']-——-i. _____ ...--r.:':l.' ' i —— X () o o o o e e e
- L
Bp 1. 9271Tm - 2 -
~s0]- : ::, ~50 |
B ) " ;5 .i; . B
—lﬂ{]_— . L -. . ::__ -100+
- ." _;l:_r. - =
B . j B B
_15 _| 1L 1 1 | L1 1 1 | I I | | | I-I--I\l [ II- | .l | I- I- | _15{)3_6||1|35 140 145 150
05 110 115 120 125 130 135

TOF(S0-S1) [ns]

thomas.chillery@Ings.infn.it

155

TOF (S0-S1) [ns]

160

165

170

175




Data Analysis: SR-PPACs and TINA  Courtesy: D. Suzuki

SR-PPAC: S. Ishio (Tohoku) / H. Tanaka (Kyushu)

Relative gain calibration for the strips

90 ID.vs Charge
= Entries 78369
- Uncorrected T [P—
BO __ : cwr -. Mean ¥ 53.42
E S ) '  |sdbeve 81430
701 oMo SidDevy  9.354
C Integral  7.835e+04 0
B0 ] oy
F : 783500 ©
Charge PPN I .- - et [B=100
- s 5 .- " :
Eom. '
)
r k.
el
0 10 20
Strip ID
90 : . ID ys Charge2 0
c o = Entries 78369
- Corrected Jimti = |weanx s
80: . I Meany 58.94
E " Std Dev x B8.134 0
70F e SdDevy 1019
C : Integral 78346404 0
60:— 0 30 o
F 78338 0
Charge 50 :
- - 100
A0y
C _:..‘._ 80
30F » :'-
C F 60
[ o B
20 40
0:| 11 | 111 I 11
0 10 20 30

IIII|I\II\IIIIIIIIIII.IIIIII\I 0
40 50 60 70 80 90 100

Strip ID

TINA: T. Haginouchi (Tohoku)
E-AE plot by selecting incident angles

il 1
Erdries LEEH
SR .| Mean = 324
i Wean y 4455
: ) ' o Ed Dow 452
-+ L EdDevy  Z 36
o 104,5£4.5 SOy 212
" i i 4 as ]
e R T 3
T : : : : il [ ]

r. i
10
; 1
Energy Csl [a.u.]
eald

Lrimes TE18
LR I
e 4071
: : : Sad Do & 446.9
L L e Bl Dewy 2148
113.5%4.5° ' i e 75
- 1] ET] 1]
[ — :.. PP — ..E - .E. A D Erjg D
i [ [

ST
® e W T

Energy Csl [a.u.]

thomas.chillery@Ings.infn.it



Data Analysis: TINA

i i i i . Courtesy: T. Haginouchi
TINA: Energy calibration with triple-a source

« TTTandYY1l

+ Csl TTT Front Energy callbratlon all strlps
25[‘](]0 L s ...................... ....................... ..................

hfepy

Entries 335985

148G 3.18 MeV 241_Am 5.49 MeV

Mean 4.747

Energy [MeV] Counts

6.5

Std Dev 1.15

WA T - S 20000 —
o TRETaesngl oty U nete | :| —45 L
; r ' i - ]' S I Underflow 1.535e+04
sl . R Ly i
J —40 ~ Overflow 346
5 5 7 35 ‘l 5000 — . ..................... -. ...................... ., ....................... . , ............... |ntegrﬂ| SEDEE-F'DS
hie | = : |
: ; g : E 35085 | -
5 - . 244Cm 5.80 MeV

{2 AR LS Mean x 2853

. . I I SRR ST VO N 0 A I A —
Ve R v a7 [ 10000
45 : ; £ " }l‘ b 04 ‘,‘ : i : S1d Dew x 147 : : : : : : :

::;ﬂ '7' \\f‘!ﬂ‘lj‘} ' Ve SaDery 115

Integral 32166408

of ss| o 5000

h)
:'v 0 321588] Q

0 |14059 0

3 g ] | 1 1 1 | . |
: G S 5 3 35 4 45 5 55 6 65

2
bl SRR L £
R ) B A : : nergy [MeV
% 100 200 300 400 500 Project Y-axis ay | ]

Strip ID
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Data Analysis: TINA 08n(d,p)

Counts / 400 keV

» 131Te and 131Sn Level Density 30 i
| n

« Part of total data (YY1) 25 )

|

« Gates: Beam PID, beamspot oF. SN=5.9 MeVE

|

|

|

* \ery preliminary!

15
10
Lab Energy [MeV]
201 — . 20 2 !
183_ T YYl 18 . 'r:I)""tlill'"1|n""1|5""2|n"ﬂ'2|5
161~ 16 E, (*31Te) [MeV]
14~ 14 Counts /400 keV
e L e e e )
B A O 10 “E ]
TR VORI -5 2£-Sn=5.2 MeV |
s\ ' " ' ' 8 oF- :
R — |
B 6 al— :
_ L |
4 4 6 :
o 2 oF ' qu
N P v —— 2k
| - L 111 Il] 0
80900 110 120 130 140 150 160 170 180 Of‘—”~| e =1 um |

Lab Angle [degrees] E. (131Sn) [MeV] Online Analysis

Courtesy Prof. N. Imai
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Data Analysis: TINA 08n(d,p)

Counts / 400 keV

« 131Sn Level Density

30

* Exp. lower than theory
* Very preliminary!

25

F Sn=5.9 1nh
- MeV al‘y
15.0 -
—— Non-elastic 130Sn(d,p)!31Sn* “E
-~ 125 —~- Elastic 130Sn(d,pn)130Sn s !
% o:'""""I'""""""""'_'"
E 10.0F 0 5 a1 10 15 20 25
~ E, (P31Te) [MeV]
'E Jsl | Counts/ 400 keV
L | 94a=5.2 MeV Se=12.9 MeV 16— :
- == I
“‘-5__ 2 - 12 f—Sn:52 E 1.
1o~ MeV '
© 25} 3 I Hary
..... 13 E
; NP T L e B . L — |
0.0 25 5.0 76 100 125 150 4 '
Ex(1%Sn)(MeV) dn ”L|—'1
e — 3 ...1|0....1|5....2|0ﬂ....2|5
do/dE integrated 6, = 0 — 38° E, (31Sn) [MeV]

Online Analysis Courtesy Prof. N. Imai
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Data Analysis: TINA

Courtesy: T. Haginouchi

AE_; vs csirawS8
: : : : : Entries 38060
.130Te + d Mean x 194.7
— _ _ ] Mean y 4.042
- : Std Dev x 359
12w LI Std Dev y 2377

AErr [MeV]

- - Integral  3.767e+04
o] = 0
0

10

2

L 1 1 | L1 1 1 | I I | | L 1 1 1 | L1 1 1 | I I | | I I | | L1 1 1
0 500 1000 1500 2000 2500 3000 3500 4000
Csl_raw [ch]
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Ideal IC PID (%32r)

From OEDO day0 exp. a) 94
measuring %3Zr + d reactions

92 Nb

90

88
96

94
92
90

Mass Number (A)

88

90

88

86

II|IIIIIIIIII_I|II||III|III|III|I_|III|III|III|

IIlllllllllIIIIIllllllllllllllllllllllllllllllll

215 22 225 23 235 24 245 25 255 26
Mass-to-Charge (A/Q)

thomas.chillery@Ings.infn.it
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