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* |ntroduction
— Production mechanism of Rl beams
— Particle identification (PID) scheme
— Rl beams at the BigRIPS separator

 Measured production yields and cross sections
— Neutron-rich nuclei by in-flight fission of 233U beam

— Proton-rich nuclei by projectile fragmentation of 124Xe and
’8Kr beams

— Neutron-rich nuclei by projectile fragmentation of °Zn and
48Ca beams

* Database of Rl beams produced at BigRIPS
* Summary
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* In-flight fission of 233U beam

fissi 2381J(345 MeV/u) + Be
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— very powerful for producing a wide range of

medium-heavy neutron-rich isotopes 70
— large production cross section
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— all kinds of fragments (RI beams) lighter than AQ

projectile can be produced

Some cartoons are based on those from GSI.




‘éj Particle identification (PID) scheme at

vistiia BigRIPS: Z vs A/Q

» TOF-Bp-AE method with

trajectory reconstruction 1t stage
\ Target
A Bp c "% FO Degrader-1
Q yBmy A / 'PPAC x2

Z < AE =f(Z,p)

Bethe-Bloch formula

Trajectories are measured at
the focuses for trajectory

Plastic

2" stage AE: MUSIC, Si
Bp with track isomer
, tagging: Ge

reconstruction

7 \

Pss, Bpss l Ps» Bps;
/ F PPAC x2 \ PPAC x2
F4 _sgireenfiefiigs F6 V' plastic

Degrader-2

TOF: A

reconstruction which allows

One of the best PID plot for fission fragments

improvement of A/Q 50;— o 1°5§ E— Rh
resolution. as- 10'F | g
E 103 ) . q 124,45+
40 < 103k Bh
r.m's. A/Q N : g 10 - // 122Rpet
resolution: 0.034 % ®F 17Oy gy
6.10 peak separation o ‘ 10 10k S
between the fully stripped 2r ! A
L | ) PP | ' P | R i L
peak and H-like peak 25 26 27 28 265 27 275 28
A/Q 238J(345 MeV/u) +Be 2.9 mm  AQ

PID at BigRIPS:

N. Fukuda et al., Nucl. Instr. Meth. B 317 (2013) 323.

Bp01=7.990 Tm, F1 deg Al 2.18mm
G2 setting in J. Phys. Soc. Jpn. 79 (2010) 073201.



N Observed isomers
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Isomers observed in the RI production since 2007 EmE wmEmECO0
T,,=0.1-100us d P"EEEED

Particle-y slow correlation method
* Time window: 30 us —
« Dynamic range: 50-4000 keV
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a — Microsecond isomers are essential for RI
production because they can be used for
igm isomer tagging in order to calibrate the PID.

— A number of isomers were already
confirmed over the large region.




= Rl beams produced at BigRIPS
ISHINA (May 2007 — June 2016)

» RI beams have been produced by using:
- In-flight fission of 238U
- Projectile fragmentation of

14N, 180, 48Cgq, 70Zn, 78Kr, 124Xe

> Atotal of 416 Rl beams delivered to 127
experiments.

» Production yields for a thousand =~ _--
of Rl beams 20

» A number of new HHE
Isotopes and
new isomers

® Rl beam Produced (416) for 127
Experiments

Production Yield Measured (1481)
Il New isotope 2007, 2008

New isotope 2011

B New isotope 2012
New isotope 2013

Il New isotope 2014
M New isotope 2015
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Measurement of production cross section is important.
- Allowing accurate estimation of Rl beams.

e Production cross section is deduced from
— Yield:

* High resolution PID analysis

— Transmission:
e LISE** simulation
(Monte Carlo mode)

— Beam intensity:
* monitored by detecting light charged particles recoiling out of the target
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‘éj Measurement with 238U beam

nisHNA Neutron-rich isotopes by in-flight fission
* Measured production yields
* Measured production cross sections

— comparison with LISE++ prediction

e Example of Z~ 64



t\aj Measured production cross sections for
nisriNa in-flight fission of 238U

11111

» Atotal of 281 RI beams delivered to 56 experiments.

> The U beam intensity has been achieved 35 pnA. R oo
([l 00 00000000
13°Cs: 5.0 x 10*2 pps/pnA oo B ooy
ImPACT o BRI W ERae
nuclear transmutation reaction for _C . __:_i_j:::lii:':_ wnn
the long-lived fission products 5 sia/a/maiaini 1] R 8
Mt okt -
i el e eeeaenemssaans i | 233 beam
107pd: 2.8 x 10™3 ppS/DNA |- el pywmmslissssassssssensssaus . 82 .
PPSTINA e R e s EURICA campaign
e fpand isomer-decay measurements

°Zr: 3.3 x 10*° pps/pnA B o M |

i saam = mnnm
-------------
1 O000000000atogc]

28 ¢ SRR /| 125pd: 2.0 x 107 pps/pnA i

000000000000
| LO000000000000

I l--lllm---ll 50
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Paiasess | peioo s ’®Ni: 6.5 x 10 pps/pnA

8§ nge EURICA Ge array
020 (EUROBALL RIKEN Cluster Array)

B Production yield (1018)

8 @ Production cross section (604)




‘éj Measured production cross sections for

NiSFINA - fllght f|5$|on of 238U (Be target)
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J New isotope search around Z~ 64
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Experimental condition

Target Be 4.9 mm o I
D1 Bp 6.950 Tm o8- 3 Hl =10
Tuned for 168Gd o6 zq i :
64— 4 1EHL A .
F1 degrader Al 1.27 mm ol i
F5 degrader Al 1.40 mm - ]
601 ]
F1 slit (Ap/p) +3/-2% +/- 3% ol T
. B 10
F2 slit (mm) +15 /-4 +15/-5 P Y b
F5 slit (mm) +/- 120 sal- L TR A
L A A+1 R
F7 slit (mm) +/- 15 522|+||||| 1
45 25 255 26 265 27 275 28

AlQ

* A/Q resolution: 0.036 % (o)
« A/Q accuracy: +/-0.1 %
e Zresolution: 0.50 % (o)
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matics of fragments: angular and

momentum distribution for 18Gd

Y-angle(¢) at F3

fission!

Wide spreads:
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‘j Abrasion Fission model
NSH—II\EIA
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e LISE** (next talk by T. Oleg)

— Three excitation energy regions method

_ _ Fission-
Parameters for 28U + Be Abrasion-ablation evaporation
. . Initial o
Low Middle ngh 2387 Beam Frettgment @/\
fissile |2%,U |26, Th |220,,Ra @ .‘,
0

E*MeV |23.5 100 250 ® OQ\")
c mb 200 500 350 from Tony QB? Fission with

Nettleton Target neutron evaporation

* ABRABLAO7/

— three-stage nuclear-reaction model developed for
description of peripheral and semi-peripheral
collisions at relativistic energies



‘éj Measured production cross sections for

Production cross section (mb)

NISHINA -flight f f 238U B t t
m igh ISSIOHO e targe
= e e o 1 — = T Ty
m';r 68El’~ 10'F 6,;,H()é m';r 6ﬁD}h m';r 65Tb~ 10 6aGd o
10° 710 3 10% ERUR 110°F E
0 110% 30 30 110
10 3 10°F 3 10k 7 10k 1 10 E
10°E 3 10°F 3 m e 4 10k 1 10°F 1
07 110% m% 3107 1107
10 307, 30 40, 0k N\
165 180 160 160 165 170 175

ET SR | | T e RS s = T | — T = BigRIPS Seiting |

E Fud ok m4a ok Pmi b di ¥ BigRIPS Seiting 2
ng 630U 3 |02§ *e 625 E ng 61 3 ng N E O BigRIPS Setting 3
10~ 3 10°F R R 3 A BigRIPS Setting 4
103 F 4 10°F 1 107k 1 10°F 1 O  BigRIPS Setting 5
10 E 3 |0’4:r 3 |0’4:r 3 IO"':r 3 i BigRIPS Setting 6

F EI: I ERA: ®  BigRIPS Setting 7
107 3107 ER ERE E ¥  BigRIPS Setting 8
10°F 3 It')'f’gr I It')'f’gr I I()'f’gr 3 LISE™ ver.8.4.1
107E 3 107F 3 107F 3 107F E st

SE 10k 3 10k 3 10k 3 . ana
107F 3 107 3 107F 3 107¢ ABRABLAO7
10°g 307 R 310 T

155 155 170 150 165

J. Kurcewicz et al.
Mass number Phys. Lett. B 717 (2012) 371.

» the LISE predictions are three orders of magnitude smaller than the measured
Cross sections.
» BigRIPS data were consistent with GSI-FRS data.
» GSI-FRS: 238U(1 GeV/u) + Be
» The ABRABLAOQ7 predictions are in good agreement with measured cross sections.



‘éj Measurements by projectile
M
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NistiNa fragmentation

* Proton rich nuclei:
— 124Xe beam
— 78Kr beam

* Neutron rich nuclei:

— 70Zn beam
— 48Ca beam



&\aj Measured production cross sections for

NisHiNA projectile fragmentation (124Xe beam)

» Atotal of 27 Rl beams delivered to 8 experiments.
» The Xe beam intensity has been achieved 100 pnA.
-

New isotopes: 1'124 :

%In: 1.3 x 10° pps/pnA 5 Xe

9%Cd: 1.5 x 10 pps/pnA - N

°?Ag: 1.9 x 10° pps/pnA aEiiaiscai:

0pPd: 4.9 x 10”7 pps/pnA __FamaaEiiai:

. swEmEc scsEoiag ' 2 | 124%e heam
I. Celikovic et al. T o o .
Phys. Rev. Lett. 116 (2016) 162501,  T=a=====cas | EURICA campaign
T ::EEEEE=E-: | f-and isomer-decay measurements
m o
RS SR isasat | o | 100Sn: 1.8 x 104 pps/pnA
LI .:.
| ]' . 50
20 H
[
I :
] i o 28 / "
8 1 2 EURICA Ge array
HUtH (EUROBALL RIKEN Cluster Array)
B Production yield (225)

® Production cross section (154)



‘éj Measured production cross sections for
NisHiNA projectile fragmentation (124Xe beam)

Production cross section (mb)
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» The measured cross sections are fairly well reproduced by EPAX3.1a.
» In very proton-rich region and higher Z region, our measured cross sections

Mass number

are almost one order of magnitude smaller than the calculated values with
the EPAX3.1a.

cf) 190Sn ~

1/6, 3Sr ~1/3



‘éj Measured production cross sections for

NiSHiNA projectile fragmentation (78

» Atotal of 12 Rl beams delivered to 6 experiments.
» The Kr beam intensity has been achieved 450 pnA.

New isotopes:
68Kr: 3.1 x 10° pps/pnA
67Kr: 5.1 x 1077 pps/pnA
63Se: 1.4 x 10° pps/pnA 5

Kr

beam)

Time: 48.7 hours

Beam: ~¥310 pnA

B. Blank et al.

Phys. Rev. C 93 (2016) 061301R. -

20 I

[
[
|

78Kr

| 50

20

B Production yield (112)

® Production cross section (98)

Live time: 93.8%

66T 67K, 68KT.

36

34

32

30

28

26

24 e e | v ey ) P

h
Entries  2.417962e+07 10*
Mean x 2.112
Mean y 25.14
RMS x 0.04394
RMS y 0.9954 10°
Integral 1.082e+07
0 0 0
01.081874e+3A6928
9980353(3033599
10?
10

1.8 1.85 1.9 1.95

Fri Jun 19 09:07:23 2015

2 2.05

A/Q

New isotope search: >8Ge and ®2Se
-- >8Ge and ®2Se could not be found.
-- upper limit of 0.07 fb



‘éj Measured production cross sections for

Production cross section (mb)
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NisHNA projectile fragmentation (78Kr beam)
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-9 I EPAX215 ]
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Mass number

» The measured cross sections are fairly well reproduced by EPAX3.1a.

» In very proton-rich region, our measured cross sections are almost one order
of magnitude smaller than the calculated values with the EPAX3.1a.
cf) 8°Kr ~ 1/14, ®4Sr ~1/9, °Ge ~ 1/7

» It is surprising that measured cross sections for Rb are well reproduced.



‘éj Measured production cross sections for

NisHNA projectile fragmentation (79Zn beam

» Atotal of 6 Rl beams delivered to 2 experiments.
» The Zn beam intensity has been achieved 150 pnA. ERERiEE .

1 >4Ca: 0.11 pps/pnA
O New magic number: N=34

L 97n D. Steppenbeck et al.

m _H Nature 502 (2013) 207.
28 £ : et
[T

- | ll:l:_:ii:l M| 50
2 ey - ::'EEE','EE'"'“ limit of known isotopes:
l Sesssiiiiie 61Sc: 2.1 x 10 pps/pnA

- i >8Ca: 2.1 x 10°® pps/pnA

[ 1

i - T8 >6K: 1.1 x 10 pps/pnA
‘ 020 >Ar: 1.1 x 10° pps/pnA

B Production yield (110)

® Production cross section (89)



"}j Measured production cross sections for

Production cross section (mb)

NiSHNA projectile fragmentation (7°Zn beam)
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Mass number

» Overall, the calculated cross sections with both EPAXs are in good agreement
with the experimental cross sections.

» For Z< 20, EPAX2.15 estimates the cross section better than EPAX3.1a.

» For Z > 20, EPAX3.1a estimates them better than EPAX2.15.



‘éj Measured production cross sections for

R1KEN ° ° ° 48
NiSHINA projectile fragmentation (**Ca beam
» Atotal of 79 RI beams delivered to 28 experiments.
> The Ca beam intensity has been achieved 500 pnA. o .
O |
50
40Mg: 30 counts/hour - Drip line search: F, Ne, Na
c.f. 3 counts/10days @NSCL . 48Ca beam: 415 pnA
. L1 14 -
[ 13 —
L1 ~ *
28 \f= ! { ! 4 12 - \(\’bK
I IEU ]: . : | 11 — e\\((\ : gé.
S i RE A" |p o 50 ol 5 & No events
20 £FF \ B | N L ) T e
‘ | ’ T % k)
! mRT 8 |- ’
e e L ®F I 3
: mBCOTCCORCE -
g, ‘o |
W - roduction yie 3 35
. B Production yield (87) 40

® Production cross section (77)



"}j Measured production cross sections for

N

Production cross section (mb)

Mass number

» Overall, the calculated cross sections with EPAX2.15 are in good agreement

with the experimental cross sections.

» The EPAX3.1a underestimates the cross sections.
» In the LISE** simulation, secondary reaction in the target is NOT included.

RI1KEN o o o 4
NisHNA projectile fragmentation (*3Ca beam)
0 FToaad T
IDi - 1\ — me3_1i
10_,:: il L\i. :
< -
10° - AN 57
A = Q o b /8T
107 = = e W -
lD‘”i - 10fb ‘ KN B
- - o ]
10 :r|||||||||||||||||||||||\|||||\|I||\|||1:
10 15 20 25 30 35 40 45
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Production yield (pps/500pnA)
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Secondary reaction in the target

. 37Na were produced with different target thicknesses to
study the effect of secondary reaction in the target material.

0.5

0.4

0.3

0.2

0.1

Production yield of *’Na

EPAX2.15 with 2ndary reaction

EPAX2.15 without 2ndary reaction

Measured yields

<

20

Be target thickness (mm)

25

Experimental condition

et | s smm | be o | Be20mm

D1Bp 9.433Tm 9.259Tm  8.838 Tm

F1 slit +/- 120 mm
F1 deg 15 mm
F5 deg 7 mm

» Overall, the calculated yields without
secondary reaction are in good
agreement with the measured yields.
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Production yield (pps/500pnA)
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Secondary reaction in the target

. 37Na were produced with different target thicknesses to
study the effect of secondary reaction in the target material.

0.1

0.08

0.06

0.04

0.02

Production yield of *’Na

® Measured yields

EPAX2.15 with 2ndary reaction

EPAX2.15 without 2ndary reaction

yield with Be 5mm is used

X1

|to normzfulize thelEPAX2.1§

8

<

5 10 15 20

Be target thickness (mm)

25

Effect of secondary reaction

oL Lo [

x 1.0 x1.4 x 1.8

LISE** x1.6 x3.2 x7.4

» Effect of secondary reaction:
e smaller than LISE predictions
* not beignored
» More data...
e thin target
 dependence of Rl beams



‘-X Database of Rl beams produced at BigRIPS
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NiSHINA

C ENTEHR

* Analyzed data of Rl beams (as of august 2016)
— number of settings: 227
— number of yields: 4692
— number of c.s. : 2579

* Database of Rl beams...

— Production cross s:ectlons and yields
. Experlmentael condltlons

Isomerlc; nucleus

. Halfllfe
[ Sample of gamma ray energy spectrum

.= Y.Shimizu et al., APR 47, 166 (2014).
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‘-‘4] Database of Rl beams produced at BigRIPS
NISHINA
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Web Interface ( Access restriction!)

73Sr 7450 75Sr  76Sr  77Sr  78Sr  79Sr  80Sr
74Rh 75Rh 76Rb 77Rb 78Rb  79Rb

69Kr < 70Kr | 7iKr | 72Kr 73Kr 74Kr 75Kr | 76Kr 77Kr [RINg
70Br 7iBr 72Br 73Br 74Br 75Br  76Br  77Br

73Se

64As T2As

60Ge  61Ge | 62Ge | 63Ge 71Ge

70Ga

54Zn  55Zn | 56Zn | 57Zn | 58Zn | 59 60Zn  617n 69Zn
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n
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68Cu  69Cu | Z0Cu 71Cu

48Ni  49Ni  50Ni

ax]
—
=
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b
<
&
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=
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L
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o
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67Ni  68Ni 69Ni 7ONi

37Co

55Fe . Eta3:M 59Fe | 60Fe 61Fe  62Fe | 63Fe | 64Fe | 65Fe  66Fe 67Fe = 68Fe

46Mn  47Mn 48Mn 49Mn S50Mn 51Mn 52Mn 55Mn EEltn

s8Co 62Co0 63Co 64Co | 65Co | 66Co G67Co 68Co  69Co

45Fe  46Fe = 47Fe 48Fe  49Fe | 50Fe 5iFe 52Fe

57Mn  58Mn 59Mn | 60Mn  61Mn 62Mn 63Mn 64Mn 65Mn  66Mn  67Mn

Table of Nuclides

14N Beamm 180 Beam 48CaBeam 70ZnBeam 78KrBeam 124Xe Beam 238U Beam
Isotope Search Isomer Search List of Publications List of EXxperiments




4‘ Database of Rl beams produced at BigRIPS
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cenTtenr WeblInterface ( Access restriction!)

735r  74Sr

Arsenic o »
66AS Z =33 N =33 N: » - . 4 A 6! 77Rb  78Rb  79Rb
Cross section & yield

~J
o
{22
=

765r  77Sr 785r  79Sr  80Sr

&
g
=

Yield Cross section Measurement Brho013 F1 slit F1 slit SOKr JOKr 7lKr IZ2Kx I3Kx ZKr 7SKr 76Kr 77K gy
1 2 LISE++ [mb Beam Target Thodls
D% | (ppsipnal | (exp)[mpj | Error-[mbl {mbl date 8 (fm] | Lmm] R[mm]
70Br  71Br = 72Br < 73Br 74Br 7SBr 76Br 77Br
8 2.09e-5 2015-06-02 78Kr 345MeV | BeSmm | 4.9668 60.0 2.0
11 | 941e-2 3.62e-3 8.78e-4 2.54e2 2015-05-24 78Kr 345MeV | BeSmm | 5.4550 64.2 64.2 G6Se | GiSe | G8Se | G9Se 70Se 7lSe J2Se T73Se
48 2.94e-1 2013-06-28 124Xe 345MeV | Be4mm | 5.1100 64.2 40.0 68As | 69As  70As | 71As  72As
Isomer information Isomer Informatlon }/ray energy SpeCtrum 64Ge  65Ge @ 66Ge 71Ge
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Database of Rl beams

Web Interface ( Access restriction!’)

produced at BigRIPS
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D% [ppsipnAl | (exp) fmpy | Error mbl {mbl date & Mml | L ‘ Target ‘ Be Smm ‘ Beam ‘ 78K 345MeV
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300 —
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200 [~
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Table of Nuclides
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The Rl database system helps us not only to manage  smossom Behos?

lots of data but also to operate the BigRIPS separator.



Production yields and cross sections of various radioactive isotopes
were measured using the BigRIPS separator at RIBF

Neutron-rich isotopes from 238U beam

— For the region of Z < 50, measured yields are well reproduced by LISE
predictions

— For the region of Z> 50, LISE predictions are three orders of magnitude
smaller than the measured yields.

— The ABRABLA predictions are good agreements with measured cross
sections for the region of Z > 60

Proton-rich isotopes from %4Xe and 78Kr beams

— EPAX3.1a reproduces the measured cross sections except for very proton-
rich region and high Z region (near projectile).

Neutron-rich isotopes from 7°Zn and #Ca beams

— For the region of Z < 20, measured cross sections are well reproduced by
EPAX2.15.

— For the region of Z> 20, measured cross sections are well reproduced by
EPAX3.1a.

Work on the Rl database system is currently operating.












Measured production cross sections compared
with EPAX 3.01 & 2.15 (*8Ca 345 MeV/u + Be)

I |
4 2 L
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Mass number Mass number

Open symbols: cross sections with the correction for the secondary reaction effect in the target

(only for the nuclides whose augmentation factors are more than 1.6.)

e Fairly good agreement between the experimental cross sections and EPAX 2.15.

e EPAX 3.01 underestimates the cross sections.

Modification of EPAX3 from EPAX?2

The c.s. of very neutron-rich fragments from medium-mass and heavy projectile were
modified, which were overestimated by EPAX2. At the same time, the good agreement of

EPAX2 for the neutron-deficient side is maintained.




‘éj Measured production cross sections for

st in-flight fission of 23’8U (Be target)
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‘éj Measured production cross sections for

NISHINA

ENT

124%e+Be at 345 MeV/u

» The measured c.s. are fairly well reproduced by EPAX3.01.

» Invery proton-rich region and higher Z region, our

measured c.s. are almost one order of magnitude smaller

than the calculated values with the EPAX.

e.g. 199Sn ~ 1/6, 735r ~1/3
» Example: 199Sn setting for EURICA 2013
v' Beam current: 35 pnA
v 100Sn: 4.0 x 10°3 pps at 35 pnA
52 —
i Target: Be 4.0mm  F1slit: +64.2/-3.0
s0 |- F1deg.: Al3.0mm F2slit: +4.0/-45.0
i . F5deg.: Al2.2mm  F5 slit: +2.0/-120.0
s ¢ % Bp(D1):5251Tm F7slit: +4.0/-35.0
- - G4/0/(A/Q) = 0.060%
< Ol g 02/7=040%
44 —
4 .
40 |
38 I | I \ |7"‘
1.9 1.95 2 2.05 2.1 2.15 2.2

projectile fragmentation (124Xe beam)
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‘éj Measured production cross sections for

R_|

’8Kr+Be at 345 MeV/u

» The measured c.s. are fairly well reproduced by EPAX3.01. 10"

» Invery proton-rich region, our measured c.s. are almost
one order of magnitude smaller than the calculated
values with the EPAX.

e.g. 9Kr ~ 1/14, %4Sr ~1/9, °Ge ~ 1/7

» Example: ¢’Kr setting for EURICA 2015

v' Beam current: 400 pnA
v 63Se: 5.6 x 10 pps at 400 pnA

42
- Target: Be 5.0mm  F1 slit: +60.0/-2.0

40 - F1deg.: Al 2.0mm  F2 slit: +15.0/-18.0
38 |- F5deg.: Al 2.0mm F5 slit: +35.0/-120.0
26 | : Bp (Dl) 4.967 Tm  F7 slit: +20.0/-12.0
34 [ ¥k . 0,,/(A/Q)=0.078%
32 0,/Z=0.60%

N -
30 k
28 |-
26 |-
24
22 I~ Online analysis
20 L I | L1 ‘ | | ‘ Ll Ll ‘ | | ‘,\ L Ll |'\ L1 L I

1.75 1.8 1.85 1.9 1.95 2 2.05 2.1 2.15

A/Q

NisHiNA projectile fragmentation (78Kr beam)
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‘éj Measured production cross sections for

R_|

NisHiNA projectile fragmentation (7°Zn beam)

T
Ar

3
79Zn+Be at 345 MeV/u :
» For the region of Z < 20, measured cross sections 10"
are well reproduced by EPAX2.15.
» For the region of Z > 20, measured cross sections
are well reproduced by EPAX3.01.
» Example: >*Ca setting for SHARAQ 2014
v' Beam current: 150 pnA
v/ 54Ca: 5.6 pps at 150 pnA

Even Z

Production cross section (mb)

=YY Y Y Y Y YWY Y Y Y Y Y e Y ENY Y Y Y Y Y Y Y Y Y O Y A Y

1{'}']3
10°
28 —
i Target: Be 10.0mm F1 slit: +64.2/-64.2 10
26 |— F1deg.: AI3.0mm F2 slit: +50.0/-15.0 10"
= F5deg.: Al 5.0mm F5slit: +120.0/-120.0
24 — Bp (D1): 7.349 Tm  F7 slit: +50.0/-50.0 1072
» Oa/q /(A/Q) = 0.065% 107
B o,/Z=1.41%

N 20 2/ ’ 107
s 10°
16 - 107

L -13
14 10
12 L | L L L 1 ‘ L L 1 L ‘ 1 L L L ‘ L L L 1 ‘ L L L L ‘ L L
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‘éj Measured production cross sections for

R_|

NisHiNA projectile fragmentation (48Ca beam)

10°E EvenZ " Ne
10 i

Mg

48Ca+Be at 345 MeV/u

» The predictions from the EPAX2.15 formula are in 10"
better agreement with the measured cross

10° =
sections than those from the EPAX3.01 formula. — 1% B
» Example: 33F setting for Drip line search 2014 -g . =
10 B
v" Beam current: 340 pnA bt -
31F. : 10" 5
v' 31F: 3.6 x 10 pps at 340 pnA = ]
Q 10—]1 =

Q
v -
% 10" =
5 10 =
14 = B
- Target: Be 20.0mm F1slit: +120.0/-1200 & 10 B
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- Bp (D1):9385Tm  F7slit: +20.0/-200 & 10° -
- | & Ona/(A/Q)=0.238% P 4 =
9 - B -
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8 — -
- 10" E
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