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la. Goals of the #05120 experiment -7

proposal : Achieving isotopic identification
of A~200 amu would be an important
technological development for the Coupled > =n Il

Cyclotron Facility. It would allow for the - - -

possibility to expand experiments to
elements heavier than Xenon and would DO | MSAu | Ay | Mg W2Ag | A A
open a new, wide area of neutron-rich

. 197p; BEETTE  199p¢ | 200pg | 20Mpy | 202py

196 197 98] 199

18305 | 184gg | 195gg | 196Qg

» Can we distinguish isotopic
separation in the Z=82 region

using the dE-E-ToF-Bp measurement
technique at intermediate energies?

» Study of the production mechanism.
First observation of isotopes?

Beam: 298 Ph (1pnA) The yellow solid line shows the limit for the neutron-rich side which
27+ 08.10 MeV/nuc (K500) has reached in the GSI experiment*.
63+ 85.00 MeV/nuc (K1200) The red line shows the boundary of nuclei implanted in detectors to study their properties*.
RF: 23.86532 MHz Green circles show nucleus the time of lives whose were measured.
The white line shows the limit of 1 event per day statistics calculated by LISE++ with EPAX2
48hours in the 208Pp (80MeV/u, 1pna)+ Be(140mg/cm?) reaction using A1900 separator (dp/p=1%).

* T.Kurtukian-Nieto et al., Contribution in the International Symposium on
Exotic Nuclear System, Atomki, Debrecen, Hungary, 20-24 June 2005.
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Can we distinguish isotopic separation (A,Z,Q) in the
Z=82 region using the dE-E-ToF-Bp measurement

. . . . z 67859 10y,
technique at intermediate energies? ) : TRy
4 3 * 0
461 3 * 8 ' | i
The atomic number is determined from the combination of energy loss (AE) and time of E < __:: ‘
flights (TOF) values according to the Bethe formula: AR5 ‘
N 2 . .
] : -
Zz\/AE/[Izln[ 5930 j—lj. // * o1 -
gt L 33EEEEIS
The fragment mass can be extracted in atomic units from the relativistic formula: . 23 e~ -
0 +« 5 © 2 O »
TKE - e B @ ¢ e s e
A=— 2> 2/ 261 s« v 9 @ 00
931.5% (¥ —1) lieese
P : .
where TKE is calculated as a sum of the energy loss values in each of the detectors in a T e ;ﬂ-’% f E .
multilayer telescope stopping the products. The charge state (Q) of the ion evaluated from ‘ _-E: woae e = o
a relation based on the TKE, velocity and magnetic rigidity values: 6] cts a4
0=333x10° LREX Sy /3/ SETESESE
Bp(y 1) TR
Equations 1-3 can be used to determine the experimental resolution in AE, Bp, TKE, and AR A-2Q
TOF necessary to successfully identify heavy fragments . These conditions are as
follows: Identification plot of fully stripped fragments in the
reaction 12Sn(63MeV/u)+Ni.
The time resolution (RMS) should be better than 0.2%. M.Lewitowicz et al., Nucl.Phys. A583 (1995) 857.

The TKE resolution should be better than 0.8%.
The energy loss resolution should be better than 1.0%
The Bp-resolution should be better than 0.2%.

hr wDp PR

But...
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1b. Energy loss resolution due to charge state fluctuations "%y

T NIM B
ll =) Beaam Interactions

3 & with Materials & Atoms
ELSEVIER Nuclear Instruments and Methods in Physics Research B 193 (2002) 1-7

www.elsevier.com/locate/nimb

Energy-loss straggling of (200-1000) MeV/u uranium ions

H. Weick **, A.H. Serensen ®, H. Geissel *, C. Scheidenberger ®, F. Attallah ?,
V. Chichkine ¢, S. Elisseev ©, M. Hausmann *, H. Irnich ¢, Y. Litvinov *,
B. Lommel *, M. Maier *¢, M, Matos *, G. Miinzenberg *, N. Nankov **,

F. Nickel *, W. Schwab ®, Th. Stohlker *, K. Summerer *, B. Voss *

* Gesellschaylt fiir Schwerionenforschung GSI, 64299 Darmsiadt, Germany
B fnstitme af Physics and Astronomy, University of Aarfius, 8000 darfus C, Denrark
S 1L Physikalisches Isiitw, University of Glessen, 35392 Giessen, Germany

The energy-loss straggling of partially ionized
heavy ions is determined by both the
stochastic fluctuations of the energy loss in
atomic collisions with fixed charge states, the
collisional straggling and by the influence of
charge-state  fluctuations, the charge-
exchange stragqgling.
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y 1 & experiment 238U{439MeViu) + Al

— simulation

1 ===~ fit to experiment
2.0+
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1.04

0* | (10 MeV?)
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Fig. 2. Measured amnd simulated energy-loss strageling for
uranium ions impinging with 439 MeV/iu on different aluminum
targets, Incident and exit charge state are both 917,



1b. Energy loss resolution due to charge state fluctuations !'-'%%<5

Charge state fluctuations may limit the energy loss resolution.
The measurement will determine how important it is. ™ (Proposal #5120)

—
o

7 ™ §7 - T 11T rrr7r 775 +r&.°7
a 100 200 300 400 500 &00 70O 800 200 1000

E / (MeViu)

Fig. 3. Differential energy-loss straggling including charge ex-
change of uranium ions in aluminum: experimental values
(points), theory with stopping power calculated for realistic
charge distribution {—). theory with stopping power of point-
like charges (——-). and the contribution from collisional
strageling only (- ).
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The theoretical investigation
indicates a maximum in the
charge-exchange contribution in
the case of uranium projectiles
in aluminum near 400 MeV/u.

NIMB193(2002)1

More experimental data at lower
energies are needed to be
conclusive in this statement.

NIMB193(2002)1



1b. Expected difficulties: TOF o

File Window Spectra Options Graph_cbjects : Help
. 1616.02r— 10-01-07 o E
; no wedge - ,
1416.02— .- :
1 dp/p = 0.13%:.
© mee 124Xe+Be. E o
1016.021— :
w
< 816.0271—
n_. -
o.
L 616.021—
416.02 T— )
216.02 — o
16.02 b AN S e R X N P s s
0.60 S 60 lO 60 15 60 20 60 25 60 30 60 35 60

ns TOF.RF1

[80] PID::FP.PIN.E VS TOF.RF1 : 2 [0, 100 : 1000] X [0, 4096 : 1024] {A1900.TOF.RF1, A1900.FP.PIN.E}

* Phase slits in K500 requested
» Additional tuning requested with ‘feedback’, * 12-timing (only 18m, thick wedge)

intensity loss
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P 0 : IICHIGAN STATE
1b. Primary beam charge states. Thin target -

Brho Scanning Plot

208Pp (85.0 MeV/u) + Be (8 mgiom), Settings on 2020g 79+ 79+ 76+ 76+
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Optimum brio: 3.6116 Tm;

Events: 0.0022

[ T T r r [ r r r r [ rrr1r [ 1T I T T T rrr w
K @ "pb(1AGeV) + 'H(208mglem’) - fission [Eng01] Sy
H —@— LISE++ Abrasion-Ablation 1
.| -- v=- LISE++ AA + Secondary reactons in Be 84mg/cm’
10 ;'= -- +-- EPAX 2.15 + modification for light elements 3
B f wM% L.»-'" |
= 0E : & e
E = i : Q,,r-""" i @
= oL ; s i [
c L L T o i
S [ e s 0
: : S H 1 H
gt
) 3 é 3 Lo :
8 i : : : i
S5 | 1208, P
“"Pb+Be i
10" | : oS T .
F : e
- ; ]
C : B
- ._,rr""vr |
r E,rvv""-rr ]
2 T . H : I H
L0 =S PP SRR B PP AP EPEPE A BT SR B
10 20 30 40 ' 50 60 70 80
Proton nymber
i
|
Brho Sc mnnw Plot
‘5P (85.0 Me\Wiu) + Be{Sngemi Mngspn"""Os el arf e ; Config: DDSA
Optimum brhe: 00000 Tm Events: 3.31e+08
1a+!; .i
F !
e AF !
d I
w1y |2stop ;
wsf  nol i
4 0 1
ress) 9mg 0.1% :
Tl i
2 10“5 ;
< £ .
E 1"3! H
F ]
1n+2; |
1o+ | *
1a+ﬁ; .
1ot
ik Abrasion-Fission
193:
22 24 26 28 a iz 314 EX:
Brho (Tm)

02/12/09, Re.search Discuséion

Rate (pps)

21-08-2007 D035
LIS E++ [CHbUfrCOBPE Fragmentstion202Fb 20205 naw AMIpE]

— TS TR T
— D205 All states & reactions

I2 f\,
FP / Ul

Abrasion-Ablation
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Brho (Tm)
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202Qs - setting fragment
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o7 1b. Primary beam charge states. Thick target '

Brho Scanning Plot

208Pp (85.0 MeV/u) + Be (4 mg/cm?); Settings on 202Qs 74+ 74+ 74+ 7+ Config: DWDSWMDDSM MM MMM MM
dp/p=5.07% ; Wedges: C22H10N204 (20 mgicm?), 0
Optimum brho: 3.2882 Tm; Events: 0.0584
20205 74+ 194+ T4+ 7ar

2205 All states & reactions
——Rectangle 7=73-82 N=107-126 |
v ﬁ

94 mg 12
11& 12 =>5%
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FP stop
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2.6 2.8 3 3.2 34 3.6
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1c. Experiments at GSI (Pb+Be) MICHCAN SETE

No huge charge state issue in the case of projectile fragmentation

Beam
. L. . . ontor
reactions at relativistic energies with heavy beams at GSI CSEETRAM) mmm AE (MUSIC)
D|spers|ve ] ””uuuu '
", f b AeA
208pp(1AGeV)+Be : M. Pfutzner et al., PRC 65 65, 064604 (2002) 5 Target Q I Y
M. Caamano et al., Eur. Phys. J. A 23, 201 (2005) T iquid H2) _jm ' 'm[_ /‘* Actromat 1
T. Kurtukian-Nieto, arXiv:0711.0101v1 [nucl-ex] Degrade,
(Dated: February 21 2008) -— - Time of fight and posilion measurement =
Filz. 1. Schematic view of the FRagment Separator. Each magnetic section between foeal planes (the target location, $3
and Sy ) consists of two dipoles plus several quadrupoles and sextupoles (the latter are not represented here as they were
not used during this experiment). L. Audouin et al. / Nuclear Physics A 768 (2006) =21
dE from MUSIC (two ionization chambers with a
niobium stripper placed in between);
7sl|'|'|'|'|'f'|' T no TKE measurements
Fa)
_ 2 -
£ )
g oL i 100
-
W T 804
28 -
g0+ 80} (a)
50 - N 404
Py ' R __ 20t
=q,+1 =
-|||||l|1l||%';1l qqulllll' E’U' ?8-
234 236 238 24 242 244 246 248 25 282 5 198.r
E -201 N r
Steps in the heavy-ion identification -4071 137 ; 1aBTa
procedure. Only a sample of the full ot _ 76 |
statistics is shown.
-80T
Position at the intermediate focus vs A/g (a) (b)
ratio measured in the second stage of the Ty 255 266 267 258 260 260 250 260 261 262 263 264
FRS. A contour line shows the selection of 74
events with the same ionic charge in both M. Caamano et al. L i —d
FRS stages 2.56 2.58 2.6
: A/Z

M. Pfutzner et al. ) )
T. Kurtukian-Nieto,
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1c. Experiments at GSI (Pb+p)

28 -

20
Jd
-i_l.l

R oo

20

2 8

208ph(1AGeV)+p  : T.Enquist et al., NPA 686, 481 (2001)
203ph(500AMeV)+p : L. Audouin et al., NPA 768,1 (2006)

208ph(1AGeV)+p; T.Enqvist et al.,
Nuclear Physics A 686, 481 (2001)
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Pbh+d 1 AGeV
o Pb+p 1 AGeV

A Au+p 800 AMeV
e Pb+p 500 AMeV
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Fig. 7. Production cross sections of the residues of the reaction Pb 4 p at 500 A MeV as a function of the mass loss wFth
respect to the projectile (full circles). Data obtained in previously mentioned experiments are also represented: Au + p at
800 A MeV (triangles), Pb + p (squares) and Pb 4 d (diamonds) at 1 A GeV. The isolated points at AA = 0 correspond

. . 2081 ;
to a single nuclide, “Bi. L. Audouin et al. / Nuclear Physics A 768 (2006) 1-21
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2a. Experiment # 5120 : set-up MICCAN ST

208Pb
85 MeViu, 1pnA

T
detector

—

-

Movable slits
Kapton 20

Be 9
Be 47 .
Be 94 / Si-stack
Be 352 Si 300 um
; Si 300 um
Ni 67 Si 300 um
5i 1 mm
#5 12 O Si1mm
SiiLi) 5 mm

BaF + 2 Nal for beam monitoring

TOF2 between I12_Sci & FP_PIN (18m)
TOF® between RF & FP_PIN (36m)
dE Energy loss in the 1st PIN
TRE > (dEV a if 12 Sci inserted (“wedge” mode)
b in “wedge” mode should be done
special analysis because 1 != 32
B Bp, TOF

Bp 12 Sci(X)
Bp*  Bp+FP_PPAC (X)

Z dE B
A TKE,B
Q TKE,B,Bp

02/12/09, Research Discussion 11



2b. dE - detectors MICHIGAN STATE

Guaranteed Maximum Resolution (ORTEC)
For 5.486-MeV alphas
(FWHM/E are equal to 1.06%, 0.87%, 0.78% for diameter=50mm)

D - minimum depletion (mm)

80

70

60

50

40

30

FWHM (KeV)

20

10

0.0 20.0 40.0 60.0

Detector diameter, mm

http://www.ortec-online.com/detectors/chargedparticle/ultra.htm
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2b. dE - detectors MICHIGAN STATE

Factor Thickness Size Comments
Energy Detector Resolution Increasing S Increasing Energy loss value
Energy Resolution noise Increasing & Decreasing & Increasing Energy loss value
Energy Straggllng., Increasing | ©dd
Charge state fluctuations
A,Z,Q identification formulas validity Increasing S 100-500 microns
Time Resolution Increasing & Decreasing &d
Thickness “defect” Increasing & Decreasing o
Spectra Cleaning Decreasing S should be 2-4 dE detectors
Detector cost Increasing & Decreasing &d
25-30 mm for fragmentation circle or rectangle shapes.
Detector size (horizontal)
40-60 mm for fission we do not need large vertical size

Proposed configuration: 3X300* 33X 1000 Scintillator

* Fission H.Size = 50 mm (30?)
* Fragmentation H.Size = 30 mm

02/12/09, Research Discussion 13



2b. Experiment # 5120 : set-up MICCAN ST

rezpn 1004
1E1 —__

1E [ | |
Joai 201
STL . FE.PTARH GERE L 1 |l}|ia]E:nHHﬁum.n.mu.m.l:-

run 1016 i
- RIin

1E I | |
= 20010 EDIITA 41
e ve i E - 1 10, HRETUMHER (a1000. re pmrg

02/12/09, Research Discussion

New ORTEC SBD detectors* (D~20mm)
have been substituted during
the experiment for
PIN diodes 500 um (50x50mm),

* - though measured own resolution
before and after the experiment
for a-particles was about 20-22 KeV

No explanation.
Double peak structure.
Position dependance.
Channeling?

Similar effect has been observed
at the GANIL experiment with the U-beam

It is necessary to test them with other beams (Kr,Xe)

14



2¢. Runs MICHIGAN STTE

I2_SCI damage

* [2-Sci X-position problem during the experiment ® 12_en _
* No Kapton in 11 (no reference lines, difficult analysis : set of : i 4
charge states, different velocities) ® ;
v : 12_es
» 12-wedge 26 mg/cm? (Sci) is too thick for heavy ions Z~70-80 ® R L = v '3;5',43: 1514»,,,,:;},,42 s

[1823 T 12 BnLsxs + B 18, 4036 ¢ S12] x [br 0Nt x ETE] (aLS00. 12, wn1. mn, AIION. 12 88X58)

* TOF I12&FP resolution is not good enough (short path) ® \

1E2:E
« TOF RF-Pin - unstable ® =
1E1 =
° i i — 0 i - 2 = 12_x
It is possible to work at dp/p =0.5% with NI-target (67mg/cm?) PP B T T B e T, e
between beam charge states © [961 ThK::12.X : 1 [-500, B0 : 20001 {A1900.72.%1
g shifted_
RF1-RF2 3
o g s - o R, Ui ——
5 MeViu, 1pnA H 3 = o i | | | l
I"“'l (113} 'uxllxl.]n_vi_li:llf?llf: !Ia]x]f%.} 0}%%}}] ul?llq.!{z.())u.lj. “?.ESF;]“I‘_" 40

H

Siatack

. Meovable shits
Kapton 20
N
.
Slits

i %I 5626 H
#5120 "

z0Pmm
FREs

1 mm =45

S 1 mm 1E2
S0 Smm with *erge | | dE
o, | | !
500 500 1000 1500 2000 2500 3000 3500
unknown 11

T R F [ G G TSR 6 B0 WTER T CORATER (MG 1 PR NTS 1. AINE W _EE|

| IIiIFII| | |i||'.||| T

zp] | iy s
1EG T00 200 300 400
) ) 951 TRK::I2.% : 1 1-500. B0 : 20001 (a1900.12.%}
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3a. Identification MICHIGAN STATE

Identification and calibration e J [ 208620 i
a. primary beam (preliminary) _ 138

b. nuclei with identified isomeric states

1K1 =
12°Sn, 206Hg, 92’94Y, 99M0 (A,Z _ Ok, Q_?)
c. Z-Q=0line for light nuclei Mk N‘l\h M M
- (TR 1 T
1EQ 01 129.01 219.01 309.01 399.01 489.01
kev
|7 1ojlb'v|o
n Run 2065-2068
1
92y
206Hgy
— i MY g2y
— L " 206Hg
— 9o 1068
_ a4 MY
L 77d
- WMMMM 1 MM\ dnd
| Gamma Information
—  |Nucleus Elevel(keV) Jrr T1iz Eylkev) by |y mult. Yrggii;(- Yc:co?e?f\f-
206HG 1068.54 10 2+ < 21 n=s 1068.54 14 100 EzZ
2;? 206HG 2102.6 2 5- 2.15 us 21 1034.01 10 | 100 | E3 1052 01 1152 01
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MICHIGAN STATE

UNIVYERSITY

TKE

15092. 99—

Run 2031

14092. 89—
13092, 89
12092. 89—
11092, 89
10092. 99—
9092, 59
8092. 99—
T082.991T—

6092.99T—— - o

509299 SRS ' : : : =
270.50 280.50 290.50 300.50 310.50 320.50 330.50

ns TOF

Energy Loss method: TKE =E,c + E,c + E,c +E,Cc, where E,c = g, (ch) * e_slope + e,_offset

TKE Global method : TKE = 2 e, (ch) * TKE_slope + TKE_offset
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3c. Charge state separation MICHICAN STATE

Be 9 mg/cm2
No wedge

Brho=3.1Tm Q _ 333 x 10—3 TKE x ﬁy

Bp(y -1)

7 stopped in the 3rd detector
A-3Q bare (full stripped)
-15
-23
-31
-39
X Inteqratin Results x|
for spectrum A2 :AMIN_ZHD u
. ' MHame Centroid FUHH firea
— 4 7 — (=}
am3q_zmgl_stop? [  1,18839, -28,72533) ( 0,71415, 15,35388) 2069,000000
andq_zng0_stop? [ 0,04087, -32,57393) (  0,B2068, 11,75956) 1803,000000
am3q_znq2_stop? [ 2,42310, -23,83344) ( 0,78380, 16,50082) 1058,000000
Z-Q
-55 ' '
-10 -6 -2
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3d. PID plot

Be 9 mg/cm2
7 No wedge
Brho=3.1Tm

I
[N

i
S R LI A

L AR R RN

s
e
Lttt
e -
- —
o _—
- e
a - e e
e e e
e o
- R
- -
. X
o
T
N

A -2Q A-2Q

It is not limit! There are some ways to improve separation in future (dE & ToF resolution).

02/12/09, Research Discussion
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3d. Mass & Elemental resolution MICHIGAN STATE

1000

100

10

IHH‘ I IIIHH| I IIIHH| [RLLLL

Yield

ot o
 Sralinfirih 30 17
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File MWindow Spectra Options Graph_objects

MICHIGAN STATE

UNIVYERSITY

ppacO0: X&Y
m e m n
w 0.251— RS w0251 o 0.251—
0.0 | | | | I o | | | | | | | | | |
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d d d
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©

O 4a. Focus (run 2031, no 125CI) picHICAN Suae

amine -- /user,/tarasov,/05120,/a1900spectcl/win/o_2d_fp_ppac.win [Modified]

& MWindow Spectra Options  Graph_objects

ppac0: X&Y ppac1l: X&Y X&Y

| | | | | | | | | |
ST 30 -10 10 30 5| g —30  -10 TG 30 5| Mp =30 -10 10 30 5

FF.FPREO.C V5 K : 2 [-50, 50 : ¢ % [-50, 50 : 200] GATED oM : R2... CTL::FF.PPRCL.¥ ¥5 x : 2 [-50, 5@ : 2 # [-50, 50 : 200] 6ATED 0H : Ri... THE::FP.¥_¥&_ X : 2 [-50, 50 : 200] x [-Ea, S0 : 200] GRTED oH : R2031 {R...

A& A &X1

s m
T r

0,251 * 0.2 3 .25
d d

| | | | | | | | | | | | |
RN 30 -10 10 30 5| g —30  -10 10 20 S CMEm —30 0 =10 10 30 5

FPLOA_NE K ¢ 2 [-F0, S0 200] x [-EJ, S0 : 200] SRTED @H : R203L {R... TRE: :FF.A_ V& X0 : 2 [-50, B0 . 100] x HL 50 : 200] GRATED oM : R2031 {... TRE::FF.A Y& %1 ¢ 2 [-50, B0 . 100] x E—R, S0 : 200] SRTER oM : R2031 {...
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4b. New isomers (1*'Mo) MICHIGan STalt

Run 2065-2068 b e

% 9Mo ., . - =isa 71 401Mo fiew?

NNDC I T S T i 0 New?

3.31— 448 S i '
St candidate #1 + ﬁ*’?‘?_ﬁi‘i-’ SR
candidate #3181

o candidate#2  ~siine 0 1% T . C
Tl -] "-_.".w b .
9,31 3492y ‘.%ﬁ} o 'ﬁh-_" ‘

' 492 - s

N . ¥
? candidate #4 4

#5048 .___:. - o4y
lhoeht g . "
e ¥ NNDC
Lot —
101Mo
- [ | | h Run 2065-2068
9,37 11.37 13.37 15.37 11 1
92y
17 _AM20 : 2 [0, 60 : 1000] ¥ [25, 85 : 600] GATED ON : T [(A1300.P1 : 206H¢
— 94Y 9
— i) 92Y
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L 94y
448
— M
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4c. Contribution of different reaction mechanisms PSR ANISIA:

y 4 Projectile
fragmentation

Two main contributions

L o}
> = @ = &
@ °
o]

Abrasion-Evaporation
/Projectile fragmentation/

Abrasion -
—— Fission

|/
A-2Q

v Production Mechanism x|
% 3 : I- Fleac:tinns," Energy Loss. Straggling[ Charge states," Dratabazes: Masses, Isomers,"
I A04140.0 Met/u) + Be -» 325
{ ~Reaction

additionally calculate

o iels for the next
Q Sl ‘)'L O #e :aaﬂcrtin:snex
Q o o U Settings | ' Projectile Fragmentation ¥
Abrasion-fission Q Settings | " Fugion -» Residual r

A3*+ M*< 238 o Settings | " Fugion -» Fizsion r
'U Settings | £~ Coulomb fission r
° Settings | " Abrasion-Fission v
©
. . o € Two Body Reacti r
+ abrasion-breakup, pickup, etc. e e magyTeasians
ﬁ,ag::,,mmﬁm " I50L mode
Al > A2 = AS
[ Make defaul f i xCanceI ? Help

Tech. Rep. MSUCL1300, NSCL, Michigan St.Univ. 2005;
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Elemental Odd-Even Effect MICHIGAN STATE

1000

100

10

5L]_|_Iﬂ]|| ||II|II|| ]IIIIW‘_I_HTHW

Z
| |
170 W 73+
A-2Q=24
z-a=1
W
1E] = /N}{W %/\M )
|_n1ﬁnumnnﬂ ..1“”_. T R R | L“lrﬂmhﬁ
66 70 7 74 78

More probable prefragment is 18W according
to the LISE++ evaporation calculator

Why???

1. Level density difference for odd-even elements (GSI)?
2. Accumulation effect. Odd elements are “washed out” ?

02/12/09, Research Discussion

Protons (Z)

o
o

I
n

35

25

asion

10 .’14 18 22 26 30 34 38 42
A-27

E* (*8W ) ~ 200 MeV
assuming E =27 MeV per abraded nucleon
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Fission barrier (MeV)

02/12/09,

Fission barrier, MeV

4d. Elemental Odd-Even Effect
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4d. Elemental Odd-Even Effect MICHIGAN STATE

208Pb

186\\/*200mev) — 17OW
For example 30 years

i " tgage:
16 times competition between mortgage

fission and n-evaporation

APR 5.3% finally you pay
double price (+100%).

g Accumulation effect? _
i, APR 9.4% finally you pay
. . i i + 0
Even element are depleted by fission? triple price (+200%).
[ Odd-Even effect in Fission barrier?
More data should help to answer
26|anl cureaans . . .
I But fission channel is suppressed....
A-2Z
» 186W - deexcitation channels: Wi/ Wtotal [
Te+0 0 E
5
?.1?'{'-1 "Re s? 86
2 ,_Q _._-;'1 ! Re
Te-1 [_.2
£ 5 a -~ [ )
g 5
g 2 2
1e-2 ~
5
2
1e-3 0.01f 1
; /i
¥ ,
20 60 100 140 180 220 260 300 340 380 420 460 0 - 100 200 300 400 500

Excitation energy [MeV] . .
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UNIVYERSITY

4d. Elemental Odd-Even Effect (LISE++) ooy

Final Evaporation Residue cross-sections (LiskFus)
ABRASION-ABLATION - Pb + Be N i . . . .
Excit. Energy Method:< 2 >; <E*>:27.0°dA MeV sigma:15.00 Final Evaporation Residue cross-sections (LisFus)
Protons (Z): contour projection — ABRASION-ABLATION - 2Pb+ Be
Excit.Energy Method:< 2 >; <E*>:27.0°dA MeV sigma:15.00

&
2
-y

Protons (2)

ST L

2
57 [ a8 Fissioh'barrier 4 41 -
B L B 8 7 7. 7 76 7 ] 2
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4e. Initial charge state MICHICAN STATE

Knowing an initial charge state is important
for prediction of secondary beam intensities
and contaminants.

02/12/09, Research Discussion

Beam: 208pp%3* (86 Mev/u), 19e
Target : Be 9 mg/cm?

Equilibrium Be-thickness is equal to:
150 mg/cm? for Pb-isotopes
90 mg/cm? for Sn-isotopes

We assumed in LISE++ that fragments
after reaction are full-stripped

86MeViu ——p Be ~ 86MeViu —»
?? e-
19 e-
n
t<<t_equilibrium &
86MeViu —» Be ~ 86MeViu —>
?? e-
19 e-
p
t<<t_equilibrium @

31



4e. Initial charge state (fission case) o

==200MeV SONi fragment Kinematics (expected final)
16 pt== i + T Projectile Energy: 80.00 Mevia)
@ reaction: 104 65 MeV (Excitations 200.0=>73 3+1333)
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4f. Charge state distribution Loy

238U69+ (81MeV/u) with 9 & 47 mg/cm® Be Target 209Bi (81.5MeV/u) + Be

1.0E+00

1 1.0E-01 - * 7 B G
/ \ o . \
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= = & Ni target
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0.0000001 . . . . . . .
68 70 72 74 76 78 80 82 84
Q
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4f. Charge state. Energy loss as f(Q) oot

It has been seen (A1900 group),
that the Calculated “effective” thickness
depends from beam charge state.
Bp0 — Bpl

QT —» B&ET

It is correlated with charge state fluctuations for energy straggling

209Bi on Be 209Bi on Au (8 mg/cm?2)
12 15
11 - H—@—H 14 - ——
13 - ——
10 ——i 1> | P
9 H—H-o-0—+—H 11 4 ——
8 H——o-®—+H 10 - @@
v ————— 9 O+
o] 6 PP o] 8 HOO®-+
N N 7 HOO®—+
5 H— - @—H 6 H-OO®+—
4 ——H OO —+H 5 H-OO®
3 - OOOe»-H—+H 4 HOO®—+—
2 H—H—@- 00— 3 - OO®-—
HO-HOOH
1 = ®»—+ 1 eI
o ‘ ‘ ‘ ‘ o : : : : : :
78.4 78.6 78.8 79 79.2 79.4 80.1 80.2 80.3 804 805 80.6 807 80.8
Energy [MeV/u] Energy [MeV/u]
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4g. New Isotopes MICHICAN STATE

206TI76+ -
Pb78+  206Hg77+ | 207TI77+ =

11.681—

69,68

67.68

65.681— T4

1

7 S )
LA A . .

LR s o
Ty | | |
| a1 " 535% | |
A3Q 28839 25 39 —24.39  -23.39  -22.39 2139 -26.39 -25.39 -24.39 -23.39 -22.39 -21.39
: A-3Q . A-30Q
R2iq AM3Q : 2 [-35, -15 : 800] X [29, 75 : 700] GATED ON ! RZ065 {A1300.FID.AM3Q, A1900.PID.Q} AMID : I [-35, =15 : #00] X [29, T5 : T00] GATED ON : RZ06S5 [Al900.PID.AMID, ALl900.PID.Q)

48.00 71—
209pp 20pp 211pp 212

46.00 1

N
2047 2067 207 7] 2087 2097]
44.00°

42.00+ 203y W5Hy | 2064y | 207Hy | 2084y | 2094y
40.00¢
2015,
38.00+

200p; | 201py
36.001—,_

- F
kit g
15.67 17.67 19.67 21.67 23.67 25.67 27.6'

cd

=

31,00 b—* 199
11.67 13 Ir

AT AM20 = 2 [-5. 40 D BOD] X [15. 84 : EOD] GATED OH : RZ085 (A1900.PID.AMZO. IIQUO,I‘A-'ZzQ

1960 | 19705

* Runs contains 2%Hg isomer

 Thick wedge

* “blind” during the experiment

* TOF-resolution is not enough
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S5a. Outlook MICHIGAN STATE

UNIVYERSITY

e Two-stage separator

cleaning
no limitations with 12-detector
K1ZDD

MCP(X,t) at FP A1900 cyclotron Ksoo Detector setup

TOF 46 m “"fyclotron -
_4;:“‘::81_
= W™
St

. . Achromatic degrader . / i,
e Methodical experience from 2%8Pb and A1900 Tragment separator / *-
two-separator experiments g:iﬁm,
New set of detectors, thin wedge etc fransport beam line

Momentum /

measuremant
D10

D11

) ] S800 analysis beam line
Analysis; new “Z”-approach in the recent

’6Ge experiment is a good tool against charge
state fluctuations o(Z),_,, < 0.1
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Sa. OQutlook (U-beam fragmentation) MICHIGAN STATE

100

80

e Can we identify isotopes of elements o 3
80 < Z <90 by dE-E-ToF-Bp method | )
using Si-detectors? ol i

0 LI T
0 20 40 60 80 100 120 140 160
e FRIB. N

U-fragmentation
EPAX cross section??

100 =

e How are we going to make secondary
beams the U-primary beam
(identification?)

cross section / mb
3
|

RESIDUES

I T —

0 10 20 30 40 50 60 70 80 90

Z
e Recent seminar at the NSCL.
Non_observed |eve| 400KeV Of 215Ac_ Cross sections for the nuclei produced in 238U (1 4 GeV) +
. . ; ] . p- Up: Prediction of ABRABLA presented on the chart of
Fragmentatlon instead fusion-fission? the nuclides. Down: Experimental data (full dots) [this

work, 11, 12, 13] are compared with the results of
ABRABLA (solid line). The solid line is obtained by the
sum of the three components: the evaporated IMF, the
fission fragments and the heavy evaporation residues
(dashed lines). M.V.Ricciardi et al., PRC 73, 014607
(2006)
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Sb. Conclusion MICHIGAN STATE

* |[sotopic identification of nuclides having A~200 has been achieved with Bp-ToF-AE-E
measurement techniques, demonstrating that adequate A,Z,Q resolution at this energy region

is possible when using silicon detectors.

 The results demonstrate that experiments with heavy nuclei are possible at the NSCL using
beams of A>200. There are some ways to improve separation to produce secondary beams in
future using heavy primary beams at 80-100 MeV/u energy domain

« The data has shown the existence of previously unreported isomeric transitions and further
analysis is ongoing that may also lead to the observation of new isotopes.

 Preliminary results show good agreement with the LISE++ code. Production cross-sections
have been extracted from the data that can help improve the accuracy of production models
such as Abrasion-Ablation and Abrasion-Fission used in the LISE++ code.

. Methodical approaches (RB production, straggling, identification etc)
. Odd-Even effect in elemental production (fission barrier)
. Search for New isotopes
. Search for New isomers
. Reaction mechanism: Production cross sections.
Initial charge state after reaction
. Charge state distributions; Energy loss as f(Q)

Q ™ O o O T QO
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