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Solar system abundanceftheavy elements

Beyond Fe, Nihneutron-capture reactions
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Studies on fission of neutremch nuclel
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Direct kinematics reactions

The main focus is on the target! Projectilelike products  Targetlike products
Observed produced at rest
Light beams
(neutrons, protons, light iong.. l
—

often remain in target

|

Heavy ion Not observed
target
Drawbacks: A relatively low energies of
o _ _ FFqFission Fragments) result in
A limited choice of targetsnaterial difficulties; mostlyfor their Z
(only stable or clos¢o-stable nuclei); identification.
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Inverse kinematics using radioactive ion beams (RIBS)

The main focus is on the beam! o
Projectilelike product¥ beam energy

Advantages
Reaction products

ﬁ

Heavy beams A Large kinematiboostin forward

direction for fission fragments

Light target A Study of fission barriers for very
exotic nucleil.
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Inverse kinematics challenges

Neutron adding on '36Xe at 10 MeV/u o o
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An important difference
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A Target inside the solenoid

A Fission fragments

A Proton follows helical trajectory and then is
detected in a positiorsensitive silicon array

Arb. units
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What do we get?

excitation energyof the
nucleusc to study fission

asfunction of the
OUR JOB E( / excitation energy
— 4

CyC \ angular distributionof
protons¢ to obtain the
angular momentum of
fissioningnuclei
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An ideal spectrometawith a stationary source

Formula for magnetic rigidity: y
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Finite size detector

e.g. Protons . 3

& from (d,p) e.g. Recoil
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Finite size detector

A the projection of the particle trajectory onto the xy plane
A one of the detector planes

A o | the angle between the normal of a detector plane and
the x-axis

A a’i the shortest distance between a detector plane and the
center of the detector

A} 1 the particle bending radius

detector
plane

The normal of the detector plane:
¢ (A TnGO B )

The equation of the locus of the + charged
particle when the B-field is directed along the
Z-axis:
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At the samdime:
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N N A Theparticlecan cross the detector plane
<w> [ OE %E(DAIL—,—— Ac) el
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A The hitpoint is from outside-> the dot
l product of the direction vector with the

detector plane normal is less than 0
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We know:
A h
A a h

A kineticenergyof the projectile

measure
O
a h
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To T Po

We want:
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total energy Ey in the CM frame or the mass of the system M

E o CM frame applis;
and Q as the total energy of particles 1 and 2 in the CM fram

, respectively, one gets:

e my = g — 78 + afis
" T . (94)
Timg=T VIR - mg a(1 - ) +afz oz
2 a2 £ 12 4 4 2my T
md +mi + 2ma/m mi + 2ma(T + ma)
i =g mitag:
(ma + ms)” + 2my ¥ (05)
Ty 11 3 2
g 2 (MZ = m3) — my + afiz
(82) NI
Q Plesse note that it depends only an the excitation energy.
The intercept with the kinetic energy axis is:
@
i ———e (96)
kT TmP—md
f=m =Y tma) —T
e matm T
% re p now. We scart wi 2,
Let’s caleulae p now. We seart with: (L o) )
e
g At small incident energy, Me — m1 + ma + Tem = mz, 7 = 1
$in” fem + 08" fem = 1 (83) = o .
M2 4 —md
From Eq. Eljwe know that: f;s-“il —my—
Now we climinaze c, 30 that:
ksinfem = psing = sinfem
(88) €08 B % (00)
1Bg — Yk OShom = peost = coslem
g =ipeen pe cos ‘his i the relavionship hetween the conter-of-mass angle and the =-pesition. The dependency on
) the excitation energy is inside the term ¢
psing\? pcasd
(g).( ) i )
k k vk 3.3.2 The constant o line
7 (sm:u R L”) 28p==0 4 0 Next, we chiminate mz in Eq 0§
(85)
sing 2
g =20 > sn'e 0 cos 3 (o conti)® -
Peo o L 25020 4 (1) —o (¢ +my)? = (1 — 75k cosden)?, !
After solving this 2nd order cquation in p: . . P
1-C = €087 llem ) + 10} €057 orms (101)
» (s6) _
! q={e+m —afiz) = VA BVT).
and (EJ) gives fem (102)
sing, A4 B0 - 20VOVA
Sonfem For more detailed calculations soe App. [§] After inserting ([57) into and some rearrangements
The basic formula for the curvarure rad ficld (Eq [): we gor
=2 (s8) . e . -
zB A1 — i’ Horm VA BTSN ey — 107 0087 By — 72 FC i1 B, — C = 0, (103)
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Under the kinematics of transfer reaction: e solution for v/ i
L a 2 ey T———
petz (s9) S e 3772 008 Gy [T
VA - (104)
The time for the cycle is given by Eq. [} FRErTT—
Tsing i
oy e kdne o Using that, we can obtain ¢
Ty ZB ey
Th time for the cycle is fixed. Thus the distance covered alang the heam s aver a cycle i vi — i e % + €080y 032% + m (1 —sin )
e= -+ VA= —mi + . (105)
DL S v 1 e
o= 0:Tope = Brp s = o ksinlom, =
wry | ZBrry ey tand o) When 6, = 0, it reduces eo:
» N _zB
"Gnd  wngZB | ZBpy, Y = . (108)
az = p, = 7= Ykeos b (92) which is equation of che dotted curve in Fig. [ When fem
Together with the cnergy equation of (ST), we have 2 couplod oquations: R o)
az = 1q - ykoosfen, (93) which i equation of the thin sohid Tine i Fig. [
e+ 1 = g — 7k cos fom,
where ¢ is the kinetic energy of the lighter particle 2 3.3.3 The Bore radius line
The detector may have maximum radius /2 and 2p < R. Considering Eq. [
. 3 infn R pa ‘
1 p 7 = ki, (108)
Y Inserting into Eq. [}
5 . 2z = g — 1/ (R 109
— \ e+ mu =g — 33/~ (Rar)™. !
\ S replace /FF — (Rar]? with ¢ for the sake of simpliciey:
. z 8g — )
‘ N (ez) .L g — 1) o
e (e+m = (va—7
AT, After some caleulaions we ger:
(e+m)’ —(az)’ = ¢ — (111
Pigure 6 Typical plot of the kinetic energy versus detection pastion along the HELIOS atis. The dotted . .
curve is the lower or uppes bound of the eper “The thick sl Tine (U8} is for fixed excitation energy. Using formulas for g and & from Eq. [ we obtin
“The thin solid ine T07) 35 for fom = /2 ard the Gach-dotied curve i for constant Oom (05} s 4 o ((REF 4
[ sbows a typical plot of the kintic energy versus detection position along the HELIOS (112)

igure
axis. By eliminasing differens varisbles, we can get cach of those lines.

3.3.1 The constant ¥ line

In Fig [ the thick solid line is obtained by eliminating ecs 0., in Eq [ By subtracting the firet equir

tion to the second one in (B3) the werms containing cos fom diskppear and after some rearTangements
one gors:
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4 Inverse problem
e slroady discussed i Soc. 1, the HELIOS set-tp provides i 1 the <o u
U energy B depusited ey the devected HELIOS anslysl is therelure t
this Information inte the excitation. energy 1P " ssion
o 0f the praduce o, T other words, & of the kind

st be faund

4.1 From E,
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which, afie

st = (mi+E. 3o, T — 2= E27) (130)

which if replaced
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