Fi1ssion hindrance from
GDR y-rays emission -
Overview

Aleksandra Keli¢
GSI-Darmstadt



- GDR clock -

® Lored. on the emission of -ﬂ.n.sk
ene T from. giand olipole
werotdnce abeited io the dot

{-iMi.mxim% manclew s fa"l.i,o‘L £o auarion,

x ils speed. depends only on the levdd
demait Tau."'t.a._'rnc.&:‘t. c:amd. the GOR
ﬁ{.‘u: - &unution.

VAT punuple wo {rec porometlena,

V' mo tramamission 4actona.

v ﬁ‘tumﬁlf- funchbion follows +Hhe mo'f.u'wﬁ
Jasotm.dinn ai AL .

v mai{i:ui.{\a of 1he 'X"'m.:aﬁ - §ission amgulan
coveelotion to the dedumn.ﬁnn a&
rucdeus ot dhe Lime of Tua emisnion,

X tisatoning nucleusr & and. fu’.&&inn.
dis m.cauj.aked. nupc"‘d.mn.fa.&gi



- Tmuon time rcoles-

% appoach of g'mm.az. ond. Werdenmiller
A inaide the raddle .

HOp s [4-exp( %U
2. ot the soddle:

nl ERS _ l-‘iI.W( ’_-d-l-‘fdl : —-T)’ r;lll:: %{Eu?&%)
3 fnom soddie to scission

Tue = Tae ({44 8 + 85 ) e e300

T (uelean frickion coefd.)= E{%

(b (veduced. dissipation wefh) =
£ L\.%&i ) ﬂu:'l.darrn-ped- motion

o
....;3.. ' .!%_E, ; underodomped. motion

( Tiaide ; 1:-“14-:) =7T::“r -z:[. + ?ziu



umu—ﬂ: e . fiﬁJﬁ:T

1.25

)g? .'ll]ﬂ

0.75 [~

(.50 ==t

Spin (h) Spin (K)

prHT : c,_%fq.ldﬂgi

Z M. Thoernmessen ;

2 Poceed.. 3 Tntern, G:mj.
- @znm,.;f-tped'd n:l Nuel.,
Fianion, Cartd- ?apiewh,
Povok Republik.

'D‘E M | FI BN B



- fﬂ:-peﬂﬂwniai e thool s -

n- a@m’az%ﬁ‘ 7. ol ol ?l.r..'ﬁw.emaum) 627

Beam dump




— Expeumentol methools —

* medium. and f\eauH ruclel Enuﬁan‘iﬂ‘wwl

* Atmu Utoneous }t{ to the "r'ua.a Lpzc.*tu-m_
onol the lor cowveelokion com
detevmine a&nﬂﬂa o} the pre-
amd. post-acssion GDR alcw.sda Mpn'mfelz

-4

Counl
5 9
“WTTFTH_I'H'H-
1 b |
i Lo ]
b : #y g
a1
& g H
P

——

"‘O-rW‘Pb
1 (Ewnr440 Hev)

83

g

Counts
mpinpesa Anind Lanh] Lk

w(0*)/W(80")
B
|.I'l1l|
:E:
et

(-]

o
-]

15 20
Energ:r {MeV)

_iLeas_Uid_. Phys. Res. C 4G (4992) 627



Counls

x JThoennesrnen M. et al.l :P{.ﬂas?w Sett. 5

10"

=
=]

[ r'||'||1 i H rIT‘.‘Ii"I'.IH!I:'f'I"lI_l fﬂ'ﬂwﬁﬂ#‘w

-
O

- Emﬁmn.fai zesul$4 -

9 (4987)
2264.

18() ,208Pp, =~ T4 ot E™ = 44,64, 82 Mev

no fission hindrance

|||1rrll-.|||.1|

1a®
10
n -
= |
4 Mev =
= |
|
o I :_1
g 26

Counls

wil. disaion hindhance

0™

i LuimJ

&
: -

I~

io"

o
2]
-

e Rt | ;l-limd_u

..........

B)
ig°

LU R RE R R R R L R

= 4k Hﬂ_fj
1o° 2

x the best n.ﬁum.:ni wi th eapm..imard:a.f.

dota :
p=51d" st



—Expeimentol wesulds-

e Dubsch R. ot ol Phuys Rew Ca4 (4994) 4545
160+ 28 Pp  (E"= 4k, 64, 90 MeV)
1~u%+*“1=e (E¥= Yo Mev)
g "ty (E"=72 Mev)

— 120 MeV D + 'Pp |
— 50 Me¥ Mg + Pt
J R = 185 Ma¥ S ¥ "W

it I
5

E, (Me¥)

* &uai.nrl-}iuinn P fos (10-20) fﬁlitﬂtﬁiiﬂ-ﬁ?ﬁ
GDR ¥ woys ote mostly emitted defore
the maﬁtem poases oot the saddle point.

: (g ~20
* am&i}iuinn: {bszn-lé ' > 1y =(2-9)10 35
Tge= (2-4)-16°°S in Brgazegi ] . Res
C 46 (4992) 623 {02 *25+™*W ot E£"=72 9, 4ioMey



= fup:'ni.m:ntai m“f.{-h -

»* Hofwman 9:] et ol Pl?a:ﬂwi'eﬁ 32 (1994)
4F 0.
2542 Ph —» “OCs | E": 6¥ omd. 93 MeV
# a;l EY+e7 MeV mo Jriuian findrance
x ok E*e 93 Moy T = 2010 8 (ﬁ.#1ﬂ-la‘5—‘)
widl -En’l;i.n.a [5 = (40-20) 18" s*

o Yhous L P et od 13%.,4._ Res. Cedtaoco)ok4ey
Aame Mabfe-m. extenoled 4o 'A.i?l-.en.
exci totaon e.neua"aa ( Efas =433 MeN)

x best ogreement with data 4.‘3 'tc‘u'n.a
Pi=4- 10"t amd (zn:.'zn-ic?*s"'

% the extrocted nucleont di&hépa.finn coed-
ficient ia -_rvrn.d. o be independent
o} temperotune.



- Tempcmtu'u: /dg-fotmbm
dependence of durdipation —

x &:I’J!\P“_@g_ﬂ ?R?sfﬁev ¢ 54 (4995)2597.

“0+*Pb ot E'= 43,65 and &4 MeV
sl tomious fit of Yoy speckra, neutrons
mu iplici bies and evopotation reaidue
ewas aechons = ¥, 46 49 Twaae - 4453

Lo 8H - Tanine ~ 604

*_@ﬂl%d_tidq W.Rﬁ.ﬁ. C G4 (2000) 0246 18

Aame .u-aa{m ok two more E* (49!1,4" Hﬂ”)

A news level denaid p‘lnod- (Tanotyuk -
Idadnt*) H T 3 H
2.77°(T) uh.rwn.a the deexcitation process

> ¥+ 02+5T and F.0243T2
5. additionad whane dependent
fackor in lewel mit%

Y VYe02+43T?

4 data olso fidted wnth conastant ¥i-=2
inside $e Aaddle omd comatant ¥ .10
outaide He soddle,

No delinite conelusion !




Dissipation strength, v

Back D.B. et ol 'PAJ;.JE:.J: C 60 (1939) 044602

E[:I T L] T L] T T T T T | ] T T T T T

. =—aP  "An"Th 5 ThDLC.

[ #=——ta, "0+ Pb - ™'Th
15 |- é==—& o 84 "W _, "*Th =

[ @m—80, He'Pb — 'Pg N=142 1
10 |- -
T -
U o -

PR PR T | 1 PR TR T | A i | L
0 50 100 150

Excitation Energy (MeV)



~ Cvoporation zesidue measurements-
x Back BB et ol Phys. Rew. € €0 (1999)ouueo2

Hs**lﬁw ol Eyeom= 165-25% MeV

i
10" =
107 §
; i
K o Caplure
| I," o Fuslon
'g 10 ,|I; & Evaporation ragidues
C '
= |
E I
ol T !
A
L ; i (T)
== =0
0 f 4
i

20 140 160 180 200 220 240 260 280 300
E, o (MaV)

* the dissipation A{'r.: h (s Hn'l"
allowed. to va
cools down duru -H'ne Pn.a.éttlﬂ
etro.;:o'wiim co.s



- Coopowtion wesidue measurements-

x Houi $H. ot ol ?f?‘ Rew. C 62 (2000) 054604
OF + 435 0 o Euegm= 90-125 MeV

% measuted ER cross Aection ia not senaibive

enough, bul He spin dependence i4.

15

— cascade(standard) —+ Kg = O.8F
-——-{-,ascadﬂﬂ'ﬂﬂ] —rp R‘ - ahis
&« gxpl. points.

o[/} {(mb}
o

wh
i

I(f)

BUT! =>



* @iull%q_.' J. ?khv,.ihu: C 64(2004) 043804

% ER cwas section iA a vewy sensitive
measute of the muclear wmicority, if
He colaurlotions ore done without
ﬁm&ma He fission forrien uﬁi‘ma. the
appwpuote lewel JEMHH mebhool:

jgnai-ai- Reirdor § approach. w

[ e sy e = e R MR BT '|"_
125 MeV '9F+'™Lu
7=03.10

25 -




—_E?’ﬂ&_ds_miy_sntmfo{iwi;

b maun.nl veTAION n} CASCATDE :

E™< 40Mel - parometrization ot
ity 1. <t o, ik Ty
A243 (1973) 269.

E* >0 MV = nueclens ey -Ctau.t‘d. d-w[h

* Lmyoroved. excitoFion enenor noent
J;‘{:ulp‘tinn - 1 %dque

- Janot A, , Yo . .
rﬂ‘ai)géﬁ et ol v‘aw.ﬂ

a(w) =& (A) [Méf (4- " e )]

- Reirdlond 1. LW. Ad00 (1984) 229 .

G (A) e 0, OUSHDTS + 0.4ISST A Bos 04426 1A Br

* additional 'Emn.pe'tn:':u‘l.e dependence:
atM=acw): [4- k. §(7)]
4(T)=4- ex.p[- (TA® [24)]
&_: 0.4

(Shomo . end Natorwita B, Phups. Rev. 44

(1994) 2838 )




KRMHERS Bw
¥ F

T 3‘44*@“ . A-GI.-P -&t@

-24 1Y = - |
39 Tym40- 18°'S | Tres~10.8's
o+ W -"L}:-un-m'u‘ﬂ““hwﬂn-a'n

5. 2py

T 30-150' S [Toes i 1a's “‘]

[Tsw e 545" % [Tporr~2013"s

) Dack BB ool ?fujaﬁu: C (1993) 044602

a4 e llﬁw , EE
@) Diga reai J. et al, Phupp.Beo.Clg e 627
254"t W, 6oR ¢lock

ts) Movton C.R. etal g?{u: G 23(199%) 1383,

Hs*_ﬂl‘t” ‘ Gm M

) jfag'-nnn. Q_g Mﬂﬂ'hh'r‘ﬂ'ii:ﬁ“)

(s) Yhous LP etal, R.Js.h.ceifzmn)

0924643,




T

P Ruip0 (ER) x
E_ ___________ .D&!ﬁﬁim,
- > ‘]’ ]
e LfDénegio
ﬁé_ ———————————— Eﬁhwm
- — Back 99 (ER)
< » Hofman 9G
g - Hofman 95
@ Hofman 34 (15)
® Thocnnessen 8% @ Dioszegi 32
o A
1 2 3% 4 5 ¢ %+ 8 9 40
B o A
= 20 NG

temperotute ndence.
—————— deformation j;:fwl&m




1. Thoennessen M. ot al, ‘P%-HAMM 59(134%)
€0+ PL  £% 44 ch g2 Mel/

2 mw Res. Che0198)c27
460+ 20¢Pp, E¥e 22 M
S + "ty E¥:32-440 MeV

3_&:&.@_@9_&#;. ﬂﬂaﬂméﬂﬂ 32(1994)470
223+ 2Pk E¥. 67 - 33 NeV

4. Hofman DY otal, Phus. Res.C 54 (19350259
160+ 292PL,  Eae = 80 - {40 Mel/

}Iﬁf-_@_"}._at_gi Suel. Phuys. A533(199¢) D3c

325+ "W E*«50- tho NeV/
6. Dack BB of ol :mﬁa Pess. C.6o(1939) 044602

225+ MW SER | Enee465-25% Mel/

v. Thow SoPetal PLJA Ress C G4(2000) 0hkGl2

NS+ 2P, EMeuc -132 NeV

8. Dica Ii ? el ol, Pbga Reo. C6t2000) 024613
160 + E¥e 4g- 43 MeV

&%«_"Lid, Phup. Res. ¢ 6302000014644
*9F'+ "Tu-. E" = 124, 439 Mel/

W Res. C.62C00e)08 460k
4'![-‘— + 98, - ER  E*= 90- 125 Mel/



