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STUDY OF _TAl(n,xT)REACTIONS UP TO F,, - 400 M_V

H. FIi_.ea_rge¢,A. PaviLkand K Vona_ M.B. CZqKIwick_ , R. C, Hai&lu,R. O. Nelson
I_ktut flit Ra_lumforschungtrodK_r_t_/s_ andP. G. Youzq¢
Unive_'i_ Wi_ Los Alamos N_a,fl I._borJtory
B01tzmanngas_ 3 Los Alam0l, NM 8"I54S,USA
A-1090 With, Austria

ABSTRACT m_znt of neutron-induced r_ons for tl_
focmaUonof _¢ energy levels of specificresidusl

The prorap¢ y-radiation from I_¢ iatcra_-'tionof fast nuckd ovw a wid_ neulmn c_Jgy range Thc'T_forca
n_tmns with AI _ mc=,_ucd using the whi_ r_n_orl program for such mmax_ments was initiated at the

beam oftheW'NR facilityattheLos AlamosNational WNR facilitym Los Alamossom_yearsag_.1,2As apan
Laboratory.Partialproductioncrosssectionsforresldtml ofthisefforttheprompt_radi,t_onfromneutron-induced
nuclcl in the range from F to Al were measuredfrom reactionswith _lumirram were studied Ai is mono-
threshold up to 400 MeV by.observing the most intense "r- isotopic and thus wet[ suited for tcs:i_ of model
transitions between low lying levels of these tmctei Two- caIaflatioz_ and it is also of considerable intere.q for
dimensional neutron time.of-flight versus gamma pulse applications. In addition them e.xi_ a good data bast for
height spectra from the in_cractJonof the neulzons with proton-induced reactions allowing detailed comparisons
AI were observed a.tierflight-paths of obout 20 and 40 m between the results of proton- and rmLron-induced
wtr.h a high-purity Ce-<lctector. The neuUon cross rm,Xious.
sections for prominent -t-tmasitions in a large number of
residuM nuclei could be derived with typical _,'tties LL EXPERIMENT AND DATA ANALYSIS
of 10 - 20 % up to a neutron eazcrgyof 400 MeV. Tlm
energy resolution varies from = 0,2 MeV ax I0 McV w The m_'_m_ were performed u,ting the Whale
= 50 MeV at 400 MeV. In the low energy range (up to 60 neutron betm of the _ facility It Los Alamos
McV) the results ue compared with nuclearmodel NadottalLabomtory._.4 Dam _ mk_n w_h samples
c_IculationsusingthecodeGNASI-LA verygoodoverall positioneditdistanceso.¢20.06m and41.45m fromthe
afreement is obtained without special m:l_t of neutronprodu¢_on target at the 30° left flif_l path.t The
para,'xe..tcrS. _ntaJ sct-tqpwas the same as dcscrib¢-Jby Pavlik

et aL2 The neutron fluenc_ _as determined _th autO
I. INTRODUCTION fission chamber. In the 41 m run a 15 cm tkick

polyethylene layer was inserted mm the_cu:_onflight
Up to now studies of netmon-induced reactions above path to mppn=s low-energy neutrons which would have

30 MeV have been restricted mostly to the m_ts cau.q_ frar_-owr_p problems. The prompt _,-radia_ion
of total., elastic scattering and inclusive pa.,-ticl¢emission wa_ registered by .wvo high-puriZy Ge detectors at -,-
cross sc,.'-ttons.This is mostly due to Ll_ fact that Lira errdssJollaries d 90° and 12_°. The e.fficienciesof the
stand,rd method for this purpose, the a_vation mctbod, Ge det_ors wert measuredusing _l_ratcd radioactive
needs monocnergetic ncula-onsources which do not exist soaztms. Tltc tramples were 2 mm and 6 mm thick AI
above 30 McV. One possibility to circumvent this platct,, for the 20 m and the 41 m s_-up, respectively.
d_fficulty, is the study of the prompt -t-reaction from Only results from the 1250 detectorare repoe,cd in t_us
nculron-induccd reactions produced by pulsed high paper At thi_ anglz the angle-integrated 7-1_roduction
ene,rKV"whJt¢" neutron beams. Such mcasurements, ff cross-sectlon is apprcmmately gb,en by 4):,tim_ tl',e
pedormcd with l_igh r_,oludon Gc detectors allow the measureddifferential crosssccti0n _
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From two-dimensional netrtrontlm_of-lllght verm_ If/. CROSS SECTION CAJ-_ULATIONS
gamma pulse hdsht _Tpectra,o_ directional ganu_a
pulse height _'pecua _re derived for _9 neutron coer/p/ Calctttattont of the 7-produ_on cross sections
groups with Increasing widths according to the energy t_d_cd cxpcrimzntally up Io a _'utroo ¢acrg_,of 60 MeV
re.solution ofthe_t- The en_gy resoluti_ was we.reperformedby meaa'_ofthecodeGNASH,6 which
,, 0.2 MeV at 10 MeV and ,,, 50 MeV at 400 MeV describes the precoml:mu_ m,x,lumlsra or m_clear
neutron energy d_ to the rather poor time resdution of reactions _ the e.xcilolamodel _ allows the addition of

the Ge dc:ector,Examples of y._ for dlfferenl con_ibutions"_om dLrect.rea_ons,Model pararnae.rs
acutron¢nerlgesaregiveninFiBs.I_ 2. werenotadJu,,acd,butwcr¢keptatvaluestypicalofa

large nmnl_-r of analyses of a vanr,ly of data at low
_2_ _,=,v en_rlicsin ordertocheckthepredictivepowerof this
1_ "standardpamme_ set'.

am dt6_x.v For ne_Ca_ns, the _tial of Pctler et al. 7 _S_oo' i _,_z_.v utilized. For the proton channel, the global potential of
_. • v.,.z_i i .,a,,.,, I P¢_ was utilizedtoprotonenergiesof44MeV, andthe

_.di....,,.J[¢,_ Finally,thepoteadalofArthurandYoung,t0which_s2oo t_ %"_'-v-.-"_/'_'_"M derivedfor n + S6Fe calcuJadons, was used at allalpha

2_0 25o ;leo _ 3120 340 3410 3_0

=_.=.be, /'he exciton model of Kalbach it wa_ used including
surface eHeas _2 and taking _count of multiple

Fig.1,; pall of the'f.spectlann fromtheintcractioll pre_uilibdmuparticleemisdon.The damping matrix
of45-50MeV neutrons_itlaaluminum clementwas takenas140 MeV..3Theexcitation energy

dependenceoftheIgl_alyu.kI_'cldensit3'formula_4w=s
-_,_ incorporated into particle-holeStaledensitiesusedin the

exctton model calcul_tiom.By means of an er_r_y-
_z>o _'' depeadeatleveldensityparameter,the I_a.tyuk modelN_-21

] 1ooo 3sosky _u / includesthetbcoreti_ly expected disappearance of shall

,_ _9_v effects ia Lhenuclear level det'tsRiesat higher excitation

1

e00 ! eacrgic=.With.illthismodel themaclear moment ofI.
_oo l/ ,_._v q inertiawas _ thei_[ rigid body momentof inea't_.

4oo _ "_v",v'V_ _'tel_tie= 0fArthur. ]-_Minor a__ts weremadeto
_o . the pairing energiesof l'Na, 27M8and_TAI to improve

o _ ...... , agreement with (n,x) and (n,2n) Cross section
=; _e 200 0o 2=0 ;_o _so _ measurements.

¢htn_lnv_l_"

Fig.2:pan ofthe7-_ fromtheinteraction IV.RESULTS AND DISCUSSION
of 240 - 270 MeV neutro_ with ahm_um

Our prdiminary:analysis of th_ data hasresulted in
Ga.rmr,a-production cross sections w_re determined the detcrm_taon of 2l excitation functions of trnnsittons

from the oorre_nding peak areas in the one- between lcav-lyi_ levels m 12 di.ffzrent residual nuclei
dimensionalpulsc-hcightspcctra.Thecrosssectionswens fo_nea.ttrunenergiesfromthresholdto400 MeV (scc
normalized to the results of a 14-MeV m_cment Table 1").Typical excitation functionsare shownIn Figs.
perforatedat the In.sti_uteof Physicsof theSlovak 3-5forreasonswithlow,mediumandhlghthresholds.
Academy of Sciences in Brafislava. s Figs. 3 - 5 also show the results of previmts

measurements, l&l'r,lg which ordy exis-'t for neutron
The results were corrrm_ for _,-ahsorpdon in dm enetg:les up to 14MeV. and the calculations described in

sample;thoseforthelow Q-valuercaction_(n,n'7)and theprevioussectionAS isapparentfrom thefigures,
(n,py) were also corrected for _,-productiondue to there is a goodagrecrr_ntbetw_,nour me,asufcmcnts,the
secondary n_Croas produced tn the Al-target. res"ullsreported in the li_raal/e and the calculated cross
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scions. This is also true for most of the excitation Tablel: aaal),zed gamma lines:
fun_Jonsnot shown d_e to the limiled splice, especially

_- , .,, ..... j

for all sUong tran_itio_ from thefirst excited level to the l_,-ai_onia q-valu,¢¢0_

gTOUndShale.Scmewhal larller dcviations(in absolute ,_._,_.,,d.i _a/,_ ._to'0urv] lro,_._,-(._,v_
_]u¢ nat tn s_pe) up toa _cto[ of twoare observedfor ......
_ak_ ffansiflo_ between _ciled levels of the _AI:9. .%._ c_ _].o o
Lnw._gated re_IduaJnuclei, e.g. the :3s+---_21" tra_itiort

_7 ,, 1+
In_Mg. ,..,.__$.t 1014.66

" I _Aj._+q+ ,719.s4

_! .o.. =7
._E ?O I")41 _ e_. _ - ._

t se _ ?'_AJ',3._ g,& (n.gn) 416.9 -13,1

:}_AJ:I+_0 + 1129,6tg

L

Fig. 3: _TAI(rL,n')aTAI:E.r--lO1444 kcV, ooITggled
for secondary neutron_ects ;]_,_._s _M_-,_ _9,_

,, •

-1.3
,_ lg.ar3,+_2,+ (_1_) IO0lJ
. (n,d) -6l

'_ _= ," _,.,_'_)_o_ _5Mg=22._2, * 1129.7
E

]f_ll(ll;_,'%"1_ I IOI.7}It
, ' -17.2

¥

_[ Q-VALUE - -13.1 MeY _JIv,j -,'l,g,S, 974.1
_L d . ,,,__ • i .

_0 a¢ so _o ,0_ _Oo _'_+.--#&s. (n,p3a) 136$._9 -2_.?

ne.lr:..,¢'gy [ueV] (n,d.211) -24.S

Fig. 4: 27Al(n,2n)_SAl: E_=416.9kcV; 16 z_._a_,,g x (.o,2p3n) 439.9 .3S.a
(njxn) -10.1.....

(n.alp3n) -36
ROUND ._. ...............

, -VALUE: - .3 MeV IIF:3+"+KL (n,a2pn) 937,_ ,$6,1}

_ tO _o _0,0_ _0= _ "_¢ (eJC_n) -31.0
neul_c',e.e,_ [weV] ......

Fig. $; 27AI(p..3p5n) and (a,cxp 3n)_ONe: _10:_+_ (n,a3_]a) _982._ .:_3.9
(a,2alpi,: -2_.G

_=)633.B keV ..
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