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VAbéfract
The (ﬂ+,p) and‘(n+,d) reaction; on 1P shell nuclei are studied between
T" = 32 and 81 MeV. Both the cross-sections to the continuum and to dis-
crete‘t;dhbgay{fipgl states arebgiveh.
The Spectréﬁéhd angular distributions of the (n+,p) continuum are
interpreted in terms of a two—nucleén pion absorption mechaﬁism.- The~13C(n+,p)n"

spectra of discrete states is similar to the 13

C(p,d) spectra at the same
momentum transfer. The two—néutron.pickup (n+,d) reaction is found to strongly
favor transitions in the Ip shell of angular momentum transfer, L.= 2. The
relative strength of these transitions varies the same way as the corresponding
" (p,t) cross sec;ioné.l No L‘='O transitions are clearly identifiable. There

is an indication of'the S-= 1 7Li(n+,d) 5Li(16.7 MeV) 3/2+>transition contrary

to the prediction that S = 1 transitions are suppressed. . The (n+;d) angular

distributions are compared to the calculations of Betz and Kerman.
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II. Experimental details

A. Experimental overview

This experiment was done at the Clihtoﬁ P. Anderson Meéon Physics
Facility (LAMPF) using the Low Energy Pion (LEP) beam line [Bur 759].
We use a stack of 8 intrinsic germanium crystals (8GE) tb detect the pai—
ticles scattered frbm'the térget. Three multi-wire proportional chambers
are used to calculate the trajectory of the particle from the target to
the detector; Veto-scintillatoré surround the germanium detectors to
reject the particies that did not stop in fhe crystals. - Two air-pressure
ionization chambers downstream of the target monitored the intensity-of
the iﬁcident pion beam. A 3—scintillétor teleécopévlooked at the particles
scattéfed from the target and provided an additional beam monitér.

The.7Li and 12,13

C and (CH2)n targets were 0.15 to 0.5 gfn/cm2 thick.
The 0.48 gm/cm2 13C target was made from 13C powder with kraton binder
by.the WX-Z division of LASL. The‘lOB target wés a powder ehciésed be;
tween mylar sheets. DZO énd HZO (eithex 16O andt98% enricﬁed 180) water
targets were made by glueing ;tretchéd 1 mil mylar.to each side of a.'
stainless steel frame? and filling wifh a syfihge through a hole. A éiﬁi—
lar procedure but with stretched aluminum sheets was used tb make Hydrazine
(N2H4) térgets. - |

The uniformity of thickness of the liquid targets was détermined by
measuring the relative attenuation of beta rays from a strontium source
through the different parts of the target. The initial nonuniformity in

the thickness was about 10% for the 0.24 to 0.55 gm/cm2 targets. ifv

worsened by a factor of 2 or more after several days due to stretching




of the mylar. The hydraiiné targets were stable for 6n1y a few days
since the liquid reacts with the époxy binding the aluminum sheets to
the stainless steel frame. -

B. Germanium Detectors

The germanium detectof,gtack used iﬁ this experiment was developed
by the detector grodp at Lawrence Berkeley Laboratory [ ]. The detector
.consists of a stack of_eigﬁt cylinArical;intrinsic germanihm crystals of
vthiékneSSes ranging from 0.25-to 1.2 cm. The diameter of the crystals is’
approximately 4 cm. The crystals are held in place in a copper holder
which is in contact with a reservoir of liquid,nitrogen'in-a dewar. - An—':
nular rings ﬁade of boron nitride {a good thermal conductor aﬁd an eleé;
trical insuiator)NprOVide,the’;rysfals thermél contact with.the-copper,
'holder; These are called 'cold fingers' and have a 3.5 cm diémeter hole
to let the particles paés through.

The total effective thickness of this stack is-abbut 8 cm of germanium.
With this we can detect pions 6f maxiﬁum energy of 100 MeV, protoné of
200 MeV .and deuterons of 300 MeV. The minimum energy to identify these
particles is determined by the thickneés of the first crystal in the-stéck,
which is 0.25 cm. This implies.a minimum enérgy for pions of 15 MeV,
30 MeV for protons, 50 MeV for deuterons. i ' ‘

In measuring the eﬁergy of charged particles using this detector, in-
-accuracies can arise in the fbllowing ways: (1) If the‘particie, through
coulomb multiple scattering escapes from the stack without depositing all
its energy. (ii) If it loses a significant portion of its energy in thev
deadlayers. (iii) If it passes through the 'cold fipgers' in going betwéen

crystals. (iv) If it has a nuclear interaction in 'a crystal and (v) finally,




for unstable particles like pions or muons, if it decays and a varying
amount of energy is deposited in the crystals by its decay products. We

estimate the contribution of multiple scattering to the efficiency using

- a monte carlo code ANGLE [Doss 75]. The program ANGLE simultes the passage

of particles through a stack of detectors taking into account the coulémb
multiple scattering of ﬁarticles and energy loss straggling. It includes.
the effec;s due to deadlayers and cold fingers and ignores.the effecté
due to nuclear interactions and particle decay. We obtain the efficiency
cbrreétion from nuclear interactions from previous measurements of nuclear
reaction crossésections fdr the various pérticle [Eisberg 72,77]. For

pions, we assume that the nuclear reaction cross-section is about the same -

as that for protons. We estimate the loss of pions due to w-u-e decay to

be 15% based on analysis of in-beam runs. From these factors, we can cal-

culate the total efficiency for detecting the‘particles as a function of
its energy. The result of multiplé scattering calculations show that‘the
efficiency to detect pafticles decreaseé as the particle has‘highef enefgy
and stops in.later'detectors. Due to fhe effects 6f the coid fingers, the
efficiency has a staircase shape as a function of incident energy, remain-
ing approximately a constant forvparticles Stoppihg in the same crystail

The highest energy pions, protons, and deuterons detected in this experiment

"have efficiencies of about 40%, 50%, and 60% respectively.

There are a few methods by which we can experimentally check oﬁf ef-
ficiency calculation. The energy of elastically scatterd pions fer profons
(in a polyethylene target) varies with scattering angle; using Zhéfand,the
known differential cross-section of ﬂ+p scattering [Bertin 76], we can

determine the relative variation of pion detection efficiency with pion




enefgy. To cover the full pion enérgy rahge of intéreét it is necessary
td choose severalhincident pion energies. §§§§§Ll shows that this mea-
suréd efficiency is consiétent with the staircase'shape of the efficiency
from the monte carlo calculation.

Another method used to check our efficiency calculatiops was to de-
tect thé protons from the n+d+pp reactibn at a forward angle and af the
complementary back énglé. <E\-e croSs-sectibns for these twé angie§ ;re'
kinematically relafed,and the efficienéy,variation with proton energy can
be checked without usiﬁg the knowledge of>the magnitude of the n+d+pp_
crosshsection.- This was dohe at complementafy aﬁgles of 37-and 106 de-
grees for an incident pion energyrof 105 MeV.. This determines'the ratio
of'the pfoton efficiencies for 84 and 150 MeV to be £(150)/¢(84) = 0.73
which is consistent with the calculated,rétib 6f 0.68.to ﬁitﬁin 10%.

Using these .efficiency calculations-the absoluté cross Se¢tion‘is e
obtained either by measuring and normalizing to the ﬂ+p elaéfic scéttering-
cfoss section obtained from the Dodder phase shiffsv[ ]'br to the known
wfd»pp cross sections [ ]; When both normalization; were used they were
found always to agree to within the experimental error banboutvls%.

The GE crystals are oriented such that the Li contact deadlayers
(SOAIOOgum) on crystals 2 and 3, 4 and ‘5, and six and seven faée each
othgf. The energy loss in a deadlayer‘cannot be corrected for if the paf—
ticle stopsvin the deadlayer. However, for those particles which péss
through the deadlayer and deposit energy in fhg néxt crystal a correction
can be made. .This is shown in figure 2 £#%). Figure 2a shows the mea-_

sured energy spectrum of the GE detector placed in a low intensity beam.

The proton energy is adjusted so that most protons stop near the 2,3




deadlayer. Figure 2b shows the same data restricfed to events depoéiting
enefgy in crystal 3. We can see that the measured energy of these protons
isup to 5 MeV leés than events stopping in crystal 2 even though the beam
is nearly monochromatic. If E is the energy of the particle before it

enters the dead}ayer, and E' the energy measured in the last cfystal, then

the particle identification P is given by

- . R
.

p=C¢*-e%m B¢V
‘where D is the thickness of the deadlayer. Solviﬁg for E,
"E= (8% +pD)Y/® ~ | (2)

Now, the utility of the in-beam spectrum becomes obvious. We can adjuét
the vélue of D so thaf the corrected energy of proton for the pérticles
going through the deadlayer is the same as thé energy of proton that did
not enter the deadlayer, thus determihing the deédlayer thicknésé.' Fig.
2-c‘shows the corrected spectfum with D = ?, This determination of D

has uncertainties'dﬁe to‘straggling ih eﬁergy loss aﬁd an acéurécy 6f 20%
is‘expected. Since the deadlayer éorrections to energy are usually less
than 1 MeV the error in corrected energy is qﬁite small; Onée D is deter-
mined, equation 2 gives the cofrected energy for any particle.

Thé particle identificatio€3¢;or a partiéle reaching the nth crystalg
can be calculated n-1 ways by choosiﬁg D in eqn. 1 as the thickness of
either the first 1,2,;..n;l crystals and defining E' as the eﬁergy deposited
in the last n-1,n-2,...1 crystals respectively. Requiring all PID's to

agree results in a clean PID spectrum. For example the PID for particles

stopping in crystal 4 is shown in fig. 3.



The energy calibration of the GE crystals was obtained by using y-
sources and_h@gh gains on the aﬁplifiers. The decrease in the gain neces-
sary for the experiment was measured by observing the change in height
of a pulser signal. Comparing runs separated by one year, we found one
of tHe Tuns had a systematic calibration error of 2-4% for all crystals.
Fortunately the peéks in the ?fOtdn spectra are readily identificable with
the known.leVels of the residual nucleus and the lack of aﬂ accurate cali-
bration was not a major problem. For deuteron spectra, however, dué to
the low éross-secgion and podf'stééistics; we-need to know the peak
positions more accﬁrately., So an empirical pfocedure based on the knoWn}'
obseived peaks in the proton and pion épectra was used tb predict,the-
loé%tioﬁs of the exﬁected peak positions in the deutéron spectré. This
also effectively corrected for stragglinglloseé in the target, air, etc..

' . ; . ' + . . .
The error in the predicted location of the (m ,d) transitions is estimated

to be about O.SbMev;

I111. The (n+,p) and (n*,d) continuum data
We have measured the inclﬁSive proton cross-séctions for positive
pibné of energy 34, 47, 65 and 81 MeV incident on 12, Some typical sféé—
4tra for 34 MeV are shown,in Figure,;. (The dip :seen at -about 50 MeV-in.;.
" the broton spectra is dﬁe to the energy loss in the deadiayéf bet&eén
8GE2 and 8GE3.) These spectra are in general characterized by-a broad
- bump at apprdximately the energy'cdrresponding;fd the kinématiégﬁof the
ﬂ+d+pp réaction. The position of the bump'moVes with scattering'angle at
approximately a rate expected in the n+d»pp reaction, suggésting tha£ the

.. protons observed in the bump are from absorption of a pion on two nucleons.




fhe péak Qalue of the observed cross-section is plotted in Figure S as a
function of scattering angle. The curve drawn is proportional to the lab
angular distribution of the n+d+pp reaction. We see that the peak value
cross-section has a shallow minimum at a scattering angle of about 90 de-
grees, shallower than the minimum seen in the ﬁ+d+pp process at the same
energy. Thescattering of the.pion before it is absorbed, the fermi motion
of the nucleon pair on which it is being absorbed énd the final state
interactions of the exiting proton§ all tend to fill the minimum obsérved
in the n+d+pp reaétion. The energy—iﬁtegrated cross-section shown on the
same figure has a similar angular distribution. The loﬁ limit of inté;

gration was equal to E, =E -E where Ek.is the energy of the proton

low "k “offset’

+ - . ‘ .
- from w d»pp reaction at the angle of interest, and Eoffset is a constant.

‘The shape of the integrated cross-section was found to be independent of

“the value of Eoffset’ for small changes in E Not§ only does the

double differential cross section do/dQdE at E = Ek have the same angular

offset’

distribution as the energy-integrated differentail cross-section, they
also have the same energy dependehce, both increasing by 25% as the pion
energy increases from 34 to Si Mev. The elementary n++d+p+p increases by
a factor of 2 dvér the same enéfgy region.

The similarity of the angle and énergy dependencelof the peak cross-
section suggests a common reacfion mechanism for the production of all
high ghergy protons. The fact that the energy location of the peak follows,
;he n+d+p+p kinematiés suggests that the pion 1is gnnihilating on two nu-
cleons. In this 2 nucleon absorption process the two nucleons are expected

to recoil at nearly 180° with respect to each other. If the reaction takes
y P

‘place on the nuclear surface, one of the nucleons would always escape




without passing through the nucleus. In this situation, we would expect

to see a very dominant peak in the spectrum at E,, the energy of the proton

K’
using ﬁhe n+d+pp kinematics. Instead we see only a slight enhancement of
the cross section ét Ek' For the two—nucieon absorption model to be con-
sistent with the data, the absorption must take place predominantly deep
inside the nucleus, allowing botH nucleons to scattervon their way out of
‘the nucleus. )
Receﬁtly McKeéwn et él. [ 1, using data between T = 100 and 220 MeV,
* have- shown that tﬁe effective number of nucieons, N, sharing the momentum
- and energy of the annihilated pion‘is 3 for A =12, énd increases to 5.5
for A = 181. . Doss and Wharton [ ] havé examined the A dependence (near:
the 3-3 resonance)»bf (1) the total pion absorption cross section (2) the
 effe§ts numhér of nucleons sharing the pion momentum and energy and (3) the
proton yields from_n+ and m induced reactions. They shqw that the A-
dependeﬁée can be explained by basic geometrical arguments aésuming'the
pion penetrates the nuclear volume and annihilatés on a péir of nﬁcleons;
We also have simultaneously.measured the continuuﬁ‘deuteron spectra
for E; > 70 MeV. There is no structure and the crosslsectibn falls off
monotonically for highér deuteron energy. The energy integrated cross-
section for Ed > 70 MeV is shown in Figure'6 along with the energy inte;

grated angular distributions for protons, for Ep > 50 MeV. The cross-

section is forwardjeaked and has approximately the shape of the proton

cross-section, suggestive of a pickup mechanism for the deuteron production.

L.

: + .. .
IV. (7 ,p) transitions to discrete states

Figure 7 shows the spectra of the 1.3C(1r+,p)12C reaction at ’I‘TT = 32 MeV

and 6 = 55 and 95°. The resolution is about 2 MeV and is dominated by




target thickness effects;‘ With this resolution it is impossible to re-
solve the 14.}, 15.1, and 16.1 MeV states and certain assumptions were
made in fitting the spectra. The spectra have been fit using the peak
shape of the 4.4 MeV 2" traﬁsition. The positions of the peaks were
fixed relative to the 4.4 MeV peak location. .A smooth background which
begins near the beginning of the three body continuum énd varies smoothly
from angle to angle was drawn by eye. 1In the initial fitting of the 55°.
(95°) spectrum amd~16.1 and 15.1 (15.1 and 14.1) MeV transitions were
assumed fo ha?e eﬁual strength. After édjusting their strength, which

is subtracted with the background from the spectrum, the. left-over counts
are fit using additional peaks at the appropriafe excitation energy. In
fﬁis second step, additional counts were assigned to the 15.1 MeV state
in the 95° spectrum. Although this procédure gave us cross sections for
the 13.5, 14.1, 15.1, and 16.1 MeV states, only the cross-sections to the
15.1 andv16.1 MeV states were stabie against variafions in the initial
fitting conditions. The cross sectioné are listed in table I aléﬁg with
errors thch were. estimated by making reasonable changeé in the back-
ground and fitting pfocedure.

In fig. 8 the single nucleon pickﬁp spectroscopic strengthé for these
states are given. Interestingly, fhe 4.4 MeV 2" state is much stronger
than the 16.1 MeV 2° (T = lj state although their épectroscopic strengths
_ére nearly equal. Also the 15.1 MeV L’ (T=1) state is much stroﬁger than
"the 12.7 MeV 1" stafe although their.spectrOSCOpic strengths are nearly
“equal. Figure 8 shows that this same behavior occurs for the (p,d) reaction

[Smith 78] near the same momentum transfer. These relative intensities of



the 2" and 1% states suggestg the importancé of two-step processes in-
volving inelastic écattering of either the initial pion (proton) or the
final proton (deuteron). Such inelastic processes would favor the col-
- lective 4.4 MeV 2* state over the 16.1 MeV 2" state and also favor the
15.1 MeV 1f state over_the 12.7 MeV 17 state. The 15.1 is favored be-
.cause the nucleon magnetic moments strongly favor T =1 Ml transitioﬁs
over T =0 Ml transitions. These two;step processes become more important -
[ ] at lérge momeﬁtum trahsfer because the inelastic process absqrb;
some of the momentum transfer.

Further evidence for the t&o—steﬁ process 1is the shape of the angular .. - -
distribution; Using the DWBA coupléd channels code, cﬁopper, [ ] we
'A find that the differential cross section at ldrge angles relative to the
;Tf?rward angles ‘is generally_largex for.tworstep processes than foerne—'
step pickup processes. Experimentally the angular distributions of the e
‘4.4 and 15.1 MeV states fall 6ff much less steeply tﬁan the angular distri--
butions of the ground stéte and 16.i MeV state.

Other érqss sections which we measured were»at.Tﬂ‘47 MeV-IZC(n+,p)
[ ] and at T, = 65 Mev, 1.ZC(wf,p)uC(g.s.‘) 30° - 48%6 uB/sr-and-lZO? -
4820.5 wb/st, and Po(r*,p) 1%0(g.s.) 30° - 2.3 + 0.9 yb/st in the lavoratory
frame.’ Receﬁtly Wharton. and Keister [ ] dsing this data and othei data
have shown that a single neutron pickuﬁ distorted-wave calculation has
serious problems in describing.the systématic energy: and A—depeﬁdehce of
the cross sections of grbund state transitions in the 1lp shell. They briefly
.ekamined the data in terms of a two-nucleon absérption»model and found that
featurés of the two-nﬁcleon model showed a good possibility of describing

the systematics of the data.
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IV. (n+,d) transitions to discrete states

‘Simultaneously with the (n+,p)'data collection, the (n+,d) data
was also collected. The particle identification, figure 3, was good enough
to obtain essentially pure spectra. These spectra are shown in figures
9-14. The (n+,d) reaction, similar to the (p,t) reaction is a two-neutron |
fickup reaction. In contrast to the (p,t) reaction where 0*+0" ground
state transitions often dominate the specfra, no such transitions are
clearly identifiable 'in the (w+,d) spectra. There is a complete 1aqk of
counts in the region of the ot ground state for al} 180(1r+,d)160 and
160(17+,d)140 spectra. There is some hint of the_12C(3+,d)10C 0 ground
state transition, but it is much weaker and not clearly resolved from.the
transition té tpe.loc(3.36)_2+ state. Not only do We have poor statistiés
- and energy resolution (2.0-3.0 MeV) but our<absolute‘energy calibration
Ais‘uncertain to 0.5 MeV, making our spectra analysis a 1ittlé difficult.
.“ These 070" transitions are necessarily zero angular momentum trans-
fer, L = 0, processes. If thé dominant pion partial waves are Zn = 0,1,2,
angular momentum .conservation restricts the deuteron impactvﬁarameter to
less than 0.5 fermi. . In contrast, a L.= 2 transition wBuld allow deuteron
" impact parameters larger thén 1.0 fermi. The only L = 0 tfansition which
is ciearly identifiable in our spectra is the 7Li(w+,d) sLi(gs) 3/2°»3/2
transition. At Tn = 65 MeV 6 = 30° the laboratory cross section for this
transition is about 0.22 # .06 pb/sr. Althéugh this transition is pre-
cominantly L = 0 it also has a L = 2 amplitude [d1].

Removing two neutrons from the p shell restrict the angular momentum
transfer to 0 and 2. Our spectra clearly show that the L = 2 transifions

are generally much stronger than the L = 0 transitioris. Data at forward




angles on four of these transitions ;OB(w+,d) 8B(gs)2_+, 12C(1r+,d)

Bew®,d) Yeggs)ss2™, and Bon*,d) ®0(9.85)2" are given

10¢(3.36)2",
in table II. Thea(p,t).reaétion,atuTé n 45 MeV shows a neafly pure

L =2 angular distribution for all foﬁr of these transitions, with a

maximum in the.angular distribution occuring near 25°. The (p,t) cross

section at thisvmaximum is-given invcolﬁmn S of table II. As expected,

both the (ﬁ+,d)'and (p,t) reactions are proportional to thé two-ﬁeutron :
spectfoscbpic streﬁgth. Although the cross sections for these transitions.. - ...

vary by more than a factor of 10, the ratio do(n+,d)/dc(p,t) is identical

within experimental error for the first three transitions. The probable
16 '

reason why the. 0(9.85) transition is not seen'iﬁ Cw+,d) is becauée ther

laéger momentum transfer; 651 MeV/c, should inhibit this transition. .

Héving examined the”faVoring,of large angular momentum transfer. for .

the (n+,d) reaction, we turn to the spin dependence of the reaction; The

(p,t) reaction can pick up two neutrons only ina S = 0 state. S = 1 : i
transitions are, in addition, allowed for the (ﬁ+,d) reaction. Tb examine -
the spin dépendehce, we look at'fhe 7Li(n+,d}§Li reaction. The oniy narfow
gtate which is knqwn to exist in the particle unstable sLi nucleus is the .
‘,3/2'+ state at 16.7 MeV. .This state is known to be a two-particle-1 hole
:state with configuratién,(5%;/2\(the~super$cript is 2S+1) [d6]. Since the : |
7Li ground state is 2p3/2, the transition between the two states must be o
S = 1, L = 1. In the (p,t) reaction it is forbidden and not seen [dl].
Intérestingly there is a narrow peak in the 7Li(n+,d) SLi spectrum in figure : f

9, centered at Ex = 17 MeV with 7 counts. The only other states besides

the 16.7 MeV 3/2+ state known to exist in this vicinity are very broad




states at_EX = 18 and 20 MeV. We extract a laboratory cross section for
this peak of 0.38 ub/sr at T = 65 MeV, © = 30°.

13C

Lab

Next, we wish to examine the (n+,d) 11C spectra in figure 12. 1In

addition to the 1

C(gs) peak there is a strong peak in the vicinity of

the 6.48 MeV 7/2_.aﬁd 4.3 MeV 572-,states, which beéomes dominant ih the
spectra at Back angles. These states are wéll described.as 12C(4.4)2+ Q-
«IP;}Z.configurations and are étrongly séén in other large momentum transfer
piékuﬁ reactions (w*,p) and (p,d) [d7]. These states have small spectro-
scopic strength Qith the target and)presumably are pobulated through two
step prOceSses involving inelastic ﬁuadrupole excitation.. Such two step
proéesées are conducive to large momentum transfer reactions because the
inelastic process can absorb some of the momentum transfer. The (n+,d)
aﬁgular distribution to these 7/2  and 5/2 states are less forward peaked
than the ground state trénsition (see figure 15). This is similar to

the (n+,p) angular distributions to these states and is characteristic of
a two-step pfocesé (see section III). |

R The only (n+,d) calculations [d8,d9] which have been performed are

based on a single-step interaction which couples the initial state (w+ 12C)

to the final state (d + 10

C). A single nucleon absorbs the pion and picks
‘'up a second nucleon imﬁediately thereafter. The hucleon-nucieon inter-
action necesséry to accomplish this last step is contained in the deuteron
wave function. In this model the S = 1 traﬁsitions are a factor of 100
weaker than the S = 0 transitions. Therefore it would be sﬁrprising if

the structure near EX‘= 17 MeV in the 7Li(n+,d) 5Li reaction is the L = 1,

S =1 16.7 MeV transition.




Using this model, _
Betz and Kerman [d9] have included distortion in both the pion and

“deuteron wavefunctions. ‘The off-shell propagation of the pion increases
the calculated cross section at large momentum transfer (large angles)
relative to the Born'approximatién. The strong damping of the deuteron
wave in the nuclear medium suppresses the forward angle -cross section
...by almost three orderS'of.magnitude; The net effect is that the (ﬁ+,d)
differential cross section is largest at 180°. We checked this by mea-

12C(n+,d) 10C cross section at 30° and 120°. The differential

suring the
cross section to the 0° g.s. plus 2¥ 3.35 MeV states at T =65 MeV
are shoWn in figure 16 along with the Betz and Kerﬁan calculations at.
50 MeV. Although we can not clearly resolve the 0% and 2% states it ap-
. pears as if the 2" transition is at léast a factor 4 larger than the o'
 transition.' The calculation shows the 2° to be only 20-40% lérger at
30° and 120°. fhe 120° to 30° crogs section ratio is calculated to be
about 3.2 + 1.1 larger than to experiment, but nevertheless both
the magnitude and shape of the 2" angular distribution are remarkably
well reproduced. The main fai&ure/zie model appearing here.is the under-
estimate of the L-dependence on the cross section. It is a puzzle why
the model doesn't give a stronger L-dependence. The strong attenuation
of the deuferon wave function, which more heavily weights the surface’
region of the nucleus, will naturally lead to a severe angular momentum
mismatch for small angular momentum transfers.

All (n+,p) data to states with large spectroscopic strength in the
1p shell [ ] obey a simple exponential behavior with momentum transfer,

a/\

q, at forward angles; o(8) = Ce’ Interestingly Betz and Kerman pre-

. . . . . + . .
dict a similar exponential behavior for the (m ,d) reaction but with a



a

slope, l/i = (22 MeV/c)'i, which is twice as steep as observed in
12C(ﬁ+,p), (41 Mev/c)’l. .Experimentally, the data gives even a steepere
stope but within the large error bars is consistent with the calculation
(see figure 17).

Another prediction of the'Betz—Kerman calculétion»ié that the
180(1r+,d) 16O(g.s.j transition éﬁpuld be a factor of 10 larger than
either the 12C(n+,d) 10C(gs) or theIlOC(3.36 MeV) transitién. In con-
trast tﬂe observation shows itjto be at least a factor of 2 Qeaker than
the 10C(3.36.MeV) transitidn; This faulty prediction comes from two
effects: 1) the 180 gréund state is a well known pairing condensate with
.(ld

. . ' 2 2
a constructive, coherent mixture of (1d 3/2) and (251/2) con-

2
5/2) °
fygurations, 2) the (281/2)2 and (1d3/2)2 (n+,d) transition matrix -ele-
ments are very large. Whether effects 1 and 2 are valid as applied to
the.(n+,d) reaction is primarily a question of reaction mechaniép and
only secondly a question of nuclear-strucfure. Ultimately there may be
some interesting nuclear strucfure questions because two-neutron pickup
réactions have never been studied at such high momentum pransfer with
any reaction. Betz and Kerman also make a prediction that the (n+,d)
forward angle cross-section ipcreases a factor of 10 from Tw = 50 to

12C(w+,d) 1OC(3.36), 9 = 30°, shows no increase

87.5 MeV. The daté for
in cross-section between-TTr = 49 and 65 MeV. The model for the (n+,d)
reaction has shown both success and failure in describing the data. Whether

the successes, -such as predicting the approximate magnitude of the cross-

section is fortuitous or indicative of the model's basic validity must

‘await further study.
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Table I

Lab Cross Sections (ub/sr) at 32 MeV

55 - 75 95 115

2.6 £ 0.6 0.96 + 0.6 0.17 + 0.11 0.36 +
33,0 £+ 2.3 20.8 +2.8 10.7 + 1.1 11.4 =
2.5 + 0.8 < 0.8 0.54 % 0.28 0.22' %
4.3+1.1 5.0 +1.6 0.86 + 0.35 1.32 +

< 3.1 - < 3.1 < 1.2 <

17.0 £ 5.8 10.4 + 3.5 8.6 + 2.2 13.7 +
17.0 + 6 4.2 +4.2 < 1.6 <

0.24
1.3
0.22
0.6
1.4

3.8

2.9




Table II

+ .
L =2 (n ,d) cross sections

, | .
state T d (MeV/c) (ub/sT) “max p:S
H (mb/sr) (x 10 7)

®8gs)2* . 48 30 606 . 0.072 0.07 0.09%) 1.3
10 L+ ‘ e 2)

C(3.362° 48 30 606 0.51<4 0.21 0.22 2.3
| 65 30 625  0.30 % 0.07 1.4
Yegsys/a= 32 35 626 1.6 + 0.8  1.0%) 1.6
165c9.85)2% 41 30 651 <0.16 0.18Y <0.

' < 0.26 <1.4

1) reference d2
2) reference d3
3) reference d4

4) reference d5
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