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Proton removal from 8B, °C, and 2C on Si at 20—70 MeV/nucleon
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A Si detector telescope, in which alternating thick and thin Si elements served as both targets and detectors,
was used to measure the energy dependence of the inclusive one-proton-removal CrOSS(ﬁﬁ(ﬂf(ﬁ& °C,
and ?C on a Si target. A similar detector telescope was used to measureroéimd o, for °C; oy, of °C
is more than twice as large asy, of 9C and almost as large asg, of 8B. The measurements were compared
with shell model calculations using eikonal reaction theory. The quenching feR{gthe ratio of the mea-
surement to the theoretical predictjdior 8B and °C were near unity, as at higher energies. They also agreed
with those measured recently for those nucleiao C target at 75 MeV/nucleon. FéfC the quenching is
greater with R;=0.44+0.03. This is comparable to the value 0.53+0.02 deduced at energies above
1 GeV/nucleon.
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[. INTRODUCTION data for 20—60 MeV/nucleofB projectiles incident on a Si
, ) target. These data are compared with two older inclusive data
Controversy continues over wheth# is a proton-halo  getsi4,13 and with the predictions of the shell model by the
nucleus. Several pieces of ewdence_—lncludmg |Fs largg se of an effective three-body reaction mogted,15. Our
quadrupole momerjtl], enhanced reaction cross sectiens  data span a larger energy range than the older data and thus
at sub-Coulomi§2] and medium bombarding energiE%4],  test more effectively the predicted energy dependence. The
momentum distributions of théBe fragments following new data result from additional analysis of earlier measure-
breakup[5,6], and the asymptotic normalization coefficient ments[3] of o for 8B on Si. We show that the Si target-
(ANC) for proton transfer in the peripherélBe 8B) reaction  detector telescope of that experiment—hereafter called Ex-
[7]—argue for such a halo. Moreover, proton-removal meaperiment 1—also is well suited to measuring the energy
surements at relativistic energi¢8] quantify the excited dependence oy, for light projectiles at bombarding ener-
core component in théB ground-state wave function and gies up to about 70 MeV/nucleon.
establish the dominance of thep IJproton configuration. There are few available data for the nuclé@ Its un-
However, the lack of enhancement in the high-energy interusually small P-separation energy(1.43 MeV) is only
action cross sections; [9] argues against a halo. Further- slightly larger than that of’Ne(0.94 MeV) which has been
more, polarization of théBe core can enhance tfiB quad-  Proposed as afhalo nucleus because of its anomalously
rupole moment[10], while the "Be fragment momentum largeo; at high energy16]. Single-proton removal fr?;ﬁc
distributions are modified by the reaction mechanism andé@ves the weakly bound nucledB, in contrast to*’Ne

therefore do not directly measure the valence protor‘é"giCh wr?uldfbe left asbtlhe_ lénbound r}u_cle’tﬁ’E. The"fg\) of
momentum-space wave functiohd] are therefore possible indicators of its structure. An inter-

Nucleon-removal cross sections,, in the case ofB, are esting aspect of nucleon removal is that, when single-

important for an understanding of the structure of halo nuclepUCIeon removal leaves a halo or other weakly bound

since they are sensitive to details of the single-particle anHUCIGUS’ the cross section for removing two nucleons can
- they gle-p . Bxceed that for removing only one nucleon. This effect was
function in the nuclear surfacgl2]. In contrast, contribu-

tions to o and o, come from the many-body wave function observed for neutron removal frotiBe at 50 MeV/nucleon
throughoﬁt the éntire nuclear volume, and are less sensitivgm and proton removal fron‘?g: at 75 MeV/nqueqr[lS]
to the halo-defining surface region 'i'his paper repor nd at 285 MeV/nucleofi9]. Finally, the small binding en-
: s ergy of the last proton allows the astrophysically important
ANC for the p+8B system to be extracted from proton-
removal datd20]. We report here values af,, and o, for
*Present address: INFN-LNS, Via S. Sofia 44, 95123 Catania30—50 MeV/nucleor’C on Si. These were obtained from a

Italy. later experiment [21]—hereafter called Experiment
TPresent address: Investor Analytics LLC, 80 Broad Street, New2—which also employed a Si telescope fog measure-
York, NY 10004. ments.

0556-2813/2004/62)/0246127)/$22.50 69 024612-1 ©2004 The American Physical Society



R. E. WARNERet al. PHYSICAL REVIEW C 69, 024612(2004)

8 . BeSi T T, -
B+ Si 5o [ 53-60 MeVinucleon B o ]
200 DI D2 D3 D4 D5 Be
Straggling *B | 0 ' ' ' ——f
. 45-53 MeV/nucleon
50 F D3
—~ — e o S £ %
> 150 El E2 E3 E4 E5 E6 S o , NS . S o
] 3 34-45 MeV/nucleon &,
% 4— Stopping "Be 50 5 5, Iﬂﬂz% D4
100 — Y 0 } } e } } } ? II } .
a8 23-34 MeV/nuclgo 7 s
<] Be B
= 50 | 3, D5 A
AN 0 e J&é, 2
=l Transmitted "Be 0 50 ) 100
AE (arb. units)
FIG. 2. Energy loss spectra in four thin detect¢sse Fig. 1
0— T T T from incident®B, gated on théBe fragments identified in detectors
0 25 50 75 100 E5 and E6.
AE6 (MCV) sion detectors of 300 or 450 nfractive area; these served as

_ both targets for the projectiles and detectors of the fragments.
FIG. 1. A scatter plOt for the last two elements of the Si target-They were arranged SO that each of flve detectors of about
detector telescopghown in insetused in Experiment 1. The inci- g 1 mm depletion deptticalled D1 through D5 was fol-

dent secondary beam is 62 MeV/nuclet lowed by a 1 mm thick detectgE1 through E5 A 0.4 mm
detector(E6) completed the telescope.
Finally, we presento,, data for 12C on Si. This well- Projectiles accepted for analysis had appropriate time of

bound nucleus is interesting to contrast wi since, at flight to, and energy loss in, detector D1, and traveled within
energies above 200 MeV/nucleon, the measured values & mm of the telescope axis, as determined from the PPAC
oy, for 12C are only about half those predicted using the shelsignals. Fragments were identified from scatter plots, such as
model and eikonal reaction theo[#2]. Similar reductions, Fig. 1, for the last two detectors E5 and E6. This plot shows
or quenching of the predicted shell model single-particleboth ‘Be fragments produced in the telescope and some
strength, have been observed in analysdge @ p) knockout  straggling unreactedB’s. However, most unreactetB’s
reaction data. stopped in detector E5, since their average rai@fg was
5.50 mm and the first ten detectors had a combined thickness
Il. EXPERIMENTAL METHOD of 5.65 mm. Most of the/Be fragments produced in or be-
) 9 N fore detector E4but few from E5 reached detector E6, and

The measurements of Experiment 1, fly, °C, and'“C  therefore were easily distinguished fréf. Some fragments
on Si, are described in this Section. A brief summary ofstgpped in detector E6 but others were transmitted through it.
Experiment 2, which produced most of of€ data, is i~ Events in Fig. 1 below and to the left of tHBe’s are ex-
cluded in Sec. Ill. o pected to be primarilyyHe and“He. A few transmittecPLi

The three projectiles used in this study were produced agagments were identified in the D5 vs E5 spectrum; these
secondary beams Dby fragmentation of a primaryeyents were removed from Fig. 1 and other analyzed spectra.
80 MeV/nucleon*®O beam at the National Superconducting However, we cannot estimaie,, for 8B, since the most
Cyclotron Laboratory. The targets for the primary beam werenergetic(i.e., least ionizing Li fragments could not be
0.5 g/cnf Be for ®B and°C, and 0.6 g/crhC for *C. Both  yesolved from theZ=2 group.
8B and®C were components of a compound secondary beam
which initially contained about 70%Be and little °C; later
adjustment of the magnetic analyzing system not only de- [II. DATA ANALYSIS AND EXPERIMENTAL RESULTS
creased théBe content to about 20% but increased e
content.

These secondary beams were transmitted through the Identified®B’s, in a secondary beam of 5 mm radius, pro-
A1200 analyzing systerf23] and delivered to the reaction duced’Be fragments in the Si detector targets. These frag-
product mass separattRPMS [24] which refined the ve- ments were sorted into four production energy intervals; viz.,
locity and momentum selections. the ranges of the projectile energies as they passed through

After leaving the RPMS, the secondary projectiles passedetectors E1 through E4. This sorting required an additional
through two position-sensitive parallel-plate avalanchetwo-dimensional identification gate—containing only those
counters(PPAC’s, 1.3 m apart, which measured their coor- 'Be events appearing in Fig. 1—which was applied to the
dinates in the plane normal to the beam axis. The remainingnergy spectra of the 0.1 mm detectors D2 through D5.
telescope elementsee inset to Fig. lwere 11 Si transmis- These spectra, shown in Fig. 2, cleanly separate®Bis

A. 8B
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which have not yet reacted from tfiBe’s already produced; 400 '
the latter steadily increase downstream in the telescope whil I
the former decrease. Since projectile selection is completec 350 1 ®B+Si(Al) -'Be+X ]

in detector D1,'Be events observed in detector [far ex-
ample were produced in detectors E1, D2, and E2. The E 300 1 1
detectors produce about ten times as many fragments as tr I
D detectors because of their greater thickness; the few event 250
between théBe and®B groups in Fig. 2 are from fragmen- & I
tation in the specified D detector. Since the ionization lossesE 200

in the detectors vary with projectile energy, the horizontal &

scales in Fig. 2 are separately renormalized to align®he 150 & this work T

peaks. [ Rt T
We determinedr;, for each energy interval from the in- 100 - 1

crease in the number dBe fragments observed in the D T Ret.[13]

detector following that interval’'s E detector over those in the 0r L Ret. [19] il

one preceding it, the number of accepted projectiles, and the

effective target thickness. For the highest-energy interval the 010 100

tight energy gate set on detector D1 rejected all but a negli- E (MeV/nucleon)

gible number of fragments produced in it, so the target thick-

ness was taken to be that of the E1 detector plus half that of FIG. 3. Inclusiveoy, for ®B incident on Al or Si. Measurements

D2. In the other three cases, the effective thickness was takedie from the present work and Refgl,13,19. The solid curve

to be that of the corresponding E detector plus half of theshows the prediction from Eql) of Sec. IV; the dashed curve

adjacent D detectors. Corrections were made for reactiond0ws that prediction multiplied by the quenching fadr0.88

which attenuated th8B beam in the telescope, and for sec- Which fits higher-energy data.

ondary reactions of the fragments which prevented their

identification. These effects were calculated from the knowrit. Two thin position-sensitive Si detectors, E1 and E2, se-

reaction cross sections éBe and®B in Si [3,17]; together lected a 55 MeV/nucleofiC secondary beam of 4 mm ra-

they increasedr;, by about 5%. Two roughly equal back- dius. The four detector targets, E3 through E6, were 0.5 mm

ground estimates—about 2% of the total counts—were obthick. The ’Be and®B fragments which they produced were

tained from the event rate outside the peaks in Fig. 2, andlentified in detectors E7 and E8, 0.5 mm and 5 mm thick

from other D2 through D5 spectra gated on events from areaespectively, using the empirical range-energy relationship

adjacent to théBe events in Fig. 1. Experimental uncertain- R=aEP [17]. The energy loss spectra in detector E6 for these

ties were obtained by combining in quadrature the statistic&glentified fragments are shown in Fig. 4. Each spectrum has

of total and background events with an additional 5% esti-a lower peak, caused mainly by fragments produced in de-

mate for the uncertainty in specifying the two-dimensionaltectors E3 through E5, and an upper petdbeled °C”)

identification gate. from fragments produced in E7 near its front face. The con-
Further corrections to;, would have been required if the tinuum between these peaks is from fragments produced in

momentum distribution of the fragments in the projectile rest

frame had caused some fragments with large transverse mo- TABLE I. Proton-removal cross sections for light nuclei on Si,

menta to scatter out of the telescope or others with largaveraged between specified energies. The theoretical predictions are

backward longitudinal momenta to have insufficient range talescribed in Sec. IV.

reach detector E6. Such losses are negligible if we assume=a

Gaussian distribution with a rest-frame full width at half Projectile, =~ Fragment Energy Measurement Prediction

maximum(FWHM) of 90 MeV/c, the value reported fdiB cross section (MeV/nucleon (mb) (mb)
on a Be targefl11]. In contrast, a Lorentzian distributig26]
implies substantial corrections: e.g., 8% of the fragmentsB:0ip 'Be 22-34 274%18 270
produced in detector E1 are predicted to stop in detector ESB, o1, Be 34-45 218+19 271
However, since none were observed to do so, we made i, o, Be 45-53 239+19 258
such corrections. 88,01, Be 53-60 200+18 244
Our cross _sec;tlpnslp for 8B are shown in Fig. 3 and 88,0, Be 22_60 233+12 261
Table I. Their individual error bars overlap those of the other
low-energy data [4,13 except for the points near °C,oy B 28-51 77+11 119
60 MeV/nucleon. However, as a group, the present datéc,o,, Be 28-51 198+16
show the decrease of, with increasing energy predicted by °%C, o, 8B 40—68 88+17 108
theory, while the older data were consistent with energy in
dependence. 12C,0'1p 1B 34-44 707 167
B.%C 12C o4 11 44-52 70+7 160
. . C - 1Coy Y 52-59 7416 150
We first summarize Experiment 2, more fully descrlbedlzc'a1p 11 34-59 71+4 161

elsewherd21], and then present tH€ results obtained from
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FIG. 4. Spectra of fragment energy losses in the final target o
detector(E6) of Experiment 2, from incident 55 MeV/nucledic. FIG. 5. Scatter plot of fragments from incident
Most fragmentation events in the peaks mark&@™occur in de- 69 MeV/nucleon’C identified in the last two detectors of Experi-
tector E7 near its front face. Only events below the marked cutoffMent 1. Each symbol represents one event; solid triangles are used

energy were counted; a model correction was made for event®’ 'Be and solid circles fofB. Unidentified eventgempty circles
above it which occurred in E6 near its rear face. may include both particles witd< 3 and large noise pulses. How-

ever most of the latter, witE<5 MeV in either detector, are sup-
E6. To confine the production region to detectors E3 througlpressed.
E6, events above the cutoff energy shown in Fig. 4 were
X , 8
rejected, leaving 234 and 82 accept@®e and®B events, The value ofc;, measured in Experiment (projectile

respectively. . energies from 40 to 68 MeV/nuclepis listed in Table I.
The measured proton-removal cross sections for Experiypic™ aiue of o1, includes a 9+4 % correction for out-

ment 2 (projectile energies between 28 and : P )
51 MeV/nucleon are listed in Table I. These values include S;iﬁe[I'.?]ge’réa;geeﬁ%'gg'gsgg?s’ :23 ggg rgvaer:tjsf:ggnmt;igt daitrgenu
beam and fragment attenuation corrections of about 2%. Faqt. =~ _

these corrections we assumegfor ’Be, B, and®C on Si to ig. 5.7Their ratio, 1.76+0.38, is probably a lower limit since
be 1.6+0.4 b; this range covers all measuwgd for light ~ SCMe Be events appear to be lost among #we2, 3 events
nuclei on Si at these energi€3,17]. Correcting for rejected N€ar the origin of Fig. 5. ThIS count ratio is margmally con-
fragments produced near the rear face of(E&, above the ~ SiStent with theo,/ o, ratio of 2.57+0.42 found in Experi-
cutoff energy in Fig. #requires the rest-frame fragment mo- Ment 2. This cross section ratio is consistent with those
mentum distribution. The Goldhaber modg27] gives a found at 285 MeV/nucleofil9], which also suggest that the
1p-FWHM of about 240 MeVé for stable nuclei, andfor ~ ratio is target dependent.
°C) a 2p FWHM which is y7/4 times as large. Thepl 120
FWHM of °C was chosen to be 150 Med/since its c.
S,(1.3 MeV) is between those ofB(0.137 MeV) and nor- The scatter plot for incident 59 MeV/nucleddC was
mally bound nuclei(~8 MeV). This correction then added similar to that for®B shown in Fig. 1. A prominent’C
9% and 5% to the @ and 2 yields, respectively, while the straggling group was well resolved from a thin locus for
other momentum-distribution correctio(fer out-scattering  stopped!!B fragments, which were outnumbered by trans-
and insufficient rangewere negligible. Backgrounds of 8 mitted 1B’s. The latter were well resolved from Be events
(14) events for'Be(®B) were subtracted after being observed from 2p removal.
in E6 spectra gated on particle-identification signals between vields of 11B fragments from incident?C were obtained
and outside the peaks féBe and®B fragments.. _ as were those ofBe from incident®B. Since the Goldhaber
In Experiment 1, about 810' °C projectiles of model [27] indicated momentum-distribution losses near
69 MeV/nucleon met the acceptance criteria for beambno for fragments produced in E4, we report data only for

spread(5 mm radius, timing, and energy l0ss in detector yeeciors E1 through E3, for which these corrections were
D1. Only those fragments produced in detectors E1 througlgelow 506. Our measured;, for 12C on Si, presented in

E3 and identified in the D2 through D4 energy spectra Were-_ile | are comparable to those observed3a+2C at
counted, since many produced in E4 stopped before E6. The '

scatter plot for the two final detectors, Fig. 5, shows stoppe igher energie$22].

and tre.msmi.tyed groups fpr botfBe anq 83 fragments, IV. COMPARISON OF DATA WITH

whose identities were confirmed from thelr_3|gnals in D4 and THEORETICAL MODELS

D5. The plot shows no long-range stragglit@'s, as is ex-

pected since these projectiles have 0.15 mm less range in Si We calculate the single-particle cross sectiogsfor the
than the®B projectiles. removal of a nucleon from the projectile, with unit spectro-
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scopic factor, populating a given final state of the projectileues forE <100 MeV/nucleon. ThéBe matter density was
residue. When only the residue is detected, this is an incoassumed to be Gaussian with a root mean squanres) ra-
herent sum of the contributions from the elastic and inelastidius of 2.31 fm[34]. The targe{Si) density was assumed to
breakup(stripping mechanisms. These are calculated herebe given by the global Fermi form parametrization of Negele
using the spectator-core eikonal mogte#,15. Since the in-  [35], from which the rms matter radius is 3.165 fm. The
dividual final states of the residue are also not observed icalculated’Be-Si elastic profile functions are highly absorp-
the experiments reported, the corresponding theoreticdlve at all energies and there is very little sensitivity to these

proton-removal cross sectian, is a sum, parameters in the calculations.
This optical limit approach is not appropriate, however,
thr;): D Sem(I7, ) oe( Sy 1)), (1) for Fhe proton-ta}rget profile functio§,(b) at the lowest en-
e ergies we consider here. For all the lower-energy calcula-

tions, E<80 MeV/nucleon, we used the proton-target pro-

of contributions from reactions to all particle stable final file functions calculated using the exact continued phases
states having a nonzero shell model spectroscopic strengtethod[36], in which the exact partial wavé matrix was
HereS. (17, ¢j) are the spectroscopic factors for removal @nalytically continued for noninteger orbital angular mo-
of a proton with single-particle quantum numberg,j, ~ Mentax=kb—1/2. These improvedS,(b) were computed
leaving the projectile residues in given final statés from the proton-target optical potential calculated using the
For thep-shell nuclei of interest, the spectroscopic factorsmidpoint local density approximatidi$7] and the Jeukenne,
in Eq. (1) are S.,,(17,¢j)=[A/(A-1)]S(7,¢j). The A/(A  Lejeunne, and MahaudLM) effective NN interactior{38].
~1) factor has to be introduced to correct the bdired N calculating this potential we included the required effec-
centej shell model spectroscopic factd8d ™, ¢j) for center- V€ mass correction to the imaginary pdeq. (29) of [38])
of-mass(c.m) effects in a light projectile of mass [28,29. discussed in Refd:39,40. We used the conventional scale
The calculations of the single-particle cross sectiond@ctors for the real and imaginary parts of the JLM optical

sg( Sy, 1)) follow Egs. (2) and(3) of Ref. [30], whereS, is poterjtlals,xvz'l.o and)\W:_O.S, requwed.to fit a quy of
the proton separation energy from the projectile ground statSIaStIC scattering and reaction cross section EBaZ]af_or light
to a given final staté™ of its residue. and medium mass targets. F_or_ energies above
80 MeV/nucleon we used the optical limit approximation for
S,(b) using the same effective interactions as were discussed
A. Calculations for B for the Be - target system.

. The predictions for projectile energies from 20 to
Our calculations fofB closely follow those of Refl22]. 40 Mev/nucleon are presented in Fig. 3. Inclusive mea-

We adopt the shell model spectroscopic factors of Br@in g, .ements at higher energies are generally smaller than the
al. [29] in which S(3 ,1§)=O.97_andS(§ 113)=0.06, both  theoretical predictions fofB by a quenching factoRg

to the ’Be ground state, an8l3~,13)=0.22 to the excited =0.88+0.04[22]. This factor, attributed to short-range, clus-
'Be(1/27) state at 0.429 MeV. These values are consistenter, and other correlation effecfd1], is thought to be close
[22] with the recent direct measurement of thi&=1/2"  to unity since®B is primarily ‘Be+p in nature. Most of the
component obtained at the Gesellschaft fiir Schwerionenfollow-energy®B data are also well fitted when this factor is
schung[8]. The proton separation energies to the ground an@pplied to the predictions of Eq2), as is shown by the
excited state are 0.1375 MeV and 0.5665 MeV, respectivelydashed curve of Fig. 3.

We assume that a central Woods-Saxon potential binds the For improved statistical accuracy we have averaged the
protons in each single-particle configuration, with the potenmeasuredo;, over all four energy ranges. The predicted
tial depth adjusted to reproduce the required separation ernergy-averaged cross section is then definefiLiy

ergy. The potential geometry was taken from R&0], as

used in Ref.[22], with radius parametery,=1.254 fm and _

diffusenessa=0.62 fm, consistent with the Coulomb dis- Ulp:f[o-lp(E)/(dE/dX)]dE/f[1/(dadx)]dE- 2
placement energy for the=7 system. Thus the effectiv@e

ground- and 1/2-state spectroscopic factors dg,(3/2")
=8(0.97+0.06/7=1.18 and S,,,(1/27)=8(0.22/7=0.25,
respectively.

The weighting allows for the projectile’s encountering pro-
gressively thinner target elements per unit energy loss as it

TR . , . _ slows down. Comparing the measured value, 233+12 mb,
The 'Be-target elastic profile functior(b), and all sub ith the prediction of 261 mb(see Table ) yields a

sequent residue-target profile functions, were calculated at uenching factorR,=0.89+0.05. This agrees very well
energies assuming the optical limit of the eikonal mdaél. with both the high-energy value.88+0.05[22] and also

Thus the assume@Be and target one-body densities were 8R4 1
. : _ the value 0.86+0.07 recently reported for®B+'°C at
(double folded with an effective nucleon-nucleghiN) in- - MeV/nucleor| 18]. y rep

teraction. This NN interaction was assumed to have zero
range. The free NN cross sections were computed from the
formulas of Charagi and Gup{&2]. Their real to imaginary
part ratios were interpolated from the tabulation of Ra$] The total spectroscopic strength for proton removal from
for E=100 MeV/nucleon and were set to the 100 MeV val- °C to the 2 ®B ground state i§(2*,1)=0.94, with contribu-

B. Calculations for °C
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tions of 0.93 and 0.01 from thg =p,,, andpy,, proton con- interaction cross section analysikl]. However, this value
figurations, respectivelj42]. Thus the effectivéB ground-  is anomalously small when compared to the neighboring bo-
state spectroscopic factor i§; ,(2*,1)=9(0.94/8=1.06. ron isotopes, 2.20 fn{!%B) and 2.39 fm(}2B), with mean
The proton separation energy in this case is 1.296 MeV. Th&.30 fm. Also, structurally, there is no apparent basis for this
same central Woods-Saxon binding potential geometry wageduced value fot'B. The SKX Skyrme-Hartree-Fock den-
assumed as for thB case[29]. Calculation of théB-target ~ Sities of Brownet al. [45] agree very well with the system-
elastic profile functions follow that fofBe, above, with an atics of both interaction cross section and charge radii mea-
assumedB rms matter radius of 2.38 fm. A radial mismatch Surements, — and suggest an rms _matter radius  of
factor M=0.976, discussed in Ref43], and which accounts 2-33+0.03 fm for the''B and 'C isobars{46]. We use this

for the difference of the last proton’s orbital #8 from that value for our comparisons with the data in Table I. For in-

occupied in°C, was also included as a scaling factor on theforma‘uon, if we assumed &8 rms radius of 2.11 fm and

calculated cross sections; see also RE#]. All calculations ?Zléo n?glect_ethhk;al Cloulon;(lja gmpzalcé p;l(r)gmleé%r cor(;egggn, Lhe
use the JLM effective interaction for the proton-target Sys'resp?er::tglzslym able T would be ' ' » an Mo,
tem. . . . Our final calculations and the data, from 34 to

. Our oy, values me.asured In th(_a two experiments are giveryqg MeV/nucleon, are presented in Table I. The experimental
in Table |. Comparing them with theoretical predictions g1, ang theoretical predictions, averaged over this complete
yields  R.=0.82+0.16 for Experiment 1 ,(40_68 energy range, yield aRs of 0.44+0.03. The higher-energy
MeV/nucleon and R.=0.65+0.09 for Experiment 2 q1ye ofR, [22], deduced from data above 1 GeV/nucleon,
(28-51 MeV/nucleon The weighted average of these val- a5 0.53+0.02 for 4°C target. Additional data at other en-
ues is 0.69+0.08, which marginally agrees with the valuegrgies and with lower uncertainties would allow for a more

0.82+0.06 recently reported for 78 MeV/nucle88 on a  rigorous comparison in this very important test case.
carbon target{18]. More data on other targets would be

needed to establish a target dependence, though it is interest-
ing that the ratio ofo,, to o, seems to fall with increasing V. CONCLUSIONS
target mas$19].
The method of Experiment 1, using alternating thin and
thick Si detectors, was designed for measuring reaction cross
C. Calculations for *°C sectionsog on a Si target. However, we have shown that it is
also effective for measuring the energy dependence of
From the point of view of structure input, our calculations charge-removal cross sections. In particular, our measure-
for 1°C follow closely those of Refl22]. As discussed there, ments show significant energy dependence dgy of the
the ps/,-subshell spectroscopic sum rulef 4) is essentially weakly bound nucleu8B but not the strongly boun#C.
exhausted for proton removal to just three bound final states Our shell model calculations, with eikonal reaction theory,
of B, the 3/2 ground state withS2~,1)=3.16, the produce results for;, of the weakly bound nucleiB and
1/2°(2.125 Me\} state with S27,1)=0.58, and the °C, consistent with those at higher energies. They require

3/27(5.020 MeV) state withs(2 ™, 1)=0.19. The ground-state quenching factors; close to unity at all energies. THEC

roton separation enerav in this case is larae. 15.95 Me\FToSS section data of this work are significantly quenched
P paratl v g¢, 1o. relative to the values predicted using eikonal reaction theory
and the binding potential geometry assumed wgs

~1.310 fm anca=0.55 fm, as in Ref[22]. and shell model spectroscopy, as was also found in the inter-

. . ; pretation of higher-energy daf22]. Sensitivity to the as-
The present reaction calculations differ frorgn those of Ref'sumed core matter radius was found in this well-bound-
[22] in three respects. The first is, as fi8 and°C, at these | . Furth . | studi
lower energies we use the JLM effective interaction for theprotpn, ower-energy regime. Further experimental studies,
. rPartlcularly in the region from 60 to 300 MeV/nucleon, are
proton-target system. The second is that, because of the : L
) e . now needed for all these systems to provide a more definitive
higherZ target and the lower incident energy, we include the, . .
, o S test of the theory and for delineating the source of the ob-
correction of Vitturi and Zardf44] to the projectile’s impact X
parameter,b’ =(7+72+k??)/k, to take account of the served guenching.
I C ,I bnd \ﬂ ton f ' the eikonal straiaht li The very larger,, observed foPC, comparable tory, for
small L-oulomb defiection from the eikonal straight 1€ sg suggests consideration of this nucleus as a two-proton-
paths. This pushes the projectile to larger distances of closeﬁg.jlI

. ) i ) o candidate. Further measurements ofdtg on other
approach and so reduces the cross section slightly; but th'siﬁrgets as well as afg and the fragment momentum distri-
everywhere less than 4%. '

. . . L butions, will provide more insight into the structure of this
The third and more important consideration is the as P 9

sumed rms matter radius of tHé&B core or residue. It was nucleus.
found that, at these lower energies, and due to the less ab-
sorptive nature of the JLM proton-target interaction, our cal-

culated proton-removal cross sections show much greater We thank Peter Schwandt, Brad Sherrill, Christine
sensitivity to the assumed core matter radius. In R} the  Carpenter, Jon Kruse, Ashok Muthukrishnan, and Jing Wang
value of 2.11 fm was assumed, the mean of the valuefor assistance with the measurements reported here. We
2.09fm (B) and 2.12fm (*)C) deduced from also thank Alex Brown for providing clarification of the
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