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Abstract

  The  
'rtct

 andpd  breakup differential cross  sections  for the nuclcon  laboratory energies  EN  S
65 MeV  are  examined  using  the energy-independent･  quark-model  nucleon-iuicleoii  interaction

fss2. Thc Coulomb  effect is incorporatcd  by the sharp  cut-off  Coulomb  force, acting  between

quarks, wiLhout  the phase-sbift renormalization  for the breakup amplitudes.  Our  niodel

yields the resnlts  very  stmilar  Lo the meson-exchange  potentials, including disagreement with
experimentag  data for some  specific  kinematical coiifigurations.  This includes the notorious

space  star  anoma]y  of  thc  nd  and  pd  scattering  at EN  =  13 MeV,  The  shape  of  the pp
final-state interaction peak  in Ed  =  130 MeV  dp scat･t･ering  data, from KVI  is not  corrcct･ly

reproduceci,  prebably  beeause  the  half offLshell behavior of  the two-pret･on t-matrix is not
appropriate  in our  Coulomb  treatment.

1Introduction

In spite  of  the great success  of  rigoreus  three-body  approaches  [1] to the  neutron-deuteron

(nd) and  proton-deuteroii  (pd) seattering,  some  three-nucleon  (31V) ebservables  are  not  well

reproduced  in the nucleon  laberator.y･ energies  EN  g 65 MeV  cven  with  the recent  accurate

t･reatinents of  the  Coiilomb force [2, 3]. This  is particularly true  for deut･eron breakup  processes.
It is therefore worthwhile  t･o reexamine  the  NAr  int,eraction itself if t,he present-day realistic  force
is the  most  appropriat,e  one  to start  with.

   In previous studies  [4, 5], we  have applied  the quark-model  (QM) baryon-baryon interaction
fss2 to preblems  of  nucleon-deuteron  (Nd) elastic  seattering.  This interaction model  fss2 l6]
describes available  NAJ' data in an  accuracy  comparable  to t･he modern  meson-exchange  poten-
tials, By  eliminating  the inherent energy  dependence  of  the  resonating-group  kernel, fss2 was
found to yield a nearly  correct  triton binding energy,  S-wave  nd  scattering  lengths and  low-
energy  eigenphase  shifts  without  intr()duciiig the 3Ar fbrce [7, 8]. The  so-called  Ay  puzzle  at

low energjes  En  ( 25 MeV  is somewhat  improved  in this model  [5]. In this study,  we  examine

deuteron breakup difE'erential cross  sections  for various  decayin.[.r kinematics in the cnergy  range

of  EAr g 65 MeV  [91, by incorporating t･he Coulomb fbrce approximately.  Our main  motivation

is to determine if the quite  different･ off-shell  propertics, originat･ing  froin the strong  nonlocality

of  the QM  baryen-baryon interaction, affec:t  the deuteron breakup diffk)rential cross  sectiolls,  In
cont･rast  to the  elastie  scattering  a' mplitude,  the  breakup  arnplitude  covers  a  wide  momentum

region  of  the  three-body  phase space.  It is fbund unfortunately.  that fss2 gives predict･ions very

similar  to  the meson-exchangc  potentials and  does not  irnprove much  the  discrepaneies between
the theoretical  and  experimental  results.

*'o-mai]:yfujiwar@scphys.k.voto-u.ac.jp
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2Coulombtreatment

In the present calculation,  the  error-funetiou  type  Coulornb force between two  protons is treated

as  the  three-body  syminetric  operator  in the isospin formalism. The  breakup arnplit･udes  ef  the

mpn  system  acquire  an  almost  common  phase factor, which  does not  contributc  to the  breakup

difrerelltial cross  sectiens.  VLle therefbre  neglect･  this phase  l'actor as  a  first step  and  caleulate

the breakup  diffdrential cross  sections  directly using  the Coulomb  modified  breakup  amplitudes,

[I]he sharp  cut-off  radius  of  the Coulomb  fbrce acting  betwecn quarks is ehosen  to be p =  8

fni and  the t･wo-nucleon angular  momenta  up  to 4.a. =[  4 are  included with  the momentum

diseretizatioii points speeified  b.sr ni-n2-n3=6-6-5  in thc notation  of Ref. [4].

3Results

Figure 1 shows  the  breakup  diff'erential cross  sections  for the reactions  d(p, 2p)n (solid curves)

and  d(n, 2n)p (dashed curves)  with  the nucleon  incident energy  Ev  =  l3 MeV.  We  find that･ the
Cou]omb effect  is rather  small  in these  examples  and  our  results  are  very  similar  to the predictions
b)i the  meson-exchange  potentials, gjven in Refs. [1, 10] and  [2]. A  slight  overestimat･ion  of  the

peak  in quasi-firee scattering  (QFS) is reduced  by the  Coulomb effect  and  the agreement･  wit/h  t]he

pd experimental  data [11] or  more  recent  one  [12] froin Kyushii universit,y  group is impToved, [I]he
np  final state  interaction (FSI) peaks are  generally well  reproduced.  In the  collinear  (COLLI,
COLL2)  and  coplanar  (Coplanar) cases,  the most  reeent  nd  data  [13] agree  well  with  theoretictt1
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 Breakup  differential cross  sect･ions  for the reaction  H(d
¢ ompaved  wit･h  the  experiment,al  data [14] .

 0 5
S[MeV]

 , 2p)n with  Ed  =16  MeV  (solid

predictions, 
'[I]he

 space  star  result  is located just between the lower pd  clata  and  the higher nd
data, which  is the same  feature as  other  predictions  by the  mesoii-exchange  potentials, This
disagreement of  breakup differential cross  sections  at  E.  =  13 MeV  was  reported  a  long time

ago,  aiid  is still an  unsolved  problem  called  space  star  anomaly  [13].
   "･:'e compare  in Fig. 2 the breakup  differential cross  sections  for the reaction  H'(d, 2p)n at

Ed  =  16 MeV  (solid curves)  with  the  experimental  data [14] . The  Couloinb cffect  from the dashed
curves  (iio Coulomb) to  the  solid  curves  (with Coulomb) c]early  improves the agreement  with

the experimental  data in collinear  (COLLI, COLL2)  and  t･he non-standard  (NSI) configurations,

although  not  perfect.

   Vbry  accurate  KVI  data for t･he H(d, 2p)n reaetion  with  E]d =  ]30  MeV  [l5, 16] are  compa]red

with  our  predictions in Fig. 3. Here we  find t･hak the  pd  calculatiens  wit･h  the  Coulomb  effect

(solid eurves)  generally improve  the agreement  with  experiment/  except  for tlie dip structui'e

seen  at  the  pp  final st･ate  interact･ion for the  first panel COi =  e2 =  130 and  ipi2 ==  200). A  more

aceurate  treatmeiit  of  the Coulomb force, reproducing  t,hc corr ¢ ct low-energy behayior of  the
haltLon shell  two-prot,on  t-matrix, is apparently  needed  for the improvement [16]. For the large
azimuthal  angles  ipi2 AJ  1800, the underestimation  of  the  breakup  different･ial eross  sections  may

iiut･ be oiily  due to the flaw in the Coulomb trcatment.
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Figure 3: Breakup  differential cross  sections  for the react･ion  H(d,2p)n with  Ed  =  130 MeV

Csolid curves),  comparecl  with  the experimental  data [16], Here ei =  e2 =  130 and  ipi2 are

changed  firom 20" to 1800 with  a  step  of  200. The  results  in the no-Coulomb  case  are  also  shown

in the dashed curves.
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4 Summary

"･le have applied  our  energy-independent  quark-model  nucleon-nucleon  iiiteraction fss2 to the rvcl

and  1)cl breakup diffbrential cruss  sections  for EN  { 65 ]v,IeV. The  Coulomb effect, is incorpora,ted
in the screened  Ceulomb approaeh  without  the phase-shift renormalizatioll.  This proceclure
seems  to  gi've a  reasoiiable  rosult  when  the effect  of  t･he Coulomb force is not  so  strong  as  t･he

pp fiiial state  iiiteraction. An  exception  of  this rule  is the  space  star  anomaly  at EAr =  13 MeV,
in which  the effect･  of  the Couloi-b force is sma]1  and  yet a  big difference of  the nd  and  pd data
is experimentally  observed.
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