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The total and differential cross-sections, the angular and energy correlations for the three-
and four-bodies 4He photodisintegration have been investigated, with a diffusion cloud-chamber
placed in a magnetic field and exposed to the 100 MeV electrosynchrotron of Torino University(l’z).
In Fig, 1 the behaviour of the (y, pn) eross-section is-shown in the 28 < Ey <60 MeV interval, As
one can see, the results are in rather good agreement with the older experimental data of Gorbu-
nov(?’) and of Arkatov et al.(4) and with the calculations of Dzhibuti et al.(5) and of Naguchi and
P‘r'ats(s), performed on the basis of the quasideuteron mechanism in the photodisintegration of “He,
The position of the maximum is better reproduced by the calculations of Naguchi and Prats,
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FIG. 1 - 4He(y, pn)zH reaction
cross-section, Full line hystogram:
present work ; full points: ref, (3);
open circles: ref. (4); full line curve:
ref, (5); dashed line curve: ref, (6),

(x) Istituto di Fisica dell'Universitd di Torino, and INFN, Sezione di Torino,
(o) JINR, Dubna (USSR).



To better analyze the experimental data, the events have been grouped in two energy inter-
vals, for 28 % E},s 40 MeV and for 40< E, < 60 MeV, In Fig. 2 the distributions of the events as
a function of the opening angle between the n-p, p-d and n-d pairs, are shown., The dashed hy-
stograms represent the distribution of the events with 9, > 90° (about 71% of'the total), that is of
the events with presumable photon absorption by a n-p pairs. It is interesting to note that the events
with Ep > 40 MeV and 8,,% 90° (about 15% of the total) have the neutron and deuteron emitted with
large opening angle, that is with presumable photon abgorption by a n-d dair. In Fig. 3 the relative

- y Ey >40MeV
Ey £40MeV rZ EoS 40 04eY B,2a07 eV
i A 1 ¥ 7
: : _ |
D ]
374 ~~
“ 7 3l h |
o P (M|
¥ g ‘
| //7/ 2 lt
¥ L 4 &
L 1 !
7 E% 4
7
P Y, 7 ﬂ/)’ s ,,/// Egn /B
- 5 5 Bn/
T T
5
N
>
21

Hnd / E

tiev{a.u)
1
L
ki
k

21
Fi N7
1_}}/’//'/!/'(// o '%/ ;:/://"j'!.-—»-“ ﬁnd/E
B Pl
FIQ, 2 ) FIG. 3

FIG, 2 - Distribution of the e (y, np)zH events as a function of the opening angle between n-p,
p-d and n-d pairs. Dashed hystograms: events with (-)np > 90°,

FIG. 3 - Distribution of the 4He (7, np)zH events as a function of the relative energy of the n-p,
p=d and n-d pairs, in units of their maximum possible energy E. Dashed hystograms: events
with 65, > 90°, For 8,,> 90° events the n-p pairs are with the highest relative energy, for
Onp € 9(?0 and E > 40 MeV events the n-d pairs are with the highest energy.



enéergies of the n-p, p-d and n-d pairs are shown., The total energy is(3):

- st - Q,

whiere E), is the photon energy, Q = (M_ + Mn+ Md) -My = Ml']t - My and M, Mn’ Md and M4 are
the masses of the photon, neutron, deuteron and alpha respectively, The relative energy of each
pair is related to the energy of the third particle, For example, in the case of n-p pair, the rela
tive energy is 3). ' a

Epn/E = 1-Ey/Egnax where

1
Egmax = B (M) - M))/M

4 4"

In particular the Fig. 3 shows that for an > 90° (dashed hystograms) the n-p pairs are with
the highest relative energy and that the main mechanism, for the (7, pn) reaction, is the n-p ab-
soyption of the y. For the Oy, 90° and Ey >40 MeV the n-d pairs are with the highest relative
energy, giving the indication that the photons are absorbed also by n-d pairs. In Table I and II the
angular and energy correlation are summarized. Fig. 4 shows the cross-sections for the (y, np)
reaction, deduced separately for the events with 6,, > 90° and with 0y, % 90°, For the O > 90°
events, the cross-section is in very good agreement with the theoretical previsions of Noguchi and
Prjats(G), better than in the comparison of Fig. 1. Moreover, for Ey > 40 MeV and 0, > 900, the
He (7, pn) cross-section behaviour is very similar to that of the deuteron photodisintegration
cross-section and also the angular distribution of protons and neutrons are similar (see Figs. 5
and 6) to those of the deuteron photodisintegration,

TABLE I
Average values of the opening angles (c. m, s.) between n-p, p-d,
n-d pairs.
28 :EEy$4O MeV 40<E7< 60 MeV
gnp gpd 9nd 9np gpd gnd
onp < 90° 63° | 145° | 125° 40° | 145° | 166°
Op > 90° 125° | 115° 85° 142° | 116° 73°
TABLE II

Average values of the relative energy of the n-p, p-d, n-d pairs,
related to the energy of the third particle,

28 € Ey 40 MeV 40 < Ey <60 MeV
an/E Epd/E End/E Enp/E pd/ nd/
onps 90° 0.40 | 0.58 | 0.59 0.15 | 0.37 | o0.82

gnp >90° 0. 69 0.44 0,47 0.82{ 0.43 0,37
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In Fig, 7 the cross-section of the total photodisintegration of 4e is shown. Our result is in
rather good agreement with the older measurements of Gorbunov(3) -and of Arkatov et al.(8), Fig.8
shows the distribution 6f the everits as a function of the opening angle between the protons. As one
can see, the protons are emitted with large relative angle suggesting the hypothesis of a unique re
action mechanism in all the energy interval investigated. The reaction mechanism can be the pho-
toabsorption from a quasi-deuteron correlated to another quasi-deuteron, which is decomposed too.
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FIG._Z - 4He(y, 2p2n) reaction cross-section, Full line hy=to-
gram : present work; full points: ref, (3); open circles: ref, (4).
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G, 8 - Distribution of the 4He(}', 2p2n) events as a function of the opening angle
between the protons.



With the same detector, exposed to the aT beam of Frascati La.boratory(g), we studied the
non-elastic (s, 4He) reactions at 120, 145 and 165 MeV, The energy and angular correlations,
obtained at 145 MeV, are presented. Fig. 9 shows, for the (%, 2p2n) reaction, the differential
cross-section and the distribution of the events as a function of the opening angle between the pro
tons. Both the beliaviours are almost isotropic, without the strong angular correlation betweenthé
protons showed by the total photodisintegration process. In this case the total disintegration of the
4fe seems to proceed via the pion multiple scattering,
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FIG. 9 - a) at+ 4He -t + 2p + 2n reaction cross-section at By, = (145 t10) MeV ;

b) distribution of the events as a function of the opening ungle (1. 5. ) between the
two protons.

In the case of a7 absorption (n"l' -+ 4He —*3p + n) reaction, the two faster protons are emit-
ted mostly at large relative angle, as shown in Fig. 10. This angular correlation ig in very good
agreement with that obtained in the measurement of @m absorption in nuclear emulsion 10) ang with
the indication of a+ absorption in ‘He on a n-p pair, obtained by Jackson et a1, (11), Fig. 10 shows,
also, that the absorption of @1 in 4He is similar to that of wt in 2H (ref. (12)) and very different
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FIG. 10 - a) @t + “He —»3p + n reaction cross-section at Eg = (120 15), (145 10,
(165 T 10) MeV (crosses), compared with the @™ + 2H —» 2p( B, reaction
cross-section (open circles) and with the calculation of Hirata et al,'13 (full
line curve) ;

b) distribution of the events (E’n = 145 MeV) as a function of the opening angle
between the two "faster" protons, compared with the distribution of fast pro
ton pairs, produced in nuclear emulsion{10) by wt absorption (Eg = 45 MeV),
as a function of their opening angles. The hystograms are normalized in
area.



from the previsions of Hirata et al.(13), obtained taking into account the excitation of A4-nuclear
states in (7, 4He) scattering, Fig. 11 shows the angular distribution of the third proton, it results
nearly isotropic as in the case of a proton "spectator", The energy behaviour of the absorption
cross-section (Fig. 12), as in the case of the cross-section for the double charge-exchange

a7 4 4He > 1+ 4p, does not present a marked bump corresponding to the isobar excitation. On
the pther hand also the cross-section of the (#*, 2p2n) reaction is almost 1ndependent(15) on the
energy, in the interval we studied (120, 145, 160 MeV). Only the inelastic reaction cross-sections,
which have the character of pion interaction with one nucleon, present 15) energy behaviours bump
ed at about 160 MeV. B
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pr'o’con "spectator" of the reaction & ™+ ‘He » -section ¥+ *He -+ %~ + 4p, Dashed line
~% 3p +n > 2p;y + 1pg + Ing (2pg: two faster pro curve: prevision of the pair correlation
toms). model(14

Fig. 13 shows the differential cross-section of the (% pBH) reactlon at 145 MeV ; as we can
see 1'Lhe behaviour is very similar to that of the (n"p( )) reaction in 2H at 182 MeV(IG) and to that
of at scatterlng on free proton at 143 MeV 17), Fig. 14 shows the differential cross-section o{
the (Jvop He) reaction at 145 MeV : the behaviour is similar to that of the (x°pp) reaction in 2y 16)
andito that of #~+p —=>n®+n reactlon(ls) at 147 MeV, In the case of (ﬂ+n3He) reaction at 145
MeV and of (w'n {p)) reaction in 21 at 182 MeV 16) (see F'ig. 15), the differential cross-sections,
in the forward angle region, are strongly higher than the cross-section for @~ scattermg on free
proton at 145 Mev?) “The angular distributions of Fig. 16 show that, in the case of (m™n 3He)
reaction, the neutron and the 3He are emitted with a large relative angle, suggesting the hypote-
sis of a different interaction in the final state of the n-SHe pair respect to that of the p- 3H and
p- -3He pairs,
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reaction at Eg = (145 T10) MeV (crosses), compared with that of the

o+ 2He = at+p+(n) reaction at E = 182 MeV 1

(open circles)

and with the-differenitial cross~section of the w* elastic scattering on

proton-at E = 143 MeV 1

(full line curve),

. : ,
L + .Tv"éf‘He - ep s *Hs
0 n‘ 4'H - ,ﬁ,‘otp °
+] 77 p. _._n;"_..n
104
k-
2 €.
L T = T TJ
— ¥
£ ik —
s —
G
> osk
o

T

! { { !

1

FIG. 14 - Angular distribution of @ © from the m ¥+
reaction at Eg = (145110) MeV (crosses) compared with that from the
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with the differential cross-section of the =+ p ~» %+ n reaction'*

at B = 147 MeV (full points),

L
120

@n" {d=g1) 1.4

4

5.

180

He - 7%+ p+ 3He



100 L . -
N e s Mo @t 0 PR
[ —gT P~ e p

2
} o A H o~ gt n el

—{—
1

e,
'\tl_/
\ il
n
i

1 L T o— 1 il . I s L t L L
se 09 90 AN 1

05

7T T

F‘IG 15 - Angular distribution of av from the @t + 4He > ay n + 3I-1e reactlon
at E,, (145 7 MeV cr‘oese“),‘, compared with that from the at+2H> gt +n+(p)

reaction at Eg 182 MeV(1 (open circles) and with the differential cross-section
of the =~ ela:stic scattering on proton at Egz= 144 Mev(1

HNevlarusl

A
o wrafe —~ ap + %
o 2
] o JF 4 p o+ He i
+
o - T v n 4 SHa

FiG, 16 - Dlstrlbutlon of the ( P H)
{(open circles), (%°p 3He) (full points)

%/ | and (w%n3He) (full line hystogram)
l,——"%""“"%*\\ %\ r?l events as a function of the opening an

%f‘\\(h gle between p- 3]H, p- 3He, n- 3He, re

-¢-’ \ \ ; | spectively. The curve lines are drawn

H : o 2 30 i
30 o | 20 120 0 @eg), , ! to guide the eye,



- 10 -

REFERENCES, -

- R. Garfagnini et al., Atti Accad. Sci., Torino 102, 311 (1967).

- F.Balestra et al., Nuovo Cimento 38A, 145 (1977).

- A.N. Gorbunov, Proc, of P,N, Lebedev Phys. Institute 71, 1 (1974),

- Yu, M, Arkatov et al., Journ. Phys. 10, 639 (1970),

- R.I.Dzhibuti et al., Soviet Journ. Nuclear Phys. 7, 489 (1968).

- C.T.Noguchi and F. Prats, Phys. Rev. Letters 33, 168 (1974); Phys. Rev. 14C, 1133

(1978).

- B, Weissmann and H, L, Schultz, Nuclear Phys, 174A, 129 (1971); L, A, Allen, Phys. Hev.

98, 705 (1955); A. Galey, Phys. Rev. 117, 763 (1960); H. Arenhovel and W. Fabian, Phys,

Letters 52B, 303 (1974); F. Partovi, Ann, Phys. 27, 79 (1964); J.J.de Swart and R, E,

Marshak, Phys. Rev. 111, 272 (1958); Yu. A, Aleksandrov et al,, Soviet Phys. -JETP 16,
472 (1958); B. A, Whalln, Phys. Rev, 95, 1362 (1954),
mLAAﬁﬂwetﬂuSmeWM%rﬁ@& 16, 6 (1973).

.Busso et al., Nuclear Instr. and Meth, 102, 1 (1972).

. C. Chakravartty and J, Hebert, Phys, Rev, 16, 1087 (1977).

.E, Jackson et al,, Phys. Rev., Letters 39, 1601 (1977),

.M. Preedom et al,, Phys. Rev, 17C, 171:52 (1978); C.Richard-Serre et al,, Nuclear
1ys. 20B, 413 (1970). -

.Hirata et al, s Ann, Phys. 108, 116 (1977),

I V. Falomkin et al., Lett, Nuovo Cimento 16, 525 (1976).

- Torino-Dubna-Frascati Collaboration, in press,

- J.H,. Norem, Nuclear Phys. 33B, 512 (1971),
-P.J
R.F

gwwmmr

.Bussey et al,, Nuclear Phys, 58B, 363 (1973),
. Jeriefsky et al., Nuclear Phys, 2¢ 2904, 407 (1977).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


