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three-body photodisintegration of 3He has been possibleonly at energies E � 300 MeV. As the energy inreases,the number of partial waves and open hannels beomesvery large and, so far, no alulations that are both ex-at and omplete have been done in the GeV region. Notonly would a very large omputational e�ort be requiredto do so, but also a treatment of the absorptive part ofthe nuleon-nuleon interation (oupling to other openhannels that is not taken into aount in potential-basedalulations) should be implemented.A di�erent approah has been taken by Laget [3, 8{11℄,who has employed a diagrammati model for the evalu-ation of the ontribution of one-, two-, and three-bodymehanisms in the ross setion for the photodisintegra-tion of 3He. Rather than relying on a partial-wave expan-sion, this approah relies on the evaluation of the dom-inant graphs whose amplitudes are related to one- andtwo-body elementary amplitudes. The parametrizationof these elementary amplitudes inorporates absorptivee�ets due to the oupling with other hannels, whih be-ome more and more important as the energy inreases.The omparison of these model preditions with exper-imental data provides us with a good starting point tounderstand the nature of three-body interations in 3Hefor photon energies in the GeV region.At stake is the link with three-body fores. In the 3Heground state, three-body fores involve the exhange ofvirtual mesons between nuleons and the reation of vir-tual baryoni resonanes. The inoming photon an ou-ple to eah of these harged partiles. Below the pion-photoprodution threshold, all the partiles remain vir-



3tual and the orresponding three-body meson-exhangeurrents (MEC) ontribute only weakly to the ross se-tion. When the photon energy inreases above the vari-ous meson- or resonane-prodution thresholds, these vir-tual partiles an beome real { they an propagate on-shell [1℄. The orresponding sequential sattering ampli-tudes are onsiderably enhaned and an dominate er-tain well de�ned parts of the phase spae. Kinematiallyomplete experiments allow one to isolate eah of thedominant sequential resattering amplitudes. They ana-lytially redue to three-body MEC at lower energy, andput onstraints on the orresponding three-body urrent.Several low-energy (<100MeV) experiments have beenperformed sine the publiation of the results of the �rstmeasurement of the three-body photodisintegration of3He in 1964 [12℄. But only a few have been performed atintermediate photon energies up to 800 MeV, in limitedkinematis [13{15℄ as well as with large-aeptane de-tetors [16{18℄. They show good agreement with Laget'spreditions provided that the 3N mehanisms, based onsequential pion exhanges and �-resonane formation,are inluded in the alulations. Sine these mehanismsdominate well de�ned parts of the phase spae, a betterunderstanding of the nature of many-body interationsrequires one to perform a high-statistis full 4� inves-tigation, probing the three-body breakup proess for allangular and energy orrelations of the three outgoing nu-leons. Also, the extension to the high-energy (E � 1GeV) region, where no experiment has been performeduntil now, an be expeted to open a window on otherkinds of many-body proesses.This paper reports on a measurement of the three-bodyphotodisintegration of 3He performed in Hall B at Je�er-son Lab [19℄. Photon energies between 0.35 GeV and 1.55GeV were used, and wide angular and momentum rangesfor the outgoing partiles were overed. These features,along with the high statistis olleted, allow us to se-let the most interesting two- and three-body proesses,to ompare their relative importane, and to determinetheir variation with photon energy.The experimental setup is desribed briey in Se. II,the salient points of the data analysis in Se. III, andthe model alulation in Se. IV. Our results for severalkinemati regions are presented in detail and omparedwith the model alulation in Se. V, and summarized inSe. VI. II. EXPERIMENTAL SETUPThe experiment was performed at the Thomas Je�er-son National Aelerator Faility, in Hall B, using theCEBAF Large Aeptane Spetrometer (CLAS) [20℄and the bremsstrahlung photon tagger [21℄. The eletronbeam energy was 1.645 GeV, orresponding to two passesof the CEBAF aelerator; the urrent was 10 nA dur-ing regular prodution runs and 0.1 nA during tagging-eÆieny alibration runs. The photon beam was pro-

dued by the eletron beam striking the radiator, a thinlayer (� 5�10�5 radiation length) of gold deposited on athin arbon baking, whih was plaed 50 m before theentrane of the tagger magnet. The eletrons interat-ing in the radiator were deeted by the magneti �eldof the tagging magnet, and those with energy between20% and 95% of the inident eletron beam energy weredeteted by two layers of sintillators (E-ounters, mea-suring the energy of the eletron, and T-ounters, mea-suring its time [21℄) plaed in the magnet foal plane.Thus, photons in the energy range from 0.35 to 1.55 GeVwere tagged. Two ollimators were plaed in the beam-line between the tagger and the 3He target, in order toeliminate the tails from the photon beam and to give asmall and well de�ned beam spot on the target. Thedata were obtained using a ylindrial ryogeni target,18 m long and 4 m in diameter, �lled with liquid 3Heand positioned approximately 20 m downstream of thetagger radiator in the enter of the CLAS. A lead-glasstotal absorption ounter (TAC), almost 100% eÆient,plaed approximately 20 m downstream from the enterof the CLAS detetor, measured the tagging eÆienyduring low-ux alibration runs.The CLAS is a magneti toroidal spetrometer inwhih the magneti �eld is generated by six superon-duting oils. The six azimuthal setors are individu-ally equipped with drift hambers for trak reonstru-tion, sintillation ounters for time-of-ight measure-ment, �Cerenkov ounters for eletron-pion disrimina-tion, and eletromagneti alorimeters to identify ele-trons and neutrals. The polarization of the CLAS toruswas set to bend the negatively harged partiles towardthe beam line. In order to ahieve a good ompromisebetween momentum resolution and negative-partile a-eptane (required by other simultaneous experiments)the magneti �eld of the CLAS was set to slightly lessthan half of its maximum value, orresponding to a torusurrent of 1920 A. A oinidene between the tagger andthe time-of-ight sintillators de�ned the Level-1 trig-ger for aepting the hadroni events. For the �rst timein CLAS, a Level-2 trigger, whih seleted the eventsfrom among those passed through Level-1 that have atleast one \likely trak" in the drift hambers, was alsoused [20℄. More than a billion events of prodution datawere obtained with 3He (plus a few million events takenwith the target empty), at a data-aquisition rate slightlygreater than 3 kHz.III. DATA REDUCTION AND ANALYSISA. Channel Identi�ationIn order to isolate the ppn hannel, a pp oinidene(with no other harged partiles) in a time window of�1 ns with a tagged photon de�ned the minimum on-dition for an aepted event, sine the time interval be-tween beam pulses is 2 ns. This oinidene time is shown
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FIG. 1: Coinidene time for a subset of the raw data. Thevertial lines in the upper panel indiate the time windowfor aepted events. Random oinidenes from neighboringbeam pulses are visible in the lower panel.were identi�ed by their mass, dedued from their momen-tum measured in the drift hambers and their veloitymeasured with the time-of-ight sintillators, as shownin Fig. 2.
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IV. MODEL CALCULATIONAs mentioned in the introdution, the only theoretialmodel urrently available for alulation of the ross se-tion for the three-body photodisintegration of 3He in theGeV energy region is the one by Laget. In this model, the�ve-fold di�erential ross setion in the laboratory sys-tem for the 3He! ppn reation is onneted through aJaobian to a redued ross setiond5�dpd
1d
2 = Enp32p21E1p2njEnp22 �E2�!pn � �!p2j �Qp �m �� d5�red(d
1)mdpnd
n (6)where (E1;�!p1), (E2;�!p2), and (En;�!pn) are, respetively,the four-momenta of the two outgoing protons (1 and 2)and the neutron in the laboratory frame, and p and Q arethe proton momentum and the total energy measured inthe enter-of-mass frame of the two protons.The redued ross setion depends on the transitionamplitude T(3He! ppn) [4, 5℄:d5�red(d
1)mdpnd
n / jh	ppnjT j	3Heij2: (7)The fully antisymmetrized 3He bound-state wave fun-tion j	3Hei is the solution of the Faddeev equations [22℄for the Paris potential [23℄. It is expanded in a basiswhere two nuleons ouple to angular momentum L, spinS, and isospin T , the third nuleon moving with angu-lar momentum l. Eah omponent is approximated bythe produt of the wave funtions, whih desribe therelative motion of the two nuleons inside the pair andthe motion of the third nuleon [24℄. Fermi-motion ef-fets are taken fully into aount in the two-body ma-trix element, and partially [3℄ in the three-body matrixelement. However, it has been asertained that the ef-fet of the Fermi motion in the three-body matrix ele-ment does not signi�antly a�et the results; therefore,it has not been implemented in the version of the modelwhih has been used here with the Monte-Carlo proe-dure in order to avoid prohibitive omputation time. Allof the S, P, and D omponents of the 3He wave funtionare inluded. The energy and momentum are onservedat eah vertex, and the kinematis is relativisti. Theontinuum �nal state j	ppni is approximated by a sumof three-body plane waves and half-o�-shell amplitudes(whih are the solutions of the Lippman-Shwinger equa-tion for the Paris potential) where two nuleons satter,the third being a spetator. Only S-wave NN satteringamplitudes have been retained in the version used in thiswork. The antisymmetry of the ontinuum �nal stateis ahieved by exhanging the roles of the three nule-ons [10℄. The transition amplitude T is expanded in atrunated series of diagrams that are thought to be dom-inant. These diagrams, that were thought to inlude themost likely one-, two- and three-body mehanisms, are
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π,ρFIG. 10: Diagrams used in Laget's model [3, 8{11℄ in thealulation of the 3He(; pp)n ross setions: (a) 1N absorp-tion mehanism, (b) 1N+Final State Interations (FSI), ()2N absorption, (d), (e) and (f) 2N + FSI, (g) and (h) 3Nmehanisms, and (i) 3N+FSI. The open irles represent fulltransition amplitudes (T matries); the �lled irles are NNand �NN Born terms.omputed in momentum spae. Among all the possiblethree-body mehanisms, meson double sattering is themost likely to our. The Feynman diagrams inludedin the present version of the model are shown in Fig. 10.The open irles represent the full transition amplitudes(T matries), whih have been alibrated against the or-responding elementary hannels, and the �lled irles arejust the NN and �NN Born terms.The �rst two diagrams, (a) and (b), desribe one-bodyphotoabsorption; (), (d), (e), and (f) represent two-bodyproesses [25, 26℄; and (g), (h), and (i) are three-bodymehanisms, with two-meson (� or �) exhange. Pionabsorption by a T = 1 (pn or pp) pair has been foundexperimentally to be strongly suppressed [27℄, at leastat low energies, and has not been inluded in the modelat this stage. The 3N absorption mehanism shown indiagram (g) represents the primary 3N proess for the3He(; pp)n reation. Above the photon energy orre-sponding to the pion-prodution threshold, the alula-tion does not ontain any free parameters, sine all of thebasi matrix elements have been �xed independently us-ing relevant reations indued on the nuleon and on thedeuteron [4, 5℄. The alulated ross setion involves alogarithmi singularity assoiated with the on-shell prop-agation of the \�rst" exhanged pion, whih shows up,and moves when the photon energy varies, in a well de-�ned part of the phase spae. Below the pion threshold,both exhanged pions are o� their mass shells, and thethree-body exhange urrents an be linked by gauge in-variane to the orresponding three-body fores [3, 8{11℄.All model alulations disussed in the following se-tions have been performed with Monte-Carlo sampling

over the CLAS geometry to produe ross setions thatan be ompared with the experimental results. Thesmall-sale strutures whih are seen in some of the modelresults result from this Monte Carlo treatment, althoughthe major strutures are real features of the model al-ulations. V. RESULTSA. Cross Setions Integrated over CLASThe use of a triangular Dalitz plot is very suitable tolook for the deviations of an experimental distributionfrom pure phase-spae preditions and to identify orre-lations between three �nal-state partiles. In partiular,this tehnique an be used to identify and selet the re-gions of the phase spae where three-body proesses anbe dominant. If Tp1, Tp2, and Tn are the enter-of-masskineti energies of the two protons and the neutron, re-spetively, and T is their sum, we an de�ne the Carte-sian oordinates of the triangular Dalitz plot as:x = 1p3 Tp1 � Tp2T andy = TnT :Figure 11 shows the distribution of the ppn events onthe Dalitz plot after applying the seletion uts. Thewide aeptane of the CLAS allows us to �ll the physi-ally aessible region | delimited by the boundary ir-le | almost ompletely.The size and shading of the boxes indiate the yield ofthe observed ppn events. Areas of inreased yield are vis-ible where the Tp1 and Tp2 axes interept the boundaryirle, as well as where Tn � 0. These areas orrespond toquasi-two-body breakup and neutron-spetator kinemat-is, respetively; they are disussed in detail in SetionsVA4 and VA2 below. The depletion areas in the upperleft and upper right sides of the irle orrespond to thekinematis where one of the protons has low momentum(p1; p2 < 300 MeV/) and therefore is not deteted by theCLAS. The entral top area where the two protons areemitted in nearly the same diretion is exluded by therequirement of deteting the two protons in two di�er-ent setors (see Setion IIIA above). The entral region,near the intersetion of the three axes, onsists of eventswhere all three nuleons have nearly equal energies, andis alled the \star" region (see Setion VA3 below).In the following setions, CLAS-integrated ross se-tions for the full aeptane and for the three seletedkinematis listed above, eah hosen to illustrate its two-body or three-body harater, are presented and om-pared with distributions obtained both with three-bodyphase spae and with the results of the Laget model.
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FIG. 11: Triangular Dalitz plot for the ppn data. Tp1, Tp2,and Tn are the enter-of-mass kineti energies of the threenuleons. 1. Full CLAS aeptaneThe ppn total ross setion integrated over the CLASaeptane has been measured as a funtion of the ini-dent photon energy E . The photon-energy spetrum,ranging from 0.35 GeV to 1.55 GeV, has been dividedinto 60 bins, eah 0.02 GeV wide. The results are shownin Fig. 12. The ross setion, ranging between 10 �b and0:01 �b, dereases almost exponentially as the photon en-ergy inreases. Fitting the data with an exponential fun-tion �(E) / e�bE yields a slope b ' 5:3 GeV�1. Thedata are ompared with the full alulation (solid urve),inluding one-, two-, and three-body mehanisms, as wellas with the results for the one- and two-body meha-nisms only (dashed urve), and the three-body meha-nisms only (dotted urve), as shown in Fig. 10. It isimportant to note that the theoretial urves representabsolute ross setions alulated within the CLAS a-eptane { they are not normalized to the data. Theresults of the model alulations that do not inlude thethree-body mehanisms are almost a fator of ten smallerthan the data at lower energies, while they approah thedata as the photon energy inreases and exeed the dataat higher energies. The full-model results agree betterwith the data, but still are too low at low energies andtoo high at high energies.Figure 13 shows the partial di�erential ross setionas a funtion of neutron momentum pn, for twelve 0.1-GeV-wide photon energy bins. The data are omparedwith phase-spae-generated event distributions (dottedurves) normalized in eah energy bin in order to maththe area under the experimental distribution, with theresults of Laget's full model (solid urve), and with themodel with no three-body mehanisms inluded (dashedurve). The neutron momentum distributions are relatedto the projetion of the data in Fig. 11 onto the Tn axis.
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0.4 0.6 0.8 1 1.2 1.4 1.6FIG. 12: Total ppn ross setion integrated over the CLASaeptane plotted as a funtion of photon energy on a log-arithmi sale for the full E range. The ppn ross setion(irles) is ompared with Laget's full model (solid urve),with the model result without the three-body mehanisms(dashed urve), and with the one inluding only three-bodyproesses (dotted urve). The error bars inlude statistialand systemati unertainties, as in all the following experi-mental distributions.In the photon-energy range between 0.35 and 0.95GeV, the data show a broad entral distribution in themiddle of the neutron momentum spetrum (e.g., atabout 400 MeV/ for E = 0:4 GeV and 500 MeV/for E > 0:5 GeV), whih is reprodued reasonably wellby the phase-spae distribution (better at low photonenergies than at high energies). Up to about 0.6 GeVa omparison of the data with the shape of the modelresults reveals the presene of three-body mehanisms.In the middle range of neutron momentum, two-bodymehanisms are seen to ontribute inreasingly startingfrom E = 0:65 GeV. These ontributions stem fromlow-energy S-wave np resattering, whih auses the in-reased yield in the quasi-two-body kinematis, orre-sponding to the the left and right sides of the Dalitz plot(Fig. 11). This yield projets onto the middle range ofthe neutron-momentum distribution.A peak, roughly 0.04-GeV/ wide, is observed at aneutron momentum of about 0.12 GeV/, independentof the photon energy. The relative strength of this peakinreases with inreasing photon energy, but it is not a-ounted for by the three-body phase-spae distribution.However, this struture is expeted by the model, and it
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11is predited to be largely due to two-body mehanisms. Itreets the Fermi distribution of the spetator neutron.This feature has been exploited to selet the neutron-spetator kinemati region, as is explained in SetionVA2 below.At photon energies from about 0.9 to 1.2 GeV and highneutron momenta, a third struture appears in the data,whih is present neither in the phase-spae distributionnor in the (1+2)-body model results, but is predited bythe full model. This struture an therefore be onsideredto be a signature of three-body mehanisms as well.The di�erential ross setion as a funtion of the o-sine of the neutron polar angle os �n in the lab systemis plotted in Fig. 14, for twelve 0.1-GeV-wide photon-energy bins, between 0.35 GeV and 1.55 GeV. The dis-tributions are forward-peaked at low-to-intermediate en-ergies, while they beome atter for higher E . Theirshapes are reasonably well reprodued by both phase-spae and the full-model alulations.2. Spetator neutronGuided by Fig. 13, the events where the neutron is aspetator in the photobreakup of a proton pair have beenseleted by requiring the ondition pn < 250 MeV=.These are all the events in the lower neutron-momentumpeak (within 3� from its enter).Figure 15 shows the ross setion as a funtion of pho-ton energy integrated over the CLAS for the events sat-isfying this ondition, ompared with the preditions ofthe model. After an initial steep drop, the ross se-tion has an exponential dependene on the photon en-ergy above 0.6 GeV, this time with a slope b ' 4 GeV�1.The agreement between the experimental ross setionand the model predition is good only for low energies,below 600 MeV. The ross setion is learly driven bytwo-body mehanisms, as expeted.The di�erential ross setion as a funtion of(os �n)lab, whih is plotted in Fig. 16 for eight photon-energy bins, shows a generally at distribution. This isexpeted, beause in the neutron-spetator kinematisthe two-body part of the redued di�erential ross se-tion is proportional to the neutron-momentum distribu-tion �(n) times the enter-of-mass di�erential ross se-tion for the pp-pair breakup [8℄:d�redd
md�!p n = (1 + �n os �n)�(pn) d�d
m (pp! pp): (8)Both the (1+2)-body part and the full-model resultsagree fairly well, in shape and magnitude, with the ex-perimental distributions up to 600 MeV. At higher en-ergies, the alulation predits the ontribution of two-body mehanisms to be muh too large.In the neutron-spetator kinematis, the primaryphysis is ontained in the angular distribution of thepp ! pp subhannel. Figure 17 ompares this angulardistribution with the model. While the magnitude of the

experimental ross setion is well reprodued at low en-ergy by the model, the shape of the angular distributionis markedly di�erent. The model urve exhibits a min-imum at 90Æ, where the measured di�erential ross se-tion has a broad maximum. It an be seen from Fig. 15that three-body diagrams do not ontribute signi�antlyto the total ross setion, but their interferene with thetwo-body diagrams brings the shape of the angular dis-tributions loser to the experimental ones. However, thise�et is not strong enough to anel the huge ontribu-tion of the two-body part at high energy.Sine the pp pair that absorbs the photon has nodipole moment for the photon to ouple with, harged-meson exhange urrents and intermediate-� prodution(Fig. 10, diagrams () and (d)) are strongly suppressedand one-body mehanisms (diagrams (a) and (b)) and re-lated FSI (diagrams (e) and (f)) ontribute more signi�-antly to the two-body photodisintegration ross setiond�d
 (pp! pp) . At low energy, the one-body amplitude isdriven by dipole photon absorption, whih is suppressed.At high energy, it involves all other multipoles and, asa result, the orresponding ross setion remains almostonstant. This proess probes the relative pp wave fun-tion at a momentum whih inreases with the inomingphoton energy | typially 400 MeV/ at E = 400 MeV,inreasing to 1:5 GeV/ at E = 1:2 GeV. Above � 0:8GeV the pp wave funtion is not under ontrol, and weare reahing the limits of the model, as in the d! pn re-ation [28℄. We may have entered a region where quarksbeome the relevant degrees of freedom [28, 29℄, or per-haps a desription in terms of Regge-type alulations[30℄ is more suitable.3. Star on�gurationThe enter of the Dalitz triangle orresponds to thethree partiles having equal kineti energies and theirthree-momentum vetors forming angles of 120Æ witheah other (in the ppn enter-of-mass frame). For thisreason, this kinematial arrangement, shown shemati-ally in Fig. 18, has been alled the star on�guration. Inthis region, the three-body mehanisms are expeted tobe dominant beause if the momentum is equally sharedbetween the three nuleons the ontribution from two-body mehanisms is minimized. This is therefore onsid-ered to be a good plae to study three-body mehanisms.The events for this kinematis have been seleted byrequiring that the three nuleons satisfy the onditionj�ij � 120Æj < Æ� (9)where �ij = aros��!pi � �!pjpipj � (10)is the angle between the momenta of nuleons i and j,in the enter-of-mass frame, and the angle Æ�, whih ex-
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FIG. 14: Di�erential ross setions integrated over the CLAS as a funtion of the osine of the neutron polar angle in thelaboratory frame for twelve 0.1-GeV-wide photon-energy bins between 0.35 GeV and 1.55 GeV. The points represent our CLASdata. The error bars inlude statistial and systemati unertainties. The dotted urves are the distributions for phase-spaeevents generated within the CLAS aeptane and normalized in eah energy bin to math the total area of eah experimentaldistribution. The solid urves represent the full model results, while the dashed lines represent the model inluding one- andtwo-body mehanisms only.
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FIG. 15: Cross setion integrated over the CLAS for theneutron-spetator kinematis plotted as a funtion of photonenergy. The data are ompared with the preditions of thefull model (solid urve), the (1+2)-body part (dashed urve),the three-body part (dotted urve), and the 1-body part alone(dashed-dotted urve).presses the allowed deviation from the pure \star" kine-matis, has been hosen to be 15Æ, as shown in Fig. 19.In Fig. 20, the ross setion integrated over the CLASfor the star on�guration is plotted as a funtion ofphoton energy. It dereases exponentially, with slopeb ' 5:8 GeV�1, as the photon energy inreases, muhmore steeply than for the neutron-spetator kinematis.As expeted from the kinematis, for the star on�gu-ration the ontribution of two-body mehanisms is neg-ligible, while the bulk of the ross setion omes fromthree-body mehanisms. At low energy the model missesthe experimental ross setion by approximately a fatorof four. The probable reason for this disrepany is thatonly the Born term and the �-formation term [31℄ havebeen retained in the alulation of the N ! �N vertex(the upper blob in Fig. 10 (g) and (h)). The addition ofthe ontributions of the N(1520)D13, N(1440)P11, andN(1535)S11 resonanes also might improve the agree-ment with the data. At high E , the Blomqvist-LagetBorn term mathes the Regge amplitudes [32℄ that re-produe the N ! �N ross setion in this energy re-gion. The pion-resattering amplitude (Fig. 10 (g)-(i)) isparametrized in terms of partial waves up to and inlud-ing G-waves.The di�erential ross setion as a funtion of os ��, theosine of the angle between the inident photon and the

normal vetor to the three-nuleon enter-of-mass plane(see Fig. 18), is plotted in Fig. 21 for eight photon-energybins between 0.35 GeV and 1.30 GeV. Sine the two out-going protons are indistinguishable, the orientation of thenormal vetor to the star plane, ~p1 � ~p2, is arbitrary.Thus, the distribution is symmetri around os �� = 0.The shape of the ross setion is very well reprodued byphase spae at low energy, while at high energy the modelbetter reprodues the urvature of the experimental dis-tribution. At all energies the three-body mehanisms aredominant.Figure 22 shows, for eight photon-energy bins between0.35 GeV and 1.30 GeV, the di�erential ross setion asa funtion of the angle �� between the neutron diretionin the star plane and the projetion of the photon-beamdiretion in the same plane (see Fig. 18). As is the asefor ��, the angular distribution is symmetri, here around180Æ. It also follows a phase-spae distribution, exeptfor E > 0:95 GeV, and its shape (but not its magnitude)is reprodued fairly well by the model as well. Again,three-body mehanisms are seen to be dominant.The photoprodued pion desribed by the diagrams (g)and (h) of Fig. 10 an propagate on-shell, sine the avail-able energy is larger than the sum of the masses of thepion and the three nuleons. This auses the developmentof a logarithmi singularity in the three-nuleon ampli-tude, whih should enhane the ontribution of three-body mehanisms. The e�et of this singularity an beseen in Fig. 23, in whih is plotted the ross setion dif-ferential inm2X=m2�, wheremX , de�ned from the relationm2X = (E +mp �En)2 � (�!k ��!pn)2; (11)is the missing mass in the p! �+n reation, assumingthat the proton is at rest.At photon energies above about 0.6 GeV, the pion sin-gularity appears learly (m2X=m2� ' 1) in both the ex-perimental distributions and the model results. How-ever, it is weaker in the lower-energy range. The inlu-sion of higher-lying resonanes in the sequential satter-ing amplitude in the model will enhane the peak nearm2X=m2� ' 1, but will probably not �ll the gap aroundm2X=m2� ' �15 for E = 400 MeV.These �ndings indiate a deviation from the sequentialresattering three-body mehanisms, whih may be a hintin the searh for more genuine three-body proesses.4. Quasi-two-body breakupThe third region of the Dalitz plot examined orre-sponds to the quasi-two-body breakup, where a protonand an unbound deuteron (a pn pair) are emitted bak-to-bak in the enter-of-mass frame. For this kind ofevent, one of the two protons (p1) is emitted with 2/3of the total available energy, and the pn pair travels inthe opposite diretion, with 1=3 of the total energy, andwith Tp2 = Tn = 16T . This kinematis orresponds to
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FIG. 16: Di�erential ross setions integrated over the CLAS for the neutron-spetator kinematis with respet to os � of theneutron in the laboratory frame for photon energies between 0.35 and 1.30 GeV. The data are ompared with the results ofthe full model (solid urves) and those of the one- plus two-body-only model (dashed urves), for 0:35 < E < 0:75 GeV only,beause at higher energies the model alulations di�er by more than an order of magnitude from the data.
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FIG. 19: Dalitz plot for the CLAS ppn events seleted for thestar on�guration.the events in the two populated areas shown in Fig. 24.These areas have been seleted by requiring that the an-gle between the high-energy proton and eah of the othertwo nuleons be lose to 180Æ, and that the di�erenebetween the energies of the two low-energy nuleons besmall. Using the formalism de�ned above,j�p1p2 � 180Æj < 20Æ;j�p1n � 180Æj < 20Æ; (12)and jTp2 � TnjT < 0:15for the events on the right side of the Dalitz plot (wherethe proton labeled p1 has higher energy), andj�p1p2 � 180Æj < 20Æ;j�p2n � 180Æj < 20Æ; (13)and jTp1 � TnjT < 0:15for the events on the left side of the Dalitz plot. Sineprotons \1" and \2" are indistinguishable, the two re-gions of the Dalitz plot are equivalent.
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21B. The ppn \Three-Body" Cross SetionPrevious experiments measuring the 3He ! ppnhannel in an extended part of the phase spae have beenperformed with the DAPHNE [18℄ and TAGX [16℄ dete-tors. Exept for di�erenes in the � overage, the CLASevent-seletion uts are very similar to the other two ex-periments, as seen in Table II; however, di�erenes inthe seletion riteria of the three-body events exist be-tween the TAGX experiment on the one hand and theDAPHNE and CLAS experiments on the other.The ppn \three-body" ross setion is de�ned as:�3body(E) = N3body(E)N(E)A(E) �zNAA ; (14)where N3body is the number of events extrated by ap-plying the seletion uts given in Table II and A is theaeptane of the CLAS detetor for the ppn events alu-lated with the phase-spae Monte-Carlo simulation. Thelow-momentum neutrons (pn � 150 MeV/) have beenexluded in order to selet only those events for whihall three partiles partiipate in the reation, thus di-minishing the importane of two-body proesses [16, 18℄.In this kinematis, the phase-spae result desribes theproess reasonably well.Figure 27 shows �3body as a funtion of the photon en-ergy E . The full irles represent our CLAS data, theempty triangles the data of the TAGX Collaboration [16℄,and the empty squares the results obtained in the exper-iment arried out at MAMI with the DAPHNE detetor[18℄. The error bars on the CLAS data are statistialonly. The systemati unertainties delineated in the pre-vious setion are shown by the vertial lines in the upperpart of the �gure.In the overlap region of the three experiments from0.35 to 0.80 GeV, the CLAS data are in good agreementwith the DAPHNE results, but di�er from the TAGXross setions by about 15%, most likely due to the above-mentioned di�erene in the three-body event seletion.Above 0.80 GeV, no previous data are available.The phase-spae extrapolation to the unmeasured re-gions has been done only for omparison with the previ-ous experiments, whih adopted the same proedure toextrat �3body.VI. SUMMARY AND CONCLUSIONSThe three-body photodisintegration of 3He has beenmeasured with the tagged-photon beam and the CE-BAF Large Aeptane Spetrometer in Hall B at theThomas Je�erson National Aelerator Faility in thephoton-energy range between 0.35 and 1.55 GeV. Thismeasurement onstitutes a wide-ranging survey of two-and three-body proesses in the 3He ! ppn reationhannel, as a onsequene of the high statistis and largekinemati overage obtained with the CLAS.
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22TABLE II: Seletion uts applied to the TAGX, DAPHNE, and CLAS 3He ! ppn experiments in order to extrat the\three-body" total ross setion. TAGX DAPHNE CLAS15Æ � �p1;p2 � 165Æ 22Æ � �p1;p2 � 158Æ 15Æ � �p1;p2 � 125Æ0Æ � �p1;p2 � 40Æ 0Æ � �p1;p2 � 360Æ CLAS � �duial utspp1;p2 � 300 MeV/ pp1;p2 � 300 MeV/ pp1;p2 � 300 MeV/\Non-spetator" neutron pn � 150 MeV/ pn � 150 MeV/toward the neessity of implementing proesses whih in-volve higher-lying baryoni resonanes, but also towardpossible additional three-body mehanisms beyond se-quential sattering.The 4�-integrated \three-body" ross setion is inexellent agreement with previous experimental resultsfrom DAPHNE up to 800 MeV. For the �rst time wenow have provided aess to a higher energy range, up to1.5 GeV.This work breaks new ground in the experimentalstudy of the three-body photodisintegration of 3He.However, before making ontat with the elusive three-body fores, it alls for a more omplete treatment ofthree-body mehanisms whih go beyond the dominantsequential meson exhange and � formation in the in-termediate energy range, and whih take into aountpossible oupling with partoni degrees of freedom in thehighest energy range.
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