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e models[l 2,73} and alternative standard models of the NN- -interaction[4]. However, the avail-
" .able predlctrons for ‘their masses. .and w1dths are model -dependent and therefore cannot be -

1 Introductlon

'In th1s paper we report further results of the ﬁrst study of the reactron pp —' pm'y at the proton

: . energy ~200:MeV. We. belleve, that.in addition.to the’ ordmary bremsstrahlung, PP = PPY, -
1o the two—photon productlon process also deserves of a’special mvestlgatron as a source, maybe,
: ~of an: umque mformatlon on some important: aspects of hadrodynamlcs, underlymg the NN- .

interaction.; In partrcular1 our prlmary ‘goal i in: this study is ‘to ‘probe of possible existence of’

, exotic, narrow dlbaryon resonances, that could escape drstmct observatxon in the other reactlons o
- used earlier for the same aim..’ -

"Theproblem of narrow drbaryon resonances(FWHM <<100 MeV) has attracted a lot of

Tow states w1th a ba.ryon number: equal to two(’B) was predrcted in several QCD- msp1red

" attention of both theorists ‘and eXperimentalists in the past twenty years. Existence of nar-

“

treated as reliable. The experlmenta.l 51tuat|on has been somewhat confused ‘Although a num-’ 2
- ber of claims were made for the observatlon of Narrow. structures[5 6 7 8] some of them were
“‘not conﬁrmed in later experrrnents[Q] ‘,» : G e

LNl e d



" Most ‘(')4f /theV dedicatéd_‘eipériments perfdrméd so far were aimed at-looking fqr~NNfco'qpled
. dibarybri resonances: ' Meanwhile, one might consider some processes’ leading to formation-of

- -dibaryons with quantum nurnbers for which the direct decay 2B — NN is either forbidden by the

Pauli principle; or strongly suppressed by the isospin ‘selection ’ruléy(NNlrdecoupled dibaryons).. .~
) . ¥ B - ppyy hds unique -possibilities” of ‘searching for a.ndf" ;
- investigating narrow, NN-decoupled dibaryon resonances with masses below the pion production 7.

In this respect the process pp —

thresholdf11, 12]. -The method of searching for these narrow dibaryon resonances is-based on -

the measurement of the photon energy.distribution i‘n‘the Dp —» PPYY rea,¢tiori*by' detecting b.oth :
photons in’coincidence.. The narrow dibaryons, if they -exist, should be seen as sharp"y-ll_l‘lvgs‘,,v. .
' agairist; a sthooth background ‘due to the photons from the radiative resonance decays(®B = -

_4pp) and double pp-bremsstrahlung with-an anticipated good signal-to-background.ratio. The'

_position of this line depends on the energy. of :the’ incident_proton and. the resonance mass’

*Mpg. Its width is determined by the total width' of ‘i'itesoglénc(e F?‘" .a.ridiénerg’y"’rkt:\sol‘uAtiohs gf t..hek :
' éxpefimental setup.-In a recent publication[10} we have reported the first results of searching

" “for the narrow NN:decoupled dibaryons in the process pp =B —ippyy atrthe proton energy i~

.%:.903.4 MeV. Measurements of the 7-ray energy spectra Of;thisjl:éa.ctiorli ghbwé;d a well noticeable ¢
o peak at the energy Er 47 MeV, which was interpreted as evidence for .the narrow. dibaryon .’ -

“.resonance with a mass,~19v17\fMté;V. Upférmria,fely,‘no meas‘urémehts:wéie done then with the =

' ‘éinptyftarget"zind,'t}ieréfdre', estimation of the, ;'esonar_lce‘par‘a.meters‘{is 'well‘7a.s its sﬂati’ctic'al;
significance depends ‘on’ a hypothesis accepted for a background description. Moreover; the®

“‘statistics of that-experiment was insuﬂigiéﬁt to draw any ﬁrm'gondﬁsidn on gxis@enég of thg:
“narrow -dibaryon.’ 1In-this papé; we “present ‘the’ fggults of new meal'su;g:mgnts of ~th§ "pl‘ylotpnv
- energy spectra for the process: . .o« o0 R

Flaon pp = 'B = 1P
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2 Experimental Details -

. The ‘expériménf was '};éifofnied w1th a proton béé‘.‘m,from‘thé J INR’phgs:ot;on Wiﬂt]}vl’;the. proton el
energy 198 MeV and the energy spread about 1.5%. The schematic layout of the ??‘P?”m?nt_al-“ e

setup is shown'in F ig. 1t consists of a liquid hydrogen target(Hg' )y two dgte‘ctors \pf #-quanta -

(5 and Sz),‘\iet(). 6ount¢:s(§; and G,) used to reject charged particles coming from the target; "

- collimators(P¥s) and‘a monitor of the proton: bea.m(M) . The liquid hYdfdgqqgltérget;chll is ;
.-~ “designed to provide a high’ luminosity source.’, It is a horizontal ‘cylindrical:brass flask, 4.5

- “cm in-diametet-and 4.5 cm-in length, with Vrﬁyla.r"‘Wihdovfs',‘éf.‘tbta.lk thickness’ 100 pm. The ’
target cell was mounted'inside a vacuum can of diameter 8.5 cm having _,t/woymy’lamz‘w.mdonsk .
> of total thickness 100 pm.- B/eca.lise' the thickness of the liquid hydrogen was 0.3 gfem?)ithis i

© - ‘target provided the luminosity 1.8 - 10%'em™% - 's71 “with an intensity of the proton beam 10%

" p/s. The energy loss of a 200 MeV proton passing’ through the ta.f\gé?t‘w‘qs'z;,s-MeV."At t.hg .
L targét position the beam was found ‘by radiography. to be about 2’0 mm in d;amgt?r7 a.{1d s o
' energy was determined by range measurements in water.: Thé‘beatm‘int‘ensity was momt’gred’: i

by a few jonization charhbers.‘\,“Thej'}-detectqr,/sl. waS;cqmposed of seven CsI(T1) hexa.gopa.l o
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’ i Figure 1:-Schematic layout of the experimental setap.’= <=
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crystals, each with an (‘)uter"dian’ieter,,,10‘ ¢m and length 15.'v;cqni.‘ 'lticdxiﬁisté’dpf(sée, fig1) a
kkcer(lj;r'al‘ crystal CJand six crystals Ry — Rg in the external ring. The energy. of each 4 ray is
" determined by summing up the energy dep'osi’_t‘éd in the crystal C and the energies deposited in""
" s the crystals Ry — Rg. Besides this, the crystals Ry — Rg served as-an active shielding 10 reject
i'_,'the'backg'rou‘nd from cosmic ray muons.-The V-dep'éctor S, was a cyli‘ndricql’Na_l(Tl) crystal
of diameter 15-cm and length 10 ¢m. The’ veto. counters Sy and S were.0.5 cm thick plastic -
‘wkscihtilla‘.tors‘. To reduce a large backgroun(\ivof protons ’scatt‘éred by the target: both the §;
and S, y-detectors were set on either'side of the beani to detect backward emitted photons at |
*~;jangles of 111 and 240°, réspectiyély.',.”I‘he‘solid angles covered by Sy and S, Were 35 st and

'/ 70 msr; respectively: Prompt particles froni the target were attenuated by 20 cm polyethylene

“:bars placed in between thé‘targetxa’.n’d'_ each detector. The 7-detectors were surrounded by a 10
-/ cm lead shield and a 5 cm borated paraffin shield. .. LRy ey PR k
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‘The energy: calibration of the ‘y:ray detectors was'

"do'net»usikng L)'-fa_\'s ’frm'n ‘a” Pu = Be ;

: o : . o PRRRFRERIN . ¢ . L s ~ D T
 sourcé( £, ="4:43"MeV),-the ‘reaction p +!* (= =9 +'TN* () =151 McV) and a peak

~ . produced by cosmic ray muons. The bne}ligy‘thi'eshold for botli' 7-detectors was set ‘at”about 9 &

o MeV, The a,mplitudek and time signals from the §;.and S, y-detectors were sent 1o ADCS and

TDCs_ ‘Besides; the phasotrdn radio-frequency(IRF) signal was 3\15@) é('ilt.«tjo TDC- All 'I\k'\l)(’s N
" were started by a signal from’the central detector (" and.'stopped each separately by the &5
detect:or,b eka.g‘h‘of the ring R, — Rs detectors and the RF signal. 1 parallel, the time signals from -
. the.detectors S;, S, 55 and S, were sent to a coincidence ‘circui'ty- to select those events which .
" had signals.from both v-detectors and did not have signals froni both velo cotnters within a
" 500 ns time interval. ‘Events satisfying the a.b‘q‘ve criteria were recorded in the event-by-cvent
" mode on‘a ha.rd"\disk:;of an IBM*PC-486 éomput‘er.‘Aifurtﬁher énalyﬁisy of'tll(‘s}- data was done -
“.! during offrline data processing. The energy spectra of 7-rays were measured in the energy range
) from 10:to 100 MeV. The in_eastireménts for the empty targel.and the full one were performed -
- *in two,successive runs. ‘Data were taken with a prol,bn beam of energy Tiin= 193.0 MeV-and
- average intensity 5.5 -10% p/s for about 10 hours and 20 hours, respectively. . : :
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':Flgure 2: The spectrum of the tlme ol’t’; iy k, ; .
.'.the RF slgnals with respect t6 the sig: R
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f_lFlgure 3: The.comcrdence tlme spec- v
,f_trum -The solid and_ the dottéd’ lines
=7 correspond to the ‘target: ﬁlled with' qu -
< uid hydrogen and the empty one, respec-
s Jtlvely One ehannel equals 0 5 ns.
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the dotted lines - correspond to” the tar- .

Y’»fkget ﬁlled with liguid-hydrogen *and thie v EILT D
* empty one, respectwely. One channel S 1 DO
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" Figure 4: -The photon energy 'spe'ctra‘for e
" the §; '7-ray det.ector The solid squares - '
correspond to the target filled with llq-
= - uid hydrogen and ‘the open squares to
the empty one. The solid line represents
.. an’expomential fit to the empty target” S
" data points.- The dashed line shows the‘ Sl
' ,,bacground of acc1dental comcrdences g

Nurnberof E\(Ents : 'j_ j';: e o

S Frgure 5 The photon energy spectrum e ;
S the Sy - ray detector after subtract-- "
" “‘mg the empty target contribution: The
. solid lin€ is the result of a gauss1an ﬁt B
- to the data pomts :
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Figure 6: The 'phor,o:n- energy SPeEtrum S

for the S; y-ray detector after subtract-f :

sohd line is the result of a gaussw,n fit oo '
“to the data pomts .

: o Flgure 7
» “structed* dlbaryon mass _ for:’ the " Sy
- detector
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Dlstrlbutlon of the recon-

The solxd lme is the result

S l'ollow each othér:with an interval aboul 70 ns) were selected. This. was done using the time -
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3 Data analy51s,r and results

I‘he off- lme “selection of use[ul e\ents assocnated “nh process (1) was carrled out in se\eral
steps At the fifst Step. events 1elale(l to proton’ bursts of lhe beam(ones of T ns- durauon

~“spectrum of the RF signals{see’ hg 2.) in which ‘the useful events are concentrated within
-a peak’ supernnposed on the bacl\ground of accidental comcrdences ‘This peak was confined-
‘within| a-20 ns time window. and events were only’ selected if they fell within the time interval .
" chosen.’ ‘At the second step e\euts correspon(ﬁng to 7 —5.coincidences were selected. In order
todo thisa coincidence tine spectrum was obtained. It contained’a peak of useful e\euls and -

“bunches of the beam microstructure is:shown in Fig. 3. The width of the peak-ol the useful

“events depends only on the time resolullon of the'setup, which was about 15 ns(FWHAM ) “This ,:
s peal\ was liiited \nlhm a30ns tune window and events out of. it uere ‘treated as a “background . -
Sviof accrdenlal coincidences-and v\ere 1e_|ected Finally, snue the' ma\uuum of the photon encrgy . f

o dlstnbullon due to the'presumed resolance. decay( \IH ~ 1920 MeV)'is. located near: ~ 40"
Me\/[l 2] thal for the-5;(5;)7-detector events: were oul\ 1eldmed il B 210 \Ie\(Ln 210

measured ‘for. the full’ target “as well as empty ‘one are presented i ﬁg €+ I‘he solid line.in .
~.this ﬁgure is the result of a fit ol the exponentlal form function to thie empty. target data and
‘the dashed one shows the bacl\glouud of dccndenlal comcrdences ‘The speclrum oblamed as a’
“ result of subtraction of the mpty target conlnbuhou is shown in Fig.5. 707

‘A structme at’ euergv nez

the energy of\tlus peak - 42.0£4.5 ‘MeV with \ndLh(FWH‘\I) 26. J:H 0 MeV:-This fit: \lel(led
a2 value o[ 6.7- for- 14 degrees of Treedoni.” The' 4-ray -energy’ spectrim for ‘the - (]m((lor
25y obtalned after the conespondmg subtlactlou of the empty target contnbullon s shown'in’
~Fig.6. An ana.logous ‘peak at the energy. about 42 MeV is also \well seen in this specuum Fol
*_the energy and the width of this peal\ tlle fitto a gaussnan gave the \alues 12 .51 6.5 MeV and
: 31 3£.7.0 MeV The \’ fox lhe flt is 5 G l'ox 13 degre(s o[ fxe(‘dom

i 10 MeV. wrth a desrre(l arrurdrv S o Sl

i+ If one ‘assumes that a narrow dnbawon resonance is 1espons|l)le [01 the p(‘dl\ obsened one
+".can reconstruct’a correspondrng dlbaryon mass dlslnbullon[l 2] This distribuition for. llw")~
. detector 'S 1s plesented in fig. 7
g when fitted. thh a gausslan gave a fitted’ mass 19235415 MeV (md a \ndlh 313450 MeV.

s : b standard devxat)on

4 Conclusmns

The y-ray’ energy spectrum for the pp — pm7 reachou at the plolon enmg} 198 ‘\le\ ha.s l)eﬂr :
measured A narrow peal\ at the photon’ energy about 42 MeV was observed in this spectra. 1t -,

a bacl\ground of accidental coincidences. ‘A part of this spectrum w hich includes:three proton: .

‘MeV): and En >"16 MeV(Eﬂ; >-16° Me\’) The q:rav ‘energy spe(tra for lhe 5- deleclor o ﬁ, :

42 MeV-is (learl\ seenin this spe(trum A ﬁt to'a gal sian g"ne

lloue\('l Lhe l(l\gtlrdf

JIthas & peal\ at Mg ~1923 MeV. The distribution-of fig.7, -

: ,;'\ >

“can be mtelpreted as a slgnal due to a narrow, exotic dlbaryou 2 formation and’ decay in the,

Q _;‘ < : = o

-

pp R —y"’B — pm7 processes Dlstrlbuhon of the dlbar\ on mass obt amed under this assumpllon e

»

" The chi- squaled for the fit is 5 0 [0r 14 degrees 0[ fr eedom T he srgmhcance of thv eﬂ'e(l (-\(e(‘d\
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