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'In this' paper we report furth,er results of the first study oft he reaCtion .PP :._; PIYY"Y at the proton 
. energy "-200 MeV. We believe, that in addition·. to the' ordinary bremsstrahlung, pp :-> piY'f, 

the two-photon· production process alsq deserves ~fa special investigation ~s a source, maybe', 
of a~.uniqu~ information on son:;_~ ,important aspe~tsof hadrodynamics,-underlying the NN
interaction .. In particular,.our primary.'goal in this study isto probe of possible existence of 
exotic, narrow dibaryon r~sonanc~s,that could escape distinct observation in the other reactions 

'usedearlier'forthesameaim! · ·\ . : ·. ·, . · , ... :. · '. · 
The'problem of n~rrow dibaryon resonanc~s(FWHM .<100 MeV)has at.tracted a: lot of 

attention of both the'orists an'd experimentalists in the past twenty years'; Existence of nar
'row states with .a baryon number equal to two(2 B) was predicted in several QCD~inspired 

. , ' . . . . . . I , ~ , . , , . 

models(l, 2, 3) and alternative standard models ofthe NN-interaction(4). However, the avail- •· 
able predictions for 'their masses and widths are model-dependent and,' theref~re, cannot be 

. . . . , . • . . .·. . . • ' . . - ~ . . -. . ~ - - ' I - -
treated as rehable. The expenmental situation has qeen somewhat confused. Although a num-' 
her of claims were made for the observation of narrow· structures(5, 6, 7, 8) some of th~m were 
not confirmed in later.experiments(9). :, ' · ,: . · . . . · . 
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Most of the dedicated ·e;.;periments perf~rmed so far were aim~d ~t ·looking for NN-coupled 
dibaryori resonances; ·Meanwhile, one might consider some processes leading_ to formation· of 
dibaryons with quantum numbers for which the direct decay 2 B _-> NN is either forbidden by the 
Pauli principle,' or strongly suppr~ssed by the isospin selection rule(NN:decoupled dibaryons). 
In this respect the processpp-> -y~B -> PJY'i"f his unique possibilities-of searching for and. 
investigating narrow, NN~decoupled dibaryon resonances .~ith masses below the pion production 
thre~hold[ll, 12]. The method of searching for these narrow dibaryon 'resonances is-based on 
the measurement of the photon energy distribution in the pp ~ PrYn re~ctio~ by detecting both 
photons in coincidence.·· The narrow dibaryons, if they exist, shimld be seen as sharp -y-lines 

I against_ a smooth background due to the photons' frorrithe radi~tiv~ resonance decayse B .:.., 
-ypp) and double pp-brerrisstrahlung with an anticipated good signal-to-background ratio. The 
position of this line depends on the energy of :theincident prot<in_and the resonance. mass· 
MB· Its width is determined by the total width of reSOJlan<;e ftot .and energy .. resolutions of the 
exp~rimental setup. -In a recent publication[! OJ. we have reported the first results of searching 
forthe narro:w NN-decoupled dibaryons in the process pp -> -y2 B .-.:pJYY"f at ·the proton energy 
203.4 MeV. Measur~ments of the-y-ray energy spectra ofthisreaction showed a w~ll notic~able 
peak at the energy E.., ~- 4 7 Mev,' which was interpreted as evidence for the narrow dibaryon 
resonance ·with a mass ~ 191 7'· M~ V. Unfortunately,• no measuniments ~ere done then with the 
emptytarget and, therefore, estimation-of the. resonance parameters <is well as its stati~tical· 
significa~ce depends _o~ a 'hypothesi~ acc~pted for a background desc'riptiori·. Moreover, the_ 
statistics of that-experiment was insufficient to draw any firm conclusion ori existence of the. 
narrow dibaryon. In this paper we pr~s'ent ·the results of new mea.Surements of the photon~ 
energy spectra for the pr~cess: • ' ' ' . .'. ' . . ·. . : ' . • 

' . ' ' ' \ . 
. pp ,.... "-y 2 B .:...... -y-ypp · , • · ·. ( 1) : 
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2 Experimental.Deta~ls ,· r' 

The experiment was performed ~ith a proton beam from the JINR phasotron with the prot~n 
energy198 MeV and the energy'spread about L5%. The sdiematic layout of the experimental 
setup i; _shown in Fig. L It consist; of a liq~id hydrogen target( H2), two det~ctors ,of 7-quanta 
(S1 arid S

2
), veto counters(S3 and S4 ) used "to reject charged particles coming from the target;"' 

collimators(Pb's) arid a monitor of the proton beam(M). The liquid hydrogen target. cell is 
designed to provide a high luminosity source. It .is. a horizontal cylindrical brass flask, 4.5 
em in diameter and 4.5 _em in lengtp, .with ~ylar windows ~ftotal thickness lOO p~. The ... 
target cell was mounted inside a vacuum can of diameter 8.5 em having :iwo mylar ,windows 

~ of total thickness 100 pm .. Be~au~e the thickness 6£ the liquid hydrogen was 0.3 g/crri\ this 
target provided the luminosity L8·1031 cm-2 • .5-;-1 ·with an intensity of the proton beam 10

8 
•• 

pfs. The energy l~ss ~£ a200 MeVprot~n passing through the target was 2.8 MeV. ·At the 
. targetpositionthe beam was found·by radiographyto be about 20'mm in diameter, audits 
. energy WaS determined by. range rn,easurements in water. Thebeam inte~sity was rrionitor~d 
by a few ionizationchambers.",.The ,Y.detect~rS1 wascomposed ~£seven Csl(Tl) hexagonal 
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Figme 1: Schen~atic'layout of the experimental setnp.· · 
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crystals, each· with an ~uter diameter I 0 ~m and length 15 rni. It·· consislt•d of( see lig.·l), a 
central.crystalChi.nd six cryst~ls.,Rt -.R6 in the external iit1g. Theeneri.v. of each 1 ra,· is 
det~rmined by summing up the energy.deposited in the cryst<il c and tlw energies deposited in 

· th~ crystals Rt - R6 • Besides this, the crystals Rt .:.. R,; served as an actfve shielding toreject 
... the background from cosmic ray muo~s. ·The ")'-detector S2 was a ~·ylindricalNai(Tl) crystal 

~f diamete'r i5 em and length 10 c'm. The veto ~o~nters S3· ;nd S4 wer~ 0.5 l-;nthid,: plastic 
., scintillators. To reduc~ a larg~ backgrot111dof protons 'scattered by .t.he targE-t. both the fit 

\. aQd S/ -y-detectors Wf'l'l' set on either' side of thP bean'! to df'!ect backward emit tPd phototis at 
angles of 111° and 2-10°' respecti~·ely .. Tlw solid aJtglt•s con•red by St atid • .:.·l \\'t'l'l' ';J!j lllS!' allll 

·I. 

· 70 msr; respectively. -Prompt particles from the'targt•t were,attenuat{·d by 20 em polyeihylt•n(• 
bars placed in between the target ~nd each detector. The 1-det~ct.ors were surrmmded b~· a 10 
em lead shield and a 5 em borated paraffin shield. . '· . 

:'~The en'ergy calibration of. the 1-ra)· detectors was done using '/·.rays from a· Pu .- H< 
so~rce(E.., ,;, 4:4:J ·MeV).· the 'r.-:action p.+_i 1 C: _, 1 +n s· (I:.\ = l!i:l M<~V).and ,a pt•ak' 

. pro"duced by costriic ray muons. The ene'rgy threshold ·for both' ")-detectors was sPt 'at about !l 
MeV. The amplitude and time signals from the sl.and s21·detectors wet\(' St'nt to .·1/J('-' and 
TDCs. Be~ides, the phasotron radio-frequency(RF) signal was als~ st•nt to TDC.. :\II '/'

1
/J('., 

were started by a sign~! from the c~~ntral detectorp and stopped each separatPly h~; t lw S1 

detector, each of the ring R1 -R13 detectors and the RF signal. lnJ>araliPl, the tin1<• signals from 
the.detectors S1o Sl, 53· and 84 W~'re sent to" a coincidt•nce circuit. to ;;dect thos!' l'\"t•nts which 
had signals.from both -y-detectors and did not have signals frori; both ,-~to cm\nt<•rs within a 
500 ns time interval. Eve~ts satisfying tlie above criteria were re-rorded inth•· ~wnt-hy-t·,···n·t 
mode ·on a hard,disk~o£ ~n IBM•PC-486 comp~1ter .. A furthl'r analy~i~ of t ht•s~~ dat<~ ·was dotH' 
duringoffrline data processii1g. The energy spectra of ")-rays were mea9ttred in t ht• energy range 
from 10 to 100 MeV. The measurements for the empty target and th~ full one W<'rt' pl'rformed 
in' two,succ.essive runs. · Dat~ were taken' with. a proton beam of energy Tk;,.= I !lS.O !\IPV and 
average intensity 5.5 ·108 pfs for about 10 hours ~;1d 20 hours, respPctively. 
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Figure 2: The spectrum of _the ti~e of · 

. tqe RF signals ,with. respect to the sig' · 
nal from central detector. -The solid and 
the dotted lines correspmld t~- th~ tar: 
get filled. with liquid· hydrogen 'and' tile ' . 
empty one, r~spective1y., On~; channel 
equals 1.0 u's. . 
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Figure 3: The 'coincid~nce· 'time spec: 
trllm. ·· The solid and the dotted 'lines 
c6rresp~nd to the target filled withliq. 
uid hydrogen arid the empty one, respec
tive(y. One channelequals 0 .. 5 ns. . · 
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·_Figure 4:. The photon en~rgy spe"ctra for 
the St 1-ray d~tectott. The solid squares 
correspond to the target filled with liq
uid hydrogen and. the open sq~ar~s to 
the empty one. The solid line represents 
an exponential fit to the empty tMget 
data points. The dashed line shows the 
bacground ofaccidental coincidences: •' 
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Figure 5: The photon energy spectrum 
for· th~ S1 1-ray 'detector after subtract-· 

> .· 

ing the empty target contribution. The 
solid line is the result of a gaussian" fit ·-; ; . 
to the ~ata points . . · ' 
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Figure 7: Distribution of the reconc_ 
structed · dibaryon mass for,' the' · S1 ' 

')'-deteCt~r. The solid line is the r~sult 
of a ginissian fit to the 'data points , , 
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'3·•-- :Data a_n-Cl:lysis_'and r~sults 

'fhe .off-liiie selection of useful events a~sociated with process ( 1) was car~ied o~t_in seYeral 
steps: At thP. first step. events relat~d to proton bursts of th~ bt>am(ones of 7' ns duration 

1 ., foil~'~ each other with an inteiTal abotii TO tis)' were sPlPcted.·· This. was don<' using the time 
spectrum of'the RF signals(see Fig. 2.) in which the useful e\·ents are concentrated within 

. a peak superim-posed on the backgr~und- of accidental coincidences. _This p~ak was confined· 
within.a-20 ns 'time window and eYents' wer.e onlyselected if they fell within the time inten·al 
chosen.·' At the second step. events corresponding to 1 - 1 coincidences were selected. In order 
to do this a coin~idence.time spectrum was obtained. It c~Iitained a peak of useful e~·ents. and--· 
a background of accidental coincidences. A part of this spectrum which includes three proton· 
bun~hes of the beam mici·ostructure is:shown in Fig. 3. The width of the peak·of tlw useful 
rvents depends only on tlw tinw resolution of the setup, which was about 15 ns(FWH:\I):This 

1 peak was limit-ed within a :30 ns timt~ \~in dow and events out of. it were. trPated as a background 
of ~criderital coincidences and ':'·~·re rejected. Finally. sinn•J he ulaximum of·i hP photon enPrgy 
'distribtition due to tllC' presumed n·sonann·. ckcay(.\la ~ l!l20 .l\leV) is located near ~ .-10 
MeV[12]•th~t. fo~ th1• 8 1 (,'.'2 )1-.detector events were only retained if E, 1 2: 10 .:\leV(£.;2, 2:10 
MeV) and £:>

2 
2: 16 l\leV(E, 1 2: J6 'l\leV). The '):ray energy spectt;a for the''')·detPctor 5 1 

measurrdfo'r the ftiii' target as well as empty one are presented in -fig.- '-t: -.The solid .. line in 
. this figure is .th~ r~~ult of a fit of the exponent iai_form functi~;n t~the empty targei data and/ 
the dashed orie shows the background of accidental coincidem:es. The spectrum obiained as a . 
result'of subtraction of the "!mpty i.arget contri,bution is shown in' Fig.5. · . \ ·· : , 

. A structure at~nergy near :12.MeVis' dearly _seen in this si>ectrnm. A fit to a gatissian ga\·e 
the energy of,this"peak -12.'0±-1.5 MeV ~itli width(FWHl\1) 26.3±-t.O 1\le\';·This fit yieldPcl 
a x2 value of6:7.for 1-t degrees of freedom.·:··The 1-ray energy'spectrun1 for the ')·th~tector. 
·s~ obtaineq after tlie corresponding Sttbtl·action_ of the empty targPt contribution is ~~IOWII in 

'•Fig.6.' An analogous peak at the energy, about 42 MeV is also well seen in thi~ ~pecttmi1. Foi: 
. the energy and the width of thi~ peak the,fit ti> a gaussia1i gave the \·alm;s -t2'.5± 6.5 :\!,;\' ~n~l 
31.3' ± 7.0. MeV. Th'e \-2 for' thP fit is 5.6. for .13 tkgn·<.;~ of ftwdmJI .. llowever thelengt h of 
this d~tector(only;•1.9 riuliation IPtigths) is inst;flicii·ni to nwas\m· thP ,:11erg\· of ')-r~\'s ahon• 

. 10 MeV with a desir~d acct'm\cv .. 1 ·.· •· • • · - . ''' •. ·. • .; . • • -~ ' • 

!Lone 'assunies \.hat· a narr.;w dibaryon resonance is responsible for the pt•ak observed OI,IP 

can reconstruct a 2orresponding 'dibaryoii ma;;s' distribution[ 12]. This 'distributio-n for' tl1;. 1-• ·- '· · 
detector S1 is presented in fig. 7 ~It has a peak at /1/a ~ UJ2:! MeV: The distribution of fig. 7, 
when fitted witl{·a gaussian, gaw a fittedmass'l92:!.i>:f::L!i 1\k\' and a width:lt.:3±5.0 :\le\'. 
The ~hi-squ~red_f~r the fit i-s 5.0 for 1-t degrees of freed(un. Tlw significance of tilt• pfft·ct i•xt·epds 
8 .standard ·deviation. . -· • '· . . 

''.'\ 

4 Conclusions 
' . . ' ~ ' ,' ~ .·.' " . . ! ' ~ . ' . ' 

. The ')'-ray· energy' spectrum for- the pp -+ PJY'/1. reaction at the proton energy 1!18 l\le\' has ht•Pn 
measured~ A narrow peak at the photon energy about 42 MeV was observed in this si""ctra.lt 

··can be int~rpreted as a signal due t~ a narrow, exotiC dibaryon 2 B formation altd- decay in tlil· 
pp-~ 12 B •-> PVn processes. Distribution ofthe dibaryoi1mass obi.ai_ned t~ndPr this assmnption. 

. . ~ . 

o· 
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• ' ' • - • ~ ' ' > 

shows a1
narrow peak' with mass MB=1923.5±4.5 ~ieV a~d width FWH~i=31.3±5.0 MeV. The' 

statistical significance of this, peak exceeds Sa .. Theresults presented are- in agreement with our 
. pre\·ious o11es[IO]. . . 
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A6aJOB RM: H llP· 
Ha6nKJileHHe peJOHIDICHon~ll~Hoif CTPYKl)'Phl B peaKuim pp --) ppyy 
npH 3HeprnH npoT~HOB 198 M3B: 1t116ap11oH c Maccoii 1923.M3B o611: 

npellCTaRJJeHbl pe3yilbTan,l 3KCll,epHMCHTa no, DOHCKJ 3K30TH'ICCI 
Ha npoTOHHOM D}"!Ke Qla30TJJOHa 01-UIH c 311eprneii 198 M3B. noiiCK 
OCHOBaHHbiM Ha H3Mepe11HH 311epreTH'ICCKOIU cneinpa y-,1}"1Cii pea 
JICCJiellyeMOH peaKUHH pentCTpllpOBaJIIICb 11a COBnaueuHe B IIIITepoa~ 
3uepreTII'{CCKHe cneKTpbl y-.1}"1CH 6WJII H3MCpCHbl KaK llHll MHWellll, H< 

TaK 11 Wlll nycToii MHWeHH. B cneKTpe, non)"'eHHOM noCJie Bbi'IHT 
Wlll nonHoii MHwetiH oKJiaua, o6yCJioB!leHuoro nycTOii MIIWeHhiO, 

. CTaTHCTH'IeCKaJI 3Ha'IHMOCTb KOTOporo· npeBbl-waeT 8cr. no)llUIIKa ra 
)laHHbiM )laeT 3Ha'leHHll )tHll 3Heprn11 3T0f0 lli!Ka 42,0 ± 4,5 f\bB I 

npH '3TOM Jlla'lelllle i pa~HO 6,7 Wlll 1.4 creneHeii CBOOO)lbl·. Boccrauc 
TJIBIIbiX Mace pp·CHCTeMbl IIMeeT Y3KIIii lliiK np11 MaCce 1923,5 ± 4,5 JV 

Pa6oTa o~>monHeHa o JlaoopaTOp1111 HJlcpHblx npo6neM 01-UlR 

. npenpHHT 06be)lii11CHI!Oro IIHCTIITy;a suiepHI,'IX. IICCJiellOI 

Abazov V.M. et al. 
Observation of a Resonance-Like Structure in the pp --) PITYY Reaction 

. at Proton Energy 198 MeV: Is the Dibaryon of Ma~s 1923 MeV Four 

The results of an experiment aimed at searching for e"xotic dibaryu 
carried out with ·a 198 MeV photon beam of the. JINR pha~otr· 
on measurement of the y-ray energy spectrum of the PI'--) p[ryy-reacti 
explored have been detected in coincidence in the energy ·range betw 
energy spectra have been measured for both the target filled with liq1 
The spectrum obtained by subtracting a normalized empty target contrib 
for the full target clearly exhibits a narrow peak with a significance of g 
gave the energy of this peak 42.0 ± 4.5 MeV with width (FWHM) 

a ·J! value of 6.7 for 14 degrees of freedom. Distribution of the recons 
a narrow peak with a ma~s of 1923.5 ± 4.5 MeV and a width (FWH!V 

. ' 

The fnvestigation ha~ been performed at the Laboratory of Nuclea 
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