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BBeaneHue

* Bnepsblie pe30HaHCHO-NOA06HYH CTPYKTYPY C Maccoil B obnactn 315 MaB/c2 B
peakumu

dp - *He + 2n =3He + X°
ob6Hapyxunu Abashian, Booth, and Crowe (Tak Ha3biBaeMbli adpdoekT ABC).
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BBeaneHue

* VHTepnpeTaums AaHHOIo pe3oHaHca Kak COGCTBEHHO CBOMCTBA Tn-paccesiHu
SIBNSIETCA HEBEPHOW, TaK Kak ero CrekTp Macc XOpoLlo U3BECTEH.

 [laHHas CTPyKTypa cKopee paccMaTpuBaeTcsl Kak pesyssTar nepepaccesiHis NMoHoB
Ha HYK/IOHax B nosie siapa.

* YKasaHue Ha cyllecTBOoBaHue NofgobHbIX CTPYKTYP ObIiNN HANAEHbI B HECKOJTbKUX
aKcnepmmeHTax (B OCHOBHOM, U3yyeHne cnekTpa missing mass B OHOM/1e4YEeBbIX
MarHUTHbIX CNEKTPOMETPAaxX npu obpasoBaHnm HOBbIX S4ep).



BBeaneHue

O6nactb Macc ABYXMMOHHbLIX CUCTEM BOMIN3KM Nopora ABMAETCA NpeaMeToM U3yYeHUs n
aKTUBHbIX AWCKYCCWUA B AAePHON N afipOHHOM (hrn3unke Ha npoTsxxeHnn 6onee 60 fet. B
31O o6nactn macc Habnwgaetcsa ABC (Abashian—Booth—Crowe) adhekT, n3aBectHoe
pe30HaHCHOoe ckansipHoe cocTtosaHune fO(500) (PDG2020), urpatollee CyLlecTBEHHY POo/ib
B MeXaHn3Me HYK/TOHHbIX B3auMOAENCTBUIM B aTOMHbIX Aapax. B ykazaHHyt0 061acTb Macc
nakoT Bknaa n 2ml-cuctemsl OT pacnaga anéapnoHHoro d*(2370)-pe3oHaHca ¢ LUMPUHON
= 70 M3aB n kBaHTOBbIMW Yncnamu I(JP) = 0(3+), Habnogaemoro B 3KCNepuMeHTe
(P.Adlarson et al., Phys. Lett. B 721 (2013) 229) B peakuumu

p+d - d*¥(2370)+p - d+2mM° +p

CkansapHble ABYXMMOHHbIE pe30HaHCbl MOTYT NPOSABAATLCA N B ABYX(POTOHHbLIX pacnagax. B
3TON cBA3N Habntgaemoe (Kh.Abraamyan et al. Eur. Phys. J. A (2016) 52: 259) B peakuuu

d+C - 2y + X

pe30HaHCHoe ABYX(POTOHHOE COCTOAHME R B OKO10MOPOroBon 061actu 21-CUCTEM
(m,=380 MaB, I',= 60 MaB) BbI3bIBa€T 60/bLLOV NHTEPEC. HTOOLI NPOACHUTL €ro Npupoay

Mbl MPOBEN NOUCK 3TOr0, PABHO Kak N APYrMX BO3MOXHbIX PE30HAHCHbIX 2y-COCTOSIHWI B
peakuymum

m+Be - 2y + X

npu umnynsce 7 B/c Ha ycTtaHoBke TINMEPOH-M.
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BBegeHue

* CTpyKTypa B ABYXpOTOHHOM cnekTtpe macc B dC-peakunm o6blia obHapyxeHa B [lybHe
Ha HYKNOTPOHE C NOMOLLIbIO ABYXMeyeBoro pOTOHHOro crnekTpomMmeTpa

Resonance Structure in the vy Invariant Mass
Spectrum in pC- and dC-Interactions

Kh.U. Abraamyan®®*!, M.I. Baznat®, A.V. Friesen”, K.K. Gudima®, M.A. Kozhin®,

S.A. Lebedev?e), M.A. Nazarenko®f), 5.A. Nikitin?, G.A. Ososkov?!,
S.G. Reznikov® ., A.N. Sissakian?, A.S. Sorin?’, and V.D. Toneev?
Abstract

Along with #° and 7 mesons, a resonance structure in the invariant mass

spectrum of two photons at M., = 360 + 7+ 9 MeV is observed in the reaction
dC — 4+ + X at momentum 2.75 GeV /e per nucleon. Estimates of its width
and production cross section are I' = 63.¥ £ 17.8 MeV and &... = 98+ E-Ii'?ﬁs b,
respectively. The collected statistics amount to 2339 4 340 events of 1.5-10° trig-
gered interactions of a total number ~ 10'? of dC-interactions. This resonance
structure is not observed in pC collisions at the beam momentum 5.5 GeV/e.
Possible mechanisms of this ABC-like eflect are discussed.
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Fig. 2. Invanant-mass distributions for photon pairs mn the dC — ~X and dCu — v X reactions before (upper panels) and
after (bottom panels) the background subtraction. The curves are Gaussian approximations.
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Production of light mesons and multipion systems
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IKkcnepumeHT N’MMNEPOH-M

OT60p 1+ C MOMOLLbIO NOPOroBbIX YEPEHKOBCKMX CHETUNKOB LGD2
Yy =
\EE Suies s, PC; PG, .
P -
"o e
hit hit hit no hit

* Myuok 7 GeV/c, coctaB 50% 1" + 46% p + 4%K™;
* [Myuok B3anmopgencTsyet c aapamu muwieHn T (Be, C, CH, Al, Cu, Sn, Pb), poxaas

BTOPWYHbIE YaCTULbl,
o Tpurrep Ha CUMHTUINALMOHHBIX MYYKOBbIX CHETUMKAX S *S *S *IS BblOMpaeT cobbITUS,

B KOTOPbIX HAGNIOAATCA NULLL HENTPasIbHbIE KNacTepsbl B 3.M. kKasiopumeTpe LGD2

(Lead Glass Detector);
* Takum 06pa3om, B PErMCTPUPYEMbIX COObITUAX BO3MOXHO HabNOAEHNE HENTPasIbHbIX

pe3oHaHCOB, pacragalolnXcAa Ha CbOTOHbI B KOHEYHOM COCTOAHUN,
10



PeKOHCTPYKLUA COObITUN

[Mpn cpabatbiBaHUM TpUrrepa amnanTyabl ¢ potoymHoxuTesnen LGD2 cuntbiBanmnCs,
OLM(PPOBLIBLINNCHL U 3aNUCbIBA/INCb HA ANCK. DNEKTPOHMKA CUCTEMbI COopa faHHbIX
aKcnepmmeHTa peanmisoBaHa B ctaHgapte MNCC

[Mpn 06paboTKe AaHHbIX 3anncaHHble aMmnanTyabl NepeBonuNnNCh B BblAeNEeHHbIe

3HEeprnn B ssyerkax ¢ NOMOLLbH KasIMGPOBOYHbIX KO3(O(PULINEHTOB:

* KanubpoBka aetektopa 6bina nponsseaeHa Ha ABYX(OTOHHbIX COObITUSX;

« [1n9 naHHOW A4eiKkn CTPOUIOCh pacnpeaeneHne no Macce 2y-coobiTuii, B KOTOPbIX
OAlIH U3 (POTOHOB Nonagasn B 3Ty AYENKY;

e KannmbpoBOo4HbI KO3hnumMeHT nogdmnpasnca Tak, YUTobbl COOTBETCTBYHOLLINIA MUK OT
pacrnaga 1°-mMme30Ha COOTBETCTBOBa/1 €ro Tab/iM4yHoOM Macce;

BbiaeneHHble B suerikax LGD2 sHeprum B aHHOM COObITUM 00bEeANHANINCH B
KnacTepbl, onpeaensanncb nx KoopanHatbl B Na0ckocTu (X,Y) n aHeprun.

Mnynbc OOTOHOB onpeaenssics No N3BEeCTHOM ToUuke B3aMMOENCTBUS YacTuL, Nyyka
C MULLEHBbIO (KOOPAMHATLI LEHTPA MULLIEHW), Y PEKOHCTPYNPOBAHHbIM KooOpAMHaTam U
3HEPrUsIM JIMBHEN B KA/IOPUMETPE.

N3-3a HENMMHENHOCTN SHEPTEeTUYECKON LLKasIbl KAJTOPUMETPA SHEPrM (OOTOHOB ObI/N
nanee CKOPPEKTUPOBAHbI:

ECOW(E):E(1+2§‘:1%IH(E/lMaB))

MeTo/ 3HeprecTUYeckoli Koppekunn 6bi1 NpeacTaB/ieH paHee 1 onyo6/IMKOBaH B
pabote “NPNBOPbI N TEXHUKA SKCINEPUMEHTA”, 2011, Ne 5, c. 88-92 11



OTO6Op COObLITUN

 [1ns noncka pe3oHaHCHO-MOA06HOM CTPYKTYPbl OTOMPa/IMCh COObITUS C 2 DOTOHAMMW.

* [1nA onpeaeneHns BK1a[aoB OT pacnagos Apyrnx Yactul oténpanmnce 3- n 4-
doOTOHHbIE COObLITUA.

* 3-X 0OTOHHbIE COObLITMA NoABepPrasIMCh Npoueaype KNHemaTmyeckoro dgoura no
rmnortese mn'y:

* Kaxxpgada u3 nap ooToHOB MoandomumpoBasiacb Takum ob6pasom, YTobbl Macca
napbl paBHanacb macce m°
« OT6Mpannchb cobbITUA C XZ,W<5-2

* 4-X (pOTOHHbIE COOLITUA NOABEPra/INChb Npoueaype KMHemaTuyeckoro doura no
rmnortese 2n’:

« Kaxpgasi u3 nap potoHoB MmoancmumpoBasiacb Takmm 06pasom, YToObl Macca
napbl paBHAMacb macce m’
« OTOUpanncb cobbITUSA C x22n<5.2

12



MoHTe Kapno mogenunpoBaHue

* Moaenb MK BK/ilo4aeT B ce6s1 NepBUYHbIA reHepaTop coObITUIA, MOAE/b YCTAHOBKM
MMEPOH-M, TpaHCNopTHbIN KOA, 0TOOP, oUndpPoBKY 1 dhopmMaTnpoBaHne CobbITUIA:
* [eHepartop cobbITUIA NpeaAcTaBAAeT COO0M reHepaTop KBa3naByXHaCTUUYHbIX peakumi

ot (Kt,p) + 22> M° _+X

—>ﬂ."f
[Mpwn aTOM pacnpeaeneHns no t n macce cuctembl X nogobpaHbl TakMm 06pasom,
4YTOObI KAYECTBEHHO BOCMNPOM3BOANTL HAOMOAaEMbIE B 3KCNEPUMEHTE CMNEKTPbI.

* Mopgenb yCTaHOBKW BK/IHOYAET B Ce0A MULLIEHb, CUMHTUANALUNOHHBIE CHETUNKN S4 1
Sa, un kanopumetp LGD2.

» CreHepupoBaHHble (OOTOHbI NepegatoTca TpaHcnopTHOMY Koay GEANTS3, KOTOpbIn
MOAENUPYET UX NPOXOXAEeHNEe Yepes MoAesb YCTaHOBKN.

e C NOMOLLIbIO 3HEPINIA, BbIAENUBLLUNXCS B CHETUMKAX S4 n Sa, MmoaennpyeTcs
HenTpasibHbIN Tpurrep. Tpebyetcs Hasmumne curHasia B S4 Bbllle nopora perncrpaumm
3apsHKEHHOW YacTuubl U ero oTcyTCcTBME B Sa.

* Bblaenuelumecs B A4enkax KasiopumeTpa aHeprum oumgpoBbIBaOTCA: OHU OEeNATCS
Ha COOTBETCTBYHLLUUN KaNMBPOBOUHbI KOShULMEHT, pe3y/ibTaTr NepeBoANTCS B
otcyeTbl ALUIM: uenoe uncno ot 0 ao 4095, K KaxxgoMy KaHasly A06aBigeTcs Wym
3JTIEKTPOHUKM.

* Pes3ynbrar 3anucbiBaetca B oopmare gaHHbix M'MIMEPOH-M, 1 B nocneactemn
obpabarbiBaeTcs abCco/IIOTHO TOM e NPorpamMmon aHasmsa, YTo U 3KCNEPUMEHT.

13
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OrpaHunyeHue Ha o X Br (R - 2y)

* B o6nactn macc 200 — 500 MaB kakux-nnbo pe3oHaHCHO-NOA0OHbIX CTPYKTYP He

Hab6MaaeTca —» MOXHO cAenaTtb OrpaHMYeHne cedyeHne Takoro oobekKTa.
* dut cnektpa exp(a + bM) + signal.
* OrpaHuyeHune = signal + 3 sigma (95% CL).

* CeyeHue onpeneneHo OTHOCUTESTIbHO Ha6mo,u,ae|v|oro ceyeHnd n-Me30Ha, T.e.

0(R)=Ny/N, *o,

o(mb)
0, + + 0 + + 0 + + 0 +
R, fm | () n(m) K'(m') w(Tr) T (K) | n(K) K'(K")
1.137+0.016 ¢@94¢0.0@> (2.56+0.40)10° | (4.25+0.51)10° | 0.190+0.006 | 0.008+0.006 | (2.26+0.37)10"
Beq=3.04) "
Poly(CH2) | 1.841£0.021 | 0.132£0.005 | (2.810.37)10° | (7.39:0.45)107 | 0.487+0.014 | 0.026+0.015 | (5.57+0.97)10"
7 N
Clemz.37) | H443:0017 1@) (2.60+0.32)10° | (6.97+0.64)10° | 0.296+0.008 | 0.017+0.007 | (4.87+0.59)10"
0.199+0.014 | 0.014+0.003 | (0.11+0.24)10° | (0.21+0.39)10 | 0.096-0.008 | 0.005+0.008 | (0.35+0.57)10

H=0.77)




Mpumep hutTUpoOBaHNA CNEKTpa

- X2 / ndf 344.3/ 277
B p0 0.002136 + 0.005933
. p1 12.03 + 0.01
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o X Br

OrpaHunyeHue Ha o X Br (R - 2y)

95%-CL limit 95% CL limit
- @ 107
- ) B
i Be MmuLieHb i
10° :
i 107
1074 = E
10° | | | | | 10°
| I I I 1 1 1 1 1 1 1 1 | ] ] ] ! ] ] ] ] ] ] ] ] ] ] ! ! ] ] ] ]
250 300 350 400 450 500 250 3(‘30 3%0 4f|}0 4%0
M, MaB/c? M, MaB/c?

B o6nactn macc 200 — 500 MaB orpaHnyeHne Ha pe3oHaHCHO-NoA0H6HOEe COCToSAHME
nopsgka 1 Mko.
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Aunckyccua 500 - 800 MaB

V. The resonant-like state at 550 MeV/c2.

There are three experiments suggesting the existence of a resonant-like structure at
about 550 MeV/c? The first observation [18] comes from the reaction (1) taken at different
angles and energies at Saturme | For any data set at given energy and angle the double
differential cross section [(#0/CP3QYyy, reaches a maximum around the maximum missing mass
of about 550 MeV/c? This large structure cannot be accounted for by the phase space. Note

that the ntn phase space for reaction (1) is a smooth curve without structures (ref [ 18], figures
from4 to 15).

VI. The resonant-like state at 750 MeV/cl.

A signal for a resonant state at about 750 MeV/c? has been recently claimed [51.32]
from a study of the reactions (40) and (41). The experiment used pion beams at CERN hitting
polarized hydrogen and deuteron targets. Beam momenta were 598 and 11 85 Ge\Vic for
reaction (40) [B4] and 17 2 GeV/c for reaction (41) [85, 86]

e CyLllecTByeT BEPOATHOCTb, YTO MPW ydyeTe BKNa[oB OT 1| U @ Mbl HE OLLMOGNNCH.
» Torga CTPYKTypbl, Habngaemsie B AgnanasoHe 500 — 800 MaB TpebytoT 6osiee

AeTa/IbHOIo aHaJ/1M3a.

25



3aK/iloyeHue

HoBble pe3oHaHCHO-NOAO0GHbIE CTPYKTYPbI HAG/MIOAAKTCA B SKCMNEPUMEHTAX C
ydyacTnem fierknx aaep.

B akcnepumeHTe MNnepoH-M HabpaHa 3ameTHas ctatuctuka 2-, 3-  4-goOTOHHbIX
COObITUI TA-B3aMOENCTBUN C HENTPA/IbHBIM TPUITEPOM Ha JIETKUX sapax.
OcyLecTBNeH NOUCK NOAOOHbLIX CTPYKTYP, MOYYEHbI OrPaHUYEHNS Ha CeYEHNE NX
obpas3oBaHusa B o6nactn maccel 200 — 500 MaB.

[leTanbHbIN U akkypaTHbIN aHann3 Tpebyetca B obnactn macc 500 — 800 MaB.

26
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