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YKa3zaHue Ha CylIeCTBOBAHME
HOBOI'0 3K30THYECKOI'0
yapmonus X (3872) mosry4eHo
B 3kcnepumente COMPASS

KBaHTOBasi XpoMOMHAMUKA — TEOPHs, ONMUCHIBAIOIIAS CHIIBHBIC B3aNMO-
JICWCTBHS, HE HaJaraeT NpsIMOTO 3allpeTa Ha CYLIECTBOBAHHME CBS3AaHHBIX CO-
CTOSIHUH, OTIIMYHBIX OT 00pa30BaHHBIX TpeMs KBapkamH (OapHOHBI) WM Tapoit
KBapK—aHTUKBapK (Me30HbI). OHAKO O HEJAaBHETO BPEMEHU HE CYIIECTBOBA-
70 yOenUTEIbHBIX U OSCCIIOPHBIX IKCHEPHUMEHTAIBHBIX CBUJICTEIBCTB B MOJb-
3y MYJIBTHKBApKOBBIX COCTOSHHMH. CHTyanusi N3MEHWIACH JIUIIL B TTOCIICTHHE
MIATHAALATH JIET B CBSI3H C OTKPBITHEM «IK30THYECKHX» aIPpOHOB, COJCPIKAIINX
TsuKeNble KBApKH, Takux kak X(3872) (Belle, 2003), ZZ (3900) (BESIII, 2013),
P. (4380)u P/ (4450) (LHCb, 2015), cBOHCTBA M CTPYKTYpY KOTOPBIX 3aTpy/I-
HUTEJIBHO WM JaXXe HEBO3MO)KHO HWHTEPIIPETHPOBATh B paMKaxX MPUBBIYHON
MoZIeH apoHoB. HecMoTpst Ha TO, YTO Ha MPOTSHKEHUH TTOCICTHUX JIET TaKHe
YapMOHHUETIOOOHBIE COCTOSIHUSI SIBIISIOTCS TPEIMETOM IMPHUCTAIBHOTO BHUMA-
HUSI 9KCTIEPUMEHTATOPOB M TEOPETHKOB, MX MPHUPOJAa 1 CBOMCTBA /IO KOHIIA HE
SICHBI. BBITH TTPpETIOKEHBI MOJICIN, OIMCHIBAIOIINE SK30THIECKHE YaPMOHUH KaK
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Indication of the Existence of
a New Exotic Charmonium

X (3872) Obtained in the
COMPASS Experiment

Quantum chromodynamics, the theory describing strong interactions, does
not prohibit explicitly the existence of bound states that are different from
those which consist of three quarks (baryons) and quark—antiquark pairs (me-
sons). Nevertheless, until recently there was no convincing and indisputable
experimental evidence of multiquark states. The situation changed only over
the last fifteen years after the discovery of “exotic” hadrons containing heavy
quarks such as X(3872) (Belle, 2003), ZZ(3900) (BESIII, 2013), P (4380) and
P (4450) (LHCb, 2015) whose properties and structure cannot be treated within
the conventional model of hadrons. In spite of the fact that such charmonium-like
states are under the intent look of experimentalists and theorists, their nature is
still not clear. Different models that treat the exotic charmonia as tetraquarks,
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TETpaKBapKH, ME30OHHBIE MOJEKYJbI, IIFO0O0JIBI, THOPU/I-
HBIE ME30HBI U T. 1.

B macrosmee BpeMsl U3BECTHO HECKOIBKO MEXaHM3-
MOB POXKICHUS SK30THYECKIX YapMOHHUEB: Paciaabl bosee
TSDKEJBIX aJJpOHOB (ITPEKIE BCETO B-ME30HOB), pe30HAHC-
HOE POXKICHUE B IEKTPOH-TNIO3UTPOHHON aHHUTHIISLINH,
pOXIEeHUE B ABYX()OTOHHOM B3aMMOJACHCTBUM, a TaKXe
MHKJIIO3UBHOE POXJICHHWE B aJPOHHBIX COyHApPEHUSX MPH
BBICOKHMX 3Heprusix. Kakaplii U3 3TMX MEXaHH3MOB HC-
TIOJTBb3YETCsI KaK ISl TOMCKA HOBBIX 9K30THYECKUX COCTOS-
HUMH, TaK 1 JUIs TOJTy4eHHUs HH(YOPMAIUU O CBOHCTBAX yKe
N3BECTHBIX.

Ousukamu n3  Jlaboparopum SOEpHBIX TPOOIEM
OUSN B skeniepumente COMPASS (LIEPH) 6buta wan-
LIMMPOBaHA IIporpaMma IIOMCKa HOBOTO BO3MOXKHOTO
MEXaHU3Ma POXKACHHS SK30THUECKHX YapMOHHEB — (o-
TOPOXKAEHUsT Ha siiepHOM MmumieHH. OcoOblii MHTEpec
NIPE/ICTAaBISIIOT J(Ba acrekTa (OTOPOXKICHHS 3K30THYe-
ckux yapMoHueB. C OHOI CTOPOHBI, B TAaKOM Ipoliecce
MOXKET OBITH HEIOCPEJCTBEHHO OIIpEe/eieHa MHTEHCHB-
HOCTb B3aMMOJEHCTBHUS 3K30THYECKOI0 COCTOSTHUS C (o-
ToHOM. C JpyTOi CTOPOHBI, MPEACTABISIET UHTEPEC B3au-
MOJICHCTBUE POJIMBILETOCs OOBEKTA C SIIEPHON MaTepHeH,
KOTOPOE€ 3aBHCHUT OT IPHUPOAbI yacTulpl. Tak, siipo Oymer
JIOCTATOYHO MPO3PAavyHO AJIS KOMIIAKTHBIX TETPAKBapKOB,
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B TO BpeMsI Kak B3aUMOJICHCTBHE c1a00CBA3aHHON ME30H-
HOW MOJIEKYJIBI C sIIEpHOI MaTreprel JTOJDKHO MPUBOANTD
K TPEKICBPEMCHHOMY Ppa3pyLICHUIO 3TOH CHCTEMBI M
CHJIbHOM 3aBUCHMOCTH BBIXOJIa DK30THUECKUX YaCTHUI[ OT
aTOMHOTO HOMEpa S/Ipa-MHIICHH.

COMPASS — skcnepuMeHT Ha BTOPUYHOM ITydKe
cynepnporoHHoro cuaxporposna B IIEPH, B 3anauu xoro-
POro BXOJMT M3yU€HHE CTPYKTYPBI aJJpOHOB C HCIIOJIB30-
BaHUCM MIOOHHBIX M aAPOHHBIX ITYYKOB BBICOKOM MHTEH-
cuBHoctH. YcraHoBka COMPASS mpezacrasiser co0oit
YHUBEPCAJIBHBIN JI€TEKTOp, CO3aHHBbIM HAa OCHOBE ABYX
CIICKTPOMETPHUYCCKHUX MAarHUTOB U Hpe)lHaSHa‘-IeHHBIﬁ JJIs1
pelIeHus IUPOKOTO Kpyra Hay4HBIX 3ajad4. 3a 7 JeT ce-
AHCOB C MIOOHHBIM TyukoM B mepuoj ¢ 2002 mo 2011 .
OblIa HAKOIIJICHA CTAaTUCTUKA 110 POXKACHUIO J/\y-ME30HOB
B pacCesHUM BUPTYyaJbHBIX (DOTOHOB Ha HYKJIOHAX, SKBHU-
BaJIeHTHas cBeTUMOCTH 14 16~ ipu cpeneii snepruu do-
ToHa 100 I'3B.

[Touck ¢doropokaeHHs YapMOHHENOA00HOT0 pPe3o-
nanca ZF (3900) B peakmuu v*N — ZF (3900)N' —
— (Jym*)N', uroru koroporo ony6nukosaHsl B «Physics
Letters B» [1], He man mMONOKUTETBHBIX PE3yIbTAaTOB. 3a
HUM TIOCJIE/IOBANI TIOMCK (DOTOPOXKICHUSI 3K30THIECKOTO
cocrosaus X(3872) B peakuuu y*N — X(3872)n*N' —
— (Jyr*m)n*N'. Orkpeitoe B 2003 r. komnabopanueit

meson molecules, gluballs, hybrid mesons, etc. have been
proposed.

At the moment a few production mechanisms for the
exotic charmonia are known: the decay of heavier had-
rons (first of all B mesons), the resonant production in
the electron—positron annihilation, the production in the
two-photon interaction and the inclusive production in ha-
dronic collisions at high energies. Each of them is used for
the search for new exotic states and to obtain information
about properties of the known ones.

Physicists from JINR’s DLNP initiated the search for a
new possible production mechanism for exotic charmonia,
the photoproduction off nuclear targets, in the COMPASS
experiment (CERN). This production mechanism is in-
teresting from two points of view. First, the strength of
exotic charmonium coupling with photon could be deter-
mined explicitly in such a process. Secondly, interaction
of the produced particle in the nuclear medium should de-
pend on the nature of this object. For instance, nucleus is
quite transparent for such compact objects as tetraquarks,
while interaction of a meson molecule with nuclear matter
should lead to premature decay of this system and strong
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dependence of the yield of exotic charmonia on the atomic
number of the target nucleus.

COMPASS is an experiment at the secondary beam
of the Super Proton Synchrotron at CERN. The purpose of
this experiment is the study of hadron structure and hadron
spectroscopy with high-intensity muon and hadron beams.
The COMPASS setup is a universal detector based on two
spectrometric magnets designed for a wide range of physi-
cal tasks. The statistics of the J/y-meson production in vir-
tual photon scattering off nucleons collected in the period
from 2002 to 2011 after 7 years of data taking with muon
beam is equivalent to a luminosity of about 14 pb~! for an
average photon energy of 100 GeV.

Search for photoproduction of the charmoni-
um-like resonance ZZ (3900) in the reaction y*N —
— ZF (3900)N' — (J/yn*)N' has not led to a positive re-
sult. Summary of the search was published in the journal
“Physics Letters B” [1]. It was followed by the search for
the X(3872) state in the reaction y*N — X(3872)n*N' —
— (Jyrtn)n*N'. The state X(3872) was discovered in
2003 by the Belle collaboration in the B-meson decay and
remains one of the most mysterious exotic charmonia. The
mass of X(3872) is close to the threshold of DD pro-
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Belle cocrosiaue X(3872) B pacmage B-me3ona ocraercs
OIJHNM M3 Haubonee 3araJlo4HbBIX IK30THUECKHX YapMo-
HueB. Macca X(3872) HaxomauTcst BOJIM3U TIOPOTa POXKJIE-
uust DO"D. Co6cTBeHHas MMPHHA €0 0 CHX 0P He M3-
BECTHA, yCTAHOBJICH JIMIIbL BepXHHil npexen 1,2 MaB/c2,
Ksanrossie uncna J°C = 1+
6opanueit LHCD. [IpumepHO paBHBIC BEPOITHOCTH pactia-
Jla B KOHEYHBIC COCTOSHUS J/Wy2m u J/ Y37 yKa3bIBalOT Ha
CHJIbHOE HapyIIEHHE N30CIHHOBON CHMMETPHH.

B pesynbrare noncka X(3872) co craTMCTHUECKOM
3HAYUMOCTHIO 4,10 B CIIeKTpe MHBapHaHTHBIX Macc MOA-

OBLIHM yCTAHOBJICHBI KOJLIA-

cucteMbl J/YT T KOHEUHOTO COCTOSIHMS, KOTOPBIH TOKa-
3aH Ha PUCYHKE clieBa, ObUT OOHAPYKEH CUTHAJl YaCTHUIIbI,
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Macca U IUPUHA KOTOPOH COIIACYIOTCS C OXKHAeMBbIMH
st X(3872); metanbHBIA aHANW3 KWHEMATHKH paclaia
HaOJIIOIaeMON  YaCTHIIBI
CTBHE XOPOIIIO M3BECTHOHN KnHeMaTuke pacmana X(3872).
Ha pucynke crnpaBa IokazaHO pacrpejesieHne sl MH-
BapUaHTHBIX MaccC JBYX IHMOHOB, POXKACHHBIX B pacraje
X(3872) B akcmepumente ATLAS, meMoHCTpupyroliee
curnan p’-Me30Ha, a Takke paclpeeeHHe, HabIIo-
maemoe Ha yctanoBke COMPASS. Oto HeoxumanHoe
HaOJIIO/ICHNE TIO3BOJIMIIO  TIPEIIONIOKNTh, YTO OOHapy-
JKCHHBI CUTHAJl MOXET IPHHAJUIE)KaThb HOBOM 4acTH-
Le, MOJyYuBLIEH Ha3BaHUE X (3872), xoTopast sBIsCTCA
yacturei-naptaepom X(3872), umeeT OIU3KYIO MacCy, HO

IMoKasaJl IIOJJHO€ HECOOTBET-

CrieKTp MHBapUaHTHBIX Macc moncuctTemsl Jyn ™ (cnesa). CreKTpbl MHBApUAHTHBIX Mace m'n-, Habmonaembie B pacnane X(3872)
B okcriepumente ATLAS u B pacnazie X (3872) B sxcniepumente COMPASS (cripaBa)
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Invariant mass spectrum of the subsystem J/yn*n™ (left). Invariant mass spectra for n*m~ observed in the decay of X(3872) in the ATLAS

experiment and in the decay of X (3872) at COMPASS (right)

duction. The full width has not been measured yet, only
the upper limit 1.2 MeV/c? is established. The quantum
numbers JPC = 1** were determined by the LHCb collab-
oration. Approximately equal probabilities to decay into
the J/y2m and J/y3r final states point to strong violation of
isospin symmetry.

As a result of the performed search for X(3872), a sig-
nal with the statistical significance of 4.1c in the spec-
trum of invariant masses of the J/yn*n~ subsystem of the
final state was found as is shown at the left of the figure.
The mass and the width of the observed particle are ful-
ly consistent with the expected ones for X(3872), while a
detailed analysis of the decay kinematics of the observed
particle showed a complete disparity with the well-known
decay kinematics of X(3872). The invariant mass distri-
butions for two pions produced in the decay of X(3872)
observed in the ATLAS experiment, where the p’-meson
signal is visible, and the observed one at COMPASS are
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shown at the right of the figure. This surprising observa-
tion suggested that the discovered signal may belong to
a new particle called X (3872) that is a partner particle of
X(3872). It has almost the same mass but a different set of
quantum numbers. Existence of such a partner particle is
predicted by some theoretical models describing X(3872)
as a state of two quarks and two antiquarks closely bound-
ed by strong interaction (tetraquark) [2, 3]. The mass of
the new state X (3872) is (3860.1 + 10.0) MeV/c?, while its
Breit-Wigner width is below 51 MeV/c? with 90% proba-
bility. The results of the work are published in the journal
“Physics Letters B” [4].

It is important to emphasize that this interesting and
important result, obtained with the determinative con-
tribution of the JINR group, became possible due to the
close collaboration with the JINR team participating in the
BESIII experiment.
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ormmuaercst o1 X(3872) HabopoM KBaH-
ToBBIX uymced. CyliecTBOBaHHE TaKOH
YaCTHUIIBI-TAPTHEPA  MPeICKa3bIBACTCs
HEKOTOPBIMH TEOPETHYECKUMH MOJe-
My, onuchBaromumu  X(3872) kak
COCTOSIHHE U3 JIByX KBApKOB M JBYX aH-
THKBapKOB, TECHO CBA3aHHOE CHJIBHBIM
B3aUMoOJIefcTBHEM (TeTpakBapk) [2, 3].
Macca HoBoro coctosHuS X (3872) paB-
Ha (3860,1+10,0) MaB/c?, 6peiit-Bur-
HEpOBCKasi IIUPUHA C BEPOSTHOCTHIO
90 % cocrapnsieT menee 51 MaB/c?. Pe-
3yJIBTaThl PA0OTHI ONYOIMKOBAHBI B KYp-
Hane «Physics Letters B» [4].

CrnenyeT OTMETUTh, YTO ITOT Bax-
HbI U UHTEPECHBIN PE3YJIbTaT, B IOJIYy-
yeHue kortoporo rpynmna OUSN BHecna
OTIPENIeNAIONINHA BKIIAJ, CTal BO3MOXKEH
Omarogapsi TECHOMY COTPYIHHYECTBY C
KOJUIEKTHBOM, ydacTByromuM ot OV
B ’kcriepuMentTe BESIIL
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