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A6pocHMOB A.T. H AP· PI - I2848 

HccneAoBaHHe cneKTpoe 3~eKTHBHbiX Mace M(4y), 
M(rr 0 yy), M(7]0 yy ), M(rr0 rr0

), M(7]0 rr0
), M(7]0 7]0

) 

3$$eKTHBHbiX 
8 COfibiTHRX 
180-nHTpo-

npHBeAeHbl pesynbTaTbl HCCneAOBaHHR cneKTPOB 
Mace M(rr0 rr0

), M(7J0 rr0
), M(7J 0 7J0

), M(rr0 yy) , M(7]0 yy) 
THna rr- +n-+ rr- +n +.1£. 4y HccneAoBaHHR BblnonHeHbl Ha 
BOi1 KCeHOHOBOi1 KaMepe, ofiny4eHHOi1 8 ny4Ke TT--Me30HOB 
C HMnynbCOM 3,5 r3B/c. He ofiHapymeHO HHKaKHX OCo6eHHOCTei1, 
KOTOpble MOrnH fibl yKa3b1BaTb Ha Cy~eCTBOBaHHe pe30HaHCHbiX 
COCTORHHi1 8 HCCneAYeMbiX CHCTeMaX rr0 -Me30HOB, 7J 0 -Me30HOB 
H raMMa- KBaHTOB. 

Pa6oTa BblnOnHeHa 8 na6opaTOPHH BbiCOKHX 3HeprHi1 OJ.1~J.1. 

npenpHHT 015o8l1HH8HHOI"O HHCTHTYT8 Hl18pHblX HCCneQOB8HHII. Lly6H8 1979 

Abrosimov A.T. et al. PI - I2848 
Investigation of Spectra of M(4y),M(rr0 yy), 
M(7J0 yy) , M(rr0 rr 0

), M(7J0 rr0
), M(7J0 7J0 )Effective Masses 

The investigation results on spectra ofM(rr0 rr0
), NM( 11° rr'1 

M(7J0 rr0
), M(7J0 71°), M(rr0 yy) , M(71°yy) effective masses in 

events of rr- +ll-+rr- +n+~ ... 4ytype are presented. The i nves
tigations have been carr1ed out in a 180-liter xenon 
chamber irradiated in a beam of rr- -mesons with 
3.5 GeV/c momentum. No peculiarities have been discovered 
which could point to the existence of resonance states 
in sys terns of rr0 -mesons, 7J0 -mesons and gamma-quanta 
investigated. 

The investigation has been performed at the 
Laboratory of High Energies, JINR. 
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1. BBEAEHHE 

B Te4eHHe nocneAHHX 15 neT MHoro BHHMaHHR YAenRnocb HC-
cneAOBaHHKl TT

0
TT

0 -cHCTeMbl / l-7 / • J.iHTepec K 3TOi1 npo6neMe 
803HHK 8 OCHOBHOM H3-3a CTpeMneHHR nony4HTb CBeAeHHR 0 803-
MOmHOM Cy~eCTBOBaHHH 4aCTH~, pacnaAaKl~HXCR Ha ABa rr0 -Me30Ha. 
npH TaKoro POAa HCCneAOBaHHRX BCTpe4anHCb, OAHaKo,fionbWHe 
3aTPYAHeHHR MeTOAH4eCKOro xapaKTepa, npHBOAR~He K TOMy, 4TO 
nony4aeMble pesynbTaTbl 4acTo He MornH npHHHMaTbCR sa OKOH4a
TenbHble. no3TOMY B03HHKna HeOfiXOAHMOCTb 8 nony4eHHH HOBbiX 
3KCnepHMeHTanbHbiX CBeAeHHi1 8 TaKHX ycnOBHRX, 8 KOTOPbiX 
B03MOmHa perHCTpa~HR npOAYKTOB pacnaAa H3y4aeMbiX CHCTeM 
raMMa-KBaHTOB C 3$$eKTHBHOCTbiO, finH3KOi1 K 100%-Hoii. 

B HaCTOR~ei1 pa6oTe npHBeAeHbl HTOrH HccneAOBaHHR TT
0

TT
0

-

CHCTeM C nOMO~biO 180-nHTPOBOi1 KCeHOHOBOi1 ny3blpbKOBOi1 KaMepbl 
J.1T3$~ / , 8 KOTOpOi1 BepORTHOCTb perHCTpa~HH raMMa-KBaHTa 
C 3HeprHei1 6onbwe 10 M3B, H3ny4eHHOro HCT04HHKOM, HaXOAR
~HMCR 8 ~eHTpe KaMepbl, COCTaBnReT 98,2%. noHCK TaKHX CHCTeM 
npOBOAHnCR B peaK~HRX CTOnKHOBeHHR OTPH~aTenbHO 3neKTpH-
4eCKH sapRmeHHbiX nHOHOB C HMnynbCOM 3,5 r3B/c C KBa3HCB0-
60AHbiMH Hei1TpOHaMH, HaXOAR~HMHCR Ha nepH$epHH RAep KCeHo
Ha 191: 

TT +ll -+TT- + ll+X 
I 
1-...ky 

/1/ 

rAe X - n106aR CHCTeMa, e pesynbTaTe pacnaAa KoTopoi1 noRBnR

IOTCR raMMa-KBaHTbl; 8 HaCTOR~ei1 pafioTe H3y4anHCb cny4aH 
C KpaTHOCTbiO raMMa-KBaHTOB k =4. 

nocKonbKY npH noHcKe rr
0

rr
0 -cHcTeM Heo6xOAHMO 6blno pac

cMoTpeTb BCe COfibiTHR THna /1/ C k = 4, TO OAHOBpeMeHHO fiblnH 
npoBeAeHbl HCCneAOBaHHR H APYrHX CHCTeM, B pesynbTaTe pacnaAa 
KOTOPbiX noRBnRIOTCR 4 raMMa-KeaHTa: TT

0
YY• 7J 0

YY• 7J
0

rr '' 
0 0 

1J 1J • 

2. METOA 

3KcnepHMeHTbl npOBOAHnHCb C nOMO~biO KCeHOHOBOi1 ny3b1PbKO
BOi1 KaMepbl OfibeMOM 104x40x40 CM 3 , ofiny4eHHOi1 8 ny4Ke OTPH4a-
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TeJlbHO 3JleKTpl14eCKI1 sap~JKeHHbiX ni10HOB C 11MnyJlbCOM 3,5 r3Bic. 

npoCMOTp Bene~ C t.~eil biO n011 CKa C06biTI1i:1 ni10H- KCeHOHOBbiX 

CTOJlKHOBeH11i:1 T11na 111, HaXOA~~I1XC~ B t.~eHTpaJlbHO~ o6naCTI1 

KaMepbt pasMepaM11 30x5x5 eM 3 • BTopi14Ha~ sap~JKeHHa~ 4aCTI1L.Ia, 

npeAnO.riaraeMbti:1 n110H, BbiXOA11Ila 113 KaMepbl 111111 B3ai1MOAei:1CTBO

eana B He~. raMMa-KBaHTbl, conpOBOJKAal0~11e CTOJlKHOBeHI1~, pe-

ri1CTpl1pOBaJ111Cb BO BCeM 06"beMe KaMepbl no Ha6JliOAaeMbiM 3JleKT-

pOHHO-n0311TPOHHbiM napaM KOHBepCI111 ~ 11HI1L.11111POBaHHbiM raMMa-

KBaHTaM11 3IleKTPOHHO-¢OTOHHbiM Ili1BH~M, pa3BI1Ba~I1MC~ B JK11AKOM 

KCeHOHe. 3¢¢eKTI1BHOCTb 06HapyJKeHI1~ C06b1TI1~ Tl1na 111 np11 

ABYXKpaTHOM npocMoTpe cocTasn~na 98% . CpeAH~~ 3¢¢eKT11BHOCTb 

peri1CTPalll111 raMMa-KBaHTOB c 3Hepri1~MI1 Bblwe 10 M3B a nonHOM 

TeJleCHOM yrne paBH~JlaCb 98,2 % B C06biTI1~X C Jll06biM 411CJ10M 

11Cny~eHHbiX raMMa-KBaHTOB. 3Ta 3¢¢eKT11BHOCTb cna6o 3aBI1CI1T 

oT 411Cila raMMa-KeaHTOB. An~ aHa1111sa saper11cTp11poeaHHbiX co-

6btTI1i:1 He06XOA11MO, OAHaKO, He TOJlbKO 3aperi1CTPI1POBaTb raMMa

KBaHTbl, HO 11 113Mepi1Tb 11X 3Heprl111. nocKOJlbKy 113MepeHI1e 3TO 

ocy~eCTBJl~eTC~ no nOJlHOMy npo6ery 3JleKTpOHOB B Bbi3BaHHbiX 

raMMa-KBaHTaMI1 Ili1BH~X, TO 3¢¢eKTI1BHOCTb peri1CTpal.ll111 raMMa

KBaHTOB np11 YCI10BI111 B03MOJKHOCTI1 onpeAeJleHI1~ 11X 3Heprl1i:1 C 3a

AaHHOi:1 T04HOCTbiO HeCKOilbKO MeHbwe. TaK, np11 ycnoe1111, 4TO 

T04HOCTb 113MepeHI1~ 3Heprl111 He MeHbWe 35 %, 11MeeM CJleAYIO~I1e 
3¢¢eKTI1BHOCTI1 peri1CTpalll111 raMMa-KBaHTOB B 3aBI1CI1MOCTI1 OT 11X 

KpaTHOCTI1 k: 97,7% Ail~ CJly4aeB C k=2;97% Ail~ CJly4aeB 

c k = 3; 96, 7% Ail~ cny4aee c k = 4; 96,5% - c k = 5 11 96% -

c k = 6. 
li1Me~ B03MOJKHOCTb peri1CTpalll111 raMMa-KBaHTOB CO CTOilb Bbi

COKOi:1 3¢¢eKTI1BHOCTbiO, MOJKHO 11AeHTI1¢11LII1POBaTb 11CT04H11KI1 3TI1X 

raMMa-KBaHTOB: 17 ° -Me30Hbl, T/ 0
-Me30Hbl, w 0

-Me30Hbl. BbtAe-

11118 C06biTI1~ C k = 4 11 217° -Me30HaMI1, MOli<HO 11CCJleAOBaTb 

cneKTP 3¢¢eKTI1BHbiX Mace 17° 17° -CI1CTeM. AHanori14HO a npi1HL.111ne 

nOAAaiOTC~ 3KCnepi1MeHTaJlbHOMY 11CCileAOBaHI110 CI1CTeMbl 17°YY , T/0 17° 
0 0 0 

T/ T/ • T/ YY· 
BecbMa npocTo 11 T04HO MOJKHO y4eCTb COAepll<aHI1e ¢oHa a ni0-

6btX 113 Ha3BaHHbiX BbiWe CI1CTeM; ¢QH B C06b1TI1~X C AaHHbiM 411C

IlOM k O raMMa- KBaHTOB onpeAeJl~eTC~ 3KCnepi1MeHTaJlbHO nyTeM 

aHaJ1113a C06biTI1i:1 C 411CI10M raMMa- KBaHTOB k > k O. np11 3TOM MOli<HO 

nOCTPOI1Tb pacnpeAeileHI1e ¢QHa C y4eTOM COOTBeTCTByi0~11X KaTe-

ropl1i:1 CI1CTeM 113 MHOri1X raMMa-KBaHTOB, 17° -Me30HOB, T/0
-Meso-

HOB. 

noAp06Hble CBeAeHI1~, KaCal0~11eC~ 11CCJleAOBaHI1~ pacnpeAene

HI1i:1 3¢¢eKTI1BHbiX Mace CI1CTeM 113 MHOri1X raMMa-KBaHTOB, 17° 
Me30HOB 11 T/

0 
-Me30HOB, npi1BeAeHbl B HaWI1X npeli<HI1X pa6oTaX no~ 

MeTOA 113MepeHI1~ 3Heprl1i:1 raMMa-KeaHTOB nOAP06Ho on11caH TaKJKe 

a Haw11x pa6oTax 1 11,12 1 . 

4 

~l 

P11c. 1. PacnpeAeneHI1e 3¢

¢eKTI1BHbiX MaCC, COCTaBJleH

HbiX M3 4eTBepOK raMMa

KBaHTOB B C06b1TI1~X Tl1na 111 
C k=4 . W- CTaTI1CTI14eCK11e 

eeca co6biTI1~. CnnowHoi:1 

KPI1BO~ noKa3aH ¢oH, B03HI1-

Kal0~11i:1 np11 pacnaAe co6b1TI1i:1 

Tl1na I 11 c k=6, a KOTOpbtx 

2 raMMa-KBaHTa 113 6 He 

saperi1CTpl1pOBaHbl; ¢OH HOp

MI1poBaH K nOJlHOMy 411Cily 

cny4aee Ha ri1CTorpaMMe 

c M(4y) ~ 500 M3B. 

w 
!N•567 

100 

50 

0 OS 1.0 1.5 
M(H') r3B 

3. 3KCnEPHMEHTAnbH~E AAHH~E 

B pesyJlbTaTe npocMOTpa 200 000 CHI1MKOB c KaMepbt 6bti111 Hai:1-

AeHbl 567 cny4aee Tl1na 111, conpoBOJKAal0~11xc~ raMMa-KBaHTaMI1 

c k =4. Hx pacnpeAeneHI1e no 3¢¢eKTI1BHbiM MaccaM 113 4 raMMa-

KBaHTOB noKa3aHO Ha PI1C. 1. 

Hs 3Toro Ha6opa 56 7 co6btTI1~ nocne 11AeHTI1¢11 Kalll111 11° - Me-

30HOB nyTeM COOTBeTCTByiO~ei:1 KOM611HaU1111 nap raMMa-KBaHTOB 

B 3¢¢eKTI1BHble MaCCbl M(yy) 6b1Ill1 BbiAeJleHbl C06biTI1~ Tl1na 111 
C k = 4, B KOTOpbiX raMMa- KBaHTbl B03HI1 KI111 B pe3yJl bTaTe pacnaAa 

217 ° -Me30HOB, T.e. C06b1TI1~ Tl1na 

11- + n -+ 11- + n + 11° + 11° . 121 

Hx OKasanocb 355. PacnpeAeneHI1e 3¢¢eKTI1BHbiX Mace M(11°17°) , 

nony4eHHbiX nyTeM KOM611HaU1111 17° -Me30HOB no ABa B Kali<AOM co-

6biTI111, noKasaHo Ha p11c. 2. 3To pacnpeAeneHI1e COAePli<I1T co6bt

TI1~, noxo>1<11e Ha 121, npo11CXOA~~11e OT cny4aee T11na 11 I c 317°
Me3oHaMI1, B KOTOPbiX OAI1H 113 17 ° -Me30HOB He saperi1CTpl1pOBaH. 

noCJle Bb14eTa 3TOro ¢QHa nony4aeTC~ pacnpeAeJleHI1e 3¢$eKTI1B

.HbiX Mace M(11 ° 11° ) ,noKasaHHOe Ha p11c. 3. 

CpeAI1 perl1cTpl1pyeMbiX HaMI1 co6btTI1i:1 Tl1na 111 MOli<HO 6blno 

Bb1Aei111Tb 11 TaKI1e, B KOTOpbiX 4 raMMa-KBaHTa B03HI1KaiOT np11 

pacnaAe OAHoro 71 ° -MesoHa 11 OAHOro 11 ° -Me3oHa. Ha p11c. 4 
noKa3aHO pacnpeAeileHI1e 3TI1X C06b1T11i:1; OH11 COOTBeTCTByiOT 

peaKUI111 
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rr + n ... rr + n + rr0 + 7]0 • /3/ 

CnnowHa~ KPHBa~, HaHeceHHa~ Ha rHcTorpaMMy, npeACTaen~eT pac
npeAeneHHe ¢QHOB~X C06~THH, no~Bn~~~HXC~ B peaK~H~X THna 
/1/ C 6 raMMa-KBaHTaMH B Cny4ae, KOrAa OAHH H3 rr0 -Me30HOB 
OCTane~ He saperHCTPHPOBaHH~M. 

B Ha6ope HCCneAyeMbiX co6~THH THna /1/ C k = 4 COAep)f(aTC~ 
e~e cny4aH THna 

1T +n 

1T +n 
-

1T + n 

... rr- + n + Tfo + Tfo' 

- +n + TT
0 +y + Y• -+TT 

... rr- + n + Tfo + Y + Y • 

/4/ 

/51 
16! 

PacnpeAeneHH~ 3$¢eKTHBH~x Mace o6pasoeaHH~x B 3THX peaK~H~x 
npOAYKTOB noKa3aH~ Ha pHC. 5. 

PHc. 2. PacnpeAeneHHe 3~-
~eKTH BHbiX Mace M(rr0 rr0

), ~ · 
nony4eHHbiX nyTeM KOM6HHa~HH 
nap rr0 -Me30HOB B COfibiTH~X 
THna /2/. W - CTaTHCTH-
4eCKHe eeca co6~THH. Cnnow
Ha~ KPHBa~ - ¢QH OT C06~-

THH C k =6, B KOTOp~X sa
perHCTpHpOBaH~ nHWb ABa 

rr 0 -MesoHa; HOPMHPOBKa 
npoBeAeHa K 4Hcny co6~THH 
Ha rHcTorpaMMe e npeAene 
3Ha4eHHH M(rr0 rr0

)::; 500 M3B. 

w 

50 

0
,,,,,,,,,.,,,, H 

1.0 1.5 
M ('.IT·~·) r3B 6 

IOOr------------------------, 

....., 

so 

0 

.tN -3~~ 

1.5 

r3B 

PHc. 3.PacnpeAeneHHe 3~~eKTHB
H~x Mace M(rr0 rr0

), nony4eHH~X H3 
nap 17° -MesoHoe, o6pasoeaHH~x 
8 peaK~H~X THna 121, W -
cTaTHCTH4eCKHe eeca cny4aee. 
rHcTorpaMMa nocTpoeHa nocne 
B~4eTa ~OHOB~X C06~THH OT 
cny4aee THna I 1 I c k =6. 

PHc. 4. PacnpeAeneHHe co-
6~THH THna /3/ no 3$¢eKTHB- ~ 
H~M Mac caM M( 7)

0
;

0
). W - CT a

THCTH4eCKHe eeca cny4aee. 
PacnpeAeneHHe ~oHa Hop
MHpoeaHo K nonHOMY 4HCny 
cny4aee, coAep)f(a~Hxc~ 

B rHCTOrpaMMe. 

·l"'"" .. ~1 1.5 0.5 1.0 

:f.~(·::5 
u 1.;) 

0 05 I. M (rrOyy) r3B 

l .... ·== 0 • =~N~ ... I 
0 0.5 1.0 1.5 

M(7J0 YY) r3B 

4. OoCYlKAEHHE 

IOOr------------, 

"' 1: N= IIQ 

so 

0 

r3B 

PHc. 5. PacnpeAeneHH~ 3~~eK

TI;1 BH~X Mace M (7]0 7]0
), M( rr0 yy) , 

M(7J0 yy) e co6~TH~x THna I 4!, 
/5/ H /6f.W-cTaTHCTH4eCKHe 
eeca cny4aee. ~oH oT co6~THH 

C k=6 B C06~TH~X THna /4/ 
noKa3aH cnnowHOH KpHBOH, Hop
MHPOBaH K 4HCny C06biTHH 
B rHCTorpaMMe. 

B HTOre nOAP06Horo HCCneAOBaHH~ co6~THH THna /1/ OKa3anocb, 
4TO MO)f(HO B~AenHTb peaK~HH /2/, /3/, /4/, /5/ H /6/. B cneKT
pe M(4y) Hafin~AaeTC~ CTaTHCTH4eCKH o6ecne4eHH~H nHK B paHOHe 
3Ha4eHHH 700 .S M(4y) :S 900 M3B. B Ka)f(AOM H3 ocTanbHbiX cneKTpoe 
CTOnb pe3KHX nHKOB He Ha6n~AaeTC~. 

B pacnpeAeneHHH 3$¢eKTHBH~X Mace M(rr0 rr0
) nocne B~4eTa 

¢QHa, pHC. 3,HeT MaKCHMYMOB, KOTOPble MOrnH 6~ yKa3~BaTb Ha 
cy~eCTBOBaHHe pesoHaHCH~X TT

0
TT

0 -cHCTeM. PacnpeAeneH~1e 3~~eK
THBH~x Mace M (rr0 7J0

) xopowo onHc~eaeTc~ pacnpeAeneHHeM ¢oHo
e~x Mace Crr0 7J0

) -cny4aee, B03HHKa~~Hx npH pacnaAe co6~_!HH 

1 



nma I 1 I c k =6. AHanorvt4HO ct>oHoeoe pacnpe11eneHvte nonHOCTbiO 
COOTBeTCTByeT pacnpe11eneHio110 3<!><1>eKTio1BHbiX Mace M(77°7l") • 
He aHallvt3vtpyeM 311eCb no11po6Ho pacnpe11eneHvte 3<!><1>eKTvtBH~x 
Mace M(1T

0
YY ), TaK KaK OHO 06CY)f(l1aeTCR B Hawe~ pa6oTe, no-

CBRl!leHHO~ lo1CCile/10BaHio1RM pacna/108 7~0 - 4aCTio1l.lbl. 
CyMMvtpyR cneKTPbl, noKaaaHHble Ha pvtc. 2, 4 1o1 5, nony4aeM 

pacnpe/1eJleHvte, noKa3aHHOe Ha pvtc. 1. TaKvtM o6pasoM, OKa3bl
eaeTCR, 4To Ha6Ill011aeMbl~ peaKvt~ nvtK e pacnpe11eneHvtvt 3$$eKTvte-
HbtX Mace M(4y) He VI MeeT $1-13vt4eCKOrO CMbiCJla. 3TOT npvtMep 
yKa3biBaeT Ha He06X0/11o1MOCTb BeCbMa TlllaTeJlbHOrO y4eTa ciJoHa 
npvt lo1CCile/10BaHvtRX cneKTpOB Mace Clo1CTeM, pacna11a10l!llo1XCR Ha 

rr
0 

-Me30HW, ~ 0 -Me30HW H raMMa-KBaHTW. 

B aaKI1104eHvte aBTOPbl Bblpa)f(aiOT 6na ro11aPHOCT b 11. B. 4yevtno, 
A.r.MewKoecKoMy 1o1 B.A.Wa6aHoey aa npei10CTaeneHvte CHvtMKoe co 
180-nvtTpOBO~ KCeHOHOBO~ · ny3~pbKOBO~ KaMep~ 11T3$. 
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