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]eTOM 1986 ro~a 6~ npoBe~eH noc~e~~ ceaHC no Ha60py CTaTHC­
TKKH ~ HsyqeHHH B3aHMO~e~CTBHn Me~eHHHX aHTllnpoToHoB Ha aHTH­
nporoaaoã "wa6pmte" cf E A Rx B UEPHe. Eo~ee rpex ~eT B 16 :3K~ne­
pHMeHTaX, BHnORRaBillHXCH Ha ]EAP, Hccne~oBa~Cb pas~~e acneKTH 
aHTHllpOTOHHOii ~HSKKH HHSKHX :3HeprHz. MXOTH o6pa6oTK~ :3KCrrepHMeH~ 

TaJIbHOrO MaTepHa~ BO MHOrHX rpynnax eme He aasepueaa , YJKe rrOHBH.:­
~OCb pe3Y~bTaToB, 3aCTaB~MHoro HCRnIDqxTeJIbHO RRTepecHHX KOTopHe 
nac nO-HoBoMY Bsr~Tb Ha p~ BonpocoB ~SHKH aHTRnpoToHoB. 

B :3TO~ ~e~ MHe XOTe~OCb OH paCCK8SaTb TOJIbKO o HeCKOJIbKHX 
HOBhIX .FIBJIeHllRX, oOHapY-JKeHHHX na JIEAP npa accaenosaaaa xapas­
TepaCTH.R :3~eMeHTapHoro asra N N -BSaHMO~enCTmm. Bcnes nonpoo­
HYD RHqopMauaro o ~yrHX :3KCnepHMeHTa~HliX li TeopeTH~ecKKX pe3YJIbTa­
Tax MOXHO HanTH B Tpy~ax KOH~pe~n no TeMaTllKe ]EAP B 3pn~e (1982), 
nap:3Me (1984) H TRRe (1985). B SaKRD~eHillI paccMoTpeHH OCHOBHHe HanpaB­
~eHRH :3KCnepRMeHToB Ha ]EAp , KOTopue llJillHllpYIDTCR B Oy~eM. 

1. COBDgMeHHHa cTaIYc oapHoHBa 

O)Uloii HS BaEHUX ~sH~ecKllX sa~a~, KOTOpyro coonpa~cb 'B nepByID 
o~epe~ peillHTb c nOMOmP~ YHllKa~bHHX BOSMO~OCTeH AEAP, o~ nonCK 
OapHo~. llMe~ocb OOJIbillOe Ko~~eCTBO TeopeT~ecREX npe~cKa3aHRa o 
cYlIleCTBOBaHHH OOillRpHOrO ceMeHcTBa 08pnoHHeB, KOTopue llHTepnpeTHpOBa­
~Cb zaoo KaK CBRSaIDille wm peaoaaacase yposaa B cacreae ( N IV ), 
~~o K8K :3K30TH~eCKHe MHOrOKBapKoBHe Me30HH Tnna, HanpHMep, (2 ~ 

2 ~ ). E~ BHno~eHH HeCKO~bKO ~eCRTKOB :3KC~epHMeHTOB, B KOTOpax 
HaO~~cb COCTORHHH oapnoHHH c pa~~UMH MaccaMH B ~na30He OT 
1200 no 3600 MaB. O,IUiaKO eme B ~OJIEAPOBCI\Y1O :3py nOHBWIKCb :3KCnepH-. 
MeHTH, B KOTOpUX cymecTBoBaHne oapnoHRff O~O nOCTa~eHO no~ COMHe­
Hne. PaccMoTpRM aKcnepRMeHTaJIbHyID cnTYa~, I\OTOpaR c~o~aCb B 
HaCTOamee BpeMa c nOHCRaMH 6apnoHHH. 

a) ysge COCTOHHM B nOJIHoM cel.Jemm; IVti -naccemma . 
Haz6QHee H3BeCTHHM Ka~aTOM Ha pO~b oapnoHRa O~ TaK HaSHBa­

eMUa ~ ~SSOH c MaccoA 1936 M:3B, KOTOpH~ BnepBHe o~ OORapyzeH 
RaK Y3KBI llHK B nOAROM ce~eKKH pp-pacceRHKH npn :3HSPIf' Ha~eTamme­
ro aaranporoaa '" 120 MaB (KMIJY~C p ~ 500 M:3B/c) I • COBpeMeH­

l­
x LEAR - Low Energy Antiproton Ring ( naaee - JIEAP). 
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HaR cHT,YaUHK no H3MepeHHID napaMeTpOB i3 ~e30H8 nOKa3aHa B Taó~­
~e I. 

T8ÓJIIDla I. CBO~Ka aKcnepRMeHTa~HHX pe3Y~TaToB no noncKY 
S (1936}-Me30Ha B R3MepeHHHX no~oro Ce'tleHHH 

pp-pacceHHHH 

rO~ 3KcnepRMeHTa~HaH Macca CMa IlliIpHH8 KOM­
rpynna (rlt3/c) pe30HaHca MeH­

(MaB) í'·e (MsB) TapRfi 
m (Mó.MsB) fT 

1974 Carro11 et alo [1J 475 1932±2 162±25 9 +4 eCTI>-3 

1976 OhaLoupka et alo L2 j 491	 8 8 +4,3 eCTI>1936±1 93±22 , -3,2 

1977 Brückner et a1.[?] 505 1939±3 ~ 36±,9 ~ 4 eCTI> 
1979 Sakamoto et e.L, [4] 489 1936±1 41±23 2,8±1,4 eCTI> 
1980 Hamilton et alo {51 505 1939±2 66±24 22±6 eCTI> 
1980 Kamae	 et aI. [6 ] ~ 39 ~ 3 HeT 
1982 Sumiyoshi et a1~[1J	 !: 10 ~ 10 HeT 
1984 Nakamura et alo L8 J	 ~ 24 =- 4 HeT 
1984 C10ugh et al.[9]	 ~ 2 .: 3,5 HeT 
1986 Armstrong et alo [10]	 ~ 40-180 .! O,00-6,7 HeT 

B~o, 'tlTO noc~e 1980 ro,n;a SKCnepHMeHTaTopu nepecTa~ BnneTI> KaKHe­
Jm60 CTPYKTYpH B nO~OM ce'tleHlm pp-paccemnm B paãoae PL rv 500 MsÉ/c. 
He 6HJm OHH O~8PYEeIIH H B caMOM nOCJIe,n;HeM SKCnepHMeHTe, BH:nOJIHeH­
HOM Ha ]EAp/9 , XOTH OH cne~a~I>HO npe.IUi83Ha'tla~Ca ~ nORCRa Y3KHX 
COCTOHHRn li no~oe Ce'tleIDle B pa~oHe 500 MaB/c 6~o ~T~I>HO H3Mepe­
HO c marOM 5 MsB/c. He~aB~e ,3MepeHRff no~oro ce'tleHHR n p-pacceH­
HIDI, BRllOJIHeHHhIe B g N L 10, TaIOlte ae noxaaana cymeczsoaanaa Ka­
KHX~J.m60 Y3KRX COCTO.H.HH~ c illRpHHO~ ~ 6,7 MaB. OTM~THM, 'tlTO B STOM 
SKcnepRMeHTe 6~ BTIepBHe no~eHa HHWOPMaUKff o nOBe,n;eHHR J1p-nan­
HHX: Ce'tleHRH npa OtreH1 MaJlHX saepraax BCíJIll[3H N N -nopora. 

6) Y3m	 mm B ceqemm; pp-aHllliI'HJIm.um 

HeKOTop8a CTpYRTypa B pa~OHe ;t(1936) Ha6JIID~~acI> li! B SKcne­
pHMeUTaX no ,R3MepsHIDO ammrH.7I.fII.WOHHOrO ce'tleHRfl PP-B3aJiIMo,n;eitcTBRH. 
l1Mell:XltReOR aa CerO,IUi.ffiIlIll'IH ~eHb pe3Y~TaTH: noxasaaa B Ta~e 2. 
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TaÓ&HTIª 2.	 CBo~ aKCnepHMeHTa~I>HHX ~aHHHX no H3MepeHHID 
napaserpoa S -Me30Ha B ce'tle~ aHH:l:U'B.1IID1; 
npoToH-aHTIDIpoTOH (:'i3 paóoTR/ 14 ) 

rO,n; SKcnepRMeHTaRI>HaH 
rpynna 

Macca 
(MaB) 

m 

IlIRpHHa
(MãB) 

r 
c~ Pa3peme­
pe30HaHca HBe no 
(Mó·MaB) Macce 

c. (T (MaB) 

KOM­
MeH­
Tapltil 

1976 Chaloupka ei a~.[2] 1936 9 28±20 1,5 eCTI> 
1977 
1980 

Briickner et a1.[3J 
Hami1 ton et a1.l51 

1939 
1937 

f 4 
21 

26±6 
225±,127 

--2,0 
1,5 

eCTI> 
eCTI> 

1982 Ams1er et alo [11] 1935-1941 0,4 eCTI> 
1981 Jastrzembski [12J ~ 4 ~ 12 1,5 He'1' 
1981 Lowenstein et alo (13} ~ 4 =: 16 2,5 HeT 
1985 Brando et aI. (14J 1910-1940 BepX".Hd ~ 8 2,0 HeT 

npe~e~ 

194Ó-1960 " ~ 8-12 2,6 HeT 

B~o, 'tlTO B paHHEX SKcnepRMeHTax TIHR c MaCCOH rv 1936 Ha~a~ca, 

Tor,n;a KaK óanee no3~e OllHTH He nO~TBe~IDT ero cymecTBOB8HRe. 
O,IUiaKO nOJIOJKeIme 3~eCI> HeCKOJThKO cnoaaee , 'OC'OJIJ:,KY CTPYKTYpa B 
paAoHe 1936 MsB H8~anaCI> B aKCnepHMeHTe 11 , KOTOp~ oó~,n;aJI pe­
KO~ pa3pemeHHeM no H3MepeHRID M8CCR rv 0,4 MaB.Ha pRc.r/I I / no­
Ka38HH Ce'tleHHH a~, R3MepeHHHe B pa3HHX OTIHTax. 

Pac, r.	 Ce'tleHRfl -j3p-aHHHI'HJIfII.U!H, 
H3MepeHH~e pa3HHMR SKcne~ 

pHMeH~aJII>HHMR rp~aMH:OO~I ~!~l 
If Plj!- A _ 1131 TI _ /12/- C _ /3/ 

120f- It t t1t* ~lj\lt til.! 151' 1111' ,n - ,	 E - •I .. t -~lTt"JfI! 
+ ~! I	 Tf . nof- I,	 1# ~I..I , ,IJ..Jm y,n;oócTBa BOCnpRfITHH cneKTpHl , •••• ~'1':Q~t\ C,n;BHHYTH: no OCR ;): A-aa +20 MÓ, 

100f- I .. 1 
8 B - aa +10 MÓ, C - O MÓ, n - -10 MÓ,Ir \ ' ~ 1'11" _" .. E - -20 M6. qepTolIKaMR npa Pt.- "- .1 90 I • • t • 

b ,11, •• ' ... ~ 500 MaBIc n0K83aHO eaeprara­1 
10 II	 -. " cI ItI' 'tleCKOe pa3pemeHHe B Ka~OM aKcne­

\,'IH pmdeHTe. 
1+ ,'\II!

60 
I !llll 

""11'1 
50 "'\''11 E 

500 600 100 
pf .... Vlc 

ann 
lia JlEAP npeItJll3110HHHe H3Mepemm O- (pp) Cíwm: c,n;e~HH no nporpaa-
Me SRcnSpHMeHT8 p~ -173, O~RO o6pa6oTRa 3THX pe3YJIbT8TOB eme 
ae csoaseaa, 
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B) nORCR ysKilX ~ B CneKTpaX rrpOTOHijH 

O~ H9 HaR60~ee HeOrrpOBepxHMHX ~OKaSaTe~CTB cymecTBOBaRRa 
6apROHRff 6URO 6H 06Hap~eHHe YSKHX MOHOXpOMaTR~eCKKX ~R B CneK­
Tpe 6( -KBaHTOB, o6pasyro~ca rrpn rrepexo~ax ns COCTOHHHH (pp)­
aTOMa - npOTOHRff - Ha HnSKO~eEa~e ypOBHK 6apHOHKfl, XapaKTePHaa 
r~6HHa KOTOpHX no pac~eTaM Mor~ ~OCTRraTD HeCKO~KKX COTeR MsB: 

( p p') a.A ~-t -~ O' + B. (I) 

C sKcnepm~eHTa~ROn TO~KH speHRH nonCK MOROXpOMâTH~eCKHX ~H B 
npon;eccax TRila (I) HeoúH~aHHo ~o~eH, nocKO~KY Heo6xo~o B~e­

JIRTl> c~6lill CHI'Ha~ nepexona B HIIISKOJIeJKalllee cocroaaae aa WOHe or­
poaaoro q:ac~ ({ -KBaHTOB OT pacnanon aHHHI'RJIHI.J;HOHHI::lX vIr-O 

-Meso-
ROB. CTaTJiICTRRa B Ta~RX SKCrrepHMeHTaX Ha6Rpa~aCl> rO~8MR. llOSTOMY 
Kor~a B 1983 ro~ rpynna Ea~e~l>-Ka~cpYS-eTOKrO~M-eTpac6ypr-Tecca­
JIOHmm (BK S ~ T ) no OKOH~aHKH MHOrOJIeTRRX sI\CnepmAeHToB aaasaza 
06 06Hap7fer no KpaHIie:ã Mepe 4 YSK1'IX .1lliHlÚÍ B cnesrpe ({ -KBaHTOB 
npoToHHfl 15 , TO STO 6ano BOCrrpHRffTO KaK nO~TJiI OKOH~aT~Hoe ~OKasa­
T~l>CTBO cymecTBOBaHRH 6apnoHY1H. BecKKM nO~TBe~eHKeM pesY~TaToB 
BK.s ST CTaJIO TáIOKe ooaapyaenae YS5 ~ B cnexrpax (f -IrnaH­
TOB npn OCTaHOBKax aHTJiInpOTOHoB B 4He 16. . 

llOJIOXeHHe Kap~a~DHo HSMe~OCD noc~e BHnOJIHeHHH nepBHX SK­
CnepHMeHTOB Ha nEAP, B KOTOpHX JiIs~a~cl> 60~ee BepoaTHHe, ~eM (I), 
npOn;eccH po~eHHH 6apnoHJiIH B C~HHX BSaHMO~eHcTBRHX: 

-) ;;r± + g~([5 pJru/-	 ~t (2) 

C O~eHl> xopoweH CTaTJiICT~eCKOn ~ocToBepHocThID 6HJIO npo~eMoHcTpH­
peBaRo OTcYTCTBHe B sHepreT~ecKoM cneKTpe ~ -MeSOHOB I\aKHX-~60 
YSKHX COCTORHKn B ~naSOHe MaCC 1100-1670 MsB (CM. TadJ~ 3). 
llp~eM HS~~Cl> OCTBHOBKH aHTKllpOTOHOB RaR B raSOBOH MJiIWeRR/19/, 

r~e BHHHr~ n~oHcxo~T rrpeHMYll.leCTBeHHO MS P-COCTORHHR, TaR JiI 
B D,IUtoil MmIlelm/2 /, rne ~OMIDmpyeT aHlmI'WI.R:IUlfi HS S -COCTOHHJiIR. 

O~aKO B npon;eccax (2) ~O~ BOSHRKaTl> TonbRO 6apJiIOHHH c 
KSOCllKHOM I = 1, ~ nOHCRa 6apHOHRff c JiISOCITHHOM I = °~e 

Bcer~ rO,IU1[TCH nponeco p p -:;> SI o + X o Ero Hs~eT na JIEAP 
rpynna BK S~T, H. no n~~ap:rIT~MWM cBe,n;emmM, ImKaItRX zppe ­
ry~PHoCTeft He 06HapyteHo 2 o 
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Ta6JIIDI8_3._	 CBo~Ka 'sKcnepRMeHTa~l>HHX pesY~TaToB no 
noacxy YSImX COCTORHIDi B cnexrpax (f-
KBallTOB li! \Jj' -MeSOHOB npz aHHKrHJIm.J;IDI
OCTaHoBKBIDHXca aHTRilpOTOHOB 

ro~ 3KcnepHMeHTaJIl>Haa 
r p y n n a 

Macca 
(Ms1,3) 

OTHOCJ'IT~:b­
Ha.R: aepoar-
HOCT:b -3 
(B~ .10 ) 

CTaTHcTlI­
xecxaa 
SHa~OCTl> 

( V'-') 

KoMMeHTa-
PHH 

1980 Richter et alo r15J~ 1771 I,6±.0,9 3,6 eCTl> 
1984 Brando et al.[17J o 1771 6,Qt2,0 3,3 eCTl> 
1986 Chiba et alo [18J '( 1771 f 0,5 2 HeT 
1980 Richter et alo [15]0 1694 I,6±0,9 3,1 eCTl> 
1986 Chiba et alo [18J Õ 1694 .=:. 0,5 2 HeT 
1980 Richter et alo [15] Õ 1638 3, O±.I,I 2,7 eCTl> 
1986 
1980 

Chiba et ai. [18J r 
Richter et alo lf 51r 

1638 
1210 

~ 0,5 
0,9±.0,3 

2 
3 

HeT 
eCTl> 

1986 Chiba et alo [18] ... '( 1210 ~ 0,5 2 HeT 
1985 Ahmadet al~[1~].1J- 1100-1670 ~ 2,0 5 HeT 
1983 Tausher et al~O})Io 1650 ~ 80 3 HeT 
1985 Angelopoulos [21]Jjt 1510-1660 f 0,2-0,6 1,8 HeT 
1985 Mandelkem [22] jjí1450-1692 =­ 0,3 3 HeT 

K! 1138-1300 ~ I 3 HeT 
1986 Angelopoulos [56J r1000-1800 0,22-0,96 2,7 HeT 

Ha,n;o OTMeTHT:b, ~TO RS aaazaaa sHepreTlNeCKKX cnexrpoa (j' -M8S0HOB 
CJIoxao nanyqHTl> orpaHH~eHHH Ha COCTOHHEH 6apRoHHfl B6~SH nopora. 
3TO CBfl3aHO c TPY~OCTKMH HSMepeHHH HHsK03HepreTKqeCKOrO yqaCTRa 
cnearpa , llos'l'oMY aonpoc o CYIUeCTBOBaHln! ;u;ayx MOHOXpOMBTJrqecIDIX 
JIHRHB B cneKTpe ~-KBaHToB, ROTopHe COQTBeTCTBOBaJIB MaccaM 1771 
H 1694 MaB, OCTaBa~ca OTKpHTHM 'o ,e~aBHero BpeMeHH, Kor,n;a nO.R:BR­
JmC::Ó ~HHHe rpYIIIIhI KEK (íInomm) 18 3TOT 8KCnepli!M8HT õaaapoaaacao 

lia CTBTHCTHKe B 10 pas 60JIDwelt, ~eM B 'oIIHTax rpYmm BK~.sT, 
HHKaKHX YSRHX ~ B cneKTpe ~ -KBaHTOB npoToHHH 06HapyxeHo He 

010-3ÓUHO Ha Yp9BHe 0,5 OT no~o~ BepoaTHocTR p~aHHErRJIffIJ;HH. 

~) IlIHpOKHeNN-:"pesoHéUWH 
Ha ~He ~~M8T~ecKHX C06UTKA, CBflsaHHHX c OTKpuTReM :rI 3aRpH­

TReM ys~ 6apHOHHeB, RaK-TO cpaBHHT~HO He3aMeTHoI OCTaBa~Cl> 

cy~6a.illHpoKBX pe30HBHCOB, 06HapyxeHHHX eme B 1970 ro~ B paloHe 
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PL rv 1,3-1,8 raB/c. Bnepsae OHH 6wm: Ha~eHH B aKCnepHMeHTe/23/.
 

r~e c o~eHD xopome~ TO~OCTD~ RaMe~cD no~e ce~eHRHPP-H pol ­

pacceHHHa. 3TO 06cToHTe~cTBo noaBO~O onpe~anHTD ce~eHRH B OT~e~­


HHX RaocllHHoBHX COCTORHKHX c 1~0 R 1=1.
 

2375 

T 50 I 
~~ 1=oOL 

Z~ 
2190 40 I 

T 
50 

3040 

! = 1 

2030 

1020, 

,1~
1,5 ­

2.5 P -CraB/c)

" 

PRC. 2. Ce~eHHH ÃÍ~ -BaaHMo~elcTBRR B COCTO~ c 
RaOCnRHOM 1=0 H 1=1, RaMepeHHHe B paloHe 
PL = I - 3 raB/c/237 • .una 60JIee asaoro BlUte.neHIDI 
pesoaaacaax CTPYRTYJ> no OCH op,mma'J; pTJIOaeHa
KOM6HHaIJ;i1H ( O- - 70)· PL •(MO·raB/c) • 
cnpasa no OCE: 4. OTJIOaeH Macm'l'aO J{.WI v- (1=0).

(J	 NN 

'MK BH,ItHO aa pac , 2, OT~eT.mrno H86JJ:lO,n8JDTCH ~ IIIBpoKHX mma B 
3HepreTH~ecKol aaBllCHMOCTR V (1= i ) li IIIHpoIGU1 Il1m B U (1=0). 
IIapaMeTpH HX np:ee~eHH B Ta~e 4. 
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Tad&KUª 4.	 XapaRTepHC~ illHpOKHX IV t{ -peaoHaHcoB
 
(Ma pa60TH )
 

I'on I'pynna PeaRIJ;IDl Macca ~HHa Maocmm •(MaB) (~ aB) 

1970 Abrama et aI ~ 2190 85 i 
[23J ~~ ) G'"-loi 2350 140 i 

2375 190 O 
1973 Alspector pp) G'iot 2193 98 

et a1.[24] 2359 165 
1976 Coupland et aI. pp I r:;-ei 2155 135 

[25] 2345 135 
1978 Cutts et aI. pp-~iin) 2160 

[26J ()~~X 2360 

BnOCJIe~CTBRR nOAo6HHe CTPYKTYpH 6~ o6Hap~eHH B a~­
~~ CeqeHRHX·/24~ ynpyroM pacceHHHR 25/ H B peaK~ nepeaa~­
KR 26/. rrpaB~, napaMeTpH peaoHaHcoB,HaMepeHHHe B paaHHx aKcnepRMeH­
Tax,HeCKOJIDRO OT~aJIRCb ~yr OT ~yra (CM. Ta~JIHUY 4), HO ~ mHpo­
KKX peaOHaHCOB aTO He Y~RTeJIDHO. llOHCKR no~o6HHX COCTOHH~ B 
aKCRJIID3HBHHX KaHaJIaX pp-aHHHr~ He yBeHqaJIRCb ycnexoM, aa RCKJIID­
qeHHeM~~~CTlfqHHX KaHaJIOB pp -) .JI+$- ir S/O$0, rne <P9 aoBIDi 
aH8JIRa 28,29 nOKaaaJI Ha~e HeCKOJIDKEX peaoHaHcHHX COCTOHHH! B 
~aaHID: napIJ;RaJIDHHX BOJIHaX (nanpzaep, B 06JIaCTlI 2190 MaB peaOImpYIDT 
~1-) 3:F2' 3J) 3-BOJIHhl i. <IlasoBHH aHaJIlI3 CnCTeMH (pp), oõpasyn­
me~cH B peaKWIH $- p -;> (p p )"", j0Ka3aJI pH.IJ; peaoaaacasx COCTOH­
HRK B 06JIaCTH Macc 2000-2500 MaB/30 • O~aKo Heo~oaHa~OCTH qaao­
BHX aHaJIJl[SOB ~OCTaTO~O BeJlltKl1l, ~To6H MOJKHO 6WIO c.n;eJIaTb onpenezeaase 
BHBO~. 

B sacroamee Bpervm: aa JIEAP B axcnepnaeare P S. -172 nposonar-
CH RSMapeHRH ynpyroro pp-pacce.liHHH B HHTepBaJIe 350-2000 M3B/c 
cneIJ;PIaJIDHO .nJIfI Toro. tITo6H BHHCHHTb sonpoc o cymec TBOBamm: nm:poKEX 
paSOHaHCOB, CHJIbHO CBHsaHHHX c ynpyritM KaHaJIOM. . 

~) RTorli li BijBO,l,lij 

3KcnepHMeHTaJThBYJO CRTYaumo, CJI0JmBIIIYIOCH c noJ!CKaMR 6apROImH, 
MOmIO CYMMRpoBaTb CJIe.ztYiIIU'IM 06paaOM: 

- nOJ!cKH YS1GIX CTPYI<TYP B 06.naCTR f1. (1936) ~aIDT OTpmr,aTeJIDHHií: 
pesYJIbTa'l', 

-~TCYTCTByroT MOHoXpOMaTRtIeCKHe JIRHRH B cneKTpe tr -KBaHTOB 
.KJII[ vI ~aSOHOB npa a~ nOKOH.ll{HXCH aHTHIIpoToHOB, 
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- He HCKnID~eHa BOSMO~OCT:b cymecTBoBaHHH illRpOKHX /VAf-peso­
HaHCOB c umpHHaMn I' = 100-200 MaB 1II MaCCaMH B paãoae 2000-2500 MaB. 

CTeneH:b KaTeropllI~ocTH Ra~oro MS aTllX YTBe~e~ OT~:b He 
aéCO~THa. HanpHMep, CTOpOHHHRn cymecTBoBamm YSRHX éapROHHeB MO­
rYT arr~pOBaT:b K peSY~TaTaM aKCnepHMeHTa no (pp)-aHlnrr~UKn/II/ 
~-llR R H~a;aeMY SKCnepHMeHT,Y no onpe~e~eHEID ce~eHHa peaR~ pp - ­
~ ~IC 31 , B KOTOpOM ooaapyxea YSroll IDIK ( r ~ 40 MaB) c MaccoR 
1940±.20 MaB, lIIHTepnpe'l'HPyeMbIM aBTOpaMH KaK rJllOéoJI lI.7ill rnc5pH.D:Hhili
( t t g.- )~esoH •. He,IJ;OCTaTO'lliO xopomo 1l3YT-IeHa ooaacrr, aHeprH:ti 
Bé.JIllISlII nopora f\/ N ,r,IJ;e MOJKHO, B npaauane , 0Jm,IJ;8T:b nORBJIemm 
oapzoaaeaax COCTO.ffHIDt. Haxonen, néepMY~CImH TpeyrOJThHllIK" B aHTIDIpo­
TOHHOtí fI?Plslllie - OéJIaCT:b B 'paRoHe p L 500 MsB/c - no-npezaeayr"V 

OTMOIDIeT aRcnepRMeUTaJI:bHbI8 TO'tffiH OT TIJIaBHhIX' xpassx. Ha pRC. 3 no­
KasaHbI He~aBHlIIe RSMepeHHH pea~ nepesa~, BHrro~eHHHe Ha 
JIEAP/32/ . (HesamTprocoB.aHHbIe KPYiKKH), a TaIOKe ~aHHI::Ie oozee paa­
aero aKcnepIdMeHTa/33/ (SalIITPIDCOBaHHhI8 KPYJKJui). ABTOpH oooax 
SKCnepIDAeHTOB ~eJIaIOT BI::IBO,IJ;bI oo OTCYTCTBIru S -MeSOHa, O,1UIaKO "aa 
roias" aaBHCHIvIOCT:b (JC E X OT eaeprza BI:U'.JIrI,IJ;:MT ~OBOJI:bHO nO,IJ;OSpHT8JI:DHO. 

FMc.3. Ce~eHRH nepesa~lII, 
lIIsMepe~3B aK~ne­20 PlIMeHT8x!0 I _ .!ç, 
H/321 Q _ º 
'npe~apHTeJIDHHe32/'9918 
~aHHHe, aBTopH/(> ~ 9

0 He YBepeHH B npa­
f~ OQ(>99 9::õ BW1:bHOCTH CBOHX99 E HSMeQeI:mH nP.H16 11~~ p. ;> 500 MaB7c). 

IC Ir t, L+- • +t 
1:5:: 14 ......
b 

12 

•••4 
10 

~ 
350	 400 450 500 550 600 650 

P (MeV/c) 

O~RO, KaK ébI TO HlII éUJIO, aKCnepRMeHTH nOCJIe~ JIeT O~eH:b 

CHJI:óHO nonopaaaa sepy B cymeCTBOBaHHe YSKRX oapaoaaea, Haaooaee 
npe~O~THT8JIbHHe aa cero,IJ;HJIIlIHHft ,n;eH:b 'KaH.lUmaTH B õapnonaa - aTO 
mHp0KHe peSOHaHCH c MaCCaMH B panOHe 2000-2500 MaB. 
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2.	 HOBbIe pe3YJlbTaTbI no naccemooo aHTlIIllPOTOHOi3 IIpR Jm31W 
aHepI'llHX 

'HHTepecHHe 1II BO MHOrOM Heo~aHHHe pesYJThTaTH é~ no~eHhI 

npllI lIIS~eHKH ynpyroro pacceHHHH aHTlIInpoToHoB npn HlIISKlIIX aneprRHx 
(T ~20-50 MaB). B nepBYIQ o~epe~:b aTO OTHOCHTCR K oéHap~eHHID 

BeC~M8 HeTpRBlIIaJI:DHOR aHepreTlII~eCKO~ SaBHCHMOCTlII napaMeTpa JP, 
onpe~anHeMOrO KaK OTHomeHHe peaJI:bHOH ~aCTH aMIT~TY~ ynpyroro pp­
paCceRHRH Ha HYJIeBOH yrOJI K MBEMOH ~aCTlII: 

Qe j(o) 
~ -= I Yl1 j-(o) •	 (3) 

Pe3YJThTaTH paHHRX aKCnepllIMeHTOB no onpeneneaa» p nOKaSaJIH, ~TO 

XOTR aMIIJmTY,I(a ynpyroro pp-paCCe.sI.ImR: B OCHOBHOM MHHMaR 1II napaxerp 
~ B aarepsaae pL 1"../ 500-700 MaB/c HaMHOrO M8H:bIDO (npnc5Jm3RTeJTh­

HO B 5 pas), ~eM B pp-paCceRHllIH, TeM He MeRee peaJI:bHaa ~aCT:b aMTIJlH­
TY~ ynpyroro pacceRHRH HMeeT HenpOCTYIQ aHepreT~eCKYIO SaBRCHMOCT:b 
1II B paãone pL ~ 500 MaB/c MeHReT CBOH SRaK. 

0.8 f- t KlltnO .1 ai -, ",0+(rosl, ., II
 
+!WISlk, ., ai
 

0.6	 f- • Ashlord .1 ai
 
t 8riJcknor .1 ai
 
• Ihis tlp.rom.nl 

0.4 

0.2 

P 
O. 

-0.2 

-0.4 

-0.6 
100 200 300 400 500 600 700 800 

P IH.V/cl 

PRC. 4.	 3.aepre~e~, 3aBHClIIMOCT:b OTHomeHHH ~
 

(Z3 paéOTH 32 ). CllJIOWHbIe JIHHKn - pe3~)aT
 
pac~eTa no ~cnepCHOHHbIM COOTHOmeHHHM 34 •
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'Iaxoe nOBe,IJ;eHH8 P (CM. pRC. 4) peSjO n~OTHBOpe1DiT npencxasaaaaa 
paCqeTOB no ~cnepCHOHHHM COOTHOllieHHHM 34, 5/, ROTopue npR Ma~x 
aaepraax npHBO,D)IT R ÓOJIblliHM nOJIOJIUITeJThHHM SHa-q8HIDIM? • llSMeHe-, 

HR8 SHaRa JP MO~O BocnpORSBeCTR B paMRax ,IJ;RCnepCH~IHX COOTHO­
meHRH, ecza npe,IJ;nOJIOnTl> rmeCTBOBaHHe HIDKe nopora N AI nOJIIOCa 
c MaCCOM 1864 ± 12 MsB/34 • O,IJ;HaRO pesYJIDTaTH SKCnepHMeHTOB Ha 

.JIEAP	 nOKasaJIHI qTO B paãone p L "'-' 200-300 MsB/c na~a,eTp 
jJ BHOBl> MeHHeT CBOM SHaR H CTaHOBHTCH nOJIo~Te~HHM/32, 6 • 

BMeCTec TeM aHa~s ,IJ;aHHHX no C,IJ;BHraM li illRpRHaM COCTOHHH~ npOTORRfl 

C~eTanl>CTByeT o TOM, qTO Ha nopore Be~jHHa jO ,IJ;o~a ÓUTo 
ÓOJIblliOH H OTp~TeJIl>iIO:tt ~ (O) ::':: _1,42/37 • 3Ha'IiHT, npa COBceM M8­
JIHX sHeprIDIX ( rv 5-10 MsB) t? ,IJ;OJDKHO eme pas H3MeIDITl> SHaR. 
T8RaH CJIO~aH sHepreTR'tIeCR8H S8BHcnMOCTl> Y Ae BOCnpOJiISBO,IJ;HTCH 
HH O,IJ;HHM epeHOM8HOJIOrnqecKHM N!'I -nOTeHUJlI8JIOM 38 ,39/. BC8 pac'sers 
B T8RHX nonxonax npHBoMT R IIJIaBHOMY BOSpaCTaImKl .p OT ÓOJIl>IIIHX 
OTpHn8TeJIl>HUX SH8'tIeHHH R nOJIO~T8JIDHUM. 

Ha,IJ;O OTMeTRTl>, 'tITO B OpHrHH8JIDHHX paóOT8x/32,36/ ~ onpe,IJ;e­

JIeHRH jJ RCnOJIl>SOB8JIaCl> ,IJ;OBOJIl>HO ynpo~HH8H nap8MeTpHsa~ ~ 

áMllJIHTY,IJ;H paCC8HHHR, ROTOp8H ópaJIaCl> B CJIe~eM B~e: 

-+- ( e) -= 1-< C't:o t • : t- O) U P (- ~ i: )v Lt.51 v :z.., (4) 

r,IJ;e K-m.myJll>C B C.U.M., t ~ 2k.Z(I-e.u-be)- nepe,IJ;aHHllit HMnyJIl>C,

Gio-t - nOJIH08 csqeImS pp-paccemm.R:. CillIHOBy:D CTPYRTYPY aMJ1JIH­
TY~ paCCeHHRH Y~THBanH npJiIÓJIREeHHHM oópasoM, nOJI8raH o~aKO­
Byro -t: - saBRCIDvfOCTl> aMILm'ITY, c uepeaoporox cnaaa JiI ões nepesopo­
Ta c~a. Tor.na MO~O nOK8SaTl> 39/, qTO Y'tIeT CllKHOBUX ~eHOB CBO­
uaTCH R y.MHoxeHKID COOTBeTcTByromero ,IJ;R~pe~aJIDHOrO C8qeHRff Ha 
tPaRTOp (I + ~2.. ): 

( ~ C-- ) _ Giot (:1 + p<-) ( :1.... + i: Z) tv;.. Pt- B t:) _
dt: N - 16.:r u· ( , (5) 

rne ? - oraomesae aMI1JIHTY,IJ;Ii paCCSJIIDlff aa HYJIeBOa yrOJI c nepeso­
poTOM CnHHa R TaROH ~8 'tIaCTH aMTIJIHTY~ Óes n8peBopoTa CilHHa. TaKHM 
OÓp8S0M, ~~peHUBaJIbHOe CeqeHKe Onpe,IJ;enH8TCa qeTUpDMH napaMeTpa­

MH: qot , ~ , ~ H B . Kpoae Toro, B8.1llPmHa ~ 
saBIlCHT H OT asopaaaoã napaaerpaaanaa aMIIJIlU'Y.IO:l paCCSJiHIDI (4), qTO 
aacrynaar R8R OH ImTliM napazerpox, IIpEMeHlIMOCTl> npocroã SKcnOHeH­
lU!aJIhHoíl SaBHCHMOCTH (4) npa TaKBX MaJIJ:JX 8HepI'RRX B 20-50 MsB 
OTHIO,1U> lire OlleBR,IJ;Ha. KaR nosaaaaacr ,l7;eTaJIhHHe RCCJIe,IJ;OBamm/32, 40/, 

cymeCTByeT ,IJ;OBOJIl>HO c~HaH ROpp~ M8~ BceMH napaMeTpaMH 
aMIIJmTY,IJ)i (4). llOSTOMY onpe,IJ;8JIHTl> rosaoe 3H811eHHe p - 3a,IJ;8~ 

,IJ;8JI8RO ~e npocTaa. IIo Rpa!He! M8pe HYXHl:l HeS8BHCKMl:le HSMép8HI1H noJIHO­

ro cexeaaa ~ot JiI 
p L f"'-' 100-300 M3B/c. 

SaBHCHMOCT:h SHaqeHER 

--:30' O" 
10"~ 

i: 

J 
~ 
~ 

~ 
ld'f I 

11fl 

CImHOBUX xapaKTepHCT.HK pp-aM1J.JllITY,IJ;bl B paãoae 
3TO nOSBO~T cynec rseano YMeHl>IIm:T:h MO,IJ;8JIl>HYID

uP · 
9Cf 120" 

Pl' lBl M<v/c 

t2ff.1'. ... " 
fi 
~ 

\i;:; 

~ 10'r I 

Pl , 50S ","v/c 
16J:L-__ ~. 

5 10 15 20 25 

t·IO'IM.V/cf lj 

1:;?O 750 12G' 

NPl·2B7~ l~~I	 - 9fNl 
~ .,. 

PP 

~!'~III, 
$, ....<, . ~ 111 

.......
 't'	 K10 

I10 - ~ , 10 15 
1-10'1","v/cl"' 

~~, 
~ 20 30 

Pl1C. 5.	 ]n~epORUZa~Hoe CeqeHHe Y.ll~yroro pp-paCC8HHHH, 
HSMepeHHoe B 3KcnoPRMeHTe/ 4 I. CnnolliHoft JIHHJ4eíl 
HaHeceH peSYJIl>TaT pac~eTa ~cTo~epHoro Ce~SHRff 

(5) C napaMeTpaMH RS paóoTH/36 • 

O,IJ;HaKO, RaR MOXHO yóe,IJ;HT:hCH RS pHC. 5, r,IJ;e npKBe,IJ;eHa SaBHCHMOCTl> 
,IJ;R~peHnK8JIl>HOrO ceqeHRff ynpyroro pp~pacceRHRH OT nepe,IJ;8HHOrO 
TIMnYJIDca	 T , npOCT8H SKcnOHeHUHa~HaH SaBJ4CHMOCTl> TKlla (4) ,IJ;O­

BOJIl>HO Y,IJ;OaneTBOpHTeJIl>HO paÓoTa8T B OÓJI8CTR HeÓOJI:hlliHX yr~O' pac­
ceRHRH ( 8 ~ 80-900). KPÓMS Toro,1Jél30Bblfl: aaazas ,IJ;BHHHX 36 , 
Bl:lllO~eHHHil BO BceM yrJIOBOM ,IJ;Rall8S0H8, nO,IJ;TBe~aeT Bl:lBO,IJ; oÓ oc­
IUJ,lL7I.lnU!l1.p B paãoxs pL ~ 200-300 MsB/c. 

] 1l0JIHoe OÓ'DJICHelme qJPI3H'1ieCIGIX npaxaa I 06YCJIOBJmBaKmKX OCWfJI­
JJ.SlIJ;HH y, B aacroamee apexa OTCYTCTByeT. llMeroTcH cooõpaaerraa o 
TOM, -qTO STOT S~RT MOERO 06hHCHHT:h. :HCXO,IJ;H HS nfPorOBoro nOBe­
neaaa ~ -, E - JiI ~ - napIJ,RaJIhHI:lX BOJIH/37 , wm sa CqeT 
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BHRITHRff Ha ynpyroe pp~paCCeJil{He OTKpHB,romerocH npH 100 MsB/c Ka­
HaJIa nepeaapsnxa pp -) n n /41,42 • BOSM02KHO, 'tITO nonoosse oc­
~InfH tP 06YCJIOBJIeHhl cymecraosaaaea OKOJIOnOpOroBllX N N­
pesoHaHcoB, o~aKO He HCRnID'tIeHa BOSMO~10CTL, 'tITO STO eCT1 apTeqaKT, 
BOSHHKaromKfi 11s-sa Henp8BMJl1HOrO y'tJeTa CllHHOBHX s~eKTOB B pp-pac­
ceaana (HeJI1SH OrpaIDi'tlliBaTLCH ,n;06aBJIeHll:eM B (5) npocroro MHOJmTeJIH 
(I + Jzl- ». 

3KcneplIMeHTI1 no ynpyrONfY pacceaaaa aHT1inpOTOHoB npa Im3KHX 
anepraax (20-200 MsB), BbIrrOJIHeHHl1e aa JIEAP, nOSBOJIMJlll: BWilUITL ente 
O,IJ;HY ImTepecHYIO oc06eHHocTL aHTl1npOTOHHoH .n;mraMIDUI. MSBecTHo, 'tITO 
B ynpyrOM pp-pacceaaaa npa Hll:SKIDC SHepI'IDIX ,n;OMIDmpyeT S -BOJIHO­
soe paccemrn:e, xcropoo npa T I"V 50 MsB COCTaBJIHeT r.... 90% acero ce­
'tIeHRH. B ynpyroM ~e pacceHHHH aHTHTIpOTOHOB Ha rrpoToHax npR TOH ~e 

SHeprEl!I xapraaa COBceM .n;pyraH: S -BOJIHOBOe paccemme COCTaBJI.aeT 
OKOJIO 50% ,pacceHH,e B P-BOJIHe .n;aeT ,....., 40%, a B c0 -BoJIHe~IO% 
OT ynpyroro ce'tIeHRH 43/. llpR'tIeM 06Hap~eHo, 'tITOHaKJIOH ~~epeH­
~aJILHOrO Ce'tIeHBH pacceHHHH Ha MaJIHe·yI'JIH ,n;OBOJI1HO BeJIKK n Bospac­
TaeT rro Mepe yMeHLIlleHIDI SHeprl'l:R HaJIeTaromero aHTmIpOToHa. Ha pnc. 6 
nORasaHa sHepreTH'tIeCRaH 3aBHCmMOCT1 napaMeTpa HaKJIOHa B,onpe,n;eJIHeMO­
ro COOTHOmeHRaMR (4) - (5). 

~ 

~ 

401 

201 

100 200 300 400 500 600 700 P" (Mev~l 

P.HC. 6.	 3,HepreTII'tIeCRaa saBHCZMOC'l'L napaMeTpaJlaJ;CJIOHa
ROHYca B B ~@lepe.mumJI},lIOM ce'tIeHm'I pp-ynpyroro
paCCeJI.HIDI. CTIJIOIIIHafI ~ - pesYJIDTaT no.nrOJmH 
no {fo,PMYJIe B = 0,25·lC + A/R)'l. , r,n;e C J= },34 g)M, 
A = 0,691, R - (raB/c) nmyJThC B C.I'(.M. 49. . 
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~ cpaBHeHEH HanOMHEM, 'tITO B pp-paCC8ffHHH .n;axe npR T ~ I rsB Be­
JllI1mHa B COCTaBmleT "scero JOOllL" B "V 6 (rsB/c) -2, rorna KaK B 
pp-paccemum npa T 180 MsB B f'-< 24 (I'sB/c) -2 • I"V 

I\oHe'tIHO, npa 0'tIeH1 MaJlliX saeprasx ( T ~ 50 MsB) aHOMaJl1HO
 
, 60JIDIlille 3H8'tIeHRH B ( "" 40-80 (rsB/c) -2) Bp.H.II; Jrn: RMeIOT CTOJI1 JKe
 
t, ÓOJIbIllOM	 ~SH'tIeCKKlf CMhlCJI, noCKOJI1KY,K81( BR)J;HO MS pIW. 5. ,IUicMJepeR­

~aJIDlllie cexeaaa ynpyroro pacceaaaa MO/KHO annposcaaaposazs O,If,Hoif 
SKcnOHeHTOH TOJIbKO B OrpaHH'tIeHHOH 06JI8CTH no 1: . Ho npH ÓOJIee;

•. BbICOKillC aaepraax BIl0JIH8 MOJKHO rOBOpHTI> o xonyce B tJIef'tA Jl. , 
no RpaliHe:t1. Mepe B OÓJI8CTR yrJIOB paCCeRHHH,M8H1illKX 90-1200• llpH .n;aJI1­
HeífuIeM yBeJm'tIeHIDI yrJI8 pacce~HíI noaeneaae oi C-- / 01 J2.. Har.rnHaeT 
3aMeTHO OTJrn:'tIaTLCH o~ SKcnOHeHUMaJIDHOro. 

MHTepecHoe oÓ~cHeIDie ~3n'tIeCKRX rrPH~{;P0CTa B npn MaJIHX 
3HeprRITX Óuno npe~o~eHo B.3.KoneJInOBH'tIeM 44 • KOTOp~ rrpe~oJIo~, 
'tITO B pp-pacceHHHH rrp:a HHSKHX 3HeprRRX peaJIHsyeTcH cHTya~, KOTO­
paH HarrOMHHaeT KapTnHY pacceHHHH a.n;poHoB rrpH sHeprRITX Ko~~epa 

f:. p p 1> , KOr,I(a aMIJ.1IHTy.n;a pacceaaaa B npe.n;cT8BJIeHU npanensaoro 
napaxerpa g RMeeT He raycconcxyn tPJPMY, a ÓOJIee CJIo1KHIDi BH.D:. 
COCTOamR~ ns neHTpaJI»HOrO nnaTO H SKcrrOHeHUna~Horo na.n;eHRH npH 
ÓOJILIlIHX g. B pp-paCCe.a::HID1 npa Hll:SKHX snepraax, KaK OTMe'tI8eT 
E.3.KonanHOBH'tI, raYCCOBCRaH napaMeTpH3a~ aMllJIHTY.n;H pacceHHHH TH­

I 

na (4) T8IOlte aesoppesraa, nOCKOJIDKY 
,IU:l (4), EMeIDIItaff cJIe,IlyI<XItHi! BH,IJ;: 

W ( g):= Cf oi i. (1.- +~') 
l.{J'rB 

rrpoWHJILH8JI lÍlYHIm;IDI OT aMIIJIIITY-
Z 

e-.P(- ..L ),
,;z 13 (6) 

YjKe npa pL L 10 faB/c CTaHOBKTC.fl 60JIbIlle e.n;mr.l'!Uhl, aapyniaa TeIV; ca­
MHM YHHTapHocTL. ~OPMa~naH TIp~a STor; -/6HCTPHH pOCT nOJillOrO 
Ce"tIeHIDi	 npn nepexo;n;e K MaJillM 3HeprIDIM. B 44 rrOKa3aHO, 'tITO eCJm 
YIDlTapHsoBaTt nOJIHYIO aMIJJDi!TY,ny ;;: ( g) ,:acnOJIbsYH COOTHomeHH8 

J'{€) =- l [ i - 0p (\ W,(g))], ( 7) 

a aarex sa~cHpoBaTL 3HepreT~ecKYIO SaBHCHMOCTL W ( o) H3 
xona noJIHl1X ce'tIeImft Oi.ot pp-pacce.mnm (rrpe,IUIOJIaraeTCH, 'l1TO 
uP ~ O), TO Tor.n;a MOERO O'tIeHL XOpOIIIO BocrrpOHSBeCTH Ha6~aeMHa 

B 3KenepRMeHTe pOCT napaMeTpa B npl! HH3IG'IX SHeprIDIX. ~.n;aeTCH 

TaIOlte BocnpOHSBeCTH B~ H 3HepreTH'tIeCI{,1ID saBHCRMOCTb ~tfI 

:l
 

H y.n;OBJIeTBOpRTeJIbHO OTIBCaTL ~peHURaJI1HUe Ce'tIeHHH yrrpyroro
 
pp-pacceHHER BilHOTL,n;O yr~OB e~900. TaKRM 06paSOM, corJIaCHaf44/
 

;n;nHa~eCKaa npH'tIRHa pOCTa B - aTO CJIe,n;CTBRe yHHTapH3a~ aMnnRTY­

;II,ll. paCCeJ!HRfI,ROTOpoe npRBO,lllIT K POCTY pa,IUIyca lI'l1epnoro ,J:(l!lCKa". 
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1­

·1 

To ecrs ecna paccaarpzaans aMIJ.Jll!TY.DY pacceSIIDJ.R: y-(g) B npenceaa­
~eHHH npHUe~:bHOrO napaMeTpa, TO no Mepe YMeHbllieHRff aHeprRH He npORC-
XO,ItlIT YBe,mqeHRH ;J ( C) npa MaJIbIX g (aTO Y'JKe sanpeneso 
YHRTapHOCTbID), 8 paCTeT npOT~eHHOCT:b ueHTpa~Horo ~T6. 

TeM Re MeHee B aTo~ CTPOHHO' KJPTHHe eCTb o~ H3~H: 

a~TY~ ynpyroro pp-paCceaHRH B 44 C~Ta~8C:b ~CTO MHEMOR. 
3TO npe,Il;nO~O~eHHe MO~O paccMaTpHBaT:b TO~:bKO RaK nepBoe npnó~­

~eHHe. Ha caMOM ,II;~e, KaK oÓcy~a~oc:b paHee, pea~:bHaa ~aCT:b a~­

TY,II;H ynpyroro pacceHHHH RMeeT BeCDMa HeTpRBHa~:bHYID aHepreT,KqecKy.ID 
3aBRCRMOCT:b H yqeT ee HeoÓxo~. 

3KcnepHMeHT~ Ha REAP npn HH3KKX aHeprRRX npe,Il;OCTaB~ HH­
. . 

W0~~a~ oó O~eH:b BamioH Be~~e - pa~ce aHHRr~. MOERO rOBO-
pnT:b o cymecTBOBaITI[H ~yx xapaKTepHHX MaCmTaÓOB B pp-pacceHHKR. 
ITepBHH - aTO paCCTOHHHe, Ha KOTOpOM nponCXO,Il;RT 0,IJ;HOÓ030~ oÓMeH. 
OHO onpe,Il;enHeTCH, B OCHOBHOM, npOT~eIiHOCT:bID pea~:bHOn ~aCTn nOTeH­
I..J,HaJI8 B3aHMO,Il;eficTBIDI pp. BTOpOM MaCmTaÓ - aTO X8paKTepHI:lfi pa,Il;PIYc, 

na KOTOpOM npoacxonar ammrHJIffUIDI. Pea~:bHYIO 'tI8CT:b V(J N MOmIO 
onpe,Il;e~T:b Ha OCROBe nOTeH~8JIa 0~OÓ030HHoro OÓMeHa, OllHCHBa~ero 

HYKJlOH-HYI<JlOIiHOe pacceaaae , c nOMOm:bID npeOÓpa30BaHIDl G- -'tleTHOCTR: 

~ ( )6-.Re V_ =:7 _ - i V (81l 

Nf\I i.. NN 
KaXt,Il;llí! 'tlJIeH B cy-MMe '(8) COOTBeTCTByeT OÓjeHY Me30HOM L c 

G- -~eTHOCT:bID G-i. (cM.no.n;poóHee/45 ,46 ) . IToaTOMY panayc Re- VjJf\I 

,Il;O~eH ÓHT:b TaKHM ~e, K8K H pa,IJ;RyC ndTe~8~ 0,Il;HOÓ030HHoro OÓMeHa 
/ Vf\J(V, TO eCT:b t""J 1,5-2 'ÍM. 11 ,Il;eftcTBHTe~Ho, K8K nOlta38HO 

B/47 , nO,IU'OHK8 ,n;:atMepeHIJ;R8~HOrO Ce'tIeHIDI pp-ynpyroro paccemnm c 
nOTeHnRa~OM, peansaaa 'tlaCT:b xoroporo opaaacs B BY,II;-CaKCOHOBCKOH 
W0I:Ne, ,Il;aeT ,nJIíI panayca nOTeIDJ;H8Jl8 BeJfiNIDIY Q' = 1,9 CIM. 

O,Il;HaKO ~' OllHcaRRR PP-p8CCeHHER cymecTBeHHYID po~ Hrp8eT 

MHBMaa 'tl8CT:b -ViJ N ' OTBe'tl81Olllaa 38 MOnum:H aHHHrlJ.IDtURolll1ld: sa­
H8JI. B P8óOTe/47/ onpe,Il;MeH8 BepoaTHOCT:b nor~OmelUlH aHTRnpoTOHa H3 

ynpyroro K8H8Jl8: 
tU4 ~ - (li- 2P (L)=hJ.mV"l.)Qe(-t.)Re(-z.)"l-, (9) 
e 

rne I 1'\1 V( "t) - MHHMaa 'tl8CT:b V N AI ' llapaMeTpi KOTOpO~ onpe­
,Il;eJmJmC:b H3 nO,IU'OHlGl no j,c-/dJl. ynpyroro pp-paccemum, a Re (l.)­
P8.I0!8JIDHaH 'tl8CT:b BOJlliOBOÀ ~YJIKI1;HH, orracaaanneã pacceaaae aa KOMlI­

JIeRCHOM nOTeHI:J:;H8~e -V(l.) B COCTOmnD!l C yr~OBHM MOllleHTOM e. 
0R83BJIOCb, 'tITO He3aBK~0 OT KOHRpeTHoft ~pMH nOTeHURaJIa BepoaT­
HOCT:b_ norJIOmemm ~ ~c:: 1..) IIMeeT apxo BHP~e.HHl:lA M8KCifMYM, ROTO­

I 

! ~ 

PHH H B S- H B P-BOJIHe npnxO,IJ;llITCH npa Z '" 1,2 @vI. Bnoane eCTeCT­
BeRRO COOTHeCTH aTY Be~ c xapaKTepHHM paCCTOaHHeM, Ha KOTOpOM 
npoacxonar aH.IDll':wJ.mJ;RH. 3aMeTHM, 'tlTO Ó~3KYID BeJIK'ClIDIY r- I <IM 
~ pa.n;HYC8 aHHHr~ ~'CKa3HBaIDT H pac~eTH BepoaTHOCTR aHHH-
rMJJ.HI.Um B MO,Il;e.IDIX MelliKOB • 

K COEa~eHHID, aBTOPH/47/ npHBO,IJ;aT pe3Y~TaTH paC'tleTa TO~KO 
npa P = 287 MaB/c, HO MOmIO npennoaoaarr., 'tlTO c YBe.JIH'tIeIDIeM

L 
aHeprRR MaKCKMy.M BepOHTHOCTH aHHHrRnH~ ÓY,II;eT CMemaT:bCH B OÓ~CT:b 

MeH:bIImX. L • 3To' ÓY,II;eT COOTBeTCTBOBaT:b YMeH:bIlleHID<> HaKJIOHa B .IlHiP­
wepe~a~bHHX Ce'tleHRHX ynpyroro paCCeHHHR Ha Ma~e yrJIH.PaCCeaHHe 
~e Ha ÓO~:billRe yr~ ,Il;o~o, B OCHOBHOM, ÓUT:b oÓYCJIO~eHO ,Il;aJI:bHO,Il;e~­

CTByro~eM pea~:bHOH ~aCT:bID ~;V -nOTe~a~. 

3. ~ª3IDIecKªª Iij)orpaMMa aKcnemweHTOB Ha JIEAP B óy:rrymeM 

B Ko~e 1987 rO,Il;a unaHHpyeTcH 3aKOH'tlHT:b peKoHcTpYKUKRJ AA - aHTK­
npOT01llIOrO ,aKKYMYMTopa B UEPHe, xoropaa n03BOJmT na nopanox noss­

,CHT:b HHTeHCHBHOCT:b nyqKOB aHTHllpOTOHOB HH3KHX aHeprH~ m~OBeCTH ee 
,Il;0 ypOBHH ~ 6.107 p/c. B 1988 ro,IJ;y Ha'tlHYTca WH3H'tleCKRe ncc~e~OBa­
HIDl na YCTaHoBKax sosoro IIORO~eHRfI - MOIWfrlX 4.)1 -,IJ.eTeKTopax, npen­
Ha3Ha'tleHHl:lX ~ npe~3HoHHaX H3MepeHHH pa3~'tlHUX aKCKXID3KBHUX Ka­
Ha~OB AlIV -B38HMO,Il;e~CTBRff. PaCCMOTpHM BKpaT~e OCHOBHHe nyHKTl:l 
nporpaMMH HeKoTopax ÓY~ aKCne~HMeHTOB. 

QnuTU c MeseHijMB KaOHaMl/ 0/ 
BucoRaH HHT8HCKBHOCT:b ny'tlKOB aHTHnpoToHoB n03BO.IDIeT ocymecTBHT:b 

ÓO~IllOn Ko~eKc n3MepeHHH napaMeTpoB HapymeHHH CP B peaKqRHX c 
KO 

li RO, oópa3YIOOU:lXCH B pe.znmx npo~eccax aHHHI'HJIRIJ;In'I: 

-, -Ok+ ""­( P P JaA ~-f: -;, k 

-;? kO k­

BepoHTHOCT:b KOTOpl:lX COCTaBnHeT BCerO~:b 

HOCTH a~. SHaK 3aPffEeHHoro RaOHa 

~/, (IO)
 

,J/+- ,
 
em 

~ 0,2% OT no~o~ BepoHT­
0~03Ha'tlH0 YK83HBaeX, 

npoH30lIlJIO Jlll oÓpa30BaIDIe KO HJm 1{0 • aneHTRqMKaI.I;IDI HMIIYJI:bCOB li aHep­
+­

rHi1: l(±.-li a- - -Me30HOB n03BO.IDIeT onpenezarr, cOOTBeTCTBYJDlIUle xapax­
TepHCTlUG'I I{Ü (RO) -Me30HOB. 

TaK8a MeTO,IJ;HRa "Me'tIemm"KaOHOB RCKJIID'tlHTe~HO y,noóHa .n;.mI OIIl:lTOB 
no H3MepeHRD napaMeTpOB HapymeHHa CP,nocKo~KY KO R RO CO,Il;epzaT O.n;H­

H8KOByIO npHMeC:b K$- II KL -COCTommH. B oÓl:l'tJlIHX. 3KCnepIDJfSHTaX KO 

noJIY'tl8IDT B pA-CTo~oBeHRHX R ,Il;O ,neTeKTopa ,Il;O~eTaIDT B OCHOBHOM 
KL -MeSOHH, nplfl:IeM npORCXO~T Jm OHH OT pacnana KO 

JIJIJ1 1{0 Hen3BeCT­
HO.1
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B 3TOM 3KCnepm~eHTe unaHRpyeTcR BnepBRe H3MepRTb HapymeHHe CP 
o ....... t- e-> ,-. o o ,......0


B rpexnaoamrx pacnanax 1\::.. --) vi vi .n R K!> -) 3 vt , OOnOJIHHTb 
npRMoe onpe.n;e~eHHe napaMeTpoB HapymeHHH T-RHBapnaHTHocTn, cpaBHHBafl 
CKOpOCTH rrepexonos KO -~ 'K0 H1\.0 -7 KO, nOCpe.n;CTBOM .n;eTeKTnpOBaHIDI 
~eno~ paCna.n;OB
 

kO
p p _;> k- .r ' - o ,.....+
L-;> K - .. ;? vI e -Ve (12) 

H 
f5P-) k-i-J,-ko 

I o ""- +- - ? (13)L > K -)vJ e Y'e 

M3Mepaa OTHOCRTeHDHRe ~aCTOTR nepexo.n;oB (12)-(13) B 3aBRCEMOCTH 
OT BpeMeHH, MOJlí.HO npoaeparr, TaIOKe cnpaB~OCTb CPl'-mlBap:~mHTHocTli 

li Bl:ilIOJIHeHHe npasana a s. z: b. Cl o • 
B Ta~a 5 npHBe.n;eHH o~aeMae TO~OCTR R3MepeHRH napaMeTpoB 

HapymeHHH CP, T- li CPT-HHBapHaHTHocTR. 

Ta6ma 5 

IIapaMeTp HapymeHHe HacTOSIlIUd1 IIpe.n;nomraeMhIR
npe.n;M npe;ueJI 

(-3±.4) •I 0-3 2·10-3ISI/fl CP 
c.P Lo 1,2.10-1 6·10-4

I? t- o I 
L 10-1 8·10-4e PI ~ 000 I 
L 2.10-2 6·10-4Re x b S =6Q. 
L 2,6.10-2 7·10-4Imx AS==~Q 

6,4 •.10-2 
KO-i' Ko T,CPl' 

wm~!:.=.Do..... 
K"°--'>K o 

IImwesaill1e: E , e1_ napaMeTpR HapymeHIDI CP·B CT8H,IJ;apTHOR MO-' 
.n;eJm sa c~eT TOKOB c L\ S = 2 11 LI:S = f CO-' 
OTBeTCTBeHHO. 

OTHomeHHe a~TY.n;H.3anpemeHHoro KI I :;;..(<c.J/vIJTIHJ k s ) I 
paspemeaaoay no C~-pacna,n.y.7 ~ srtli.?r I J-I I KL> 

«a: et ..; I H I KO > OTHomeHRe aMDJIRTY~ 38npe~eHHoro no 
f) S -:: ô a.. K paspemeaaoay pacuany­x= L..~-etYlrlIKo> 
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IIpoeKT .:JE T S E T /51/ 
IIpe.n;nOJIaraeTCfl HCrrOJIb30BaTb TeXHHKY ra30Boll CTpYllHO~ r~eHH 

)J.IDI lI3MepeIrnH aa nepsoã CTa,JUm sxcnepm..reara d C'" / 0/J2.. H 
rro~pH3aUHH B rrpoueccax 

pp -~cpep -'i k+K.-k+k (14) 

o KO ,-....+ """"- r>.-+ 0 ­
-7 k s.. S -"/ vI tJl Vi ~I •t 

(15) 
OCHOBHa~ @a3H~ecKafl ueJIb - nonCK rJIIDÓOJIOB B peaRURR (14) H 

ncc~e.n;OBaHHe MeXaHH3Ma aRHKrHJIH~ c po~eHHeM CTpaHHHX KBapKüB B 
npouecce (15). . 

YCk'atiOBKa ºW1J Ba..n-uZ /52/ . 
MOmHHH 4ú/ -.n;eTeKTop, Cne~aJIbHü" npe.n;Ha3Ha~eHHHfi ~ nORCKa 

3K30TH~eCKHX COCTORHHll B aKCKllID3HBHHX KaHaJIaX aHHHr~~ c 06­
pa30BaHHeM HellTpa~bHHX ~aCTHU. ~ Ha~e~ofi perlIcTpa~ (r-KBaRToB 
OT pacna.n;oB HellTpaJIbHHX ~aCT~ MHrneHHaR ~aCTh .n;eTeKTopa oKpy~eHa 

"ozoa" as 1380 Mo.n;y~ell c KpnCTa.7L7J:H'IeCIDIM C.s.I. OCHoBHhIe aanpaane­
HHH lIcc~e.n;oBaHKfi: 

- nonCK r~60~oB II rR6p~HX M8S0HOB, • 
- R3~eHHe pe~ pa.n;naunoHHHx pacna~oB M~30HOB, 

- nonCK MOHoxpoMaT~ecKHX ~fi B cneKTpax cr H 
,.-0 
~I npH 

aHHHI'H.J1JIIJ;IDl: npoToHIDI, 
-- H3~elme .n;IDIaMRKlI a~~ H3 ;1. H P-a TOMHHX COC TomrnH. 

IIpoeRT OBELIX /53/ 

YCTaHoBKa OBEL1)( npenaasnaxeaa ~ accneztoaanaã aillnfPH.JI.lI!.Um 
p R n aa pa3Jm1IIlliX raaonsx MmIIeIDIX (H2 , ~.z ' ~e, ~e, Ne, k 7.­

A"l , Xe H np.) • .lleTeKTop ~eeT 40/ -axcenraac , BHCOKoe 
paspeaenae no IDJInyJIbCaM ( ,....... 2%" npa I faB/c) H yr~M 3apF.DKeHHhlX xac­
THU ( 6. eX ,... 3 n1 ?a.oI ), rpexaepnoe pexoncrpyaponaxao ~HeH OT 
~ -KBaHTOB. KOHCTpYKURH MHIDeHHOH ~~CTH n03Bo~eT .n;eTeKTRpoBaTb 

HYKJIOHH-eneKTaTopH c BeChMa MaJIHMJ2[ HMTIY~caMM. 

OCHoBHoe OT.mItme npoexra 08fLIX ,1J,.IDl Me30HHoH cnexrpocxonaa 
COCTORT B Tm8Te~HOfi npopa60TKe cnoc060B onpe.n;eJIeHIDI KBaHTOBHX ~­
ceM J2[C~e.n;ye~lliX cnCTeM. TaK, HanpRMep, nO~HH yr~OBOH MOMeHT Ha~aJIb­
Horo COCTOEHRH aHHHrRJIHURR ~HHpyeTcfl onpe.n;e~Tb no. cneKTpaM (( ­
KBaHTOB npOTOHRff, n30cllHH CHCTeMR - no n3MepeHRffi~ P-H Y) -aHHHrRJIH­
rum. EcTb Ha~eJK,IJ;a, qTO IIOJKHO 6y~eT npOBO,IU1Tb J2[3~eHl1le cnaaoasx 3cp­
WsKTOB, HcnO~3Yfl TO 06cTOflTe~CTBO, ~TO B peaKURH nepe3a~R 

pp 4 n n na nOJIRpn30BaHHoi nporoanoã MmlleHH no.nyqaIOTcfl nOqTH 
nOJIHO~TbIO no~pH30BaHHHe aHTRHeiTpOHH. 
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.llpyraH OTJm1DITeJIDHaH "tlSpTa npoezra o8 ELI x - aTO S,ItmiCTBSH­

Hbli1: 3KcnspRMSHT aa JIEAP, rne óy.IteT R3YlffiT:DCH aHTmIpOTOH-.a.n;Sp­
lIOS pacceaaae , II.7r.aIDIPYSTCH rrOlICR 3R30TKtISCI\HX pea~ ammr~, 

ROTopHe HS MorYT rrpCHCXO~T:D Ha CBOÓO~OM ~OHS, TKIT8 

p+d-~10-+-p, (16) 

p + 3~/e -;> p + n . 
(1'7) 

Ha B03MO~OCT:D/T8ioro pO.Ita npoueccoB ÓaHO BllepBHe YKa3aHO B 1956 r. 
E.M.lloHTeKopBo 54 • l1H:Tepec K 3TliM peaKIJ;WIM OÓYCJIOBJIeH TeM, "tlTO B 
HRX .ItOJIEHH OÓH3aTeJI:DHO y-qaCTBOBaT:D HeCROJIbRO Hy.KJIOHOB R B03MJEHa 
a~ Hsnocpe.rtCTBeHHO Ha MHOrQKBapROBOM oópa30BaHRH/55 • 

lIa y{}TaHOBKS OBELIX MOIlCHO BHnOJIHHT:D nORCK pe30HaHCOB B 
peaKUKHX rrO.rtXBa~a THIIa 

pd-/{pnJp, 
p ~ He -") (p """) 3}{e , 

a Ta~e.nORCR H-.rtHrHIIepOHa B peaK~ 

p A -) 1\ + A + X • 

HaMe~eH8 óOJI:Drnaa rrporpaMMa RCCJIe.rtoB8HRM po~eHEH 

(18) 

(19) 

cTpaHHHX 
~8CTnu Ha TflE~X ~x c UeJI:DID H3yqeHHH cBoHcTa BHCOKoBo36~eH­
Hofi R.rtapHOn M8TepHH. 

AHTKIIpoTOHH8H ~3KK8 HH3KRX 3HeprH~ Ha or~8aTCH RCCJIS.rtOB8­
H:WlMH: B UEPHa,yc.wraHHo OÓCY-Ai.AWOTCH ruIaHH CTJ)OHTf3JIlICTBa B JIaóopaTopIDi 
IDvi. çt1sp.m (ClllA) HeÓOJlliIIOro KOJThWl TmIa JIEAP, MOmHHS 11 BHCOKOHHTSH­
CHBHHe llyqKK aHTRrrpOTOHOB npe.rtIIOJIaraeTCH HMST:D H8 K80HHHX ~6pKK8x. 

TaK ~TO óy~se aHTRllpOTOHHOH ~3KKH HH3KKX 3HeprRn BHr~T .rto­
BOJI:DHO nspcrreKTHBHo II MHor006e~8~a. 

íI XOTeJI ÓH nOÓJIarO.It8pHT:D JI.A.KoH.lij)BTIDRa, E.O •Kep6HKoBa 1'1 
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CanO:IKHH:KOB M.r.	 P4-86-695 

I1cCJIe.u.oBaHH:H c aHTH:rrpOTOHaMH: na LEAR 

06CY)K,l],aIOTCH pe3YJIbTaTbI 3KCrrepH:MeHTOB no H:CCJIe.u.OBaHH:1O B3aH:MO­
.u.elicTBH:H aHTH:npOTOHoB HH:3KH:X 3HeprH:H,BbIIIOJIHeHHbIx na aHTH:npOTOH­
HOH ·cPa6pH:Ke LEAR B UEPHe. TIO.u.P06HO paCCMaTpH:BaeTCH 3KCnepH:MeH­
TaJIbHaH CH:TyaUH:H c nOH:CKaMH: peaoaaacos H: CBH3aHHbIX COCTOHHH:H B CM­
CTeMe HYKJIOH-aHTH:HYKJIOH.06cY)K,l],aeTCH <pH:3cH:QeCKaH nporpavrraa sxcne­
pJiMeHTOB, rcoropsre nnanapyerca ocyrnecrnnars na LEAR B 6y.u.YXUeM. 

Pa60Ta BbIIIOJIHeHa B JIa6opaTOpH:H: anepnsrx np06JIeM 0I1JU1. 

I1penpHHT 061le,IlHlfeHHOrO HHCTHTYTa anepnsrx accnenoaaaaã. .uy6Ha 1986 

TIepe:so.u..O.C.BMHorpa.u.OBoH 

Sapozhnikov M.G. P4-86-695 

Investigations with Antiprotons at LEAR Facility 

Experimental results on the investigation of low energy antiproton 
interaction at LEAR facility at CERN are' discussed. Status of the expe­
rimental searches for the resonances and bound states in NN system is 
described. The outline of physical program of the future LEAR experi­

r I ments is given. 

li' I The investigation has 
Problema , JINR. 

been performed at the Laboratory of Nuclear 
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