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3a111111Ta cocTOVITCH " J.. " Ok f...9 'Dk~ 2007 r. B __ '-1. __ MVIH. Ha 3a
' 

ceAaH111111 AV1ccepTa41110HHoro coseTa A 720.001.03 s O6beA111HeHHOM 111HcrnTyTe 

HAepHblX VICCJleAOBaHVli-1, r. ,l].y6Ha MocKOBCKOi-1 0611acrn. 

C AIIICCepTa4111ei-"i M0>KHO 03HaKOMVITbCH B 61116111110TeKe O6beAV1HeHHOro VIHCTVITyTa 

HAepHblX VICCJleAOBaHVli-1. 

AsrnpecpepaT pa3ocnaH " ,,// " ~A .P 

Y'-leHbli-1 ceKpeTapb AVICCepTal.\VIOHHOro C0BeTa 

AOKTOP Q)Vl3VIKO-MaTeMaTV1'-1eCKVIX HayK 

2007 r. 

/I IO. A. 5aTycos 

O5~A51 XAPAKTEPlt1CTlt1KA PA5OTbl 

AKTyanbHOCTb npo6neMbl. 

CTpyKTypa neryai,;w111x HAep Ha KOpOTKVIX paccT051H1151X Me>KAY HyKnOHa

MVI TNN < 0.5 cpM, TO eCTb np11 BblCOKVIX OTHOCVITeJlbHblX VIMnyllbCax qNN ~ 
1/rNN > 0.4 f3B/c, 111 NN-s3a11MOAei,;crn111e Ha MaJlblX paccT051HV151X 51BJ151IOTC51 

OAHOi,"i 113 cpyHAaMeHTaJlbHblX npo6neMaM 51AepHoi,"i cp113VIKVI. ,[\ei,;TpOH, KaK npo

nei,;wee HAPO, npeACTaBJl51eT B 3TOM acneKTe nepsoneneHHb1i,; VIHTepec. 3neK

TpOMarn111THbIe B3al1MOAei,;cTBVl51 51BJ151IOTC51 Ha1116onee npOCTblM VICTpyMeHTOM AJ151 

TeopeT111'-1eCKOi,"i VIHTepnpeTa4111111 3KCnep111MeHTOB B 3Toi,"i o6naCTVI, 11 npVI nepeAaH

HblX 111Mnynbcax Q = 2qNN <1 f38/c on111caH111e npo4eccos KaK B3aVIMOAei,;cTBVl51 1 

6ap1110HOB, 06MeHV1Ba10ll.\11XC5.l Me30HaMVI, HaXOAVITC51 B pa3yMHOM cornaCVIVI C 3Kcne

pV1MeHTaJlbHblMVI AaHHblMVl 1. OAHaKO np111 Q 2:1 f38/c B03paCTaeT pollb Me30HO

o6MeHHblX TOKOB (MEC) 111 HeonpeAeJ1eHHOCTei,"i B 111x TeopeT111YeCKOM on111caH11111. 

OTCyTCTBVle AOCTaTOYHoi,"i VIHcpOpMa4111111 0 B036Y>KAeHHblX COCT051HVl51X HYKJlOHOB 

He n03B0Jl51eT B paMKax TpaAVIL.\VIOHHblX 51AepHblX MOAenei,; on111caTb AaHHble no 

cporn-Ae3V1HTerpa41111 "'(d --, np y>1<e np111 3Heprn11 cpornHa E, ~ 1 f38 
2 

3TVI CJ10)KH0CTl1 MOryT CllY>K11Tb VIHAVIKaTOpOM He06XOAVIMOCTl1 HenocpeACTBeHHOro 

paCCMOTpeHVl51 KBapKOBoi,; CTPYKTYPbl aApOHa np11 on111caHV1VI AaHHblX, nonyyaeMblX 

B 3KCnep111MeHTax np111 BblCOKVIX nepeAasaeMblX VIMnynbCax. 

PeaKL.\11111 C aApOHaMVI B Ka'-lecrne V1H114111111pyt0Ll.\VIX YaCTVIL.\ MOryT CJlY>KVITb 

sa>KHblM AOnonH11TeJ1bHblM VICTO'-IHVIKOM 111HcpopMa4111111 KaK BB11AY npo6neMb1 MEC, 

TaK 11 noTOMY, '-!TO 3JleKTpOH-51AepHble B3aVIMOAei,;cTBVl51 YYBCTBl1TeJlbHbl TOJlbKO K 

KBapKOBOMY COCTaBy 51Apa VI He 3aTparnBatOT HenocpeACTBeHHO rlllOOHHOro nOJl51. 

nepBOCTeneHHbJi,"i VIHTepec np111 3TOM Bbl3blBaeT o6naCTb npoMe>KyTO'-IHblX 3Hep

rni,"i, 06ecne'-IV1Ba10ll.\a51 AVlana30H 3Ha'-1eH111i,"i OTHOCl1TeJlbHOro VIMnynbca HYKJlOHOB 

B Aei,;TpOl;ie q = 0.3 - 0.6 f38/c, rAe MeXaHVl3M OAHOHYKJlOHHOro o6MeHa ( cneK

TaTOpHbJi,"i MexaHV13M) MO>KeT cny>KVITb nepBblM np11611111>1<eHV1eM. 3To VIMeeT MeCTO 

noTOMy, '-!TO OCHOBHoi,"i BKJlaA B nOJlHOe ce'-1eH111e aApOH-Aei,;TpOHHOro B3aVIMOAei,"i

CTBVl51 AatOT npo4eCCbl B3aVIMOAei,;cTBVl51 VIHVIL.\VIIIIPYIOLl.\ero aApOHa C OAHVIM 1113 HYK

JlOHOB Aei,;TpOHa, TOrAa KaK Apyroi,"i HYKJlOH 111cnyCKaeTrn B KOHe'-IHOM COCT051HVIVI C 

1M. Garcon and J. W. Van Orden Adv. Nucl Phys £fi(2001) 293; 
F. Gilman and F. Gross, Journ. of Physics G28(2002) R37. 

2C. Boncha et al., Phys. Rev. Lett.fil(1998) 4576; 
V. Grishina, L. Kondratyuk, Eur. Phys. J A10(2001) 355 



111MnYJlbCOM, paBHblM ero senlll'-1111He B Ae~hpoHe B MOMeHT coyAapeHll15l (cneKTaTop

Hbl[;\ HYKllOH). OAHaKO 111HTepnpeTal_\1115l CylJ..\eCTBYIOIJ..\111X 3KCnep111MeHTaJ1bHblX AaH

HblX B 3TO[;\ o6naCTll1 OCJlO:>KHeHa BKllaAOM N* 111 ~-pe3oHaHCOB B npoMe:>KyTOYHOM 

COCT051Hll1111, All5l B036Y>KAeHll15l KOTOpblX 6011bw111e nepeAaY111 111MnynbCa He Tpe6yt0T

C5l. no3TOMY Afl51 1113yYeHll15l AOfl>KeH 6b1Tb Bb16paH npo4ecc, B KOTOpOM aMnllll1TYAb1 

o6pa30BaHll15l pe30HaHCOB 6blllll1 6bl nOAaBneHbl, C TeM, YT06b1 o6ecneYll1Tb AOMll1-

H111posaH111e MexaHll13MOB, YYBCTBll1TellbHblX K CBO[;\CTBaM N N-s3a111MOAe[;lcrn11151 Ha 

KOpOTKll1X paCCT05lHll15lX. B KaYecrne TaKOrO npo4ecca Afl5l AaHHO[;\ pa6oTbl 6blll 

Bb16paH npo4ecc 6e3Me30HHOro pa3sana Ae[;ITpOHa npoTOHOM c 111cnycKaH111eM npo

TOHHo[;I napb1 noA Manb1M111 yrnaM111 K npoTOHHOMy nyYKy: pd......., (pp)n 3
•
4

. TaKo[;I 

npo4ecc np111 npoMe>KyTOYHblX 3Hepr11151X paHee 3KCnep111MeHTaJ1bHO He 111CCJleAO

BallC5l. OA111H 1113 Ha1116011ee pa3Bll1TblX nOAXOAOB K on111caH11110 3TOro npo4ecca npeA

CTas11eH MOAellblO ONE+~+ss (o6MeH HYKllOHOM + B036Y:>KAeHll1e ~-111306apb1 

+ OAHOKpaTHoe pacce51H111e). CornacHO 3TO[;\ MOAe11111
3

, np111 o6pa3oBaHll1111 npOTOH

HblX nap B 1So KOHeYHOM COCT051Hll1111, aMnllll1TYAa B036Y:>KAeHll15l ~-111306apbl OKa-

3blBaeTC5l noAaBlleHa, a OAHOKpaTHOe pacce51Hll1e 111MeeT Ma11yt0 OTHOCl!lTellbHYIO 

Bep051THOCTb. no3TOMY npo4ecc pa3sa11a np111 3Hepr11151x 0.5 - 2.0 13B, 3a 111c

Kllt0YeH111eM 0611aCTll1 OKOllO 0.7 13B, onpeAell5leTC5l MexaHll13MOM OAHOHYKllOHHOro 

o6MeHa (ONE). AMn11111TyAa ONE, s cso10 oYepeAb, HenocpeACTBeHHO CB513aHa c 

noTeH4111a110M NN-s3a111MOAe[;lcTs11151_ Bb1Ae11eH111e npoTOHHblX naps 
1S0 cocT05lH111111 

AOcrnraeTC5l oT6opoM nap c Ma110[;1 OTHOC111Te11bHo[;I 3Heprne[;I Epp < 3 M3B. np111 

3TOM per1!1CTpa411151 npOTOHHblX nap, BbllleTalOIJ..\111X snepeA, o6ecneYll1BaeT 6011bwyt0 

se11111Y111Hy nepeAaHHoro 111Mny11bca B MexaH1113Me ONE, a Konn111HeapHa5l K111HeMaT111-

Ka no3BOJl5leT nposecT111 no11Hb1[;1 no1151p1113a41110HHb1[;1 3Kcnep111MeHT np111 1113MepeH111111 

A111cpcpepeH4111a11bHoro ceYeHll15l, TeH30pHo[;I aHa111113111pyt011.\e[;I cnoco6HocT111 T20 111 

K03cpcp1114111eHTa cn111 H-cn111 Hoso[;I Koppe11514111111 Cy,y. 

L\e11 b pa60Tbl. 

L\ellblO A111CCepTa41110HHO[;\ pa60Tbl 518115leTC5l 3KCnep111MeHTallbHOe 1113yYeH111e 

peaK4111111 6e3Me3oHHoro pa3sa11a Ae[;ITpoHa npoT0HaM111 p+ d......., (pp)+ n np111 

6011bwo[;I nepeAaYe 111Mny11bca npOTOHHO[;\ nape, 111MetOIJ..\e[;I Ma11yt0 OTHOCl!lTellbHYIO 

3HMaM6eKOB 0., Y3HKOB IO.H., 5I.11epHa>I cj,mHKa Q£, (1990) 1361 
CMttpHOB A., Y3HKOB IO.H., 5I.11epHa>I cj,H3HKa fil, {1998) 421 
Y3IIKOB IO.H., OH5IH E-200-149, ,l(y6Ha 2000 

4Beam time request to COSY proposal No. 20, spokesman V. Komarov (1999); 
http://www.fz-juelich.de/ikp/anke/en/proposals.shtml 
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3Heprnl0 B KOHeYHOM COCT051Hll1111, np111 3Hepr111111 nyYKa (0.6 - 1.9 13B). 

Pa6oTa BKlllOYaeT B ce65l nepBbl[;\ 3Tan 111CClleAOBaHll15l peaKl_\111111 - no11yYeH111e 

3HeprernYeCKO[;\ 3aBll1C111MOCT1!1 A111cpcpepeH4111a11bHOro ceYeHll15l /1, 2/ 111 1113MepeH111e 

seKTOpHo[;\ aHa111113111pyt011.\e[;I cnoco6HOCTl!l A[ nOA yrnaMll1 Bb111eTa npOTOHHO[;\ na

pbl, 6111113Kll1Mll1 K 0° /3/. (noc11eAHee 1113MepeHll1e 518115leTC5l TaK>Ke nOArDTOBKO[;\ K 

1113MepeH111t0 T20 111 Cy,y.) Pe3y11bTaTb1 3K.cnep111MeHTa cpasH111sat0TC5l c npeACKa3a

Hll1eM, no11yYeHHblM B paMKax MOAe11111 ONE+ss+~- TaKoe cpasHeH111e MO:>KeT no

Ka3aTb, AOCTaTOYHO 11111 on111caH111e npo4ecca B 1113yYaeMOM A111ana30He nepeAaHHblX 

111Mny11bCOB B TepM111Hax B3all1MOAe[;lcrn11151 HYKllOHOB, 11111111 KBapK-flllOOHHble CTene

Hll1 cso60Abl, np0518115llOIJ..\111eC5l B OTKllOHeHll1111 no11yYeHHblX AaHHblX OT HYKllOHHO[;\ 

KapTll1Hbl, HaY111Hat0T BHOCll1Tb CylJ..\eCTBeHHbl[;\ BKllaA. 

HayYHa5l HOBll13Ha. 

npoBeAeHHOe 1113MepeH111e 518115leTC5l nepBblM 3Kcnep111MeHTOM no 3KCKlll03111B

HOMY 1113yYeHll1IO peaKl_\111111 p + d--, (pp)s + n np111 yrnax BbllleTa npOTOHHO[;\ napbl 

B ll1HTepsa11e 0° - 10° Cl.\M 111 3Heprn51X nyYKa BblWe ~ 0.3 13B. 3Kcnep111MeHT 

npOBOA11111C5l Ha cneKTpoMeTpe ANKE, ycTaHosneHHOM Ha BHyTpeHHeM nyYKe npo

TOHHoro Cll1HXpOTpOHa COSY (f011111x, <!>Pr), 111 518115111C5l OAH111M 1113 nepBblX Ha 3TOM 

cneKTpOMeTpe. no3TOMY BBeAeH111e B CTpo[;I OAHOro 1113 OCHOBHblX AeTeKTOpOB cneK

TpOMeTpa - nepeAHero AeTeKTOpa, 661110 Heo6xOA111MO[;\ 3aAaYe[;\, B peweH111e KOTO

po[;I asrnpoM BHeceH pewat01J..\111[;1 BKllaA. nonyYeHHoe A111¢cpepeH4111anbHOe ceYeH111e 

npo4ecca YYBCTBll1TellbHO K BblCOK0111MnyllbCHO[;\ CTpyKType Ae[;ITpOHHO[;\ BOllHOBO[;\ 

cpyHK4111111 111, s orn111Y111e OT APYrlllX 111cc11eAosaH111[;1 pd-s3a111MOAe[;lcrn11151 s 3rn[;I 06-

nacrn nepeAaHHOro 111Mny11bca, s AaHHo[;I nocTaHOBKe 3Kcnep111MeHTa YAaeTC5l cy-

11.\ecrneHHO CH1113111Tb ponb MexaHll13MOB, MaCK111pyt01J..\ll1X 3TY CTpyKTYPY-

no11yYeHHa5l 3HeprernYeCKa5l 3aBll1C111MOCTb A111cpcpepeH4111a11bHOro ceYeHll15l 

AeMOHCTp111pyeT 51BHYIO npeAnOYTll1TellbHOCTb 111CnOJ1b30BaHll15l cospeMeHHOro Bbl

COKOTOYHOro CD-Bonn NN-noTeH4111ana5 nepeA Reid Soft Core6 111 nap111:>KCK111M 7 

noTeH4111anaM111 s 0611acrn nepeAasaeMb1x 111Mny11bcos 0.3 - 0.6 13B/c 111 BHe Mac

coso[;I nosepXHOCTll1. 3TOT noTeH4111an 0611aAaeT OTHOCll1TellbHO Hll13KO[;\, no cpasHe

Hll1IO c APYrlllM111 (RSC, nap111:>KcK111M) noTeH4111anaM111, BblCOK0111Mny11bcHo[;I KOMno

HeHTO[;\ s so11Hosb1x cpyHKL\1115lX 3S1 - 3D 1 111 3So cocTo5lH111[;1. B 3TOM oTHoweH111111 

5R. Machleidt, Phys. Rev. C61 (2001) 024001 
6J. R. V. Reidt, Ann. Phys. (NY) ,'i.Q (1968) 411 
7M. Lacombe et al., Phys. Lett. C21 (1980) 861. 
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OnlllCblBaeMblH 3KCnepL11MeHT YHLIIKalleH, TaK KaK onblTbl no pacce>1HLIIIO HYKllOHOB B 

CB060AHOM COCTO>!Hllllll AalOT LIIHcpOpMal.\LIIIO TOllbKO O noBeAeHllllll HYKllOH0B, Haxo

A>II.J..ILIIXC>I Ha MaCCOBOH nosepxHOCTLII. 

noseAeHL/le AlllcpcpepeHL\lllallbHOro Ce4eHLll>I KaYecrneHHO OnlllCblBaeTC>I pacYe

TOM B paMKax MOAelllll ONE+6+SS, 4TO He rosoplllT o >1BHOH Heo6xoAL11Mocrn yYe

Ta KBapK-flllOOHHblX CTeneHeH CB060Abl B LIICClleAyeM0H o6llaCTLII nepeAaHHblX LIIM

nyllbCOB. OAHaKO 6ollee onpeAelleHHblH BblB0A O Blllll>IHLIILII 3TLIIX CTeneHeH cso60Ab1 

AOll>KeH 661Tb CAellaH no pe3yllbTaTaM nOllHOro noll>!plll3al.\LIIOHH0ro 3KcnepL11MeH

Ta. Ha nepBOM 3Tane 3TOro 3KCnepL11MeHTa, B XOAe AaHH0H pa60Tbl 6bllla Bnepsb1e 

nollyYeHa seKTOpHa>1 aHallL113L11pyt01.J..1a>1 cnoco6HOCTb A~ s npol.\ecce pd--+ (pp) 8n 

nplll 3Heprn,ix nyYKa 0.5 LIi 0.8 13B LIi yrnax BbllleTa npOTOHHOH napbl, 6lllll3KLIIX K 

oo_ 

npaKTL/14eCKa>I l.\eHH0CTb pa60Tbl. 

B XOAe ALIICcepTal.\LII0HHOH pa60Tb1 sseAeH s CTpoi:1 nepeAHLIIH AeTeKTOp cneK

TpoMeTpa ANKE (COSY - IOlllllX, 1epMaHL11>1). ,[J,eTeKTop no3BOll>1eT pernCTplll

posaTb BbllleTalOI.J..lllle snepeA nOllO>Kl/lTellbH0 3ap>1>1<eHHble BTOpL114Hble 4aCTLIIL\bl, 

onpeAell>ITb VIX Tllln, TpaeKTOpllllO LIi LIIMnyllbC. OH LIICnOllb3yeTC>I nplll npoBeAeHllllll 

6ollbWLIIHCTBa 3KcnepL11MeHTOB Ha ANKE. OTpa6oTaHbl MeTOALIIKLII LIIHCTpyMeHTallb

Horo onpeAelleHL/1>1 nollO>KeHL/1>1 KO0PALIIHaTHblX AeTeKTOpOB, a TaK>Ke YT04HeHLll>I VIX 

nOllO>KeHLll>I C LIICnOllb30BaHllleM 3KCnepL11MeHTallbHblX AaHHblX, MeTOALIIKLII onpeAe

lleHL/1>1 LIi yYeTa 3cpcpeKTLIIBHOCTLII AeTeKTOpHOH CLIICTeMbl. 

Co3AaHa CLIICTeMa 06pa60TKL11 AaHHblX s nepeAHeM AeTeKrnpe ANKE, npL11-

MeH>1eMa>1 All>! nollyYeHL11>1 pe3yllbTaTOs s 3KcnepL11MeHTax Ha ANKE, LIICnOllb3y

lOI.J..ILIIX nepeAHLIIH AeTeKTOp. Pa3pa6oTaHbl LIi aAanrnposaHbl All>! ANKE MeTOAbl 

BOCCTaHOBlleHL/1>1 LIIMnyllbCa, n0LIICKa TpeKOB, KallL116pOBKLII LIIMnyllbCHOH WKallbl LIi 

AP- 3Tlll MeTOAbl LIICnOllb3YIOTC>I B o6pa60TKe AaHHblX HeCK0llbKLIIX AeTeKTOpHblX 

CLIICTeM ANKE LIi MoryT 661Tb nplllMeHeHbl B 3KcnepL11MeHTax Ha Apyrnx yCTaH0BKax. 

OTpa6oTaHa MeTOALIIKa nOll>!pL113al.\LIIOHHblX lll3MepeHLIIH C npoTOHHblM ny4KOM 

Ha ANKE, Heo6xOAL11Ma>1 All>! noclleAYtOI.J..ILIIX lll3MepeHLIIH T20 LIi CY,Y s npol.\ecce 

pd--+ (pp).(0°)n. Cy1.J..1eCTBeHHOe pacxo>+<AeHllle lll3MepeHHOH seKTopHOH aHalllll3L11-

pyt01.J..1ei:1 cnoco6HOCTLII s 3TOM npol.\ecce c npeACKa3aHL11eM MOAelllll ONE+6+SS 

Aallo TOll40K K noL11cKy HOBblX nyTei:1 onL11caHL11>1 cnlllHOBOH CTpyKTYPbl npol.\eC

ca, s YacTHocrn, BKllaAa 6-MexaHLll3Ma. B cs>13lll c 3TLIIM Ha ANKE npeAll0-

4 

>KeH nOll>!pL113al.\LII0HHblH 3KcnepL11MeHT no lll3y4eHLIIIO npOL\eCC0B pp --+ (pp);rr0 
VI 

pn--+ (pp).1r-, pe3yllbTaTbl KOTOporo HY>KHbl All>! nplllMeHeHL/1>1 MOAelllll OAHOnlll

OHHOro o6MeHa (OPE) K npol.\eccy p + d--+ (pp) 5 (0°) + n. 

B l.\ellOM, pe3yllbTaTbl LIi BblBOAbl ALIICCepTal.\llllll MOryT 661Tb LIICnOllb30BaHbl 

nplll nllaHlllpOBaHllllll LIi npoBeAeHllllll LIICClleAOBaHLIIH npol.\eCCOB npOTOH->!AepHblX B3a

LIIMOAeHCTBLIIH C 6ollbWOH nepeAa4eH LIIM;YllbCa, a TaK>Ke B TeopeTL/14eCKLIIX LIICCJle

AOBaHLll>IX csoi:1cTs NN-s3aL11MOAei:1cTBL11>1. 

Ha 3al.J..ILIITY BblH0CLIITrn: 

1. lt13MepeHllle AL11cpcpepeHL\L11allbHoro ceYeHL11>1 npol.\ecca p + d--+ (pp).(Bpp) + 

n, ycpeAHeHH0fO B LIIHTepBalle yrnos 0';; OT 0° AO 8° nplll 6-Tlll 3Hepr:lll>IX 

npoTOHH0ro nyYKa (0.6, 0.7, 0.8, 0.95, 1.35 LIi 1, 9 13B). 

2. lt13MepeHllle seKTOpHoi:1 aHallL113L11pyt01.J..1eH cnoco6HoCTLII A~ s npol.\ecce pd--+ 

(pp) 8n nplll 3Heprn,ix npoTOHHoro nyYKa 0,5 LIi 0,8 13B s Alllana30He yrnos 

BbllleTa HeHTpOHa 0';;" = 166 - 180°. 

3. Pa3pa6oTKa amoplllTMOB LIi CLIICTeMbl nporpaMM, BKlll04alOI.J..ILIIX MOAelllllpO

BaHllle cneKTpoMeTpa ANKE, peKOHCTPYKL\LIIIO TpaeKTOplllH LIi 3-x LIIMnyllbCOB 

pernCTplllpyeM blX YaCTLIIL\, on peAeJleH LIie 3cpcpeKTLII BHOCTLII npon0pl.\LII0Hall b

H blX KaMep LIi npol.\eAYPbl peKOHCTPYKL\llllll co661rni:1, KallL116poBKL11 L11MnyllbCHOH 

WKallbl LIi fOAOCKOnOB. 

4. Pa3pa6oTKa MeTOALIIKLII onpeAelleHLll>I reoMeTplll4eCKLIIX napaMeTpOB cneKTpO

MeTpa C LIICnOllb30BaHllleM Ha6opa KallL116poB04HblX peaKL\LIIH. 

5. Pa3pa6oTKa MeTOALIIKLII onpeAelleHLll>I cseTLIIMOCTLII nplll B3alllMOAeHCTBllllll 

sHyTpeHHero nyYKa ycKopL11Tell>1 COSY co CTpyi:1Hoi:1 KllaCTepHOH ML11WeHbt0 

cneJ<TpoMeTpa ANKE. 

CTpyKTypa AL11ccepTal.\L11L11. 

,[J,L11ccepTal.\L11>l COCTOLIIT l/13 BBeAeHLll>I, 4eTb1pex mas, 3aKlll04eHLll>I, CnlllCKa 

lll/lTepaTypbl l/13 100 Hal/lMeHOBaHLIIH LIi nplllllO>KeHLll>I. nollHblH 06beM ALIICCepTal.\llllll 

125 CTpaHLIIL\bl, BKlll04a>I 58 plllCYHKOB LIi 8 Ta6llllll.\. 

Anpo6aL1L11>1 pa60Tb1. 

MaTeplllallbl ALIICCepTal.\llllll OCH0BaHbl Ha pa6oTax [1-6], ony6lllllKOBaHHblX B 

>+<ypHallax "Physics Letters", "Physical Review Letters", "Nuclear Instruments and 
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Methods", "Physica Scripta" 111 11 n111cbMa B >KypHan <P1113111Ka 3neMeHTapHblX 4acrnu, 

111 aTOMHoro 51Apa 11
(

11 n111cbMa B 3LJA5l 11
). Pe3ynbTaTb1 pa60Tb1 AOKnaAb1san111cb 

Ha Me>KAYHapOAHblX KOHcpepeHu,11151x CHEP'98 111 STORl'02, ERICE'02, Hay4HblX 

ceM111Hapax fl5ln 01/1511/1 111 3aceAaH1115lx HeMeu,Koro cp11131114eCKoro o6w,ecrna. 

OCHOBHOE CO,l],EP>KAHI/IE PA5OTbl 

Bo BBeAeHll1111 o6oCHOBaHa aKTyanbHOCTb 111ccneAyeM0"1 npo6neMbl, ccpopMy

n111poBaHbl u,enb 111 3aAa4111 A111CCepTaLJ,1110HH0"1 pa6oTbl, nepe4111cneHbl nony4eHHble B 

A111CCepTau,111111 HOBble pe3ynbTaTbl 111 on111caHa CTPYKTypa All1CCepTaU,111111. 

B nepso(,1 rnase on111caHa npo6neMa B3a111MOAe"1CTBll15l npoTOHOB c Ae"1Tpo

HaM111 np111 BblCOKll1X nepeAaBaeMblX 111Mnynbcax 111 1113y4eH1115l CTPYKTYPbl N N

B3all1MOAe"1cTBll15l Ha ManblX paCCT05lHll15lX. B He"1 npoBeAeH o63op 3KCnep111MeHTanb

H0"1 C111Tyau,111111 B 1113y4eHll1111 pd-CTOnKHOBeH111"1 B KyMyn5lTll1BH0"1 o6naCTll1 111 1113nO>KeHO 

060CHOBaH111e HOBOro 3KCnep111MeHTanbHOro nOAXOAa K 3T0"1 npo6neMe. 

OCHOBH0"1 npo6neMo"1 np111 1113y4eHll1111 CTpyKTypbl 51Apa Ha ManblX paCCT05lH111-

5lX B pd-B3all1MOAe"1CTBll15lX 51Bn5leTC5l pa3AeneH111e 3cpcpeKTOB, CB513aHHblX C 51AepH0"1 

CTPYKTypo(,1 Ha KOpOTKll1X paccT05lHll15lX, 111 3cpcpeKTOB, Bbl3blBaeMblX MexaH1113MaMll1 

B3a111MOAe"1crn1115l, cna6o 4yscrn111TenbHb1M111 K 3To"1 CTPYKType (so36y>KAeH111e N* 

111 .6.-pe30HaHCOB B npoMe>KyT04HOM COCT051H111111). 

1naBHblMll1 HanpasneHll15lMll1 npeAWeCTBOBaBWll1X 3Kcnep111MeHTOB B 3T0"1 o6-

naCTll1 6b1n111: 111HKnl03111BHoe 111 nony111HKn103111BHoe 1113y4eH111e pa3Bana Ae"1TpOHa np111 

CTOnKHOBeH111111 c npornHaM111 111 51ApaM111, 1113y4eH111e ynpyroro pd-pacce51Hll15l Ha3aA 

111 3KCKnl03111BHOe 111ccneAOBaH111e 6e3Me30HHOro pa3sana Ae"1TpOHa B Kll1HeMaTll1Ke 

KBa3111ynpyroro N N-pacce51H1115l. B u,enoM, onpeAeneHH0"1 111HcpopMau,111111 o Bb1coKo-

111MnynbcH0"1 CTPYKType Ae"1TpoHa np111 q > 0, 3 13B/c nony4eHo He 6b1no. B 1113y-

4aeMblX npou,eccax np111cyTcrnyeT HeCKOnbKO 3cpcpeKTOB, MaCK111py10w,111x CTpyKTypy 

Ae"1TpOHa B o6nacrn nepeKpb1rn51 HyKnOHOB: np111 ysen1114eH111111 q 6b1CTpo B03pac

TaeT ponb BHeMaccOBblX 3cpcpeKTOB B NN-pacce51Hll1111; KpoMe Toro, KaK SS, TaK 111 

B036Y>KAeH111e .6.-111306apb1 MoryT npll1B0A111Tb K 111cnyCKaH11110 6blCTporo HyKnOHa B 

KOHe4HOM COCT051Hll1111 6e3 111CnOnb30BaHll15l BblCOK0111MnynbCH0"1 KOMnoHeHTbl Ae"1-

Tp0HH0"1 BOnHOB0"1 cpyHKU,111111. 

,l],n51 on111caH11151 ynpyroro pd-pacce51Hll15l Ha3aA fl. A. KoHApaTtOKOM, <P. 
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M. JlbBOM, fl. B. Wes4eHKo8 , fO. H. Y3111KOBblM 111 AP-9 6b1na pa3B111Ta MOAenb 

ONE+.6.+SS, c noMOW,blO KOTopo"1 YAaeTc5l Ka4ecrneHHO socnpo1113secrn 3Hep

reT1114ecKy10 3as111c111MOCTb A111cpcpepeHu,111anbHOro ce4eHll15l npou,ecca B A111ana3oHe 

3Heprn111 npoTOHHoro ny4Ka 0.2 - 3.0 13B 111 T20 B A111ana3oHe 0.2 - 0.4 13B. Kon

n111HeapHa5l K111HeMaT111Ka peaKu,111111 pd - (pp).(0°)n o4eHb 6n1113Ka K K111HeMaT111Ke 

pd-pacce51Hll15l Ha3aA, cneAOBaTenbHO, OAH111 111 Te >Ke MexaHll13Mbl MOryT paccMaTp111-

BaTbC5l np111 on111caH111111 060111x npou,eccos. npe111Myw,ecrno 1113y4eH1115l pa3sana Ae"1-

TpoHa B TaK0"1 Kll1HeMarnKe cocTOll1T B noAaBneH111111 aMnn111TyA B036Y>KAeHll15l .6., N* 

Ha 11130TOnll14eCKll1"1 cpaKTOp 1/3, 4TO nOBblWaeT OTHOCll1TenbHbl"1 BKnaA OAHOHyK

noHHOro o6MeHa, 4YBCTBll1TenbHOro K 51AepHo"1 CTPYKType Ha KOpOTKll1X paCCT05l

Hll15lX10. l/lcnonb30BaH111e 3T?rO npe111Myw,ecrna BCTpe4aeT 3Ha4111TenbHble TPYAHO

CTll1 np111 noCTaHOBKe COOTBeTCTBYIOW,111X 3KCnep111MeHTOB. npeACKa3blBaeMa5l TeO

p111e"1 sen1114111Ha ce4eHll15l np111MepHo Ha ABa nop51AKa H111>Ke ce4eHll15l ynpyroro pd

pacce51Hll15l Ha3aA, B TO BpeM5l KaK ca MO 3TO Ce4eH111e COCTaBn5leT 200- 2 MK6H/cp 

np111 3Heprn5lx 0.6 - 2.0 13B, coorneTCTBeHHO. TaK KaK A111q:>paKU,1110HHoe pacce51-

H111e npOTOHOB Ae"1TpOHaMll1, 06pa3y10w,ee OCHOBH0"1 nOTOK npOTOHOB nOA ManblMll1 

yrnaMll1 K ny4KY, 111MeeT Ce4eH111e OKOnO 100 M6H/cp, BblAeneH111e npOTOHOB ll1HTe

pecyt0w,ero npou,ecca AOn>KHO np0111CXOA111Tb B conpOBO>KAeHll1111 noTOKa npOTOHOB 

B 5 x 104 - 5 x 106 6onbwe"1 111HTeHc111BHocrn. KpoMe Toro, 1113y4eH111e npou,ecca 

Tpe6yeT pa3pewa10w,e"1 cnoco6Hocrn 3Kcnep111MeHTa no OTHOC111TenbH0"1 3Heprn111 

npoTOHOB B nape Ha ypOBHe 0.1 - 0.3 M3B np111 pernCTpau,111111 npOTOHOB C 3Hep

rne"1 B 111HTepsane OT 260 AO 940 M3B. 3m o6b5lCH5leT, no4eMy Ha6nt0AaeMb1"1 

npou,ecc Hll1KOrAa He Ha6n10Aanc51 paHee AO Hacrn51w,ero 3KCnep111MeHTa. 

Bo BTOpo(,1 rnaBe AaHO on111CaH111e Cll1HXpOTpOHa CQSY11 111 4aCTe"1 yCTaHOBKll1 

ANKE12 , 111cnonb30BaHHblX An51 nony4eH1115l npeACTaBn5leMblX pe3ynbTaTOB. B He"1 

TaK>Ke np111BOA51TC5l ycnOBll15l 111 MeTOA111Ka npoBeAeHHOrO 3KCnep111MeHTa. 

YcKop111Tenb COSY 06ecne4111saeT ny4Kll1 Henon5lp11130BaHHblX 111 non5lp11130-

BaHHblX npoTOHOB 111 Ae"1TpoHoB c 111MnynbCOM 294 - 3700 M3B/c. CneKTpoMeTp 

ANKE pacnono>KeH Ha BHyTpeHHeM ny4Ke COSY, ero rnCTeMa cneKTpoMeTp1114e

CK111x MarHll1TOB no3BOn5leT npOBOA111Tb 1113MepeHll15l BO BCeM A111ana30He 3Hepr111"1 

8JI. KOHAJJaTJOK, JI. llieB'!eHKO, 5!<1> l\!(1979) 792; JI. KDHAJJaTJOK 11 ,llJl. 5!<!> ;u(l981) 1208 
90. Imambekov et al. Z. Phys. A332(1989) 349; IO. Y311Koa, 3'1A5I, l\!(1998) 1405 

10Yu. N. Uzikov, J. Phys. G: Nucl. Part. Phys . .£!!(2002) Bl3 
11R. Maier, NIM A390(1997) 1 
128. Barsov et al., NIM A462(2001) 364. 
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COSY. B Vl3MepeHVIVI pa3Bana ,D,eiilTpoHa 6b1J1 vicnonb30BaH nepe,D,HVIH ,D,eTeKrnp 

ANKE (pVIC. 1), pernCTpV1py10L1.1V1H nono>KV1TeJ1bH0 3apH>KeHHb1e yaCTVIL\bl c VIM

nynbC0M, 60JJbWVIM 0.4 f3B/c, n0,D, MaJlblMVI ( < 15°) yrnaMVI K nyYKY /4/. ,[l,eTeK

TOp BKJIIOYaeT 3 6blCTpb1X nponopl.\VI0HaJJbHblX KaMepbl C waroM 1.05 MM, rD,l],0CK0n 

CL\VIHTVIJIJIHL\VI0HHblX CYeTYVIKOB, cny>Kal..l.lVIH ,ll,JIH Bb1pa60TKVI TpVlrrepa, Vl3MepeHVIH 

BpeMeHVI pernCTpal.\VIVI YaCTVIL\ VI noTepb 3HeprnV1, VI rD,ll,0CK0n YepeHK0BCKVIX CYeT

YVIK0B. KaMepbl no3B0JIHIOT B0CCTaHaBJJVIBaTb TpaeKT0pVIIO VI VIMnyJJbC YaCTVIL\, 0T

KJIOHeHHblX noneM cneKTp0MeTpVIYeCK0ro MarHVITa D2. 

Spectator 
detector 

~ 

cluster 

:L-
50 cm 

X 

D2 magnet 

hodoscope 

COSY Internal 

D3 magnet 

Cherenkov 
hodoscope 

PVIC. 1. CxeMa perncTpa11,m rrpo11ecca pd--, (pp) 5 n B rrepe,zJ,HeM ,!\eTeKTOpe ANKE. ,LJ:eiiTepneaa>I 

CTPY" KJiaCTepHOii MllIIIe!UI HarrpaaJieHa ( CBepxy BHII3) ITO HOpMaJill K IIJIOCKOCTH pllCJHKa. 

CneKTpoMeTp ANKE npe,D,0CTaBJJHeT YHV1KaJ1bHb1e B03M0>KHocrn ,D,JJH Vl3yYe-

HVIH VIHTepecy101..1.1eH peaKL\VIVI: 

0TKJI0HeHVle YaCTVIL\, VICnycKaeMblX MVIWeHblO, s none MarHVITa D2 cy1..1.1e

CTBeHH0 CHVl>KaeT 3arpy3KVI ,D,eTeKT0p0B, 

VICn0Jlb30BaHVle CTPYHHOH MVIWeHVI B BaKyyMHOH KaMepe ycK0pVITeJJH no3-

B0JIHeT n0JJH0CTblO Vl36e:>KaTb cpoHa, B03HV1Ka101..1.1ero B K0HCTpyKTVIBHblX 3Jle

MeHTax (CTeHKax, OKHax) >KVl,ll,KO,D,eHTepV1eBblX MVIWeHeH Ha BblBe,D,eHH0M nyY

Ke, 

nepe,D,HVIH ,D,eTeKT0p ANKE no3B0JJHeT pernCTpVlposaTb npol.\ecc BnJJ0Tb ,D,O 

HyneBblX 3HaYeHVIH nonHpH0ro yrna cyMMapHoro VIMnyJJbCa npoTOHHOH napbl, 

8 
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,\ 
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cneKTP0MeTp o6na,D,aeT ,ll,0CTaT0YH0 BblC0KOH pa3pewa101..1.1eH cnoco6HOCTblO 

npVI B0CCTaH0BJJeHVIVI 3-x VIMnyJJbCa BT0pVIYHblX np0T0H0B, 

CBeTVIM0CTb VI aKcenTaHC, ,ll,0CTVlraeMble B yCTaH0BKe, n03B0JIHIOT Ha6V1paTb 

CTaTVICTVIKY ,ll,JIH np0L\ecca c ceYeHV1eM 1 - 0.01 MK6H/cp, 

nonHpV130BaHHblH npoTOHHblH nyYoK_COSY 06ecneYV1BaeT B HaCT0Hl..l.lee spe

MH Vl3MepeHVle BeKT0pHOH aHaJ1V13V1py101..1.1eH cnoco6HOCTVI peaKL\VIVI, a npVI 

BBe,D,eHVIVI B CTp0H C03,D,aBaeMOH Ha ANKE nonHpV130BaHHOH MVIWeHVI B ,D,aJJb

HeHweM 6y,D,eT B03M0>KHblM Vl3MepeHVle TeH30pH0H aHaJ1V13V1py101..1.1eH cnoco6-

H0CTVI VI napaMeTp0B cnVIH-CnVIH0BblX K0ppeJJHL\VIH. 

Vl3MepeHVle ,l],VlcpcpepeHL\VlaJlbHOro ceYeHVIH np0VICX0,l],VIJI0 B cpespane 2001 r. 

C VICn0JJb30BaHVleM ,D,eHTepVleBOH KJJaCTepHOH MVIWeHVI. VlcnoJJb30BaJIVICb 3HeprnV1 

nyYKa 0.6, 0.7, 0.8, 0.95, 1.35 VI 1.9 f3B, YT0 no3B0JIVIJI0 VICCJJe,l],0BaTb paHOHbl 

npe,D,nonaraeMblX MVIHVIMyMa (~ 0.8 f3B) VI nnarn (> 1 f3B) ceYeHVIH. Ha neHTY 

6b1no 3anV1caHo 60 - 140 MVIJJJJVI0Ha co6b1rnH npVI Ka>K,D,OH 3HeprnV1, npVI csern

Mocrn 0.35 - 0.5 X 1030cM-2c 1. 

BeKTOpHaH aHaJJVl3V1py101..1.1aH cnoco6HOCTb 6b1J1a Vl3MepeHa npVI 3HeprnHX 

nyYKa 0.5 VI 0.8 f3B B V110ne 2003 r. Vlcnonb30Banacb ,D,eHTepVleBaH KJJaCTepHaH MVl

weHb VI nonHpV130BaHHblH nyY0K np0T0H0B, MeHHIOl..l.lVIH HanpaBJ1eHV1e cnVIHa Ka:>K

,l],ble 10 MVIH. nonHpV13al.\VIH nyYKa npVI 3HeprnV1 0.8 f3B onpe,D,eJJHJJaCb C n0M0l..l.lblO 

ynpyroro pd-pacceHHVIH. L.\VIKJJ yCKopV1TenH cocTOHJJ Vl3 Tpex nnarn c 3HeprneH 0.8, 

0.5 VI CH0Ba 0.8 f3B. 3m no3B0JIVIJI0 npVIMeHVITb MeT0,l],VIKY 3KcnopTa n0JJHpV13a

L\VIVl13 ,D,JJH onpe,D,eneHVIH nonHpV13al.\VIVI nyYKa npVI 0.5 f3B. HaH,D,eHHaH TaKVIM o6-

pa30M BeJ1V1YV1Ha nonHpV13al.\VIVI cocTasvina 0.548 npVI 0.5 f3B VI 0.578 npVI 0.8 f3B 

c owV16KOH, He npeBb1wa101..1.1eH 0.01. 

TpeTbH rnasa noCBHl..l.leHa 0nVICaHVIIO CVICTeMbl o6pa6oTKVI ,D,aHHblX s nepe,D,

HeM ,D,eTeKT0pe cneKTpoMeTpa ANKE, npV1MeHHeMOH B 6onbWVIHCTBe 3KcnepV1MeH

T0B Ha 3TOH ycTaH0BKe. B 3TOH rnase npe,D,CTaBJIHIOTCH MeT0,l],bl o6pa6oTKVI VI HaVl-

6onee xapaKTepHble npVIMepbl VIX npVIMeHeHVIH K ,D,aHHblM, nonyYeHHblM c n0M0l..l.lblO 

nepe,D,Hero ,D,eTeKTopa ANKE. _OnV1caHV1e CVICTeMbl o6pa6oTKVI npV1Be,D,eHo B pa6oTe 

/5/. 
13R.E. Pollack et. al., Phys.Rev. E55(1997) 7606 
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nporpaMMa MOAem1posaHH>1, C03AaHHa>1 Ha ocHose 6H611HoTeKH GEANT3, 

BKlllO'-laeT AeTallbHOe onHCaHHe yCTaHOBKL-1 L-1 HCnOllb3yeT L,13MepeHHble L-1 paCC'-IL,1-

TaHHble TpexMepHb1e KapTbl no11>1 cneKTpOMeTpH'-leCKHX MarHHTOB ANKE. OHa npH

MeH>111acb KaK npH n11aHHposaHHH 3KcnepHMeHTa no pa3sa11y Aei.hpoHa, TaK H s 

XOAe o6pa60TKH 3KCnepHMeHTallbHblX AaHHblX. B pe3yllbTaTe MOAellHpoBaHH>l 66111H 

no11y'-1eHbl pa3peweHH>l no BOCCTaHOBlleHHOMY L-1Mny11bcy, HeAOCTalOl.lleH Macce L-1 

3HeprnH B036Y>KAeHH>l npoTOHHOH napbl B peaKL\HH pd-+ (pp) 8 (0°)n, a TaK>Ke pac

C'-IHTaH reoMeTpH'-leCKHH aKcenTaHc ycTaHOBKH. lt1Mny11bCHoe pa3peweHHe (RMS) 

cneKTpOMeTpa npH no11e s D2, paBHOM 1.6 T, cocns11>1eT a(/::;,.p)/p = 0.5 - 1% 

AllH npoTOHOB c HMny11bcaMH 0.5 - 3.0 f::iB/c. Pa3peweHHe no HeAocn101.11eH 

Macce paBHO 15 - 20 M::iB, B 3aBHCHMOCrn OT 3HeprnH ny'-IKa, a 3Heprn,i B036y>K

AeHH>l napbI MO>KeT 661Tb soccTaHos11eHa c TO'-IHOCTblO a(Epp) < 0.4 M::iB npH 

Epp = 0 - 3 M::iB, '-ITO Ae11aeT B03MO>KHblM BbIAe11eHHe co6b1rnH s 3TOM AHa

na3oHe Epp· BellH'-IHHbl pa3peweHH>l, no11y'-leHHble C n0MOl.llblO MOAe11HpOBaHH>l, 

xopowo cosnaAalOT C 3KcnepHMeHTallbHO Ha611t0AaeMblMH. 

,[\11,1 BOCCTaHOBlleHH>l L-1Mny11bca B nepeAHeM AeTeKTOpe aBTOpOM aAanTHpo

saH 11 nOllHHOMHallbHblH 11 MeTOA, B KOTOpOM Ka>KAa>l KOMnOHeHTa 3-x HMny11bca 

npeACTas11>1eTC>l B BHAe MHOrD'-llleHa TpeTbeH CTeneHH OT napaMeTpOB L-13MepeHHO

ro TpeKa. noKa3aHO, '-ITO HeTO'-IHOCTb TaKOH annpOKCHMal\HL-1 B 5-10 pa3 MeHbWe 

3KcnepHMeHTallbHOrO pa3MbITH>l BOCCTaHOBlleHHOro HMnyllbCa. KpoMe Toro, All>l 

yc110BHM ANKE 66111 pea11L-13osaH MeTOA socCTaHOBJleHH>l L-1Mny11bca c noMOl.llblO 

HHTerpHpOBaHH>l TpaeKTOpHL-1 '-laCTHL\bl B MarHHTHOM none (MeTOA PyHre-Kyna), 

BKlllO'-lalOl.1.IHH B ce6,i aHallHTH'-leCKOe Bbl'-IHClleHHe MaTpHL\bl npOL-13BOAHblX L,1 y'-leT 

3Heprern'-leCKHX noTepb s se1.11ecrne. B ornH'-IHe OT pacnpocTpaHeHHoro sapHaHTa 

3Toro MeT0Aa, B KOTOpOM HHTerpHposaHHe np0H3B0AHTC>l BAOllb OAHOH L-13 oceH, 

B AaHHOH peallH3al\HH TaKoe ynpo1.11eHL-1e He AellallOCb, '-ITO n038011HllO npHMeHHTb 

MeTOA KO sceM AeTeKTOpaM ANKE. 3TOT MeT0A KpaTKO onHcaH s pa6oTe /6/. AHa

llHTH'-leCKOe 86I'-IHClleHHe npOH3BOAHblX cy1.11ecTBeHHO nOBblWaeT CKOpOCTb pac'-leTa 

L,1 n0380115leT npHMeH>lTb 3TOT MeTOA K AOCTaTO'-IHO 6011bWHM ( ~ 106 
co6blTHH) 

MaCCHBaM OTo6paHHblX co6b1THH. 

3cpcpeKrn BHOCTb n ponopl\HOHall bH blX Ka Mep 0Ka3allaCb H H)Ke 100% ( OT 80 

AO 100% Ha Ka>KAOH '-IYBCTBHTellbHOH n11ocKocrn), npl-1 3TOM HeOAHOPOAHOH no 

nosepxHOCTL-1 L,1 HeCTa6HllbHOH BO speMeHH. ,[\11>1 y'-leTa 3TOro 3cpcpeKTa 66111a pa3-
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BHTa MeTOAHKa pac'-leTa nosepxH0CTHblX KapT 3cpcpeKTHBHOCTH, npOBOAHMOro C 

HCnOllb30BaHHeM 3KcnepHMeHTallbHblX AaHHblX. KapTbl paC'-IHTblBallHCb All>l Ka>K

AOro npoMe>KyTKa speMeHH, B Te'-leHHL-1 KOTOporo 3cpcpeKrnBHOCTb 66111a CTa6Hllb

Ha. nonpasKa Ha He3cpcpeKTHBHOCTb BBOAHllaCb KaK HHAHBHAya11bHblM sec TpeKa, 

3aBHC>l1.11HH OT nepeceKaeMOH HM 0611aCT~ KaMepbl. 

LJrn661 nOBblCHTb TpeKOBYIO 3cpcpeKTHBHOCTb, B oco6eHHOCTH All>l HHTepecy

lOl.1.IHX Hae ABYXTpeK0BblX co6blTHH, HCnOllb30BallC>l a11ropHTM nOHCKa TpeKOB, He 

Tpe6y101.11HH cpa6aTblBaHHH Ha Ka>KA0H nllOCKOCTH L,1 He HCnOllb3YI01.11HH onopHblX 

nllOCKOCTeH. ,[\11,1 0l\eHKL-1 Ka'-leCTBa TpeKa B HeM HCnOllb3YIOTC>l npeABapHTellbHO 

no11y'-leHHble KapTbl 3cpcpeKTHBHOCrn. 611arOAap,1 KOM6HHaTopHOMY nOHCKY, 061.11a>1 

3cpcpeKrnBHOCTb BOCCTaHOBJleHL-151 ABYXTpeKOBblX co6blTHH COCTaBHlla 90%. TaK>Ke 

66111a peallH30BaHa AeTallbHa>l npOL\eAypa Ol\eHKL-1 3cpcpeKTHBHOCrn BOCCTaHOBlle

HL-151 611L-13KHX TpeKOB s co6b1rn>1x L-13 npol\ecca pd-+ (pp) 8 (0°)n, noKa3aswa,i, '-ITO 

cy1.11ecrneHHble (> 20%) noTepH npH BOCCTaHOBlleHHL-1 611L-13KHX TpeKOB Ha'-IHHalOT

C>l TOllbKO B 0611acrn EPP < 0.2 M::iB. 

B CB>l3H C TeM, '-ITO no3Hl\HH KOOPAHHaTHblX AeTeKTOpOB He MOrlll-1 661Tb L,13-

MepeHbl C Heo6XOAHMOH TO'-IHOCTblO ( ~ 100µ), 66111a pa3pa6oTaHa MeTOAHKa nOA

CTpOHKL-1 reoMeTpH'-leCKHX KOHCTaHT yCTaHOBKL-1 npH nOMOl.1.IL-1 3KCnepHMeHTallbHblX 

AaHHblX. B HeH HcnOllb30BallHCb 
11

Ka11L-16pOB0'-1Hble 11 peaKL\HL-1 C nOllHOCTblO BOCCTa

HaBllHBaeMOH KHHeMaTHKOH, npH 3T0M KOOPAHHaTbl AeTeKTOpOB BapbHpOBallHCb 

All>l AOCTH>KeHH>l HaHMeHbWero OTKllOHeHH>l BellH'-IHH HeAOCTalOl.1.IHX Mace B 3THX 

peaKL\HHX. OcTaTO'-IHble OTKllOHeHL-1>1 He npeBbIwa11H 11 M::iB/c
2

, '-ITO no3so11L-1110 

ysepeHHO HcnOllb30BaTb HeAOCTalOl.1.IYIO Macey B Ka'-lecrne KpHTepH>l All>l BblAelle

HL-151 npol\ecca pd -+ ppn. Bo3MYl.lleHHe socCTaHOBJleHHOH 3HeprnH B036Y>KAeHH>l 

npOTOHHOH napbl npH TaKOM CMe1.11eHHH, KaK noKa3allO MOAellHpOBaHHe, npeHe6pe

)KL,1MO. 

B yernepTOH rnase H3llO>KeHa npol\eAypa no11y'-leHH>1 ::iHeprern'-leCKOH 3aBH

CHMocrn AHcpcpepeHL\HallbHOrO Ce'-leHH>l L,1 BeKTopHOH aHallH3Hpy101.11eH cnoco6-

HOCTH npol\ecca 6e3Me30HHOrO pa3sa11a AeHTpOHa npOTOHOM C HCnycKaHHeM sne

peA npOTOHHOH napbl C MallOH OTHOCHTellbHOH 3HeprneH. no11y'-leHHble pe3yllbTaTbl 

cpaBHHBalOTC>l c npeACKa3aHH>lMH MOAellH ONE+/:;,.+SS. 

OcHOBHblM KpHTepHeM BblAelleHH>l npol\ecca pd-+ ppn c11y>KH11a se11H'-IL-1Ha 

HeAOCTat01.11eH MaCCbl All>l pernCTpHpyeMOH npOTOHHOH napbl. npL-1 scex 3Heprn-
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HX nyLJKa pacnpep,eneHHe Hep,oCTalO~HX Mace cop,ep:>i<HT nHK C WHpHHOH OKOno 

20 M3B, pacnono:>1<eHHbJH s6n1,131,1 senHLJHHbl MaCCbl HeHTpoHa. AHan1,13 KHHeMa

THKH conpOBO:>l<,D,alO~lo1X peaKL.\lo1H C perncTpal.\HeH ABYX nono:>1<1o1TenbHO 3apH:>l<eH

HblX LJacrnl.\ B nepep,HeM p,eTeKTope: pd -t pdn°, pd -t ppn°n, pd -t ppn-p, 

pd -t dnn+, pd -t pnn+n 1,1 pd -t 3Hn+ noKa3an, LJTO co6b1rnH HH OAHOH 1,13 HHX 

He MoryT o6pa30BblBaTb TaKoro n1o1Ka B aKcenTaHce nepep,Hero p,eTeKTopa ANKE, B 

TOM LJHCne 1,1 np1o1 HeBepHOH 1o1p,eHrncp1o1Kal.\lo1lo1 LJaCTHL.\. np1o1 3TOM BKnap, co6blTHH OT 

6n1o1:>1<aHw1o1x conpoao:>1<p,a10~1o1x peaKL.\HH pd -t pdn°, pd -t ppn°n 1,1 pd -t ppn-p 

B nop,nO>KKY nop, nHKOM MO:>l<eT 661Tb YLJTeH, HapHAY C cpOHOM cnyLJaHHblX coanap,e

Hlo1H, npOL.\ep,ypoH BblLJHTaHHH. B co6blTHHX, a KOTOpblX p,ae LJaCTHL.\bl nonap,an1o1 a 

pa3Hble CLJeTLJHKl,1 rop,OCKOna, 6b1no B03MO:>i<HO onpep,eneHHe THna LJaCTHL.\ B nape 

c noMO~blO H3MepeHHOH pa3HHL.\bl apeMeH nponha. TaKoe onpep,eneH1o1e nop,TBep

:>1<p,aeT, LJTO nHK a6nH31o1 aenlo1LJlo1Hbl MaCCbl HeHTpoHa p,eHCTBHTenbHO o6pa30BaH 

co6b1Tlo1HMH, B KOTOpblX perncTp1o1py10TCH npOTOHHble napbl. <DoHOBaH nop,no:>1<Ka 

nop, nHKOM He3HaLJ1o1TenbHa np1o1 3HeprnH 0.6 13B, HO HapacTaeT C pOCTOM 3Hep

fl,11,1 nyLJKa, TaK LJTO OTHOWeHHe 3cpcpeKT/(3cpcpeKT+cpoH) lo13MeHHnOCb OT 0.94 np1,1 

3Heprn1o1 nyLJKa 0.6 138 p,o 0.62 np1o1 1.9 13B. 

CaernMOCTb np1o1 H3MepeH1o11o1 p,1o1cpcpepeHL1HanbHOro ceLJeHHH 6b1na nonyLJe

Ha C 1,1cnonb30BaH1o1eM npOTOHOB, ynpyro lo1 KBa31o1ynpyro pacceHHHblX Ha Manble 

na6oparnpHb1e yrnb1 OT 5 p,o 10°, np1o1 3TOM 6b1no 1o1cnonb30BaHo ceLJeH1o1e Manoyr

noaoro pd -t pX pacceHHHH, paccLJHTaHHoe14 a np1o16n1o1:>1<eH1o11o1 nonHOTbl Teop1o11o1 

1nay6epa-<DpaHK015 . CpaaHeHHe TaKOro pacLJeTa C 3KCnepHMeHTanbHblMH p,aHHbl

MH np1o1aeno K Ol.\eHKe TOLJHocrn (RMS) ceLJeHHH Ha ypoaHe 7%. 

<DopMa pacnpep,eneHHH co6b1rnH pd -t (pp)n no aen1o1LJ1o1He 3Heprn1o1 EPP 

OTHOCHTenbHOro ABH)l<eHHH B nape xopowo (x2 /n.d.f = 0.99) onHCblBaeTCH npo

lo13Bep,eHHeM cpa3oaoro o6beMa 1,1 cpaKTOpa M1o1rp,ana-BaTCOHa B3aHMO,D,eHCTBHH B 

KOHeLJHOM COCTOHHl,11,1 B S-aonHe. <Da30BblH o6beM np1o1 ManblX 3HaLJeHHHX Epp HMe

eT 3aBlo1Clo1MOCTb ,JEJ;;,, a B3alo1MO,D,eHCTBlo1e B KOHeLJHOM COCTOHHl,11,1 B np1o16n1o1:>1<eHHH 

M1o1rp,ana-BaTCOHa napaMeTp1o13yeTCH KaK 

2 1 (sin8) 2 

IT(Epp)I = IC(11)12 k 
14Yu. Uzikov, Diffraction pd-scattering at COSY energies, ANKE-COSY Internal report, Jiilich, 2001. 
15V. Franco, R. J. Glauber, Phys. Rev. 142(1966) 1195. 
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I ·, 

rp,e T - MaTpHL.\a ynpyroro pp-pacceHHHH, IC(17)12 - KynoHOBCKHH cpaKrnp, Bbl

LJHCnHeMbJH np1o1 17 = J Epp/mp, a 8 - coBMeCTHblH KynoH-Hp,epHblH cpa30BblH 

C,D,BHr. Pacnpep,eneHHe co6blTHH no KOCHHycy a3HMyTanbHOro yrna B Clo1CTeMe napbl 

npornHoa np1o1 EPP< 3 M3B He npornsopeLJHT 1o130Tpon1o11o1 (x2 /n.d.f = 1.03), p,o

nycKaH np1o1MeCb HeH30TponHoro BKnap,a a p,1o1cpcpepettL11o1anbHOM ceLJeH1o11o1 tta ypoatte 

HeCKOnbKHX npOL.\eHTOB. TaKHM o6pa30M, A~HHble COOTBeTCTBYIOT npep,nono:>1<eHHIO 

0 TOM, LJTO tta6niop,aeMble npOTOHHble napbl HaXO,D,HTCH npe1o1My~ecTBeHHO B 1So

COCTOHHlo11o1. 

o;:' .. 
:a 
3 10 

I
~ t 
"c: 
"C 
tl 
'<l 1 

10-2 

0.3 0.4 0.5 

o.5 1.5 

q_{GeV/c) 

0.6 0.65 

2.5 3 
T [GeVJ 

(a) Reid Soft Core (nyHKTHp) H rrapmKCKHil 

(cmJOIIJHaa JIHHHa) lIOTeHIIHaJibl 

o;:' 

~ 
~10 

cl 
i 

10-1 

10-2 

0.4 

o.s 1 

q [GeV/c] 
0.5 0.6 0.65 

p+d -+(pp)+n 

1.s 2.5 3 

T.[GeV] 

(b) CD Bonn rroTeHUHaJI 

P1o1c. 2. ,n:mpcpepemwaJibHOe ceqemie pd ..... (pp).(0°)n B cpaBHeHirn c paC"IeTOM ONE+ss+~ 

M0,l\eJIJI c JICII0Jib3oBaHJieM pa3JIJI'IllbIX NN-rroTeHUHaJIOB. 

Lfro6bl npep,cTaBHTb 3HepreTHLJeCKYIO 3aBlo1CHMOCTb ceLJeHHH npOL.\eCca BO 

BCeM lo13MepeHHOM p,1,1ana30He 3HeprnH, TpH:>i<,D,bl p,1o1cpcpepeHL.\lo1anbHOe ceLJeH1o1e 661-

no npo1o1ttTerp1o1poaatttto no HHTepaany O < Epp < 3 M38 1,1 ycpep,tteHo no HHTepaa

ny yrna BbJneTa npOTOHHOH napbl a CHCTeMe l.\eHTpa Mace peaKL.\HH O < rJ'j;;'· < 8°. 

OcHOBHOH (~ 10%) COCTaBnHIO~eH tteonpep,eneHHOCrn ceLJeHHH np1,1 Hlo13Klo1X 3Hep

flo1HX 6b1na CHCTeMaT1o1LJecKaH ow1o16Ka, B KOTOpOH ,D,0Mlo1Hlo1pOBana norpeWHOCTb 

pacLJeTa caeTlo1MOCTlo1. np1o1 BblCOKHX 3HeprnHX B03paCTaeT ponb CTaTHCTHLJeCKOH 

ow1o16K1o1 (p,o 30 % np1o1 1.9 13B). 

Ha p1o1c. 2(a) noKa3atto H3Mepettttoe p,1,1cpcpepettl.\HanbHOe ceLJett1o1e npol.\ecca 
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pd --, (pp) 8 (0°)n KaK cpyHKL\l,1>1 3HeprnVI nyYKa /1, 2/. TaM >Ke npV1BeAeHb1 pe-

3Y11bTaTbl pacYeTa B ONE+SS+fl M0AeJlVI C V1cn0Jlb30BaHV1eM Reid Soft Core VI 

napVl>KCKoro noTeHL\V1a110B. np0Ba11, 0>KVIAaeMblH npV1 ~ 0.8 13B, He Ha611t0AaeT

G1, naAeHVle ceYeHVl5l npVI Tp > l 13B npoV10<0AVIT 3HaYV1TeJ1bH0 6b1CTpee, YeM 

npeACKa3b!BaeTC5l. OAHaKo noc11eAHV1e pacYeTbl c V1cno11b30BaHV1eM CD Bonn no

TeHL\V1a11a, K0TOpb!H CO0TBeTCTByeT 0THOCVITeJlbHOH MaJl0CTVI BblCOK0V1Mny11bCHOH 

K0MnoHeHTbl BOJlH0BOH cpyHKL\VIVI NN-cviCTeMbl B 38 1 - 3D 1 VI 
18 0 C0CT05lHVl5lX, 

n03B0J15l lOT A0CTVI rHyTb pa3yM H0ro cornaCVl5l C 3KcnepV1 MeHT0M (PVIC. 2(6) )16 . 

r 1~

1 ~0.8~- ·+ ./ .. ····+ .. 
"[ 
~ 0.6f-·· 
<C 

-~-

j • I 

::~:;1~::11 
-0.2~•1 l 

·
0

·f55 168 110 112 114 176 178 180 
Neutron emission angle e~-m. [0

] 

PVIC. 3. YrJIOBalI 3am1cnMOCTb aHaJIII3npyIO~ell crroco6HocTn rrpn Tp =0,5 faB (3aIIOJIHeHHbie 

KPY)KKn) n 0,8 faB (rrycTbie KPY)KKII) B rrpo11ecce pd-, (pp)n. CrrJiournoll Jimmel! rrOKa3auo rrpei:1-

CKa3aHne MO):leJin ONE+SS+b. AJI>I Tp =0,5 faB, rroJiyqeHHOe c ncrrOJib30BaHneM CD Bonn N N

rroTeH11nana, rrpepbIBIICTOll - AJilI Tp =0.8 raB. 

Ha PVlc. 3 npVIBeAeH pe3y11bTaT Vl3MepeHVl5l BeKT0pHoH aHaJ1V13V1pyt0Ll\e'1 cno

co6Hocrn A~ npVI 3Heprn5lx 0,5 VI 0,8 13B /3/. TaM >Ke noKa3aHo cpaBHeHV1e c 

pacYeTOM B paMKax M0Ae11V1 ONE+SS+fl, npoBeAeHHblM c V1Cno11630BaHV1eM CD 

Bonn NN-noTeHL\V1a11a. MoAeJlb BocnpoV13B0AVIT 3HaK A~ VI yMeHbWeHVle ee Be-

11V1YV1Hb1 npVI nepeX0Ae OT 0,5 K 0,8 13B, HO C0BepweHH0 He onVICb!BaeT 3HaYeHVle 

16J. Haidenbauer, Yu. N. Uzikov, Phys. Lett. B562(2003) 227 
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A~ npVI 3HeprnVI 0,5 13B. Bo3MO>KH61M o6b5lCHeHV1eM 3TOMY M0>KeT 661Tb TO, '-!TO 

CnVIH0Ba5l CTPYKTypa fl-MeXaHVl3Ma, cy'-L\eCTBeHH0 np05lBJ15ltO'-L\a5lC5l B paHOHe y311a 

ONE, npVI 3TVIX 3Heprn5lx, HecMoTp5l Ha BKJ1t0YeHV1e BKJlaAa fl++, He no11H0CTbt0 

YYTeHa B M0Ae11V1. Bo3MO>KHb!H nyTb A1151 y11yYweHV151 TeopeTVIYeCKoro onV1caHV15l 

M0>KeT 3aKJltOYaTbC51 B V1cno11630BaHV1V1 MexaHVl3Ma 0AH0nVI0HH0ro o6MeHa (OPE) 

A1151 onpeAe11eHV151 BKJlaAa fl. ::ha MOAeJ1b,6b111a npeAJl0>KeHa paHee17 
VI V1cno11b30-

Ba11acb A1151 onV1caHV151 AV1cpcpepeHL\V1a11bHOro ceYeHVl5l pacce51HVl51 pd--, dp, 0AHaKo 

A1151 ee npV1MeHeHV151 K npol\eccy pd --, (pp) 8 (0°)n Heo6xoAV1Mbl AaHHble no npo

L\eccaM pp--, (pp)1s01r0 
VI pn--, (pp)1s01f- B C00TBeTCTBYIO'-L\VIX KVIHeMaTVIYeCKVIX 

0611acrnx. 3KcnepV1MeHTbl, n11aHV1pyeMb1e K npoBeAeHVIIO Ha ANKE, BKJ1t0Yat0T no-

11yYeHV1e TaKVIX AaHHblX, a TaK>Ke Vl3MepeHVle TeH30pH0H aHaJlVl3V1pyt0'-L\eH cnoco6-

H0CTVI T20 VI APYnlX n01151pV13aL\VIOHHblX Ha6J1t0AaeMblX B npol\eccepd - (pp),son. 

B 3aKJltO'-!eHVIVI cyMMV1pyt0TGI pe3yJlbTaTbl, nonyYeHHb!e B AVICCepTaL\VI0HHOH 

pa6oTe. 

1. BnepBble npoBeAeHbl Vl3MepeHVle VI aHaJlVl3 AaHHblX no AVlcpcpepeHL\VlaJlbHO

MY ceYeHVIIO npol\ecca p + d--, (pp) 8 (0pp) + n B AVlana3oHe 3Heprn£1 npo

T0HH0ro nyYKa Tp =0,6-1,9 13B. nonyYeHa 3HepreTVl'-!eCKa51 3aBVICVIM0CTb 

AVlcpcpepeHL\VlaJlbHOro Ce'-leHVl5l, np0VIHTerpVlp0BaHH0ro no VIHTepBany 0TH0-

CVITeJlbHOH 3HeprnV1 B npoToHHOH nape OT O AO 3 M3B VI ycpeAHeHHoro B 

VI HTepBane yrnoB 0;;: OT 0° AO 8°. 3a BVICVI M0CTb no3B0J15leT CAeJlaTb Bbl

BOA 0 51BH0H npeAn0'-ITVITeJlbH0CTVI VICn0Jlb30BaHVl51 Ha MaJlblX paCCT051HVl51X 

VI BHe MaccoBo£1 noBepxH0CTVI CD Bonn N N-noTeHL\V1a11a nepeA napVl>KCKVIM 

VI Reid Soft Core noTeHL\V1a11aMV1. 3m CBV1AeTe11bcrnyeT 06 OTHOCVITeJlbHOH 

MaJl0CTVI BblCOK0VIMnyJ1bCH0H K0Mn0HeHTbl BOJlH0B0H cpyHKL\VIVI NN-CVICTeMbl 

B 381 - 3 D1 VI 
180 C0CT05lHVl51X. 

2. BnepBb1e Vl3MepeHa BeKT0pHa5l aHaJ1V13V1pyt0'-L\a5l cnoco6HocTb A~ B npoL\eC

ce pd--, (PP)sn npVI 3Heprn5lx npoT0HHoro nyYKa 0,5 VI 0,8 13B B AVlana3oHe 

yrnoB Bb!JleTa HeHTpOHa 0~ = 166 - 180°. B X0Ae 3TOro Vl3MepeHVl5l 0T

pa6oTaHa MeT0AMKa no11,:ipV13aL\1,10HHblX pd-3KCnepV1MeHTOB Ha ANKE, Heo6-

X0AVIMa51 A115l AaJ1bHe£1wero no11yYeHV151 T20 VI Cy,y• Heo>KVIAaHHO 6011bwa51 

17 N.S.Craigie, C.Wilkin, Nucl. Phys. B14, (1969)477; 
B. M. Konh16ac0B, H. 5I. CMopo,11nncKa>I, 5I,ll. cfl1<3. 11(1973)1211; 
A. Nakamura, L. Satta, Nucl. Phys. A445(1985)706 

15 



se11w-n1Ha A~ npL-1 0,5 138 npL-1se11a K Heo6xop,L-1Mocrn L-1ccno11b30BaHL-15l HO

BblX TeopeTL-14eCKL-1X nop,xop,oB K OnL-1CaHL-1IO 3TOro npOL.\eCca L-1 MOTL-1BL-1posa11a 

L-13yYeHL-1e Ha ANKE npol.\eccos pp----, (pp)1s01r0 L-1 pn----, (pp)1s01r- B Tovl 

:>Ke KL-1HeMaTL-1Ke. 

3. Co3p,aHa CL-1CTeMa o6pa60TKL,1 p,aHHblX, nonyYaeMblX C nOMOLL\blO nepep,He

ro p,eTeKTopa cneKTpoMeTpa ANKE (COSY, f011L-1x, fepMaHL-151). CL-1cTeMa 

BKJllOYaeT B ce65l onpep,e11eHL-1e 3cpcpeKTL-1BHOCrn pernCTpaL.\L-1L-1, Ka11L-16pOBKL,1 

L-1MnyllbCHOVI WKaJlbl L,1 rO,D,OCKOnOB C4eTYL-1KOB, BOCCTaHOBJ1eHL-1e TpaeKTOpL-1vl 

L,1 L-1Mny11bCOB 3ap5!:>KeHHblX YaCrnL.\, a TaK:>Ke npOL.\ep,ypbl on-line KOHTp0115l 

n pol.\ecca L-13MepeHL-15l. 

4. Pa3pa6oTaHa MeTO,IJ,L-1Ka onpep,eneHL-151 reoMeTpL-1YeCKL-1X napaMeTpos cneK

TpoMeTpa C L-1CnOJlb30BaHL-1eM Ha6opa Ka11L-16poB04HblX peaKL.\L-1VI. 

5. Co3p,aHa MeTO,D,L-1Ka onpep,eneHL-151 CBernMOCTL-1 npL-1 B3aL-1MOp,evlCTBL,1L,1 BHYT

peHHero nyYKa ycKopL-1Te1151 COSY co cTpyvlHovl KnaCTepHovl ML-1WeHbt0 cneK

TpoMeTpa ANKE. 
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