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1. Bsedenue

O kKoHdepeHIINN 1 O HAC

A.U. Jlvsos

O koH(epeHTTNN

Tpamunus npoBeeHus HayIHBIX KoH(pepennnit OTmena BocxoanT K Hadaay 1980-x rojos.
Kondepenruu Toryia npoxoauin mo naunuaTuse pykopojgureseii Oriaena — [lapia AtekceeBuda
Yepenkosa u Esrenus Uropesuua Tamma. B e roger Oten nazpisasics Jlaboparopueit porome-
30HHBIX IIPOIECCOB U SABJISAJICA BeCbMa KPYITHBIM HAayYIHBIM HOJpa3/iesIeHueM, HAaCIUTHIBAIOITIM
6osee 230 geoBek. COOTBETCTBYIONIUM OBLT U MACIITA0 KOH(MEPEHIIHIT: OHU ITPOIOIZKAIUCE 10
4-5 nHelt u BKJIIOYAJN MHOTO JIECATKOB TOIPOOHBIX JTOKJIAJIOB U KOPOTKUX COODIIEHMIA. DTO OBLI
HacTosImit cMoTp! Macca MOJIOJBIX COTPY/IHUKOB — YU€HBIX U WHYKEHEPOB, B OCHOBHOM pPabo-
TABIIUX BOKPYT 3JIEKTPOHHOTO yckopuTesis — cuaxporpona C-25P "ITaxpa’”; To/ibKO 9TO mOCTPO-
€HHOI'0 B MOJIOJIOM ropoje Tpoutike, mpuodperasia OECIEHHbI OMBIT MOJIOTOBKH, OCMBIC/IEHUS
U TIPEJICTABJICHHS CBOECH pabOTHI Iepei TpeboBaTe/IbHOM U 3auHTepecoBantoil ayuropueii. Kon-
depenrusa maBaga BOSMOXKHOCTD JIydIlle YBUJIETH MECTO W MEPCIEKTUBY KOHKPETHBIX PadoOT B
o0ITIeM pycJie MCCIe0OBAHUI, JdeTajJbHell Y3HATh O JIOCTUXKEHHUSX U MPODJeMaX CBOUX KOJLJIET;
oHa Oy/in/jia TBOPYECKYIO aKTUBHOCTH M BOOOpaXKeHUe, CTUMY/INPOBAJIA 00CYKICHUS U KOHTAK-
ThL. JIyurme paboThl MOJIOJIBIX COTPY/IHUKOB ITPEMUPOBAJINCE.

[IpoBseienne BHOBD, MOC/IE JIJINTEILHOTO IIepepbiBa, HayuHON KoHdepentun OT/iesa BbI3BAHO
SIBHO OIILYIIIAEMOil TOTPEOHOCTHIO "BCTPAXHYTHCS ', OIVISICThCs, 0003PETh MEPCIEKTUBBI 1 aKTH-
BU3UPOBATH PAOOTY — 0COOEHHO JIoMa, B TpOUIKe — B UBMEHUBIINXCS YCJIOBUAX, KOTJIA TUCICH-
HOCTH HAYYHBIX COTPY/JIHHUKOB, MHXKEHEPOB, TEXHUKOB, JIAOOPAHTOB KATaCTPOMUUIECKH yIIaJa,
KOIJIa UX COCTAaB OUeHb mocTapesi (yBbl, BMeCTe ¢ MaTepuasbHON 6a30ii), HO TaKyKe U KOIJIa M0~
cJie XKyTKOTO 0OBaJia HaMEeTUJICT HEKOTOPBI MoIbeM (pUHAHCHPOBAHUS HAYKNA U COOTBETCTBEHHO
BO3POCTN TPeOOBAHUS K PE3yIHbTATHBHOCTH.

O mpobyemax B s/iepHOIil (pu3MKe CpeaHUX SHEePruii

Pasymeercs, 30m0T0oe Bpemst s sjepHoit dusuku B Tpourke — u He TOJIbKO B Tponiike
— VIO, |, TO-BUIUMOMY, yILIO Oe3Bo3BparHO. Jlopord soxka k obemy! Iloka nayanas jest-
TEJIbHOCTH B CTpaHe B TeUeHUe JIBYX JECSITUIeTHI 3a/IbIXaach U yMHUPaJa MO TPY30M MHOTHX
mpobJieM, MUP He CTOsIT Ha MeCTe: CTPOM/INCH HOBBIE YCKOPUTEIN, B TOM UHCJIE Ha CPEIHNE
SHEPIUU, COOPYKAJIUCH KPYIIHBIE JETEKTOPHI U CIEKTPOMETPHI, CO31aBAJIMCH OJISIPU30BAHHBIE
IMyYKA U MHUIIEHH, POXKIAJIUCH HOBBIE KOJIJIEKTHUBBI, KOJIIAOOpAIMH U HaydIHbIE ITPOrPAMMBbI,
MOSIBJISIINCH HOBBIE ITOKOJIEHUS YUEHBIX, HH>KEHEPOB, TEXHUKOB, BBICOKOKBAIHU(DUIITPOBAHHBIX
pabounx W CIENMUAIICTOB. 3aMETHO 9BOJIIOIMOHNPOBaJa MpodbaeMaTnKa uccieaoBannii. [lesnre
ILUIACTHI CTOSIBIIUX Tepel siiepHO#l (pU3UKOI BOIIPOCOB OBLIN OCHOBATEIHLHO pa3paboranbl. Psia
HCCIeIOBAHUN, 3ayMaHHBIX U HadYaThiXx B OTaese, rmepekodeBaIn 3a pyOe:k u ObLIN y2Ke TaM
YCIIEIITHO — €CJIM He 3aBEPIIeHbI, TO OCHOBATEILHO IIPOJIBUHYTHI; 9TO, HAIIPUMED, UCCICIOBAHMIS
KOMIITOHOBCKOI'O pacCesiiig Ha IIPOTOHAX, HEHTPOHAX U M-Me30HaX. JacTUIHO Iepedpasinuch
3a pyOexkK, B 3apyOerKHbIE KOJLIaboparuu, U Hald (HU3UKU, U HE TOJIBKO Te€, KTO 3aHUMAaJICS
BBICOKHMHU SHEPIUsiMU U KTO "MUTPUPOBAJI €Ile PaHbIIIe.

Osnagaer Jin 9T0, 9TO B sAJIepHOil (bU3MKe CPEHUX SHEPruii (MHOTJIA TOBOPIT — B (bu3MKe
aJIPOHOB) HE OCTAJIOCh KPYIHBIX, MEPCIEKTUBHBIX, CTOAMX 3a1a4’ Pasymeercs, He o3nadaer!
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[Ipexjie Bcero, He co3jiaHa TEOpPUsl CUJILHBIX B3aUMOJCHCTBU, MMO3BOJIAIONIAS TOYHO, KOJIH-
YECTBEHHO OIUCHIBATD B3aMMOJICHCTBUSI KBAPKOB U TJIIOOHOB HAa OOJIBINMNAX PACCTOAHUAX U HA
9TOW OCHOBE IIPEJICKA3BIBATH BOJHOBBIE (DYHKIINU, OCHOBHBIE TIAPAMETPHI U OCHOBHBIE B3AUMO-
JIeficTBUSL aJ[POHOB B TepMuHaX (BYHIaAMEHTAJIbHBIX KBapPK-TJIIOOHHBIX cTerneHeit cobosnl. He
Jokazan KoH(aitamenT 1Bera. He oOHApYKEHBI 9K30TUYECKUE COCTOSHUS, IIPE/ICKA3BIBACMbIE
muorumu "KX/I-MoruBupoBaHHBIME MOJIE/ISIME (3aT0 OOHAPY2KEH OOraTeifiiumii ClieKTp HeOXKu-
JAHHBIX /19 KBAPKOBOH MOJIEIN pe3oHancop BO/msn mopora NN-ammurmisanmm). He ycranos-
JIEHBI TBEPJIO Jlazke JMHAMITIECKUe repeMeHHbie (3(hdeKTHBHBIE cTerneHn cBOOOIbI), B TEPMIUHAX
KOTOPBIX CJIEIYeT OMUCHIBATD JIPOHBI IIPHU CPEIHUX dHePrusiX. [[ONbITKE B34Th B Ka4eCTBE Ta-
KUX [E€PEMEHHBIX I0JIsT TOJIICTOYHOBCKUX OO30HOB (K TAKMM MOIBITKAM OTHOCHTCS KHUPAJIbHASI
TeOpUsi BO3MYIIEHUI, HEKOTOPbIE COJTUTOHHBIE MOJIE/IH ) HECMOTPS Ha DS/l BIEYATIAIONINX YCIIe-
XOB KOJIMIECTBEHHO BCE 7K€ OKA3BIBAIOTCS HEJIOCTATOUHBIME. [[OIBITKE pacmmpuTh HaOOP MMOJIei,
BKJIIOUas TY/IA TsKeJIble 00bEeKTh — BEKTOPHDIE MJIN AKCHAIHLHO-BEKTOPHDbIE Me30HbI, A-u300apy
U T.II., TAKXKE UMEIOT JINIIb OrPAHUIECHHBIH ycreX. A enié ecTb MOJIETN € OJCTHIMU KBapKaMU
U TJIFOOHAMMY, YKUBYIIUMHU PA3/I€IbHO UJU BMECTE C T'OJIICTOYHOBCKUMU YaCTUIIAMHU, U MHOTHE,
muorue jpyrue. Camo obuine mogodHBIX MOJEel TTOKA3bIBAET, UTO CUTYAIlUSA OUY€Hb JaJeKa OT
6staronosryunoii. o cux mop ajiporHast pU3NKa CPEHUX SHEPTU OCTACTCS EPEUMYIIIECTBEHHO
denomMenoIornYuecKoi HayKOoi, UCIIOIB3YIONIEH I OMUCAHIS JTAHHBIX OTPOMHYIO MACCY TO/T0-
HOYHBIX TIAPAMETPOB.

HeBozmoxkno ckazarh, abCOJIOTHO Jin HEOOXOJUMO JIJIsi PEICHUs YKa3aHHBIX (DyHIaMeH-
TaJIbHBIX TTPOOJIEM JaJIbHeliIee HAKOIJICHIE SKCICPUMEHTAILHBIX JAHHBIX O MACCaX, MUPUHAX,
MOJIaX paciajia Me30HOB U 0apuoHOB, 00 YIPYIUX U HEPeXOJHbIX (opmbaKTopax, BOoOIIe —
0 CEYEHUSX IIPOIECCOB C ydacTueM aJIpoHoB. B ¢dusuke He pas ObIBAIO, YTO HOBBIE IKCIICPH-
MeHTAJIbHDbIE (DAKTBHI JIABAIN KJIIOY B TEOPETHICCKOMY MOHUMAHWIO SIBJICHUSA; TaK, HAIPUMED,
OTKPBITHE U30TONNYECKOro 3ddekTa B TemMiiepaType HACTYILICHUsS] CBEPXIIPOBOIUMOCTHU OJIHO-
3HAYHO YKAa3aJ0 Ha BAaXKHOCTDb 3JIEKTPOH-(POHOHHOTO B3amMojelicTBus. [lomobHoe Moxker ciry-
YUThCA U B pusuke ajipoHoB. Ho jaxke eciin 970 He CAYUUTCs, TO MPOJIOJIKEHUAE IKCIIEPUMEH-
TOB MPUHECET MOJIb3Y CPa3y B HECKOJBLKUX OTHONIECHUAX. BO-TIePBBIX, OHO ITO3BOJUT PA3BUBATD
SKCIEPUMEHTAIbHY0 0a3y (IydKu, MUIIEHH, JeTEKTOPHI), CO3/aBas HOBbIe METOIUKN U TEXHU-
YeCKNe BO3MOXKHOCTH. BO-BTOPBIX, OHO MO3BOJIUT HAXOAUTH CPEJICTBA U MPHUBJIEKATHL K padoTre
HOBBIE, MOJIOJIbIE CHJIbI — U SKCIEPUMEHTATOPOB, U TEOPETUKOB, — YTO abCOIOTHO HEOOXOIMMO
JUTsl JIOCTUKEHUsI [Iporpecca. B-TpeTbux, OHO JIACT MHOYKECTBO HOBBIX JAHHBIX, MPEJICTABJISIO-
UX yKe caMu 1o cebe OosibInoit unrepec. He mperenyst Ha MOJIHOTY, HA30BY HEKOTOpbHIE U3
HUX, KOTOPBIE MOTYT ObITH MMOJIYUEHBI HA JEKTPOHHBIX YCKOPUTEAX C SHEPIUAMU, aHAJIOTHI-
HBIMU SHEPrusgM Ha cuHxporpoHe “[laxpa’, 1 K KOTOPBIM HAIIN UCCIEI0BATEIN TIPOSIBIISIINA WUIN
[POSIBJIAIOT MHTEPEC:

e B obmactu suepruit 10 Me3onHoro nopora (< 150 MsB):
- JJaHHBIE 00 3JIEKTPO- U (POTOPACIIEIVIEHUN SJIEP, B TOM YHCJIE 110 MHOI'OYACTHYHBIM Ka-
HaJIAM;
- ZaHHBIC 00 yIPYTOM U HEYIIPYTOM paccedHnu (POTOHOB Ha AApax, OnpeeeHne MoIapu-
3yeMocCTeil CBA3aHHOIO HYKJIOHA;
- JTAHHBIE O paccesdHnn (POTOHOB Ha HEHTpOHe.

e B obsactu snepruit or Me30HHOTO 1opora 10 ~ 1 I'9B:
- JamHabIe 06 OKOJIOOPOTrOBOM (DOTOPOXKICHUT T-ME30HOB, 0CODEHHO 0 TIporecce yn — m'n
JUUTsT COITOCTABJIEHUSI C TIPEICKA3aHUSIMU KUPAJIbHON TeOpUN BO3MYIIEHNUI;
- JaHHBIE 0 (DOTOPOXKIEHNN TMOHHBIX TIap, OMPE/IeJIeHNe MEXaHN3MOB PEAKIINN, TOMCK CUT-
HAJIOB POXKJIEHUsT 0-Me30Ha — KUPAJJILHOI'O IapTHEPa ITHOHA,
- JAHHBIE O KOMIITOHOBCKOM PaCCesiHUM, OCOOEHHO U3MEpEHNe aCUMMETPUH C JIMHEHHO-



HOJISTIPU30BAHHBIMEU (DOTOHAMU JIJTsT OIIPEJIe/ICHIsT BKJIa1a 0T OOMEHa 0-MEe30HOM;
- JaHHbIe 0 mporeccax Yp — YTN u yp — ynN Kak UCTOIHUKE WH(MOPMAIUU O TOJIsIpU-
3yeMOCTSIX IIHOHOB, O MArHUTHOM MoMeHTe A- u Syq(1535)-pesonamncos.

e B obGsactu suepruit ~ 1—3 ['9B:
- JaHHBIE O BO3OYIKI€HNN OAPUOHHBIX PE30HAHCOB M MX pachajax 1o kanajgam mN, mA,
VA;

- faHuble 0 (OTOOOPAZOBAHUN THIIEPSIED.

Yrto nenarb Ham?

Koneuno, ciieryer 661Th peasmuctom. 11ogo0HbIe ncceioBaHns Ha YCKOPUTEISIX — JIeJI0 KpaiiHe
JIOPOTOCTOsAIIIEE U TpedyIoliee OOIBIINX JIOJCKAX U MaTepPUAJIbHBIX pecypcoB. HyKHbBI 1 mmydIKu —
B TOM YHUCJIE TIOJISIPU30BAHHBIC, M MUIIEHNA — B TOM YHCJIe KPHOTE€HHbBIE 1 TOXKE OJISTPU30BaHHbBIE,
a TakzKe OOJIbIIINIE MHOTOIIE/IEBBIE JIETEKTOPHI, KOTOPhIE 3a9aCTYI0 CTOAT HEMHOTUM JEIIeB/Ie Ca-
MOTO ycropuTessi. HyKHbI criennaucTsl Mo BakyyMmy, BY-cucremam, cumoBoil SJeKTPOHUKE,
UHZKEHEPDBI-3/IeKTPOHIUKNA. Hy»KHBI cOOCTBEHHO (DU3MKM, CTaBAIIUE SKCIEPUMEHTHI U 0Opada-
ThIBatOIue JTaHHble. HyKHa cucTeMa MOJTrOTOBKH W BOCIIPOU3BEIEHUS KaJIpOB. . . [lomo0HBIMET
pecypcamu OTen ve pacrosiaraet. He dhaxkt, 1ro umu pacrnosiaraeT u ’9/ieKTpOMarauTHoe” co00-
mectBo B Poccnn, Briogaromiee nmomumo Hac Harmux kosuaer u3z UAN, HUMUAD MI'Y, ONAN,
NAD CO PAH, Tomckoro mosmrexa u Ap. — TeX, KTO MBITAIOTCA OObEINHATHCS IO ST
CoBera 110 3JIEKTPOMArHUTHBIM B3anMoeiicTBusM tipu [Ipesumuyme PAH.

MozkHO MedTaTh O CO3JaHNN B CTpaHe — BO3MOKHO, B Tponrike, Ha 6aze miomaakun OPTAH
— 00bEIMHEHHOIO HAIMOHAJIBLHOIO IEHTPA I10 HCCIEJOBAHUIO 3JIEKTPOMAIHUTHBIX B3aWMO/IEi-
cTBUil aapoHOoB U sijep. [IpoekThl TaKoro poja JaBHO 0OCY:KIAIOTCs; Oy/IyT OHH OOCYKIATHCS
n Ha 3Toi KoHpepennun. Ho Bcé-Takm, mx peajmsarius — €0 CJAUMIKOM TPYIHOE U CIUITKOM
Henoysisipaoe jgaxke B PAH, 9To0br festaTh Ha HUX CEpbe3HYIO CTaBKY M KJIAaCTh Ha 9TO KU3Hb.
Hax HuMu MOXKHO M CTOMT HpOJO/KATH paboTaTh, HO 3TO, CKOpee Bcero, pabora "B cTosr’, Ha
BO3MOXKHOE Oymayiee. B miepByio odepenp BCE-TaKM CIeIyeT JAyMaTh O APYTHUX, OoJiee pealbHbIX
[yTSX, 10 KOTOPOMY UJyT MHOTHE JIADOPATOPUU. A UMEHHO — CTPOUTDH YCKOPHUTEIU (WU IKC-
[JIyaTHPOBaTh MMEIOIIIeCs]) TaK, YTOObI OHU MOT paboTaTh U Ha (DU3UKY KOHJICHCHPOBAHHOIO
COCTOAHMSA C €€ OoraThIMI MPAKTHIECKUMI TPUMEHEHUsIMI, U Ha dAjaepHyio ¢usnky. Hemocra-
TOK TAKOTO IIyTH OYEBUJIEH: siiepHas (DU3UKa MIPU ITOM IIPUOPUTETHON HE OY/IEeT, TaK UTO TPY/I-
HO OyJIeT pacCIUThIBATH Ha J0CTATOYHOE (DUHAHCHPOBAHUE /I PA3BUTHUS SAI€PHO-PU3TIECKIX
YCTAaHOBOK, JIJIsI IIPUBJICUEHNUsT WU BbIpAIUBaHUs HYKHBIX crienraancToB. Ho 9ro jydrme, gem
HUYETo.

Nneercst, KOHETHO, €Il W MyTh BBIE3IHBIX PaboT. P mcememoBannii, HaT KOTOPBIMU Celi-
qac paboraror corpyaaukn OTjiesia, MOIyT B OTHOCUTEIHLHO KOPOTKOE BPeMsl OBITH BBITIOJTHEHDI
B KoJLmabopanuax B Maiinre u JIyHae, ¢ KOTOPBIME Y HAC UMEIOTCSI XOPOIINe, IIPOBEPEHHBIE Bpe-
MEHEeM JIeJIOBbIe OTHOIIEeHUsI. B 11epByto odepe/ib, pedb uaer 00 UCCACTOBAHUSIX OKOJIOIOPOTOBO-
ro hoTOpOKIeHIA T '-ME30HOB Ha HEHTPOHE M UCCIICIOBAHUAX (DOTOPOKICHUA 3Ta-ME30HHBIX
siiep. ViMmeromumiicst y HAIMUX COTPY/IHUKOB 3a/1€J1 U OIBIT HaBEpHsIKa Oy/1eT BOCTPeOOBAaH B 9THUX
NeHTpax. BBUIy JaMOKJIOBa Meda, BUCAIIEro HaJ cuHXporporoM “Tlaxpa” (s mMmero B BHIY, B
[EPBYIO OYePe/lb, JIOJCKIE PECYPChI MOIEPKKI PAOOTHI YCKOPUTEIsl, HO HE TOJBKO UX), s JIy-
Malo, UYTO Y HAC IPOCTO HET BPEMEHU OTKJIAIbIBATD PEATU3AIIIO ATUX IJIAHOB HA ITOTOM. DTUM
HAaJ0 3aHUMATLCH yaKe ceifdac, 1 MbI OyieM 370 jearh. CoOCTBEHHO, IepBble KOHKPETHDIE Ialn
B oTHOIIeHNN MaifHIa y2Ke C/Ie/TaHbl.

[Toxkenaem ke Bcem HaMm yaadu!



2. Pootcdenue ama-me3onos

HoBrbie MmeToabl ncciaeoBaHd B3aNMOJIE€iCTBIA
HeCTaOMJILHBIX ME30HOB C sgapaMm’

A.C. Henamos, A.H. Mywwxapenxos, B.I. Hedopesos' (MSIH)

B nocsieane 1o/t hoTosiIepHbIE HCC/IeI0BaHNs B 00JIACTH HYKJIOHHBIX PE30HAHCOB (OT TI0-
pora poxK/IeHusi Me30HOB 70 2 ['5B) BbINLIM Ha KadeCTBEHHO HOBBIN ypOBeHb. Bo-TepBBIX, 9TO
CBSI3aHO C BBICOKHM KadeCTBOM MydKa (MOHOXPOMATHYECKHE MOJISPH30BAHHbIE (DOTOHBI C HI3-
KiM ypoBHeM doHa). Bo-Bropsix, 6arogapsi 60JIbIIOMY TeJIeCHOMY YTy, OJU3KOMY K 47 u
BBICOKOMY Pa3peIIeHNI0 JeTEKTOPOB CTAJI0 BO3MOXKHBIM OJHO3HATHO HIACHTU(MUINPOBATEL pa3-
JINYHBIE KaHAJbI peakinu. B pe3ynbrare crajin BO3MOXKHBI HOBBIE METOIbI HCC/IEIOBAHUI IIPO-
11eccoB (POTOPOKIEHNT ME30HOB B sjipax. [lepBoIil MeTo KacaeTcss n3ydeHnst B3anMOIeCTBUsT
HeCcTabUIbHBIX Me30HOB ¢ sijipamu ("Meuenbre Me30ubl"). Bropoii mo3B0IsIET BBIIOJHUTH 6€3MO-
nenbHbll yaer PepMu ABUKEHUS HYKJIOHOB B si/Ipe MPHW U3MEPEHUN CedeHnit (hOTOPOKICHUS
Me30HOB. Paszymeercs, BiustHUE sSiIepHO# cpeabl Ha (hOTOPOXKIEHNEe ME30HOB HCC/IEI0BAIOCH 1
panee. OHAKO 3TO CBOAMIOCH, KAK IIPABUJIO, K YUIETY OCTATOYHBIX B3aMMOJICHCTBUI B KOHEY-
HOM COCTOAHUH. HOBBIE METO/BI TO3BOJISIOT M3ydaTh KaK yIPyrue, Tak W HEyIpyTHhe KaHAJIbI
B3aMMO/IEHCTBIS HECTAOMIBHBIX ME30HOB C SIIPaMM, KOT/Ia B KOHETHOM COCTOSTHUN MOTYT 0Opa-
30BBIBATHCS PA3HBIE JACTUIIBI, YTO IPUHIAIINAIBLHO PACIIUPSIET BO3MOKHOCTH MCCJIeTOBaAHUIA.

B nacrosiieM mokJiajie MpuBeIeHbl Pe3yIbTaThl SKCIIEPUMEHTa U MOJAEIUPOBaHNUsI, IOy IeH-
HBIE B paMKax yKasauHoi remaTuku B Kojutabopaiun GRAAL [1]| na neitrpornoit mumienu. [Ipu
9TOM HCIIOJIB30BAJICS IIYIOK raMMa- KBAHTOB, IOJIYIE€HHBI METOI0M 00paTHOIO KOMIITOHOBCKO-
ro paccesiHus Jia3epHbIX (bOTOHOB Ha Hakomutese 351ekTpoHoB ESRF B I'penobse (Opaniust).
Xots jefiTepnit ABJISETCS CAUINIKOM JIETKUM SIAPOM JIJIsT U3YYeHUs] BIUSTHUS $JIEPHOM CpeJIbl
Ha XapakTep 3JeMeHTaPHBIX IIPOIEeCcCOB THIIa (POTOPOKICHUST ME30HOB, OH SIBJISIETCS XOPOIINM
00BEKTOM JIJIsT OTPAbOTKH MeTojia, 0co0eHHO i yuera Pepmu IBMKEHNS HYKJIOHOB B sijipax.

B kagectBe npumepa Ha puc. 1 mokasano Biausinne PepMu IBUKEHNUSA HYKJIOHOB Ha UMITYIbC-
HbIe pacipee/leHns HYKJIOHOB OTJIA4N JIJIsi peakinun (hOTOPOKIEHUSI 7)-MEe30HOB Ha JIeiTpOHe.
Berancnenne s dexrnpnoit sneprun EJ naneraiormero porona NponsBoAUTCS 110 SHEPTUHU 1 HM-
Iy/JIbCY TTPO/LYKTOB PEAKINH, ITO AaBTOMATUIECKN 1 O€3MOJIeTbHO yanThiBaeT PepMu TBUKEHIE
HYKJIOHOB B SIIpe:

2 2

W? = (E,+ En)? — (p, + Pn)?, Ef = 5
my

-
Hanuane criektaTopa MpakTUYIeCKH He BIUSET Ha BhIYHCIeHNne 3(DPEeKTUBHON SHEPIUN HAJIeTa-
fo1ero poToHa.

B 310it cBsI3U ciieyeT OTMETUTD MPOOJIeMy MOUCKaA IK30THIECKUX Y3KUX HYKJIOHHBIX PEe30-
HaHCOB (JMOAPUOHOB U TIeHTaKBapKoB). [ljist ee perenusi HEOOXOMM KOPPEKTHBIN yuer Pepmu
JIBIPKEHNsI, KOTOPOE pa3Ma3blBaeT pe3oHaHchl 1o mmupune. Craemayer orMeTuThb, uTo Pepmu -
9 PeKTh He ABJSIOTCS TPUBUAIBHBIMUA XOTsI OBI ITOTOMY, 9TO C POCTOM SHEPTUH PE30HAHCA
, JlaKe B TIOJIHBIX CedeHusi (DOTOIOIJIONIEHNsI, OHU PACTYT C POCTOM SHEPTHH (DOTOHOB, XOTS
orHorenue sHeprun Pepmu K sHEprur GOTOHA YMEHbIAeTCs (CM., HapuMep, 0630p [2]).

*TTo pesynbraram skcrnepumenta GRAAL.
f Mg GRAAL xosmaboparun.
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Puc. 1. Beepxy: usMeHeHnue MMIIyJIbCa HYKJIOHA OT- [ ]
naan (no X,Y, Z) 3a cuer depMu-UMITYJIbCa HYKJIO- :
Ha MUIIeHU. BHU3Y cpaBa: SHEpreTHYIecKuil CIieKTp
HYKJIOHa-clleKTaTopa. CIUIOMHBIE U IYHKTUPHBIE
JITHAKA COOTBETCTBYIOT CBSI3aHHOMY M CBOOOIHOMY

HYKJIOHY, COOTBETCTBEHHO.

e,

hee,

i L i

0 ;
0 0.01 0.02 0.03 0.04 0.05

BouJtee ob1mieit mpobieMoit ABJIsieTcs B 9TOW CBA3U U3YyUYeHUE B3aUMOJICHCTBHUSA HECTAOUIHLHBIX
Me30HOB ¢ sipamu. OcobEeHHOo 9TO KaCaeTes 1)- U W-ME30HOB, ¥ KOTOPBIX BPEMsl KI3HU JOCTATOU-
HO BEJIUKO, Oj1arojiaps uemy CpejiHss JJIHHa CBOOOIHOIO MpoOera MpEeBLINIaeT MEXKHYKJIOHHOe
paccrosiHue.

[TockonbKy HEIb3s CIeaaTh MYyYKH HECTAOUIbHBIX ME30HOB, TO BarKHBIM PE3Y/JILTATOM CJIe-
JIyeT CYATATh Pa3paboOTKy HOBOIO MeTOJa 'MeUYeHBIX Me30HOB’ (3|, mo3BoJstioniero mojoitu K
pertennto 3Toil mpobsieMbl. Viest 3T0ro MeToga OCHOBaHa Ha TOM, UTO pa3jndue B Maccax m, 1)
u 0oJiee TSIKEIBIX Me30HOB CYIIECTBEHHO OOJIbINe, TeM KHHeMaTHIecKas HeOlPeIeIeHHOCTD UX
obpaszoBanus. 1loa KuHeMaTIecKo HeOolIpeaeIeHHOCThIO 3/1eCh IOHUMAIOTC KaK (pU3nmdecKne
daKkTOpbI, IVIABHBIM U3 KOTOPBIX siBjsgeTcs Pepmu IBUKEHHE HYKJIOHOB B siJipe, TaK U METO-
Jmaeckue (9KCIepuMeHTaIbHOE pa3pelieHne u JIp.). barogapst 5ToMy HYKJIOHBI OTIaIH MOTYT
CIYKUTh METKOI, TI0 KOTOPOI MOXKHO OIPEJIeIUTh TUIl 00Pa3yIoIIerocss Me30Ha, 0e3 ero perm-
CTpAIMi B KOHETHOM COCTOSIHUH, HAIIPUMED, €CJIM OH B PE3Y/IbTAaTe B3aMMOJIEHCTBUA C SIPOM
MPEBPATU/ICA B JIPYTYIO TaCTHUILY.

Kackamnas Mo/e1b mo3B0JIsIeT BEPOSITHOCTh BTOPUYHBIX ITPOIIECCOB, KOTJIa ME30H WU HYK-
JIOH OTJIa4U B3auMojieificTByeT ¢ HyKJIoHaMu sijipa [3]. B saroit paboTe mokaszano, 9T0 BEPOSITHOCTD
BbLJIETa HYKJIOHOB OT/Ia4M BIIEPEJl, KOTJa UM IepeIaeTcs OOJIbINas 9acTh UMITY/IbCA HAJIETAIO-
mieit gacrunpl, 6smszka K 100%. IIpu 970M BEpOSTHOCTH BTOPUYHBIX B3aUMOJIEHCTBUI HYKJIOHA
OTJIa49¥ C AJPOM IIPU 3TUX KUHEMATHYECKUX YCJIOBUAX JOBOJBHO MaJla, CJIEJIOBATE/IBHO, 3TOT
HYKJIOH HeceT OTHO3HAYHYIO MH(MOPMAIIIO O TUIle TTPOUCITIE/ITEN peaKITii.

Pesynbrarsl MogempoBaHus 10 MOJIE/IM BHYTPUSIEPHOIO KacKa/la B CPABHEHUU C PE3YJIb-
tatamu skcrnepuMenta GRAAL, BeimosiHeHHOTO Ha JefiTpone [4], 1si KuHEMATHYeCKUX TIepe-
MeHHBIX (yroJ BbLIeTa — UMILYJIbC HYKJIOHA) JIsl JIefiTpOHA IOKa3aHbl Ha puc.2. Bujno, 4ro
KHHEMATHIeCKHe 00/1aCTH OTUYET/IMBO PA3IE/IAIOTCS ISl PA3HOIO TUIIa 00PA3YIOMIMXC ME30HOB.
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Anasiornannie PE3YJIbTAThl MOXKHO IIOJIYIUTDL U JJId APYI'UX KMHEMaAaTUYIECKUX IIE€EPEMCHHDbIX.

30 30,
25, 25
E 20 g 20
‘Ej 15 E 15|
g | 8 |
. 8 |
T o0 = 10|
s 5

% e -u:zl. - In:-‘l ) ‘u‘.E“ ) -u:al - i‘-- - -| uﬁ.d s _-n_|.!.- (. -\.n.:#.'\. F] .'\.n.E.-\..- r\.u..ﬂ. a I.-%

P. G‘VIC 4 : : - P G‘V‘i:

Puc. 2. Koppendamus Mexk 1y yrjioM U UMITYJILCOM HYKJIOHA OT/a4u IMpu sHeprun ¢gorona 710
M5B (ceBa - MozeimpoBaHue, CIpaBa - SKCIEPUMEHT ).

[IpeaBapure/ibHBIE PE3YIBTATHI 10 OTOOPY COOBITHIA, KOT/Ia Ha KBA3UCBODOOHOM IIPOTOHE 00-
pasyercs 1)-Me30H, KOTOPLII 3aTeM KOHBEPTUPYeTCs B 0, II0KA3BIBAIOT, YTO B 9KCIHEPUMEHTAb-
HOM CIIEKTPE TaKUX COOBITUI MPUMEPHO B 2 pasa OoJibIlle, YeM B MOJIETUPOBAHHOM, KOTODPBIH
YUIUTBIBAET PACIA/] TOJBLKO CBOOOIHOTO 7)-ME30Ha.

Asropnr Beipazkaior 6sraromapaocts A.M.JIbBoBy u [ A.Cokosy 3a mosesmnbie 00CyKIeHUS.
Pabora Boimosinena npu nojgep:xkke POOU, rpant Ne 08-02-00648-a.

[1] O. Bartalini et al. Phys. Atom. Nucl. 71:75-82, 2008; Yad. Fiz. 71:76-83, 2008.
[2] B.I'Hemopesos u ap. YOH 174, o4 (2004) 353.

[3] V.G. Nedorezov et al. Proc. IX Int. Seminar EMIN-2000, Moscow (2000) 170.
[4] A. Ignatov et al. Prog. Part. Nucl. Phys. 61:253-259, 2008.
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N3y4deHune sjiepHOro B3auMO/IeiicTBUs
M30CKAJAPHBIX 1), W, 1] U ¢ ME30OHOB

['A. Coxon (DUAH), E.M. Jletixkun (HUHA® MI'Y)

B nannoit pabore paccMOTpeHa BO3MOYKHOCTD IKCIIEPUMEHTAIHLHOTO OOHAPYKEHUsT IIPOSTBIIE-
HUs S7EePHOTO B3aUMOJIEHCTBUST HEKOTOPLIX ME30HOB C HyKJIOHAMH U sjpamMu. BzaumMoeiicTeue
ME30HOB C SIJIEPHBIM BENIECTBOM MOXKET MPUBOJUTH K U3MEHEHUIO MACChI M BPEMEHU KU3HU
ME30HOB U pacCMaTPUBATLCS B KAYECTBE CJICJCTBUS CIIOHTAHHO HAPYIIEHHON KUPAJIbLHON CHM-
METPUH — OJIHOTO U3 (DYHIAMEHTAIBHBIX CBOWCTB KBAHTOBOI Teopun moJis [1].

W3 6o/bI10r0 KOJIMIecTBa ME30HOB BBIOPAHBI JIJIT PACCMOTPEHUS M30CKAJISIPHBIE ME30HBI,
obJ1a1arone MaJioil IMUPUHON pacIpeie/ieHusl 110 Macce M UMEIOIUE JOCTATOIHO OOJIBIIYIO
BEPOSATHOCTH (HECKOJIBKO TIPOIEHTOB U H0JIee) paciaia Ha 27 WK Ha JBe 3apsi?KeHHbIe YaCTUIIbL.
YeiioBre paciiajia Ha JIBe YaCTUIIBI CBA3AHO C IIPEJIIIoiaracMbIM METOIOM BBIJICICHUS MTOT00HBIX
cobpiTuii. K TakuM Me30HaM MOXKHO OTHECTH 1), w, 1) 1 ¢ Me30HbI. [Ipyrue Me3oHbI UMeOT J1ub0
OYeHb IIMPOKOE paclpeeeHne Mo Macce, MO0 OYeHb MAaJIYI0 BEPOATHOCTb paciaja Ha JIBe
gactunpbl. B Tabsmie 1 npuBegeHbl OCHOBHBIE XapaKTEPUCTUKNA U BEPOATHOCTU Paciiaia Ha JIBe
YaCTHUILL JJist 1), w, 1) U ¢ Me30HOB [2].

A nepHoe B3amMoIelicTBIE ME30OHOB C HYKJIOHAMHU IIPU MX PACIaIe BHYTPHU Spa MOKET IIPO-
SABUTHCA B U3MEHEHUU PACIIPEIe/ICHIs IIPOAYKTOB paciaa 10 dHepruu. Binsgane saepHoil cpe-
JIbI HA XaPAKTEPUCTUKHM ME30HOB (MaccCy, BpeMsl »KU3HU U JIP. ) JIOJIZKHO MPUBOJUTH K YMEHb-
IIEHNI0 MACChl Me30Ha, UTO OTPA3UTCA B PACHpEIeIeHUN 110 SHEPIUHM PACHaIHBbIX JaCTHIl, a
TaKKe K YMEHBIIICHUIO BPEMEH! >KU3HU Me30Ha, T.e. B YBEJIMYCHUU MUPUHBI [ pacipeieienus
o macce. /[y 9Toro HEOOXOUMO, YTOOBI B dAJIpPe OCYIINECTBIIANICS PACIa)l MEJIJIEHHOIO Me30-
Ha, 9TO MOXKET ObITh 00ECIIeUYeHO, eCIu 00pazoBaHue Me30Ha Ha, dJICPHOM HYKJIOHE TTPOUCXOIUT
B YCJIOBHUSIX, OJM3KNX K OE30TIaYHON KHHEMATHKE, T.e. KOrja o0pasyoIuiics Me30H o0J1a1a-
er GJIM3KOI K HYJIeBOl KuHeTudeckoit sueprueii [3]. Takyioo kuHeMaTnky Jierko ob6ecrednTsb B
caydae pOXKJICHHS Me30Ha Ha CBOOOJIHOM HyKJIoHe. IIpm poxkjeHun me3oHa Ha sAJIEPHOM HYK-
JIOHE YCI0BUE OE30TJIaYHON KUHEMATUKU PA3MbIBACTCH (DEPMU-/IBUZKEHUEM HYKJIOHOB B sijipe U
MOKET OBITH 00ECIIeYeHO TOJBKO B Y3KOM HMHTEpBaJie (pepMHU-UMITYJILCOB. B 3TOM ciiydae pac-
1peie/ieHre PaciaIHbIX JacTUIl OT Me30Ha Oy/eT, BooOIe roBops, J0CTATOYHO PA3MBITBHIM II0
SHEPIUM U 0 yIJIy pasjera orHocuTesbHo (0) = 180°.

[Ipeanomaraercs cieyionas MOCTAHOBKA SKCIIEPUMEHTa JIjId OOHAPYXKEHUs sJIEPHOTO B3a-
UMOJIECTBUS 1), W, 1)) ¥ ¢ ME30HOB ¢ HYKJOHAMHU IIPY UCIOJL30BAHUE IIy9IKOB €~ U ~Y-KBAHTOB,
a Tak¥XKe p- U d-TIyIKOB:

- WCIOJIb3yeTCsl MUIeHb B Bujie wieHKn u3 mnojucruposa (CHy), mmbo u3 mernamerakpu-
nara (C3Hg) (Bropast MuriieHb mpeanodTuTeIbHa M0 COOTHOIIEHUIO YUC/a HYKJIOHOB B H- u
C-gapax B mutenn). [Ipejmoaraercsi, 4To Ha BOJIOPOJIE MPOIECC POXKICHUST ME30HA MTPOUCXO-
JINT KaK Ha CBOOO/IHOM IPOTOHE U, TEM CaMbIM, B 9KCIIEpUMeEHTe OyJ1eT obecriedeHa HeoOXo[uMast
KaJIMOPOBKA JIJIs MPOIecca POXKJICHUS Me30Ha Ha SJePHOM HYKJIOHE;

Me30H | Macca, MaB | mmpuna, MsB | pacnaz Br, % p, MaB/c
n 547.51 +0.18 | 1.30 + 0.07 k3B vy 71.9 273
w 782.65 £ 0.12 | 8.49+ 0.08 7tr~ | 1.70 £ 0.37 366
n 957.78 £0.14 | 0.203 £ 0.016 I o <2 468
10) 1019.51 £ 0.18 | 4.26 £0.05 KtK~ | 492406 127

Tabmumna 1. /IByxdacTHYHbIE PACIIaIbl ME30OHOB.
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- SHEPTUs MAJAIONNX JacTut (e~, v, p, d) moabupaeTcs: TakuM 00pa3oM, 9TOOBI JIJIs BOJIO-
PoJia OCYIIECTBJISAIOCH YCJIOBUE 0E30TIadHON KUHEMATUKU JIJIs POXKJIEHUsT COOTBETCTBYIONIErO
me3oHa, M,

- BBIOMpaeTcs MoJla pacna/ia Me3oHa M Ha J1Ba y-KBaHTa (1)-Me30H) UM HA JBE 3aPsi?KeHHBIX
gactunpl (777~ wm KTK™) (w, ' 1 ¢-me30HbI);

- IPU peaJIn3alfy YCJAOBUs 0€30TIa9HON KUHEMATUKHU YACTHUILI OT Paclajia Me30Ha Oy IyT
pasnerarbest o yrioM (f,.) = 180°, a ux parnpe/iesieHue 1o SHePrun OYIeT JOCTATOIHO Y3KUM,
B COOTBETCTBHH CO 3HAYCHUEM IMUPUHBI [ pacipeie/ieHns Mo Macce PerucTPUPYeMOro Me30Ha;

- pacra/jHble YaCTHIbI Oy/IyT PEruCTPUPOBATLCA JIBYMS CIIEKTPOMETPAMHU, PACIIOIOKEHHBIMU
noz, yryioM 90° K majiaroniemMy ImydKy;

- €C/IM YaCTh ME30HOB HUCIBITBIBACT dAJICPHOE BO3JCHCTBUE BHYTPHU SIpa-MHUIICHU, TO Pe-
TUCTPUPYEMOE pacIpeie/ieHne 0 SHEPIrUuU PACIaIHBIX YacTHI] OYAET CABUHYTO OTHOCHUTE/IHHO
Y3KOI'0 TIUKa, OTBEYAIOIIETO POXKJICHUIO ME30HA Ha IIPOTOHE U OYJIET IIPeICTaBIeHO B BUIE Oojiee
ITUPOKOTO KA, OTBEYAIONIECI0 POXKJICHUIO ME30HA Ha siJIEPHOM HyKJoHe, BoJjiee mupoxuit nuk
OyIeT CABUHYT K MEHBIINM SHEPIUAM H3-3a YMEHBIIEHUs MacChl ME30Ha B sIIEPHOI cpeje u
Pa3MBIT U3-3a BAUSHUS (DEePMU-JIBUKEHUS HYKJIOHOB B SIIpE.

Taxum obpazom, HabJIIOJIEHIE PACIPEIE/ICHUs 110 SHEPIUU PACIIAIHBIX YaCTHUIL JIJIsT KOHKPET-
HOrO Me30oHa M B BHe y3KOro u 6oJjiee MUPOKOTO, CABUHYTOIO 10 SHEPTHH, IINKOB, IIPHU UCIIOIb-
30BaHUM B 9KCIIEPUMEHTE cOCTaBHOM Mutenu, coaepzxKareit H u sipo A (manpumep, 2C), Gyxer
CBHJICTEILCTBOBATD O HAJIMYWH BJUSHUSA AJICPHON CPEJIbI, T.€. sAJICPHOI0 B3aUMOJICHCTBUSA Me30-
Ha M u siipa A. Ha puc. 1 cxemaTndecku mpecTaB/IeHO OXKIIAEMOe PACIIpeIeIeHIe 110 SHEPTUN
paCIIaIHLIX YaCTHI[ Me30HA, [l cJIydasd MUIIeHH, cogepzxKaimeit H u sapo 2C.

N S1/32 = NHyKn(12C)/NHym(H2)

pervcTpupyemMbii
~— SHepreTUJeckui
CMEKTp

AE 2E,

Puc. 1. Cxemarudeckuii 0:Ku1aeMblii SHEPIeTHIECKUN CIEKTP 10 CYMMAapPHO SHEPIUH YACTHUI] OT
pacnajia Me3oHa M, BOSHUKAIOIIErO B pe3yJibTaTe POXKJIEHUsT Ha siIePHOM HYKJIOHE B COCTaBHOM
mvutern CHy mmm C3Hg. AE — pasimane B macce Mme3oHa M j11s citydas poKIeHHS Me30HA Ha
sipe H n va mykjone B spe C, BbIpakeHHOE B 9HEPTeTHIECKNX eINHUIAX. S| U So — IO
pacrpejieJieHnii Ipu POKICHAN Ha CBOOOJHOM U CBsI3aHHOM B gipe nykiaone. I'(Hy) u I'(*2C) —
IIIUPUHBLI BOSHUKAIOIIUX PaCIPeIe/IeHUil Pacia HbIX YaCTHIL 10 SHEPIHH.

B Tabsmume 2 mpuBeieHBI HOPOTOBBIC SHEPTHH Ijopor POKAECHHA Me30HOB M B yp- U pp-
peakiusax (cooTBeTCTBEHHO (OTOHAMM U IIPOTOHAMH), & TaKyKe SHEPIUN Tgesory, OTBEUAOIINE
0e30TIaIHON KMHEMAaTHKe, T.e. CJIydalo, KOIja KMHeTH4IecKas dHeprusd me3ona M paBHa HYJIIO

) )
B Jiah. cucremMe KOOpIMHAT.
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peakiud SHeprud | 0 w n 0]
= M+p | Tupor |0.71| 111|145 | 157
Toesorx | 1.00 | 3.90
0 — M +pp| Twopor | 1.25 | 1.89 | 2.40 | 2.59
Toesorn | 2.24 | 7.37

Tabmuma 2. Iloporosas sueprud Tropor POKICHNAA ME30HOB Ha IPOTOHE IIyIKOM (POTOHOB WJIH
IIPOTOHOB U SHEPIUS ges0r, POKICHUS ME30HOB Ha IIPOTOHE IIyIKOM (DOTOHOB UM IPOTOHOB B
6esormaganoit kunemaruke (korya Ty, = 0 B sab. cucreme). Enunnmpsr — ['9B.

OcranoBuMcsT Ha ycJIoBAM O€30TIATHON KMHEMATUKN, KOTOPOE COCTAB/IAET OCHOBHYIO OCO-
O6eHHOCTH 3KcrepuMenTa. Cosmanue gyt Me30Ha M ycioBus 6€30TIAYHON KHHEMATUKH, T.€.
ycJI0BHsI, Korga Me30H M B dape NpaKTHIECKH MOKOUTCS, BaXKHO 110 CJICIYIOMIIM IIPUIMHAM:

- ecsim Me30H M pacnajiaercsd Ha JBe YaCTUIbI, TO YACTHUIIBI Pa3JIeTaloTcs ol yriaom (f) =
180°. PaszjieT mpomMcXoauT BO BECh TEJIECHBINH yroJi 47, 9TO IO3BOJISIET BBIOPATH IMOJIOYKEHUE
JUIA 2-X CIEKTPOMETPOB ¢ MUHUMAJBHBIM ypoBHeM ¢dona. [IpeanodrurebHO pacioioKeHune
CrieKTpoMeTpoB o/ yrytoM (#) = 90° 1o OTHOIIEHUIO K MAIAIONIEMY MIYUKY, [0 06€ CTOPOHBI OT
Iy4Ka, 1 B BEPTUKAJIbHON IIJIOCKOCTH PEAKIIUN.

- ecau ycaoBue 0e30TIadHOl KHHEMATHKU He BBIOJIHEHO, U Me30H M obajaer 3aMeTHOM
KUHETUYIeCKOi sHeprueii 1)y, TO OH MOXKET BBLIETETh U3 sJIpa, U €ro paciaji Oy/1eT MPOUCXOIUThb
BHE sJipa, TJie BJAUSHUE Spa Ha XapaKTepUCTUKH Me3oHa M He OyIeT cKa3bIBaThCH.

[To sTum npwauHam ycjioBue 6e30TIa9HON KUHEMATUKU BaXKHO, T.K. YBEJIUYUBAET BBIXO]L
OXKMIAaeMOil peakiuu U 0OOCHOBBIBAET YCJIOBHUS JIJI PETHUCTPAINN JACTHUI]. BOSHUKAIOIIUX IIPU
pacmaje me3oua M B sape.

B psne pabor [4,5,7,8] paccmarpuBasioch BIUSHEE sIIEPHOI CpeJibl Ha XapaKTEePUCTUKU Me-
30HOB M HAOJIIOJAJI0CH CMEIIEHHE U3MEPSIEMOT0 SHEPreTUIECKOTO pacIpeie/IeHUusT PaclaTHbIX
qacTuIl Me3oHa M B gpe 110 CPaBHEHHIO C paclipeeeHneM P paciaie cBOOOIHOIO Me30Ha. B
9THX paboTax ycjaoBue 6€30TAAUHON KHHEMATUKH He BBIIOJIHSIOCH, TI09TOMY 9 })EKT CMelneHus
pacupeenaeHus ObLT MaJj. Tem He MeHee, cMeleHre ObLIO 3aPUKCUPOBAHO, U OHO CBSI3BIBAJIOCDH
¢ BJUSIHUEM SIIEPHOM MaTepuy Ha XapaKTEPUCTUKU ME30HOB, T.€. C SIACPHBIM B3aHMMO/IEHCTBAEM
Me3oHa M ¢ gapowm.

BosMoKHOCTD M3y4eHusi CBOWCTB OAPUOHHBIX PE30HAHCOB B sJICPHOI Cpejie pacCMOTPEHA B

6].

[1] B. Krushe. Progr. Part. Nucl. Phys. 55 (2005) 46.

[2] Particle Data Group, J. Phys. G 33 (2006) 1.

[3] A.M. Banmuu u np. Kunemaruka saepabix peaxiwit. M., 1968.
[4] M. Hedayati-Poor, H.S. Sherif. arXiv: nucl-th/0604016.

[5] S. Eidelman et al. Phys.Lett. B 592 (2004).

[6] A.U. Jlebemen. Tpymubt 1-ro pabodero cosernanus “Tlonck u nccseoBanue 7-Me30HHBIX €D
B pA-peaxiu Ha Hykjaorpone OMAN”, usn. OMAN (2007), cTp.8.

[7] J. Weif3 et al. Eur. Phys. J. A 16 (2003) 275.
[8] D. Trnka et al. Phys. Rev. Lett. 94, 192303 (2005).
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YcTtaHOBKa AJIs MCCJIEIOBAHUA 3Ta-ME30HHBIX siaep
11 ee KaJINOpPOBKa®

B.A. Backxos, A.B. Koavuyos, JI.H. Ilasmovuenkxo, B.B. Iloasnckud,
C.C. Cudopun, I'A. Coxon

Jlannoe coobirenne KOpOTKO OMUCHIBACT JBYXILJICUEBYIO CIIEKTPOMETPUIECKYIO YCTAHOBKY, C
MIOMOITHIO KOTOPOIT TPOBOJIATCS MCC/IEIOBAHNS ITa-ME30HHBIX sJIep, ee BpEMEHHYIO KaJINOPOBKY
U METO/INKY ToAb0pa Pabovunx XapaKTEPUCTUK JIETEKTOPOB.

YeTaHOBKA COCTOUT W3 JIBYX BPEMS-TMPOJIETHBIX CIIEKTPOMETPOB (MIMOHHBINA CIIEKTPOMETD 1
HEHTPOHHBI CIIEKTPOMETD), MpeHa3HaYeHHbIX /7T peructpanuu (71n), (pp) u (pn) nap, Bos-
HUKAIONUX B (POTOME30HHBIX IPOIECCax, B TOM 4HCJE B Iporeccax (hphoToodpa3oBaHUs dTa-
Me30HHBIX sijiep. [IHoHHBI crieKTpoMerp (7-CIeKTPOMETp) MpeJIHA3HAYECH JJIs PEruCTPaIum
7T -Me30HOB, Bo3HUKaIOMUX npu pactaae Si1(1535)-pesonanca B sape (S11(1535) — 7n). Ou
cocroutr u3 T1 (crapr) u T2 (crom) merekropoB u Tpex AFE-merekropoB AFE;, AFEs, AFEs,
pacrosioxkenHbix nocie T2-merektopa. HelTpoHHBI crieKTpoMerp (n-CrieKTpoMeTp) MmpejHa-
3HAUEH JIJIS PErUCTPAINi HeiTPOHOB, TaKKe BO3HUKAoMuX npu pacnaje S11(1535) pesonanca,
u cocrout u3 A (BeTo)-eTeKTOpa 1 YeThIPEX HelTpoHHBIX ~croir -aerekTopos N1, N2, N3, N4.

Bce meTeKTOpBI TPEACTABIAIOT U3 ce0s KBaJpaTHbIe CIIMHTUIIISIINOHHBIE TITTACTHHBI PasMe-
pom: 25 x 25 x 2 em® ("crapt” zmerexTop), 50 x 50 x 5 em® ("cron” gerexrop), 40 x 40 x 2 cm?
(AE-nerextopnl B T-crekrpomerpe), 50 X 50 x 2 em® ("Bero’-merekrop) u 50 x 50 x 10 cm?
("cToI- IeTEKTOPBI B N-CIIEKTPOMETPE).

Kaxprit nerekrop nmeer 4 @Y, pactoiozKeHHbIE IO yTJIaAM CIMHTULISIIUOHHON T1acTh-
ubl. B gerekrope T1 (crapr) u AE-gerekropax ucnosb3yorcs PIY-85, B 0CTAIbHBIX JIETEK-
TOpax 00OMX CIeKTpoMeTpoB ucmoab3yioTea OIY-143-B. [logbopka pabounx HampszKeHUi Ha
OOV 1 MOPOTOBBIX HANPSXKEHUN Ha (GOPMUPOBATENIAX TPOU3BOIIIACE TAKIM 00pa30M, ITOOBI
AMILIATYJIa cUrHAJA, cchopmupoBannoro PV, Oblia MPOMOPIUOHAIbHA TOJIIUHE CITUHTUILIS-
IIUOHHOTI'O JIETEKTOPA, IePe3 KOTOPDIil ITPOXO/IIIa YaCTUIA, M UMEJIOCh HAMIYUIIee COOTHOIICHIE
CHTHAJI/ TITY M.

[TepBonauabhas KaJunOPOBKA IMPOU3BO/IMIACE HA KOCMUYECKUX MIOOHAX. /leTekTophl ycra-
HABJIMBAJIUCH B CTOIKY (JIPYT HaJ APYTrOM) HA HEKOTOPOM paccrosuuu 1o Beprukain (0,5-1,0 m).
Taxoe pacmosiozkeHne 0d6eCcreInBaIO PErNCTPAINI0 BEPTUKAIHHO MAIAIONTIX MIOOHOB U MCKJTIO-
YaJI0 PETUCTPAIIIO YACTHUIIL, JETAIMNUX COOKY, T KOTOPBIX TPEK B JIETEKTOPE MOT MMETh 0OJIb-
ot pasdopoc 1o JyuHe. 1 BepTUKAIBLHO MaJaloNuX JaCTUIL TPEK COOTBETCTBOBAJ TOJIIIIHE
serekTopa Ax.

Ha nepsom sTane KaanOpOBKH IPH HEKOTOPOM BBIOPAHHOM IOPOTOBOM HamIPszKeHHN Upopor
dopymposarens Unopor max = Unopor = Unopor min OIPEIEAINCH BOILT-aMIIEPHbIC XapaKTepu-
ctuku Bcex PV nerekTopa u BbiOUpaauch padboune Hampsizkenns Ugpsy Ha genutessx. [lpu
BBIOPAHHBIX PAOOYNX HAIPSKEHUSIX ONPEIE/IsIach 3aBUCUMOCTD CUYe€Ta MIOOHOB OT BEJIUYUHDI
Unopor dopMuposateteit. Ha ciemytomenm mare qya Kazk1oit Toamuabl eTeKTopa Ugsy I Unopor
OJIOMPATINCH TAKUME, YTOOBI BeJIMYNHA CHTHAJIA COOTBETCTBOBAJIA JIAHHON TOJIIIIAHE.

Ha puc. 1 mpeacTaBieHbl 3aBUCHMOCTH CYeTa MIOOHOB OT BEJTMYUHBI TOpora popMupoBaTe-
Jleit sl OHOTO W3 KaHasoB JeTekTopa 12. Tawm ke mpescraBieHbl 3aBUCHMOCTH OTHOIIEHUS
AN/ AUsopor 0T Ungpor, OIIpeeIIsIONue 3aBUCHMOCTI cUrHaIa ¢ PDY 0THOCHTEIBLHO BEIOPAHIO-
ro mopora. 3aBUCUMOCTD 3Ta CJIOYKHAsl, OHa UMeeT HeCKOJIbKO obsiacteit. /o BemuuHbl mopora
Usopor < 40 MB curnas onpenensierca mymamu @Y (Besimuuna cuera Ha KpuBoil I mocrosina,

*He mokmaabiBasioch Ha KOH(MpEPEHITHN.
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AN/AUsepor = 0). Munnmasibaast aMIUIMTy1a curtaia, Haduad ¢ Unpor ~ 40 MB, maumma-
€T MPEBBIATH AMILIATY/LY IyMoBoro curtasa, u orHomerne AN/ AUqpor HATHHACT PACTH JI0
e il AN/ AUnopor = (AN/AUnopor )onrme = 75 £ 5 MB, 1Ipn KOTOPOM IIyMBI [TOIABICHBI
aMILIOTYIa CUTHAJIa MakcuMaJjbHas. [Ipu manbHeiieM yBeJMYeHIN IOpOTra HAYMHAET yMEHb-
MATHCS CaMa aMIUINTYAa CHrHajta oT dactunsl, u orHouenne AN/AUsqpor YMEHBIIACTCS.

[Ipu pabore BbICTaB/IsIETCI MUHUMAJILHBII ITOPOT, IIPU KOTOPOM 3HAYHUTE/IbHASA JaCTh IIIyMOB
[I0JIaBJICHA, HO XOPOIIIO PErUCTPUPYETCS CUTHAJI OT Iporeneil yactunpl. [lpu mannom mopore
5bPEKTUBHOCTD PErHCTPAIMU MIOOHOB MaKCHMaJIbHas.

1 Unopor; MB
N vacT/cek (0TH. e1.)
" 160 |
M\
120 L
so|
4 Usopors MB fof
I 1 L > i
40 80 120 P Ax, cm
2 4 6 8 10
Puc. 1. 3aBucumocTb cyeTa MIOOHOB OT BEJIM-
YUHBI IIOpOora (hopMUpOBaTe e I OIHOIO 13 Puc. 2. 3aBucuMocTb BEJIUYUHBI ITOPO-
DY nerekropos T2 (kpusast [ — e); 3aBucu- TOBOTO HAIPsizKeHus1 (popMUpoBaTeIeit
moctu orHomeHust AN/ AUgopor OT BEJTHTHHBL Usopor OT TOJIMIUHEL IeTeKTOpa Ax.

nopora (opmuposareneit (kpusas 11 — o).

Ha puc. 2 npejicraBiena kaanbpoBodIHas KpUBasi, IIOKA3bIBAIOINIAS 3aBUCHMOCTD [IOPOTra pe-
ructpanuu hopMupoBaTesieil OT TOJNIUHBI JeTeKTopa. BUIHo, 9T0 3aBUCUMOCTH — IPOIIOPIIHAO-
HaJIbHAS.

11 m3MepeHus SHEPTrur YacTUIBI B YCTAHOBKE HCIIOJIb3YETCS BPEMA-IIPOJIETHAST METO/IUKA,
C TIOMOIIILIO KOTOPO# OCYIIECTBIIACTCI U3MEPEHIEe BPEMEHU IIPOJIeTa YaCTUIbI ¢ HA COOTBETCTBY-
fomeit 6a3e nposiera L. 3HaHMe TUIIA U MACChI YACTUIIBI AT BO3MOXKHOCTD IIEPEBECTH BpPEMs
MPOJIETA B SHEPTUIO YACTHIIHI.

KanmbpoBka JIeTeKTOPOB 110 BpEMEHHU IMPOBOJIUTCA Ha IIYYKE FaCTHI] OT (PU3UIECKON MU-
IIIEHU, TTOMEIICHHBIH B Y-TIy9oK. [lj1g 9Toi 1eam ucnoib3yercd JIETEKTOPhI S; U Sg Pa3MEpPOM
5 x 5 cm?. TlepBblit 9Tall HACTPOIKH COCTOUT B CPABHEHMH BPEMEHHBIX CHEKTPOB, H3MEPIeMbIX
BIIII or kaxkmoro u3 4-x @Y nerekropa. Tak Kak curHajbl oT pasnundabix POV merekTopa
HPUXOJAT B Pa3HOe BPeMs M3-3a pasHulibl B ux ¢opmupoBannu POV u B jjmHax KabeJiei,
110 KOTOPBIM OHM Tojtaforcsd Ha Bxoj BIII, crekTphbl B Kaxk1oM U3 4-X KaHaJI0B Oy/IyT PacIio-
JIo’KeHbl B pasubix kKanajax BIIII. Ilenb srama: coBmecTuTb Bce 4 ceKTpa IyTeM BBEJICHUS
HEeOOXOIMMBIX BPEMEHHBIX 3aJepzKeK B cooTBerTcTBYyOmmil Kanaa BIIII.

BropbiM 3TanoMm kaJmubOpoBKU siBJsieTcs onpejesienue nenbl Kanasia BIIIT B nanocekynax,
TO eCTh olpe/iesieHne KoddduiimenTa o B COOTHOIIEHUN ¢t = amn, TJIe N — YUCJIO KAaHAJIOB PEru-
crpanuu BIII, coorBeTcTByItomux BpeMenu rpoJiera t. g 3Toro BIUIOTHYIO IO EHTPY Tepet
T1 u T2 nomernatores $1 u So, onpejensiorcea n B KaxkaoMm BIIII, coorBercTByIomue myieBoMmy
MHTEpPBAJy BPEMEHN IMpoJjieTa peasaTuBucTckoit qacturibl depe3 T1 u T2. 3arem T2 ¢ so oToaBU-
raloTcsd Ha HEKOTOpoe paccrosnud, Harpumep, Ha L = 50, 100 u 150 cM u B KaxK10i Mo3unuu
ompejessiercs nosoxkenne peiarusuctckoro muka B BIII T2 n maxomures o kak a = L/(n),
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rie (n) — cpejuuii KanaJ nuka Bpemernoro pacupegenenus B BIIIL. Tak kak mkasaa BIIT ju-
HeifHa, TO BBITIOJTHAETCS] COOTHOIEHNE (v = (] = (g = (i3, TJIE€ (1, (ig M (Y3 COOTBETCTBYIOT TPEM
yKa3aHHbIM L.

[Tocse BbIOTHEHNST KAJTUOPOBKM CUYCTUIUKU S; M So CHUMAIOTCA U BBICTABJIAIOTCH PabOvne
snadenus L B crekTpomerpe 7w Mexk iy muiienbio u 11, mexmy T1 u T2, a Tak:ke B cuekTpo-
Merpe n Mexkay muirenbio u A, N1, N2, N3, N4.

Omnpeienienre pabovInxX XapaKTEPUCTUK JETEKTOPOB U BBIMOJIHEHNE KAJUOPOBKH 10 YKA3AH-
HBIM MeTOJMKAaM ITO3BOIIIN 3D@MEKTHBHO TPOBECTH HAOOPHI SKCIIEPUMEHTATBLHON CTATUCTUKI
JUT TIocsemytoneii 00pabOTKN B IeJIAX MONCKa 00pa30BaHUS 3Ta-ME30HHBIX sd7ep Ha MUIIEHH
yrurepoga [1,2].

[1] G.A. Sokol at al. Fizika B (Zagreb), v. 8, 81 (1999).
[2] T.A. Cokon u mp. ITucema B DHAS Ne 5 [102], 71, (2000).
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Ilouck sta-me3onubIX gaep Ha Hykiorpone
ondm

C.B. Aganacves, A.C. Apmemos, P.H. Bexmupsaes, /. K. /pabaos,
.M. 2Komypodos, /I.A. Heamwynros, B.U. Heanos, A.IO. Hcynos,
A.U. Manaxos, E.B. Iliexanos (OUAN), A.U. Jlveos, JI.H. Ilasaiouento,
B.B. Hoasnckut, C.C. Cudopun, I"A. Coxon (PUAH)

Bsenenne

B stoMm coobiennn oO6CyKIal0TcAd BOIPOCHI IIPEIBAPUTEIHLHON 00pabOTKN JTAHHBIX CEAHCa,
mionst 2008 1. ma ycranoske CKAH skcnepumenTa 10 MOMCKY 9Ta-siep Ha BHYTPEHHEM IIyYKe
Hyxmorporna ONAN.

[TepBonavabHass MOTUBAIU U IIPEIBAPUTEIbHBIE OIEHKH BO3MOXKHOCTH MTPOBEJICHUA STOTO
SKCIIEPUMEHTA B JIPYTOil PeIaKINy — Ha MPOTOHHOM ITyYKe ¢ KWHeTUIecKOi sHeprueit ~ 1.5—2
I'sB — onucekiBasincs B pabote [1]. BeposTHbiM MexaHH3MOM 00pa30BaHUsS B s/Ipe MEJJIEHHOTO
7)-Me30HAa ABJISIETCA PN-CTOJKHOBEHUE HAJIETAIOIETO IPOTOHA Py C BHYTPHUSAIEPHBIM HEHTPOHOM
N U TOCJEeAYIONIas Iepe3apsiIKa:

Po+n—ny+p+n.

[Tpu 5TOM KOHEUHBIH HEHTPOH 71 BbLIETAET HpenMytiecTBeHHo Brepes (0,, < 15—20°), umes
MaJIBIi HOIIePedHblil UMILY/IbC Py S 200 MaB /¢ u repsas suepruio T, — 1,,, ~ 800 MsB. Dra
SHEprus nepeaaercs 17-me3ony (~ 550 MasB) u mporony p; (~ 250 MsB), yriisl BbLIETa KOTOPOTO
Gosbire u gocruraior ~ 50°. Cedenne o6pa3oBaHus 1)-Me30Ha B pp (1 PABHO NN) CTOJTKHOBEHHSIX
3HAYUTETHHO MEHBINE U B IEPBOM NPHUOINKEHNN MOXKET He IPUHUMATHCI BO BHUMAHIE.

B nasbHeiieM poXKIeHHBIN MeJJIeHHBI 7)-Me30H 3aXBATBIBAETC sJIDOM W THOHET — B OC-

HOBHOM 3a CYET BHYTPHUAAECPHOI'O IIpoOHECcCa
n+n—m +p,

POZKJIATOIIEr0 MMOH-HYKJIOHHYIO 3apAKeHHYIO TIapy 7 P, B KOTOPOIl KOMIIOHEHTHI TTapbl IMEIOT
SHAYUTEIbHBI TPOTUBOMONIOKHLI uMIiysibe ~ 430 MsB/c (r.e. kun. sueprun ~ 312 M»sB
u ~ 94 MsB coorBercrBenno). Pazimunbie syiepubie 3¢ dertsl ((bepMu-IBuKeHe Me30HA U
HYKJIOHOB, BHYTPHUSJIEDHOE Ilepepaccestiie W Ip.) PasMbIBAIOT 3Ty KOPPEJSIIUI0 MUMITYJIbCOB 1
SHEPTUii, HO He YHUYTOXKAIOT ee MOJJHOCTHIO. YKa3aHHAas BBIIIE 3aps/ioBasg KOMOWHAINS Tapbl
BBIOpaHA MOTOMY, YTO €€ Jierde PEruCTPUPOBATEH MMEIOIIENCs SKCIIepUMEHTATIBLHOM YCTaHOBKOM.

Takum 0Opa3oM, 9Ta-ME30HHBIE SJPa, T.€. KBA3UCBI3AHHDLIE COCTOSHUS 7)-ME30HA U siIpa-
OCTOBA, IpeJIarajoch MCKaTh [0 MPOJIYKTaM WX paclajia — KOPPEJIUpPOBAHHON 7~ p-mape, B
COYETAHUN C PErucTpalueil HyKJOHOB p; W N, BOBHUKAIONIMX Ha dTalle POXKJEHUS Ta-IIpa.
B criekTpe cymMMapHOil 9Hepruu 0TOOPAHHBIX T~ p-IIAp OKUIAETCsI UMeTh MUK BOIM3H (M 1yTh
nmxe) E = m, + my = 1486 M»sB, mosnoxenne n muprHa KOTOPOrO JacT HHGPOPMANHIO 00
SHEPTUU CBA3U U MIUPUHE ITa-dJIEPHOTO cocTosgHus. [Ipu 9TOM O)KujlaeMble SHEPIUu CBA3U U
mupuHbL cocTaBiaAloT ~ 10—20 MsB u ~ 30 M5B coorsercrBenHo [2].

Peasibabiit 9KCcIiepuMeHT POBOMIIC Ha JAedTpoHHOM Iyuke. OJIHAKO NPUBE/IEHHOE BBIIIE
paccMOTpeEHNE TOJUTCA U B 9TOM CJIydae, TOCKOJIbKY B JAHHOM KOHTEKCTe JTeUTPOH MOYKHO pac-
CMATPUBaTh KaK IIYYIOK ITPOTOHOB ILIIOC IIYYOK HENTPOHOB. EIMHCTBEHHAS MTOIIPaBKa COCTOUT B
TOM, UTO Ha dTalle POXKIEHUS dTa-A/Apa B Caydae pPeaKIni, MHUIMIPOBAHHON HEUTPOHOM IIyd-
KA, BBLICTAIONINE HYKJIOHBI 1| U P; MEHSIOTCS POJISIMU: BIIEPE] JIETUT MPOTOH, & MO/ OOJIBIITNM
YIJIOM — HEUTPOH.
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Onucanme 3KCIIEpUMEHTa U YCTAHOBKU

PaccmarpuBaembii ceanc SKCIepUMeHTa IIPOBOJUICI HA BHYTPEHHEM JICHTPOHHOM ITy9Ke
Hyksorpona ¢ xun. sueprueit 1.9 I'sB/uykion npn unTencusHoctd myuka a0 10 d/mukn
(npomoszKuTeLHOCTH MUK ~ 10 cex). Mumennb npejcrasiasia coboit yriaepoanyio (12C) nuth
28 MM u gymmaON 90 MM. IlpomykThl pacnasia sra-sjep — 7~ p-Iapbl — PErUCTPUPOBAJINCH B
[OTIEPEYHBIX K YUKy HalpaBJIeHUusX (T.e. TaM, Ijie 0KugaeMblil GOH MUHIMAJEH) ¢ MOMOIIBIO
JBYXILJIEIEBOrO CIIEKTPOMETPA 3apsiZKEHHbBIX YacTull [3|, BKIIOUAIOIIEro OIMHAKOBO YCTPOEHHbBIE
wrean P u K (puc. 1).

K
K 5
L ; LN
by \1@‘
/.f
-« Ko Ls
: K] I /_
C‘f;- O-._ fl// /,.:/_J,' g n
; Al || ]
: oL~
L ol ““‘.
I \\K arm

Beam

Puc. 1. Cxemarnueckuit Bun ycranoBkun CKAH. Hjy; — 2-X KOJbIEBO# 32-37/eMEHTHBIH T0-
JOCKOTT (MACCUB CIIMHTUJLIAIMOHHBIX CYETINKOB), MEPEKPHIBAIONINI MaJible MOJISIPHBIE YIJIbI
0 = 15°=30° Py, P», P3 (u Ky, Ko, K3) — 6bICTpBIE CIIUHTUJUISIITAOHHBIE CIETUYNKU BPEMEHHO
npuBsizku; Py u Ky — COMHTULIAIMOHHBIE CYETUYUKH OOJIBIIOro obbema; Ps u K5 — CIIUHTHII-
JIAIMOHHBIE JETEKTOPhI YacTuil ¢ OosbmmuM umiryiabcoM; Cp u Cx — UepeHKOBCKHE IOPOIo-
Bble CUYETUYUKN BbljeseHus: nmuoHon; Br, Fy u Bgr, Fr — derbipe HaOOpa CHUHTULIAITOHHBIX
CYETIMKOB-MOHUTOPOB ITyYKa.

OcHOBO#1 JICTEKTUPOBAHNS SABJIACTCA PETUCTPAIUS YIETbHBIX dHEPreTHIecKnX morepb AF
3apsKEHHO JacTunbl B 1iede P wiam K, a TakKe BPEMEHU IIPOJIETa tyof MEXKIYy CUETUYHKa-
v Py u Py (mwm Ky u K3). Jlnsg ujaeHTuduKamn 4acTIl TAKKEe UCHOJIB3YIOTCS CyMMAPHBIE
SHEpPreTUYecKrne morepu [ BO BceX CIUHTUJUISIIMOHHBIX CUYETYUKAX JAHHOrO Iuteda. [Ipmmech
IPOTOHOB TIPU MJIEHTUMUKAIMKA [THOHOB COCTABJIAET B 3TOM ciaydae ~ 5%. Brirouenne st
T / p-pasjiesiennst oporoBoro depeHkoBckoro cuerdnka (C'p win C) TPUBOJAUT K COKPAIIEHUIO
npuMecu 1poToHOB B H0 pas.

[Moporu perucrpamnuu mo uMIryIbcaMm MHOHOB cocrasisiim ~ 40 MsB/c (uro coorsercrByer
kuH. sueprun ~ 6 MsB). [Toporossie 3Hauenust UMITyJIbCOB IPOTOHOB cocTasisin ~ 230 MsB/c
(kum. sueprust ~ 30 M»sB).

Db dEKTUBHOCTH PETHCTPAIA ITPOTOHOB M 3aPsAKEHHBIX ITHOHOB B JIHANIA30HE M3MEHEHUSI
uMITysIbcoB gocturana ~ 90% u ~ 95% 11 IMOHOB M IIPOTOHOB COOTBETCTBEHHO.

[eomerpudeckuii akcenTanc KaxKja0ro u3 Iied yCcTaHoBKU coctasjsi § = 90° + 3° u ¢ =
0°(180°) 4 17.5°. Paspemenue TOF-cucrembr pasusiiiocs ~ 150 ps.
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B pa6oqu BapuaHT HUCIIOJIbL30BaJICA aHHapaTHbeI Tpurrep
(Pl*PQ*P3)*(K1*K2*K3).

Pekoncrpykiust coObITHIT OCYIIECTBIIsIIACEH cieytomum obpasom [4]. Ha ocnose mssecTHOl
reomerpun yctanoBku u BIII-ganubix mo BpeMeHu mpoJieta onpeensercs CKOPOCTb 3apsizKeH-
HOIl JaCTUILI U ee raMMa-haKkTop:

ﬁ _ Lstart/stop N = 1
Ctiof ’ \1— 52 .

AHH-,ZL&HHI)IG 110 QHEPIudM, IIOTEPAHHBIM LIELCTI/IILE)I'?'I B JE€TEKTOpaX, Jal0T BOSMOXKHOCTHL BbIIHUC-

JINTH €€ KHHETHIECKYIO SHEPTHIO
dFE
; dx /i

31ech ¢ — CKOPOCTh CBeTa, Lgtart/stop — AMMHA IPOJICTHON 6asbl P—F3 (mmn K1—-K3), i — HOMED
AKTUBHOI'O JIeTeKTopa. Torja peKOHCTPpYHPOBaHHAas Macca YaCTUIILI HAXOJIUTCS KakK

T
Mroc = -
v—1
Bee cobbrtust ¢ Mo, < 500 M3B cunratorcss m-mezonamu, coobitus ¢ M. = 500—1500 M»>B
CUNTAIOTC IPOTOHAMU, & COOBITHA ¢ Mo > 1500 MsB cunTatorcs meiTpoHaMu.
[Iporeypa onpeaeeHns HOPMUPOBOIHBIX KOI(MDPUITUEHTOB k; 1 HOPMHUPOBOIHBIX KOHCTAHT
[PU BBIYUCIEHUN BPEMEHHU MIPOJIeTa tyop MOAPOOHO paccMoTpeHa B [4].
[Tpu HasMUMM yKa3aHHOTO BBIIlE AIlapaTHOTO Tpurrepa (comaaenne P u K mued) moss-
JITETCS BOBMOYKHOCTH PEKOHCTPYUPOBATDH IMOJIHYIO SHEPIHUIO MAapbl 3aPAKEHHBIX JacTHIL:

Etot = EP + EK = ’}/PMrecP + ’}/KMrecK-

MO,H,GJ'II/IpOBaHI/Ie YCTaHOBKHN M CpaBHE€HHE C JaHHbIMUA

MopenmpoBanue 0JfHOTO IJIedYa YCTAaHOBKU (Hampumep, P) ¢ HCHOJIb30BAHHEM TPOTrPAMMEBI,
ocnoBanuoil Ha Koge GEANT 3.21, mo3BojisgeT moIyunTh OXKHUJIaeMyio KapTHHY pabOThI CIIEK-
TPOMETPOB U, B YaCTHOCTHU, PACIPEIEICHUS PErHCTPUPYEMbIX YacTHIl B KoopauHarax AF-t.
Bnecs AFE 310 cymMMapHasi SHeprusi, MOTePsiHHAs JacTuleil B gerekropax P— Py, a t — Bpems
IpoJIeTa YaCTHILI MeXK 1y JeTekTopamu P; u P3. Ilpu mMojennpoBanun paccMaTpuBaJiOCh MPO-
XOZKJICHNIE depe3 OJIHO IJIEU0 YCTAHOBKI OTPHIATEILHDLIX MIHOHOB, IIPOTOHOB, IeHTOHOB, aaep °H
u *He; nagasbnas sHePrus M IaloMnX Ha JeTeKTOPBl YacTUIl Oblia PABHOMEPHO PACIIpe/ie/IeHa,
B uaTepBase 01000 MsB npu usorporroM yrioBom pacupepesnaernn. [logydenabie pe3yabrars
[IOKa3aHbI Ha PHUC. 2.

O6paboTKa IKCIEPUMEHTAIBHBIX JAHHBIX ceaHca MioHb-2008 1 KaanbpOBKa KazyKJI0TO ILIe-
Ya B COOTBETCTBUU C IPUBEJECHHON MPOIEyPOil PEKOHCTPYKIIUU TI0 PACIETHBIM KPUBBIM JIA€T
aHAJIOTMIHbIE pacipeeneHns — cM. puc. 3. CpaBHeHMe ¢ puc. 2 IOMOraeT yKas3aTb 00JIacTh
A E—t npenMyImecTBeHHOTO COOTBETCTBHSI YacTuiaM (7, p, d), pEruCTPUPYEMBIM OJIHUM ILJIEIOM
ycTaHoBKH . [Ipu cpaBHEHHH 3KCIIEPUMEHTAJIBHBIX U MOJEINPOBAHHBIX TAHHBIX HAOJIIOIAeTCs
O6JIbITIasl pa3MbITOCTh SKCIEPUMEHTAIbHBIX PACIIPE/Ie/ICHIi, TOCKOJIBKY B JJAHHOM pacdeTe He
YUUTBHIBAIUCH (DJIYKTYAIIUN CBETOCOOpa B JETEKTOpax, (PJIYKTyallud IIPOIECCOB PErUCTPAIAN
doronos B @IV, cirydaitHble TPOIECChl B OJI0KAX JIEKTPOHUKHI H JIp.

['pynmoit OVMAN 6110 1poBeIeHO MOJETMPOBAHIE M3ydaeMOil peakIni ¢ IOMOIIBIO IIPO-
rpamMHuOro koga RQMD (pengruBucrckas KBanTOBast MoJieKy/sipHast nuaamuku [5]). B ocHoBe
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Puc. 2. Monemuposannoe AFE-t pacupee- Puc. 3. AFE-t pacupenenenne peabHBIX
JICHUE. COOBITHIA.

KOJIa JIEZKUT TEOPETUIECKUI TOIXO0M, 00ECIIeUNBAIOIIUI TIOJTHOTY HIPOIELYPhl MOIEJIMPOBAHUSA
B peakIusX THUIa sIPO-SIApO WM aJapoH-saapo. HadambHoe cocTosiHue YacTHIl IIpeodpasyeTcs
B KOHe4HOe ¢ dukcanueil (3aMopazkuBaHIeM) Pe3yJIbTUPYIOIIEro COCTOSHUS TTOCJIe MTPEKPAITIe-
HUSI CIJIBHBIX B3aWMMOJIEHCTBHI. DTO MOTYKIACCHIECKNT MUKPOCKOTIMIECKUI TTOIX0]T, KOTOPBIi
COBMEIIAET KJIACCHIECKOe OINCAHUE PACIIPOCTPAHEHUsT YACTHUIL CO CTOXACTUIHOCTHIO B3aUMO/Ieii-
cTBuUii. B 3/1eMeHTapHBIX CTOJKHOBEHUAX MOI'YT BO30Y2KIAThCs PE30HAHCHI U IIBETHBIE CTPYHBI,
ux (pparmeHTaIus U paciaj IPUBOIAT K POXKJICHUIO KOHETIHOro Habopa JacTHIL.

MoemmpoBanue CTOIKHOBeHuit JieHTpoH-—aapo 2C mTpoBOIMIOCH i HECKOJLKHX (DUKCH-
POBAHHBIX SHEPIH TTAIAIOIIEro eidTpora B auanasone 1.4-1.9 I'9B /uykion. B pesynbrare 6611
MOJTyI€H MaCCHUB JIAHHBIX, KOTOPBIil 3aTeM ncmosib3oBajcs rpymnmnoit PVIAH s onenoxk ypoBHs
doHa mpu perucTpanyuu 7w p nap dkcrnepuMmenTaabHoit yecranoekoit CKAH B obmactu snepruit
YacTHIl, BO3HUKAIONIMX IIpu pacnaje ara-auep: 1, ~ 100 MaB u T ~ 300 MsB, uro coot-
BercrByeT (3, ~ 0.43 u B, ~ 0.95. MonenupoBanuble JaHHble OBLIM CyMMHPOBAHBI IO BCEM
SHEPIUsIM JIEHTPOHA ¢ €IMHIIHBIM BECOM.

Ha puc. 4 npuBeseHo moydeHHOE pacipeaeaeHne CKOpoCcTeil TPOTOHOB IPU YCIOBUKM PEru-
CTpAIIK [HOHA CO CKOPOCTBIO [, > 0.9. Bumo, uro B obractu addekra (5, ~ 0.43) nmpakrute-
CKHU HET (POHOBBIX COOBITUI — HECMOTPS Ha TO, UTO YPOBEHb CTATUCTUKU COOBITHI, pa3bIIPDAHHBIX
B RQMD, cocraBu HECKOJIBKO MUJITHOHOB.

Nszmepenusa na Hykmorpone B ceance 2008 1. mpoBOAWINCH Ha IIy4Ke JEHTPOHOB B SHEP-
retraeckoM Juaiasone 1—2 9B /Hykion. B sroM pekume ObLIN TOJYUeHBl JaHHBIE KaK [IPH
PACIIOJIOXKEHNH ILIeY JleTeKTopa 1101 yriaoMm 180° B mabopaTopHOil cucTemMe, TaK U O MEHBITHAM
yriiom (170°). Ilpsimbie u oHOBBIE M3MEpEHUsT TPOBOJININCH B T€UEHKE OJHOTO ceaHca. Takum
o0pa3oM cucTeMaThIecKas OIMMOKa M3MEPEeHUs CBOIUIACh K MUHUMYMY. [IpenBapureibubie pe-
3yJILTAThl 00PAOOTAHHON JTAHHBIX TPEJICTABICHBI Ha, PHUC. D, 6.

Yucsio 3aperucTpupoBaHibIX TP Hap, MONaIalomux B auana3on mace 1450 < Mg < 1550
MsB/c?, cocraBnser Nyg = 40 cobbrruit aua (1.5—2) - 10° neynpyrux szanmoseitcrsuit. [Ipu
(OHOBBIX M3MEPEHUAX MPUBEJICHHOE YUCJIO COOBITHI JIIg 9TOIO0 MHTEPBa/a MACC COCTABJISIET
Nion = 7.5. Ha maHHBIIT MOMEHT HIpeACTaBIEHbI Pe3yaIbTaT PacCMaTPUBAETCS KaK IIPEIBaAPH-
TeJIbHBIN, TpeOyIomunii 6oJiee JeTaabHBIX UCCICIOBAHMIIA.
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Puc. 4. Pacnpenenenne

[0 CKOPOCTSAM MPOTOHOB Puc. 5. Cuexrpsl a¢dek- Puc. 6. CrnexTpst acbdex-

THUBHBIX MAacCC, IOJIyYeH- TUBHBLIX MAacC, IOJIyYeH-
B cobbITusx ¢ B, > 0.9,

Hble IpU pabodeM I10JI0- Hble TIPH YIJIe PacTBOpa
CMOJIEIMPOBAHHBIX 11O

JKEHUH JeTEeKTOPOB miaea 170°.

nporpamme RQMD.

Bemaumny mosiHoro cedenue mporecca MOXKHO OIEHUTb UCXOJIsd U3 YUCIa HEYIPYTHX B3au-
mogieticTeuit dC, m3MepeHHBIX 0 cIeTaM MOHHUTOPHBIX TEJIECKOIIOB U PE3YILTATOB MOJIETNPOBaA-
HIs ¢ ucnoyb3oBanueM nporpaMMHubiX makeroB GEANT u RQMD. Ilpusenennnie Ha puc. 5, 6
pacnpeiesiennst coorsercTByior Ny, = (1.5—2.2) - 10° neyupyrum Bzaunmogeiicrsusam. cxo-
Jisi u3 TejecHoro yryia ycranoBku {2 &/~ 0.008 sr m cedenusi meynpyroro dC-B3anmoieficTBus
o = 426 + 22 mb npu sueprun 2.1 5B /HyKII, 0IHOE cevYeHre UCCIeLyeMOro mporecca ObLIo
OTICHEHO CJICTYIONUM 00pa30M:

- 4_7T Neff - Nfon
Y N;

[Ipomomkenre 0OPaAOOTKU SKCIIEPUMEHTAIBHBIX JIAHHBIX ceaHca HioHL-2008 u, ocobeHHo,
MOJIK/II0UeHne JTaHHbIX cearca 2006 rofa MO3BOJAT yBEJIMIUTH CTATUCTUKY U IOJIYIUTH OoJiee
sICHBIE TIPeJCcTaBjIeHnus 00 00pa30BaHMU PE30HAHCHBIX CTPYKTYD, XapaKTEPHBIX JIJIsi PACIaloB
9Ta-MEe30HHBIX SIep.

o(,A) Oin ~ 11 pb.
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[4] C.B. Adanacses, [I.K. Ipsadmos, [Tucema 8 9UA 2[125] (2005) 82-90.
[5] H. Sorge, Phys. Rev. C52 (1995) 3291.
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O doropoxkaeHnn 3Ta-MEe30HHbIX dlep Ha
cuxporpone OPIMAH*
B.A. Bacxos, A.B. Koavuos, A. 1. Jlveos, A.U. Jlebedes, JI.H. [lasarouenro,
B.B. Ioasnckut, E.B. Pocanos, C.C. Cudopun, I"A. Coxon (PUAH),

C.B. Aganacves, A.1. Manraxos (OUAHN),
A.C, Henamos, B.I. Hedopesos (MW PAH)

A brief review of searches for n-mesic nuclei is presented with emphasis on
photoreactions. Results of a new experiment done at the LPI electron synchrotron
are reported. They are as follows.

New data on photoproduction of n-mesic nuclei off 12C have been collected at the
bremsstrahlung photon beam of E. ,.x = 850 MeV. An experimental setup with
two plastic time-of flight spectrometers detected correlated 7+tn and pn pairs from
annihilation of n-mesons stopped in the nuclear matter and measured their velocity
distributions. Data analysis was performed using an Intra Nuclear Cascade Model in
the GEANT-3 framework in order to take into account properties of the setup and
physical background. A separation between charged pions and protons was achieved
using information on velocities and ranges of the particles in plastic detectors. The
obtained data show, apart from previously observed w*n pairs from one-nucleon
annihilation of etas (via nN — 7N), a presence of emitted correlated pn pairs
with velocities corresponding to the kinematics of the near-threshold reaction of two-
nucleon absorption of the n-meson in the nucleus (PNN — NN). Assuming that
such 7n and pn pairs are mostly produced through formation and decay of quasi-
bound states of the n-meson and a nucleus (i.e. n-mesic nuclei ,A), the cross section
of n-mesic nuclei formation was estimated as o(y + *C — ,A+ X) < 10 pb.

Introduction: n-mesic nuclei

n-mesic nuclei, i.e. nuclear systems , A having the n-meson bound in a nuclear orbit by strong
interaction with A nucleons, have been predicted long ago [1,2] — soon after recognizing the
attractive character of the n/N interaction at low energies [3]. Observations and investigations
of these exotic systems would be very valuable for understanding meson-baryon interactions in
free space and in nuclei and for studies of properties of hadrons in the dense nuclear matter.

The n-meson, together with pions and kaons, belongs to the SU(3) octet of pseudoscalar
mesons and has, therefore, a similar ¢q space structure. In contrast to the pion, however,
the pseudoscalar coupling of 7 to the nucleon is empirically rather small [4]. Nevertheless the
amplitude of nN s-wave scattering is not as small as that for 7N scattering because of the
contribution of the s-wave resonance S;(1535) which is actually a chiral partner of the nucleon
— the lowest lying baryon with the opposite parity to the nucleon. This resonance has the
mass slightly above the n/N' threshold, m, + my = 1486 MeV, and owing to its very strong
coupling to the n/N channel |with the branching ratio Br (511(1535) — nN) ~ 55%)] strongly
enhances all interactions in this channel. A nice illustration of this feature is provided by Mainz
data [5] on the total cross section of 1 photoproduction off protons. A huge near-threshold

*Buech BMmecto pokianos A.U.JIbsosa u JI.H.ITlaB/roueHKO 0 IIpeBapuTEIbHBIX PE3Yy/IbTaTaX HCCJIeI0BAHMS
npuBe/ieH 6oJiee 3aKOHYEHHBIN TEKCT paboThl (Ha aHrmiickoMm) u npejcrasiaennbii B.B.IlonsHCKIM T03Ke — Ha
koH(epennusax B 2012 1.
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enhancement shown in Fig. 1 is just a manifestation of the S1;(1535) resonance excited in the
reaction vp — S11(1535) — np.

The S11(1535) resonance strongly contributes to the
low-energy N scattering and, in particular, makes the
threshold value of the n/N scattering amplitude (i.e. the

nN scattering length a, ) positive. In the framework of 18
a dynamical resonance model for the coupled channels 16 I : yp-np 7
7N, nN and 77w N, Bhalerao and Liu [3] found 14T 7]
apy = 0.28 +4¢0.19 fm. (1) g 1(2) [ N
The positive value of Rea,v means an effective b§ 8 I .
attraction between 1 and N, so that one can expect that 6 |- -
several nucleons could jointly bind 7 to a nuclear orbit. 4 _
The first-order static-limit on-shell optical potential of > [ a
ninthenuclearmatteratzeroenergyE};i“:Oisequal Y P P P P
to 1 1 14 15 16 1.7 18 19
Ur) = —2r o p(r) (—+—),  (2) W (GeV)

my, my

what gives [together with Eq. (1)] U = =34 —123 MeV  py¢ 1. Total cross section of Yp — np

at normal nuclear matter density p = py = 0.17 fm™>. 5] as an illustration of the Si;(1535)
The imaginary part of the potential describes a local jegonance strength in the nN channel.

absorption rate I' = —2Im U of n in the nuclear substance.

With the above strength of the nA potential, n-mesic nuclei ,A are expected to exist for all
A >10[6,7]. Actually, due to a sharp (cusp) energy dependence of the nN scattering amplitude
near threshold, Fermi motion of nucleons and 7 reduces the optical potential [especially its
imaginary part|, and this makes 7-mesic nuclei to exist only for A > 12. For binding energies
and widths of the lightest n-mesic nuclei Haider and Liu predicted [6,7]

E,=-119MeV, TI,= 734MeV for "C,
E,=-345MeV, T,=10.76 MeV for 70,
E,=—6.39 MeV, I, =13.20 MeV for *Mg. (3)

Note, however, that a stronger n/N scattering amplitude was inferred in some other analyses.
For example, using a K-matrix model for coupled channels 7N, nN, vN and 7N, Green and
Wycech [8,9] found from fit to available data

apy = (0.91 %+ 0.06) 4 i (0.27 & 0.02) fm. (4)

With such a big strength of n/N interaction lighter n-mesic nuclei could also exist.

As an example of different predictions for binding energies and widths of n-mesic nuclei we
mention very elaborated calculations [10-12], in which a model for meson-baryon interaction
with dynamically generated resonances was build using a unitarized chiral perturbation theory
for coupled channels 7N, nN, KA, K and nw N and then self-energies of all the particles
in the nuclear matter were evaluated consistently. This approach leads to the nN scattering
length a,ny = 0.264 4+ 40.245 fm close to that obtained in Eq. (1). The resulting nA potential
is, however, found stronger owing to nonlinear dressing effects: U = —54 — 29 MeV at normal
nuclear density. Also stronger are n-meson bindings found in [12]:

E,=-9.71 MeV, T, =35.0MeV for "C,
E,=—1257 MeV, I, =334MeV for *Mg. (5)
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Bindings with equally large widths arise also in calculations [13-15] that use a chiral doublet
model and treat nA and S7;(1535)A attraction as a result of partial restoration of chiral
symmetry in the dense nuclear matter leading to reduction of the S;;(1535)—N mass gap.
It is clear that experimental data on energies and widths of n-mesic nuclei are needed to test
these and many other models and calculations.

Signature for eta-mesic nuclei produced in photoreactions

A mechanism of 7-mesic nuclei formation and decay in the photoreaction
Y+ A= N+ (A-1) >N +7+ N+ (A-2) (6)

is shown in Fig. 2a. A fast nucleon N’ ejected forward at the first stage of the reaction, i.e. in
the subprocess
’Y+N/_>N/+nslow7 (7)

escapes the nucleus, whereas a slow 7 is captured by remaining A — 1 nucleons to a bound
state. At E, ~ 800—900 MeV, a minimal momentum transfer to n in the reaction (7) is not
large (less than 70 MeV /c). That is why the total cross section of n-mesic nuclei formation off
light nuclei (like carbon or oxygen implied in the following) turns out to be a few pb [16-21],
i.e. >~ 2—7% of the total cross section O’Z , of inclusive 7 photoproduction, with the exact value
strongly dependent on the assumed strength of the optical potential U.

~ N’ N ~ N’ N
\ Sa /n - n Su/ = Sn/m Su/ =«
a) b)
0= ®: @
A -1 A—2 A A-1 A—-2
n(A—1)

Puc. 2. a) n-mesic nuclei formation and decay with the emission of back-to-back 7N pairs. b)
Background creation of back-to-back 7wV pairs by unbound 7.

Energies E[,(A—1)] of the produced n-mesic nuclei can, in principle, be determined through
missing mass measurements in the reaction (v,p) using tagged photons v and a magnetic
spectrometer for N’ = p. Indirectly, the same energy

El(A-1)]=E,+ Ea1 = Exn+ B (8)

can also be found from the observed energy of a correlated back-to-back 7N pair produced
at the second stage of the reaction (6) where the captured 7 meson annihilates through the
subprocess

nN — Nr. 9)

The energy excitation of (A — 2) in (8) is not a fixed value. It rather depends on whether an
s-shell or p-shell nucleon N is knocked out in the process (9). Therefore a distribution of the
experimental observable F,y has appropriately a bigger width than the width of the n-mesic
nucleus.

Neglecting binding and Fermi motion of nucleons and 7, we have the following kinematical
characteristics of the ejected correlated 7N pairs (as for energies, momenta and velocities):

Vs=E.+Ey = my +my = 1486 MeV,
ES™ = 313 MeV, EXin = 94 MeV, pr = pn = 431 MeV /c,
B, = 0.95, By = 0.42. (10)
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A simple simulation that takes into account the Fermi motion of nucleons and 7 as well as
binding of these particles reveals that fluctuations around these ideal parameters are substantial
(see Fig. 3) [specifically, we used in this simulation the n-meson binding energy of 10 MeV with
the width 25 MeV; for nucleons, we assumed a Fermi-gas distribution with binding energies
distributed between 5 and 30 MeV]. In particular, the angle 6,y between the emitted pion and
nucleon may not be so close to 180°, and a subtraction of background events with 6,y # 180°
used sometimes in practice should be done cautiously. A shift of the peak down to 1486 MeV
in the distribution of the total energy F,.ny = E, + Ey seen in Fig. 3 is related with binding of
both the n-meson (by 10 MeV) and the nucleon (by 15 MeV).
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Puc. 3. Simulation of 7N pairs emitted in 7-mesic nuclei decays. Shown are distributions over
kinetic energies of the particles, their total energy, velocities, and the 7N relative angle.

Notice that 7N pairs with the characteristics (10) do not necessary originate from 7-mesic
nuclei decays. They can also be produced by slow etas in a background nonresonance process
shown in Fig. 2b. The resonance and nonresonance processes correspond to a resonance (Breit-
Wigner) and nonresonance part of the full propagator [i.e. the Green function G(ry, rs; E,))| of
the n-meson moving in the optical potential U(r). Jointly, these parts generate a complicated
spectrum of E, similar to that obtained in a toy model with a square-well potential [22,23].
Shown in Fig. 4 is the spectral function in that model,

S = [[ o) ptra) (Gl rsi By P e, (1)

that characterizes near-threshold energy distribution of the propagated etas as well as the near-
threshold energy dependence of the yield of 7N pairs produced by these . Bound states of the n-
meson give pronounced peaks in the yield of the 7V pairs at subthreshold energies £,. Generally,
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observation of a relatively narrow resonance peak in the
spectrum of F, in the region E, < m, is mandatory for
claiming an observation of 7-mesic nuclei at all. We
refer to recent works by Haider and Liu [24,25] where
a deeper and more elaborated consideration is given in
relation with a recent experiment.

Since 7 is isoscalar, the 7N pairs produced in the
subprocess (9) have isospin 3 and hence the following

isotopic contents [for n-mesic nuclei with A > 1|

S(En), arbitrary units

-100 -50 0 50 100
1/3 for ntn, e o e
Br (7TN) o 1/6 for 7T0p’ (12) n n
B 1/6 for w°n,
1?3 for 7 p. Puc. 4. Spectral density of £,

in a model with a rectangular-

From these, the channel 7+n was chosen for detection Well attractive optical potential U
in our experiment. that approximately simulates the n-
mesic nucleus 2C [22]. The chosen
potential was so strong that it
bounded 7 both in the s and p-

Searches for 7-mesic nuclei began very soon after Wwave states. When the attractive
their predictions [1] followed by suggestions [2,16-18,26] Potential is turned on, a pronounced
to seek these novel high-energy nuclear excitations in peak (peaks) in the spectral density
missing-mass experiments using the inclusive reactions emerges at subthreshold resonance
(zt,p) and (v,p). energy (energies).

The first two experiments have been done along this
line in 1988 at Brookhaven [27] and Los Alamos [28,29]. In both experiments, a 77 beam was
used and several targets (Li, C, O and Al) were examined. The inclusive (7, p) reaction

Previous searches for n-mesic nuclei

T+ A— J(A-=1)+p (13)

was studied in [27] with a magnetic spectrometer, whereas the Los Alamos experiment had also
an additional 47 BGO crystal ball for detecting charged paticles ejected in the subprocess (9)
of n-mesic nuclei decays to mN pairs in coincidence with the forward proton p.

The Brookhaven experiment did not find a theoretically expected signal [2] — a relatively
narrow peak of a predicted strength in the missing mass spectrum. The team working at Los
Alamos did report a preliminary evidence for a wanted peak for the 0 target but this report
was not confirmed (published) since then.

It was recognized in the following that the above obtained negative or incomplete results
do not necessarily mean that the predicted n-mesic nuclei do not exist. It was possible that the
binding energies and especially the widths of the 7 bound states were theoretically underestimated.
This point of view was supported by many-body calculations [30] taking into account some
effects disregarded in the first theoretical works [1,2|, in particular — dressing, binding and
collisional decays of the S11(1535) resonance in the dense nuclear matter. The analysis of [30]
was later extended and revised [10-12] (in particular, dressing of mesons was also included)
with the main conclusion survived that n-mesic nuclei widths are bigger than those found in
[1,2].

The next experiment has been performed at the Lebedev Physical Institute in Moscow / Troitsk
[23,31] (see also a summary in [32]). It was triggered [33,34] by a suggestion [35] to seek n-mesic
nuclei through observing decay products of n-mesic nuclei, namely two correlated back-to-back
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particles, a pion and a nucleon, ejected in the process of annihilation of captured n-mesons in
the nucleus, Eq. (9). It was hoped that a background for the two very energetic particles (the
pion and the nucleon) ejected in decays of n-mesic nuclei transversely to the beam would be
lower than that for ejection of forward protons in the inclusive processes. Besides, it was hoped
that background conditions in photon-induced reactions would be generally better than those
in pion-induced ones.

Studies of the reaction

12 11 11
74+ 2C— (},Be or LC)+ N 7" +n+X+N (14)

done in the middle of 1990’s at the LPI electron synchrotron indeed showed a signal of an
enhanced production of the correlated back-to-back 7n pairs ejected transversely to the
photon beam when the photon energy exceeded the n-meson photoproduction threshold. Energy
resolution of the experimental setup was, however, not sufficient to resolve a peak similar to
that shown in Fig. 4 and to determine whether the observed correlated pairs were produced by
bound or unbound intermediate etas.

After the works [23,31] gaining and using information on the decay products became mandatory
for experiment planning and data analysis in all further searches for n-mesic nuclei.

In 2004 an evidence for the n-mesic nucleus %He formed in the reaction

v+°He = JHe =’ +p+ X (15)

has been reported from Mainz [36]. A resonance-like structure was observed in a contribution
to the cross section from back-to-back 7% pairs found after a background subtraction. A later
study [37] revealed, however, that the background has a rather complicated structure, so that
the conclusions of Ref. [36] cannot be confirmed. At the moment their statement is that the
existence of the n-mesic nucleus %He is not yet established.

One more attempt to find n-mesic nuclei by detecting their 7~ p decay products has recently
been done at the JINR nuclotron [38]. The reaction studied was

d+"C— (}Be or 1C)+ N+ Ny =7 +p + X+ N + N (16)

The measured effective mass spectra of the correlated back-to-back 7~ p pairs show a presence of
resonance-like peaks lying slightly below the threshold energy m,, +my = 1486 MeV. However,
a consistent interpretation of these peaks was not yet obtained.

To date the strongest evidence for the existence of n-mesic nuclei came from the precision
COSY-GEM experiment [39]. Following ideas of the work [40] borrowed in turn from previous
experience in studying deeply-bound pionic states in nuclei, the reaction

p+*Al = *He + *Mg — *He +p+ 7~ + X (17)

of a recoilless formation of the n-mesic nuclei 2;?Mg was explored and the mass of this n-mesic
nucleus was determined through precision missing-mass measurements in (p, >He). A clear peak
was found in the missing mass spectrum that corresponds to the binding energy —13.13 £1.64
MeV and the width 10.22+2.98 MeV of the formed n-mesic nucleus. An upper limit of ~ 0.5 nb
was found for the cross section of the n-mesic nucleus formation.

Recently Haider and Liu argued [24,25] that the observed peak in (17) is shifted down from
the genuine binding energy of n because of interference of the resonance and nonresonance
mechanisms of the reaction (similar to those shown in Fig. 2). This very interesting effect
signifies that the genuine 1 binding in 22Mg is &~ —8 MeV with the width ~ 19 MeV.
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On the two-nucleon decay mode of n-mesic nuclei

The main novelty in our present research is
exploring a new possibility for searching for n-mesic N’ N,

nuclei, namely through observation of their two- 7\ Su {‘77

13

nucleon decay mode arising owing to the two-nucleon N,
absorption of the captured 7 in the nucleus, —
A A1 A-3
nNN — NN, (18) n(A—1)

see Fig. 5. Ejected in this process correlated back- Puc. 5. n-mesic nucleus formation and
to-back nucleons of the NN pairs have very high decay with emission of a back-to-back
energies (EX" ~ 1im, = 274 MeV) and momenta NN pair.

(py =~ 770 MeV/c), so that they are to be visible

(especially in coincidence) at the background of other

particles emitted in photoreactions at E, ~ 800 MeV 100 b 'pnlaldnl T}
and thus should provide a bright signature for the n- '",}4’—’?"7’“
mesic nucleus formation. 10 &
The NN pair production in decays of 7 in the fl‘, I
nuclear matter was considered among other channels 5 1F
by Chiang, Oset and Liu [30] in terms of the self- ° i
energy of S31(1535) that includes a contribution of 0.1
S11(1535)N  — NN. A more direct and rather 0.01

transparent evaluation of this process has been done
by Kulpa and Wycech [41] who used available Q (MeV)
experimental data on the inverse reactions pp — ppn,

pn — pnn and pn — dn and then converted them into pye 4. Uppsala-Celsius [42-45] and

the rate of (18). In terms of the imaginary part Wxy COSY [46,47| data (with statistical
of the optical potential U, this rate was found to be orrors only) on the total cross sections

proportional to p?, being Wy = 3.4 MeV at central ¢ pp — ppn, pn — pnn and pn — dn
nuclear den51t¥. This is only gbout 15% of Wi ~ 23 jear threshold vs the excess energy
MeV related with the absorption of n by one nucleon. Q = /5 — 2my —m,).

Nevertheless such a small fraction of NN can be quite

visible experimentally because of a specific isotopic

contents of the 7N and NN pairs.

The matter is that = 90% of these NN pairs are proton plus neutron because the cross
section of pp — ppn (and nn — nnn) is by order or magnitude less than that of pn — pnn
(plus pn — dn), see Fig. 6 where pertinent Uppsala-Celsius [42-45] and COSY [46,47| data are
shown (and see also, e.g., [48] for theoretical explanations). This difference can be traced to
isospin factors and Fermi statistics signs in the dominating pion-exchange mechanism of the
reaction NN — N Nn shown in Fig. 7. If the experimental setup detects one charged and one
neutral particle from the pairs, it detects ~ 90% of NN and only ~ 33% of 7N. Then count
rates of the setup would not be so different for pn and 7+n pairs. That seems to be exactly
what we see in our experiment.

Neglecting binding effects and effects of Fermi motion of nucleons and 7, we have the
following kinematical characteristics of the correlated NN pairs (i.e. energies, momenta, velocities)
ejected in n-mesic nuclei decays:

. . 1
EXr = BN} = 5 =274 MeV,  px, = py, = 767 MeV /c, By, = By, = 0.63.  (19)
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Puc. 7. Pion-exchange mechanism of NN — NN7. Isospin factors, which accompany the
7NN coupling g and the TN — nN amplitude 7', and the Fermi-statistics signs (both shown
in this Figure) jointly determine the big difference between the cross sections of pp — ppn
and pn — pnn (plus pn — dn). Antisymmetrization of the initial state and initial/final state
interactions are not shown.
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Puc. 8. Simulation of NN pairs emitted in decays of n-mesic nuclei. Shown are distributions
over the kinetic energy and velocity of one of the nucleons, the total energy of the pair and the
relative angle.

Actually, the Fermi motion and binding leads to fluctuations around these ideal parameters as a
simple simulation reveals, see Fig. 8. Note that the angular correlation in NV pairs is stronger
than that in 7V pairs — owing to higher momenta of particles in NN.

The first studies of the photoreaction

v+2C— (}Be or YC)+N—=p+n+X+N (20)
have recently been done at the LPI synchrotron and we report below on the obtained results.
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Experimental setup at LPI

Our experiment was performed at the bremsstrahlung photon

beam of the 1.2-GeV electron synchrotron of the Lebedev N4
Physical Institute. Photons were produced with an electron beam N3
of intensity I, ~ 10'2 s71 and the duty factor ~ 10%. The energy mi .
of the beam was usually E. = E nax = 850 MeV (i.e. above the R
photoproduction threshold off free nucleons, E, y, = 708 MeV); N-am -
additional measurements of subthreshold backgrounds have been Y
done at E, = Ey pax = 650 MeV. = "

The experimental setup included two time-of-flight arms [/~ 90° Y
(two scintillation telescopes — C and N arms) for detecting in PbE'E

. . . T1
coincidence charged and neutral particles (back-to-back pairs),
see Fig. 9. These arms were both positioned at 90°—90° with
.. C C-arm

respect to the beam axis in order to minimize background. * T2

The C-arm used for detection of charged particles is a plastic ﬁEé ‘%
TOF spectrometer for charged pions and protons. It consists AE3

of a start detector T1 (20 x 20 x 2 cm?), a stop detector T2

(50 x 50 x 5 cm®) and three energy losses detectors AE;, AE, Puc. 9. Layout of the
and AFs (40 x 40 x 2 cm® each). A 4 mm lead (Pb) plate was experimental setup at LPL
used in some runs for TOF calibrations with ultrarelativistic

electrons/positrons produced in the lead plate with high-energy

photons emitted from the target owing to production and decays of neutral pions.

The N-arm is a plastic TOF spectrometer for neutrons. It consists of a veto counter A (50 x
50 x 2 cm?®) and four plastic blocks — the neutron detectors N1, N2, N3 and N4 (50 x 50 x 10 cm?
each). Again, a 4 mm lead plate was used in some runs for TOF calibrations. The efficiency of
the N-arm for neutrons of energies above 50 MeV was ~ 30%.

In both arms each volume of scintillator counters/blocks was viewed from corners with 4
phototubes. The time-of-flight bases in the C and N arms were 1.4 m and the time resolution
was ~ 200 ps (1o). The target was a carbon cylinder of the 10 cm length along the beam axis.
Its diameter was 4 cm, i.e. slightly more than the diameter of the collimated photon beam
(3 cm). The distance between the target and the start detector T1 was 0.7 m.

Mostly, the setup was the same as in our previous work [31,32] but a few useful changes
have been made:

e AF; detectors have been placed after the time-of-flight interval T1-T2. This enabled us
to have a better 7% /p separation and time resolution.

e A transverse size of the start detector T1 was cut off according to required geometry. This
reduced a background load of the C-arm.

e A thickness of the start detector was also reduced in order to improve time resolution.

e All unnecessary layers of absorbers used previously to suppress radiative backgrounds
have been removed from the time-of-flight interval, with the effect of reducing the e* /e~
background created by photons from 7% decays.

General tests of the setup, including preliminary time calibrations of the arms, have been
done in special runs, in which the quasifree reaction yp — w*n inside carbon nuclei was
observed. In such runs the two arms of the setup have been moved to the angles 50°—50° where
the high count rate enabled one to do the calibrations quickly. Lead convertors used in these
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runs provided reliable ultrarelativistic reference points § = 1 for particle’s velocities S and
Bn measured in the C- and N-arms. A two-dimensional So— [y plot on Fig. 10 illustrates this
procedure.

The calibration done provided a linear scale of
velocities in the range f = 0.6—1 with errors of about
3% (lo). We have checked the linearity of the scale
by using cosmic rays and setting different distances B
between detectors. 1 @
0.8
Results and comparison with simulations '

Measurement runs have mostly been done in 2009 at | 58 Aol
two maximal beam energies: E. ,x = 650 MeV and 850 0'41 | 7P 13
MeV. The on-line trigger was a coincidence of particles & Lo
in the C- and N-arms within a time gate of 50 ns. 1 ’ _ Pc

For further off-line analysis events were selected 0 0.4 0.8 1
with an additional condition of sufficiently long ranges

of the charged particles, Puc. 10. A two-dimensional plot of
particle velocities, Sc and Sy, in the

AE; > E™ for all i=1,2,3 (21) C and N arms.

with experimentally adjusted thresholds E". In this
way low-energy particles in the C-arm were rejected.
A two-dimensional histogram in the variables AE—fc, where AFE is the minimal energy
loss in the AFE; detectors,
AE = miin(AEi), (22)

is shown in Fig. 11 for the beam energy E. . = 850 MeV. Results of simulations using the
Intra Nuclear Cascade (INC) model [49] in the GEANT-3 framework are shown in Fig. 12
for comparison. The INC model takes into account production of various mesons and baryon
resonances, their free propagation in the nuclear matter, and then various 2 — 2 collisional
reactions including nN — 7w N. This model successfully describes many photoreactions in wide
kinematical ranges as was demonstrated, beyond [49], in simulations of the GRAAL experiment
at energies 500-1500 MeV [50]. Binding effects for n and reactions like NN — NN were not
included into the model, so one can try to find effects arising due to formation and decay of
n-mesic nuclei through characteristic deviations of the model predictions from the experimental
data.

The simulation shows that the selection (21) of particles with sufficiently long ranges
distinguishes very well protons (as particles with S < 0.7) and pions (as particles with
Bo > 0.7): the overlap is less than 1%.

Considering one-dimensional spectra over o of events selected according to the condition
(21) of sufficiently long ranges and imposing the additional cut-off 0.3 < Sy < 0.7 for neutron
velocities, we find rather interesting structures in the spectra. Shown in Fig. 13 are experimental
data together with results of the INC simulation. Separately shown are INC predictions for the
number of protons and charged pions in the C-arm. There is a qualitative agreement of the INC
simulation with the experimental data for the case of the subthreshold beam energy, £, = 650
MeV. Meanwhile, in the case of E. = 850 MeV there is a clear excess of the experimentally
observed events over the simulation results in two velocity regions closely corresponding to the
kinematics of n-mesic nuclei decays with emission of 7N and NN correlated pairs, Eqgs. (10)
and (19).
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Puc. 12. Two-dimensional AFE—f¢ distribution, the INC model.

Knowing from the INC simulations that the "normal” (without n-mesic nuclei) dynamics
of the considered reaction does not yield a sufficient amount of protons and pions with the
velocities of about Sc ~ 0.7, we interpret the found anomaly at So ~ 0.7 as a result of
production of low-energy n-mesons followed by their two-nucleon annihilation.

The energy resolution of the experimental setup is not sufficient to say whether an essential
part of these n-mesons is produced in the bound state, but theoretical arguments discussed in
above make such a statement plausible.

Concerning the excess of pions with o ~ 0.95, this feature is in agreement with our
measurements reported earlier [23,31,32]. It can be interpreted as an evidence for one-nucleon
annihilation of produced low-energy n-mesons (bound or unbound).

Electron/positron peaks shown in Fig. 13 originate from calibration runs with the lead plate
inserted. They were not included into simulations made.

The observed proton peak in the o distribution is very unusual because it corresponds to
pn pairs with very high kinetic energies 7}, ~ T,, ~ 200—300 MeV and transverse momenta
Pp ~ Pn ~ 600—800 MeV /c. One should keep in mind that photons which produce such pairs
have quite a modest energy 650 MeV < E. < 850 MeV. Ordinary photoproduction reactions
do not give nucleons with such a high energy and momentum. Creation and annihilation of
intermediate low-energy n-mesons seems to be the only explanation to these events.

Assuming that the observed access events are mainly related with formation and isotropic
decays of n-mesic nuclei with A = 11, we can estimate their photoproduction cross section.
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Puc. 13. Velocity distribution of charged particles in correlated pairs selected according to the
criterion AE; > 0 (for all 1 = 1,2,3) at E. = 650 and 850 MeV. Bold solid line: experimental
data. Hatched areas: yields of protons and pions in the INC simulation. A well visible excess
of events over the INC simulation is seen at the right panel — in the case of the beam energy
exceeding the nm-photoproduction threshold — in both velocity regions corresponding to the
expected velocities of the 7N and NN decay products of n-mesic nuclei.

The number of photons of the energies E, = 650—850 MeV that hit the carbon target in
experimental runs was evaluated via comparison of the total yield of charged pions detected
by a single C-arm of the setup with predictions of INC for that yield, thus giving the result
N, ~ 1.36 x 10'!. Taking into account the solid angle of the C-arm telescope (¢ = 0.027 sr),
efficiencies of detectors, a geometric efficiency of the N-arm of the setup (~ 18% as found from
theoretically expected angular distributions of particles of the correlated pairs), we arrived at

the following cross section of n-mesic nucleus formation:
o(y+ 2C =, A+ X) <10 pb. (23)

We write it as an upper limit because part of the observed events can be related with unbound
etas. This number is consistent with available theoretical estimates (typically, a few ub).

Conclusions

The new obtained data confirm the main features of the 7V signal of formation and decay
of n-mesic nuclei off the carbon target in the photoreaction found in our previous work.

A new signature for formation and decay of n-mesic nuclei, the back-to-back pn pairs, was
explored. For the first time an experimental evidence was found that the yield of such pairs in
the region of S ~ 0.6—0.7 is quite large and therefore is also suitable for searching for n—mesic
nuclei.

Assuming that the observed excess of events is related with n-mesic nuclei, an estimate
of the total cross section of formation of n-nuclei in the photoreaction off carbon have been
obtained, see Eq. (23).

We have plans to carry out a more precise experiment, with a better energy resolution, at
the deuteron beam of the JINR nuclotron.
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3. @omopoocderue nuonos

Iloporosoe doTopoxkKaenune HeiiTpaJIbHbIX IIIOHOB
Ha BOJOPOJe, AeiiTepu M JIETKNX sapax

B.A. Bacxos, B.B. Tosopxos, A.U. Jlebedes, A.U. JIveos, B.B. Ioisnckuil

"In any case, it would be very interesting to have
an experimental determination of oyt(yn —
7%n) close to the threshold”.

V. Bernard, N. Kaiser, W. Meifiner. Nucl, Phys.
383B (1992) 442-496.

KsanToBas xpomomHaMuKa, JJA€T JIOCTATOYHO TOYHBIE MOJEIbHO-HE3aBUCUMBIE TIPEICKa3a-
HUS JIJIg aMILTATY] (DOTOPOKIECHUS IMMOHOB B 00JIACTH TIOPOTOBBIX HEPIUil — HU3KOIHEPreTH-
veckne TeopeMbl (LET), KoTOpble MOXKHO U HY?KHO TPOBEPSATH B SKCIIEPHMEHTE.

[Ipu pabore ¢ BOAOPOIHON MUIIEHBIO UAYT PEaKIINN

vtp— 7, By, = 144.68 M>B, (1)
Ntp T, By, = 151.43 MsB. (2)

Korna ncnonbayercs pefitepueBasi MUIIEHD, JIEMEHTAPHDIE TIPOIECCHI (DOTOPOXKICHUS TMOHOB
OYIyT CJICTYIONTUMMT:

v+n— 710 +n, FEy, = 144.67 M5B, (3)
Y+p—7 +n, FEy, = 151.43 M»B. (4)
y+n—T +p, Ey, = 148.45 M»B, (5)
y4+p—= 1 +p, Ey, = 144.68 M5B, (6)
y+d— 7 +d, Ey, = 139.83 MsB (7)

(371€Ch TIPU BBIYKMCIEHUH MOPOTOBBIX SHEPTUil HE YUUTHIBAJIOCH B3aUMOJEHCTBUE HYKJIOHOB B
JIEATPOHE).

Kaxkaplit m3 5TUX MIPOIECCOB Ha IIOPOTe OIPEIe/IAeTCs TOJIbKO S-BOJHOBOHN JUIIOJILHONE aM-
WMTYa0# Fjy., depe3 KOTOPYIO TOJTHOe cevdeHre BhIpayKaeTcs Kak

az47r%\E0+|2. (8)

Hesb mpejijiaraeMoro 9KCIEepUMEHTa — OMPEIC/INTh OPOroBOe 3HAUYECHUE HEHTPOHHON aMILIN-
tyael Fo, (yn — 79n). OTMernm, 4To mepBoe onpejie/ieHue BeJUMYMHbI U 3HAKa IPOTOHHOI
ammaryel Fo, (yptor®p) = (—2.0 +0.2) 1072 /m, cocrosmocs 50 net mazan [1,2].

[Touemy ammuTyjia GOTOPOKIeHHsT HefiTpaIbHOTO IMOHa Ha Helitpone Fy, (yn — 7%n) 1o
cux 1op He omnpesenera? EcTh psa npuyani, o0bICHIIONINX TAKOE TOJIOKEHUE JIeJT:

® MaJIOCTh BeJUInHbI cederns (0koj10 0.1 mb wiu mMenbIie);

® TOJIbKO HEATpAJIbHBIE YACTHUIIBI B KOHEYHOM COCTOSHUE (70, 7Y);

® MaJible YIJIbl BBLIETAIONIUX YacTHIl (Ha IIopore yroj BblieTa To9HO paseH 0);

® OI'PDOMHBIHN 3JIeKTPOMArHUTHBIN (DOH 1 POH OT (DOTOSIAEPHBIX PEAKIIHIA.
Hasmmame my4Ka MeMeHBIX TaMMa-KBAHTOB CO CIIEKTPaIbHON mHTeHCHBHOCTHIO I, = 105 MaB ™! cex™
u paspemenueM AL, = 0.2—0.3 MsB nossosger ¢ 10cTaToYHON CTENEHBIO JETATU3AINN H3Y-
yuTh oTOpOKIenne m° Ha ¥KUJKUX BOJOPOJHON U JefiTepueBoil MUIMICHIX B OKOJIOIOPOrOBOiL
obsactu suepruit £, = 130—200 M»B.

1
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B jonosHenne MoxKHO 6y/1eT HabII01aTh PA3HUILy IporeccoB hOTOPOKICHH 70 Ha CBOOOI-

HOM HEeHTpOHE U Ha HEUTPOHE, CBA3AHHOM B dApe AedTepud, JeTeKTUPYd HEeATPOHDLI OT PeaKIni
(2) u (4). OnHoBpeMenHas perucTparnys HefiTpoHoB oT (3) 1 (4) B 0IMHAKOBLIX KHHEMATHICCKIX
00J1aCTAIX MOYKET JaTh OTHOIIEHNE S-BOJTHOBBIX aMILTUTY/ T Ha opore. B Bexymem nmpubmkeHnn
o mavioit mmonnoit Mmacce LET mpejpckaswiBator, 9To

Eor(yn = 7n) kK, p?

= —.
Eop(yp = mtn)  2v2 1-35p
31ech K, = —1.913 — aHOMAJILHBII MATHUTHBIA MOMEHT HEHTPOHA, (& = M, /My — OTHOIIEHHEe

Macc mroHa n myksona. CoorBercryioniee ypasHerusM (8) u (9) oTHOIICHNE cedIeHMiT peaKIuii
(3) u (4) paBno

(9)

o(yn — 7'n)

NET = =3-107%, (10)

o(yp — 7tn)
T.e. Kpaitne Maji6. DToT HaKkT cephe3HO 3aTpPy/IHAET u3Mepenus [4].

Jist mostHOTHL MBI IpuBO M B Tabsuie 1, B3aToii u3 paboTe [3|, npeackasanus ynoMsmy-
ThIX HU3KO3Heprerndeckux teopeM (LET), kupanbuoit reopun Bosmymienuit (ChPT), a rakxe
UMEIOIIUEC SKCIePUMEHTAIBHBIC JAHHBIC /I IIOPOTOBLIX aMILIUTY L (DOTOPOZKICHUSI.

KaHaJI LET ChPT 9KCIIEPUMEHT
Yy+p—rn | +276+0.2 | +282+0.6 | +28.2+0.6
Yy+n—np|—-31.7T£02| -327£06| —31.5+0.8
v+ p— 7p —-2.3 —1.16 —1.32£0.08
v+n—1'n —0.5 +2.6

Tabmuna 1. AMmmuTyasr poTopoKIeHHs IIMOHOB Ha Hopore Ky, B emununax 1073 m;l.

KunemaTndeckne xapakKTepUCTHKH HEUTPOHOB W MHOHOB B MCCJIELYEMBIX IIPOIECCaX MJLITIO-
CTpUpyoTcd pucynkamu 1 u 2.

Koudurypanus ycranoBku jijisg usydenusi hOTOPOKICHUS T
IIOKa3aHa Ha pHuc. 3.

Tpurrep peakuum yn — m°n — yn — coBHaJeHue OJHOIO WK JBYX 7-KBaHTOB OT pacia-
na 7 ¢ MeueHBIX (POTOHOM 7iag. BBIXOJ DEAKIMH M YHCJIO 3aPETMCTPHPOBAHHBIX COOBITHI Ha

unrepsai 1 MsB mazatonux (poTOHOB OIEHUBAETCsT KaK

O ma mefiTpone B6M3U IIOpOTA

Y = I,0Neue,,

rjge I, — HoTOK MedeHHBIX (oTOHOB Ha mHTepsas 1 MsB naj moporom; o — nosmoe cedenune
nzydaemoro mnporecca; N — YuCI0 HEHTPOHOB B JefiTepueBoil MUIEHH Ha 1 ceM?; €, T €y —
5 PEKTUBHOCTD perHcTpaIui HefTpOHOB 1 POTOHOB OT pacHaia 7l.

Hasee npuanmaem I, = 10° MsB~teex ™!, N = 10** cm™? (910 COOTBETCTBYET JUIMHE JKUJI-
kozefirepuesoit Mumtenn 10 cM B0 MedeHOro (DOTOHHOIrO IydKa), €, = 0.2, ¢, = 0.9 u ce-
gerre (hbOTOPOXKICHUs 3aPsAKEeHHBIX THOHOB o (Y + p — 7n) & 12 mx6u. Torma jyis cedennii
o(LET) = nugro(y+p — 7fn) ~ 0.004 mx6u u 0 (ChPT) = newpro(y+p — 71n) ~ 0.1 Mx6mH,
COOTBETCTBYIOIUM JIBYM Pa3HBIM TEOPETHYECKUM OIeHKAM aMILIUTYALI g, , TOTydaeM

Y(LET) = 8-107* MaB 'cex™!
= 1440 cobbrtuit 3a 500 vacos na 1 M»sB,
Y(ChPT) = 2-1072 MaB 'cex™!
= 36000 cobnrTuii 3a 500 gacos Ha 1 M»3B.

B ciaygae smeprerudeckoro unreppasa Medenus doronos 0.2 MsB crarucrudeckasi TOUHOCTD
oyner 6% u 1.2%, coOTBETCTBEHHO.
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O, degre

0,, degre

Oy, degre

Puc. 1. (ciieBa) Dueprus neiirpona E, kak dyHKIWs yria ero Bouiera 6,. [lyHKTupHbIe KprBbie
1,2,3,4 — s peakiyn ¥ +n — 700 mpu sHepruax GoToHa, E, =144.74, 144.94, 145.24, 145.74
M>sB, coorsercrBenno. Cruonable Kpusbie 5,6,7,8 — 11 peaknuu ¥ + p — T 70 IpU SHEPrusax
dborona E, = 151.5, 151.7, 152.0, 152.5 MsB, coorsercraenno.

Puc. 2. (cnpaBa) Yribl BbUIeTa HEHATPOHOB 0, Kak (yHKIWs yria Bbuiera muona 6. Kpusbie
1,2,3,4 orseuator sueprun dorona L, = 144.74, 144.94, 145.24, 145.74 MsB, coorsercTsenHo.

Time of flight n-spectrometer

n-spectrometer

“ " Neutron
Vo detector

Monitor  “Veto” counters Target

Puc. 3. Cxema ycraHoBKH.
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doropoxkieHue m’-Me30HOB Ha AefiTpoHe Ipu

3Heprugax ot nopora o 500 M»B

M.U. Jlesuyx (UMD, Munck)*

DoTopoKIeHne THOHOB Ha HYKJIOHE — OJIUH U3 HAanboJiee MHTEHCHBHO M3yIaeMbIX MPOIIECCOB
9JIEKTPOINHAMUKK aIpoHOB. HecMoTpst Ha TO, 9TO TeopeTUIecKne u SKCIIepUMEeHTAIbHBIE UCCTIe-
JIOBaHUs TOM peakIuu uMeroT OoJiee ueM H0-JIeTHIOI UCTOPUIO0, MHTEpeC K Heil He ocrabeBaeT
JTO HACTOSIIIEero Bpemenu. V3ydenne (hpoTopoXkKieHnsT T-MEe30HOB Ha HYKJIOHE TTO3BOJISIET TTPOBO-
JINTH HAJIEKHYIO TPOBEPKY Mojesieit, nHermupupoBaHabix KX /I, u mpeTeHIytonmx Ha OnrcaHue
busnKn aIPOHOB B 00JIACTH SHEPIHUil, T/ie TeOpHus BO3MYyIIeHnit He paboraer. Oupegesenne xa-
PAKTEPUCTUK PE30HAHCOB (MX IMIMPHUH, KAHAJIOB PACIAJOB, OPIHUUHIOB) — 9TO TaKyKe OJ[HA U3
BasKHBIX II€JIEH, TIPECIelyeMbIX IPU U3YICHUH PEaKIIIH.

B nacrosiee BpeMst ocoboe 3HaUEHHE TPUOOPEIO TEOPETHIECKOEe U IKCIEPUMEHTAIbHOE HC-
caegoBaine (POTOPOKICHUST T-ME30HOB Ha JeHTpoHe. DTO 00YCIOBIEHO HECKOJIHKUMU ITPUIHU-
HaMu. Bo-11epBbIX, IefITPOH — 9TO €CTeCTBEeHHbBIN "UCTOYHUK  HeHTpOoHOB. Ecan Mbl XoTUM MUHM-
MU3UPOBATH HEONPEJIETEHHOCTH, BOZHUKAIOIIIE N3-38 HEOOXOIMMOCTH ydeTa sIePHBIX CHJI IIPU
n3BJIeIeHNN WHMOPMAINNT 00 aMIUTATY e (DOTOPOXKIeHNsT Ha HEWTPOHEe, HY’KHO, eCTeCTBEHHO,
HPEIIIOYECTh AeHTPOHHYIO MUIIeHb. BO-BTOPBIX, IPU B3auMOAEHCTBHE ¢ (DOTOHOM JIEHTPOH HE
MOXKET PacCMaTpPUBATLCs KaK IIPOCTO IMPOTOH-HefiTponHast cucrema. PoToH MOXKeT B3anMoJIeii-
CTBOBATH C ME30HAMHU, CBSI3BIBAIOIIUMI IIPOTOH U HEUTPOH B JefTpoHE. DTOT 3(hPEeKT u3BEeCTEH
kak Me3onHble oOMmenHble Toku (MOT). Usyuenne MOT maer Baxkuyio mrdopmanumio Kak 06
9JIEKTPOMATHUTHBIX B3aNMOJEHCTBUSIX siJIeP, TaK U O CAMUX sIIEPHBIX CHJIAX.

B nocieiiee BpeMst BO3POINIICA 3HAUNTENBHBI HHTEPEC K JIEKTPUIECKON JUTTOIBLHON aM-
wintyae FEoy, oTropoxkieHns MMOHOB Ha HyKJOHe. Ecim B cilydae 3apsizKeHHBIX KaHAJIOB 1

KaHaJla C CbOTOpO)K,ZLGHHGM 7T0-M€30Ha Ha IIPOTOHE HMMeEETCA XOpolIllee COoIrJlaCHue SKCIEPHUMEH-

Ta ¥ Pa3IMIHBIX TEOPETHUCCKHUX IIPEICKA3aHmil, TO /I CIyydasd Ton-KaHaja CUTyaIisd HaMHOTO
HeotpeeaeHnee. Bo-miepBbix, 00HAPYKEHO 3HATUTE/IHHOE PACXOKJICHIE B TEOPETHICCKUX TTPE]I-

0 (Y] (Y] (¥}
ckazanuax g BT . Tak, smadenue sToi aMIIMTYIBI B KHpaIbHoi Teopun BosMymennit ChPT

1] gjrro = 2.13 B esununax 1073/ i+, KoTopble Gy1eM B JajbHefieM OlyCKaTh, He COTIacyeTcs
¢ mpeJickazanueM jauctepcnornoro noaxona (DR) 1.19 [2] Bo-Bropbix, /10 HACTOSIIIErO BpeMeHH
OTCYTCTBYIOT 0OOJiee WJIM MeHee HaJIeyKHbIe SKCIIePUMEHTAIbHbIE JTAHHBIE TI0 gf). Enuncrsennoe
OrpaHHYeHue, MOIYIeHHOE B IKCIIEPUMEHTE [3], COCTOMT B TOM, YTO €ro pe3yJIbTaThl CBHUIETE b
crByioT B oib3y ChPT-3nadenns, no ne "craporo LET” 3nauernus ng) ~ 0.5.

He BriostHe sIcHOII sIBJIIeTCA U CUTYAIUS C IOPOTOBBIM 3HAYEHNEM aMILTUTYIbl Fy KOrepeHT-
Horo hboTopoXKIeHns T -Me30Ha Ha JjeiiTpone. zmepennoe snadenue Fy = 1.45 4 0.09 [3] na
20% mupesbimaer npesckasanne ChPT [4] BeickasbiBastocs npe/mnosioxkenue |5, 4To ykazanHoe
PaCXOKJIEHNE CBSI3aHO C HE BIIOJIHE KOPPEKTHBIM yIeToM B (3| BKJIA[a HEKOTEPEHTHOIO KaHaJa,
d(v,7)np B ceuenue peaxiuu d(v, %), Korna KoHeuHble HYK/JIOHBI WM JCfITPOH HE PErHCTpH-
PYIOTCsI, KaK 9TO U OBLIO B YCJIOBUSIX SKCIIEpUMEHTa [3].

s Gostee meTaabHO M3yUeHUS CIIOYKUBIIENCS CUTYaI, HAMH ObLIIa TTOCTPOEHa MOJIETb Pe-
akuun d(7y, 7%)np 6], ocnopannas Ha yuere jaumarpamm, npubeJeHHbIX Ha Puc. 1. Iuarpamma
la oTBevaeT MMITYJILCHOMY TMPUOJIMZKEHUIO, U JIOJ’KHA OBITH yUTeHa IPHU Bcex dHeprusx. /ma-
rpamMma 16 COOTBETCTBYET Np-B3aUMOJIEHCTBUIO B KOHEYHOM cocTosgamr. OHa 0COOEHHO BarKHA
[PU [IOPOTrOBBIX HEPTHUAX. C POCTOM SHEPIUU ee BKJIAJ B aMILIUTY/y PEAKIINU YMEHbIIACTCH,
HO OCTAaeTCsI, TEM HEe MeHee, 3aMETHBIM IIPU BCEX paccMaTpuBaeMbIX sueprusx. unarpamma 16
¢ mwN-nepepaccessHIeM B KOHETHOM COCTOSHUU JTaeT 3aMEeTHBIN BKJIAJ, TOJIBLKO BOJM3U ITOPOTa.
DTO cBA3aHO ¢ TeM, 9T0 B Bepruae YN — 7N BO3MOXKHO POXKJICHHUE 3aPSKEHHOTO T-ME30HA,

*Uncruryr dusukn nm. B.1. Crenanosa HAH Benapycu, Munck.
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U aMIUIATY/Ja TaKOro POXKIEHUsI B JIECATKH pa3 O0JIbIlle aMILIATYIbl POXKICHUS HEHTpaIbHO-
ro nuona. Ilo Toit ke nMpudmHEe OKAa3bIBACTCA 3aMETHBIM BKJIAJI JUarpaMMbl 12 BOJIU3U MTOPOTa.
Ocraspable quarpaMMbl 10 1 1e HAMHOTO MeHee BayKHBI B PACCMATPUBAEMBIX KIMTHEMATHIECKUX
YCJIOBUSIX.

0

Puc. 1. /TmarpamMmmuoe IipejicTaBieHIe aMILTATY/IbI HEKOT€PEHTHOTO (POTOPOXKICHUS 7 -ME30HOB

Ha JECUTPOHE.

Pacuernl, BBLIIOJHEHHbIE B paMKaxX IIPUBEICHHON BLIIIE MOIEIN, HOKA3AJIM, YTO HMEETCS
BIIOJIHE YJIOBJIETBOPUTEILHOE COMJIACKE C MIPEJCKAa3aHusMu paboTe [3]. DTo mo3Boauio cuenarh
BLIBOJ, O TOM, YTO PACXOKICHUE TEOPUH M SKCIICPUMEHTa i Fy JefiCTBUTEJILHO UMeeTcd, W
OHO HE CBA3aHO C HEaQIEeKBATHOCTHIO ydYeTa HEeKONePEHTHOIO KaHaJIa.

Borpoc 0 ToM, HaCKOILKO HEePCIeKTHBHO U3yHUeHue Peakiui yd — monp 1ad neseii n3pie-
YeHUsT HEHTPOHHON aMILIATY/IbI 6‘}:0, TpebyeT IeTaabHOro UCCIeJIOBaHudA. B KadecTBe MILIIO-
cTpanyy MbI IpuBoguM Ha Puc. 2 muddepennuanbioe ceuenne peakiuu I 0Ty HHKIIO3HB-
HOIO CcjIydasl, KOIJa He PEerHCTPUPYIOTCA KOHEYHbIe HYKJIOHBI. BHIHO, 94TO MMeeTcs 3aMeTHas
YYBCTBUTE/ILHOCTL CEUYCHUS K BEIMUUHE ng. MoO>KHO, OJHAKO, O:KMJIAThL, 9TO IPOb/IeMa IKC-
IlepuMeHTAIBHOTO paszjenenns Kanajos d(v,m™)np u d(y,7°)d okaxKeTcsa CIMIIKOM CJIOXKHOI,
9TOOBI TAKOM CII0COO MOYKHO OBLIO IPUMEHUTDH Ha IIpaKTHKe. bojee rnmepcruekKTHBHBIM HaM IIPe/I-
CTaBJISCTCI U3YUYeHHEe SKCKJIIO3UBHOIO KaHajla ¢ perucTpalnyeil KOHedHOro IMMOHA U HeHTpOoHA.
Hackobko HaM U3BECTHO, IMEHHO TAKOIl METOJ IIPEAIIOIaraeTcsa UCIOIL30BATh B 9KCIEPUMEH-
tax Ha ycrtanoBkax MAX-lab (r. JIyum, [Iserus) u MAMI-C (r. Maiinn, Iepmammus).
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