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YtJeHbIH CeKpeTapb ,n:HccepTaIJHOHHOro COBeTa, 

.n:oKTop <pH3HKO-MaTeMaTHtJeCKHX HayK, npocpeccop , f 10.A.!iazy,oa 

OliIIJ;AH XAP AKTEPHCTHKA P AliOThI 

AtqyaJJbllOCTb TCMbl IICCJ1ep,oaa1111ii 

O,n:HHM II3 HaH6orree Ba)l(HbIX BOIIpOCOB B COBpeMeHJIOM <pII3IIKe tJaCTHIJ HBJIHeTCSI 

rrpo6rreMa cyIIJeCTB0BaHIISI CKpb!TOH MaCCbl BO Bcerrennoii. EoJibIIIOe K0JIHtJeCTB0 

pa3JIIltJHI,IX aCTpO<pll3IItJeCKHX 3KCrrepIIMeHTaJihHhlX .n:aHHblX CBlIJ].eTeJihCTByeT 0 

HaJIIltJilll XOJIOJ].HOH He6apIIOHHOH TeMHOH MaTepIIII. Bo3MO)l(Hh!M o6bHCHeHIIeM 

.n:aHH0ro cpaKTa HBJIHeTCH cyIIJeCTB0BaHHe BO BcerreHHOH HelI3BeCTHh!X 

crra6onJaHMOJJ.eiicrny1011JIIX MaccIIBHhIX' qacTIIIJ (Weakly Interacting Massive 

Particle - WIMP), KaK HarrpIIMep, HeiiTpaJIIIHO, rrpe.n:cKaJhmaeM1,1e 

cyrrepcIIMMeTPIItJHhIMII TeopIIHMII (SUSY). Ilpsi:Moe Ha6mo.n:eHIIe TaK11x qacrn11 B 

rra6opaTop1111 HBJIHeTCH KJIJOqeBbIM 3JieMeHTOM J].JIH 110.D:TBep)l(J].eHIISI IIX 

cyIIJeCTB0BaHIIH II noHIIMaHIIH IIX CBOHCTB, 11 no3T0MY IIMeeT rrepB0CTerreHHYIO 

Ba)l(H0CTh 11 .n:rrsi: acTPo<pl13IIKII, 11 .n:rrsi: cp113IIKII qacTIIIJ. WIMPs M0)l(H0 o6Hapy)l(II'I'h 

npII 11x ynpyroM pacceHHIIII Ha si:.n:pax BeIIJeCTBa, B qacTH0CTII, no perncTPaIJIIII si:,n:ep 

0TJ].aq11, o6pa3YIOIIJIIXCH npll TaK0M pacceHHIIII B repMaHIIeB0M J].eTeKT0pe. TaK KaK 

WIMP B3aIIMOJJ.eiicrnyeT c HYKJI0HaM11 crra6uM o6pa3oM, TO paccemme WIMP Ha 

061,JqHQH MaTepIIII HBJIHeTCH pe.n:KIIM co6bITIIeM (MeHee J].eCHTII co6bITl1H Ha 

KIIJI0rpaMM MaTepIIII B ro.n:). 3TOT cpaKT, a TaK)l(e Hll3KaH 3HeprIIH OTJ].aqII, SIBJIHIOTCSI 

ocH0BHhIMII TPYJJ.HOCTHMII .n:rrsi: npsi:Moro .n:eTeKTIIponaHIIH WIMP. O.n:mi lI3 

B03MQ)l(HhIX rryTeii perneHl1H J].aHHOH rrpo6JieMhl - 11pone.n:e1me 3KCIIepIIMeHT0B C 

IICII0Jih30BaHIIeM HOBOM reHepaIJIIII Kp11oreHHhIX .n:eTeKT0pOB, coqeTaI0IIJIIX HII3K11H 

3HepreT11qeCKl1H rropor, BhIC0KOe 11HCTPYMeHTaJihH0e pa3perneH11e II M0ll\lIYI0 

B03M0)l(H0CTh BhIJ].eJieHIISI <pOHOBhIX co6b1TIIH. 

.ll:aHHaH 3KCrrepIIMeHTaJihHaH TeXHHKa IICII0Jih3yeTCH BO cppanu,yJCKO-HeMell,KO­

pocc11IicKoM 3KcrrepIIMeHTe EDEL WEISS (Experience pour DEtecter Les WIMPs En 

Site Souterrain). PerncTPaIJIIH si:.n:ep oT,n:aqII B 3KcrrepIIMenTe ocymecrnmreTCH c 

II0M0IIJh!O KpIIoreHHhlX repMaHIIeBhIX 6orroMeTPOB, crroco6Hb!X 0JJ.II0BpeMe1rno 

perncTpIIponaTh IIOHII3aIJIIOHHhiii II Terrrronoii CIIrHaJihI B o6rracTII rroIIcKa WIMP. 

O.l].HOBpeMeHHOe Il3MepenHe .n:eTeKTOpaMH II0HH3aIJl10HH0ro II TeIIJI0Boro CIIrnana 

II03B0JIHeT rrp0H3B0.l].IITh 3cpcpeKTl1BHYIO JJ.IICKpIIMIIna11mo co6bITIIH OT si:.n:ep 0TJ].aqII, 

II co6bITIIH OT !pOTOHOB II 3JieKTP0H0B, II TaKHM o6pa30M II0HII3IITh cpon rrpII II011CKe 

WIMP Ha 4 rropHJ].Ka. O.n:HaKo, co6blTl1SI OT 3JieKTp0H0B, 3aperIICTpIIp0BaHHhie B 

rronepxH0CTH0M crroe .n:eTeKTopon, II3-3a Herrommro c6opa 3apH.n:a He II0MaIOTCH 

TaKOH .ll.11CKpIIMIIHaIJIIII II IIpIIB0J].HT K orpauIIqeumo tJYBCTBIITeJihH0CTl1 

3KCrrepm.,:eHTa. B .n:aHHOH pa6oTe IIp0II3B0.l].IITCH M0J].eJIIIpoBaHIIe, aHaJIII3 TaKHX 

co6hITIIH II paccMaTpIIBaIOTCSI 1103III.l,II0HH0-tJYBCTBIITeJibHble J].eTeKT0phl 1-IOBoro 

TIIIIa, o6na.n:ammIIe B03M0)l(HOCThio 3HaqIITerr&noro ycTpaueHIIH .n:annoro cpmrn, qTo 

Brrepnue 0TKpbmaeT B03MO)l(H0CTh rrpsi:Moro II0IICKa WIMP rrpH Q)l(IIJ].aeM0M 

HyJieB0M ypoBHe JI0)l(Hh!X co6bITIIH. 

HecMOTPH Ha YHHKaJihHhie MeT0.l].hl, IICII0Jih3yeMble B 3KCIIepIIMeIITe J].JISI 

CHil)l(eHHH cpoHa, era II0JIH0e 110.n:anrreHIIe B03MQ)l(H0 T0JihKO rrpII Hll3K0M HaqaJII,H0M 

yponue. OJJ.HIIM Il3 HaH6orree orraCHbIX IICT0'IHIIK0B cpoHa B 3KCIIepIIMeHTe HBJIHeTCH 
222Rn. Ilpe.n:cTaBJISIH co6oii 6rraropOJJ.HhIH pa,n:IIoaKTl1BHhIH raJ, OH M0)l(eT rrp0HIIKaTb 

BHYTPh 3aIIJl1ThI ycTaH0BKII, 'ITO rrpIIBOAIIT K ynerrIIqeumo K0JIIIqeCTBa <pOIIOBhlX 

06'1e,nrrneHH1Ifi HHCTUTYT; 
si:,n,epm1x ucc11e,n;0Bam1fi, 
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co6bITHH. OcHOBHOH npo6neMoii, CBJBammii c pa,11_0HOM, HnmieTc51 Hantttme n ero 

uenoqKe pacna,11_a ,11_onro)KHBYI11ero H3oTona 210Pb, cne,11_onhie KOJIHqecTna KoToporo 

Ha ,ll_eTeKTopax npHB0,11_51T K B03HHKHOBeHmo TpymmycTpaHHMhIX IlOBepXIIOCTHhIX 

co6b!TlIH. l(pyrHM lICToqHHKOM TaKHX co6h!TlIH MO)KeT 51BJl51ThC51 yrnepo,11_-14,-6eTa­

pa,11_HoaKTlIBHh!H H3oTon c rpaHHqHoii :meprHeii qacTHU B 156 K:iB, nxo,11_Hll(HH B 

COCTaB npHpO,ll_HhIX yrnepO,ll_HhIX COe,ll_HHeimH. B OTCYTCTBHlI ,ll_lICKplIMHHal(HlI 

nonepXHOCTHhIX co6bITHH, 3TOT BlI,11_ lpOHa 6y,11_eT rnaBHhIM cpaKTOpOM, CHHlf<a!Oll(lIM 

qyncTBHTeJibHOCTh 3KCnepHMeHTa. IIo3TOMy 3a,11_aqa no ero ,ll_eTMhHOMY 113yqeHmo 

51BJI51eTC51 Kmoqenoii np11 npoBe,ll_eHHH 3KCnepHMeHTa. B qacTHOCTH, Heo6xo,ll_HMO 

onpe,ll_eJIHTh KaKHe HMeHHO nonepxHOCTH, lI B KaKOM KOJIHqecTBe 3arp513HeHbl 2 l0Pb If 
14

C, O)KlI,ll_aeMbIH OT HHX annapaTypHbIH cneKTp, rny6mry npoIIHKHOBeHH51 qacTHU 

BHYTPh ,ll_eTeKTOpa. ,lJ;JI51 nonyqeHH51 ,ll_aHHOH lIH!pOpMal(HlI Heo6xo,ll_HMO ,ll_eTMhHOe 

MO,ll_eJIHpoBaHHe If Kan116poBKH B ycJIOBH51X peaJih!IOro 3KCnepHMeHTa. B xo,11_e 

Bh!IlOJIHeHH51 pa60Thl 6bIJIO IlOKa3aHo, qTo 3arp513Herrne 2 l0Pb ,ll_eHCTBHTeJibHO 

51BJI51eTc51 ocHOBHhIM neycTpanHMhIM HCToqn11KoM cpona B EDEL WEISS. ,lJ;nH ero 

IlO,ll_aBJieHH51 6blJilI pa3pa60TaHhl Il03Hl(HOHHO-qyncTBHTeJibHhle ,ll_eTeKTOpbl, 

napaMeTpbl KOTOpblX BhI611paJIHCh C yqeTOM Mo,11_en11ponan1151. 3KcnepHMeIITaJibHO 

6bIJIO IlOKa3aIIO, qTo npH HCilOJlh30BaHHH KpHoreHHhIX Il03Hl(lIOHHO­
qyncTBHTeJibHhlX ,ll_eTeKTopon, MO)KIIO IlOJIHOCThIO no,11_anHTh lpOIIOBble co6h!TH51, q'fo 

51BJI51eTC51 IlOTeHl(lIMOM ,ll_JI51 ,ll_OCTlf)KeHH51 qyBCTBHTeJibHOCTlI K ceqcJIHIO pacce51HlI51 

qacTHU TeMHOH MaTep1111 B 06nacT11 B03MO)KHOro o6Hapy)KeHH51 WIMP, comae Ho 
neKOTOphIM TeopeT11qecKHM npe,11_cKa3aHH51M SUSY. 

Bee BhIIIIenepequcnenHoe nerno B ocnony nacT051Il(eii pa60ThI, a TaK)Ke 
Il03BOJIHJIO cq!fTaTh Bh!6pamrym TeMy aKTYMhHOH. 

Ucm, pa6on1 

rnaBHoii uenhIO ,11_11cceprnu11orumii pa6oThI 51BJI51eTc51 no11cK pacce51HH51 WIMP­

HyKnon C nOMOil(hIO KpHoreHHhIX repMaHHeBblX ,ll_eTeKTopon B 3KcnepnMeIITe 

EDEL WEISS. O,11_Hon H3 nepnoCTeneHHhIX 3a,11_aq nptt 3TOM 51BJI51eTc51 H3yqe1rne 11 

CHlf)KeHHe KOJIHqecrna lpOIIOBhIX co6hITHH. O6ecneqeHHe na6opa ,ll_aIIHhIX Ha 

HH3KOM yponHe cpoHa Heo6xo,11_11Mo ,11_n51 ycneIIItmro nottcKa WIMP-HyKnon 

pacce51Hlf51 Ha 51,ll_pax repMairneBblX 6oJIOMeTpOB. IIpH npone,11_eHHH IlOlICKa 
pacce51HH51 WIMP Heo6xo,11_11Mo 6hrno peIIIHTh cne,11_ymll(He 3a,11_aq11: ' 

• IIponecTH Ha6op ,11_aHHhIX n :iKcnepHMetne EDEL WEISS. O6ecneqffrh 

CTa6HJibHOCTh Ha6opa ,ll_aHHhIX. IIpoaHMH3HponaTb n01ryqeJIHhie pe3yJihTaTI,I. 

• l1ccne,11_0BaTb lpOIIOBbie ycJIOBH51 B 3KCnepHMetrre, B qacTHOCTH, onpe,11_eJIHTh 

co,11_ep)KaH11e pa,11_ona BHYTPH naCCHBIIOH 3all(HTbl 3KcnepHMeHTa If o6ecneq!fTh 

ero HenpepbIBHhIH KOHTpOJih. l1ccne,11_onaTb co,11_ep)KaHHe pa,ll_OHa B qifCTOH 

KOMHaTe, B KOTopoii HaXO,ll_HTC51 3KCnepnMeHTMhHa51 ycTaHOBKa, lI MecTax 

xpaHeHH51 ,ll_eTeKTOpOB. I10HH311Th KOHl(e1npaumo pa,ll_OHa BHYTPH naCCHBIIOH 
3all(HThl 3KCnepHMeHTa. 

• BhmOJIHHTh Mo,11_e1mponaHHe 3arp513HeHH51 nonepxnocTeii ,11_eTeKTopon 

pa,ll_HOaKTlIBHhlMH lI30TOnaMH 
210

Pb lI 
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C. Heo6xo,11_11MO onpe,ll_eJIHTh 

B03MO)KHOe KOJIHqecTBO B03HlIKaIOil(HX lpOHOBhIX co6bITHH B 3KcnepHMeHTe, 
noH51Th 11x CTPYKTYPY u MecTo 3HeproBhI,ll_eJieHH51. 
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• Ha OCHOBamm cpaBHeHH51 MO,ll_eJIHponaHH51 If 3KCnepnMeHTMhHI,IX ,11_aHHI,IX 

npoH3BeCTH lI,ll_eHTH!plfKaumo Ha6mo,11_aeMblX lpOHOBhIX co6h!TI1H B 

EDELWEISS. 

Harman 11os11311a pa6oThI 3aKmoqaeTC51 B cne,11_ymI11eM: 

• C noMOil(hIO KpHoreHHhIX repMaHUeBhIX 6onoMeTpOB nonyqeno HOBOe 

orpam1qeHue Ha ceqeH11e cnttn-ne3aBHCHMoro pacce51HH51 WIMP-HyKnoH Ha 

yponHe 5* 10·
7 

n6, ,11_n51 WIMP c Maccoii B paiioHe 100 faB. 

• C n0MOil(hlO ,n;aHHhIX MO,ll_eJIHp~BaHirn If Kan116ponoqHhIX ,ll_aHHhIX 61,rno 

noKaJaHo, qrn ocnoBHOH cpoH B EDEL WEISS BhI3BaH ,11_oqep11HMH 

npo,n;yKTaMH pacna;:i;a 2 l0Pb 11 14C. nhrna pa3pa6ornHa MeTo,11_ttKa 

MO,n;emi:poBaHH51 3arp513HeHH51 
210

Pb lI 
14

C. B qacTHOCTlI, 6una C03,ll_aHa 

opumHanhHa51 nporpaMMa renepupymll(a51 HH3K03HepreT11qecKHe qacTHUhI H3 

pacna,11_a 
210

Pb. 

• DhlJllI C03,ll_aHbl lIHCTpyMeHThI ,ll_JI51 uccne;:i;onaHH51 cpoHa, TaKHe KaK ,ll_eTeKTOp 

pa,11_0Ha co cnoco6HOCThlO ,11_eTeKTlipOBaHlI51 KOHl(eHTpal(lIH pa,ll_OHa-222 Ha 

ypoBHe HeCKOJihKlIX MnKIM
3 

3a 0,ll_HH ,ll_eHb H3MepeHHH. 

• BnepBbie 6brna noKa3aHa BhIC0Ka51 :icpcpeKTlIBHOCTI, OT6opa noBepXHOCTilhIX 

co6bITlIH C ucnOJib30BaHUeM Il03lil(lIOHHO-qyncTBlITeJibHI,IX .n;eTeKTOpOB. 

3KcnepHMeHTMhHO nonyqeHHhIH ypoBeHb cpona B o6nacTH noucKa WIMP 

cocrnBun 0.1 co61,nue 3a BpeM51 H3Mepenuii 3KBHBane1nnoe 3500 Kr*cyrnK. 

3m 03HaqaeT, qyo nocne Ha6opa ,11_aHHhIX B TeqeHHe Tpex neT EDEL WEISS 

6y,11_eT lIMeTh nyqIIIyIO B MHpe qyBCTBHTeJibHOCTb K ceqeHmO pacce51HH51 

qacTHU TeMHOH Ma Tep nu Ha HYKJIOHe Ha ypoBHe 4 * 10-
9 

n6. 

IlpaKTifllCCKaH UCIIIIOCTb pa60TbI onpe,11_en51eTC51 cne,11_yIOil(lIM: 

• Pa3pa6oTaH BbICOKoqyBCTBlITeJibHbIH pa,ll_OHOBhIH ,ll_eTeKTOp, cnoco6HI,IH 

lI3Mep51Tb HlI3Klie KOHl(eHTpauuu 222Rn. ,lJ;aHHbIH npu6op MO)KeT lIMeTI, 

IIInpoKoe npaKTuqecKoe npuMeHeHne Be3,11_e, r,11_e Heo6xo,11_nM1,1 ToqH1,1e 

H3MepeHlI51 lI KOHTpOJib co;:i;ep)KaHlI51 222Rn B aTMOccpepe. 3TO aKTYMhHO ,ll_JI51 

6oJibIIllIHCTBa HlI3KO!pOHOBhIX 3KCnepuMeHTOB, KaK HanpHMep, ,ll_JI51 

3KcnepHMeHTOB NEMO-3, GERDA no nottcKy ;:i;noiiHoro 6e3HeHTpHHHOro 

6ern-pacna,11_a u ,11_pymx. 

• C03,n;aHHbie lIHCTpyMeHThI ,ll_JI51 M0,11_en11poBaHH51 3arp513HeHH51 IlOBepxHOCTH 
210Pb, B qacTHOCTlI OpHrHHMhHhIH reHepaTop HlI3K03HepreTHqecKHX qaCTHl( 

lI3 pacna,11_a 210Pb, MOryT lIMeTb npnMeHeHHe lI B ,11_pyr11x HlI3KO!pOHOBI,JX 

lI3MepeHH51X, B qacTHOCTlI ,l(JI51 Bcex 3KCnepHMeHTOB no np51MOMY IlOHCKY 

TeMHOH MaTepuu (CDMS, XENON, CRESST H ,11_pyme). 

Ha 3a11u1ry BhIIIOCHTCH CJICilVIOlUIIC noJioiKemrn II peJVJihTar1,1: 
1. OrpaHuqeHHe, nonyqeHHOe c noMOil(bIO KpuoreHHhIX repMaHHeBbIX 

;:i;eTeKTopoB B 3KcnepuMeHTe EDEL WEISS, na ceqeHue cnuH-He3aBHCHMoro 

pacce51HlI51 WIMP-nyKJIOH na ypoBHe 5*10-
7 

n6, ,11_n51 WIMP c Maccoii B 

paiioHe 100 r:iB. 
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2. BBe,[(eHIIe B 3KCIIJiyaTau,mo II pe3ym,TaTbl KaJIII6poBKII ,[(eTeKTOpOB HOBOfO 

TIIITa C KOITJiaHapHblMII KOJihIJ,eBbIMJI 3JieKTpO,[(aMJI. flpII 3TOM 6bIJia 

3KCITepIIMeHTaJlbHO ITpO,[(eMOHCrpIIpOBaHa B03MO)KHOCTb ocyll\eCTBJIHTb ITPII 

ITOMOll\II 3TIIX ,[(eTeKTopon ITO II CK WIMP ITpII yponHe <pm-rn - 1 co6bITIIH· B ro,[( 

Ha 100 Kr Bell\eCTBa. BITepBble ITOKa3aHa ITpIIHIJ,IIITIIaJlbHaH B03MO)KIIOCTb 

,[(OCTJI)KeHJIH lfYBCTBJITeJibHOCTII 5x 10-9 
n6 npII ITOJIHOM ITO,[(aBJieHJIII <pOJ-Ia, 

lfTO no3BOJIIIT ITponepIITh 6oJihIIIOll KJiacc SUSY MO,[(eneii. 

3. C03,[(aHJie BblCOKOlfYBCTBJITeJibHOro ,[(eTeKTopa 
222Rn. bhIJia pa3pa6ornHa 

MeTO,[(IIKa mMepe1mii II pa3pa60TaHo ITporpaMMHOe 06ecneqe1me ,[(JIH ananma 

,[(aHHbJX. 

4. )J;nyKpaTHOe CHJI)KeHJie raMMa-<poHa B 3KCITepIIMCHTe, Bbl3BaHI-rne CHJI)KeJ-meM 

co,[(ep)KaHIIH 
222Rn BHYTPII ITaCCIIBHOH 3allIIIThI '.lKCITepIIMenrn EDEL WEISS 

,[(O ypoBHH MeHee 50 MEKIM
3 

II o6ecnelfeHJieM ero HenpephmHoro KoHrponH. 

5. Pe3yJibTaTbl JI,[(eHTII<pIIKaIJ,lll:I <pOHOBbIX co6b!TIIH B 3KCITepIIMeJ-ITe C nOMOll\hlO 

cpaBHeHII51 ,[(aHHhIX MO,[(eJIIIpoBaHJI51 II 3KCnepIIMeHTaJihHbIX ,[(aHHhIX. 

Mo,[(eJIIIpoBaHJie nonepXHOCTHbIX co6hJTIIH., Bbl3BaHHhlX ,[(OlfepHIIMII 

ITpo,[(yKTaMII pacna,[(a 
2
l0Pb II 

14
C, npe,[(CKa3hJBaeT KOJIIIlfeCTBO <pOHOBl,IX 

co6bITIIll B o6nacTII noIIcKa WIMP, II no3BOJIJieT oITpe,[(eJIIITh napaMeTp1,1 

OT6opa B IT03IIIJ,IIOHHO-lfYBCTBIITeJibHblX ,[(eTeKTopax, IICITOJib3YeMbIX B 

EDELWEISS. 

Anpo6a1urn pa6on,1 11 ny6mm:aquu 
Pe3yJibTaTbl IICCJie,[(OBaHIIll, ITOJIO)KeHHbJe B OCH OBY ,[(IICCeprnu,1m, 

ITpe,[(CTaBJI5IJIIICb II ,[(OKJia,[(bIBaJIIICh: 

• Ha Me)K,[(yHapO,[(HblX KOH<pepeHIJ,II5IX ITO 51,[(epHOll CITeKTpOCKOITJIJI II CTPYKType 

aTOMHoro 51,[(pa (BopoHe)K-2007, MoCKBa-2008, qe60Kcapb1-2009). 

• Ha Me)K,[(yHapo,[(HhIX pa6olfIIX coBell\aHIIJIX Konna6opau,JIII EDEL WEISS. 

(AJib6epBIIJih-2006, flapII)K-2007, )];y6Ha-2007, Acya-2008, Kapcpy:J-2009). 

• Ha Me)K,[(yHapO,[(HbJX HaylfHbIX KOH<pepeHIJ,IIJIX MOJIO,[(bIX ylfeHbIX II 

CITeu,IIarrIICTOB OI15Il1 ()];y6Ha-2006, )];y6Ha-2007, )];y6Ha-2008, )J;y6Ha-2009), 

a TaK)Ke Ha ceMIIHapax B Jia6oparnpIIII 51,[(epHux ITpo6neM OI15Il1. 

MaTepIIaJibl, 5IBJI511011\IIeC51 OCHOBOll ,[(IICCeprnu,IIJI, II3JIO)KeHbI B 10 ny6JIIIKaIJ,JI5IX. 

CTpy1nypa II 06bCM )UICCCpTaIUIII 
,[J;IIccepTau,1rn COCTOIIT II3 BBe,[(eHJI51, lfeTupex rnaB OCHOBHOro CO,[(ep)KaHJI51 JI 

3aKJIIOlfeHJI51. Co.l(ep)K!IT 115 CTpaHJIIJ, ITelfaTHOrO TeKCTa, 108 pIICYHKOB, 8 Ta6JIJIIJ, II 

CITIICOK JIIITepaTyphI II3 13 0 HaJIMeHOBaHJill. floJIHblll 06-beM 128 CTpaHJIIJ,bl. 

KP ATKOE CO,[(EP)KAHIIE ,[(IICCEPT AQIIII 
Bo BBC)J;CIIIIH o60CHOBbIBaeTC51 aKTYaJibHOCTb HaylfHbJX ITpo6neM, II3YlfCHIIJO 

KOTOpblX ITOCB5lll\CHa pa6orn. l13JIO)KCHbI IJ,CJIII II MCTO,[(bl ITOIICKa pacce5IHII51 WIMP-

4 

HYKJIOH B 3KCITepIIMCHTe EDEL WEISS c noMOll\bIO KpIIoreHHhIX repMaHIICBbIX 

6onoMerpOB. )J;aHO KpaTKOe CO,[(ep)KaHJie ,[(IICCepTaIJ,JIII ITO rnaBaM. 

B nepnoii rJiaBe ,[(JICcepTaIJ,JIII OITIICbIBaeTC51 COBpeMeHHOe COCTOHHJie 

HaKOITJICHHhIX 3HaHJill O TeMHOll MaTepIIII, BB0,[(5ITC51 OCHOBHbie TepMHHbl II 

onpe,[(eJieHHH, IICnOJib3YIOll\IIeC51 B ,[(aHHOH pa6oTe. B ITepBOM pa3,[(eJie 

o60CHOBblBaeTC51 OlfeBJI,[(HOCTb cyll\eCTBOBaHII51 He6apIIOHHOll TeMHOll MaTepIIII Ha 

OCHOBaHJIII 60JibJIIOro KOJIJilfeCTBa 3KCITepIIMeHTaJlbHblX ,[(aHHblX. flpII 3TOM ,[(OM 

TaKOH MaTepIIII BO MHOro pa3 ITpeBbJilla_eT KOJIJilfeCTBO II3BeCTHOH. Bo BTOpOM 

pa3,[(eJie ITpIIB0,[(5ITC51 TeopeTJilfeCKIIe rIIITOTe3bl, B KOTOpbIX B03HJIKaJOT KaH,[(JI,[(aTbl 

Ha pOJib TeMHOll MaTepIIII. Heo6xo,[(IIMO OTMeTIITh, lfTO nee II3BeCTHbJe lfaCTIIIJ,hl, B 

TOM lfJICJie TPII II3BeCTHbIX TIIna HettrpIIHO, He CITOC06Hhl OITJICaTb na6JIIO,[(aCMbIH 

,[(e<pIIIJ,IIT MaTepIIII. B HaCT05lll\ee BpeMJI 0,[(HlIM II3 HaJI6onee Bep05ITHbIX KaH,[(IItlaTOB 

Ha pOJib lfaCTIIIJ, TeMHOll MaTepIIII 5IBJI5IeTC51 KJiacc cna6oB3aIIMO,[(eH.CTBYIOll\IIX 

MaCCJIBHblX lfaCTIIIJ, (WIMP), TaKIIX KaK, HanpIIMep, HeH.TparrmIO, B03HJIKaIOll\IIX B 

cynepCIIMMerpIIlfHbIX TeopII5IX. B TpeTbeM pa3,[(eJie onIICbIBaJOTC51 51,[(epno­

<pII3JilfeCKJie MeTO,[(bI ,[(eTeKTIIpoBaHJI51 cna6oB3aJIMO,[(eHCTBYIOll\IIX lfaCTIIIJ,. 0,[(HIIM 

II3 cIToco6on perncrpau,IIII WIMP JIBJIHeTCJI ITOIICK IIX yITpyroro pacceJIHIIJI Ha 51,[(pax 

o6bJlfHOro Bell\eCTBa. flpII 3TOM B03HJIKaeT xapaKTepIICTJilfeCKIIll CITeKTp 51,[(ep 

OT,[(alfII. B 3TOM pa3,[(eJie ITPIIB0,[(5ITC51 Q)KJI,[(aeMbJe xapaKTepIICTIIKII 3TOro CITeKTpa. 

flpIIBO,[(IITC51 onJICaHJie pa3JIJilfHblX 3KCITepIIMeHTaJib!IbIX MeTO,[(OB perIICTpau,JIJI 51,[(ep 

OT,[(alf. flpou,ecc pacceJIHIIJI WIMP Ha 51,[(pe JIBJIJieTCJI pe,[(KIIM npou,eccoM, IT03TOMY 

,[(JI51 Ha,[(e)KHOll perIIcrpaU,IIII TaKoro co6bITII51 Heo6XO,[(IIMO npIIHIIMaTb 

cepbe3HeH.JllJie Mepbl ITO 6opb6e C !pOHOM. B lfeTBepTOM pa3,[(eJie onIICbIBaJOTC51 

conpeMeHHhie '.lKCITepIIMeHThI no npJIMOMY noIIcKy WIMP. flpIIBO,[(JITCJI pe3yn1,TaTbI, 

ITOJiylfeHHbie B 3TJIX 3KCITepIIMeHTax, B TOM lfIICJie o6cy)K,[(aeTC51 ITOJIQ)KJITeJibHbIH. 

pe3yJihTaT Konna6opau,JIII DAMA. 06cy)K,[(aJOTC51 nepcneKTIIBbI cyll\ecrnyIOll\IIX II 

6y.l(yll\IIX 3KCnepIIMeHTOB. 0,[(HOll II3 caMbIX ITepcneKTIIBHbIX MeTO,[(IIK 5IBJI5leTC51 

JICITOJib30BaHJie KpIIoreHHbIX repMaHJieBbIX 6oJIOMeTpOB, KOTopa51 II npIIMeH5leTC51 B 

3KCITepIIMeHTe EDEL WEISS. 

Bo BTOpoii rJiaBC ,[(aeTC51 ofoop 3KCITepIIMeHTaJlbHOll TeXHIIKII II MeTO,[(OB, 

IICITOJih3yeMbIX B 3KcnepIIMeHTe EDEL WEISS. BHalfarre OITIIcaH npornrnIT 

3KCnepIIMeHTaJibHOll ycTaHOBKII (ITepnaJI <pa3a 3KCnepIIMeHTa, Ha3BaHHa51 

EDEL WEISS-I), II ITonylfeHHhie Ha HeM ,[(aHHbJe. I1ccne,[(OBaHIIJI, ITpoBe,[(eHHbJe B 

EDEL WEISS-I, IT03BOJIIIJIII c,[(eJiaTb BbIBO,[(bI o BJIIIJIHIIII <pOHOBbIX ycnoBIIH Ha 

3KCITepIIMeHTaJibHblll cneK1JJ II ITOJIYlfIITb JIYlfllIYJO ,[(JI51 Toro npeMeHII 

lfYBCTBIITeJihHOCTb K ,[(eTeKTIIponaHIIJO pacceHHIIJI WIMP. Bo nrnpoM pa3,[(ene 

ITpIIBO,[(IITCJI 0611\ee onIIcaHJie 3KCITepIIMeHrn EDEL WEISS-II. C ylfeTOM ITepnoii 

<pa3bl 3KCITepIIMeHTa 6bIJIII npIIH51TbI cneIJ,JiaJlbHble Mepbl no 3all\IITe OT !pOHOBblX 

co6bITIIll. bbIJI pa3pa6ornH HII3KO<pOHOBblll KpIIOCTaT pacrnopeHJI51 penepCHOfO TIIna, 

cnoco6Hb!H. OXJia)K,[(aTb ,1(0 120 ,[(eTeKTOpOB C 0611\ell Maccoll ,1(0 40 Kr. TeMITeparypa 

,[(eTeKTOpOB ITO,[(,[(ep)KIIBaeTCH Ha yponne OKOJIO 20 MK Ha npOT51)KeHIIII ,[(JIJITeJibHOro 

BpeMeHJI (MeCJIIJ,bl II3MepeHIIll). 06ecITelfJIBaeMa51 CTa6JIJibHOCTb TeMITepaTypHOro 

pe)KJIMa COCTaBJIJieT JIYlfIIIe 0.01 MK. B TpeTbeM pa3,[(eJie ,[(aeTC51 onIICaHIIe 

,[(eTeKTOpon, IIcnoJih3yeMbIX B 3KCITepIIMeHTe ,[(JIJI noIIcKa pacceJIHIIJI WIMP, a 

JIMeHHO KpIIoreHHbIX repMaHIIeBbIX 6onoMerpoB pa3JIIIlfHOro TIIna. OcHOBHblMII 
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,lleTeKTopaMII (NTD), I1cnon1,3yeMhIMI1 13 EDEL WEISS, Hl3nHIOTCH HPGe ,I1eTeKTop1,1, 

MaCCOH 320 rpaMM Ka)K,llb!H. ,l],aHHhie ,lleTeKTOpbl Il03130fl5IIOT rrp0130,llIITI, 

O.l\H013peMeHHoe I13MepeHI1e I10HI13au;I101rnoro II Terrnonoro cilrHana, qTo no313onHeT 

3cpcpeKTill3HO OT6IIpaTJ, co6bJTIIH OT 51,llep OT,llaqII, II co6b!TIIH OT qJOTOHOB II 

3JieKTpOHOl3, II TaKIIM o6pa30M IlOHII3IITb cpoH ,l\JIH IlOIICKa WIMP Ha 4 nopH,llKa. 

I13MepeHI1e IIOHil3aD;IIOHHOro CilrHana ocyw:ecTl3JIHeTCH Tpa,llIIU:IIOHHb!M o6pa30M, a 

,l\JIH CHHTIIH TeTIJIOBOro CIIrHana IICilOJih3yeTCH NTD TepMIICTOp1,1. ,l],anu1eiirnee 

IlO,lla13JieHI1e cpoHa 06ecrreqI113aeTCH IICTIOJib3013aHileM CIICTeMbl II3 KOHU:eHTpilqecKIIX 

3JieKTp0,llOl3, Il03130JIHIOW:IIX 3cpcpeKTIIBHO IlO,llaBnHTI, Il013epXHOCTHhle co6h!TIIH. 3TO 

peanHJoBaHo 13 HOBhIX ,lleTeKTopax INTERDIGIT TIIna. B qernepTOM pa1,I1ene 

paccMaTpII13a!OTCH npIIHU:IIIIbl 3aW:IITbl OT cpoHOl3b!X co6hJTIIH. ,l],JIH ycTpaHeHIIH 

KOCMOreHHOro cpoHa 3KCnepI1MeHT npOBO,llIITCH 13 IlO,l\3eMHOH na6opaTOpIII1 LSM, 

pacnoJIO)l(eHHOH Ha rpaHIIU:e <I>paHD;IIII II I1TanIIII. TOJIW:IIHa CKMbHb!X nopo,ll Ha,ll 

na6opaTOpIIeH coorneTCTJ3YIOT 4700 MeTp013 130,llHOro 3K13II13aJieHTa, qTQ Il03130JIHeT 

ocna6I1Tb IlOTOK MIOOHOl3 Ha 6 nopH,llKOl3 II IlOTOK HeHTpOH013 Ha 4 nopH,llKa. ,l],JIH 

3aW:IITbl OT ecTeCTl3eHHOH pa,llIIOaKTIIl3HOCTII 13 3KcnepIIMeHTe IICilOJih3yeTCH KaK 

naCCIIBHaH, TaK II aKTill3HaH CIICTeMbl 3aW:IITbl. Ha pIICYHKe 1 npe,llCTal3JieHa cxeMa 

3aW:IITbl II HaXO,llHW:IIXCH 13HYTPII Hee ,lleTeKTOpOB. 

i 38Uji1T8 113 

Puc. I. Cxe.11,a 3llU{llmbl om </Jo11a, npU.11te1me.11taR a :1«cnepU.11te11me EDELWEISS. Cneaa 
no«a1a11b1 ace 'lacmu ycma110««11, «KJIW'lllR «puocmam pacmaope11uR c oeme«mopa11111 u 
a«mua11y10 11 naccua11y10 1aU{Umb1; cnpaaa no«a1a11a aepx1tRR 'lacm& «puocmama c 
oeme«mopll.11111. 

B CJie,I1y10m:eM pa3,lleJie OilIIChIBaeTCH MeTO,llbI nonyqeHH5! 3KCnepI1MeHTMJ,1IJ,IX 

,llaHHb!X. I1pII130,llIITCH OilIICaHile npou;e,llyp KanI16poBOK, 11eo6xo,I1IIMJ,JX ,l\JIH 

nocne,I1y1ow:ero auanII3a ,llaHHb!X, II npou;e,llyp pereuepau;IIII ,lleTeKTopo13, 
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Heo6XO,llIIMbIX ,l\JIH o6ecneqeHIIH CTa6IIJibHOro ua6opa ,llaHHJ,JX rrpII HeII3MeHHOH 

4JYHKU:IIII OTKJIIIKa. 

TpeThH rJiana IlOC13HW:eHa IIJyqeHIIIO 4JOH0131,JX YCJIOl3IIH B 3KcnepIIMeHTe. B 
nep130M pa3,lleJie OIIIICbIBaeTCH KOHCTpyKU:IIH pa,llOHOBOro ,lleTeKTopa. 

Pa,llIIOaKTIIl3Hl,IH 6naropO,llHb!H ra3 
222Rn rrpe,llCTaBJIHeT onacl-IOCTJ, ,l\JIH 60Jil,IlIIIHCTBa 

HII3K04JOHOBbIX 3KCnepnMeHTOB, KpoMe Toro, 13 l_\erroqKe ero pacrra,lla IIMeeTCH 

,llOJirmKIIBYW:HH H30Ton 
210

Pb, HaKonneHI1e KoToporo npnBO.l\IIT K noHl3Jienmo 

TPY.IIHOYCTpaHHMOrO IlOCTOHHHOro IICT(?qHIIKa cpoHa. KpoMe TOro, HenpepbIBHl,IH 

KOHTpOJib pa,llOHa, II B qacTHOCTil ero ce30HHblX Il3MeHeHHH, He06XO,llIIM ,IIJI}[ 

KoppeKTHOH IIHTepnpeTal\HH ,llaHHhIX no noIIcKy WIMP, O)lm,I1aeMr,1ii 

3HepreTnqecKHH crreKTP KOTOpb!X TaK)l(e HMeeT ce30HHJ,Ie BapilaI\IIII. TI03TOMY ,IIJI}[ 

IlCCJie,llOBaHIIJI qJOHOBbIX YCJIOBIIH 13 3KCnepI1MeHTe 61,rn C03,lla!I 

13b!COKOqyBcTJ3HTeJihHblH pa,IIOH013l,IH ,lleTeKTOp. TipIIHU:IlTIIIanhHa}[ cxeMa 

pa,IIOHOl30ro ,lleTeKTOpa Il0Ka3aHa Ha pIICYHKe 2. 
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Puc. 2. Cxe.11ta paoo11oaozo oeme«mopa II nony'le1t11b1u :111epzemu•1ec«11ii cne«mp. 
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B OCHOl3e ,lleHCT13IIJI pa,IIOHOl30ro ,lleTeKTopa Jie)l(IIT MeTO,ll 3JieKTpOCTaTIIqecKOro 

c6opa Ha an1,cpa-,I1eTeKTope ,llOqepHIIX an1,cpa-pa,I1I10aKTHBHhIX npo.I1yKTOB pacna,lla 
222Rn Il3 ra30130H CMeCII. ,l],aHHl,IH ,lleTeKTOp cnoco6eH Il3MepJITb Hil3KIIe 

KOHU:eHTPaU:Hil pa,llOHa 13 aTMOCcpepe BilJIOTb ,l\O HeCKOJIJ,KHX MnKiM
3
. C IlOMOW:1,10 

3TOro ,lleTeKTopa 6bIJIII IICCJie,l\OBaHhl qJOHOBh!e ycJIOl3IlJI 13 IlO,ll3eMIIOH na6opaTOpI1I1 

LSM, B TOM qncne co,I1ep)l(aHI1e pa,I10Ha 13HYTPH 3am;I1Th1 '.lKcrrepIIMeHTa 

EDEL WEISS. I1pI1 rroMOW:H ,lleTeKTopa 61,rna onTHMII3npo13aHa aHTil-pa,llOIIOJ3a5I 

3aW:IITa KpnocTaTa. B HacToxw:ee 13peMx Ha6op WIMP ,I1aHH1,1x 13e,lleTcJI Ha 

KOHTPOJIIIpyeMOM ypoBHe 
222Rn BHYTPH JaW:IIThI HII)l(e 50 MnKIM

3
. 3TO npn13eno K 

.l\ByKpaTHOMy IIOHII)l(eHIIIO ypoBHJI raMMa cpoHa 13 3KcnepnMeHTe. BTOpoii pa3,llen 

IIOCB}[W:eH MO,llennpoBaHIIIO 4JOH013b!X co6b!TIIJI OT ,lloqepHIIX rrpo,llyKTOl3 pacrra,lla 
222 210 b Rn, 13 qaCTHOCTil p . ,l],nx 3Toro 61,1n C03,llaH reHepaTop qaCTIIl\, 1303HIIKaIOW:IIX 13 

pe3ynhTaTe pacna,lla 
210

Pb. TipII '.lTOM 61,rnn ,lleTanbHO onI1caH1,1 

HII3K03HepreTnqecKIIe qacTIIl_\J,I II3 aTOMHbIX rrpou_eccoB. C IlCIIOJib3013aHIIeM 

naKeTOl3 Penelope II Geant4 61,rna co3,llaHa reoMeTPIIJI '.lKcnepI1MeHTa II 61,rnII 

CMO,llennpo13aHbI cpoHOl3bJe co6bITilJI, 1303HIIKa10w:I1e B ,lleTeKTopax. ,l],nx npoBepKII 
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MO)'(eJIIIpoBaHirn q>OHa 6hrnII npoBe)'(eHhl KanII6pOBO'lHhie H3Mepemrn C HCTO'IHHKOM 
210Pb. 3TH H3MepeHmI 6hrnH npoBe)'(eHhl C 0.l(HHM H3 .l(eTeKTOpOB, ycTaHOBJieHHh!M B 

EDELWEISS. 

~ 
§10

3 

0 

r----l---:-
t:~f~k4~i~,~ 

-' -• .. ~-• I • 

100 200 300 400 soo 600 100 aoo 900 1000 "o -,~o·- ..--so 100 120 140 1•0 1ao 200 
311epn111 OT;ta•m. K>B 3KepntH OT~n•m, ,oB 

Puc. 3. Cpae11e11ue 1«cnepUA1e11m11J1bHblX u CMOOeJ1upoea1111b1X oa1111b1X. Ha zpa</Ju«e CJleea 
111epzemu'lec«uii c1ze«mp, '1ep11b1e mol/Kll c nozpeu111oc111R11tu - 1«cnep11Me11m11J1bllblii cne«mp c 
ucmol/HUKOJII 210Pb, Kpac11an. JIUHUR. pe1yJ1bmam JltoOeJ111p06llHIIR., JeJle/lbte mol/KII C 
nozpe1111toc111RJ111t - :JKcnepUA1e11m11J1bllblii Cl/em 6e1 ucmo'litu«a. Cnpaea no ocu y -
UOHll]lll{UOllllblll 6blXOO. qep11b1e mol/KII coomeemcmey,om :JKCnepUA1e11m11J1bllblJII OllllllblJII, 
KpaCllble - JltoOeJ111poea111110. CMooeJ11tp06llllllblll cne«mp 1wpM11po_6llll moJlbKO /Ill KOJIUl/ecmeo 
wpewcmpup06llllllblX IUlbqJU-l/UCmlll{. 

J,fa pIICYHKa 3 BH)'(HO, 'ITO MO)'(eJittpOBUHIIe xopowo npe)'(CKa3hIBaeT HHTeHCIIBHOCTh 

H IlOJIO)!(eHIIe nHKOB B 3KCnepIIMeHTanhHOM Kantt6poBO'lHOM cneKTpe. 3Ta 

HHq>OpMau;m, Il03BOmieT KOppeKTHO aHanH3IIpOBUTh 3KCnepttMeHTanhHb!e )'(UHHI,Ie H 

onpe)'(eJIIITJ, npoIICXO)K)'(eHmI q>OHOBb!X co6bITIIll.. E1,rno Il0Ka3UHO, 'ITO KOJIH'leCTBO 

q>OHOBb!X co6b!THll. MO)!(HO ou:eHIITb, 3HUH 'IHCJIO 3aperHCTpHpOBUHHb!X anhq>a­

'IUCTIIU:. IlpoBe)'(eHHblll. aHanH3 MeCTOpacnoJIO)!(eHJrn co61,1THll. OT 
2
l0Pb IlOKU3bIBaeT 

3q>q>eKTHBHOCTI, Il03HU:HOHHO-'lYBCTBHTeJihHb!X )'(eTeKTOpOB B )'(HCKpHMIIHUU:HH 

IlOBepXHOCTHh!X co6bITHll.. B TpeTbeM pa3.l(eJie onHCl,JBUeTCH MO)'(eJIHpOBUHHe 

3UrpH3HeHIIH IlOBepXHOCTH .l(eTeKTOpOB 
14C, BXO)'(Hlll;HM ,. B COCTaB 

yrnepO)'(OCO)'(ep)!(alll;HX coe)'(HHeHIIll., KOTOpMe npe.l(IlOJIO)!(HTeJibHO MoryT 

HUXO.l(HTbCH Ha noBepxHOCTH )'(eTeKTOpOB. I1cnycKaH 3JieKTp0Hbl nptt pacna)'(e, 
14

C 
npe)'(CTaBJIHeT co6orr HCTO'IHHK noBepxHOCTHl,JX co61,1THll.. bbinO npOH3Be)'(eHo' 

MO)'(eJIHpOBaHIIe ero BJIHHHHH Ha CTpYKTypy 3KCnepttMeHTanbHOro cneKTpa. 

Pacc'lHTaHHhlll. cneKTp H HHTeHCHBHOCTJ, q>OHOBb!X co6MTHll., Bbl3BUHHb!X pacna)'(OM 

yrnepo)'(a-14, Heo6XO)'(HMO Y'lIITb!BUTI, nptt aHantt3e cyiu:ecrnymiu:ttx )'(UHHblX H 

nnaHIIpOBUHHH 6y.l(ylll;HX 3KCnepHMeHTOB. 

B qcTBCpToii rJiaBC OilHCb!BUIOTCH nepBb!e pe3yn1,TUTbl, nony'leHHJ,Je B 

:.JKcnepttMeHTe EDEL WEISS-II. Eoni,wy10 11acT1, H3 28 )'(eTeKTopOB, Haxo)'(Hlll;HXCH B 

3KcnepttMeHTe B 2007-2008 ro)'(ax, cocTaBJIHJIH NTD )'(eTeKTop1,1. IlonyqeHHurr 

3KcnepttMeHTMJ,Hblll. cneKTp II pe3yJihTUT ero aHantt3a npe)'(CTaBJieHbl Ha pttcyHKe 4. 
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•.;< ••• 

;"' .· .. .. 
. ' 
·.:·· 

11~ 100 110 l,W 180 
3ttepr~H OT~aqtt, K3B 

·• " 

. 
" 

,., 
Macca WIMP, r3B/c2 

Puc. 4. 3«cnep1u1e11m11J1b1tb1ii cne«mp, noJ1yl/elll1b1ii e u1111epe11un.x c NTD oeme«mopa.11111 
(CReea) u noJ1y•1e111we ozpa11ul/e11ue 11a cnu11-11e1aeucUAtoe cel/euue JVIMP-11yKJ1011 paccen.11un. 
(cnpaea). 

AHanH3 3KcnepIIMeHTanbHb!X )'(UHHb!X Il03BOJIIIJI nony'IHT!, orpaHII'letme Ha CilHH­

He3aBHCIIMOe (C-H) ce'!eHtte pacceHHIIH WIMP-HyKJIOH Ha ypom1e B 5 x 10-
7 

n6 ()'(nH 

Macc1,1 WIMP oKono 100 r:.JB). KaK BII)'(HO H3 pttcyHKa 4 cneBa, IIJMepeHHH c NTD 

,l(eTeKTOpaMH He Il03BOJIHJIH IlOJIHOCTb!O II36aBHTbCH OT q>OHOBb!X co6hITHH, KOTOpMe 

nptt IlOMOlll;H MO)'(enttpOBUHHH 61,rnII H)'(eHTHq>IIU:IIpOBUHb! KUK noBepxnocnn,Ie 

co6bITIIH, B03HHKU!Olll;He OT 
2
l0Pb. TaKHM o6pa30M, HeCMOTpH Ha npmrnThie Mephl no 

CHH)!(eHIIIO KOHU:eHTpau;ttH pa)'(OHa, ero )'(O'lepHHe npo)'(yKTbl pacna)'(a npIICYTCTBYIOT 

B 3KCnepttMeHTe. ,[t;JIH IlO)'(UBJieHHH noBepxHOCTHh!X co6bITHll. He06XO)'(HMO 

IICIIOJI!,30BaTb )'(eTeKTOpbl C B03MO)!(HOCTJ,JO HX 3q>q>eKTHBHOro OT6opa. O.l(HHM II3 

Hatt6o.riee nepcneKTHBHb!X BH)'(OB .l(eTeKTOpOB HBJIHIOTCH pa3pa60TaHHb!e 

INTERDIGIT )'(eTeKTop1,1. Kantt6poBO'!Hhie H3Mepemrn c HCTO'IHHKOM 
2
l0Pb c 

)'(UHHb!M TIIIlOM .l(eTeKTOpOB )'(OKa3anH Bb!COKYIO 3q>q>eKTHBHOCT!, )'(IICKpIIMIIHUU:IIH 

noBepxHOCTHhlX co6h!THll. ( CM. pttc. 5). l13MepeHHb!ll. q>aKTOp fIO)'(UBJieHIIH TaKHX 

co6bITHll. COCTaBIIJI 1/20000, 'ITO Il03BOJIHeT f!OJIHOCTJ,IO II36UBIITbCH OT q>OHO!l!,!X 

co6bnIIrr nptt noIIcKe pacceHHHH WIMP-HyKJIOH. TaK)!(e c )'(UHHhIMH )'(eTeKrnpaMII 

6hrn npOII3Be)'(eH KOpOTKHll. Ha6op )'(UHHh!X )'(JIH H3MepeHIIH Ce'!eHHH paccemrnH 

WIMP-HyKJIOH. J,fa-3a B03MO)!(H0CTH fIOJIHOro fI0)'(UBJie!IHH q>OHOBb!X co6b!THll. 61,rno 

nony'leHO orpaHH'leHHe Ha cnHH-He3aBHCHMOe ce'!eHtte pacceHIIHH WIMP-HyKJIOII 

Ha ypoBHe 7x 10-
7 

n6 ()'(JIH WIMP C Maccoll. OKOJIO 100 r3B), pIICYHOK 5, 'ITO 

conocTaBIIMO C pe3yJIJ,TUTOM, nony'leHHh!M H3 aHanII3a )'(UHHb!X C NTD )'(eTeKTOpOB C 

60Jihlllell. CTaTIICTIIKOll.. 
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Macca WIMP, rJB 
Puc. 5. Cneaa noKll3llllbl KtlJIU6p060'lllble U3J11epe11u11 C ucmo'IIIUKO.M 

110
Pb C noMO~b/0 

JNTERDIGIT oemei<mopa. j(eJ1to1tcmpupyemC11 ycmpa11e11ue <jJ011o«blX co6b1muii noCJle 
«b10eJ1e1tU11 a11ympe1111ew 06beJ11a oeme1<mopa. Cnpa«a npeocma«J1e110 ozpa11u'le1tue ua cnu11-
ue:1aaucUJ11oe ce'leuue pacce1111U11 WIMP-uywwu, noJ1y'le1t11oe U3 UJAtepe,mii c oeme1<mopaMu 

3mow muna. 

Xapru<TepncTHKH INTERDIGIT ,n;eTeKTopon IIO3BOJUIT npII Ha6ope ,n;aHHLIX Ha 

nporn)KeHHH Tpex JieT ,!l;OCTII'IL lfYBCTBHTeJII,HOCTII 5 X 10"9 
n6, 'ITO HaXO,!l;lITCR B 

o6nacTII BO3MO)KHOro o6Hapy)KeHHR WIMP II nponepIITL HeKOTOpble npe,n;CKa3aHIIR 

SUSY. . 
B 3aKJ110lJ:CIIHII cq>opMynnpoBaHI,I o6m.IIe BLIBO,!l;LI II pe3yJILTaTLI IICCJie,!l;OBaHHH. 

IOi 

I 

OcnOBllblC pe3YJ11,TaT1,1, TI0JIVIJCIIIIblC B mrccepTaI!IIOHIIOU pa6oTe: 

1. Er,rnII rrpone,n;eHLI nepm,1e H3MepeHIIR B 3KCrrepIIMCHTe EDEL WEISS-II. 

TionyqeHHOC orpaHIIlJ:CHIIe Ha CClJ:CHHe pacceRHIIR WIMP-HyKJioH COCTaBIIJIO 5* 10·7 

rr6, lJ:TO B TpH pa3a JIYlJ:IIIC orpaHIIlJ:CHIIR, IIOJIYlJ:CHHOro B 3KCIIepIIMCHTe 

EDEL WEISS-I II cpanuIIMO c JIYlJ:IIIIIMII MIIpoBbIMII pe3yJILTaTaMII. 

2. Propa6oTaHbI II rrpOTCCTIIponaHLI ,!l;CTCKTOpb! uonoro TIIIIa c KOIIJlattapHb!MII 

KOJILI..(eBb!MH 3JICKTpO,!l;aMII, IIO3Bomnom.IIe IIpOBO,!l;lITL BLICOK03cpcpeKTIIBHLIH OT6op 

rronepXHOCTHLIX co6b!THH. BnepBb!C 3KCIIepnMeHTaJibHO rrpo,n;eMOHCTpIIponaHa 

crroco6HOCTb ,n;eTCKTOpOB 3TOro TIIIIa ocym.ecTBJIRTb IIOIICK WIMP rrpII ypontte cpoHa 

- 1 co6bITIIR n ro,n; ua 100 Kr nem.ecrna. 

3. Db!JI propa60TaH lI CO3,n;au Bb!COKOlJ:YBCTBIITCJlbHblli ,n;eTeKTop 
222Rn. ,[l;aum,ru: 

,n;eTeKTop crroco6ett lI3MepRTb HII3KIIC KOHU:CHTpaU:IIII pa,n;ona B aTMOccpepe BIIJIOTI, 

,n;o HCCKOJlbKIIX MEKIM
3 

3a ,n;eHL II3MCpCHIIH. DLIJia pa3pa6ornua MCTO,!l;IIKa 

II3MepeuIIlI n propa6oTatto rrporpaMMHoe o6ecrreqettne ,!l;JIR anamna ,n;am11,1x. C 
IIOMOII..(bIO pa,n;ononoro ,n;eTe_KTopa 61,rnII rrpoII3ne,n;eu1,1 II3Mepe1mR ypomrn 

co,n;ep)KaHIIR pa,n;otta BHYTPH rraccnmmu: 3all..(IITLI EDEL WEISS. C ero rroMOII..(I,JO 

61,rna OIITHMII3IIponaua aHTII-pa,n;OHOBaR 3aIU.HTa. B uacTORII..(ee npeMR ua6op ,n;amILIX 

ne,n;eTCR rrpII KOHTpOJIIIpyeMOM yponHe 
222Rn BHYTPH rracCIIBHOH 3all..(IITLI HH)Ke 50 

MEKIM
3
. 3TO rrpIIBCJIO K ,n;nyKpaTHOMY IIOHII)KeHH!O ypomrn raMMa cpoua B 

3KCrrepIIMCHTe. 

4. Db!JlO rrpone,n;euo MO,!l;eJIIIponauIIe <pOHOBbIX rronepXHOCTHb!X co6LITIIH, 

Bbl3BaHHLIX 3arpR3HCHHCM ,!J;CTCKTopon ,n;oqepHIIM rrpo,n;yKTOM pacrra,n;a pa,n;oua 
2
l0Pb, 

II 
14C. B pe3yJILTaTe cpaBHCHIIR MO,!l;CJIHponaHIIR C KaJIII6pOBOlJ:HLIMII ,n;aHHb!MH 

y,n;aJIOCI, orrpe,n;eJIIITb cpyHKI..(II!O 3<p<peKTIIBHOCTII c6opa 3apR,n;a Ha rronepXHOCTII 

,n;eTeKTOpOB. DLIJIO pacclJ:IITaHO K OJlIIlJ:CCTBO <pOHOBb!X co6b!TIIH, BO3HIIKaJOII..(IIX B 

,n;eTeKTopax B pe3ynnTaTe pacrra,n;a 
2

JOPb II 
14C. 

5. Brrepnble 6n!JllI II,!l;eHTII<pIIU:IIponaHLI <pOHOBb!C co6n1THR B 3KCrrepIIMeIJTC. I13 

,n;aHHLIX ITO KOJIIIlJ:CCTBY aJIL<pa qacTHU: 6nm CMO,!l;eJIIIpoBaH Beer, crreKTp OT 
2
l0Pb. 3To 

IIO3BOJIIIJIO IIOKaJaTL, lJ:TO cp0Hon1,1e co6n1TIIR n EDEL WEISS, n o6nacrn rroIIcKa 

WIMP, n1,13naHLI pacrra,n;oM 
210

Pb. Ha ocnonattIIII ,n;am1on IIHcpopMaU:HII 6una 

,!l;OKa3aHa tteo6xo,n;IIMOCTL HCIIOJlI,3OBaHIIR ,n;eTeKTopon C BO3MO)KIIOCTL!O 

,!l;IICKpIIMHHaQIIII rronepXHOCTHL!X co6LJTIIH. 

II 
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