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OB1ll,A5I XAPAKTEPI1CTI1KA PABOTbl 

O6'heKT HCCJie,Ll,0BaHmI II aKTYaJibH0CTb TeMhl 

HecMoTpa Ha TO, qTO B Hacroarn;ee BpeMa CwH,11.apTHaa Mo,11.e.nh ycnenrno 11cnoJib-

3ye-rca ,11.JIH on11caH11a 9JieKTpOMarHllTHbIX, CJia6bIX ll Cl!JlhHbIX B3a11M0,11.eliCTBllli, HO

Baa <pll3HKa, no MHeHll!O MHOrllX yqeHhIX, MO)KeT npO.HBllTb ce6.11 np11 9Heprn.11x OKOJIO 

1 T9B. Cynepc11MMeTpll.H paccMaTP11BaeTC.H KaK 11a1160Jiee nepcneKTllBHoe nanpaBJie

Hlle <pll3l!Kll 9JieMeHTapHb1X qaCTllll, 3a npe,11.en:aMll CTaH,11.apTHOli Mo,11.eJill. IlollCK HO

BOH <pll3l!Kll .HBJI.HeTC.11 0,11.HOH 113 OCHOBHhlX 3a,11.aq 9KCnep11MeHTilJibHhIX llCCJie,11.0BaH11li 

na BoJibIIIOM A,u.poHHOM KoJIJiali,u.epe (LHC). 

Ha,u.e)K,11.hl Ha OTKphlTlle cynepc11MMeTp1111 na LHC ocHoBaHbI Ha npe,11.cKa3aH11.11x 

MmmMaJihHOli CynepCllMMeTpllqHoli CTaH,11.apnmli Mo,11.eJI11 (MCCM), np11 9TOM no,u.

pa3yMeBaeTC.H nmpOKllli cneKTP pa3JillqHblX B03MO)KH0CTeli 11, B TO )Ke BpeM.H, Heorrpe

,11.e.neHHOCTeli. O6blqHO cql!TaeTC.H, qTO cynepnapTHepbl - r11noTeT11qecK11e T.H)KeJibie 

qaCTllll,bl C Maccoli fieCKOJibKO COTell f9B, onpe,11.e.n.11eMoli 3HaqeHll.HMll napaMeTpOB M.Hr

KOro HapymeHll.11 cynepCllMMeTIJllll mo, m112, Ao - pO)K,11.aJOTC.H 3a cqeT Cl!JlbHOrD ll 

CJia6oro B3a11M0,11.eliCTBllli ll )KllBYT oqeHb He,zi;OJiro. IlpaKTllqecKll cpa3y )Ke noCJie pO)K

,11.eHll.H OHll pacna,11.aJOTCH Ha 06b1qHbie qaCTllIJ,bl CTaH,11.apTHOli Mo,11.eJill ll JierqaJimyJO 

cynepqaCTIIIJ,y - HeliTpaJillHO. QqeBll,11.HO, qTO Ha6JIJO,U.e1111e TaKllX KOPOTKO)KllBYlll,llX 

qaCTHII, ,11.0CTaTOqHO 3aTpy,11.HeHO. 

O,u.HaKo, B03MO)KHa c11zyall,ll.H, peaJI113yeMa.11· B paMKax MllHllMaJihHOli cynepCllM

MeTpllqHOli CTan,u.apTHOli Mo,11.e.n11 C HapymeHlleM cynepCllMMeTpllll 3a cqeT 3<p<peKTOB 

rpaB11TaIJ,1111 (mK Ha3hIBaeMa.11 Mo,11.eJih mSUGRA), Kor,11.a cynepqaCTl!IJ,hI )KllBYT ,11.oJiro. 

8To npo11CX0,11.llT, Kor,11.a Macca cyrrepqaCTllIJ,hI oqeHh 6Jill3Ka K Macce Jierqalimeli cynep

qaCTllll,hI (the Lightest Supersymmetric Particle - LSP), 11 cKopocTu pacna,11.a, TaKllM 

o6pa30M, no,11.aBJI.HeTC.H. B 9TOM CJiyqae ,11.0JirD)KllBYlll,llMll MOryT 6h1Tb TaK lla3bIBa

eMble CJie,u.yJOrn;11e 3a JierqaJim11M11 cynepc11MMeTp11qHhie qacT11IJ,hl (Next-to-Lightest 

Supersymmetric Particles - NLSP) - 9TO MOrYT. 6b1Th cyrrepnapn1epb1 wy-JienTOHa, 

TOn-KBapKa 11 3ap.11)KeHHoro 6o3oHa Xn:rrca (11JI11 W-6o3oHa), np11 9TOM JierqaJimeli 

cyrrepqacr11I1,eli .HBJI.11eTC.H nepBoe HeliTpaJillHO. 

Ha p11c. · 1 noKa3aHhI 06JiaCT11 rrpocTpancTBa napaMeTpoB Mo,11.e.n11 mSUGRA, r,11.e 

MO)KeT llMeTb MeCTO YKa3aHHOe BblpO)K,U.eH11e no Macce, H, CJie,11.oBaTeJibHO, MoryT cy

rn;ecTBOBaTb ,11.0JirD)KllBYlll;lle cynepqaCTllll,hl. Ha rpaHl!IJ,aX 9Tl!X o6JiacTeli, Kor,11.a MaCCbl 

cynepnapTHepoB 11paKTHqecK11 paBUhI Macce JierqaJimero ueliTpaJillHO, wy-CJienTOHhI, 

TOn-CKBapKll ii qap,11.)KllllO CTallOB.HTC.11 ,11.0JirO)KllBYlll,llMll. Ilpll y,11.aJieHllll OT rpaHllIJ,bl 

cynepnapTuepbi CTaHOB.HTC.11 CJierKa T.ll)KeJiee, qeM ueliTPaJIHIIO, qTo npHB0,11.llT K HX 

11ecra611JihHOCT11, 11 OHR oqeHh 6hICTpo pacua,11.aJOTC.H. 

O,11.HllM 113 HaH6oJiee Ba)KHblX orpaH11qeHllli Ha ,11.onyCTllMbie 3HaqeHH.H napaMeT

pOB mSUGRA .HBJI.HeTC.H KOJinqecTBo TeMHoii MaTepllH BO BceJie1moii. Ilp11H11Ma.11 BO 

BH11MaH11e ,11.aHHbie 9KCnepHMeHTa WMAP, uoJiyqae~ B ·pe3yJihTaTe pa3pemeHuyJO 06-

JiaCTh B Bll,11.e Y3KOii nOJIOChI, 11,u.yrn;eli B,11.0Jlb rpaHHIJ,bl (3anpern;eHHoli) o6JiaCTll, r,11.e 

Jierqaiimeii cynepqaCTHIJ,eli .HBJI.HeTC.11 my-CJienTOH, 3aTeM B,11.0Jib rpaHllll,bl o6JiaCTll, 

llCKJIJOqeHnoli HeHa6JIJO,U.eH11eM JierKoro 6o3oHa XHrrca, 11 B,11.0Jih rpaHllll,hl o6JiaCTll, B 

KOTOpoli 11.e npOllCX0,11.llT pa,11.llaIJ,llOHHOro uapymeHll.11 9JieKTpOCJia6oli Cl!MMeTpllll (Ra
di~tive electroweak symmetry breaking- REWSB). B,11.oJih 9TOli y3KOli noJIOChI, r,11.e 

Heo6xo,11.H~oe KOJI11qecTBo TeMHOii MaTep1111 Ox'fh2 comacyeTC.H c acTpocpH3HqecK11MH 
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Pnc. 1: Pa3peIIIeHHbie o6JiaCTH npocTpaHCTBa rrapaMeTp0B B IIJI0CK0CTH {mo - m112) 
rrpn A0 = 0, tan,B = 10 (CJieBa), Ao = -800 raB, tan,B = 10 (crrpaBa), µ > 0 
H mt=172.7 raB. Y3KaH CBeTJiaH II0JI0Ca B TeMHO-:lKeJITOii o6JiaCTH - pa3peIIIeHHaH 

o6;racTh, cooTBeTCTBy10iu;aH K0CM0JiornqecKHM orpaHnqeHHHM WMAP. Ha pncyHKe oT

MeqeHhI: 1 - OcHOBHaH o6JiaCTb aHHHI'HJIHIJ;HH; 2 - O6JiaCTb K0aHHHI'HJIHIJ;HHj 3 - O6-

JiaCTb cpoKyc-ToqKn; 4 - O6;racTb "BoponKn"; 5 - O6JiaCTb EGRET; 6 - o6;racTb /J.0JI

ro:lKHByiu;nx T0II-CKBapK0B. IlOKa3aHhl 3KCIIepHMeHTaJibHbie orpaHnqeHHH Ha MaCCbI 

6o30Ha Xnrrca H qap/1,:lKHH0, a TaK:lKe Ha o6JiaCTH, I'/J,e Tay-CJieIITOH, TOII-CKBapK H 

qapll,:lKHH0 HBJIHIOTCH CJie/1,YIOIIJ;HMH 3a ;rerqaihrmMH cyrrepqacTHn;aMH (NLSP). 

Ha6;r10,11,eHHHMH WMAP, rrpe,11,rro;raraH, qTO TeMHaH MaTepHH cocTOHT H3 HeiiTpaJinno, 

cyiu;ecTByeT Tpn rrpe,11,cTaBJIH10iu;nx HHTepec o6JiaCTH rrpocTpaHCTBa rrapaMeTpoB, r/1,e 

cyiu;ecTBYIOT /J,0JII'O:lKHBYIIJ;He cyrreprrapTHepbI: 

i) O6JiaCTb.JierKHX Tay-CJieIIT0H0B, HBJIHIOlIJ;HXCH NLSP (x?-7). O6JiacTb xapaKTe

pn3yeTCH rrapaMeTpaMH m112 >> mo, 3HaqeHHH /J.PYI'HX rrapaMeTp0B rrpaKTHqecKH 

Hecyiu;eCTBeHHbI. ,[l;aHHaH o6JiaCTb c /J,0JII'O:lKHBYIIJ;HMH TaJ-CJieIIT0HaMH rrpe,11,CTaBJIH~ 

co6oii Y3KYIO II0JI0CY B,11,0Jib rpaHHIJ;bI, pa.3,!),eJIHIOIIJ;HX o6JiaCTH, B K0TOpblX JierqaiiIIIHMH 

cyrrepqaCTHIJ;aMH HBJIHIOTCH HeiiTpaJIHH0 H Tay-CJieIIT0H, C00TBeTCTBeHH0. 

ii) O6JiaCTh ;rerKHX TOII-CKBapKoB, HBJIHIOIIJ;HXCH NLSP (x? - t). ,[l;anHaH o6JiacTb 

cyiu;eCTBYeT IIpH 6oJibIIIHX 0Tpnn;aTeJibHbIX 3uaqenHHX Ao, rrpoMe:lKyTOqHbIX H 60JibIIIHX 

3HaqeHHHX mo, MaJibIX 3HaqeHHHX m112, tan ,B;?: 10 H µ > 0. O6JiaCTb ,11,0JII'O:lKHBYIIJ;HX 

cyrreprrapTHepoB T0II-KBapK0B HaX0/J,HTCH rrpaKTHqeCKH Ha Kpa10 0CH0BH0ii o6JiaCTH 

aHHHI'HJIHIJ;HH PH/J.0M C JIHHHeii orpaHnqeHHH Ha Macey 6o30Ha Xnrrca. 

iii) O6JiaCTb ;rnrKHX qapll,:lKHH0, HBJIHIOIIJ;HXCH NLSP"{x? - xt). ,[l;JIH cyiu;eCTBOBa: 

HHH 3T0ii o6JiaCTH TaK:lKe Heo6XO,!J,HMbl 60JibIIIHe OTpnu;aTeJibHhle 3HaqeHHH Ao. 3Ha

qeHHH /J.PYI'HX rrapaMeTp0B m112 <<mo,µ> 0, H qeM 60JibIIIe 3HaqeHne tan,B, TeM 

;ryqme. O6JiaCTb /J,0JII'O:lKHBJIIJ;HX qap/1,:lKHH0 IIpHJieraeT K JIHHHH, HH:lKe K0TOpoii ne 

rrp0HCX0,11,HT pall,nau;H'onnoro HapyIIIeHHH 3JieKTpoCJia6oii CHMMeTpHH, H cpaKTHqecKH 

coBrra,11,aeT c o6;ra~hl0 q>oKyc-ToqKn. 

lfayqenne cpeHOMeHOJiornqecKHX CJie,!),CTBHii cyrrepCHMMeTpHqHbIX Teopnii cero/1,HH 

oqeHb aKTJaJihH0, TaK KaK Haqa;r pa6ozy BoJibmoii A/1.POHHhlii Ko;r;raii,11,ep (Large 

Hadron Collider - LHC). McCJie,11,oBanne rrpou;eccoB B paMKax BhIIIIeJKa3aHHhIX cn;eHa

pneB ceiiqac rrpe,11,cTaBJIHeT 6oJibIIIOH HHTepec, II0CK0JibKY rrepBbie q>H3HqeCKHe Pe3JJib

TaTbl Ha LHC 0:lKH/J.alOTCH B caM0M 6JIH:lKaiiIIIeM 6yll,Yiu;eM. 11Hwpecy101IJ;He Hae ;rerKne 

2 

I 
j 

f 

\ 

/J,0JII'O:lKHBYlIJ;He qaCTHIJ;bl - Tay-cJieIITOHbl, TOII-CKBapKH n qap,11,:lKHH0 M0ryT 6h!Tb 

II0JiyqeHbl y:lKe B caMbie rrepBble MeCHIJ;bl pa60Tbl K0JIJiaii,11,epa. 

8 CBH3H C TeM, qTO Tay-CJieIIT0Hhl, TOII-CKBapKH H qap/J,:lKHH0 0TH0CHTeJibH0 ;rerKHe 

B HaIIIeM cn;eHapHH, ceqeHHH HX p0:lKll,eHHH /J,0CTaTOquo 60JibIIIHe H M0I'yT ,!J,0CTHIBTb 

HeCK0JibK0 rrpou;eHTOB IIHK06apH /1,JIH rrapHoro P0:lK/J.eHHH Tay-cJieIITOH0B H qap,!),:lKHH0 

H ,11,a:lKe C0THH IIHK06apn /1,JIH rrapHoro p0:lK,!),eHHH TOII-CKBapK0B, eCJIH 0HH /1,0CTaTOqHo 

JierKne m; < 150 raB. C p0CTOM MaCCbI TOII-CKBapK0B, ceqeHHe p0:lK,!J,eHHH 6bICTp0 

rrall,aeT. O/1,HaKO, ,11,a:lKe /1,JIH oqeHb 60JibIIIHX 0Tpnu;aTeJibHbIX 3HaqeHHii Ao, K0r/J,a TOII

CKBapKH CTaH0BHTCH TH:lKeJiee HeCK0JibKHX C0TeH raB, ceqeHne po:lKll,eHHH BCe paBH0 

HMeeT II0PH,11,0K HeCK0JibKHX rrpou;eHTOB rr6, qTO ,11,0CTaTOqHQ /1,JIH HX o6Hapy:lKeHHH IIpH 

BbIC0K0ii CBeTHM0CTH LHC. 

Po,11,HBIIIHCb, Tay-CJieIITOHbI, TOII-CKBapKH H qap/J,:lKHH0 pacrra,11,alOTCH Ha qaCTHIJ;bl 

CTaH/J,apTHOii MO/J,eJIH H JierqaiiIIIee neiiTpaJIHH0. E/J,HHCTBeHHaH pa3peIIIeHHaH M0,!),a 

pacrrall,a /1,JIH Tay-CJieIITOHa - 3TO pacrra/1, Ha Tay-JieIITOH ll HeiiTpaJIHH0. Torr-CKBapKH 

HMelOT HeCK0JibK0 B03M0:lKHbIX M0/J, pacrra/1,a B 3aBHCHM0CTH OT HX MaCCbl. ECJIH TOII

CKBapK /J,0CTaTOqHQ TH:lKeJihiii, TO TOr/J,a B03M0:lKeH pacrra/1, Ha b-KBapK H JierqaiiIIIee 

qap/J,:lKHH0. O/J,HaKo, B HHTepecy10iu;eii Hae o6JiaCTH rrpH 6oJibIIIHX 0TpHn;aTeJibHblX 

311aqeHHHX A0 , a nMeHH0 Ao < -1500 raB, o6JiaCTb rrpocTpaHCTBa rrapaMeTpoB, rll,e 

B03M0:lKHa /J,aHHaH M0/J,a pacrrall,a, CTaH0BHTCH MeHbIIIe H /J,a:lKe ncqe3aeT H3-3a Hepa

BeHCTBa m; < m6 + mii'. B 3TOM CJiyqae Han6o;ree BepoHTHaH M0/J.a pacrra/1,a -

3T0 pacrra/1, Ha t-KBapK H JierqafiIIIee HeiiTpaJIHHO. ,[l;ocTaTOqHQ JierKHii TOII-CKBapK 

pacrra/J,aeTCH Ha c-KBapK n ;rerqaiiIIIee HeiiTpaJIHHO. IloCJie/1,HHii pacrra/1., HecMoTpH na 

TO, qTO M0:lKeT IIp0HCX0/J,HTb TOJibK0 Ha IIeTJieB0M yp0BHe, HMeeT Bep0HTH0CTb 100 %. 
B CJiyqae qap/J.:lKHH0 ocnoBHhie rrpou;ecchl pacrrall,a - aTo pacrra/1, Ha rrapy KBapK0B 

H JierqaiiIIIee HeiiTpaJIHH0, HJIH Ha JieIITOH, C00TBeTCTBy10iu;ee neii:TpHH0 H JierqafiIIIee 

ueii:TpaJIHH0. OTHOCHTeJibHaH Bep0HTH0CTb pacrrall,a /1,JIH KBapK0BblX K0HeqHbIX C0CT0-

HHHii C0CTaBJIHeT 0K0JI0 74 %, a /1,JIH JieIITOHHbIX K0HeqHbIX C0CTOHHHii 26 %. Ha6JIIO/J,a

eMbie C06hITHH 6yll,YT HMeTh He06b1qHy10 CHrttaTypy H /J,0JI:lKHbl IIp0HBHTbCH B BH/J,e 

3aMeTH0I'O CHrHaJia, a He rrp0CT0 He/J,0CTa10iu;eii 3HeprHH, yHeCeHH0ii JierqafiIIIHM CTa-

6HJibHbIM HeperHCTpnpyeMhIM HeiiTpaJIHH0. 

IJ;eJib pa60ThI 

• J13yqeHHe B03M0:lKH0CTH cyiu;eCTB0BaHHH /J,0Jir0:lKHBJIIJ;HX cyrreprrapTHep0B B paM

Kax MHHHMaJihHOii CyrrepcHMMeTpnqHoii: CTaH/J.apTHOii Moll,eJin c HapyIIIeHHeM 

cyrrepCHMMeTpHH 3a cqeT acpcpeKTOB rpaBHTaIJ;HH H YHHBepCaJibHbIMH HaqaJib

HbIMH yCJI0BHHMH /1,JIH rrapaMeTp0B MHI'K0ro HapymeHHH cyrrepCHMMeTpHH. 

• McCJie/J,OBaHHe cpeHOMeHOJIOrnqeCKHX CJie/J,CTBHii cn;eHapHeB C /J,0JII'O:lKHBYIIJ;HMll 

cyrrepqacrnu;aMn, B qacTH0CTH rrpe/J,CKa3aHne ceqeHnii po:lK/J,eHHH H n3yqe11ne 

paJJinqHhIX M0/J. pacrra/1,a Ha BoJibIIIOM Al1,POHHOM KoJIJiaiill,epe. 

!:layqHaH HOBII3Ha II rrpaKTIIqecKaH n;eHHOCTh 

HayqHaH H0BH3Ha HaCTOHlIJ;eii pa60Tbl 3aKJIIOqaeTCH B TOM, qTO B paMKax MHHH

MaJibH0ii CyrrepcnMMeTpnqHoii CTaH/J,apTHOii: Mo/1,eJIH (MCCM) c MexauH3M0M Hapy

IIIeHnH cyrrepCHMMeTpHH 3a cqer·acpcpeKTOB rpaBHTaIJ;HH H YHHBepcaJibllbIMll Haqa;rb

Hb!Mll YCJI0BHHMH /1,JIH _rrapaMeTp0B MHI'K0I'O HapyIIIeHHH cyrrepCHMMeTpHH Ha Mac

mm6e BeJinKOI'O 06-be/J,HHeHHH rrp0/J,eM0HCTpHp0BaHa B03M0:lKH0CTb cyiu;eCTB0BaHHH 
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CJie,eyrorn.11x 3a Jiel"laiinmM11 cynepqacTIU\ (NLSP) - ,u.oJII'O)KllBJID,HX cyneprrapTHe

pon my-JierrTOII0B, TOil-KBapKOB H 3apH)KeHHhlX 6o30H0B Xnrrca (mm W-6030HOB) H 

B03MQ)KHQCTb TOI'O, qro TaKHe ,U.OJII'O)KIIByID,He cyneprrapTITephl M0ryT 61,1Tb IlOJiyqeHhl 

H 3aperucrpnpOBaHbl B 3KCrrep11MenTaX na BoJibillOM i\,nJ>onHOM KoJIJiaii,u.epe. 

IloKa3aHo, qro cyrn.eCTByeT TPH o6JiaCTH npoCTPaHCTBa napaM~0B B M0,U.eJIH MH

Hl!MaJihuoll cyueprpaBHTal\HH (mSUGRA), r,u.e Moryr cyrn.eCTBonaTb TaK11e ,u.onro=

nyID,He cyneprrapmephl. TaKHM o6pa30M, M0ryT 6h1Tb pacCM0TPeHhl TPII Ba)KHblX 

CJ\eHap11u: cu,eHapnii: c JierKHMH my-CJierrroHaMn, HBJIHIOID,HMHCH NLSP, CJ\eHap11ii: c 

nerKHMH TOII-CKnapKaMH, HBJIHIOID,HMHCH NLSP, n cu,euapnii: c nerKHMH qap,ll.)KHH0. 

Ka)K,ll.hlil 113 3THX cu,eHapneB He npoTHBopeqnT TeOpeTHqecKHM H 3KCIIepnMeHTaJibHblM 

orpaHnqeHHHM, HaKJia,u.1,.rnaeMhlM Ha 3Haqennu uapaMeTPOB, B qaCTHocrn, orpaHnqe

HHIO Ha KonnqeCTBo TeMHoii: MaTepnn (orpatt11qeu11ro WMAP). 

Co6blTHH pacna,u.a ,u.onro=BJII\llX qaCTHu, 11Me10T HeoohlqHyro cnrnaTypy: i) qac

THU.hl JI1!60 rrpOJieTalOT CKB03b ,U.eTeKTOp, JIH60 ii) pacua,u.a!OTCH BHJTPH Hero C o6pa-

30BaHHeM BTOpnqHoii nepnruHhl. O6a ~aH rrpHBO,ll.HT K 3aMeTJIOMY CllrHaJIY, a He 

rrpoCTO xapaKTepH3JIOTCH ne,U.OCTalOil\eH 3Heprueii:, JH0CHM0H Jiel"lallnmM CTa6HJibHblM 

HeilTPaJIHH0. 
B cu,eHap11n C ,U.OJII'O)KIIBJID,HM eorr-cKBapK0M B03MO)KH0 TaK)Ke o6pa30BaHne TaK 

Ha3blBaeMblX R-a,u.poHOB ( CBH3aIIHhlX COCTOHIIHll cyuepcm,IM~HqHblX qacr11u.) B CJIY

qae, eCJIH npeMH )Kll3HH ron-CKBapK0B OOJlbme BpeMeHH a,u.p0HH3au,HH. 

Aupo6a.ivrn pa6oThl 

MaTepHaJibl ,ll.llCCepmu,nn ,U.OKJia,ll.hlBaJIHCb Ha KOn<pepeHi\HHX II ceMl!Hapax: 

1. IX Me)K,eyHapo,ll.lloii: MocKOBCKOii: IDKOJie no qm3HKe (33 3HMHeii: IDKOJie llT9<IJ), 
21 q>enpanu - 1 Mapm 2006 r., MocKBa; 

2. xv Me)K,lzyllapo,u.uoii: KOH<pepeHJ:\HH no cynepCHMM~HH n o6"be,ll.llHeHHIO q>yH
,u.aMeHTaJibHblX B3aHMO,U.eii:CTBnii (SUSY '07), 26 HIOJIH -1 anrycm 2007 r., Kapn-. 
CpJ3, repMaHHH. 

3. XV Me)K_eyHapo,ll.HOM ceMHHape no q>H3HKe BhlCOKHX 3Hepruii: (QUARKS '08), 
23-29 MaH 2008r., Cepmen Iloca,u.. 

4. CeMHHape KBaHTOBaH TeOpHH IIOJIH Jla6oparopnn TeOpeTHqeCKOii: q>H3HKII IIM. 
H.H. Boromo6ona ,l(OJII'O)KIIByID,He qap,ll.)KIIIIO B o6JiacTH q>oKyc-TOqKn rrpocTpancTna 

rrapaM~OB MCCM, 2 HIOJIH 2008r., ,l(y6na. 

5. III Me)K_eyHapo,ll.lloii: KOH<pepenil,IIH CTPJKTYPa a,u.ponoB '09, 30 anryCTa - 3 ce11-

TH6pH 2009 r., TaTPaHCKa 111Tp6a, CJioBaKHu. 

6. CeMnnape KBaHTOBaH TeOpHH IIOJIH Jla6oparopnn TeOpeTHqecKoii: q>H3HKH HM. 
H.H. Boronro6oBa ,l(oJII'O)KIIByID,He cyueprrapTHep1,1 B MnHHMaJihnoii: Cyrrepc11M
M~11irHoii: CTaH,!1.apTHOii Mo,u.eJIH, 2 cenTH6pu 2009 r., ,l(y6Ha. 

Ily6JIID{aqim no MaTepHa.na.M AHCCf!PTaIQIB 

,l(nccepmu,11H HarrnCaHa Ha ocnonaHHH co,u.ep=nu 6 pa6oT. 
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CTpyKTypa II ofr1>eM ,n,uccepTau,IIII 

,Il,11ccepTau,1rn COCTOIIT 113 ceMII rnaB. O611\llll o6"beM ,!l,IICCepTau,1111 COCTaBmieT 106 
CTpa1111u, MaIIIl!HOill!CHOro TeKCTa, BKJIIOqaH 21 pncyHKOK, 7 Ta6nnu, II CIIIICOK JIIITepa
TYPhI 113 140 HanMeHOBaHJIH. 

KPATKOE CO~EP)KAHI1E PABOTbl 

B rJiaBe 1 IIO,u.p06IIO OIIIICaHa TeMaTHKa IIp0BO,!],l!MbIX IICCJie,!],OBaIIJIH, IIOCTaIIOBKa 

3a.u.aqu ll rrpIme.u.eHa CTpyKTypa ,!l,llCCepTaU,llll. TaK)Ke .u.aH o63op Jll!TepaTyphl ITO TeMe 
,!l,IICCepTaU,llll. 

fnana 2 CyIIepc11MMeTpm1 11 cynepcnMMeTpuqnoe pacIIII1pe11ue CTan.u.apnmi1: Mo

.u.enn rrpe,!1,cTanmieT co6oii TeopeTI1qecKoe nne.u.ett11e. ,Il,an KpaTKI1i1: o63op 1Ip1111u,11-

IIOB cyIIepcnMMeTprm, 3aTeM OIIllCaua MIIHIIMaJihHaH CyIIepcllMMeTpnqnaH CTaH.u.apT

naH Mo.u.enb (MCCM), KaK rrpnMep rrpocTei1:IIIero cyIIepc11MMeTpnqnoro pacIII11pettnH 

CTan.u.apTuoi1: Mo.u.enI1. Ilpnne.u.etto orrucamie MO,!],enn mSUGRA (T. e. MCCM c ttapy

IIIettneM cynepCllMMeTplllI 3a c".ieT 3q>q>eKTOB rpaBuTaIJ,l!II II YHllBepcaJibHblMII Haqanh

Hh!MII YCJIOBHHMII ,!1,JIH rrapaMeTpOB MHrKoro HapyIIIeHIIH cyIIepCIIMMeTpllll), B paMKaX 

K0Topoii: IIpone.u.eHo .u.attttoe ucCJie.u.onaune. 

B MO,!],em1 mSUGRA c coxpaHettueM R-qeTHOCTII nMeeTCH cne.zzyroll\11i1: Ha6op ocHoB
HhIX rrapaMeTpOB: 

mo, m1;2, Ao, tan ,8 = v2/v1, sign(µ) 

9Tll IIapa~ieTpbi IIpe,!],CTaBJIHIOT co6oii HaqaJibHbJe JCJIOBIIH ,!l,JIH napaMeTpOB MHr

KOro napyIIIeHllH cyrrepCIIMMCTplllI rrplI 1Waur, OTHOIIICIIIIC BaKyyMIIb!X cpe.u.nnx Hei1:T

paJibHbIX KOMIIOIIeIIT ,!J,BYX .zzy6neTOB X11rrca, a TaK)Ke 3HaK uapaMeTpa CMeIIIllBaHJIH 

.zzy6neTOB Xnrrca. C IlOMOll\hlO 113BeCTHhlX ypaBHem1i1: peIIOpMrpy1111hI MO)KIIO Il0Jiy

'IIITb 3HaqeHIIH IIapaMeTpOB Ha 3JieKTpOCJia6oM MaCIIITa6e Mw. 3HaH 3naqeHIIH OCHOB

Hh!X IIapaMeTpOB MO,!],emr na 3JieKTpOCJia6oM MaCIIITa6e HeCJIO)KHO Bhl'IIICJil!Tb MaCCbl 

ncex cyueprrapTHepon. B pH,!],e cnyqaeB neo6xo.u.nMo TaK)Ke J'IIIThmaTh pa.u.nau,110HHhJe 
IlOIIpaBKII K MaccaM. 

B mane 3 Ilpe.u.IIoqTnTeJihHble 06nacT1I IIpocTpaucTBa IIapaMeTpon mSUGRA c 110-

MOll\hIO KOMIIbIOTepnbIX rrporpaMM, 1103BOJIHIOII\IIX BbJqlICJIHTb cueKTp Mace cyuep

uapTuepoB, attaml31IpyeTCH upocTpancTno uapaMeTpOB Mo.u.enu mSUGRA c TOqKII 

3pemrn y.u.onneTBopeHHH pH.zzy meopemu'lecx:ux u :ix:cnepuMe1-tmaJ1'b1-t'btX 02pa'Hu'leuuil. 

Ilp1I 3T0M q>IIKCHpyeTCH 3HaqeuI1e uapa~ieTpa MHrKoro uapyIIIeHIIH cy11epcm.IMeTpmr 

Ao (pamme II HepaBHOe HJJIIO) II paccMaTpnBaIOTCH pa3Jlll'!Hble q>IIKC!IpOBaHIIble 3Ha

•IeH1IH tan,8. 3HaqeHIIH uapaMeTpOB mo II m1;2 MeHHIOTCH B IIIllpOKIIX upe.u.enax OT 

100 f3B .u.o HeCK0JihKIIX T3B. BoJibIIIoe BHIIManue y.u.enHeTCH uoncKy o6nacTei1: upocT

pattcTBa uapaMeTpon, r.u.e MO)KeT 11po113oii:T11 e1,ipo:;,cde1-1ue Mace Me)K.zzy ner•iai1:mei1: 11 

cne,eyIOll\ei1: 3a ttei1: cyuepqacTJiu,eii (T. e. Me)K_ey LSP n NLSP). 

Ha Puc. 1 noKa3aHhI pa3pemeHHhie 06nacT11 upocTpancTBa uapaMeTpOB MCCM 

,!1,JIH Ao = 0, -800 Ge V, µ > 0 II tan ,8 = 10, 50; 11apaMeTpbI m 0 II m 1; 2 - cno6o.u.nhie. 

O6naCTll OKpaIIIeHHbJe B cepb!H U,BeT HBJIHIOTCH IICKJIJOqeHHblMII B CIIJIY Toro, qTo B 

HIIX a) ner•rni1:IIIaH cyuep•rncTIIU,a 0Ka3hIBaeTCH 3apmKeHIIOM, a ue neiiTpaJibHOi1: HJIII 

6) OTCJTCTByeT pa.u.uau,11ottnoe HapyIIIenne 3JieKTpOCJia6oi1: CIIMMeTplm. B o6naCTI!, 

Jie)Kall\ei1: HII)Ke Kp1rnoi1:, o6o3Haqe1rnoii KaK h0 mass LEP limits, Macca ner•rni1:mero 
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XllrrC0BCK0ro 6o30Ha mho < 114.4 f3B, O6JiaCTh, Jie)Karn;aH Hll)Ke KpllB0fi, o603Ha

qemmfi KaK xt mass LEP limits, llCKJIJ0qeua 0Tpnu;aTeJihHb!MH pe3yJibTaTaMH ITO 

II0HCKY qap)],)KJIH0 n CJieIIT0H0B Ha LEP2. TaK)Ke II0Ka3aHhl o6JiaCTH, r,n;e peJIHKT0BaH 

IIJI0TII0CTh HefiTpaJIHH0 C00TBeTCTBYeT K0JIHqecTBY, II0JiyqeHH0MY B pe3yJibTaTEi° acTp0-

qm3HqecKHX H3Mepettnfi KOJIJia6opau;nefi WMAP. 8ToMy 0TBeqaeT Y3KaH rroJioca, o6o-

3HaqeHHaH KaK n~h2. B,n;oJib 3T0fi II0JI0Cb! paCJI0JI0)KeHhl pa3perneHHbJe o6JiaCTH rrpo

CTpaHCTBa rrapaMeTp0B, II0Meqem!hJe u;mppaMU. B 3THX o6JiaCTHX y,n;aeTCH y,n;oBJieTB0-

pHTb BCeM C0BpeMeHHb!M 3KCrrepuMeHTaJihHb!M orpaHnqeHUHM. 

• OcttOB'ltaJI, 0611acm'b a"H"HU2UJIJl,~Uu {Bulk annihilation region) B M0)],eJiu mSUGRA 

xapaKTepn3yeTCH MaJib!MH 3HaqeHHHMH 11apaMeTp0B mo H m1;2- B 3T0fi o6JiaCTH 

MaCCbl cyrreprrapTHep0B <pepMHOHOB (c<pepMHOHOB) MaJihI, qTQ II03B0JIHeT II0JIY

qnTh 60JiblIUie 3<p<peKTIIBHhJe ceqeHHH aeff, rrpHB0)],HID;He K rrpueMJieMh!M MaJib!M 

3HaqeunHM n~h2. HefiTpanuno-LSP xf B 3T0M cJiyqae B octtoBH0M HBJIHeTcH 

6nHO H ammnwnpyeT qepe3 JierKHe c<pepMHOHb! C o6MeHOM B t-KaHaJie. O).1,HHM 

H3 rJiaBHhIX rrpou;eccoB B 3TOfi o6Jiacnr HBJIHeTCH rrpou;ecc xf xf ➔ qij. 

KaK MQ)KIIQ YBH)],eTh ll3 Pnc. 1, 0CH0BHaH o6JiaCTb aHHHrHJIHD;HH BO MH0roM 

ncKmoqeua orpattnqenHHMH LEP2 na Macey 603011a Xnrrca mho < 114.4 f3B. B 

3T0fi o6JiaCTH Jierqafirnnfi 603011 Xnrrca CTaH0BHTCH CJIHIIIK0M JierKHM C Maccofi 

rropH)],Ka mho :::; 110 - 112 f3B. 

• O611acmb Bopott1m {Funnel region). 8m o6JiaCTh B IIJI0CK0CTH (mo-m1; 2) cyrn;ecT

ByeT rrpn yMepeHHbIX 311aqe11HHX mo H m1;2 H IIOHBJI,HeTCH T0JibK0 rrpn 60JibIIIHX 

311aqe11nHx tan ,B (tan ,B > 40). 

B 3T0fi o6JiaCTH 6ntto xf-LSP ammrnJinpyeT qepe3 TH)KeJihifi rrceB)],0CKaJIHpHhifi 

603011 Xnrrca A B S-KaHaJie. 8TOT rrpou;ecc HBJIHeTCH 3<p<peKTHBHb!M T0JlbK0 

K0r,n;a 2m~ :::; mA ± f A, f A~ 10 - 50 f3B. OCHOBHOfi rrpou;ecc B 3T0H 06JiaCTH 

- 3T0 xfxf ➔ bb (nJin xfxf ➔ r'f). 

Pe30HaHC B03HHKaeT K0r)],a 2m~ = mA. 8Ta o6JiaCTh MQ)KeT_6hITb )],0CTaToqHo 

rnnpoKofi, yBeJinqnBaH pa3pernenuoe rrpocTpaHCTB0 rrapaMeTpoB. B pe3onaucuofi 

o6JiaCTH peJIHKT0BaH IIJI0TH0CTb ueil:TpaJIHH0 rra,n;aeT, II03T0MY Tpe6yeMoe 3uaqe

HHe IIJI0TH0CTH )],0CTHraeTCH B6JIH3H pe3011a11ca, a He uerrocpe)],CTBeHH0 B HeM. 

• O611acmb r 1'00'H'HU2UJIJl,~uu B 3Toil: y3K0fi o6JiacTn rrpn MaJihIX 3naqeHHHx mo n 

60JibIIIHX 311aqeHHHX m1;2 peann3yeTCH CHTyau;nH, Kor,n;a II0MHM0 auunrHJIHD;HH 

rrponcxo,n;nT rrpou;ecc K0aHIIHrHJIHD;HH LSP c r. Ilo3TOMY 3Ta o6JiaCTh rroJiyqnJia 

Ha3BaHne o6JiaCTH K0aHHHrHJIHD;HH. 3,n;ecb rrpou;ecc K0aHHHrHJIHD;HH xf r ➔ T'"f 

rrpeBannpyeT ua,n; rrpou;eccoM xfxf-auIIrHJIHD;HH n ,n;aeT HY)KH0e K0JinqecTB0 pe

JIHKT0Bofi IIJI0TH0CTH uefiTpaJIHH0. KoaHHHrHJIHD;HH HMeeT MeCTO, K0r)],a pa3HHD;a 

Mace Me)K)],y 6nHO xf-LSP n r-NLSP oqeJih MaJia. 

• O611acmb rpo1'yc-mo<t1'U (Focus point region}. 8ro pafiou 6oJihIIIHX 311aqennfi mo 

H MaJib!X m1;2, Kor,n;a m1;2 << mo. On paCII0JI0)Kel! B6JIH3H rpaHHD;bl KJIHH006-

pa3H0fi o6JiaCTH crrpaBa ua Puc. 1, r,n;e MexaHH3M pa,n;nau;nonuoro uapyrnennH 

3JieKTpoCJia6ofi CHMMeTpnn ne pa6oTaeT. 

8Ta o6JiaCTb II0JiyqnJia Ha3BaHHe o6JiaCTH <pOKYC-TQqKH II0CK0JibKY 3naqennH 

Mace 6o30HOB Xnrrca 3).1,eCh rrpoX0)],HT qepe3 <pOKyC rrpn HX 3B0Jl!OD;HH OT 60JibIIIHX 
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MacrnTa6oB cornacuo ypamiennHM penopMrpynnhI. Ha rpau111-1e napaMeTp CMe

IIIHBaHHH 6030110B Xnrrca µ oKa3hIBaeTCH MaJihIM lµI ~ Mz. 8To npuB0)],IIT K 
T0My, qTQ l\!aCCbl JierqafiIIIero qap)],)KHII0 H )],Byx Jierqafirnnx 11eil:TpaJIHH0 npaKTH

qecKn Bb!p0)K)],eHbl m~ ~ mx\l ~ mxf ~ µ. B 3T0fi o6JiaCTJ! )],OMHHHpy10rn;HM 

KallaJI0M aHHHrHJIHD;IIH HBJIHeTCH P0)K)],eHHe nap iv+ w-, z 0 z 0 , z 0 h0 , HO, 6Jiaro

)],apH Bblp0)K)],eUU0CTll Mace uefiTpaJIIIH0 II qap)],)KIIH0, B03M0)KHbl TaK)Ke H rrpo

u;eccb! K0a111111rHJIHD;llH xfxt, ~xt ➔ ud, ev, Aw+, zw+, w+h; a TaK)Ke rrpo

u;ecCbl XiX1, xf~ ➔ uu, dd, w+w-. 

• O611acmb EGRET (EGRET region). Cyrn;ecTByeT H0Boe orpa11nqeu11e ua rrpo

CTpancTB0 rrapaMeTpoB M0)],eJIH mSUGRA, K0Topoe rrpnxo,n;nT H3 acTpo<pH3HKH. 

8To orpaunqeune CBH3ano c cynepcnMMeTpwrnoil: HHTeprrpeTal-\tteil: n36bIToquoro 

II0T0Ka )],H<p<py3Hb!X raMMa-Jir1efi B faJiaKTJIKe, II3MepeHH0ro K0CM11qeCKHM Te

JieCK0II0M EGRET (Energetic Gamma Ray Experiment Telescope). Tipe,n;rroJiara

eTCH, qTQ 3T0T usompon'H'btiJ. H36b!TOK HMeeT CB0IIM rrp0IICX0)K)],eHHeM aHHHrHJIH-

1-\IIIO cma6u11b'HhlX ttei1.mpa11b"HhlX CJ1a60Bsau.ModeiJ.cmBy'/OW,UX <tacmu~ (WIMP -

weakly interacting massive particle) onpe,n;eJiem10fi MaCChI. 8TH qacTHI-\hl 0T0)K

,n;eCTBJIHIOTCH C JierqafiIIIHM "HeiJ.mpal!U'HO C Maccoil: B pafione 80 f3B, qTQ CHJlbll0 

orpannqJIBaeT o6JiaCTh 311aqen11il: napaMeTpa m 1; 2. 8TH orpattnqemrn C0BMeCTHhI 

c ,n;anHhIMH WMAP. 

O6JiaCTb EGRET pacrroJI0)Kena Me)K,n;y ocnoBnoil: o6JiaCThIO ann11r11JIHI-\HH n 06-

JiaCThIO <pOKyC-TQqK11, KaK II0Ka3aHo na· Puc. 1. Tipe,n;noqTnTeJibHbJe 3naqennH 

napaMeTpoB pamihI rrpn 3T0M m 0 :::; 1400 f3B 11 m 1; 2 :::; 180 f3B. 

B )],0II0JIHeHne K BbIIIlenepequcJieHHb!M o6JiaCTHM cyrn;ecTBYIOT TaK)Ke HCK0T0pb!e 

3K30T11qecK11e o6Jiacnr. HarrpuMep, rrpn orrpe,n;eJiennoM Bb16ope rrapaMeTpoB (nenyJie

Boe Ao, cpe,n;n11e HJIH 6oJibume 3uaqe11nH m 0 11 MaJihJe m 1;2) Jier•iafirnnfi T0II-CKBapK, 

i; HBJIHeTCH NLSP. B 3T0il: o6JiaCTH JierqafiIIIee neil:TpaJiuno xf u T0II-CKBapK i; noqTn 

Bblp0)K)],eHhl ITO Macce. Ilo3TOMY, np11 Bb1q11cJieH1Ill peJIHKT0B0ll IIJI0TH0CTII HY)KHQ 

yqnTbJDaTb ne T0JlbK0 amrnrHJIHI-\HIO, HO JI K0aHHIIrlIJIHI-\HIO. 8Ta o6JiaCTb K0aHHII

rHJIHI-\llll T0II-CKBapK0B ( stop coannihilation region) xapaKTepn3yeTCH MaJiofi Maccofi 

nepBoro T0II-CKBapKa i; (cM. P11c. 4). Ha rpaHHI-\e 3T0il: 06.JiaCTH, B II0JIH0fi aHaJI0-

rHH C o6JiaCTb!O T1 -K0aHHllrHJIHI-\HH, CKBapK t, CTaH0BIITCH JierqafiIIIefi cynep•IaCTHI-\efi, 

qTo lICKJIJOqeno, II0CK0JlbKY rrp0THB0pequT acTpO<pll3ll'leCKIIM na6JIIO)],eHHHM: 0TCYT

CTBYIOT o6JiaKa CTa611JibHbIX 3apH)KCJ!Hb!X qacTHI-\, 

B K0l!eqnoM IIT0re, cyrn;ecTBYIOT Tpll o6JiaCTII, npe)],CTaBJIHIOID;lie lil!Tepec, r,n;e npo

lICX0)],IIT Bblp0)K)],eHne Mace MC)K)],y LSP lI NLSP. 8To: i) 0611acm'b Jle21'020 r, NLSP ' 
ii) 0611acm'b Jle21'020 i; NLSP, iii) 0611acmb 11e2no20 <tapd:JtCutto NLSP. 

B fJiaBe 4 O6JiaCTh KoammrHJIHI-\HH mSUGRA H )],0JirD)KHBYII-\He 3apH)KCHHbie cJierr

T0HhI o6cy)K,D,aeTCH Y3KaH II0JI0Ca B TaK na3hmaeM0fi 0611acmu 1'00'H'HU2UJIJl,~UU 06-

JiaCTlI, r,n;e Tay-JieIIT0ilbl MoryT 6b!Tb ao1120:>1cuayw,u.Mu qaCTHI-\aMH. O6JrnCTb K0aH

lllll'llJIHI-\lllI KaqeCTBCHII0 II0Ka3ana B IIJI0CK0CTH (mo - m,;2) na Puc. 2. B TCMH0M 

TpeyroJihIIHKe Tay-CJieIIT0H HBJIHeTCH JierqafiIIIefi cynepqacTnl-\efi (LSP). CrrpaBa OT 

nero Jier•rnfiIIIeii cynepqacTHI-\eil: HBJIHeTcH 11eil:Tpan11no. Orpattuqemie WMAP H,LJ,eT 

B)],0Jib rpaHHI-\hl TpeyroJiblU!Ka II II0Ka3ano KaK npHMaH Jllllll!H. 

XoTH MC)K)],y rpaHHI-\eii o6JiacTu, r,n;e T1 CTanoBHTCH LSP n Jimmeii cJie,n;y10rn;efi 113 

orpa1111qemrn WMAP na Kom1qecTB0 TeMHoil: MaTep11u, Jie)Kl!T oqenh Y3KaH noJioca, 
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Puc. 2: CJieBa rroKa3aHa o6JiaCTb KOaHHHrHJI.Hu;nn B rrJIOCKOCTn (mo - m 1; 2). CrrpaBa 

IIOKa3aHO KaK pa3perneHHa.H o6JiaCTb MeH.HeTC.H C H3MeHe1rneM tan /3. 3HaqeHH.H tan /3 
pacTyT CJieBa HarrpaBo. 

ee IIOJIO)KeHJie 3aBHCHT OT 3HaqeHH.H tan /3. TaKHM o6pa30M, ,I1,a2Ke eCJIH oqeHb TPY,!1,HO 

rronaCTb TOqHQ B 3TOT Y3Kllll ,!1,Harra30H, rrpn H3MeHeH!IH tan /3 3aMeTaeTC.H, Ha caMOM 

,I1,eJie, 6oJibllia.H rIJio~a,!l,h. 

IIorpaHnqHa.H o6JiaCTb eCTb o6JiaCTb rrepexo,I1,a OT r-LSP K Heil:TpaJinHo-LSP. B 3Toil: 

oqeHb Y3KOH 30He BpeM.H )Kl!3Hll Tay-CJieIITOHa 6bICTp0 Me1rneTC.H OT 6ecKOHeqHQCTH 

rroqTn ,!1,0 HYJI.H, rrpOXO,!l,.H MaJib!il: HHTepBaJI (pa3Ma3aHHb!il: 3a cqeT H3MeHeHH.H tan /3), 
r,I1,e Tay-cJieIITOH - ,I1,0Jir02KHBy~a.H qacTnu;a. 

Kor,I1,a l\faCCa Tay-CJieIITOHa CTaHOBHTC.H 60Jibille, qeM Macca Heil:TpaJIHHO, OH pacrra

,I1,aeTC.H 7 ➔ xfT. BpeM.H 2Kll3Hll KpHTHqecKH 3aBHCHT OT pa3HHIJ;bl Mace Me2K,I1,y qaCTH

u;aMH 7 II xl II 6bICTp0 yMeHbrnaeTC.H !IO Mepe Y,!1,aJiemrn OT rrorpaHnqnoil: JIHHHH. llln
pnHa pacrra,I1,a TR (orrycKa.H cMernnBaHne B CJierrTOHHOM ceKTope) µ;aeTC.H cpopMyJioil: 

f(f ➔ xfT) = !a,m(Nu - N12tan0w)2 mf (1- m~)

2 

2 mf 

rµ;e Nu H N22 - 3JieMeHTbl MaTpHIJ;bl CMernnBamrn, KOTOpa.H ,!1,HaroHaJIH3yeT MaCCOBYIO 

MaTpnu;y Heil:TpaJIHHO. Ha Pnc. 3 IIOKa3aHO BpeM.H )Kll3HH my-CJieIITOHa KaK cpyHKIJ;H.H 

rrapaMeTpa m 0 ,!l,Jl.H pa3JIHqHbIX 3Haqennil: rrapaMeTpa m1;2 rrpn cpnKcnpoBaHHOM 3na-, 

qeHnn rrapaMeTpa tan /3=50. 
,n:anee paccMaTpnBaeTC.H B03M02KHOCTb, KaK ,ll;OJlfO)KHBy~ne my-CJieIITO!Ibl MoryT 

6bITb IIOJiyqeHbl Ha LHC. 0CHOBHOil: upou;ecc OIIHCbIBaeTC.H KaHaJIOM KBapK-aHTHKBap

KOBOil: aHHHfHJI.HIJ;Hll. ,n:.rr.H He60JibllillX Mace my-CJieIITOHOB ceqeHH.H po)K,ll;eHH.H OT!IOCH

TeJibHO 60JiblliHe (cM. Puc. 3). IIpn 3TOM f MOryT 6bITb ,n;oCTaTOqHo ,ll;OJlfO)KHBY~HMH 

II rrpoxo,n;HTb qepe3 ,n;eTeKTOp HJIH pacna,n;aTbC.H BHYTPH ,n;eTeKTOpa, rropo)K,ll;a.H BTOpnq

Hbie BeprnHHbI. 0,n;HaKO, TQqHoe BpeM.H )Kll3HH oqeHb qyBCTBHTeJibHO K Bbr6opy TOqKn 

B rrpocTpaHCTBe napaMeTpOB MCCM n, H03TOMY, He M02KeT 6bITb rrpe,!1,CKa3aHo c BhlCO

KOil: TQqHQCTb!O. ll TeM He MeHee, 3TO OCTaBJI.HeT HHTepecHyIO B03M02KHOCTb IIOJiyqeHH.H 

T.H2KeJIOil: 3ap.H2KeHHOil: ,!1,0JifO)KIIBy~eil: qaCTHIJ;bl 6e3 CIIHHa. 
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Pnc. 3: CJieBa IIOKa3aHO BpeM.H )Kll3HH f B ceK, KaK cpyHKIJ;llll rrapaMeTpa mo B6JIH3H 

rpaHHIJ;bI ,!l,Jlll tan /3 = 50. 3HaqeHn.H rrapaMeTpa m 1; 2 pacTyT CJieBa HarrpaBo. CrrpaBa 

rrpe,I1,cTaBJieHbI ceqeHnll po2K,n;eHHll ,!l,Jlll uaphl CJierrTOHOB ua LHC B rrnKo6apHax, KaK 

cpyHKIJ;HH rrapaMeTpa mo ,!l,Jlll pa3JIHqHblX 3HaqeHnil: tan /3 B o6JiaCTH KOaHHHfl!JlllIJ;HH. 

B fJiaBe 5 JierKne CKaJillpHhle TOII-CKBapKH paccMaTpnBaeTC.H ,!l,PYIBll HHTepecHall 

o6JiaCTb npocTpancTBa rrapaMeTpOB mSUGRA. Ona xapaKTepn3yeTc.H 6oJiblliHMH OTpn

u;aTeJibHbIMH 3HaqeHHllM napaMeTpa Ao, rrpn KOTOpb!X B03HHKaeT B03M02KHOCTb cy~eCT

BOBaHH.H JierKHX CKaJillpllbIX TOII-CKBapKOB. Ha ·ee rpaunu;e, B IIOJIHOil: aHaJIOfllll C 

o6JiaCTb!O CTay-KoaHHllfHJillIJ;HH, TOII-CKBapK CTaHOBHTC.H Jierqail:rneil: cynepqaCTHIJ;eil:. 

B6JIH3H )Ke rpaHHIJ;bl TOII-CKBapKH MoryT HMeTb 6oJiblliOe BpeMll )KH3l!H. 

Ha Pnc. 4 rroKa3aHa rrpoeKIJ;Hll upocTpaucTBa napaMeTpOB mSUGRA Ha IIJIOCKOCTb 

( mo - m1;2) ,!l,Jl.H ,n;Byx 3HaqeHnil: Ao H <pHKCHpOBaHHOro 3Ha'IeHllll tan /3. Mo2KHO 3aMe

TIITb, qTo rrpII yMeHbrneHnn IAol JIHHH.H rpaHIIIJ;bI ,n;Bn2KeTCll BIIH3 II, B KOHu;e KOHIJ;OB, 

ncqe3aeT. Hao6opoT, rrpII yBeJinqeHnn IAol pacTeT IIJIO~a,n;b 3arrpe~e1rnoil: o6JiaCTH II 

yBeJinqnBaeTCll 3HaqeHne MaCCbl TOII-CKBapKa Ha ee rpaHIIu;e. ll3MeneHne 3HaqeHHll 

tan /J He OKa3bIBaeT cy~eCTBeHHOfO BJIH.HHIIll Ha rpaHnu;y, pa3,D;eJill!O~!O pa3perneH

HYIO o6JiaCTb, B KOTopoil: LSP llBJilleTCll Heil:TpaJinHo, n 3arrpe~eHHYIO, B KOTopofi poJib 

LSP nrpaeT TOII-CKBapK. E,n;nHCTBeHHbIM cJie,n;CTBHeM TaKoro H3MeHeHHll llBJilleTC.H 

C,ll;BHr JIHHIIII, OT,lJ;MllIO~eil: 3arrpe~eHHYIO o6JiaCTb, B KOTOpofi Tay-cJieIITOHbl llBJI.HeTC.H 

LSP. IIpn yBeJinqeHnII tan /3 rrocJie,D;Hllll ,D;BII2KeTCll BrrpaBo. 

IIpn ,n;ocTaToqHo 6oJiblliOM IAol o,n;nu H3 TOII-CKBapKOB t1 CTaHOBHTCll oTnocnTeJibHO 

JierKIIM. 9To rrponcxo,n;nT 6Jiaro,n;apll MexaHH3MY KaqeJieil: ("see-saw") rrpn ,n;naroHa

JIH3au;nn MaCCOBOll MaTpHIJ;bl TOII-CKBapKOB. He,n;IIaroHaJibllblll qJieH mi(At - µ cot /3) 
B03pacTaeT C YBeJinqeHIIeM Ao II ,!l,Jlll 60JibllillX mq rrpHBO,n;HT K 60JiblliOMY OTpnu;aTeJib

HOMY BKJia,!l,y B Macey Jierqafirnero TOII-CKBapKa, orrpe,n;eJieHHYIO cpopMyJioil: 

- 2 1 (- 2 - 2 ± ✓( -2 - 2 )2 4 2(A R)2) m 1,2 = 2 mn + mtR mtL - mtR + m 1 1 - µ cot p 

B KOTopofi Bb16paH 3HaK "MIIHyc". TaKHM o6pa3oM, yBeJinqnBa.H IAol M02KHO c,n;eJiaTb 

0,n;HH H3 TOII-CKBapKOB CKOJib yro,!l,HO JierKHM. IIpII MaJiblX mo II m1;2 M02KHO BblllTH H3 

pa3pemeHHOil: o6JiaCTII, TaK KaK rrpII 3TOM TOII-CKBapK CTaHOBHTCll Jierqail:rneil: cyrrep

qacTIIIJ;eil:. ,n:.rr.H B03HHKHOBeHH.H JierKoro ,ll;OJifO)KIIBy~ero TOII-CKBapKa B crreKTpe Heo6-
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P11c. 4: Pa3pe1IIemrnH o6JJaCTb rrpocTpaHCTBa rrapaMeTpOB mSUGRA ,[\JIH Ao = 
-800, -3500 r3B II tan (3 = 10. CJJeBa n cHn3y OT ee rpaHIIU,bI JJerqail:1IIeil: cyrrepcnM

MeTpnqHoil: qacTnu,eil: HBJJHIOTCH COOTBeTCTBeHHO Tay-CJJeIITOH !IJIII TOII-CKBapK. IlyHK

T!IpHaH JIIIIIIIH COOTBeTCTByeT orpaHnqennIO 11a Macey 603011a Xnrrca, rroJJyqeHHOMY 

B 3Kcnep11MeHTe LEP2. TaK)Ke IIOKa3allbl KOHTypbl o6JJaCTeil:, B KOTOpb!X B03HIIKaIOT 

yKa3aHHbie KaHaJJbl pacna,n:a CKaJJHp11oro TOII-CKBapmi. 

XOJJ:!IMb! 6oJJbllI!Ie OTpnu,aTeJJbHbie 3naqennH Ao, TaK KaK ,[\JIH MaJJbIX Ao COOTBeTCTBY

IOIU,aH o6JJaCTb rrapaMeTpon ncKJJIOqena 113-3a orpamrqeHIIii Ha Macey 603011a Xnrrca. 

TaK KaK B paccMaTpnBaeMOM cu,eHapnn TOII-CKBapKII OTHOCIITeJJbl!O JJerKne, COOT

BeTCTBYIOlll,IIe ceqennH pO)K,l],eHIIH ,n:ocTaToqHO BeJJIIKII II MOryT JJ:OCTIIraTb ,n:eCHTKOB 

II ,n:a)Ke COTeII II!IK06apH ,l],JIH ffif < 150 r3B. KaK II 0)KII,n:aeTCH, ceqeH!IH rra,n:aIOT 

c pocTOM MaCCbI TOII-cKnapKa. O,n:naKo, ,n:a)Ke ,[\JIH 6oJJhllIIIX 3Haqe11nil: IAol, Kor,n:a 

MaCCb! CKBapKOB npeBbIIIIaIOT 11eCKOJJbKO COTeH r3B, ceqeH!IH !IMeIOT IIOpH,n:OK COTblX 

,n:oJJeil: llIIK06apH, qTo II03BOJJHeT Ha,n:eeTCH Ha o6Hapy)KeHIIH TOII-CKBapKOB Ha LHC, 

(cM., HanpnMep, Pnc. 5). · 
IlocJJe pO)KJJ:CII!IH TOII-CKBapK!I pacrra,n:aIOTCH. B 3aB!ICIIMOCTII OT !IX MaCCbl Cylll,eCT

BYIOT pa3JJ!IqHb!e KanaJJbl pacrra,n:a. ECJJII TOII-CKBapK !IMeeT ,n:ocTaTOqHo 60JJbllIYIO 

Macey, TO pacna,n:aeTCH Ha b-KBapK II JJerqaiJ:1IIee qap,n:)KIIHO (i -t bxf). O,n:HaKo, rrp11 

yBeJJIIqeHmr IAol, a 1IMe11110 rrp11 A0 < -1500 r3B, o6JJaCTb rrpocTpaHcTiia rrapaMeT

poB, B KOTOpOii B03MO)Kel! TaKoii pacrra,n:, yMeHb1IIaeTCH II MO)KeT IIC'Ie3HYTb COBCCM 

BCJJe,n:CTB!Ie uepaBeHCTBa ffif < mb + mx±. B 3TOM CJJyqae OCHOBHblM KaHaJJOM pacrra,n:a 
1 -

HBJJHeTrn pacrra,n: 11a Torr-KnapK n JJerqaiilllee HeiiTpamrno (t ➔_txV- JlerKne )Ke cTorr-

KBapKn pacrra,n:aIOTCH Ha oqapoBal!HbIH KBapK Il 11eiiTpaJJ!IHO (i -t .cxU- XoTH 3TOT 

Kana,'! B03II!IKaCT JJHIIIh rrpn r1e~e pa,n:11au,110Hl!b!X rrorrpaBOK II, II03TOMy, rro,n:aBJJCH, 

BepOHTHOCTh pacrra,n:a ,n:OCT!IraeT lQO %. 
Ha Puc. 5 ( crrpaBa) IIOKa3a11a 3aBl!CIIMOCTb BpeMeHI! )1{1131111 TOII-CKBapK0B OT rrapa

MeTpa m 1; 2 ,n:JJH pa3m1qHbIX 311aqe1111ii IAol- I13JJOMbI Kpl!BbIX na pncyHKe B03H!IKaIOT 

6JJaro,n:apH OTKpbITll!O l!OBbIX KaHaJJOB pacrra,n:a. Ha1160J!b1IIee Bpe11,rn )KII3HII COOTBeT

CTBYIOT KaHaJJy t -t CX1. 
rJJaBa 6 ,l]pJJrO)KIIBY!ll,lle qap,n:)KIIHO B o6JJaCT!I q>OKyC-ToqKn IIOCBHlll,eHa IICCJJe

,n:onamuo: elll,e o,n:11oii o6JJaCTII npocTpaHCTBa rrapaMeTpOB - y3KOH IIOJJOCbl B6JJ113ll 

JJI!Hllll, OT,n:eJJH!OIU,eii o6JJaCTb, B KOTopoii ne rrpOI!CXOJJ:I!T pa,n:naU,IIOHHOro uapy1IIeHIIH 

3JJeKTpOCJJa6oii C!IMM8Tp1111 (TaK Ha3bmael\IaH o6JJaCTb q>OKYC-TOqKn). OKOJJO rpaHl!U,bl 
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PIIc. 5: CJJeBa rrpe,n:cTaBJJ8Hbl ceqeHHH pO)K,l],eH!IH nap TOII-CKBapKOB KaK q>yHKU,llll 

MaCCbl ffif- CrrpaBa IIOKa3aHa 3aBI!CIIMOCTb BpeMeHII )KI!3Hll JJerqaiilllero TOII-CKBapKa 

OT rrapaMeTpa m 1; 2 ,[\JIH pa3JJJ:iqHhIX 3HaqeHnii A0 • 

IIOCJJe,n:rreii rrapaMeTp CMellJIIBaH!IH xnrrcOBCKI!X cyrreprroJJeii µ CTpeMIITCH K HYJJIO. 

IlpII 3TOM, JJerqaiirnee qap,n:)KIIHO Xi' II ,n:Ba JJerqalirnnx HeliTpaJJIIHO xf 2 IIM8IOT rroqTIJ 

OJJ:IIHaKOBYIO Macey rropH,n:Ka µ. 
B ,n:peBeCHOM rrpII6JJII)K8Hllll MaCCOBaH MaTpIIu,a HeliTpamrno I!MeeT BII,l.l, 

( 

M1 
M(O) - 0 

- -Mzc13s0 
Mzs13 s0 

,/J.JJH CJJyqa51 qap,n:)KIIHO IIMeeM 

0 
M2 

Mzc13co 
-Mzs13co 

-Mzc13s0 
Mzc13co 

0 
-µ 

Mzs13s0 ) 
-Mzs13c0 

-µ 
0 

M(c) = ( M2 0Mw sin /3 ) 
0Mwcos(3 µ 

<l>n3IIqeCKIIe MaCCbl HeliTpaJJIIHO II qap,n:)KIIHO COOTBeTCTByIOT co6CTBeHHblM 3Haqe

HIIHM 3TIIX MaTpIIU,. KpoMe Toro, IIOCJJe,n:ttIIe rrpII06peTa!OT pa,n:IIaU,I!OHHbie rrorrpaBKII, 

T!IIII!qHaH BeJJIIqIIHa KOTOpb!X COCTaBJJHeT HeCKOJ!bKO rrpou,eHTOB. 

Ilpn MaJJbIX 3HaqeHmix µ JJerrnali1IIee qap,n:)KIIHO Xi' II ,n:Ba neliTpaJJI!HO xf 2 rrpe

IIMylll,eCTBeHHO rrpe,n:cTaBJJHIOT co6oli xnrrCIIHO. Ha PIIc. 6 (crrpaBa) IIOKa3aH~, KaK 

MaCCb! JJerqalirnIIX HeliTpaJJI!HO II qap,n:)KIIHO 3aBIICHT OT rrapaMeTpa µ. 
Hae IIHTepecyeT o6JJaCTb MaJJb!X 3HaqeHI!li µ, ,[\JIH KOTOpoli Tp!I MaCCbI mx'f, m~ II 

mxt rroqTI! Bblp0)KJJ:8Hbl. TaKoe Bb!p0)KJJ:8Hlle B0311I!KaeT rrpII JJI060M BbI6ope 0CTaJJb

llbIX rrapaMeTp0B MO,n:eJJn, TaK KaK ,n:peBeCHble q>OPMYJJbl CJJa6o 3aBIICHT OT IIOCJJe,n:11nx, 

a o,n:11orreTJJ8Bb!C IIOIIpaBKII 06b1qno MaJJbl. O,n:HaKO, TaK KaK B IICII0J!b3Y8M0M rro,n:xo,n:e 

3Haqe11ne Jl He rrpo113noJJhHO, a q.>11Kc11pyeTcH Tpe6onaHneM pa,n:nau,uonHoro Hapyrne11nH 

3JJ8KTPOCJJa6oli CIIMMeTPIIII, 11eo6xo,n:11Mo HaliTII o6JJaCTb B rrpOCTpaHCTBe rrapaMeTp0B 

mSUGRA, n KOTopoli µ MaJIO. Ha Puc. 6 (CJJeBa) IIcCJJe,n:yeM0MY CJJyqaIO cooTBeT

CTByeT o6JJaCTb B JJCB0M IIl!)KIICM yr;1y, Bb!IIIC II0JIOCbI, IICKJJIOqeHHOli 3KCrrepIIMeHTOM 

LEP2. B11,n:no, qro Macc1,1 paccMaTpnnaCMbIX qacTnu, 6JJn3KI! ,n:pyr ,n:pyry, a rrapaMeTp 

µ HaXOJJ:I!TCH B IIIITepnane 150-200 r3B B 3aB!ICIIM0CTII OT 3HaqenIIH tan (3. J1cCJJe,n:ye

MaH qacTb rrpocTpaHCTBa rrapaMeTp0B CO0TBeTCTByeT 06.11,acmu rfio1Cyc-mo"{,'1CU. 
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Pnc. 6: CJieBa: Macchr Jierqaiimnx qap,11,MHHO H HeTpaJIHHO KaK cpynKl_\HH µ. ITapa

MeTp M2 rrpHHHMaeT 3Haqemrn 600, 500 n 400 I'3B, a tan (3 = IO, 50. OcTaJihm,re 

rrapaMeTpb! <pHKCI!pOBaHbl. TeMHaH o6JiaCTb CHH3Y COOTBeTCTByeT 3KCIIepl!MeHTaJih

IlblM orpaHHqemrnM Ha Macey '!ap,11,MHIIO. CrrpaBa: 3aBHCHMOCTb BpeMem-1 )Klf3HH 

Jierqaiimero qap,11,Mrrno (NLSP) OT pa3HOCTH MeM,11,Y ero Maccoii II Maccoii Jier<iaiimero 

HeiiTpaJII!HO (LSP). 

O6JiaCTh cp0Kyc-To 11KH rroKa3ana na PHc. 7 ,11,JIH Ao = -3500 I'3B H tan (3 = 
10, 50. HeTpy,11,Ho 3aMeTl!Tb, '!TO ,11,JIH 60J!bIIIHX OTpl!l_\aTeJibHb!X 3Haqennii Ao Y3KaH 

IIOJIOCa, COOTBeTCTBY!Oll_\aH orpaHH'Ie!IHHM \"IMAP n rpaim11a o6JiaCTH, B KOTopoii ue 

rrpOHCX0,11,IIT HapymeHHH 3JJeKTpOCJia6oii CIIMMeTpHH, rrpaKTnqecKH COBrra,11,aJOT ,11,Pyr C 

,11,PyroM, qTo rrpl!B0,11,HT K MaJib!M pa3pemeHHb!M 3Ha'Ie!IHHM µ, rrpuqeM, qeM 60JibIIIe 

3Haqemre tan /3, TeM CHTyal_\lIH JIY,IIIIC. 

Kor,11,a rrapaMeTpbl Bh!6paHbl COOTBCTCTBYIOI1\IIM o6pa30M, B03HHKaeT IIO'ITH IIOJI

uoe BblpOM,11,CIIIIe IIO MaccaM MeM,11,Y Jie!'qaiiunu,1 qap,11,MIIHO l! JieI"IallIIIIIM HeiiTpaJIHHO 

H, CJie,11,oBaTCJibHO, B CIICKTpe IIOHBJIHCTCH ,ll;OJ!rOMIIBYII~aH CJie,11,YIO!l_\aH 3a JJerqaiiuieii 

qacTn11a (NLSP). Ona nMeeT Macey rropH,11,Ka 100 I'ciB 11 ,11,ocTaToqno 6oJJbIIIOe ceqeHHe 

poM.n.emrn Ha LHC. 

B cpe,11,neM ceqemrn ,ll,OCTHraJOT neCKOJlbKIIX ,11,eCHTb!X ,11,0Jieii IIIIK06apna H ue CIIJibHO 

MeHHI0TCH rrpn H3MeHennn tan (3. Han6oJiee cyll_\eCTBeHHhIM o6pa30M ce•1enne 3aBncHT 

OT 11: •reM 6oJJbIIIe 3HaqeHne µ, TeM ceqenne l\!eHhme. 

Ha P11c 6 (cnpaBa) rrpe,11,cTaBJieno BpeMH )Kl!3Hll qap,ll,Mll!IO KaK <pyHKl_\llH pa3H0CTII 

MaCC MC)K,11,Y ~ II X?• HeTpy,11,HO 3aMeTHTb, HaCKOJibK0 Cl!JlhHa 3Ta 3aBHCHMOCTb. f1p11 

yBeJI11qeHl!l! pa3HOCTII BpeMH )KJI3Hll na.n.aeT. O,11,HaKO, eCJill Bblp0M,11,eHl!e B npe,11,eJiaX 

uecK0JibK!IX I'3B, qap,ll,Ml!II0 OCTaIOTCH ,ll,OJII'O)Kl!BYI1\l1Mll. 

B rJiane 7 3aKJIIOqeHl!e KpaTKO Cq>OpMyJinpoBa!lbl IlOJiyqeHHbie B ,ll,llCCepTal_\Hll pe-

3YJihTaTbl, K0T0pbre II BblHOCHTCH Ha 3all_\nTy. 

Ha 3all_\llTY Bbl,11,Bllra!OTCH CJIC,ll,YIO!l_\118 pe3yJibTaTbI: 

1. I1oKa3ano, qTo B paMKax MnnnMaJibuoii cynepcm,1MeTpl!'rnoii CTan.n.apnwii l\fo
,11,eJI11 c ymrnepcaJihHhIMII napaMeTpaMH MHrKoro HapymennH cynepc11MMeTp1111 

B03MOMHO Cyll_\eCTB0BaH!Ie ,ll,0JII'O)KllBYI1\llX CKaJIHpHb!X cynepnapTHepoB Tay-Jien

TOHa. Bb1q11cJieHbI ceqeHHH poM,11,eHHH cJienTonon ua LHC B Kananax KBapK-
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Pnc. 7: Pa3pemeHnaa o6JiaCTb B IlJI0CKOCTll (mo - m1;2) np0CTpanCTBa 11apaMeTpOB 

mSUGRA AJIH µ > 0, Ao = -3500 I'3B H tan /3 = 10, 50. 

aHT!IKBapK0B0ll aHHllrHJIHl_\Illl, K0TOpb!e MOpYT C0CTaBJIHTb neCK0JibKO C0Tb!X Illl

K06apua. lfayqena 3aB!ICHMOCTb BpeMeHH )Klf3IIH Tay-CJielIT0H0B OT napaMeTpOB 

M0,11,eJill mSUGRA. 

2. B npocrpancrne napaMeTpOB MCCM naii,11,eHa o6JiaCTh, B KOTOpoii B03M0MHO 

cym,eCTB0BaHHe ,11,0JII'O)KIIBYID,ero TOil-CKBapKa,, HBJIHIO!l_\eroca CJie,11,YJO!l_\eii 3a Jie!'

qaiimeii cynepcHMMeTpH'!noii qacrn11eii (NLSP). 9'ra o6JiaCTh xaprucrepH3yeTcH 

6oJibIIIHMH 0TpHIJ,aTeJibHbIMH 3Ha'!eHHHMH napaMeTpa MHrKoro napymeHHH cy

rrepCHMMeTpllH A0 • Ceqenua napnoro po:>K,11,enl!a t-cKnapK0B na LHC n npo11ecce 

rJIIOOHH0ro CJIIIHHHH O'!eHb. 60JiblliHe H MoryT ,11,0CTHraTb C0THll Ill!K06apn ,ll,JIH 

OTHOCHTeJibHO JierKHX CKBapK0B. lfayqeHhI KaHaJibl pacrra,11,a T0II-CKBapKa ll 3a

BHCHM0CTb ero npeMeHH :>KH3HH OT MaCCbl. 

3. McCJie,11,onaHa o6JiaCTb cpoKyc-TOqKH B rrpocTpancTBe napaMeTpon MCCM u no

Ka3aHo, 'ITO B He.Ii B03MO:lKH0 cym,eCTBOBaHHe ,11,0JII'O:>KllBYIOIIJ,HX qap,11,:>KHH0, cy

neprrapTHepoB 3apa:>KeHHoro 6o3oHa Xnrrca (nJIH W-6o3ona). Haii,11,eHbI ceqeHHH 

po)K,11,eHHH qap,IVKHHO B 3JieKTpOCJia6bIX B3aHMO,ll,eiiCTBHHX Ha LHC, ,11,0CTHraio

IIJ,HX HeCKOJibKHX Ill!K06apn. 
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