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BBenenne

[Ipobsiema cyrriecTBOBaHMST HOBBIX CEMENCTB KBAPKOB U JIEITOHOB SBJISETCs OJIHON U3 BAXKHEHUIINX B COBPEMEHHOH
dusuke BHICOKUX dHEpruit. Takne KBApPKU U JIENITOHBI MOTYT OBITH JOCTATOYHO JOJTOKUBYIITUMU, ITOOBI IIPEJI-
CTaBJISITh HOBYIO CTAaOWJIBHYIO (DOpMY MaTepuu. B Hacrosiiee BpeMsi CYIIECTBYET 10 KpaifHell Mepe JiBe MOIEIH
CYIIECTBOBAHMS HOBBIX TS?KEJIBIX KBAPKOB U JIEITOHOB B YCJIOBUSX 3apsI0BOU acumMerpun. PaccMoTpum ux.

1 3apsaaoBo-acuMMeETPUYHBbIE MOJIEJN CTAOMIILHBIX KBAPKOB

1.1 IIpobiiema m30BITKA IOJOXKUTEJILHOTO 3apsia

Mogeis, npepmoxentas 11, JI. Tusmoy [1; 2], ocrHoseiBacTcst Ha KamuGposouHoil rpymme SU(3) x SU(2) x
SU'(2) x U(1) u BrirovaeT B cebsi B 1Ba pa3a Godbiie (hepMHUOHOB, YeM CTaHIAPTHAs MOJiesb. 1o ecTh Kpome 12
13BeCTHBIX (HDePMUOHOB U KannbposovHoil rpynnsl SU(3) x SU(2) x U(1) seomurcst 12 TsiKesbIx Tepa~-hepMUHOB
u kasmbposounas rpyumna SU(3) x SU'(2) x U(1). Takxe Bogurca C'P’ npeobpasoBanue, KOTOPOE CBA3BIBACT
Jerkue (bePMHUOHBI ¢ UX 3apsI0BO CONPSIZKEHHBIMY TsKesIbIME napraepamu (U — @) 1 Ha06OpOT.

Macca Kaxx10ro repa~-pepMuOHa PABHA Macce ero JIErKoro naprHepa, yMHOXKEHHOro Ha daxrop S, npu-
9eM OTCYTCTBHE YCIIEXOB B TIOMCKE HOBBIX YACTHIL JA€T OTPaHUIeHUE Ha S CHU3Y:

S >2-10° (1)

CoorsercrBytonuii pacder [1] mokasbiBaeT, 9TO CTAGMILHBIMHA SIBJISIFOTCSI TOJIBKO Tepa-KBapku U, KO-
TOpblE B pe3yJbTaTe CHUJILHOTO B3ammojelcTsus obbeaunsiorcs B (UUU)TT, u tepa-anekrpon E~, KOTODBIi,

obbepunsics ¢ (UUU)TT, obpasyer (VUUEE):

U+U— (UU)+g U+ (UU) = (UUU) +g

2
(UUU) + Ep — (UUUE) +p (UUUE) + Ep — (UUUEE) + p, @)

IJie ¢ — 3TO TUIIOOH.

Ocrasnbubie BosmoxkHble coequuernst ( (UUd), (Uud), (Ep) u np.) MeHee BBITOJIHBI SHEPreTHYECKU, B
pesysibrare 4ero ux KOHIeHTpanus MHOro Medbine Kouuenarpanuu (JUU EE). Tonyuusmuiica reuii-ioqo0Hbiii
aTOM — OJWH 13 KAHIUIATOB HA POJIb YACTUIL CKPBITOW MAaCCHI.

O 1HAKO B MO/JIEJIM BOBHUKAIOT ITPODJIEMBI, KOTOPbIE HE MOI'YT OBIThH PEIIeHbl B HbIHEITHEe Bepcun. Harpu-
Mep, TIpobJieMoil sBIsteTcs 3axBaT csoboaaoro E~ B (4HeFE ™)™, uro TopmosuT Takyo anurunsaimio £ u BT
¥ TpensTcTByeT 3(h@dEKTUBHOMY YMEHBIIEHUIO IEPBUYHON PACIIPOCTPAHEHHOCTH TepaJsenToHa. Jlaxe s Mu-
aEMasbHOro 3Hadenns S = 0,2 - 10° mpormosupyemoe 3eMHOe ComeprKaHIe aHOMATILHOTO BOJOPOZA IPEBLIIIACT
9KCIIEPUMEHTAJbHBIE BEPXHME Tpeesbl Oosee deM Ha 20 MOPsIKOB.

1.2 N36bI1TOK oTpUIaTe/JIbHOI'o 3apsdaa 1 TeMHbIEe aTOMbI

[peapiaymumii moaxox, mbiTaeTcss n3bekaTh MpodaeM CO CBOOOTHBIMU 3aPIKEHHBIME YACTUIAMU TEMHOW MaTe-
pHUH, CKPBIBasi IIPOTUBOIIOJIOXKHO 3aPsI?KEHHBIE YaCTHUIIBI B ATOMOTIOIO0HBIX CBSI3AHHBIX CHCTEMAaX, KOTOPBIE Cabo
B3aMMOJIEHCTBYIOT ¢ GapuonHoit Marepueil. B ciaydae acummerpun 3apsijia ¢ n36bITKOM IEPBUYHBIX YACTHUI] CBSI-
3bIBAHUE [TOJIOXKUTEJIBHBIX U OTPUIATEIbHBIX 3aPSZKEHHBIX YaCTUIL HUKOTJIA He ObIBAET IOJHBIM, U IIOJI0XKUTEIHHO
3apsiyKeHHbBIE TsPKeJIble YaCTHIIbI JIOJIKHBI COXPAHSIThCsI. PEKOMOMHUPYsT ¢ OOBIYHBIMY SJIEKTPOHAMU, ITU TsIXKe-
JIbIE TIOJIOYKUTEJIbHBIE YACTHUIIBI TPUBOJISAT K KOCMOJIOTMYECKOMY COJIEPYKAHUIO AHOMAJIBHBIX M30TOIOB, IPEBLIIIa-
OINEMY KCIIEPUMEHTAIbHBIE BepXHUE MTpeesibl. UToObI COOTBETCTBOBATH STUM BEPXHUM IpEIesIaM, aHOMAJIHHOE
coJieprKaHIe NU30TOMOB Ha 3eMJIe JOJPKHO OBITh YMEHBIIIEHO, U MEXaHU3MbI TAKOT'O YMEHBITIEHUsT COTIPOBOK JIAIOTCS
3bdeKTaMu BbIJIeIeHUST SHEPTUU, KOTOPBIE CUJILHO OTPAHUYEHBI, B YaCTHOCTH, JTAHHBIMU C JIETEKTOPOB OOJIHIIIOTO
obbema [3].

Jlpyras MoJe/Ib IPeAIo/araeT Hapsay ¢ U30LITKOM BelecTBa H30bITOK U — CTabUILHOIO aHTHKBAPKA
YETBEPTOro IOKOJIeHusl ¢ Maccoii Gosbme 220 Gev [3; 4]. Ksapk gerBepToro mokosenus us-3a 60JIbII0f HEprun
CcBA3M 06pasyT crabuiabHble Jlerkne Gapuonsl n antubapuonst: (Uud), (Uud), (UUw), (UUU), (UUa), (UUU).
ITocsrennmii, Tak HazpiBaeMblil anyTuyM (anti-U-triple state — anutium nim A;g ) ¢ pasmepoM r'a ~ 1/agep-mu
(94TO MHOTO MeHbIIle OOBIMHOTO pa3Mepa aJPOHOB T, ~ 1/r;), Ipejcrasisier 0coObIil HHTEpeC.

B panneit Beesennoii mpu TeMIepaTypax, 3HAYATEIHHO HPEBBITAIONIIX MAcChl U-KBapKOB, OHI HAXO-
JIMINCH B TEPMOJMHAMIYECKOM DABHOBECHH C PEJISTHBICTCKON ILIa3Moii. Pasnosecubie xonmentpamun U u U
HPOOPIMOHAIBHBI COOTBETCTBEHHO exp (%) u exp (—%) [2]. Taxum obpazom npu JaiabHeIIeM OCTHIBAHUM H



pacmupenuu Beenennoit yacts U-KBapKOB aHHATHINPOBAJIA ¢ H60JIbINEHl 9acThio U-KBapKOB, & OCTABIINECH M3-33
acuMmMmerpun U-KBapKu Hadaiu o0bequHsaThCs 1 06pazosbibiBaTh (UUU) ¢ maccoit nopsika 1 TeV. Taxske Oyyr
o6pasoBbiBaTbes HeliTpasbuble cocrosuus (Uu) u (UUG) ™~

Ipu remueparypax T' < 100K eV (Temueparypa cuHTE3a TejIns ) A7 HauMHAET OOBEAMHSTHCS C TeIIeM:

Ay 4+ He = v+ (*He™TALT). (3)

B pesyiibrare Bce orpuiiaTe/ibHbIE 3apsi bl CBI3BIBAIOTCS C SIAPOM TeJinst, 0opasyst T.H. O-rejuit (4He++A;5 )
¢ maccoit opsizika 1 TeV u pajgmycom

Ro~1/ZpZgcampe. ~2-10"Bem. (4)

Takoit «aToM» MOXKET UTPATH POJIb CKPBITON MAacCCHI.



2 3akaJjKa TsIXKeJIbIX KBapKOB 1 X KJlacTepu3alud

B manbmeiiem OymeM mpeanosarath, ITo:
5m,  3.6- 10~14
3mU - Sﬁ ’

K+-3my ~ Ky - dmMp = K ~ Ky -

ng —nNu
rae K = —————— — BeJINYMHAa, XapaKTEePU3YIoI[ad CTEIICHb aCCUMETPUN aHTUBEIIECTBAa HAJI0 BEIIECTBOM.
S

2.1 3akajka TS2KeJIbIX KBAPKOB B 3aps/I0BO-aCCUMETPUYHOM CJIydae

Ha panHOM 3Tame Temieparypa JeXKUT B cieayoomux npeienax: 100SgGeV = %mU < T < my = 3.58TeV
ITpn takux Temmeparypax (TeMIepaTypax, IPEBBIIAIIIAX MACCy TsIXKeJOro KBApPKa) BEIECTBO HAXOIUTCS B
PaBHOBECHH C ILIA3MOI, a €ro KOHIEHTPAIHS OIPEIe/IIeTcs paciupeaeaeHueM BobiyMana 1 XUMIYIECKUM IIOTEeH-

3/2
mT m
Neq = gs (27r> exp <_T> (6)

w
7= Ne +— 7
Ny,o = Neq €XP ( T) (7)

IIpu TeMueparypax MeHbIIE MACChI TAXKEJIOr0 KBAPKA M BILIOTH JIO IPUMEPHO 1/20 Macchl TS2Keoro
KBapKa PABHOBECHE HAYMHAET CMEIATHCA B CTOPOHY AHHUTHJISIINE YACTUI] U AHTUIACTHIL:

U+U=gg (8)

raioM g [2]:

Cucrema ypaBHEHI, OIUCHIBAIOIINX M3MEHEHNE KOHIIEHTPAIIUHA CO BPEMEHEM, BBITJISIIUT CJIELYOIIUM 06-
pazom:

dnU
W + 3HTLU == <0”U> (neq Uneqf] — nUnU) (9)
dng
ditU +3Hng = (0v) (nequne,o — nung)
T ny.g dl' dx
IIpu 3amene niepeMHHBIX & = —; 17y = ——; Hdt = —— = —; Kk = r_ —r} ypaBHeHHe IIpeobpa3yeTcs
my S T T
caeayromuM 00pa3om:
dry s g2
—— = fi{ov) (ryr— — f2), fi= == > mp;my
dr_ n 45°gs e =
—_— — = €q = S .
dr fi{ov) (ryr— — f2), [ 52 Brrg? 3

IIpu remueparype Huzke HekoTopoit temueparypsl T (T, a 3HAUUT U T, OUPEIEIISIETCH U3 YCJIOBUS
R(Ty) = H(Ty)) * < xy : MOXKHO IpeHeOpetdb CIaraeMbIM C f, TAaK KaK OHO yOBIBAeT Topa3mo ObICTpee, weM
rer_: fo << ryr_:

dr+~ agv) \ryr
E~f1< ) (r4r-) (1)

dr_
dr Ji{ov) (ryr-)
B TakoMm ciytuae pereHuneM siBJIsI€TCSI:
KT+ f
~0) ~
7“+($ ) (I<6+7’+f)€m]_7"+f (12)
KT_y ’

rop = (rog—r)e’




my,TeV | k, 10714 [ 7, 10718 [ 15,1073

2 1,80 7,72 7,90
1,9 1,89 7,34 7,53
1.8 2,00 6,95 7,15
1,7 2,11 6,57 6,78
1,6 2,25 6,18 6,41
15 2,40 5,79 6,03
1,4 2,57 5,40 5,66
1,3 2,76 5,01 5,29
1,2 3,00 4,62 4,92
1,1 3,27 4,22 4,55

1 3,60 3,82 4,18
0,9 4,00 3,41 3,81
0,8 4,50 3,00 3,45
0,7 5,14 2,58 3,09
0,6 6,00 2,15 2,75
0,5 7,20 1,70 2,42
0,4 9,00 1,24 2,14
0,3 12,00 0,74 1,94
0,2 18,00 0,25 2,05

Tabauna 1: Yucrenuble 3HaY€HNs JI KOHIIEHTPAIIUI IPU PA3HBIX Maccax U KBapKa Ha ITAlle 3aKaJKN

x10712

L
T

0 | | | |
0 5 10 15 20 25

myr, L eV

Puc. 1: I'paduk 3aBucuMocTu ryy u ri OT My



2.2 Kiacrepusanus Tsi>KeJIbIX KBAPKOB B 3apsiJIOBO-aCUMMETPUYHOM CJiydae

2
a.my

= 15SGG€V.

[Ipu Takux ycioBUsIX HAUNHAETCS OObEIUHEHNE OTIEIHHBIX KBAPKOB B PE3yJIbTATE CHJILHOIO B3aUMOAEHCTBUS.
Cuadajia paccMOTpUM UX 00beuHeHne B KBapkouuit UU:

Ha sToit cragum Temmeparypa JiexkuT B cieiaywomux upegenax: 0.55sGeV < T < Iy ~

U+U—-UU+yg
U(_]—>gg

2

51/17'1:
muyo

BpeMH KN3HU KBaPKOHUA BBITHUCIACTCA aHAJIOTUIHO BPEMEHU 2KU3HU IIO3UTPOHUA: To =

2 97

myad 472 — 9)a
kBapkoHU:A(S=1))

~ 10?7 mpm o = 0.1 (79 — Bpems Ku3HM HapakBapkouusa(S=0), 7| — BpeMs KU3HH OPTO-

o? aBmy 1
Ckopocrs obparnoii peakmun R = n{ov) ~ gsT? - —5 ~ go——— t ~ —,g5 = 16 =t ~ 3 ~
mi; 64 R a®myy

20007y

Buso, 9T0 BpeMs KU3HI TAKOTO COCTOSHUS MHOI'O MEHBIIIE BPEMEHU IIPOTEKAHUs OOPATHON peakiuu,
II09TOMY €I0 B PacdyeTax MOKHO HpeneGpedb, a Kounenrpanmo UU caurars paBHOH HYITIO.

KonrenTpaiuu ocTaabHBIX COEJIMHEHUI B3aUMOCBSI3aHbI, TIO9TOMY IIPOIECCHI C UX YYIACTUEM HAJIO0 pPac-
CMaTpUBaTh B CBA3KE:

U+U=2UU+g U+U=2U0U+g
UU+U — UUU UU+U —UUU
UU+U—U UU+U—U
UUU +U = UU UUU +U - UU
UUU+UU - U UUU +UU - U
UU +UU — gg UUU +UUU — gg

S,ILGCL B HYJIEBOM HpI/I6.HI/I)KeHI/II/I cauTaeM, 4YTO JJId BCEX peaKuHﬁ O6’]3€LLI/IH€HI/I$I KBapKOB B CBs3HLIC
CHUCTEMBI C€IeHUA OOMHAKOBbI 1 DAaBHBI:

0.9 2
(ov) =7 | = — (13)

Peaxiuio pa3pyllleHHs IUKBAPKOB MOXKHO PacCMaTpUBAThL KaK IIPOLECC MOHU3AIMU, OITOMY CedeHue
BO3bMeEM 110 aHAJIOIMH C cedeHreM (POTOMOHHM3AINH aTOMa BOJ0Poa. Vcnoab3yeM MoIyKIacCuuecKyto (popMyLy
JIJIsL BOZIOPOJIONIONOBHBIX cucTeM|5]:

647% - meel® 2%

33 - chS v3n®
ITocste HEKOTOPBIX IPEOOPa30BaHmil (3aMeHa MACCHI JJIEKTPOHA HA MACCY KBAPKA, [IEPEX0Jl OT HJIEKTPOMAIHUTHOI'O
B3aMMO/IEHCTBUSI K CHJIBHOMY ) HOJIydaeM:

(ov)vu+g = (14)

4 .5
647* oa’my

(COTPES EN (15)

Takum obpaszom, ypasaenus: Jyis (1) BBINISIAT CIEAYIONMM 00Pa30M:



9/10 2 3 3 2.1
dry m-s({m a 2 64m°a” [ m rUTUU
==\ = — - = TUUTy — TUTH — ———
dr ~  HT\T m) VT 3y \T) VU T T i

rurtgy  TuTgou | TUUTo | TUUUTOO
T 1ELI T T 9ld 1.51.1 2511

9/10 2 2.1
dryu o omes(m «Q 9 64730 [(m ryruvu  TuuTy TUUToo
dar ~ HT\T m) \"U7 3/ \T) VU T LT T st T ol

TUUUTH TUUTUUU)

+ 9l.1 95ll

9/10 2
druvu _mesfm a rvrvu  Tvoup  TvouTgo  "vuuTooo
dar ~  HT\T m 1.501 211 2.511 311

9/10 2 3 3 2.1
drg T-s{m « , . 6dma” [m TETHT
ar - " HT\T —] ("ot 7| To0Te TTUTO T T eia
ar HT\T m 3\/(3) T 1.51

roruu roruvvu TooTu ToooTuu
T 1ELI T T oIl 1.5L1 2511

9/10 2 3 3 2.1
drgg _ _msfm a 2 647 o m o rgrgo  TuTgo  TUUToo
T HT \ T m vogy/@\T) YUY 15t 15l 211
"voo™u  Tgoruuu
9l.1 9 5ll

9/10 2
drggg _ m-s[m @ "o'oo _ Tooo'™w _ Tooo'uu - TUuuTooo
dar ~  HT\ T m 1.501 211 2.51.1 311

Pemmenne nmannoit cucrempl mosrydeHo ducjeHHO Tpu nmomornn nakera Matlab.

_|_
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[mu,TeV ] rv | rg | rov | roo | rovu | rooo |
0.7 9.5e-22 | 1.7e-13 | 2.6e-23 | 8.4e-20 | 1.5e-28 | 2.4e-16
1.4 6.8e-21 | 8.9e-14 | 2.6e-23 | 4.2e-20 | 5.8e-21 | 9.8e-17
2.1 2.1e-17 | 5.9e-14 | 5.2e-22 | 2.8e-20 | 1.8e-18 | 1.3e-16
2.8 5.1e-16 | 4.5e-14 | 5.8e-22 | 2.2e-20 | 1.9e-17 | 2.1e-16
3.5 2.1e-15 | 3.7e-14 | 3.7e-22 | 2.0e-20 | 6.7e-17 | 3.1e-16
10 3.2e-14 | 4.3e-14 | 4.3e-20 | 7.5e-20 | 3.5e-15 | 4.1e-15

14 4.5e-14 | 5.3e-14 | 1.2e-19 | 1.6e-19 | 7.8e-15 | 8.5e-15
21 7.2e-14 | 7.7e-14 | 4.7e-19 | 5.2e-19 | 2.1e-14 | 2.2e-14
31 1.1e-13 | 1.1e-13 | 1.7e-18 | 1.8e-18 | 5.2e-14 | 5.3e-14

70 2.4e-13 | 2.5e-13 | 2.2e-17 | 2.2e-17 | 2.0e-13 | 2.0e-13
105 3.7e-13 | 3.7e-13 | 8.1e-17 | 8.1e-17 | 3.6e-13 | 3.6e-13

Tabnuna 2: Yucsrennble 3HaY€HUs JJIs KOHIIEHTPAIUI U Pa3HBIX Maccax U KBapKa Ha dTalle KIACTEPU3AIAN

Buro, aro kornertpanus UU (UU) yobiBaer ropaszno 6sicrpee, em U(U) win UUU(UUU). Do o3Ha-
yaeT, uTo coeaunenus Tuna UUw nma Uuu 6yayT GopMUPOBATLCA B OYEHb MAJIEHHKOM KOJMYECTBE, YTO He
[O3BOJIUT UX OOHAPYKUTH B COBPEMEHHOM BellecTBe.
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SakKJ/IroueHue

B xoze paboThl 0CBOEHBI METOBI PAacUeTa KOHEHTpAIuil KBAPDKOB Ha PAHHUX CTaJusX 3BoJionnu BeesenHoil (B
qactHOCTH Ha RD-CTajmm), pacCInTaHbl U MOCTPOeHbI rpaduKn 3aBUCUMOCTH KOHEHTPAIUI TSPKEIbIX KBAPKOB

OT MX MaCChl BILIOTH JI0 MOMEHTa HAYAJa UX O0bEINHEHUsI C JIEKUMU KBAPKAMHU.
B nasbreiinem niaHupyeTcss pacCMOTPETh JAJIBHEUIIYI0 IBOJIONN: (DOPMUPOBAHUE YCTONYIUBBIX CH-
CTeM U3 TSXKEJIbIX U JIETKAX KBAPKOB U WX IIPEAIOJIaraeMble KOHIIEHTpanny B Hameil Beeernoii.
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