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HA BEJINKOMY AJJPOHHOMY KOJIAJIEPI

Howyx cynepcumempii 30itichioemobes 6 pamkax Minimarvnoi Cynepcumempuunoi Cmarndap-
mnoi Modeni. 3a donomozoro xomn romeprux npoepam SOFTSUSY i PROSPINO pospaxosami
CNEKMPU MAC T MEPEPIZU YMBOPEHHA CYNEPUAcmuHok. Taxi pesysvmamu € 8anHcAuUBUMY 0Asl
nowyki6 Hosoi gisuru na Beaurxomy adporromy kosatidepi.
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pi3 YTBOpPEHHS CyHEPYaCTHHOK.

1. Beryn

IIuranms isuku BUCOKUX eHEpriii, siki mMOB’s3aHi i3
ob’eHaHHAM (PYHIAMEHTAJTHLHAX B3AEMOJIiit B OJTHIM
Teopil, Tak 3Banoi Teopii Beworo [1], npuogsaTs 110
HEOOXiTHOCTI MOOYIOBY IPUCKOPIOBAYIB TP BUCOKUX
€Heprigx.

10 Bepecus 2008 poky Oysio mpoBejieHo odiriinnii
sanyck Besmmkoro agporHoro kodafizepa (BAK) — ca-
MOI BEJIMKOI €KCIIEPUMEHTAIbHOI yCTAaHOBKY CBITY. 3a
nonomororo BAK MOXKJIMBO He TIILKKM BUBYUTH XiIT-
COBCBHKHUI MEXaHi3M HMOPYIIEHHS eJIeKTPOCIa0KOI B3a-
€MoIil, a # mepeBipuTH Teopito cymepeTpyH i D-6pam,
OCKIJIbKU BOHA TIepeadadac iCHyBaHHs TAKIX 00’ €KTiB:

— CyIIEPYACTHHOK;

— Kanyma—Kieitn 1acTnnok;

— KaHJIMJIATIB HA TEMHY MaTepiio;

— MIKPOCKOTIYHUX YOPHUX JIip.

Mertoro Harroi poboTr € po3paxyHKH Mac Cyrepda-
cruaok Ha BAK y pamkax Teopil cynepcumerpii. Teo-
pid cynepcuMeTpii € OJTHI€I0 13 HANTIOMUPEHIITNX TE€O-
piii 3a mexkamu Crangapruol mogesi (CM), ockiibku
BOHa BuUpinTye Hu3Ky mpodsem CM.
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Cranzapraa Mojeib (i3uKn YacTUHOK € J0CTa-
THBO YCIIINTHOIO TEOPi€lo JJIs onucy (pi3WYHUX SBUII,
fKI MOYKHA, CIIOCTEpiraTi Ha CydaCHUX KoJiaiijiepax.
Opnnak Teoperuku nepekonai, mo CM we Oyze crpa-
IIbOBYBATU IIpU OLJIbIIT BHUCOKUX €HEPTETHIHUX MAaC-
mrabax. 3posymiso, mo CrangapTaa MOJETb HE MO-
Ke OyTH OCTATOYHOIO TEOPI€I0 IPHU JIy>Ke BUCOKUX
€HEePTisX, OCKIJIbKU BOHA MOBUHHA OyTH MOupiKoBa-
HOIO 33J1JTs1 BKJIIOUEHHSI I'PaBITAIiiHOT B3a€MOJIIl TIpu
macmrabax [lnanka. Ilg mpobiema mMae Ha3By mpo-
6uiemu iepapxii [2—4]. Hasite akimo CM e Haiikpainum
onmcoM cybaTOMHOIO CBiTY, BOH& He IOSICHIOE ITOBHY
KapTUHY BCECBITY, OCKIIBKE He Iepejdatiae MeXaHi-
3My 00’€HAHHSI KOHCTAHT CUJIBHOI 1 eJIEKTPOCIA0KOT
B3aeMozii i3 rpasiTaniiinoo B3aemouieo [1]. Kpim To-
r0, paJiaIiitai mompaBKu 0 Macu 6030Ha Xirrca mpu-
BOJSATH JIO BEJIUKUX PO3DI2KHOCTEH eKCIIePUMEHTY i3
teopiero Cranmapraol Mozesni [5]. Besuka Kinbkicrsb
XOJIOIHOT TeMHOI MaTepil i peHOMEeH TeMHOI eHepril,
sKi crocrepiraioTbea B excrepumenti [6], 3naxog-
ThCd 103a Mexkamu nepeadadens CM.

OcranHi eKcriepruMeHTaJIbHI JIaH]l € ICKPABUMU BKa-
3iBkamu Ha HOBY izuky 3a mexxamu CM:

a) HOBI BUMIDIOBaHHs BJACTHBOCTEH (6030Ha Xirr-
ca kosaboparismu ATLAS i CMS [7] Bkasyors Ha
disuky B pamkax i mosa pamramu CM;
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Puc. 1. Macu reifJizKuto i CKaJIsspHOI MaCH BiIIOBIIHO /10 Mac-
mrraby Teopil Benukoro o6’exnamms

6) npobsiemu i3 CTAbLIBHICTIO €JIEKTPOCIAOKOr0 Ba~
Kyymy [8];

B) IIOBHA INUPUHA HEIIOJABHO BUABJIEHOIO OO30HA
Xirrca B 5,4 pasa 6iibiie 3a suadenns CM [9];

r) 3HaYeHHst nepepizis yreopenus WTW ™ wacru-
HOK Ha BAK 1pu 1poTOH-IIPOTOHHOMY 31TKHEHH] IIpU
enepriax /s = 7 TeB i /s = 8 TeB Bkasyworb Ha
sHauHe Bigxurenns sig CM [10].

Jly1st oIy Ky cymnepcuMeTpil Mu MPOBOIMMO PO3pa-
XYHKH II€PEPI3iB yTBOPEHHs cyliepuacTuHoK Ha BAK
npu enepril /s = 14 TeB i BcTaHOBIIOEMO HUXKHI
IPAHMIN HA MaCH CylepYacTUHOK.

2. PospaxyHku cnekTpiB Mac
i mepepisiB yTBOpeHHs CylnmepYacTUHOK

CymnepcumMerpisi, sika JIOIOBHIOE (hepMioHH 6O30HAMM
i HaBMaKW, He MOYXKE OyTH TOYHOIO CUMETPIEIO B IPU-
poyii, ockiyibKu epmionu i 6030HM TOBUHHI OyTH BU-
pomxeni mo maci. s mobymoBu peasicTudHol Mosie-
Ji Gi3uKN BUCOKUX €HEPTiif, cymepcuMeTpiss MOBUHHA
O6yTu nopymenoro. [lutanus cynepcuMeTpudIHOl B3ae-
Momil 1 yMOBH 11 HOpYIIEHH:, fKi IIOB’g3aHi i3 BKJIIO-
YEHHSIM JI0 ITOTEHIIATY B3a€MO/Iil 9JIeHIB M’SIKOTO TIO-
PYIIeHHS CyIepCuMeTpii, J00pe y3roizKeHe B paMKax

Tabauus 1. dBa cuenapii napamerpis MCCM mogedti

Ne | mg, I'eB | my g, IeB | Ao, 'eB | tanfB | sgn(u)

I 1400 800 —2800 30 +1

11 5000 600 —10000 30 +1
948

tak 3Banol Minimanbaol Cynepcumerpuanoi Cran-
mapraol Mozgeni (MCCM) [11].

Minimasisua Cynepcumerpuyuna CranpaprHa Mo-
JleJIb BU3HAYAETHCS CYIEPIIOTEHIHAJIOM TAKOro BHU-

LISy
W = hgjLiHlﬁj +h§leiH15j +h%QiH2Uj +uH Hy

i mOTeHMiaI0M M’SIKOTO MOPYIIEHHS CynepcuMeTpil
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nme L; i Q; — cnenronni i cksapkosi SU(2) ay6ie-
tn, E; i (D;,U;) — cenexrponti i cksapkosi SU(2)r,
cunrieru, Hy i Hy — xirrcoenki SU(2)y, my6Giern.
Cymnepnorentiiag W i morenmian V' maroTs Oiabine
uik 100 mapameTpiB, SIKi MOYKHA CKOPOTUTH O II ATH
3aBJISIKH TEOPETUIHUM MIPKYyBaHHIM i eKCIeprMeH-

TaJIbHUM CIIOCTepeXKeHHsM [12]:
Mo, MmMy/2, AOatanﬂa Sgn(lu‘)a

Jie mo 1 mq/9 — BUINOBIIHO Mach CKaJApHAX 1 CITi-
HOPHUX CylepHapTHepiB, Ag — mapaMerp TpUJIiHIAHOT
B3a€MOJIl, tan S — BiAHOIIEHHS] 3HaYeHb BAKYyMHUX
CIIOCTEPEXKEHb JIBOX XITTCOBCKUX jybuseris, sgn(p) —
3HaK [apaMerpa 3MilryBaHHs 0030HIB Xirrca.

Bukopucranas ocTaHHIX €KCIEPUMEHTAJbHUX A~
HuX, orpuMaHux Kousabopariero ATLAS [13] upwu
IIPOTOH-TIPOTOHHOMY 3iTKHEHHI i3 KIHIIEBUMU CTaHa-
mu BignmosigHo: 1) 0 senronis + 2-6 mkeris, 2) 0
senrronis + 7-10 mxeris, 3) 0 a6o 1 nenron + 3 b-
KBapKoBuX JiKera, 4) 1 nenron + mpxern + MET (Mi-
ssing transverse energy) — BiJICyTHsl OIIEpEYHA €HED-
rig, 5) 1 abo 2 ray-renrouis + mxeru + MET, 6) 2
OJTHOTO 3HaKa JienToHa + 0 abo > 3 b-KBapKOBUX J7Ke-
Ta, 10 300parkeHo Ha puc. 1, 1aj10 MOXKJIMBICTH PO3-
rasggatn asa crenapili MCCM momeni, HaBegeHol B
Tabi1. 1, AKi IePEeBUIIYIOTh OCTAHHI €KCIIEPUMEHTAIb-
Hi CIIOCTEPEKEHHH i3 TECTH HaBEJIEHUX eKCIIePUMEH-
TiB Ha puc. 1.
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Jlsisi po3paxyHKIB CIIEKTPIB Mac CyIepYacTUHOK,
SIKi HaBEIEHO B TAOJI. 2, MU BUKOPUCTOBYBAJIH IIPOTPa-
My SOFTSUSY [14]. Mu npencraBuim obMerkeHmit
CIIEKTP MAaC, OCKIJIbKHM MacCHU CyleplapTHEPIB KBAPKiB
€ BUPOJIZKEHUMU.

B Tabu1. 2 maBemeno macu MiBOKipaJbHIX i HPaBOKi-
pajbHUX CKBapKiB (U, Ur) 1 (dr,dr) neproro moko-
JTIHHSI, MACH TUIFOIHO ¢ i Macu HefiTpaJsino X — KaHi-
Jjara Ha TeMHy Marepiro. Ockinbku enepris sHa BAK
B cucreMi 1eHTpy Mac B 2015 porri JIocATHe 3HAYEHHS
14 TeB, a cpitumicts 103° cm~™2-cex ™!, To iMmoBipHicTD
CIIOCTEPIraTH POIECH YTBOPEHHS CYIIEPYACTUHOK 1 X
[IO/IAJIBIIIONO PO3IAJy Ha JKETH i3 KBapKiB -+ JenTo-
mn + MET (mampukian, weiirpanino x9), aki nase-
JIEHO Ha pHC. 2, 3HAYHO 3POCTe.

BukopucroByroun Habip mapameTpiB, HaBeICHUX B
Tabs1. 1, MOXKHA PO3paxyBaTH Iepepi3u yTBOPEHHS Cy-
IIEpYACTHHOK 32 JIOITOMOT'OI0 KOMIT IOTE€PHOI ITPOrpaMu
PROSPINO [15]. ITi noniepeusni nepepisu, siki Bpaxo-
BYIOTb TOJIOBHI JOJIaHKH aEgOSPINO (LO - leading
order) Jyisi CKBapK-CKBaPKOBOI'O, CKBAPK-IVIIOIHHOIO 1
TJIFOIHO-TUTIOIHHOTO YTBOPEHHS 1 BiJIITOBIJIHI J10/1aTKO-
i wienn oFRGSPINO (NLO — next-to-leading order),
sIKi TIOB’si3aHi 13 ypaxyBaHHSIM PEHOPMIPYIOBHUX JO-
JIAHKIB, 0OYMCJIEHO TIPY €Hepril B CUCTEMI IIEHTPa Mac
Vs = 14 TeB i maBeneno B Tabu. 3.

K-daxrop € ignomennsy mizk NLO i LO nomepe-
9HUX TiepepiziB K = U;LLOO. ITopiBHIOIOYN pE3yIbTATH
PO3PaxXyHKIB 3a JIBOMa CIIEHAPisIMH, MU MOXKEMO BiJI-
3HAYUTU 3HAYHY IlepeBary 3HadeHb IepepisiB 3a I

Tabaruys 2. Macu cynepuacrunok (I'eB)

Ne my, My p mg, mg, mg mso
I 2188 2074 2120 2069 1838 344
II 5079 5081 5080 5079 1542 273

Tabruysa 3. LO i NLO nonepeusni
nepepisu (pb) ta K-dakropu ajisi cynep4acTUHOK

Ne Tepepis UE(ID{OSPINO JEE'SSPINO K PROSPINO

I | CkBapk-ckBapk | 0,446E-02 | 0,488E-02 1,096
Cksapk-rimoino | 0,475E-02 | 0,810E-02 1,704
Tmoino-rimoino | 0,631E-03 0,204E-02 3,226

II | CkBapk-ckBapk | 0,374E-08 0,382E-08 1,022
Cksapk-rimoino | 0,169E-04 | 0,481E-04 2,85
I'mioino-rimoino | 0,595E-02 | 0,137E-01 2,307
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Puc. 2. Ilpouecu yTBOpeHHsI cynepyacTuHOK Ha BAK: 3i1i-
Ba — CKBapK-IVIIOIHHUI IIPOIEC, ClpaBa — CKBApPK-CKBAPKOBUIA
(3Bepxy) Ta rumoiHO-IIIOIHHMI (3HU3Y) IpoLecH

cuenapieM naJ 3Hadvennamu 1l crenapio. Ile mo-
B'SI3aHO 13 BEJIMKOIO pI3HUIEI0 3HAYEHb I1apaMe-
TpiB mo 1 Ag g I i II Bumaakis BignosigHo 110
tabs. 1. Ciiyg TakoX 3ayBaskKUTH HA BEJIMKUN Tepe-
pi3 IVIIOIHO-TVIFOIHHOTO YTBOPEHHH JIJIsl JIDYTOr'O CIie-
Hapifo, OCKIJIbKY Maca JjIs TAKOT'O I'JII0iHO CTAHOBUTH
snavenHs 1542 TeB (nqus. Tabu. 2) i imoBipHicTh fioro
YTBOPEHHS 3HAYHO 3POCTAE IO BiIHOIIEHHIO JI0 MACH
roino 3a I crienapiem. Benmke snagenns K-daxkTopa
CBITINTH TIPO HEOOXiTHICTH OIIBINT peTebHUX po3pa-
XYHKIB IIepepi3iB peakiliii i3 BKJIIOYEHHSIM JI0 I'OJIOB-
uux wienis (LO) monarkosux wienis (NLO) sismo-
Binao 10 KX/ Teopii.

3. Bucunosku

[Tomyku cynmepcumerpil € BaxKITMBUM KPOKOM 10 3’si-
CyBaHHsS IIUOOKHUX MPOTUPIY HE TLIHKU TEOPETHIHO-
ro, a i eKCIePUMEHTAJILHOIO XapaKTepy, Ha IO BKa-
3y€ HU3Ka OCTaHHIX EKCIIEpUMEHTAJIbHUX JIAHUX, pe-
3yJIBTATH SIKUX BAYKKO IMOSICHUTY HE BPAXOBYIOUU HO-
By }i3uKy, B TOMy 4HCJ CymepcuMerpiro. 3a J0mo-
Moroo Komir'oreproro mozesosants (SOFTSUSY,
PROSPINO) nposiganmu BueHnmu 3axo1y [16] Beme-
ThC MUPOKUH (HPOHT POOIT 3311 CBOEIACHOTO Pe-
aryBaHHs HA OCTaHHI €KCIEPUMEHTAJIbHI JaHi i3 1mo-
IIyKy cynepdacTrHOK. IlocriiiHe 0HOBIEHHS eKcIlepu-
MEHTAJbHUAX JAHWUX, [IOB’sI3aHUX i3 0OPOOKOIO BeJu-
koro macuBy 6asu manmx GRID, npuBomurh 10 He-
00XiJIHOCTI HOBOI'O MOJIEJTIOBAHHSI E€KCIIEPUMEHTY 3a
JIOIIOMOI'OK0 KOMIT FOTEPHUX IIPOrpaM, Mo poOUTH Ha-
1y pobOTy aKTyaJIbHOIO 1 Cy9acHOIO, OCKIJIbKE Oepy-
ThCd JIO YBaru JiBa HOBUX CII€HApil IPOCTOPY Mapa-
Merpis MCCM mozesni y BiAIOBIAHOCTI 0 OCTAHHBO-
ro ekcrnepumenty ATLAS. Ockinbku cynepdacTus-
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KI He € TAKAMU BaXXKUMU, K, HApUKIa, Kamrymna—
Kieitn mapraepu abo MIKpPOCKOMIUHI 9OpHI aipw, HU-
JKH¢ TPAHUIE Ha MACU SKUX CTAHOBUTH IIPUOJIU3HO H—
6 TeB [17], a iMOBIpHICTH YTBOPEHHSI CyIIEPIACTHHOK
€ JIOCTATHBO BEJIMKOIO, IIPO IO CBi/lYaTh HAIIl poO3-
paxyHKu BinmosigHo jo I crienapito, To MaeMo HaJIiTO
criocrepiraTu iX y HafOIMAKIOMY MaitOy THHOMY, KOJII
enepril i ceirumocti BAK OyayTh 11t OO J1ocTa-
THIMH.
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[IONCKU CYIIEPCUMMETPUN
HA BOJIBIIIOM AJIPOHHOM KOJIJIAV/IEPE

Peszmowme

ITouck cymepcumMmerpun peajudyeTcss B paMKax MuHMMAIb-
soit Cynepcummerpuynoit Crangapraoit Monesu. C nmomouso
komibioTepHbix nporpamm SOFTSUSY u PROSPINO Bbrum-
CJIEHBI CIIEKTPBI MACC ¥ CEYEHUS POXKJECHUS CYNEPUACTHUI]. DTHU
Pe3yIbTaThl SIBJISIIOTCS Ba’XHBIMU JIJIsI TIOMCKA HOBOW (DU3UKHU
Ha Bouibiiom aipoHHOM KoJLIaiigepe.

V.V. Negliad, T.V. Obikhod

SEARCH FOR SUPERSYMMETRY
AT THE LARGE HADRON COLLIDER

Summary

Search for supersymmetry is carried out in the framework of
the Minimal Supersymmetric Standard Model (MSSM). Using
the software programs SOFTSUSY and PROSPINO, the mass
spectrum and the production cross-sections of superpartners
are calculated. The results obtained are of importance for
searching the new physics at the LHC.
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