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BBEIEHHWE

Hecwmotpst Ha MollHylo MpeacKasaTesNbHyl0 CHIY
U TUIATeJIbHYIO SKCIIEPUMEHTa/bHYIO TPOBEPKY, CTaH-
JIAPTHAs MOJeJIb B3aUMOJICHCTBUI 2JIEMEHTAPHbIX Ya-
ctuil (CM) o61a1aeT psijioM HEIOCTATKOB U HepellleH-
HbIX POGJIEM, UTO He MO3BOJISIET CUUTATh €€ OKOHUA-
TeJIbHbIM BapuaHToM TeopuH. OCHOBHbIE HepelleHHble
npo6JieMbl CM TpeOytoT npuBseuennst 6oJiee LUPO-
KUX TPYMI CHMMETPUH UJIH IPYTHX COBEPIIEHHO HOBBIX
KOHLLeNLMi (Harnoo61e TeOPUH CTPYH MJIH CleaHHbIX
“B Jlyxe” TEOPHM CTPYH MOJIeJIed C JIOTIOJMHHUTENbLHBIMH
npocTpaHcTBeHHbIMU u3MepeHusimu). [Ipenckasanus
NMoJOOHBIX TEOPUH MOTYT MPOBEPATLCA HA COBPEMEH-
HbIX YCKOPHUTEJISIX, Harnpumep Ha bBosbliom agpoHHoMm
kosnaiaepe (LHC)[1-3].

YceranoBka “KomnakTHbIf MIOOHHBIH coJieHOU”
(CMS), cosnannas ana pa6orel Ha nyukax LHC,
npejicTaB/sieT coOOH MHOrOUeseBOH 3KCIepHMeH-
TaJIbHbIl KOMIWIEKC, CIOCOOHbBI perucTpupoBaTh
IIUPOKHH CIIEKTP BO3MOXKHBIX 3KCIEPUMEHTabHbIX
curHaJjoB ¢usuku 3a npenenamd CM B jauanasone
SHEPruii M Macc pOXKAAEMbIX YACTHULL BIUIOTb JIO
HeckoJibKuX T3B. [TosHoe onucanue neteKTopHbIX CH-
creM CMS 1 nx pu3MKO-TEXHHUECKUX XapaKTEPHUCTHK
JlaHo B [4].

B nacrosiuieii paboTe npencTaB/eHbl pe3ysbTaThl
skcriepumenta CMS na LHC no noucky pasnuu-
HbIX (pU3UUECKUX SIBJIEHHH 3a paMKaMH CTaHIapT-
HOHW MOJeJIM B pp-B3aUMOJIEHCTBUAX MPH IHEPTHH
Vs =7 TsB. C skcniepuMeHTaIbHON TOUYKH 3peHHUsT
00beKTbl HabJIOleHUs] BecbMa Pa3Ho0Opa3Hbl — OHU
MOTYT ObITb HOBBIMH PE30HAHCHBIMH COCTOSIHMSIMHU B
crieKTpe 0ObIYHbIX YACTHLL, COOBITHSIMH C HEJIOCTATKOM

"E-mail: shmatov@cern.ch

9HEPruu, MHOXKECTBEHHBIM POKIEHHEM CTPYH W Jem-
TOHOB W T.J. BoJjiee Toro, pasHblie TeopeTHuecKue Mo-
JIeJI1 MOTYT J1aBaTh OJIMHAKOBbIE SKCMEPUMEHTAJbHbIE
curHaJgbl. [Toatomy Boleniie B paboTy pe3dyJbTaThbl
K/JIaCCH(ULMPOBAHbI MO THUIY MOMCKOBOrO CHrHaJja.
B 2010 r. na6panubiii skcrnepumentom CMS o6bem
JIAHHBIX COOTBETCTBOBAJl HHTErpajibHOH CBETHMOCTH
Ling~36 n6n—', a B 2011 r.—5.2 ¢h6u—!. Padora
ocHoBaHa Ha JaHHbix 32 2010 r. v uactuuno 3a 2011 .
(Lint = 1.1 pou—1).

HOBBIE TSDKEJIBIE PESOHAHCDI
JlenToHmbIe H YOTOHHDBIE PE3OHAHCHI

CyliecTByeT Lesblil Ha0op hH3HUECKHX ClIeHApHEB
3a pamkamu CM, nipeqicKa3bIBatOIIMX CYIIECTBOBAHHE
HOBBIX PE30HAHCHBIX COCTOSIHHI B CMIEKTPaX OOBIYHbBIX
yacTull. Hanpuwmep, Tskenble (¢ Maccoll mopsiika
HeckoJbKUX T3B) pesonaHchl B crniekTpe map Jer-
TOHOB, (DOTOHOB, CTPYH M JlaxKe KaJMOPOBOUHBIX 60-
30H0B CM npe/icKas3biBAlOTCS KaK B UeTbIPEXMEPHBIX
MOJIEJISIX C paCIIMPEHHbIM KaJuOPOBOUHBIM CEKTOPOM
(JloMOJIHUTE/IbHBIN KaauOpoBouHbIi 6030H Z') [5], Tak
¥ B MOJIeJIIX MHOTOMEPHOH KBAHTOBOH TEOPHUH TI0-
Jsl M rpaBUTallMM, Hanpumep B Mojeasx T3B! [6]
u Randall-Sundrum (RS1) [7]. B momesmu TsB~1
[6] TobKO KasHMOGPOBOUHBIE TMOJS SBJASIOTCS MHOTO-
MEepHBIMH, TaK UTO CYyLIeCTBYeT CIEKTP MacCHBHbIX
Kasyua-kJjaeiHoBckux Bo30yxuenuin (KK-mompl) ka-
6poBounbix 6030H0B W n Z0 (Wi n Zgk) — ux
MOJIHbIE KOTTMH MO KBAHTOBBIM UHCJIaM (3apsifly, CIHHY,
JIENITOHHOMY WJIH 6aPUOHHOMY UHCJIY U TIP.), HO OTJIH-
yalollecs BO3pacTalolllMi MaccaMi. AHaJOTHYHO,
€cJIM PacCMOTPEeTh MOJIENH, B KOTOPbIX TOJBKO Ipa-
BUTALMS SIBJISIETCS MHOTOMEPHOH, TO MOJyYdM HaGop
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Puc. 1. a — Pacrnipenie/sienust o HHBapuaHTHON Macce rapbl JIENTOHOB B clleHapud RS 1 npu pas/inuHbiX 3HAY€HUSIX OTHOLLIEHHST
KPUBH3HBI TPOCTpaHCTBa aHTH-/1e CUTTepa k K UeTbIpXMEPHOMY MJIaHKOBCKOMY Maciutady Mp; (caeBa). CHusy BBepx: k/Mp =
=0.01; 0.05; 0.1; 0.5; 1.0 [8]. 6 — Pacnpenesenne coObITHI ¢ TTapaMH MIOOHOB, 3apErHCTPUPOBAHHBIX ycTaHOBKOH CMS,
0 MHBapMAHTHON Macce (TOUKHM ¢ OLIMOKAMH), C YKa3aHHBIMH BKJIaJ1aMH OT pasjHuHbIX (QOHOBBIX npoueccoB. CBepxy BHH3:

npotieccoB Jlpenna—SlHa, nap t-KBapKoB, poxKaeHusi cTpy# [9].

KK-mon rpaButona Ggg [7] (puc. la). B nannom
cJlyyae pe3oHaHCHasi CTPYKTypa TaKKe MOsiBJsIETCS B
CTEeKTpax ¢ napamu (oTOHOB.

Takum 06pa3om, OHUM U3 OTJIMUUTENbHBIX IKCIIE-
pPHUMEeHTaJIbHbIX CHIHAJIOB J@HHBIX TPOLIECCOB MOXKET
ObITh MTapa JIENTOHOB, (HOTOHOB WJIH CTPYH C 6OJBIIHMH
NonepeyHbIMH UMITYJIbCaMH, HCXOASILLMMHU U3 OHOH U
TOW »Ke TOUKM B3aumojeictBus. Ha puc. 16 npen-
CTaBJEHO pacripejiesieHne COObITHH POXKIEHHS Jier-
TOHHBIX Map (MIOOHOB) MO WX HHBApHAHTHOH Macce,
13MepeHHbIX B sKcnepumente CMS mjisi uHTerpasib-
Hoil cBeTuMOCTH Lini = 1.1 6! [9]. Cornacto CM
OCHOBHOW BKJIAJL B POXKJIEHHE Maphbl JIENTOHOB JAIOT
npottecchl Jpenna—S$lHa, apyrve nuctouHuku goHa —
poxjenue tt-nap, tW, napHoe poxjaeHne KaauGpo-
BOUHBIX 6030HOB (ZZ, ZW, WW), pacnaapl Z —
— 77. TakKe cyllecTByeT BEpPOSITHOCTb HeNpaBHJb-
HOU WJeHTH(hUKAUMKH CTPYyH KaK JIENTOHOB, M, Kak
CJIe/ICTBHE, BO3MOXKEH BKJAJ B CMEKTP JBYXJENTOH-
HbIX COOBITHH OT MPOLIECCOB COBMECTHOTO POXKJIEHHS
BEKTOPHBIX H030HOB U CTPYH, a TaKKEe MHOTOCTPYHHBIX
cobbIThi. 3MepeHHble 3HAUeHUS] HAXOAATCS B XOPO-
mem corsiacun ¢ NNLO (next-to-next leading order,
BblUMCJIEHHE BO BTOPOM MOPSIIKE TEOPHH BO3MYILLLEHHH )
npejickazanusimu CM.

Kom6uHHpoBaHHbIN aHa/MM3 pOKIEHUS MIOOHHBIX
M 3JIEKTPOHHBIX Map MO3BOJIHJ YCTAHOBUTb HHUXKHHE
npesesibl Ha MacChl TPeaCcKasblBaeMbIX PE30HAHCOB
[9]. Ha puc. 2 npuBeneH rpaduk 3aBUCHMOCTH CEUEHHH
POKJIEHHsT HOBBIX PE30HAHCOB C YUETOM BEPOSITHOCTH
MX pacrajia Ha napy JienToHOB OT MHBapHAHTHOH Mac-
Chbl JIENTOHOB. J1/1s1 yMeHbllIeHHe BJIUSIHUSI CHCTEMaTH-
uecKuX 3(h(eKTOB ceueHne HOPMHUPOBAHO Ha CeueHHe
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Puc. 2. Bepxuuii npezen (95% C.L.) Ha ceuenue poxie-
HHsI 1ap JIENTOHOB, HOPMHPOBAHHOE HA CEUEHHE POXKIEHHS
Z-6030Ha, B 3aBUCHMOCTH OT HHBAPHAHTHOH Macchl Jiern-
TOHOB: TIpesieJi, u3MepeHHbli CMS (cruioliHast Kpusasi),
1 O)KHMjlaeMoe 3HaueHHe mnpejesia (IITPUXOBasi KpHBas) ¢
68%- n 95%-HbIM CTaHIAPTHBIM OTKJOHEHHEM (3aTeM-
HeHHble 06JIaCTH BOKPYT IITPUXOBOH KpHBOIt). KpusbimMu
CrpaBa MPHBE/EHbI PEICKA3bIBAEMbIE PA3THUHBIMH MO-
JIeJISIMH CeUeHHsT POXK/IEHHUsT HOBbIX PE30HAHCOB B KaHasle
pacrajza Ha 1Ba JIENTOHA: JOMOJHHUTENBHOTO KanuGpo-
BOUHOro 6030Ha Z' (TOHKHE KPHUBBIE) H BO3GYXKAEHHOTO
coctosinust RS-rpaButona (>xupHble kpusble) [9].

poxKaeHus1 Z-0030Ha:

Ry =o(pp — Z'(Gxg)+ X —
—U+X))o(Z+X -1+ X).

HpOElHaJH/ISI/IpOBaHbI npeackasaHusi 1IByX pasJIMiHbIX
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Puc. 3. Bepxuuii npenen (95% C.L.) Ha ceueHne pox-
JIEHUST TJIIOOH-TJIIOOHHBIX, KBApK-TJIIOOHHBIX H KBapK-
KBApKOBBIX PE30HAHCOB (TOUKH o, ® U [J COOTBETCTBEH-
HO, COEJMHEHHbIE CIJIOLIHBIMH JIHHUSIMH), H3MEPEHHbIH
CMS. KpusbiMH MpUBe/IEHB TIPeICKa3blBaeMble PasJinu-
HBIMH MOJIE/ISIMH CEUEHHST POXKJIEHHS HOBbIX PE30HAHCOB;
CBepXy BHM3: CTPYHHbIE pe30HAHCHI, BO30YK/IeHHbIe KBap-
KH, aKCHIVIIOOHBI, JMKBapKH, W'-6030Hbl, Z'-6030HbI,
RS-rpasurons [ 13].

MoJleJiell  pacIIMPEeHHOTO KaJuOPOBOUHOTO CEKTOpa:
TaK HagbiBaeMolt Sequential Standard Model (SSM)
[10] — pacuupenne CM, B KOTOpOM MpejrnoJiaraeTcs
CYLIECTBOBAHHE TSKeNbIX G030HOB (Zggp H Wigm)
C TeMHM 2Ke KOHCTaHTaMH CB$I3H, UTO W JUIsl OOBIYHBIX
Z-u W-6030H0B B CM, U 1-Monesu, npeacTapis-
tolelt coboi uacTHbId caydail pacuuupenuss CM 1o
OJIHOH M3 KaJMOPOBOUHBLIX TIpynmn Teopun Besunkoro
o6benunenuss (TBO) FEg [11]. TlpuBenennl Ttakxke
pe3yJibTaThl, TOJyueHHble B paMKaxX MOJEJNH MHOro-
MepHOH KBAaHTOBOH Teopuu mnoJisi ¥ rpaButaunu RS1
11 ABYX 3HauyeHW napamerpa mojeau c¢ = 0.05 u
0.1, rue ¢ onpenensiercst Kak oTHoleHue k/Mp) (k —
KpHUBH3HA MpocTpaHcTBa aHTH-1e Currepa, a Mp| —
yeTbIpeXMepHbIN TMJIaHKOBCKUI Maciutab). Ha stom
Ke puc. 2 TpejcTaB/eH MOJyUYeHHbIH M3 SKCIepu-
MEeHTaJIbHbIX JaHHbIX BEPXHHH Tpeaea Ha cedyeHHe
pOXKJIeHHe Map JIENTOHOB, COOTBETCTBYMOLIMH 95%-
HOU cratucTrueckoil nocroepHoctd (C.L.). Kpome
TOTO, TIPUBEJIEH CPEJHUI 0XKUIAaeMbIil TIpeJies B Tpei-
MOJIOXKEHHU OTCYTCTBHSI CUrHaJja “HOBOU (DU3HMKK™ ¢
68%- n 95%-HbIM CTaHAAPTHBIM OTKJIOHEHHEM OXKH-
naemoro mnpenena. C 95% C.L. ObuM HCKJIOUEHbI
HOBBIE HEHTPaJ/IbHbIE KaHOPOBOUHbIE G030HBI ZGqy, C

HIMATOB

maccoil meHee 1940 [5B/c2, a Z{p — ¢ Maccoil MeHee

1620 5B/c?. MaccoBblii nipesies Ggg COCTaBUJ OT
1450 no 1780 B/c2, B 3aBUCUMOCTH OT BeJHUKMHBI
KOHCTaHTbI cBsi3u Mojiesu k/Mpy (0.05—0.1).
Orpannuenus Ha maccy KK-rpaButona B ausen-
TOHHOM KaHaJjle HaXOAATCS B XOPOILIEM COTJIacHe C
OrpaHUUYEHMsIMH B KaHaJjie ¢ JIByMsi (POTOHAMH, KOTO-
pbie coctapasior 1.41—1.74 TsB/c? mna BennuuHbl
KOHCTaHTbI CBsI3H Mojiesn k/Mpy = 0.05—0.1 [12].

/IByxcTpyritbie COObITHS

JlaHHbIe TIO POXKJIEHHIO TTapbl CTPYH C 001el cTa-
THCTUKON, cooTBeTeTBYyIowel iy ~ 1 6!, nosso-
JIMJIM T0JTyuuTh BepxHui npenen (95% C.L.) Ha ceue-
HUE POKJIEHHS IBYXCTPYHHBIX PE30HAHCOB PA3JIMUHBIX
TUIIOB B IMANa30He MacC IBYXCTPYHHbIX COOBITHA 10
4 T5B/c? [13]— cM puc. 3, rjie npe/cTaBeHbl ceueH s
JUIS TJIIOOH-TJIIOOHHBIX, KBAapK-TJIIOOHHBIX W KBapK-
KBAapPKOBBIX pe3oHaHcoB. [lyrem cpaBHeHHs moJyueH-
HOTO TIpefiesia ¢ TpeacKa3aHUsIMU Pas3JIMuHbIX TEOPHil
3a pamkamMu CM, ¢ yueToM BeposITHOCTH pacnana B
M 3aBUCUMOCTH OT akcentanca A ycranoBku CMS,
OblIM HalJIeHbl HOBblEe OrpaHUYeHHs] Ha MacChl HOBbIX
thusnueckux o6beKToB (Mpeabiayiye cM. B [14]). Tak,
Macca CTPyHHBIX pe3oHaHcoB [15] Gblia orpanuueHa
4.0 TsB/c?, maccoBEblil npesies A/s AMKBAaPKOBLIX CO-
CTOSIHUI KaJmOpoBouHOro cekropa Fg [5] cocraBua
3.52 TsB/c2, a BO30YyKJIEHHbIE COCTOSIHHS KBapKOB
[16], akcurmoonst [17] u W’-6o3oubl [10] He moryt
ObITh Jierue 2.49, 2.47 u 1.51 TaB/c? cooTBeTCTBEHHO.

[Tomumo pacnana Ha JBa JienToHA, APYTMM HH-
TEPECHBIM JIJIs1 9KCIEPUMEHTAJILHOTO TIOMCKA SIBJISI-
eTcsl pacrnaj HOBOrO HeHTpPajbHOro KaJuOPOBOUHOTO
603ona Z', a Takke KK-B0o30y»KaeHHOTO COCTOSIHUSI
IJIIOOHOB gkx Ha jaBa t-kBapka: Z', gk — tt. Ha
OCHOBE aHaJii3a JaHHBbIX 0 poXKjaeHHH tt-nap (Liy =
= 886 nou~!) B sxcnepumente CMS 6bLI0 HCKJIIO-
yeHo cyulectBoBanue KK-B0o36yKa1eHHOTO COCTOSIHUS
IJI00HOB ¢ Maccoil Menee 1.0—1.5 TsB/c? u yeranos-
JIeH BEPXHUH Mpejiesl Ha BO3MOKHbIE CEUeHHs POXKIe-
nusa Z'-6030Ha ¢ Maccoii 6osiee 1.1 ToB/c?[18].

MHoroyactHyHbie pe30HAHCHI

B HekoTOpBIX THMax pacuIMpeHHbIX KaJuOpoBOU-
HbIX MOJieJIell, HarpuMep B KaJuOPOBOUHOH MOJIEH C
JIeBO-TIpaBoil cumMMmetpueil pepmuonos [19], npencka-
3bIBaeTCsl CyLIECTBOBAHHE HOBOTO KaJMOPOBOUYHOTO
6osona W, u tskesoro Heiitpuno N;. Hosble uactu-
bl pPOXKJAIOTCSl B Mpoleccax KBapK-aHTUKBapKOBOH
AHHUTUJIALMKA  dyepe3 OOMeH 3apsizKeHHbIM TOKOM
(puc. 4). DkcnepuMeHTabHBIN MOUCK TAKUX SIBJEHHH
OCYLUECTBJISIETCS B KaHaJje ¢ JIByMSl JIENTOHAMH U
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Puc. 4. [luarpamMmma poxKjeHusi HOBOro KajuGpoBOUHOTO
603oHa W, 1 TsKe10r0 HelTprHO IN; B POLEcce KBapK-
AHTHKBAPKOBON aHHUTHJISILIUH.

JBYMSI CTPYSIMH B KOHEUHOM cocTosinun: Wy, — [N} —
— 2[2jet. Ha puc. da mnokasaHo pacrpejesneHue
M0 WHBApHAHTHOW Macce 4-YaCTHUUHBIX COOBITHH —
9KCIEPUMEHTANbHBIX COOLITHH (B MIOOHHOM KaHaJe)
U BKJIAJ0B OT (POHOBBLIX MPOLIECCOB, MOJYUEHHBIX C
nomolibio Mojenuposanus [20]. Kpome Toro, npuse-
JIeHO 0JKHJaeMoe pacrpejelienne Aj1st poxkaenust Wr,.
[Ipenenbl Ha Macchl TS2KENOrO HEHTPUHO H HOBOTO
KaaubpoBounoro 6o3ona ¢ 95% C.L. mas mopenu
C TOUHOH JIeBO-TIPAaBOH CHMMeTpHeH (O0IMHAKOBBIMH
KOHCTAHTAMH CBSI3M B JIEBOM M MPaBOM CEKTOPax)
B MIOOHOM KaHaJjie jAaHbl Ha puc. 56. Ilpu Ly =
= 240 n6utonn nocruraior 3uauenusi 1700 [»B/c2
anst Wi, m 1500 [5B/c2 st Ny

WZ-pesonanchr

B 6osblInHCTBE MoJiesiell ¢ HOBBIMH KaJUOPOBOU-
HbIMH G030HaMH pacrajel tuna W' — WZ cuibHo
nojanJseHbl. Tem He MeHee HEKOTOPbIE MOJIE/H, HATTPH-
Mep MOJesIH, COJieprKallie HOBble TsKesble hepMHo-
Hbl, pacnan W’ Ha KOTopble MeHee BEpPOSITEH M0 CpaB-
HeHUIO ¢ pacnagoMm Ha depmuonbl CM, npenckasbi-
BAIOT yBeJIMUEHHE BEPOSITHOCTH pacraja 1o JaHHOMY
kanaJy [21]. Kpome Toro, MHOTHE MOJIe/IH TeXHULBETA
MpeNICKa3bIBalOT CBS3aHHbIE COCTOSTHUS OTHOCUTENBHO
HOBOTO CHJIbHOTO B3aWMOJIEHCTBHUS, Harpumep pr-
Me30H [22], KOTOpbIil TakxKe UMeeT MOJly pacraja Ha
JiBa KasnopoBouHblx 603oHa CM: pr — W Z.

[TpumMep 3KcrnepuMeHTaIbHOTO pacrpeeseHust no
WHBapUaHTHOH Macce W Z-napbl npuBesieH Ha puc. ba
[23]. B nanHoM cJjiyuae HelTpasibHbIA KaJuOPOBOUYHBIN
6030H perucTpupoBaJjics Mo pacraay Ha jBa JIENTO-
Ha, a 3apsKeHHbIH — Ha JIeNTOH W HelTpuHo. JlaH-
Hble skcrepumenta CMS, cooTBerctBytolle Ly =
= 1.15 $6u~!, nossoauan uckmounts ¢ 95% C.L.
CYlI1eCTBOBaHHE TEXHHME30HOB B HHTEPBaJie 3HAUEHHH
Mace pp-Mesona 10 382 IsB/c? (puc. 66). Takxe B
JIaHHOM KaHaJie Obl1 Hekiouen W/ -60301 ¢ Maccamu
BIJIOTH 10 784 [3B/c2.
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HEPE3OHAHCHDBIE OTKJIOHEHU S
OT CIIEKTPA CM

Cuenapu#i MHoromepHoil rpaButaumu Arkani-
Hamed—Dimopoulos—Dvali (ADD) [24] (kak u ero
60Jiee CJIOXKHbIE BapHalMH) PACCMATPUBAET IMJOCKHH
MOJIHBI MHOTOMepPHBIH 00beM (6e3 KPUBU3HbI) C YHC-
JIOM JIOTIOJIHUTEJbHBIX IPOCTPAHCTBEHHBIX H3MEPEHUH
n ot 1 10 7. B nannom cayuae Bce noJist CM jiokanuzo-
BaHbl HA OJIHOH U3 OpaH, BJOKEHHbIX B MHOTOMEPHOE
npoctpanctBo. Kak W B cayuasix, pacCMOTPEHHbIX
Bbillle, B ADD-Moziesn Takxke npenosaraercsi, uto
(hyHIaMeHTanbHbIH MacliTab rpaBUTALMK TMOPsIKA
ajiekTpocsaboro Maciutaba, Mp ~1 TsB. Pasmep
JIOMIOJTHUTE/IbHBIX U3MEPEeHHH 3aBUCHUT OT YUCJa 3THX
M3MepeHUH 1 OT (pyHaMeHTaIbHOro MaciuTaba U Bbl-
BoauTes Kak Ra My' - (Mp]/MD)2/n ~ 10(32/n) %
x 10717 cm. Xapaxrepuoii ueptoii ADD-mosenu
sBJsieTcsl cylecTBoBaHue Jierknx KK-rpaBuToHOB,
KOTOpble JIal0T BKJal BO Bce TMpolecchl B3au-
mosiefictBuii CM u MoryT ObiTh HabJiojlaeMbl  Ha
KoJiaiiiepax JM6o B mpolieccax HernocpecTBEHHOro
poxnennsi KK-rpaButonoB, mu6o uepe3 KOHTaKTHble
B3aUMOJIEHCTBUS, 0OYCJIOBJEHHbIE BHUPTyaJbHbIMH
obmenamu. Peanbhble KK-rpaBuToHbl yHOCAT yacTb
MOJIHOH MOTIePeuHO SHEPTHH, 00pa3yeMol B }KECTKOM
COYJIapeHHH, HWJH, APYTMMH CJIOBAMH, MPHUBOIAT K
yTeuKe SHepruM U3 TOUYKH B3aUMOJAEHCTBHS (CM. MO-
npobHee HixKe). Bkaansl oT 06MeHOB BUPTYaJbHBIMH
rpaBuUTOHAaMHM HHTepdepupyioT ¢ mnpoueccamn CM,
TaKUMH, KaK poxKJeHHe nap JenToHOB WM (DOTOHOB,
M BbI3bIBAIOT 3HAUUTEJIbHbIE MOAM(UKALIMH CIEKTPOB
UX WHBApHAHTHbIX Macc. Takum o6pa3oM, 3Kcrepu-
MeHTaJIbHbIM curHajioM poxaenusi KK-rpaButoHoB
SIBJISIETCS] MOBbILLIEHHBIH BBIXOJL BYXJIENTOHHbIX, IBYX-
(hOTOHHBIX HJIH IBYXCTPYHHBIX COOBITHH. DTH CUIHAJbI
JIOCTaTOUHO YHUCThI C TOUKH 3PEHHUsT (POHOBBIX YCJIOBHI
1 BECbMa UyBCTBUTEJIbHBI K HOBOH (hH3HKE.

Pasmep o6sacTH HHBapHAHTHBIX Macc Mapsbl Jer-
TOHOB My uv dotonoB M., KOTOpasi UCKaxKaeTcst
NPy HAJWUUK JIOTIOJIHUTEJNbHBIX H3MEpEeHHH, Hanpsi-
MYIO 3aBMCHT OT MapaMeTpoB Mojesu — (pyH1ameH-
TaJbHOro Maciutaba rpaButaunu Mp ¥ uucsa J10mnoJ-
HUTEJIbHBIX H3MepeHHil n. PUCYHOK 7 1eMOHCTpHUpyeT
pacrnpenesieHusl M0 WHBAPUAHTHOU Macc COOBLITHH C
JBYMsi MiooHaMH (puc. 7a) [25] u aByms cotoHamu
(puc. 76) [26], uamepenHbix B 3Kkcrnepumente CMS
JLIS1 CTATHCTUKH, COOTBETCTBYIOLIEH Ling ~ 1.1 hon~1.
M3amepeHHble pacrpesiesieHlsi HaXoAAaTCsl B XOpOoLLUeM
corylacuu ¢ npejackasanusimu CM. [losnyueHHble naH-
Hble OTPaHUUUBAIOT (PyHIAMeHTabHBIH MaciiTad rpa-
BUTalMK 3HaYeHusiMu 2.6—2.1 T3B st uneaa pomnos-
HUTEJIbHBIX HU3MepeHHd n = 2—7 B KaHaJe ¢ napow
MIOOHOB [25] 1 3Hauenusimu 3.2—2.2 T3B B kanaije ¢
napoit (poToHOB [26].



1170

HIMATOB

CMS (npepBapuTesbHbIE PE3YNbTATHI)

E Z + ctpyn 240 n6r~!, 7 TaB
| a |:| Ton 12001 MNH > My, — Ha6u. npepen
1L ===+ OKHJ. mpefes
A e ™™ 1000F
oé E f ® DKCIL. JaHHbIe
20 — WV o 2 800
8 100k £
Q E
S E . —~
) C 204.16 n6H~ =
= L =
::% - =
1071
S SRR e e NN -/ 6
10—2 1 1 ) 1 1 1
0 500 1000 1500 2000 800 1000 1200 1400 1600

M(upjj), T'aB/c?

My, TaB/c?

Puc. 5. a — Pacnpenesienne 4-x-uacTHUHBIX COOBITHI 10 HHBAPHAHTHON Macce B MIOOHHOM KaHaJle. [TpuBenens! nanusle CMS
(ToukH ¢ omMOGKaMH ), a TaK:Ke Pe3yJIbTaThl MOJIETHPOBAHNS COOTBETCTBYIOIINX BKIAJ0B OT (DOHOBBIX MPOLECCOB (3aTeMHEHHbIE
PHCTOrPAMMBI) H OXKHIAEMOro fpolecca poxieHus W'-6o30Ha (cseriast rucrorpamma). 6 — Hckiiouennast 06JacTb Mace
TSXKEJIOr0 HEHTPHHO M HOBOTO KayuMGpOBOUHOro 6030HA B MIOOHHOM KaHaje (3alTpuxoBaHHast o6/1acTb, OrpaHMUeHHas!

CIUIOLLIHOM JiHHKeit ) [20].
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10? 1L
£ a 1077
—~ © DKCII. IaHHbIE r
2 10! O W' (600 TsB) _ i
E 0O WZ—3lv \IE -
£ 100 = I
S = -
Q /M
S . -
o 10 o} N OkcnepnM. TIpe, S~..
3 10 OsxugaeMblii mpesen S~
= 102 "“ = -
L J]IILI I Al P]l‘ || 1] i7" Ser ) I ) I ) I
0 400 800 1200 300 350 400 450 500
My, T3B/c? My, TsB/c?

Puc. 6. a — Pacnpenenenne W Z-napol no uuBapuantHo#i macce. [Ipuenennl nanusie CMS (Touku ¢ omnGkamu), a Takxe
pe3yJibTaThl MOAENMPOBAHHSI OCHOBHOTO (DOHOBOrO NpoLecca (3aTeMHeHHasi THCTOrPaMMa) U 03KMAAEMOTo MPOLIECCa POKAEHHS
W'-6030na ¢ maccoit 600 3B (cBernas ructorpamma). 6 — [penesibl Ha ceuenne (95% C.L.) poxnennss W Z-pesonanca:
npenes, uamepennbii CMS (Touki), n oxuzaemMoe 3Hauenue npeena (criomtas jaunusi) ¢ 68%- u 95%-HbIM cTaHzapTHLIM
OTKJIOHEHHEM (3aTeMHeHHbIe 06/1aCTH BOKPYT CIVIOLIHON JIHHKK ). TakKe TpUBEIEHO 0:KHIaeMOe CeueHHe POKIEHHST pr-Me30Ha

(Toueunas unus ) [23].

CUTHAJIbI C HEJIOCTAIOIILEN
[MONTEPEYHOU 3HEPTUEN

Kak roBopusioch Bhiile, B Moaean ADD KK-mopl
rpaBUTOHA MOTYT He TOJIbKO JlaBaThb BKJIAJ B TIPO-
ecchl 06MeHa BUPTyaJbHbIM MEPEHOCUMKOM B3aMMO-
JIeACTBHH, HO U POXKIATHCS HEMOCPENCTBEHHO B MPO-
ueccax qq — gG,~vG, gqg — qG, g9 — gG. Peanbhbiit
rPaBUTOH HE PETUCTPUPYETCS JETEKTOPHLIMM CHCTe-
MaMH U YHOCHUT 4acTb SHEPTHU M3 TOUKH B3aUMOJEH-
ctBUsl. Takum 06pa3om, CUTHAJIOM MPSIMOTO POXKAEHHUS

rPaBUTOHA MOTYT ObITb COOBITHSI C HEJIOCTAlOLLEH 1M0-
nepevyHol SHepruell B KOHEYHOM COCTOSTHHH, acCOlU-
MPOBaHHBIE C POXKIEHUEM OJMHOUYHOH CTPYyH WU (Po-
ToHa. Pacnpenenenne coObITHH poxkaenus jet + K1
B pp-COYAAPEHHsIX JaHO Ha pUC. 8a I H3MEPEHHbIX
COOBITHH M CMOJIEJIMPOBAHHBIX MPOLIECCOB B pamKax
CM (cbon) u ADD-monenu (oxxunaemblit curnad ) [27].

[Tpenenbhbie 3nauenusi ceuenuit ¢ 95% C.L. B
JIAHHOM KaHaJjle, M3BJIeUeHHble U3 IKCMEPUMEHTab-
HBIX JAHHBIX, MPUBEJeHbl Ha puc. 86. 31ech ke na-
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Puc. 7. Pacripesesnenusi 1o WHBapHaHTHOH Macce COOBITHI pOXxJeHHs nmapbl MIOOHOB (a) [25] u napbl dortoHoB (6) [26].
[TpuBenensl nanubie CMS (ToukH ¢ oLIMOKAMH), a TaKKe Pe3yJbTaThl MOAENHPOBAHHST OCHOBHBIX MPOLECCOB CTAaHAAPTHOH
MoJIesM (3aTeMHeHHble THcTorpamMmel ). Ha puc. a cBepxy BHU3: nipoliecc dpesna—$Ha, napbl t-KBapKoOB U apbl KATMOPOBOUYHbIX
6030HOB; Ha pUC. O CBePXY BHU3: Napbl (POTOHOB, MPOLIECCOB aCCOLUHPOBAHHOTO POXKAEHHS (DOTOHOB U CTPYH, napsl cTpyil. Ha
pHC. a TaK:Ke MOKa3aHO pacripejie/ieHre nap MIOOHOB B PUCYTCTBHHU 0:KHIaeMOTo curasia Mojean ADD.
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Puc. 8. a — Pacrnipesiesienust coGbITHIl 10 HeocTalolLel NonepeyHoi sHepruu B akcnepumente CMS (Touku ¢ owmbkamu), a
TaKKe COOTBETCTBYIOIIHE BKIAJIbl OT (POHOBBIX TPOLIECCOB (3aTeMHEHHBIE THCTOTPAMMEI ) M O3KHlaeMoro curHasa B ADD-monesmm
(cernast rucrorpamma). 6 — [penesn Ha ceueHue poxkieHHsi B KaHase jet + P, uamepennboiiit CMS (ToukM, COeIMHEHHbIe
CIIJIOLIHOM JIMHKEI ), H 0XKHAAEMBIH 110 CTAHAAPTHOH MOie/H (ToueuHast uHust) ¢ 68%- 1 95%-HbIM CTaHAAPTHBIM OTKJIOHEHHEM
(3aTemHeHHBIE 06JIaCTH BOKPYT TOUeUHO JHHUH ). [IpUBe/IeHEl TaKKe MpesicKa3biBaeMble ceueHnst B Moaesnu ADD s n = 2 B
LO n NLO (cnournasi ¥ ToueuHast KpUBble COOTBETCTBEHHO) [27].

Hbl 3HAaUYeHHs] CEeUeHHH, MPeCKa3biBAEMbIX B MOJIEJH
ADD. Ilepeceuenusi 5TH KPUBbIX JalOT OrpaHUYEHHS]
Ha BO3MOKHble 3HAaUeHHsI MHOTOMepHOro macuiraba
rpaButaurnd ot 3.67 no 2.25 T3B g n=2-7 B
rJIaBHOM MOPSiIKE TEOPUU Bo3MylLlleHuH. B kanase vy +
+ Fr 3TH orpaHuyeHusi CyUIeCTBEHHO MeHbllle — OT

SINEPHAS ®M3MKA TomM76 Ne9 2013

1.25 no 1.31 T3B mnst n = 2—7 [28], uto cBsizaHo ¢
60Jiee HU3KMMH CEUEHHSIMH JIAHHOTO KaHaJla.
HauGosiee mepcreKTHBHBIM KaHAJIOM JI/Isi TIOMCKa

HOBOTO 3apsKEHHOrO KaJuGpoBouHoro 6osona W’
SIBJIIETCS €ro paclajl Ha JIENTOH U COOTBETCTBYIOLLLEe

neiitputo, W' — ly;. OCHOBHBIM (hOHOM JJIsi 9TOTrO

4*
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Puc. 9. a — Pacnipenesnienne no nonepeunoit macce B COOBITHSIX POxKIeHHUS pry, B kcnepumente CMS (Touku ¢ owmékamu),
a Tak»XKe COOTBETCTBYIOLIUE BKJIAAbl OT ClJOHOBbIX npoueccon (38T€MH€HHbI€ FI/ICTOFpaMMbI) 1 02KWJaeMoro CuriaJsia ot pacrnajaa
W' — uv, (cetnas ructorpamma). 6 — Ilpesen Ha ceuenne poxKiaeHus B Kanase [y, uamepennblii CMS (cruiomnas JuHUs ) u
oxuaeMblil (wTpuxoBast JUHUS) ¢ 68%- 1 95%-HbIM CTaHAAPTHLIM OTKJIOHEHHEM (3aTeMHeHHble 06/1aCTH BOKPYT LITPHXOBOH
mnnn). [IpuBesieHo nmpenckasbiBaemMoe cedenue (Teop. ceuenue) ans My = 1.5 TaB/c? ¢ TeopeTnueckoil HeompeeaeHHO-

cTbio [29].

pacraja siBJsieTCsl pacraj 3apsKeHHOro Kajaubpo-
BouHoro 6o3zoHa CM mo Takomy »Ke Kanajgy. Kpome
TOTO, CYLLECTBEHHbI BKJaJl AAIOT Mpollecchl pacnaja
KaJMOPOBOUHOr0 6030HA Ha JApyrue JeNnTOHbl, COB-
MeCTHOe pOXKJIeHHe CTPYH W t-KBapKa, MapHoe POXK-
JleHHe KaJuOpPOBOUHBIX G030HOB (cM. puc. 9a) [29].
KomMOUHHpOBaHHBIA aHa/lU3 JAaHHbIX B 3JEKTPOHHOM
(Lint = 1.03 p6u~1) u mioonnom (Liy = 1.13 hou—1)
KaHasiax MO3BOJIMJI HAJOXKHUTh orpaHuuenus ¢ 95%
C.L. Ha maccy W’-6030Ha, KOTOpble COCTaBJSIIOT
2.27 TsB/c? (puc. 96).

MHO)KECTBEHHOE PO)KAEHWE YACTHUL]
Mukpockomnnieckne YepHble IbIPbI

[unore3a 1OMOJNHUTENBHBIX MPOCTPAHCTBEHHBIX
M3MepeHHH, OTKPbIBAIOIIMXCST MPU SHEPTUM TOpsiKa
HecKosbKUX T3B, HenzbexkHo TpebyeT U CyllecTBOBA-
HUSI MUKPOCKOITMUYECKUX UYepHBbIX Jblp. Bo3MoKHOCTD
U ycsioBUsl oOpa3oBaHus Takux o6bektoB Ha LHC
JleTanbHO o6cyXKnaanuch panee [3]. OTyauuuTesbHOH
0COOEHHOCTbIO MUKPOCKOTHUYECKHX YePHBIX JbIp SIB-
JISeTCs MX HM30TPOMHBIA U PaBHOBEPOSITHBIH pacmnaj
Ha BCe THIbl YAaCTHLL, YTO TPHUBOJAUT K TMOSIBJEHHIO
coObITHi ¢ GoJibliled, uem y mpoueccoB CM, mHo-
JKECTBEHHOCTbIO M cdepuuHocTbio. Jlns  ananusa
IKcrepuMeHTanbibiX AaHHbix Kosnabopaumss CMS
MCroJib3oBasa rnepeMeHHyto St, onpeessieMyto Kak
CKaJisipHasi CyMMa [OMepeyHbiX SHEPTUil BCeX YacTHlL

B COOBITUH C yUETOM HeJI0CTalollled NonepeuHon sHep-
ruu. OXKuJlaeMbIM XapaKTepHbIM CUrHAI0M 00pa3oBa-
HHSl YePHOH JIbIPbI B IAHHOM CJlyuae siBJIsIeTCsl pe3Koe
yBeJIMUeHWe 3HAueHHs U U3MeHeHHe (DOPMbI CreKTpa
3TOH MEePEeMEHHON M0 CPABHEHHUIO C MPEeACKA3aHUSIMU
CM. Ha puc. 10a nokasaHo, kak uameHsiercsi popma
pacnipesiesienuss St B MPUCYTCTBHM YepHOH JbIPbI
JUIs1 COOBITHH CO CPEeIHMM UHMCJOM CTpyH OoJiblie
uiect. [lpoaHanu3upoBaHHble JaHHble He TOKAa3bi-
BAlOT 3HAUMMOTO PACXOXKJEHHSI C TPeICKa3aHHSIMU
CM u HanaraloT orpaHuueHust Ha MHUHUMAJIbLHYIO
maccy 4epHo# abipbl B 4—5 T3B B 3aBUCHMOCTH OT
3HaueHusi pyHIaMeHTa bHOrO MaciiTaba rpaBUTaLMH
W YHCJa JIOTOJHUTENbHBIX H3MepeHuit n (puc. 106)
[30]. B nannom cyyuae paccMoTpeHbl iBa ClieHapus —
C BpAlLAIOUIMMUCS U He BPalLIAOUIMMUCS YepPHBIMH
npipamu. Ilpyrue Bo3amMoxKHble clieHapuu 06pa3oBaHus
UepHbIX JbIP JAIOT JIpyrie orpaHuuyeHus Ha NapaMeTphbl
MOJIEJIH.

YerBeproe nokoJieHne hepMHOHOB

Kak usBectHo, uncsio nokosenuit pepmuonos CM
He (UKCHPOBAHO U B OOLIEM C/ydae MOXKeT He ObITh
paBHbIM TpeM. Pacuimpenne CM 3a cuer BBejieHHS
ueTBepTOrO MOKoJeHus [31] MpPUBOMUT KO MHOTHM
BaXKHbIM (PEHOMEHOJIOTUIECKUM CJIEACTBUSAM, HAMPH-
Mep MO03BOJIsIeT M3MEHHTh MpeiCKa3aHusl Ha Maccy
6030Ha XHrrea, cjleflaHHble Ha OCHOBE MPELU3HOHHBIX
uamepenuii macc W- u Z-6030H0B [32], U peluuThb
npobsaemy CP-napyienns. JlaHHble 3KCIIEPUMEHTOB
CDF u DO orpannuuBa/n Macchl 4aCTHIL YETBEPTOTO
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6 no nepemennoil St. Toukn ¢ owmbkamu — nannsle CMS,

CIUIOILIHAS JIMHUSL — (DOH, TMOJIyUEHHbIH B CTAHAAPTHONH MOJIGJM C HEONpee/eHHOCTSIMHU (3aTeMHeHHas o6JacTb). [1puBeneHbl
TaKxKe pacrnpeje/eHnsi, COOTBETCTBYIOLME TPEM PAa3/IMUHBLIM CLEHApUAM POXKIECHHS YEPHbLIX JAbp (LITPHXOBAsl, TOUEUHAs
M WITPUXIYHKTHPHAs JUHUK). 6 — MckimouenHass 06/1acTb MHHHMAJbHO BO3MOXKHBIX MacC UYEpPHBIX JbIp B 3aBHCHMOCTH
OT (PyHHAMEHTAJbHOrO MHOTOMEPHOro Maclutada rpaBUTAlUMd (A/1s1 YepHBIX Ablp 0e3 BpalleHHst — TOUKH ®, COeIMHEHHbIe
CIUIOIIHBIMH JIMHUSIMH, W ¢ BpatleHueM —Toukd M, coemyHeHHble TodeuHbIMH JuHHsIMH) [30]. Paccmotpenbl cuenapun c
UMCJIOM JOTOJIHUTEIbHBIX H3MepeHuil n = 2, 4, 6. TeopeTnueckue npejckasaHust MoJyueHsl ¢ TIOMOLIBIO reHepaTopa coObITHH

BlackMax.

TMOKOJIeHHs] BeJTMUnHaMu myy > 385 [3B/c? u my >
> 358 IsB/c?[33].

OCHOBHBIMH  O’KHJIA€MbIMH pacrafaMi KBapKOB
YyeTBEPTOTO TOKOJieHUs1 B 3kcnepumeHte CMS saB-
nsorest: 1) W0 — tW—tW+ — bWHW bW -WH,
2) V't —tZtZ - bW+TZW~-2ZZ n 3) t't —
— bW bW . McKoMble 9KCTepHMeHTa/bHble CHI-
HaJlbl  OMpeesIsIioTesl  AaJbHEAIINMH  BO3MOXKHBIMH
pacrnajgamu KaJubpoBOUHbBIX 6030HOB. XapaKTepHbIMU
CUrHaJIaMM MePBOTO MPOLeCcca SIBJSIIOTCS TPEXJIENTOH-
Hble COOBLITHSI U COOBITHS C MAapOU JIENTOHOB OJHOTO
3naka. [louck curnasna b’'-kBapka B JaHHOM KaHaJe
JlaeT orpaHHueHHe Ha ero maccy my > 495 Is3B/c?
[34]. Bropoii npouiecc TakXKe XapakTepuayercs
TPEXJIENTOHBIMH COOBITHSIMH - JIBA JIEMTOHA M3 pac-
naga Z-6o3oHa u oauH U3 pacnaga W. Kak cienyer
M3 aHa/Ju3a 3TOro KaHaja, MHHUMaJbHOe 3HaueHHe
BO3MOZKHOl Macchl ¥/ -KBapka coctapaser 417 [3B/c?
[35]. Ins Tperbero mpoilecca BO3MOXKHbBI UHCTO
JenToHHble  KaHanbl t't — bW bW ™ — bltvbl v
WM CMelllaHHble JIEMTOH-apoHHble pacnaibl t't —
— bW bW~ — bltvbgq. TlonyuenHele B 3THX Ka-
HaJlax orpaHUueHHsi Ha Maccy t'-KBapKa COCTaBJSIIOT
442[36] u 450 [3B/c? [37], cooTBETCTBEHHO.

JlentokBapkun
Hekotopble Teopun 3a pamkamu CM, BKJIOYasi
TBO, cocraBHble Mosie I (hePMUOHOB, paclliipeHHble

SINEPHAS ®M3MKA TomM76 Ne9 2013

KaJuOPOBOUYHBbIE MOJIENIM W T.J., TIBITAIOLIAECS OTH-
caThb KBAapKHU W JIEMTOHbI C €MHBLIX MO3WLMH, Npeil-
CKa3bIBAIOT CYLIECTBOBAHME HOBBIX YaCTHII, HECYIINX
KBAHTOBble UMCJIa KBAPKOB M JIENTOHOB W Ha3biBa-
eMbIx JienTokBapkamu [38]. JlentokBapku o6sanator
LBETOM, UMEIOT JIPOOHBIN 3J1eKTPUUECKUH 3apsijl, CIHH,
paBublil 0 WK 1, U MOTYT pacnajatbcst Ha JIENTOHbI U
KBapKH qq, gg — 2LQ — 2[2q. Takum o6pasom, cur-
HaJIOM JIJIS1 TAKHUX YaCTHIL CJYXKUT 0Opa3oBaHue naphbl
JIEITOHOB ¥ mapbl cTpyi. JlenTokBapku, Kak u dep-
muoHbl CM, 06pasytoT MOKOJIEHHs; YaCTHIIbI TEPBOTO
MOKOJIEHHSI pacnajaloTcsl Ha 3JIEKTPOHbBI, BTOPOro —
Ha MIOOHBI, TPETbEro — Ha T-JIeNToHbl. [Ipenbiaymine
uccsenoBanust skcrnepumenta DO nanu caenytoiiye
orpaHuuenust Ha Maccsl: Mg > 299 n >316 [3B/c?
[39] nu1st mepBoOro ¥ BTOPOro MoKoJieHHH COOTBETCTBEH-
Ho. [annble sxcnepumenta CMS mnozBosnsiu ycra-
HOBHUTb HOBbI€ OrpAaHWUEHHS] HA MACChI JIENTOKBAPKOB:
U151 IepBoro nokosennst My g > 340 3B/ c? [40], mis
BTOporo — My q > 632 I5B/c? [41] u w15t TpeTbero —
My q > 350 [5B/c? [42].

Pesyabratel skcniepumenta CMS, o6cyxnaemble
B Hacrosillieil paGoTe, COBMAAalOT C pe3yJbTaTaMu
JIPYroro MHOTOLI&JIEBOTO SKCIepuMeHTa Ha bosbiiom
anponHom Kosnaiinepe — ATLAS [43].

B zakstouenue Boipazkaio 6aarogapHocts C. Bop-
my, A. B. Jlanény, M. B. CaBuHO# U Ipyrum yyacTHH-
kam skcrepumenta CMS 3a noJsie3Hble 3amMeuaHus u
00CyKJIeHHSI TIPU MOATOTOBKE 3TOU pabOTHl.
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SEARCH FOR PHYSICS BEYOND THE STANDARD MODEL

7TeVIN THE CMS EXPERIMENT AT THE LHC

S. V. Shmatov
(on behalf of the CMS Collaboration)

This paper summarizes the results of several searches for evidence of new physics phenomena beyond the
Standard Model using proton—proton collisions at 7 TeV delivered by the Large Hadron Collider at CERN

and recorded by the CMS detectorin 2011.
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