CasuHa Mapusi
JipY, OUsn

INexums 1: MHoromepHas Teopusa Nons - MOTUBLL ANS U3yYeHUs,
XapaKkTepHbIe YepTbl U 0bLime CBOUCTBA

Kpatkui nnaH:

TTpobnema nepapxum u sawmiiarowpe cummeTpum: SUSY, texHuusert
Nepapxua 6e3 cummeTpuii - reomeTpmus MHOrOMepHOro npoctpaHcTea, LED

CtaHpapTHasa KK-agexkomnosuums, 4D- u (4+N)D-uHTepnpetaumm, acppexTusHas 4D
Teopus

Noxkanusauusa HyneebIX MOA NOJIel Ha TONONOrMYeCKOM AepeKTe.
TTpumep peanusaumm FOKAGBCKOU UepapXmuun, CMeLIUBAHUS NMOKONEHUN U

npoueccos 3a pamkamu B CM, 6e3 npusneyeHns HapyLeHHbIX CUMMETPUA B
MHOTOMEPHLIX TeopUsax
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[obaBka oT KannMbpoBOYHOIro cekTopa:

Hackonbko 6onbwnm M.6. UV macwrtab A? =) [Ba craHgaptHbix UV obpesaHus
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ABCOSIIOTHO HEMOHATHO, Kak 00ecrneyYnTb TOHKYI HAaCTPOWNKY
C TakoWu KonoccanbHOW TOYHOCTLHO !



Teopus ¢ pasoBbIM NEPeEXOaOM: HapYLLUEHWE KUparnbHOW CUMETPUN,
<qQ>, <gg> KOHOEHcaTbl onpeaensatT 3Ha4eHN Macc B CNeEKTpax Me3oHOB 1 BapuOHOB

Agep ~ 100 MeV — M, ~ 10'° GeV

EcTecTBEHHbIM MEXaHN3M reHepaumn 3TOM MMraHTCKoW nepapxmm Mmaclutabos
MeToa peHopmMrpynnbl : norapupmMmmnyecknin 6er KOHCTaHTbl CBA3N:

. AcumnTtoTudyeckas csobona +
pasMmepHas TpaHCMyTauus

U

* EcTecTBEHHOE AMHAMMYECKOE NPOUCXOXAEHNE nepapxmm 6e30 BCAKON TOHKOW
NOArOHKN NapamMeTpoB:

» [NapameTp omsnyeckon Teopummn, pas BbiOpaHHbIN MaribiM, OCTAeTCs TaKkoBbIM, BCeACTBUE

cneumanbHOro (MynbTUNIMKAaTMBHOMO) BKNaga OT paanonpaBok:

CYMMETPUS NO3BOMSAET COXPaHUTb Maroe 3Ha4YeHne napameTpa

Mpumep: QED, m_ =0 == 3sawuwarowas kupanbHas cummempus U(1) x U(1),



Energy:

2
Contribution to electron self-energy —
introduce , positrons, with doubling in d.o.f.

it is acceptable, QED OK!

€
\:Qa.. [> Rapidly growing dangerous contributions are
cancelled by introducing new particles (positrons)

with an extended symmetry:

c

The lesson from this example: to eliminate fine-tuning we need some
what is caused by This new physics provides a good UV
behaviour of our theory.

Vg

SM: Can we obtain the hierarchy for higgs in the same way? Compositeness, technicolor



Supersymmetry: compensation of different matter vacuum contributions

stabiiization of a scale hierarchy (unbroken SUSY)

of contributions
from fields and their supersymmetric

partners
O

€ Supersymmetric
‘shadow " particles We can address this to solve both
b the hierarchy problem and CCP

Y

SUSY is working excellent for the hierarchy
stabilization, but it failures for CCP




Hierarchy problem and SUSY

Unbroken SUSY: usual matter fields and superpartners have equal masses

4

Dangerous loop contributions from usual fields and superpartners are
mutually cancelled

cancellation of corrections to the higgs
self-energy from top and stop quark loops
when SUSY is unbroken
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cancellation of corrections in the gauge sector
when SUSY is unbroken
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Hierarchy problem and SUSY

|F at the scale about 1 TeV:

o

A difference between values of masses of usual
fields and superpartners is about Am

U

Important condition: masses of superpartners can not be much
larger then 1 TeV!!!

Superpartner contributions modify the behaviour of running coupling constants:

{

Unification of running coupling constants,
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Unification of the Coupling Constants
in the SM and the minimal MSSM
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Mepapxust MacluTaboB MOXET COXPaHSATLCS

(B «TEXHWYECKOM>» CMbIC/E, T.€. 6biTb CTABUNN3MPOBAHHOM, @ TaKXKE U B CUIIbHOM
CMbIC/E - ANHAMUYECKK), ECNIU TEOPUS 06/1a4aET HEKOTOPOU 3aLLULLAIOLLEN
CMMMETpPUEN, KOTOpas 3anpeLlaeT BO3HMKHOBEHMS paanonpaBok, byayun
HEHapYLUEHHOW, 1 0becneYynMBaeT MasoCcTb NONPaBOK B C/lyYae HAPYLIEHUS CUMMETPUN
(BK/1aa OT NonpaBok 6yAeT nopsiaka BENNYMHBI HAPYLLEHUSI CUMMETPUN).

OauH xopolumi npumep - SUSY. 3awmiiaolas CMMMETpUS B 3TOM C/ly4ae -
KMpanbHasi CUMMETPUS Ans 4acTul, 1 Ux cynepnapTHEpPOB, MOCKOSIbKY OHU
PacrnosiaratoTcs B OAHOM M TOM e cynepMmynbtuniere. Ana HeHapyweHHon SUSY
3Ta CUMMETPUS - TOYHas, 1 Ntobble paanonpaBku 3anpeLleHbl. 1S HapyLLeHHOW Ha
HEKOTOPOM 3HepreTuyeckoM macltabe SUSY BennuumHa BkNaga oT paanonpaBok
KOHEYHa, 1 rnopsiaka Macwtaba HapyLueHus

CyLWecTBYIOT 1 Apyrue npuMepbl ECTECTBEHHbLIX TEOPUM, B YAaCTHOCTU, XOPOLLIO
N3BeCTHble MoaeNn — «konnpoBaHue» KX ana 6onee BbICOKMX
SHeprun. 3awmaowas CMMMETPUS U B 3TOM C/lydae — KMpasbHas.
CWbHOB3aNMOAENCTBYIOLLMA CEKTOP — SSB Ha HEKOTOPOM MacluTabe
(nopsigka Heckonbkux TaB).

G_;



The hierarchy of scales in SM is not “a technical” but problem, a
weak point of the model that must be solved to get a blameless scheme.

« SUSY prevents the hierarchy against HO contributions which destroy it

it solves the problem of hierarchy stabilization and eliminates the necessity

of fine-tuning.
« SUSY scale appears to be equal as motivated by
running coupling constant unification. conservation

« SUSY does not solve the hierarchy problem in whole as it does not explain the
hierarchy itself, that is where two energy scale in theory are going from (It is
insufficient to stabilize the hierarchy to explain the hierarchy!)

e Composite higgs model (or Technicolor): or higher, large
contribution to EW observables - ruled out by EW precision data

e Hard to obtain quantitative predictions because of strong coupling regime
corrections for technifermions and technibosons - confinement!

e Interesting intersections with new ideas of multidimensional gravity through

AdS/CFT correspondence! 10



Alternative new physics beyond the TeV scale

« Composite higgs model (or Technicolor): 70’s of last century
N\~ 3-5 TeV or higher

hard to obtain quantitative predictions because of strong coupling regime

corrections for technifermions and technibosons - again the problem of

confinement! @

interesting intersections with new ideas of multidimensional gravity through
AdS/CFT correspondence!

« Large extra spatial dimensions: last decade
Planck scale is an effective scale regularized by a size of extra dimensions.

e T

flat bulk space curve bulk space
ADD-type, power hierarchy RS-type, exponential hierarchy
negative CC, inflation

 Little higgs and little hierarchy (N.Arkani-Hamed, E.Cohen, E.Katz...): 2001



[eomeTpusa MHOroMe
nepapxmun bes




(4+1)D-Tteopusa cesobogHoro ckanspHoro nons. OgHo
KOMMAaKTHOE OOMNOSTHUTESNTbHOE NPOCTPAHCTBEHHOE
N3MepeHne C yCrioBMEM NEPUOANYHOCTM NO AOMN. KOopAa.:

/"

— Maccbl KK-moz YrNOBOW MOMEHT

CyLliecTByeT ogHopoaHas Hynesasi Moga ¢ m=0, pacnpocTpaHsoLwascs
(Moaynb). 4D-nopeHuU-MHBAapMaHTHOCTb He HapyLLeHa, TPaHCNSLMOHHAsA UHB-Tb
HapyLleHa B HanpaBneHun, nepneHamkynspHom bpaHe

m, . He Hke TaB (13 skcneprmeHTa)

Heckonbko ED:
no-npexHemy ogHa
Hynesada moga, HO

KK-mop4 ¢ domkeump.
Maccom



Lewncteue SD-ckanapHoro nons:

KK-oekomno3uuus:

CBoboagHoe gencrteue anga beckoHe4yHoro Habopa CKansipHbIX Mosien

KaHoHn4eckas HopMMpPOBKa NO3BOMSIET NPUBECTU OENCTBUE K COBEPLLEHHO
CTaHAapTHOMY BUAOy



OTpuuaTtenbHasa cTeneHb Macchl AN K-Thbl CBA3U — HEMNepeHopMupyeMas Teopust

dyHOamMeHTanbHbIN MaclwTabd — 3Ha4YEHUE SHEPTUK, NpU
KOTOPOM TEOpUA NepexoauT B PEXUM CUNbLHOW CBA3U, K
adeKkTMBHOE ONMcaHNe CTaHOBUTCHA HEMPUMEHNMbIM

Kak cBsi3aHbl MHOromepHasi n 4D KoHcTaHTbl B3aumogenctena? (KK-gekomnosmuyus,
y4eT TONbKO HyrneBon Moabl)

N

HOPMMpPOBKa

4D kOHCTaHTa CBA3U — HEe oyHOaMeHTarnbHad, a adhdekTnBHas, BblBeAeHHada 13
MHOrOMepPHOU



1. Ycnosue ans cnabocBA3aHHOM Teopun

Paamep ED gomxeH cywecTBeHHO npeBbilaTb 3HadeHne obpatHom dpyHaam. maccebl!

2. YcnoBue Ha maccbl KK-mop,
nerkue nepsble KK-moabl

3. BsaanmogencTeme HyneBom MoAbl U BbICLLUMX BO30OYXOEHUN

napHoe poxaeHue KK-mog,
=) COXpaHeHWe YrnoBoro MOMeHTa
\ (He BepHO ana BW 1)

eauHCTBeHHas 6e3pa3mepHa;| K-Ta CBA3U



TC — cBoun meToAbI [MoTeHuman «noaxoasLwlero suaa,
KTl — nokanusauusa Ha Tononorn4yeckoMm aedekte  gEps MOrYT GbITb PAa3BEPHYTHI

(Py6akos, LLlanowHukos, 1983) (BECKOHEYHbIE)

E.o.M.

Knaccundeckue IR Bakyymbl Teopumn

( )

Figure 1: Sealar potential in the model (2).

CyLLeCcTBYeT TOMOMOrM4YeCkn HeTpMBMaribHOE peLleHne —
OOMEHHasA CTeHKa (KMHK), 3aBuUCsLLee TOSbKO OT
OOMNOMHUTENbHOW KOOPAMNHATLI - O4HOMEpPHOE R = e

HapyLuaeT TPaHCNAUNOHHYHO MHBApMaHTHOCTb BAOJIb Y



CDJ'IyKTyaLI,I/II/I CKalnAapHOro nosjid Hag 3TM KrmiaCCn4eCknumM peLleHnem:

JlnHeapmnsoBaHHbIe E.0.M.

N

NnoTeHuManbHas CTeHkKa
KK-oekomno3unuus:

4D-macca

N

Hynesaa moga, m=0



OVUCKPETHbIN CMEKTP, OTAENEHHbIW OT HyNeBOW MoAbl LWENbIO,
MOAbl BCe eLle rpynnupytotcs B6nmsn dpaHbl, 1 NogaBfieHbI
CTerneHHbIM 0bpa3om BAanm ot Hee

HenpepbIBHbIN CMEKTP MOA, HENMOKarM30BaHHbIX
BO6nM3n OpaHbl, 1 yxoasawmx BAoNb AONOHUTESNTBHOIO
N3mepeHns Ha 6eCKOHEYHOCTD:

[1pn 3Heprusax Boile pyHOaMeHTanbLHOro
MacliTaba yactuubl MOryT yXoOuTb B
OOMNONHUTENbHbIE U3MEPEHUS:

- noporosble apekTbl e'e” — E

- ABHOE HECOXPaHEeHMe 3HEPrn B NpoLeccax

~ ~ + -
B3avmopaencTeun (e'e” —y+E_ )




E.o.M.

Hynesas moga ¢ m=0

e

Cyl.l.l,eCTByeT €adMNHCTBEHHOE peLleHune

o

- HOpMUpyemast moaa



Hynesas moga nonyyunach nokann3oBaHHON U
KnpaneHou (Teopema 06 nHaekce)

ms = hw

m=1{

UTObbI MONYy4YnTH HECKOSTBKO HYMneBbIX Mof, (3 nokorneHus Yyactmy, CM), Hago
YBENUYUTb YNCNO AOMONHUTENBHBIX NU3MEPEHUU, N PaCCMOTPETb
Tonorornyeckme aeekTbl BbICLLUNX pasMepHOCTEMN:

N=2 — ANO Buxpb

N=3 — moHononb ‘T XodTa-llonskosa

KonnyecTBo fIoKanm3oBaHHbIX HYNEeBbIX MO, PaBHO TOMOSOrMYeCKoMY
yucny gedgoekra



[Mpobrnema, cBsA3aHHasa ¢ TpeboBaHNEM 3apAL0BON YHMBEPCATIbHOCTY AN
B3aMMOAENCTBUS pa3HbIX 3apsiKEHHbIX NOMen MaTtepun ¢ KanmbpoBOYHbLIMU
6o30HaMu

[ycTb ecTb Hynesasi Mmofa kannbposodHoro 6o3oHa A (y). Toraa B3anmoaencTeme

C 3apsKEHHbLIMU NOMSAMU ONpeaensdeTca MHTerpasioMm oT nepekpbITa yHKUMI
npodounen HyneBbiX Mo PepMUOHOB:

3aBuCUT OT PopMbl PYHKUMI Npodonnen — 3apsigoBas HEYHNBEPCANbHOCTb,
pasHble BblpaXXeHnsa Ansa pasHbiX HYNEBbIX MOA.

Kak MOXHO pelunTb npobnemy?

1. Bce HyneBble PepMUOHHbIE MOAbI UMEKT OAVHAKOBY hopMYy — BEPHO ANd
MOAESi C HeKoMMyTaTuBHamu conuntoHamm (PybakoB)

2. A’= Const — He 3aBUCUT OT Y. HecoxpaHeHune 3apsaa!l

3. BooOLue HeT KannbpoBOYHbLIX Norien B MHOrOMEPHOM 00bemMe — KOHaHMEHT



Tpw HyneBble PepMNOHHbIE MOAbI, NTOKaNn3oBaHHbIE HA OAHOM TOMOSIOrM4YECKOM
nedekte (6D-Teopus, Kocmosiormyeckas CTpyHa), UMetoLme pasHble npodunu:

~—— 1 nokoneHune

2 NoKorneHue

3 NokoneHue

1. [lNpnbnmnsantenbHagd CUMMETPUS BPaLLEHMIA B NEPrNEHONKYNSPHbIX K OpaHe
HarnpasrieHusix (B 4orn. U3aMepeHunsax) obecnevnBaeT Mmaroe cMellmBaHne Mexay
NOKONEeHNAMMN

2. PasHble macchl hepMmnMoHOB obecnevnBatoTcst pasHom pagmnansHoOn opmon
npodounen HynesbiX MO4 U pasHbiM nepekpbituem WF doepmMmnoHoB un
XUITCOBCKOM HYJIEBOM MOAbI, NOKanmM3oBaHHOW Ha aedekTte

3. Cnabble B3aMMogeNCTBUSl, HECOXPaHALLME NENTOHHOE N BapNOHHOE YMUCNOo

o

COXp. Y. MOM.



N.Arkani-Hamed, M.Schmaltz '99

NokanunayTcs TonbKo dhbepMUOHBI

2

BBOAWMM lpaBble YepPE3 3apAaAaoBOE COrpAaxXeHne

nogaBneHne HexenaTterbHbIX npoueccos, Tuna B- n L-
HapyLlarwmx nepexonos (HET CAMMETPUM apOMaTOB Ha MarblX PACCTOSHUSIX)
[Nooxoasle CBSA3M B XUITCOBCKOM CEKTOpEe 6e3
anennmpoBaHus K rnobanbHbIM HapyLEeHHbIM CUMMETPUAM

Leptons

- Bsanmopgenctesue n cmelumBaHme

MeXay MOKONEeHnsMK onpeaensercs
napameTpom —
PacCTOSAHMEM MEXAY ToYKamu

rfiokanusaumm apomaToB thick Vwall
- Ctabunmsaumnsa oTH. pacnaga npoTtoHa !




(npaBble epMUOHbI NPeacTaBneHbI
Yyepes 3apsa0BO-CONPSKEHHbIE NEBbIE KOMMOHEHTHI):

HyneBas Moda Xurrca, pacrnpocTpaHsowaaca Baosib
ToncTton 6paHbl (HenokanuaoBaHHas Ha PacCcTOAHUM
nopsiaka TonuwmHbl OpaHbl)

— 3apsgoBasi YyHMBEpPCasribHOCTb
ons Hynesow moabl GB 1 cnabble HapyweHna Ha maclitabe Bbile

KOorAda OTKpbIBAKOTCA

0 mode OONONHUTENbHbIE N3MEPEHUS

quarks leptons

1st KK
mode




