OB30P ®U3UKU HA BOJIbLLOM AAPOHHOM
KONNAUAEPE

Buktop Kum
NeTtepbyprckun UHcTutyTt AaepHon Pusmuku (MNUAD), NatumHa
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@) COAEPXXAHME

“TNepeoTkpbiTne” CtaHpaapTHOM MoaeAn
[Toncku 6030Ha Xurrca
[lonckn HoBom Pusukm 3a npeaeramu CtaHpapHom Moaean
CynepcummeTtpus!
AOMOAHUTEAbHbIE Pa3MEPHOCTH!
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CTAHAOAPTHAA MOZAEJIb

Forces

4 Z ]
i 7 boson photon

— Higgs
3 boson W g
e [ ! T W boson gluon
electron muon tau

Leptons

CM: zamevyaTanbHaa n
XOPOLLO npoBepeHHas
JKCNepuMeHTaribHO Teopus

Quantity Value Standard Model Pull
my¢ [GeV] 172.7+ 2.9+ 0.6 172.7+ 2.8 0.0
My [GeV] 80.450 + 0.058 80.376 + 0.017 1.3
80.302 £ 0.039 0.4
My [GeV] 01.1876 4+ 0.0021  91.1874+0.0021 0.1
Iy [GeV] 24952+0.0023  2.4968+0.0011  —0.7
T'(had) [GeV] 1.7444£0.0020  1.7434 +0.0010
I'(inv) [MeV] 499.0 £ 1.5 501.65 + 0.11
r(ete) [MeV] 83.084 + 0.086 83.996 + 0.021
Ohad [b] 41.541 + 0.037 41.467 + 0.009 2.0
Re 20.804 + 0.050 20.756 + 0.011 1.0
Ry 20.785 + 0.033 20.756 + 0.011 0.9
R; 20.764 + 0.045 20.8014+0.011  —0.8
Ry 0.21629 £ 0.00066  0.21578 £0.00010 0.8
Re 0.1721 +0.0030  0.17230+0.00004 —0.1
A9 0.0145+0.0025  0.01622 +0.00025  —0.7
AR 0.0169 + 0.0013 0.5
A7) 0.0188 + 0.0017 1.5
A 0.0992 £0.0016  0.1031+£0.0008  —2.4
AP0 0.0707+0.0035  0.0737£0.0006  —0.8
AL 0.0976+0.0114  0.103240.0008  —0.5
52400 0.23244+0.0012  0.231524£0.00014 0.7
0.2238 + 0.0050 ~1.5
Ae 0.15138 £0.00216  0.1471+£0.0011 2.0
0.1544 % 0.0060 1.2
0.1498 + 0.0049 0.6
Ay 0.142 + 0.015 ~0.3
Ar 0.136 + 0.015 —0.7
0.1439 + 0.0043 —0.7
Ap 0.923 + 0.020 0.9347+0.0001  —0.6
Ac 0.670 + 0.027 0.6678 +0.0005 0.1
As 0.895 + 0.091 0.9356 +0.0001  —0.4
72 0.30005 + 0.00137 ~ 0.30378 £0.00021  —2.7
7h 0.03076 £ 0.00110  0.03006 + 0.00003 0.6
gre —0.040 £0.015  —0.0396 +0.0003 0.0
g4 —0.507+£0.014  —0.5064 £0.0001 0.0
Apy ~1.31+0.17 —1.53 +0.02 1.3
Qw (Cs) —72.62 + 0.46 —73.17 £ 0.03 1.2
Qw (T) —116.6 3.7 —116.78 £ 0.05 0.1
ey 3357090 % 1073 (3.22+0.09) x 1073 0.3
Ygu—2-2) 4511.07 +0.82 4509.82 + 0.10 1.5
7r [fs] 200.89 + 0.58 201.87+1.76  —0.4
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(=) CTAHOAPTHASl MOZEJIb: MPOBJIEMbI

[Ae 6030H Xurrca!

[IpouncxoxkaeHne macc U ux nepapxms!?
[1lpncxoxaeHne CP-HapyweHus!?

HoBble cocTossHUA KBapK-rAKOOHHOM MaTepum!?
CAMLIKOM MHOrO napameTpos: 22

Kak BKAIOUYMTb rpaBmMTaumio!
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@) YCKOPUTEIN YACTULL

The BIG BANG
.34

16 Weak force carriers at LEP
10 = HIGGS and SUSY particles at LHC?
. ELECTRON
PARTICLE BEAMS
-10 | .
— ATOM

o Radius of Earth

HUBBLE TELESCOPE

Radius of observable Universe

The Universe
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COBPEMEHHbIE KOJITAVNIEPSI

Pepmunaab TapaTtpoH (Humkaro)

pp: | TaB x | TaB EL=2-103T3B

BNL RHIC (Hbto-Mopk)

AA: 100 B/H x 100 MB/H EL = 20 MN3B/H

LIEPH BAK (XeHega)

pp: 3.5 TaB x 3.5 T>B EL=2-104T3B
7 ToBx 7 TaB EL= 105TaB

AA:
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5OJIbLLIOU AAPOHHbLIN KOJMNAUAEP
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() BOJNbLION AAPOHHbIN KOJITANAEP

The LHC: proton proton collider

NN

\ : \" Nea

[ TeV + 7 TeV
3.5 TeV+3.5 TeV

Primary physics targets
e Origin of mass

* Nature of Dark Matter

| » Understanding space time
&« Matter versus antimatter
g * Primordial plasma

The LHC will determine the Future ourse of High Energy Physics
The LHC started at 7 TeV Centre of Mass Energy on 30/3/10
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@) JDKCIEPUMEHTDbI HA BAK

N

LHCD

&e)

Compact Muon Solenoid
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@)\ 3KCMNEPUMEHTbI HA BAK

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter TRIGGER, DATA ACQUISITION
& OFFLINE COMPUTINQ

vand, F

i & a,
ﬂ Mﬁ*)m L%
e

Germany, Greece, Russia

/ SUPERCONDUCTING
MAGNET

FORWARD
CALORIMETER

Hurgary, lran, Russi:

Total weight 112500T
, Overall diameter :15.0m
. ; L . Overall length :215m
Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker Magnetic field -4 Tesla

=Nt I e x P £
I > B g it i S
e o A= @\ |
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=7 M

KOHBEPCWUA BIK AJid BAK :
KPUCTAJUIbl AJ14 CMS ECAL

CERN Russian Education Week, Geneva, November 4, 201 | Victor Kim, PNPI, Gatchina

Friday, November 4, 11



@ PP-COYZAAPEHUSA HA BAK

Generic LHC Collision  Pgrton Distribution Functions: the probability of finding
a parton with momentum fraction x in the proton

proton
@ 1
o
XKoo ——— H1PDF 2000
¥ of Q=10 GeV*
s p  [EESS ZEUS-SPDF
xg(x0.05)
proton \

o(99 — H) [pb] *
V5 = 14 TeV i
MRST — A

Current picture of the proton

Victor Kim, PNPI, Gatchina
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() CEYEHUNA PACCEAHUA HA BAK

o LHC <s=14TeV L=10%*cm™2s™ rate ev/ve?;
barn =10

.......................................................................................................

GHz <10 '°

.....................................................................................................

10

o “Well known”

:: processes, don’t
10 1 need to keep all of
* them ...
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BT R S S R meax LV2-input
max LV1 output

_______________________________________________________________________________________________________________

kHz 10

10

nb 10

7

-
N

10

10 ©

10 °

104

3
L
N

103

fb 10 2

IIIIII,I,Ii IIll|_|,|,|i IIIIE1 IIIIILI_Ii IIIIILIj IIII|_|_|_|_ir IIIIII,II,i IIIIIWIIIIII,I]i lIIIIlII_l_m_LLIw IIIII|_|_|| IIII|,|_|_|_i IIIIII_II_I IIMI,Il L

10

|||||rrr! |||||rl1! ||urrr|! ||an! |||||n1]: |||||n1]: ||||rn1'! |||||rlr! |||||m! |||||m! 1|||||||'! |||||n|'! ||u|m!—|-rmrn]: |||||m'! |||MTI! III”"W

M i e 1 AN T D\ A
' L scalar LO\] Z, TN

500 1000 2000 ‘5000
particle mass (GeV)

I IIIlI|,|,|,| IIllI|,|,|| Illl|,|,|,|| IIll|,|,|,|,| IIIIl|,|_|,| IIIIl|,|_|,| IIII|,|_|,|,| IIIlIuI,l IIllI|,|,|| IIllI|,|,|| lIlIllI]J lIIIl|,|L| lIIIl|,|_|] llII|,|,|_|,| llIII|,|,|,| IlIIII,ul L1l

1

o1
o

CERN Russian Education Week, Geneva, November 4, 201 | Victor Kim, PNPI, Gatchina

Friday, November 4, 11



(=) “MEPE-OTKPLITUE” CTAHAAPTHON MOZAENW

Original
discovery

Mess
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©
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BAK: MPOBEPKA CM MNMPYU HOBbIX DHEPIUSIX

[ AaBHble ueAan BAK:
HOBbI€ YaCTULLbl 1 B3aAaMMOAEUCTBUS
3a npeaeramn CtaHaapTon Moaean

d TAKXE.

npoeepka CM npu HOBbIX 3HEprusax
MOUCKU HoBoM AMHaMuku CM
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bO30OH XUITCA: MACCA B CM

- s " ..

Where do the masses ~. 7 . Explanation of Profs P. Higgs
- come from? S ' R. Brout en F. Englert
’ - . new ﬁeld and partlcle

Tevatron Run |l Preliminary, L<6.7 b’

T l llllllllllllllllllll ] LA I llllllllllll
LEP Exclu5|on L Tevatron
_ : Exclusmn

—
o

[ :l +10 Expected
- [ ] #20 Expected

95% CL Limit/SM

[E— <...._....-_-Tevatron ExcluSIon
A A I A

100 110 120 130 140 150 160 170 180 190 200
mH(GeV/c)
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(©)) BO3OH XWUITCA: OBPA3OBAHME U PACTIAZLI (@

| S n 1c p— ' ' — T 4 2
- < (s=7TeVv ¢ ke f\bb W\ 1§
& <o My, = ..a B 13
10 . El o ik
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g 108 7
o] E _k
10 —= —
: § 0% E
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t.b -~ C . H S L e
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©) MOUCKN BO30HA XUITCA
Low M,, < 140 GeV/c2  Medium 130<M,,<500 GeV/c2 High My > ~500 GeV/c?

v
W

”
z}/‘;
p H p

L@ —

| H—o2ZZ*—se'ee'e

- CMS

N
(8]
T

20_—
15_—

10

Events for 100 fb™' / 2 GeV/c?

Events/500 MeV for 100 fb~1
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(=) KAHANbI PACMALA EO30HA XUITCA (CMS)

7

Channel Mass Range (GeV) |Dataset (fb™)
H - vy 110-150° 1.7
qq->VH; H > bb 110-135 1.1
H—> 11 110-145 1.6
HOWW 21 2v 110-600 1.5
H > 77 ->41 '110-600 1.7
H > ZZ >2121 180-600 1.1
H > 77 >212] 226-600 1.6
H - ZZ >22v 250-600 1.5

red: most sensitive channels
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PACMA/L BO30HA XUITCA B #OTOHbI (cMS) (@

SM nggs 95% CL Echu5|on

= 201
= o - CMS prellmlnary . Observed CLs Limit
?’ ........... 1 ...........

~\s=7TeVL=166fb

:‘E - FNs= 1 L mmm Observed Bayesian Limit
= 16 :-_ . AR Ap—
S e s Median Expected CLs Limit

S 1 o B i
B [ + 1o Expected CLs
> 1 2 .._.. ..........................
?r' - + 2 Expected CLs
L

8

L)
adechafes

4
2 : '
+ ] 1 | | l 1 | | ] l | | 1 1 l 1 1 | | l 1 | | ] 1 | 1 1 | I ] 1 | | l 1 | | ] XOSM
q10 115 120 125 130 135 140 145 150
m,, (GeV/c?)
Slight excess at 140 GeV
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q KAHAJIbl PACMAA EO30HA XUITCA (CMS)

All channels are combined to obtain the final Confidence Level for
exclusion/discovery

* SM cross sections and Branching Ratios are assumed
 Baseline method for CL evaluation is modified frequentist (CLs)

Combined observed
Combined expected
H— bb (1.1 b
H— 11 (1.

H— vy
H— WW

—_
o
\V)

H— ZZ — 2|
H— ZZ — 2l
H—> ZZ—>2I

PEN

—
o

95% CL limit on c/og,,

100 200 300 400 500 600

- >
Dotted lines: expected limits Higgs boson mass (GeV/c)

Solid lines: observed limits
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BO30H XUITCA: OTPAHUYEHNSA HA MACCHI @

TV INN NI

* CMS Preliminary,\s=7TeV [ —+— Opserved

:_ | b g ! n
1 O :g OO W\ ....... Expected + 20. -

S < 22 LEP excluded .

Rp 11/ Tevatron excluded |
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SN 3
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P e il
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Higgs boson mass (GeV/c?)

Expected 95% CL exclusion M, 130 — 440 GeV

Observed 95% CL exclusion M, 145-216, 226-288, 310-400 GeV
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() HOBAfl ®U3UKA? CYNEPCUMETPUSA?
CynepcummeTpus:

CUMMETpPUA MexXAY 6o3oHaMK 1
bepMUOHaAMM

\

*Supersymmetric
"shadow " particles

Q |boson> = |fermion>
Q |fermion> = |boson>

[lpocTenee 0606weHne CM:
MuUHUMaAbHaA cynepcMMMeETpUYHAS
CrtaHaapHaa Moaeab (MSSM)
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@) CYNEPCUMMETPUS

N

“3oomapk” yactun MSSM

Cynepnons Bo30oHbI depMUOHbI SUA(3) | SU.(2) | Uy(1)
gluon: g°,a=1,2,3 gluino: g° 8 0 0
weak: WK (W& 7) wino, zino: ww*,2) 1 3 0
hypercharge: B((¥]) | bino: b(y) 1 1 0
I P ©
2 |L=(W.e) s [L=(W.e) 1 2 -1
9 |z =g, o & = e, 1 2
0n ~ = ~ld'v = U,d
2 |@ (7.d), g Q = (uv.d) - . /3
(v L = L7 o < U = UC
g_ ) A/' R g_ / R 3* 1 _4/3
2 |5 -d D =dy 3 1 2/3

two higgs doublets

W
: ~Ny
H, g H, 2 il
o ~ 1
Ho 2 |A, ;
38
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~,

NMOUCKN CYNNEPCUMMETPUN HA BAK

Limits have been obtained in the constrained MSSM

CMS Preliminary

\'s = 7Tevadt—1 1fo

~l
o
o

| | 1 I I
&  —2011 Limits

e === 2010 Limits
tang = 10, A0=O, u>0

I ———

N
o
o

-~

1= ® 1000 Gey

m,,, (GeV/cd)

- CDF g g g, tanp=5, u<0—
N DO 2,7, tanp=3, u<0 7
LEP2 %:

LEP2 T

IIII<iIIII|IIII

MT2 Jets+MHT
400 1 Lepton o 2(1000)Ge
(750)6.SS Dilepton
300 --..Q§.D|Iepton , Ncer
AR “~§f.sob.'.‘"“'~ --------------------- | -
2000 Ao o T .
R AL g (500)Gev. |
x- R S R I R ST SR R S S R
0 200 400 600 800 1000
m, (GeV/c?)

Squarks and gluinosup to 1 TeV
95% CL
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@) AJONOJIHUTEJIbHbIE U3BMEPEHUA?

’Artani-Hamed, Dimopulos & Dvali (1999)

Randall & Sunodrum (1999) A “Para”el” World
multi-dimensional gravity:

solving hierachy scale problem

Hidden brane set

HoBasa Macca [ 1AaHKa: Mo
HoBas AAMHA [1AaHKa: Lo Lo = ( 3

HOBAaA NrpaBUTAUUNOHHAA
2m)" multi-D graviton -

KOHCTaHTa HbloToHa: Gp = = .
© R~ 1/,

Paanyc LLiBapwimnabaa Rs: %\ /
1 (8T[(n +3)/2] Gp \/3)1/0”1) | SM Forces

R 2 ct

"Mirror"” Forces

G h)l/(n+2)

Our World 3+1
Our World
PaccesHue Ha npuuUeAbHbIX paccToAHMAX b ~ Rs
> 0bpazoBaHMe YepHbIX MUKPO-AbIP! BpeMs xu3Hu << 1039 sec
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Significance
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MACCbI BYX CTPYU (CMS)
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= —e— CMS (1.0 fb™)

T —— Fit

E_ ----- QCD Pythia + CMS Simulation

E JES Uncertainty

= S (1-§ TeV) - .-.- Excited Quark

= . -0 - - - String Resonance

E- e =
— g \ =
T - \ S(26Te -
-~ q*(1.5TeV) (, - V) -
E v - -
E \s=7Tev =
| Il<25,1An1<1.3 _
§ Wide Jets é

1000 1500 2000 2500

Dijet Mass (GeV)

Parametrization of the data:

do

Po(1 —m/+/s)"™

dm — (m/+/s)Pr+Psin(m/5)

Signal shape

€[ CMS Simulation

0.15

0.1

0.05

[~ ——— Quark-Quark (Wide Jet)

- = Quark-Gluon (Wide Jet)

Gluon-Gluon (Wide Jet)

- Gluon-Gluon (Anti-k; R=0.7)

— M, =20TeV

- Ml<25,1An1<1.3

T ] T T T l T T T T

| P e -

2000

2500

Dijet Mass (GeV)

Lower limit on the mass in different models

Model Excluded Mass (TeV)
Observed | Expected
String Resonances 4.00 3.90
Eg Diquarks 3.52 3.28
Excited Quarks 2.49 2.68
Axigluons/Colorons 2.47 2.66
W’ Bosons 1.51 1.40
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* Di-muon and di-electron mass spectra Z’ 1G
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BAK: BIVDKAVLIME NEPCAEKTUBDI

¢usmka BAK 201 1: 5 6!
2012: 10 ®6'?

2012: yeanuenmne po 8-10 T3B!

2012: Bce Bo3amokHble Macchl 6030Ha Xurrca CM
CUAbHble orpaHuyeHus Ha MSSM
ciopnpu3bi!

LLEPH BAK: MHOIO HOBOCTEW BMEPEAN!
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Pieter Bruegel de Oude "Babylon tower" 1563

LIEPH: yHMKaAbHbIE BO3MOXHOCTM!
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