L -__;: M
f L

L | AZaitsev
. IHEP, Protvino

Ty
¢ P




DIR-TECH/84-01
ay 1984

//// /// '

“‘*\\\\\\\*&\

LARGE HADRON COLLIDER
IN THE LEP TUNNEL

A feasibility study of possible oplions

by
The CERM Machine Group

«1984 : first studies
«1990 : Aachen workshop
eSummer 1992 :Evian workshop

End 1992;
ATLAS and CMS Letters Of Intent

*No very significative
change of detector design since

*1994 The CERN Council approves
the construction of the LHC

«1998 The first prototype magnet
with a 15 metre nominal length is
tested



the dreams of

At present the scalarland exists only in
who desecribe it in many way¥s, whiech are quite far

theoreticians,
from being selfconsistent.
perimentalists and ampcelerator builders to Jo
discovering this land, which lies below and not far above 1 TelV.

The aim of this talk is to urge ex-
in their efforts in

_ During the last 50 years physicists solve preblems b
;zviii;?gﬂfypathﬁtieallgartiﬂles, which eventually_became real?
| years to discover the first hypothetical spinless
péftlﬂl&: the pion. It is now precisely 14 years that we 1i
With a new type of hypothetical spinless bosons Tan't i ot
time to discover them? - o




* PP Vs=14TeV  Lgegq, = 103 eme s (after 2009)
LHC L. 1 = few x 1033 cm-2 s-1(until 2009)

* Heavyions (e.g. Pb-Pb at Vs ~ 1000 TeV)

TOTEM (integrated with CMS):
pp, cross-section, diffractive physics
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ATLAS and CMS:

general purpose

27 km LEP ring
1232 superconducting
dipoles B=8.3 T
Here:
ATLAS and CMS
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Russian Institutions in LHC

Russian Center “Kurchatov Institute”

Russian Academy of Sciences
= Budker INP (Novosibirsk)
m Lebedev PI (Moscow)
m Konstantinov PNPI (St.Petersburg)
= INR (Moscow)
Agency of Atomic Energy
= IHEP (Protvino)
= ITEP (Moscow)
= RFNC “VNIIEF” (Sarov)
Moscow State University
= Skobeltsyn INP (Moscow)

Ministry of Education and Sciense
= MEPhI (Moscow)
= St.-Petersburg State University (St.Petersburg)

JINR (Dubna) in close cooperation with RF Institutes




Main dipoles
Quadrupoles
Sextupoles
Octupoles/decapoles
Other correctors
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Descent of the last magnet, 26 April 2007




First cooldown and warm up of Sector 7-8

@ LHC sector 78 - First cooldown & Powering & warmup

=)
cooldown 300 - 80 K *From RT to 80K precooling with LN2.
320 1200 tons of LN2 (64 trucks of 20 tons).
300 Return Threeweeksfor thefirst sector. '
230 ; ; *From 80K to 4.5K. Cooldown with ’
. RTINS refrigerator. Three weeksfor thefirst
260 I Magnet sector . 4700 tons of material to be cooled.
240 4 AR o *From 4.5K to 1.9K. Cold compressorsat T :
220 - P 15 mbar. Four daysfor thefirst sector. | oo o=
< 200 | cooldown 80 - 20 K — 17
g 180 4 1 e Powering tests in LSS :
= cooldown 20 - 4.5 K /
© 160 - - - :
@ -
o 140 4 Filling & 1.9 K cooldown
E 120 4 £ > DFBs & 1.9 K pumpdown tuning
~ 400 - A “
80 TR 1 rmal shield temp N
ol Supplyﬂ S 5 W YV Y e - o 1l emptying
temperature ¥ | | e
20 A . _“ . ] warm-up
AL oL} o desilon B LI Lifbebelyd T T e——————rc—
0 T T T —— — e — e e e T T

15/01/07 02/02/07 20/02/07 10/03/07 28/03/07 15/04/07 03/05/07 21/05/07 08/06/07 26/06/07 14/07/07 01/08/07

Time (UTC
— 4.5 K refrigerator supply temperature — Return temperature AR

Thermal shields temp. (average over sector) — Magnet temperature (average over sector)
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 First collisions

43 bunches, no crossing angle, no squeeze, moderate intensities
 Push performance (156 bunches, partial squeeze in 1 and 5, push
intensity)

 Performance limit 1032 cm-2 s-1

Establish multi-bunch operation, moderate intensities
Relaxed machine parameters (squeeze and crossing angle)
Push squeeze and crossing angle

Performance limit 1033 cm-2 s-1 (event pileup)

Nominal crossing angle

Push squeeze

Increase intensity to 50% nominal
Performance limit 2 1033 cm-2 s-1

Push towards nominal performance




Mgt Detectars Ebectromagretic Cabarimeten

Farvard Calprimeters
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Barrel Toroid Inner Detectar Shielding

* Tracking (|n|<2.5, B=2T):
-- Si pixels and strips
-- Transition Radiation Detector (e/x separation)

Length : ~45 m

Radius : ~1Z2 m

Weight : ~ 7000 tons
Electronic channels : ~ 108

~ 3000 km of cables * Calorimetry (|n|[<5) :

-- EM : Pb-LAr with Accordion shape
-- HAD: Fe/scintillator (central), Cu/W-LAr (fwd)

* Muon Spectrometer (|n[<2.7):
air-core toroids with muon chambers
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The Compact Muon Solenoid

CMS
A Compact Solenoidal Detector for LHC
FOMIAD

CALDRIMETER

——

i Total weight 12 500 t
Overall diameter 15.00 m

Overall length 21.6 m

Total weight : 12,500t SUPERCONDUCTING

Overall diameter: 15.00m il — Magnetic f"ed 4 TeSIa

Overall length : 21.60m
Magnetic field : 4 Tesla @_ =




At the surface, solenoid inserted on 14 Sept. 2005;

cooled down to 4.5 K in February 2006;

ramping up the current, now at 12.5 kA (2.5 T)

— magnetic test/field map starting Aug./Sept. 2006 (MTCC)

Magnetic length
Diameter
1 | Magnetic field
- & B8 4 Nominal current
: B Stored energy




ENDCAP Hadron calorimeter HE+ and
Forward MUON ME+1/1 at YE+1 disk
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ATLAS

CMS

MAGNET (S)

Air-core toroids +
solenoid in inner cavity
4 magnets

Calorimeters in field-free region

Solenoid
Only 1 magnet
Calorimeters inside field

TRACKER

Si pixels+ strips
TRT — particle identification
B=2T

o/pT ~ 5x10-4 pT [ 0.01

Si pixels + strips

No particle identification
B=4T

a/pT ~ 1.5x104 pT L1 0.005

EM CALO

Pb-liquid argon
6/E ~ 10%/VE uniform
longitudinal segmentation

PbWOA4 crystals
G/E ~ 2-5%0 [VE
no longitudinal segm.

HAD CALO

Fe-scint. + Cu-liquid argon (10
A)
o/E ~ 50% /VE [0 0.03

Cu-scint. (> 5.8 A +catcher)
6/E ~ 100%/VE [ 0.05

Air > o/pT ~ 7 % at 1 TeV
standalone

Fe - o/pT ~ 5% at 1 TeV
combining with tracker




e 8 1 ) S |
With the first physics run in 2008 (Vs = 14 TeV) ..

1 fb! (100 pb!) = 6 months (few days) at L= 103 cm-2s7!

with 50% data-taking efficiency

— may collect a few bl per experiment by end 2008
Channels (examples ..) Events to tape for 100 pb! | Total statistics from

(per expt: ATLAS, CMS3) some of previous Colliders

W—nuv ~ 106 ~ 10* LEP, ~ 10% Tevatron
Z —=pp ~ 10° ~ 10° LEP, ~ 10° Tevatron
tt = WbWb —puv+X ~ 104 ~ 10% Tevatron
QCD jets pr>1TeV > 103 —
g¢ m=1TeV ~ 50 -

With these data:

* Understand and calibrate detectors in situ using well-known physics samples
eg. -Z— ee,uu tracker, ECAL, Muon chambers calibration and alignment, ete.
-+t — blv bjj jet scale from W — JJ. b-tag performance, etc.

* Measure SM physics at Vs =14 TeV: W, Z, t1, QCD jets ...
(also because omnipresent backgrounds to New Physics)




Prospects for physics in 2008-2009 (examples ...)

10 events
with 100 pb-1




The first measurements and underlying events

Topological structure of p-p collision from
charged tracks

The leading jet defines a direction in the @
plane

Main observables:
+ dN/dndd, charged density
+ d(PT,)/dndé, energy density

PT5 [t
Pl 11 (el ]

P TR sl ) ] B
L e G B’




QCD Studies

Measurements of o
Information on PDE’s at small-x'and large-Q>2
Study QCD dynamics at small-x

Measurements of jet shapes andjet
fragmentation function

Calibration by physics processes

Jet x-section with 0.1 fb-!
| (end of 2008)

JL =0.11b"

do 1 fb_-0.1 events

dp.~ GeV~ GeV
T

500 1000 1500 2000 2500 3000 3500 4000
pT/GeV

Q?- and x- region at CMS

— F—r—t
. Ry = (MiE)e x
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JINR, ITEP, MSU, PbiPI




Diffraction/Forward Physics

Study of 2 jet production in hard single diffraction b PpP->p 2j X
P

(one pomeron exchange) P lr

.<7 pomeron remnant

! jet
St e J
\\ / ’I
‘-“T //

Study of 2 jet production in central diffraction
(double pomeron exchange)

hard scatter

A
9.9 ™
’// ™,

Study of the underlying event in diffractive A

—

tO pOlog Ies e \protcm remnant

R R s
Exclusive DPE Higgs production
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EWK Physics

W (Z)

Can be easily selected with high efficiency/purity
60% efificiency ior Z->ee and 52% efficiency. for Z->[1 [
contamination < 1%

Uncertainties with 1 fb-! in the muon channel in detector

Ao, o e g " " : 2 :

—pp= LA X =y g +X =013 % +2.3 % +lumi uncert.
a

Ao i ; ; ’

—(pp2W+X 2 pv+ X)=0.04 % £ 3.3 % = lumi uncert,
o

6%- 7% accuracy on the luminosity seems fe

Drell-Yan processes

Important benchmark process

Deviations from SM cross section indicate new ph
m| ClOSS-SEection measurements
s extraction of muen ferward-hackward asymmetry.

= expleration off helicity’ structure of these process
JINR

# of evenis / 200 MeV
S

5

1000

W signals
with 1 fb-!

—— DY: Standard Model,

K=1.38

—— The errors interval is induced
by PDF's uncertainties

2000

(CTEQ6M)

3000

Availéble masses ~ 3-3.5

4000
M, GeVi/c’

5000




A top signal can be observed quickly, even with limited detector performance and simple
analysis .... and then used to calibrate the detector and understand physics

Oy <250 pbfortt - b b b b

180
160

3 jets py> 40 GeV -
140
1 jets pr> 20 GeV E'

120
Isolated lepton 3 jets with largest Y p, ¥l
ou

100 pb-

P> 20 GeV

/ 40
o : NO b-tag !! "

La
#

i, J ' n[l 0 00 | 00 ”
E Miss > 20 GeV M(3jets) GeV

Top signal observable in early days with no b-tagging and simple analysis

(~3000 evts for 100 pb') . measure o, to ~20%, m, to <10 GeV with 100 pb-1?
(ultimate LHC precision on m: ~ 1 GeV)

In addition, excellent sample to:
« commission b-tagging, set jet E-scale using W -, jj peak, ...
* understand / constrain theory and MC generators using e.g. p; spectra




Top Physics

Top mass

Make initial direct measurement of top mass Spectra

Measure total and differential ttbar cross section a
test ol pRLCD calculatiens (predicied! at = 10%)
Sensitive e new physics
Measure single top production (t-channel)
Polarization in ttbar and single top systems
FCNC

[ ] signal
|. pitier Tioar

|. s jmin |

nr. of events

single top 150 200 250 350
" it
#EPIGEV}

D Signal+Backgrounds
Backgrounds

Expected total mass error
for 10 fb1: 1.2 GeV !!

Event/7.0 GeV/d

2 W T50 200 250 300 350
n of the light jet MSE’O IHEB Mass (B-Jet,W) in GeV/c?
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. Direct onia
. Drell-Yan

—h
2

Events per 1 pb™

ATLAS preliminary

10 11 12
Mass (GeV)

73]
Qo
1S
L
*

- Muon Spectrometer alignment, ECAL uniformity,
energy/momentum scale of full detector,
lepton trigger and reconstruction efficiency, ...

- tracker momentum scale, trigger performance,
detector efficiency, sanity checks, ...

al | Ziy*—uu
T bosspp

Dt ww
T Wopy
[ 2y

M, [GeV]

Precision on 0 (Z- pp) with 100 pb-1: <2% (experimental error), ~10% (luminosity)




An ideal candidate for an early discovery:

Z’ - e*e" with SM-like couplings (Zgg,,)

Mass Expected events for 1 fb-1 Integrated luminosity needed for discovery
(after all analysis cuts) (corresponds to 10 observed evts)

1 TeV ~ 160 ~ 70 pb-
1.5 TeV ~ 30 ~ 300 pb-1
2 TeV ~7 ~ 1.5 fb-

m with 100 pb-! large enough signal for
discoveryup tom >1 TeV

m signal is (narrow) mass peak on top of small
Drell Yan background

m ultimate calorimeter performance not needed

=

Is it a Z’ or a Graviton ? From angular distribution
of e*e- can disentangle Z’ (spin=1) from G (spin=2)
Requires more data (~ 100 fb-")

Events/10 GeVil b’

m(ll) (GeV)




Another example:

If it is at the TeV scale, it should be found “quickly” .... thanks to:

m large (strong) cross-section for [ldR e -Hl el laste!
m spectacular signatures (many jets, leptons, missing E;)

—— -

LHC reach for gluino mass

o F AR RN ')'— JLdt Discovery
S . u B of well understood data | (95% C.L. exclusion)
S 10°E ® 2l BG g
=~ F ® it Bl 0.1-1 fb-' (2009) ~1.1 TeV (1.5 TeV)
2 r [, oW Bl >1fb' (2009-2010) ~1.7 TeV (2.2 TeV)
O 107 |l &eD =0l 300 fb-' (ultimate) up to ~ 3 TeV
© - ::j—;— ]
ol ;+¢ﬁl m~1TeV
- fF w | | 7 Planning for future facilities would benefit a
1 g_A Preliminary —j_ | LT: _g lot from quick determination of scale of
i dec e e b L T .

New Physics. With ~ 1 fb-' LHC could tell if
“standard” SUSY accessible to Vs <1 TeV ILC.

100 200 300 400 500 600 700 800 900
Missing E_r [GeV]



gure o Jets + Emss(0l) | A.TLAS PPEIII’I“II_I"IGI"Y | [Jets+ 11 +Emiss]  SAsa
8 o i : T [—aus E s : : : —sm
w B g Emnrauﬂﬁ B EZZ Sumoar an B3
. tthar+Ja=ts r+.
— ¥ Ztlels N | W Zthels
B B acp — i B ach
e antl .. e ——
m(q,g) ~ 1TeV
. . 1u
2 1 o
5 e ¥ i
A 1u1’|.. e
3500 4000 0 500 1000 1 2000 2500 3000 3500 4000
M, (GeV) = EET Q) + B, GeV
i=1,4 . : .
_ 1 Estimate physics backgrounds using
E{ ™55 spectrum contaminated by cosmics, data (control samples)
beam-halo, machine/detector problems, etc. '
‘ MET inchudes colls with E>D [no CH) : ATLAS PPEIIH‘HHEI"Y
Mo corection 2 1
Bad rung were removed 10 3 | 1 fb-l
10 Moksy everts were removed - 1
Bad celleftowers wore romaved [ :FLH:F
a Run Ii '"];_ T I.Okawa et al.
10 V. Shary CALOR04 - -+ l
L R: Z(—:vvx:] +jets F“
o | after § B: as estimated
cleaning ne cleaning - from W(—uv)tjets
G50 100 150 200 250 00 950 400 — 90 100 200 300 400 500 600 700 800 900 1000

Missing ET, GeV Missing E; (6eV)




SUSY Searches

In some case the possible SUSY signature is
striking even at low luminosity.

MET frem the LSP pair escaping the detecior +
leplens & Jets fren the cascade

number of lapton pairs

ATLAS

_H,;E'H-r.
Bam M = 1 o =, A, =10

i ST e o R s i e b e e

R —— I [ = 3 F i
&00 1000 1200
My, GeV




SM Higgs Bosons Searches

Search for Higgs bosons is one of the first priority tasks of CMS and
ATLAS Physics program

Benchmark channels for SM Higgs are

golden” decay. :>

S0 sy e =
g |
45k bt - Elil_:m'whllm VL DIFOFE

40: LS Eidlnzﬂrrl_line- wyet enors
35:
aar
25F
20f
15
LR

MNLO cross sections

int L i)

i

Luminagity mesded for @ 5S¢ dsoavery [i

st CMS

|I-'IEF 115 120 125 130 135 140 145 150 155 160 170 180 190
M, (Gav) 2

m, [GeVic]




ATLAS n S

The more difficult case:

g

3 A H =+ ZE =41
1 (2003) ¢ H — WW" s
= i EIEX = gl gy WWT
E s ggll gy

= — Tuoisl significance

Need |Ldt of several fb-! of well-understood data per
experiment

fpd
10

— 5g discovery

i
i
1
i
! = = 95% C.Lexclusion
i

1

A
%
%
1
; F I
o B - -
o H— ZZ*— 4l Preliminary,
m L -
¥ [ WHiggs selections not
E oL m2 timized
5 ¢ s EZbb op
Ei 5 | mZz d
[ B ]
@ 5_— ]
107 & : :
| 3 E
400 SO0 00 700 8009001000 2—
m, (GeV) -

Most difficult region:

need to combine many
channels (e.g. H - vy, For m, > 140 GeV discovery easier with

qqH - gqtt) with small S/B (narrow mass peak, small B). H -~ WW -, Ivlv (dominant at
160-175 GeV) is counting experiment (no mass peak)



MSSM Higgs Bosons Searches

(d At low tan 8, we may exploit
the sparticle decay modes:

CMS, 30 fb”
My = 800 GeV/c* |

Bk, gluine = H/A +X — bb +X
1 = 150 CeV/c", My = 350 GeV/c

AN

BH = 88 = 4lept ]

1= 500 Gev/c?, 1
M, = 200 GeV'/¢* ]

R SRR R RR KR RS PR el o
100 200 300 400 500 600 700 800
m, (CeV/c?)

Events for 30 fb" /10 GeVic*
w8 3% B B & 2

L=

i
TITTTT

+ o= =

‘T

e

My = 2D Gl:"'ulr.l'l"
tan = 2]

x

H. A — =T — D7 juis - X
my = 5 GeVic*
tand = 300

m,+ .- (GeVic?)

& I W o WD

I

=

P -

Septerie e
ATLAS+CMS
—th 5(:‘1=1th-"..|"!'.:|:

S =T Maximal mixing




Extra Dimensions

Many: different theeretical variants exist:

arge extra dimensions (ADD)

Randall-Sundrum models with “warped” extra dimensions
Strong gravity atithe TeV scale (with Black Hole production!)

ADD example:

gg - gG

q

g

Mpa® (TeV)
LL,30fb 1

M e (TeV)
HL, 100 fb—1

7.7
6.2
5.2

9.1
7.0
6.0

Events / 20 GeV

108

10

Vs = 14 TeV

:t,.[.!/

q
)
ki

100 fb-1

= iWi(ev), jW(uv)

105;
ST (k) (k) S| ]
qq - gG ' y G i -"-H-., " "g"- — total background
qg — qG(k) jets +/E/T’ y.|./E/T 104 = »

[
O
A
u

ITn

signal 6=2 M, =4 TeV
signal 5=2 M, = 8 TeV
signal =3 My =5 TeV
signal =4 M, =5TeV

0

250 500 750

1250

1750 2600
Emiss (GeV)

1500



LHC accelerator and ATLAS/CMS on track for 14 TeV p-p collisions in 2008

Continuous understanding/ debugging/ calibrating effort
since several years :

o Test beams(ICosmics[beam gas/halolIcollision

o In addition to « as-built » large scale simulation

Data collected in year 2008 can bring first physics results even discoveries

This will only be possible with continued work on understanding the
detector with ever increasing accuracy and level of details




 What breaks EW symmetry (origin of mass) ?

 Whether existing indications for unification and supersymmetry point
to right direction ?

* If indeed the superworld opens up, is it the dark matter ?

e Whether new exotic phenomena exist at EW scale, like Hidden
sectors, extradimensions, new particles, fields and interactions ?

Soon we will know!




Back uUpslides




With the first collision data (1-100 pb-1) at 14 TeV

Understand detector performance in situ in the LHC environment,

and perform first physics measurements:

» Measure particle multiplicity in minimum bias (a few hours of data taking
.

* Measure QCD jet cross-section to ~ 30% ?

(Expect >103 events with ET (j) > 1 TeV with 100 pb-1)

 Measure W, Z cross-sections to 10% with 100 pb-1?

» Observe a top signal with ~ 30 pb-1

» Measure tt cross-section to 20% and m(top) to 7-10 GeV with 100 pb-1 ?

* Improve knowledge of PDF (low-x gluons !) with W/Z with O(100) pb-1 ? «
*First tuning of MC (minimum-bias, underlying event, tt, W/Z+jets, QCD
jets,...)

And, more ambitiously:

[] Discover SUSY up to gluino masses of ~1.3 TeV ?
[] Discover a Z‘ up to masses of ~1.3 TeV ?

[] Surprises ?

F. Gianotti




Calibration with real data

Standard model processes:

o Z—ee (~ 6 x 104 evts/day after cuts ): ECAL inter-calibration, absolute
E-scale, etc.

o Z—up (~ 6 x 104 evts/day after cuts ): p-scale in tracker and Muon
Spectrometer, etc.

o tt—blv bjj (~ 1 x 104 evts/day after cuts ) : absolute jet-scale from

W-—jj, b-tag performance, reconstruction of complex final states (for

ttH),etc.

1 Inclusive processes (dedicated prescaled trigger)

o Minimum-bias events : pp interaction properties, MC tuning, LVL1
efficiency,timing, radiation background in Muon chambers, etc.

o QCD : QCD cross-sections and MC tuning, trigger efficiency,
calorimeter inter-calibration, jet algorithms, background to Higgs,
SUSY,etc.

o Inclusive ex pT > 10 GeV : trigger efficiency, ECAL calibration, ID
alignment, E/p, ex reconstruction at low-pT, etc.

o Inclusive px pT > 6 GeV : trigger efficiency, yx reconstruction at
low-pT,E-loss in calorimeters, ID alignment, etc.

D.Rousseau




Standard model

Precision calculations Drell-Yan processfor PDF

measur ements. (JINR)

Development of the theoretical and experimental methods
for PDF evaluations. (IHEP)

Well + 2 Multiparton interactions (IHEP)

New type of thereactions, could givethe
background to many processes (f.e.
Higgsto bbar).

The cross section can be measured by
ATLASIn thereaction of same sign
vector boson production.

0 20 40 60 80 100 120 160 180_ 200
Pt_lep + Ptmiss




Search for the SM Higgs bDoson. via decay
H— 4.

Reconstructed mass

Gold Fbted” channel of 4-muon systemR
for Higgs discovery
at LHC

- o 5

1 o
" 1|
o [ &

K, =, T g h
i 1 -

e I 1] | [

I O i L R

L P | i | AL
St T

H w'.::-,-\.-':'l_.a_.._ 5 .....I......:II.': .,._.._.._.., - o .:-.;...'-:-'-'., "::l:':l.
?ﬂﬂ 110 120 130 140 150 160 170 180 190 20
~carche GeV/e®




SANC

ct SANC (Support of r\nal\/'r]cal zricl
1erical Caleulzi rJonJ for Experirmnents 2t
Colliders).  http://brg.jinr.ru

D.Bardin, L.Kalino Vskaya, P.Christova, et al
(DLNP, JINR), A.Arbuzov, S.Bondarenko

Projec
NUT

_*m

(BLTP, JINR).
New Monte-Carlo generator H — 41 at i) 1(3)
single resonance approximation was ,
created, taking into account both 1-loop| . N
corrections and identity effects that was | —¢ -
never done before. N A
This generator was tranferred for use to
JINR ATLAS muon group. ) )




Electroweak symmetry breaking

ISstill NOT under stood.

The vector boson scattering
sensitiveto the new phys

From talk of A.Myagkov
on “Hadron structur e-
07" conference

Resonance mass - Tower4

SIGNAL+SMbyg

TThyg: 0 events in peak region
SMbg: 4 events in peak region
Wdjershg: gone after cuts
SIGNAL: 14 events in peak region

|l

sfﬂesonance peakjat = 1097 GeV
- resolution = 76 [GpV
29— s - -
2;— \e | |
1.5 F
1:_ b-l
i
E ™
B P e et | ] I o, T | .
% 200 400 600 800

1000 1200
mass [GeV]



Thedeviations in dilepton invariant massdistribution
may be a signal for existence of extra space dimensions

of effect of unparticle physics.
Unparticle stuff lookslike a

non-integral number of
Invisible particles.

500 1000 1500 2000 2500 3000

Virtual exchangeof virtual
gravitonsincreasethe cross
sections at high masses

New, rich
500 1000 1500 2000 2500 phenomenOIOQY




Russian Institutions in LHC

Russian Center “"Kurchatov Institute”

Russian Academy of Sciences
s Budker INP (Novosibirsk)
s Lebedey PI (Moscow)
s Konstantinov PNPI (St.Petersburg)
= INR (Moscow)
Agency of Atomic Energy
= IHEP (Protvino)
= ITEP (Moscow)
= RFNC “VNIIEF” (Sarov)
Moscow State University.
s, Skobeltsyn INP (Moscow)

Ministry of Education and Sciense
= MEPhI (Moscow)
= St.-Petersburg State University (St.Petersburg)

JINR (Dubna) in close cooperation with RF Institutes




Physics Studies in ATLAS (T)

Top-quark (JINR, BNPI)
= Important test of SM (charge, mass, etc)
= Background for SUSY, Exotics, etc
= Energy calibration, etc

QCD @ Standard Model Physics (JINR, IHEP, LPI)
= Parton DF
= Gamma/Z-jet events and Gluon DF
= Multiparton interactions
= Cherenkov in QCD

Higgs Physics (JINR, ITEP)
| H—>4|._|
= H-bb, H-tt, H-2Zy

SUSY Physics (JINR)
= “the first observed” SUSY-particle in the other SUSY-channels
= SUSY is background for SUSY
= Stop, Gluinos, Same-sign dileptons




Physics Studies in ATLAS, (1)

Exotics Physics (IHEP, JINR, MEPhI)
SUSY R-hadrons (travel ATLAS without decays)
SUSY long-living Staus, Stops, etc
Extra dimensions, unparticles
WW, WZ and ZZ rezonances
Monopoles, etc

Rare tau-lepton decays
Z' —tt

b-quarks (MSU, LPI)
Rare decays
Production

Heavy Ions Physics (JINR, MEPhI)
QGP jet quenching via Z-jet events,
ultraperipheral interactions




CMS, Physics Analysis

QCD All the time of CMS project side by side with

detector assembly and installation the
S e  physicists from Russian and Duba Member
RS REEE LY  State (RDMS) Institutions focused their
B-physics efforts at development of CMS Physics
Higgs Research Program.

SUSY
Exotic
Heavy lons
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QAlignment and calibration by physics processes (y + jet, Z + jet, Z0etc)
dTriggering

»Early trigger performance

»Prescaled trigger & overall strategy

Studies of Standard Model (W/Z, jest, B-physics, top, diffraction) at new energy
scale

L 1Search for new no




The data flows from CM
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Main observables:
+ dN/dnd$, charged density |
+ d(PT,,,)/dnd¢, energy density |

Topological structure of p-p collision from charge
The leading jet definesia direction in the @plane
Transverse region particularly sensitive to UE
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Exotics (Beyond the Standard Model)

» Extra dimensions are flat and could be as large as a few um

» SM particles restricted to 3D brane and only accessible to gravity

(RS1 — two branes)
» Small extra spatial dimensions

» Curved bulk space (AdS; - slice)
> Well separated graviton mass spectrum

» Bosons could also propagate in the bulk
» Fermions are localized at the same (opposite) orbifold point: destructive
(constructive) interference between SM gauge bosons and KK excitations

» All SM particles propagate in Extra Dimensions
» often embedded in large Extra Dimensions




Exotics (Beyond the Standard Model)

d (new particles) in RS1-model
GSXE
graviton) and TeV-! extra dimension model (Z,,) or exi
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