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= OUTLINE

d CMS Operations

v data taking and sub-detector operational status

d JINR in CMS Physics Analyses

v brief review of JINR participation
v" physics with high-mass dimuons
= test of standard model
= searching for new physics

d Summary
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Z CMS Data Taking
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g>91% for pp g > 94 % for PbPb

pp-collisions Run @ 7 TeV of 2011 (14 March — 30 October) :
5.22 fb! of data collected by CMS

PbPb-collisions Run @ 5.5 TeV/nucleon (12 November — 07 December) :

158 ub-! of data collected by CMS.
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% The CMS Physics Analyses

The goals are
— rediscovery of standard model
— test of standard model in new energy scale
— looking for Higgs bosons
— looking for physics beyond the Standard Model
« SUSY, Exotics
— heavy ion studies

124 papers were accepted or submitted to J. High Energy Phys, Phys. Rev. Lett.,
Phys. Lett. B, Eur. Phys. J.

http://cdsweb.cern.ch/collection/CMS Papers
~ 30 papers are in final reading inside the CMS Collaboration

99 authors from RDMS of 2175 /17 authors from JINR (< 1 % of all CMS authors)
+ 11 from DMS

JINR physicists are writers of seven CMS Physics Analyses (~ 5% of all CMS
papers) and two CMS Internal Notes
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% JINR Iin CMS Physics Analyses

v JINR group concentrated on few selected physics topics, where JINR physicists
already contributed significantly in preparation of CMS physics program

v" Well integrated into the CMS physics program
— Search for Higgs bosons (212v channel, 4l channel)
— Study of dimuon production in the large invariant mass region inaccessible at
other accelerators

— for SM verification and search of new physics beyond Standard Model (extended
gauge models and extra dimensions etc)

— Study of jet physics

— to extend PDF’s at range of small-x and large-Q2 and measurement of o,

— 2 Jet production in diffraction processes (single and double pomeron exchange)
— Study of pair of gauge bosons (ZZ, WW)

— Bose-Einstein correlations of gauge bosons of the same sign

— anomalous coupling constants in production of WWy, WWZ, WZy, Wyy

v" Complex of RDMS Grid-computing based on the special RDMS Tier-1 centre at
CERN and Tier-2 in Dubna provides efficient participation of JINR team in data
taking and physics analysis

15 JINR Physicists take part actively in data processing

The last overview was presented on 4 analysis, among them 5 PhD Students

PAC, January 23, 2012




% JINR in CMS Physics Analysis Papers

JINR physicists are writers of seven CMS Physics Analyses (~5% of all CMS papers)
and two CMS Internal Notes:

CMS Physics Analyses Notes:

A.Lanyov, |.Belotelov, S.Shmatov, et al. “Measurement of the differential and double differential Drell-Yan cross section in
proton-proton collisions at \'s = 7 TeV in dimuon channel”, CMS AN-2012/063

D. Acosta, ..., |.Belotelov, A.Lanyov, M. Savina, S. Senkin, S. Shmatov et al. “Search for High-Mass Resonances Decaying to
Muon Pairs with Collisions Gathered at Vs = 7 TeV”, CMS AN-2011/472.

D. Acosta, ..., |.Belotelov, A.Lanyov, M. Savina, S. Senkin, S. Shmatov et al. “Search for High-Mass Resonances Decaying to
Muon Pairs with Collisions Gathered at Vs = 7 TeV with 1.1 fb-1”, CMS AN-2011/278, CMS PAS EX0-11-019 arXiv:1103.0981
A.Ferapontov, G.Landsberg, P.Tsang, V.Konoplianikov, M.Savina, S.Shmatov, “Searches for Microscopic Black Holes
Production in pp Collisions at sqrt(s) = 7 TeV with the CMS Detector with 1.1 fb-1", CMS AN-2011/256, PAS EXO-11-071

D. Acosta, ..., |.Belotelov, A.Lanyov, M. Savina, S. Senkin, S. Shmatov et al. “Search for High-Mass Resonances Decaying to
Muon Pairs with Collisions Gathered at Vs = 7 TeV ”, CMS AN-2011/222

A.Lanyov, |.Belotelov, S.Shmatov et al. “Drell-Yan Differential Cross Section Measurement at 7 TeV in the Muon

Channel”, CMS AN-2011/013, CMS-EWK-10-007. Published as CMS Col. Results in arXiv:1108.0566, JHEP 10 (2011) 007
D. Acosta, ..., |.Belotelov, A.Lanyov, M. Savina, S. Senkin, S. Shmatov et al., ” Search for High-Mass Resonances Decaying to
Muon Pairs with 40 pb-' of collisions gathered at \s = 7~ TeV”, CMS AN-2010/317, arXiv:1103.0981, JHEP05 (2011) 093

CMS Internal Notes:

I Altsybeev, V. Konoplianikov, S. Shmatov, A. Tumasyan, A. Zarubin, “Jet Energy Scale Calibration Using W -> qgbar
Process”, CMS IN-2011/010

V. Konoplianikov, S. Shulga, A. Zarubin,” HF Calorimeter Calibration Using Events with Direct Photons and Jets”, CMS IN-
2011/001
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% Conference Talks by JINR Physicists

More than 15 talks on behalf of CMS Collaboration at the International Conferences,
In particular:

The Nuclear Physics Department of RAS Conference "The Physics of Fundamental

Interactions, 21-25 Nov. 2011, Moscow:

= |van Belotelov, “Studies of Drell-Yan process in pp collisions at 7 TeV with CMS Experiment”

= Pavel Bunin, “Measurement of the transverse energy flow in a large eta range and forward jets at LHC at sqrt(s)
=0.9 and 7 TeV at the CMS Experiment” (PhD Student)

= |lya Gorbunov, “Forward-Backward Asymmetry of DY pairs and measurement of weak mixing angle in pp
collisions at 7 TeV with CMS Experiment” (PhD Student)

= Maria Savina, “Searching Microscopic Black Holes in pp collisions at 7 TeV at the CMS Experiment”

= Serge Shmatov “Searches for Physics Beyond the Standard Model (Exotica) in pp collisions at 7 TeV at the CMS
Experiment”

15th Lomonosov Conference on Elementary Particle Physics, 18-24 Aug. 2011, Moscow:
= Maria Savina, “Search for Microscopic Black Hole signatures in the CMS Experiment”

Also JINR physics results are summarized
= Annual RDMS CMS Collaboration Conferences
= Joint RDMS Seminar “Physics at LHC ” http://rdms.jinr.ru/

= CMS Collaboration Workshops and Working Group Meetings (more than 30 talks)
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Di-muon Physics with CMS:
results of 2010-2011

This program was initiated by Dubna in 2002

CMS Physics Analyses Notes:

“Measurement of the differential and double differential Drell-
Yan cross section in proton-proton collisions at \'s = 7 TeV in
dimuon channel”, CMS AN-2012/063

“Search for High-Mass Resonances Decaying to Muon Pairs
with Collisions Gathered at Vs = 7 TeV”, CMS AN-2011/472.
“Search for High-Mass Resonances Decaying to Muon Pairs
with Collisions Gathered at \'s = 7 TeV with 1.1 fb-1”, CMS AN-
2011/278, CMS PAS EXO-11-019 , arXiv:1103.0981

“Search for High-Mass Resonances Decaying to Muon Pairs
with Collisions Gathered at \'s = 7 TeV ”, CMS AN-2011/222
“Drell-Yan Differential Cross Section Measurement at 7 TeV in
the Muon Channel”, CMS AN-2011/013, CMS-EWK-10-007,
arXiv:1108.0566, JHEP 10 (2011) 007

" Search for High-Mass Resonances Decaying to Muon Pairs

with 40 pb-' of collisions gathered at \'s = 7~ TeV”, CMS AN-
2010/317, arXiv:1103.0981, JHEPO5 (2011) 093



CMS

Why Di-muons?

« Many theoretical reasons: verification of Standard Model with Drell-Yan processes,
hunting for new physics beyond SM (extra gauge models, extra dimensions etc)

« Cross-sections of hadron signatures are higher, but leptonic decays provide clear
signatures with lower and controllable backgrounds!

Why muons? Because it is Compact MUON Solenoid where Dubna group plays
Important role since conceptual design through PhTDR up to physics analysis
— strong B-field and long lever arm (from IP and tracker to Muon system) for precise
momentum estimation
— high precision muon detectors with redundant muon trigger

= priority in JINR physics program — search for new physics in di-muon channels
at the invariant mass region uncovered so far by other accelerators

RDMS Participation (JINR + Belarus): from theoretical studies up to final physics

analysis, including
> high efficiency of registration, triggering and reconstruction for muons
» validations software with Monte-Carlo data, muon cosmic data, SPS and LHC beams
> studies of systematic effects (misalignment, material non-uniformities, B-filed, miscalibration etc)
» physics analysis 9




Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

virtual
plon

Drell-Yan
process

1 Measurements of di-muon spectrum (o, ¢, J/y etc)

 Study of Drell-Yan process to verify Standard Model:

v’ Cross-sections vs invariant mass

v angular distributions (helicity structure of processes)
v’ forward-backward asymmetry

v weak-mixing angle
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% Trigger and Reconstruction Performance

Good agreement with MC prediction

[
RN R D D B = LA L L
| g 168 CMS Preliminary g?éé?fhmgh _;
n 1+ L P —] =) i 0 b+{c cascade) | |
) [ vZ = pp CMS Preliminary S 10°; . W e |
= n —— g 0 Z (+Jels) 3
O e 7] Y= others
o B s _ﬁ:‘:__-__ﬂ__ °© 10° E
E 08=- 7 -t ] ©
LLJ - A - — =1 o)
B -+D_-EI"D‘_D_ . e 103§ =
os[ on-line + offline + 1| 2w CMS MUO-10-004
| acceptance i
= -~ - 105_
04 -l"d:ﬁr — ;
B I 7 T L | B0, Ll |
i *;ﬂﬂ A ] %6740 60 80 100 120 140 160,180 200] T TETHET]
0.2 = — € — p, (GeVic) :
[ = & Axe ] = T =R
C [ Z (+dets}
;._=E= | 25:_ athars E
QIE 30 60 120 240 600 1500 20F
M(pp) (post-FSR) [GeV] -
15;
CMS EWK-10-007 1of
arXiv:1108.0566 i:
JHEP10 (2011) 007
05215 1050 05 1 1.5 2
n

Sergei Shmatov “JINR Participation in CMS Data Analysis”, JINR SC, February 16, 2012 11



AN @)
N\
(@p]

Rediscovery of Standard Models in p+p-
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SM model resonances (from w-meson up to Z-boson) were observed:

v “commissioning “of trigger/selection/reconstruction chain — it works good
v yields are reproduced by SM

exploration of ~TeV region is started !!!
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CMS
= Drell-Yan Processes

Background: 0 < Mpyp- <600 GeV
EWK — from MC
QCD - from MC + estimation from data CMS preliminary
£ oS 3 1L_ 36 pb’ at \s=7TeV j
L 3epbiatys =7 TeV - £
g 10t i N E 3 ZIv* — uu
_g . E CMS-EWK-10-007
g 10 E J. High Energy Phys.
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1 - uncertainty on modeling ’ A
\ 5D = (e S E
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Uncertainties: Good agreement CMS Data and SM
effICIency (11'21 %), baCkgerund (K-faCtOI‘ predictions (NLO MC generator
and PDF) (3.6-10%), unfolding (up 1.7 %), POWHEG + MSTWO08 PDFs)

FSR (up to 2%), other (up to 3%),

~ -1 .
acceptance (up to 2.2 %) Results for ~5 fb is ready, collaboration

approval is in progress
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Z Forward-Backward Asymmetry

 Forward-backward asymmetry is defined as Arg=(Ng-Ng)/(N+Ng), where N¢ is the
number of events in which some particular final-state particle is moving "forward"

with respect to some chosen direction : .
(in general quark direction is “forward”) 0.5 a) | 36 pb ' at Vs=7TeV _
| CMS-PAS-EWK-10-011
Arg Value is sensitive to contribution - 1
. . 1 T T i—a— _
both vector and axial-vector couplings U E [ ]
— Test of SM / new physics < OF _ + ] a
B e data (uncorrected) i
“Dilution” asymmetry measurements: 0.5 Ziy* — pp =
* bin-to-bin migration due to finite 60100 500 800
detector resolution M(pw) [GeV]
* Final-State-Radiation (FRS) Results with corrections for ~5 fb is
 acceptance cuts ready, collaboration approval is in

- unknown quark/antiquark direction for the LHC progress

Will be available for public discussion for
two weeks!
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Measurement of Weak-mixing Angle

Drell-Yan yield = F [lepton angular (cos6.s). dilepton rapidity (Y,) dilepton mass (S)]

do O oo I I— x(Y.s.cos OCS)

dY ds dcos 67¢

Dqyz(s.Y) x 6829(s, cos 0%, SiNPOeg )]

dilution factor

(reflects the fact that the
qguark direction is

generally unknown and i

taken as the boost
direction of the dilepton
system)
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sin 26 = 0.2287 + 0.0020 (stat.) = 0.0025 (syst.).

0.5
cos Hcg

[68£°"( 5. COS b, SiN“Oetr) +
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(takes into
account flavour-
dependence)

CMS-PAS-EWK-10-011
CMS-PAS-EWK-11-003
Phys. Rev. D 84, 112002 (2011)
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< Looking for New Physics
beyond SM
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[ resonance states:
v'spin-1 states: heavy (m~ TeV) gauge bosons Z’' from extended gauge
models and KK excitations of gauge bosons in TeV-1 models (Z)
v'spin-2 states: heavy (m~TeV) RS-graviton in Randall-Sundrum TeV-scale

gravity models

U non-resonant state:

v TeV-scale gravity model — light ADD-graviton
v compositeness models "



CMS . .
Z New Resonance Mass Limits

L. Randall and R. Sundrum (RS1 scenario), PRL83 3370 (1999) R oSlpp=Z+ X =i+ X)
olpp—=Z+X =+ X)

o

__—] Bulk 5D curve space with AdS; slice:
Planck two 3(brane)+1(extra)+time! CMS PAS EXO-11-019
@

i
=
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Heavy KK-excitations of
gravitons (spin-2 state)

ZSSM
Zr
Extended gauge models based — G:K WW=0.1
on GUT E6 or SO(10) Gy K/M,=0.05
—— 95% C.L. limit
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$

Extra gauge bosons Z' (spin-1 state) S0 1000 " 15;]-[] Y
M [GeV]

PP _>GKK,ZKK,Z, _)e+e_,,u+,u_,]/}/, Jet + jet

Z' with standard-model-like couplings can be excluded below 1940 GeV, the
superstring-inspired Z' below 1620 GeV, and RS Kaluza—Klein gravitons below
1450 (1780) GeV for couplings of 0.05 (0.10)
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% ... and again on AFB (looking forward)

spin-1/spin-2 discrimination gV/gA measurements = model
discrimination (even with the same spin)

Angular distributions

® qgq—G— ff: 1 —3cos? 0 +4cos o Asa vs Mass, ) TeV (Pythia)
® g9 —G— ff:1—cos*0 e -
® gqg— G —VV:1—cos?d < 03F =
® gg— G —VV:1+6cos?0+ cos*0 e st j_'"-'
- o 2]
® DY background: 1 + cos? 0 0‘4._. N P E
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O A behavior differs for different new
resonance states of extra gauge bosons (Z')
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2 Searching for virtual ADD-graviton in p+p-

N.Arkani-Hamed, S.Dimopoulos, 6.Dvali (ADD scenario),

CMS preliminary «s5=7 TE'-..'_J- Ldt=1.18%&"
Phys.Lett. B429(1998), Nuc.Phys.B544(1999)
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= SUMMARY

0 CMS data taking and detector operations are high efficient

O The CMS analyses based on 2010-2011 data are almost completed
~ 120 papers are published or submitted to publish, many analyses are going
to be public

JINR participation in CMS is very successful - JINR physicists are involved in
whole CMS chain from data taking (shifts) and to final data analysis

v we contributed in seven CMS physics analyses

v' young physicists are involved actively

The first-priority JINR physics task - 10 years long dimuon physics campaign
Initiated by Dubna in 2002 - is beginning to yield results:
v" Drell-Yan dimuon production yield is measured up to 600 GeV @ 7 TeV
v angular behavior and forward-backward asymmetry are studied
v weak-mixing angle is measured
v new limits on new physics beyond SM are derived
v di-muon results are summarized in six CMS analysis papers and many
conference talks

In 2012 we expect plenty of results on 8 TeV beams with ~15 fb-1 1!
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CMS?

Thank you for your attention!
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The Higgs Searching

The CMS search for the Higgs boson is being carried out with 4.6-4.7 fb-1 using a
range of decay products:
H — yy, tt, bbbar, WW — 2I12v, ZZ — 4l, ZZ — 2|2v, ZZ — 2]12q

The CMS analysis excludes the existence of a Standard Model Higgs boson in Higgs
mass range: 127-600 GeV at 95% C.L. (129-525 GeV at 99% C.L.)

= — 1 1 T 1 T T T T T I TP I T T TP T TTT =
n 10 cms, \E=TTev —=— Observed & 10f cms. Vs =7Tev —=—Observed ]
5 F L=4648f" B Expected (68%) B F L=4648" B Expected (65%)(;
- --—- Expected (85%) s - — Expected (85%)
= - 1 © T
= o =
= -
oy o
= - =
L = L
)] = o
R arXiv:1202.1488
-]D-‘__IIIIIIIII|IIIIIIIIIIIIIIIIIIIlIlllllll? -]D-‘__IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_
100 - 200 300 400 500 M0 15 120 125 130 135 140 145
Higags boson mass (GeV) Higas boson mass (GeV)

DMS (Dubna and Ukraine) participates in analyses
in 212v (L.Levchuk et al) and 4l reconstruction (Dubna)




% Theoretical Motivations

Standard model weak points (except for Higgs is not found so far):

O Hierarchy Problem
v fine tuning of higgs masses is needed to “neutralize” contribution from high order corrections

v" huge gap between Electroweak (102 GeV) and Grand Unification (1016 GeV) scales),
Gravity/EW ~ 1019/102 GeV?

O Yukawa hierachy (explanation of mass patterns for quarks and leptons)

O Unification of interactions, number of generations (why 37?) they can not be fixed in the
framework of SM

O Gravity is not described by SM
O Set of cosmological problems (inflation, dark matter, CP-violation in the
early Universe etc)

Possible ways to solve:

Extended Gauge Theories Large Spatial Extra Dimensions
GUT Eg or SO(10) theories or Real World is multi-dimensional space (two
Left-Right Symmetric Model (LRM) parameters— fundamental scale My and space

curvature k ) with embedded 3D-Universe
ht s 2
unification, tuning, CP-violation... SM is reproduced, hierarchy, includes Gravity,

harmonious cosmological picture...
Sergei Shmatov “JINR Participation in CMS Data Analysis”, JINR SC, February 16, 2012 24



One Extra Dimension

% Physics Scenarios

Guxr Zux 2 ' —e'e 1y, yy, jet + jet

] Buk
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PRL83 3370 (1999) 10-2 new particles!!!
(RS1 scenario), A~ 1
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Q\j Two-particle Interaction on the 3D-brane

2/d
M
Extra dimensions can be large enough!!!! R~M 1( Pl j ~103%%9 1077
~ um for a flat space M
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% Compact Muon Solenoid- CMS

Silicon Tracker

Detector subsystems are designed to measure: the energy and momentum of
| / photons, electrons, muons, jets, missing E; up to a few TeV

Forward Muon Chambers Tracker Electromagnetic calorimeter, ECAL
Calorimeter, HF 7

Hadron calorimeter HCAL

PbwO, ECAL Eohfenny
0 i _uunnn]np]m?uﬁnu:u;m-mm' e vy —”L ;
ﬁ = ki @ 05%@—015 : B liw—’""—"'l'"_'“':","!’:_'lu'_lunl':
E JE E

| =l =
— ]

sampling brass HCAL

e _120 ooy

E_JE

T ————

weight - 14500t MUON Chambers

diameter - 14,60 m,
length - 21,60 m,
B-field-4 T
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. Superconducting Coil
" diameter 6 m, length 13 m Return Yoke
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/ W

Mul’ridimensional gravity action with multidimensional constant &,

S=-— 167zG J.d X g(DR D) effective
(D) —)> e B d4X / 4R
il 167zG
G- 1 4 1 4D-action (B)
(D) M P2 92 1
GN(4):

M2,
lanck mass becomes effective derived from the "true” multidimensional mass scale:

Mél :V(d)M A where V(d) oC Rd d=D-4

A size of extra dumeyxslons depends on a number of ED and a multidimensional scale
2/d
R~M —1( '\I/\'/IP j ~10*%? x10™" sm

1
\KGN(‘”O') The hierarchy problem solution!
d

Gy =




4+1)D-Teopus cBoboaHoro ckanspHoro nons. OgHo

KOMMakKTHOE AONOJIHUTESIbHOE MNMPOCTPaHCTBEHHOE U3MEPEHNE
C ycJsioBnem nepnoan4HoOCTn no Aori. Kkoopad..

M = +1-1-1.-% (aﬂaﬂ B 852/)¢ — O’ H = Oa11213

BPUNIRL — (0]
n
PP =—= m?* «— maccel KK-woz YrIOBON MOMEHT

R2
CyLU,eCTByeT OoAHOpPOOHaA HyJreBad MOoda C m:O, pacnpocCTpaHALWaACAH
(MOﬂ,yﬂb). 4D-J‘|OpeHLI,-VIHBapI/IaHTHOCTb HE HapylweHa, TPaHCIALMOHHAaA NHB-Tb
HapyLwleHa B HalpaBJieEHUN, rneprneHgukysiapHom 6paHe

My He HMXe TaB (13 skcnepumeHTa)

Y1 Y2 YN

in, p* mlR inz; inNR—
Heckonbko ED: GO Y. Yy — RLGRy
No-npexHeMy ofHa
HyneBasi Mofa, HO 2
KK-moa ¢ doukcump. m2. — S
MacCoM {n} Z R?
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Higgs selfenergy. — quadratic divergency and fine tuning

First formulated by S.Weinberg '76

to
the “naked” higgs mass
.~ heavy (M) | | |
— dm? ~ A2 - M? @ NS
. ) ) very large contributions

T light (m) 102 10~ 10'¢ @

must be compensated by
a bare mass value my;:

From the gauge sector —— mli — mg — ( ngz -+ C4g4 A )A2

How large the UV scale A can be? =yTwo standard UV cut-offs —

\
Mgur #10°GeV M, =10"°GeV

2
(77) ~10%2 —103* Absolutely unclear what can provides fine-tuning at such
R NEUREVER
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% Features of high energy muons

Features of a muon of high energy (a few hundred GeV - TeV)
O low curvature of muon trajectory = limited pT estimation precisign

O bremsstrahlung and EM showering = contaminated events, pfoblems with isolation
O precision is sensitive extremally to detector misalignment /

— TeV muon in CMS muon staions

4uu - I - I -
- v iR 2]
1 : = &
‘ 71

UI l| I 3|
m m 2m m
Key:

Muon
Electron

Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)
e Photon
® 4% W
il
L

Iron return yoke interspersed
Transverse slice with Muon chambers
through CMS

N 4

new algorithms (or improvements), new trigger paths for high energy particles
(no calorimeter isolation), better understanding systematic effects,
tested with MC data and experimental data (cosmic muons and SPS beam)

;i i
c —— 3
e i :
D Baurney, CERN, Febraay 2004




Table 1: Number of dilepton events with invariant mass in the control region
120 < myy < 200GeV and the search region my, > 200GeV. The total background is the
sum of the SM processes listed. The yields from simulation are relatively normalized using the
expected cross sections, and overall the simulation is normalized to the data using the num-
ber of events in the mass window 60 — 120 GeV. Uncertainties include both statistical and
systematic components added in quadrature.

Source Number of events
Dimuon sample Dielectron sample

(120 — 200) GeV | =200GeV | (120 — 200)GeV | =200 GeV
CMS data 5216 1095 3410 809
Total background 5537 £+ 250 1100 £ 48 3375 £ 161 787 £ 67
L/ " 5131 £+ 246 922 + 44 2002+ 149 622 + 62
tt + other prompt leptons 404 + 46 178 £ 20 275+ 20 118+ 8
Multi-jet events 3+3 0 107 = 43 46 £+ 18
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% Efficiencies and Background

New Physics (Z'/Z,/Gx) contributions to SM processes:
qq —> '™ gg —> I'I”

‘N s g- ¢

AASNSANANS O AANAAAAN

7/ - g" ¢

Run2011A preliminary o CMS PAS EXO-11-019

J L dt= 1135 pb’ v &yigger = 95% (barrel) and 89.9% (endcap) with
Data/MC scale factors of 0.978 + 0.003 and 0.966 +
0.004, respectively

vV Egentiicaton = 96-4% (barrel) and 96.0% ( endcap)
with Data/MC scale factor of 0.999 + 0.003 and
0.983 + 0.005, respectively

— 0
v Ereconstruction — 99 %

3 v dimuon mass resolution is estimated to be 4% at
pimuionmass, 68 500 GeV and 7% at 1 TeV.

CMS Data: 5216 (120-200 GeV), v ZIly* + EWK (Pythia + FEWZZ V1.X for NNLO +
1095 (>200 GeV) CTEQG6.1 PDFs), QCD (MadGraph)+data estimation

Total bckg.: 5131 + 250 (120-200 GeV) ¢ a - K <10° PDF (< 12
922 + 44 (>200 GeV) Uncert. of backg.: K-factor (<10 %) and ( %)
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Drell-Yan Processes

c 107
CMS-EWK-10-007 & , 45f'atys=7Tev  CMS Preliminary
8. 10 B k d .
J. High Energy Phys. ¢ & o data ackground.

EWK — from MC
QCD - from MC +
estimation from

B 1
10 (2011) 007 S 10
EWK-11-007 (4.5 fb")

10°

—~ ___CMS Proliminary data
E-a- 1 45" ats =7 TeV 10
ﬁ 10! 27 1
= —
g o Y M O 1sf =
[= 10 3 15 30 60 120 240 600 1500
b M(u) [GeV]
© o8

10° 4 Data (u, 45" in 2011) 0< M€+€— < 1500 GeV

107 [ "o, FEwzemsTWO8

10°

0° Uncertainties:
E 15F | i - efficiency (1.1-2.1 %), background (3.6-10%)
N . unfolding (up 1.7 %), FSR (up to 2%),
S 45 30 60 120 240 600 1500 other (up to 3%), acceptance (up to 2.2 %)

M(up) [GeV]

Good agreement CMS Data and SM predictions (NLO MC
generator POWHEG + MSTWO0S8 PDFs)
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% Drell-Yan Angular Distributions

rJ.T o

_ 2 .
Toosd = A(l+4+cos 6) + Beosd

0 - angle between the lepton momenta and a z axis that bisects the angle
between the quark momentum and the anti-quark momentum in the Collins-Soper
frame Y) e

/ / goti /
L0
| Y 2 B T T E: *"+*++++4’ byt
) Sy y 06 445 v ey .
P, P $
04 —

L]
CMS-PAS-EWK-10-011 |

12X 0° CMS preliminary
I |

1
a) 36 pb” at \s=T7TeV

] — —
e data (uncorrected)

08 2yt —u'u

events / 0.08

02—,

for pp collider the quark direction is unknown

1 | |_§— | | |

L . . - i

boost dl.reC'[I.OI’l of dimuon approximates L i Frerogmotateey ety 4
guark direction -

© 05F | | | -

g -1 0.5 0 05 1

mistag probability (fraction of events with wrong quark cos Bcs

direction) — dilution effect is more significant for small values of dileption rapidity
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Z Forward-Backward Asymmetry

do 1 (1
d(cos@’) ( b
2 1+Q\

+bcos? 6’*)+ A, cos@

1 T T T T LI | T L T T T
do 1 e —

: - 0F = ri'I:CDSH‘J 05 a) 36 pb at\Ns=7 TeV _|

AFE = = 0 riI:CDSH] ’

0 do
0 = f_l md[casﬁ]

CMS-PAS-EWK-10-011 [

o . oEET T :
AFB value is sensitive to contribution Ha e : ]
both vector and axial-vector couplings i 1

= Test of SM / new physics

Arg

« data (uncorrected)

05 — &y —un —
Ay . ” . | GID — I'ICI)O 26:‘0 I | | 600
Dilution” asymmetry measurements: M(uu) [GeV]
* bin-to-bin  migration due to finite _ _ :
detector resolution Results with corrections for ~5 fb-1 is
- Final-State-Radiation (FRS) ready, but is not approved by

the Collaboration
* acceptance cuts

« unknown quark/antiquark direction for Will be available for public discussion
the LHC for two weeks!
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% Drell-Yan Angular Distributions
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