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CMS Experiment

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes
Overall diameter : 15.0m

Overall length ~ :28.7m
Magnetic field :3.8T

SILICON TRACKERS

Pixel (100x150 pm) ~16m* ~66M channels
Microstrips (80x180 um) ~200m?* ~9.6M channels

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

- | y
| ~4900 members (~2100 signing)
182 institutes from 42 countries

7
.
& A

/

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels

27.08.2013 Thomas Reis, Lomonosov 2013



11he 2012 Dataset

BRUXELLES BRUSSEL

Excellent performance of accelerator and detector

8 TeV center of mass energy with high instantaneous luminosity and 50 ns bunch

SpaC|ng CMS Average Pileup, pp, 2012, Vs = 8 TeV

60 ; ; ; ; ; ; 60
CMS Integrated Luminosity, pp, 2012, Vs = 8 TeV - \g <u> =21
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19.6 fb! good for all physics analysis
20.6 fb* good for muon analysis

( Event with 29 reconstructed vertices J
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* Generic search for narrow peak in dilepton mass spectrum
« Two specific models
- Z'sy, from sequential standard model (SSM) with the same couplings as the Z

- Z', from superstring inspired theories, arising in E6 or SO(10) GUT group

iy
L=
L

I:l Simulated signal + background

Events / 25 GeV
=

10

ims |

1 | 1 1 1 1 | | 1 1 1 | 1 1 1 1 | 1 b
500 1000 1500 2000 2500
m(ee) [GeV]

Z',, with zero width approximation,

background fit and resolution from parametrisation,
normalized for 8 TeV, 19.6 fb*
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e

Event Selection

e

.

Electron object selection

 Reconstructed electron candidate from
ECAL

 Good ECAL shower shape
« Small relative energy deposit in HCAL

« ECAL energy deposit matched to isolated
track

* Not more than one missing inner tracker hit

7

N\

Electron event selection

 Event triggered by a double electron trigger

« 2 electrons with E; > 35 GeV

At least one electron in the barrel of the
detector

Analysis split in 2 channels:

= 2 barrel electrons

= 1 barrel + 1 endcap electron

e

.

High p; muon object selection

* Muon candidate reconstructed
independently from tracker and from
tracker+muon system

* Fitted track must include hits from pixel and
strip detectors and from muon stations

« Small transverse distance to vertex
* Isolated track to reject jets

« Small relative p; error

7

Muon event selection

« Event triggered by a single muon trigger

e 2 muons with p; > 45 GeV
with one muon matched to trigger object

* Candidates have opposite charge and
common vertex

« 3D angle between muons < 11-0.02

27.08.2013
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77, gm Event Displays

CMS Experiment at LHC, CERN

Data recorded: SunJul 15 03:34:01 2012 CEST
Run/Event: 198969 / 1188478742

Lumi section: 1021

CMS Experiment at LHC, CERN
Data recorded: Sun Jul 22 06:02:46 2012 GMT-4

Run/Event: 199409 / 676990060 Event with

umi section: MUIJ = 1824 Gev

2

4
Compact Muon Solenoid

¥
)

Event with
M, = 1776 GeV 1

=
-

A
=

Electron 0, Muon 0,

pt = 882.81 pt = 897.88

eta=0.611 eta=0.518

phi = -0.207 phi = 1.095
Electron 1,

pt=881.11 Muon 1,
eta = 0.372 pt = 882.75
phi = 2.929 eta = 0.988
/ phi = -2.065 &
‘,_/)

\
<
CMS Experiment at LHC, CERN
CMS Experiment at LHG, GERN C i el
Data recorded: Sun Jul 15 03-34:01 2012 GEST Data recorded: Sun Jul 22 06:02:46 2012 GMT-4

Run/Event: 198969 / 1188478742

Run/Event: 199409 / 676990060 1
Lumi section: 1021

Lumi section: 553

Bompacton Soance

Electron 1, =~
pt=881.11
eta =0.372 T 1
phi =2.929
Muon 0,
_ pt=897.88
eta=0.518
} phi = 1.095
i | i
¢ ! | |
] ‘ | \ E
! ’ |
Muon 1,
E‘I:cirggz()é‘1 pt = 882.75
C eta=0611 eta=0.988
phi =-0,207 phi = -2.065
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ﬁ m Invariant Mass Spectrum
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> 10 T T T T T T T |
Z peak (60 Gev — 120 GeV) 8 10° CMS Preliminary, 8 TeV, 19.6 fo”
—~ —s— DATA
* Normalization of Monte Carlo % 10* [ yizoe'e
: : > 10° T tf, tw, ww, Wz, ZZ, 1t
[ ] L ’ ’ ’ ’ ’
Energy scale calibration e [ jets (data)
» Selection efficiency measurement and 10
data / simulation scale factor 1
determination with tag & probe method 10
Control region (120 GeV — 200 GeV) 107
_ 10°
* Nonewphysics expected 10* 5" 100 200 300 400 1000 2000
7 4
* Check high mass behaviour of analysis m(ee) [GeV]
Search region (>200 GeV) S 0%z . ——]
8 105 CMS Preliminary, 8 TeV, 20.6 fo!
L J g —e— DATA
‘% 10* [ yiz—p'
2 o e o oo 0w ] g 10 O tw, ww, Wz, 22
f? E E 102 [ ] jets (data)
g 0.4§— + —i 10
02— i
SO +§+.+11|11| 1I...+ |+ Jr‘i’ E 1
> R i JH" ] E .
-0.2; ++ *{ = 10
e E 107
06 x2 ! ndf 53152 s
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E 3 Lo 1 1 I
1900500400 500600 700 800 gréff 1)0[‘&\/] 10" 55" 100 200 300 400 1000 2000
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e Drell - Yan

— Irreducible background

- Accounts for ~85% of the background events above the Z peak

- Estimated from simulations and normalized to the data at the Z peak
* Processes giving two real electrons/muons in the final state

- Dominated by tt, with contributions from dibosons and tW

- Spectrum taken from simulations

L L B L B
CMS Preliminary, 8 TeV, 19.6 fb'
—— DATA
1, tw, Ww, Wz, 27,
[T np, ee, W+jets, jets (data)

— Cross check with data driven method with
electrons and muons in the final state

Events / GeV

+
4

e Jet background with one or multiple jets 10-1:
misidentified as leptons i

H‘ \II\HH‘ \HIIU_Ll \HHUJJ 1L |

- Data driven approach e o0 200
m(e ut) [Ge

e Cosmic muons

- Suppressed by muon selection

27.08.2013 Thomas Reis, Lomonosov 2013 10



iihe

BRUXELLES BRUSSEL

Full shape based Bayesian limits

We use the ratio (R,) of cross section times

branching ratio of a new Z' boson to the Z
boson

» Cancels uncertainty on luminosity

» Reduces dependence on efficiencies
and acceptance

Main systematics from
acceptance times efficiency (3-6%),
background fit (2-20%)

95% CL lower limits on resonance mass:

Z'ssi M, >2.96TeV

. 7'y M, > 2.60 TeV

Limits

MS Preliminary

8 TeV, ee (19.6 fb™"), u*u(20.6 fb™)
| | T T T T T T T T T T T T T T T

™ I | I
........ median expected

I 68% expected
95% expected
Z'SSM

Zy

——e— 95% CL limit

o 107

C

107

10°®

—
Q
~
IIIII|

3000 3500
m(ll) [GeV]

I|IIII|IIII|IIII|IIII|II
500 1000 1500 2000 2500

Observed and expected upper limit on R, plus
predicted ratios for Z'sgy, and Z'y, from simulated
events.
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W' - ev/pyv

[EXO-12-060]
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e W' from SSM:

- W'is a heavy analogue of W with similar branching
fractions

- Constructive (opposite sign coupling) or destructive
(same sign coupling) interference with W

—_
o
TTTT

> ——— SMW
 Right handed W' from left-right symmetric models 5 o Swsw
- i I % 1 SSM W’ (no interference)
No interference with W ;_ g SSM W' simulation s =8 TeV
. . . : ) 3 M, = 2400 GeV
e Universal extra dimension models with bulk fermions 8 Mw :
(split-UED)
- Extended space time with compact fifth - '“".1:1‘
dimension of radius R 3
| | _ ]
- Kaluza-Klein (KK) partners for all SM particles i | \
Al oo by ! ] i | W
- Only even KK modes of W", couple to fermions 7500000 002000 PN GeV]

= Only n=2 accessible by LHC ) _
Search for a Jacobian peak in

= Decay kinematically identical with SSM like W' the falling M, distribution of the
standard model
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e

Event Selection

e

.

Lepton selection

« Same electron selection as for Z'
« Base muon selection same as for Z'

= Tighter cut on distance of muon track
to vertex

e

Missing transverse energy (E;™ss)
« Measured with particle flow algorithm

- Complete list of particles
reconstructed using all subdetectors

I

Event selection

Exactly 1 electron candidate with E; > 100 GeV,
selected by single electron trigger

Or exactly 1 muon candidate with p; > 45 GeV,
selected by single muon trigger

« No second muon above p; > 25 GeV
Additional kinematic cuts:
- 04<p;/EMms<15

- angular difference between lepton and E/™s*

Ag,, > 0.81t
« Opposite of transverse momentum o I —

vectorial sum of all reconstructed particles g | T :
defines missing transverse energy ) Sogl L 1 Goe til i
1 0.7;—' . . ° .. =
06_—. P 06; e =
“k CMS Preliminary b 0.5 CMS Preliminary £
¢ geometrical acceptance O 4 ; geometrical at;ce:l:l;cz E
g . 040_ acceptance x E_>100 GeV | 0 35_ acceptance x E > e’ _t
mai B acceptance x E >100 GeV x rigger e acceplance x E_>45 GeV x trigger B

MT — %2 * pT * ET SS * (1 - COS A¢€’U) L accaptance x E ~100 GeV x tigger x Ele d i 02:_ . acceplancexEE4SGertriggeeruonID
0.2 j ficlency i 0.1 ;_ . acceptance x efficiency 3
05 1 15 2 25 3 35 4 005 1 15 2 25 3 35 4
M, [TeV] My, / TeV
. J
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C

ompact Mucn Soeno

Electron
pt=1153.51 GeV
eta = 0.066

phi = 1.949

Mt = 2312.0 GeV

CMS Experiment at LHC, CERN

Data recorded: Tue May 8 08:19:45 2012 CEST
Run/Event: 193621 / 1180868279

Lumi section: 1557

electronGsfTrack
pt =970.68 GeV
eta = 0.066

phi = 1.949

pfMet
pt =1211.16 GeV

pt = 1213.9 GeV.

phi =-1.157

e event with
M; = 2312 GeV

opect Muon Sdncid

CMS Experiment at LHC, CERN

Data recorded: Tue May 8 08:19:45 2012 CEST
Run/Event: 193621 / 1180868279

Lumi section: 1557

Orbit/Crossing: 408140266 / 1737

Event Displays

CMS Experiment at LHC, CERN

Data recorded: Fri Mov 30 05:20:24 2012 CEST
Run/Event: 208307 / 445184756

Lumi section: 287

MET 0,
pt=1121.12
eta = 0.000
phi=2.270

MT = 2082.6 Gev

Muon 0,
pt=1113.84
eta = -0.274
phi = -0.861

CMS Experiment at LHC, CERN

Data recorded: Fri Nov 30 05:20:24 2012 CEST
Run/Event: 208307 / 445184756

Lumi section: 287

M event with

M; = 2083 GeV

27.08.2013
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CMS Preliminary [Ldt=20fb" ys=8TeV
"_‘,‘.:-1 U? L L L L R R R LR L L R B! CMS Preliminary f Ldt=20fb" ys=8TeV
0 . —W'—;evH:iﬁDﬂGe\f.w_-.gv IQ'GD :._._'10? L N I R R B L O L L L
10 — W ev M=500 GeV (5.:'; 6 —_— W — p v M=2500 GeV Iw_’HV lCA’:D
ﬁ-lﬂﬁ .ﬂal-singletupDW-:-Tv 1_10
40 . DY - ee E1 0°F — W — v M=500 GeV Itt +single tnPDw o
n T10* DY
:1 DE Diboson ﬂJ1 D I o ID?_}
L =0 A3
Lﬁ 2 107 I
10 ] Diboson + data
10
1 [i.: : 10 5 syst uncer.
107} 1
, 10
10 3 10fF 0 B .
10 i 10 o Tl e L
500 1000 1500 2&“” G 2500 500 1000 1500 2000 2500
( Electron channel J T [ eV] ( Muon channel ) MT [GEV]
10— - . . L
£ 4 I 1§
S 0 . "HJ'"*%H"'H' e o - 2 2 i e R S -
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- All background estimated from simulation with data / simulation scale factors measured
with tag & probe method

e W - lv is the irreducible background
W - 1v, where t decays to e or py suppressed by branching fraction

e it , single top, diboson, Drell-Yan and QCD multijet events largely rejected by selection

e Cosmic muons suppressed by muon selection

| | Higher Order Corrections
! LO with LO PDF

» Mass dependent K factors for W to account for NLO 81 e

QCD and electroweak corrections 10 fmpromeeees ------ ——— LO with NLO PDF

» Background is parametrised by an empirical function

do/dM, / (pb/1
o

10-5 .............................................
a ——
— o e |
f(Mr) = M3 + bMrt + ¢4 8 g e A N
T + ik 1= e S S '
0.5 A '

500 1000 1500 2000 2500
M, / (GeV)
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r

HO

MS preliminary, 20 fb", 2012, \s =8 TeV
A% LR Observed 95% CL limit
B Observed 95% CL limit W' — ev

B Observed 95% CL limit W' — uv
Expected 95% CL limit
Expected 95% CL limitt 1o
%W | Expected 95% CL limitt 2 ¢
I SSM W' NNLO
NS [ PDF uncertainty
P | emieiaiaa W, with 1 = 10 TeV NNLO
- - Wy with p = 0.05 TeV NNLO

Bayesian multiple bin counting method with i)
uniform prior for signal -~
X
o

LN RLLL I

Systematic uncertainties included as
nuisance parameters with log-normal prior 10°

Upper limits on production cross section
times branching fraction

95% CL lower limits on resonance mass: 0Ny

« Non interfering W'ssy:

observed(expected) h: B ™ = —~—
electron: 3.20(3.25) TeV R I B B Y D A B B
muon: 315(310) TeV 500 1000 1500 2000 2500 3000 3500 4000
combined:  3.35(3.40) TeV = 1o, . My [GeV]
. i CMS preliminary
-y I Vs=8TeV

o W, with different fermion bulk mass
parameter p:

I Ldt=201b"

u=0.05TeV: 1.7(1.7) TeV " ==
| M=10.0TeV: 3.7(3.6) TeV ] 5 o "1 channet
107} e ke

0 O!SI | 1 1'5

2
1/R [TeV]

27.08.2013 Thomas Reis, Lomonosov 2013 18



iiﬁe Limits with W-W' Interference

BRUXELLES BRUSSEL

- Difference Ac in M, spectrum between W-W' signal sample and W-only sample is |
considered

» Opposite sign couplings (SSMO) increase W' mass limit. M,,. > 3.60(3.60) TeV

o Same sign couplings (SSMS) decrease W' mass limit. M,,- > 3.10(3.20) TeV

CMS preliminary, 20 fb 2012, {s = 8 e CMS preliminary, 20 fb 2012, ys=8 eV
T T = |

Observed 95% CL limit

1H Observed 95% CL limit

=
=
v I
bm : = = = = Expected 95% CL limit [~
S—
I=]
>
[}
©

= Expected 85% CL limit

4 . Expected 85% CL limit = 1o RSN S O,

107"

. Expectad 95% CL limit = 1o

Expected 95% CL limit =2 ¢

Coxal. | Ossmw

Expected 85% CLIimit =2¢ |

II|IIII|IIII|IIII|IIII|IIII|IIII|IIII| IIlIJl|lIlllllIJlJlIllIllJlI

500 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000
M, [GeV] M, [GeV]
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r . . . 2 10°F |
« Reinterpretation as 4-fermion contact | @ = F W+HNCA=4TeV
. ; d | Q) - —— W+HNCA=7TeV
Interaction (Cl) mode Q —— W+HNCA=9TeV
o . > 10 3 —— Wonly
* H8|ICIty non-conserving, non-resonant -g - ]
model 2 -
W F :
 Limit on binding energy scale A - :
107 —
« Bayesian limits with uniform prior :
¢ J - CMS Sirl‘nulation |
10—2 e ) ' ) ! L ' Lo ' ! .
1000 1500 2000 2500 0
v, (oY
« CMS preliminary, 20 fb', 2012, Vs =8 TeV — 10¢ CMS preliminary, 20 fb?, 2012, Vs =8 Tev
o) 10°F Observed 95% CL limit Qo § Observed 95% CL limit
E _______ Expected 95% CL limit E ------- Expected 95% CL limit
« ] Expected 95% CL limit+ 16 X ] Expected 95% CL limit+ 1o
(o) 10° Expected 95% CL limit+ 2 ¢ © 107 - Expected 95% CL limit+ 2 ¢
5 « HNC contact interaction LO 5 * HNC contact interaction LO
B 3 [ | PDF uncertainty © [ | PDF uncertainty
% 102 ? miss = % 102 ; miss =
" = e+ETCl 1o = p+ECl -
( ™\ 8 E 8 :
Observed(expected) limits | © 10 A -
Electron channel: ; 1 — =
N> 13.0(13.3) TeV e '""
1 = "'-..,,““Tj 1 == '.”’""E
MuonChanneI: ?\\\i\\\i\\\i\\li\\\i\? ?““““““““““‘E‘
A>10.9(12.2) TeV 4 6 8 10 12 14 4 6 8 10 12 14
L J A [TeV] A [TeV]
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Summary

Search for new massive resonances is theoretically well
motivated

Leptons in final state provide clean experimental access but
high energy objects require care in event selection

No excess over the standard model background found so far
Set limits on various models for Z' and W' bosons

M,y > 2.96 TeV Myssy => 3.35 TeV
Anticipating higher collision energy in 2015

Thank you.
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Additional Slides
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Invariant Mass Spectra
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10 .
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(data-bkg)/bkg

(data-bkg)/bkg
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Events > m(ee)

& Cumulative Invariant Mass Spectra
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ﬁ m Additional Muon Plots
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iiﬁe Electron Mass Resolution
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iiﬁe ECAL High Energy Response

BRUXELLES BRUSSEL
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iiﬁe Z' Systematics

BRUXELLES BRUSSEL

 Dominant uncertainty: Ratio of acceptance times efficiency for Z' to Z is 3% for
muon, 4% for barrel-barrel and 6% for barrel-endcap electron events

« Uncertainty for background fit function from PDF and higher order corrections
ranges from 2%(200 GeV) to 20% (3000 GeV)

 Absolute PDF uncertainty not important since we normalise to the Z peak

« Background uncertainties from jet background and tt are small compared to other
uncertainties
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iiﬁe Limits per Channel

BRUXELLES BRUSSEL
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Limits with W-W' Interference
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iiﬁe W' Systematics

BRUXELLES BRUSSEL

 Dominant uncertainty electron channel: Electron energy scale
e Dominant uncertainty muon channel: Muon transverse momentum scale
e Uncertainties due to lepton energy or momentum resolution and scale: 1-10%

* Luminosity uncertainty: 4.4%

27.08.2013 Thomas Reis, Lomonosov 2013 33



o O

e

BRUXELLES BRUSSEL

e*e channel

CMS Projection, 14 TeV
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