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Overall Outline D e

CMS Total Integrated Luminosity, p-p

¢ Introduction

¢ CMS, Lumi, performance

¢ SM Physics
¢ QCD, EWK, TOP
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¢ some Exotica and SUSY searches

Total Integrated Luminosity (fb ")

¢ Searches for the Higgs —  —

< Bonus Material (only in backup)

Machine
Physics expectations,requirements
Tools/Methods

*€écC

*€cC

*€C

Disclaimer 1 : Many introductory and theoretical aspects covered in the other lectures

Disclaimer 2 : For complete list of results: see https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

Disclaimer 3 : Some slides or slide content taken from seminars/lectures/write-ups of other colleagues
or previous lectures of mine
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Protons, Epean=3.5 - 4 TeV

\ - - /
=
f

Centre-of-Mass Energy = 7-8-13(?)-14 TeV
Bunch separation : 25 - 50 ns

Beam crossings : 20-40 Million / sec

p p - Collisions : ~1 Billion / sec

3 Events to tape : ~400/ sec, each 1-2 MByte
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Compact Muon Solenoid (D st

Superconducting CALORIMETERS

Coil 3.8 Tesla ECAL HCAL

> 76K scintillating Plastic
: : PbWO4 crystals scintillator/brass sandwich

IRON YOKE

TRACKER

Pixels

Silicon Microstrips

210 m2 of silicon sensors
66+9.6 M channels
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sinps

(T)otal v:/le(;ght t 1125500t MUON BARREL . - > MUON
verall diameter m £
Overalllength  21.6m | Drift Tube Resistive Plate NG ENDCAPS
Chambers (DT) Chambers (RPC) .
>3000 scientists from —=T JS - Cathode Strip Chambers (CSC)
179 Institutes from R — Resistive Plate Chambers (RPC)
C1EQ | 41 countries C— - | [ i
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T
: / 3.8T Superconducting Solenoid §§ To remember:

- only one magnet

- very large B field

Hermetnc (Inl<5. 2) - large Si tracking
Hadron Calorimeter (HCAL) system

[scmtlllators & brass] _ .
- - very high resolution,

very granular ECAL

- ECAL and HCAL
Inside solenoid

Redundant Muon System - Muon system
(RPCs, Drift Tubes, ./ embedded in iron
Cathode Strip Chambers) return yoke
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Typical detector acceptance (P

¢ Precision tracking and lepton reconstruction up to rap~2.5

* pt thresholds for tracks ~ 100 MeV, for leptons 10-20 GeV
¢ Jet and MET reconstruction: include detectors up to rap~4.5-5
* pr thresholds for jets ~30 GeV, if tracking-based jets ~15 GeV

CTEQ
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Performance, Object reconstruction (P e
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¢ By now, Particle Flow algorithm has become a central tool (see next)

¢ non-showering electrons in barrel: resolution (reconstructed Z peak) close to 1 GeV
¢  muon momentum resolution: 1% for pt < 100 GeV, 7-8% at 1 TeV

¢  pions mis-ID as muons: <0.5% for pr > 2 GeV

¢ Tau ID eff. > 65% for pt > 20 GeV, with mis-ID eff. of hadronic jets < 3%

CTEQ ¢ b-jet tagging eff. of 70% for pt > 30 GeV, with mis-ID eff. of light-quark jets < 3%
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- i i titute for
Global Event Description (Pflow) D =

Made possible by CMS granularity and high magnetic field

LM HCAL
| Clusters
hadron : , detector

ECAL XX
Clustérs

' Tracks \
particle-flow \

¢ Charged particles well separated in large tracker volume & 3.8T B field
¢ Excellent tracking, able to go to down to very low momenta (~100 MeV)
¢ Granular electromagnetic calorimeter with excellent energy resolution

¢ In multi-jet events, only 10% of the energy goes to neutral (stable) hadrons
(~60% charged, ~30% neutral electromagnetic)
¢ Therefore: Use a global event description :
¢  Optimal combination of information from all subdetectors
¢ Returns a list of reconstructed particles (e,mu,photons,charged and neutral hadrons)
¢ Used in the analysis as if it came from a list of generated particles

¢ Used as building blocks for jets, taus , missing transverse energy , isolation and PU particle ID
CTEQ
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as well as tau identification:

CMS, L = 36 pb”

Ng=7TeV
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Particle Flow performance

Considerable improvement in Jet Energy scale uncertainty and jet/MET resolution,
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Integrated Luminosity D s

CMS Total Integrated Luminosity, p-p High lumi comes at a cost: in 2012
< 7@ B T g e e J¢ already exceeding detectors
c 4’ . "y . .

Z o b f Golden’:sagfot @) A6 design capabilities for pile-up
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=== Pp-Interactions at the LHC ']') ket

e s

=100mb dlffractlve * diffractive =2
=10mb =10mb
For diffractive and
elastic scattering: .V ~u =V
Put dedicated very =’ 4 +
forward detectors at ouble . .0 st -,
o —0 @
small angles, diffractive e
le. very close to beam pipe ="small” =10mb |
\.:
non-diffractive ~ —;-':" ~
B

—*"%*"inelastic
=70mb
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To produce (at central rapidity, ie. x1~x2) A

mass of
LHC 771v) | TEVATRON
100 GeV | x~0.014 0.05
3 TeV x~0.43 --

Hard Scattering = processes with large momentum transfer (Q?)

1
do(hihy — cd) = / dz1dms Y fayny (@1, 15) foyns (@2, 53 )d6 07D (Q?, 13
0 a.b

Represent only a tiny fraction of the total inelastic pp cross section (~ 70 mb)
eg. a(pp — W+X) ~ 150 nb ~ 2 - 10 owt(pp)
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As things appeared with time.... (P e
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As things appeared with time.... (P e
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Measurements of

“soft” processes
(low prT)

Understand particle production in minimum-bias pp collisions

Test and improve phenomenological models of non-pert. QCD effects
Tune parameters of model implementations in Monte Carlo generators
Understand the underlying event, tune parameters

*€c *€c *€c

€
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=== Minimum Bias Events (P memie

* Minimum bias is aR.gxper
defined by experlmental 09

* Relation to Physics:

»
!
:

| Omeasured = 1sd Tsd + T3aTud * TnginelesticOnd-inetastic

where f, are the efficiencies for different physics processes determined by the trigger

NB: need o understand what is measured

to aliow comparison to previous resuits,
often presented for non-single diffractive events

K. Jakobs CHIPP PhD Winter School, Ascona, Jan. 2010
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ez First results at LHC .... D e

.

14 Dec 2009 First Collisions at 2.36 TeV ¢ first publications by
CMS Experiment at the LHC, CERN LHC experiments '
l.l‘:?:‘-n"t-t v;":3(-.’1:;".‘)';1;“)[;;1;: 14 04:05:38 307318 GMT
DI CMS

o o)
=] 5] ® ® [5) e <
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® ° 4y A e e
. A..-""
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S 4 % el ot amag
% ._Ju‘p @mmwtb ‘» O 4
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S i |
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- UAS NSD
0 ) : l | J ) : )
Q dN/dn at 0.9, 2.36 and 7 TeV -2 0 2
e correction for NSD (~6% corr. —2.5% syst) 1

CMS PRL 105, 022002 (2010)
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Energy Dependence Ty

0.65

Phys. Rev. Lett. 105 (2010) 022002
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¢ at7TeV:
¢ ~ 6 x5 (rapidity coverage of tracker) = 30 chg. particles in tracker acceptance
¢ with on average 500-600 MeV of trans. momentum
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Chg. particle mult. and pT distributions P s

JHEP 01 (2011) 079
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(a)

¢ showed need to improve (tuning of) models

¢ turned out: in general higher mult. than
expected, difficult or impossible to get
excellent description of mult. and full pr dist.

¢ and for simultaneously getting central and
forward chg. particle production right
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Underlying Event : Definition s

The Underlying Event: Dutgoing Parton

PT(hard)

The products of
beam-beam remnant

Initial-State ﬁdiation
multiple-parton interactions Frotgn Ve AntiProton
— S Y
Underlying Event A= < derlying Event
: . : — N
l.e extra activity besides <
hard scattering
Final-State
which cannot uniquely be separated from Outgoing Parton Radiation

ISR, FSR

Issues / interesting questions /

Motivations:

< Note : UE 1= MB

¢ Tuning of MC models, an issue is the
energy dependence

¢ needed to understand global observations
on chg. particle production

¢ impact on selection efficiencies (isolation),
jet energy, MET, low-pr jets, ... o

CTEQ
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UE studies : Observables (O

Using Charged Jets (or leading charged track)

o JEP—— ® Topological structure of p-p collision from charged tracks
A Region

® Jets found with massless charged tracks as input

® The leading Ch_jet1 defines a direction in the phi-plane

leading jet

® The transverse region is particularly sensitive to the UE

lransverse region

“Toward” Region

-
Main observables:

dN/dnd ® charged density
d(PTsum)/dnd® energy density

DCK to-bek
jet

New : jet area/median approach

From DY muon-pair production

i . The Drell-Yan Process
(using muon triggers)

® defined in all the phi-plane ha .\\_9 / 1
@ after removing the muon pairs, 7 Y O\
everything else is UE . - N
18 0B T

23
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Particle Production
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Remarks / Issues

again, found that most/all of the pre-LHC tunes
failed to give good description for the whole
phase space

generally, stronger particle production in
transverse region observed than expected

special LHC tunes obtained, now used for the big
MC productions

CMS PAS QCD-11-012

A 1.8r
S - -e-Data, Leading jet CMS \s=7 TeV
V 161
= - - Data, Drell-Yan
S 14fF
g 4
= I
J 12 AL
T B Q‘“‘ ¢ ¢'¢' "‘4}"
1 A’ﬁ*““‘“ﬁ‘ ~cﬂ=¢{b~+”{*‘“ﬂﬁﬁ%
- .
08l 2
nbm
-
0.6
-° charged particles
0.4 (p.>0.5GeVrc, i <2.0, 60° < Agl < 120°)
0.2 B | | | | | | | | | | | | | | | | | |
0 20 40 60 80 10
pleadlng jet or puu [GeV/C]
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==z JET production at hadron colliders D s

) e

h ) R _on
9 @/ : 'H Lagin ] J
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SH
: ‘In ‘..IE}
ik

: NS
Y 4 a C o
7 = il .'J&'
d,c : quaxks/gluons ) S [
, T ;
)\ : i ;';;:

"5% .

P Ne
...some NLO contributions
>«m<< >mc€< T e Comparison between experimental data and

theoretical predictions constitutes an important

S
>wm< >:;:;< test of the theory.
. Deviations?
— Problem in the experiment ?

Problem in the theory (QCD) ?
New Physics, e.g. quark substructure ?
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and we really "see” jets P e

CMS Experiment at LHC, CERN
Run 133450 Event 16358963
Lumi section: 285
Sat Apr 17 2010, 12:25:05 CEST | /

Jet |
; ,
» > -.‘
'
2 7 I
Y . -
4 i :
("
2 o
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Issues for Jet Observables P e

¢ Jet Triggers and Jet selection

O

¢ turn-on curves, lower pr-thresholds, matching of samples from different triggers

¢ Choice of Jet algorithm and jet size
use of modern, IR- and collinear safe algorithms
standard in CMS: anti-KT, R=0.5, 0.7

*€cC

"€

¢ Jet Energy Scale

O

¢ absolute and relative (as function of rapidity)

€

jet cross section falls like power law, power =5 - 6
fantastic progress made so far, already better than 3%, hoping to achieve 1%

*€c

¢ Jet Energy resolution

O

¢ smearing of distributions

¢ Comparison with theory at the “hadron (or particle) level” :
correction of pQCD prediction for non-pert. effects

¢ Often “ratio” observables used to reduce dependence on jet energy
scale: di-jet ratio, angular (de-)correlations, event shapes, n-jet ratios,
jet shapes, ....

¢ however, the use of a pr threshold above which jets are selected introduces a

a8 dependence !
Aug 12 G. Dissertori : Results from CMS 28



Inclusive jet cross section P e

15 CMS Preliminary L = 4.7 fb" s =7 TeV anti-k, R =0.

¢ uptopr~2TeV! <107F R B
p 1o pT % 3 o Iyl<05(x109 7 <
= - " 05<lyi<10(x109 ] &
¢ Earlier measurements _8_1011_— 4 10<lyl<15(x109_| =
1 1
extended to very low pr — ORI B
_ —_— O 20<lyl<25(x10") = O
thanks to Particle Flow >
©
|_
¢ JES uncertainties O
dominating exp. uncert. ‘ﬁ'g

¢ Corrected to particle level

¢ Inclusive jet pt spectra are

2

in good agreement with 108 NNPDF2.1u_=u_=p,
NLO QCD —— NLO®NP o
0.2 0.3 1
¢ exp. precision starting to be Jet p_ (TeV)

interesting to constrain pdfs

CTEQ
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iy L=47 10" m-'ruvm-u,u-or

- p—_—

Ratio 1o NNPDF2.1
Ratio to NNPDF2.1

%% 02 03 0405 1 2 %% 02 03 04 os oe -

More details: see CMS PAS QCD-11-004

' )
CMS Prefiminary L=4.71b" is =7 TeV anti-k, R =0.7 CMS Preliminary L=4.7 0" 1s = 7 TeV antlic, R =0.7
g - Iyi<0S §
15 o DwaTheory - S  1sh
= [ e Theor. Uncertainty | g
"
0000'....“ *e .
b - . - .* | - p- -
(= +Ti 1T k
3 I R - -
Am;l,'u.'ﬂ, : m-.iuuﬂl' 4
0. Y > “ -in central rap: similar exp. and theo. uncertainties o
1 02 03 04 3 04 05 06
- inclusive jet data start to become interesting handles for PDF fits

— . .
- central jets: CT10 fine. More forward: DIS-based PDFs (HERA1.5,ABKM)

do better (sensitive to low-x gluon)

CTEQ

Aug 12 30



Di-jet distributions (P szt
Di-jet mass distribution
[ However: ’

—
> 10" =
n 0.5 — :
é’ CMS ° : ?2; <1.0 (< 10" 3 Requiring both a central and forward jet at
o) L, =36pb” s 10<h <15 (x 10D ,3 the same time causes disagreement for a
Q Z Pt g o number of models.
12 2 0 15<iy <20(x 109 =
st (! \J? 7TeV v 20<ly_ <25(x10% =
£ anti-k, R =0.7 e CMS, pp — jet +jet _+XNs=7TeV, L =3.14 pb’’
T % 3.5 e pat 1
By, M, ) PYTHIA 6 (D6T)
2 "’H.“_* gy 0 — gL =—=—= PYTHIAG(Z2) _
Saa.. R 'm.,\ e O 7| e PYTHIA 8 (Tune 1)
o = S —  — POWHEG (+PYTHIA 6)
- \, B 290 e CASCADE  j==i=i=imnmieis '; i
. . Wk "o
: '\.’N\’\ =~ 2t : SHEUCHERENERENE g
[~ pACD at NLO@ Non Pert. Corr. T 2 I
10‘3 ! pDF4LHC B; 1 5._._".:!_-7-5?""" 'H_:.__l—_._—_.=._:':':':':':
He =R =Pr" 2_'_ T IR
: : A 8 1Ffe" o o ° ° ¢ -
S
0.2 03 1 M2 (TaeV? O 0.5+ nl <2.8 .
- - 40 60 80 100 120 140
¢ All distributions unfolded/corrected for central jet p__ (GeV/c)
detector effects
JHEP 1206 (2012) 036
Overall, pretty good agreement
a1 with NLO QCD
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Correlations in Azimuth (D e

¢ Independent of luminosity, weakly dependent on Jet Energy Scale

.8 105[ ° p:">wwtx1°‘) CMS
= 200 <p[™ <300 GeV (x10% e
g» A MO(p:"(m&V(x!O’)
R 510‘1‘ a 110 < g™ < 140 GaV (x10)
°§1

L o w<p:‘<"000V

Le28pb’
OJ? \ﬁ.?TOV
L i<t .

4 Normalized dijet cross section, as a
function of A¢
- indirect probe of multijet topologies,
without explicit reconstruction of
additional jets
4 pQCD @ NLO is necessary to
describe the azimuthal decorrelation

W17}  PRL 106 (2011) 122003

CERN EP/PP Seminar “OCD Rty from CMS® Kenseararos Kousourts [ 35
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Compton

pp -y X, o=196 TeV, y=0
y motion R 4 ¢ 01

~ Q@ 719 (Complon)
- Qqq -+ 7@ (annihilation)

—
ey

=== Llrect Photon Production

ETH Institute for
Particle Physics

slide adapted from K. Kousouris

vy X,usa14 ToV, yaO

1.4 - y Koo A G0

~ Qg 19 (Complon)
- Qq ~+ 7y g (annihilation)

pfoc«s_‘ fraction
N

process !ractlon
N

Fragmentation ¢ Frogmonuuon
1 1
B JETPHOX 1 1 (CTEOA A, uak,) o . JETPHOX 1.1 (CTEQS.8, u=E;) LHC
20.8 Tevatron -~ #0.8
. T ¥ —— ——
— 7
06 » I ; 0.6
N
%
04 A NG 0.4
-2 N\
0.2 ST \, L s € -l
sy = \\ ———————————————
% 20 30 100 200 9"j0 2030 100 200 100!
E; (GeV) E; (GeV)

¢ Important issue
¢ fragmentation contribution

\/

¢ can be strongly suppressed by isolation requirements

¢ theoretically most interesting: Frixione isolation, but not exactly
Implementable in exp. analyses... many studies ongoing

CTEQ
Aug 12 G. Dissertori : Results from CMS 34



Photon Identification L) I

slide adapted from K. Kousouris

templates, on isolation or cluster shape variables Conversions

CNS Prevmurary

Events/0.097
]

8

8

. "J...
%m“?,. Pk oA

0s 1 15 2 25 3

powerful at low Et

powerful at high Er

¢ Typical efficiencies: ~100% (trigger), ~85% (reco barrel),
~75% (reco endcap), ~60 — 90% (identification & isolation),
Unfolding (bin migrations): ~95%

¢ Systematic uncertainties on the order of 15% or below

CTEQ
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Inclusive Production: Results D e

PRD 84 (2011) 052011

b
o
-
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c Hiiaay ® 157 <hl<21 (X109 | %

s g - 08 <kl <144 (X107 =

fr'lO‘ “"‘.'L'. -“L‘,_Le.-. i <0.9 B 0 1°5_ e
ke,
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©
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i ] e
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L1 » o S
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’ ] | aad | o Data/JETPHOX CT10

~ NLO pQCD JETPHOX L4l Stat. + syst. uncertainty

CT10/BFG I, u =y »yu_wE, | ] ! ©++  Scale uncertainty

10| M1 and hadrontzation corrected e 00F SIPORO, Swisivgy 4

30 4050 10° 2x10° 30 40 107 2x10°

E; [GeV] E, [GeV]

T ——

Overall, pretty good agreement with NLO QCD
Slight overprediction at Et < 50 GeV ?

CTEQ
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slide adapted from K. Kousouris

O

\
"\\t

26 pb @ NLO 10 pb @ NLO 0.5 pb @ NLO 15 pb @ NLO

DIPHOX

4 Probing pQCD
- NLO calculations

e GAMMA2MC
4 Irreducible background for the H—yy search
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Di-Photon Production: Results s

JHEP 01 (2012) 083

CMS Vs=7TeV,L=236pb’

mi <25, &, >20, 23 GeV from D. de Florian, M. Grazzini, et al

‘8_ ~ Theory DIPHOX « GANVMAZMC j
—~ ® - Measured
—t— S UV CIrAes ] L
9.;:1 02 St © syl UNCeRIntes j 100 + NE 2 NNLO
8 Theceetical scaie Lnoemainties I = _ -~ NLO Y
g } POF <« a, uncenantes -
I 50 § CMS RTHMF yy % -
)
&
P =
‘ $ g |
10 1 g 10 :
| 5 ol i F—--—-
bt | ] :
i - ] = |
|
1 [ ===
|
_______ |
1 e :
0.0 0.5 1.0 1.5 .0 2.5
2 25 3 Ad.,,
A
¢TY

2

¢ Big discrepancy at small angles???

€

But note: at very small angles, the NLO calculation is actually a “LO” calculation

€

confirmed by very recent NNLO calculation (see plot on the right)

CTEQ
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Z rapidity Z P DY fwd-bkw asymmetry
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=== Predictions

/y:

Produce more W+ than W- (prevalence of u quarks over d quarks).

CTEQ
Aug 12

known up to NNLO in pert. QCD! ()

P
o~

ETH Institute for
Particle Physics

Using FEWZ and MSTW2008, at 7 TeV:

NNLO

o = 6.16 nb
(EapTapz> W —s+v
NNLO
o _=4.30 nb
7 5 LO W-——4€—
A UJZV/]\W[LSM = 0.96 nb
g ki with very small scale uncertainties ( < 1%)
& v and PDF uncertainties of O (5%)
f N LO
% g\&\(_’
\ J
= )
q . NNLO
» G
3 g
; {65666‘ q .
.;;4' /QAM Z > &
q
\. 4df
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Experimental signature D sz

Z: pair of charged leptons
- high-pt ( > 20 GeV)

- iIsolated

- opposite charge

- ~60 < mi< ~120 GeV

Example: electron reconstruction

- isolated cluster in EM calorimeter

- pt > 20 GeV

- shower shape consistent with
expectation from electrons

- matching charged track

Electron p*
: =9
’

W: single charged leptons
- high-pt (> 20 GeV)

- Isolated

- Etmiss (from neutrino)

~=«.. Neutrino

Undxlyoyg evem

transverse mass: M, = \/2- E-B '(1—COSA¢I’V)

CTEQ
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J CNS Experirnent ot LHWC CERN
Run 133874 Event 21466935
Lus section: 301

Sat Ape 24 2010, 053921 CESY

Blectron p. = 356 GeVic
ME, « 359 GeV / \
My=T70L) GeVic? "

OV Exporiment ot LHC, CERN
Ron 135149, Evernt 125426113)

Muon pe= 67,3, 506 CeVie
e, mAdns = ’,J Mo."

Z—pyu candidate
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CTEQ 0 20

Aug 12

Inclusive W and Z production

ETH Institute for
Particle Physics

¢ Zimportant tool : data-driven methods for controlling
lepton eff, scale, resolution, Etmiss (hadronic recoil).
¢ In general excellent data-MC agreement
CMS 36 pb'at \'s=7 TeV
' lumi. uncort;inty: L 4% ' ' %
oxB(W) —t— 0.987 +0.009,, +0.051, | —
o
oxB(W") —ha— 0.982+0.009,,+0.049 | &
’ o
GxB (W) —— 0.993 + 0.010,,, +0.056, %
T
oxB(2Z) —io— 1.003 + 0.010,, +0.047
Rz HeH 0.981+0.010,,, +0.016
R.,. —i— 0.990 + 0.011,,, +0.037,
0.6 0.8 1 1.2 1.4
Ratio (CMS/Theory)
Amazing precision reached ( ~1% experimental ! )
Start to put important constraints on theory (NNLO, PDFs)
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Inclusive W and Z production s

< Very recently: also first results at 8 TeV, using special low pile-up runs

L * CMS, 19 pb”, 8 TeV ‘ W

fe)

S CMS, 36 pb”, 7 TeV w*

m 10} = COFRunil / e
= o DORunl =

2 +  UA2

© Y UAT

CMS PAS-SMP-12-011

P, e

oF

Theory: NNLO, FEWZ and MSTWO08 PDFs

0.5 1 2 o £ 10 20
Collider Energy [TeV]
CMS Preliminary
= 12 Ix dt = 18.7 pb™
1 z
N, 1.15-
o0 :
42] !
EXN 1.1:
L) [
1.05°
- Data(stat @ sys) FEWZ NNLO Prediction
1 —e— MSTW 2008 NLO
. —e— Data(stat @ sys @ lumi)
0.95. —e— NNPDF2.0
) 68% CL unc. »— CTEQICT10)
9.5 10: 105 11 115 12 225 43
oy XBR(W—lv)[nb]
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— properties, constraining PDFs P e

CMS 36 pb” at \s=7TeV
e ——— B -
. .. ) NNLO, FEWZ+MSTWO8 predlction & A(n) = do/dy(W* = ev) —do/dp(W~ — e V)JJ
W asymmetry and W* over W~ ratio: ryith PDF4LHC 68% CL uncertainty] = = do/dn (Wt = etv) +do/ dy (W— — e—ﬁ)!
Challenging PDF predictions! 1.43 + 0.04 g - —
o
o
11|
W ev HH I CMS 840 pb' at Vs=7TeV
1.418+0.008 , + 0.036 oos T T .
T 48
W - uv HH > - p.(e) > 35 GeV = B
1.423+0.008 , +0.036 o - 1 8
S 0o J g
W — Iv (combined) e ; =L ] &
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= ] AN
. : . © i {1 d
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o | 1 @
= - == CT10 {1 ©
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’ e i theory bands: 68% CL |
o.a N -8 0.05 ] ] ] ] | ] ] ] ] | ]
0 1 2
o2 z Electron Pseudorapidity Il
-~ | =
* 018! T
< - First results seen from NNPDF group when
O3 B NnPOF2.1 including such data
008 NNPDF2.1 « CMS W+ Z Data - looking forward to further global fits based on
’ e CMSAZ34pb'Data
CTEQ % 05 1 s 5 3 215
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Many differential measurements... D

di-lepton invariant mass (DY)

CMS Preliminary
4.5 " at\'s =7 TeV
= A
VZ = up

~+ Data (u, 4.5 ™ in 2011)

. NNLO, FEWZ+MSTW08

£
]
I
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2 .
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2.5M di-muon pairs,
test of NNLO predictions
and PDFs
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Di-muon rapidity

CMS Preliminary, 4.5 fb™ at\Vs =7 Te (20 < M <30 GeV

—e— Data (1 2510 in 2011)
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Dimuon Rapidity, lyl

good agreement
seen at the Z peak
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Z transverse momentum

- CMS ]
0% det=36pb'1at\E=7TeV€
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Vector Bosons + jets P e

CMS JHEP 01 (2012) 010 CMS
9 ' I ! | ! 4 ’Q\ ' T 1
§ 06 MC=MADGRAPH 36 pb-' at \fs.TTov g 10":“_1_“‘ pr at\s=7TeV =}
o E™ > 30 GeV "E : W = v 3
[ +|9 s > \ §
W 1 i — :
5 B o wE é
- s ¢ data - b
B other backgrounds - ea o L P :
- Lo unfokding ® G S— = - .
10°F  — MadGmph2z2 -
o - Mwww v b
a wee « Pytia 22
L 14 ‘v — —— -—
e T T T
28
- . - . T 2lx 021 9 kot
S 1sf e ez | RS e wast |
§ 1] e & - " e e . |- - :7 01)_.. . — —:
'8 0'5 E 2 1 1 A 1 - + - “
6o 1 2 3 4 5 &6 % = 0 | !
exclusive jet multiplicity = 1 2 3 4
inclusive jet multiplicity, n
¢  important processes for testing pQCD and
backgrounds to very many searches!
-
¢ in CMS, for W+jets: simultaneous extraction of W An additional jets “costs” ~1 alphas

signal and top background Excellent agreement with ME+PS matched

Monte Carlo model.

¢ final distributions: unfolded to particle level

¢  presented for experimental lepton and jet acceptance,

CTEQ eg. prjet > 30 GeV
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o Ztjets: more differential D

¢  New: high-stat. measurements of Z+jets production, in particular testing angular correlations and event shapes,

@  for different regions of phase space (in pt4) : useful for testing phase space relevant for searches
0 CMS Prellmlnary, \s=7 TeV, L=5.0 fb™
-9-10 ET T | | T T L I R L B B IS D
!g - 2z —>|| N >3 - J
T [ e Data i "
s MadGraph -
Jo " Sherpa -l
S Pythia6 (Z2) S ,
‘ - | o CMS Preliminary, (s=7 TeV, L=5.0 fo"
1 - et o E APZJ S | zZi |—> I'T, p2>150 Glev N, lz 3 | ]
- T . 2 S .
S0 o R0 x10 S ., + Data ApZd,
. §1° SRR MadGraph feieny x300
ol a [ e Sherpa ]
- - AGZJ [ Pythia6 (Z2) s i
- 3 oos v
- 10 5 =
---------------- . - .- pTZ > 150 GeV .
200 00 v v b v b b Iy B PR, ]
0% "5 1 15 2 25 3 ... (U0 | agzd
AZd) e 2
A x10
- Jet reconstruction: L] =
- anti-kt with radius of 0.5 and pT>50 GeV = .
( : - : ApZJ
Again: a success for ME+PS matched A4 ——T o2,
10 g T =
Monte Carlo models! s
NOte: for SUbleading jets and bOOSted regime _I (| | 1 1 1 | 1 1 1 | | | L1 1 | L 11 | L1 1 | L1 1 | L1 1 | | I_
a simple PS does pretty well 14 16 18 2 22 24 26 28 3
AG(Z,d)
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_V plus heavy flavour

First Measurement of W+c

Sensitivity to (anti) strange distridution

W Duv ih« A ;
Ufetime tag S
Measure: g“ %
R = (W'+charl/{W+c) Q)
R, = (Wec)(Wejet) ((\DI
2
RY = Q92 £019(atat,) £ 008 (st RN GC)
R Q143 £ 0015 (stat.) £ 0024 (swst.) "": Lﬁ
'.u:w._;?!'x‘u T \h(":: o - -u(‘5\.l'.'n:'|n‘ g..: -
[t | el | Sisseew | i
CMS PAS EWK- 11013 .
z ""u.pﬂ’,‘
Trasaverse mass in Wel jot M. Klein, Sep11 SSVHE: 2™ vix with >« 2 tracks
e
W+c and Z+b most relevant to constrain PDFs, relevant 2
for later high-precision W mass measurement. g
o

So far, no major discrepancies seen compared to NLO
(in contrast to W+b prod....)

G. Dissertori : Results from CMS

ETH Institute for
Particle Physics

Z+ bb-jets prod.

CMS-PAS-SMP-12-003

CMS Preliminary
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Gauge
couplings Critical test of the gauge structure of the SM

to fermion - Allows to search for anomalous Triple Gauge Couplings (TGC)

Mandatory preliminary study for Higgs searches: ireducible
W w background for Higgs searches in WW and ZZ modes

s-channel WW s-channel WZ t-channel WW (similar

diagrams for WZ, Z2Z)

Probe for new physics
- Resonances with diboson final states

¢ WW and ZZ: see next slide

zm TTV]TTYYIVTTVI

SR, . f] T 1 i

B 3

O 180  ZrMC S

R S
@ WY and Z'Y 2= 16of- * Zy—eey Data <
o ; )

cross sections measured for Et,> 10 GeV and - o Zy—>puy Data WL
140 3

dR(lept,y)> 0.7 : . i 3

¢ cross sections in agreement with SM predictions 2 3 B
first limits on WWvy,ZZvy,Zyy TGC at 7 TeV s .3 5 o FSR -
BOR" e e i

105 e CMS Prehmmary 2010, 36 pb R

S T T Rt B W sty T e Ve WY (v O B Y Y N T R B | |
6% 60 70 80 9 100 110  12C
M, [GeV]
CTEQ
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WW and ZZ production Dy

slide adapted from P. Meridiani

CMS-SMP-12-014

CMS Prafinary s=8TeV. LoS 280’ CMS Profiminary s s TV, LaS 8N’
33 " DATA I | 00 eoam ZZ
g”’ . afm. | “a ¢ Efm.m* o =8.4%10 (stat) £ 0.7 (sys) £ 0.4 (lum) pb
g A = ) NLO (MCFM 6.0): 7.7 £ 0.4 pb
e (NLO for qq-+ZZ and LO for
10 ) QQ--+ZZ, MSTW 2008 PDF)
B o
v 200 400 600 X ?W 0 W0 0 N0 00
m, [GeV) me (GeV)
.CMS-SMP-12-013
5 o s B Do WA ey
- o B Leases
{ ' et [‘j:vvn
% i WW: 2 opposite sign leptons (e,u) + MET + jet veto
) All backgrounds are estimated from data
w0 : ‘..d'ﬁﬂ ;
o ""1..;'9:, O o =69.9 £ 2.8 (stat) £ 5.6 (sys) £ 3.1 (lum) pb
. - 3 '1 -t :
% ? cn NLO prediction: Campbeil, Elis, Wilkams.
T3 % A s 4 + Oy W & W= = 25 4235 JHEP 07 (2011)018
§ 1| Sesnttyryriophiasiipdiintl e WIW™ +qq = WIWT) =573 (L1a) PP v-1108.0020 MCEM
3 ': w 1 ™0 xx (
el Also at 7 TeV seen: slightly larger WW xsec measured than

predicted by NLO QCD

Something interesting there? To be followed up....
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J/W production '

N
Qe ' = B~ Jhy, FONLL -
I —— CASCADE '
310” ....... PYTH'A A
E —— CMS data :
= I
Ur—
g 1 16<ly |<24
1: 5 2 L
B %
X10-1: E
m -
] i
102 CMS,\'s=7 TeV
- L=314 nb"
JSTUS OO0 BT DS VN OS0 H [ TO0) O TN ) LN OO U IR S Ve T )

| :
0% 5 10 15 20 25 30

p;"” (GeVlc)
s = ¢ (Quarkonia) = b = top
o top production fe pata
'8. Wolv
~ 10'F =] Si;\'gl\e Top
. » E —_— X
Ks production ' T B tt signal
: + | lepton+jets, no b-ta
5 ! , 9 Y production ' 2 400l pton+] g
Z O T S p I excl. states ' =
Bo3F ... . ] CMS, /5 = 7TeV |
3 s : > 700} cVs=TTeV 3
= ' i 600 In*l <13 5220 \ CMS Preliminary
0.2 e < 500 3 8200 \s=7 L=40pb"
s P o, (Y(18)) 3 g: 10
e 69 +2MeV !
0.1 -~ Vs=7Tev . \8=09TeV | 300+ 4 g“"
-~  PYTHIAG D6T PYTHIAG DT | 3 w120
0.05 PYTHIAG PO PYTHIAG PO 200+ 4
----- PYTHIAS PYTHIAB F U\l\sh-.‘ - 1 .5‘| 4
% 05 1 15 2 o e 2 O
KS Iy 85 995 10 105 11 115 1 o NS =
0 10. J a0 ] 1
u* u~ mass (GeV/c?) -~
o NI Soonion, v ol LT L T it -
827525753 535 54 545 B5 5855 58 565 .
Bs mass (GeV/c?) 0.5 - A Zl
1 2 3 >4
CTEQ N,.(p >30GeV)
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== D/B : differential cross sections P s

iInclusive b>u+X

%, [+ ] CMSdata Extensive studies of b/B production. Consistent picture in all channels:
O k= et ol el Data between predictions of MC@NLO and Pythia;
g 1 e PYTHIA (MSEL 1, CTEQ6L1) differences in shape, both for pr and rapidity distributions.
§'<“ 1 \8=7TeV muonini<21 S
;_ 102 h“i. L=85 nb ?Eﬁ
f - 1S "
>E< = ] ; CMS Preliminary,\s=7 TeV Spring 2012
10 = 4% value + stal. = syst. = lum. error
T 1« (luminosity)
Q : §
‘1’_ --------- 15 pp—= A, X —= Jp AX —— 1.6+06+1.2 +20
CES —= Pro10 GV, <20 (10000 (19005
10 15 20 25 30
muon p_ [GeV] pp— B X ——— 2812420 = 3.1
: Pr>5 GeV, lyl<2.4 (6pb”)
BO->J/Y K
s - 2 . pp— B° X e 333:25:3.1236
3 L.CMS\Vs=7TeV L=40pb’ ~——®— CMSdata = P;>5 GeV, lyl<2.2 (40pb")
s 14— ~ Pythia 6 (MSEL 1, CTEQSL1, 22) &
8 - . ECM.O(CTEOGM.m.-GJSOﬂn v—|<
.;R_ ; ~~~~~~~~ MC BNLO total uncertainty E
g 0 pp— B, X — J/y ¢ X . 6.9+04+07 +0.3
1: ot g B<p <50 GeV, lyl<2.4 (x1000) (40 pb™)
g
§ 2 = Theory: MC@NLO / POWHEG
© CTEQEM POF, us(m+p2) "%, m =4.75 GeV
; | |
; 0 50
A | B Hadron Production Cross Section [ub]
-ABF(&B%)mdLuml(ﬁ%)unutulnﬂunotm 11
0 02 04 06 08 1 1.2 14 16 18 2 2.2 50— E—
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b-jet production P s

Flavor Creation Flavor Excitation Gluon Splitting
b
JRARRAR _i_l,l_l_i_ﬂ_ijrnm~ e ®1T1211R
g b E b
e — G )>-
TSR TE S T -iiiiiﬁ/_-_‘n- I3 __9,1.1:_;_91&'29_4%\ >
~15% ~50% ~35% " for py 20-100 GeV

= FEX, GS are higher order effects but dominate at LHC

 CMS prelim. at\s =7 TeV, 050 "

.

-
.ie
-

eC
-

TCHEL b-tag Efficiency ¢

- it _ SO - B

)
S8 Ew

displaced trach

04 | e Sevend
L R

Primary vix 0.3 B G
© q
° ' -
' ‘ e A S b A ]
&- . “BPe e 008 307 i) ® Syoonsd ‘

) .

b-tagging: _ _ gees "o d .
Secondary vertices, impact parameter, o8} o :
muons from heavy flavour decays o AT AL .

0 0 100 1% 200 250
CTEQ Jet p, [GeV]
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CMS L =34pb’ \s =7 TeV
~~ % | | | T T I E—— ?
D 100k PR S JHEP 04 (2012) 084
¢y 107¢ o 0.5<lyl <1 (x125)3
o) 108 = = 1<lyl <1.5(x25)
£ o 1.5<lyl<2(x5) 3 _ = =
> 107 . 2elyl<22 4 . CMsL=34pb’  is=7Tev
-O'—’I 06 NS ; L 01 == MC@NLO/FastNLO [] Exp. uncertainty
S e, - © 008 . Pythia ]
o ~\\\ | = . — —
B 19 3 &N 0.04 Iyl<o'?_.6..__0____.__ e a9 9 o o o
© 10 . = 0.020¢
®3 (&) 0
D s £
10 5 — 0.04
= 102 — 45 0.02f0m
=[] Exp. uncertainty 7 0
Q 0.04
10
= Anti-k, R=0.5 0.025:::
1EI | | | | | | | | E O
20 30 40 30 100 200 004 e
b-jet pT (GeV) N e : _____________ : .......... - | :
0.02 '."__._i‘_ﬁ'_ﬁ'.'_,_'_','_:','_'_..'_‘,'_‘.'.‘_'.__.'_;.-_;_-.;;.'__'__ ....................... = _-..-_A_.,_.-A.....l..t_.._-._.-_l_-.;-_.._.‘._.._.._..A.._.._.._.A%
°20 30 40 50 100 200
b-jet P (GeV)

¢ Some discrepancies seen with MC@NLO
¢ ratio to inclusive jet cross section helps to eliminate some systematics (eg. lumi)
¢ this ratio better described by Pythia, in particular for forward jets!
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Top Quark Physics

Production
Ccross section

Resonance
production

ETH Institute for
Particle Physics

Top Mass I*
W W Helicit I
elici
Charge — Y

Production
kinematics

s

Rare/non SM decays
branching ratios, |Vip|

Single top production

W+
p \ i
t b Anomalous
couplings;
X _

CP violation

q

Q |

Everybody says: “... the top quark is special!”
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By now, all the other quarks must suffer psychological damage




Top Production (D feimmms

slide adapted from FP. Schilling

Gluon fusion (dominant at LHC)

02 :t o oo ¢ ' o
g I ) i .\‘- Jet:
p,=61.7 GeV/c
Quark-antiquark annihilation Muon: | n=138
p,= 64.4 GeV/c
; : n=029 Jet:
>.QQQ.QQ< p, = 135.9 GeV/c
3 g , n=079
Y J Missing E.: - I
65.9 GeV N\

Total cross section at 7 TeV:
o NLO (MCFM) oNL© = 158*2% pb

Jet:

M'
; p,=51.5 GeV/c
o approx. NNLO o.-:;-lmeWc n=-0.12
+ Kidonakis, PRD 82 (2010) 114030 2=
o = 163115 pb CMS

« Langenfeld, Moch, Uwer, PRD80 (2009) 054009
* Alievetal, CPC182 (2011) 1034

o = 164113 pb
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Top decays and backgrounds s

slide adapted from FP. Schilling

« Top decays before it can hadronize
o almost exclusively t->Wb

w*
Vio

» Top pair event classification according to W decays

e';‘.' | \ MET e,t:.m '\.
b-jet == 'éc_\_-“ ‘
’L/ b-jet
. 0
e.p
dileptons lepton + jets
Branching
ratio: ~5% ~30%
Backgrounds: few moderate
(mainly Z+jets) (mainly W+jets)

CTEQ
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~46%

huge
(mainly QCD)
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Cross section: Di-Lepton channel (D =it

slide adapted from FP. Schilling

Jet multiplicity before * E rm, "'i:-':-'--
applying b-tagging . e R

N — eyt

Hatched:
BG uncanainty
s '”,.‘ 4 T 4 T i - -
¥ - cus . b | peacs ® Son
S umiane sty Bl vow } e stn\ierTev TR upn
m Everta afh o 0y gl"m | WV o ts it sohaes I DY T Peas)
~ B Oy
FJ(NB&B)itM’ '.""" ' W e e

N(b-lagS)>"1 1-—-:.-.—-- N(D'BQS) for__iw

. meemem | I N(jelsP=2 S0t
”E . Very pure sample
| . of top events!
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Cross section: semi-leptonic channel D s

CMS TOP-11-003

Lepton+jets, b-tagged

< 5000, CMS Preliminary \s =7 TeV [ Ldt = 1.1fb ", Muons
- :

o Data [ & [l single Top [l W-b-jets [] Wicjets [[]w-LF-jets [] z+ets [ ]acp

¢ divide sample into distinct categories: o 450052 2 B = = §
. o - o
Nr. jets, Nr. of b-tags, 5 4000 3 < < . &
electrons, muons $ 3500+ o g 5’ 5’ 3
- - -
¢ fit the secondary vertex mass S0 - = = T z
distribution, using templates, 2500-38 3 3 3 L . 3
simultaneously in all categories 2000-F, = @ 4 @
1500 ¢
¢ let also data/MC scale factors (JES, i
b-tag eff, W+j Q2-scale) float in the fit 10008
500
¢ Result: ’ :
O . . 0 Q $0 -3 %0 S
¢ top cross section, with syst. Secondary Vertex Mass (GeV)
uncert' at the 7% Ieve' ! Source » Muon Electron | Combined |
. . . i Analysis Anall.\'sis Analysis
¢ scale factors consistent with 1, Quantity Uncertainty (%)
vy . Lepton ID/reco/trigger 3.4 3 3.4
Wlthln the flt error Frresolution due to unclustered energy <1 <1 <1
ti+jets Q? scale 2 2 2
ISR/FSR 2 2 2
ME to PS matching 2 2 2
A fantastic proof of the excellent understanding o 1 | a4 |
of all relevant physics objects, and of their e T e
outstanding MC description b-tag cfficiency 3.3 3.4 2.4
W jets Q° scale 0.9 0.8 0.7
Combined 7.8 7.8 7.3 |
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Top cross section

CMS Preliminary \ s=7 TeV

CMS TOP-11-024

CMS 2011 combination
TOP-11-024 (L=0.8-1.1/fb)

CMS e/p+jets+btag
TOP-11-003 (L=0.8-1.1/ib)

CMS dilepton (ee,uu.eu)
TOP-11-005 (L=1.1/fb)

CMS all-hadronic
TOP-11-007 (L=1.1/b)

| —

CMS dilepton (u1)
TOP-11-006 (L=1.1/fb)

" NLOQCD

I l

[ Approx. NNLO QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034
B Approx. NNLO QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030
1 Approx. NNLO QCD, Ahrens et al., JHEP 1009 (2010) 097

166+ 2+ 11+ 8

(val. £ stat. + syst. & lumi.)

164+ 3+12% 7

(val. + stat. + syst, + lumi.)

170+ 4+16+ 8

(val. = stat. & syst. + lum)

136 +20+40+ 8

(val. £ stat. + syst. + lumi.)

149+24 +26+ 9

(val. = stat, + syst, + lumi.)

0 50 100 150

200 250 300
o) (pb)

CMS Prelimina

’ s=é Te\D

228 + 9+ 2 =10 pb

(val. = stat. = syst. = lumi.)

CMS l+jets (e/u+jets)
TOP-12-006 (L=2.8/fb)

227+ 31110 pb

(val. = stat. = syst. = lumi.)

CMS dilepton (ee,uu,eu)
TOP-12-007 (L=2.4/fb)

CMS combined 227+ 3+11+10pb

(val. = stat. = syst. = lumi.)

e Approx. NNLO QCD, Kidonakis, arXiv:1205.3453 (2012)

Approx. NNLO QCD, Cacciari et al., arXiv:1111.5869 (2011)

[ Approx. NNLO QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale ® PDF uncertainty)
[ Approx. NNLO QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale uncertainty)

0 100 200 300 400

o(tt) (pb)

- exp. uncertainty reached 6-7% (!) level, ~ or smaller than theory uncertainty.

- overall impressive agreement with pQCD pred.

- top pair xsec useful to constrain pdfs?

CTEQ
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Top cross section (P e

CMS Preliminary

®) -
Q : :
—~ - ® CMS combined 7 TeV (1.1 fbl)
= ® CMS combined 8 TeV (2.8 fb)
N—" = —
o) o CDF
o0 DO
10%
— A3500MS Preliminary
O -
% o L
~ [ ® CMScombined7 TeV (1.1 fb")
— Approx. NNL D = -
ppro QOC (pp) S 300 | .
Scale uncertainty - ™ CMS combined 8 TeV (2.8 fb')
10 — ' Scale ® PDF uncertainty B
- « g - Approx. NNLO QCD (pp) 250—
B ';‘/ Scale uncertainty B
i B Scale ® PDF uncertainty 2001—
y Langenfeld, Moch, Uwer, Phys. Rev. D80 (20 B
— /] MSTW 2008 NNLO PDF, 90% C.L. uncertaint B
NN A N NN N N NN N T TN N A T AN T A N A O A 150_—
1 2 3 4 5 6 7 - NLO QCD
L Approx. NNLO QCD
B Scale uncertainty
100— I Scale ® PDF uncertainty
- Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
- MSTW 2008 (N)NLO PDF, 90% C.L. uncertainty
B | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
506 6.5 7 7.5 8 8.5 9

Vs (TeV)
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Single top production

D ETH Institute for
Particle Physics
CMS TOP-11-021

/
q q CMS preliminary, 1.14/1.51 fb”', Muons/Electrons,\'s = 7 TeV
N e s L L L L L L L B BN BN BN LN
t channel T 90 4 ¢data
(0=62pb @7 TeV) riag= - Wit-channel
80 — [JtW-channel
t 20 = _J [Js-channel
- 1 O
60 — @W+light
50 = BW+bb
g [_) = 71 lW+cc
40 = = PZ+Jets
30 — llDiboson
- Better than 20% accuracy reached. = - [lacb
20
- CMS : |Vuw| extracted at the 10% level! ‘0 =
- closing in on tW and s-channel prod. 0
-1 -08 -06-04-02 0 02 04 06 08 1
cosf
_ ) angle between lepton and light jet, in t rest frame
t-channel single top quark production
S‘ [ | ' ' ' | ' ' ' | i
.9.‘ R ° CMS preliminary, 1.14/1.51 f" _
o 102 - Y  DO,54fb" -
- A CDF 751" . 4
: : An example of finding tiny signals with
10 E_ ------- NLO QCD (5 flavour scheme) _E IeptonS, MET’ b-tag & Jets
E — theorY uncertéinty (scale ® PDF) E
l e e R " Showing the readiness for challenging
3 ooy ooy P08 searches such as low-mass Higgs
B Kidonakis, Phys.Rev.D 83 (2011) 091503 N
_ -
0 2 4 6 8 10
\'s [TeV]
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results shown at Moriond QCD

¢ Tevatron is leading, with LHC catching up....

[ Miop = 173.2 £ 0.6 (stat) & 0.8 (syst) |

LN
.’."
-

-]
Tob Guark Mess Uncartabuty Results on data (4.7 fb™*) 2

CMS prefminary. 4.7 16", a7 TeV

Tevatron combination

6
-
2
>
$
g 4__:\ Projected future uncertainty range 1.02

. \ .
§ o B 1.01 ]'5
- | |
§ '
L 1 110

: |
3 2 \ \ e a
a x N e |8 Mm% 0.58
= 1 i Tk 170 172 174 176 °
g Ewias vAM<1Gevic m, [GeV]
- 10"

100" 1 B 10 . | my = 172.6 :t 0.6513{ :t 1.2sysg Gev l

Integrated Luminosity (fo™) —— " :
p @ Most precise LHC measurement

Relative uncertainty: 0.54%

e b oS In this Moriond result not yet included:
Expect this limit to be improved... Y
"

Systematics due to colour rec, UE

Systematics dominated by JES
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Direct mtop reconstruction

Mass determination

CMS Preliminary,\'s=7 TeV

——) =

CMS 2011 dilepton

173.3+1.2x25

160

CTEQ
Aug 12

p: ETH Institute for
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From cross section dependence on Migp

Interesting, independent alternative; extract
well defined mass parameter, eg. in MSbar
scheme. But: theory uncertainties enter.

PAS-TOP-11-016 (L=2.2 fb") (val. = stat. = syst.) "§_ 600
~ CMS Preliminary, Vs=7 TeV, L=1.14fb"
—@— —
CMS 2011 u+jets . 1726+ 0.4+ 1.3 C approx. NNLO » MSTWOSNNLO:
PAS-TOP-11-015 (L=4.7 fb") (val. = stat. = syst.)
c Langenteld et al.
C 3 200 Kidonakis
CMS 2010 l+jets 173121+ 2.7 ARESns 6t ol
PAS-TOP-10-009 (L=36 pb™) (val. = stat. + syst.)
€ @ 3
CMS 2010 dilepton 1755+ 4.6+ 4.6
JHEP 07 (2011) (L=36 pb™) (val. + stat. = syst.)
200
—@—
CMS combination 1726+x04x1.2
uptoL=4.7fb" (val. = stat. = syst.) Measured cross section . .
® Cross section corrected for m""' (Langenteld ot al.)
Measured cross section depandence on m:“’
0 P B, A
| | | | 140 150 160 170 180 190
165 170 175 180 185 m:”" (GeV)
My, [GEV]
_Approx. NNLO x MSTWOSNNLO | mf** / GeV | m}S / GeV | 4
{ Langenfeld et al. [7] 170.3t;§. 163.172% |3
| Kidonakis [8] 170.075% - l
[ Ahrens et al. [9] 167.6f;_:‘{ 159.8*_’2:3 | i
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Then: going more differential...... P et

¢ Many many properties and differential distributions measured

¥ spin correlations, W helicity/pol., Vib, m-muwar, top charge, top polarization, charge asymmetry,
FCNC, high-mass ttbar pairs (resonances)
o , CMS-TOP-12-016
¢ No anomalies seen so far. Here some examples: ~ | ETTTTTTT T
+g_>: | CMS Preliminary, 5.0 fb" at \'s=7 TeV ]
AP L. L] LA § 0.8 —»— ( Data - BG ) Unfolded
b : 8- —
% 18 bOOSted tops’ § - Syst. Uncertainty 1
t R 1A0w 1 - -
0 5 Y top tagging, B [ i ]
5 T subjects o 0.6
c ek ~— r )
g ,,;E + ¥ . . 2 o ———
Wk HCAL Deéposits = _ .
N 04 top polarization
4 L A
) | 1 U 1 ¢ |
g B | Subjers 0.2 Tdcosty, 20 T 20Pucostia) )
00N @ @ 100120 [
Mass of W-Jet Can - Pn= —0.009 £ 0.029 + 0.041 | 1
- | —— T—
R — — 0 '

W 44 4 A
-1 -0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8

CMS-TOP-11-013

o~ 1 ' | CMS Preliminary, 1.14 fo' at\ s«7 TeV
§ CMS Preliminary *— Dt o 0BT T
© 1200 4.7 at\s = 7 TeV = . 'f;:b o/p + Jets Combined e Data l
O W, 2 4 jets, = 2 b-tags E g R 0.5l MadGraph
B 1000 3 veor MC@NLO 1
i _ —tr POWHEG
c 800w, = 00DO 000 =
5 : aco
> : 75 ToV
W 600 1 TeV
<9 ,'.' ...................... .
~»- ( Dota - BG ) Unfoided
400 0.2} Syst. Uncertainty
[ —— Powheg parton level
200 CMS-TOP-11-009 0.1 5 — W.Bernreuther & Z.G.SI (SM,:=M) {
¢ o O W.Bernreuther & Z.G.Si (uncorrelaled.unu') 1
0 ® o o o coee . otk el bbb 0.1+ - , J
1500 2000 2590 2 <15 1 05 0 05 1 5 2 0 0.5 1 1.5 2 2.5 A¢3
m_ [GeV/c?) " I+l
1 [ [l [l u *i-
oTEq lepton rap. in [+jets spin correlations
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A ceot- TThar + V production (P

slide adapted from P. Meridiani

Starting to observe associated production of top pairs with W or Z
g CMS-TOP-12-014

CMS Preliminary Led08® "ot Vs u7Tev

BAS A8 M RAAS AAAS AARE RASS RALSE RASE RAES B
.
No theory error avalable
for nz
e ———_ - B -
Same-sign dilepton channel: o (ti V — I+ jets + (W —Iv)or (Z—=11) A > e
i (scaled from a )
B Ovepgton Channed
(rect moasurement)
E c&h?-y Leddan uu..m% . e :::’w
S 0w Trilepton d N N als
“ 1 We.z g . 0 02040608 1 1214 16 18
o Wld.w . First measurement of {tV; tt+V Cross Section [pb)
Bz .
sl W+ :
A e d

=L Result combining all 7 channels:

a1V )= 051" (stat) y oa(syst.) pb

=» Significance of 4.67 ¢

“(oo)e (ool Guule (mp Total
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Summary
of Part 1

S5
RRY! NO! MY FALLT
ENTIRELY!

WHEN PROTONS COLLIDE
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Summary Part 1

[pb]
2

O 7 TeV CMS measurement (stat®syst)

-

8 TeV CMS measurement (stat®syst)
510° g —o—* Z ¢ -
o8 ; — 7 TeV Theory prediction
. =1] e ——— B TeV Theory prediction
S aells flbe :
2 10°E | =1j
3 . ] ="
n 2 —— 22j
s 10 23] - : Wy 2y
o S -
6 i =3] j
=4 wWWwW
C —?_
o ;’ : WZ :
O ot 22
O 10 Er >30 GeV i . E;>10GeV ;
o at ' S
In"1<24 - AR(y,))>0.7 '
1 P - 491" B 491"
: 36,19 pb ' | g5t M0 gap
JHEP10(2011)132 PLB701(2011)538 CMS-PAS-EWK-11-010 (W2)

JHEPO1(2012)010
CMS-PAS-SMP-12-011 (WZ 8 TeV)

CMS-PAS-SMP-12-008,
007, 013, 014 (WW Z22)

ETH Institute for
Particle Physics

If this is not a success of the SM (and all the theo. and exp. work invested),

then what??7??
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Bonus Material

(for free!)
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The Machine
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. The LHC : design parameters

3 - -
| '0 . \ - g
! o ¥/ q'l -
! 4 e
i TE »
: ..‘ . 8 o ¢! F Y

1232 superconducting dipoles
15mlong at 1.9 K, B=8.33 T
Inner coil diameter = 56 mm

max. beam-energy 7 TeV (7x  TEVATRON)
design Luminosity  103* cm2s (>100x TEVATRON)
Bunch spacing 24.95 ns

Particles/bunch 1.1 10"

Stored E/beam 362 MJ

Also : Lead lons operation
Energy/nucleon 2.76 TeV /u
Total initial lumi 102 cm2 s

G. Dissertori : Results from CMS

CMS ) +ToTEM

Octant 3/

ETH Institute for
Particle Physics

Unprecedented complexity:

10k magnets powered in 1700
electrical circuits
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First CMS Collision Event

¢ Nov.20: Start of 2009 beam
circulation

¢ Nov. 23: First collisions at 900 GeV First collision @ 900 GeV

€ Nov. 26: First results shown publicly
at CERN!

¢ Dec.6: First physics fills

¢ Dec.8: Acceleration

¢ both beams ramped to 1.18 TeV
each

Mon 23 Nov 19:21

Run 122314 Evt 1514552

< Dec.11: Higher proton intensities
(7E10)

¢ Starting to accumulate luminosity at
900 GeV

¢ Dec.14, Collisions at 2.36 TeV !

CTEQ Mgt on ¢
Aug 12 G. Dissertori : Results from CMS



First collisions in CMS at 7 TeV D ===

by /

within seconds: registered, reconstructed and displayed on screens
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LHC : Performance Limitations D s

Parameter/Effects Limitations Now Legend:
Beam ener.gy | | | N : particles/bunch
limited by maximum dipole field. Industrially 7 TeV 35->4TeV e of bunches

available technology.
| : current / beam

Bunch and total beam intensity N <1.7 101 e.=ey, ¢ : emittance

beam-beam effect (tune spread), small allowed _
space in Q-space, collimators (impedance, Nnom =1.15 10" N~1.510" B*:patlIP

collective instabilities), electron cloud, radiation
1 <0.85A Beam size 0%=f¢
Normalized emittance Q : tune (number of
Limited by injectors and main dipole aperture £,<3.75 um 1.9-2.4 um trans. oscil./turn)
Beam size at IP (") 0.55m< f'<1m 0.6 m
Limited by (triplet) quadrupole aperture g~17 um o~ 20 uwm
Crossing angle
Limited by (triplet) quadrupole aperture 300 Mrad 290 Mrad
Number of (colliding) bunches
Limited by stored beam energy, electron cloud eff. 2808 1368
Luminosity 1 103 -6 x 1033
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Relstve Beam si2es sound 1P (Allss) » colison

LITTTMouU vy (UiTpicly) quduirupuic apocruuirc

Number of bunches
Limited by stored beam energy, electron cloud eff.

Luminosity

CTEQ
Aug 12

'8

# ETH Institute for
Particle Physics

Legend:
N : particles/bunch
n : nr. of bunches

| : current / beam

e =€y, € :emittance
p*:patlP

Beam size 0%=f¢

Q : tune (number of
trans. oscil./turn)

0*=16.6um =N, oftriplet)=1.54 mm

Recent records courtesy ATLAS (15th June 2012)

x--r't'\ﬁl
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1320

[Madmum Peak Everts per Bunch Crossng

Ju

YT

[Maamum Average Events pér Bunch Crossing

f

131 87

jLongest Time in Stable Beams for one i

J

{22 B hours

jLongest Time in Stable Beams for one iy

J

120 5 hours (85 6%)

[ onnest e in Stabie Beams 10r 7 dags

l
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]
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Performance in 2011 P s

Fournier, HCP2011

S [ [eoaasssnn Typical
a - | =] ALICE: 0.005 fb . .
2 5000 — -m"mb., : . : efflClency of
S - Y. | experiments:
g 4000 -  Proton-Proton:\Ns=7TeV W4
: E All Expeﬂmant& LD.! =12.517 'b.‘g data tak|ng eff >~ 90%
° 5 : ;
@ 3000 —
gi & fraction of good quality
= i data ~ 85-90 %
~ 2000
E ==> ATLAS and CMS
= have about 4.7 fb-! of
1000 - good data in hand

- | | | | 1 |
0726/03 25/04 25005 24/06 24/07 23/08 22/09 22110  (Was ~36 pbin 2010)

Factor ~20 gain in peak luminosity w.r.t. 2010, mainly

thanks to : number of bunches, beta*, emittance
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The experiments:
Expectations,
requirements,
performance

proton - proton collisions are complex....

78
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Variables used in pp collisions P e

Transverse momentum

(in the plane perpendicular to the beam)

\I
] . | Rapidity v = % In (5 J_rii)
(Pseudo)-Rapidity 7 — — lntang
o 0=90° — n=0
? 0=10° — n= 24
| 0=170° — n=-2.4
gy T uu "0l 8= 19 = me5.0
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Expected Physics : 1 D smimsee

¢ Inelastic low-pr pp collisions

Most processes are due to soft and semi-soft
iInteractions between incoming protons

€«

10 Y Y , 10
[- o : {)_ -4  particles in the final state have large longitudinal, but
0’ L hes 5 fio | d107 - small transverse momentum -> small momentum
| 5 : i 0 transfer:
wosL ; ' 1. g several hundreds of MeV
b e § . = :O
5 ot | -7 Low-pr inelastic pp-collisions:
— y ) . : R | ‘“ s . 9
; W o & Minimum Bias events
- [ 7 i} ... Parameters (multiplicity etc) poorly known!
ol % E P . 3 Important for tuning MC simulations,
L 7 ] £ and understanding of Pile-Up effects
» c
"3 o ! @
“ ' ] - 1'\.‘ >
[ ' - w
10} Ohaggs (M= 150G8V) | | o104 - particle density:
¥ ; TeV | N ~ 4 - 6 charged particles (pions) plus ~ 2 - 3
vorl bt a8 calul - g neutrals (119) per unit of pseudorapidity
0.1 10 in the central detector region (and ~flat in rap)

 uniformly distributed in @

« average pt ~ few hundreds of MeV
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Expected Physics : 2 P s

¢ Measure Jet cross sections
¢ Etlet> 500 GeV after a few months at startup
¢ Going fast beyond the TEVATRON reach

| J « early sensitivity to compositiness
Oro1 ?
00- E - 10' ..m O ———————y——y——— e T T SR
] ~4 w* l. 1 QD LO, B 2
y ; 1 & SH New Territory o®to.w
1 | : CYROH]
o, "-E 10 .9 0’ l‘ \\‘ MRST
| , 1 \
a 10° § -4 10° é e L0\
S— . : - _J 5 O \ \\
o 10 Ow 2~ dio 5 3 w»°p | Teyatron
O, / : ' o~ o= Yy 10" “ \\\
e | ‘ 1 8 F I\ LHC
10" = 410" & s " b
: ’ P o . P> p-pbar p-p
/ B | E g !,! Y 1LE TeV " ' 14 TeV
107 | J410° S o |
| " - .
H | -_(,04...4.7“..:.‘..A.‘...-‘..--..‘
N " E .
- T : E; (TeV)
' . -
f\' » .. 4 o . . .
W 01 : 10 v ¢ requires good understanding of jets
E., (TeV) (algorithms, production, jet energy scale),
PDFs, pile-up, underlying event, ...

Thus : good calorimetry!!
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Expected Physics : 3 D s

¢ The Electroweak Sector

test (re-establish the SM) and then go beyond
most SM cross sections are significantly higher

€

*€cC

ol | T than at the TEVATRON
w0’ L e § ! 107 = eg. 100x larger top-pair production cross section
I Y, - NE « the LHCisatop, b, W, Z, ..., Higgs, ... factory
10 . % | | - 10° 9
- ; L - -
o) -.'lt ; / -1 10 ?'-'D
= | =~ g =
° O o Wi -]°8 Important:
ol omErmdm| QAT 7 8 Concentrate on final states
- Vadl™ ol MK with high-pt and isolated
t Oren/”| dios @ leptons and photons
s 4 (+ jets)
,,S.Fomu-\.-wocowg | '. ! - 105
1ca'._Lx_u.Lum_i_LLuhuLt_u Q

- ' Otherwise overwhelmed by
QCD jet background!!
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¢ Some benchmark processes of the early days, which
influenced certain design parameters:

¢ Basic processes relevant for studying electro-weak
symmetry breaking (as seen in early days):

o Y lo. PP — WTW- — ,U—I_VM wov,
t ot B S pp—H - 27— ptp it
M/ O "% pp— Hjetjet (VBF)

D binde pp— 70— ot

0.1

Ecy (TeV)

¢ All cross sections (times BR) of order 1 - 100 fb :
determines needed luminosities for sizable statistics
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S0, some numbers to remember D maEnse

¢ For some nominal numbers, eg. a bunch spacing of 25 ns:

-y

¢ relevant cross sections for testing of EWK symmetry breaking of order 1 - 100 fb-"
¥ Running time per year T ~ 107 secs (don't forget efficiency factors....)

for £ = 10%* /cm/sec = 1075 fb™ " /sec

N = (L-T)oc = 100events per year for ¢ = 11b

€

Total rate of inelastic events R = o, £ ~ (100mb) (107mb ™' /sec) = 10? events/sec

€

Number of inelast. events per bunch crossing = 10%/sec * 25 10-° sec = 25 (pile-up)!

€«

Number of chg. particles per bunch x-ing : 25 * N(pions)/rap * (2 ymax) ~ 2000 !!

*€cC

Thus have an issue with radiation levels! (and pile up ...)
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== Production of heavy states ) Bty

¢ Heavy particles are produced “more centrally”
¢ example: single heavy resonance (eg. Z') of mass M, Energy E, rapidity y :

/
A— —_— 2 Y —_—
S=x1x98=M T1 R Ty — T12= —F=

112

| | ¢ Thus important to concentrate
| | on precision tracking/calorimetry
" J -, In area of approx. |y| < 2.5

CTEQ
Aug 12 G. Dissertori : Results from CMS 85



ETH Institute for

Examples of detector performance requirements P s

Lepton measurement:. pr= GeV — afew TeV (b — +X, W/Z, W'/Z’, ...)

Hypothetical X — yy signal
on top of background

poor detector resolution

/

Mass resolutions:

= 1% decays into leptons or photons
(Higgs, new resonances)

«—— good detector resolution

~10% W — jj, H — bb

(top physics, Higgs, ...) pp — vy background

/

1Y

Particle identification:

(b)=50% R (jet)=100 (H — bb, SUSY, 3rd generation !!)
~50% R(jet)=100 (A/H — 7tr, SUSY, 3rd generation !!)

)
v)=80% R(et)>10° (H— yy)
R(jet) > 10°  (inclusive electron sample)

 b/jet separation : €
* t/jet separation : €
* v/jet separation : €
 ¢/jet separation : €

CTEQ
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Tools
and

Methods
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Our Master Eq uation p T e

Event rates (absolute, relative, differential)
Stat vs syst errors, backgrounds from data or MC?
Resolution, Energy Scale, Signal Significance

—— ——

N obs N bkg
I Gmeas - Proton-Proton Luminosity

— uncertainty < 5%
€& L

Experimental issues : Triggers, reconstruction, isolation cuts, low-pr jets (jet veto)
acceptance, efficiency determination (tag&probe)

Theoretical issues : p distributions at NLO + resummation;

differential calculations for detectable acceptance.

O theo = PDF(xlaxzan) ® O

constrain, define uncertainties HO calculations,
implement in MC
. . ?
Goal : test SM (in)consistency :  Oexp T Aexp — OSM = Ath
CTEQ
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Efficiencies and
Acceptance

Nobs _ kag

Gmeas _
O




Efficiencies and acceptances e
Nobs_kag

meas 8 L

O

Trigger eff. |

|dentification eff.]

Number of “detectable” objects/events,
Number of “reconstructed” objects/events, which have been triggered on
which have passed the ID criteria

Number of “all detectable” objects/events

Number of “all reconstructed” objeaS/Gy

I
= €Ip * €ERECO ° €TRIG * A

Acceptance |

Number of “detectable” objects/events

Reconstruction eff.

Number of “all produced” objects/events

Number of “detectable, triggered” objects/events,

which have been reconstructed ]
example, from MC:

Number of “detectable/triggered” objects/events N(muons) with pr > 10 GeV and eta<2

N(all generated muons)
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¢ A"tricky” case:

¢ Acceptance for J/Psi, in
CMS at 7 TeV

¢ as a function of the pr and
rapidity of the J/Psi

¢ this is a convolution of the
acceptances for the two
muons, coming from the
J/Psi decay

¢ Muon acceptance strongly
determined by detector
geometry and magnetic
field, as well as muon
penetration power (iron
thickness vs. momentum)

CMS PAS BPH-10-002 ly
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Issue of acceptance... P mimes

¢ Example: W or Z production ¢ Again, is a convolution of the
acceptances for the leptons

b

-
f
1 |1 ¢ Do we really want to correct for
s b i acceptance?
r R
}
D 1 {| ¥ Pros:
: y { L « ¢ The cross section measurement can be
o | ,/ B * directly compared to other (corrected)
" t / \ * measurements, from other exps
> < | ] i
| / \\ - < The measurement can be compared to
Eb t / \ theory predictions which cannot be
Y / \ X obtained for arbitrary acceptance
. \
,F / measurable \& ¢ Cons:
N 4 2 c 2 a 5 ¢ The measurement becomes model
Stirling Y. dependent
¢ we introduce a systematic error, eqg.
because of uncertain extrapolation to full
acceptance
92
CTEQ
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Issue of acceptance... D sz

¢ Example: W or Z production

A

- :
r "
‘ j If we want precise measurement
4 4 of Luminosity or some parameter
B | 1 in hard-interaction cross section,
e |18 it is essential to have HO calc.
S ’ 9 restricted to measurable
. 2 - acceptance
m + ’/ \( ! p
=2 * / \ -
g/ \
s | \ — avoid extrapolation errors
— f |
;r / . \ eg. from extrapolation to large yy
L measurable : .
5 | \& where uncertainties from pdfs are
.6 4 2 C 2 4 6 large!
Stirling y w

... fortunately, nowadays more and more fully differential calculations are available....
thus it becomes possible to calculate “EXACTLY” what is measured....

93
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Trigger efficiencies D e

¢ Usual recipe: try to have a “more inclusive” trigger, where you
“know” that it is “100% efficient”, and calculate rate w.r.t. this one

< Example: trigger rate for a Jet Trigger with Et>15 GeV:

Y ™Y

CMS preliminary, 11 nb’ \s =7 TeV
<billlil ) LA e
23 38 67 lyl <0.5

N( Jet15 Trigger AND MinBias Trigger )

—

ETRIG
N( MinBias Trigger )

€

Minimum Bias Trigger: a minimal set of
selection criteria are applied, eg. a few hits
In the beam scintillation counters

Trigger Efficiency

B
- - —

- MinBias
A

¢ compare, eg. to Zero Bias Trigger - Jetbu
| - Jet15u
¢ Then, the efficiency of a higher Jet ET trigger, ' 5 /" o ]
eg. 30 GeV, can be found from: B2 '-"‘Lr_ ./ Anti-k; R=0.5 JPT
20 30 100 200 1000
N( Jet30 Trigger AND Jet15 Trigger ) CMS PAS QCD-10-011 pT (GGV)
ETRIG = § : :
N( Jet15 Trigger ) ¢ Typically, apply selection cuts only above

a pt where your trigger is >99% efficient!
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ewz | he Tag & Probe Method | ) Bt

¢ Useful to measure efficiencies from data

¢ trigger eff, reconstruction eff., identification eff.

¢ eg. single muon trigger eff.: what is the fraction of reconstructed
muons, which would also have been triggered on?

eg. electron ID eff: what is the fraction of reconstructed electron
candidates, which also pass a tight isolation criterium?

€

N( Probes which pass further criteria) Probe Obiect: v’ selected
rope JeCl. 100Sely Sselecled.

€1D

N( all tags) now apply further criteria

‘ Tag Criterium: eg. di-lepton system close to invariant mass of Z
or J/Psi; or a very pure W candidate: one isolated lepton, large
MET, no further activity in the event, transverse mass > X

Tag Object: “tight” selection applied:

defined the tag together with the additional criterium above
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< Careful:
¢ make sure no background left, or subtract it

\/

¢ make sure no correlations introduced

¢ Apply same method in data and MC.
In MC: compare to “True Eff.” and if necessary apply (hopefully small)
additional correction factors, if some bias is observed

CMS preliminary 2010 \s =7 TeV
> — T T T T T T o B i !
o 4000~ - c L i B
Q) f Ldt=35pb"' @ I .@..g_fw;u%aﬂa-@——@_
[Q\| O - o i
~ ¢ - data = i O
©3000]- P GCD 0.8 . ]
GCJ _ g - O
> -
(4] | o | € 0.6 B —
"5 2000+ Y - e [ |
— i 7 C_D L ] i
2 i 1 0.4 -
c i 1 [ e Inl < 1.2 )
= 1000 7] 02‘_5 - —e-Data, 2010 | 1
I,;.3.-——v4;|—r . _ T ;] ~5- Simulation i
I L ] B CMS Preliminary, \s =7 TeV |
| | | I O éﬂ{]—] | | | 1 1 1 | | | | | | 1 1 1
%0 80 100 120 3 4567 10 20 30 100
M(u™uw) [GeV] muon p_ (GeV/c)

see eq. https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsMUO
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General observations P mimer

| | . N, -N
¢ Apply selection which optimizes omeas

N/

¢ either: sum of stat + syst error
¢ or: best S/B S=N(Signal), B=N(Background
¢ or: best S/sqrt(B) or: ...

¢ How to find optimum, especially if S/B <<1,
complicated signatures, many variables involved?

\

¢ modern approach : “Multi-Variate Approaches”

¢ If you have

¢ S/B >> 1 : don’t have to worry much about syst. uncertainty
of B, in case of searches it won't affect much the
significance or your signal or your exclusion limit

¢ S/B <1 : you should worry!
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Data-Driven Background Estimates D =
Nevtst the general idea

from signal enhancement to
background enhancement

background
4 use data to
/ . normalize background
some observable Nevts] + + +
Issues:
¢ is signal left after inversion? + + +
| . v A7
going back: e e e
use theory (MC) to model the cut inversion? + background +
compute change in
background \ +
when inverting cuts; or +
use some well-motivated R — >
extrapolation, data only some observable
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The “trivial” case : Sidebands s

)

N 1400; T 5 3 ] T F 7 3 ] F ¥ V3 ] s 5 1 7 ]’ ™ KX I | ‘[ 5- 9. 0.0 ‘[ | o FB KX | I 1 B X | ]' LR :
O ~ CMS Preliminary, \'s =7 TeV L. =100 nb? |
% 1200— * ©OSdata pn
O] -~ % SSdata e
o - signal+background —~
o 1000—........ background-only -l
- B 5
— 800}~ o=47 MeV/c? =
‘n = —
TS 800 :
QO D B
B ok -

400 %
- - - .'“.Z — s l’:’. . . _—.4
200 . ww.;'ﬁl’" A e s 4.
sideband ' Yol sideband

| gnal region
|l | IO O O O R N 1 | N |
06 27 28 29 3 31 32 33 34 35
Dimuon invariant mass [GeV/c?]

CMS PAS BPH-10-002
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A less trivial case : W selection D s

W: decay to charged leptons
- high-pt

- Isolated

- ETmiss (from neutrino)

. muon or

Electron

transverse mass: M = \/ 2p7(u)E1(1 — cos(Ad, p.))

150(:!‘5 preliminary 2010 Vs =7 TeV
> AL OUID SRR SR DY LD S B JRIRAE Y DALY B IR A . . .
g | <o [ra=tosm’ after cut on important selection variable,
W uv g : : ]
w | mew i | the relative isolation:
7 - acD ' - *
;&; 100 |
> P.
- S = { Llpr(tracks) + Er(em) + Ex(had)) | /pr(s)
g
g 50
= in cone AR = /(A¢)?+ (An)? < 0.3
& around the muon
0 20 40 60 80 100 120
My [GeV

CMS PAS EWK-10-002
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' Aless trivial case : W selection P e

CMS PAS EWK-10-002

CMS prellmlnary 2010 Vs =7 TeV CMS preliminary 2010 \'a =7 TeV
N103 o S0 /T il T'YT"TVTT""]YYYY[Y_1 '_o‘ YT TT=T=r— T
o o~ ] :
o [rat=198 00" S 2 det:‘lOOnb‘
S~ !

% * data s | o data-driven template
S signal TIW = pv 0 5;' ——— QCD MC, isolated
> e ection B EWK ~ Thab e QCD MC, not isolated
@ s B aco 2
e o .
o ' c
o t inverti g
8 cut invertion o 10
s s
c c
2  5f
o 3
o)
-—

0O 01 02 03 04 05 00 20 40 . :60 80 160 120
Isolation Variable M; [GeV]
pr > 20 GeV/cin |y| < 2.1
take this shape for fit
QCD bkg: mostly b-decays to Mr distribution
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The "ABCD" method (D s

¢ find two variables, which characterize the events of interest
¢ As=signal region, B,C,D: background regions

¢ hypothesis of un-correlated variables:
background shape in AD sector is the same as in BC sector

Var 1 If this hypothesis is true,

and no signal contamination
in B,C,D:

estimate for background in
signal region is

N(A) _ N(B)
N(D)  N(C)

= N(A)

from the counted number
of events N(B,C,D) in the
background regions.

—
Var 2
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¢ What is probability that eg. a jet is mis-identified as an “isolated”
lepton?

€

€

€

Important to know for leptonic analyses, especially in case of search for rare “multi-
lepton” signatures

even if tight isolation requirements are applied, the probability of faking is not zero,
and a small number, multiplied with the huge cross section of multi-jet production,
can still lead to a sizable background

difficult (impossible?) to trust the simulation on this faking probability, rather try to
get it from data

¢ “Standard Method”:
“Fakeable Object method”, or “Tight-To-Loose Ratio”

-

€

€«

€«

Idea : define two selection steps, one with LOOSE criteria, and one with TIGHT
criteria (eg. on isolation)

determine the “fake ratio”, or “probability for a jet to fake a lepton” from the
ratio of tightly to loosely selected objects, in a control sample that should not
have any prompt leptons (eg. multi-jet sample)

determine this number as function of basic kinematics (pr, rapidity)

apply it to a MC background simulation, or at a preselection level, to determine
this fake background on the final selection level
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Fake ratio | ) Phes
¢ N. = number of loosely selected objects

¢ Np = number of prompt leptons,

¢  Nr = number of fake leptons

< N = Number of objects passing the tight selection

¢ N7 = Number of objects failing the tight selection

¢ p = probab. of prompt lepton to pass tight selection, typically ~ 1

¢ f = probab. of jet, to pass tight selection

NL:Np+Nf:NTp+NTf

Nr,=pNp+ fNf~ N, + f Ny

— f = Nrp — Np
Ny
¢ on a control sample (pure background): N,—0 Ny=Np—N,— N
(eg. jet-triggered sample)
= f= N
CTEQ NL
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¢ use MC to correct for remaining signal contamination in control
sample, or for p<1

¢ Extendable to more than one lepton
< Example: di-lepton SUSY search

Intrinsic to the physics process
- 2 promgt | prompe, | fake
Predicted - (true dileptons) (tthar, W + jets)
Measured _
efficiencies ' e
Reconstructed -l 2 tight I | tight, | loose I

Search region Control regions

from PhD thesis, P. Milenovic
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Issues when
measuring steeply
falling spectra

O Vo

meas 8 L




Problem 1 : Absolute scale D ez

¢ Question : how well do we know the calibration of the variable on the
X-axis, eg. jet energy?

¢ A general problem for a very steeply falling spectrum!

10?5

d%o

WY o DB Daam, <03 dEpdn

10° AV - JETRAD @

CTEQ3M, (t=0.5 E“T“'m . . .
relative uncertainties

~ const - Ep °

ON OF

N Er

so beware:

eg. an uncertainty of 5% on absolute
energy scale (calibration)

51 ST 1.911.“’\ - an uncertainty of 30% (!) on the
= — — (n — 1)? 200 250 300 350 400 450 500 measured cross section
E; (GeV)
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==z Problem 2 : Resolution D sz

¢ The finite resolution can distort the spectrum

¢ Again : Critical because of very steeply falling spectrum!

]‘O?E

N (EmeaS) - /0 N (Etrue) Resol (Emeas true) dEtrue

O D@ Data M, <0.5

eg. Gaussian resolution function
=~ JETRAD

CTEQ3M, p=0.5 E7"™"

Resol (E%leas, f,f“e) X exp —( 4

1023—

so beware:
A bad energy resolution can distort the true

H(ANAE [ o/(dE.dn)Edn (Fo/GeV)

10 spectrum
- have to determine the energy resolution
1 :—l 11 1 I L1 1 1 l | S T T S TR T S 1 |II |||||||||| I L1 1 1 I | N’l l’l “ ,,
50 100 150 200 250 300 350 400 450 500 —> have to “unfold” the measured spectrum

E, (GeV)

- problem is minimized if bin width ~ OFEr
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The Luminosity

meas
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== | WO possible approaches P e

Nobs o kag

meas ) 8 L

measure the
luminosity from first

invert the

problem ™ Principles

i Nobs — kag " o NlNZVorbNb _ N

270 (X) 0t (Y) O

- £ v \

Have to measure:

Needs a very precisely ) t
- peam currents

calculable process, - effective beam size --> Van der Meer scan !
ed. W and Z production, - then, after absolute calibration:
as well as low exp. uncertainties take stable process to measure evolution in

time, eg. number of counts in forward calorimeters
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«=z Van der Meer scans P sz

Interaction

¢ Move the beams relative to each RPN, ...

other and monitor the rate of some T T B,
basic process, eg. MinBias triggers N, N,
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CMS preliminary 2011 mean: 6301 um = 2.4%

May 2011 VAM scan, fil 1783 :'n";' "7;';,“:; X g:‘:;‘

el ., A Source Uncertainty (%)
| Stability across pixel detector regions 0.3
10° Pixel gains and pedestals 0.5
A Dynamic inefficiencies 0.4
Z Length-scale correction 0.5
3 Beam width evolution 0.6
V Beam intensity - DCCT 0.3
10! Beam intensity - FBCT 0.5
Beam intensity - Ghosts 0.2
Scan-to-scan variations 1.5
Afterglow 1.0
Total 2.2
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