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THIS TALK COVERS THESE MAIN TOPICS

Instrumental effects & instrumental backgrounds
Evolution of pileup & its impact on analysis
Estimation of fake lepton contamination
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IMPACT OF THESE EFFECTS ON TOP
PHYSICS EMss affected by pileup and

electronic noise
* this cartoon shows the classic
leptontjets top decay topology

Electron identification +
_: reconstruction affected
i Electron & muon fakes arise

* instrumental effects are similar M

in other topologies (e.g. single \

top) but their impact may vary,
B-tagging affected

by pileup

Jet reconstruction
affected by detecto
& pileup
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SOURCES OF TRUE INSTRUMENTAL
BACKGROUNDS

protons in the LHC strike limiting apertures or beam gas and produce n,
v, Kt o ut

Cosmic rays which contaminate events with a probability of 0(10-4)

Electronic noise in the calorimeter.
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BEAM HALO CHARACTERISTICS

Simulated beam
backgrounds in

CMS

25 m away from the
Iinteraction point.

 Dark shaded: radial
distance from beam
line less than 20 cm.
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SUPPRESSION OF NON-COLLISION EVENTS

Non-collision background in the detector was known to be a
potential problem when the detector was designed and the beam
division + the experiments worried about it a lot during
construction.

First line of defense: beam cleaning system (scrapers) in the LHC

Second line of defense: shielding to plug the tunnel entrance in the
experimental halls

Third line of defense: cuts at the analysis level

Require in-time collisions and a primary vertex in the event.
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BEAM HALO REJECTION: *and cosmic rays, too.

CMS (Eur. Phys. J. C (2011) 71:1721)

require primary vertex to be found in a cylinder
around nominal IP with length 24 cm and radius 2
cm

ATLAS ATLAS-CONF-2010-038

require a primary vertex with at least five tracks.

Cosmic ray rejection: discard events muon pairs with A¢ > 3.1,
| dy|1>0.5 mm, for both muons, opposite-sign d, in dilepton
analyses.

Rate of beam background events overlapping with pp
collisions is ~3 x 10°®.

Use timing information
from calorimeter and
scintillators.
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PILEUP AT THE LHC

In-time pileup: superimposed on every triggering hard collision are multiple
interaction vertices from soft QCD:

0 ns bunch
spacing was

predominant in
2011/12
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Out-of time pileup: Collisions occur -150 ns, -100 ns, -50 ns, 50 ns, 100 ns...

after the triggering hard collision.

* ATLAS: 250-600 ns LAr drift time;

* CMS 100 ns integration time in hadron calorimeters (reduced from

200 ns 1in 2012 to mitigate pileup effects)



EVOLUTION OF PILEUP WITH TIME

- C L L L L L L L L B g‘ 50 ET T T 1T 1T 1T 17T 17 T 171 T T T T 17T T T 1T 171 7T 1T T T T T T 1T 1T T3
£ 80 ArLAS Online Luminosity E 2 a5 \E=7Tev \E=7TeV \E=8Tev —
: E S E ATLAS E
£ 70 = S 400— - . =
= E 3 \s=8TeV, [Ldt=631", xu>=195 7 = = Online Luminosity =
5 60 0 Ve=7TeV, [Ldt=521", <> = 0.1 = s BE —
c £ J c = =
g 50; - % 30 = “ =
B ] 8 25/ —
§ 40 = 7] 2 = o ) 3
E ] = = 3
© = 1 = E 3
§ 30— E ¥ 15C =
2 B ] o 15= —
o 20? ? o 10 :_ .. _:
55_ tomf’ E
E I ! ! ! 3 = ot » s 3
00 5 "10"“15"'20““25"“30“‘35‘ ‘40 OM Ll I T T Y I R T N VI N B

_ , pt pet W od et ppt 3 ot gt pet W od
Mean Number of Interactions per Crossing Month in 2010 Month in 2011 Month in 2012

This has an impact on both
reconstructed physics objects
and on the trigger:

Remarks: in-time pileup rate depends
only on the luminosity

, Out of time pileup depends also on
* thresholds vary in both bunch structure

ATLAS and CMS.

» efficiency of single muon
trigger decreases because isolation
cuts.

G610¢/L1/6

neaIpnog/g10gdoy,



TEVATRON PILEUP EFFECTS:

CDF/DO0: Approximately 2.4 interaction vertices per bunch crossing
ATLAS & CMS: designed for up to ~25 interaction vertices per

bunch crossing

The density of these vertices is dramatically higher.
Beamspot length in ATLAS/CMS ~ 6 cm, (c.f. CDF/DO ~ 30 cm).
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Density ~ 50x larger in LHC than Tevatron when both
contributions included!

Three layers of pixels in ATLAS/CMS provide excellent resolution
and ability to resolve multiple interaction vertices.
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PILEUP AT THE TEVATRON EXPERIMENTS

TABLE II: Summary of systematic uncertainties on AMqp,. CDF 10777 (tt mass difference)
CDF 1I Preliminary 8.7 tb™!

Source Uncertainty (GeV/c?)
Signal modeling 0.14
Parton showering 0.17
Next Leading Order 0.16
b and b jets asymmetry 0.38
Jet energy scale 0.07
Parton distribution functions 0.12
b-jet energy scale 0.05
Background shape 0.20
Gluon fusion fraction 0.05
Initial and final state radiation 0.10
Monte Carlo statistics 0.07
Lepton energy scale 0.06
Multiple hadron interaction 0.05
Color reconnection 0.23
Total systematic uncertainty 0.59

CDF: simulates extra vertices. DO overlays real data. Small effects and
small systematic errors.

CDF: this highly subdominant systematic uncertainty due to pileup comes
from the modeling of pileup (~1.9 in simulation vs. ~2.4 in the data).

By contrast, ATLAS/CMS approach requires active suppression of
pileup effects.
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PILEUP AND E”“SS

ATLAS-CONF-2012-101
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Pileup events result in additional soft energy deposited into the
calorimeter, which degrades the EF*SS resolution, bias, and scale.

Pileup is simulated in Monte Carlo.
Monte Carlo-data mismatch is handled through reweighting.

Suppression techniques were developed to reduce the effect of pileup (2011).
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PILEUP SUPPRESSION

EMsS ig the vector sum of contributions from various physics objects
including electrons, photons, t’s, Ws, jets, soft jets and unassociated cells.

niss.e mM1ss,~y

iss 7ol miss,T miss,jets
Exy) = Bxyy T Ey)” T Ey T Exy)
.miss._sc-ftjets _miss._ca]cr._;a .miss,C.‘-ellOut .miss._,u
+EX{3’} T (EK{F) )+ EK{:«') T EK{}’} ;
B

Jets with 7 GeV p,<20 GeV (EM scale) °Rersy from cells not associated

toe, v, U, T, or jets.
“soft terms” : soft QCD from pileup contributes to both of these.

This portion is rescaled to the fraction of tracks pp coming from the
hard scattering primary vertex:

Define the “soft term vertex STVF = Xtrack,pv Pr / Ltrack Pr
fraction”:

To correct for this energy left by the pileup tracks, rescale the soft
terms by this fraction.
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PILEUP SUPPRESSION
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other pileup suppression techniques have been investigated
but this one presently has the best performance.

STVF pileup up suppression not yet applied to top analyses in
this conference, but expected for future updates based on 2012

data.
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PILEUP AND JET RECONSTRUCTION (ATLAS)

Suppress single-cell “jets” in the HEC
Coherent noise “bursts” in the LAr
| > 50 ns

Suppress jets seeded from masked calorimeter cells.

Out of time jets are rejected |At| = | b —

event

Suppress jets whose main contribution comes from the poorly-calibrated “tile
gap 3~ scintillators. TG3 1s the gap between tilecal barrel & endcap.

JVF > 0.75 JVF = Ztrack,PV Pt /Ztrack Pr
JVEF > 0.50 (2012)

JVF represents the fraction of jet py which 1s associated with
the hard-scatter vertex (PV).

The sum runs over all tracks in a jet.

hard
pileup This cut 1s used to reduce pileup.

Finally, offset corrections are added to compensate for pileup.
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PILEUP AND JET RECONSTRUCTION (CMS)

 CMS has compared two ways of correcting Jet Energy: average
offset and area-based.

« Jet area: a measure of a jet’s susceptibility to underlying event
and pileup.

» Average offset corrects jet energy for the average deposits of a
zero-bias event. This depends on 7:

CMS, L = 36 pb” \s =7 TeV . .
= 1.2\|\\‘\\\||\\H‘\\||‘\\H‘\||\‘\\Hll.u\‘\ul‘u\L CMS preliminary, L = 4.9 fb' (s=7TeV
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CMS, arXiv:1107.4277 CMS DP/2012-006

* The corrections are in good agreement with area-based corrections.
* Notice that the most of the additional p, comes from charged hadrons
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ETMSS AND ISOLATION (CMS).

In CMS charged hadron subtraction removes particle flow objects
not from the primary vertex from jets, E7**® and isolation
discriminants

« EIMSScalculation
(CMS) 1s computed from particle flow (PF) objects.
Charged PF objects not associated with the hard

scattering vertex are not included in the calculation.

Maintains performance in the presence of pileup.

» Isolation discriminant:
(CMS) Energy in a cone AR<0.3 around the lepton

candidate is summed. I, = ¥ Ep /psP*". The
sum does not include charged particle flow (PF)
objects not associated to the hard scattering

vertex.

ref: CMS-PAS-TOP-11-005
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SOURCES OF LEPTON FAKES

Fake electrons Fake muons
1. Track/photon overlap 1. Pions or kaons which decay
2. Photon conversion 1n flight within tracking region.
3. b-quarks and c-quarks 2. b-quarks and c-quarks
decaying semileptonically decaying semileptonically
4. Jets with fluctuations to 3. hadrons which do not shower
-- few charged tracks. in the calorimeter. Interaction
-- little energy in hadronic length of steel: 17 cm.
compartments. 4. punch-through hadrons

Simulation of fake electron and fake muon samples from QCD
events 1s both unreliable and impractical.

G610¢/L1/6

neaIpnog/g10gdoy,



THE MATRIX METHOD: LEPTON + JETS

D@ Collaboration, B. Abbott, et al., Phys. Rev. D 61 (2000) 072001.

{loose} ©

wtandard; loose loose loose %
N - Nreal + IV, fake ° -

N = N N,

Nloose\ (1 1\ N,Egg‘fe §

e E)

r is the marginal efficiency of standard cuts.
f 1s the same, for background sources

Both can be measured in pure or
background event subtracted samples

N Loose 1 1\ loose @
Then ( NSigée) = (r f) ° (NN std ) & you can completely
fake determine the composition
of standard selection




MATRIX METHOD IN DILEPTON CHANNELS,
SINGLE TOP WT CHANNEL

Same 1dea, more categories (J=jet, [=lepton)
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L
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]1\\,,1 s r f - f N;} & other inputs and
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DETAILS, MATRIX METHOD

Domain of application:

« tt and boosted tt in lepton+jets (with a 2x2 matrix).
e tt in dilepton modes, single top Wt channel (4x4 matrix).
* b-tagging calibration, to measure the b-jet fake rate

Source of real (leptons) for the measurement of r

« usuallyistakentobeZ »ete  orZ -» utu- w/
additional jets.
» MC corrected for Data/MC differences 1s some cases

Source of fake leptons for measurement of f

» events enriched in multijet events and/or heavy flavor
« Systematic errors from fake sample choice on f.

+ the algorithm
1s applied within
bins after
correcting the
real and/or fake
samples from
any additional
contamination.
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EXAMPLES: arXiv:1208.2671
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Ny: one real lepton, “W-like”
Ny zero real lepton, “Md-like”
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EXAMPLES:

Single-top Wt channel
ATLAS, Phys. Lett. B 716 (2012) 142-159

b W

&
(8 W
° gl 63’6 t

Events

2000
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—+-Data i
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(-
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[ Z(ee/uu)+jets
[ Z(11t)+jets |
I Fake dileptons |

small contribution, 100% syst. uncertainty assigned.

G610¢/L1/6

neaIpnog/g10gdoy,



THE JET-ELECTRON METHOD: BASIC IDEA

QCD fakes arise from jets with few tracks which shower early in the
calorimeter.

¢

‘Electron-like” jets are those with few tracks which have showered
early in the calorimeter. EG in ATLAS:

80-95% of the energy must be deposited in EM section of the calo.
pr> 25 GeV , same 7 requirement as electron candidates.

at least 4 tracks

no other electron or muon candidate in the event.

The shape of the multijet background kinematic distributions
are taken from the jet electron sample.

The normalization is determined from a fit to the EJ%SS
distribution (before the E7*° cut is applied).

* EMUSS shape for electroweak processes taken from MC
* E7YS shape for QCD multijets taken from data

The jet-electron sample 1s also used to estimate muon fakes from
QCD multijet events.
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JET ELECTRON IN ATLAS SINGLE TOP @tuas-conra0z0s
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SINGLE TOP T-CHANNEL CHARGE ASYMMETRY

u d
b b 3
: g
 Because of the predominance of u-flavored 3
valance quarks over d-flavored valence 5
. o e L
quarks in the proton, the positive leptons g
prevail over negative leptons in the final state.
The W + jets background is also asymmetric
CMS, JHEP 1104:050,2011;
ATLAS, Phys. Lett. B 701 (2011) 31-49
Aln) =

CMS 36pb! at \'s=7TeV

0.3
02}

0.1f

L a) p,>*>25 GeV/c

S R errors: stat @ syst

. -‘§-

oW-—ev
EIW—)MV

— MCFM + CT10W I
== MCFM + MSTW2008NLO |
theory bands: 90% C.I. |

| 4 : | 4 4

0.3 b) p **>30 GeV/c

; 4
T t t t t T

do/dy(W™ — (Fv) —de/dy(

Lepton Pseudorapidity Il

~de/dyp(W+ — (tv) +do/dy(

A JetElectron analysis on previous slide is carried out for positive

and negative muons and electrons (4 bins).

W™ —= (v
W- = (-7)
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https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsEWK10006/fig2.pdf

The anti-electron method is a variant of the JetElectron method:
use a sample of leptons failing some of the lepton cuts as the

template, fit to the EF¥SS distribution.

--CDF’s favorite method e.g. PRD 84, 031101 (R) (2011)
T e —

o(tt) in leptontjets

CDF Run Il Preliminary 2.7 fb" | Uncertainty This Analysis Previous Analysis
210° Statistical 0.33 0.36
g = o 2 D O % % % % Heavy Flavor Correction — 0.27
« [ 08 ': '; ': ; ; ; cl: Jet Energy Scale* 0.29 0.29

10 T P o @ PRI b-Tagging* 0.23 0.39
= 7] [T 7] [ o 00w Mistags™ 0.08 0.17
= e T e T R T e T e £ P ;

A ™ ™ < N MW Q-* 0.21 —
ISR/FSR* 0.01 0.06

10 Luminosity (= 0.43
QCD Shape 0.06

Parton Showering 0.11 0.21

10 KIT Correction 0.10 —
Color Reconnection 0.03 —

Lepton ID 0.05 0.04

T ‘ Z 0.02 0.02
0 10 20 30 40 _ 50 60 70 80 90 PDF 0.05 0.04
[«?/ndf=8837/94] peural net discriminant Total 073 084

CDF public note 10137

» evaluate systematic errors by varying template shape.
« vary template shape by using two-track lepton candidates.
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ANTIELECTRON METHOD IN CMS LEPTON+JET

* nonisolated leptons (I,.; > 0.2) used for template shape (muons)
w/ additional inputs from MC and “marginal failures” for electrons—
candidates failing two out of six electron id cuts.

 normalization determined from the sideband region EF*S* < 20 GeV
and by fit to Vertex Mass.

CMS, s = 7 TeV, 36 phi' of Muon Data CMS, s = 7 TeV, 36 phi’ of Electron Data
w £ — ; : — T3 w T ; . ——————
bt E = bt o
5 o = pata = 5 e = Data =
= I E E N3 3
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e0f- I W 3 b Wb E
B 71T 3 F B 71T 3
“E [—oco E of- Jaco E
4'3:— _: E ]
3 3 af =
HE E 8 3
o = DE E
0 3 0 -
D: il D: 7
1000 1200 0 1000 1200
HT {GeV) HT {GeV)
CMS,\s =7 TeV, 36 ph’1 of Muon Data CMS,\s =7 TeV, 36 ph'1 of Electron Data
w A B e A B S ERAN I s S w —— T
o} — o} — —
c ¥ " Data E e " " Data
L om . 3 ¢ I . ]
W I Single Top E w I Single Top —
T Wby E r Wk T
1] B 71T 3 C B 7T
o eco 3 s CJaco
40 ol
il L
a0 Z‘D_
0 L
300 % ] 300

E, (GeV

arXiv:1108.3773
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METHODOLOGIES IN CMS AND ATLAS

Exper- Channel Goal lumi fb! | Ref. QCD Bkg
iment Method

: Phys. Lett. B711
ATLAS lepton+jets o(tt) 0.035 e b T MM (),

AE(e)
: JHEP 1205
ATLAS dilepton o(tt) 0.7 N MM
ATLAS single top o(t), 1.04 sl AVESLE T
leptontjets t-chan

CMS leptontjets o(tt) 0.036 s LTS AR
CMS dilepton o (tt) 2.3 Bt N TN
CMS single top o(t), 0.036 Phys.Rev.Lett.10

leptontjets t-chan 7:091802,2011 AL

MM=matrix method,
JE =jet electron
AE =antielectron




METHODOLOGIES IN CDF AND DO

Exper- Channel Goal luml fb- | Ref. QCD Bkg
iment Method

lepton+jets
CDF dilepton
CDF single top

lepton+jets
DO leptontjets
DO dilepton
DO single top

*other=

a(tt)
a(tt)

a(b),
s,t,Wt chan

o(tt)
a(tt),m,

o(b),

t-chan

* Consider only W+fake lepton.

» Parameterize the fake rate in of fakeable objects in a sample of generic
jets with trigger requirement E;”g > 20,50,70, and 100 GeV.

2.8
3.2

0.9
1.0
2.3

Phys.Rev.D84:03 AE

1101,2011
lggg’sél(%)i\a.D82:02 *other
S JEAE
hybrid
2%381)00, 192004 MM
216139(;79 , 177 AE(e)
oo MM

* Apply this to fake rate to fakeable events to obtain W+fake estimate.
*  Systematic errors from variation of the selection criteria




CONCLUSIONS

Basic suppression of beam halo, calorimeter noise, cosmic rays are
well established and reduce backgrounds to acceptable levels.

Pileup 1s a continuing problem as the number of primary vertices
has nearly reached its design value. ATLAS, CMS simulates this
and has put in place algorithms to suppress the effect on physics
analysis.

QCD events containing fake leptons are a small background but
1irreducible. Matrix method, Jet Electron method, and anti-electron
method obtain accurate estimates at the LHC and Tevatron for

the precision top measurements now 1n progress.

Instrumental effects are largely under control thanks to the
hard work of the performance groups.
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