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Aim & Outline

;h Goal:
| '5:- L @ Feasibility study for the measurement of the W(ev)+jets cross-section E&
| at the LHC with early data:
@ Assume 100 pb*of integrated luminosity, Vs = 10 TeV
@ Develop techniques for W+jets measurement,
emphasis on data-driven methods
@ Focus on jet multiplicities Njets =1, 2

@ Robust measurements for early data: ratio W+jets / Z+jets
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— All based on Monte Carlo simulations
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Y Why W + Jets?

1) Test of perturbative QCD:
@ Broad kinematic acceptance of LHC:
can explore unknown regions
@ Large QCD background

=< Crucial to understand QCD!
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1) Test of perturbative QCD:
@ Broad kinematic acceptance of LHC:
can explore unknown regions
@ Large QCD background

=< Crucial to understand QCD!

2) Background to SM and
Beyond the SM processes:
Top
Higgs
SUSY

To make new discoveries we need
to understand the SM first!
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1) Test of perturbative QCD:
@ Broad kinematic acceptance of LHC:
can explore unknown regions

Fermilab S55C
LHC

CEFIT | l
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@ Large QCD background |

=< Crucial to understand QCD!

2) Background to SM and
Beyond the SM processes:
Top
Higgs
SUSY

@ (proton - proton)

To make new discoveries we need
to understand the SM first!
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3) W (and Z) bosons copiously produced at LHC ©.001
- abundant statistics for detector performance studies:
Jet algorithms
Lepton reconstruction & missing transverse energy
in high jet multiplicity environment
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@ W cross-sections at LHC are 10 times larger than at the Tevatron
@ Production in association with multi-jets also enhanced

o-BR (W—-ev) [pb] (from M.Mangano)

N Jets =» 1 2 3 4 5
Tevatron 230 37 5.7 0.75 0.08
LHC 3400 1130 340 100 28

Et(jet)>20 GeV, |n|<2.5, AR=0.7, Vs = 14 TeV

W40 partons (LO)-> need q, qbar:

valence-valence process at Tevatron
valence-sea, sea-sea process at LHC

W=+1 partons:

q gbar = W g (Tevatron)
qg~> Wq' (LHC)

P

O'(Njet=0) oc « - Lum(q qbar)

211

NN 5000
W

W

I e

™~ e

= At LHC W + jets is enhanced:

large contribution from gluon
large phase space available for additional jets

O'(Njet=1) oC (x%m(q qbarlq@

e

Different at ?/
Tevatron and LHC!
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W(ev) + jets cross-section

" > Electron p. > 25 GeV, |n|< 2.5 )
> Neutrino p; > 25 GeV
> Jets
» Algorithm Anti-K_ with R=0.4
\ > p,>30GeV, |etal < 3.1 )

W Offline selection

> Single isolated electron trigger
» N, =1 in acceptance + particle identification

> Missing Transverse Energy > 25 GeV

Statls’ucal S|gn|f|cance for d|fferent jet pT cuts
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- ATLAS work in progress * N
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Jet p_ Cut (GeV)

Additional Event Selection Cuts

(> Jet / electron performance deterioration\
> Minimum electron-jet separation:
AR ele-jet > 0.6
> Minimum jet-jet separation
AR jet-jet > 0.6
J
1 04 Jet Reconstructlon Eff. vS. AR ele-jet
E _ ATLAS work in progress I:
1.02- -
1:_ t “W“""' ﬂm‘m. g et00ety _f
0.98( ¢ —
0.96 + -
0.94 .
AR

ale-jet

- Expected statistics for 100 pb™at V/s=10 TeV:

> ~ 36 k events N jets=1
> ~ 8k events N jets=2

*(~30% less for Vs=7 TeV)
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N Jets =1

AN - T B I B B S

a - ATLAS work in progress < All v QCD-jets ]
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@ QCD-jets: dominant background, but also the least known: )
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Signal and Backgrounds

« Limited MC statistics + large uncertainties on prod. rate

« Jet faking an electron + fake missing

@ Single top and top pair production important at high

multiplicity (> 15% for 2 jets)
e Contain real W from t— Wb

* For 1-2 jets, ttbar fully-leptonic signature dominates:

tt - W(ev) W(lv) bb

a Z(In),
« W(Tv

ET

W(Tv) non negligible backgrounds
) important (~5%) and difficult to estimate

N Jets 2

3 ATLAS work in progress s AII
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using cut reversal

« Ttbar: btagging

— Lepton vetos
— Estimation from MC

— Data-driven background estimation

« QCD: track/cluster requirements
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Electron Trigger/Reconstruction efficiencies can be determined using a data-driven method on Z—ee:

Tag and Probe (T&P) |_Probe Collection |
i i \ i @ Sign + Bkg

= One electron passes tight selection (Tag) i 0 ’;’ 1 ® Sign

= Measure efficiency on 2™ lepton from Z (Probe) AR ° Eﬁﬁg + Bkg)

= Invariant mass cut to reject background b3 3,, - Fit (Sig component)
- & == Fit (Bkg component)
» L)

Eff = N T&P pairs (probe passing cuts)
N pairs 10°

e

T -

E‘.’1IU1—I”III”IlI”III”Illl”l“”ll”lll”l”” 102 !H’#
2 - ATLAS work in progress ATLAS work in progress - ™ n
w - . 60 80 100 120 30 160 200
if — "M, (GeV)
s ® -
000k —e= B » Main background from QCD-jets
T _._"' . Background subtraction needed (global fit of S+B)
0.8k E > Efficiency calculated in steps:
Fe i € = €Reco €D Erig
L MC match 1
0.97| + —_ € peco= M€CONStruction eff
no MC match
. -f- N € o p = Particle identification eff (wrt reco)
D.QEIIII L1111 L1111 L1111 1111 1111 L1111 1111 1111
5 30 35 40 45 50 55 60 65 70
€ 1rig = trigger eff (wrt PID)
p, [GeV]
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Efficiency dependence on hadronic activity

> Strong dependence on ARele-jet — event selection ARele-jet > 0.6 helps!
> Negligible dependence on jet multiplicity up to Njets=3 (no isolation)

> For Njets=1, 2 can neglect efficiency dependence on jet variables!

> Need parametrization in electron kinematic variables (n- p;)

Eff

1

- ! voort | o o vl ! | ! | o
0.9F- :;::L“ ' ~
D'SE_ + ui _E
0.7 + —
0.6 -

- ® PID (no isolation) R
050 44 W PID (with isolation) E
0.4F + -
0.3 =

- ATLAS work in progress ]

[ 1 1 i ] i 1 i 1 ] 1 1 1 1 ] 1 i 1 i | 1 1 1 1 1]
D'EU 0.5 1 1.5 2 2.5

AR

Distance_ between electron and jet

ale-jet

Eff

0.98
0.96
0.94
0.92

0.9
0.88
0.86
0.84
0.82

o
P

Extrapolation of efficiencies form Z to W non-trivial:

Isolation:
e (R < 0.2 around Ele)

e, (Cluster)

Jet multiplicity

- | L B B
e o A E
= . T — 4
- e E
"~ ® PID (noisolation) + E
- m PID (with isolation) E
- ATLAS work in progress B
B P S T NN TR TR NN NN ST SN SR SN NN SN SN SO SO N | =
1 2 3 4 5 6

Njets

> Parametrize efficiencies in n- p,, (charge due to W asymmetry)
» For 100 pb and 1% statistical uncertainty few n - p,bins possible (barrel-endcaps, 4 p, bins)
> Assess systematic uncertainties on W +jets cross-section from using T&P eff.
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Largest sources of systematics uncertainties at LHC:
@ Experimental: Jet Energy Scale (JES)
@ Theoretical: Parton Distribution Functions (PDF)

PDF Uncertainties

» Affect every cross-section calculation at LHC

» Evaluated with CTEQ6M

Uncertainty on the cross-section

-0.6

0.6

0.4

0.2

B

o ]
0

B ./ 10°% JES unc.

. ) . o . 06 == ./ 5% JESunc.
Effect on cross-section < 5% (low Njets) § o b
o x10° %0'15 '_' ;Iplc;?uln; .'f 3_ — L ZNjGets(F'_(jet) 220 GgV}
%140 — %0'10 == - PDFUnc 1% 105§ = g
) - I 5 0.05 = - _— .
0120 |- . : o 10°E o E
2400 |- : E —— :
- - : 10°E =
E 80 - L - B L/ 10% JES unc. ——— |
S B ® % 10 0 s0 100 120 140 oo iso a0 1O E == 4/ 5% JESunc =
w 60 [ P; leading jet (GeV) f B . 1o JES unc. ]
B - i ||||||||-
40 - PDF Unc. - 1 2 3 4 5 6 7 8 9
i -, W-ev - > Njets (PT{jet} > 20 GeV)
20 - ATLAS **u,ﬂ. B JES Uncertainties
S T S S B Ml WL YL T YT TP PP » ATLAS goal: reduce JES uncertainty to 1-2%
0O 20 40 60 80 100 120 140 160 180 200 « Expectation with early data ~ 5-10%
Pr leading jet (GeV) « Effect on cross-section: 10-20% (JES unc= 5%)
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Largest sources of systematics uncertainties at LHC:

@ Experimental: Jet Energy Scale (JES)

@ Theoretical: Parton Distribution Functions (PDF)

PDF Uncertainties
» Affect every cross-section calculation at LHC
 Evaluated with CTEQ6M

0.6

0.4:

0.2F

-0.6
- B /- 10% JES unc.

06 == . 5% JESunc.

« Effect on cross-section < 5% (low Njets) £ -
f. 106 'l_TIW“lJEsmﬁl T N
— B E —— T T 4 s 6 7 8
Q__ ol o .
1 pare PDF and JES uncertainties (Nje
O . ! ) S
01 scalibration > 5% =» JES uncertainty do
= : .
=100 |- T ok — -
% 80 :_ b4 E - B . 10% JES unc. ——— .
S I m % e w e m e o o OF == 5% JESwne == -
w 60 [ P; leading jet (GeV) f B . 150 JES unc ]
i - PDE ] ||||||||-
40 - Unc. 4 1 2 3 4 5 6 7 8 9
] - W-evy - > Njets (PT{jet} > 20 GeV)
20 - ATLAS **u,ﬂ B JES Uncertainties
T B B B Mt LT T T T LT PP » ATLAS goal: reduce JES uncertainty to 1-2%
0 20 40 60 80 100 120 140 160 180 200 « Expectation with early data ~ 5-10%

P; leading jet (GeV)

« Effect on cross-section: 10-20% (JES unc= 5%)
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@ Measurement of W+jets cross-section dominated by systematic uncertainties on jets
@ Robust measurements for early data are ratios

W + jets / Z + jets ratio

/> Jet effects cancel ( uncert., eff.
» Luminosity uncertainty cancels
> Need good understanding of:
> Electron efficiencies
> Acceptances
> Backgrounds
> Statistically limited by Z

)

/

W+ 2 jets Ratio (2 jets)

=

a(W+1-jet)
a(Z+1-jet)

=
tn

R

10

Variation of R, ,, between truth and reconstruction

True level
Reco level

...
'-'..
e,

—s

tt#o+¢+t++++#**+

ATLAS work in progress

50 100 150 200 250

Er'(GeV)

300

T

Cross-section Ratio for Jets :
« Algorithm Anti-K_, R=0.4

. p.>30 GeV, |n| < 3.1

Jet energy resolution 5.0% 0.4%
Jet energy scale 15.0% 0.5%
Lepton energy resolution* 0.2% 0.3%
Lepton energy scale* 1.0% 0.2%
Missing Et Resolution* <4.5% <4.5%

* evaluated in u channel

* No cuts on leptons

Statistical uncertainty on R (2 jets)
~ 2.4% (jet p, > 30 GeV, 100 pb)
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¥ Conclusions

* W + jets is an interesting process on its own (test QCD) and
it is crucial for new physics discoveries

» |nvestigated techniques for measuring W(ev)+jets with focus on:
» Event selection
» Backgrounds
» Efficiencies

» Measurement limited by uncertainties on jets:
» For early data plan to measure ratio W+n jets / Z + n jets
» Focused on 100 pb of data, but plan to perform first ratio
measurement with 10 pb (stat. error 6% for 1 jet bin,
11% for 2 jets)

— Looking forward to seeing first Ws and Zs in ATLAS!
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EXTRAS
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@ ATLAS default algorithm: sequential recombination algorithm Anti-Kt
@ Standard Kt algorithm:

o d; = min (k2 k ) AR?/D?

*dij is the minimal transverse
momenta of one jet wrt to the other

AR? = (y,—y)* + (¢, - @)% 1and j can be particle, pre-clusters
K, is the object transverse momentum
D is a parameter of the jet algorithm (~size)

o d k. ?
@ Find smallest distance:
e ifitis dij : recombine objects i and |
@ Ifitis di: call i a jet and remove it from list of objects
@ Recalculate distances and re-iterate until no objects are left

@ Anti-Kt is a generalization:
o d. = min (k, *, k. *) AR%/D> Algorithm is infra-red and collinear safe
g ' " > Generate circular hard jets
o d =k ?°
i Ti
p=-1
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Backgrounds with at least two leptons

Z(ee) + jets reduction

I R RN IR IR I 2 S I L I R R
that can be reduced with a |ept0n veto: f—'ﬂs ] :I'u'IET+1 Ele :EI'u'IFrach EDBE__ :MET+1EE~ :EMFraJ;Cut o
. Track Cut EMFrac+Track Cut s Track Cud EMFrac+Track Gut ]
Z(—ee), Z(—TT), ttbar, dibosons (WW, ZZ,WZ) : .
af ] 3_ r‘ ]
Vetos o sf ;
| ATLAS work in progress |
> Jets with high EM fraction: of .
> EMFrac = By, / (Egy+E,0p) 151 ]
> Effective on additional electrons .
na o0 " _ag k
. ..lll
-:l .'I. ™
> Isolated tracks: osler BV amiit T agM
> IsoFrac = ¥, (p.' -p.tet)/p_leet v I‘*“*I‘ o a ATLAS work in progress
i T T T T T T T T T T T A N S T T TN T (N N T T T N T N Y O
i=gOOd qualllty traCkS in ° 50 100 150 200 250 300 ° 100 200 300 400 500 600
E(GeV) EELEF2(GeV)
R=0.4 cone around lepton - A=
\> Effective against electrons 5 65 Signal Efflcl?rlc.y B ++++*++ +++4++++<H‘i
and muons / 09F  epee®™* * b 4
- a*® * + 44 + {
FEac AT
0.85[ e tubans™* *“**. _*“ i\ { } H i Ik
. . O_Bi— -v-""-"i'? ¥ +‘r ! +++'4’¢ I .l.'|r # & i
« Jet EM fraction veto only effective on Z(ee) 075E. vrer ' _'|'
background o ME
- Isolated track veto reduces also other 0.650 A Track Cut E
backgrounds 0.6?— ® EM Fraction Cut _%
° i i © Qi il i - ¥ EM Frac. + Track Cut =
Ot.he.r conS|derat|9ns. S|gna! efﬂmency, loss in 0.5 ATLAS work in progress -
statistics, systematic uncertainties (more later) OB Loyl i ]
100 150 200 250 300 350 400 450
HT (GeV)
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[ =» Data-driven techniques whenever possible to minimize dependence on MC ]

=» Different independent methods for cross-checking predictions

« Z(ee), Z(TT), dibosons backgrounds: small and well understood — lepton vetos + estimate from MC
* W(Tv): important background and difficult to reduce — study additional T veto?
 Ttbar production and QCD: important backgrounds, data-driven methods

ttbar background extraction

Data-driven background estimation S .
S
K Define background control region by \ EmS b
reversing some cuts 2 F -
i

> Extract background shape

> Background shape must not be biased 107 E
: : P
by cut. reversal! ~ - ATLAS work in progress R
> QCD-jets: reverse cluster/track o 80 e el
. ~700
requirements a MET [G
> Ttgar' use b-taggin g 600 ATLAS work In progress o
' 1agging . .  s00; ttbar Control -
QExtract normalization from signal region / 400EF- Sample E

(2 b-tagged jets):;

T R T
200 250
myMET_et

PR Y E
50 100 150
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