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CSC Note Overview

Preliminary draft available (advanced status but not finalised yet):
https://twiki.cern.ch/twiki/bin/view/Atlas/InclusiveWZCSCNote
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Presentation Overview

Cannot give justice to all contributions in 20 min:
v selection of most advanced analyses from note draft
v focus on data-driven methods for signal selection and cross-section meas.
in early data and higher lumi scenarios
X Trigger and Reconstruction performance (only brief reference)
(already discussed in Trigger and Combined Performance sessions)
X Tests Stream data

Electron sector

 Trigger efficiency measurement
d Reconstruction performance measurement
d Z->ee selection with early data

O W->ev selection and cross-section measurement
Muon Sector

d Trigger efficiency measurement
4 reconstrucion performance measurement

O Z->pu selection with early data and higher luminosity
Differential cross-section measurements
d Z->ee, Z->pp do/dydp; (DO and alternative methods)
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W and Z cross-sec measurement at LHC

Theory: W and Z x-sect known to <1% exluding PDF :> Stringent test

Z production clean and fully reconstructed leptonic final states
W production high counting rate:
d Precise measurement of differential x-sect
O do/dpt: QCD constraints, e.g. resummation
O do/dy: PDF probe
d Improvements on QCD beneficial to all physics at LHC

U Detector performance
U detector energy and momentum scales
O detector resolutions
O lepton identification efficiencies

d Fundamental EW param

O Z forward-backward asymmetry, letpon universality, etc
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Trigger

4 Initial lumi 103" cm=2 s
O less stringent requirements, lower PT thresholds, no isolation, simple selec.
QZ Wtrig.:
O at least 1 ele (u) pT>10 GeV
O at least 2 ele (n) pT>5 GeV (4 GeV)
d Higher lumi 103 cm2 s
A thighter requirements
a2z Wtrig.:
O at least 1 ele (n) pT>25 GeV (20 GeV)
O at least 2 ele (1) pT>15 GeV (10 GeV)

Measure Trigger efficiency from data, i.e. MC-independent:
Uncertainty important contribution to syst error on Z,W x-sect.

Tag&Probe, e.g. Z->Il:
d tag-lepton: tightly selected
J probe-lepton:used to make performance measurements
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Electron Sector
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Trigger efficiency
Electron
E25i Trig. Eff. Wrt Offline electron sel.

Z->ee Tag&Probe Sel.:
O tag-lepton: trig+tightly ele id (isEM)

g ¢ 3 5 1
i£0.95F - £0.95 .
0.95 g 0.9F z
0.85] g 0.85F o =
0.85 B 0.8} =
0.75H B 0.755 =
0'7§ — LVLA1, true é 0.7 ? — LVLA, true é
0.65H -- LVL1+LVL2, true = 0.65 -~ LVL1+LVL2, true =
E - Whole trigger, true E = sy - Whole trigger, true 3
0.6 O LVLA1, tag and probe E 0.6 : O LVLA1, tag and probe =
0.55 = A LVL1+LVL2, tag and probe s 0.55 = A LVL1+LVL2, tag and probe =
A0 1) OWholetrigger, tagandprobe | | [ |3 E . | i, OWhoetriggertagandprobe |
0355515 1 05 0 05 1 15 2 325 030 50 30 20 50 60 7EoT
nl ‘Rec
Overall Trigger Efficiency wrt Tight : 93.02% *0.20 +0.82
L2, EF eff. small bias ~0.1-0.4% wrt truth
QCD dijet and W->en effect ~ 0.01%
More details in talk by Mike Flowerdew (09/01/2008)
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Reconstruction Performance

Electrons

Z->ee Tag&Probe Sel.:
d tag-lepton: trig+tight ele id (isEM)
J probe-lepton: cluster in opposite ¢ hemisphere

Two pass analysis :

1) Absolute offline container efficiency

2) IsEM efficiency relative to the container

The results are combined to produce the offline reconstruction efficiency

Absolute electron reconstruction eff

Loose isEM (50 pb)

[\ P

15 —25

25 —40

40 -170

Tight isEM (50 pb-)

0-0.8

88.88 +£1.21 £1.17

92.41 £ 0.42 £ 0.91

93.29 £ 0.74 £ 1.88

i\

15 —-25

25 —-40

40 - 70

0.80 — 1.37

87.55 £2.69 £+ 3.30

90.75 £0.55 £ 0.29

92.69 £0.45 £ 0.19

0—-0.8

63.15 £ 2.85 £4.85

64.68 £+ 0.97 + 0.56

66.54 £ 0.90 + 0.42

1.52 — 1.80

83.18 £2.17 £ 3.13

83.00 £1.17 £ 0.93

85.87 £1.12 £ 0.79

0.80 — 1.37

09.29 £3.52+4.71

63.34 £1.23 + 0.00

68.03 £1.10 £1.23

1.80 —2.40

72.66 £ 2.81 £ 5.00

80.47 £0.92 £ 241

80.54 £ 0.87 £ 0.36

1.52 —1.80

38.58 £ 5.08 £1.95

5477 £1.83 £ 1.17

62.89 £2.05 £4.93

 Eff. drops in cracks n=1.57-1.8

1.80 — 2.40

51.70 £ 3.02 + 2.36

58.81 £1.39 + 1.58

61.82 +£1.44+0.19

T Taga&probet statt syst (MC-Truth) —
d Eff. increases up to 40 GeV, then constant

dMore details in Helen Hayward's talk
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Early cross-section measurements

With early data (<50pb-1) detector response may be imprecise
» Simple and robust selection cuts
* based on Calorimeter Only

Z—ee
* Preselection:

* 2 electron candidates from ElectronContainer & PhotonContainer ET>15 GeV
* acceptance and crack removal cuts: 0<|n|<1.3 & 1.6<|n|<2.4

* Electromagnetic Estimators (simpler sel than iseM):
* Simpler shower shape estimators

* Isolation:
* use Etcone (AR=0.45): Etcone/Et <0.2

* Mass Distribution Fit:

* sig + bkg functions with resolution funct

* Sig: relativistic Breit-Wigner with two gauss resolution funct.
* Bkg: exponential
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Early cross-section measurements

Z—ee
preselectio 3 EM estimators Isolation
%lm;'_"l"'l"'l"'l"'l"'I"'I"'I"'I"' Emm:_'"|'"|'"|'"|"'|"'|£I|"'|"'|;g"_| 3 gl”II”IIIIII”II“I”IIE‘;;;IIHIHllmj
E C Exirapolaled Sackgrouns 3000 rapalated Sackground
E 1::’;' Emm— [ B E E =§>;|'IEJII.ECI g
P mﬂé- & L L e uzagsm:— I CC0 MG st (x50
1::5;- 6000 - ool
1% C ] i
10;— 4000 — ] 1500:—
15— Preselection 50pb™ r i w00k
B QCD 2000 — — E
e e L - S00F
0 20 40 60 380 100 120 140 160 180 200 “n_ < L [in 2_::0 E
Mass ( GeV) Invariant Mass Mee (GeV) O30 40 60 80 100 120 140 160 180 200
Invariant Mass Mee (GeV)
0 B-W width fixed (PDG value 2.4952 GeV) e MasSS Fit e
0 Gauss params fitted in lower and upper sides & soonf- poowina
of mass peak then fixed to 2.89, 1.76 GeV 5, E E
QO Then free fit params: = F :
O B-W peak pos, norm, slope 2000 EP :
O bkg expo constant 1500 = Signal Fit range
F 185-100 GeV
Stat error on x-sect for 1, 50 pb-1 sooF E
Luan 3 Esti+Isol | 3 Esti+ Isol + Charga g ]
':_3':'" #a 5.3% 00-"35" 30 %0 B0 100 120 140 160 180 200
50 pb-! 0.56%; 0.79% Mee (GeV)

Syst: 3% underestimation of signal events (poor signal shape), 3% overestimation of bkg events (MC stat)

Move to Tighter Selection as soon as possible to improve accuracy
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W — ev

Table 1: Datasets used for this analysis

Dataset Dataset number Number of events  o(filt) [ph] D Lumi
wwv 2134 ‘512253 ;2330 4 Early cross section measurement
=1 5106 14830 340 .
Zose 514 109900 1432 d Trig: 920_ (10° m?nu)_
QCD dijets 5802 3.3-10° 191. 10° Q electron id : medium isEM
d High Luminosity measurement

O Methods Q Trig: e25i (10% menu)

Q electron id: tight isEM

Q Cut-based (‘ a al TDR’) g

 electron id (iseEM flag)

O acceptance and crack removal cuts: electron |n|<1.37, 1.52<|n|<2.4
O electron ET > 25 GeV

O ETmiss> 25 GeV (MET_RefFinal)

O jet veto: no jet with ET>30 GeV (ele-jet overlap removal AR<0.4)
J Data-driven:

ETmiss and Jet Cuts remove most of bkg but irreducible bkg under W peak
difficult to estimate.

O electron id, acceptance and crack removal cuts

1 do Not apply ETmiss and Jet VetoCuts to keep shape of bkg
outside W peak

U reject Zee (second largest bkg after ele id)

Q fit and subtract QCD bkg Results fo finalize:

Results only for
E25i trig and medium isEM
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W — ev

Cut-based selection (‘a la TDR’)

Transverse mass

Low Lumi:

Table 2: Number of events selected for an integrated luminosity of 50 pb~! using the iSEM medium
requirement and background rejection. For backgrounds, the ratio % in percent is indicated. The quoted
uncertainties are due to the limited Monte-Carlo statistics.

Selection W —ev (N) QCD (f (%)) | W = v (f (%)) | Z — ee (f (%))
Trigger/offline e-id | (2.2584+0.007)-10° | 475428 3.35£0.05 11.8240.04
ET' >25GeV | (1.861£0.007)-10° | 2444 2.4540.04 0.268 +0.004
E, ¢ >25GeV+ jet 5
£t <30GoV Ep <30 GeV (1.63840.007) - 103 | 1944 2.2340.04 0.12440.004

W .
Wy (324

High Lumi:
Table 5: Number of events selected for an integrated luminosity of 1 f b~! using the isEM tight require-

ment and background rejection. For backgreunds, the ratio %,:Tf in percents is indicated. The gquoted
uncertainties are only statistical.

Selection W —ev (N} QCD (f (%)) | W — tv (f (%)) | Z — ee (f (%))
Triggeroffline eid | 3.7-10° £2. 10° | 159 £ I8 33+0.01 142002
Er > 25 GeV 31-10°+2-10° | 10+3 2.4+0.01 0.3+ 0.003

L < 30 GeV 27-10042.10° | 8£3 2.240.01 0.1+ 0.002

NB: Recoil cut removed wrt standard TDR cut as redundant for S/B
ATLAS CSC W/Z inclusive cross section , 10" Jan 2008 Alessandro Tricoli, RAL 12
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W — ev
Data-driven Selection

Zee rejection (after ele id and acceptance cut):

65<M, ,<130 cut using following combinations
To maximise acceptance:
O |n|<2.5: 1) opposite charge electron pair

2) electron — photon candidate

Q |n|>2.5: 3) electron — jet candidate

35

no of events

30
25
20
15
10

(cut on ratio Had/EM ratio in jets) ———-

0.2

10°
40" T 1 L L s B A R
after W ->ev
e25i + _1Z->ee*
Medium iseEM +
E.°° >25GeV + -W => TV

Zee rejection -~ QCD

HH‘HH‘HH‘HH‘HH‘HH TTTTITTT ‘X

OOU'I

! | 1 1 L L L L L L P
20 40 60 80 100 120 140
MY [GeV]

0.8

0.6

0.8
0.6
0.4

0.2

Jet

TruthEle-
-matching

" Fcal
|r]|>3.2{

FCALO -
treated 1
as EM

Zee B/S cut from 25% to 2.7%

Negligible amount of rejected QCD,

0.5 1
log{HAD/EM)

Negligible amount of rejected W->ev & W->Tv
No distortions on distributions
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W — ev

Data-driven Selection
QCD Subtraction:
Fit QCD background from orthogonal QCD sample to access distr. tails under W peak
O FIT ETmiss from photon sub-sample in range ETmiss >10 GeV (99% purely QCD)
U Normalise to electron-subsample in side-band (10<ETmiss<22.5 GeV)
O Subtract fit under W peak: ETmiss>22.5 GeV

Elec/Phot Linearity Check Fit Etmiss from photon sample e _flfter qumg{i;aﬁqq tlo‘E‘Ic-:-lc‘trpn ,SQ"ZP,’? o
§ B[ T T T T T ™ . —_ —————————————————— T - = I- . =
x‘E% 5; - é 2 5— T T T T T T T _g- E e E - i E
3 ‘ 1 oz TE Photon sample B L : -ﬁ;—. 3
*E 1 & 2 ] 2 T Extrapolation 7
i3 I ’ ERe 99% purely QCD - & 10°E g - 7 under signal peak 73
Bee o TTT E i E - i Norm ]
£ T 1 ‘ E N i Range .l. .
FQCDevents ‘ E "E EXP 10° A «‘ QCD =
I T C FIT B events _
3 E L i .‘ N
S S R - R 0 5 20 5 %0
ETmiss [GeV] ETmiss [GeV]
.,:__' [T T T él T T T T T I ]
o — S ] . . .
2 20000 G E Fit uncertainty dominated
2 = Z->ee* 3
5 = E by QCD MC sample stat.
15000 - - W > TV -
10000 ? @ Subtracted é
C “data” -
5000 — —
05 o I e

(o] 40 60 80

<0

ETmiss [GeV]

S/B uncertainty for QCD ~3.5% compatible with cut based selection (dominated by MC stat).
Param improvement by expo+polynomial ETmiss>10GeV

ATLAS CSC W/Z inclusive cross section , 10" Jan 2008 Alessandro Tricoli, RAL 14



"
W — ev
Cross-section measurements

Ni, — NE I =(ET, n) bin

aoB = . . —
Eﬂ' wg) wog) w [Ldt

g = trig eff.
&, = ele id eff.

A = geom & kine acceptance

However due to limited QCD MC stat.
Only global formula applied

Table 4: W — ¢V, cross section measurement results for 50 pb~!

Nw 20107 +£4.102
J"‘rf;H:'Ir 3110t :IZE'-E_' 10? — Conservative 200% from QCD fit
Low Lumi Result: Y 36-10° £610
Nz 2.0-1024 10!
A (%) 20.5+2.5
Exrigger (0] 93,3102 From data-driven tag&probe
£ o 736402
[EET;{E_F} 100+ 10 — " Assumed 10%
K-factor 1.22+0.04 NNLO corr.
B+ (srar) £ (sysr) £ (fumi) (nb)  19.9£0.04 £ 10.4£2.0
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Muon Sector
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Trigger efficiency

* Trigger:

* Early data: single muon 6 GeV threshold
* Higher Lumi: single muon 20 GeV

Z->up Tag&Probe Sel.:
O Low Lumi (50 pb):

d tracks from stand-alone muon system

Muon

Data Sets used (Sig. & Bkg)

Sample Software Curs Cross-section | Number of
Version [pb~1] simulated
Events
Z—up 1206 My =60 Gel” 1497 252050
_ lp:n| <2.8,pr = 5Gel”
bh— up 1206 2u s pr > 6Gel | |n < 2.5] ~ 4000 141700
lu - pr = 15Gel
W—puv 12.0.6 lp:|n| < 2.8, pr > 5Gel” 11946 198450
i — Wb 1206 no all hadronic decay 461 48750
Z— 1T 1206 T — 1L My, > 60Gel” T
I || < 2.8, pr = 5Gel” 2750

d isolation cuts based on ID only

U Higher Lumi (1 fb):
M combined tracks (muon system+ID)
d isolation based on ID and Calo

Cuts on tag&

robe tracks

Cut on

Bequirement

Charga

opposie

Irvariant hzss Beguiremen:

|91.2 GaF — My | < 10 Gal”

= ]

Transverse Momennuan pr = 20 Gl
:""'I:II:I Eadul =4

Lo s By < Bl

Toas<rans ET < 6Ga

E4 < 15Gal

ID-based (low&high lumi)

Calo-based (high lumi)

Cosmics bkg contribution negligible

Isolation Variables:

O Inner Detector based variables

(n. tracks in hollow cone, sum pt in hollow cone)

O Calorimeter based variables

(sum calo cell ET in hollow cone, jet E in cone)

of isolation (I.D. chosen)

Early data: rely only on one type

ATLAS CSC W/Z inclusive cross section , 10" Jan 2008
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Trigger efficiency

Muon

Trig. Eff. Results Referred to Offline Muon Spectrometer reco eff.
(Wrt ID offline reco eff also studied)

Low Lumi Results

o =
0 =
= ++H +++‘|"|'+H‘|'+"""§ Low luminosity - M5 probe (] 27 = 30 pb ')
E E :m 1 + E Detector region Barrel Endcap Overall
E L—'MW ;-:-:"l —; _ [|i‘T_‘=3 L0 ['--’3'5{_|FI|‘=53-4:' ':'f?'{li’rlff-{'
ET 1§ e 3 Trizzer Efficiency 165.04 g7.23 813
3 oof i i S nast el Satstical Uncersinty 04l 034 0T
g Rl 3 3 aabeL E [—— 017 0.6 EE
L s BRI+ 3 Expected Backzmound Contioution 0.0 0.00 0.00
::: 1 F — i (Cverall Systematic Uncemainty 0.17 .64 033
E < Tag& ME-Prosa 3 A E
:I'.'E—EFI .w|!.1- = Mo E A0 Ef :wulm T, E
E LI B L B SRELIENE LN N

0 Agreement Tag&Probe with MC better than 1% (2% in cracks n=0, |n|=1.05)
O Overall syst uncertainty <0.5% in both low and high lumi
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Reconstruction Performance
Muons (Z->u)

e | e . e
§ —— *t*% "*.:t"" i % a [ -
5 O 1.02f TOEE =TT
™ 0.95 ¥ iionte Carlo rith i E 3 3 ] Detector Rezion Barrel Endcap | Owerall
[ — Tag & Probe mlethod ] e - = TR . L3 i ] < 105 | (] = 1.05)
0.9 D66k o = == 3 r - Efficiency [.940 0.960 0932
. ] ) - 3 0857 = = :I:j: Statistical Uncertainy (30 pb-T) 0002 0.002 0.001
C ] L= m
0.85F L rh . ook E Statiztical Uncertainty (1 f577) ] 0000 0000
- e 1 == ; nsf : e T —res] S I
o.aF | ] LB E ] E 1 | Expected Backgound Conmibution 0.002
ot = i ] Fatank-s . b .85 g Crvezall Sy ic Uncemainny 0.002 0.003 0002
F B, p 1 | Starf-zig il [ tandflens rdeonsirufiion ] verall avstEImane LLoeramry LU iz e
[ Stpnd-alone reconpiruction | ] e RSN | |
5 1 0 1 2 b 1 2 3 & & E 20 g 40 50 &1 __ 7
n P P: [\

Good ageement: negligible correlations between tag and probe tracks

P; resolution: Method:
s = momentum pt scale vary parameters s, ¢ in simul.
pr—:fibr.al, g = pt resolution to reproduce measured Z mass peak
f= 1/pt random smearing funct., width o | Uncertainty [ ] Zar=30p6 " |
e.g. gauss homentum Scale As (5+7)-10-2

Morpsrtum Fesolntton Ag | (11.6+£3.0)1%

Z->UU:
O reco eff. similar for standalone muon system & ID combined
d pt resolution significantly better for combined reco
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Early cross-section measurements

* Trigger:

Zopp

* Early data: single muon 6 GeV threshold

* Higher Lumi: single muon 20 GeV

* Muon Reconstruction:

* Early data: Standalone Muon Spectrometer
» Higher Lumi: Combined with Inner Detector (better momentum resolution)

Cut on

Requirement

Charge

opposite

Invariant Mass Requrement

01.2Gelm — M| < 20Grel”
L

Transverse Momentum pr

= 20Gel”

0.05<r<0.5

wAD Tracks <4
i T e —
¥ p{;_LJ Iracks = 8Gel’

Early data: rely only on one type of isolation:

I.D. chosen

Data Sets used (Sig. & Bkg)

Sample Software Curs Cross-section | Number of
Version [pb~1] simulated
Events
Z—up 1206 My =60 Gel” 1497 252050
_ lp:n| <2.8,pr = 5Gel”
bh— up 1206 2u s pr > 6Gel | |n < 2.5] ~ 4000 141700
lu - pr = 15Gel
W—puv 12.0.6 lp:|n| < 2.8, pr > 5Gel” 11946 198450
i — Wb 1206 no all hadronic decay 461 48750
Z— 1T 1206 T — 1L My, > 60Gel” T
I || < 2.8, pr = 5Gel” 2750

* Off-line selection:
* 2 opposite charged muons with |n|<2.5

* muon pT >20 GeV (reduce error on x-sect measurement)
+191.2 GeV — M, | <20 GeV

* isolation cuts:
inner detector based variables

Process Z—pp [ bb—pp |[W—pv | Z—rtr |[it—WOID
Cut Name Number Of Events

True Events 141132 | 673480 | 2011349 | 12964 77619

Triggered Events 126578 | 330782 | 1238212 | 2970 23190

2 opposite charged tracks | 112380 | 438057 38301 1372 11683
Inmvariant mass cut 102305 8688 1216 47 785
proouts 03052 4225 122 38 453
Isolation cuts 86287 a2 30 38 224

Amitrary units

m, [GeV]
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Early cross-section measurements
Z—pp Systematics Studies

t (el [ew | ¢ e
i e Sy ]ij‘l: g e e Di—m
H = b gy =— [lbb—sun g Clbb—np
[ Background Estimation §T TESLmew| fﬂﬂwj T
L El—m' SE Oz
QZ - 11 from MC ==

iE
U tt: x-sect known to ~15% precision (mainly PDF uncert.) IFT
U muon reco & trig eff asumed equivalent to Z events 3
U isolation (larger had activity): assumed lept. decayed tt _ ] EI‘I|H ’ﬁ s ﬂ|ﬂ 0
equivalent to Z boson with 2 jets ET> 50 GeV 40 50 60 70 BO G0 100 110 120 40 50 €0 70 8O 90 100 110 120
U iso eff from Z data: 10% syst error wrt tt MC truth m, [GeV] m, [GeV]

0 QCD: use QCD enriched sub-sample,i.e. 2 like-sign non-iso muons (N,) M
Q count N, ¢ from data (indep. from isol prob.)
Q ratio rog s Of isol. Opposite-sign p / isol like-sign g from MC
O N *rOS,YLS = QCD bkg contribution, 100% syst uncert. Assumed
Ow- 1AY
U equivalent to Z — pp + P, remove di-boson events by subtracting 3-tight isol muon events
U conservative syst error 50% estimated

0 cosmic muons neglected [ apaa BSlg
O Kinematic cuts : E=N
O muon pT resolution: small impact on ¢, (<0.002) I -
O momentum scale: larger impact on ¢, (<0.003) I S s s »
U isolation cuts (related to n. jets in event) O PN N o :
U tag&probe method: Ag,, = 0.003 syst due to bkg contribution - T

Number of reconstructed jets

O Other (prim. Vertex, misalign., pile-up, min-bias): studied, no dominant in early run
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Early cross-section measurements
Z—-pp Systematics Results

Edii = Eiffrfggarjj +2. ETrigwar ° (1— f]"w;,'m':'}

'EE.‘.IE-:'] " Exingmatics ® [Ef.'.-'.'-'.iﬂ.'fﬂ."i :lr'

Syst. Break-down (100 pb)

Efficiency Tngger | Muoon Reconstruction | Kinematic Cuts | Isolation
Background Contribution | 0.002 0.002 - 0.003
|ETrth — ETaer!| 0.003 0.009 0.003 0.001
H AE . . . . .
Uncertai nty : A0 2 0.004(stat) +0.022(sys) Not including theoretical uncertainties (PDF etc.)
ATl
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Higher Lumi measurements

randlll!

Assume detector response is better understood at higher lumi run (1 fb-)
* More complex analysis algorithms and tighter selection

Chuton Feqguirement
Chargs apposite
Dvamant Blass Beguirement | 9012 Gel — 0| < 15 Gl
Transverse Momeanan o = 20 el
ALT 1T
Nopserans <4
‘D];LJ lracks < BiGel
[ L
En_,:,:q,_-_. 05 ET E 10 &l
£ ELRTEY < 25 Gal
Process Z—pu [db—=pp [W=pv [Z—=rr [0 =W o0 b
Cut Name Number Of Events
Tnggered events 126578 | 330782 | 1236212 [ 2970 13180
2 opposite charged macks | 110063 | 360200 18507 1183 2913
Trrvariant miass ot 100237 5579 00 14 44
Pr cuts 01554 2037 122 9 338
Isolatiom cuts R [i i a 148

Arokmry units

Only requirement:

2 opposite charrged muons
S S R N R [ |

Off-line selection (differences wrt low Lumi)
U combined reconstruction
U since pT resolution improved
O Z width decreased
O reduced mass window: 15 GeV (still 50,)
O Isolation cuts:

O inner detector based variables
O calorimeter based variables

Sample Two opposite charged | Invariant mass oat | pr outs | Isolatien cuts
reconstmcted muons
Signal 5 653406 505337 543766 4EETE2
Backzround B 2315159 42418 20228 035
?fﬁ 03220 0.933 0.964 09e3

0.5 M selected Z->mm events with 1 fb-

2=

giﬂ] Overall sel eff.:

H—nn -

Hzom Aegr o - Expected syst uncertainty (1 fb-)

. 4 & 0.001(stat) £ 0.007(5vs) . . o —

: 4T Efficiency Trizzer | Muon Beconsmuction | Kivematc Cuts | Isolation
f Bkg contamination reduced (tighter cuts) | =g oo | 0001 0001 : Do
= . ) Gr—— 100 0.002 7.001 0.00]
e Smaller uncertainty on Trig. Eff.
40 5D &80 70 &0 S0 10D 110 '-20

My [G2V]

23
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Differential Cross-section
measurements
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Differential Cross-section measurements

D0 Method
Z—ee Z—UN

Category / | Definition B Category 1 | Definition 1

1 All events 364 730 1 A1l events 445650

2 Friucial and kinemstcs (gen ) 163 198 1 Fiducial and kinematics (zen) 234610

3 Trigger and offiine (fiducial, kinematics and ID} | 82210 3 Trigzer and offiine (fourial, kinematics sud 1D | 181652

4 Intersecirion of categories 2 and 3 80858 4 Intersecirion of catezaries 2 and 3 130260
Selection Selection
O On/Off-Line: O On/Off-Line:

4 Trig. 2e15i, 2 oppos. charged ele Q Trig. mu20i, 2 oppos. charged ,

Q tight isEM O reconstructed in Muon Spectrometer & ID

D ID-based ISOIatlon Chus Zevents | Wavents b.ETE'.H;Ts
Bafore outs 22529 7 T85

O Fiducial+Kine: 3 Fiducial+Kine: Baotew | 2w | 7 | &

d |n|<2.5, PT>20 GeV Q |n|<2.5, 18 p PT>20 GeV, 2 4 PT>15 GeV

Q75 GeV< M_ <105 GeV 0 76 GeV< M_ <106 GeV

Negligible bkg contamination
x-sect in y,pt bins (o) n3 o n3.a n2. o
So = ——, €& = ——, Aa = Efilter——, doq =N3q
Sog d(x — bOS n4,o¢ n2,(x nl,(x
Co = L A T T T I
int Eola Det smearing corr Event Sel eff Gom Accept. EventiCount
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Differential Cross-section measurements

D0 Method Results
Z—ee Z—up

Binning: Binning:

. t bi <pT<1 V :

. goy%ir?én8<?y|22 6 o0 ee * 50 pt bins 0<pT<100 GeV
| - 9y bins 0<|y|<2.7

Lumi 0.2015 fb™’

B

[ Z cross-section in rapidity bins ]

Measured Measured, befare camrechio
Corrected 25“_ N Measured, afber correction:
Generated E L |_],
a—-éwu:—
i L
=l 100
50—
oL Lo b by by b

Good agreement S R R ——
With M C Truth _ . Fi;.l:e 51t dirp/dy, integrated over all pr

— MC
Measured, before cormectians
WMeasured, after comactions

.Jui’?"i”t‘maE e PP E ,:::E’-??‘THHE

. 1 1 1 1 1
O 10 20 30 40 50 &0 70 &0 50 100
Z Py [GaV)

[] 2] [L] . .
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Differential Cross-section measurements
Alternative Method

Original attempts to extract cross-section and reconstruction efficiencies simultaneously

P2 . = prob. Z produced in bin a decays in lepton bins i, j (from MC)
NI-OC — & EJ,POCGZ‘?AG SJ = lept. Reco eff. (not expected to depend on a, but not necessary assumption)
L = int. lumi

. Ac® = Z prod. X-sec in bin a
P2 ;incorporates

all detector effects, |:> ) ]
i e resolution effects Over-constraint system with unknowns Ag® and €€

o

Problem at low stat solved by non const binning and average eff.. .ZAc” = L =
L85 E 2 Pij

Method agrees to previous method when only 1 lept. bin in Et and n: PAGY — N¢
g0 pQ

Complete method tested on Z->u:

d N.BinsZP; =10 0<P;%<60 GeV

A N.BinsZy=5 [y?<2.5

O N. Bins u-ET = 1 (no u reco pt-dependence above 10 GeV)
A N. Bins p—n = 7 (dictated by det geometry)
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Differential Cross-section measurements
Alternative Method Results

Figure 54 2°Aq versus 3, for Eal:h'td:l:i:l_.'.?;. Fizure 53 2Ag versuspf:: for each bin in 3*.
L: - ' L—. - w i" I‘: £ 5’:-- ] i:- IIIII 3 E;.». I
g: H I'E!:-;’iiéiiiillziiiii ‘-.'..;,L.L;l.;t::l W.L:','..'“.w:-l_j ~--.'..'c~1'c_.'c~.'c~_k..
Frocgramnd & ey ] Measured and truth
I =t =t £ E
prord T EL o TR B S Agree well
4 g P v (s SO within stat precision
’ (3-20%)
Figure 56: Feconsmucred efficiency versus
SRR AR AR AR
-::l.s';— ) s —;
- E .
: n dependence of reco eff. (precision ~2%)
0.7 ]
Cl.ﬁi— —i
[ ] * -]
n,
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Conclusion

m Extensive CSC note;

® {ools and algorithms are in place to analyze early LHC
data (<= 50 pb-1);

® higher lumi data (~1 fb-1) not overlooked;
®m perfom mesurements of W and Z cross sections;

B Data-driven methods have been developed to estimate
efficiencies, systematic uncertainties and background
contamination;

ATLAS CSC W/Z inclusive cross section , 10" Jan 2008 Alessandro Tricoli, RAL 29



EXTRA
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Electron identification

Table 2: Flags used for offline electron identification
tightness ISEM bit mask selection applied

loose (IsEM & 0x7)==0 loose track-cluster matching

hadronic leakage cut

shower shapes in second EM sampling
medium  (IsEM & Ox3FF)==0 standard track-cluster matching

hadronic leakage cut

shower shapes in first and second EM sampling
tight ISEM == as medium plus

cut n b-layer hit

cuts on TR ratio
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W — ev

Cut-based selection (‘a la TDR’)

x10* x10°
@ L L B B L ™ 8 L LA B ]
=4 = = L i
2 40F after = 2 ook after :
S 35F e25i + 1 625i + E
e F Medium isEM + 3 e r Medium isEM + e
S0 E, ¢ >25GeV 3 80 E, e >25GeV ]
25 3 C 7
= 3 60 7
20:— = C ]
156 E 40 -
105 3 B .
= E 20 -
5 = :. _
O 20 40 60 80 100 120 140 % 20 20 60 80700
MY [GeV] MissET (GeV)
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W — ev

Z->ee removal

LE TTTI LETTTTTTTTTT
‘ ‘ 1 bE
I ‘H E - TR AN A
S | ] et
j: 2030 —"%0 80 100@![(;;\% E 20 30 30 i [ee\.r_;]c
(2) QCD M distribution (b) QCD Ey distribution
] ?‘ ‘_H_,H“_HHH“M A HH”’H [ HH ;
e } i A l\ ;
H’W!Hﬂu I H i % wwﬁH l l
::—éa (S [ E 1 ::""SL:J""1(I!0"'1LUL '-f&["l."i
M [GeV] ETmiss [GeV]
(¢) W — ev My distribution (d) W — ev Ey distribution
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W — ev

Electron Trigger efficiency
Used for W->en x-section measurement

o pr > 25 GeV

Tag&Probe

& egamma = 1

LEM = (0x7: loose, 0x3FF: mediom, 0xFOF: tight)

Event type Dataset Generator | Sim/PRec version | Number Cross section (including
¢ Two good offline electrons as deseribed above MNumber of events | filter efficiency) (ph)
Z—ee mchusive | 5144 Pythia 12.0.31/12.0.61 | 476300 1432

Equal and opposite charge

& Beconstmucted mass T0GeV — 100GV

Measurement | Candidate | Level | Sample | Truth | Offline L1 |L2 | EF

Data Tag All All # ¥ o(ught) | | v | ¥
Probe L1 N1 ® ¥ * ® *
Probe L1 N2 . W ¥ . *
Probe L2 N1 ", W ¥ ", B
Probe L2 N2 ¥ W A A
Probe EF N1 * W A T
Probe EF N2 . W P A

Truth Tag All All v = = ER
Probe L1 N1 v W * . *
Probe L1 N2 ¥ W ¥ ", B
Probe L2 N1 v W W ¥ b
Probe L2 N2 v o A I
Probe EF N1 v W v || =
Probe EF N2 v W v oY

Table 2: Tag and probe requirements
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W — ev

Electron Trigger efficiency
Used for W->en x-section measurement

Trigger Level wrt looze wrt medinm wit tight
LVL1 07.63 (0.02) | 9780 (0.02) | 97.88(0.03)
07.64 (0.02) | 97.79(0.02) | 97.86 (0.02)
LVL2 0546 (0.03) | 9748 |:{!' 03 j 07.29(0.03)
95,67 (0.03) | 9740 (0. 07.21(0.03)
EF 03 B2 (0.03) | 9528 (0. 07.74(0.03)
94,23 (0.03) | 95.66(0.03) | 97.89 (D.02)
Whele trigger | 87.44 (0.03) | 20.84 (0.05) | 93.08 (0.04)
88.02 (0.053) | 91.11{0.04) | 93.12 (0.04)

Table 3: Tag and probe global efficiencies. Stafistical uneertainty given in parenthesis. Upper number is

the data measurement and lower number i3 the truth measurement.

Loose isEM

Medium iseM

«— Global eff.

Tight iSEM

Level | |n] 15GeV <pr <40GEV AOGEV Level | |1 | 25GeV <pr <40GeV | pr >40GeV Level | 1| 25GeV <pr <40GeV | pr =40GeV
Le qu S ;é = 'n.[f'r : }g’i_' 11 — Ll 0-0.8 96.83 (0.06) 97.15 (0.03) L1 0-08 96.80 (0.07) 97 14 (0.06)
05137 | 070 Eu'u;.j 0% 13 ED'D? 0.8-1.37 || 98.19 (0.06) 98.58 (0.03) 0.8-137 | 9836 (0.06) 98 64 (0.05)
1'5; 13 9;.54-':[3.13) 93'9450'0_,3 1.32-1.8 || 97.03 (0.13) 99 15 (0.07) 1.52-1.8 | 97.52(0.12) 991“ (0.07)
54 | 9507 ED'D% 9 20 :Dm; 1.8-2.4 | 99.01 (0.06) 7(0.03) 18-24 | 99.05 (0.06) 2 (0.05)
il — —— L2 0-0.8 9954 (0.02) 99 mo 03) L2 0-08 9958 (0.02) 99 skn 02)
L2 ggf - i_fl tggfg g:fg :gg'ﬂ 0.8-137 || 99.21 (0.04) 99.53 (0.03) 0.8-137 | 9930 (0.04) 99.38 (0.03)
15218 | 9075 (0.19) 0315 (0.18) 1.52-18 || 95.21(0.16) 95 96 (0.16) 1.32;14.3 zz_i.s_g (g.ié) Ze c}f ug :;J
Cox s Cen 2. 7.71 (0.2 2 82 7.75 (0.2 52
18-24 | 85.23(0.19) 85.50 (0.19) - [1]?] = 4 23 &1] EE D'C_f'; gj ig ug Dﬂ-; - 1824 :D 06; st :n n:.%
EF 0-0.8 9427 (0.08) 0427 (0.08 - AR L PO e
0.8-137 || 91.38 tu.m 91 S::D 11; 0.8-1.37 ) 93.10(0.11) 93.17(0.10) 08137 96.77(0.05) 96.69 (0.08)
152-1.2 || 9635 013 96.99 (0.13 1.52-18 || 98.44 {010y 0855 (0.10) 1.52-1.8 | 95.89 (0.09) 99.05 (0.08)
=3 (8.15) 99(0.13) 774 ¢ 1.8-24 | 98.41 (0.08 98.78 (0.07
1824 [ 9541012 9586 (0.12) 1.8-24 || 97.74 (0.09) 9 92 {0.09) b 41 (0.08) (0.07)
Overall | 008 || 89.17 (0.10) §9.83 (0.09) Overall [ 0-08 [ 9214 (0.09) 25008 Ovenl] 043 | S 2 O™ o)
0.8-137 || 86.98 (0.13) 88.81 (0.12) 0.8-137 || 90.69 (0.13) 91 42(0.11) Sl e (0.10)
15218 | 83.54(0.23) 89.40 (0.22) 1.52-18 || 90.94 (0.21) 93.76 (0.19) 152184 91.92(0.2 94.33 (0.19)
1824 | 20.48 (021} 81.31 (0.21) 1.8-2.4 || 84.88(0.21) 84.91 (0.21) 1.8-24 ] 8334(0.2) §3.79(0.22)
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W — ev

o P, > 25GeV

e 7 < 2.4, cracks excluded (1.37 <57 < 1

® EQOTITLR author

52)

Global Eff.

Tag&Probe
convolution of
Absolute Electron efficiency
iISEM wrt electron container

Luminosity | Eff. (Signal) | Stat. | Data - MC | 5 - (S4+BEK)
50 pb~" BOTT 0.19 | 0.30 0.34
1 fb—! 50,39 0.04 | 0.61 0.26
Table 1: Loose Electron
| Luminesity | Eff. (Signal) | Stat. | Data - MC [ 5 - (S+BK) |
50 ph~! T5.68 0.20 | 0.21 0.71
1 fb? 7518 0.07 | 0.30 0.46
Table 2: Medium Electron
Luminosity | Eff. (Signal) | Stat. | Data - MC | 5 - (S4+BEK)
50 pb~" 62.27 0.37 | 0.14 0.28
1 fb—! 62.28 0.09 | 0.49 0.56

Table 3: Tight Electron

Electron Identification and reconstruction efficiency
Used for W->en x-section measurement

Differential Eff.

7l e 15 — 25 25 — 40 40 — 70
0—0.8 BESE 121 £ 117 [ 9241 =042 £ 091 | 93209 £ 0.74 = 1.88
080 — 1.37 | 87.556 4 2,69 £ 3.30 | 90.75 & 0.55 £ 0.29 | 92,69 = 0.45 = 0.19
1.52— 1808318217 £ 313 [ 8300+ 117 = 0.93 | 8587 =1.12 = 0.79
L.80 — 240 [ T2.66 £ 281 £ 5.00 | 8047 4 0.92 £ 2.4] | 80.54 = 0.87 = 0.36

Table 4: Loose identification efficiency

nl P 15 — 25 25 — 40 40 — 70
0—0.s TEAS £ 470 £ 414 | TO47 = 0.80 £ 1.19 | 83,530 = 0.68 = 0.33
080 — 1537 | 7259 383 £ 1.80 | 77.00 £ 1.08 £ 0.74 | 82.84 = 0.85 = 1.23
152 —1.80 [ 4702 7.530 £ 1.18 | 61.21 & 1.80 = 0LG3 | 69.36 = 1.95 = 4.28
180 — 2.40 [ 56,83 £ 3.80 £ 0.83 | 61.79 &£ 1.42 = 1.87 | 65.31 = 1.38 = 0.42

Table 5: Medium identification efficiency

7l e 15 — 25 25 — 40 40 — 70
0—0.s8 G3.156 4+ 2856 £ 4.85 | 64.68 = 0.97 = 0.5G | G6.54 = 0.90 = 0.42
080 — 1537 | 5920+ 352 £ 471 [ 6334 1.23 £ 0,00 | G203 =1.10 = 1.23
152 — 1.80 [ 3858 £ 508 £ 1.85 | 5477 £ 1.83 = 1.17 | G2.80 = 2,05 = 4.93
180 — 240 [ 5170 302 £ 236 [ 5881 £ 1.39 £1.58 | 6182 =1.44 = 0.19

Table 6: Tight identification efficiency
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Reconstruction Performance

Muons

MC-Truth Study:

. Az
_ 'Comectly Beconstmicted Tracks
Reco Efficiency  ..__ta Truth-match AR=0.05
S'hipmte Carle Truth Raoms

: I S - e Gaus fit:
Momentum pt Reslution =B I-gewms  Width = resol

Mean = mom-scale

_.RReco Efficiency _. Pt Resolution
% ] %ddlg o Comitinga REconsiruption
& ";:AF.;J'" el Hw::'T;E g::s: e petiar Z->uu'
u-g: + ke B ] ::5:_|_ .. . .
i " I +—|—i J eff. Similar for standalone & combined
N . oL O resolution significantly better for combined reco
; | {copmipea Fecpnsjructon ] ) “5_,_,_._1- P
T L
&S-E 15105005 115 2 25 1} 20 30 40 =0 B3 70 80 90 1pd
pt
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W — ev
Cross-section measurements

Niy — N& I =(ET, n) bin However due to limited QCd MC stat.
OB=) ———F A = geom & kine acceptance Only global formula applied
~ A" x el g w [Ldr )
' g = trig eff.

&, = ele id eff.

Table 4: W — eV, cross section measurgment results for 50 pb“J

. PN 20100 £4.102
Low Lumi Result: Noco 51.108+6.2. 100 — Conservative 200% from QCD fit
N o 3.6-10° +6io!
Wrw

Neoe 20-102+ 10!
A (%) 29.5+2.5

Egrigger (50) 93.5+£02 } From data-driven tag&probe

Egfecrron E%} Ti.6+0.2

[ Ldr (pb—) 100 + 10 —» Assumed 10%

KE-factor

1.22 004 — NNLO corr.
B+ (star) = (syst) £ (lumi) (nb) 19.9+0.04+104+2.0

Table 6: W — eV, cross section measurement results for 1 fb!

Ny 3.0-10° £2- 10° ,
Nocp 2 1-10° =108 — Assumed 50% as in CDF run Il
Ny 6.0- 104 +2- 102
H_ h L . R |t Nzee 3.9-10° £ 6- 10!
. A (%) 20.142.5
Ig umi esu Erigger (%) 93,08 £0.04 ]
Eotoaron (%) T1.35 +0.04 From data-driven tag&probe
JLdt (pb™!) 1000 + 50 —» Assumed 10%
E-factor 1.22 +0.03 — > NNLO corr.

B &+ (star) = (sysr) £ (fumi) (nb) 1982001 +2.44+1.0
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Trigger efficiency

Muon

Trig. Eff. Results Referred to Offline Muon Spectrometer reco eff.
(Wrt ID offline reco eff also studied)

Low Lumi Results

omE =
g 5
& ¢;:I——4-++J[_|_,|_ ‘|“|’+H‘|‘H+""++ Low luminesity - M5 probe ([ 24t — 50 pb 1)
E 3 55:_1 + E Detector region Barrel Endcap Owverall
E ‘; e = (g < L0 (105 |pl<24 (0<|gp|<24
H A T 5 Trigger Eficiency T6.54 8783 EERE]
k] é " uE:E— Hhy } I‘|"|"+h"'_|_'_|_ E Sratistical Uncermainty 0.41 034 027
E 3 anE2 Bl = |eraure —€rpl 0.17 0.64 0.33
= e 3 3 Expected Background Contibudon 0.00 0.00 0.00
= s e ir + Crverall Systematic Uncertamiy 017 084 033
BEID
R e
- -
High Lumi Results
o =
5 wmE + + -3 High luminesity - MS probe ([ _dr = 1000 pb~")
P ook Rt E Detector region Barrel Endcap Overall
- £ .?sz” = (I < LOSy (105 < g| =24 (0<|g| <24
E g :;5: E Trizzer Eficiency 82T Q040 34.37
% o t;—‘_"""'—-w—-ﬂ-—-—'—-"u--—-"""_—; Sratstical Uncerainty 0.10 0.07 0.05
i 5 EE i 3 [ —— .00 047 [ER
f E o Expected Background Contributdon 0.00 000 000
E "':‘: Crverall Systematic Uncertamty 0.00 04 042
MESMND L
e = LT Tt

O Agreement Tag&Probe with MC better than 1% (2% in cracks n=0, |n|=1.05)
d Overall syst uncertainty <0.5% in both low and high lumi
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