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GEORG-AUGUST-UNIVERSITAT .
. @J GOTTINGEN Introduction

proton - (anti)proton cross sections

+ Analysis: | S ——— |
- Measurement of the inclusive and T/L“C
differential Z( - ee) +jets cross section ! o —
on hadron level |
o b O islz0) 1 o g
* Motivation: 2w z;
_ o © m‘j - o (F," > 100 GaV) 3 m"l g
- Test of pertubative QCD predictions  “¢ 17
at the Z scale .
- Background for searches of the Higgs «¢ i
Boson and new physics I S

0.1
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. @J e i e Data & Monte Carlo
e Data:

- pp-collisions at 7 TeV
- Integrated luminosity of 1.3 pb™

* Monte Carlo (fully simulated):
- Z(—>ee)tjets:
* Alpgen + Herwig
* Pythia
* Sherpa
- QCD: Pythia
- Ttbar: MC@NLO + Herwig
- Z(—171)+jets: Alpgen + Herwig
- W(—ev)+jets: Alpgen + Herwig
- Diboson: Alpgen + Herwig
* For comparison pQCD (MCFM):

- NLO for Npa nS:O,l,Z

rto
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C JGEORG-AUGUST-UNIVERSITAT .
\A! GOTTINGEN Selection

« Good vertex: N 23, [z[< 150 mm

* Trigger: L1 EM cluster 14 GeV

 Electrons:

- Calorimeter cluster + matched track
- ID: robust medium (shower shape, track quality, track match, pattern in first calo layer)

- E_(cluster)>20 GeV, |n(cluster)|<2.47, excluding cracks (1.37-1.52)

e Jets:
- Jet clustered from topological calorimeter clusters
- anti-k_jets, R=0.4
- pT>20 GeV, |n|<2.8

— anti pile-up cut: fraction of tracks associated to the vertex > 0.75
* Overlap removal:

- Electron-jet: remove all jets with dR<0.5
* Event selection:

~ N(electrons)=2
— Opposite sign electron pair
- 71GeVic* <M _ <111 GeV/c®
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Detector level results

c1()6§ ‘ ‘ ‘ ATLAS work in progress %104?\\\‘\\\\‘\IH‘HH‘HH‘\H ATLAS work in progress
e} F = C =
> 5: JLdt=1.3pb'1 @ Data 2010 (Vs =7 TeV) J 9 r det=1.3pb-1 @ Data 2010 (s =7 TeV)
< 10° []Z(—e'e) +jets = > 10°E [] Z(— e'e) +jets —=
= e H = i - = > i =
5 - anti-k, jets, R=0.4 ] acb ] = & . Z+; 1|J::at s ] acb 3
4l B _ > - anti-k, jets, R =0. _ 7
10% B E 102 “ = E
C [ ] W(>ev)+jets ] E [ ] W(—ev) +jets 3
10°= Wl Z(- T'7) + jets E 10 W Z(- 1) +jets N
- B ww,wz,zz ] —e B wWw,wz,zz E
10°E E - -
: , ; | o N E
I T e ? he 3
10 = = = * B
E . - 10" =
1 = -
= 102 =
10"
, 10°
10 0 1 2 3 4 20 30 40 50 60 70 80 90 100 110 120

> Njet P [GeV]
 MC is scaled to integrated luminosity in data
* QCD is derived from MC with relaxed ID cuts, but cross checked with data driven methods

ATLAS work In progress AT, 7+ > el | Z+ = 2jets | Z+ = 3jels | Z+ = djets
7 — ee 340.61 = 1.11 | 78.57 £ 0.52 | 20.80 + 0.27 | 5.38 £ 0.13 | 1.35 =+ 0.07

W— ev 047 +0.05 | 0.17=002 | 0.05+0.01 |002+001| <0.01

7— 11 0.10 +0.02 | 0.03=001 | 0.01 +0.01 <0.01 <0.01
WW.WZ,77 | 049+001 | 037+001 | 0.24+0.00 | 0.11+0.00 | 0.04 + 0.00
i 0.37+001 | 037001 | 0.32+0.01 |0.18+0.01 | 0.08 + 0.00
QCD 430+020 | 2.11=0.14 | 0.75+0.08 | 0.20 +0.04 | 0.06 + 0.02
Total predicted | 346.34 = 1.13 | 81.62 = 0.54 | 22.27 = 0.28 | 5.80 £ 0.15 | 1.53 = 0.07

Data observed | 316 + 17.8 82+ 9.1 26 + 5.1 9+ 3.0 2414
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> 10" grrrrprrrrrrrrrrr| ATLAS work in progress
[ E —
8106; det=1.3pb'1 .Dat62010(\/§=7TeV)é
~ E ] Z(— e'e) +jets 3
2. s Z+>1jet 3
§10°= °. ] acb =
3 - anti-k jets, R=0.4 W 3
4| —
10 E ] W(— ev) + jets E
10° ;_ M Z(— ‘C+‘C') + jets —;
E | wwwz,zz 3
10°= =
10F ]
-
10"E
1072
-3
Wso 60 70 80 90 100 110 120 130
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S SRARRDARAN RARRRRRARN KA ATLAS work in progress
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~ Z(—e'e) +jets
1] 1025_ i-K. i = D =
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° M i .
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Detector level results

10° g ATLAS work in progress
det= 1.3 pb’ @ Data 2010 (Vs = 7 TeV)

10° [] Z(— e'e) +jets
. ZfZ”et ] acb

10° = anti-k jets, R=0.4 W«

] W(— ev) +jets
W Z(— ') +jets
| ww,wz,zz

2
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errrrprrrrrrrrr| ATLAS work in progress
F ILdt=1.3 ob” ® Data 2010 (s = 7 TeV) ]
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102 o : ] -
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r [« 1
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Uncertanties
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. @J SotmNGEn Corrections for detector effects

Bin-by-Bin Method:
* Only needs the reconstructed and the truth distribution as input

e Migration is only described to the extend by which the generator models the
jet kinematics correctly

56 1.87 | ‘ [ | 16 1.8 T ‘ T T T | T T T [ T T T ‘ T T T ““
g 2o %)+ jo EA Z( ) +jots
=1-75 antik, jets, R = 0.4 (}ee) 198 =1.75 antik,jets, R = 0.4 (}ee) IS 5
_% 17i s=7TeV % 17i Z+>1jet s=7 TeV
g E —— Alpgen g ' —— Alpgen
81 65 | ATLAS work in progress —— Sherpa - 81 65| ATLAS work in progress —— Sherpa -
- before QED FSR = before QED FSR
1.6 — 1.6~ —]
_.—< [
[ ] C
1.551 3 1.551 1 -
1.5 — 1.5 T ——— —
- — + . . — T —a—
C m :—+— -
1.4 = 1.4 -
1.35[— - 1.35/— -
E | \ \ | ] Eooov v v v b by
13 0 1 2 3 ! '%O 40 60 80 100 120
> Njet Pe* [GeV]

* Sherpa shows a slightly different unfolding factor compare to Alpgen — jet
kinematics and composition (parton shower, fragmentation, ...) dependence

 Use improved iterative (Bayes) Method in the future (nearly independent of
jet kinematics)
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Systematic uncertainties

GOTTINGEN
B‘ 1'57 ‘ ATLAS Work In progress b 1-57\ 1T ‘ TTTT ‘ TTTT | TTTT ‘ 1T ATLAS Work In progress
T [ Z-e'e)+jets Total — ELReco | T [ Z-ete)+jets Total — ELReco
§ 1.4 anti-k jets, R=04  — JES —— Bkg subtr. — § 1.4— anti-k jets, R=04  — JES —— Bkg subtr. —
% - JER Unfolding § - Z+>1jet JER Unfolding
% 1.3 — JVF - % 13- — JVF —
S r ] S r ]
212 : 2 12- =
f el — f
i : 1 -
o.9f f 0.9: m
08 | - 08 =
: ‘ ‘ ‘ : :\\\\‘I\\\‘\\\\l\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\:
0.7 1 2 3 %% 30 40 50 60 70 8 90 100 110 120
> Njet P [GeV]
ATLAIS work in progress || Inclusive | Z+ = ljet | Z+ = Zjets | Z+ = Jjets |
Electron trigger + 0.01% + 0.01% +0.01% + 0.01%
Electron reconstruction + 9.9% + 9.9% +9.9% + 9.9%
Jet energy scale +11.8% /9.5% | +18.3% /-15.4% | +24.3% /-20.2%
Jet energy resolution - +4.1% /-3.6% | +5.29%/-4.2% +6.8% /[ -5.4%
(QCD subtraction + 1.2% +2.5% + 3.4% + 3.4%
EW background + 0.02% +0.06% + 0.13% + 0.18%
JVF cut +1.5% + 3.0% + 3.1%
Unfolding (generator+stat) || + 2.0% +2.1% + 2.4% + 3.2%

* The dominating systematic uncertainty comes from the JES followed
by the electron reconstruction
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. @J e i Theory predictions

e MCFM version 5.8, Z+0,1,2 jets NLO, Z+1,2,3 jets LO

e Scale:

- Hadronization and factorization scale: HT/2

- Systematic uncertainty is calculated by varying both scales
simultaniously by factor of 2

+ PDF:

- CTEQ6.6 (NLO), CTEQL1 (LO)
- Systematic uncertainty: complete PDF CTEQ®G.6 error set

(AX), = Zmax —X(S0).X(S;) = X(Sp),0)?

Z max(X(Sg) — X(S77). X(Sp) — X(S;),0)?

« Q_uncertainty:

- varying the input a_at the Z scale by +/- 0.002
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. (P Lt~ Corrections parton - hadron level

* Use Pythia Z + jets for correction of non-pertubative QCD effects:
—  With current UE tune
- Without fragmentation

—  Without fragmentation and UE — final correction
 Compare distributions #jets (standard) / #jets (modified)

C 4 T T ‘ T T T ‘ T T T ‘ | T T T L C J T T T ‘ T T ‘ ‘ ‘ L ‘ T T T ‘ T T T ‘ T T T | T T T
o E = Pythia+tAMBT1 (reference) ] £ 1.5 — PythiaAMBT reference - 5 r - ]
& 1.1~ Al i B L . = 1.3 - Pythia AMBT1 reference N
) === Herwig+Jimmy ] Foo- Pythia AMBT1_EIGEN1M 1 8 —s— Pythia AMBT1_EIGEN1M
5 1.05- - é 1.4~ —— Pythia AMBT1_EIGEN3Px2 -4 k [ —— PythiaAMBT1_EIGEN3Px2 ]
g E W B —*— Pythia AMBT1_MARKUS1 7 &} 1.2 —— Pythia AMBT1_MARKUS1 |
o 1 ) 138 Herwig+Jimmy A 8 [ —— Herwig+Jimmy i
5} B D r 1w ]
S 0.95- y —+—t B ATLAS work in progress | 1 L 11— ATLAS work in progress |
1S c zéz.:#: — 12, R ]
g 09- - e |
(T I 7 7’7_6_‘ R - ; 7i ’*14‘ ,;l—i
0.85= - = S S S— (= o 1
E ] r S — ! l—o——— . a
0.8 - 1 ¥ o i
- ATLAS work in progress | C ] 0.9 ]
0.75— = B 1
- ] 09 . L
j 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 | 1 1 1 f’ —‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 r 4? | | | ‘ | | | ‘ | L | | L | | ‘ | L L r»
20 40 60 80 100 120 20 40 60 80 100 120 20 40 60 80 100 120
P; jets [GeV] P jets [GeV] P; jets [GeV]

« Fragmentation — energy loss at low p_
« UE - migration to higher p. - more jets at low p,

» Resulting correction <1 for anti-k_jets (R=0.4) but >1 for anti-k_ jets (R=0.6)

* The systematic uncertainty is taken from the maximum variation of the different
tunes to the reference tune
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Results on hadron level

GOTTINGEN
=600 ‘ — T L
% JLdt:1.3 ob” Z(— o) +jets %140 JLdt:1.3 pb”’ Ao ete) viets
g [ anti-k, jets, R=0.4 E== Alpgen g 120 anti-k, jets, R=0.4 = Alpgen ]
o [ =— Sherpa o [ —— Sherpa ]
] | \ [} L .
140()% % —=— Pythia ] 11007 —=— Pythia ]
N T E= MCFM N == MCFM
5 © %
[ 807
300 ATLAS work in progress B ATLAS work in progress
i ] 60 7
200~ - r ]
L 40j -
100l - - i
L —_— i 20j -
:F - i —Q——-—:
0 1 2 3 1 2 3
> Njet > Njet
Jet Multiplicity Data cross-section (pb) NLO MCFM cross section (pb)
Z— ee
>0jets -i-(stat) i'-(sysl) + ) 395.1 :}S’:; (scale+pdf)
>ljets - B [EEN :.syst) +lumi) | 84.5 733 (scale+pdf) + 3.1 (UE+frag))
>2jets | g [G&Y i'.sysl) I umi) 22.4 103 (scale+pdf) + 1.8 (UE+frag)
>3jets - :-syst) < ) ATLAS work in progress

e MC is normalized to the inclusive NNLO cross section

* Good agreement within uncertainties between generator predictions and MCFM
In the fiducial region

* Inclusive 1 jet and 2 jets cross section measurement is limited by systematics

* Inclusive 3 jets cross section measurement is limited by statistics
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Results on hadron level

%' Z(— e'e) + jets !
9 ILdt:1.3 pb” 1 . . .
o res et — Moger . e Differential cross section
g 10 amikjemR=04 @ shers 3 measurement with respect to p
e —— Pythia : T
i = MCRM ] - Measurement is limited by
== ATLAS work in progress 7 SyStematiCS
=
1 - _ . g .
z Suffer from statistical fluctuations for
] large p_
— ]
i
o | | | :\5:3
20"|40|||60‘“80|||100‘.H120
pl: (Gev] ATLAS work in progress
pr jets Data: Cross-section (ph) MCFM cross section (pb)
/— ee
20-30 GeV | - (stat) +. (syst) = I(lumi) | 4.31 2017 (scale+pdf) & 0.25 (UE+frag)
30-40 GeV | I - NI (stat) [ Gsyst) I (umi) | 2.21 #9097 (scale+pdf) + 0.07 (UE+frag)
40-50 GeV | [ - NI (stat) [ Gsyst) = E(lumi) | 1.24 #3308 (scale+pdf) + 0.09 (UE+frag)
50-70 GeV | IR = (stat) J_r. (syst) M (umi) | 0.65 ggi (scale+pdf) 4= 0.02 (UE+frag)
70-90 GeV | I - N (stat) * [} Gsyst) < ME(1umi) | 0.29 *092 (scale+pdf) 4 0.01 (UE+frag)
90-120 GeV | I - M (stat) [ syst) - IE(umi) | 0.13 *09! (scale+pdf) & 0.01 (UE+frag)
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. GA cormmeen T Results on hadron level

* Cross section normalized to inclusive cross section
> Some systematics cancel out:
* Uncertainty on the luminosity measurement
* Uncertainty on the electron reconstruction efficiency

= 04 - =
3 - J Ldt=13opb" Z(—e'e)+jets - (% ; Z(— e'e) +jets
o | t=13p 1 Q. ILdt=1.3 b’
¢|0.357 — = 10 1 = p -
© | antikjets,R=04 —— Alpgen ’ % - Z+>1jet —=— Alpgen :
$ 0.3 —— Sherpa — o [ antik jets,R=04 —— Sherpa 8
B ] Al - 5
N ¢ == MCFM . = == MCFM
© * - ° - i
—0.25— : = o -
= - ATLAS work in progress - 1 102 == ATLAS work in progress | |
=z 0 = ! _ E - -
§ 0% : L ]
;_’1’ C ] a B 7]
*0.15? — % B i 7]
L _ S L a
E L ] ——
B 7 - N E
0.05— * — - i
- i i ¥ |
0_ 7 1 Il Il 1 Il
1 2 20 40 60 80 100 120
> Njet pl'TetS [GeV]

* Relative uncertainty clearly reduced
* Ratio nearly independent of the lepton fiducial region
> Allows a direct comparison with muon channel
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Results on hadron level

ATLAS work in progress

o
~

* Ratios of inclusive jet cross section: 5 [Lat=rans" RSN
- Some systematics cancel out again £06 - antikjets, R=04  _+ Apgen -
~ . . *» i —— Sherpa ]

Alpgen, Sherpa and pQCD predictions i B E
agree well E g == MCFM ]
- Pythia fails to describe the cross section o 1
ratios 103 . -
> Pythia parton shower does not L T
model jet kinematics correctly - E
01— 5 I
> Njet / > Njet-1
0(/+ = N+ ljets)/o(Z+ = Nijets) data cross section ratio MCFM cross section ratio
Z — ee

6 (>1jets)/o (>0jets) ) [ Gys) 0.21 #2001 (sys)

o (>2jets)/o (>1jets) - (sia) -(sy'st} 0.26 *00% (syst)
o (>3jets)/o (=2jets) R - (stat) -(sy'st} ATLAS work i oroarese
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. @J e Summary & Outlook

* Inclusive and differential Z( - ee) +jets cross section measurement with an
integrated luminosity of 1.3 pb™on hadron level

* Systematic and statistical uncertainties were evaluated
* Systematics are reduced by normalizing to the inclusive cross section

 pQCD calculations and predictions by Alpgen and Sherpa agree well with data
within uncertainties

* Outlook:
- Update the measurement to the complete 7 TeV data of 2010

ATLAS work in progress ATLAS work in progress

-

o
e

T

\ \ -
J Ldt=3463pb" @ Data2010(s=7TeV) ]
[] Z(—e'e) +jets

-
(o)
3,
TTTT

\\\‘\\\\‘\\\\‘\\\\‘\l

J. Ldt=34.63pb" @ Data 2010 (s = 7 TeV)
= (] Z(—e€'e) +jets -
= Ze21jet E

events / bin
)
=]
\

= antik, jets, R = 0.4

events / 1 GeV
=Y

] Qcb ] ik e R 04 [J Qcb ]

5| _ | - ant-K jets, = U. _ h

10°¢ I E 10°L K] [ i

r ] W(— ev) +jets 3 § ] W(— ev) +jets 3
10*e Wl Z(— t'T) + jets = - Wl Z(— T'T) + jets

|
m Ww.wz,zz 107

W ww,wz,zz

10° C
= 1Of

10°2
1
10

107

v
0% 30 40 50 60 70 80 90 100 110 120

> Njet P [GeV]

- Use improved iterative (Bayes) Method for correction of detector effects
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. @ cormnaen Detector level results

~ 105 L B e ATLAS work in progress
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g 107 Z+>1jet L= )+ E
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Detector level results
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