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Introduction

- Measurement of the inclusive and differential Z+jets cross-section
and comparison with theory
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lan:

- Validate and tune generators with first data

Preparation:

- Feasibility study with fully-simulated data for 100 pb at 10 TeV

» Study statistical and systematic limitations
* Establish necessary methods

— Background estimation
— Correction for detector effects
— Correction for UE and fragmentation

- Generator comparison
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Difference to CSC stud

See ATLAS CSC book:
http://cdsweb.cern.ch/record/1125884

and the presentation at the 2" annual workshop:
¢ CMS energy: 10 TeV https://indico.desy.de/contributionDisplay.py?contribld=24&sessionld=15&confld=1158

* Include Z+jets as background to VBF H—tt

— (Consider third jet, n distributions

— Consider also jets with 20 GeV< p, <40 GeV

* Comparison of several methods for correcting detector effects

VB FH-ot1 !
* Presence of two high-p. jet: =
q : q
Very forward W/ ZN
Well separated in n /’----};0--
. Wiz
* Central Jet veto . p
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e Vs =10 TeV

Monte Carlo Samples

* Fully simulated data:

— Signal:
* (Z-> ee)+jets: Alpgen+Jimmy, Pythia, MCatNLO

— Backgrounds:

e ttbar: MCatNLO+dJimmy

« QCD: Pythia
» Z->tautau: Alpgen+Jimmy
* W->ev: Alpgen+Jimmy « MCEM:
— Integrated luminosity > 300 pb™ (except QCD)
— NLO for Npartons =0,1,2
—LOfor N =1,

partons
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* Comparison of the MC generators used in ATLAS
* Signal and backgrounds
* Unfolding to the hadron level

— Corrections parton level -> hadron level
— Corrections detector level -> hadron level

» Statistical and systematic limitations
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100 We= 10 TeV =
= ATLAS work Z-zea+jets 3
== In progress ® MCFMNLO
W == ¥ Pythia =
5 == A MC@NLO S
= —— W Alpgen .
- e e -
107 \ ived = = . =
- ormalized to —y e 3
= —— : -
[ number of jets —— ; —f— =
10 Withp>20 GeV — =
E 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 :_| I :
20 40 &0 80 100 120

thznd leading jet, hadron level) [GeWic]

Alpgen predicts harder jets and larger
jet multiplicity than Pythia and
MCatNLO, better agreement with
MCFM predictions

McatNLO predicts broader n distribution

Side remark: Corrections on MCFM for UE and fragmentation are included
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* Comparison of the MC generators used in ATLAS
* Signal and backgrounds
* Unfolding to the hadron level

— Corrections parton level -> hadron level
— Corrections detector level -> hadron level

» Statistical and systematic limitations
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Z - ee +]ets selection

* Signal selection:

LA L L L L B L B L I L
10f k- ¥/5= 10 TeV 100 pb’ ATLAS work
105 W Z-=ee + bkg in progress

— Select at least two electrons

g
= W QCD jets
s 10
« p>15GeV, 8 15
w107
° =
AR(e,e) > 0.2, E 10
« mass window (m__ £10 GeV) 1
107
1079 @ 100 110 120
* Main backgrounds: m.., [GeVIc]

- QCD jets (no electron ID cuts, (Z->ee)+1jet (Z->ee)+2jets (Z->ee)+3jets
but scale with rejeCtion) Fraction [%] Fraction [%] fraction[%)]

_ ttbar Z->ee 98.81+1.56 97.68+3.37 95.91+7.81
QCD dijets  |0.61+0.13 0.52+0.25 0.46+0.55

— Z -> tautau Ttbar 0.55+0.12  1.75+0.46  3.55+1.51
W->ev 0.02+0.03 0.04+0.07 0.07+0.22

- W->enu
Z->TT 0.004+0.01 0.01x0.04 0.00+0.00
All bkg 1.19+0.18 2.32£0.52 4.09£1.62

11.11.09 Terascale Alliance workshop '09




@ JGEORG-AUGUST—UNIVERSITAT
A GOTTINGEN

Differential Z+jets cross section

._' ! ! ! I ! ! ! I ! ! ! ! ! I ! ! ! I ! T T T T I T T T I T T T I T T T I T T T I T
g“ 10° ATLAS work V- 10 TeV 100 pb! ‘g- . ATLAS work \5-10TeV 100 pb”
/ Z-see + b :
s in progress B OCD jots 9 2 in progress - E‘EE“]‘. = Dkg
o 10
= 0 W Ttbar L ™ Tthar
E W W-zev v qp8 mWoey
2 10° W 7->TT {éﬂ —— [ e .
o 10° - 10° T,
ol
1o g
o @
)
107"
1072

20 40 &0 a0 100 120

B0 100 120
P; (leading jet) [GeVic]

Py (2nd leading jet) [GeV/c]

FLD 106""I""I""I""I""I""I""I'
o 5 \'s= 10 TeV 100 pb’
g 10 ATLAS work W Z->ee + bkg
s 10 in progress Qb jets
 Harder Jets in TTbar S B Wosey
.E W /-1t
. 9
* QCD background in events o

with forward jets

Pseudorapidity gap 4 N
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Comparison data and theory (similar for generator validation)

S RN R ._--
L

Uncertanties ¢
Detector level ko]
Statistics (real data) 8
e C
=
g
JES, Detector Unfolding o
---------- = =
e
v = ®
Hadron level o
Non-perturbative effects =
(UE, fragmentation) | —--——————---
Parton level Fl
PDF (MCFM) 5
O,
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* Comparison of the MC generators used in ATLAS
* Signal and backgrounds
* Unfolding to the hadron level

— Corrections parton level -> hadron level
— Corrections detector level -> hadron level

» Statistical and systematic limitations
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Generate Pythia Z -> ee samples:
1. ATLAS standard hadron level
2. No fragmentation
3. No fragmentation and no UE parton level

— 11 T T T | — ] T T ] | — T 1 | — 7 —_— 1?_ T T T L T LB — — - —T |
> b 1 2 F L~ .
s - A5=10Tev _ 1 £ - Ns=10TeV ]
o B W Pythia Z-ee o 1.6 W Pythia Z->ee  —
— 105 ConeD4 jets 1 5 [ Coned4 jets .
'ﬂ = - — - —
z [ 1 2 1sf 3
- [ ATLAS work 1 =2 ATLAS work -
>  'F in progress 1 2 b in progress T
g 435 5
2 ososf T 14 s 13 —— -
;- - m i - !—*—l_+— —
‘ﬁ - + + ‘ 1 Z - ‘ -
® ﬂ_g-_ q & —4— :
i ) - + -
I L1 1 | E 'I o R L1 L L1 L L1 L L1 |

20 00720 = 120 10 &0 80 100 120
p, (truth) [GeVic] p, (truth) [GeVic]

Fragmentation — out-of-cone energy loss at low p..
UE — additional energy deposition, order 1 GeV
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* Comparison of the MC generators used in ATLAS
* Signal and backgrounds
* Unfolding to the hadron level

— Corrections parton level -> hadron level
— Corrections detector level -> hadron level

» Statistical and systematic limitations
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* 4 different corrections

1. Factorized corrections

2. Matrix unfolding

1. Inversion w/o regularization C

2. Interative (Bayes) method
3. Bin-by-bin method E

* Use two statistically independend MC sets of 100 pb"’

* Training sample
* Test Sample

* Study impact of different shape by correcting Alpgen with
corrections derived from Alpgen and corrections derived from
Pythia (full MC statistics)
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P

= 1.0258.1) + —f—

* Jet reco efficiency (event re-weighting)

= 10— T
E 1.045 1 Vs T0Tey 100 P! 3 Corrections assumed to factorize:

i 1ot | ~}— —t— R —; « Electron ID and reco efficiency (large but global)
;Q;, TO35ER | _{»___ } —% * Electron non-linearity and resolution (small, global)
- B - » JES - non-linearity at low p.. (real correction)

1.02[Fr : : :
Core ATLAS work  F « Jet resolution — distortion of p, shape
1.0 T NN SN N N NN TR NN MR NN S NN M ”;] pIrolgrl.eslsl ] = (ebent re-Welghtlng)
035 40 B0 80 100 120
P, ijet, reco) [GeVic]
= T T T [ T T T [ T T T [ T T T [ T T T [ T T T [T N e 1ﬂi|—.'-"|"'|"'|"'|"'|':
= 1E = 5 — V5= 10TeV 100pb" 3
[ - i 3 = L ® MC truth i
= Dg_ o [ _ — il _—ﬂ—|_'l_. i
T s Pl Vs=10Tev 100pb" 3§ 3 @ Reco, all corr.
s b L 3 = i —— Reco, jet pt corr.
D “E - = a —— Reco, elec. corr.
= : . mo<pm<17 3 & —— v -
N S 17| <48 = = 10k —0— —— C Reco, uncorr.
- . = = - A — — .
06 - = h —— = ]
0 55_ - _E - - PP, WP — i
“F = 7 | —— == |
D.-ﬂfE— ATLAS work _E ATLAS work : E'—::::!i
03E . In progress = 1°E | in progress T
: 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 I: B 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .
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Matrix Method — w/o regularization

P, (leading jet, detector level) [Gelic]

120

100

BO

&0

40

p (leading jet, hadron level) [SeVic]

T

20

11.11.09

ATLAS work
in progress

&0

B0

100 120

P, (leading jet, hadron level) [GeVic]

everits { 10 GeVic /100 ph’

F L ATLASWOTK | e on o e
[oul IN PrOQress | s ae e o o
- - - & = | ow statistics
F i s B il B sl Ml W il .
20 40 E0 80 10{ region
p, (leading jet. detector level) [GeVic]

* Create migration Matrix M, (d=M-h)
with the training sample

e Normalize with reco efficiency

* Invert normalized Matrix

e Apply to test sample: h=M"-d

: l T I I I T T T I T T I T :
7000 \NE=10TeV 100 pb’ 3
- & MC truth -
000 W reco, CoiT. —
- 3y TeCOo, UNCOIT. =
5000F- =
4000 ATLAS work |
3000F- in progress | 3
C = — -
1000 —a— —— —
- R I e ]
1 TN TR NN AN TR TN RN NN NN SN h?_:E!EE:!::E
gl] 40 G0 B0 100 120

p_ (leading jet) [GeVic]
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*Bayes Method:

m; * Input: truth distribution, migration matrix Hj,-
100 . . . .
I * Recalculate improved truth distribution p.

from the measured distribution n by using

)

& J=1 ZkRJ[(pf(

the Bayes theorem

ATLAS work
in progress

P (leading jet, detector level) [Gevic)

'

1 1 1 I 1
&0 80 100 120
P, (leading jet, hadron level) [GeV/c]

*Bin-by-Bin Method:

t

2 7000 e = ) LY
g E NS e 1R « Correction = measured / truth distribution
~ 6000 —
3 = O measured = Lo
> s000F- E (training sample)
& = 3
S S E » Expected to be viable for small migration
£ 3000 ATLASwork | . ) N ol
% 2000E- —— in progress | (migration matrix = diagonal, bin size
1000 —— = larger than resolution)
% a0 e sﬁf =150

Py (leading jet) [GeV/c]
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Q47— 7 T T T ]

= - ] © C — T T T T ] ] ]
3 - \s=10TeV 100pb’' 3 5 0.6 \s=10Te\| 100 pb”" —
n 0.3 — » L _
o = . o 0.45 .
(0] C T 0] S ]
2 02F ] o n + .
5 = ] = - —— :
= — _+— ‘ - s 024 —+ ‘ -
Of— | —f o] ]

N | E 02 :
.0.2F | ATLAS work E . ]
oaF | In progress ‘ E 0.4 ATLAS work .=
-0-‘; — T80 s 100 120" E -0-6:_ In pr(l)greSS | | | I —:

0 40 60 80 100 120 20 40 60 80 100 120

leading jet) [GeV
Py (leading jet) [GeV] o_ (2nd leading jet) [GeV]

Rel residual = (reco_corrected - truth)/truth

» Good performance in

* Increase statistics
—® | « Adapt binning

» Use regularization

high statistics regions
* Problems in low statistics

regions (typical fluctuations)
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reslativ e residual
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1
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-0.6
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E:

relative residual

Residuals (2) Other methods

Statistical errors only!

= i
- 1 1 —3
: T o, S YR SN WO
— \5=10TeV 100pb’ =
- @ factorized correction ATLAS work | 3
- W iterative (Bayes) method . -
4 bin-by-bin method In progress | —
1 1 1 | 1 1 1 ] 1 1 | 1 1 1 ] 1 1 1 | L1l
0 &0 80 100 120

P, (2nd leading jet) [GeVic]

Factorized corrections, Bayes unfolding: Fake jets not taken into account, Migration
from very low-PT jets only partially covered -> Bias of 10-30% -> to be fine tuned

Bin-by-Bin method good agreement, shape dependence to be checked

-1 1 I 1 | | I I | I | I I I I—Tq
08 —
0.6F —
0.4F —

() [pmm o e R m s i i m S P P vy oy :

0.2 I [ =
0.4 \s5=10Tev 100pb’ =
-0.6—@ factorized correction ATLAS work | 3
- W iterative (Bayes) method in progress -
0.8, bin-by-bin method E
i | T 1 1 | 1 1 1 | 1 1 | 1 1 1 | 1 1 1 | 1l
}D 40 &0 80 100 120

p. (leading jet) [GeVic]

[ ]

[ ]
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Shape of the training sample

f

‘:ﬂ ! '_I I ! ! —_I' ‘:ﬂ T T T I T T T I T T T I T T T I T T T I T T
= = wJs= 10 TeV . =1 - WJs= 10 TeV 7
o B 1 3 —
= i m Corrections from Alpgen | Z Mg m Corrections from Alpgen =
§ Corrections from Pythia ;l - || Corrections from Pythia o
- —

Z 10 | ]
=J i ATLAS work | ATLAS work — ]

in progress — in progress = -
i — ———
[ ] I
1 1 ] 1 1 1 ] 1 1 1 ] 1 1 1 l 1 1 1 | 1 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1

20 40 60 80 100 120 20 40 60 80 100 120
p_ {leading jet) [GeVic] p, (2nd leading jet) [GeV/c]

» Derive corrections from two training samples:
1) Training sample: PYTHIA
2) Training sample: ALPGEN
 Correct ALPGEN reco distributions with both corrections
and compare the corrected distributions

* Bias by different shape of training sample small compared to statistical uncertainty
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© F
- 0 2; o Training sample: PYTHIA
B0.15 Training sample: PYTHIA Test sample: ALPGEN
P = Test sample: ALPGEN
= 0.1
o -
E0.0S?
0: + ——
-0.05— S - N —
0.1 010 T T
i} - | ATLAS work - | ATLAS work
0.15F -0.15
o 2:_ |n Droqress c |n progress
= =L - :I_I Ll
20 30 40 50 60 70 80 90 100 110 120 0'220 30 40 50 60 70 80 90 100 110 120
P; (leading jet) P; (next-to-leading jet)
E 0. 355_ o . Training sample: PYTHIA
‘n 0.3 Traln!ng sample: PYTHIA Training sample: ALPGEN
@ E Training sample: ALPGEN
© 0.25
= =
© =
s %2 | ATLAS work —— —t—
= . ——
0.15c" | in progress ——
E:¢: —ll—:+: S —— _“_—n—
0'05:_ —— :% . - _“_—n—
o T - ATLAS work I
- |n progress
005 L Lo Lo Lo Lo L Lo b L -0.05=
20 30 40 50 60 70 80 90 100 110 120 20 30 40 50 60 70 80 90 100 110 120
P; leading jet P; next-to-leading jet

* Bias by different shape of training sample small compared to statistical uncertainty
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* Comparison of the MC generators used in ATLAS
* Signal and backgrounds
* Unfolding to the hadron level

— Corrections parton level -> hadron level
— Corrections detector level -> hadron level

* (Combined statistical and systematic limitations
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A cotTNGEN Combined uncertainty

Derived for factorized corrections, but expect similar results for other methods
Ratio data to theory (setto 1)

- m +/- 10% JES uncertainty

1.4 W +/- 109 JES uncertainty

1.2

2_2:| T T T T T T T T T T T T T T T 3
>E \s=10 TeV 100 pb’ = 22— T T T T 5
1 8: m PDF, UE corrections, statistics = 2 Ns=10 TeV 10(_) pb - =
©"  detector effects, backgrounds, statistics = 1 8™ g[:{F'tUE ‘?”‘E‘Cﬂgns‘-{ﬂa“ﬂc‘jcs atisti =
- /- 5% JES uncertaint = . elector elfects, backgrounds, statistics J
16—~ - Y = 1.6 +/- 5% JES uncertainty =

1.4
1.2
1
0.8

0.8

=
=
E
(4w}
S
1=
[4F]
L&}
=
=
=
=
(48
| S
=
S
s
[4B]
(73]
[7p]
w
o
| —
(4]

Cross section ratio uncertainty

0.6E- | ATLAS work osf | ATLAS work
0.4 | in progress 0.4F | In progress
0-2_| 1 -'ll 1 L I L é | | | | :la | L | L ‘|1 L L 0%5 1 1 1 4|C‘ 1 1 1 Slo 1 1 1 Blcj 1 1 |1c|)0| 1 |12|0|
>=Njets (pT‘-‘_> 20 GeV/c) pT(Ieadingjet) [GeV/c]
‘?2'2:IIIIIIIIIII;Illlllll”IIIHI
. . . = 2E \s=10TeV 100 pb
Contribution from JES dominates 5 1.g=™ PDF, UE corrections, statistics
§ 1-6_ detector effects, backgrounds, statistics
. . oW +/- 5% JES rtaint
* Z+1jet: PDFs and parton level corrections S L aCm e 10% JES uncertainty
N o S 1.2g
* VBF quantities: statistics g
7]
@ 0.8
° iti ' -3 = 0.6
Total additional uncertainty for Z+1-3 jets 5 ATLAS work

- 6% -12% (JES uncert. 5%)
- 13% -25% (JES uncert. 10%)

025 L In progress

1 2

3 4 5 6
Pseudorapidity gap ~ an
1
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MC generators comparison

- | L e L R -
g T AJES: 5% \5-10TeV | 2 - L e 10Tey -
: 5= _ - \5=10TeV 1
‘% — L->ee+jets 8 4 p— AJES: 5% L->ee+jets
~ 104j — : 10 = =
£ - — M Alpgen 4 L — W Alpgen
S - ® MC@NLO 7 2 - ]
2 : — W Pythia 3 - o - Eﬁi"m i
2 I . = - B 1
> I
10° I 2 10 —
- s F .
i ATLAS work L | ATLAS work i
- in progress - In progress
| L - ! 1D2—| TR NN N NN SN SN SN SN SN TN NN TR S T NN R N |
1 2 20 40 60 80 100 120
>=Njets (pTz 20 GeV/c) P (leading jet) [GeV/c]
"A = LI L L S B L R T
§ N AJES: B0 \5=10Tev ]
= L . Z->ee+jets
. i iati e 10 m Al =
Differentiation between generators E - Mgg(%gam ;
difficult but possible if the complete g | Pythia 3
o ]
distribution is taken into account TS 4
- | ATLAS work
| In progress
=y A T B R S B B
0 1 2 3 4 5 6
Pseudorapidity gap 2",
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N COTTINGEN Summary and Outlook

Investigated jet multiplicity, Pt distribution and VBF Higgs key quantities in
(Z->ee)+jets events

Compared prediction of various MC generators

Investigated backgrounds, in particuler Ttbar, QCD

Method to correct theory predictions from parton to hadron level

Implementation and comparison of 4 methods for correcting for detector effects

Comprehensive study of statistical and systematic errors

ToDo (_as long as there is no data):

Theory: Investigate scale dependence

Parton->hadron level: compare corrections for different UE predictions

Optimize corrections for detector effects, study regularization methods

Study data-driven methods to extract the background
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Back-Up Slides

11.11.09 Terascale Alliance workshop '09




|

C J GEORG-AUGUST-UNIVERSITAT

GOTTINGEN BaCkg round estimation

'y

- L L L I B B I B L L B B BB B B B A l l l I ;
g 10° _ 5= 10 TeV 100 pb’ S10°E ATLAS . Z—ee+bkg
S gL Prlew)=d0Gevic m Z->ee + bkg . ATLAS work [ Jets E
= ATLAS work : %EDJEE z10° in progress [ Top E
5 10 inprogress g g Ezocr 3
E 3 — B /->tT 1{}4 -W—> e E_
10 3
3 [ —
107 10 - - —§|
10 0 =
1 10
o ° 1 ’ : > 1 }N':IS{F"[] 4(41(3".!'}
=N jets (P_(jet) > e
>=Njets ) 0
Z —ete + > 1jet | Z — ete + > 2jets | £ — eTe”+ > 3jets
Process fraction [%] fraction [%] fraction [%]
10 TeV
Z — ete” 98.81 £ 1.56 97.68 +3.37 05.91 £ 7.81
QC Djets 0.61 +0.13 0.52 +0.25 046 +0.55 * More QCD background at
£ = = 'E 1 =K AG = = 1 E-
' tt 0,0-‘) +0.12 1.75 £ 0.46 3.55 = l.a.l Vs = 14 TeV because of
W — ev 0.02 £0.03 0.04 £0.07 0.07 £ 0.22 L _
Z -7t 0.004 + 0.01 0.01 + 0.04 0.00 + 0.00 missing isolation
total background/all events 1.19 +0.18 2.32 +0.52 4.09 +1.62
14 TeV * og(ttbar)/ o(Z) is smaller at
Z —ete 91.94+ 0.8 8§7.9+1.3 80.0 £24 Vs =10 TeV.
QC Djets 6.0+ 0.4 6.0 £0.8 6.9+ 1.8
tt 1.9+0.1 6.0+04 13.0+1.4
W — ev 0.1 £0.05 0.1 +0.05 0.05 £ 0.1
Z—1tr™ 0.01 +0.01 0.01 +0.01 0.01 4+ 0.01
total background/all events 8.0+ 0.6 121 +£0.9 20.0 £2.3
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