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V+jets in ATLAS

Validation of MC generators
Proton structure (ALPGEN, SHERPA, ...)

(sea quark (s,b,c)), gluon

Precision test of fixed-order
Sensitive to o NLO pQCD pred1ct10ns
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V+jets in ATLAS
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— Z + jets 4.6 fb! JHEP 07 (2013) 032
W + jets 36 pb™ Phys. Rev. D85 (2012) 092002
R jets 36 pb* Phys. Lett. B708 (2012) 221-224
Z + b jets 36 pb Phys. Lett. B706 (2012) 295-313
. W + b jets 4.6 fb JHEP 06 (2013) 084
—_— W + c jets 4.6 fb* ATLAS-CONF-2013-0045
W + 2 jets DPI 36 pb New J. Phys. 15 (2013) 033038
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Z + light jets
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. @J 7 Analysis Strategy
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. @J sonmem Extraction of cross section

T T T
ATLAS Z/Y (= e'e) +jets

£ '
1 g 107E ILdt e antlk jets, R )5)4
¢ = £ =4 p 3OGeV| <44
Event SeIeCtlon % - +Data2011(\s 7 TeV)
o 10°E = Zy* + jets (ALPGEN)
. - TII5 ZIy* + jets (SHERPA
* Subtraction of backgrounds i 5 2 41l SHERPA
e - ecioweak

- Main backgrounds:

* Multi-jets from data (0.4%-1.5%)
e Ttbar from data (0.2%-26%)
» Diboson (0.2%-1.2%)
* Unfolding method: iterative (Bayes) method
(Nucl. Instrum. Meth. A 362 (1995) 487
- Trainings sample: ALPGEN+HERWIG

* Differential measurements on dressed level
separately for electron and muon channel
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MC / Data

* For combination individual results extrapolated to
common phase space region

Leptons: pT> 20 GeV, |eta] < 2.5, add photons in AR<0.1
Z -Boson : Opposite sign leptons, 66 < m(ll) < 116 GeV
Jets: antikt, R=0.4, pT > 30 GeV, |y| < 4.4,

AR(,) <0.5
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. @J oG e Systematic uncertainties

Z(— ee) >1jet | =>2jets | =3 jets | =4 jets | pi7" (30 — 500 GeV)
Electron reconstruction 2.8% 2.8% 2.8% 2.8% 2.6-2.9%

[ Jet energy scale, resolution 7.4% 10.1% 3% 7% 1.3-9.0% |
Backgrounds 0.26% 0.34% 0.44% 0.50% 0.21-3.2%
Unfolding 0.22% 0.94% 1.2% 1.9% 1.4-6.8%

Total 7.9% 10.5% 13% 17% 5.5-12.0%
Z(— ppt) >1jet | > 2jets | > 3jets | >4 jets | ppr (30 — 500 GeV)
Muon reconstruction 0.86 % | 0.87 % | 0.87% | 0.88 % 0.8 —1.0%

[ Jet energy scale, resolufion 7.5 % 9.9 % 3% 6% 3.2 —8.7T% |
Backgrounds 0.093 % | 0.20% | 041 % | 0.66 % 0.1 —1.9%
Unfolding 0.30 % | 0.68% | 0.52% 1.3 % 0.5 — 6.2%
Total 7.6 % 10.0 % 13 % 16 % 4.4-10.2%

JES dominant component to total uncertainty

in particular in forward region: JES uncertainty 20%-30%

JES uncertainty reduced in cross section ratios for successive multiplicities: 3-4%
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Results on Particle Level

GOTTINGEN
* Cross sections quoted for
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- [ Results - Jet Multiplicity
* Motivation:

- Test of perturbative QCD (IS/FS QCD radiation, potentially sensitive to o)

- Background for studies of the Higgs boson and BSM physics (jet-binned
results, jet vetos)

* Observables:

- Inclusive jet multiplicity (less problematic from theoretical point of view)
- Exclusive jet multiplicity (expected to follow two benchmark patterns)
- Jet multiplicity ratios (allows more precise tests of SM)

Benchmark patterns:
1 | .
- QED: Abelian-type splittings —Rn+1n ™~ O—M dgilsanreling)

- QCD: Non-Abelian splittings —n+1m~ const O_ﬁl WG

* For large scale differences in QCD staircase scaling is expected to
revert to Poisson scaling (E. Gerwick et al, JHEP 1210 (2012) 162)
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@J seaeval Results - Inclusive Jet Multiplicity

inclusive jet multiplicity inclusive jet multiplicity ratio
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* NLO pQCD, ME+PS: consistent with data
* MC@NLO: HERWIG PS fails to model jet multiplicities

N+ 1N,
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. @J s Results — Exclusive Multiplicity Ratios
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* Cross section for exclusive Z+1-4 jets well modelled by fixed-order NLO pQCD
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( kit Results — Exclusive Multiplicity Ratio

P, (Ieadlng jet) > 30 GeV Pr (Ieadmg Jet) > 150 GeV
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* Change of scaling pattern in general well modeled by nominal pQCD
and ME+PS
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. ( G e e Results — Transverse Momenta

 Motivation:

- Test of limitations of ME+PS generators and fixed order pQCD in
regions where large logarithmic corrections and EW NLO corrections
are expected to become important 5%

0 -

rac
JE W

ST
{WE“_-

QCD higher orders EW NLO effects

g y 4 ¢ Zfy : —15
l l —20

LR RAI q
g —25

‘ Y 1 Zfy “ T e 7 Tev)

q g —130 L1111 |

100 200 300 400 500 600 70O 800 900 1000
pr,z[GeV]
A. Denner et al, JHEPOG6 (2011) 069, 7TeV: A. Mueck

e Observables: factorize for pT(Z), exclusive pT(jet)

- Jet transverse momenta (1%, 2", 3" and 4" jet)
- Jet p_ratio

- Transverse momentum of the Z boson
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Results — Transverse Momenta
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« ALPGEN: overestimates cross section for large p;
> missing NLO EW and NLO QCD corrections
« MC@NLO: underestimates cross section
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@J sonmem Results — Transverse Momenta
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« ALPGEN: overestimates cross section for large p;

missing NLO EW and NLO QCD corrections
> Deviation mainly due to higher order QCD effects
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. ( g-}J corngen Results - Angular Distributions

 Motivation:

- Typical signatures of Higgs boson production and BSM physics are
characterised by high energetic well separated forward jets

> Excellent knowlegde of angular distributions can be used to distinguish
signal from background
e Observables:
- Absolute jet rapidity (1%, 2™, 3" and 4™ jet)
- Invariant dijet mass
- Angular separations between the leading jets (|Ay|, |Ad|, AR)

* Challenges:
- Jet energy scale (JES), especially in the forward region
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. @J corngen Results - Angular Distributions
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« SHERPA and NLO fixed-order pQCD overestimate
cross section in forward region
* MC@NLO predicts too broad rapidity distribution
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@J ggﬁiﬁggguwumvmsnm Results _ Dl]et Quantities
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* Tendencies observed in y distributions are reflected
In dijet distributions
* BH+SHERPA/data: good agreement
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. @J it Results — Distributions after VBF Cuts

 Motivation:

- Higgs boson production via vector boson q
fusion (VBF) is characterised by high '
energetic well separated forward jets and
reduced central activity

> Excellent knowlegde of distributions after q
VBF preselection can be used to distinguish
signal from background

* VBF preselection:

E 'éél'é,i'i;;'#iz'-je't‘{fép""""‘"""':
- mjj > 350 GeV % 25F W :gitimzopn _
- Ay >3.0 et
Wwwz/zZ
150 Fake leptons ]
C 722 BKg. uncert.
* Observables o lacare
r . \s =7 TeV
~ Exclusive jet multiplicity 5 ATLAS 1
- 3rd jet fransverse momentum ol T 0
B d - 0 50 100 150 200 250 300 350 400
3 Jet abSOIUte rap|d|ty Collinear mass m,. [GeV]
- Survival efficiency of a 3" jet JHEP 1209 (2012) 070
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Results - Distributions after VBF Cuts

3 Ieadlng jetp,

T |
ATLAS
Ldt=4.6f"

Z/y (—>I I)+>3|ets (I ep)
2@~ Data 2011 (1s =7 TeV)

jet
(1/0,,_, ) do/dly”]|

MC /Data NLO/ Data

MC / Data

103

104

10°

1.5+

0.5

1.5

0.5

0.5

3 Ieadlng Jet rapidity

T |
B ATLAS

Z/y (9II)+>3|ets(I ep) B

1.5+

Ldt=46fb" 2@~ Data 2011 ({s =7 TeV) ]|
L anti-k jets, R =0.4 —— ALPGEN —
E F?e'>30GeVI)/I<44 —&— SHERPA 3
© m>350GeV. V>80 Sy packhar + SHERPA
S s e R .
o
::.::}::::'::::'::::'::::}::::}::::I::/‘.:l!,%/
—¥- BLACKHAT + SHERPA _
—_—V— ¢
Y= Y. 7 X //Tv/
’ 7
P AR AR A AT AT AP AT AP A
LN I B o e B B B LA BB oo o
| & ALPGEN —
+ y
e e L e e e
e
—&- SHERPA _
‘ y A 7
Vard &K 7 x /‘

PTITI ARRIN APRPRPRTE
2.5 3 3.5 4

Iy"™'| (3rd leading jet)

* Good agreement between predictions and data up to 70 GeV
* For larger values a lack of data is observed

>
[}
o
B anti-k, jets, R = 0.4 —=— ALPGEN
T ot AT >30GeV, Y <44 —a— SHERPA -
° E M >350 GeV, >80y g ackHiar + SHERPA 3
1 Ry ]
= 10° === —
- == &
- == o i
10° ) E
EI' |::::|::::,r::./.|1/’./==
8 4 5L ¥ BrackHar + SHERPA -
s L ’ y
Z 1 ) S v i A
S 7 ' N ¥ %)
= 0.5F —
——t — |
% 1.5 & ALPGEN -
Q 1;;;;;%,%;;;“;;;;;;%7% *
o Z
= 0.5 -
] —— |
& 4l <& SHERPA _
5 1
o] 1 VA A f yé A
S VP s ' % * %
= 0.5 -
e by v e v e v v v b e L w
30 40 50 60 70 80 90 100
P (3rd leading jet) [GeV]
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GOTTINGEN Results - Distributions after VBF Cuts

Exclusive jet multiplicity ratio

—~ F T — - T =
=% 09 _ATLAS Ziy (= IM)+2 2jets (=e ) ]
1 = B - — = . . . rd .
T ,aL JLoi=eem 747 Data 2011 (15 =7 TeV) Survival efficiency of a 3" jet
T e anti-k, jets, R = 0.4 —a— ALPGEN ]
~— — jel jet —
T og7F Pr>30GeV YT <44 —a SHERPA = -~ 1.15—— ]
N f m>3%00eV, Ay1>30 - BackHar + SHERPA £ - ATLAS Ziy*(— €e) + 2 3jets ]
= 06 — s 1= J-Ldt=4.6 b anti-k, jets, R = 0.4, =
T - . S = P > 30 GeV, [y < 4.4, -
0 - _T ) — T n —]
z 0.5:— = % 1 05: m' > 350 GeV, [Ay'| > 3.0 3
= c . > 1i 3
= 04 ! — k] = T
i i / ] -6‘ - ) ).\x\"‘\" RN =
> 0.3E = £ 095 R =
SRR 7 7 < - - Data2011 (15=7TeV) -
R H A A—3 0.9F -m- ALPGEN —
F 7 - -a- SHERPA =
- * 0.85F =
0.1—= | ! | /1|' - -
g 4sh “¥- BLACKHAT + SHERPA | 0.8~ =
(] 1* .
ST e . 07 E
S osk s W e
= —]
I I I |I 0.76, N N B | =
y L L R B | |
& 1.5 ™ ALPGEN il @ 1.05/ -m- ALPGEN -4 SHERPA —
a - y ©
a 1 ; i Ay [m] 1k »»»»»» e Y G = =
—_— . ~ . b R
S os- 4 o I m--- .- .
o —A—SII-IERPA | | | 20'95*__'_'-""'""""""'""_
k< 1.5~ ’ 0 30 40 50 60 70 80
rea /f i
~ 1 0 & 7 7 min p°' (3rd leading jet) [GeV]
[®) A /) T
s 05+
| | | |
32 a3 5/4 6/5

NN « SHERPA/data: good agreement

. ALPGEN overestimates 3/2 | - ALPGEN predicts too small
efficiency
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no b-quark in initial state

C JGEORG-AUGUST-UNIVERSITAT
A GOTTINGEN
b
i ) ] '
 Motivation: m?<

- Test of pQCD predictions:
* LO 22 process CKM q

supressed S
_ b-quark in initial state
* Competing flavour shemes:
AFNS vs 5FNS ) - me/ 1
* Massive vs massless quarks g
- lIrreducible background to Higgs q ¢ q . q

boson associated production (VH) '71%
W %Z/Z/,

with H—bb decays, single top

b

AVAVAVAVARLLS

W

production and BSM physics Double parton interactions (DPI)

P /\'AAJ

LT,

- Observables: e @,

. e N

- Jet multiplicity , /\ ¢

- Transverse momentum of the /_.gf;’f'ﬁ._---‘f“\--/""“-a
leading b-jet p & —
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. @J Sl d el W + b jets — Signal Extraction

* WH+b cross section with exactly 2 cooohs. AR
one or two b-jets (particle level) E ATLAS Ewb i
o e — +C ]
Requirement Cut B 4000 \s=7TeV I:lW+|Ight —
Lepton transverse momentum p[T > 25 GeV -'g I Ldt=4.6 fb-1 =S_|ng|e 10p E
i:,ljli:il(lj S‘[i‘l;clllziil:‘iji;[j0111611t11111 p%yi ;52(‘}‘1\’ 3 3000 muon, et =1 D}\Blu'tue‘ —:
W transverse mass mr (W) > 60 GeV ._C_D__ -z ]
Jet transverse momentum p]T > 25 GeV 2! 2000 -WW+WZ _]
Jet rapidity ly| < 2.1 § :
Jet multiplicity n<?2 (NN ]
b-jet multiplicity ny=1o0rn, =2 1000 ]
Jet-lepton separation AR((,jet) > 0.5 7]
- b jets: jet-b-hadron matching o4 5 6 7 8 9 10
AR<0.3, p_(b)>5 GeV CombNN
* Main Backgrounds: W+c, Signal fraction ~ 20%
W+light, ttbar, single top
* Signal extraction: Experimental uncertainties:
- Maximum likelihood fit to b- e Statistical’ 7-20%
tagger distribution (CombNN)
> Separate b-jets from c-jets and » Systematics: 20-25%
light jets :
- Unfold to particle level (JES, JER, MC modelling)
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- [ W + b jets - Results

Unfolded data compared to theoretical predictions from:

Monte Carlo Process Proton Precision Parton .shwer’ . Duubl_e parton
model underlying event | interactions (DPI)
Alpgen/Herwig/Jimmy | W-b/c/light-jets | 4 flavors | LO Yes Yes
Powheg/Pythia W+bb 4 flavors NLO Yes No
MCFM W+b+X 4and b f. NLO No No
Correction 1 jet 2 jets Multiplicative
Non-perturbative | 0.92 +0.02 (had.) £0.03 (UE) | 0.96 £0.05 (had.) £0.03 (UE)/
DPT [ph] 1.02 +0.05 (stat) 7039 (syst) | 0.32 4 0.02 (stat) 7043 (syst) *\ e
= 20 i
2 - ATLAS Data 2011,Vs = 7 TeV |
'Tg - ——&—— Electron Channel Sl
ﬁ -~ ——#—— Combined Electron and Muon I Ldt=461" _
© 15~ ——=—— Muon Channel ]
. - ——————— MCFM4FNS + 5FNS .
Resu ItS J [T Powheg + Pyt?'lia 7]
[ e ALPGEN + Herwig (norm. to NNLO inclusive W) |
* 1 jet: consistent within 1.50 101 .
e 2 jets: good agreement - % % % ]
il.‘ul.‘ul.*ul.*ul.‘ul.*ul.‘ul.*ul.*ul.‘ul.*ul.‘u:::::;::::‘-‘i‘-‘:::::‘:::::: :
1 jet 2 jet 1+2 jet
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W + b jets - Results

W+D jets W+Db jets + single top
;‘ _ T T ] — T T T
N Il %% Data (Is=7 TeV) | > [ ATLAS , | -
s TE j Ldt=46fb —— MCFM E G L _1 74 Data(is=7TeV) |
o —=— ALPGEN . S = | Ldt=4.61b ALPGEN Wib-jets + J
g 2 ¥ ] 2 - AcerMC single-top ]
.QQ-I— 4 B, - /:; 4 4
S 10" = 4 . E .c'zo_l— , v 1
S il E SRS : E
~ e +u, Ndet =1 . N B - 5 . =
i _ S - .
02 Z C e+u, Ndet=1 - :
E /g i ,/ p
5 ' 10° -
O 454~ Data/MCFM | ' / % - ]
~ 31— i i - —
é; 21:_ :heor. uncertalztles / // /7% i i
0 g:: 2%~ Data / ALPGEN , % ] % 2:_ <4~ Data / (ALPGEN+AcerMC) . . ,4:
5 SF . s Z 3 g '
g 1E - 7 ‘DU L
25-30 30-40 40-60 _ 60-140 25-30 30-40 40-60 60-140
b-jet p_[GeV] b-jet p. [GeV]

 ALPGEN and MCFM tend to underestimate cross section for
large b-jet p_

 Combined W+b-jets + single top cross section measurement
has larger precision
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. @ W + D - Signal Extraction

Motivation: Sensitive to strange quark

> [ rrrrrrrrrrprrrot T[T ]
PDF at x~0.01 g 2500:— ATLAS Prellmlnary oS W—g)*+ E
] ] a : Ldt=4.61o" D*— D n— (Kn)n
* WH+c cross section (particle level) g 20001"\s=7TeV (2011) o Dam -
e pl>20 GeVand |y < 2.5 - 500k * M.
r Wilightjets 7
o pr >25 GeV 1000:_ A -E?-gitjon E
o mY > 40 Gev F — TR
500:— s et PoPese .*.m-o-.;
o p2 >8GeV and || < 2.2, . AL asetaatbii ANy
(s s oIS BE=S WSS SRR S SS S s S s s
o 0S-SS: W=DW* — w*D** 135 140 145 150 155 160 165 170 175
. . * 0
e Signal extraction: A m =m(D*)-m(D’) [MeV]
- Charm hadrons reconstructed of four D(*) S 5T e
+ hadron decay channels S LwWD" ATLAS Preliminary -
@ 600-D*"—>Dm— (K'm)m Ldt=4.6 fo =
- Charge correlation lepton from W and 5 500" t \S=;Tte" (2011) 3
. C A ata ]
D(*)+: OS-SS subtraction (reduce W+cc) @ 200 Fit E
. : : 7y - Signal .
- Shape of signal and combinatorial b 3000 £k Background 1
. @) C 7
background determined from data 2005 E
- Fit of signal and background templates 100 =
- Correction for detector effects O <At W
. . . . 135140145150155160165170175180185
 Dominant experimental uncertainty: A m = m(D*)-m(D% [MeV]

tracking efficiency ~7%
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OS-SS cross section Charge asymmetry ratio o(W*D"/g(W D)
N L L L L UL DL L L L A DL L L L
ATLAS Preliminary Data ATLAS Preliminary Data
Ldt=4.6fb" —843124+72pb Ldt= 4.6 fo — 0.94+0.04 % 0.01
\s=7TeV (2011) Stat \s=7TeV (2011) — Stat
[ Stat+syst [ Stat+syst
—k—
Hhh—
mCT10 HH B CT10
W
A MSTW2008 O A MSTW2008
H=O—H v NNPDF2.3 v NNPDF2.3
O HERAPDF15 - O HERAPDF15
_ O epWZ —h—i O epWZ
WD +W*D** A NNPDF2.3coll A NNPDF2.3coll
| | | P I S S N ST RN N R PRI TN SR T TN AN TR SN TN N AT (ST SN T Y MO S NN TR SR S M T
20 40 60 100 120 140 0.7 0.8 0.9 1 1.1 1.2
6O %[pb] R:

* Prefers PDFs with enhanced  « Data consistent with all PDFs
strange content (epW<Z, studied
NNPDF2.3coll, CT10)
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* V + jets constitutes important test of pQCD predictions with light and
heavy quarks

* Important background for studies of the Higgs boson and searches
for new physics

* Dataset of 2011 allows to measure V+jets cross section with higher
precision and in new phase space regions

- In general, good agreement between predictions and data

- Discrepancies between predictions and data in several regions

* Fixed-order NLO / data: missing higher order effects
« ME+PS / data: provides input for generator tuning
* No satisfying description of W + b process

- W+c measurement supports symmetric light-quark sea
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. @J gormeen o Unfolding for detector effects

* Differential cross sections: fiducial region for dressed leptons and particle level jets
Dressed leptons: photons within cone of 0.1 around lepton direction

* Unfolding method: iterative (Bayes) method (Nucl. Instrum. Meth. A 362 (1995) 487)

- Trainings sample: ALPGEN+HERWIG+JIMMY
- Correction for mis-matched jets and different hierarchy at reco and truth level

- Number of iterations optimized for each distribution by minimizing X* between
unfolded and truth Sherpa and MC@NLO pseudodata

» v (Ui=T)
© LTy

[

Migration matrix (ALPGEN)
700 LI ANL N E  B B BLL |

- ATLAS Simulation
600F

500}
 Dominant systematic uncertainties: :

- Comparison of unfolded cross
sections using Alpgen and
Sherpa as training sample

- Limited MC statistics in migration
matrix

400F

300F

200

100

= T T
100 200 300 400 500 600 700
p‘f‘ (leading jet, particle level) [GeV]

pift (leading jet,detector level) [GeV]
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NLO pQCD Predictions

* BlackHat+Sherpa fixed order NLO. Five complete sets: Z+0,1,2,3,4 jets
(C.F. Berger et al, Phys.Rev. D82 (2010) 074002, H. Ita et al, Phys. Rev. D 85 (2012) 031501)

e Scale;
- Nominal hadronization and factorization scale: HT/2

- Systematics: varying both scales simultaniously by factor of 2

— 4% - 13% for N, = 1-4, dominant uncertainty

- Exclusive distributions: I.W.Stewart, F.J. Tackmann, Phys.Rev. D 85 (2012) 034011
* PDF:

- CT10
- Systematics: complete PDF CTEQ10 error set, 68%CL (1% - 3% for N

« O_uncertainty:

> 1-4)

jet

- varying the input a_at the Z scale by +/- 0.0012 (1% - 3% for N;,, 2 1-4)

jet
* Theoretical prediction are corrected for

- QED radiation effects:
* Nominal correction: ALPGEN+HERWIG+PHOTOS (~2%)
e Systematics: Sherpa 1.4 +YFS

- non-perturbative contributions (UE, fragmentation) and DPI:

* Nominal correction: ALPGEN+HERWIG AUET2 tune (~3%-4%)
« Systematics: ALPGEN+Pythia6 Perugia2011 tune
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Results — Dijet Quantities

Absolute azimuthal separation Angu|ar Separatmn N y-0 space
= O Aras 2l te e e T B amas T Zrrieszies (e 3
% B Ldt=46f0" Z&~ Data 2011 (is = 7 TeV) - < C Ldt=4.6f" 2~ Data 2011 (Is = 7 TeV)
E_ | antik jets, R=0.4 —m— ALPGEN ] E_ 1‘ anti-k, jets, R = 0.4 —m— ALPGEN 7
T [ df-30Gev <44 —a sHERPA ] T10'E pf'sz0Gev, |yT|<44 o SHERPA =
bﬁ i ~¥= BLaCKHAT + SHERPA | bs - —¥— BiacKHAT + SHERPA
= = = = B ¥ 7
s e 102 fft Elah!a —
i Ha- | = 5 & . 2 E
=E=a- M ¥ 2 ]
& >A— B == b
10'2:— #AH A —: 10° E— —— —g
: <o : 2z
.1:/=I::::I:=::}::::}::::}::::}. 10E_"""""'}::::}::::}::::}:_E
9 147 .y BlackHaT + SHERPA ] @ 14 e B ackHAT + SHERPA 7]
(D“ 1.22 v CD“ 1.2 -
5 e S
S osf . O osf 4
ZO'6_: — : — | | + Z0'6_::|::::'::::I::::}::::}::::}:'_
g 147w ALPGEN 7 o 147 . ALPGEN 7
g 1.2 cDu 1.21—
T R 2 %%%ﬁm
Q os- . Q o8- u- '/l//%
o6, . .. ... | | | | o6, .
o 14 wswerea TS t\‘l1'4_l—;—|SIl|EIRII3AI'IIHII”|
g2 oL - T 1.2
R 7 S e
Q o8- s #‘/J—‘“—‘/—PA+A¢A+A+A~—A~—‘: % 0.87 /"/A/“‘/A/-A:AIAtAﬂAm«A.A*AHAH
= 06, v v 1 vy 1 T 0-6_..|....|....|....|....|....|..—
0 0.5 1 1.5 2 25 3 1 2 3 4 5 6
IA ¢'| (leading jet, 2nd leading jet) A R (leading jet, 2nd leading jet)
* Sherpa/data: distributions too flat
 ALPGEN/data: discrepancies for large AR!
 BH+Sherpa/data: good agreement
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. @J SotmNGEN Results - Inclusive Quantities

 Motivation:

- Inclusive quantities are of particular interest for BSM physics (final states
with large jet activity)
- QCD renormalisation and factorisation scale is often set to H_/2

- Test recent NLO fixed-order pQCD predictions

ATLAS oGy 07 o0

Ldt=1.03fo" @ Top
o? _ QCD

* Observables:

Events / 40 GeV

- H_: scalar p_sum of all final state objects
- S_:scalar pT sum of all hadronic jets in 0
final state 10"

Significance
(=)

- 200 300 400 500 600 700 800 900 1000
S; [GeV]

Phys. Lett. B709 (2012) 158-176
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@J SotmNGEN Results - Inclusive Quantities

T T
—_— .1E_' LA e L e e gy FErrprrrrrrrrrrrrprrrrprror |*| T |‘:_| TTT |-| TTTT T
2 10 E ATLASI | I Z/y (ﬁ||)+>1 ]et (= ep) 3 E C ATLAS ZIy (= IM+21jet (I=e) o
(O] C . < . -
= C Ldt=4.61fb" Z &< Data 2011 (Is = 7 TeV) | = 10%= Ldt=4.61b" <@~ Data 2011 (s =7 TeV) 5
- 102 antik jets, R=04 —=— ALPGEN = g '] anti-k, jets, R = 0.4 = ALPGEN ]
ke E ot : = o et )) -
5 F [:Jl > 30 GeV, |)f | <4.4 —A— SHERPA 3 g 102 L pj >30GeV |y [<4.4 —A— SHERPA _
= .l —¥— BLACKHAT + SHERPA | -~ E ¥ BLACKHAT + SHERPA 3
£ 10 Fl = = — -
) g 3 T 7
S i ] e 10 = E
E 10'4! - z C 3
= E 10°g 5
10-5_L - = - RVHEE.E .
= = 3 10°E — =
— ——— l - E - =
108 - == = - v -
E = -
R AR Amue= 10 %:{::::{::::{::::{::::{::::{::::{::::{::::{::::E
£ | 5L ¥ BuAckHAT + SHERPA N g 1 5L “¥ BLACKHAT + SHERPA B
) 5 1
= 1%:"", : S Yy
9 VYV v v v S os- YYYYYYY v oy
= 0'5:_|::::'::::'::::}::::I::::}::::}::::I::::}::::_ = HHHHHAH A
o 1;' = ALPGEN i g 1: ‘m ALPGEN 7
L —a— — B n
B e S imm——nteaan R Ry B ¥
$) - ] 9] - 4
= 08 Q o8
0-6.—|....|....|....|....|....|....|....|....|....— 06 .y . | | e [ | | -
14' """""" L N s 1-4'_' tr I L UL | | —]
g e SHERPA g “&- SHERPA
S 1.2 - S 1.2 —
A e rd e
S o ;?ﬁﬁmmn“‘m‘muﬂ T T AT S o ;%xm“m s id 7
’ =
= 06 vy b e L L L L 0.6[-,
100 200 300 400 500 600 700 800 900 1 000 1 00 200 300 400 500 600 700 800 900 1 000
H, [GeV] S, [GeV]

* ALPGEN, SHERPA consistent with data
« NLO fixed order Z+=1 jet underestimates large H., S;

* Possible explanation: missing higher orders in QCD
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. ( g—}J corngen Results - Inclusive Quantities

T
-—-10—1=_._||||||||||||||||||||| ||||||||||||||||||| ==
> E ATLAS Zh (> TD)+> 1 jet (l=e) 3
Q - Ldt=4.6fb" ~ &~ Data 2011 (Is = 7TeV):
4 105 antik,jets, R = 0.4 —=— ALPGEN = Average Njet VS HT
3 E P7>30GeV, y"|<44  —a SHERPA 3
o ~ v . A L R AN UL LS N UL L I
T 10° E_I. BLackHaT + SHERPA — ZE - ATLAS 2t (= e'e) +2 1 jet ]
RTT §I E v 4 JLdt=4.6fb“ anti-k, jets, R = 0.4, —
L _l - - P> 30 GeV, |y"| <4.4 7
= 10°E E 3.5 =
o y . 3E e 2=
10 E = E ~ . [N I ' ]
e _:':_ . 25 -
C e 4 - ]
10—6F —vV— — ~ f.ﬂ :
E = - —]
AN EET T S E S e 2: - .
m = —|
5 1.5 ¥ BackHAT + SHERPA - 150 * —e- Data 2011 (fs=7TeV) 7|
Q 'é! - - = Z+jets(ALPGEN) -
1 MAAAL 47 - : ]
9 AAAAAAAA/ vy vy = —i— Z+jets(SHERPA) -
Z 05 Y a2 =
- - .
o jlg & ALPGEN 7 T R o e L EEEamasmo s
© 1.2 - —— 0 -4 ALPGEN -+ SHERPA
I N s £ 1.05F _ |
= - o ™
0'6:_'::::'::::'::::}::::I::::}::::}::::I::::}::::_ %0.95— I .
R 1.4 —A- SHERPA 1 sl v b b b e B b e b by
tDU 1.2 - 100 200 300 400 500 600 700 800 900 1000
a A
3 o ;?ﬁﬁun“““m“h%q kAR aeceq H, [GeV]
g 0
0.6y

100 200 300 400 500 600 700 800 900 1000

H. [GeV] o <Njets> 2 for HT > 300 GeV

* test exclusive sum

ALPGEN, SHERPA consistent with data
NLO fixed order Z+=1 jet underestimates large H;

Possible explanation: missing higher orders in QCD
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. ( g—}J corngen Results - Inclusive Quantities

-
-—-10—1=_._||||||||||||||||||||| ||||||||||||||||||| ==
E = ATLAS Ziy(— M)r2 1 jet (=ej) 3
= C Ldt=46fb" ~&~ Data 2011 (s = 7 TeV)
I’_ 10'2I§_ anti- kt]ets R=04 —m— ALPGEN | BH+SHERPA 1 \Jet + 2 2 \Jets
s E P>30GeV, Y| <44 —&— SHERPA 3 = S e I S RN RASSE R S
2 ol ~¥— BLACKHAT + SHERPA | 8 = ATLAS Ay (= M+ztjet(=en) 3
1 107 ey 3 = - Ldt=46f0" ~Z&~ Data 2011 (\s = 7 TeV)
SO ] + 10°E  antik jets, R = 0.4 ~¥— BLacKHAT + SHERPA 3
= otk - 3 - pJe‘>30GeV V| < 4.4 (1jet +22jets) ]
E 3 ke = .
; ] RN -
10'5:— _ ~ 2 ES =
= ‘f"f:': E SSH R 5, .
C B ] = @,
108 = == 2 —= =~ 10* E;- "' _§
E.'::::'::::'::::'::::'::::I::::I::::I....T....: - "" :
g | =% BLACKHAT + SHERPA _ 4 s, |
cou 1.5 10 = "t', —
-~ 1%7vvvv . = il 3
9 v'mvm;v‘_y_._v__v v B ' .
= 0'5._|....|....|....|....|....|....|....|....|...._ -6 0
I A R I B I B B I L 107 E|
g 12_+ALPGEN i I U SR IO AP S B = === ===
8 " 1WH—-—'—_,_—',7 % 15 ¥ BLACKHAT + SHERPA (1 |et v jets) |
g 0.8F - o .17
0-6.—|....|....|....|....|....|....|....|....|....— @] "
14. ............ e |
L “& SHERPA z 05 | | | | | | | s
m . — —_ 1 L1 1 1 11 1 | L1 1 1 11 1 | 11 1 1 | 11 1 1 11 1 | T |
o ‘ 100 200 300 400 500 600 700 800 900 1000
-~ 1%@““AAKKAMKKXWM—A Ak H
Q 08 - H; [GeV]
(VK5 T I I I I T I I I,

100 200 300 400 500 600 700 800 900 1000

H, [GeV] e Exclusive sums
perform better

 ALPGEN, SHERPA consistent with data
« NLO fixed order Z+=1 jet underestimates large H-

* Possible explanation: missing higher orders in QCD
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W+2jets production via

Introduction

SPI DPI

w+

Q)
)

DPI cross section: 32})5 ? — Oyoz o_.: parameter related to the proton size : - Naive estimate: 50-70mb
T eff
- Tevatron: 5-15mb
(tot) ﬁ(S‘PI ~ (DPI) ~ (SPI) &y (s)-67(s)
Oy, 7(s) = 0y.7(s)+0y, ,(s) = Oy, 7 (s)+ ot (5)
_ Gy(s)6z(s) __ 6y(s)6z(s)
> Oeii(S) = 59 ()—6CP0(s) — £D).600Y ) . _ N
Y+Z Ty 4z Ty 7 1Ce P
N - Acceptance A: cancel
) JW;]"OEj UWD-'UEj 1 W; NE' I J . i
In W+)ets: Oeff = — 1 = o) J = By W L f_:-]. Unfolding corrections C:
Woj +2ipPI fhp TW2; 5o W2 2j cancel
- Trigger: €w = ew+2j

18.07.2013

D . . €5 =1
f[()p) . Fraction of DPI-produced W+2j events at detector level
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. @J Sicn e Measurement strategy

|PT + PT

Normalized transverse momentum balance: ,f_\J”e = 7
_ PT |+ 1Py
= extract fraction of DPI-produced events fpp

using a fit with two templates: (1 — {2’ - A + [

- A: DPI off: Alpgen+Herwig+Jimmy W+2jets

a - ’ hard MPI removed: pt™a& = 15GeV
.. q v
i - B: DPI:  Dijets from data (2010, 184ub1) -
q _
4
&
(ap] R R N N N 7
S L — 14
S 0.1 A+H+J W= v MC |
2 — A+H+J W— Iv MC, No DPI i
o 0.08- 5 g
> r 7 q
|_u - g
0.06- 5
W+MPI \ 0.04} : Weiet
_ 0.02~I" ATLAS Simulation -
o
Q
AP S A
jets  small T 4 | jets  large
Lo
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Distribution of observables

81400_ R D e >600_\..|‘.‘ —TT L T T T 7]
S - ATLAS —e— Data\s=7 TeV o - ATLAS —e— Data\s=7 TeV ’
<1200 s A+H+J Wiv @ conk . s A+HJ Wiv -
{2 - I multi jet g 500(— + I multi jet ]
S 1000 s Wtv [2) " N Wty ]
S - I ttbar c 400 . itbar ]
L N 1 Zll o = [ ]
800— I Ldt=36 pb_1 I single top T B I single top .
L 1 Diboson - 1 Diboson =
600 ) Zr 300¢ - ]
400 2tene, o 2001 J Lat=36 pb’
2003— 100 =
; §
0O 01 02 03 04 05 06 0.7 ] 00 20 40 60 80 100 120 140
Ajets ]ets [GeV]
n _ |PT "HJ a &jets = ‘pT + P ‘
N
W, W+2jets: using 2010 data (36 pb1) Backgrounds:
- multi-jet: 6-14%, data driven
Selection: - EW, top: 5-8%, MonteCarlo
Leptons: pr > 20GeV and [n| <24 (|n| <2.47) Signal MC:
Etmiss, mT: E™ > 25GeV and mt > 40 GeV - Alpgen+Herwig+Jimmy, AUET tune
, - Sherpa 1.31
Jets: pr>20GeVand |y| < 2.8 , ARG > 0.5
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@J sl Extraction of results: Uncertainties

012 T
L ATLAS e WIlv data - physics BG,\N's=7 TeV
8 01 @ Fit distribution !
P L e A+H+J template A i
= B template B i
» 0.08— i
c - i
o) : L
> 0.06 J Lat=36 pb :
L B -
0.04{—
0.02
OO 0.1 02 03 04 05 06 07 08 09 1
n
Ajets
Table 1. Summary of the fractional uncertainties on f,\) Fractional uncertainties on
D
Systematic source Uncertainty (%) Oeff = 1/f[()13) : NWOj/NW‘l‘Qj - Nos / Lo
Theory 10 Systematic source Uncertainty (%)
Pile-up 13 D)
Jet energy scale 12 > fop 24
Jet energy resolution 8 Background and lepton response 3
Background modelling and lepton response 11 Luminosity 3
Total systematic 24 Total systematic =
Total statistical 17 Total statistical 17
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. @J S Extraction of results

012 T
o - ATLAS ® V\_”V _dat.a - PhySiCS BG,\s=7 TeV g 225_ ®  AFS (4 jets - no errors given)
S o1 [ Fit distribution ' =, = UA2 (4 jets - lower limit)
S L e A+H+J template A i T 20F W  CDF (4jets)
= B template B i © 18 T CDF (v + 3 jets)
0.08— i - * DO (y + 3 jets)
w vuer : 16F.  #  ATLAS (W+2jets)
C | i - +
o E . =
> 0.06— J Ldt=36 pb’ 145
L B : 12
0.04F 108
- °F
0.02— o .
B 4—
23_ ATLAS
0 =
O 07\ Lol Lol 1 1 ool
AN 102 10° 10*

Results consistent with previous
measurements at lower energies

() =0.08+0.01 (stat.) & 0.02 (sys.)

Direct comparison with theory: ffﬁ?
— o.(7 TeV) = 1543 (stat.) i (sys.) mb

— unfold distributions to the hadron level:
pﬁf = 20 GeV, |yp| < 2.8 and ARp; = 0.5
- fit unfolded distributions

- results within 10% of detector level results,
as expected
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