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Why top quark plus jets”

* Production of top quark plus additional jets

» is sensitive to higher order pQCD effects and a variety of energy
scales

» iImplies a significant source of uncertainty in top quark precision
measurement such as mip, top pair production cross section, spin
correlation between top quarks, charge asymmetry

» is a significant background to Higgs boson production (ttH) and new
physics like supersymmetry cascades of squarks and gluinos

\ Vg
Explored through measurements of differential and inclusive cross
sections using data collected by ATLAS in pp collisions at /s = 7 TeV

do:i/dNjets do/dptjets 1/0: do+/dQx

. o pT Of Qo (Qsum) = (sum of) pr of additional jet(s)

jet multiplicity pr-ordered jets required for event selection
Oti+Heavy flavours
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Top quark pairs @ LHC: inclusive production

pp collisions

probing lower x than Tevatron -
(abundant) gluon fusion dominated

Tevatron| LHC(7) [LHC(14)
ag ~10% | ~85% | ~90%
qq ~90% | ~15% | ~10%

qq annihilation gluon fusion

q

//l

g oo —=— |

Czakon, Mitov, Fiedler 2013
NNLO+NNLL accuracy orrev(pb) | 172%%%55*
mtop: 7 72 5
ostev (Pb) | 245625 4%6-2 5 4

ooit/on ~4%

francesco.spano@cern.ch Top quark production with N jets and jet veto @ ATLAS JVMO 2014

At Tevatron

Oi ~ / ,Ob
O~ 3.5 ,Ob

47 4 ~0.96 M (~5.4M) tt
* events produced by
LHC in 2011 (2012)

18th July 2014 3
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Top quark decay: signatures ha;d T tfdecays
+lep

* High Pt jets v ~32.4%
° b-jets dqq ~67.6%

1 to 2 high Pt leptons T,
 Missing energy

t b

di-lepton

O < 0 (e,p)

¢VY

S >

W backgrounds: W/Z(+jets), single
top, QCD multi-jets, Di-bosons
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Differential Jet activity: dilepton s =7 TeV
Eur. Phys. J. C72 (2012) 2043

* Require 2 opposite sign leptons,

=z 2 b-tag jets

« veto low M(w) (<15 GeV)

» ee,up: high ET™ss cut & M(c)zmgz,
ep: high Ht =) jets,lepts pT >7130 GeV

e Bkg(<6%): single top (Wt) Z+jets,
diboson (from simul.), data-driven
fake leptons (loose/tight matrix method)

|Lat =

<l

included in syst.

lepton pr
2.05fb! (2011) 5 T
G 790 ATLAS
o -
- Z 600: JLdt=2.05fb‘1 3
! é :
w £ 500f E
- ® Data 2011
‘ t 00F — MC@NLO B
) 300 B
i shape
200~ , ]
- comparison -
100~ -
Not subtracted,

O_Illllll|III|III|III|III|III |
20 40 60 80 100 120 140 160 180 200

Lepton P, [GeV]

Ieadmg addltlonal jet pr

¢ . ly| < 2.1 350

8
300}
(ﬁQUI’ e by . G Eﬁt,sns E -
M. Owen) . additional jet Ij>j 250

O

‘ 200
21 -15 -08 0 08 Y -
- Derive: fraction of selected Nev with 100
> no additional (to 2 b-tag) jet with pt > Qo: f(Qo) .

> Zadditional jets PT < Qsum in given y interval: f(Qsum)
« f(Qo ) [ f(Qsum ) ]: sensitive to the leading [all] pr emission[s]

francesco.spano@cern.ch Top quark production with N jets and jet veto @ ATLAS

ATLAS
J. Ldt=2.05fb"

® Data 2011

— MC@NLO

shape -
comparison -

JVMO 2014

hdi
100 150 200 250 300
Leading additional jet P, [GeV]
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Differential Jet activity : dilepton s =7 TeV

Eur. Phys. J. C72 (2012) 2043

 Correct f(Qx) to fiducial phase space
with correction factors from simulation—
corrected gap fraction =1/0« dow/dQx

X={0,sum}
<

Fractional uncertainty

fcorr(Qx): fparticle,sim(QX) /freco,sim(QX) fmeas(Qx) -

from MC@NLO+HW

» fiducial PL volume: in MC events
apply~reco cuts to (stable) particle jets,
to truth e,u,v, from W in top decay, b-
tag: spatial match of jet to B-hadron

Fractional uncertainty

- Syst dominated for Qx < 60 GeV,
stat~ sys : JES+JER~1.5% to 3.5%,
slightly larger for Qsum

francesco.spano@cern.ch Top quark production with N jets and jet veto @ ATLAS

[Lat = 2.05 fb™ (20717

0.04 T [T T[T T T[T [T T[T [TIT[TTIT TT]
I ATLAS
|y|<0l8 S ]
J Ldt=2.05fb"
0.02~ veto region: |y| < 0.8 N
ok —r
T - - - Unfolding
0.02 =1 Stat. uncert. —— Pileup/ JVF —
— Total systematic =~ -.-.- b-Tagging
— JES /JER Backgrounds
0.04 ol b b b b b b Ly
20 40 60 80 100 120 140 160 180 200
Q, [GeV]
T T[T T [ TP [T T[T T[T T [TTT[TTT[TT]
0.05 |- ATLAS
ly|<2.1 > ]
JLdt=2.05 fb
veto region: |y| < 2.1
O_
] - - Unfolding
I Stat. uncert. —— Pileup/ JVF
— Total systematic = -.-.- b-Tagging
_0.05 = — JES/JER Backgrounds  _|
e b b b b b b Ty

20 40 o60 80 100 120 140 160 180 200

JVMO 2014
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Differential Jet activity : dilepton s =7 TeV |Ldt= 2.05b™ (2077
Eur. Phys. J. C72 (2012) 2043

- Measure gap fractions f(Qx) X=fo,sum} in four rapidity regions
> ly|<0.8; 0.8<|y|<1.5; 1.5<|y| <2; |y| <2.1

r

g T TT
= 1 - * —
& o S S o .
E 0.98 $ P —
o - 1= - ATLAS .
T 0.96— T
G P { JLdt=2.05fb' ]
0.94 +_ = veto region: 1.5< |y| < 2.1 —
: LA _
0.92— + —— MC@NLO +HERWIG]
0.9 :— e Data + stat. — PowhEa+HeRwiG _:
-t e POwWHEG+PYTHIA ]
0.88— Syst. + stat. —
:h === SHERPA -
0.86 ; - - - ALPGEN+HERWIG —
L | L | I
CU T LI T T T
8 1.02F ! ! ! ! ! -
QO
>
- 1
()
2
0.98

« ACER+PYTHIA with more/less ISR: too

I N B B B RN B B B
20 40 60 80 100 120 140 160 180 200

Q, [GeV]

Analysis available in RIVET

all generators (LO, NLO)

less

jet activity

more

jet activity:
less events
pass veto

large variation w.r.t. data—reduction in

model uncertainty

francesco.spano@cern.ch

“heory/ Data

—

0.9

Gap fraction

0.8

0.7

0.6

0.5

1.1

Top quark production with N jets and jet veto @ ATLAS

» Too much jet activity in 1.5<|y| <2.1 for

« MC@NLO: too little jet activity in |y|<0.8

|

N ATLAS _
L J Lat=205f" A
I et 1 veto region: |y| < 2.1 ]
C ] .
- |4 5 - == ACeRMC nominal .
N e Data + stat. ]
_=.- — Increased ISR ]
i Syst. + stat. 7
- —— Decreased ISR 7
L | | | | |, |
. [ | | [ [ ]

e b o e b e s b e e by T
50 100 150 200 250 300
Q, [GeV]
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Differential Jet activity : dilepton Js =7 TeV AIL-PHYS-PUB-2013-005

generate tt predictions ~ shower + igaegma\ize
LO it X PYTHIA
ACER MC PDF: CTEQS6L1 Perugia2011C
* with variations of ISR/FSR parameters to bracket fgap
LO tt+partons  ppr. o7EQg; 1 HERWIG
ALPGEN PDF: CTEQSL. PYTHIA

- Merge LO Matrix element (ME) for tt + up to 5 light
partons, MLM-matched to Parton Shower (PS)

- LO ME for exclusive tt+bb and tt+cé¢

- Merge light + heavy (angular removal of overlapping events)

- Generate events with 1) as variations (change reno scale) in ME
only and 2) coherent as variations in ME and PS

NLO tt

MC@NLO BOE: CT10 HERWIG aueT2

POWHEG HERWIG PYTHIA

+ NLO for tt; LO for tt+1, ~leading log for tt + >1 parton AUET2 Perugia2011C
AUETZ28B

francesco.spano@cern.ch Top quark production with N jets and jet veto @ ATLAS JVMO 2014 18th July 2014 8
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Differential Jet activity : dilepton s =7 TeV

[Lat = 2.05 fb™! (20717

ATL-PHYS-PUB-2013-005

+ Compare different radiation scenarios for gap fraction measurements—
tune models, constrain systematic uncertainties

Gap fraction vs. Qg for veto region: |y| < 0.8

*XX‘XNXN‘NXXN‘NXNN‘NXNNNNNNN

Gap fraction vs. Qg for veto region: 1.5 < |y| < 2.1

§ 1.0 B = §_ :W ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ [T W:
h B — — _ w 1.0 ; + ’ ’ —
0.95 | =~ ] 0.99 - ‘ ——— — E
N ] 0.98 ; ++ ——1 é
0.9 — = — - .
- M : 097 B + - E
- # : —e— ATLAS Data, EPJ] C72 (2012) 2043 0.06 —e— ATLAS Data, EPJ C72 (2012) 2043 7
0.85 — | —— Alpgen+Pythia(as_down,central) — 9 = _ —— Alpgen+Pythia(as_down,central) -
u ; —— Alpgen+Pythia(as_.down,radLo) 0.95 & —— Alpgen+Pythia(as_.down,radLo) —
0.8 1 —— Alpgen+Pythia(central) ] 0.94 — - —— Alpgen+Pythia(central) =
u —— Alpgen+Pythia(as_up,radHi) : 0.93 S —— Alpgen+Pythia(as_up,radHi) =
0.75 & — — — Alpgen+Pythia(as_up,central) TE — — = Alpgen+Pythia(as_up,central) =
R . 0.92 —
VN R UV A A 103;;
1.04 — = SO E 3
g rE g 102 £ LESS PS E
£ 1.02 © 1.01 = =
S 10F ) 1.0 E =
% 0'98:_ = gggi_-—' == T
096 £ 07 MORERS
=1 M BT BT BT R RN S 0.96 =+t R
0.94 o 00 150 200 250 300 60 80 100 120 140 160 180 200 220G \?40
Qo [GeV] Qsum [GeV]

* ALPGEN+PYTHIA with more (ME only, ME+PS) and less (ME only, ME+PS)
radiation bracket the data, nominal is consistent

* Forward region: radiation is overestimated, particularly by more (ME only, ME+PS)
radiation
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Differential do./dNjets and do./dprjets - 1+jets Js 7 TeV NEW!

[Lat = 4.6 fb™ (2011) http://arxiv.org/abs/1407.0891, g 55 “%St?t antik, 0.4
submitted to JHEP w0 =W ::':;:Gev
. [ @ Db e+Jets
- 1 isolated (e,p), symmetric Ey™ss and - i

mtV “cuts, = 3 central jets, =1 b-tag
« AR(jet,jet)>0.5 for all jet pairs

» For jet prstudies, leading 2nd . .- o
leading) jet pr > 50 (35) GeV - w: -

reduce uncertainties in corrections for _ : & 05 N,et pr!et >25 Ge

- t t

jet ordering _ V,V 54 s
q / b njreefso
2 OF facen  amas
3 = {g _ Te\; Agsga‘a anti k, R=0.4 E
. - 2 sl i 1<25 I

- Data-driven W+jets (normalize pre-tag with 8 10 — |-
Diboson  w+jets

W+/W- asymmetry, extrapol. b-tag prob from 2-jet-
bin) fake lep. (loose/tight matrix method), 10°
single top, dibosons, Z+jets (from sim.)

+ Count Njet with pr > 25,40, 60, 80 GeV
- Derive prdistribution for pr -ordered 1t to 5" jet § * * ﬂ -
LIS Leadmg jet pr -

* e (W) = \/ZpT(f)E,rrniSS[l — cos Ag (£, Emiss)] 1o leading jet p_ [cl*.?aSV]

francesco.spano@cern.ch Top quark production with N jets and jet veto @ ATLAS JVMO 2014 18th July 2014 10
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Differential do./dNjets and do./dprjets - I+jets s =7 TeV NEW!

* Unfold d(N-Nbkg)/dNjets and d(N-Nokg)/dprT; to
final-state specific fiducial particle level (PL)

volume + scale with lumi = do./dNjets ,do./dpTjets
from POWHEG+PYTHIA

Nicorr: Gpart!rec)z M?gcr:t,’ii fmis (frec!para facc,j (N‘kag)j 15—_A_—@— o x5 x5 ~
05t Niet ptjet >25 GeV

jet pr ordering migration (only for pr)
particle to reco migration (iterative unfolding)

Reco
»

4_—
Pass Reco, Pass Reco, Fail Reco Fail Reco,
Pass PL Fail PL Pass PL Fail PL

Particle level (fiducial): to correct to

» fiducial PL volume: in MC events apply~reco
cuts to (stable) particle jets, to e,u,v from W in top s
decay, b-tag: Jet that clusters “ghost”B-hadron

on factor

Correct

- Combine (e,u)+jets channels bin by bin with

minimal covariance estimator (BLUE) including
correlations. Compatibility: X°/N.d.o.f.~1

» Propagate syst uncertainties through unfolding:

2.5

2

1.5F

1

0.5

modify pseudo-data, fix migration matrix & acceptances

francesco.spano@cern.ch Top quark production with N jets and jet veto @ ATLAS

| | | |
ATLAS Simulation

S T

© 3¢ © faccpt - B

KL C o f oart POWHEG+PYTHIA tt ]
- recolpar - .

c 250 , f P \s=7TeV o—]

= - part!reco DN

O B —O0—

o 2 o —o0— ]

- -

o B

S 4 e+jets E

of

3 4 5 6 7 =8

hitp://arxiv.org/abs/1407.0891, ™

submitted to JHEP
[Lat = 4.6 fb™1 (2071)

T T | T T T T T T T
accpt ATLAS Simulation

—

— o f ]
O frecompart POWHEG+PYTHIA tt

- A 1:part!reco Vs=7TeV ]
- 1:misassign

3 T —O——0—0—0~ 0 -

C utjets -

:— _f__é_—é—:é;—éj —A: £y 5:

i ]

: Leading jet pr

O_ 0 ! ! ! ! L L1

10° 10°
leading jet P, [GeV]
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Differential do./dNjets and do./dprtjets -l+jets Js =7 TeV NEW!
http://arxiv.org/abs/1407.0891, submitted to JHEP JLat = 4.6 b1 (2077)

Provide table of full breakdown of uncertainties for both results

do./ deets

- Systematic dominated: ~10% to ~30%

> Correlated effects: dominant at large Njets (JES~3% to 40% ISR/FSR: 1% to
6%, MC gen.,b-jet)

>~ Uncorrelated effects: dominant at low Njets (Bkg 3% to 18%)

~ Combination improves by 3% (20%) on p(e) chan (smaller fake lep. bkg in u
chan)

do./ dp Tjets

- Systematic dominated: lead pr jet ~7%-14%, others~ up to17%
» W En. scale & ID eff.: smaller than e = 20% smaller uncertainty in u chan

> b-jet ﬁcale: 2%to 5%, b-tag eff. 2% to7%,W+jets bkg~2% to 8%, Stat: 1.5%
to 14%

> Combination improves by 4%-7% (15%-30%) on the u (e) channel

francesco.spano@cern.ch Top quark production with N jets and jet veto @ ATLAS JVMO 2014 18th July 2014 12
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Differential do./dNjets and do./dprjets - |1+jets |Js =7 TeV NEW!

http://arxiv.org/abs/1407.0891, submitted to JHEP [Lat= 4.6 fb™1 (20717)
enerate F i~ .
g 1 it predictions shower + hadronize
LO tt+partons
PDF: CTEQ6L1 HAELﬁ_‘ﬂZ/IG
ALPGEN .
PDF: CTEQ5L PYTHIA
« Generate events with coherent as variations in ME and PS Perugia +tunes for as

settings from jet activity studies. up and down variations

NLO tt
MC@NLO X HERWIG
PDF: CT10 AUET?
POWHEG HERWIG PYTHIA

- POWHEG Finite value for parameter hqamp — AUET2 PerugiaC2011

reduced fraction of events with high prt radiation.
Advised v.s. underestimated scale uncertainty. POWHEG-= baseline for
haamp ~iNfinity (no reduction) is default. unfolding

francesco.spano@cern.ch Top quark production with N jets and jet veto @ ATLAS JVMO 2014 18th July 2014 13
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Differential do:/dNjets and do./dprjets - I+jets Js =7 TeV NEW!

http://arxiv.org/abs/1407.0891, submitted to JHEP

ATLAS-CONF-2012-155

[Lat = 4.6 b (2077)

Njet pr1jet >25 GeV Njet ptjet >60 GeV
o) 102 = 1 | | T | I o) - | | ATLASl ! =
- ATLAS = o - i
g - —e— Data . — - —@— Data
) N ALPGEN+PYTHIA %) = ALPGEN+PYTHIA
é“l 10 — — ALPGEN+PYTHIA @ Up) C'Q = == ALPGEN+PYTHIA (a,; Up)
) = ALPGEN+PYTHIA (o, Down) ] S 1 = e ALPGEN+PYTHIA (o, Down) J
_8 :_"._""'"""""" ........ ALPGEN+HERWIG _Z _8 = ittt SR ALPGEN+HERWIG _
TE EBana det=4'6fb-1 = i det=4.6fb" ]
- (5=7TeV - _—— (s=7TeV
- —— . 10_1 = P —
JoriL antik =04 == band = data stat.+syst. = anti k, R=0.4 -
= <25 S uncertainty in quadrature - Il <25 ——— g
- pT>25GeV _ MC t t I"[ . t | p.>60GeV — |
- l+jets - . Stat. unceriainty T e
102 _| o | |Hets B
e g =3
- 7 @®© C
S 5 T Q 1.5- — E
% 1- m__"‘“""“' ...................................... _: 8 C '—""'_'"'_'?.".'.'.':.".'. LLLL FTER TR
o : 5 "8' 1 -
< 0.5 = ol -
LU - ] - .
] | | | | L] n 0'55
3 4 5 6 7 =8 :'3 éll é |6
>
ALPGEN+PYTHIA Mets N,
. . . . Jets
cTEO5. nominal: too high cross section for = 6 jets

* increased as (up) : too high cross section for = 5 jets :> disfavoured

 lower as (down) given best description

ALPGEN+HERWIG similar to ALPGEN+PYTHIA with as down (similar as setting)
CTEQ6LT

francesco.spano@cern.ch
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Differential do./dNjets and do./dprjets -1+jets ys =7 TeV NEW!

http://arxiv.org/abs/1407.0891, submitted to JHEP [Lat= 4.6 fb™1 (20717)
Leadmg jet pr 3 4th jet pr
= ' = 15 " ATLAS E
%J 1 E_ ATLAS _E_ 8 ; —@— Data E
O) _ —@— Data = - ALPGEN+PYTHIA
o) B ALPGEN+PYTHIA '8_ | == ALPGEN+PYTHIA (o_ U
Q 1 - — — ALPGEN+PYTHIA (o, Up) — 1 - - ¥ (o5 Up)
10 e TR ALPGEN+PYTHIA (o_ Down) 3 T ALPGEN+PYTHIA (¢, Down) 2
Q_'_ ; B ALPGEN+HERWIG S ; -8' - == ALPGEN+HERWIS -
% i - det—46fb‘1 | g ! det=4'6fb-1
T 10%F = 3 © ===
- - (s=7TeV = 102 Ees (s=7TeV
5| antik R=0.4 | band = data stat.+syst. - anti k,R=0.4 .
10 = nl<25 2 uncertainty in quadrature T ml<2.5 ]
C mewmmween 1 \IC: stat. uncertainty 107 _____ E
+ets - l+jets S soniurs o 3
10 = | . . = - N o ]
% | ' | -'(E | | |
o 158 0 = . S 150 E
o — T ~ "
- e —— O C
% 1 I A B % 1= B
S 0.5 : 3 _f
N E < 0.5F =
] . L L | |
102 103 (] 2 | (] 3_
SR - 10 10
leading jet p [GeV] 4t ietp. [GeV]
ALPGEN+PYTHIA T

« nominal & as (up): too high cross section for pr> O(1OOGeV)

j;> disfavoured
* as (down) given best description

ALPGEN+HERWIG similar to ALPGEN+PYTHIA with as down (similar as setting)

francesco.spano@cern.ch Top quark production with N jets and jet veto @ ATLAS JVMO 2014 18th July 2014 15



mailto:francesco.spano@cern.ch
mailto:francesco.spano@cern.ch
http://arxiv.org/abs/1407.0891
http://arxiv.org/abs/1407.0891

Differential do./dNjets and do./dprjets - 1+jets {Js =7 TeV NEwr

[Lat = 4.6 fb?
(2011)

- POWHEG+PYTHIA: nominal in reasonable agreement,
finite h_damp best for high Njet close to ALPGEN+PYTHIA, as down

|
! band = data stat. +syst. uncertainty
N; et >25 GeV ~ . . )
, jet PTjet ! Njet PTjet >80 Gev MC: stat uncertainty
g 10 é_ | T T ATLASI T | _E_ :
@ B - Egt\TVHEG+PYTHIA E | | | AT’-ASI | |
§ 10 T womormwe ] g 1 s — rowesrnwn 4 hittp://arxiv.org/abs/1407.0891
ie) T S e ALPGENSPYTHIAG, Down) ] ' 5 - MC@NLO+HERWIG ] submitted to JHEP
. _ : _8 —m ALPGEN+PYTHIA (@, Down)
- 3 | g Ldt=4.6 b »
_ i : 107 T f (s=7TeV 5th let pT
4| antik R=0.4 e . ————— . R
10 = mi<25 — C antik, R=0.4 = ATLAS
[ p.>25GeV _-'__121" - <25 00 s O] | —®— Daia
T l+jets e - p,>80GeV . 2 10 zoa:EGJthYTH:gYTHlA E
10_2 = | | | | | _: 2 E—Tjets ............. ] = — __ M(Z@NLC(;)(H:?;:W@ i
© | 1 | | | — 10 = = ]
8 ] _'CE - I I I I I I : _8_ - ALPGEN+PYTHIA (g Down) |
g : 5 1.53— —E E 102 — det 46t
0 . B B s . (s=7TeV
Q : R - -
5 ", : E A ] [ antik R=0.4
- | | | | . L] u% 0-5F A E 10° - mi<25 =
° l | b C —
s 4 5 6 7 = 8 3 4 x5 T Lijets —
. r]jets . n | , |
g . jets 2 f | | "]
. . Q 15; ]
- MC@NLO+HERWIG: lower cross sectionathigh 8 ,. .. _..—— :
jet multiplicity'? & softer spectrum for 5th jet....--* N :
X - :
L L I -
, 10 10°
'dominated by PS 5" jetp_ [GeV]

JHEPQ71(2007) 013: MC@NLOQ: ttg(g) smaller than ALPGEN + larger fraction of PS additional jets
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Differential do./dNjets and do./dprjets - |1+jets s =7 TeV  NEW!

http://arxiv.org/abs/1407.0891, submitted to JHEP [Lat= 4.6 fb™1 (20717)
Leading jet pr _ 4th jet pt_
% 1= ATLAS = % 12_ ATLAS 3
Q) - —e— Data (2 - —e— Data
S B POWHEG+PYTHIA i) | = POWHEG+PYTHIA
o - — — POWHEG(h )+PYTHIA IEI- = — — POWHEG(hdamp)+PYTH|A
— 10'1 = g O MC@NL0+|:arEnEzW|G E 10'1 = e MC@NLO+HERWIG -
o - g ALPGEN+PYTHIA (z, Down) - - - == e ALPGEN+PYTHIA (o, Down) 3
3 i e ] % B Ldt=4.6f"
3 1024 - det=4.6fb | 2 - f . i
= {(s=7Tev 10-2:_ = {s=7TeV 3
- - N - -
| anti k, R=0.4 ] " i k R=0. :
103 ﬁﬂi 55 —-  band = data stat+syst. B f:l't;kég o4 i
: 1 uncertainty in quadrature 103 =
. L[ et e 1 MG stat. uncertainty = l+jets -
g | T — s H 4
— i o
e E O 1.5 =
O B mum B ] S :
+ 1:— s T e e e e e LA %J g ST U LU0 D L) ]
g 0.5 E Q - —mm
W T < 0.5F =
: L1 | 1 1 1 1 1 1 L1 | m : | |
10? 10° | ~
leading jet p. [GeV] L 10°
T 47 jetp. [GeV

POWHEG+PYTHIA (similar to ALPGEN+PYTHIA, as down)

- nominal in reasonable agreement (~slightly higher)
- finite h_damp (=772.5 GeV) (less high pr radiation): best for leading jet pr

MC@NLO+HERWIG: slightly softer at high pr
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Differential do./dNjets and do./dprjets - I1+jets s =7 TeV  NEW!
http://arxiv.org/abs/1407.0891, submitted to JHEP [Lat= 4.6 fb™1 (20717)

LO tt+partons

ALPGEN+PYTHIA - nominal & as (up) : too high cross section for large
PDF: CTEQ5L jet multiplicity ( = 5,6 jets)

- lower as (down) given best description

ALPGEN+HERWIG similar to ALPGEN+PYTHIA with as down (similar as setting)
PDF: CTEQ6L1

NLO tt

lower cross section at high jet multiplicity &
MC@NLO+HERWIG softer spectrum for 5th jet

POWHEG+PYTHIA - nominal in reasonable agreement (~slightly higher)

(similar to ALPGEN - finite h_damp (less high pr radiation) best for high
+PYTHIA with as down)  Njet and leading jet pr

inclusion in RIVET is under way
francesco.spano@cern.ch Top quark production with N jets and jet veto @ ATLAS JVMO 2014 18th July 2014 18



mailto:francesco.spano@cern.ch
mailto:francesco.spano@cern.ch
http://arxiv.org/abs/1407.0891
http://arxiv.org/abs/1407.0891

Differential Jet activity : dilepton \Js = 7 TeV AIL-PHYS-PUB-2014-005

generate tt predictions ~ shower + igaevc?{gjrczﬂnleze
LO tt
ACER MC: with more or less radiation ® PYTHIA

LO tt+partons ® HERWIG
ALPGEN : with more or less radiation AUET2
PDF: CTEQ6L1/CTEQ5L ® Ple’r\gi;l'%\l )
radiation tunes
MADGRAPH ®  PYTHIA
PDF: CTEQ6L
NLO tt
HERWI
MC@NLO . ... ®  HERWS
POWHEG: with ren.& fact. scale variations & damping HERWIG PP YTgll‘f\
PDF: CT10(ME)+CTEQ6L1(PS) AUET2  Ferugia
aMC@NLO with ren. & fact. scale variations ® HERWIG
PDF: CT10(ME) & MRST** AUET2 UEE4LO*
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Differential Jet activity : dilepton /s =7 TeV  AlL-PHYs-PUB-2013-005
[Lat = 2.05 fb™1 (20717) ATL-PHYS-PUB-2014-005

- Compare different radiation scenarios for gap fraction measurements—
tune models, constrain systematic uncertainties

Gap fraction vs. Q for veto region: |y| < 2.1 Gap fraction vs. Q for veto region: |y| < 2.1
g 1.0 o 1.0
£ &
0.9 0.9
0.8 ®— ATLAS Data, EP] C72 (2012) 2043 ] —@— ATLAS Data, EPJ C72 (2012) 2043
""" POWHEG+PYTHIA®, P2011C ] 08 - =+« POWHEG+PYTHIA6, P2011C ]
= == ACERMC+PYTHIA®, More PS ] - = = ALPGEN+PYTHIA6, More PS :
0.7 |- - - ACERMC+PYTHIA6, Less PS ] 0.7 - ALPGEN+PYTHIA6, Less PS _
0.6 { 0.6 ;
n ACER+PYTHIA i x
st AREREETIHIA oy o ALPGEN+PYTHIA -
E — ‘ i ‘ —— ‘ i ‘ —— ‘ ——— ‘ % ] il I ‘ TR N ‘ TR I ‘ TR ‘ N N ‘ I ‘ 3
1.1 — —] 11 ;N [ ‘ T T ‘ L ‘ L ‘ L ‘ L ‘ N;
105 LESS PS E - | ESS PS .
_.g 5 [ : -l-l - B S 1.05 j i
S - :
@) = = = = < 1.0 S ——— R R
2 0 95 : r= QE) N I g == _
. | — _——a - |
' MORE PS : 0.95 = _i =
0.9 =1 A C _: M OR E ID 7
L L1 ‘ L 1 ‘ I N ‘ L 1 I N ‘ I N ‘ | ] 0.9 :—I ‘ ‘ ‘ ‘ ‘ {
50 100 150 200 250 300 | I 0 I 11001 L1 11 Ol [ 12001 L1 12 Ol I Ool
Qo [GeV] 5 5 5 3

Qo [GeV]
- Comparable more PS - less PS differences between
» ACER+PYTHIA (updated after fgap(Q) measurement) and ALPGEN+PYTHIA

> larger at high Qo, Qsum, large Njets
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Differential Jet activity : dilepton s =7 Te

V ATL-PHYS-PUB-2013-005
ATL-PHYS-PUB-2014-005

» Investigate tuning of NLO generators— POWHEG with damping:pr

dependent effect on hardest emission, still at NLO

1.0

f gap

0.9

0.8

0.7

0.6

0.5

1.1

1.05

1.0

MC/data

0.95

Gap fraction vs. Qg for veto region: |y| < 2.1

—@— ATLAS Data, EP] C72 (2012) 2043
— POWHEG+PYTHIA®6, P12 =
= = = POW+PY, hdamp=4m; .
----- POW+PY, hdamp=2m; —
= = = POW+PY, hdamp=m; ]

bk L]
.................... -

LESS DAMPING

50 100 150 200 250 300
Qo [GeV]

0.75

1.04

[Lat = 2.05 fb™! (2071

Gap fraction vs. Qsum for veto region: |y| < 2.1

1 —@— ATLAS Data, EPJ C72 (2012) 2043 -
----- POW+PY, py = ps=0.5 N
= == POW+PY, pr = pg=2.0 ]
—— POW+PY, y, = u f=o.5,hdamp=2mt .
= POW+PY, 1, = u f:2.o,hdamp:2mt .

o —a———s-———===
P g ]
N ﬁpx L1 1Ex QN L1 ?
100 150 200 250 300 350 400
Qsum [GeV]

* More damping (lower hdamp) = reduced QCD radiation activity
* Ren. & fact. scale: larger (flat) variation with (without) damping
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Differential Jet activity : dilepton /s =7 TeV  ATLPHYS-PUB-2013.005
ATL-PHYS-PUB-2014-005

* Investigate new NLO generators scale variations
[Lat = 2.05 fb1 (2011)

Gap fraction vs. Qsum for veto region: |y| < 2.1

Gap fraction vs. Qsum for veto region: |y| < 2.1
(oW 1.0 1T 1T ‘ T T ‘ T 1T ‘ T T ‘ T T ‘ T 1T T T T T
B - .
0.95 [— —
0.9 — - — - = ]
- --I-Q— ATLAS Data, EPJ Cy2 (2012) 2043 1 '.""' ]
g 1=* . POW4+PY, scale+radHi E 09 ‘—8— ATLAS Data, EP] C72 (2012) 2043
05 = = = POW+PY, scale+radlLo 7 0.85 = == aMC@NLO+HERWIG++,p, = Plf—OS 4
0.8 ——— MC@NLO+HERWIG,AUET2 = = == aMC@NLO+HERWIG++,p, = pg=2.0 7
----- POWHEG+HERWIG, AUET2 ] 08 —— MC@NLO+HERWIG,AUET2 E
0.75 4 T - POWHEG+HERWIG, AUET2 g
= 0.75 - = = POWHEG+PYTHIA6, P12 =
0.7 H — .
- . 0.7 H —
065 [ |1+t b I H| b T hl et b ] = ‘ ‘ ‘ ‘ ‘ E
1.04 F hh /j 0-65JHuHH‘H}uHH‘HH‘HH‘HH‘HL
C / Scaie - To4 - ~
o b g E : high scale :
"ce' L . - 1.02 — ]
o - - _— i
D : l_:'-'.,- [ '-g 10_ -y r-l ------------------- _
= . g . ;I-_r_' -|_;,-_,_,_ Ty _T_'_”“:.u.ilr.n-:.';'.-'.'.uul. .
0.98 - - "-""--r-— N
. | low scale
50 100 150 200 250 300 350 400 T b b b b b b T
Qsum [GeV] 50 100 150 200 250 300 350 400
Qsum [GeV]

. POWHEG +PY(+ hdamp) brackets POWHEG+HW, but not MC@NLO+HW

« aMC@NLO+HW++ brackets POWHEG+HW and PY6 (not at low Qo), but
not MC@NLO+HW
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Inclusive Gii.heavy ravour :dilepton-yJs =7 TeV

- -1
Phys. Rev. D 89 072012 (2014) JLat ~ 4.7 fb1 (2071

4=

tt + b/c+X (HF) is main bkg to tt+H,H-bb

L6 1=

+ 2 OS leptons, = 2 jets, ee,pp: high Ef™*> 60 GeV & 2 b-tag control region
M(e))£mz, ep: high HT =}jets lepts PT >730GeV (f [T e

® Dat
ATLAS = %ﬁ‘lh no HF
10° _ 2 Zijots
J Ldt=4.71b Zuets

Fake leptons
10*E (s=7TeV s HE
£ Syst. unc.

Events

- Bkg: tt with >1 mis-tag (shape from simul., norm
from fit in tt+HF), single top and Z+jets (from simul.)

data-driven fake leptons (extrapol. from same sign
lep. sample)

*objects for PL fiducial volume: (stable)
particle jets, truth e,u,v from W in top decay, b-
(c-) jet: spatial match of jet to b- (c-)quark

Data/MC
OO0l 01N

> 3 4 5 6 7 8
Jet multiplicity
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Inclusive Oiineavy fiavour :dilepton-y/s =7 TeV [La ~ 4.7 b (2077)

Phys. Rev. D 89 072012 (2014)

no # b-tag requirement

N AEREREL B B B B B B B
 In =z 3 b-tag ev. calculate o7+ HF) = fo%d}tIFgHF S 1L ATLAS . Data
Q = -1 b-jets =
S 10° 3 Ldt=4.71b light jets E
» Nur =#b-tags from combined HF = 79+26¢-Max & 1o°f ls=7Tev _ . Wojes <
Ikl. fit of templates (from tt, non tt-bkg, HF (b and ¢), = g e_ high b-jet purity sample -
light flavour mis-tag) to displaced vertex mass & pr \o? e T 3
of b-tagged jets in 3 b-tag purity bins . . E
expect large uncertainty on b- to c- separation - measure 10 E
only total HF : additional b-tags not coming from light jets 1
] 107
» enur: convert Nue to #events with =3 true PL b-/c- L A S
. i «— - H - Vertex mass [GeV]
jets (2 top b-jets) —MC events in fiducial volume . 3 btag ~106 events~325 jets
c 10° | | | | | T
~ ATLAS } e Data
N; g 10 Ldt=47f' s
- In = 3 jets & = 2 b-tags ev. get oy, (7+ ) - oty | i

fo%dl‘ 8] 10°
» N; = #events with tt + = 1 jet =1541+41 «cut & count

» g;: from N;to #ev. with =3 true PL jets (2 top b-
jets)—MC events in fiducial volume

High purity I Medium purity Low purity

R LI ——— =
oot

It

................

1 1
t +HF 107 | | |HF-tt+b +X and tF"'C"'X .......... ]
s ow i Os LOW Hi 0sq. Low 7
oaa(t? +HE) _ 16 5 14 1(stat)=1.8 (syst)]% e e e T,

RHF — Otid (tlT _|_ ]) - Tagged jet vertex mass category
SM: 3.4% (ALPGEN) , 5.2% (POWHEG)

- Syst dominated: c-tagging (21%),fragm. (10%) flavour comp. (6%),
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Conclusions & Outlook
o ATLAS measures differential/inclusive cross sections sensitive to radiation effects
in tt production using the full 7 TeV dataset in fiducial regions similar to reco space

e New measurements of do.«/dNjets With different pr threshold and do./dptjets fOr
pt-ordered jets up to the 5" show sensitivity to parton shower modelling for
LO multi-leg and NLO generators at highest jet multiplicities, high jet pr of
leading jet and in jet pT of 5" jet

» MC@NLO+HERWIG predicts too few events at high Niets

e Measurements of gap fraction f(Q) = fraction of events no additional jet(s)
above certain pr threshold Q, in different rapidity regions, are compared with

» LO and multi-leg LO generators to constrain ISR/FSR variations in a broadly
consistent manner.

» variations of fact. & renor. scales for several NLO generators +different hadr.
schemes: spread of models is even wider than considered variations— care in
parameter choice & consider use of multiple models.

e Measurement of tt+heavy flavours (b+X and c+X) production at 7 TeV shows
agreement with the SM predictions

e Definitely keen on using new NLO generators so stay tuned for upcoming 8 TeV

measurements and beyond!
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bl N

Ecm =8 TeV“f = C.M-S

peak Iumr

e ~~~Ec A _7 TeV

peak Jami -

‘%

LAr hadronic end-cap and

\ N\, forward calorimeters
l. Pixel detector \

' / Toroid mognets ', LAr electromagnetic calorimeters

Muon chombers Solenoid magnet | Tronsmon radiation fracker

francesco.spano@cern.ch

Semiconductor fracker

Top quark production with N jets and jet veto @ ATLAS

« P tracker Calo Muon

Tracking Electromagnetic Hadron Muon
chamber calorimeter  calorimeter chamber

photons

Innermost Layer... P ...Outermost Layer
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Top quark @ LHC: inclusive production
pp collisions
probing lower x than Tevatron —
(abundant) gluon fusion dominated

Tevatron | LHC(7) | LHC(14)
ag ~10% | ~85% | ~90%
qq ~90% | ~15% | ~10%

Miop= 172.5 qq annlhllatlon gluon fUSion

At Tevatron

Pa
/ g OB —— |
top pairs: 4 { i ~ 7 pb
strong . > S : o: ~ 3.5 pb
Czakon, Mitov, Fiedler 2013 orrev(pb) | 172445547 45 ~5.4M (~0.96 M) tt
events produced by
NNLO+NNLL accuracy ostev (Pb) D45+6.2 g 4+6.2 ¢ , * LHC in 2012 (2011)

0ot/ ot ~4%

t-chan
. J J p Wt chan t q s-chan ¢
single top: %W* i ; %
electroweak ; E g : ; b _— W 7
Kidonakis t-chan Wt chan | s-chan
2010,2011 ortev (pb) | 64.622.4 | 15.721.1 | 4.620.2 ~2.5M (0.47 M) single
approx NNLO top events produced
564/ ~2 10 7% ostev (Pb) | 87.8+3.4 | 22.4+1.5 | 5.6+0.2 by LHC in 2011 (2012)
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Top quark decay: signatures ha;d T ttdecays
+lep

ty ~32.49% hadT

° ngh Pr jets qq ~67.6% +jets

all jets

*b-jets T to p s
* 1 to 2 high Pr leptons (e,H) , &* wal B
» Missing energy +jets W 457%
P Q — P di-lepton
t (e,n)
b : single top
- W

//I or 2 jets

bkgs_tt: W/Z(+jets), single top, Wt t,s
QCD multi-jets, Di-bosons bkgs_single t: tf + same bkgs_tt

francesco.spano@cern.ch Top quark production with N jets and jet veto @ ATLAS JVMO 2014 7th January 2014 5
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Selection/Ingredients for top quark pairs/single-top

/
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Selection/Ingredients for top quark pairs/single-top

Muon

| Electron | Segments in tracker
Good isolated calo object and muon detector

Matched to track
E.>25 GeV CaI.o and. track
isolation

nl€[0;1.37][1.52;2.47]
pr>20 GeV|n|<2.5
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Selection/Ingredients for top quark pairs/single-top

Muon

| Electron | Segments in tracker
Good isolated calo object and muon detector

Matched to track
E.>25 GeV CaI.o and. track
isolation

nl€[0;1.37][1.52;2.47]
pr>20 GeV|n|<2.5

/

Jet

Topological clusters, Anti-k; (R=0.4 ), MC
Calibration checked w/data
p;>25(20) GeV, |r]| <2.5

(large JVF =S et trkinpv P1/> jet trk P VS pile-up
jets,)
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Selection/Ingredients for top quark pairs/single-top

Muon

| Electron | Segments in tracker
Good isolated calo object and muon detector

Matched to track
E.>25 GeV CaI.o and. track
isolation

nl€[0;1.37][1.52;2.47]
pr>20 GeV|n|<2.5

b-Jet

Jet Displaced tracks or secondary lepton

Topological clusters, Anti-k; (R=0.4 ), MC SVO: reconstruct sec.vertex
Calibration checked w/data | |

pr>25(20)GeV, |n|<2.5 JetProb: track/jet compatibility with prim.
(large JVF => et trkin ;gt?)/z et trk PT VS pile-up vertex

MV1, IP3D+SV1 +/or JetFitter: IkI/NN taggers
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Selection/Ingredients for top quark pairs/single-top

Muon

| Electron | Segments in tracker
Good isolated calo object and muon detector

Matched to track
E.>25 GeV CaI.o and. track
isolation

nl€[0;1.37][1.52;2.47]
pr>20 GeV|n|<2.5

ETmiss
Vector sum of calo
energy deposits
Corrected for
identified objects

b-Jet

Jet Displaced tracks or secondary lepton

Topological clusters, Anti-k; (R=0.4 ), MC SVO: reconstruct sec.vertex
Calibration checked w/data | |

pr>25(20)GeV, |n|<2.5 JetProb: track/jet compatibility with prim.
(large JVF => et trkin ;gt?)/z et trk PT VS pile-up vertex

MV1, IP3D+SV1 +/or JetFitter: IkI/NN taggers
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Selection/Ingredients for top quark pairs/single-top

Muon

Event cleaning

Good run conditions | Good isolated calo object

Electron Segments in tracker

and muon detector

Primary vertex Matched to track
(PV)with at least 5 Er>25 GeV CaliZc?lgfcji;;aCk
tracks n|€[0;1.37][1.52;2.47]

Bad jet veto
Cosmic veto (up)

pr>20 GeV|n|<2.5

ETmiss
Vector sum of calo
energy deposits
Corrected for
identified objects

Topological clusters, Anti-k; (R=0.4 ), MC
Calibration checked w/data

p;>25(20) GeV, |r]| <2.5

(large JVF =3jet trkin pv P1/2 jet trk PT VS pile-up
jets,)

b-Jet
Displaced tracks or secondary lepton
SVo: reconstruct sec.vertex

JetProb: track/jet compatibility with prim.

vertex
MV1, IP3D+SV1 +/or JetFitter: IkI/NN taggers
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Backgrounds estimates (it single lepton+jets, single top t,s-chan)

“Fake” leptons: mis-id
jets,y—ete’, non-prompt
leptons (b/c-decays),
punch-through had

......................................................

* Di-bosons |
(WW,WZ,Z27) .

francesco.spano@cern.ch

r 1s the marginal efficiency of standard cuts.
f1s the same, for background sources

Both can be measured in pure or
background event subtracted samples

P Jet template

Shape from jet triggered events
with 1 high em. content jet.

Normalize by fitting low Er™iss

L shape to data and extrapolate

(« Matrix method ( J Boudreau
loose  _ loose loose 10p2012)
N = N real + NV fake °
td _ loose loose
N* = "N, real + f 4V fake

J

q

%/mu/ateo’ sha,oe;

¢ |rate set to approx
5 NNLO y

T

é/mu/ateo’ sha,oe+\
_ rate set to SM

Top quark production with N jets and jet veto @ ATLAS

Loose selection=relax lepton
isolation & identification

Standar
selection

ATLAS- CONF 2014-007

> L}

[ " ATLAS Prellmlnary f Lat=203f" (s=8TeV]
Q) SR central electron 1
- & ¢ data
) - i
I= 1 000 X B 17, Wt s,t-channel
G>J ] W+jets .
i [ ] Z+jets, diboson -

- B Multijet )
500 MC stat. -
g}
o
alg
S|E )
©
o 0 50 100 130
E? S [GeV]

rorrriallZatiorlis=lIit

parameters, estimates are
starting points for fit
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.................................

Backgrounds single lepton+jets

ATLAS CONF 2011- 121
K W+jets simulated shapes ' preliminary
"""""""""""""""""" data-driven overall norm and flavour fractions
~ q b , C 57 d_ W+ q’ g
a (ﬁbb T B Lﬂ Be + + PBiignt
. ’//// //V\}\//\i \..' g~ ~ W \— \,‘ 2—1 g

» Iterate: use events with 1lep + large Er™ss +2 jets to derive a and Bxx -
before b-tagging

1.Derive O as ratio of asymmetric production of W*and W- is well known (more
u-quarks than d-quarks ) //;‘74 CW+ A/ets events, no b-tag

NMC MC ( =D ):(FMC+1)(D+—D_),

(Nys = Ny©) rvc — 1

2.Derive Pxx from 3 equations using 2 data samples with positive and negative leptons
in W+2 jet bin with standard sel & no b-tag + 1 normalization condition

3.Derive A as in 1, but in ric use Bxx from step 2

Nw+ + Nw—

» Extrapolate shape and norm from 2 jets channel to any jet multiplicity
b-tagged channel with )
ngzag — Wzretag ftag fta;n

francesco.spano@cern.ch
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Backgrounds (tt di-lepton, Wt single top)

ATLAS-CONF-2011-100

> [T IRRR RN REERE R RN RRRRE
* Fake leptons I : generalize single lepton estimate $10° ATLAS Preliminary f"nga eu -
» Get r and f : probability for loose “fake” and real leptons: | f Ldt=070f5 Etz_i} o
to pass standard sel. — control samples enriched with ¢ Fake leptons
real (in Z window) or leptons H0% M Other EW
» Combine with N(di-lep) for all loose “fake” & real
pairs—fake standard lepton content o
Same idea, more categories (j=jet, [=lepton)
l [ ql 4 [
di-lep j ZZJ oyl oy (J Boudreau,
topologies % ) €= j %’ J<——/ Top2012) 1
L L -
! ! ! N
lstd/std loose/std std/loose loose/loose 0 100 200 300 400 500 600 =700
H. [GeV]
Nl,l
N 1 1 1 1 o
loose, s no fon B\ /N;:; \ real fake
standard | vst |=\ £ n  f v | inloose e Fake Leptons II
NSS nr, rify firz fif2 N;ﬁ; ) Assume constant fake
’ data/fakeMC in same
*
« Z/y* bkg (ee, up) sign/opposite sign
,- Z Assume constant Z data/Z MC N 0S) -
ratio in/out Z window fakes (OS) =
[Data(SS)-NonSSBkg(SS)]
e MCieswaiotssmutiet (OS
NZ/v (SR) :[Data(CR)-NonZBkg(CR)] MCZ/y (SR) tt+W+jets+multijet ( )
, MCzy (CR) *  MCit+W4jets+multijet(SS)

CR (SR)=in (out of) Z mass window
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Differential Jet activity : dilepton s =7 TeV |Ldat= 2.05fb™" (2077
Eur. Phys. J. C72 (2012) 2043

+ MC@NLO: too little jet activity in |y|<0.8

S L T T L L L B L BB L
° 1 ——
Z 0.98 ; t AT

o e ATLAS

5 0.96 J.Ldt=2.05fb'1

e Data + stat.

veto region: 1.5< |y| < 2.1

—— MC@NLO
—— PowHEG+HERWIG

""" PowHEG+PYTHIA

0.88
Syst. + stat. - - - SHErea
0.86 - == ALPGEN+HERWIG
C | I | | Lyl |

© T ] T T | T
= 1.02-
()
S~
e
(@]
(0]
<
|_

Lol bvva b beea b Lo b ot 1y

o b by
60 80 100

A RN R B B
120 140 160 180 200

e Data + stat.

20 40
Q, [GeV]
c S | B L BN BN N WL (g e
S B et E
‘g 095 e E
S 09F  afT =
© = -
G 0.851 Ldt=205"
0.8 ;_ veto region: |y| < 2.1 _;
0.75E" — MC@NLO E
0.7 E_ — PowHEG+HERWIG _E

-S 1__] T I T T T T l T T T T l T T T T l T I-II-'-I l II-II-i T I I—
5 f T -
CU B -—*-—T‘. N
— 0 95__ ...... _
o ~7PL - ATLAS -
O - ; _[ Ldt=2.05b" ]
0.9 |if" | —
. veto region: |y| < 0.8 i
0.85 +- —— MC@NLO _
B i e Data + stat. —— PowHeG+HERWIG g
0.8 ; ----- POWHEG+PYTHIA _
;IJ Syst. + stat. - SHERPA -
0.75k - == ALPGEN+HERWIG ]
_l 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 l—
CG _I I I I I I | I I I | I I I I | I I I I | I I I I—
g 1.04: .
o T ]
3 1?'; P e B e e e e :
N - - TE ]
~ 0.98F —
O 96_ ST S SO TR T NN TR TR T N NN TN MO SO WA (Y TN A W SN N T N SN A BN

' 50 100 150 200 250 300
Q, [GeV]
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Top quark production with N jets and jet veto @ ATLAS

o.es5(H4% 0 Ll POWHEG+PYTHIA
Syst. + stat.
0.6 === SHERPA

055 - == ALPGEN+HERWIG
o | : : : | |
£1.05
(|
~~
E\ 1 R R R I g R r T r e = s
6 [F M oo
()
<
|_ —

©

O

(&)
TN

TR BRI BT T B
200 250 300
Q, [GeV]
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Differential do./dNjets and do./dprjets - |+jets Js =7 TeV NEW!

Provide table of full breakdown of http://arxiv.org/abs/1407.0891, submitted to JHEP
uncertainties for both results example for do./dNijets

e (R / Mjets 3 4 5 > 6

da tt/ dN jets MC statistics 0.8 1.2 2.8 5.9

) ) PDF 0.6 2.1 0.8 0.8

- Systematic dominated: ~10% to ~30% MO generator i 0T 08
) ISR/FSR 4.9 5.3 7.4 14.6

- Correlated effects dominant at large Njets o o e R S
(JES~3% to 40% ISR/FSR: 110 6%, MC 50 ..., TR B -

gen b—je t) Additional interactions 0:1 0:2 0:3 0:6

4 Jet reconstruction efficiency 0.0 0.0 0.0 0.2

Jet energy resolution 0.1 0.9 3.0 0.8

* Uncorrelated effects dominant at low e ot (15 20 as a0 s
Njets (Bkg 3% tO 18%) Ef;fjtiv}; ?e:eitor 1>\TP set 1 (JES) 1:9 3:1 3:5 5.i

Eﬁ"ect%ve de'tector NP set 2 (JES) 0.1 0.2 0.3 0.4

« Combination improves by 3% (20%) 0N Gacie miei b s 2 09 02 05 o1 or
H(e) chan (smaller fake lep. bkg in g events) i mema e s s o 0s 1o 1
Effective model NP set 3 (JES) 0.7 1.0 1.3 1.8

do /de- ; Efoctive stot. NP ast 1 (J5S) 0> 01 o4 1

«/ AP Tjets R oonoon

- - ’ - o Egeczive staz. Ei se‘t ; 85:; 82 83 83 (1);

* Systematic dominated: lead pr jet ~7-14%, rmeciminoes 0w aw
OtherS~ up fo 1 7% Flavour compositi(on (J)ES) 0.8 1.4 1.8 1.7
Flavour response (JES 04 2.4 3.7 2.7

Additional interactions p (JES) 0.1 0.3 0.4 1.8

o ” En_ Scale & ID eff__' Smaller than e — 20% Additional interactions /;va (JES) 0.2 0.3 0.7 1.0

. . Relative non-closure (JES) 0.3 0.5 0.8 1.1

smaller uncertainty do./dprjetsin g chan Sing prile byt (129 o0 00 o000

et vertex fraction efficiency . . . .

- b-jet scale: 2 to 5%,b-tag eff. 2 to7%,W v i tevon 0 15 oo oo
+jets bkg~2% to 8% Stat1.5% to 14% Multiet g 02 0 o0z o4

Small backgrounds 3.0 3.4 2.6 4.0

1 7 ' _70 _ ) Luminosi 1.8 1.8 1.8 1.8

* Comblnatlon lmproves by 4 7 A) (15 30 A)) Statisticajyuncertainty 1.8 2.8 6.3 14.5

on the IJ (e) Channel Total uncertainty 10.2 12.9 16.8 28.0
Cross-section [pb] 1.99e-+00 4.95e-01 1.04e-01 1.72e-02
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MANCHESTER

arXiv:1203.5015

1824 Jet Veto Measurement

e Study the fraction of ttbar events that do not
contain an additional jet, in a central rapidity fgap(QO) — N.-
region, with pt > Qqo: t

e Alternatively, we can take the sum of the pr of

the jets falling into each rapidity region and fgap(qum) — N.-
define: tt
¢ | ly| < 2.1 |
e Use dilepton events with
two reconstructed b-jets ‘ ¢ b-jets
to easily identify the O Ledp;ioﬁlsnal -
additional jet(s). O )

21 -15 08 0 08 15 21 7

e Fourrapidity regions: |[y|<0.8 08=<|y|<15 15<|y|<21 |y|<21

e Measurement is corrected for detector effects and presented in a well defined

fiducial region. M.Owen. Topl HCWG Meeting 29th Nov 2012

Mark Owen ATLAS Measurements of Radiation in Top Events
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Differential Jet activity : dilepton /s =7 TeV ATL-PHYS-PUB-2013-005

ATL-PHYS-PUB-2014-005

- Compare different radiation scenarios for gap fraction
measurements — tune models, constrain systematic uncertainties

Gap fraction vs. Qsum for veto region: |y| < 2.1

Gap fraction vs. Qsum for veto region: |y| < 2.1

C & 1.0
- B -
0.95 — =
95 005 - |
0.9 = . ' _'| =
—@— ATLAS Data, EPJ C72 (2012) 2043 0.9 ATLAS Data, EP] C72 (2012) 2043 =
----- POWHEG+PYTHIAG6, P2011C %
0.85 - o EBE P = POWHEG+PYTHIAG6, P2011C 3
= = = ACERMC+PYTHIA®6, More P’S 0.85 —]
= = = ALPGEN+PYTHIA6, More PS ]
0.8 - = = ACERMC+PYTHIAG, Less PS = L PCENAPYTHIAC T eon DS -
' —— MADGRAPH+PYTHIAG6, Z2 0.8 - - datd —
' —— MADGRAPH+PYTHIA®, Z2 .
0.75 7 ]
0.75 ]
0. ] .
7E ACER+PYTHIA 0.7 1 YT —
- ‘ [ ‘ L] ‘ L] ‘ I | ‘ I | ‘ L] ‘ [ - ALPGEN+P HIA 4
O°65%HHMH\HH\HH\HH\H”\HH\H‘ NI B SR AN S AR AR B A AR A
L ] 0'65%NNNNN‘N[N[NNNNNN[N[N[N‘NN‘N‘N[NA
1.04 - | | | | | | |
C =1 1.04 — ]
1.02 — S R L) W ] N ]
"E : ittt B S 1.02 ﬁ —]
3 1 O ; | | il - ‘ = J --------- % q
O - e R ~
= - o ey U
098 — ___.a—~ — S
C o=
0.96 =17 —
9 L1 ‘ I ‘ I I ‘ I ‘ I ‘ I ‘ L1
20 100 = 200 250 300 350 0 40([)GeV] 50 100 150 200 250 300 350 400
o Qsum [GeV]

- Comparable differences between
» (ACER+PYTHIA and ALPGEN+PYTHIA) x (more PS or less PS)

» larger at high Q, Qsum, large Nijets
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Differential Jet activity : dilepton Js =7 TeV i1 _prvs-pUB-2013-005

ATL-PHYS-PUB-2014-005

- Compare different radiation scenarios for gap fraction
measurements — tune models, constrain systematic uncertainties

N jets with pt>30 GeV

N =
g L
Z
2 i ACER+PYTHIA
o
E 101 — —
- =
10_2 ; ----------- -
=== ACERMC+PYTHIAG6, More PS 3
~— - = ACERMC+PYTHIAS6, Less PS S
- —— MADGRAPH+PYTHIAS6, Z2 o ]
> %
[al
+
=
@)
A~
~
)
p=

1/0 do/dNjets

MC/POW+PY

1071 |

102

N jets with pt>30 GeV

LPGEN+PYTHIA

POWHEG+PYTHIA®6, P2011C
ALPGEN+PYTHIA6, More PS
ALPGEN+PYTHIAG®6, Less PS

MADGRAPH+PYTHIAS®6, Z2 TP —— y

« Comparable more PS - less PS differences between
« ACER+PYTHIA (updated after fyap(Q) measurement) and ALPGEN+PYTHIA

» larger at high Q,

francesco.spano@cern.ch

Qsum, large Njets

Top quark production with N jets and jet veto @ ATLAS
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......
Lot ae’ ]
------

sierc PowHEG and hdamp L
S universitatbonn

@ K. Hamilton, Top2012 http://indico.cern.ch/event/180665:
Theory perspective on top quark signal modeling uncertainties, parton level study

do /dpr [pb/GeV] do/dpr [pb/GeV]

PWG —
MCAQNLO —e—

PWG damp |
MC@NLO +—s— -

i}

—=—
—— i
| e | :
——

HH 1H
B {H

-

by g
L T
|

| | | | | | | 0 | | | | | | |

100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800
tt tt
py |GeV] P [GeV]

@ POWHEG needs damping switched on or else scale dependence underestimated at high-pr
@ damping = pr-dependent effect on hardest emission in POWHEG, still NLO accurate

@ need to turn on damping = POWHEG-specific, no need to do it in MC@NLO

[ L. Mijovi¢ | TOP LHC WG mtg | 22.05.2014 | 14/ 28
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Differential do:/dX: l+jets Js =7 TeV  JLat= 47101 (2011) NEW!

arXiv:1407.0371 Submitted to Phys. Rev. D qqtvbb /" > 10%
w ) S
» 1 isol. (e,y), symmetric Er and mt"W :2 o7 Tev [ Lot a6’ é?EwH _
cuts, = 4 central jets, =1 b-tag o” o0 5‘3?],,
- Data-driven W+jets (normalize pre-tag with W*/W 10_11 S Orrer

asymmetry, extrapol. b-tag prob from 2-jet-bin) fake lep.
(loose/tight matrix method), single top, dibosons (from sim.) 10*

107
* Reconstruct tt with kinematic likel. fit 5 1.5
(m,mw constraint) = cut on quality of kine fit I e A e /
€ 0.5b g e L SIS
* Unfold d(N-Nwkg)/dX to full phase space s 0 100200 300 400 500 600 7{0(;)63?0
(reqularized unfolding, linearity tests), scale 3 PPy
with L and o« —»1/0s dow/dX S e
> 7t . Data 3
> M D; — B S P =0= +— NLO+NNLL ]
do _ 1 i Jt X: ooy M . - ’E’!c% ATLA
dX; B AX; BR - L - € p.’;t i v ”/tt ’ p-’;tt 16 h.ﬁ J.Ldts= 461’
10 —
- Combine (e,p)+jets channels with minimal - 1/0x d0w/dPre
covariance estimator (BLUE) including correlations I ... —
» Propagate syst uncertainties through unfolding: jﬂ ey mpemsncte ——
modify migration matrix & acceptances, fix data 2 0.5E-.. | ——
0 100 200 300 400 500 600 7;,?0[693?0
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Differential do:/dX: |+jets Js =7 TeV  [Lat= 4.7fb*(2011) NEW!
- Syst dominated:<7% for y«,10-20% p++ 2% to 11% for priw., 3% to 6% my

L M A IR MMM I T g
Compare with MC, NLO & approx NNLO | 3 S Data -
S o om ® ALPGEN+HERWIG
8|N%P - B  MC@NLO+HERWIG |
MR = g ® POWHEG+HERWIG  —
* PTtop SPectrum is softer than most 5 mgy | NHEGEYTHA
predictions for prt.op >200 GeV ! ]
_ ATLAS 1/0« dO&/dPrp
E jl.dt:4.6fb" -
o 1.8:H” AR RARES RARAN RALEN RARRS RAREE RAREE RAARN RARRS - \s=7TeV a  / “
S {75 ATLAS Data E ... I A—
- .E .CT1ONLO 5 1.5:_#4#%]#4##]% L 4.#;%4.44%4]4#%4;34441
> 1.6F J Ldt=4.6fo" ™ MSTW2008NLO - olg SR, P S T
S 1 5; Ao NNPDF 2.3 : 5 T
< 1.5F ¢ HERAPDF 1.5 - Y T T T T T T T
- - \s=7TeV - 0 100 200 300 400 500 600 700 800
1.4':— r p'T [GeV]
1.3 e f .
of 1/6« dov/dms \ T+ * F Compare with different PDF sets
F A f
1.1_— -i E
e 2 +_ - Data show sensitivity to PDF with
0of ™ E some preference for HeraPDF
0.8:““ YT FYTTY PYUTY YT FUTTY PPUTI ITPT POPTL

250 450 550 700 920[ Ge2\/7]00 arXiv:1407.0371 Submitted to Phys. Rev. D.
it
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. : T : : http://arxiv.org/abs/1407.0891,
Fiducial definition in |+jets e brtod 16 JHEP

EXss > 30 GeV & mrp(W) > 35 GeV
One or more b-jets
Three or more jets with ppr >25 GeV & |n| < 2.5
e (u) with pr > 25 GeV & |n| < 2.5
No additional e () with pp > 15 GeV & |n| < 2.5
No u (e) with pt > 15 GeV & |n| < 2.5
No jet-jet pair with AR < 0.5
No jet-electron or jet-muon pair with AR < 0.4

Table 3. Fiducial-volume definition for the electron (muon) channel of the tt+jets cross-section
measurement with the jet pp threshold of 25 GeV. These conditions were applied on reconstruction-
level and particle-level objects, with the exception of the electron where a veto on the n-region
corresponding to the barrel-endcap transition region was applied on the reconstruction level (as
described in section 3.1), but not included in the fiducial-volume definition. The jet pr threshold
in the jet multiplicity distributions was increased to 40, 60 and 80 GeV, for the corresponding
cross-section measurements.

Leading jet with pt > 50 GeV & |n| < 2.5
274 Jeading jet with pr > 35 GeV & || < 2.5

Table 4. Additional fiducial-volume requirements implemented for the ¢t cross-section with respect
to the jet pr. These requirements were made in addition to those given in table 3 and were applied
to the electron and the muon channel.
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Details of corrections for do:/dN jets hitp://arxiv.org/abs/1407.0891,

submitted to JHEP
N }l)art E%art!rech’ Z

part,i ] j AT
Ewreco J]( reco!parJ [accp‘J (N reco N bgnd)
]

after jet acceptance effects i= bin of jet multiplicity

1) correct for all non jet related efficiencies: flaceot = Nev(Dass non jet-particle sel &
b-tagging, trigger, lepton reconstruction jet reco sel)/ Nev(pass full reco sel)
Reco

—>

Pass Reco, Pass Reco, Fail Reco Fail Reco,
Pass PL Fail PL Pass PL Fail PL

Particle level: to correct to

2) correct for events that pass reco
requwements out fail particle level ones

3) correct for migrations (resolution effects) for events  [terative Technique
that pass both reco and particle level requirements (INIMA362 (1995) 487)

2) correct for events that fail reco requirements, but
pass particle level ones
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Details of corrections for do./dprjets hitp://arxiv.org/abs/1407.0891,
i= bin of jet pr submitted to JHEP

i | ,E:part,ij | £ | £ (NI N
part _[fpart!rech Ewrecoﬂ.][misassig% [reco!parﬂ f accpt (N reco N bgnd)

i

1) correct for all non jet related efficiencies: flaceot = Nev(pa@ss non jet-particle sel ¢
b-tagging, trigger, lepton reconstruction jet reco sel)/ Ney(pass full reco sel)
Reco

—>

4__
Pass Reco, Pass Reco, Fail Reco Fail Reco,
Pass PL Fail PL Pass PL Fail PL

Particle level: to correct to

[ 2) correct for events that pass reco requirements, J

but fail particle level ones match reco to particle jet

within AR=0.35

_ _ | N(jets matching jet i)/
3) correct for migrations (resolution effects) for events N(matched jets)

that pass both reco and particle level requirements with
jets having the same order

3) correct for migrations between different jet pr -ordering

[terative Technique
(NIMA362 (1995) 487)

2) correct for events that fail reco requirements, but
pass particle level ones
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LHC : a Top producer
counter-rotating high intensity proton bunches colliding at center of mass
energy (Ecmor s ) =7 TeV in 27 Km tunnel
T designT Ecm=14TeV | lUMmi10*¥cm=2s"

(~30 times Tevatron pp collider )
Key parameters: o < opaiman a e e i <3 -
Nl N2 i | L {..3./ =" ;

Ecm(Tevatron)= 1.96 TeV

N; = bunch intensity
ny = number of bunches o
2 Ec ne.

o = colliding beam size %
{14 to be a
peak lumi: 1.6 103.f‘vc
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® delivered Integrated
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Nevents(At)= JLdt * Cross section
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Differential Jet activity: dilepton Js =7 TeV lepton pr
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