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The top quark

.

" The most massive known fundamental |
. particle (172.3 + 0.9 GeV)

Top quark decays faster than its
hadronization time. Unique
possibility to study a bare quark.

Tdecay — ~3 ¢ |O_2SS
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Top production @ ATLAS - La Thuile2015

Principal background to many
' new physics models and most
of the Higgs final states.

>5 Gate for new physics (Z’, kk gluons and many more)
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LHC & ATLAS

2011 Vs=7TeV
. JLdt=461b"

“ i Liax=7.7 - 1033 cm™2 s71
* 2012: Vs =8 TeV
fL-dt = 20.3 fb1

Lmax = 2 : 1033 Cm-z S-l

* 2015: vs =13 TeV
| fL-dt = 10 fb!

Lmax == 1.2 . 1034 Cm_z S_l -
— - ——ee d At LHC 5.5 x10° tt -

— produced (2011+2012) and
~9 x10° expected (2015)

At Tevatron ~35 x103.

— ———  ————
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Production at LHC

Top pairs

- = ESS R m— - i ——— =
| Strong interaction. Production channels
E‘ lo""l‘l'l']']'l']'] \{ .,m ‘
Top pair and single top cross sections "(‘ 1
10° with and without accompanying Z . Tevatron ! ‘\
/ | ‘
1 Y , 1
R LHC(13) - 1

3 - .
| . ff cross section  NNLO+NNLL |

= t+Z (t~channel

|
HZ (t-channel) o71ev (pb) 177.3+11.4 : { }\
Ostev (pb) 252.8 +15.4 }I
O131ev (Pb) 831.8 +48.8 |

qq annihilation |

- Wi-channe] m——s——
”_-T* i
H b ’ b

\ LHC(7).| 63.9 + 3.8

. LHC(8) 84.7 +4.9
. 217.0 + 11.7

e
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Top Decay

| Signature |

High pr jets, v
b-jets, { -
{ High pr leptons, | ' ® o/l
:f Mlssmg energy ! —

| Very high pr top quarks decays
cannot be separated in single jets; |
Peculiar topology needs specific |

algonthms |

e
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Top Pairs (tt)




tt Inclusive Cross Section - Dilepton

,“ equations in both the cases of exactly 1 or 2 b-tag;:

b Vs =7 TeV fL-dt = 4.6 fb-1 (2011)
tt =
Vs =8 TeV (L-dt = 20.3 fb-1 (2012)
L Selectlon 0pp051te sign(OS) e‘u + 1 or 2 b -tag ]ets ll s Phys, L C 74 (2014) 3109
‘ . . . , s e T
i: Bkg: W-t single top (mam, from MC), Z+]ets(from 3 30000 ls=8Tev,203m" O 1 Powheg:PY
| MC + data driven Z->l scaling), fake leptons(data 25000 - Zes &
driven extrapolation from same sign(SS) sample); . . = e D oo 3
| ‘ — - MC@NLOMW -
- | " AlpgensHW
‘ Cross Section strategy: directly from cross section :

Ny = Loy €,,“2€b(1 — C},Q,) -+ N:)k"
Ny = Loyi eeuCren” + Npke

Svstemat1cs Lum1(2 3%), beam energy(Z%) tt
‘ modellmg( ~1.3%), PDF(~1 1%). |
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tt Inclusive Cross Section - Combination

m,, = 172.5 GeV

« e T July 2014 ATLAS+CMS Preliminary o . summary, \s =8 TeV TOPLHCWG Sep 2014
ATLAS Preliminary i
_______ NNLO+NNLL (top++ 2.0)
—1mecgev | B | - NNLO+NNLL (Top++ 2.0), PDF4LHC —_
Data 2011,\s =7 TeV PDFALHC m,,, = 172.6 GoV My = 1725 GoV o T S wmosney
W scale uncertainty B scale uncertainty o . +(stat) +{syst) £(lumi)
- ;c;le:rfclgz;:t?ﬂamw scale ® PDF & « uncenainty if ye
Channel & Luminosity — total uncertainty
Oy +(stat) =(syst) =(lumi)
ATLAS prel., e/u+jets 241+ 2+31+9pb
Single lepton 0.70 fb 179+4+9+7pb ATLAS.CONF-2012-149, L, <58 b P
Dilepton 0.70 fb™ 173+6*)1 *Spb _
CMS prel., e/usiets | — o 228+9° 2+ 10pb
Single lepton b — Xuv 165+2+17+3 pb CMS-PAS TOP-12.006, L,=28 fb"
4.66 fb"’

CMS, elp+t
arXivi1407.6643, |_=196 "

194 + 18 + 46 pb
186+ 1320+ 7 pb
168+ 125 + 7 pb

T, + 1S 1.67 fb —— 257+3+24%7pb

Tag + lepton 2,05 fb”

All hadronic
4.7 o’

Dilepton, eu, b-tag 4.6 fb™
Dilepton, ey, N - ET**4.6fb"

ATLAS, dilepton ep
arXiv:1406.5375, L «20.3Mm"

2424417+ 55+ 7.5pb

CMS, dilepton (ee, uy, ep) p—e
JHEP 02 (2014) 024, L «53 10"

LHC combined ey (Sep 2014)
CMS-PAS TOP-14-016,
ATLAS.CONF.2014.054,

Effect of LHC beam energy uncertainty: 3.3 pb

llllllllllllll llllllllllllllll

50 100 150 200 250 300 35(% 53203 " o ——
ThEOl‘y 0& p : {not included in tho fgure) ’
I — —|— L1 11 I L1111 l L1 L1 l 1. 4 0 I L1 11
NNLO+NNLL Ott 177.3+11.4 pb 100 150 200 250 300 350 400

G [pb]
Theory NNLO+NNLL Oti= 253 + 15 pb

[,NIZDilepton gaden channel;
|
| @ Experimental unc. even smaller than theory ones;

| ~ Combination i improves sen81t1V1ty on the most |
“ precise result (ATLAS dllepton) by about 10%

@ Dominated by systematic uncertainties;
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("M it Differential Cross Section - [+jets Sept. ‘14

' Resolved ot -> qqlvbb | Boosted
-

dos Vs=7 TeV | __dog Vs =8 TeV
19,4 [L-dt = 4.6 fb! (2011) dpr(top) [L-dt = 20.3 fb-1 (2012)
X = pr(t), pr(tt), m(tt), y(tt)
Phys. Rev. D 90, 072004 ATLAS-CONF-2014-057
® Selection: one isolated e/u, symmetric missing E; | ® Selection: one isolated e/u, symmetric missing Et
and mTW, > 4 anti-k R=0.4 jets, > 1 b-tag; | and mr%, 21 high-pr anti-kr R=1.0 jet, > 1 b-tag

| (had. or lep. side);
|

® Analysis strategy: o; as a function of different

kinematic variables. Unfold N-N, kinematic ® Analysis strategy: unfold (SVD method)
distributions (SVD method, bin-per-bin | N-Nig to fiducial phase-space (particle level)
correction for migrations and eff.), scale for and extended at full phase-space (parton level),
luminosity and BR; - scale for luminosity and BR;
E 104 ; T;ZZEmﬁﬂﬁfrﬂfmﬁT;Te—;;ﬁ g 10: ATLAS brelim{nary ] ' _._ Qatg'
= 10°E o7 Tev I Ldted6f” KN S 107 2036 " 1s=8TeV, esjets IEI 23:?31?0?9‘0"
& 10%} @ t 7 (dilepton) t 10° B Single top
T, @l single top 9 Wajets
10 0 Weiets w 10 . Multijet
; B Muttijet 1 B Z+jets
[ Other Diboson
10 10"
102 10°
10-3 (&) 1.5 ) —
. S— 2
o - 7/
,’g 1Ew//‘///‘/////////////////////// // § 0.5 ——
q’ s N - e
% 0'50 100 200 300 400 500 600 700 800 300 400 500 600 700 800 900 1000 1100 1200
= Hadronic top p_[GeV] W+jets: main bkg top-jet candidate p, [GeV]

—— = = — — . [ —
- —
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tt Differential Cross Section - I+jets

' Resolved , Boosted

i
Phys. Rev. D 90, 072004 N ——
= ML B B B B e S N R S el Data
> O Data - @ 10 iy
) . - ] = 5
E n = ALPGEN + HERWIG
= i~ ® ALPGEN:+HERWIG | % - G Parton
o i e o3\ 0 MC@NLO + HERWIG
-8|.° - ®  MC@NLO+HERWIG - w0 3 — A POWHEG + HERWIG
ML, ] e ® POWHEG+HERWIG —i o F £7\4
= = O = O0cin ¥ 7  POWHEG + PYTHIA
- ¥  POWHEG+PYTHIA u: = 1k —=l
[ L T I | g QY.
- Parton 1| | - -
10 ATLAS 10" ATLAS Preliminary 2
3 - E = 20.3fb", 1s =8 TeV 4—a
: ILdt:4.6fb" (Normahzed); B o oA
= R -— :
N = 7 T V _‘ m 3 - ) ) v
[ '8 e o - . v . Q 1.5 e A L ! t -
PP PO WY [P | Y PR | o i " Py Y.@BV.-.A".A--.A----.A. ....... (N e S A oo
w15:_ by ,. , b gogg
o : m —
4 SR |
e B0 e 60 560 600 0o ame ) ((300) 400 500 600 700 800 900 1000 1106 1200)
AR top quark p_[Ge
g 1.8 aARRRARS S L YT RAAASRARRRaasa R RRRRS T ; 10 &= . B et
= 5 ATLAS . gz;l?omo 8 o Pﬂfthle *  ALPGEN + HERWIG
2 16 | Ldt=461fb" ® MSTW2008NLO ) g '& " MC@NLO + HERWIG
S 4 NNPDF 2.3 N TN - . e S s POWHEG + HERWIG
£ :j \s =7 TeV ¢ HERAPDF15 . 4 Tested With ] T\ Y  POWHEG + PYTHIA
‘. | different PDFs; B0 Al
.2 | + 3 - ATLAS Preliminary . .
' * ‘ . 203", 15 « 8 TeV (I
11 - ! ' | | 4 Included in PDF 10 5t :
— oo O — Y !. . . 8 156 , o @ IR | ‘ v
-l parametrisation S eraranal s e . o
0.9 . T ee—
S I (HERA 2 o5
20 450 S0 0 3 ’“’-" ——— 900400500 800700 800 8001000 1100 1200
Y my [ ,e ) Particle top-jet candidate P, (GeV] _
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o -> qqlvbb Vs =7 TeV JL-dt = 4.6 fb-1 (2011)

Same strategy as in the resolved diff. cross — 107¢ , : arXIV;1502.0592i |
section at 7 TeV; -8_% ATLAS Je-TTev.dsw® 3 |
—2 [ e
Measured in a fiducial phase-space (particle 3 2*1 02F - — miéﬂimamm
level) as a function of hadronic and leptonic R - omEmeRERRO]
pseudo-top pr and pseudo-tt pr, m, y ] " I
(particle-objects). 10° E
| Particle object definition - ~

4+ Leptons: adding the photons around a cone of
R=0.1;

Lllll

4+ Emiss: sum of all neutrinos;

Expected/Data

W 4+ Jets: include all stable particles but y, e and y not
from hadrons;

660 800 ]
p.(t,) [GeV]

4+ b-tag: ghost-matching. . Less dependent from MC models

M. Franchini
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tt + jets differential Cross Section

O-tf—l—')/ -=> qq VOU

\ ' Cross Section strategv measured in a fiducial phase-
| space as a function of n jets (3 to 8) and of the pr of the

5 leading pr jets;

-+ Jet multiplicity (>4)
. correlated to 1 hard jets in
QCD bremsstrahlung;

As a function of jets pris |
particularly sensitive to higher :f.g

MC;

As function of leading pr jet
complement other cross
section measurements.

order QCD effects in modelling

Expected/Data

g/ ETmISS,- il

ﬁ Selection: 1 lepton (e/u), = 3 jets, = 1 b-ta

do/dn, [pb]

Y v v v v vy

S ATLAS 3
- —&— Data R

: w— POWHEG+PYTHIA
e . — — POWHEGI,_}oPYTHA |
107"k —— MC@NLOWHERWIG )
R ALPGEN+PYTHIA f, Down)

— j Ldtmd it
102 = o
15=7TeV n
: = ]
3| antik R=0.4 |
107 <25 .
- l4jets
10%E .
1.5F :
1F 3
0.5F g
: . l L 2 | :
102 10°

leading jet p_ [GeV]

[HEP01(2015)020
arXiv:1407.0891

10°

10E

|
ATLAS
—— Data
POWHEG+PYTHIA
—  POWHEG(N  +PYTHIA
darp

MC@NLO+HERWIG
- ALPGEN’PYTH'A h‘ OOWH)
L

I Ldt=46fd’
T 1= 7 TeV
anti k, R=0.4
ml <25

P, > 25 GeV
l+jets

! ! ! | | |

|

-------------

POWHEG with reduced hard
radiation gives the best overall
agreement.

M. Franchini
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tt + y Inclusive Cross Section

th+y -= qq VO )/ S c

| Selectlon 1 lepton (e/y)

L

>4 jets, = 1 b-tag, Er™s, 1 y;

|

- Bkeg: prompt-photons(various DD methods), tt, W

K +Hets(MC+DD normalization), fake leptons;

‘ Cross Section strategv via bmned template maximum
{L likelihood fit, measurement in a flduc1al phase-space;

| FSystematics: Systematics: Jet modelli‘ng(16.6%),
Lphoton modelling(8.8%), b-tag(8.2%).

Oii+y X BR =63 +19/-16 fb

e e

——

WHIZARD

~ Prediction from |
'~ MadGraph and |

=

Events/ 20 GeV

MC / Data

P—— ——y T—r—r P —y
1 1 Al 1 3 L

_ ATLAS

1501~ s-7 Tev. | L dt=259 b

) W+jets
@ Multijets
@3 Other bek.
Uncertainty

100

llllllllllllllll

I]FTITT[I]ITTY

0 20 40 60 80 100 120 140
Photon E; [GeV]

| Observed with a significance of }

5.30 away from the no-signal

hypothesis.

M. Franchini
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Single Top




Single top Cross Section - t-channel

0+ & or-> qlvb Vs =7TeV JL-dt = 4.6 b1 (2011)

Phys. Rev. D. 90, 112006 (2014)

miss

, 2 or 3jets, > 1 b-tag;

® Selection: one isolated e/, Et

oI ATLAS o Ldt 4591b —7T V
| 40000 2-jet-I* SR I 6 %ata o7 To
® Bkg: W+jets (main), fake lepton, tt and diboson-+jets (MC); Z = W

B w*+bb,ct light jets
[ Z+jets, diboson

B Multijet
77 Uncertainty band

® Analysis strategy: binned maximum-likelihood fit to the
Neural Network(NN) discriminant distributions in 2 and
3 jets samples;
u d

w* o(tqg) =46+ 1 (stat.) &= 6(syst.)pb

W+ e

O%E' _ " ' é
- J N 2 LR CLT L —gmen
02 e ) ey v

Pred.

Data-Pred.

0 02 04 06 08 1
Onn

! Extend PDFs sen81t1V1ty to | v
u- quark and d quark

Relative t-ch top xSec.

1i

R; =2.04+0.13 (stat.) £0.12(syst.)
o(fg) =23+ 1 (stat) & 3 (syst ) pb R=o(t)/o(®)  dR/Re=8%
| | ‘Decrease the syst. uncertainty
Total t-ch top xSec. do/o=12% _ Systematics: | (stat. dominates).
JES(~9-16%), IFSR " Still constraining PDFs.
G,(tq +tq) 68 4 2 (stat.) +8 (syst ) pb " (~7%), b-tag. : —

Top productlon @ ATLAS - La Thuile2015 M. Franchini



YR Single top Cross Section - t-channel

cross section

Same strategy as in 7TeV but cross section
first measured in a fiducial phase-space
then extrapolated to full phase-space.

\Fiducial phase-space \
01=34+05pb (A%t _ 140

. —

0O f-ch

aMC@NLO
| Fllll phase-s Pace extrapolation
W o1 = 82.6 + 11.8 pb

 T—— ——

Gtheory = 78.8 + 2.8 pb

I - B

Top production @ ATLAS - La Thuile2015

ATLAS-CONF-2014-007

T Il I il B Sl R I Kl
ATLAS Preliminary [ Ldt=20.3" Vs=8 TeV
Data corrected with
acceptance correction from:

NLO+NNLL (MSTW2008)
aMC@NLO(2->3)+Herwig -
Powheg(2-3)+Pythiab — —
Powheg(2—-3)+Pythia8 — ..
Powheg(2—-2)+Pythiab .
AcerMC+Pythia6 u=172.5 GeV >
AcerMC+Pythia6 n=60 GeV -

Pl PN BTN U AU NN AT U SN SN NN U

40 50 60 70 80 90 100
G, [pb]

+ POWHEG and aMC@NLO in
agreement (1.7% difference)

+ AcerMC and aMC@NLO quite
different (9%)




cross section

Selection: one lepton (e/u), large Er™iss, 2 b-tag
jets;

Bkg: tt (main), single top t-ch, W-+jets;

Analysis strategy: bkg discrimination via
Boosted Decision Tree (BDT) and signal extraction

 using binned maximum likelihood fit.

0s=5.0+4.3 pb

Utheory — 5.61 + 0.22 pb

C—

- f . —

e = - S

Top production @ ATLAS - La Thuile2015

Event fraction / 0.1

Phys.Lett. B740 (2015) 118

0.3 T T
ATLAS Simulation ~ — Single top s-channel
0.25 \s=8TeV —— Single top t-channel, Wt
_u
0.2} W+heavy flavour
0 7 M| ] L -—

- BN P
1 -08-0.6-04 -

f Upper limit fixed at 14.6 pb (
f with CL = 95%. 1

aaa e o o b g ol a1 iy A
02 0 020406 08 1
BDT response

Main Uncertainties: Er™iss scale (54%), JES(39%), stat. (35%);

M. Franchini

| _ .
- s=channel single top Vs=8TeV  [L-dt=20.3 fb (2012) |




owr ->1vIvh

® Selection: one e + one y (isolated and opposite
sign), missing Er, 1 or 2 jets, > 1 b-tag;

® Blkg: Z+ets, tt, diboson (MC), fake lepton (data

driven via matrix method);

Vs =8 TeV

fL-dt = 20.3 fb-1 (2012)

ATLAS-CONF-2013-100

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

%1200 \s = 8TeV, | Ldt = 20.3 fb"
§1000 ep 1-jet 1-tag
“ 800
600 Z
400
200

B 2Z(tx) + jets
@@ Fake lepton
Uncertainty

y .
7

Boosted Decision Tree (BDT) § )y %/////WW//// ///
for signal /bkg selection; cross section from a 0T ez 0 CEI—
maximum likelihood fit of both 1 and 2 jets
samples; = _theory _

Owe  =224+15pb
o(pp > Wt+ X) = 27.2 + 2.8 (stat) + 5.4 (syst) pb

Systematics evaluated from pseudo-experiments;
Breakdown obtained by subtraction one sys. contribution at a time;
Main impact from JES(10%) and b-tag(8.4%).

i — — -

Top production @ ATLAS - La Thuile2015
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Single top Cross Section - Combination

t-channel
3 : IPreliminary, Vs = 8 TeV

ATLAS+CMS Preliminary TOPLHCWG September 2014

) Data 2012, s=8TeV, m = 172.5 GeV
NLO QCD (PRL102(2009)182003) -L-
85817 (scale); (PDF) :: - NLO#NNLL (arXiv:1210.7813)
L MSTW2008,,,, ., -~ = sfat. uncertainty
1 I scale uncertainty — = = total uncertainty

Approx. NNLO (arXiv:1205.3453) o+

87.2+21(scale)*! (PDF) scale ® PDF uncertainty

oy t(stat) f(syst) %(lumi)

1
1
1
ATLAS Preliminary (5.8 f5") " : .
95.1+ 2.4 (stat) + 17.6(syst) + 3.6 (lumi) ’
: ATLAS, L =20.31b"
l
1
1
1

272+19+43+08pb
ATLAS-CONF-2013-100

CMS Preliminary (5.0 fb™) B —e
80.1x 5.7 (stat) = 11.0(syst) = 4.0 (lumi)

T T —

| ATLAS+CMS combination
| 85 =4 (stat) = 11 (syst)= 3 (lumi)

CMS, L =122 b’
PRL 112 (2014) 231802

(S — 2341+19+46+06pb

——

LHC combined (Sep. 2014)
I| ATLAS-CONF-2014-052,
CMS-PAS-TOP-14-009

30 40 50 60 70 80 90 100 110 120
~ Y%cn. \(pb)

20

——

l':v—
e
o

Orch. = 85+ 12pb

| AWt _ 199w —250147 pb

O Wt —
o = 87.2%2] (scale)*lS (PDF) Vv
\ o, o =222+0.6+ 1.4 pb
. L . L ~ NLO+ :
Limited luminosity, waiting for updated combination. | ° NNLL

ATLAS CONE- 2013 098

y ATLAS-CONF-2014- 052
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Conclusion

First measurements in fiducial phase-spaces and in boosted regime;

% Boosted approach will be fundamental in runll allowing to study the top quark up
to the TeV scale thanks to greater statistics and higher energy;

Inclusive measurements in agreement with the theoretical predictions;

% Inclusive tt cross section (ATLAS deletion & ATLAS+CMS combination) surpassed
the precision of theoretical predictions;

Differential measurements disagree at high p; values;

% now sensitive enough to tune the MCs;

Some runl analysis still ongoing: stay tuned;

TopLHC Working Group is in the process of discussing harmonising ATLAS and CMS
top analyses systematics and MC generators in order to decrease combination
uncertainties.

-
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Top Pairs Cross Section

g 10° = 4 Tevatron combined® 1.96 TeV (L=B.8 ) Aot A G . (KA B liomctemon | o o
2 C = ATLAS diepton 7 TeV (L=4.6 fb') ATLAS+CMS Preliminary Sep 2014
c . @ CMS dilepton 7 TeV (L=2.3 fb")
o | O ATLAS I+jets* 7 TeV (L=0.7 fb") TOPLHCWG
O | O CMSl+jets 7 TeV (L=2.3 fb) |
() ® ATLAS dilepton 8 TeV (L=20.3 fb")
n ® CMS dilepton 8 TeV (L=5.3 fb')
7)) 102 —* LHC combined e 8 TeV (L=5.3-20.3 fb’) —
3 = O ATLAS I+jets’ 8 TeV (L=5.8 f") 7 — ]
— — O CMS l+jets* 8 TeV (L=2.8 fb") i | El
&) ~ R 1
o — Preliminary 250- J- R
— - ] L*j 1 -
m = R
— - i 1 T
= ! |
=) 10 200+ -
@) = B ] 3
= = | . | :
&= NNLO+NNLL (pp) 150 + ‘ 1
——— NNLO+NNLL (gP) 7 8 ]
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 -
= 172.5 GeV, PDF&® g uncertainties according to PDF4LHC
1ll|llllllll°? llllllllllllll L1 1 1 L1 1 1
2 3 4 o 6 7 8 9
\s [TeV]

All measurements in agreement with theory;

The dilepton channel has smaller uncertainty with respect to
the 1+jets one;

Top production @ ATLAS - La Thuile2015 M. Franchini



tt Differential Cross Section - I+jets

[4

Resolved :

~

- ! J T E
aol= = ATLAS \s=7TeV, 46" I
Q. 8 » —&— Data i
— R s e ML B m e e L A _“. stat. @ syst. uncert.
2 - Data - — - e POWHEG+PYTHIA
3 - i R R — - —— = POWHEG+HERWIG
o ® ALPGEN+HERWIG  _ gl o1 02k L _J POWHEG(HERAPDF)+PYTHIA 4
b e -8‘ s — MC@NLO+HERWIG .
'8| g T B  MC@NLO+HERWIG = - 3
MY, ] = ® POWHEG+HERWIG  — - ) -
E Y POWHEG+PYTHIA 3 1 - Particle 1
i b P 1 103 E
: Parton - - :
14| ATLAS . i - 1
= [Lat-asw’ (Normalized): : :
I i 4l m
- \s=T7TeV Py . v - 107k 1 1 1 -
L e -
T I L i S S S S T S e o T s 1.8 M U 1
1.5 T T . T e T 1 lv - 8 16 3
o n’ m 3
g‘ T 1 T @y 5 14 :
] L 12 o ST T T e
0.5 S S T3 s
0 100 200 300 400 500 600 700 800 2 08
{ x .
Py [GeV] Ll 0 60 . ] 1

e
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tt Differential Cross Section - I+jets

(4

 Boosted

al= 3 | A‘II'LAS \s=7TIeV. 461" 3
— S al® x —e— Data 3
% 10 . Data u_(D: = “. stat. @ syst. uncert.
— = e POWHEG+PYTHIA
G w Particle « awcen.herwic 2| b — PowHEG.eRwa
£ oy ®  MC@NLO + HERWIG _8 Q_"‘l 0‘2 = B e POWHEG(HERAPDF)+PYTHIA -
1 T A A  POWHEG + HERWIG © - T MOGNLOWERWIG 5
el LI * e x
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