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~90% of the luminosity delivered
by LHC good for physics!
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_blﬁpf_ Total elastic cross section Nucl. Phys. B (2014) 486-548
7 TeV with 80 I-'b_l ALFA QS ;\;ide Q3 a1 a1 a3 C_Si(:aez Qs ALFA
ALFA (Absolute Luminosity For ATLAS) measure S N Y T
small-angle elastic proton-proton scattering. V| R bt

Two scintillating fibre detector tracking stations are
placed on each side of the central ATLAS detector at
distances of 237 m and 241 m from the interaction point.
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O (pp — pp) = 24.00 £ 0.19,,, + 0.57,; mb (2.5%)

Special high B* run at 7 TeV with 80 pb-!
(4 h run, very low inst. luminosity., very clean)

Ot(BP — X) = 95.35 £ 0.384,  1.25,, % 03¢y Mb (1.4%)
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between the two sides of the interaction point.

) 16%

- 1—|—p2 dt -,

g
tot

Optical theorem for g,

From these, 0, is deduced
and compared with direct
measurements in ATLAS.

At low diffractive masses
M,<15.7 GeV Pythia and
PHOJET predict significally
lower cross sections.
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arXiv:1410.8857
Ne

4 submitted to JHEP

=

Inclusive jet cross section

)

at 7 TeV with 4.5 fb?!

Jet p; from 100 GeV to 2 TeV
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Differences between NLO pQCD and data of the order of the theory accuracy and

measurement resolution for most of the PDF sets over 8 orders of magnitude in x-sec.
Discovery Physics at the LHC
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at 7 TeV with 4.5 fb1

Three-jet production cross-sections

arxiv:1411.1855
submitted to Eur. Phys. J. C
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NLO pQCD (NLOJEZ++) / data ratio
various bins in |Y*| + various PDFs
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Measuring Spin — 1 Bosons

Basic selection strategy: Trigger on lepton p; and select isolated high quality
leptons offline

electron selection muon selection
pp > 25GeV pp > 25GeV

7 <2-47&&!(1-37<|n| <1.52) 7] < 24

Z — U W — by
2 0S ¢ 1/
AR(ee)>02  Ef™ >25GeV

66 <m, < 116 GeV m, > 40 GeV

Main background from

& QCD multijet events, with fake lepton(s) Background contributions estimated

using data driven methods:

< fitting template shapes from MC in
side bands and other control regions

< using relaxed selection criteria to
estimate fake rates

< tt events with real but not wanted W's

example cuts, analysis specific

HP Beck - LHEP Bern Discovery Physics at the LHC Kruger, December 1-6 8
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arXiv:1406.3660

Transverse momentum distribution of Z/7* ieroseoiayas
at 7 TeV with 4.6 fb?!

P; distributions of lepton pairs offer crucial tests of pQCD.

With FEWZ and DYNNLO, NNLO predictions are available that require precision testing.

RESBOS in turn applies best in the soft p; domain where a resummation of soft gluons is important.
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Leading order Feynman diagrams for Z/y* production without (left) and with (right) extra parton responsible for
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For higher p;: dominated by statistics.
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(similar for Z—pHy)

Kruger, December 1-6 9



. . . arXiv:1406.3660
Transverse momentum distribution of Z/Y * erosorass

at 7 TeV with 4.6 fb1
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Unfolded spectra to the born parton level and comparison with various calculations
FEWZ and DYNNLO are NNLO predictions, RESBOS is a resummation over soft gluons and matching
for high p;. NLO+NNLL is described in Phys. Lett. B 715 (2012) 152-156

None of the MC (NNLO, resummation, NLO+NNLO) are capable to describe the full spectrum
accurately. The measured data has been used for tunes of PYTHIA8 and POWHEG+PYTHIAS.
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o ¢ . ) ) arXiv:1409.8639
MW, W+jets production cross section submitted to EPC)

at 7 TeV with 4.6 fb1

Precise measurements of the production of vector bosons in association with jets are important
tests of QCD and provide constraints on background processes to Higgs boson studies
and to searches for new physics.
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_DIS}Y_’ W-+jets production cross section
at 7 TeV with 4.6 fb!

; llI|IIII|IIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII
8 . ATLAS W= W) +=1jet N
- == Data, E
= fanttkets, R-04, 1s=7TeV, 461" 3
8 '_p-T >30 GeV, |y| <4.4 —s— BLackHAT+SHERPA]
% F Scaled Predictions ~ —e— BH+S Excl. Sum 2
= = —+— LoopSim =
R § —=— ALPGEN ]
108, —«— SHERPA E
En w— MEPS@NLO ]
T3 ]
F » E
= - 3
L = ]
-
T -
10 E .. 3
F L 3
&
107 -
10°E
10
10°F
;llIJIIJIIlIllIJlIJlIJlIJlllllllllIJ]IJ]IJIIIIII:

100 200 300 400 500 600 700 800 200 1000

leading jet p;

[T T T T T T T T T ] _IIII|I|Il|IIII|IIIIIIIIIlIIII|III||IIII|III_
g 14— == BH+S 2% BH+S Excl. Sum - ATLAS W(-s ) + 2 1 jet
D‘Q 1 i|antik jets, R=0.4, %= Data, -
0; a&, | 4 Ep'T>anva, Iy < 4.4 I1s=7TeV, 46 (b 1
oS ATLAS mﬁ A | Scaled Predictions ~ —*— BLACKHAT+SHERPA]
0.6 = : N B —=— ALPGEN
l..,1-1 = —LoapS|m # —— SHERPA
S12f i, MEPS@NLO
=1 : : | **‘.
E B S i T 4 = " -
a 08 D= it 5 -
06 L | ' L | - b
-+ b+ } R } | .:_ L
o 14— — ALPGEN - s
S12F . -
— - i i B ==
5 th 4 g e e 1 |1
@ oo ool
408 -
N 1,k ]
06— A —
fHHHHHHHHHHHHHHHHHHH —t—]
o 14 — SHERPA ™ 4
E1zf ; —— 4 G
al ey e el ] g
‘_U‘“_ 1 fpta ....n“"’é * 4 \W
Sosf . S SRMIEEE S o
osk. %MEPS@NL& ik
’ —L Tl FETTE FERTE ST P ‘\"" IIIJIJIl|lllIlIIIIIIIIIIJJIIlIIlIIIIIIIII
100 200 300 400 500 600 700 800 900 10000 0.5 1 15 2 25 3 235 4

x-sec for of W+jets for 7,,>=1 events
compared with
< LO (Alpgen, Sherpa)

<> NLO calculations (Blackhat+Sherpa, MEPS@NLO),

leading jet p;

leading jet | 7|

ol2

a 0.8

AR B e o e e S S RRRn by
— = BLACKHAT+SHERPA + =
L — ”‘"'-'-- it -
A ey : 5
[ ATLAS _‘
P T e | I } Il 1

N T T T T T T T T _
— — ALPGEN ]
= e - -’:.’:-.- T &
s I Or? - 7
T.‘“i--::{:n:i:‘.‘fi.‘“:}:"'i':::'!‘.‘.‘.:{'.‘T
- —— SHERPA v
[ e R 7
W
2% MEPS@NLO 1
i T PP PR P FET T PETTY P i
0 05 1 1.5 2 25 3 35 4

arxiv:1409.8639
submitted to EPCJ

leading jet | 7|

A plethora of kinematical distributions in W+jets
— food for theory.
Here only a small snapshot of what is available.

<> beyond NLO calculations (LoopSim, Blackhat+Sherpa exclusive sums).

In general good agreement between the data theory.
At high jet p;, and large |n| rigorous higher-order calculations tend to underestimate the data.

No silver bullet to describe the full kinematic accessible phase space with one description only.
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o 7 ) . . . arxiv:1408.6510
.N@ﬂ_ Ratio of W+jets and Z+jets production  acceptedin Eric-14-08-090

at 7 TeV with 4.6 fb1

WAjets / Z+jets cross-section ratios provide information complementary to individual WAjets and Z+jets
measurements.

< Sensitive to differences between WAjets and Z+jets events

< large cancellations of experimental systematic uncertainties and non-perturbative QCD effects
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Njet leading jet p; for N =3 3 leading jet pr for Nj,=3
Njetup to 4 jet p;up to 200 GeV jet p;up to 200 GeV

In general good agreement between the data and the theoretical predictions.

BLACKHAT+SHERPA at high jet multiplicity and large leading jet p; validated and consistent with
tuned MC.
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Di-Bosons

Di-Bosons provide important tests of the electroweak sector of the Standard Model (SM) at the
highest available energies.

_— _ : v W
Deviations observed from the SM predictions may arise \ I
<> from anomalous triple gauge boson interactions l\f . arXiv:1410.7238
< from new particles decaying into vector bosons g r
<{ from incomplete SM predictions L/ v W

1 j; ‘w
) .\."-
q W L W ¥ :,{'J
* g
it
L ¢ TE 4 z

W 3

T W

ATLAS-CONF-2014-033

T+ q e z q ra
E E | | “
2 T 7 3 ——— 7
Evidence for like sign WW Phys. Rev. Lett. 113, 141803 @ ) @
g z g z
Vector boson pair production is also an important
source of background in studies of the Higgs boson and Y Y 77
in searches for signals of physics beyond the SM. £ vz og 7z
() ]

ATLAS-CONF-2013-020
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o arXiv:1410.7238

ugﬁ(_{_ Www-+w.zZ — [qu and aTGC Submitted to JHEP

7 TeV with 4.6 fb1

¢  Trigger on charged lepton —

q L m, > 40 GeV
* IV Require missing ET

q

Look for exactly two jets and form di-jet mass
! o
q An(gl,j2)<1.5
AR(jl,jz) > 0.7 for p;”é < 250GeV
!
q

Strategy: Fit signal+background di-jet invariant mass shape to extract di-boson cross-section

WW+W?Z signal on top of the enormous W+jets background (S/B<4%)

Requires careful understanding of di-jet invariant mass spectrum

HP Beck - LHEP Bern Discovery Physics at the LHC Kruger, December 1-6 15



A
New'  ww+WzZ — fvqq and aTGC

7 TeV with 4.6 fb1

%22000_4',4'7:'_;4‘3""""" S
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A multijet

i W/Z + jets

ATLAS
W— uv + 2 jets

W—pv+2jets |

I 1 L
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nominal templates for the

reconstructed di-jet invariant

mass

Di-jet invariant mass distribution

Di-jet invariant mass after the likelihood fit.

The contribution from WW+WZ events is clearly seen.

HP Beck - LHEP Bern
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arxXiv:1410.7238
Submitted to JHEP
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arxXiv:1410.7238

A
_NQXY_{ Ww+W.Z — [qu and aTGC Submitted to JHEP

7 TeV with 4.6 fb-

1
The combined WW + WZ cross section q
Is measured with a significance of 3.40

O-WW+WZ o 68 :l: 7stat :IZ 195yst pb
q !
SM expected (MC@NLO): O, = 61.1+2.2pb
Source OEd  Ttot
NIV
Data statistics +10 l.e.
MC statistics £12 A precise understanding of
W/Z 4 jets rate and shape modelling +17 W+j ets a”OWS for more
Multijet shape and rate +5 .
Top rate and initial/final-state radiation shape modelling 16 challenging measurements.
Jet energy scale (background and signal shapes) 41
Jet energy resolution (background and signal shapes) +11 Compatlble with SM,
e — dominated by systematics
fid tot

JES/JER uncertainty +6 X6
Signal modelling +4 +5
Jet veto scale dependence - 45 Systematic uncertainty driven by
Others (loss of spin-corr information, lepton uncertainties, PDF)  +1 44 <> W/Z+J ets rate and Shape
Luminosity 1.8 < jet energy resolution
Total systematic uncertanty +27 4328

HP Beck - LHEP Bern Discovery Physics at the LHC Kruger, December 1-6 17



arxXiv:1410.7238

ﬂgﬂ_i ww+W.,. — [qu and aTGC Submitted to JHEP

7 TeV with 4.6 fb?

Anomalous Triple Gauge Couplings (aTGC's) typically lead to enhanced cross-sections at high p; of 14
kinematic spectra. The p; of the W/Z can be used for this. g
Fitting the di-jet invariant transverse momentum p; "V
spectrum and extract limits on aTGCs.
q
ql
ﬁ; 105 ATLAS —+-Data
O] Ldt=4.61" []3=0.05 ~ g
o & 10t \s =7 TeV Il sm ww/wz

Range of the di-jet invariant mass /73; spectrum reduced to > [ WiZ+jets
improve sensitivity: 75 < /7, < 95 GeV. ‘ac')' 10° Il top quarks

Lﬁ - [ multijet

my range and p; binning have been optimized to optimize 10°

.. W- uv + 2jets
the expected aTGC limits.

di-jet invariant p; spectrum 1
similar for W—ev+2jets
107
0 400 500
s 3.5
B 258 —1=005 i
d line visualizes AR -@1?% L
red line visualizes cu’g | 8 K — . W {f/ /////////"/
AR ( 7 ]’2> > 0.7 for pé@ < 250GeV % 100 200 300 400 500
p,, [GeV]
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o arXiv:1410.7238

DI@}Y: Ww+W.Z — [qu and aTGC Submitted to JHEP

7 TeV with 4.6 fb?
WWZ and WWYy couplings parameterized using five

. A
parameters: )\77)\27/{771627 and gl
[TT T[T T T T T T[T T T[T T T [TTT]

ATLAS = ATLAS Wjj, 1s = 7TeV In SM: )\ — )\ — 0

4.6 fb'1, App =0

| 95% CL intervals CMS Ivjj, \s = 7TeV _| A 1
-1 -
LEP Scenario SO App=c g
— ATLAS WW, s = 7TeV
Agz 4617, Age=oo q
—
P S === CMS WW, \s = 7TeV
| s I 4.9 b, Agp=o

ATLAS WZ, s = 7TeV The couplings are constraint further in the fit:

= 4617, App=c0 —

= ATLAS Wvy, \s = TTeV )\ — )\ — )\
§ v Z
4.61b", Ag=oo

—— CMS Wy, \s = 7TeV AHZ = Aglz — AF&W tan QW
5.0 fb", Agp = oo ) P P
with A’iz:’iz_lﬂA’%:"%_LA&:g —1

1

Bercione] v DO comb., s = 1.96TeV|
— 8.6 fb™!, A = 2TeV

—— LEP comb. -
0.7 6", Agp=co

AK

95%b CL limits on anomalous couplings are derived
and are similar to limits set in other di-boson analyses.

[

Lo b b b b Py o |
-04 -02 O 02 04 06 0.8
95% CL Limits
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EXPERIMENT
http://atlas.ch
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Top pair production at the LHC

q t
At LHC production of
~13% @ 8 TeV tt pairs predominantly through
gluon fusion
- L'

q T D

t g tg t
o o
Froton } Froton
+ + ~87% @ 8 TeV a @ ;
&
tg tg t

g
Ly—} 1 3 T L L 1T T T L L L L L -
L C 'Il'evalmn combined® 1.96 TeV (L=8.8 15") ! ! ] | -
S RIS ATLASIOMS Preliminary sl e .9
c | e CMS dilepton 7 TeV (L=2.3 fb") I
O | 0 ATLAS l+jets* 7 TeV (L=0.7 fi5") TOPLHCWG ==
rs) | O CMSljets 7 TeV (L=2.3 ") |
@ = ATLAS dilepton 8 TeV (L=20.3 Ib’)
w ® CMS dilepton 8 TeV (L=5.3 fb")
) {2 |* LHC combined eu” 8 TeV (L=5.3-20.3 fo") —
8 £ O ATLAS l+jets* 8 TeV (L=5.8 ') T — ]
= — O CMS l+jels” 8 TeV (L-2.8 fb) i 1 : iai :
2 E 2507 1] experimental precisions challenging
s [ _ T 1 1 theory uncertainties
S 200 .
o 10 :* ] :
E [ L 1 7
S NNLOWNNLL () 7 8 CMS PAS TOP-14-016
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 .
m, =172.5 GeV, PDF® « uncertainties according to PDF4LHC
1 IIIIIIIIIIG?IIIIIIIIPIIIIII?IIII L1 1 1 e e — P — P — — b —
2 3 4 5 6 7 8 9

10 11 12 13 14
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Top pair decay

l+

3

t— Wb ~100% b

0

v

select <> high p; leptons, missing £
< jets
< b-jets

ATLAS measured m,, in many decay modes.
World combination (ATLAS+CMS+Tevatron):

M, =173.3+0.8 GeV (0.5%)

elu+jets 34%  all jets 46%

W
8 | )

el L

51E|2

ot e

EE
8 |o &
o I tau+jets

114% | = & muon+jets

‘o . electron+jets
\\:\ = * +| _+ - =
beo"‘) e|n|t ud cS

e/u dilepton 6%

HP Beck - LHEP Bern

ATLAS Preliminary m,, summary - Sep. 2014,L =35pb"-20.3 fb"

m, t{ial (it : JSF £ bISF 2 syst)

l+jets® conF-201100 - 169.3 + B3 (40 s 49 )
[ i
T2 4201 2 o
+jets B e & SR I e —_—— 1745 + 24 (o504 +23 )
e TR 0
jotg® CONF-20124030 I — E— ] + &
all jets Hapon t 1749 + 43 (2 38 )
; * CONF2012-082 : a5 x
- e —— » + K +
dilepton’ arm " 176.2 352 (18 HE]
» l+jets” f""‘?""f‘“’ [ ] -E-I 172.31£1.55 [023£ 02720672 1.35)
+ dilepton” f°'_"'."f:,°’-‘ —t—i 173,09+ 1.63 {osa +1.50)
iate kil 400 0AYE —— 2
alljetsl___gu. 1751 £ 1.8 (14 12
single top* SoNT D —— —— 172.2 + 21 (a7 +20 )
L2038

166.4 + 13
I3 25
_— 1729 37
23
173.7 + 2}

----- World Comb. = 10

stat, uncertainty

stat, & JSF @ bJSF uncertainty
total uncertainty

“Preliminary, — Input to comb,

| |

Discovery Physics at the LHC
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A
NeW' x-sec of tt — ey and b jets

7 TeV with 4.6 fb-land 8 TeV with 20.3 fb1

arxiv:1406.5375
Eur.Phys.J. C74 (2014) 3109

Use only opposite sign eu dilepton events (cleanest final state, plenty of statistics)

Use b-tagging, but fit the combined efficiency of b-
tagging and jet p; / n acceptance as part of the

>
- @
<
analysis. S
_ . bkg _ . P
N =0, 25web (1 Cbeb) + N, exactly one b-tagged jet :
|
— bkg . :
N, = aﬁsweb(?bab + N, exactly two b-tagged jets
2-parameter fit for o and ¢,
— 2 equations, 2 unknowns
€, fraction of tt events with reconstructed opposite electron and muon
g, probability to reconstruct and tag a b-jet in a tt event (incl. fiducial acceptance) o
[
C, tagging correlation correction - change of ¢, when one jet already tagged 8
=

b . .
NS number of non-tt events in the respective samples

o, =1829+3.1 +42 +£36 +33 pb (39%) 7TeV
sta exp theo lumi

oY =177.34£9.077 pb (5.9%)

0, =2424%17, £55_+75, +42 pb (43%) 8TeV

o =252.9+11.77 pb  (5.5%)

it -8.

L

ATLAS
s =8TeV, 20.3"

7000

6000
e Data 2012

5000 [ tt Powheg+PY
mm Wt

Z+jets
[ Diboson
mm Mis-1D lepton

4000

3000
— Powheg+PY
" MC@NLO+HW

2000 = Alpgen+HW

I|I|II|IIII|lIII|IIII|IIII|IIIII$_

1000

lll.l_l_l_ xl- IIIJ]IllllIIIJJlIIllIIIIIIIlIlIJIJI

0.8

420 60 80 100 120 140 160 180 20

Muon p;

o

W prand e p;
up to 200 GeV

NNLO-+NNLL (top-++2.0; m, =172.5GeV)

experimental precision is challenging NNLO+NNLL calculation for tt production

HP Beck - LHEP Bern Discovery Physics at the LHC
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A

NSWF’ top pole mass from cross section

7 TeV with 4.6 fbland 8 TeV with 20.3 fb-1

With the precise measurement of oz using
opposite sign e dileptons, we can now

extract mpPe form it.

Top guark pole mass from cross-section
ATLAS .
compared to direct measurement

DO approx NNLO: MSTWO8, 1.96 TeV 2009

DO approx NNLO: MSTWO8, 1.96 TeV 2011

CMS NNLO+NNLL: NNPDF2.3, 7 TeV 2013
ATLAS NNLO+NNLL: PDF4LHC, 7 TeV 2014
ATLAS NNLO+NNLL: PDF4LHC, 8 TeV 2014

ATLAS NNLO+NNLL: PDF4LHC, 7-8 TeV 2014

Direct reconstruction LHC+Tevatron 2014

Cl M 1 L
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»
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169.1">°
- 5.1
16757
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-28
1714 + 256
1744 = 26
) (1.4%)
'190
pole

arxiv:1406.5375
Eur.Phys.J. C74 (2014) 3109
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MSTW 2008 NNLO uncertainty _|
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CT10 NNLO uncertainty
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+ NNPDF2.3 NNLO unceﬂamty
O \s=7TeV,461b },,sm
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i
1
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[
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NNLO-+NNLL tt production cross-sections
at 7 and 8 TeV as a function of mro'e

Measurements of 0,; with their dependence on the
assumed value of my,, through acceptance and
background corrections parameterised with
m'=172.5 GeV

Top quark pole mass extracted from cross section measurement

agree with

top mass from kinematic reconstruction of top pair events.
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A

ATLAS-CONF-2014-057
VW boosted top quarks p;°°>300 GeV  3osep2014

8 TeV with 20.3 fb1

Trigger plt > 25GeV

I Ny < 2.5
v pé > 25GeV
ETmiss  E)™ > 20GeV
my > 60GeV
AR(Z, jet) < 1.5

anti-k, R=1.0 jet

Jet > 300GeV
m., > 100GeV

\/dm > 40GeV

Mo, <2

anti-k, R=0.4

Agb(top—jetllo,é) > 2.3
AR(top-jet, ,b-jet ) >1.5

1.07

Topology and selection strategy of boosted top quark events

k, splitting scale V4, > 40GeV J = min( pft , pJTet JAR,, of the two proto-jets in the final step of the & -clustering algorithm.
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A

NeW. - boosted top quarks

8 TeV with 20.3 fb1

2 10*E ATLAS Preliminary ~  —e— Data
O 10°F 203" \s=8TeV, esjets [ i Single lepton
g 107 — R
c H ingle to
‘;’ e+-l ets W+?ets P
w 10 Bl Multijet
1 P Z+jets
Diboson
10" =+
102 g
o isE |
S y
(] 0.5 ]

300 400 500 600 700 800 900 1000 1100 1200

Top candidates with p;*©°P up to 1 TeV

top-jet candidate P, [GeV]

p+ of fat jet

ATLAS-CONF-2014-057

thop >300 Gel/  30sep2014

5 102 E@ Data
o '"VE POWHEG + PYTHIA
O F me v CT10 + hdamp = e
= oL == ¢ CT10+ hdamp=m_
L 10E o HERAPDF + hdamp = e
8 F L) > HERAPDF + hdamp = m__
= 1L Feso "
% E V& a0
B
10" ATLAS Preliminary . S
F 20317, 1s =8 TeV
‘SE 2__ il L PR | i |- PR | i 1 i L PR | i P PR
O 1.5 Ve V& & o
= = o G AQ A
= 05F
=

300 400 500 600 700 800 900 1000 1100 1200

top quark P, [GeV]
Parton-level unfolded p;toP

compared with NLO Powheg+Pythia normalized to NNLO top++2.0 with m=172.5 GeV

The measurement uncertainty ranges from 15% to 29% dominated by large-R jets energy scale.

The predictions of next-to-leading-order and leading-order matrix element plus
parton shower Monte Carlo generators are found to generally overestimate
the measured cross-sections.

HP Beck - LHEP Bern
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Single top production

q q }
q t W
w W b
b t
u b g E: g t
s-channel _ _
t-channel associated Wt production
LHC (7 TeV)
Single top production predominantly
in the t-channel at the LHC.
B t—channel
1—2500 LA B L L LI B LA LR B B . S-Chﬂﬂﬂﬂl
?‘ ATLAS . Dianlae (a] -channe ]
-‘2 2000 \s=8TeV, 203 b’ Eging:e:ozic:annell,m_' . tw
@ N 7 1
i, [ Weiets
1500 E ﬁtjﬁiit:tdlboson ]
% Uncertainty
1000 )
500
s Evidence for s-channel single top
g g 1_g,,,.,,,.,,,,,u.”,.w&r/swow.w”m.«//w//ﬂwﬁw‘w'/w% E .
SIE ol e " arXiv:1410.0647
-1 08 -06 -04 -02 0 02 04 06 08 1 Submitted tO PhyS Lett B

BDT response

multivariate analysis
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ATLAS single top production cross-sections

I I I I T I T
- ATLAS Preliminary October 2014

Single top production = E
in t-channel and in associated © - single top-quark production t-channel
Wt production measured. IS -
O 21
o g 10°E =
s-channel upper limits "m’ - .
are shown. S - v B NLONNLLatm =172.5GeV -
(signal ‘seen’ with 1.30 ° /%f’” . : MSTW2008 NNLO PDF
| = stat. uncertainty —
where 1.40 expected.) g 10— //
> - P . s—channeIE
Q M 2 t-channel 4.59 fb ' arxiv:1406.7844 _
L = 3 t-channel 20.3 fb ' ATLAS-CONF-2014-007 -
% = Wt 2.05 fb pLe 716 (2012) 142 |
k= = D Wt 20.3 fb™' ATLAS-CONF-2013-100 3
n - ¥ s-channel 95% C.L. limit 0.7 fb™" ATLAs-CONF-2011-118 7
[ A s-crllannel 95% CiL. Iimi1|20.3 fb™" arxiv:1410.0647 -

| | L
5 6 7 8 9 10 11 12 13 14
Single top production cross-sections \s [TeV]

compared NLO QCD complemented with NNLL resummation.
For the s-channel only an upper limit is shown.

NNLO + resummation describe well the measured single top cross sections in
all production modes.
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@ATLAS
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http://atlas.ch
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Event: 35369265
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One year ago...

" The Nobel Prize in Physics 2013 %

R
?
" !
ey
| £
L
.
Frangois Englert Peter W. Higgs
Urversidé Libre de Bruxelles. Belgiun University of Edmburagt I
For den teoretiska upptackien av en mekanism som bidrar tll forstaelsen av massans u
hatomars l-'-"" Klar o« b SOUM '.].,‘ .'u-,}:"'.". l'}e"l"h"l'.” '.'I‘,"'..f-_'!:'*.rr""'. av den £5 '.._ !,‘.f y fiirct IO ta :
il ekraf v ATLAS- och CMS-expenmenten vid CERN:s accelerator LH(

< Mass? N .
4 Coupling to the Higgs boson? ® Nobelprize.org

< Spin/CP?
Since the discovery of the Higgs boson, we have improved analyses
for precise property measurements
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Higgs production

associated prod. with tt

gluon fusion vector boson fusion (VBF)  associated prod. with W/Z ~_________ -+t g 5550 b
TO0O00OT0N_ . q q W,z '§'C=v' COC0O_ 4 i
g r SRR H W’ZVLL?/' - H - T AVAY W; ,'_'\._-'-\"I-“j\‘“I .. - iR hr
g W,z b Tl g . A .
OOOC00000 t d ) aq q H D000C0OC00 — 1 g Upo0—— p
NNLO + NNLL QCD NNLO QCD + NLO EW NNLO QCD + NLO EW NLO QCD N(N)LO QCD
+ NLO EW
= T T T T T T T T T T T T | T T T | T T T | l: g .
=} F s= 8 TeV 5§Gluon fusion process (ggF)
= — pp > H (NNLO+NNLL QCD + NLO EW) 13< Largest cross section : 19.15pb at 125.4 GeV
X b;&} Large theory uncertainty : ~10%
:'% 10 =
o 1 Vector boson fusion (VBF) process
© | pp—> qqH (NNLO QCD + NLO EW) | <> Second largest cross section : 1.57pb
(x~2.7%)
1= pp— WH (NNLO QCD + NLO EW) — . .
C  pp ZH (NNLO QCD +NLO EW) ] < VBF topology : tagged by 2jets with large
| pp—> bbH (NNLO QCD in 5FS, NLO RCD in 4FS) = Anjj,mjj
10-1 — PP ttH (NLO QCD) i tag _glegcgail
- P R S NN TR S S R IR S T ST S NN S RN |: Jets #prOdUCtS
120 122 124 126 128 130 132 o
M, [GeV]
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Higgs production

gluon fusion vector boson fusion (VBF)

associated prod. with W/Z

associated proad. j@'{h it
[ g 0600y b

e

"COOCOCO00N, . q q W Z -grcrcrcﬁ‘a‘fo‘c ¢ |
g r LT H W’ZVLL?/' - H B o T, f\L;:Vf‘Zf ,f_\._-r\’llmp .‘ - TN hr
g W,;Z[\E\p';\’w e - . . g ¢ A ~
OO0 t aq . “Q‘ q H 00DCCO000 ,_f g IO —— p
NNLO + NNLL QCD NNLO QCD + NLO EW NNLO QCD + NLO EW NLO QCD N(N)LO QCD
+ NLO EW
E T T T T T T T T T T T T | T T T | T T T | IE §
g n s=8TeV 12 VH process
= % ¢ Cross section: 0.70pb(WH),0.41pb(ZH)
s ol ~1% < Associated W/Z helps triggering events,
T - : background suppression (lepton, MET)
8 r 1 < Main process for H—bb analysis
© | pp—qgH (NNLO QCD + NLO EW) ]
1= pp — WH (NNLO QCD + NLO EW) = ttH process
PP ZH (NNLO QCD +NLO EW) 4 <> Cross section: 0.13pb
e VL0 GCD 1 5FS, NLO RCD in 475) — 1 < Complex final state due to tf signature
< Provides an opportunity of direct y,
107 o0 QGO e measurement
: 1 | 1 1 1 I 1 1 1 I 1 1 I 1 1 1 I 1 1 1 I 1 1 1 | I:
120 122 124 126 128 130 132
M, [GeV]
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Higgs BR + Total Uncert

.. and decay

H H

177\\\\‘\\\\ TTTT TTTT TTTT T T T TTT TTTT TTTT \\\%E
E— 18
= bb -9
- 3
- WW 12
[$]
10-1 gg 75
| cC E
10'2;ZZ =
_3/
L uu i

10-4 lll‘llll‘llll‘llll‘llll‘l ll‘llll‘llll‘llll‘lll
120 121 122 123 124 125 126 127 128 129 130
M, [GeV]
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A 125.4 GeV Higgs makes all decay channels accessible.
<~ fermionic decays (bDb, 7z, uw)

< bosonic decays (WW, Z2)

< loop modes (yy, Zy)

Offering a rich field to precisely measure and test
against SM predictions.

SM Branching ratio at 125.4 GeV

bb  WW 77 Zy

(X4

7y .

57% 22% 6.3% 2.7% 0.23% 0.15% 0.02%
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e

. Higgs mass

7 TeV with 4.5 fb-land 8 TeV with 20.3 fb1

Higgs boson mass
from combining

H—yy and H—Z/"—4¢

Y. weights / GeV

Amy, = 1.47 + 0.67,t 0.28,,.GeV
M,y = 125.36+0.37,,£0.18,, GeV
P(AMH =0)=4.8%(1.980)

3 per mil precision on Higgs mass ! |

previous results published in Phys. Lett. B

Phys. Lett. B 726 (2013), pp. 88-119

m,, = 126.8 * 0.24,+ 0.68,, GeV

m4I = 124.3 +0.6/-0.5,,+0.5/-0.3,, GeV
= 125.49 + 0.24,,,+0.50/-0.58_, . GeV

sys

AmH = 2.3 +0.6/-0.745% 0.6, GeV
P(AMH=0)=12%(250)

5 per mil precision I

HP Beck - LHEP Bern

arxiv:1406.3827
Phys. Rev. D. 90, 052004 (2014)

wo B & 88 % 8 B §
TTTTT

AR AL RARNRARS LA RRRNRLS

rrrrrrrrrrrrrrrrrrrrr

Let=203 1" 1s=8 TeV
s weighted sum
Mass measurement calegories

Events / 2.5 GeV

3 ata
FHo 77— 4l I:Is.gunm‘-:m.scevn-msu ]
- -
30 L Vs=7Tew: Imr asm’ - Buckground 22° -
C J- - Background Z+jets, 1 ]
= =8Ti Ldt=203 0"
25"

Z77; Sysematic uncertaint ty —:

0
80 90 100 110120 130 140 150 160 170

my, [GeV]

~ 18=7TeV
- \s=8TeV

f

_||III LI
- ATLAS

Ldt = 4.5 fo'
Ldt = 20.3 fb'

|||I|IIII||||||II|
—— Combined yy+4/

— H-oyy

—— H->ZZ" - 41
------ without systematics

2c

Discovery Physics at the LHC

123 1235 124 1245 125 1255 126 1265 127 1275

my, [GeV]
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¥ .. arXiv:1406.3827
YW Higgs mass Phys. Rev. D. 90, 052004 (2014)

7 TeV with 4.5 fb-1and 8 TeV with 20.3 fb1

Improvements in mass precision due to hard work in understanding
detector performance, and material in front of EM calorimeter,
with improved alignment and improved calibration

using Z, and J/l// events with di-lepton final states, and including radiative decays Z—eey.

e T L T

r : ] o - 1.005 ——— . —
3 0.015F Unconverted photons = "€ 1004F ATLAS o7 5puu E
< - —4— Data ] o 1 0035_ CB muons |n|<2.5 oY = up E
0.01 Calibration uncertainty E SEi UE v Jy - pp E
0.005F- | = 1002 E
R - 1.001F =
= 1 = £ 2
OFg—---- e = ﬁ—.;o—_;%?q;ﬁ:gﬁ E
j_ ] 0 9991é —t |
“0.005:- comparison of nominal energy scale 0'998;" E
-0.01E with photons from Z—eey . = ot E
F ] 0.997 - Data 2012, \s=8 TeV =
00155 atLAs \s=8TeV, JLdt =2031f" 0.996 - juzoa o =
_ e b v b b e by by s s | . . A P L1 S
002756 20 30 20 50 60 0-9957— 102
Photon energy scale Muon momentum scale
~0.2-0.3% up to £ = 60 GeV < 0.1% up to p; = 100 GeV

Main systematics still driven by the EM calorimeter per cell linearity and
understanding of detector material in front of it.
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Higgs properties

Precise knowledge of the Higgs properties allow to decide whether this is SM or beyond.

A
_ _ New
Recent updates on Higgs properties: (f
x-sec and couplings 21 Nov accepted in PRD
H—4¢ 2014 [arXiv:1408.5191 ]
x-sec and couplings 07 Nov accepted in PRD
H_’VV 2014 [arXiv:1408.7084]

observation of H— W W~ 13 Oct 2014 ATLAS-CONF-2014-060

fiducial and differential 24 Sep Phys. Lett. B 738 (2014) 234-253
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Higgs production — signal strengths

ATLAS Prelim. |—ot(stat)  Total uncertainty

. my = 12536 GeV . sys inc. i‘lc on
Higgs decays measured by ATLAS. )‘j o(iheory R
H-vy B

< fermlqnlc decays, g7zl 1

<> bosonic decays, Ho=T1.1/_g57]-0m I ]

<> and IOO deca S a” seen. arXiv.1408.5191 ’ .

g / Ho2ZzZ* >4l | % —

Higgs couples to fermions and to bosons. w=1.44330 0% ——
— need to extract couplings SR IR U ¥ B

H— WW* > Iviv |32

+0.22 [+ 0.16
“. = 1.08_020 013

W,Z H—- bb 05| —t—
w=05"24103| —1—
Signal strengths for a 125.36 GeV Higgs.H s 1t -0 —
Within ~10 within SM prediction. 04l 0s
H=1444]03 1
N R

AR R S E——
O 05 1 15 2

\s=7TeV [Ldt = 4.5-4.7 fb” ,
Signal strength (u)

\s =8 TeV [Ldt = 20.3 fb”
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Higgs couplings

associated prod. with tt

gfuo:? :”5’3” vector boson fusion (VBF)  associated prod. with W/Z — Tt g Tt b
OOUTO0TCON, S a4 q W,z “SO0000000_ ¢ i
oL H wztn,  Ho e W2 e hemees h
g WZ hquM r ST ~ g ¢ 'y
ooy d ’ N q Ho 000000000 —, 9 7TOTEd—— }
NNLO + NNLL QCD NNLO QCD + NLO EW NNLO QCD + NLO EW NLO QCD N(N)LO QCD

+ NLO EW

Higgs production depend on fermionic couplings (ggF, ttH, bbH),
and bosonic couplings (VBF, VH)

All measured production cross sections measure indeed 0xBR, the production cross
section times the branching ratio of the selected final state.

Need to categorize events with enriched samples of ggF, VBF, or VH, according to the
< presence of high mass tagging jets (VBF)
< presence of low mass jets (VH)
< presence of extra lepton (VH)
<> none of the above (ggF)

Measuring the event yields in these categories allows to extract the fermionic coupling and the
bosonic couplings separately.
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Higgs couplings

associated prod. with it

gluon fusion vector boson fusion (VBF)  associated prod. with W/iZ 7
P 7 . | W,z OOO000000 L
COOCO00T0N, o wz \
T H WZV,  H T WZ R - h
g - t q . ! [}5:: Cr g T t G BTTT _
000000000 . q : H 000000C0C R b
NNLO + NNLL QCD NNLO QCD + NLO EW NNLO QCD + NLO EW NLO QCD N(N)LO QCD
+ NLO EW
(NN _I | I I I | I I I L | L LI | I 1 IJA
* [ ATLAS - 68% CL 7
Ke is the with the SM value normalized fermionic 5F Ho 22'5 4 - 95% CL Dlﬁ}\(_
coupling. For SM fermionic coupling: k=1 - \s=7TeV [Ldt=451b" + S/ -
4l Vs=8TeV [Lot=2031b" @
Ky is the with the SM value normalized bosonic i ' 1
coupling. For SM bosonic coupling: k,=1 3L ‘- ]
Likelihood contours at 68% CL (solid line) and 2 -
95% CL (dashed line) in the k - K¢ plane. B i
1 ]
SM expected value directly on _ T i
95% Contour. X-sec and Coup“ngs H_)4£ 0 Lol v b b b v b b by o o]
21 Nov 2014 06 08 1 12 14 16 18 2
accepted in PRD Ky

arXiv:1408.5191
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Higgs couplings

associated prod. with tt

gluon fusion vector boson fusion (VBF)  associated prod. with W/Z SO Tt g Tt b
OOOCOCO00N, S /cr q W,z 200000000 ]
g t N H W’ZV[‘,L?/' - H EH-.--A.-H""--._.;*._ f\LJiLIf‘LZf\ I_\._-r\’llmp‘ll - TR hr
g W.Z 5t T g ’ ]
/B IS g L, g 00000000, t 9 TOTOT—— b
NNLO + NNLL QCD NNLO QCD + NLO EW NNLO QCD + NLO EW NLO QCD N(N)LO QCD
+ NLO EW
(1 _IIII|JIIIiIIII|IIII|IIII|IJIJIIIIIIIIIIIII|IIII_
~ . ;':::H—)bb[. - 1T
K is the with the SM value normalized fermionic ATLAS Preliminary — £1H — 41 sH — v
. . . \s=7TeV Ldt=4.6-4.8 10" g H — vy =@ Combined
coupling. For SM fermionic coupling: kK-=1 3 Vs = 8 TeV |Lot = 203 fb + SM x Best Fit
;- \
2 "

ac
l
=

Ky IS the with the SM value normalized bosonic
coupling. For SM bosonic coupling: k,=1 1

And showing the full picture form an earlier

IIIIIII|I]III|I|I'I|Ii|||||]|||l|||

'0->_III|IIII|IIII|III]]IIIIllIII|IIII|I

combined fit. -1 :
2
o _ _ T Y R L D U R ey I
Fermionic and bosonic couplings 0 07 08 09 1 11 12 13 14 15 16
agree with SM. K
J ATLAS-CONF-2014-009 couplings Hos4? v
March 2014
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http://atlas.ch

Run: 204153
Event: 35369265
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Summary of production cross section measurements

Standard Model Total Production Cross Section Measurements

Q' 10! TR
2 % ATLAS Preliminary Run1 vs=7,8TeV
b
106 -
i LHC pp s =7 TeV LHC pp Vs =8TeV
10° 3 =T Theory Theory
- =0T - Data A | Data
10* F
103 -
r E:'LJ.-'.:"-)" b
102 & 4.6 1b 20.3 fb 0.3 fb
3 ﬁ: . —'0' “ 50.3 fb-1 20.3 ft
- 4746 tb -‘— &'- A 1 ﬂf
10t E 48fb ;E 461 .’-‘:'.".l.;"‘:ﬁi::_
: oy 202 Higgs entered the
. L SM summary plots
EE:IGA::: 20.3 fb! in ATLAS'
10—1 -_ a

N\
PP w t—chan\WW+W2Z) W Her ) Wt wZ ZZ Hver ) ttW ttZ
total total total fata! total total total total total total total total total total

Precise measurements of cross sections (fiducial, total, differential, differential unfolded)
and their comparison with SM predications are precise tests of the physics at the energy frontier.
They are the of utmost importance for searches beyond the SM.
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Summary of production cross section measurements

Standard Model Production Cross Section Measurements swius: Juy 2014 {,ﬁ‘f; Reference

w

)
Z, - ATLAS Preliminary 0.035
T e ] 46
o A Run1 +s5=7,8TeV 20.3
ti [« Bl 46
t m?:ran 20.3
WW+WZ LHC pp vs=7TeV 47
total
ww - Theory 46
total - Data 20.3
sta
nuz::::r sraLsysr 4.9
HggF 48
total LHC pp V5 =8 TeV 20.3
Wit 2.0
total Theory 20.3
wz 46
total . | Data 13.0
I | stat
Y4 48
total 20.3
Hver 203
total
m:t; 10  ATLAS-CONF-2011-153
]
Wy 46 PRD 003 (20
fiducial, njet=0
Zy 46 PRI 003 (20
fiducial, njgt=0
ttw 203 AT
total
ttZ 203 AT
al
Zjjewk | 20.3  JHEP 04,031 (2014)
ficucial ! |
fiducial M 1 " 1 . " 1 L

0.4 0.6 0.8 1.0 1.2 14 1.6 1.8 2.0 2.2
data/theory

Comparing precise measurements with SM NLO + NNLO pQCD look mostly OK.

NLO+NNLO+resummation of soft gluon and understanding of different

renormalization scales with every event necessary.
Stay tuned for Run 11
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Conclusions

Run | data offering a wealth of interesting results
7 TeVv 2010-2011 5.1 fb-1
8 TeV 2012 21.3 fb-1

ATLAS data taking efficiency for good physics ~90%o

Many highlights from precision studies
only a snapshot of recent precision measurements shown

Focus on Standard Model
Spin-1 Bosons
Top cross section and mass
Differential boosted top cross section and unfolding
Higgs mass and couplings

The outlook for Run 11 is bright
higher collision energy
higher statistics
but also higher pile-up
Offering new opportunities and challenges for precision measurements

Precision is key for discoveries
either in the need to understand subtle effects
and as a base for direct searches

Interesting times ahead — stay tuned
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top mass from cross section measurement

Theoretical prediction of the cross-section depends on m,, pole mass
(~ a free particle, of most interest in EW fit)
Differs from the ‘Monte Carlo’ mass measured in direct reconstruction of tt events
by O(1 GeV) — interesting to infer it from the measured cross-section

NNLO+NNLL calculation depends on m,,,, which can be parameterized as:

o_(m|=o mref41+aw+a
T t] T T t 1 ref 2

m,

in addition, uncertainties due to PDFs, a,, QCD scale

2
m — mref
t t ]

Experimental result also depends on assumed m,, value:
For calculating the pre-selection efficiency ¢, for tt events, and for the cross-section
and acceptance of Wt background
This dependence is modest: do/dm,,, = -0.28£0.03 %/GeV
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1tion and performance Overview

—% W [



The ATLAS Detector .

Muon trigger and measurement with momentum resolution o/p < 10% up top, ~ 1 TeV |

Muon Detectors TI Calorimeter Liquid Argon Calorimeter

reducing the rate
from 40 MHz to ~200 Hz )

= ?ﬂ, Inner Detector (]| |<2.5, B=2T):

Y U\ e a,gs_ Si Pixels, Si strips, Transition Radiation

7 ‘ﬁia 3 | detector (straws)
L

® . Precise tracking and vertexing, e/[] separation

Momentum resolution:
(7p; ~ 3.8x10 p; (GeV) @ 0.015

~
et SCT Tracker Vixel Detector TRT Tracker

EM calorimeter (|n]<3.2):

Pb-LAr Accordion

e/©trigger, identification and measurement
E-resolution: (/E ~ 10%/VE

Cu/W-LAr (fwd), Trigger and measurement of jets and
missing E;
E-resolution: (/E ~ 50%/VE @ 0.03

HP Beck - LHEP Bern Discovery Physics at the LHC
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Pile-up

ATLAS Online Luminosity
O Vs=8TeV, det =208t <u>=20.7
[ Vs=7TeV, [Ldt=521b" <> = 9.1

180
160
140
120
100
80
60
40
20

Recorded Luminosity [pb “70.1]
III|III|III|III|III|III|I\I|\H‘\II|_

10 15 20 25 30 35 40 45

Mean Number of Interactions per Crossing

OC)
w

Pile-up poses a challenge for precision
physics, but learned how to cope with.

Need good high quality tracking, finding Z—MM event with 25 pile-up interactions
the hard interaction primary vertex and

ignore tracks, energy deposits from pile-up
events...
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Tracking with pile-up

1108 mm

27202 2505
2710

1399.7

1091.5
12989 534 a8

B8535 8

AQOOFT T T T s
G goot. ATLAS Preliminary E
= oor. Vs=7 TeV, qu> =26 I S
g - —¢— Data 2011, Default %i'* =
600 T e

'E - —¢— Simulation, Default ¢$$ L .
= 500 —§— Data 2011, Robust i x**ﬂ”“ E
v 400 - —f— Simulation, Robust ﬁ . Ef* =
- ¥4 -

300f- =
200F =
100E ™ ATLAS-CONF-2012- 042—;
1..| 1 | 1 1 1 | 1 1 I 1 1 | 1 | 1 1 I—

0 0 5 10 15 20 25 30 35

Mumber of Vertices

The average number of tracks per event as a
function of the number of vertices
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o 0.2F : . . . | _
S 0.18F ATLAS Preliminary —e— Data 2011, qu>=15 -
E 0.16 Ns=7TeV —5— Data 2011, u==29
5 0.14F ot —+— Data 2011, qu> =32
< g ]
0.12 — - - q}#‘t =
01F ‘Jf E

- b » m

0.08F- - ya vy E
0.061 e T E

— - k- =

0.041 ha . _q}ﬂ-‘- ) 1
0.02F * A o E

E - E': ’*_‘ GD‘EF ~ N B

00 5 10 15 20 25 30

Number of Vertices

ATLAS-CONF-2012-042

The number of reconstructed vertices with
the robust track requirements in data
containing different amounts of pile-up
e Efficiency ~95%
e Resolution (vertices with 70 tracks)
» transverse: ~30 Um
» longitudinal: ~50 pm

With robust tracking, the average number
of tracks grows linearly with the number
of vertices per event.
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Removing pile-up jets: Jet Vertex Fraction

For every jet and every primary vertex
a jet vertex fraction qualifier is defined.

> Py,

tracks iePVk

JVF|jet ,PV, | =

tr.

JVF measures the fraction of track pT
in a jet ] coming from primary vertex K.

> Dy,

acksie jetj

> 105
S i |
5 L i
S
=
@
s 1 —— . _|
= ¥ = 4 - *
3 - - —_—— L,
%j - —_—— _
w
— — ]
B, 0.95- .
5 _ :#:_
§ - |
@ 0.9 —— MC |JVF|>0 -
2 - —4— Data |JVF[>0 .
8 B ATLAS Preliminary —4— MC [JVF|50.25 |
B Z—ee +jets —4— Data |JVF[>0.25 |
0.85—  Antik, R=0.4, LCW+JES —— MC |JVF|>050  —
i Ini<2.5, p,>20 GeV —4— Data [JVF[>0.50 |
I MR B R M B |
O | |
E 101_ ...................................................................... —
3 !
= 1—% * v ——
[ :*: * : b
0.9 e ——— LTI -
0 5 10 15 20 25 30 35
<[l>

ATLAS-CONF-2013-083
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JVF[jet2, PV1]= 0 s 8

JVF[jet2, PV2]=1

jet2 )

P

IVFjetl, PV1]=1-f
JVF[jet1, PV2]= f

7

The hard scatter primary vertex is defined as
the one with the highest

> Dy,

tracksie jet].

Jet selection efficiency in Z->ee events as a
function of <mu>, the average pile-up.
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Pile-up and missing ET

— 50_ T T T T | T T T T I T T T T | T T T T T T T T I T T T L.

> = . 3

Etmiss measured from jets, electrons, ﬁ 45§—.A§£f§respﬁé3|£cm§£¥on E

‘ ) ~ C = Pile-up correction STVF .

phOtonS’ taus, muons and SOft term.. a 405 + Pile-up suppression Extrapolated Jet Area =

ELUI— 3 5; v Pile-up suppression Extrapolated Jet Area Filtered =

_ - 4 Pile-up suppression Jet Area Filtered =

E%liss = \/{E;ﬂiss)‘z sl (E;niss)? 30 ;— 7 um _.__.__._-‘- _;

-~ Data 2012 |Ldt=20 tb™ - ]

- jet Soft T 25:_ \Sa—aS TeV +++++ E

miss njets e A, T ) Soft Term - = o i o .

B = — (BI + B + Bl + Bl + By + B ™) 20E" ojetsp,>20 GeV , o> P e E

= . 4w 4 =

: : 156 T St = e =

‘Soft term’ carries the strongest pile-up : iﬁ%{f:ﬁw :

dependence — all other can be associated to 5§ 0

the hard scatter primary vertex. - | . | | | ]
% 5 10 15 20 25 30

A ‘soft term’ correction factor based on a Npy

measurement of the overall pile-up activity in

an event improves the Etmiss: ATLAS-CONF-2014-019

The dependence of the average reconstructed

track i .
it iepzvo i transverse momentum (ETmiss) on NPV, for the
STVE = R exclusive hard scatter Z—pp data samples.

]
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Tracks
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Jet ,i
L:y// i

4

i

dinl” i
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. o -0

I y y —t
]

to tag b-jets

Multivariate techniques used o

Jjet tagging

—e— light-flavour jets

- [ L L B L L L L B
S [ ATLAS Preliminary  simulation, \E:_sl; Tev -
e p*>20GeV, | | <25
w 1 T =
:.’...-o—o—o—_.__._ E
E_ —— b jets _g
- ——cCjets ]

Jet 0 EE?Tﬁ{}T*. .|1. R PRI EPRPE B BN B .;E
- 1= ™ 0 100 200 300 400 500 600 700 800
e ot L 4 P [GeV]
ko) | ATLAS Preliminary det=20.3 fo | T
o
£ L \s=8TeV ; in i i
S o8l | | Tagging efficiencies for b, c, and light-flavour
Q ' Y - . . . .
S 0 P o jets, at the 70% b-jet efficiency working point,
I ¥ ] as a function of jet pt and jet eta.
o6 .
I + 1 %' ATLAS Prelimi i simulation, {s=8 TeV
- " ATLAS-CONF-2014-004 | g e e <25
0.4 . « . ; e
" © {t PDF (MC) MV, e, = 70% _ ]
* {t PDF (Data) 10" N M“"’“‘“mn .
e ' et ]
20 30 40 1 02 2% 02 —=— light-flavour jets
Jet pT [GGV] 10'2 ?WMMJjwmﬂﬂmﬂq_ﬂmme*{q _E
b-jet tagging efficiencies at the 70% o5 s 2 ‘2-5|' “
. . . . . —_ ul
b-jet efficiency working point for tt
events in data and MC. ATLAS-CONF-2014-046
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