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Outline

> Production of W/Z at LHC at 7 (~5fb!) and 8 TeV (~20fb1)
v Inclusive W/Z production
v Production of W/Z + jets
v Production of W/Z + heavy flavor
v' Other selected topics

» Top production at LHC at 7 and 8 TeV
v Top pair production
v’ Top pair production + jets, heavy flavors, W/Z bosons
v Single top production

» Emphasis on most recent measurements
v Some (many) measurements are not covered:
« EW production of Z, high mass DY production etc
v’ Very little experimental analysis details
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W/Z production at LHC
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Inclusive W/Z production at LHC

> Precision physics to test standard model (SM)
v W/Z productions are theoretically well understood, Constrain Parton density function (PDF)
> Benchmark process for detector calibration
v’ Clean final states with leptons at LHC environment: Trigger, identification and resolution
» They are important background in searches of new physics (NP)

> Measurements at both 7 & 8 TeV by LHC
> Many possible final states

v'  Best to use leptonic final states
» Studies of kinematic distribution:

v’ rapidity, MET ...

CMS L=18.2 pb™, {s =8 TeV
| | I | I | | I | | I | | I |
o 7112003, +0.14,  +0.18  nb
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e 115001, +0.02,  +0.03, nb
- — I 1.13 + 0.04 nb
N L 1392001, +0.02
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Wk 1 ZoofT » 10.63+0.11,,+0.25
—vie I 10.74 + 0.04
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ratio(exp./th.)

ATLAS, PRD,85,072004(2012)
CMS, THEP,10,132(2011)
CMS, PRL,112,191802(2014)

> Stat uncertainties smaller than sys uncertainties
v' Sys error at percent level, dominated by luminosity uncertainty (~2-3%)

» Good agreement between electron and muon channels

» Good agreement between data and NNLO theoretical prediction
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W/Z + jets production at LHC

> Similar analysis as inclusive W/Z production with an additional jet requirement
v Different jet cone size between ATLAS (0.4) and CMS (0.5)
> Detailed comparison on a high statistics sample and in a large kinematics range
v' precious information to validate/tune the predictions.
v' Tested variables: 15t , 2nd, 3rd 4th_leading jet prand n, Hy, St (Sum princluding or not
lepton and neutrino), angular separation of jets, invariant mass of lead-subleading jets.
Inclusive and exclusive distributions...
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W/Z + Jets produc’non ratio at LHC
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Ratio measurement allows to reduce experimental sys error
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Production of high p+ hadronic W/Z

> High pt hadronic W/Z production cross section (7TeV)
v" Reconstruct hadronic product inside single jets & identify signal using jet mass
v' Suppress multijet production using jet substructure in jet rest frame: PRD 85(2012),034007

owiz = 8.5+ 0.8 (stat.) £ 1.5 (syst.) pb 5.1:0.5 pb (MCFM)
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> Z->bbbar cross section (8TeV)
v' Combine 2 b-tagging jets to form a Z candidate with pr>200GeV
v’ Separate sighal and background using a Neutral Network analysis

POWHEG : o} - =2.02 *f{5(scales) *533(PDF) pb

0_

Z—>bb =2.02 £0.20 (stat.) +0.25 (syst.) = 0.06 (lumi.) pb =2.02 +0.33 pb

aMC@NLO:  o7¢ = 1.98 *{og(scales) + 0.03(PDF) pb
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W/Z + b(b) produc‘non a‘r LHC

> Measurement done with 7TeV data
> Signal extracted by fitting flavor-sensitive variables: . W< bk
v NN output, secondary vertex mass ; g :
> Differential measurement available "— !
> Measurement consistent with theory T—— AP W W
v' Still large experimental uncertainty @ b
* b-jet tagging efficiency, b-jet template shape

ATLAS, arXiv:1407.3643
ATLAS, JHEP06(2013)084

CMS L=5/fb s=7TeV .
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W/Z + b(b) production at LHC

W+ >1b — jet
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Other measurements:
ATLAS, arXiv:1407.3643
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CMS, arXiv:1312.6608
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CMS, JHEP12(2013)39
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W + charm production at LHC

» W boson production associated with single charm: scattering of gluon and a down type quark (LO)

s+3 distribution at Q2 = 1.9 GeV?

J— — o) 2 mmas
s d W+ s. d W 2 b o
’ ’ QT i
1 F 8 ’ m:BKMDﬂ.
= 14 /| %654 HERAPDF1 .0
— =12
(%)
=
C yC s
A o 08
E 06
BTOTTOO—— BETTOTO —> .
C C 0.2
g g 0 . 1 i |
10° 10?2 10"

> Directly sensitive to s quark distribution in PDF
v' Contribution from d quark ~ 10% (Cabbibo suppressed)
v’ Different PDF assume different s quark suppression with respect to d quark

> Signal reconstruction
v' Similar W reconstruction as other analysis
v' Reconstruction of charm meson in D** and D* modes

D* —» D7 (D° - K nt, K ntn’, K ntn 7)) and Dt - K ntn™

v' Identify c-jet using soft (low p;) muon tagging inside jets
v' Select signal as opposite (OS) - same (SS) sign ATLAS, JHEPO5(2014)068

« Automatically subtract Wcc and Wbb background CMS, JHEP02(2014)013
* Cancel combinatorial background
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rs=0.5 (s+3)/d

W + charm production at LHC

lllllllllllllllllll .lll'lllllll'lll
ATLAS
Ldt=46"
S=7TeV BMCRNO
W+D:‘ i+ mCT10
- A MSTW2008
e ¥ NNPDF2.3
H—O—H O HERAPDF1.5
Data
 212+09+10[pb] s+ O ATLAS-epWZ12
-:Ls - H-r1—H A NNPDF2.3coll
L1 1l L I L Ll L l L L1 1 l L1 Ll L L I L L1 1 I Ll Ll I L1
10 15 20 25 30 35
ogsSS [pb]

Fit s-quark PDF: HERAPDF including W+c data

ATLAS Q% =mj,
—— —— — HERAPDF1.5 + ATLAS Wc-jet/WD™ data
[ ATLAS-epWZ12
f===""" HERAPDF15

10° 102 10"
X

CMS L=30m ' atNs=7TaV
—+rr+r 1T T T o 1w
Total uncertainty P} > 25 GeV. ™ <25
Statistical uncertainty d'>3SGeV.Irf|<2.1

. CMS 2011
Predictions:
841120 9
NLO MCFM + NNLO PDF ' 20 (Stal) 2439 (systapb
mMSTWO08 [
787404, Pb
e CT10 e
or.3g3,  eb
¥ NNPDF23 !
782233 poe pb
A NNPDF23 ——
102.7 £11.8,,, pb
s o1 . . .1 ., . . ] . . L& . | ., .
0 20 40 60 100 120
(W +c) [pb]
~ 15
k-]
+
Ia Qz=m3,
~
I
+
n 1
S
1]
0
o«
NNPDF Reweighting:
[ HERAIDIS + CMS W+c
0.5 NNPDF global fit + CMS W+c

CMS NLO free-s fit (HERAFitter)
N HERAIDIS +CMS A, + W+c

| Loa el

T 1073 102 107"

ATLAS, JHEPO5(2014)068
CMS, THEPO2(2014)013

12

Chunhui Chen, lowa State University

Quy Nhon 2014, Auqgust 12, 2014



Top production at LHC
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Top pair production

> Large top quark production at LHC:

280

) 260 NLO
Example diagrams: 15 NNLO [
t 240 ] [ -
v, —_— | LL NLLNNLL |
t 9 00000 Oy / Otot & = NLLNNLL
Tevatron ~ 15% :9': 200 Lt
LHC 7 TeV ~ 85% 180 F i—xﬁg&mr =
. res r—a—
. V27T s Do LHC 14 TeV = 90% 160 | NNLO+res ——
{9000 t
LHC 8 TeV; m,,=173.3 GeV; A=0
MSTW2008 LO' NLO; NNLO

» Precision test of QCD calculation
v Improved theoretical calculation: NLO to NNLO+NNLL QCD

v' Less than 10% uncertainty for cross section ( ~3% from scale & ~5% from PDF)
« Eg: arXiv:1303.6254, 1303.7215

> Important data sample for detector calibration
» Crucial SM background in many NP searches

Top Pair Branching Fractions

"alljets™ 46%

+
l L q ttjets 15%
w* q'
t 4
1%
. o 2k
e 2, e
b \‘\*\&e 20!\%[0 Ltjets 15%
Vere e+jets 15% .
"dileptons" "lepton+jets"

> Top pair signature (based on W decay):
v Dileptons: Low branching ratio (Br) and low background (Bg)
v Lepton+jet: compromise between Br and Background
v All jets: High Br and Background
v' Others: tau final states

Chunhui Chen, lowa State University Quy Nhon 2014, Auqgust 12, 2014
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Top pair production

> Dilepton final state: best channel Yo measure top pair cross section
v' 2 isolated high pT lepton and large missing ET
v' Counting b jets to determine the cross section

« Fit b jet efficiency with the cross section

Inclusive tt cross section [pb]
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ATLAS, arXiv:1406.5375

CMS, JHEP02(2014)024

CMS, JHEP11(2012)067

> Measurement in good agreement with prediction

» Data/MC consider LHC beam energy uncertainty
v' 1.8% error for cross section

> ATLAS and CMS results at 7TeV ~ 20 tension

Chunhui Chen, lowa State University
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Top

ATLAS+CMS Preliminary o, summary, Vs =7TeV TOPLHCWG July 2014
"""" NNLO#NNLL (top++ 2.0), PDFALHC, m_= 1725 GeV = stat. uncertainty
scale uncertainty === total uncertainty
scale ® PDF ® g uncertainty 0 =(stat) =(syst) =(lumi)
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Differential top pair production

> Lepton + jet final state: full reco. of both tops
v' Kinematic variables: top p, top pairs
system (total mass, average pr & rapidity)
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Top pair + jets production

> Dilepton or lepton+jet final state: select 2 b-jets and count additional jets
v Measure gap fraction: prob. to emit no additional jet
v' ATLAS and CMS use the results to constrain top mass sys error due to radiation

= 102
CMS,L=50fb"at\s=7TeV =
cl.Spr——r g @
Ke) C Dilepton Combined ] 5 40
© — RPNPIY S e _g
Do.05F- i I
wVU.ooF -t ] ©
o FE - CMS, arXiv:1404.3171 7
(] 09:— ";rg" = 1
Q50.855— g * Data =
R [ ] Syst+Stat error = §
0-8F o — MadGraph+Pythia E 10
0.75F [—' ------- MadGraph p2 = p2 = 4'Q° —
0.7 ;?: MadGraph p2 = p2 = Q%4 3 10
Er - --- MadGraph matching up 3 ©
. | MadGraph matching down 1 ‘D“ 15
| 3 ~ -
0.6 — O
= | | NI I I I 2 1
O 1.1—_' T T T T 1 1 T ] 8
S = ] Z o5
(QU0-9_.|....1....|....|....|....|....|....‘
50 100 150 200 250 300 350 400

1 additional jet p._[GeV]

= I I | —
= ATLAS 3
B —@— Data ]
- ALPGEN+PYTHIA 1
L — — ALPGEN+PYTHIA (@ Up)
= ALPGEN+PYTHIA (o, Down) 3
i v ALPGEN+HERWIG ]
i I Ldt=46fb" |
; \1s=7TeV ;
| antik R=0.4 ==
g n| < 2.5 .-.".-.'.'.7.".'.'.%
C P> 25 GeV 7
I~ l+jets 7]
1+
(S =
3 ATLAS, arXiv:1407.0891 B
E | | | | | ]
3 4 5 6 7 > 8
r]jets
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Top pair + HF / Top pair + W/Z

> Measure top pair + HF (b or c) production
v' Dilepton final state: Select 2 b-jets and examine additional jet
v' ATLAS: 7TeV with 4.7fb! data
« Prediction: 3.4% (5.2%) by ALPGEN+HERWIG (POWHEG+HERWIG)

Oﬁd(tf—i— HF)
Ofd (tf + J)
ATLAS, PRD89,072012(2014)
v' CMS: 7TeV with 5fb! and 8 TeV with 19.6fb"! data: CMS, TOP-PAS-12-024
_ - _ CMS, TOP-PAS-13-010
o(tthb) /o (ttjj) = 3.6 & 1.1(stat.) & 0.9(syst.)% (7TeV
o (tthb) /o (ttjj) = 2.3 &+ 0.3(stat.) & 0.5(syst.)% (8TeV)

Rur = — 6.2 + 1.1(stat) + 1.8(syst)%

N—r

> Measure top pair + W/Z: X section ~200fb (NLO QCD)
v’ Sensitive to additional contribution from NP effects
v Experimental signature:
« CMS: 2 SS leptons, 3 leptons, 4 leptons (counting)
« ATLAS: 2 OS leptons (NN based on kinematics), 2 SS muons, 3 leptons (counting)

CMS 7 Tev 2 : ATLAS-CONF-2014-038
Channels used Process Cross section Significance
20 V. 4307110 (stat.) £33 (syst.) fb 3.0 Summary of combined simultaneous fit results
o] 1 ~on+140 .. +60 ... 12
3 HZ 2807550 (Stat) 5o (syst) b 0 Process Measured cross-sections Observed o
CMS 8 Tev 77 | 150738 (total) = 150735 (stat.) + 21(syst.) fb 3.1
Channels used  Process MC“’SS section Significance W | 300t total) = 300%12(stat.)*7(syst.) b 3.1
2 W 170+% (stat) £ 70 (syst) fb 16
v, 7 +80 (ctap) 40 (cue . . . . .
e+l W2 20077 (stat) 5 (syst) fo 31 Evidence of top pair production associated with W/Z on
) A i in 100 ¢ g e +80 0 . . . .
20430440 ®W +tZ 38071 (stat) T3] (syst) fb 3.7 30 level, cross section consistent with SM Expectation.
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Single top production

q t q q q q

b W
b t
Q
_ (8 W
’ b t g BT t & o (66 )

s-channel t-channel Wi-channel

» t-channel: high statistics at LHC
v' S/B ~ 2 after selection, precision measurement ,
v Study kinematics distribution: py, rapidity ATLAS, arXiv:1406.7844
v' Top and anti-top measurement separately
v

Good agreement between data and theory = UM L B BN
'8‘ o> 1L ATLAS [Ldt=459 1" \s=7TeV |
. 9) ; ® Data
é;l;;.é\(]?;Cvgl\/I:SS ?g\?liminaw TOPLHCWG July 2014 -+ stat @ sys unc.
----- NLO (MCFM), m _ =172.5 GeV,

PDF4LHC (MST_Wzooe, CT10, NNPDF2.3) — stat. uncertainty -} stat unc.

Soalo & PDF & 0 uncertainty el et (o) =(umi —NLO (MSTW2008) -
ﬁmz’_ég;gg:’;_ 150 B . | 951:24:176+36pb %, PDF @ scale unc.
CMS, L =581b" VBT . .

e oty ———t 80.1+5.7 + 11.0 = 4.0 pb
LHC combined (Sep 2013) 852 4.2 1128 pb 102k x -
ATLAS-CONF-2013-098, - L ‘X
CMS-PAS-TOP-12-002 TN TN TN W N WA W NN N [N N TN TN TN TN AN NN AN AN NN NN A A
ATLAS, L =20.31" 1o N 3 T T T 3
ATLAS-CONF-14-007 —a 826=12=118=23pb 9 1.5 3 3
1071 P i - | 3
e g H S e et ! ;
| | | | | | | | — F 3
20 20 60 80 100 120 140 160 s 0.5 3 3
O.channel [pb] D C i M M N -
0 100 200 300 400 500
> WHit-channel: Evidence at 7TeV, observation at 8 TeV p. (1) [GeV]
> s-channel: no evidence yet at LHC (set upper limit)
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» Many 7 & 8 TeV analysis have been done by ATLAS and CMS

Summary and outlook

v Most measurements limited by sys errors
v’ Good agreement between data and theory

» Only a small set of measurements reported here:

v" All public results are summarized online:

https://twiki.cern.ch/twiki/bin/view/AtlasPublic

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

> Looking forward to 14TeV challenges
v" High production rate, high luminosities
* More precise measurements (smaller stat error)

* Many sys error can be reduce with more data

ox B [nb]

10

*  CMS,19pb'. 8 Tev
O  CMS,36pb’,7 TeV
= CDFRunll

O DORunl

A

5 7 10 20
Collider Energy [TeV]

 Detail studies of kinematic distribution in multi dimensional phase spaces
v More challenge environment: high pileups
« Clean and important data for detector calibration
v" Production of W/Z and top a prior for NP searches at the LHC

* Proof of the understanding the detector
* TIrreducible background of searches for NP effects

Chunhui Chen. lowa State University
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Backup

Chunhui Chen, lowa State University
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e: ~75 - 90% efficiency
muon: ~90% efficiency

b tagging: ~57% efficiency
~ 0.2% fake efficiency
from light jets

Efficiency & resolution
dependents on the

The ATLAS Detector

Numbers of electronic

1.2 % 106 190’000 Channels
Muon Detectors Electromagnetic Calorimeters 3,600
; Forward Calorimeters
Solenoid

End Cap Toroid

selection criteria - ;’
| i
i Inner Detector v ieldi
Bame! Torid Hadronic Calorimeters ShisiEing
145 x 106 10,000
_ Excellent reconstruction efficiency and resolution:
46 m long, Overall weight: 7000 Tons Electron, muon, track, jets, b-tagging & missing transverse energy

Chunhui Chen, lowa State University
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Muon chambers
Drift tubes/RPC in barrel

.~ | Cathode strip/RPC in endcaps
overs n| < 2.4

"/

Inner tracker
Silicon pixels
Silicon strips

3.8T Solenoid

Electromagnetic Calorimeter &, Wi dronic Calorimeter
76k PbWO, crystals grass/scintillator/wls fiber

[ron/quartz fiber
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W/Z reconstruction at LHC

> Signal reconstruction: CMS. PRL 112 191802(2014
v One isolated high p+ lepton &missing transverse energy (MET) St (2014)
a0 M
W — €V (E = €, ,U,) E i s L-18.2pb" \G-8TeV _
v" Two (isolated) high p+ leptons: s T . ;ivvt;;n _
¢ 60(66) < m;<120(116) GeV for ATLAS(CMS) 2 O mmoco
41— 7. + —
Z U (L=e,p) . |
> Background: 2 3 -
v EWK: Drell-Yan, diboson, W->tv, Z->TT -4 Y -
v top production & ' eSO
v QCD: fake leptons from multijet production N O S RV OW TS
> Signal Extraction: fit MET for W and m,, for Z oo R e
v" Signal femplate from MC & EWK and top bg fixed to MC > [ om e ey i T
v QCD template from control data sample O 30z Jra-asms' -
« Invert lepton identification criteria 5 3000 CJ oo ATLAS
EJ 2505_|:W_)ev ) Forward Z — ee _E
L r ]
200¢ :
> Calculation of the total cross section: 150¢
P N, observed — N background 100%
CW/Z X AW/Z X B’I”(W/Z — fl/eﬁ) X Luminosity 50¢
\ 70 80 90 100 mee1[1C§)eV]
Efficiency Acceptance ATLAS, PRD,85,072004(2012)

Chunhui Chen, lowa State University Quy Nhon 2014, Auqgust 12, 2014 25



W/Z + jets production at LHC

CMS-PAS-SMP-14-009

[ Medosenzes 4010
CMs fmlimmary ®  00<yi<05 (<100 g p———
196 b7 (8 TeV) B 05O o
: : S A 10dyi<15 (<109

%' Y 15<yi<20 (< 10)
5] 107 o 2.0<1yl<2.5 (x 109
S O 2532 (<10
2 q0° A 324147 (x 107
= MadGraph Z+< 4] @LO —
= SherpaZ+12 MO syt | s :
%‘ Loading jet p, [GoV]
=
= eyt ] wesnmnzaon
Q:- 3 T T [ smmziraonosqmo
o E D70 o et
B
%o

10" T, oni
102 .
10° %
10* —— ‘ /
] = —— e
10° Leading jet P; [GeV] /é

R
Loadig et p, (GoV)

> First double differential measurement Z+jet with jet up to |[n|<4.7 - 30 < p<550 GeV
» Largest experimental uncertainty from JES

> Predictions: MadGraph norm. NNLO / Sherpa2 (NLO 1j,2j /LO<=4})

> Reasonable description from Sherpa2, some regions to investigate

Chunhui Chen, lowa State University Quy Nhon 2014, Auqgust 12, 2014
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Production of high p+ hadronic W/Z

> High p hadronic W/Z production cross section (7TeV)

* LH using shape variable: thrust-minor, sphericity, aplanarity

v" Reconstruct hadronic product inside single jets & identify signal using jet mass
v' Suppress multijet production using jet substructure in jet rest frame
«  W/Z jet: back-to-back 2 body topology, QCD jet: isotropic distribution

> Z->bbbar cross section (8TeV)
v Combine 2 b-tagging jets to form a Z candidate with p>2006eV
v' Separate signal and background using a Neutral Network analysis
Ngijer and An(dijet , balance jet)

v Slmul‘raneous fit to dijet mass in signal and control region (constrain background shape)

, owsz = 8.5+ 0.8 (stat.) = 1.5 (syst.) pb | 5.1:0.5 pb (MCFM
ATLAS, arXiv:1407.0800 W+z (stat.) (syst.) 1 120.5 pb (MCFM)
T ‘ _I\ TT | TTTT | TTTT | TTTT I IIIIIIIIIIII ‘ TTTT | TT \I_
% ®  Data 2011 : %J 12000 ® Data 2011 ATLAs i
o 25000 Signal + Background fit i (D = Signal + Background fit \s=7 TeV 4.6 fb” -
3 f -+ Background ft component f 10000 vore Backgroundfitcomponent > 400 GeV In| < 1.9 4
0 Signal fit component i) i o Signal fit component L>0.15 i >25000 prrTrTTTTT ARS RARRS RARAL AR RARES RAREs
8 20000~ — 2 L 8 ATLAS Signal Region .
8000 [Te} i \s=8TeV ]
L 53036868616 ; 4 20000 Jldt 195" ¢ D.ata .
15000 ooy - i € r —— Signal + Background |
b [ - =
t ATLAS 6000~ Lﬁ ------ Z-bb Signal g
: 7TeV, 461" ] : 15000 F Background ]
10000~ Ns=rIen A - - C ]
r p,>320GeV <19 1 40001 L i
L>0.15 4 i 10000 |- B
5000(- ] 20001 L ]
[ i 5000 |~ -
C = L I d IR R i L N j
go 100 150 200 250 go 60 70 80 90 100 110 120 130 140 B o - I
60 70 80 90 100 110 120 130 140 150 160
Jet Mass [GeV] Jet Mass [GeV] Myie [GEV]

ATLAS, arXiv:1404.7042
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POWHEG : 07! - =2.02 %7 (scales) *0.03(PDF) pb
O'Z_)bb 2.02 +0.20 (stat.) +0.25 (syst.) = 0.06 (lumi.) pb =2.02 +0.33 pb
aMC@NLO: o7¢ = 1.98 *{og(scales) + 0.03(PDF) pb
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Top pair + W/Z production

d g

> Experimental signature:

> Cross section ~200fb estimated by NLO QCD

t

W+

v' CMS : 2 SS leptons, 3 leptons, 4 leptons (counting)
v' ATLAS: 2 OS leptons (NN based on kinematics), 2 SS muons, 3 leptons (counting)

195" (8 TeV)

Z mass region

1L 11/ | : 1951 (0 TeV)
§ [ CMS & Observed 1 g1gECMs -+ Observed 3 g ATLAS Preliminary  SRZb1incjd [oéarn iz
® ok O iz J af iz ] o 14 4 miv @z -
o L H dw ] 161 o dw = o L=203fb" 1s=8TeV wz Other
§ L [ irreducible — r [ Irreducible 1 s 12 {iH z
i - [ Non-top-quark B 14 [ Non-top-quark = q:) W MislID lepton ]
8 T ] Zisi:entifie: lepton __ % [ Misidentified lepton | L|>.l 10 . ?
i oo uwcerany ] G ogose 2 8 Egar;\pli:b.?t Iip'ron in
°r EEERL= E 6 Jets. A hje E
L ] 2 Example: 3 lepton¢hannel ¢ E
- 1 r 3 2 %
o ] : - - :
i I R (N e o D] — - SRR -
L ] S U ) ;
0 © Z | Z
82 84 86 88 90 92 94 96 98 100 0 0 sk 1 l [ B
m(Ge] R e (e (eee 5:) 00 150 200 250 300 350 2)0
CMS 7 TeV PRL 110 (2013) 172002 1 4
" S — ATLAS-CONF-2014-038 vaoinal (G
Channels used Process Cross section Significance Ll
Summary of combined simultaneous fit results
2 v 4307170 (stat) £29 (syst)d 3.0 Mty o7 comhined s kb
37 (77 QSOJ:H{(% (Sm.)tgg (syst.) fb 33 Process Measured cross-sections Observed o
+58 _ +55 (ot M(evef
CMS 8 TeV arxiv 14067830 tZ 15073 (total) = 15073 (stat.) + 21(syst.) b 3.1
+140 _ +120 +70
Channels used  Process Cross section Significance 1w 3007} j(total) = 3007;gp(stat.)”yo(syst.) fb 3.1
20 fTtwW 17073 (stat) == 70 (syst) fb 1.6 . . ) . .
20+t € 2000 Db 31 Evidence of top pair production associated with W/Z on
—70 —30 - . . . .
WAL WAL 3900 (stat) D eysty o 37 30 level, cross section consistent with SM Expectation.
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Standard Model Production Cross Section Measurements

Status: July 2014

N 11
—8- 10 80 ub7!
e ATLAS Preliminary  Run1 +/s=7,8TeV
b 106 0.l<pr<2TeV N
=Qm E
0.3 <mjj<5TeV i
10° o LHC pp Vs=7TeV LHCpp Vs=8TeV -
Theory Theory -
104 njet > 0 1 3
~O— Data 45-47fb A% Data 203 3
35 pb~? 3
3
10° E et > 1 njet > 0 E
: T e ]
. _ ° N i
) njet > 2 L Wz 95% CL
10 E niet> O AN - A upper g
L njet > 3 = 13.0 fb-! limit ]
- mOm  njet > 2 4.9fb A A —_
. : 10 0.71tb
10 _E njet > 4 . 2.0 fb71 VAN : ?.
E Lo E
E EOm net>3 niet=4 13
r O 95% CL 1
O njet > 5 1 T
i njet > 5 O - =Om upper =
1 niet>4 pjet> 6 o O limit 1 -
1 1 7
njet > 6 . njet 2 7 A 1 : ]
1 nhe o O : A 1
10 njet > 8 ! | 3
I njet > 6 n 1 A A 1 3
1 [
1 [
10—2 njet> 7 Net=7 : : 5
1 -
: 1 3
1 1
3 1 A 1
10~ ' |
: 3
PP Jets Dijets W Z  tt tichan WW+ WW 7Y Wt WZ ZZ tty Wy Zy W ttZ Zjj Hoyyw:wits chan
R=0.4 R=0.4 EWK EWK
total " |y|<3.0 |y|<3.0 fiducial fiducial total = total = total  total fiducial total = total = total fiducial fiducial fiducial total  total fiducial fiducial fiducial total
y*<3.0 njet=0 njet=0
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-7 TeV Theory prediction
—8 TeV Theory prediction

ZCMS 95%CL limit

L T

Production Cross Section, ¢ [pb]
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Feb 2014 CMS Preliminary

9 7 TeV CMS measurement (L < 5.0 fb™)
$ 8 TeV CMS measurement (L < 19.6 fb™)
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