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Outline - References

ATLAS and CMS Detectors Results at Vs = 7 TeV

W + jets NEW! and Vs = 8 TeV

— ATLAS: ATLAS-CONF-2014-035, CMS: arXiv:1406.7533
Z + jets
— ATLAS: JHEPO7 (2013) 032

— CMS NEW!: arXiv:1408.3104 , CMS-PAS-SMP-13-007, CMS-PAS-SMP-14-009,
CMS-PAS-SMP-14-005

Rjets = (W + jets) / (Z + jets)

— ATLAS NEW!: arXiv:1408.6510, CMS: JHEPO1 (2012) 010
Zb, Zbb NEW!

— ATLAS: arXiv:1407.3643, CMS: JHEP06 (2014) 120, JHEP12(2013)039
Wb, Wbb

— ATLAS: JHEPO6 (2013) 084, CMS NEW!: arXiv:1312.6608
Wc

— ATLAS: JHEPO5 (2014) 068, CMS: JHEP02 (2014) 013
ttbarW, ttbarZ NEW!

— ATLAS: ATLAS-CONF-2014-038, CMS: arXiv:1406.7830
Summary and Outlook
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A Toroidal LHC ApparatuS & Compact Muon Solenoid

44m

ATLAS:

= Total weight: 7000 tons
(same as the Eiffel Tower)

= Superconducting solenoid
(2 T) surrounding three kinds
of trackers

» Three superconducting toroids
(muon spectrometer)

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Pixel detector

LAr eleciromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transition radiation tracker CMS DETECTOR

Total weight : 14,000 tonnes
Overall diameter : 15.0m
Overall length ~ :28.7m
Magnetic field  :3.8T

STEEL RETURN YOKE
- 12,500 tonnes SILICON TRACKERS
Semiconductor tracker Pixel (100x150 ym) ~16m* ~66M channels
Microstrips (80x180 ym) ~200m? ~9.6M channels

:::::::::::::::::::::::::::::::

PRESHOWER
Silicon strips ~16m? ~137,000 channels

CMS:

= Total weight: 14000 tons

= Superconducting solenoid »
(3.8 T) surrounding two kinds ]
of trackers and both calorimeters B

6,000 scintillating PBWO, crystals

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

::::::::::

HADRON CALORIMETER (HCAL)
Brass + Plast ttor ~7,000 channels
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Motivation

Precision measurements of associated vector boson production at the LHC
are crucial

— Vector boson leptonic decays (electrons, muons) are studied (clean signatures)
Test and validate the perturbative QCD (pQCD) calculations
Constrain the parton proton structure (PDFs)

Provide important experimental constraints to improve the theoretical
uncertainties on existing predictions

Important background for

numerous Standard Model (SM) processes
— ttbar, single top
— Higgs boson production

and for physics beyond SM
— Supersymmetry

CMS, /|
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W + jets (7 TeV)

ATLAS CMS — muon channel only

* Pry Pre>25GeV * pr, >25GeV

* |n| <247 (e), 2.4 (1) c Inl <21

« AntikT4, Jet p; > 30 GeV, |y| < 4.4 * AntikT5, Jetp; >30GeV, | n | < 2.4, b-jet veto
*  Eqimiss > 40 GeV, m; > 40 GeV « m; > 50 GeV

o Unfolded results compared at particle level with LO and NLO theory
predictions

— Bayesian Iterative Unfolding (ATLAS)
— Singular Value Decomposition (SVD) unfolding (CMS)

o Parton-level predictions (BLACKHAT+SHERPA) corrected for
hadronisation, UE, QED FSR

e Theory systematic uncertainties: PDF, scale( 1 1), a4

e Dominant systematic uncertainties

— ATLAS: Jet energy scale (JES), data driven ttbar background estimation (high jet
multiplicities)

— CMS: JES and Jet energy resolution (JER)
e ttbar background is modelled with simulation

CMS
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W + jets (7 TeV)
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Inclusive jet multiplicity for up to 7 (ATLAS) and 6 (CMS) jets
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W + jets (7 TeV)
e Leading jet p,; up to 850 GeV and 1 TeV!

C \s 7 TeV
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« BLACKHAT+SHERPA, LoopSim underestimate the data at high p; (ATLAS)
« MADGRAPH+PYTHIA overestimates the yields up to ~50% (CMS)

CMS
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W + jets (7 TeV)

e A®P(j1,j2) and leading jet | n |

e Many other variables measured
— Exclusive jet multiplicity up to 7 (ATLAS) and 6 (CMS) jets
— jets y (ATLAS), jets n (CMS)
— Hy: scalar sum of jets p;s (CMS), scalar sum of jets p;s, lepton p+S, E 1, (ATLAS)
- A®(L,j2), AY(§1,j2),AR(1,j2),m(1,j2) (ATLAS) _ s CMS _ Ns=7TeV _ 50fb
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Z + jets (7 TeV)
—ATLAS CMS

* Pry Pre> 20 GeV * Pry Pre >20GeV
* Inl <247 (e), 2.4 (u) © InJ <24
« AntikT4, Jet p; > 30 GeV, |y| < 4.4 « AntikT5, Jetpy >30GeV, | n| < 2.4
- Two OSSF 66 < m, < 116 GeV - Two OSSF 71 < m, < 111 GeV
e Inclusive jet multiplicity up to 7 (ATLAS) and 6 (CMS) jets
= 10° | | | | | CMS 4.91b" (7 TeV)
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Z + jets (7 TeV)

— Up to 4t leading jet
Also measured:

Exclusive jet multiplicity

Leading jet p; up to 700 GeV
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Z + jets (8 TeV, CMS)

o Same event selection as for 7 TeV CMS analysis
e Unfolding performed with D’ Agostini Method (Bayesian iterative unfolding)
e Also measured up to 5 jets:

— Exclusive jet multiplicity (7 jets)

- Jjetspr, [nl|

- H; _ e [5R I
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Double Differential cross section (8 TeV, CMS)

» First study of the double differential cross section in the Z + jets final state
— Versus the leading jet p; and jet rapidity y (seven y bins)

e Similar analysis to the previous CMS ones
— Jetp; >30GeVfor|n| <25
— Jetpy >50GeVfor 25<|n| <47

Theory/Data ratio, 0.0 <|y| <0.5

CMS Preliminary

19.6 i (8 TeV) v osamte ::g CMS Preliminary -
N 10dyl<t 5 (<109 19.6 fb™ (8 TeV) l:] MadGraph Z+ < 4] @LO
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.0<lyl x © o
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.y e e
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10'3 ‘A_\_A_‘_A_\—éi 0.6} . . e - . . . sese n . . —
10* 4
'S - - - - - I . .—l 1 1 l L 1 L 1 l 1 L 1 1 I 1 1 1 L I L 1 L 1 I 1 1
10 102 . . 04 100 200 300 400 500
Leading jet P, [GeV] Leading jet p, [GeV]

» Disagreement of ~ 10% between MADGRAPH and data for jet p; > 100 GeV

« Some discrepancies also with SHERPA 2 (need more investigation) NS
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Rjets (7 TeV, ATLAS)

e Some experimental uncertainties and
. Pry, Pre > 25GeV
non-perturbative effects are greatly reduced Inl < 2.47 (e), 2.4 (u)

e Sensitive to new physics at high energies  * AntikT4, Jetpr > 30 GeV, Jy| < 4.4
= W: E.. > 25GeV, m; > 40 GeV

e Measured versus = Z: Two OSSF 66 < m, < 116 GeV
many more variables

s rrrrrrrrT T T T T | - 2L'I""[""""'"'\""|""|""|""|""_
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ey o SHERPA. _: & 14l o SHERPA _3
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212 — ; 120 —
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CMS Rjets measurement: S oo b | ~ S TiE . e
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jet multiplicity up to four jets, = & = ~ S 0sb E
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O 11 A 2 9 i o T T T 7
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Zb, Zbb (7 TeV)

ATLAS CMS
* Pry, Pre> 20 GeV * Pry Pre > 20 GeV
In| <247 (e), 2.4 (u) « InJ <24
AntikT4, Jet p; > 20 GeV, |y| <2.4 - AntikT5,Jetp; >25GeV, |n]| <2.1
Two OSSF 76 < m, < 106 GeV « Two OSSF 76 < m; < 106 GeV
At least one or two b-jets « Exactly one or at least two b-jets
e Jets originating from b quarks are tagged by h AN, Z

— MV1 algorithm (ATLAS)
— Simple Secondary Vertex (SSV) algorithm (CMS)

e CMS measurements: g
— Z+1b-jet, Z + = 1 b-jet, Z + = 2 b-jet 70000
— Ratio: Z + > 1 b-jet / Z + any flavour jet
— Angular correlations of b hadrons probing the q 7
collinear gluon splitting to bb (JHEP12(2013)039)

e ATLAS measurements:
— Z+ 2 1b-jet, Z + = 2 b-jet
— b-jet p; and rapidity, Zp; and rapidity
- AOD(Zb), AY(Zb), AR(ZD)

W
)

— m(b,b), AR(b,b)

s,
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Zb, Zbb (7 TeV)

e 7 production with at least two b-jets

e Two schemes in pQCD calculations containing heavy flavour quarks
— 4FNS: no b quarks at initial state

— BFNS: b quarks considered at initial state

CMS L=5/fb \s=7Te
LA L L L L L R L L R T LN L L L L L L B
DataVs =7 TeV, 4.6 fb™ (stat.) O
Total uncert.
Datays =7 TeV, 4.6 fb” (stat®syst.) ATLAS [ Stat. uncert data: 0.36+ 0.01(stat)+0.07(syst)pb
NLO
| MCFM® MSTW2008 T —_—_. o——~ | O aMC@NLO 4F MSTWO08
MC-FI\-/I®(5T;O """"""""""""""""" T v MGME5+P6 4F MSTWO08, tune Z2 O
MC_FM®N_NbDFé3 """"""""""""""""" MU A MCFM CTEQ6mE
| aMC@NLO 4FNS® MSTW2008  —— ~—t ] W aMC@NLO 5F Y.
aMEZ@NL(_)?FNS@MSTWZOos _____ w— ® MGME5+P6 5F CTEQ6L1,tune Z2
| LOmultileg ] 2 PR W—
| sWeRPA®CTIO s 76<M;<106 GeVie
ALPGEN+HJ ® CTEQSL1 v Pr>20 GeV/e, nl<2.4
""""""""""""""""""""""""""""""""""""""""" P>25 GeV/c, ml’<2.1 CMS —
ATLAS anti-K; R=0.5
Z+2>2 b-jet AR(j,))>0.5 ®
IIII||||||||||||||||||||‘ L1 IIII|IIII|IIII|IIII|IIII|IIII|IIII|III|IIII|I
0 0.1 0.2 0.3 0.4 0.5 06 O 005 01 0.15 0.2 025 0.3 0.35 04 0.45

G(Zbb) [pb] pp— Z(ll)+bbX production cross-section (pb)

aMC@NLO 5FNS, ALPGEN (4FNS), SHERPA
(5FNS): largest discrepancies (ATLAS)
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Ciducial [PP]

Wb, Wbb (7 TeV)

20

15

10

ATLAS

Pry Pre>25GeV, In| <2.47(e), 2.4 (1)
AntikT4, Jet p; > 25 GeV, |y| < 2.1

E 1miss > 25 GeV, m; > 60 GeV

Only one b-jet

T I 1T T 1T | T T 1

T

T | T

I I
ATLAS ATLAS Data 2011,is=7TeV

——4—— Electron Channel B
——#—— Combined Electron and Muon Ldt=4.6b
—¥—— Muon Channel

—— MCFM 4FNS + 5FNS

--------------------- Powheg + Pythia

............ ALPGEN + Herwig (norm. to NNLO inclusive W)

II|IIII|IIII

1 jet 2 jet 1+2 jet

CMS — muon channel only

* Pry>25GeV, |nf <21

* AntikT5, Jetp; >25GeV, |n| < 2.4
« m; > 45 GeV

« Exactly two b-jets

CMS L=5/fb \'s =7 TeV
|||||||||||||||||||||||||||||||||||||||||||||||||
(] Stat. uncert. + 0.06 (th)= 0.01 (lumi)pb
CMS
® MCFM MSTWO08 ——
P$>25 GeV/c, m'<2.1
P25 GeV/c, PP<2.4

po"adon5 GeVic
anti-K; R=0.5

II|IIII|IIII|IIII|IIII|IIII|III‘1 ‘ II|IIII|I

0.2 0.25 0.3 035 0.4 0.45 0.5 055 0.6 0.65
pp— W(uv)+bbX production cross-section (pb)

Measurements in agreement with theoretical predictions

« ATLAS: consistent with NLO within 1.5 o
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Wc (7 TeV)

e Sensitive to the s-quark PDF at momentum transfer ~M,,

. s, d W
e SiX measurements: =
— CMS presents also results of their inati
presents also results of their combination N
e Important strategy: g c
— Charge correlation between W and ¢ => yuin c-jet and D/D*  _ 5 w
: s,
have a charge opposite (OS) to the W boson — AN
— W + cyields = OS events — SS events (backgrounds) lc
DOV ————
g C
T T T T | T T T T | T T T T T T T T T T T CMS' v | v v v 1 L SOfb at\s 7Tev
ATLAS ATLAS Total uncertainty CMS plT >25 GeV |I] |<25
J Ldt=4.6 fb'1 MC@NLO Statistical uncertainty p’ > 35 GeV, | < 2.1
i a
\s =7 TeV ng'ﬁ'g?:in NNLO PDE 84.1+2.0 (:S:ﬁ f?f; (syst.) pb
[Wojet] ™=t = cT10 :
Hb A MSTW2008 | MSTWO08 [
78745 . PP
HYa v NNPDF2.3
e CT10 —H-—i
—OH O HERAPDF1.5 87352 por PP
Data
—33.6+0.9+1.8[pb] s+ O ATLAS-epWZ12 v rjyzpioazzi . ¥
Stat
Stat+syst I~ & NNPDF2.3coll ANNPDF23_, —
1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 Il 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 102.7i11-8PDpr
10 20 30 40 50 60 70
Gﬁ 0S-SS [pb] 0 20 40 60 80 120
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Wc (7 TeV)

Cross section ratio (W+* + cbar) / (W- + ¢)

[ ]
e The observed W- + c yield slightly larger than the W* + cbar
— dominance of the d-quark over the d-antiquark in the proton (as expected)
CMS | | L=5.0 fbl“ at \'s =7 TeV
T T T T T T T T T T T | T T T T T T ' v v T T T
JJ ATLAS | ATLAS Total uncertainty pJ:t > 25 GeV, [I]Ja| <25
1 _— . | |
Ldt=4.6 fb Statistical uncertainty p,>35 GeV, nl <21
\s =7 TeV AME@NLO Predictions: 0.938 + o.o19c(rt:t.2)°¢1 :).oos (syst)
. NLO MCFM + NNLO PDF
| MSTWO08 -
i A MSTW2008 voos 38 CMS
v v NNPDF2.3 °CT10 .
o O HERAPDF1.5 .
Data
— 0.90+ 0.03+ 0.02 0 O ATLAS-epWZ12 T e nos ¥
Stat
Stat+syst Ay A NNPDF2.3coll A NNPDF23C°” A
| | 1 1 | 1 | 1 | 1 1 | | | 1 | | 1 | | | | 09360022 Fer
0.4 0.6 0.8 1 12 1.4 0a 55 X S E—
cOSSS(W'T-jet)/c0>SS(W c-jet) o(W'+T)/o(W+c)
e Also measured:

— Differential cross sections (W + ¢) vs. lepton | n |

— The ratio (r

sea) (ATLA§) _
rs = 0.5(s+3)/d = 0961535
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ttbarW, ttbarZ (8 TeV)

e Three channels considered:
ATLAS CMS
= Same-sign dimuon (ttbarW) = Same-sign dilepton (ttbarW)
= Trilepton (ttbarZ) = Trilepton (ttbarz) . ,
=  Opp. Sign dilepton (ttbarW, ttbarZ) = Four-lepton (ttbarz) g
t
d
u
W+
— I I e e e LI R s e s e e e e e e e e e 19.5 fo”' (8 TeV)
> :ATLAS ! Pre% ! I * ATLIASBestFitI 7 ) " cms - ¥ % I T ! I
s 21— i —— ATLAS 68% CL — o N # 2-D best fit ]
g - lLdt=203f" NN % n © 500 % contour ]
S \ ATLAS 3 oorie : CMS —ZIe -
o) \s=8TeV N y ) ]
15 o . 7/, @Z Theory uncertainty | — ‘_:[D) tt;;s:*ll‘u ]
- SO TT— N\ W Theory uncertainty i 400: B1.DtW< 1o ]
= )y g ’2.?“"::.: SIS ///;/;/;/;/;/;/;/; : \ "'tiZlhBOry :
b . 300 SNl A—
2 SRS k0 N il
% K72 //%%%Z%//{?%% - -
O ] ]
051~ . . 7 k
- \ _____________________________ ] 100~
O0— * Campbell(2012),Kardos(2011),Garzelli(2011,2012 ] : » N :
j'llll|||§|||||||(||)||f|)|||(||||)|_ 0—— I R % | L | ——
0 0.5 1 1.5 2 25 3 0 100 200 300 400 500 ??lb@]
(e}
o/ G, (W) o
Results of the combined simultaneous fit for ttharW and ttbarZ cross sections are
in agreement with NLO QCD predictions:
« Campbell (2012), Kardos (2011) and Garzelli (2011,2012) for ATLAS
«  MADGRAPH5_aMC@NLO for CMS (in agreement with those used by ATLAS) -
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Summary and Outlook

e ATLAS and CMS excellent performance allow the precise study of
associated vector boson production

e A hot topic for theoretical studies for several years can be finally exploited
with high precision experimental measurements!

e Several results for 7 TeV (2011) and 8 TeV (2012) were presented
— Overall good agreement with theory predictions; some discrepancies exist

e Many 8 TeV (2012) measurements are in progress

o Important feedback to theorists and our understanding of QCD and
electroweak processes in the high energy LHC regime

Looking forward for more precise measurements
next year at 13 TeV!
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Total Integrated Luminosity in 2011 and 2012

CMS Integrated Luminosity, pp, 2012, Vs = 8 TeV

Data included from 2012-04-04 22:37 to 2012-12-16 20:49 UTC
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