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Electroweak Measurements

1. W+*W- production

2. Electroweak production of dijet and Z
3. Evidence for electroweak production of W=Wzjj




Di-boson Production

Di-boson production provides a test of the SM at the TeV scale

»precise measurement of the fiducial, total and differential cross sections

Probe gauge-boson self-coupling (triple and quartic) to test the EW theory
and to scrutinise EWSB mechanism : v, g

»Electroweak di-boson production

»Vector Boson Scattering !

V q
® is the Higgs the only responsible for unitarity? :E :E{ E

® unitarity in VL VL= VL VL scattering to complement gnvv measurements

Test NLO EW corrections and of QCD calculations (NNLO)

Irreducible background to Higgs and beyond SM-searches
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W* W production at 8TeV msscowaoisos
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~91% ~2%
MCFM NLO (CT10 PDF) MCFM LO
Contains triple gauge coupling (CT10 PDF)
- AN

W

g W
~1%

Higgs XS WS

» Other contributions (yy, VBS, DPI) are neglected

erXIv:1 307.1347

NNLO MSTW2008 LHC

/

Standard Model prediction: 58.7 30, - pb
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W* W production at 8TeV  msconraon

*  WW-—=lvlv (I=e, u) + jet veto S 700 ATLAS Preliminary |+ baa —;
| 2 600:_ \@ =8 TeV,f Ldt=20.3 fb-1 E TWC;ZtS . o:ﬁer diboson —:
E - e u’v channel %% stat. unc.— stat. ® syst. unc.
* Background processes € 500F =
> C 3
" 4001 -
»Top (~15%) 2ol ]
»Drell-Yan (~5%) 2001 E

100

»W+jet (~5%)

50 100 150 200 250 300

»Diboson (~3%) 0% = 71.4 + 1.2(stat) +50 4.4(syst) 2221 (lumi)pb My [GeV]
otheo = 58.7+3.5.7 pb
® Measurement still dominated by systematics
(uncorrelated): Channel oo [pb]
» Background uncertainty 3-6% e 714713 (stat) 35 (syst) T3 (lumi)
» Jet-veto requirement 4-5% ee 68.6131 (stat) *¢7 (syst) “34 (lumi)
m 68.61 3 (stat) *€ (syst) 134 (lumi)

» Jet energy scale 2%
> E[MisS 2-4%
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Combined 71.4%}3 (stat) 139 (syst) 737 (lumi)




W* W~ production at 8TeV  snssconrzouc: S

ATLAS Preliminary
f Ldt = 20.3 fb

\s=8TeV
WW

SM Prediction

ga/qg — WW: MCFM NLO CT10
gg — WW: MCFM LO CT10

gg — H— WW: NNLO MSTW2008
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ATLAS Preliminary
SM WW

(= PDF = total error)

CT10 H-oH
MSTW2008 [ull
NNPDF2.3 Al

ATLAS-epWZ12 | ¢ 1

f Ldt =203 fb"

\s=8TeV
WW

Data (+ stat. + tot.)
— 71412 2% pb
— Stat

Stat+syst

50 60

* WW cross section +2.10 from theoretical prediction

° Effect from choice of PDF

* qq>WW (NLO - NNLO+NNLL k-factor)

* qq>WW (NLO electroweak corrections)

* gg2>WW (LO = NNLO+NNLL k-factor)

+2.9 pb

70

100
Oy [PD]

80 90

+1.6 pb (arXiv: 1405.2219, 1307.3249)

- 0.5 pb (arXiv: 1208.3147)

+2.8 pb (arXiv:1304.3053)

(Recent papers on soft-WW p; resummation(arXiv:1407.4537,arXiv: 1407.4481) claim an increase of 0-jet cross section by ~9%)
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W* W production at 8TeV  nsscowraon [

IIII|IIII|IIII|IIII|II III|IIII|IIII|IIII|II L IIII|IIII III|IIII T T 1
ATLAS Preliminary ATLAS Preliminary
] Measured .
de’[ =20.3fb 1 cross sections EMD}:/!YXN rron det =20.3fb 1
s =8TeV e'e s =8 TeV
WwW W CT10 HoH WW
eyt MSTW2008 Mol
Data (+ stat. + tot.)
. NNPDF2.3  [4AMN
SM Prediction Combined — 71412 +gg pb
qg/qg — WW: MCFM NLO CT10 ATLAS-epWZ1 2 . ¢ . —— Stat
gg— WW: MCFM LO CT10
gg — H— WW: NNLO MSTW2008 | | | | | | | | Stat+sy?t
10 20 30 40 50 60 70 80 90 100 50 60 70 80 90 100
olot [pb] Sww [Pb]
* Previous LHC measurements show an enhancement of data compared to the
theoretical predictions Significance
""" o(pp— WW) ATLAS (¥5=7TeV) E ® Data ' i :
PRD 87, 112001 (2013) = A—0— — Exp. Stat. Unc.| e = |.4 O
— — Exp. FullUnc. | i
o(pp—> WW) CMS (ys=7TeV) & | 4 Theo.Pred. | !
EurPhys.J. C73(2013)2610 E_ y - Theo. Unc. Lo |0 O
o(pp— WW) CMS (uE=8Te\'/')"”§' """""""""""""""""""""""""""""""""""""""" :
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o(pp— WW) ATLAS (ﬁ=8Té\’/)”§_" """"""""""""""""""""""""""""""""""""""" L :
ATLAS-COM-CONF-2014-045 E A —0— | iAo 21 O
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JHEP04(2014)031

Zjj production via Vector Boson Fusion at 8TeV

® Electroweak production of Zjj mainly via VBF channel
- ® Electroweak Zjj production is rare ~1% of inclusive Zjj

Cross section

% E—l.—l L LA L DL L L DL B 'A.I’iA's "

C 40tk fLdt=203fb" —

PY . . . B - - \s=8TeV I
Electroweak Zjj has two high-p;, well separated jets < . . search region -

g 100F E

with large invariant mass mijj and little QCD radiation z* [ ™ o ]
10°E - e E

between them - e -
Electroweak Zjj component is extracted by a fit to mijj - ¢~ Data (2012) — 4

. ) 1 —}— Background | *E

® Fit for 1657 + 134 (data stat.) EW Zjj events - —+ Background + EW Zj ) £
; 1.5:1_ nnnnnnnnnnnnnnnn | TRV TN SN W T TR S Y S WY .__

® The background only hypothesis is rejected with a Eg S, ) o ++ E
significance > 50 &l O 51‘;“__ ................. o

i O|ls : e .

OEW —_ 547 =+ 46(Stat)+98-104(SYSt) i1 5(|Uml) fb %8 0'55_ Tconstratingd . _+— ---- — E

SM NLO (Powheg) = 46.1+1.0 fb 500 1000 1500 2000 2500 3%'?([)(;&5300
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arXiv:1405.6241

. " E . 10
Same sign W* W#jj production at 8TeV
® Measurement of inclusive and electroweak W* W4jj ’ q'w, E
production cross sections EWK-VBS ° . W
® VBS may give rise to aQGCs via the WWWW W
¢ ’ d '*

® QCD production mechanism * .

QCD
W
" q'

2] AR AR RS IR UL UL IR IR

5 %0 amas * Data 2012 E . .

(@ 20.3b", Vs =8TeV BZ2 sSyst. Uncertainty 1 °* oeparate QCD & VBS production using large

F m>500Gev WA Stong o Ay between the two tag jets |Ayjl > 2.4
Conversions

* The evidence for electroweak production is
3.60 and agrees with prediction

5 B Other non-prompt

20k : BN Prompt
10

o0FWig = 1.3 + 0.4(stat) + 0.2(syst) fb
0="sm=0.95 + 0.06 fb

-lllllllllllllllllllllll
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C

Constraints on aQGCs from W* W=jj  waesee

Exclusion limits on o, and o extracted from cross section in VBS phase space

Signal MC samples generated with Whizard using K-matrix unitarisation

0.6
0.4
0.2

-0.2
-0.4
-0.6

ATLAS

pp — W* W jj

K-matrix unitarization

confidence intervals

B 68% CL

[195% CL

— expected 95% CL
X Standard Model

203t Vs=8TeV

llllllllllll Illlllllll llllllll Ll 1Ll LA 1 1 L1

L

lllllllllllllllllllllllllllllll

-04 -03 02 -01 0 041 02 03 0.4

« 95% 1D condence intervals:

-0.14 <4 <0.16
-0.23<5<0.24

* Expected intervals:
-0.10<4<0.12
-0.18 <5<0.20
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W/Z boson production

1. ZN* transverse momentum

2. Associated Z and b-jets production
3. W+jets and Rjets at 7 TeV

4. W+c measurement




Standard Model Production Cross Section Measurements
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W/Z measurements

Status: July 2014

ATLAS Preliminary

Run1 +/s=7,8TeV
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- 35 pb 3
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E 1 I3
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1 | I
[ : =m ]
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PP Jets Dijets tt tichan WW+ WW 7YY Wt WZ ZZ tty Wy Zy W ttZ Zjj Hoyyw*wsits_chan
R=0.4 R=0.4 EWK EWK

total " |y|<3.0 |y|<3.0
y*<3.0

fidugial fidficial  total total total total fiducial total total total fiducial fiducial fiducial total total fiducial fiducial fiducial total

o

njet=0 njet=0
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Tests of perturbative QCD
and EWK

Constrain parton density
functions of protons

Background to Higgs and
many New Physics
phenomena

Benchmark processes for
detector calibration
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[GeV ]

Z
T

1/ do"Ydp

Measurement of the Z/y* transverse momentum

p%7 is an excellent probe of the dynamics of QCD:

— — — — — — — —h
© @ 9 9 9 9 9 o
(') ~ o)) ol N w N N —_

submitted to JHEP,
arXiv:1406.3660

14

»The low p; spectrum is dominated by the emission of soft partons = Parton shower
models and analytic resummation.

»The high p; region is dominated by hard parton emissions = Perturbative QCD, PDFs.
1.1

E!—I I| I—lg -O [ | T I| T T T 1 11 I| ]
= 3 Q@ - .
L 15 1.08F #Z—ee x2/dof = 12.3 /25 -
= al @ qp 3 E - : ]
2 Wﬁh = S 1.06 *Z—uu Inclusive —
S~ 1.045 =
= — O — ]
o . = % 1.02F —
E an E 5 1E —
= #Z-ee v2/dof = 12.3 /25 o 5 098 E
L b Z — uu Inclusive - 0.96— —
- = Z |l = 0_943_ _f
= ATLAS  \s=7 TeV;J Ldt=4.7 fb’’ 3 0.92F ATLAS \s=7 Tev;j Ldt=4.7 fb’’ —
E | L L L e 0_9:. L L -
1 10 10° 1 10 102
pZ [GeV] % [GeV]

® Precision of 0.5 % - 1.1 % up to 150 GeV, rising up to 5 % towards the end of the spectrum
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Prediction / Data

submitted to JHEP,

arXiv:1406.3660

15
Measurement of the Z/y™ transverse momentum
B ' L ' L ' L T , — T , ; —T—T—TT
1 4 ATLAS \s=7TeV;’[Ldt=4.7fb'1 _ § I Data uncertainty ATLAS |
- nclusive i i S { 4[ —— POWHEG+PYTHIA8 4G N
1.2 - }g i POWHEG+PYTHIAS AZNLO i
e [ j
1 o
0'8r- ------ == Data uncertainty """""""" = |
B —— PYTHIA6-AMBTH1 o i 0.9 —
0.6 - POWHEG+PYTHIA6 B g, - - -
L MC@NLO+HERWIG i B i
0 4__ ----- ALPGEN+HERWIG ] B n
T e SHERFA | i 0.8 \s—7Tev; j Lot = 4.7 fb” B
1 10 102 1 - """1'0 0
py [GeV] o2 [GeV]
* Atlow p, the description is dominated by the parton shower tuning: different
levels of agreement.
* At high p-, (Pythia) LO and NLO generators underestimate the data, and LO
multileg generators overestimate it.

The measurement is used to tune the Pythia8 and Powheg+Pythia8 generators
—> tuned predictions are in agreement with the data within 2% for p;< 50 GeV.
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arXiv:1407.3643

Associated Z and b-jets production at 7 TeV 0

Test of Number Flavour schemes 5ENS 4FNS and 5FNS
(4NFS / 5NFS)

g b 9 —— VY
Measurement sensitive to b-PDF (Z+Db) I M z ! b
and gluon splitting (Z+bb) ) MU S .

Test of NLO/LO multileg predictions

[ ]pata \(§I =7TeV,46 f:)“ (stat.) [ Ipatays=7TeV, 4.6 o' (stat)
[ ] patays=7TeV, 46 b’ (stat®syst) [ ] patays=7TeV, 4.6 b’ (stat@syst)
NLO NLO
MCFM® MsTw2008 T ——— 1 |1 MCFM® MSTW2008
(MCEM® CT10 T TTTTTEYOTCT Iy McFM®CT1I0  —a—
(MOFM® NNPDF23 YT AR Y MCFM®NNPDF23 | ——fe——— .
[ aMC@NLO 4FNS ® MSTW2008  ———A— | aMC@NLO 4FNS® MSTW2008 o
| aMC@NLOSFNS®MSTW2008 =% | aMC@NLOSFNS®MSTW2008  ~—e— |~
Lomumileg AT Lomumieg ]
sHERPAGCTIO P R SHERPA®CTIO PSR
ALPGENsHJ@CTEQSLY Y. | ALPGENstu®CTEQSLY Y
ATLAS . ATLAS .
ze=1bjet Z+21 b-jet z22bjet 24z 2 b-jet
T T T R T R R T I TR T R I I R T R A D T | PR T NN T N U TN NN U N Y N T AN TN NN MO T Y NN MO MO RO R |
0 1 2 3 4 5 6 0 01 0.2 0.3 04 0.5 0.6
o(Zb) [pb] o(Zbb) [pb]

 MCFM agrees with data within uncertainties
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arXiv:1407.3643

Associated Z and b-jets production at 7 TeV '

5FNS 4FNS and 5FNS

1 b R e (VAVAVAV VR4
I Mz 1 b
9 voooL—— b q A 5/m@<5

T T T T T T T T T T T T T T T T T T T T T T T I I I I | I I I I | I I I I | I I I I I I I I | | I I I
[ ]Data \(§I =7TeV,46 f:)" (stat)) | | | | [ IDatays=7TeV, 461" (stat)
[ ] patays=7TeV, 46 b’ (stat®syst) [_IDataVs =7 Tev, 4.6 o (stat®syst)
NLO
| MCFM® MSTW2008 ~ ——O—— |
 mcPM®CTIO ——
| MCFM®NNPDF23 e
aMC@NLO 4FNS ® MSTW2008 —_—— | aMC@NLO 4FNS® MSTW2008  §  ————/p—
aMC@NLO 5FNS ® MSTW2008 7 | aMC@NLO SFNS® MSTW2008 ~ p—— |
Lomutteg 0000 b 1] Lomuitleg |
 sHERPA®CTIO A D e SHERPA®CTIO A
| ALPGEN+HJ® CTEQSL1 A | ALPGEN+HJ®CTEQBLY Y ]
= ATLAS u
éféf‘éjet Z+=1 b-jet ze2bjet L+Z 2 b-jet
T T T T T 00 | PR T T T N TN TN A N SN T N TN TN TN TR NN Y Y Y A I |
0 1 2 3 4 5 6 0 0.1 0.2 0.3 04 0.5 0.6
o(Zb) [pb] o(Zbb) [pb]

« aMC@NLO NLO calculation for Zb in 5FNS describe well data, while the prediction derived from the
NLO matrix element for Zbb in 4FNS underestimate it

« aMC@NLO NLO calculation for Zbb in 4FNS agree with data (the prediction derived from the NLO
matrix element for Zb in 5FNS is as expected low since it is LO)

« NLO is still too affected by scale uncertainty to be sensitive to PDFs
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W+jetsand R .. at7 TeV

Jet multlpllc:lty

ets

o | | | | | | | |
i 10°E- ATLAS Preliminary W(—f v) + jets g 14 — BLACKHAT-#SHERPA
>t antik, jets, R=04, [()'mn Va5 §1z: B
T I eV, 4. -
S 1Py > 30, WI<44 o oxHaTsSHERPAS JoslE
© —— HEJ 0.6 |- ATLAS Preliminary
—s— ALPGEN il ; , | :
10° —— SHERPA S14E
—»— MEPS@NLO g12[
10° § 1+
e ZQBT
06
107 i ~
J14E
[ 240
10 812F
-~ 1 =
——— go‘s =
1 — obE, 4
; 14| — SHERPA
=)
% g '
z08p 333 MEPS@NLO
10° R R osf- FNMEeeNe VY
20 =21 2 23 24 25 26 27 20 21 2 23 24 5 26

« Jet multiplicity well reproduced up to =7 jets on 5 order of magnitudes

Best overall description NLO+PS (BlackHat+Sherpa) with some
exception for high H;, S; distributions

R, allows to reduce experimental systematic uncertainties and
probes differences between kinematic properties of the jets recoiling
against the W or Z bosons
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MC / Data MC/ Data NLO /Data
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ATLAS-CONF-2014-034
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= W+jet/Z+jet
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W

o
i
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« Separate analysis for W+c jet and

* Probes the strange content of the proton
(contribution from d-quark about ~10% )

w

W+D(*) mesons

Data better described with PDF with
unsuppressed s-quark distribution

(ATLAS-epW12, NNPDF2.3coll)

ICNFF

W+c [ W+D® Production uiep os

19

(2014) 068
",a'r).;'\é"_1 N ||
J L\it:;fef\? aMC@NLO
W+6-jet mCT10
- A MSTW2008
- v NNPDF2.3
Sate O HERAPDF1 5
— 33.6+ 0.9+ 1.8 [pb] O ATLAS-epWZ12
- gZLSyst A NNPDF2.3coll
01020 30 40 50 80 70
Gf?dS-SS [pb]
 ATLAS R
Ldt = 4.6 b
\s=7TeV aMC@NLO
W‘D+ it m CT10
— A MSTW2008
s v NNPDF2.3
ot 4Ot O HERAPDF1 5
—204+18+1.0[pb] =l |[ O ATLAS-epWZ12
| EIZLsyst H— Lo NNPDF2.3coll
05 20 5 30 35

G]Ei)dS-SS [pb]



W+c / W+D) Production Juep os (2014) 068 29

dogy >%/dn| [pb]

35

30

25

20
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_l I I I | I | I I I | | I I I I I I I |_I-O 1 .5 | I I I 1 I I I I I I 1 I I I I
- ATLAS e Data (stat+syst) Jion = ATLAS Q% =m?
B _ -1 = CT10 1+ 1.4 == W
— | Ldt=4.61b = = HERAPDF1.5 + ATLAS Wc-jet/WD™ data
C “\s=7TeV 4 MSTW2008 Jo 1.3
- v NNPDF2.3 13 - [ ATLAS-epWZ12
- o HERAPDF15 31 125" pummmms {ERAPDF15 |
= o ATLAS-epWZi12 1+~ { {E =

i & !% o NNPDF23coll ] 1 .
3 &ﬁ Iﬁ’ 7 09 =
3 qﬁ | ost —:
- ifl 1 07F
‘_ e : =
B | I | 1 1 1 | | | 1 | I 1 1 | | | | | 1 | ] : 1 1 1 1 1 1 1 1 I 1 1 1 1 1

0.5
0 0.5 1 15 2 2, e 102 pp
Lepton |
X

]

Use W+c/W+D0) data to fit the strange-to-down sea quark distributions

» s/sbar-quark density suppressed compared to dbar-quark density for

HERAPDF1.5

» ATLAS data favour a symmetric light-quark density over the whole x-range of

the measurement
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Jet Physics

1. Inclusive jet cross section
2. Dijet production with a jet veto

3. 3-jetsat7 TeV




d°c/dp_ dy [pb/GeV]
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Inclusive jet cross section at7 TeV

22

- | [ I I I I I LI | I — . . .
= Tﬂ“-kxiet& R=04 ATLAS Preliminary = Observed p-values for the NLO pQCD predictions with
= | Ldt=45fb", 1s=7 TeV ® ly<05(x10°) — ) ]
- ‘ O 05 <y<10(:10% = corrections for non-perturbative and electroweak effects,
L B 10<|y<15(x10%) . . .
= e, . O 15 <li<20( 10 = iIn comparison to the measured cross-section
- oo A 20<[y[<25(x10") ]
== ﬁﬁﬁﬁﬁ "“O. A 25<|y|<3.0(x10"%)
— O, —
[ g ©%000y, ."‘..'"-'f 3 y ranges Pyps (ATLAS Preliminary)
= T %666@@6%% * e T NLO PDF set: CT10 MSTW2008 NNPDF2.1 HERAPDF1.5 ABMI11
C T F8eg,_ -..""'-.,... Yo 3 [yl<05 84% 61% 72% 56% Z 0.176N
~ e, . 3 05<|y[<1.0 91% 93% 89% 49% < 0.1%
= T, ——a— 3 10< |y <15 89% 88% 85% 93% i
e, ***,.,** = 1 1.5< |yl <20 93% 88% 91% 75% 55%
= yeomen i, *x —a— T 20<|yl <25 86% 82% 85% 26% 57%
L Juncoramies T —_ = 2.5< |yl <3.0 95% 94% 97% 82% 85%
il nLO_J ETt++ (cT1 oL \>/<v v ::
C | 1 1 1 | 1 11 1 | 1 ]

1 02 3

p, [GeV]

The inclusive measurement extends over [0.1,2] TeV p+jet for lyl<3

NLO pQCD predictions follow the measured cross sections which range over 8 orders of their

magnitude in the 6 rapidity bins

Quantitative comparison show that most of the NLO pQCD predictions are in agreement with

the measurement

—> confirming that pQCD can describe jet production up to a jet p; of 2 TeV
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Three-jet production at 7 TeV suscowrzoeoss

| | l I I I T I | I I . |. I ]
1 % 104 anti-k, R = 0.4 oo ATLAS Preliminary uE - NLO QCD ® PDF
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— 10° . A, v - 508 7 ey J\s=7Tey  DCATAUMCL - ERAPDF 15
X | A v @] S C [ Total
>_ - o9 e = u - A A R vVv o — 09:-’ 0.6 - = anti-k, R=0.4 Statistical
) - ®e " A ¥ ] 14 . = " ! =
~_ 1 ®e . T Vv o) — 2<|Y*|<4 =R F+ 4<|Y*|<6 —
= - o A 1 12F =l B T i a E
£  noacpecT10%®e. Mm_ A T, R e i I S D T
= ol X non-pert. corr ®e o it s e N iy ‘:t% F B e PRI G S
O 10 @  |Y*|<2(x10°) . m A — O s
© * 1 g u A Y 0.6 | =+ =
B 2<|Y*|<4 (x10") ® . - ] to .
- A _| 3 ¥ t . E
A 4<|Y*|<6 (x107) ®. - | 16F e<|Y*|<8 e E 8<|Y'<10 [
7orgersof 'y g vr<s (x10°) e 1 1% R RN et ey I 1 gEEmsa gy SERE
magnitude [ o g<|y*<10 (x10%) ° q  oef ke e poguenr ot SRR N 1 2 it T
10'0 ! ! ! ] Lo | | ] 06;_ F _;
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« Test pQCD calculations at high kinematic regions (TeV-scales), with different jet distance
parameters R =0.4, 0.6 and different PDFs

« Good agreement between the data and the theoretical predictions over the full kinematic
range, covering seven orders of magnitude in the measured cross-section

» Sensitivity to gluon PDF-> preference for harder gluon at high-x wrt HERAPDF1.5
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Dijet production with a jet veto
Gap Fraction f(Qo) = 6 (Qo) /05
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« Study dijet topologies when the two jets have a large Ay separation and a veto is applied to additional jet
activity in Ay

« Probe different approaches to resummation of higher orders in terms of In(1/x) (BFKL) and In(Q?)
(DGLAP)

« Data compared to HEJ (LL multijet>BFKL-like) and POWHEG (NLO dijet > DGLAP-like) predictions.
—~>None of them is able to simultaneously describe the data over the full phase-space region

ICNFP, 15t August 2014



. Underlying Event in jet events

2. Underlying Event in inclusive Z events
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Underlying event with jet events
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Exclusive dijet
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« Relatively well described by the MC generators, but Pythia tuned to ATLAS UE data gives

worse agreement

* Inclusive jets : rising transverse-region activity as a function of leading jet
—> contribution from wide angle emissions from the hard scattering

« Exclusive dijets : application of an exclusive dijet selection requirement removes this
feature = MPI activity can largely be modelled as independent of hard process scale

ICNFP, 15t August 2014
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Underlying event : inclusive Z events

1.4 oSSy &8 Ep Ss Sy S8y ss eyt s yssstys e g sys sy " >~ [T T T T JTTITTTTITITTITTITTJITITITTITITITITTIrITITITIIrCICTICTITITITITITITITTITITI I T
3 - ATLAS Preliminary  {s=7TeV,4.6 0" . % 3.5F AfLAS'Prelfmlna'ry CNs-7Tev E
S 12 Trans-min region P = ) ~ Data 2011: Z events Transverse region
A - - = T 3~ Data 2010: Minimum bias and jet events ]
= o8k = 2.9 —
SN F S : : E
¥ 08k Q2 . E
- I z
g V15 Lt ¢ =
© C e O N
S 7o :
s 1 —e— Z events _:
—&— Minimum bias events ]
0.5 ]
—&— Jet events -
ATTIETT T PETR] FITTI PP TR RE T T T IR R Y -

0O 50 100 150 200 250 300 350 400 450 500
p$ or pl;aadtrack or p[:adlet [Gev

"0 20 40 60 80 100 120 140 160 180 200

Pz [GeV]

« MC model predictions qualitatively describe the data well, but with some significant
discrepancies

« A comparison between Z and purely jet events shows similar underlying event activity for a
consistent choice of scales

ICNFP, 15t August 2014
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New results on W*W- cross section at 8TeV

Observation of VBF in the Zjj channel

Evidence for VBS in same sign WW+2jets and first exclusion limits on
aQGCs

Being able to measure di-bosons at 8TeV, is the first step in the
exploration of EWSB sector beyond the SM-BEH mechanism in the future

QCD tested in new kinematic regions up to TeV, with exclusive and
Inclusive measurement, often differential or double differential
measurements are performed

»Soft QCD results improve the phenomenological models of the underlying event

» Hard QCD results with jets can further constrain the PDFs

ICNFP, 15t August 2014



