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2= Fermilab

Run 251244 Event 204117665
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11 cross section @ 13 TeV [ CMS SMP-16-0011 3 Fermilab

arXiv:1607.08834
® Measurement performed with 2.6 fb™! of integrated luminosity at 13 TeV.
9!‘.3 ..................... 26M"(13 .T?V,)]
(?.520 +- Data
Non-resonant ZZ->212¢’: & — e
60 <mz1 < 120 GeV g ,65 _Eggu_z'.:ﬂzz

60 <mz2 < 120 GeV

i pr(subleading) > 10 GeV
fpr(e/p) > 7/5 GeV

tIn(e/p)l < 2.5/2.4 =
| AR(£,)>0.02, AR(e,u)>0.05 L ?_6;!!3_&\’!
40 <mz1(4,1) < 120 GeV | C;D’w R
' mz2(U1') < 120 GeV =
Resonant Z->202¢:
80 < m(2120') < 100 GeV

PP u & WY

% 65 70 75 8 8 90 9 100 105 110
my, [GeV]
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http://arxiv.org/abs/1607.08834

CZ 11 cross section @ 13 TeV [ CMS SMP-16-0011 3¢ Fermilab
Z arXiv:1607.08834

Non-resonant ZZ->2£2¢: ZZ fiducial reglon
60 < mz1 < 120 GeV e P
60 < Mz < 120 GeV “v pT(leadlng) > 20 GeV :

it | PT(sUbleAding) > 10 GeV
" ipr(f) > 5 GeV
 In(D)1 < 2.5
{, 60 <mzi,mzz < 120 GeV '_»

{ pr(leading) > 20 GeV |

| pr(subleading) > 10 GeV

fpr(e/n) > 7/5 GeV

' In(e/W)! < 2.5/2.4

[ AR(L,0)>0.02, AR(e,u)>0.05 |

140 <mua(t) <120 GeV | Resonant Z->242¢" e I
Fmz2(2,1) < 120 GeV } 80 <m(2t2l’) <100 GeV | pT(Ieadlng) > 20 GeV |

Fpr(f) > 5 GeV
® Background-free measurement. Fiducial regions bIn()l < 2.5

basically mimic the event selection. :80 < ma < 100 GeV
mz1 > 40 GeV

Z fiducial reglon

ota(pp — Z — £H0700'7) = 30.5752 (stat) T1 7 (syst) +0.8 (luml) fb,
oaa(pp — ZZ — LT 0107 = 35 (stat) T3 (syst) £ 0.9 (lumi) fb.
SM NLO prediction: 27.9*1-9; 5 fb (Z region) and 34.4+%0-7_o ¢ fb (ZZ region) [POWHEG code]
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“M>7 | 11 cross section @13 TeV [ CMS SMP-16-0011 3% Fermilab

arXiv:160/7.08834

® The ZZ region measurement is used to extrapolate to the inclusive cross section
(60 < mz1,mz2 < 120 GeV, and Z BR from PDG).The Z region measurement is used to
extract the Z— 4! BR measurement.

o(pp — ZZ) = 14.6713 (stat) 793 (syst) £ 0.2 (theo) £ 0.4 (lumi) pb.
B(Z — £ 0%07) = 4.9708 (stat) 753 (syst) 57 (theo) £ 0.1 (lumi) x 107,
SM NNLO prediction for inclusive cross section: 16.2+%96.54 fbo [MATRIX code]

3 I 1 ] 1 |l 1 I 1 1 1 ] L] L 1

i Q 20/~ @ CMS 47 channel ~
Uncertainty Z—40 | ZZ—-4L N ®  CMS 2¢2v channel -
ID efficiency 2-6% | 0.4-0.9% T £ ATLAS 47 channel /
. o o Q - V' ATLAS 47 + 272v B
Isolation eff1c1ency 1-6% 0.3-1.1% bo. i MATRIX NNLO (qq+qg+gg) ¥ :
Trigger efficiency 2-4% 2% 151 NNPDFS.0, fxed = = e | S

¢ g0 MCFM NLO+gg L ]
MC statistics 1-2% 1% - . NNPDF3.0, fixed s = = m, -
Background 0.7-1.4% | 0.7-2% i

Pileup 0.4-0.8% 0.2% !

PDF 1% 1% 10 |
Scale 1% 1% i 7
Luminosity 2.7% 2.7% —
- Inner bar: stat uncertainty [
F Full bar: total uncertainty |
] l 1 1 1 l L L 1 l |

| 1 |
8 10 12 14
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2= Fermilab

Run: 275124 Event: 180141655 Muon

Vs=13TeV i ..05:.74 GeV
pp - WZ ev + uu ¢ 1-96
Mz = 95.6 GeV : 1.
E,™s : 69.1 GeV
¢ :0.64
Muon
p;:40.8 GeV
n:1.51
b :-2.44

p;:50.1 GeV
n:-0.55
¢ :-1.05
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“M>7 | Wi cross section @13 TeV [ CMS SMP-16-0021 3¢ Fermilab

arXiv:1607.06943

2.31b™" (13 TeV)
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_

® Measurement done with 2.3 fb™' of integrated % 7°§5M5 \ Dot E
luminosity at 13 TeV T 6op | Wz E

% 502_ ’ 200 =\Z’%’V E

L pr( from W) > 20 GeV : ’ °F L =t3/ | E

| pr(leading & from Z) > 20 GeV ; oF 1 7% Nonpromp :

{ pr(subleading ¢ from Z) > 10 GeV mt({) 3

bIn(e/u)l < 2.5/2.4 L TS Pty

176 <mz < 106 GeV S ;:EWWWWWWW
/',f MET > 30 GeV § 0O 20 40 60 80 100 120 140 1r§fE 15:2)36\2/;)0

i m(0) > 4 GeV

2.3fb" (13 TeV)
T I T T T T T T T T T T T T T T T T I T T T T

Em(2L) > 100 GeV 3 100/~ CMS ]
| 0 b-quark jets with pr > 20 GeV, Inl < 2.4 ¢ Sy :
i A v i S A S ot Y AR *5 : =\Z/%/V :
Hoeor ' I Zy B

_ I ke ItV i

+ ZZ background determined from MC 0 | L. % Nonprompt - -
+ Non-prompt background determined 2of- | mT(3%) -
from isolation sidebands (‘fake rate Oﬁ—-ﬂ . { i i,
method’) Y S mw————. S——————

5\9 0'50 100 200 300 400 500 660

a m*E (GeV)
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CZ W1 cross section @ 13 TeV I CMS SMP-16-0021 > 2& Fermilab
& arXiv:1607.06943

Event selectlon Fiducial reglon

[ or(t from W) > 20 GeV
 pr(leading £ from Z) > 20 GeV

" pr(subleading { from Z) > 10 GeV
bIn(e/w)l < 2.5/2.4

;;76 <mz < 1006 GeV

[ MET > 30 GeV

im(t) > 4 GeV

tm(22’) > 100 GeV

1 0 b-quark jets with pr > 20 GeV, Inl < 2.4

i" pT(lZ from W) > 20 GeV ;
: pr(leading £ from Z) > 20 GeV ‘
; i pr(subleading { from Z) > 10 GeV
HIn(f)l < 2.5

160 < mz < 120 GeV

{ Inclusive
o CrOSs _section

60 <mz< 120 GeV ,
W and Z BR from PDG :

oha(pp — WZ — fvl'l") = 258 & 21 (stat) 27 (syst) £ 8 (lumi) fb,
SM NLO prediction: 274+'1_g fbo [POWHEG code]

o(pp — WZ) = 39.9 + 3.2 (stat) "7 (syst) & 0.4 (theo) & 1.3 (lumi) pb.
SM NNLO prediction: 50.0+"-.1 o pb [MATRIX code]

Rafael Coelho Lopes de Sa 10 ICHEP 2016 - Multiboson Production with W and Z


http://arxiv.org/abs/1607.06943

“M>7 | Wi cross section @ 13 TeV [ CMS SMP-16-0021 3¢ Fermilab

arXiv:1607.06943

® With only 2.3 fb', the inclusive cross section has large statistical and systematic
uncertainties.

® Largest systematic uncertainty contribution from non-prompt background.

o(pp — WZ) = 39.9 4 3.2 (stat) 37 (syst) = 0.4 (theo) = 1.3 (lumi) pb.

SM NNLO prediction: 50.0+"-.1 o pb [MATRIX code]

Source of uncertainty Uncertainty in the cross section
Background with nonprompt y 5.4%
Background with nonprompt e 3.9%

b tagging 2.1%
Epios 2.0%
Electron efficiency 1.9%
Muon efficiency 1.5%
Pileup 0.8%
ZZ cross section 0.4%
ttV cross section negligible
Zy cross section negligible
VVV cross section negligible
Integrated luminosity 3.2%
PDF and scales 1.0%
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e .
WW candidate event 3¢ Fermilab

CMS Experiment at LHC, CERN

Data recorded: Thu Apr 19 09:14:14 2012 CEST
Run/Event; 191721/ 76089774

Lumi section: 111

Orbit/Crossing: 28960009 / 815

Commpan | Mhor Suvamwe of
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“M>7 | WW cross section @ 8 TeV I CMS SMP-13-0161 3¢ Fermilab

arXiv:1507.03268 [ Eur. Phys. J. C76 (2016) n°7, 401 ]

® Measurement done with 19.4 fb! of

iIntegrated luminosity at 8 TeV. CMS 19.4 b (8 TeV)
s PR S AR S — «Data mWZ/ZZNVV
.. pT([) > 20 GeV .’ E § lvHvig\és boson .'é\%::;::ark
iIn(e/w)l < 2.5/2.4 RO
{MET > 20 GeV - §&§ 0-jet
{ pr() > 30/45 GeV (different/same flavor) - N § stelutiele u
m(££)> 12 GeV R Q\§ (lead )

' Im(42) - mzl > 15 (same flavor only) "% \\ PT
DY MVA veto (same flavor only) [} \Q
| min(projMET, projTKkMET) > 20 GeV e
Top-quark veto (b-quark jets + soft muons) ] R —— T _______ T T SRR
10 or 1 jet (pr > 30, Inl < 4.7) Eififﬁfﬁfffﬁfiﬁfﬁfﬁfﬁﬁfﬁfffifﬁ{ffiﬁﬁiﬁmfﬁjifﬁfﬁMﬁMf

20 40 60 80 100 120 140 160 180 200
14
pT,max (GeV)

+ Top background determined from data (inverting top and jet vetoes)

+ DY background determined from data (inverting mass and MVA vetoes)

+ Non-prompt background determined from isolation sidebands (‘fake rate method’)
+ Higgs contribution removed using simulation (~4% after event selection)
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WW cross section @ 8 TeV I CMS SMP-14-0161 3¢ Fermilab

arXiv:1 507 03268 [ Eur. Phys. J. C76 (2016) n°7, 401 ]

pT(z) > 20 GeV
In(e/u)l < 2.5/2.4
EMET > 20 GeV |
L pr(t) > 30/45 GeV (different/same flavor) §
i m(t)> 12 GeV |
Im(#) - mzl > 15 (same flavor only)
, DY MVA veto (same flavor only)

! min(projMET, projTKMET) > 20 GeV {
Top-quark veto (b-quark jets + soft muons) |

0 or 1jet (pr > 30, Il < 4.7) ,'

Jet veto pr-dependent fiducial regions
(use events with O jets only)

o pr(®) > 20 GeV (different flavor only) }
T iin()l < 2.5
§ O anti-kT 0.5 jets, In(j)l < 4.7 j

Rt 0 antikT 0.5 jets, ()l < 4.7 |
v | W—{v BR from PDG 2}_

Uzero-jet, W—£v measured (fb) Ozero—jet W—£v predicted (fb)
223 + 4 (stat) + 13 (exp) £ 7 (theo) £ 6 (lumi) 228 4 1 (stat)
253 + 5 (stat) & 14 (exp) = 8 (theo) & 7 (lumi) 254 £ 1 (stat) 3
273 £ 5 (stat) £ 15 (exp) = 9 (theo) == 7 (lumi) 274 + 1 (stat)

O zero-iet Measured (pb) Ozero-iet Predicted (pb) :
36.2 £ 0.6 (stat) = 2.1 (exp) £ 1.1 (theo) £ 0.9 (lumi) 36.7 £ 0.1 (stat) '
40.8 £ 0.7 (stat) = 2.3 (exp) £ 1.3 (theo) &= 1.1 (lumi) 40.9 £ 0.1 (stat)
44 0 :l: 0 7 (stat) :I: 2 5 (exp) :l: 1 4 (theo) :l: 1 1 (luml) 43 9 :i: O 1 (stat) !

AIIows dlrect comparison to resummed QCD calculatlon of Jet veto efﬁC|enC|es
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CMS

® Fiducial region with pt(f) > 20 GeV, In(f)I<2.5, and O jets is used to measure
differential cross sections. We measured differential cross sections as a function of
Aop(tt), m(¥), pr(¥) and pr(leading lepton).

WW cross section @ 8 TeV I CMS SMP-14-0161 3¢ Fermilab

arXiv:1507.03268 [ Eur. Phys. J. C76 (2016) n°7, 401 ]

CMS 19.4 fb™ (8 TeV) CMS 19.4 fb™ (8 TeV)
N T T T T T % T T T T T T T T
L - s 1F . : T ]
Visible higher 3 | oo 1 % e o
L) | -m- Madgraph - S ) e -m- Madgraph
— ~ - | -
Order ( 2 IOO ) [ - 1o MC@NLO = S - 1077 E el i@ MC@NLO 3
p 2 - &~ Powheg — N © — —4— Powheg
o — o B .
= o | ]
effects : T ]
=3 2 10° =
) _8 - .
b B .
do/dAdy [fb) MoV, (WW-cuts)@LHC 8 ToV —Ib B i
10 A e
107 E
L ! ! ! ! ! ! ! ! ]
1.5 15— — —
© © o T S B
.‘(-G‘ "(-“‘ : - ---- = L 3 :
e e = A - 777 7 A
> 1 Y w L > () e d s Y 7 s
8 = - SO = /.: 8 :,,l,,, Y222 Il 7 7Y, f
= - . = u ]
05 [ Madgraph+Pythia normalized to O\nio ] 05 [ Madgraph+Pythia normalized to Opnio ]
15 — 15— —
& — n & [~ ]
© [~ ] © [~ ]
o — Qe O o - R —
~ I~ O /ST ~ — S e CITIS PRSP o SIVSPSRERPITIPEY @ RELETERCRERTPPEY @ FRETEreh PIIIIII94
R 7 o sk %7, SR I s
§ O ....... O ........ O ] § N SO LS LSS 7T
= 05— MC@NLO+Herwig normalized to o, o 1 = 05— MC@NLO+Herwig normalized to o, o 1
o 1.5 ] B 1.5 ]
a | a X —a——A A—
< : g A A AT = - 4 —aA ~ A
> V0000000000000 i et el 7, L e rs > 1 “—A;/_/A__A_/ 7 A
§ C ~ PSSy Sy EE | gz & i 7 7
< - . < B
= 05 Powheg+Pythia normalized to o, o 7 = 05 Powheg+Pythia normalized to o, o 7
0 0.5 1 1.5 2 25 3 20 40 60 80 100 120 140 160 180 200
. ,
[from arXiv:1605.02716] A, ,(rad) P max (GV)
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“M>7 | \WW cross section @ 8 TeV [ CMS SMP-14-0161 3¢ Fermilab

arXiv:1507.03268 [ Eur. Phys. J. C76 (2016) n°7, 401 ]

Inclusive cross section Source Uncertainty (%)
® Events with same-flavor and different-flavor i?;izt:ifi?;z;amty ;,25;
lepton pair, with O and 1 associated jets, are Lepton momentum scale 05
used to measure the inclusive cross section. Jet energy scale 1.7

miss 1

® pr""W-resummed calculation used for EitwreSOIun?n 4 g;
extrapolation to the full W-boson decay phase W +jetsn g;rr?zalﬁzaggn 1:3
space. . Powheg Pythias Z/v* — £7¢~ normalization 0.6
0.0257 ;e _ Powheg Herwig++ Z/v* — 771~ normalization 0.2
A . aMC@NLO Herwig++ W7 normalization 0.3
--- MGS Pythia6 Wv* normalization 0.4
™ — lsesrfim_e‘; VV normalization 3.0
S H — W*W ™ normalization 0.8
s, PDFs 1.2
| MC statistical uncertainty 0.9
0.000F. . . . ] Integrated luminosity 2.6
0 5 10 15 20 25 30 Total uncertainty 79

pr(WW)[GeV]
ow+w- = 60.1 = 0.9 (stat) &= 3.2 (exp) == 3.1 (theo) & 1.6 (lumi) pb

SM NNLO prediction: 59.8+1:3.;1 pb [ Phys. Rev. Lett. 113 (2014) 212001 ]
Rafael Coelho Lopes de Sa 16 ICHEP 2016 - Multiboson Production with W and Z
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CMS

WW cross section @ 8 TeV I CMS SMP-14-0161 3¢ Fermilab

arXiv:1507.03268 [ Eur. Phys. J. C76 (2016) n°7, 401 ]

® Events with high m(ff) are used to measure SMEFT dimension-6 operators.

. Cms 19418 TeV)
= 0t E | | oData Tlop quark| —
8 . WW mDY -
e :“‘j BWZ/ZZNVV  — W-ets -
N i , P
N : — ¢, /A° =20 TeV
£ 107 |~ Cuww/A®=20TeV? 3
o E 55 —--cy/A®=55TeV? -
Lu L - — = _
. = __. )
00— — E
- $ - — — 1 _
L — BT
[ I ; —
105 _______ %
T R RN IR B .
100 200 300 400 500 600
my, (GeV)
Coupling constant This result Its 95% CL interval World average
(TeV—2) (TeV~—2) (TeV~2)
cwww / A2 0.113% [-5.7,5.9] ~55+48 (from A,)
cw/ A2 —3.61’35-2 [—11.4,5.4] —3.91‘;;% (from g%)
cg/ A2 —3.21 150 [—29.2,23.9] ~-1.7'13%  (from x, and g%)
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CMS

- n -
WW cross section @ 13 TeV [ CMS SMP-16-0061 3¢ Fermilab
cds:CMS-PAS-16-006

Measurement performed with 2.3 fb! of integrated luminosity at 13 TeV.
First 13 TeV WW cross section measurement.
Similar, but simplified event selection with respect to the 8 TeV measurement
® Different-flavor channel only
® Simplified Top-quark veto (b-quark jet veto with pt > 20 and Inl < 2.4)
® ldentical background estimation methods.
. . _ -1 o _ -1
@ S:MS P(ellfrr:r:ar}'/ S L= 2;.3 fo '(1§T<'3V2 @ 350 f_:MS P(ellfntrzarx S L= 2].3 fo” (13 Tg\g
GC.) 500? ww Top-quark ] GC) - ww Top-quark ]
> -~ [ Higgs VZIVVV . > 300 = Higgs VZ/VVV =
L - R Vy Non-prompt " () - Bl Vy Non-prompt -
400 " DY —a— Data . u DY —a— Data .
X [ Systematics . 250:_ [ Systematics _:
300}~ O jets - 200}~ 1 jets E
: : 2 7(lead ¢ E
. pr(lead ) 1 wf p( ) 3
¥ Rl i 100 ++ =
100} ks - b 4 E
N . 2 - R S ] ] g +++ ]
Ob_e emf”—‘@ﬁ y— r&“"”'“m-- - Om i :ﬁm
0 50 100 150, 16p - 200 0 50 100 150, 16p - 200
p,  [GeV] p,  [GeV]
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CMS

- * -
WW cross section @ 13 TeV [ CMS SMP-16-0061 3¢ Fermilab
cds:CMS-PAS-16-006

® Preliminary result with only inclusive cross section.

® Measurement limited by small data sample and large b-tagging uncertainty.

Uncertainty source Propagation to cross section (%)

Experimental uncertainties 4.9

QCD scales and higher order effects 3.2

PDFs 0.4

Underlying event and parton shower 3.7

Non-prompt normalization 3.0

Top-quark normalization 2.0

Wv* normalization 0.3

Simulation and data control regions sample size 14

Total systematic uncertainty 74

Total statistical uncertainty 5.0

Luminosity 3.0

Total uncertainty 9.5
Category Value =+ stat. £ exp. syst. &+ theo. syst. £ lumi. [pb]
O-jet 113.6 6.3 =5.1 = 6.5 = 3.3
1-jet 135.3 =154 +34.0 == 14.4 = 6.0
Combination 1153 £ 5.8 £ 5.7 - 6.4 £+ 3.6

SM NNLO prediction: 120.3+£3.0 pb
[ Phys. Rev. Lett. 113 (2014) 21201 and Phys. Lett. B754 (2016) 275-280]
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Z(—=vV)y
2.3 fb'@ 13TeV

23" (13 TeV

~

CMS Preliminary
T T T I T

> =i L

8 - ] y+et, W(uv), Z(llyy, W(tv), tty ] Beam-halo

B [ Spikes [ Jjet—y MislD
T 10 [ electron— y MisID I Wy — vy

°>3 E [ Zy— vvy Bkg. uncertainty
L L —e— Data

1

1025— d
10 | e G
E 2__ IIIIII __
%2 1.5 ]
S =g ]
S 05 -
0'200"300"400"500"600"'70()"80(')"?00"1'0
E; [GeV]

pr(y) > 175 GeV, In(y)l<1.44
Gexp = 665 + 199 fb
onnLo = 65.5 £ 3.3 fb

Rafael Coelho Lopes de Sa

Events / 5 GeV

W(—Ev)yy
19.4 fb' @ 8TeV

19.4 fb' (8 TeV)

¢ Data
I Wyy Signal
I Zyy
[ ] Other Multiboson

I jet—y fakes
=== Total uncertainty

Muon Channel

- CMS

= Preliminary

/YII MTTTITTTT]TT
2 I I I

\\\\\\\\\\

)

40 60 80

100 120  1¢

Pl [GeV]

pr(y) > 25 GeV
Oexp X BR = 6.0+ 2.9fb
ono X BR=4.76 £ 0.53 fb

Events / 5 GeV

2% Fermilab

Z(—H)yy
19.4 fb!' @ 8TeV

19.4 b (8 TeV)

18-CMS

ol ¢ Data

C Freliminar

16 Y [ 2y

i Aanna [_] Other Multiboson

I jet—y fakes

1

12 §: === Total uncertainty
10 f\ sII\\ Muon Channel
8
6
4
2 .
® 20 40 60 80 100 120 140
p." [GeV]
pr(y) > 15 GeV
Oexp X BR=12.7+ 2.3 fb
ono X BR=12.95 +1.47 fb

More details in J. Kunkle’s talk
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CMS

Summary

2% Fermilab

® CMS has a broad program of multiboson production cross section measurements

at the LHC. Production cross sections have been measured at 7, 8, and 13 TeV.

® Inclusive, fiducial, and differential measurements are performed. The experimental

precision of these results requires, in many cases, 2-loop and resummed QCD
calculations to accurately describe the results.

® Rich program of SMEFT measurements performed at 8 TeV. Single channels at 13

June 2016

reliminary
!

TeV already surpass the combined precision of these measurements. Stay tuned!
CMS P

CMS measurements
vs. NNLO (nLo) theory

VY

Wy, (NLO th.)
Zy, (NLO th.)
Zy, (NLO th.)
WW+WZ
WW

WW

WW

WZ

WZ

WZ —_————

Y4
Y4

Y4 A

1.06 £ 0.01+0.12
1.16 £ 0.03 £+ 0.13
0.98 £ 0.01+0.05
0.98 £ 0.01+0.05
1.01+0.13 £0.14
1.07 + 0.04 = 0.09
1.00 = 0.02 + 0.08
0.96 + 0.05 +0.08
1.08 = 0.07 + 0.06
1.04 + 0.03 = 0.07
0.82 + 0.07 + 0.07
0.97 £+ 0.13 £ 0.07
0.97 +0.06 = 0.08
0.88 £ 0.11+0.04

7 TeV CMS measurement (stat,stat+sys) ——o——
8 TeV CMS measurement (stat,stat+sys) —+—e—+—

13 TeV CMS measurement (stat,stat+sys)+—+—e——

5.0 b’
5.0 fb™
5.0 fb
19.5 b
4.9 fb!
4.9 fb!
19.4 fb™
2.3 b
4.9 fb!
19.6 fb™’
2.3 b
4.9 fb!
19.6 fb™
2.6 fb

0.5
All results at:

http://cern.ch/go/pNj7
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Data collected hy the CMS detector

Jt
L. J

Fermilab

CMS has efficiently collected data at 7, 8 and 13 TeV. This extensive dataset allows
us to explore production cross section measurements in different energy regimes,
providing stringent tests of the theories describing these processes.

~

Total Integrated Luminosity (b ')
- ~N w &~ w

w o w » s
© = ©°o

>
v

Total Integrated Luminosity (b ')
(=] [ad - ~N
w © w o

e
°

CMS Integrated Luminosity, pp, 2011, .'s = 7 TeV

Data included from 2011-03-13 17:01 to 2011-10-30 16:10 UTC
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CMS Integrated Luminosity, pp, 2015, s = 13 TeV

Data included from 2015-06-03 08:41 to 2015-11-03 06:25 UTC
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CMS Integrated Luminosity, pp, 2012, .'s = 8 TeV

Data inclueded from 2012-04-04 22:38 to 2012-12-16 20:49 UTC
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s~ B LHC Delivered: 23.30 M °
! CMS Recorded: 21.79 1 '
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CMS Integrated Luminosity, pp, 2016, Vs = 13 TeV

Data included from 2016-04-22 22:48 to 2016-07-25 21:26 UTC

I LHC Delivered: 19.41 b !
[ CMS Recorded: 17.89 fb!
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CMS

i .-- Powheg Pythia8
WW py resummation . Powheg Hytr a -
(arXiv:1407.4481, arXiv:1507.06937) i —— rowheg Herwig
- aMCeNLO Herwig++
——- MGS5 Pythia6
+ Resums logs of the type log(mww/pt"W) W — Resummed
Scale Variation
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Resummation predicts softer spectrum =

+ Resummed pt™"W distribution is used to |higher jet veto efficiency= smaller inclusive

reweight parton shower MC generators cross section

and obtain exclusive distributions. wofpygr T T T T
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+ The uncertainty is estimated by varying o T 50N ]
the resummation (Q), renormalization § & 100k ED
and factorization scales in the intervals: 2 e/ ol N |
call | 0057 |\ 1Ny L 1N

0 50 100 150 2001

M S f e ;

sl < Q < 2Mywy i —— NNLL+NNLO]

2 Smaller 20: PP-Z°+X-1'1"+X, Ve=8 TeV ™~ -Tow=s E

M 4M CorreCtlonS F i NNPDN'T md“d?-#r#at(mzl- 1/2<}#r/ll‘n-Q-/ﬁﬂ<2‘l‘ aREEE

w < By < 4w W A BAARAREAANRARAN RARES Ry
at NNLL | o rePole E

E 10 s ae——m———— —— —

MW < ,ur < 4MW = o.ag—/'/f"“--—f-_i____'____‘_ ____________ =

o6g- . . ... .
0 5 10 15 20 25 30



