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) CMS
Introduction

Aim:

Measurement of electroweak vector boson pair production, decaying to
semileptonic and fully leptonic final states.

Motivation:
>Test of the Standard Model at Vs = 7 and 8 TeV

» Sensitive self-interaction between gauge bosons via TGC- possible candle
for new physics

» Background for high mass Higgs searches

»Understanding necessary for exploring WW Scattering
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2Z > I 1Y

Signature:
Four leptons I'I* I'I¥', I=e,u, I’ =e,u, T 70
Include Z-> 1t for the second

candidate

Event selection: )\
P;! >20(10) GeV leading (other)

lepton(s)

In'l <2.5 (2.4), I=e(p)

60 < m, <120 GeV (each pair)

20/30<m_, <90 GeV (ep/other) a

ZO

Background:
Jet is misidentified as lepton in WZ/Z+Jets
And tt. Data driven estimate — control region with relaxed isolation.
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ZZ > I'I* IFI¥ “

CMS Preliminary \'s =8 TeV, L = 19.6 fb"
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LLLLLLLL o(pp=>22)=7.3+0.8/-0.8(stat.)+0.6/-0.5(syst.)+0.4(theo.)10.3(lum.)pb
eeee o(pp>22)=7.2+1.0/-0.9(stat.)+0.6/-0.5(syst.)+0.4(theo.)+0.3(lum.)pb
uuee o(pp—>22)=8.1+0.7/-0.6(stat.)+0.6/-0.5(syst.)+0.4(theo.)+0.3(lum.)pb
litt o(pp>22)=7.7+2.1/-1.9(stat.)+2.0/-1.8(syst.)+0.4(theo.)+0.3(lum.)pb
Total o(pp>22)=7.7+0.5/-0.5(stat.)+0.5/-0.4(syst.)+0.4(theo.)+0.3(lum.)pb

Theoretical o =7.7+0.6 pb (MCFM, qq(NLO), gg(LO)
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2Z>Jviv [

CMS Preliminary 2012, |[L=19.6 b, Ys=8TeV

No jets with P, >30GeV,

No additional lepton with P; > 10GeV
Reduced —E,™** >65GeV

AD (E;™ss, 1) >0.2, AD (E; ™, jet) >0.5

Signature: | 8> | [ zzs 200 E
Two opposite charge leptons +E, ™ = zsof_ B vz s _
Event selection: 200E- t E e (data), E
L top, WW, W+jets (data) |

P;' >20 GeV, I=e,u - -
T ’ ’ N ® data -
(m, -91)<7.5GeV S E
di-lepton P; >45 GeV 00F- -
b-tag veto for jet with P; > 20GeV - .
50— —

o a4 NO

IO SO ORI N . H

50 100 200 300 40
Reduced MET [GeV]

obs/pred

Background:
WZ, Z+lets, WW, top

Measured o (pp = ZZ) = 6.8 £ 0.8 (stat.) +1.8/-1.4(syst.) + 0.3 (lum.) pb
Theoretical ¢ (pp 2 Z2Z) = 7.7+ 0.6 pb (MCFM, qq (NLO), gg(LO)
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WW- {viv

Signature: ;
Two opposite charge leptons +E, miss g d W
. %
Event selection: d 4 ! u
P;'! >20 GeV, 3" |veto >10 GeV 4
No jet with P; >30GeV S W
. g d .
E,Mss >45/40/20 GeV (ee,up,ep) 7

M, —m, >15 GeV (ee, pp)
M, >12GeV (ee, pup)
di-lepton P; > 45 GeV l

Background:
V+Jets, Top, VV

~

o~
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Events /5 GeV

100

\s=8TeV,L=3.5fb"
N
-~ DATA

wWw
L A%
B Z+jets —
W+ jets
top
Y, stat ® syst

s, g
[ i .—n—:!!:##"’é«gq

60 80 100 120

pl! [GeV]

WW- Iviv

event yields

Channel

W+ W-

Tt and tW

W+lets

WZ and 72

Z/y *+jets

Wy (%)

Total background
Signal + background

Data

SMP-12-013

Ivlv
684150
132123
60122
2713
431+12
1415
275135
959160
1111

Measured ¢ (pp 2 W* W-) = 69.9 + 2.8 (stat.) + 5.6 (syst.) + 3.1 (lum.) pb

Theoretical o =57.3 *23, . pb, Higgs contribution at mh125GeV +4%
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wz> v [

Signature:
Two opposite charge leptons + 3| + E, Miss

Event selection:

Z reconstruction:

P;' >20(10) GeV

71<m; <111 GeV (and closesttom,)
W reconstruction:

P;'! >20 GeV, E;™* >30GeV

7 l

Background:

» Fake lepton — real Z plus a jet faking a

lepton — the dominant background

»Non peaking — no Z boson (e.g. ttbar)

> Prompt lepton- real Z and a isolated @
lepton(-like) object (e.g. ZZ,Z)
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Z+lets 9.844.4
top 1.410.4
7 2.410.1
Zy 2.41+0.9
WV 0.1+0.1
VWV 6.1+0.3
Wz 193.9+
1.4
Total 216.0+
MC 4.7
Data- 14.8+1.
driven 4
Data 235

16.9t6.
0

2.7£0.3
3.1+0.1
0.4+0.4
0.1+0.1
7.910.3

245.8%
1.6

277.0x
6.3

27.1£2.
9

288

Wz Uy

14.545. 13.8+4.
4 5
6.240.7 9.1+1.0
3.940.1 5.840.1 %
3.8+12 0 S
0.240.1 2.240.7 2
2
10.440. 13.40. i 100
4 4
315.9+ 428.0+
1.9 2.2
354.9+ 472.3% _
6.0 5.2 §
47.9+3. 59.0+4. g 0
4 6 s
3
400 557

CMS

/2
=)
T

== Compact Muon Solenoid

CMS Preliminary ys=8TeV,L=19.6 fb"
T T T T | T T T T | T T T T | T T T T

- -& data (1480) W zz (15) |
B all (1395) Wz |
WZ (1184) VWV (38)

B data-driven (149) [ WV (3)

Z candidates

|+ &\ P, distribution |

MM

L HT
]

}u Soatene, ot #q,##* \\\i\\\* +

éf}ﬁ

0 100 200 300

P’ [GeV]

Measured o = 24.61 £ 0.76 (stat.) £ 1.13(syst.) = 1.08 (lum.) pb
ocTheoretical 6 = 21.9 *1-2 .. pb (NLO)
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Signature:

lepton + E; ™S +Jets

One W boson decays leptonically (l=e,u)

the other boson (W/Z) decays hadronically (jj)

the dijet invariant mass before
background subtraction

cMS [Ldt= 5.qu'1|, 's =7 TeV

= = wwwz | :
Event selection: O [ mmi e (@)
P;'>35(25) GeV, I=e(p) 1000 aco ]
In' | <2.5(2.1), I=e(p) S [+ data
M, W >50(30) GeV, I=e(p) L4000
E, Miss > 30(25) GeV, I=e(p) i
P; et >35GeV, |net| <2.5

Jet b-tag veto

Background:
Wijets (dominant), top, Z+Jets, 00 1(')0 —
Jet—> | misidentification m; (GeV)
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Event yields

GO WW + WZ 2 fv jj BT

The dijet invariant mass after

subtraction of all components

Diboson (WW+WZ) 18994373 7834306 except the electroweak
W-Jets 673841586 31644+850 WW+WZ processes
M Ldt=5.0f" {s=7TeV
ttbar 16624117 946467 S o JLdt250f , is=TTe
8 100 (b) data
. — ¢ Qdala ]
Single top 650433 308+17 9 [ Z3Uncertainty |
Drell-Yan+Jets 3609+155 1408t64 w
C i
Multi-jet (QCD) 2964317 4195+867 o | %
it B ' |
Fit 22 /dof (probability) 9.73/12 (0.64)  5.30/12 (0.95) 50 % %
»
Total from fit 75420 39371 §ps - %///
s |
Data 75419 39365 01 ! T 1
Acceptance X efficiency 5.153 x 103 2.633x 103 - o
50 100 150
Expected WW+W?Z yield from 1697457 867129 m”_ (GeV)

simulation

Measured ¢ (pp 2 WW+W2Z) = 68.9 + 8.7 (stat.) + 9.7(syst.) £ 1.5 (lum.) pb
Theoretical 6 = 65.6 = 2.2 pb
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Combined results <

Compact Muon Solenoid

Apr 2014 CMS Preliminary
CMS measurements 7 TeV CMS measuremer:t (exp+th)  ——0—+—
vs. NLO theory 8 TeV CMS measurement (exp+th)  ——&——
VY, (NNLO th.) : : o | | 1.04 +011+0.09 5.0fb"
Wy — —  1.16+0.13+0.06 5.0fb"
Zy —+—o—+— 0.98 +0.05+0.05 5.0fb"
WW+WZ H — 1.05+0.20+0.03 49fb"
WW — — 1.11£0.11+0.04 49fb"
WW — . — 1.22+0.12+0.04 35fb"
WZ — o — 117 £+0.10 £ 0.03 4.9fb’
wz —+—e——— 1.12+0.08 +0.05 196 fb"
7z — : — 0.99 +0.15+0.06 4.9fb"
77 — ° — 1.00 +0.10 £+ 0.08 196 fb"
. . . . | . . . . | . . . .
0.5 1 1.5 2

All results at: Productlon CroSS SECUOn RatIO' GEXD/ O

http://cern.chigo/pNj7 theo

Conclusion:
Production cross-section has been measured and is found compatible with
the Standard Model predictions.
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