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DiBoson Production

Test SM predictions, probe new phenomena/aTGCs, background to Higgs

q 1 [JHEP 1107:018,2011]
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http://www.springerlink.com/content/a3043310758535t2/

DiBoson Analyses Overview

» Leptonic W/Z decay channels allow signal extraction from large BG (¢/=e or p)
» SM BR(W— /v) =0.108, BR(Z— ¢¢) = 0.03366

» Experimental signature: isolated high p; leptons, MET if v present

» Common backgrounds: Top, V+jets/y, other diboson processes

» Data driven methods used where possible

Todays men: — (vlv i Today’s specials;"' f
 WZoovee | WEWEj — fvev jj

77 — 0000 | -' ]

ZZ — (ivy | Z—4¢ o

VVZ —Vbb
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WW — /viv

Main Preselection Cuts: « Expected S/B: ~2.5

* pr(¢) > 20 GeV, 3" 7 veto >10 GeV  « Main syst: jet veto efficiency
 No jets with p; > 30 GeV, |n| < 4.7
 MET,,, > 45/45/20 GeV (ee, up, ep)
*|m,-m,| > 15 GeV (ee, nup)

*m,, > 12 GeV (ee, up),

* pr(¢¢0) > 45 GeV

Major backgrounds: V+jets, Top, VV

[PLB 721 (2013) 190-211]

Measured total cross section:
* oy = 09.9+2.8(stat)+5.6(syst)£3.1(lum) pb.
« SM: Gy (NLO) = 57.323 pb

(Higgs contribution @ m,, 125 GeV: +4%)

CMS Vs=8TeV,L=35fb" CMS \Vs=8TeV,L=3.5fb’
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http://dx.doi.org/10.1016/j.physletb.2013.03.027
http://dx.doi.org/10.1016/j.physletb.2013.03.027
http://dx.doi.org/10.1016/j.physletb.2013.03.027

Preselection:

o Z: 20, pr>15GeV,
*m,,—m,| <10 GeV,
« W: 3197, p; > 20 GeV,
« MET > 25 GeV,

e m; > 20 GeV

WZ — (vil

Major backgrounds: Z+jly, ZZ, Top

v

S 330 4 data E
~ - Owz .
~ 300 @zz E
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[ATLAS-CONF-2013-021]

» Expected S/B: 3.0

» Main systs: reco acceptance, BG, lumi
Measured total cross section:

e oy, =20.375; (stat) ;'Y (syst) g (lumi) pb

e SM: 6, (NLO) = 20.3+£ 0.8 pb

e Xsecs in common fid. vol. provided as well

WZ xsec vs. center-of-mass enerqy :
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https://cds.cern.ch/record/1525557/files/ATLAS-CONF-2013-021.pdf
https://cds.cern.ch/record/1525557/files/ATLAS-CONF-2013-021.pdf
https://cds.cern.ch/record/1525557/files/ATLAS-CONF-2013-021.pdf
https://cds.cern.ch/record/1525557/files/ATLAS-CONF-2013-021.pdf
https://cds.cern.ch/record/1525557/files/ATLAS-CONF-2013-021.pdf
https://cds.cern.ch/record/1525557/files/ATLAS-CONF-2013-021.pdf
https://cds.cern.ch/record/1525557/files/ATLAS-CONF-2013-021.pdf

WZ — ¢vie (1)

[CMS-PAS-SMP-12-006]

CMS Preliminary is-8Tev.L-196f' Measured total cross section (ratio):
B 1 I 1 1 | I 1 I I | I I 1 I | 1 I I 1 ] — -
e oy W2 1 *owz= 24.6+0.8(stat) i1+.112(syst) +1.1(lumi) pb
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WZ (1617) VWV (45) 1 o/ '
. +
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http://cds.cern.ch/record/1564318?ln=en

77 — 000/

Preselection:

e four leptons with p> 7 GeV,

e trigger matched /-p; > 25 GeV,

* 66 GeV <m,, < 116 GeV (each pair)
» Expected S/B: ~14

Major backgrounds: V+jlvy, top, VV

[ATLAS-CONF-2013-020]

Measured total cross section:

e 0, =7.173° (stat) +0.3(syst) + 0.2(lumi) pb

* SM: 6,, (NLO) = 7.273° pb
(both Z’s in mass window)

* xsecs in common fid. vol. provided as well

ZZ Xsec Vvs. center-of-mass enerqy :
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https://cds.cern.ch/record/1525555/files/ATLAS-CONF-2013-020.pdf
https://cds.cern.ch/record/1525555/files/ATLAS-CONF-2013-020.pdf
https://cds.cern.ch/record/1525555/files/ATLAS-CONF-2013-020.pdf
https://cds.cern.ch/record/1525555/files/ATLAS-CONF-2013-020.pdf
https://cds.cern.ch/record/1525555/files/ATLAS-CONF-2013-020.pdf
https://cds.cern.ch/record/1525555/files/ATLAS-CONF-2013-020.pdf
https://cds.cern.ch/record/1525555/files/ATLAS-CONF-2013-020.pdf

Preselection:

ZZ — 0007 (1)

e similar to ATLAS,
* 60 GeV <m,, <120 GeV (each pair)
e include Z—tt for 29 Z candidate:

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

» Expected S/B for /¢ 1t : ~1

CMS Preliminary Vs =8 TeV, L=19.6 fb”

—
on
|

Events / 25 GeV

—
-
[

200

400
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e DATA
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I WZ/Z + jets

e,

800 800 1000
m,.. (GeV)

[CMS-PAS-SMP-13-005]

Measured total cross section:

e 0, =71.7°33(stat) 2> (syst) = 0.4(theo) + 0.3(lumi) pb

* SM: 6,, (NLO) = 7.7 £ 0.6 pb (2’5 in mass window]

« Anom. coupling limits using m,, dist:
—0.004 < f/* <0.004, —0.005< f/** <0.005

normalized differential fiducial xsec:
{s=8TeV,L=19.6fb"
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http://cds.cern.ch/record/1563178?ln=en
http://cds.cern.ch/record/1563178?ln=en
http://cds.cern.ch/record/1563178?ln=en
http://cds.cern.ch/record/1563178?ln=en
http://cds.cern.ch/record/1563178?ln=en
http://cds.cern.ch/record/1563178?ln=en
http://cds.cern.ch/record/1563178?ln=en
http://cds.cern.ch/record/1563178?ln=en
http://cds.cern.ch/record/1563178?ln=en

LL — LIV

[CMS-PAS-SMP-12-016]

Main preselection cuts:  Expected S/B: ~ 0.7

« 2 same flavour leptons of p> 20 GeV * Main systs: JES, BG shape/norm.

*|m,, —my| < 7.5 GeV p(ll) > 45 GeV Measured cross section:

* 0.4 <MET/p(¢()<1.8 ‘o, = 8+gg(stat)+18(syst)+o 3(lumi) pb
 reduced MET > 65 GeV * SM:o,, (NLO) =7.9725 pb  s0cev <m, <120Gev]

* No (b-)jets w/ pr > (20)30 GeV, In| < (2.4) 5 yse p_(¢¢) distribution to set stringent
Major backgrounds: WZ, Z+j, WW, Top

CMS Preliminary 2012, [L=19.6fo™, ¥s=8TeV

limits on anom coupllnqsf4,5(—0 in SM):

CMS preliminary, {s=7 TeV, [ L=5.1 fb™ /s=8 TeV, | L=19.6 fb”
L I 1

w 300 "~ T~ T T =
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http://cds.cern.ch/record/1633371?ln=en
http://cds.cern.ch/record/1633371?ln=en
http://cds.cern.ch/record/1633371?ln=en
http://cds.cern.ch/record/1633371?ln=en
http://cds.cern.ch/record/1633371?ln=en
http://cds.cern.ch/record/1633371?ln=en
http://cds.cern.ch/record/1633371?ln=en
http://cds.cern.ch/record/1633371?ln=en
http://cds.cern.ch/record/1633371?ln=en

Basic Preselection:

* 2 b-jets (jn| < 2.5), m; <250 GeV

* 0/(Z —vv). MET > 100 GeV
o 1/(W —/(v): MET > 45 GeV

« 20(Z —00): 75 GeV <m,, < 105 GeV
 Fit of multivariate discriminant / m;

Entries / 15 GeV

Major backgrounds: V+j, top, VH
: T T T T | T T T T | T r I T T T T I T T T T ':
800 CMS preliminary _® Data_ Cw+b =
" (s= 8TeV,L=18.9 ;' M VZ(b) I W+udscg Z
800 pp—VZiZ—~bb g (12 covy I =
- PP i I VH (125 GeV) 3 si -
- B2 z+bE ingle top -
?UU_— T 1z+b —— VH (125 GeV) ]
- [ Z+udscg —— VZ{bb) 7
SDU - T ws+bh = MC uncert. (stat.) —
500 =
4001 =
300 =
200 E
100F— =
0 L LR
) 2 s idof = 0.44 u MC uncert. (stat.)
S, ek
ER: o
'E;' 1 Tefy=t— ==y ——& g =g
OpsE- =
0 50 100 150 200 y st'o
Marc-André Pleier b [GeV]

VZ _)Vbb [ arXiv:1403.3047 ]

[CMS-PAS-SMP-13-011]

Measured total cross section:

*0,, =6.5+1.7(stat) £ 1.0(syst) £ 0.9(theo) + 0.2(lumi) pb

* 0, =30.7 £ 9.3(stat) £ 7.1(syst) + 4.1(theo) £1.0(lumi) pb

* SM (NLO, 60 GeV <m, <120 GeV):
6,,=171.7%£0.4pb, c6,,=223+1.1pb

e Fiducial xsecs (p+(V)>100 GeV) also provided

A AR R R R D
2 18 CMS preliminary  + Bestfit(68% stat.) —
N 4 [ 68% CL
[N - 1s=8TeV,L=18.91b 7 95% CL -
© 16_ pp—VZ;Z —bb MCFM NLO
14} Inclusive cross-sections for 60 <m, <120 GeV
12~ 7
10} :
8_ —
61 -
4_ —
e]= .
U:| | | | Ll 1 Ll | i
0 10 20 30 40 50 60
Oz [Pb]
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http://cds.cern.ch/record/1626117
http://cds.cern.ch/record/1626117
http://cds.cern.ch/record/1626117
http://cds.cern.ch/record/1626117
http://cds.cern.ch/record/1626117
http://cds.cern.ch/record/1626117
http://cds.cern.ch/record/1626117
http://cds.cern.ch/record/1626117
http://cds.cern.ch/record/1626117
http://arxiv.org/abs/arXiv:1403.3047

Vector Boson Scattering

* VV—VV provides insight into EWSB mechanism, access to quartic couplings:
electroweak VVii production includes: strong VVjj production includes:

e %W% e TENR
SRy

« Experimental signature
(W*W+* example):

tagging jet (4)

tagging jet (3)

» 1,2 = Central, high-p charged leptons from V decays
* 3,4 = Forward/backward tagging jets (large m;; and well separated in y)

Marc-André Pleier 11/14 Brookhaven National Laboratory



WWHj] — /vivi)

[ATLAS-CONF-2014-013]

Preselection: » Expected S/B: 0.9

» exactly 2 same-charge / (pr > 25 GeV) « Main syst: WZ/y*+j norm. theo. uncert., JES
e >2 jets, pr > 30 GeV Measured EW fiducial cross section:

« MET > 40 GeV, no b-jets . aVEV‘jVW_ =1. 3+ 0.4(stat) +0.2(syst) fb

«m; > 500 GeV, |Ay;| > 2.4 «SM: o' (NLO)=0.95+0.06fb

o 18t ewdence (3.6 o) for EW W*WH-jj prod.
Main backgrounds: prompt £ (WZ/y™+j), e Access to WWWW vertex, derive

conversion (Wy+j), non-prompt 1%t limits on anom. quartic couplings oy, s
-‘9 LT T | LI | LI | LI | LI | LI | | T | LI | T I L g am _IY rT | j'-l f [ rrTT I T | rrTT rrTT l rrTT | rrTT | rrTT I T I_
c 30  ATLASPreliminary Data 2012 = . ATLAS Preliminary
2 - ata . 0.6 203 b7, \s=8TeV
T - 20.3fb",\s=8TeV B&X Syst. Uncertainty - - B ]
251 500 GeV W:Wjj Electroweak 045 pp > WEWTji - 4
- m;; > e W W= “jj Strong ] r K-matrix unitarization -
20 BN Prompt - 0.2 -
N Conversions ] C ]
15: B Other non-prompt 1 of i
- . -0.21- confidence intervals =
10 = - [68%CL ]
- | . 045 mose oL B
Sk -] -0.6 — expected 95% CL 7
- ] - x Standard Model | .
_____ I —I\ 11 | L1 11 ‘ 11 1 1 I 1 11 1 | 111 1 1111 | 1111 | L1 1| I 1111 11 I_
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https://cds.cern.ch/record/1690282/files/ATLAS-CONF-2014-013.pdf

Basic Preselection:

e four leptons with p> 4/7 GeV (p/e),
e leading /-p;‘s > 20, 15, 8/10 GeV,

*my, > 20 GeV, my, > 5 GeV
e4e, 4p:m,, > 5 GeV
* 80 GeV <m,, <100 GeV
» Expected S/B: ~145
Backgrounds: VV Z+j top

>
3 1201 ATLAS . + Data -
o F\s=7TeV,45f1b DZ
~ 100} -1
%) L \s=8TeV, 20.31b
c T BBkg ]
L?>j 80f Dostahsystf
60:— __},__ Z—4| N
40+ ‘ ]
i—&—r:ir'I.-’" [ T P .h.'w.%j—;
95 80 85 90 95 100 105
m,, [GeV]
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L — 4/

Measured total cross section:m,,,. > scev, 80 <m,, < 100Gev ]

[arXiv:1403.5657]

.GZ—)

4 = 107 £ 9 (stat) £ 4 (syst) = 3 (lumi) fb

« SM (NLO, 8TeV): 0, ,,,= 1048+ 251b
Measured Z — 4/ branching fraction (7&8 TeV):

* subtract expected non-resonant contribs,

» normalize to Z — pp in same dataset:
I'z_10/Tz = (3.20 £ 0.25 (stat) £ 0.13 (syst)) x 107°

e SM expectatlon (3 33+ O 01)><10 6

do/dm, [fb/GeV]

10

—
o

—_
TT

qq—>Z ral —eeu' |
\s=7TeV

m(e'e,uw) > 4 GeV
POWHEG 4 ' .

inclusive

t-channel only
L | L 1 L Il | Il Il Il

0 50 100 150 200 250

m,, [GeV]
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http://arxiv.org/abs/1403.5657

Summary

-~ 500 =
=] =
= 450 —
2 400
o S=14TeV
.E 350 :_ S = 14 Tev 57107 Jem™ =
N E 300 E_ 2-3.10"em? '
VV cross sections: 2 205 C 2 -
. . c QU - < = E
» Compatible with SM expectations € 200 ) & &
» Differential xsecs probe MC modelling £ 150 S [Pt 2 =
. 100 & E2 E2
aGCs: o o ) 50 £V =7-8 TeV & & &
. Competltlve IImItS Obtalned u E|1||:'!|_‘?|1|:'| h:m sl 11 | 1 1 | 11 | 11 I 11 | 11 | | | 1
2010 2012 2014 2016 2018 2020 2022 2024 2026

Plans:

» 8 TeV publications in preparation for all VV

 Analyses for VBF/VBS/VVVV are ramping up

» Working towards combination across channels (& experiments)

* Need for coherent NLO+PS MC for all analyses; NNLO QCD, NLO EW
» 13/14 TeV data will allow measurements of new rare processes, probe NP

year
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ptptjj Candidate Event 8
mi=2800 GeV | Ayi|=6.3

220

~ 160

~ 100

Run Number: 207490, Event Number: 33152138
Date: 2012-07-26 04:16:35 UTC
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