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Abstract

W mass covered in a different talk by ATLAS. The ATLAS talk is meant at covering all measurements that are currently

being done, as well as all the new techniques that are being developed, to reduce the systematic uncertainties on the W
mass measurement at the LHC.

Content Review

The content of this talk is related to the groups listed below.
@ CMS: Physics Overview
@ CMS: B physics
@ CMS: Standard Model
@ CMS: Top
@ ATLAS: "Standard Model, QCD, W,Z,DIFF,FW"
@ ATLAS: Top
@ ATLAS: B physics

Luca: what should I include?
Conveners: whatever has been publicly released since the Moriond EWK 2014
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.



Electroweak Multi-boson Measurements

Measurements of the multi-boson production cross section test the
Standard Model (SM) at the TeV scale

Irreducible background for Higgs studies and many beyond SM searches

— No explicit mention of Higgs production in this talk

Probe boson self-interactions, searching for anomalous couplings

* Triple gauge couplings probed by
— Diboson production
- — EW production of single vector bosons
e Quartic gauge couplings probed by
— Triboson production
— EW diboson production
QGC



Signatures and backgrounds

Signatures (i.e. combinations of y,W,2)
 o(y)>o(W)>o(2)
e Leptons/photons

— High pT, isolated, electrons/muons
and/or photons

e Zbosons
— Invariant mass window cut around Z pole

e W bosons

— Large missing E; from the undetected
neutrino (computed from jets, leptons
and calorimeter information)

— Transverse mass selection cut

diboson

q triboson Y
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Signatures (i.e. combinations of y,W,2)
 o(y)>o(W)>o(2)
e Leptons/photons

— High pT, isolated, electrons/muons
and/or photons

e Zbosons
— Invariant mass window cut around Z pole

e W bosons

— Large missing E; from the undetected
neutrino (computed from jets, leptons
and calorimeter information)

— Transverse mass selection cut

q

diboson

q triboson Y

Backgrounds

V+jets

— High pT leptons from boson or heavy
flavour decays

— Jets misidentified as lepton/photons
— Particles outside acceptance — missing E;
tt-bar and single top
— Prompt isolated leptons from W bosons
— Large missing E;
Other multi-boson processes
— Act as background for each other

Estimated from MC or with data-driven
methods

V+jets

2.8 {
(] e f(v) 4




Effective Theory Approach to BSM

Basic assumptions

@ New physics scale A separated from EW scale v, A >> v

@ Linearly realized SU(3)xSU(2)xU(1) local symmetry spontaneously broken by VEV
of Higgs doublet field

EFT Lagrangian beyond the SM expanded in operator dimension D

-7 Subleading
Lepton number violating, to D=6
hence too small to probe at LHC
Warsaw Grzadkowski et al. 1008.4884

For D=6 Lagrangian several Alonso et al 1312.2014

complete non-redundant set of operators B
(so-called basis) SILH Giudice et al _hep-ph/0703164
proposed in the literature BAcT Contino et al 1303.3876
Any complefe basis leads fo Primary/Higgs Gupta et al 1405.0181

completely equivalent physics description basis LHCHXSWG-INT-2015-001



Effective Theory Approach to BSM

Basic assumptions
@ New physics scale A separated from EW scale v, A >> v

@ Linearly realized SU(3)xSU(2)xU(1) local symmetry spontaneously broken by VEV
of Higgs doublet field

EFT Lagrangian beyond the SM expanded in operator dimension D

 Most of CMS and ATLAS anomalous coupling interpretation use:
— Vertex function approach for NEUTRAL triple couplings (ZZZ,Zyy,ZZy)

— Effective Lagrangian approach (no operaror basis) for CHARGED triple
couplings (WWW, WWy)

 Only recently EFT approach starting to be used for QUARTIC gauge
couplings
(SS WW EWK, WWy, yy->WW)
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aTGC

W*W- production and aTGC at 8 TeV in CIVIS

ATLAS (ATLAS-CONF-2014-033) reports 20 excess
wrt to NLO (also previous CMS meas., see backup)

Measurement in electron and muon channels, with
19.4 fb! at 8 TeV

— Selection: 2 isolated leptons, kinematic range p;;>20 GeV,
INele[<2.5, [n,[<2.4, projected missing E;>20 GeV, p;>45 GeV

Several techniques to reduce the large background
— Anti b-tagging and jet veto (N.... < 2) for t-tbar
— Dilepton boost and Z mass veto to reject Z—ll events

jets

— Third lepton veto for WZ and ZZ contamination
— Multiple control regions to estimate the yields

Systematics dominated by jet veto and lepton
efficiency uncertainties
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MC/data
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aTGC

W*W- production and aTGC at 8 TeV in CMS

\A(
W CMS-PAS-SMP-14-016
e ATLAS (ATLAS-CONF-2014-033) reports 20 excess i .

wrt to NLO (also previous CMS meas., see backup)

e Measurement in electron and muon channels, with | %0.6% "o 1%
-1 % LY N L B LA L AL BRI L
194 fb at 8 TeV 512000:— ATLAS Preliminary —— Data =
— Selection: 2 isolated leptons, kinematic range p;,;>20 GeV, O b oo L= mant g e E
|Neie|<2.5, |n,1<2.4, projected missing E;>20 GeV, p;,>45 GeV 800037 s E
- e :
. 6000 N
e Several techniques to reduce the large background i :
— Anti b-tagging and jet veto (N < 2) for t-tbar : .
20001 — kx
— Dilepton boost and Z mass veto to reject Z—ll events — L -

. . . 0 1 2 3 4 2] 6 7
— Third lepton veto for WZ and ZZ contamination

CMS pretiminary 19.4 fb (s TéV)
— Multiple control regions to estimate the yields > 1000~ +Data BWZ/ZZINVV
8 - ‘ EWHiggs Top
. . . 2 S el .\%jets
e Systematics dominated by jet veto and lepton P 1)
Tel| inti z - O-jet
efficiency uncertainties £ oo R g
N
e Total measured cross section 400fF \
(after removing Higgs contribution) 00 3\\?
ow+w- = 60.1 £ 0.9 (stat.) &= 3.2 (exp.) £ 3.1 (th.) £ 1.6 (lum.) pb = Sl W)
0 . Sme
- - TR +1.3 s ‘
compatible with NNLO theory prediction: 598" pb | § Tl 1 0
= 0 ,
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aTGC

W*W- production and aTGC at 8 TeV in

MCMS PAS-SMP-14-016

« W*W-~unfolded (normalized) differential cross
section measured as a function of kinematic
variables (p;,, my, py;, Ad;) and compared with
theory predictions

— Some shape trends both at low and high p;
— Comparison of fiducial volume cross sections in O jet bin

p? threshold (GeV) T0jet, W—fv measured (pb)

O0jet, W— Ly predicted (pb)

20 0.223 = 0.004 (stat.) = 0.013 (exp.) = 0.007 (th.) = 0.006 (flum.) 0.228 £ 0.001 (stat.)
25 0.253 -+ 0.005 (stat.) -+ 0.014 (exp.) = 0.008 (th.) & 0.007 (lum.) 0.254 + 0.001 (stat.)
30 0.273 + 0.005 (stat.) + 0.015 (exp.) + 0.009 (th.) + 0.007 (lum.) 0.274 + 0.001 (stat.)

1 . 1!
5 do(WW +0 Jets).’dp

Theory / Data Theory / Data

Theory / Data
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Corresponding ATLAS analysis in ATLAS-CONF-2014-033
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-~ W*W-~ production and aTGC at 8 TeV in CIVIS
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— Comparison of fiducial volume cross sections in 0 jet bin . E =

p? threshold (GeV) Tojet,W— ¢y measured (pb) Tojet, W ¢v predicted (pb) % 1 %9 D s //// ///////////////f
20 0.223 £ 0.004 (stat.) = 0.013 (exp.) = 0.007 (th.) = 0.006 (lum.) 0.228 + 0.001 (stat.) F Lo F voaniommens nomatzed o, B

25 0.253 -+ 0.005 (stat.) -+ 0.014 (exp.) -+ 0.008 (th.) + 0.007 (lum.) 0.254 - 0.001 (stat.) L ‘ ‘ - —

30 0.273 + 0.005 (stat.) + 0.015 (exp.) + 0.009 (th.) + 0.007 (lum.) 0.274 + 0.001 (stat.) U ]
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Corresponding ATLAS analysis in ATLAS-CONF-2014-033 i (BeV)
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Evidence of Wyy production in ATLAS

 Cross section measured in muon and electron channels, with
20.3 fb'lat 8 TeV

* Analysis performed in jet inclusive (=0)
and exclusive (=0) in the fiducial phase spaces

 Dominant systematic uncertainties from data-driven
background and jet energy scale
— Data-driven fake photon background from Wyj+Wijj estimated

with 2D template fit of the isolation distributions of the two y
candidates

Events

W arXiv:1503.03243
1 submitted to PRL

C T | T T T 71 | TT T 1 | T 17171 I TT 11 | TT1r 1T | T3
70 ® Data f
60 mmz; o

- 0 Wryj + Wiy + Wjj
50k vy +jets E

\§ [ Other backgrounds|

N ]
40\ \s=8TeV, 203" ]

AN muon channel
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Evidence of Wyy production in ATLAS

: : : ; F“(; arXiv:1503.03243
e  Cross section measured in muon and electron channels, with 70 submitted to PRL
20.3 fblat 8 TeV
S LG RS ELALAN SRR EEAAS AR EERAE
. . : £ 70F -
e Analysis performed in jet inclusive (=0) S T amas e ]
. . . TR :
and exclusive (=0) in the fiducial phase spaces 60 =5\;/vi+WiY+Wii E
505 S E&: ie;s K d‘:
q q q . q er backgrounds-
 Dominant systematic uncertainties from data-driven §\ ’ ]
. 40 s=8TeV,20.3 10" 7
background and jet energy scale >\\ o :
— Data-driven fake photon background in Wyj+Wjj events estimated - E
with 2D template fit of the isolation distributions of the two y F E
candidates 1
 Total significance is 3.7 o in the inclusive case, and 2.2 cinthe | [ — @t
exclusive case (no expected quoted) — first Wyy evidence 7
. - N,
— Electron and muon channels are compatible within 1o 5 ——— e
TR ; ; : & 70 ATLAS Internal e Dat =
 The fiducial cross sections is 1.9 o higher than MCFM o Wy :
. L. . . . . . i 60 .z
predictions in the inclusive case, 1.3 o in the exclusive case B F + I Wi + Wij ]
c - [y +jets ]
o [fb] ‘ NCFN o] L%} 505— B Other backgrounds
Inclusive (Nje, = 0) 40F s =8TeV, 20.3 b’ S
uvyy 7.1 *' 3 (stat.) £1.5 (syst.) £0.2 (lumi.) 305 muon channel _
evyy 4.3 +[3(stat)+ (syst.) £0.2 (lumi.) | 2.90 +0.16 : Jet inclusive
tvyy 6.1 *- X o (stat.) +1 2(syst) +0.2 (lumi.) 20f =
Exclusive (Nje; = 0) - i
uvyy 3.5+0.9 (stat.) * “ o (syst.) £0.1 (lumi.) =
evyy 1.9 *!4 (stat.) *! (S}’SI) +0.1 (lumi.) | 1.88 +0.20 == Bl . ]
tvyy 2.9 +6§ J (stat.) ¥y n E’ o (syst.) £0.1 (lumi.) 300 400 500
m, [GeV]
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Evidence of Wyy production in ATLAS

Fiducial region defined at particle level including
jet and isolation variables

W arXiv:1503.03243
1 submitted to PRL

Definition of the fiducial region

pr > 20GeV, ph > 25GeV, |ne| < 2.5
mr > 40 GeV
E} >20GeV, 7| < 2.37, iso. fraction €} < 0.5
AR(L,7) > 0.7, AR(v,7) > 0.4, AR(£/~,jet) > 0.3

exclusive: no anti-k; jets with pit* > 30 GeV, |n'*'] < 4.4
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Evidence of Wyy production in ATLAS

Fiducial region defined at particle level including

jet and isolation variables

aQGC computed with EFT approach

for dimension 8 operators

Deviations from the SM prediction,

expected in high di-photon
invariant mass: define search
region with m > 300 GeV

Limits on f;, /A*is improved with

respect to the previous results
published by CMS

Observed [GeV "] Expected [GeV ™ 7]

frog/A*[[-9.5, 9.4] x 107" [-1.2, 1.2] x 1071
faz/A%| [-8.2, 8.4] x 1077 [-1.1, 1.1] x 107°
fvs /A [-1.5, 1.4] x 107% [-1.9, 1.8] x 1073

W arXiv:1503.03243
1 submitted to PRL

Definition of the fiducial region

pr > 20GeV, ph > 25GeV, |ne| < 2.5

mr > 40 GeV

E} >20GeV, 7| < 2.37, iso. fraction €} < 0.5
AR(£,) > 0.7, AR(v,7) > 0.4, AR(£/~,jet) > 0.3

exclusive: no anti-k; jets with pit* > 30 GeV, |n'*'] < 4.4

f‘Eo -4
Ad [TeV™]

aW

Af; [TeV?

aW ]
A°2 [TeV?]

LEp ATLAS
- T T CMS yy - WW
— DO yy - WW
— cvswyy — ATLAS Wyy

AQGC Limits 95% CL

.................

-10°-10*-10*-10? -1

0 10 10% 10% 10* 10°
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Updates of preliminary results

18
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Zy production and aTGC at 8 TeV in CMS

 Measurement of the Zy production cross section in electron
and muon channels, with 19.5 fb! at 8 TeV

*  Kinematic range p;;>20 GeV, m;>50 GeV, E; >15 GeV, AR, >0.7

 Two template observables (shower shape, isolation) used to
measure the yield independently, then combined

* Background dominated by DY + non-prompt photons

* Total inclusive cross section is in good agreement with
prediction (oM™= 2100 + 120 fb)
o = 2063 £19(stat) £98(syst) £54(lumi) fb

* Uncertainties dominated by template statistics and FSR
contamination

ol

)

¥
T

)/ (dofi¥tordp

Y
T

(dcincl.'/dp

1.8
1.6
1.4
1.2

0.8F
0.6f

da‘;é arxiv:1502.05664
/\df)\ submitted to JHEP

= q Y

Z/y* zjy*

Y -
z

+ o/ aTGC ™

FSR (forbidden in SM)
CMS 19.5 fb™ (8 TeV)
F * Data combined: puy, eey Unfolded
- o inclusive
— [ MCFM (NLO)

i - SHERPA (LO) up to 2 partons, stat. unc. only

-+ 4

20 30 4050 10? 2x107
7l (GeV)

Corresponding ATLAS analysis at 7 TeV in PRD 87, 112003 (2013)
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Zy production and aTGC at 8 TeV in CMS

 Measurement of the Zy production cross section in electron
and muon channels, with 19.5 fb! at 8 TeV

*  Kinematic range p;;>20 GeV, m;>50 GeV, E; >15 GeV, AR, >0.7

 Two template observables (shower shape, isolation) used to
measure the yield independently, then combined

* Background dominated by DY + non-prompt photons

* Total inclusive cross section is in good agreement with
prediction (oMM = 2100 + 120 fb)
o = 2063 £19(stat) £98(syst) £54(lumi) fb

* Uncertainties dominated by template statistics and FSR
contamination

* aTGCwould enhance the high E;, spectrum
* The data are in good agreement with the SM expectations
 aTGC limits on ZZy and Zyy aTGC improved by factor 3 wrt 7 TeV

da‘;é arxiv:1502.05664
/\df)\ submitted to JHEP

q = q Y

Z/y* zjy*

Y -
z

+ o/ aTGC ™

ol

FSR (forbidden in SM)

,CMS 19.5 b (8 TeV)
B 1 8;_ * Data combined: ppy, eey Unfolded
SF o inclusive

1.6 [ MCFM (NLO)

14 i - SHERPA (LO) up to 2 partons, stat. unc. only

)/ (dofi¥tordp

1.2F

(do;,/dp]
~+

2 2
20 30 4050 10 2x10 p¥ (GeV)
CMmSs uuy channel, 19.5 fb™' (8 TeV)
. —s— Data
E\ SM p-value: 0.37 s Siandard Model
- I+ =0, H = 0.001
B =003, =0
hé = 0.06, it = 0.0016

i

100 150 200 250 300 350 400 450 500
pT(GeV)

Events / 4 GeV
=

—_
[=]
LY B

M

107k

Corresponding ATLAS analysis at 7 TeV in PRD 87, 112003 (2013)
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" Electroweak production of Z+2jets at 7 TeV

 Vector boson fusion (VBF) of WW = Z
— Process similar to the Higgs VBF production and sensitive to WWZ aTGC
— Central Z decay associated with energetic forward-backward quark jets

— Large n separation between the jets, large invariant dijet mass

¢  VBF ¢

400 'I|9.? b (8 Te\f_I

T T T
CMS Analysis C: M _ > 1250 GeV, ea+pp events
® Dala — W 7] (onty) [EW 2]
[T]oY Z)) (data) [ Top

E
e CMS - EPJC 75 (2015) 66 / pdates Dedicated YSF talk by T. Cornelis

U
\
— Quark/gluon discriminator used to reduce background

Events

— BDT used to extract signal contribution
— Measured 0 =174 + 15 (stat) + 40 (syst) fb
0/0¢,, = 0.84 + 0.07 (stat) £ 0.19 (syst)

— Analysis precision limited by the knowledge
of large interference effects between production diagrams

Data
Exp.

— Study of the hadronic and jet activity in Z+jet events included e e me e s

Central jet count
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" Electroweak production of Z+2jets at 7 TeV

 Vector boson fusion (VBF) of WW = Z
— Process similar to the Higgs VBF production and sensitive to WWZ aTGC
— Central Z decay associated with energetic forward-backward quark jets

— Large n separation between the jets, large invariant dijet mass

“«  VBF &

e (8 Te!

Il Dedicated YSF talk by T. Corneli R P e
- CMS-EPIC 75 (2015) 66 /4 edicate el e (Gl S st v ) W
~— [C]DY 7)) (data) [ Top Evv

— Quark/gluon discriminator used to reduce background :

— BDT used to extract signal contribution .

— Measured 0 =174 + 15 (stat) + 40 (syst) fb
0/0¢,, = 0.84 + 0.07 (stat) £ 0.19 (syst)

— Analysis precision limited by the knowledge

of large interference effects between production diagrams gl%wl- .‘ i f— =
. . . e . . . = ugl— 1 ' | ¢ | |
— Study of the hadronic and jet activity in Z+jet events included TR e T
% ;._I A'I."LAS E
g 1042 e ijFgo.anb\'; E
° ATLAS - JHEP 04 (2014) 031 i“i 103i - searscr:igiin i
— Analysis performed in 5 different phase spaces = mi - 7
— Data-to-MC ratio in control region to constrain background shapes 5.2 >
10
— Analysis precision limted by statistics in control region g :za*ifmzj >
1=_ acKgroun —

—— Background + EW Zjj

— aTGC limits computed for the first time on VBF

il BB TNl T vy

&l 155 2 Jr -
aTGC A =6 TeV (obs) A =6 TeV (exp) A =00 (obs) A=oc (exp) é‘;" OSE """ ] ++ """
Agrz  |-0.65, 0.33] [—0.58, 0.27]  [~0.50, 0.26] [—0.45, 0.22] R 2 e -
Az [~0.22, 0.19] [~0.19, 0.16]  [~0.15, 0.13] [~0.14, 0.11] 28 0% — e+ e

500 1000 1500 2000 2500 3000 3%00
my [GeV]



EWK

VBS : W*W* production at 8 TeV

* Analysis similar to HWW in VBF channel
— Two isolate leptons with same charge, third lepton veto to reduce WZ background
— Two forward jets with high invariant mass and large n separation
— m; >50 GeV cut to reduce W+jets and top backgrounds, missing E; > 40 GeV
— Main backgrounds from WZ—3lv and non-prompt leptons
— Systematics dominated by Jet and theory uncertainties

e ATLAS-PRL 113 (2014) 141803 (first evidence of VBS scattering)
Inclusive region: 0 = 2.1 £ 0.5 (stat) £ 0.3 (syst) fb, 4.50 obs. (3.40 exp.)
VBS SR (m;>500 GeV): 0 = 1.3 + 0.4 (stat) + 0.2 (syst) fb, 3.60 obs (2.80 exp.)

Events/50 GeV

Data/Background

Events

23

L] T L L] L] T L T
ATEAS = Data 2012 j
203107, /s =8 TeV EX3 Syst. Uncertainty 3
3 i WW'jj Electroweak 3
sy, > B WAWHj Strong
. BN Prompt

Conversions

B Other non-prompt

Wi!vi#!!ig

107 B

IIIIIu|l 11

i = Data/Bkg
: T Bkg Uncertainty
iR (Sig+Bka)/Bkg . |

0 200 400 600 800 1000 1200 1400 1600 1800 2000
m; [GeV]
R e S H 2 B
30 —
- ATLAS *  Data 2012 1
o 203", {s=8TeV Sy%pncertainty .
- W*Wjj Electroweak™]
L > 500 GeV . ]
F M ¥ | W*WHjj Strong
r I Prompt
20 ;
r Conversions
15: I Other non-prompt

10
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EWK

VBS : W*W* production at 8 TeV

Analysis similar to HWW in VBF channel
— Two isolate leptons with same charge, third lepton veto to reduce WZ background
— Two forward jets with high invariant mass and large n separation
— m; >50 GeV cut to reduce W+jets and top backgrounds, missing E; > 40 GeV
— Main backgrounds from WZ—3lv and non-prompt leptons
— Systematics dominated by Jet and theory uncertainties

ATLAS - PRL 113 (2014) 141803 (first evidence of VBS scattering)
Inclusive region: 0 = 2.1 £ 0.5 (stat) £ 0.3 (syst) fb, 4.50 obs. (3.40 exp.)

VBS SR (m;>500 GeV): 0 = 1.3 + 0.4 (stat) + 0.2 (syst) fb, 3.60 obs (2.80 exp.)

e CMS-PRL114 (2015) 051801 4:6
. . . . . e
Cross section measured in fiducial region with m;>300 GeV /de
\
0 =4.0, .24 (stat) , ;"1 (syst) fb, 2.00 obs. (3.10 exp.)
CMS 19.4 fo”" (8 TeV) cMS 19.4 fb™ (8 Tev)
= —r T 1 T T 1. °t. 1 r r 1.1 £ 10
o i -+ Data £ ® Daa
- L WW E r = SMF,, | A" = 0.0 TeV™"
% ’ I Other Bikgs. g L S AaE S IS Nl
& 10 B Monprompt a | et e
I W wz
5 N
R S ] - |
2 NN\ _ |
S i ‘
BN L
0 0 L— [T T N N T T N Y T |T| [
500 1000 1500 2000 100 200 300 400 500

m, (GeV)

m; (GeV)

Events/50 GeV

Data/Background

Events
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ATLAS public page

Mar. 2015 CMS Preliminary
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Future prospects
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Towards Run2

Measurements are currently statistically limited

Either in control regions or in signal regions (high pT/mass)

Major improvement expected at 13 TeV due to large increases of signal cross section

— The anomalous coupling dependence on the energy depends on the parameter

Inputs needed for 13 TeV analyses

Higher order MC tools to reduce QCD scale uncertainty on the boson pt
NLO EWK corrections NOT available in most cases (contributions important at high pT/mass region)
NLO MC tools to generate anomalous couplings

Anomalous couplings for 13 TeV analyses

EFT approach will become the standard
Unfolded spectra: important to define the background subtracted “signal”

Multi-boson and Higgs production probe the same physics:
consistent interpretation frameworks to combine

Discussions ongoing with Higgs community (http://indico.cern.ch/event/378967/)
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Long term projections

ATLAS ATL-PHYS-PUB-2013-006: aQCG projections quoting 5s discovery for
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dim-6 cw/A? and dim-8 fo/AY, fr/A% frs/A* and fro/A* parameters in EFT context
Channels: VBS WZ—3l, VBS ZZ —4l, VBS W*W*—2|2v, VBS WZ—3I, Zyy —>2I+2y

CMS FTR-13-006: projections for aQGC parameter fri/A*
Channels: VBS WZ—3l|

CMS

ATLAS
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N E 300 b~ 3000 b~
Parameter | dimension | channel | Apy [TeV] T 95% CL. S 95% CL.
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Diboson cross sections (CMS)

Mar. 2015 CMS Preliminary
CMS measurements 7 TeV CMS measuremerjt (exp+th)  H—+—0—+—
vs. NLO theory 8 TeV CMS measurement (exp+th)  —+—#—+—]
VY, (NNLO th.) ! : . : | 1.06 £0.12+0.09 5.0fb"
Wy — — 116 +0.13+0.06 5.0fb"
Zy — 0.98 £0.05+0.05 5.0fb"
Zy ———+— 0.99+0.05+0.06 19.5fb"
WWiWZ — — 1.05+0.20 +0.03 4.9fb"
WW — o+ 1.11+0.11+0.04 491b’
WW, (NNLO th.} oA 1.01+£0.08+0.02 19.4fb"’
WZ — 0 — 117 £0.10 £0.03 4.9fb"
WZ — 1.12+0.08 +0.05 196 fb’
77 — . — 0.99+0.15+0.06 4.9fb"
77 — 1.00+0.10+0.08 19.61fb"
. . . . | . . . . | . ! ! !
0.5 1 1.5 2

All results at: PFOdUCtIOH CrOSS Secnon F{atlﬁ' GEXD/ 9)

http://cern.chigo/pNj7 theo
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Diboson cross sections (CMS)

Feb. 2015 CMS Preliminary
CMS measurements 7 TeV CMS measuremer‘!t (exp+th)  H—+—0——F—
vs. NLO theory 8 TeV CMS measurement (exp+th)  ———+—
VY, (NNLO th.) : : . : I 1.06 +0.12+0.09 5.0fb"
Wy — —  1.16+0.13+006 50fb"
Zy — o 0.98 £0.05+0.05 5.0fb"
Zy —+——— 0.99+0.05+0.06 19.5fb"
WW+WZ — — 1.05+0.20 £0.03 4.9fb"’
WW — o+ 1.11+011+0.04 491b’
WW — & — 1.22+0.12+0.04 351"
WZ I S— 117 £0.10 £ 0.03 4.9 fb"
WZ e 1.12+0.08 £0.05 19.6fb
77 — J — 0.99+0.15+0.06 4.9fb"
77 — | 1.00+0.10 £0.08 19.6 b
. . . . | . . . . | . . . .
0.5 1 1.5 2

All results at: PFOdUCtIOH Cross SeCtlon Hat|0' GEXD/ )

http://cern.ch/go/pN;j7 theo



Diboson cross sections (ATLAS)

Multiboson Cross Section Measurements
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Powhquox & %QZZZ uhcory» stat i
o =20.7 4 2+ 1.0 stat+syst
MCFM (tf hmr,r 2
o =298+38~-3542.1-1.9"fb (data)

PowhegBox & gg2ZZ (theory)

or=127+31-29+18fb (data)
PowhegBox & gg272 (the|

1 1 PR I |
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Production Cross Section, ¢ [pb]

EWK cross sections (CMS)

Mar 2015 CMS Preliminary
- ¢ 7 TeV CMS measurement (L <5.0fb")
- ¢ 8TeV CMS measurement (L < 19.6fb™) __
= Y — 7 TeV Theory prediction =
— >njetls) — 8 TeV Theory prediction -
_—E _’/A_ . . —
; En jet(s) CMS 95%CL limit ;
=3 7 =
[ . . _n_'r ]
= 3 1 . =ln Jet( 1}:__!_ =
R S - B -
— T EL'.' T é' T —]
| l ! =" okl n
B o 5! =
- 4 7.z -
| T3
= . Z1 3
— L T f .
— -?T _L{' T
= . - g
w!z!'w!z 'wwlwz! zz m E;’]'l' wyy ba b, tw T, Dy ! oaz ! ggH :ﬁf VH | ttH
All results at: hitp://cern.ch/go/pNj7 Th. Ac,, in exp. Ac
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CHARGED

Anomalous Triple Gauge Couplings

Limits on the charged aTGC: WWy and WWZ vertices
Any deviation would be an indication of new physics

Results reaching LEP sensitivity

AK

IIII|IIIE
ATLAS

95% CL intervals
LEP Scenario

— ATLAS Wjj, Vs = 7TeV
46fb", Ay =eo
CMS Ivjj, /s = 7TeV _]
5.0fb", App =

= ATLAS WW, \s = 7TeV
4607, App=oo

— CMS WW, |s = 7TeV
497, App =
ATLAS WZ, (s = TTeV
467, Ay =2 -

— ATLAS Wy, is = 7TeV
461D, App=ee

— CMS Wy, {s = 7TeV
5.0 b7, App=oo

s DO comb., Vs = 1.96TeV|
8.6 b, A =2TeV

= LEP comb. =
0.7fb™, Agp=oo

o
[ W———

-04

02 0 02

04 06 038
95% CL Limits

NEUTRAL

Oct 2014
T ! ATLAS Limis |
H GMS Prel. Limits
! COF Lirnit
! ! Zy -0.015- 0.016 4.6 fiy'
3 b Zr -0.003 - 0.003 5.0 b’
; 2y -0.004 - 0.004 19,5 fb”
! Zy -0.022 - 0.020 5.1 1"
hz ‘: Zy -0.013-0.014 46"
3 ; &y -0.003 - D.003 5.0
i oy -0.003 -0.004 19.5fb"
C &y -0,020 -0.021 51"
f : Zf -0.009 - 0.009 46"
h,x100 ; 2 0.001 - 0.001 50 fb”
5 Iy -0.004 - 0.004 501t
7 ; Zy -0.009 - 0.00% 4.6’
h,x100 5 2y -0.001 - 0.001 5.0
; 2y -0.003 - 0.003 195"
-0.5 0 0.5 1 1.5 x10"!
aTGC Limits @95% C.L.
Mow 2013
i | I T ATLAS Limies! —
! CMS Prisl, Limis {
v bt Frd -0.015 - 0.015 4.6 b
f4 Ly z7 -0.004 - 0.004 196 b
e ZZ (212v) -0.004 - 0.003 51, 19.6 fb”
z . 77 -0.013-0.013 46"
4 - v d -0.004 - 0.004 19.6 fo'
e ZZ (212v) -0.003-0.003 51,1961
f"' — 77 0016 - 0.015 4.6 b
5 e 77 -0.005 - 0.005 19.6 b
ZZ(212v) -0.004 - 0.004 51,196 "
2 .— 7z -0.013 - 0.013 4.6 f
5 e pard -0.005 - 0.005 19.6 b’
e ZZ (212v) -0.004 - 0.003 51,196 fb'
L " TN S | N S U |
0.5 0 0.5 1 1.5 *10

aTGC Limits @95% C.L.
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Anomalous Quartic Gauge Couplings

LEP L3 limits ——  CMS WWy limits —
July 2013 o
y DO limits CMS vy — WW limits ==
Anomalous WWyy Quartic Coupling limits @95% C.L. Channel Limits L \s
WWy [- 15000, 15000] 0.43fb™ 0.20 TeV
vy — WW  [-430,430] 9.70fb™ 1.96 TeV
; WWy [-21,20] 19.30fb" 8.0 TeV
al'/A? Tev?
R Ty — WW [-4, 4] 5.05fb" 7.0 TeV
WWy [- 48000, 26000] 0.43fb™ 0.20 TeV
vy — WW [- 1500, 1500] 9.70fb™ 1.96 TeV
WWy [-34,32] 19.30fb" 8.0 TeV
a%/ A% Tev?
el patas B vy—WW  [-15, 15] 5.05fb7 7.0 TeV
WWy [-25,24] 19.30fb" 8.0 TeV

fro /A TeV?

-10°-10*10%10%2-10 -1 1 10 10% 10° 10* 10°



Standard Model measurements @ LHC

e 4 macro areas with different final states:

— Jets, Single boson, Single boson + jets , Multi bosons (+ jets)
* Also other topologies like VBF, VBS, Very Forward jets, forward proton tagging...

* Large span of physics interests

— pQCD: Rigorously test perturbative QCD, its limitations

— PDF: Significantly constrain parton distribution functions
— EWEK: Precision tests of electroweak interactions and BSM

Considered

hereafter | — Tails: At each step in energy and lumi, validate SM for highest PT/mass events

—

— Higgs: Validate background modeling for Higgs analysis

— BSM: Validate background modeling for BSM analysis

* Measurements evolve with the needs of search groups
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Example: diboson production at the LHC

Measurements of di-boson processes
involve combinations of W, Z, y

— Opposite sign WW, WZ,ZZ, W/Z Y,
Same sigh WW

Measured mainly trough their
leptonic final states

— Pros: relatively low backgrounds

— Cons: low Branching Ratios
BR(W—Ilv) =0.108, BR(Z—Il) =0.034

— For ZZ and Zg also Z->vv used

Small cross sections O(1-100 pb)

Tri-boson cross sections even lower
O(1 fb)

o (nb)

107

10°

1073

103

10° grree - - .
:E Ot : !
1 Tevaron | LHC 1}
] ‘ f |
3 E
; Op ]
! ]
- |
3 a ]
- o lM(ET > v8/20) .
r O 3
0z ]
O (E/>100GeV) 1
E’ Y 1
] wz = |
] %/ ; )
'{ o ,(,,(E,"“ > Vs/4) }
L Gyagqs(My = 150 GeV) 3
 Opygge(Myy = 500 GeV) 1

133l 2l i

0.1

s

2

10~

RE )

events/'see for L=10 <m s
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SMP

8

W+W- — |vlv cross section in ATLAS |

ATLAS-CONF-2014-033

 Hard selection-criteria on E/™ss and %
a jet-veto to suppress t-tbar
background y&j H‘x.. .
. . 2.4% 7.0%
 Dominant uncertainty comes from
jet-veto and backgrounds . e |
512000 ATLAS Preliminary —4— Dats =
* Measured cross-section at 8 TeV is Iﬁmooo: "§=%Te:,h?t=zo,3 L :
— e*v u'v channe , —
. H » B ZjetsMC |
2.10 higher than NLO calculation L —Forn .
. . . . 8000— other diboson -
* Might be explained by missing: o -Qﬂdb R
— NNLO contribution to total cross- s : 7]
section (enhancement by ~ 10%, cfr 2000 - B
arXiv:1408.5243) - -
— Resummation effects in the fiducial 2000~ : 7
cross-section (cfr arXiv:1407.4537, ; TR s L) e ;
arXiv:1407.4481, arXiv:1407.4745) o 1+ 2 3 4 5 6 7
Jet multiplicity
NG [ £dt [fb~1] Measured total cross-section [pb] Theory [pb]
7 TeV 4.6 51.9 + 2.0(stat.) & 3.9(syst.) £ 2.0(lumi) 44.7°1 4

8 TeV 20.3 71.4 +1.2(stat.)>9 , (syst.)53 (lumi) 58.739,  incl. Higgs




aTGC

W*W- production and aTGC at 8 TeV in CMS
y;\#! SMP-14-016

Event category

Signal efficiency (%)

Different-flavor
0-jet category Same-flavor

Different-flavor
1-jet category Same-flavor

3.02 £ 0.02 (stat.) = 0.22 (syst.)
1.21 + 0.01 (stat.) = 0.09 (syst.)
0.96 £ 0.01 (stat.) = 0.11 (syst.)
0.34 £ 0.01 (stat.) £ 0.04 (syst.)

T O-jet category 1-jet category

o Different-flavor Same-flavor Different-flavor Same-flavor
gq — WTW 3516 £ 271 1390 £ 109 1113 £137 386 + 49
g — WHw- 162 &£ 50 91 + 28 62 +19 274+9
WHW- 3678 + 276 1481 =113 1174 £ 139 413 £ 50
ZZ+WZ 84 + 10 89 4+ 11 86+ 4 42 +2
VvV 334+ 17 17 +9 28 + 14 14+7
Top-quark 522 £ 83 248 + 26 1398 £ 156 562 + 128
Ziyt = £ 38+4 141 = 63 136 + 14 65 £33
Wr* 54 4 22 12+5 18+ 8 3+2
Wey 54 4+ 20 20+ 8 36+ 14 9+6
W—l—jefs(f) 189 + 68 46 + 17 114 + 41 16 +6
W+ jets(p) 81 + 40 1949 63 4+ 30 17 +£8
Higgs 125 + 25 3411 75 + 22 2247
Total bkg. 1179 + 123 643 =73 1954 + 168 749 + 133
WTW + Total bkg. 4857 + 302 2124 + 134 3128 £+ 217 1162 + 142
Data 4847 2233 3114 1198

Event category

WTW™ production cross section (pb.)

Different-flavor
Same-flavor
Different-flavor
Same-flavor

0-jet category

1-jet category

59.7 + 1.1 (stat.) + 3.3 (exp.) = 3.5 (th.) = 1.6 (lum.)
64.3 + 2.1 (stat.) 4.6 (exp.) = 4.3 (th.) £ 1.7 (lum.)
59.1 + 2.8 (stat.) + 6.0 (exp.) & 6.2 (th.) = 1.6 (lum.)
65.1 £ 5.5 (stat.) = 8.3 (exp.) = 8.0 (th.) £ 1.7 (lum.)

Source Uncertainty (%)
Statistical uncertainty 1.5
Luminosity 2.6
Lepton efficiency 38
Lepton momentum scale 0.5
Es* resolution 0.7
Jet energy scale 7
tt+tW normalization 72
W + jets normalization 1.3
Z/v*— {7 normalization 0.6
Z/v* = 717 normalization 0.2
W+ normalization 0.3
W+* normalization 0.4
VV normalization 3.0
H — WW normalization 0.8
Jet counting theory model 4.3
PDFs 1.2
MC statistics 0.9
Total uncertainty 79
Total

39



1

aTGC

W*W- production and aTGC at 8 TeV in CMS

‘[
SMP-14-016

o] r i
;# threshold (GeV) Tpjer, Wiy Measured (pb) Tyier Wiy predicted (pb)
20 0.223 = 0.004 (stat) £ 0.013 (exp.) £ 0.007 (th.) £ 0.006 (lumi) 0.2 = 0.001 (stat.) Fiducial
25 0.253 = 0.005 (stat.) £ 0.014 (exp.) £ (.008 (th.) & 0.007 (lumi.) (.254 £ 0.001 (stat.)
30 0.273 4+ 0,005 (stat.) £ 0.015 (exp.] =4 0,009 (th.) &= 0.007 (lumd.) 0.274 £ 0.001 (stat.)
CMS 19.4 b (8 TeV) CMS 19.4 " (8 TeV)
CMs 19.4 b7 (8 TeV) CMs 19.4 b7 (8 TeV) = T T T T T T T = T T T T
é r T T T T T T 7 :Qs— N T T T T T T _g —e Data ﬁ 1 [ —e Data |
= L g -e- Data | 2 gt g -e- Dala n -®- Madgraph @ B -m- Madgraph o
ﬁ - ‘m Madgraph o 402 == ‘m Madgraph _'3 107 s o MC(;NLO 7— 2 - & MC@NLO e
B 107 g 1 MC@NLO g‘i g o Mcano 4 o F . — &8 Powheg ] 2 L s Powheg ::?’f
o F & Powheg B i r = =# Powheg ] + L i B —— B
= N = ] I 1 2 - - E z ==
+ [ ] § 3 12 L e i % i |
= ¥ =— ==
s L = 1 Fwk 4= { & | s -
8 F . E ~lo F E ~l —— et
“lo o :$: g I ] I 4 ——
107 =
10 |- :‘:E 104 e 10° = L ]
F E F R o L ' ' N L : ; ; 7] I ' ' ' : : ]
. : . . . ; : . . L h - £ - -
& 1.5 [— _—— i 15— — s 15:—- —-: s 15:— —:
8 o 4 8 o {4 o o -] o o
% y %,,( G M //// //// ///////// : % 1@;/ e R /f///////z g 1 e e é///»///////}/////////;? g Bl e r»ﬁ/x//////// //ﬁ
= 05 :_ Madgraph+Pythia normalized toa,, _: = 05 '_ Madgraph+Pythia normalized to o, . _: F 05 :_ Madgraph+Pythia normalized [T A, _: " 05 :_ Madgraph+Pythia normalized [T AN, _:
15 — 15 — 15 — 15 —
§ o 1 ;; o ] £ I 1 £ I ]
o . . o o i 4 2 E ] S E p—
g @ [ R ///cj // s Fo 279///9—/' //o//////////// ///////////////ﬁ 5 g SR A /9////////9//7; g ! i W////////////////// s ..;;9;;7/9//////////}?
" 0.5 |- MC@NLO+Herwig normalized too,,, , 4 " 0.5 [~ MC@NLO+Herwig normalized 106, O] 2 05 :_ MC@NLO+Herwig normalized 0., _: = 05 :_ MC@NLO+Herwig normalized to,, , _:
s 5F 1 4 1= :‘ E s 15F - - 15F E
2 —/./u—f?—H g 1 &8 ¢ ] g
§ 1 syt T 20 // // 1 %WA//*A4//{///// G /4 :%‘ 1 e eeegpriigensis g W 77 // /; %‘ 1 ,5// /////////////////ﬁ///////~f‘w-A--/)/////// /////‘/ﬁ
£ 05 [ Powheg+Pythia nomalized to 0,y = i _ Powheg+Pythia normalized to a,y, o I 0s _ Powheg+Pythia normalized 10 6, E £ 05 - PowhegPyinia nomaized 10 1., E
20+ 4D -B0- 180 40D 120 “j40 480 18?3 500 40 80, i 100 120 ”MD 20 40 60 80 100 120 140 160 180 200 d 0.5 1 1.5 2 25 3
Tmax( eVv) Py (GeV) m, (GeV) o, (GeV)



aTGC

W*W- production and aTGC at 8 TeV inﬁ/CMS

SMP-14-016

CMS 19.4 fb' (8 TeV) CMS 19.4 fb' (8 TeV)
= 1000} - Data BWZZZNVY < 1000 - Dala BWZZZNVY
0} i Wi Top 0] WHiggs Top
el i % WHiggs HDY el W HDY
= soof i Wjels = 80 Wijets
» - 1 ;
b [ & et 5 e A CcMS 19.4 17 (8Tev)
& Egu_i ] a'efp ey e o 600 e'elppile’ wley :85 1E T T T T ]
[ = = - -e Data ]
: % ..g [ -®- Madgraph “'_;
£, 3 i - @ MC@NLO S
gL L %\@ pilst T B =&~ Powheg +:t._‘
[ & i\‘k = | . I
200 200 e - _p
- = ¥ g W=
: T a - = = -
| B e e s . o =~
A T3 1 8 2 - = ; :'“*"
g 12 LYY g } 10" -
5 1 ;.‘4.‘.‘ PR +¢.+..]|.¢.‘ +* - + a *I +||i # s L TR S 2 X * + +1 {+ { * * - :
= 05 I = a t - -
20 40 GO B0 100 120 140 160 180 200 30 60 B0 100 120 140 160 180 200 . ¥ ; ; ; -
g F :
Pl e (GOV) Pl : o L
LG oS T T
CMS 19.4 17 (8 TeV) CcMS 19.4 i (8 TeV) g s cacs g i /%
% 800 =+ Data BWZZZNVVY FH Y = Data BWZIZZNVY T 4.5 |- Madgraph+Pythia normalized to,,,, =
0] W Top o C WHiggs Top - _1
o 700 WHiggs HDY =1 L W EDY o 5F ]
o Wejets 5 400 Wjets 2 L
@ 600 i v r A z 1{,—’///4////////////////////6////g/ TS ///////////////2
= oy -je - L -|& 2 = ]
o - + . e E +Herwig normalized too, .
Lﬁ 500 iﬁ Q'Q'fu PM_’IQ.MTE-M‘ % 300 919-;"".'.;9 wiey 05 ? MC@NLO+Herwig lized to o, o _:
400 § T F 3 g E
= i 2 [a]
300 i COA 200 §E %*’& ER :é’/ //////////////////l{////‘//ﬁ"’;c".-"“'//’///i/////_/////%f
s %&S‘ | i 4 +é\§\ F 05 _ Powheg+Pythia normalized to o,,,,, _
S, 100 ﬁ\* 0 0.5 1 15 2 25 3
100 = i r = K o (GeV)
- G- E — gy g, " 2
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Evidence of Wyy production in ATLAS

Definition of the fiducial region

p5 > 20GeV, p4

mr > 40 GeV

El > 20GeV, |n7| < 2.37, iso. fraction €} < 0.5
AR(£,~) > 0.7, AR(v,~) > 0.4, AR(£/,jet) > 0.3

exclusive: no anti-k; jets with pif* > 30GeV, |[7/*'| < 4.4

> 25GeV, || < 2.5

Electron channel

Muon channel

Other backgrounds

2.2 4 0.6(stat.)

Njci.:s 2 0
Data A7 110
Wi + Wij 15 + 5(stat.) &+ 5(syst.) 30 £ 8(stat.) £ 7(syst.)
vy + jets 1.5 4 0.6(stat.) 4= 1.0(syst.) 11 + 4(stat.) 4 5(syst.)
Zy 11.2 + 1.1(stat.) 3.9 + 0.2(stat.)

6.7 + 2.0(stat.)

Total background

29.9 + 5.2(stat.) £ 5.1(syst.) 51.6 + 9.2(stat.) + B.6(syst.)

U‘ﬁd [fb] ‘ U.MCF.VI [fb]
Inclusive (Njer 2 0)
uvyy 7.1 b 3, (stat.) +1. 5 (syst.) +0.2 (lumi.)
evyy 43 +‘ § (stat) *19 (syst.) +0.2 (lumi.) | 2.90 +0.16
tyvyy 6.1 j' o (stdt) +1 2 (syst.) £0.2 (lumi.)
Exclusive (Njer = 0)
Hvyy 3.5+0.9 (stat.) ¥} (syst.) 0.1 (lumi.)
evyy 1.9 *14 (stat.) A (syst.) 0.1 (lumi.) | 1.88 £ 0.20
{vyy 2.9 *'M 5 (stat.) *g 13 o (syst.) £0.1 (lumi.)

Events / GeV

arXiv:1503.03243
submitted to PRL

LELILIN LI LU B LA JRLIN BNLUSLANLEN UL I LB LR AL L

ATLAS Internal
(s=8TeV,203fb"
muon channel

e Data
—= vyl
— Y
il
-y

| ST ETER SRR AR Rl RN T AN T ST ENE AR AN SRR NN

4 2 0 2 46 8 1012 14
E; [GeV]



Evidence of Wyy production in ATLAS
e

43

- arXiv:1503.03243
submitted to PRL

Selection criteria evyy LYY
Lepton pr pT > 20GeV P >20GeV
Lepton 7 Ine| < 2.47 In.| <24
excl. 1.37 < |n.| < 1.52
W transverse mass mr > 40GeV
Missing E > 25 GeV
Lepton track isolation pE°(AR = 0.2) < 0.15 pPto”
Lepton calo isolation Ei°(AR = 0.2) < 0.20 preP*e™ —
Lepton |do|/o(dp) <6 <3
Lepton |zg - sin 6| < 0.5 mm
Photons El >20GeV
7] < 2.37 (excluding 1.37 < |n,| < 1.52)
AR(l,v) > 0.7
AR(vy,v) > 0.4

EX°(AR =0.4) < 4GeV

Z rcjection cuts

m(eyy) —m(Z) < —10GeV or > 5GeV -
m(ey;) —m(Z) < —10GeV or > 3GeV -
m(eyy) —m(Z) < =5 GeV or > 3GeV —

pr(eyy) > 30GeV —

inclusive: Nje¢ > 0; exclusive: Njoy = 0

Jet

anti-k; with R=0.4
priet > 30GeV | || < 4.4
A R(lepton/~, jet) > 0.3
jet vertex fraction > 0.5 for jets with pt < 50GeV and |n| < 2.4




ZZ"'*"P" at 8 TeV CMS-PAS-SMP-13-005

Phys. Lett. B 740 (2015) 250

Signature 0=7.7+0.5(stat )" (syst) 0.4 (theo ) =0.2 (lumi) pb
 Two lepton pairs peaking at |
M. P e ¥ 5 _L—% Cross section in agreement with
1_2 . MCFM NLO expectation.
e l=e,pnl'=e,pu,t
L / cMS s =8TeV,L=19.6fb’
e - ~ : = =A== L2
Selections é g;t& )
. i[‘wn same-flavor and opposite-sign B WZ/Z + jets
isolated leptons from each Z. e £ 20,015
« Lepton pair retained if 60<M, <120 ol e
GeV. - -
« At least one lepton with p,>20 GeV f
| and one with p,>10 GeV. JEE T /
p Backgrounds i A
» Mostly rejected by isolation and 800 1000 1200
identification criteria. m,,. (GeV)
>_The remnants are Z/WZ+jets. J Anomalous couplings effects

ZZ-212v: li i simulated with SHERPA and used to
" iii?}geﬁ EEEESI? Mblisaes withm set limits on ZZZ and ZZy couplings.

16/02/2015 L Viliani - LLWI 2015 | 4
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VBS : W*W= production

Golden channel to probe the nature of the EWK symmetry breaking

Without SM Higgs, longitudinally polarized VBS amplitude violates
unitarity at energies around 1 TeV

Higgs discovery suggests which mechanism should unitarize the VBS
Many BSM scenarios predict enhancements in VBS production
Sjenal receives contributions from EW, QCD and interference

Final state Process| VVijj-EW VVjj-QCD | Ratio
(Evl’*y' jj (same sien, arbitrary flavor) |WEW=* 19.5 fb 18.8 fb | | 1.04
(£v'FV j j (opposite sign) WiWw* 91.3 fb 3030 fb | 0.03
o evy 7Z 2.4 b 162 fb |0.015
(0 Wtz 30.2 fb 687 fb | 0.04
ELTr=Ejj Z2Z 1.5 fb 106th |0.014

Sherpa inclusive predictions at 8 TeV



EWK

VBS : W*W?* production and aQGC

Various extensions of the SM that can alter the
WWVV couplings — aQGC

ATLAS - PRL 113 (2014) 141803

Deviations from SM parametrized in terms of
parameters a4 and a5

Limits extracted in VBS region
CMS - PRL 114 (2015) 051801 L7

Nine independent C and P conserving EFT dim 8
operators to model

Operator coefficient  Exp. lower  Exp. upper Obs. lower Obs. upper  Unitarity limit
Fop/ A —42 43 —38 40 0.016
Fgp/ad —124 131 —118 120 0.050
Fugo/ A -35 35 —33 32 80
Fpga/ At —49 51 —44 47 205
Fage/ A -70 69 —65 63 160
Fpgz/ A2 -76 73 —70 b 105
Fro/ A8 —46 4.9 —42 4.6 0.027
Fri/A -21 24 -19 2.2 0.022
Fra/AS —59 7.0 52 6.4 0.08

5‘0

Events [ bin

T T T T
C ATLAS ]
0'5:_ 203 M Vs=8Tev
- pp — W' W j :
0-45' K-matrix unitarization -
0.2 -
of
'0'2:_ confidence intervals =
- [68%CL
-0.4F =
- [95% CL
0.6 —expected 95% CL = Bie
- x Standard Model 3
I I WA RIS A I ) | N T Eww
-04 -03 -02 -01 0 01 02 03
Oy
CMS 19.4 fb™ (8 TeV)
10 F
@ Data
" m— SMFy, ) A= 0.0 Tev™
| e AQGCF_ | A" =-5.0 Tev™*
== aQGCF_ | A"=+5.0Tev*
- @
5 r_______'

100 200 300 400 500

m, (GeV)
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WW/WZ — |vjj cross section in ATLAS

e Measurement of combined WW/WZ cross-section in semi-
leptonic final state

e Large background from W+jets (89%)

* Signal yield extracted from a fit to m; distribution

* Large m; range allows to constraint the W+jets rate in signal
free regions

 The observed significance is 3.4c

* G, = 68 t7(stat) + 19(syst) pb, compared to
Gy, =61.1+2.2pb

e Large uncertainties from W+jets modeling and jet
uncertainties

 aTGC coupling have been extracted

Parameter

Observed Limit

Expected Limit

cwww /A2

CB/AQ
cw /A

[—9.5, 9.6] TeV—2
|—64, 69] TeV—2
[—13, 18] TeV 2

|-11.6, 11.5] TeV—2
[—73, 79] TeV—2
[—17, 21] TeV—2

Corresponding CMS analysis in arXiv:1210.7544
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Zy production and aTGC in CMS

/.-fdpm';s arxiv:1502.05664
——

 Measurement of the Zy production cross . . ,
section in electron and muon channels, .
with 19.5 fb'l at 8 TeV " *’ ;
* Kinematic range p;>20 GeV, m>50 GeV, "~ |sg " g (forbﬁdTifn - ’
ET,V>15 GeV, ARl,y>0‘7 : eey channel, 19.4 fb™ (8 TeV)
§ 5 f oM - -
2105 =WZ -z.z
* The dominant background is DY+Jets g

— non-prompt photons from 7° or 1 decays or
misidentified hadrons

 Two template observables used to

measure the yield independently, then S f et
. 8 4L S tortyepatirty dleat byt ety E St
combined g o )
60 80 100 120 140 160 180 200 220 240
— O, (shower shape spread along n): | M)
Iarger for background phOtOnS, ngOSMS ; upychanl?et19.5ﬂ) (8 TeV) % 80G‘ZCMS ppychanl?el,19.5fh (8 TeV)
. . 8 -:_ Bin: EB, 20 < P 25 GeV 0] Bin: EB, 20 < p < 25 GeV
included in EM showers S I 5 70 R s
. . ‘qc'; 1000;_ FRp B:Q(ag.round ‘943439 % 3 s ngljg;uund: 1485+ 75
— Iy nfp Py SUM of all photon-like PF 3 5 %
candidates in AR<0.4 around photon, w0f ||
. . 400 i 200F -
i.e. no “footprint” of the photon aof fo e T Y
Y T R Tt Y. T Yo o~ e 5 30 25

Corresponding ATLAS analysis at 7 TeV in PRD 87, 112003 (2013)
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Zy production and aTGC in CMS

/apda:f‘—é arxiv:1502.05664
—

 Total inclusive cross section

ofincl) = 2063 + 19 (stat.) £ 98 (syst.) £ 54 (lumi.) fb ,CMs 19.5 fb' (8 TeV)
* Uncertainties dominated by template statistics and FSR 18- éi::owmbmed: e

contamination .61~ [l McFMm (NLO)

- SHERPA (LO) up to 2 partons, stat. unc. only

) / (dohN-O/dp
B

. . 14
* At high pT, best a greement with NNLO and SHERPA, ~
. o 12f +
worse with MCFM e + |
I - T
©
* aTGC would enhance the high E;, spectrum = osf
e The data are in good agreement with the SM expectations o6 S
. . 2
* Limits on the strenght of ZZy and Zyy aTGC are extracted A 2 2 19 2"“02;,*; (GeV)
* Improvement up to factor 3 wrt previous 7 TeV results
-1
- cMS upy channel, 19.5 b (8 TeV) g B 1x1022'3 BT ehannas i A Tev)1 =
T =t Ve 2y ur
o) 107 INSM p-value: 0.37 g gfat:dard Model GOoBE. B M2 o_9§
2 F hZ =0, K = 0.001 3 Z 3 0B -~ Seveaicy o e 089
s | = Lo ~38x 1077 < hy < 3.7 %10 0.04f —- Erpeansct oo )i 075
B mE 1 = 0,06, = 0,001 ~31x107° < hf <30x10°5 0.02- - Jos s
] : B B oF 053
i ‘- ""“"'|||| ~46x107° < h] <46 x 1077 .02 042
3 s 1111 I||i|| -5 ¥ -5 -0.04F E 0.3
I |||||||||||“||||||| m“ ”w ~36x107° < i} <35x 1075, by R 8
L Mo ., A
100 150 200 250 300 350 400 450 500 *-0.01 ~0.005 0 0.005 0.01

p! (GeV)



Long term projections for ATLAS

ATL-PHYS-PUB-2013-006: aQCG projections quoting 5s discovery for

dim-6 cw/a> and dim-8 fso/A® fri/ad, frs/A* and fro/A* parameters in EFT context

+\ A/
VBS 7Z —4l VBS W*W*—-212v
= 10 T T T ) T
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@ T 3 8 9 simulation 2 . - - 3 % 9FSimulation
."E ATLAS Simulation Praliminary .\.'BSZZ{SMl E § g Preliminary ‘2 3500 ATLAS Simudation Praliminary .VBSSSWWISM] E E S_Pre}iminary E
u L - 3000 ' . SMVBS 77+ 3 £ - — 3000 fo! E w L= 3000 5" 2z SMVBS ssWW + 3 £ - — 3000 1"
T Cum 8TV 2 ol 3000 7 lg=10TeV! 4 5 7 1
SM7ZQCOD _; :; o ] 2500 I smssww aco _: 9 g =faoly E
3 3 | 5E- £
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2f 1000 : of E
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2 arLas smuaion preminary [ vBS Wz (5M) 3 £ ok Preliminary E 2 T Kramy e 3 F?f'g#?;ﬁr';, E
S L= 3000 f5" ., SMVBSWZ+3 £ _F —30000" il -2 g & )
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E| D gk =300 E (2 — i
|- — _[Lm:aooo b’ sh i E
4 | (5= 14 TeV 4 E
3k 3k E
2t 2F g
1E 43 E
02040608 1 12141 8472526 27 28 29 3 ai 32 33 3.4 4 05 40 BE T
fr/A% (VBS W'ZIVIT) [TeV] log10 M(I'Tyy) [GeV] L/ A* (Zyy—ITyy) [TeV)
300 fb~' 3000 fb~!
Parameter | dimension | channel | Agy [TeV - =
i Hev] S50 95% CL 5o 095% CL
] s = P — p— —7F o —7y mp— 5
(',:.}I,J,-‘;"I'x_ §] 22 1.9 34 TeV™- 20 TeV—- 16 TeV—- 93 TeV—
feol A? 8 WEW* 2.0 10TeV— | 6.8 eV | 45TeV* | 0.8 Tev—
; ; 2 PR ; 2 oY . vr—d
fri/A? 8 wz 3.7 1.3TeV™* | 0.7TeV™ | 0.6 TeV™* | 0.3 TeV
; : i s 2% —4
frs/ A 8 Zyy 12 09TeV* | 0.5TeV* | 04 TeV* | 0.2 TeV
: Yo 3 = = |
fro/ A* 8 Zyy 13 20TeV4 | 09 TeV™ | 0.7 TeV™* | 0.3 TeV

50


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-006/

51

Long term projections for CMS

FTR-13-006: projections for aQGC parameter Ly = (fri/A*)Tr[We, WHE| Tr[W,,s W]

using VBS WZ— 3|

CMS Projection: Vs = 14 TeV, L = 300 fb' CMS Projection: Vs = 14 TeV, L = 300 fb'
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Comparison with ATLAS shows slightly better projection by CMS

ATLAS

Significance T 50
SM EWK scattering discovery | 75 fb~! 185 fb~1
CMS Fr1/A%at300 fbo ! 08TeV 2 | 1.0 TeV ?
fr1/A* at 3000 fb~! 0.45 TeV~* | 0.55 TeV—*
| F 300 b~ 3000 b~
Parameter | dimension | channel | Ay [TeV] T ‘ 95% CL. 5 ’ 95% CL.
Fr1 /A 8 Wz 3.7 1.3 Tev ‘ 0.7 TeV™* | 0.6 Tev—* | 0.3 TeVH
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