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Overview

o Current status at LHC
* Focus on most recent results

o What can we do with Run 2 data

o Electroweak physicsin Run 2
» Single boson physics: W, Z
* Precision measurements
* Multi-bosons physics

For any missing reference, public results can be found here:
ATLAS: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults
CMS: http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP/index.html
LHCDb: http://Ihcbproject.web.cern.ch/lhcbproject/CDS/cgi-bin/index.php
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Standard Model electroweak results

o A wide range of measurements.

Production Cross Section
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- leoson,

i 7 TeV CMS measurement (L < 5.0 fb')
i 8 TeV CMS measurement (L < 19.6 fo'™)
i 13 TeV CMS measurement (L < 1.3 fb™)

Theory prediction
4 CMS 95%CL limit
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All results at: http://cern.ch/go/pNj7
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Standard Model electroweak results:
data/predictions agreement

Standard Model Productlon Cross Sectlon Measurements Status: March 2016 de
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What changes with Run 2

proton - (anti)proton cross sections
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o Most electroweak cross
sections increase by
roughly a factor 2.

o Expected luminosity at
the end of 2016: roughly
30 fo!

o To effectively increase
sensitivity in SM
processes, we need af
least 2016 data
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What changes with Run 2

o Phase space and parton

luminosity ratio

luminosities

* Larger conftributions from
quark-gluon and gluon-
gluon

* Low x region particularly
interesting for PDF.
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W and Z at 13 TeV

o First 13 TeV results recently published:

« W and Z cross section from CMS (SMP-15-004, SMP-15-011)
and ATLAS (arXiv:1603.09222)

e /—u i from LHCb (LHCb-CONF-2016-002)
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W and Z at 13 TeV: results

o Measured cross sections provides a test of different PDF

sets in orthogonal phase spaces.

LHCb preliminary, Vs = 13 TeV

LHCb-CONF-2016-002
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W and Z at 13 TeV: results (2)
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o Expected PDF improvements - " oy
« W charge asymmetry

« Studied as a function of n in Run 1 (ATLAS: CERN-PH-EP-2011-143;
CMS: CERN-EP/2016-043; LHCb: CERN-PH-EP-2015-301)

« Forward-backward asymmetry in Drell-Yan

e ° VHetfs:morein QCD session 17/05/16 9



Differential cross sections

o Channel: Z/y* — I*I

« CMS and LHCb provided first 13 TeV results (CMS-PAS-
SMP-15-011, LHCb-CONF-2016-002)

« ATLAS: detailed study on 8 TeV data (arXiv:1512.02192)
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Differential cross sections
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Single boson in Run 2

o Replicate a full study at 13 TeV

o Will provide higher statistics in high pt tails
« Sensitive to EWK corrections
» Useful for searches

o Differential cross sections are fundamental inputs to
precision measurements (next slides)

« 13 TeV statistics will allow finer binning in soff region:
systematic constraints for W mass measurement.

o 17/05/16 ®12



Precision measurements

o Test of the Standard Model (SM) through precision
measurements of fundamental parameters.

o Of particular interest for electroweak physics at
LHC:

« W mass, My,

« SM consistency check: simultaneous indirect
determination of top quark, Higgs boson and W mass.

« Sin?(Yy)

« LEP/SLD precision measurement legacy: inconsistent
results, discriminate between them.

17/05/16 ® 13



W mass

o High precision needed
MW (global EW ﬁt) = 80.358 + 0.008 GeV [arxiv:1407.3792]
My (exp.) = 80.385 + 0.015 GeV [pdg.Ibl.gov]

o M\, extracted fitting the Jacobian peak of W—lv
spectrum

« Used variables: m(lv ), p(l), E;Ms*

» To achieve ~10 MeV precision on M, we need permille
precision on py(l) spectrum [arXiv:1501.05587v2]

o Sensitive to PDF and higher orders corrections

L 17/05/16 ® 14



W mass at LHC

o Analysis in progress in ATLAS/CMS (no public result)

o Proof of principle from CMS: Z— ¢ 4 mass removing one
muon (CMS PAS SMP-14-007).

« 20 MeV precision on

calibrations is at
hand

e Concentrate on
theoretical
systemartics

Wiike +
MZ

Mwlike —

Sources of uncertainty

[MeV]

Z
Lpr | mr | Br |l pr|mr| B

Lepton efficiencies 1 11 1 1 11 1
Lepton calibration 141 13| 14| 12| 15| 14
Recoil calibration O 9(13) 0| 9] 14
Total experimental syst. uncertainties || 14 | 17 | 19 || 12 | 18 | 19
Alternative data reweightings 5| 4| 5| 14| 11 | 11
DF uncertainties T 6 B 6 5
QED radiation 22 | 23| 24 || 23 | 23 Q
Simulated sample size 71 6| 8| 7| 6| 8
Total other syst. uncertainties 24 | 25| 27 || 28 | 27 | 28
Total systematic uncertainties 28| 30| 32 30| 32| 34
Statistics of the data sample 40 | 36 | 46 || 39 | 35 | 45
Total stat.+syst. 49 | 47 | 56 || 50 | 48 | 57

o Improvement expected from LHCb

* adding information from forward region could increase
the precision of roughly 30% [arXiv:1508.06954v2]

17/05/16 @15



sin?(Qyy) in Z/y*—I'l events

o AILAS / LHCb: 7/8 TeV results (arXiv:1503.03709v2/arXiv:
1509.07645v2), older (2011) result from CMS (arXiv:1110.2682v2).

o We measure sin?(9.):
« proportional to sin?(9,), includes radiation corrections.

o Exfracted fitfing A as a function of di-lepton invariant mass.

° QUGrk d]recﬂon ATLAS/CMS and LHCb, AFE Expected AFB as a
assumed to Ny — N function of M,
correspond with that g = F B 1 tHeo o
ofthe Z Nr + Np -

s uu,dd — 4 UZT
 Valence quark: o 01}
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the largest 01 |
momentum. 0‘2 ATLAS / CMS
 Better SenSiﬂViTy.in e Err::\lj;git;/igifnl\inilano,INFNMiIano
the forward region 03 1N ey ot the LHC e,
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sin?(9,y) latest results

m 0.6
o LHCb has the highest sensitivity.™ >5F LHee
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Future prospects for precision

« Larger PileUp to handle 80.32

measurements
O Improving precision IN next o Expected ]mprgvemenfg
year(s) results rely on from future colliders.
* Theorefical calculation (g e g
° PDF con S'I'rc:“n'l' (.2,; 80.44 ;— w‘o l:w andtsg:;(f-:;ﬁ) measurements ) —;
» New data available = w042 B rrospectstorirc :
+ Larger contribution from | sa o ores ot osies E
sed quarks: consfrainfs 20,3 | 1€ precison =
af low x needed "~ Emtoprecion g
80.36 [ Mw =10 —
« Detector calibration 8034 E

(especially ATLAS/CMS) b R | T
. 1_ ‘I‘iS'I'iCS 0.231 0.2311 0.2312 0.2313 0.2314 0.2315 0.2316 0.2317 0.23.'12 0I.2319
Sue N Global SM fit sir(i,)
: é\g%ﬁvorgggeessggs}i'v?n From ‘Snowmass’ (arXiv:1310.6708v1)
FB
bins of 7,

* Energy region of interest quite low for ATLAS/CMS trigger
thresholds: trigger optimization could be needed.
® 17/05/16 ® 18



Multibosons

q w
o Associated production of two (diboson) Tac
or more gauge bosons.
« In this talk: o
« Diboson
q w

« Vector Boson Fusion (VBF)
« Vector Boson Scattering (VBS)

e Tri-bosons

o Fundamental test of gauge bosons self
interactions

« Eventual deviations from expected
couplings may be induced by new

physics.
« Anomalous Triple (Quartic) Gauge
Coupling or aTGC (aQGC) W 4

o Major backgrounds to Higgs physics
and exotic searches. . 4
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o Multiple studies by ATLAS and CMS

17— 4]

Diboson: Z.Z.

« Also studies of inclusive 4-lepton cross section (ATLAS, CERN-PH-EP-2015-220).

[[—212v

o Still statistic dominated at 8 TeV
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Diboson: WW / WZ

LGERN-EP-2016-017

o Analysis from ATLAS and CMS | 17201 et ATLAS
* Fully leptonic at 7 and 8 TeV, 13 TeV (only [5=8Tev, 203 10"
C MS ) uee 1.21 + 0.08 Wz
o WIZ data exceed MC of roughly 2 o at 8 o = Ponhes
Tev. uuu 1.11 = 0.06 +o—+
« Not confirmed by first result at 13 TeV. combined | 147+ 005 -
10!41 1 10}61 1 10%81 1 I1I 1 11}21 1 1l4 1 1l6 1 1%‘ 1 12
f|d theor
o Similar effect observed by ATLAS in . owz! Owz”
WW("‘OjeTS) g CMSI | cms 1
. . g N hd Prelimina
- Jet veto enhances contributions beyond £ [ 2 amnas -
fixed-oreder calculafion i F _moemno E
« CMS reweights MC to piresummed © 0 i -
calculafion. 4op- I 7
ATLAS R . : |
(s=8TeV, 203 15" 0| ww — e v | D1Sagreement 30| -
—— Normalzed Data reduces with ] !
statesyet increasing MC of g
approx 4NNL“O:;N]NLL WW—e'vev precision : CMS-PAS-SMP-16-002 ]
approx. NNLO L Lo N
arXiv:1408.5 CERN-PH-EP-2015-323 6 8 10 12 14
wiop-rosm I W vy CMS-SMP-14-016 s (TeV)
- u*
[ar?("’14°7448|”| n - N ’et (GeV) Ozero-jet measured (pb) Tgerojet Predicted (pb)
04 1 1.2 >zo 36.2 + 0.6 (stat) + 2.1 (exp) + 1.1 (theo) & 0.9 (lumi) 36.7 & 0.1 (stat)
Ratio of predictions to meas >25 40.8 £ 0.7 (stat) = 2.3 (exp) £ 1.3 (theo) = 1.1 (lumi) 40.9 £ 0.1 (stat) 3
N >30 44.0 £ 0.7 (stat) = 2.5 (exp) = 1.4 (theo) = 1.1 (lumi) 43.9 4+ 0.1 (stat)




Semi-leptonic WW/WZ

O W —| vV, W / / —>JJ g 20000? ?Zﬁ?jAG o %
* Run 1results: ATLAS (CERN-PH-EP-2014-244), £ ook " ~ Hwne 3
CMS (CERN-PH-EP-2012-311) B 140000 -

* Larger background and systematics than . Wots 2o ]
fully leptonic st
« No 8 TeV results: stay tuned for more! 000,
4000

o Many developing ‘W-taggers' for Run 2

« Hadronically decaying W/Z in boosted
regime

« the quarks from W/Z decay colimated due ~ O
to W/Z boost °

» detected assingle large jet
« Used for exotic searches (more in

Data - Fitted Bkg) / 5 GeV
B (2] o] 3

19 150 200 250

Dijet Mass [GeV]

dedicated talk) BN
» Forreference: CERN-PH-EP-2015-204, CMS-  boosted W __= | single
JME-13-006. < ! Jet
—_— q- \\\\ //

o Standard model WW/WZ: important to test
these methods on real known resonances.
o 17/05/16 @22



Diboson: W/Z and photons

o Wy and Zy measured at 7 TeV by ATLAS and CMS
o New studies on Z ¥ with 8 TeV statistics

« CMS (SMP-14-019): Z~v — vvyy

« ATLAS (CERN-EP-2016-049): Zry — 111~y Z~v — VDY

o ATLAS: differential cross section in observables sensitive
to higher-order QCD corrections

< 10 E T T T = T
8 = e Data 3 - e Data j
IS ] u $ &< Sherpa (CT10) ) 102_5 KX Sherpa (CT10) E
= E ———— ZZ MCEM(CT10) 3 o - Y4 MCFM (CT10) 7
E s 3 — —=— 8
2 - S NNLO (MMHT2014) 3 5 o 10E —e— N\ NNLO (MMHT2014/5
N — gl° L == ]
% = 3 e —— =
© - ATLAS = == .
102 _ i[ ATLAS ——
E Vs=8TeV,203fb" 3 107 S8 TeV 203 1" == 3
C = i 3
10° = =
E Ngs >0 | vvy channel E = N0 [Frvoranmel NLO,
= ] oF Nets® Y arton
- i 10 no parto
10-4 | | | E
3 . . . y - shower
> © 1.52_ = 1.4E ]
e I >l g 2E . F
<la _F I Sz ; L S
= 0-5¢ , , , E =|20s8 e 2.
130 150 200 350 1000 0.6
° v 15 20 30 40 50 60 80 100 150 200 1000 17/05/16 ®23
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Anomalous Triple Gauge coupling (aTGC)

o Deviations from SM expectations due to hew physics.

o Model-independent description of ' Example: dimension 6 operators

new physics Owww = W Te[W,, WP WA,
« Effective Field Theory (EFT) | Oy = ¥ (b, (D) i
« Operators of mass dimension >4 /C\;
added to the SM Lagrangian. Op = 2 (D,®@) B (D,®)
« Anomalous couplings: equivalent
(older) scenario e 194107 (8 Tev
» Linearrelation between the two: ® " -quuark E

10°
o New physics parameters estimated
fitting data

Events / (75 GeV)

Jie

10?

BWZ/ZZNVVWV  Wiets
—c,/A*=20TeVv?
— = Cp/A? =20 TeVH

ad

=

— — - —-Cg/A*=55TeV?

>

- Expected larger effect at larger mass [ — LS
 The invariant mass is used ; —_—

- or related quantities as boson p; "“Yoo 200 300 400 500 600
Example from WW  my, (GeV)

o (CMS-SMP-14-016) 17/05/16 @24



alGC summary

Mar 2016 oal ggﬁs %
TURle LEP Channel
—

Q Limits JLdt s
O O eviagence oO , WW [436-02,43602] 46fo’ 7TeV
— WW [-2.5e-02,2.0e-02] 20.3fb" 8TeV
. ——i ww [-6.0e-02, 4.6e-02] 19.4fo' 8TeV
anomalous couplin AN
—— WV [-9.0e-02, 1.0e-01] 46" 7TeV
. . — WV [-4.3e-02,3.3e-02] 50fp' 7TeV
—e— LEP Comb. [-7.4e-02,5.1e-02] 0.7fb"' 0.20 TeV
rom available analysis | : — o ™ {53005 5008 Sem TToV
z — WW [-1.9e-02,1.9e-02] 20.3fb" 8TeV
— WW [4.8¢-02,4.8¢-02] 49fb' 7TeV
e ww [-2.4e-02,2.4e-02] 19.4fb"' 8TeV
— wz [-4.6e-02,4.7¢-02] 46fb' 7TeV
H wz [-1.6e-02,1.6e-02] 20.3fb" 8TeV
— WV [-3.9e-02, 4.0e-02] 46f" 7TeV
. — wv [-3.8e-02,3.0e-02] 50fb' 7TeV
o ATLAS/CMS provide ~ 00one, [36e0z 44008 som) 1a8Toy
—— LEP Comb. [-5.9e-02, 1.7e-02] 0.7fb' 0.20 TeV
. R R Al — wWw [-3.9e-02,5.2e-02] 46fp' 7TeV
competitive limits | - o GREE S e
. — wWw -9.5e-02, 9.5e- 4.9 o e
WWZ e ww [4.7€-02,2.2e-02] 19.4fb" 8TeV
[ Wz [-5.7e-02,9.3e-02] 46fy" 7TeV
aTGC S — Wz [[1.9e-02,2.9e-02] 20.3fb"' 8TeV
wv [5.5-02,7.1e-02] 46" 7TeV
—— DO Comb. [-3.4e-02,8.4e-02] 86fb' 1.96TeV
| L L 1 L Hl_‘ L L L LJEP Colmb' [-?.46-0?, 2.1?_02] L 0.7 qu |0'20 TIeV

o Larger statistics at high | s 0 05
mass needed

1
aTGC Limits @95% C.L.

Anomalous couplings

« precision will improve
with Run 2 * WWZ WWy

 Charged couplings:

« Neutral couplings:
e Ly v/Ily, Ily /IIL

aTGC results reference:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC
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Diboson prospects for run 2 (and beyond)

o AILAS/CMS: precision diboson measurements
* Improve cross sections using full 13 TeV stafistics.
« Understand differential cross sections and kinematic spectra.

o LHCb: up to now, statistics not sufficient

* Inrun 2, diboson measurements in forward region will be
possible.

« Key cross-check of ATLAS/CMS results in complementary
phase space region.

o aATGCs, possible sensitivity improvements:
« Larger statistics on high-mass tails in Run 2

« Combination between aTGC and Higgs measurements
(arXiv:1604.03105)

« Larger precision with future e*e- colliders.
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Vector bosons + forward-backward jets

o Vector Boson Fusion (VBF) and . v
Vector Boson Scattering (VBS) !

tagging jet (4)

tagging jet (3)

o Common signature

« One/two vector bosons (VBF/VBS) re Y
« Twojetsoflarge | Ay| . ¢
« Low activity in Ay gap
VBE w2 "
o Common issue W -
» Interference with QCD diagrams
« Electroweak contribution is extracted ‘ d
treating the QCD component as
background

« Systematic associated to interference term
« Methods

* Fit of m;

« Multivariate analysis

« Cut&count for very rare processes

L 17/05/16 27



Vector Boson Scattering (WW—WW)

o Without a Higgs boson, VBS amplitude increase with s
and ultimately violate unitarity

« fo be proved that unitarization is due to Higgs boson
« possible VBS enhancements due to additional resonances

o Key search strategy: same sign W=W4jj

« Electroweak W*WHjj observed by ATLAS and CMS
(SMP-13-015, CERN-PH-EP-2014-079)

« Consistent results between the two €

30:"'A'.’_'L'Aig"'|'"'|""|""|""|""|""|':
: . e * Data2012 ]
o No evidence of physics beyond o 203115 =8TeV B Syst. Uncertainty 3
the Standard Model © 00V wwysiong
CMS 1941078 T 5o ; B Prompt =
= N C I Conversions ’
= - Data C : B Other non-prompt
2 CMS-SMP-13-015 & Wwii ~ 15¢ :
S i Il OtherBkgs
Lﬁ 10 [ Nonprompt 10
i | wz :
i B ' ]
§ . ]
N\ :
5 Q\\\ \ o 1 2 3 4 5 6 7 8 9
- CERN-PH-EP-2014-079 1y,
) AR
0
o 500 1000 1500 2000 17/05/16 ®28
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Other VBS channels

o Electroweak component of opposite-
sign WWijj: vy vy > WW-—ev n v

(CMS: CMS-FSQ-13-008) p e
« e u final state chosen to reduce Drel-

Yan background M
« 3.40 observed significance TN -

« stringent limits on aQGC

CMS 19.7 b (8 TeV)

. Data
SM yy - WW
B Diffractive WW
I Elastic yy — Tt
[ Inelastic yy — Tt

o WZjj (CMS: CMS-SMP-13-015. ATLAS:
CERN-EP-2016-017)

N EWK WWaqq

Events / 50 GeV

- CMS: require one additional lepton in — i
same-sign WWjj
« ATLAS: require two jets in WZ analysis
o Wrji/Zyj (CMS: SMP-14-011, . MRIRN|
SMP-14-018) M(ue) [GeV]

« Cut and count approach.
 Evidence of electroweak contribution.
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O

O

Tri-bosons

Probe of QGC complementary to VBS

Three out of four bosons are identified

« Precise knowledge of the involved g
vertex @
First measurements of three gauge
bosons production are now available.
Vryr 3
c Wrr
e CMS: W— 1 v (SMP-15-008).
o ATLAS: W— 1 v /e v (CERN-PH-EP-2015-009)
LY Y
« CMS: Z—I*IF (SMP-15-008).

o ATLAS: I—l*I'/v v, (CERN-EP-2016-049)

W g
QGC
Y
q Y
--------------------
181 .
o ATLAS Data -
I 5=8Tev,203f" L Ztwmr ]
141 Czevigvii
12 [l other BKG |
10 = Stat. @ syst. _|
8 — —
6 Mppyy -
Ar spectrum
2 — —
0~ ]
0 800 1000 120¢C
Myyy [GEV]
19.4 b (8 TeV)
- CMS ¢ Data
8 = Preliminary I Wyy Signal
S CZyy
E N 1 Other Multiboson
6 - - I jet—y fakes
o 3 Total uncertainty
5F Muon Channel
K N LYY
4 s D7
3 spectrum
2 L
1
0
0 80 100 120 140

ol [GeV]
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Summary and future prospects

\éB?/Tri—boson physics starts being exploited with full 8 TeV
ata

All aQGC limits are consistent with zero.

More complete measurements will be possible with next
years statistics

To get Precision measurements, we will have to wait for
300 fb' or even HL-LHC.

« High precision to detect small effects in high mass tails.
« Full hardware upgrade necessary
« See forinstance

e ‘Snowmass’ report arXiv:1310.6708v1

o ATL-PHYS-PUB-2013-006

« CMS-TDR-15-02
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Conclusions

o We can now fest full consistency of Standard Model
parameters as experimentally determined.

 From LHC:
* My, not yet measured
« sen(%,) to be improved

o Precision studies on electroweak processes with large
Cross secfion

» Single bosons and (starting) dibosons

* Hints on how well we understand and model Standard
Model processes

« Our description still has to be improved
« Dibosons: detailed test of emerging frontier calculations.

o Rare electroweak processes
« VBS and tri-bosons
« Expect full exploiting with L = 30 flb!
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o Drell-Yan ¢* : quanto e interessante/usabile dal punto di vista teorico?

o La prossima frontiera del confronto: NNLO+PS, NNLO+risommazione,
entrambi... quanto agevolmente possiamo usarle dal punto di vista
sperimentale?

o Stiamo andando sempre a ordine successivo, ma qual'e il benchmark in
precisione che ci serve? La misura dei parametri fondamentali? Altri?

o Quanto possiamo imparare dai o sin?(Yyy) possiamo imparare dagli
rapporti tra diverse energie? ultimi risultati del Tevatron?
* Riduzione della dipendenza dalle
PDE...

o aTGC: come possiamo andare

oltre il Run1? o M,: a che punto siamo con le

sistematiche teoriche? Come

* combinazione dei risul’Fati a7z estrapoliamo le misure dalla Z al W?
TeV ATLAS/CMS, possiamo * A 13 TeV avremo piu pileup, ci
evolverla? aiuta il run 2?

 proposte di analisi combinate

di accoppiamenti VV/Higgs o Combinazione della frontiera delle
correzioni QCD e EWK?

o VBF/VBS

* Interferenze EW/QCD: esiste un approccio migliore
che separare i contributi dei vari diagrammi? 17/05/16 ©33
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0.5

ApriI12016 | | | | | | ICMS IPrelirpinary
CMS measurements 7 TeV CMS measuremen|t (stat,stat+sys)
vs. NLO (NNLO) theory 8 TeV CMS measurement (stat,stat+sys) .
13 TeV CMS measurement (stat,stat+sys) o —
YY, (NNLO th.) 1.06 £ 0.01£0.12 5.0 fb"
Wy | 1.16 £0.03+0.13 5.0 fb"
Zy e 0.98+0.01+£0.05 5.0fb
Zy —e— 0.98 +0.01+£0.05 19.5fb"
WW+WZ ' 1.05+0.13+0.15 4.9fb"
WW - 1.11£0.04 +0.10 4.9fb"
WW, (NNLO th.) o4 1.01£0.02+0.08 19.4 b
WZ = 1.17 £0.07 £ 0.07 4.9fb"
WZ 1.12+0.03£0.07 19.6 b
WZ — e 0.96 +0.08 £+ 0.08 2.3fb"
WZ — e 0.97 +0.08 +0.08 2.3fb
77 - 0.99+0.14+0.07 4.9fb"
77 - 1.00 +0.06 +0.08 19.6fb™
Z7 - . 1.00+£0.16 £0.06 1.34 fb"
| | ] | ] ] | | | ] | |
All results at: 1 P . 15 . s . 2
httpy/icern.ch/go/pNi7 roduction Cross Section Ratio: o,/ 6y,
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From run 1 to run 2
o Runl:Vs=7TeV /8TeV. ATLAS/CMS: ~25 fb-!, LHCb: ~3 fb-!

FIM|AIM|J|J|A[S[O[N[D]J[F[M]AIM]]|]|A|S[O[N[D]][F[M]A|M|]|]|A|S|O[N[D]][F[M]A|M|]|]]A|S|C l lp to

C == 300 fb-!

Shutdown/Technical stop

Protons physics
15-11-03 06:25 UTC Commissioning

4.5 Ions

Data included from

4.5

= LHC Delivered: 4.22 fb!

€40 1 CMS Recorded: 3.81 fb ! 4.0

E 3.5 B=3.8T, recorded for physics: 3.00 fb 13.5

g B=3.8T, validated: 2.39 !

£ 3.0

1] Preliminary Offline Luminosity

= 2.5 .

- ty at p-p in 2015
Ton _

[} 5r T T T T ¢ § Delivered Lumi: 366.25 /pb
L2 | ATLASPreliminary  ys=13Tev «\, Recorded Lumi: 323.52 /pb
—. [ [ LHC Delivered N
S 4F [ ] ATLAS Recorded
e t [ All Good for Physics -
= E : e »
% otal Delivered: 4.2 fb™ ) -0
a3 4 » s
L Total Recorded: 3.9 fb .
D 2 All Good for Physics: 3.2 b, L r
= L 200
5 F C
R 2 u
= - 100
§ o L
IS 1= C i
E * 3500 000 4100 4200 4300 4400 4500 4600
r LHC Fill Number
0
= 1/6 117 1/8 179 110  1/11 17/05/16 36

Day in 2015



What changes with Run 2

o To effectively increase sensitivity in SM processes, we
need at least 2016 data

Min. bias

Predicted cross-section ratios

Single t (s-ci
Single t (t-ch )

(o L)n'r v (G'L)e TeV

.:' Ve 4
VBF |

2.0 _' 13 TeV with 2.2 fb*!
n.(071’r\'l1) — ‘ potentially more sensitive

1t (0.9 TeV) than 8 TeV (19.8 fbY)

aq (1.0 TeV)

’ (15TeV)

(25 TeV)

Z' o4 (20 TeV)
G* (3.0TeV)
HSCP g (2.0 TeV)
W—tb (20 TeV)
XgXen (1.0 TeV)
XenXen (1.5 TeV)

ﬁ?ﬁz. 2

lll ' lllllll A llllllll L llllllll L LAl L i 111

1 10 10° 10° 10*

o O
https://indico.cern.ch/event/442432/contribution/0/attachments/ L. Tovj . Ty
i 1205563/1756687/CMS 13 TeV results public.pdf 17/05/16 @37




o First 13 TeV results recently published:

W and Z at 13 TeV

* W and 7 cross section from CMS (SMP-15-004,z .

SMP-15-011) and ATLAS (arXiv:1603.09222)

o /—u u from LHCb (LHCb-CONF-2016-002)

o Event selection:

Similar cuts in the three analysis.
Single-lepton or di-lepton trigger
One (two) high p; isolated lepton for W(Z) 3350(,%_

E.mss (for W)

Analysis restricted to mass peak region.

o Main backgrounds:

Top production
Multijet
Electroweak:
« W/Z decayingto t
« diboson production

Data / Pred.

0O =
N OOLLN o
T

o

[¢))
TTTT

» [_] Minor backgrounds
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W at 13 TeV: signal extraction

o CMS extracts both the signal and multijet background
normalisafion from likelyhood fit of missing E;.

o ATLAS cuts on missing E; and evaluate the number of
multijet events from conftrol regions.

3 43pb™ (13 TeV) x10°
> x1 0I I I I I I I I I : p I I I % B T T L LA B B I —
8 i o, CMS rreliminary | g 30— XV.’TI_)%VS —
o 10— \ — N
. —— data -~ r -1
« L s Wooey - 8 o5 13 TeV, 81 pb ]
g 4 mEw = + b 7
Q L i W 201 MC Stat. ® Syst. Unc. —]|
- B i E [ JW—ev E
5 15— Il Multijet -
N - [Jz—e'e .
- . 10— Bl wW—v .
- C [_] Minor backgrounds
4 5( -
07 e |
0 e ; ™
o 0.2 , B 1.2 3 £
o) — 1 1 [ NN
ale 0.1 i L o ]
T 0.0 Pripstynpmenttocn st yst dal 11t P N
ivllall o LN 809 S :
</ 1 # - S 0.8 L
025 50 100 150 40 60 80 100 120 140
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Total 13 TeV W and Z cross

sections

CMS: SMP-15-004, SMP-15-011
ATLAS: arXiv:1603.09222

TOTAL CMS ATLAS
CROSS [value + stat + syst £ lumi ] |[value + stat + syst + lumi ]
SECTIONS
[pb]
- etv 11390 + 90 + 340 + 550 12180 + 30 + 410 + 630
ey, 11350 + 60 + 320 + 550 11700 + 20 + 320 + 630
o eV 8680 + 80 + 250 + 420 8960 + 20 + 380 + 470
v 8510 + 60 +210 + 410 8710 + 20 + 250 + 480
> ete 1920 £ 20 + 60 + 90 1980 + 10 £ 40 + 100
iy 1870 +2 +35 + 51 1970 + 10 +40 + 100
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W charge asymmetry: studies in run 1
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FEWZ/Data POWHEG/Data aMC@NLO/Data

Vector boson transverse momentum

o P,spectrum

o ATLAS: distributions in different

mass bins

o No studied generator
describes data through all the

kinematic range
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Differential cross sections vs ¢*

o Example from ATLAS 8 TeV
paper: normalized spectrum
aflow ¢ *

In different

rapidity regions.
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Ratio of p(l) distributions with varied

arXiv:1501.05587v2
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AMw = 10 MeV
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1.0005 |
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sin?(Qyy) in Z/y*—I'l events

o Extracted fitting A as a function of di-lepton invariant
MAQass.
« Quark direction assumed to correspond with that of the 7
» Valence quark: more likely to have the largest momentum.
« Better sensitivity in the forward reaion

X1I 0|3 T —T T
e S E I LA L N B S LI B B - 108__ | | I ;
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The smaller is the cross
section, the longer is
the foreseen
measurement timescale

Tri-boson

Z

Multibosons measurements

CMS Prellmlnary

i 7 TeV CMS measurement (L < 5.0 fb™)

i 8 TeV CMS measurement (L < 19.6 fb™)
i 13 TeV CMS measurement (L < 1.3 fb™)

— Theory prediction
7,
“ CMS 95%CL limit

AT A

Multiboson Cross Section Measurements

Status: Nov 2015

a(yy)[AR,, > 0.4]
"Wy — tvy)

— [njex = 0]
ofd(Zy - tty)

= [njee = 0]
a"(Wyy = tvyy)

— |“'|et = 0I

ofd(pp—»WV-fvqq)

U.tota (PP—)WW)
- ofid(WW-ee) [nje:=0]
- o I(WW-pp) [nje:=0]
— H(WW—sepr) [niei=0]

" (pp—-WZ)
- ofd(WZ - ¢ever)
oto@(pp—-22)
— o' (ppsZZ—-4¢)
-0f4(Z2Z - 4¢)
-o"(zZ* - 40)

— o (WWosep) [njee=0] |7 0udiiiig =or e
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Twlz Twlz lwwlwzlzz

All results at: http://cern.ch/go/pNj7

gqW qgZ WW WyjjssW
EW: W—hZ=>ll, l=en
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Tri-boson

- ofd(zz* - ttvy)

ATLAS VBF and ZZ at

o ATLAS  Preliminary
“ Run1 +s=7,8TeV
]
e
.
L .
I
Lo |
n
N - = Theery
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Data
_ _ sra§+syst
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; m
IO
_—“
L See backup
'T_ for references
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data/theory
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Multiboson Cross Section Measurements

o"(yy)[AR,, > 0.4]
ofid(Wy — tvy)
— [Njer = 0]
ofid(Zy - tty)
— [njee = 0]
o(Wyy = tvyy)
— [njer = 0]
od(pp—>WV-{vqq)
o (WEWEjj) EWK
ool (pp s WW)
o (WW-ee) [nje:=0]
0" (WW-spp) [nje=0]
o (WW=>ep) [y =0]
o (WW—se) [ 20]
ool (ppW2Z)
afI(WZ - tver)
ool (pp—72)
o (pp—>ZZ-4¢)
o4(Z2Z > 4¢)
of(ZZ* = 4¢)
ofid(ZZ* - tetvy)

Status: Nov 2015

1 ! I ! I ! I
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2yNNLO (tl eo

o =277 +0.03 + 0.36 pb (data)
NNLO (theory)

o =1.76 + 0.03 + 0.22 pb (data)
NNLO (theory)

=131+ O 02 +0.12 pb (data)

O (theory)

Z

o =1.05+0.02+0.11 pb (data)
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oc=61+11-1.0+1.2fb (data)
MCFM NLO (theory)
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o =1.37+0.14 + 0.37 pb (data)
MC@NLO (theory)

o =13x0.4+0.2fb (data)
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All results at: http://cern.ch/go/pNj7
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# 7 TeV CMS measurement (L < 5.0 fb’ )

i 8 TeV CMS measurement (L < 19.6 fb™)

i 13 TeV CMS measurement (L < 1.3 fb)
Theory prediction

Z. CMS 95%CL limit
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Leptonic WW cross section

CMS-SMP-14-016

Fiducial cross sections. Varying minimum p; of veto jets.

ot .
p];: (GeV) Ozero-jet measured (pb) Ozero-jet predicted (pb)

>20 36.2 £ 0.6 (stat) £ 2.1 (exp) = 1.1 (theo) &= 0.9 (lumi) 36.7 £ 0.1 (stat)

>25 40.8 £ 0.7 (stat) == 2.3 (exp) £ 1.3 (theo) = 1.1 (lumi) 40.9 £ 0.1 (stat)

>30 44.0 £ 0.7 (stat) == 2.5 (exp) £ 1.4 (theo) = 1.1 (lumi) 439 £ 0.1 (stat)
Prediction Fiducial cross section

pp — WW — {lvy [fb]
. > . _ ATLAS: CERN-PH-EP-2015-323
Measured o'ﬁ‘é(WW) 374 +7(stat) T33(syst) T5(lumi)
O-(HNLOﬁd,eu) 311 £ 15
. NNLO e 335 + 18 T L T 1 T T T T T ] T T 1 T
e NNL(;i ) PIt\)INLL 358 . 14 ATLAS +
o (approx. ( + Yid,ep) + Is =8 TeV, 20.3 f' ¥ WW — e*v u’v
o (NNLO pr-Resumgq ) 349 + 19 N rod Dat +
ormalize ata

Measured o¢4(WW) 73.4%2(stat) *82(syst) £1.5(lumi) —— stat
o(NNLOfq.ce) 58.5+2.8 stat+syst
o(approx. NNLOgq ce) 63.0 £ 3.4 ] PO NLOMINLL ¥ WW — e*v v
o-(approx. (NNLO + NNLL)gg.,) 69.0 + 2.7 [arXiv:1410.4745] }
o(NNLO pr-Resumgg ¢¢) 65.5+3.6 " Eﬁ%s-ﬁﬂgﬁml +|
Measured o (WW) 80.2733(stat) *3(syst) £1.6(umi) NNLO p_-Resum ¥ WW — whv wy
o(nNLOjq0) 63.7 + 3.1 +| arxivia07.ads1) gy | |
o(approx. NNLOfiq ) 68.6 + 3.7 0.4 0.6 0.8 1 1.2 1.4
o(approx. (NNLO + NNLL)g ,,,) 75.1+3.0 Ratio of predictions to measurement
o (NNLO pr-Resumgq ) 71.2+4.0
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Leptonic WW cross section:
Jet multiplicity mismodelling

I I I I I I I
12000__ ATLAS —é— Data

I |
3000 At as —+— Data

2 ] 2 [ -
[ c - .
(0] ] [0) - ]
> C — -1 [ Top Quark MC 7] > - _ -1 [ Top Quark MC ]
o - (s= 8_TeV, 20.3 b 1 wwvo . m 2500F- (s=8TeV,20.3fb T wwwo E
10000 e*v u’v channel [ Drell-Yan MC —] - e'vev+u'vuvchannels B other diboson MC 7
i e Bl W+jets MC ] - I Drell-Yan MC ]
8000 - B other diboson MC s 2000 :_ - Wijets MC _:
L %44 stat. unc. i C #4454 stat. unc. 7]
6000 ) ] 1500F =
4000[= . 1000 -
2000~ —_— - 5001~ -
E=E==—=—— . | e, ] e e | L — Tl o

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Jet multiplicity Jet multiplicity

CMS reweights MC to p,-resummed calculation.
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Other differential distributions: yy

o Differential cross section studied as @

function of:

*
Moy, PTyys D@y, cOsO

« High sensitivity to prove

perturbative QCD

predictions

o Very similar results

between ATLAS
(CERN-PH-
EP-2012-300) and
CMS (CMS-
SMP-13-001)

data/SHERPA

data/PYTHIA
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6\ \\\\\\\\\ ‘ \\\\\\\\\\\\\\\\
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5 3
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B N ]
< . \‘ T
S ; 1

vvvvvvvv

MC: parton-shower
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- —e—Data2011, [Ldt=4.9 b _;Srf ot L L e L L
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Anomalous Triple Gauge coupling (aTGC)

o Deviations from SM expectations due to hew physics.

o Model-independent description of

new physics Example: dimension 6 operators

« Effective Field Theory (EFT)

» Operators of mass dimension >4
added to the SM Lagrangian.

« Anomalous couplings: equivalent
(older) scenario

e Linear relation between the two:

CW, CB; CWWW & A, Ak, Ag?

o New physics parameters estimated
fitting data
» Expected larger effect at larger mass
* The invariant mass is used
 orrelated quantities as boson p;

CWWW N
Owww = Te[W,, WPW, ],
Ow = = (D cb) W (D, D)
CB ny
Og = — (D, ®)B" (D,D) ,
A2V i
. ICIIVISHHHHHHI194fb(8TeV
> 10*F | l «Data Top quark =
& - ww mDY E
o - ’ BWZIZZNVV - Wejets
% T — Cy/A?=20TeV? _
%) Fr— === — = Cp/A? =20 TeVH
5 T — - —-Ccy/A*=55TeV? ]
> L S _
w 10 E — ] E
- _— =
ok — LSS
1 ] 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 ]
100 200 300 400 500 600
Example from WW  my, (GeV)

(CMS-SMP-14-016) 17/05/16 52



Charged Couplmgs WWy

Mar 2016 . t | '(&:%SAS |_|
FitValue Egp m Channel Limits ILdt Vs
Ak, : I Wy [-4.1e-01,4.6e-01] 46f"' 7TeV
F ! Wy [-3.8e-01,2.9e-01] 50fp"' 7TeV
A WW [-1.2e-01,1.7e-01] 20.3fb"' 8TeV
: | WwW [-2.1e-01,2.2e-01] 4.9fb" 7 TeV
—e—| Ww [-1.3e-01,9.5e-02] 19.4fb' 8TeV
: | WV [-2.1e-01,2.2e-01] 46fb"' 7TeV
A WV [-1.1e-01, 1.4e-01] 50fp"' 7TeV
: - | DO Comb. [-1.6e-01,2.5e-01] 86fb' 1.96TeV
—e—1 LEP Comb. [-9.9e-02, 6.6e-02] 0.7fb' 0.20 TeV
A, — Wy [-6.5e-02, 6.1e-02] 46fb"' 7TeV
— Wy [-5.0e-02, 3.7e-02] 50fb" 7 TeV
H Ww [-1.9e-02,1.9e-02] 20.3fb" 8TeV
— ww [-4.8e-02,4.8e-02] 49fp"' 7TeV
led ww [-2.4e-02, 2.4e-02] 19.4fb"' 8TeV
— WV [-3.9e-02, 4.0e-02] 46! 7TeV
— WV [-3.8e-02, 3.0e-02] 50fb' 7TeV
e DO Comb. [-3.6e-02,4.4e-02] 86fpb' 1.96TeV
e LEP Comb. [-5.9e-02, 1.7e-02] 0.7fb"' 0.20 TeV
| | I | | | | l | | | | I | | | | I | | | | I | | | |
-0.5 0 0.5 1 1.5

aTGC Limits @95% C.L.

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC 17/05/16 @53



Charged couplings: WWZ

Mar 2016 o E’LSAS
(’_;_en ral - Lo '[
it Value LEP . Channel Limits Ldt Vs
Ax, — wWwW [-4.3e-02,4.3e-02] 46fo' 7TeV
— WWw [-2.5e-02,2.0e-02] 20.3fb' 8TeV
—e—i Ww [-6.0e-02, 4.6e-02] 19.4fb' 8TeV
: I WZ [-1.9e-01,3.0e-01] 203" 8TeV
—_ WV [-9.0e-02,1.0e-01] 460" 7TeV
— WV [-4.3e-02, 3.3e-02] 50fb" 7 TeV
—e—i LEP Comb. [-7.4e-02, 5.1e-02] 0.7fb' 0.20 TeV
A, — WW [-(6.2e-02,5.9e-02] 46fp' 7TeV
— WW [-1.9e-02,1.9e-02] 20.3fb" 8TeV
— WWwW [-4.8e-02,4.8¢-02] 49fp' 7TeV
[ wWw [-2.4e-02,2.4e-02] 19.4fb"' 8TeV
— Wz [-4.6e-02,4.7e-02) 46fp' 7TeV
H wZ [-1.6e-02, 1.6e-02] 20.3fb" 8 TeV
— WV [-3.9e-02, 4.0e-02] 46fy' 7TeV
— Y [-3.8e-02,3.0e-02] 50fp' 7TeV
—e—i DO Comb. [-3.6e-02,4.4e-02] 86fp' 1.96TeV
—e— LEP Comb. [-5.9e-02, 1.7e-02] 0.7fp' 0.20 TeV
A — ww [-3.9e-02,5.2e-02] 46fb' 7TeV
! — WW [-1.6e-02,2.7e-02] 20.3fb" 8TeV
p—r wWWwW [-9.5e-02, 9.5e-02] 49" 7TeV
i wWw [-4.7e-02,2.2e-02] 19.4fb" 8TeV
M WZ [-5.7e-02,9.3e-02] 46fy' 7TeV
— Wz [-1.9e-02,2.9e-02] 20.3fb" 8TeV
— WV [-5.5e-02, 7.1e-02] 46f" 7TeV
—e—| DO Comb. [-3.4e-02,8.4e-02] 86fb' 1.96TeV
| | | | | l_.l_i | L]EP COfnb. I:-|5.4e_0|2’ 2.161-02] | 0.7 (b'1 |0'20 TIeV
-0.5 0 0.5

]
aTGC Limits @95% C.L.

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC 17/05/16 ® 54



Neutral coupling: ZZvy /Zvyy

April 2016 CMS —
ATLAS —
CDF — Channel Limits JLdt Vs
! [ | Zy(lly wvy) [-1.5e-02,1.6e-02] 46fb' 7TeV
H Zy(llyvvy) [-9.5e-04,9.9e-04] 20.3fb" 8TeV
— Zy(llyvvy) [-2.9e-03,2.9e-03] 50f' 7TeV
— Zy(Ily) [-4.6e-03,4.6e-03] 195fb"' 8TeV
H Zy(vwy)  [-1.1e-03,9.0e-04] 19.6fb' 8TeV
[ | Zy(lly,vvy) [-2.2e-02,2.0e-02] 51fp' 1.96TeV
2 : | Zy(lly,vvy) [-1.3e-02,1.4e-02] 46fp' 7TeV
H Zy(lly,vvy) [-7.8e-04,8.6e-04] 203fb' 8TeV
— Zy(llyvvy) [-2.7e-03,2.7e-03] 50fp' 7TeV
— Zy(lly) [-3.8e-03,3.7e-03] 19.5fb" 8 TeV
— Zy(vvy) [-1.5e-03,1.6e-03] 19.6fb"' 8TeV
: | Zy(Ily,vvy) [-2.0e-02,2.1e-02] 5.1fp' 1.96TeV
b [ | Zy(lly,vvy) [-9.4e-05,9.2e-05] 46fp' 7TeV
H Zy(lly,vvy) [-3.2e-06, 3.2e-06] 20.3fb"' 8 TeV
— Zy(lly,vvy) [-1.5e-05,1.5e-05] 50fb"' 7 TeV
— Zy(lly) [-3.6e-05, 3.5¢-05] 195fb' 8 TeV
H Zy(vvy) [-3.8e-06, 4.3e-06] 19.6fb"' 8TeV
02 | | Zy(lly,vvy) [-8.7e-05,8.7e-05] 46fo' 7 TeV
H Zy(lly,vvy) [-3.0e-06,2.9e-06] 20.3fb"' 8TeV
H Zy(lly,vvy) [-1.3e-05,1.3e-05] 5.0fp' 7TeV
— Zy(Ily) [-3.1e-05, 3.0e-05] 195fb" 8TeV
| T | Zy(vvy ) | [-3.9e-06, 4.5e-|06] 19 6 fb ! |8 TeV
| | | | | | | | | | | | | |
-0.2 0 0.2 0.4 0.6 0.8 x107(

3

aTGC Limits @95% C.L. «x10 (h4)
® https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC 17/05/16 ®355



Neutral couplings: ZZy/ZZZ

Mar 2016 CMS —
ATLAS Channel Limits ILdt Vs

f | ZZ [-1.5e-02, 1.5e-02] 46fb' 7TeV
— Y4 [-5.0e-03,5.0e-03] 19.6fb"' 8TeV

_ ZZ (212v) [-3.6e-03,3.2e-03] 24.7fb' 7,8 TeV

—A ZZ (comb) [-3.0e-03,2.6e-03] 24.7fb"' 7,8 TeV
¢ | ZzZ [-1.3e-02,1.3e-02] 46fb' 7TeV
A Y4 [-4.0e-03, 4.0e-03] 19.6fb"' 8TeV

— ZZ (212v) [-2.7e-03,3.2e-03] 24.7fb"' 7,8 TeV

— ZZ (comb) [-2.1e-03,2.6e-03] 24.7fb' 7,8TeV
f | Zz [-1.6e-02, 1.5e-02] 46fp' 7TeV
—_ Y [-5.0e-03,5.0e-03] 19.6fb" 8 TeV

— ZZ(212v)  [-3.3e-03,3.6e-03] 24.7fb' 7,8TeV

— ZZ(comb) [-2.6e-03,2.7e-03] 24.7fb"' 7,8 TeV
7 ! 2z [[1.3e-02,1.3e-02] 46fp' 7TeV
A ZZ [-4.0e-03, 4.0e-03] 19.6fb"' 8TeV

— ZZ (2l2v) [-2.9e-03,3.0e-03] 24.7fb' 7,8 TeV

i ZZ (comb) [-2.2e-03,2.3e-03] 24.7fb"' 7,8TeV

. | . | . , l | . , l | . . | | .

-0.02 0 0.02 0.04 0.06

aTGC Limits @95% C.L.

®  hittps://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC
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Combining aTGC and Higgs

measurements

o Some EFT dimension-6 operators contribute to
anomalous Higgs interactions and aTGCs at the
same time

o Increase sensitivity combining the LHC results on
TGVs and Higgs couplings

o Ref: arXiv:1604.03105, combination of Run 1 results.

AN
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I {0.25 d
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i i 41 0.25 1 025
@ LHC-Higgs, 95% CL {02 103

20
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Vector Boson Fusion (VBF)

o ATLAS: 7+2j (CERN-PH-EP-2013-227).

/+2] (CMS-FSQ-12-035), W+2j
(SMP-13-012)
« CMS: fit BDT output

» Interference term added in the fit (noft

modelled by MC)
* interference considered as
background

« background normalized to
conftrol region

« AILAS also measure inclusive cross
section.

o Evidence of SM signal with more
than 5 g significance from both
experiments

19.7 fb™ (8 TeV)
%10 ““““““““““““““““““ N ‘E‘)a‘ta‘ ““““
CMS 2 ,.+* — EW Zj (only)
w . -, W EW Zj
10°E L, DY Zjj E
. —-= B Top
L] O RAY%

| [Data —EW Zjj

gl 4
3|2 2
©
al o
- X 01 02z 03 04 05
> E BDT output
) o= AILAS s
O 40 fLdt=203"
3 .- 6-8TeV 1
I3\ F 1
Ny sl o search region 7
[e} = ——
Z —o—
10 - 5
B =
10 — ¢ =
F —¢- Data (2012) —_ 3
V L
| — Background -4
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VBS unitarization
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Other VBS channels

o WZjj (CMS: CMS-SMP-13-015. ATLAS:
CERN-EP-2014-017)

 CMS: require one additional lepton
INn same-sign WWj;

« ATLAS: require two jets in WZ A4 Bl Bt
anda |y5iS 95% CL upper limit on O-ftia(/i¥zjj-Ew—>f’ ¢p L1D]
VBS only VBS +1tZj
. . ) VBS phase space
o Wrii/ZLy]j (CMS: SMP-14-011, Observed  0.63 0.67
SMP-14-01 8) Expected 0.45 0.49
+10 Expected [0.28;0.62] [0.33;0.67]
« Cut and count approach. +20 Expected  [0.08;0.80] [0.19;0.84]
« Evidence of electroweak WZjj: CMS

contribution.

oriad(WZjj5) =10.8 £ 4.0(stat ) = 1.3(syst.) tb
otis (WZjj) =14.4 £ 4.0fb
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CMS Wyii—Ivvii

SMP-14-011

CMS Preliminary muy +jets 19.7 b (8 TeV) 19.7 b (8 TeV)
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Main background: jets

WYY and ZYY misidentified as photons.
Z

Data driven methods used

ATLAS: CERN-EP-2016-049 27y o e L s
Channel Measurement [fb] MCFM Prediction [fb] S . ATLAS * Daa ]
s (s-8Tev,2031" L Zmm 7]
eteyy | 6.2 71((stat.) + 0.4(syst.) + 0.1(lumi.) 2 14 ’ Clzwigri
Ty | 3.83 ol (stat) T 45 (syst.) + 0.07(lumi.) 370707 & 2r OtherBKG ]
- - ’ - //|stat. ® -
(- Cyy | 507 0T (stat )04 (syst.) + 0.10(lumi.) i T
Viyy 2.5 *yo(stat.) + 1.1(syst.) £ 0.1(lumi.) 0737003 ol ]
CMS: SMP-15-008 o I
oid BR(Z — 0¢) = 12.7 4 1.4 (stat) £ 1.8 (syst) £ 0.3 (lumi) fb —
NZZ) % 800 1000 1200
o) - BR(Z — £0) = 12.95 + 147 fb My [GEV]
W - 19.4 b (8 TeV)
[3) - CMS ¢ Data
ATLAS: CERN-PH-EP-2015-009 ﬂ S 8F Preliminary -y Signal
? 7E N er Multiboson
o [fb] Gl (- IS 2\ oy Tk
Inclusive (A’jet > O) e g a;&%To:Luncerltainty
vy 7.1 13 (stat) £1.5 (syst.) =0.2 (lumi.) °E
evyy 43 *18 (stat)) 719 (syst.) 0.2 (lumi.) | 2.90 +0.16 )
tvyy 6.1 1 (stat.) £1.2 (syst.) 0.2 (lumi.)
CMS: SMP-15-008 I
Ot - BR(W — fv) = 6.0 + 1.8 (stat) £ 2.3 (syst) + 0.2 (lumi) b 100 120 140

Pl [GeV]

(T&I,I.‘EY)V :BR(W — fv) =4.76 £ 0.53fb 17/05/16 ® 63



Data

ATLAS Zyy
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CMS Zvyy

SMP-15-008

055, - BR(Z — 00) = 12.7 4 1.4 (stat) + 1.8 (syst) + 0.3 (lumi) b
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ATL A S WYY CERN-PH-EP-2015-009
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Tri-bosons results: first aQGC limits

o All results compatible with zero All 8 TeV measurements

. April 2016 CMS —
April 2016 2¥LSAS — Channel ATLAS — Channel
fyo /A° b= WVy fro /A* fem e eeeeeaaaa i Wyy
— Zy —_ Zyy
= WYWW EEEEE EEEL i Wyy
H ss
1 Yy —-WW | L | ;VVY
f 4 /A" ===l WVy Y
' — Zy — Wy
—— Wy 1—1 ss WW
H ss WW fr /A" I-mmmmeemeeee e I Wyy
H vy —>WW = Zy
fy.2 /A* \Z’J Y — Wy
'"-I___'"-I Zyw . - ss WW
H W,Y fT,2 /A - Z'Y
fis /A [ i Zyy I | Wy
e LT i Wryy b—4 ss WW
— Zy fr g IA* — Zyy
[ Wy — Wy
fuo /A° H Wy f ¢ /A" — Wy
fiys /A" == Wy LA,
fM’s " Wy fr 7 IA — Wy
' I—I ss WW frg /A" H Zy
fy,7 /A* —] Wy frq /A" — Zyy
1= ss WW i Zy
1 1 I 1 1 1 1 ! ! ! ! I ! ! ! 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1
-1000 0 1000 -50 0 50
aQGC Limits @95% C.L. [TeV4] aQGC Limits @95% C.L. [TeV4]

Reference: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC
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Future prospects

o To get precision

Example: non-unitarization in VBS

measurements, we will have

| 3000 b~ 1, 14 TeV

| Phase-II | Phase-I aged |

to wait for 300 fb! or even
HL-LHC.

| Higesless 95% CL u exclusion |
| Vi V| scattering significance |

0.
2.

14
75

0.20
2.14

« High precision to detect Slss Sensitive to scenarios in which
small effects in high mass LIDLST NP B %-859
. iggs boson has ~80%-85%
tails. contribution to VBS unitarization
« Full hardware upgrade e
necessary ATLAS  — Channel
fq /A" H Zy
frg /A" — Zyy
% | 1 | 1 1 1 1 lTi 1 | 1 | I ?Y 1 1
o New forward proton 50 0 50
spectrometer (AFP and PPS) £ % a0t 7 irontslidess
will increase sensifivity in 5 o —300" | Example of
photon induced channels B\ fo | expected
(10.1103/PhysRevD. a | improvement
89.114004). 3 atLas| in aQGC
of- Simulation?
- Preliminary
1: e | AIL—EHYS—PUB—2013—006
2 037250 1 23

fro/ A* (Zyy—=TTyy) [TeV]
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