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* Introduction: Electroweak physics at CMS

e Resent di-boson measurements
e Resent tri-boson measurements
* Electroweak di-boson measurements

* Limits on anomalous gauge couplings

* Qutlook
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» Multi-boson productions are important

backgrounds for SM Higgs studies and
new physics searches

Multi-boson measurements are also
probes of non-Abelian gauge structure

and EW symmetry breaking

Theoretical advancement (di-bosons)

For a list of references, see Stefan Kallweit’s talk at SM@LHC

2017:https:/ /indico.cern.ch/event/570151 /contributions /252

NLO QCD corrections available for all
diboson processes, including correlations
and off-shell effects

NNLO QCD predictions available for all
diboson processes

NLO EW corrections implemented in

automated way.

4694 /attachments /1452009 /2239339 /Kallweit.pdf

Experimental advancement (di-bosons)

March 2017

CMS Preliminary

CMS measurements 7 TeV CMS measurement (stat,stat+sys) ——o——
vs. NNLO (nLo) theory 8 TeV CMS measurement (stat,stat+sys)
13 TeV CMS measurement (stat,stat+sys)
Yy ——to—— 1.06+0.01£0.12 50"
Wy, (NLO th) —o—— 1.16+0.03+0.13 50"
Zy, (NLO th) ot 0.98 +0.01+0.05 5.0’
Zy, (NLO th) —— 0.98+0.01+0.05 19.5 b
WW+WZ 1.01£0.13+£0.14 49"’
WW _ 1.07 £ 0.04 +0.09 4.9 "
WW o 1.00+0.02 £ 0.08 19.4 b
WW ——e—t—i | 096+005+0.08 2.3 "
WZ —o— 1.05+0.07 £0.06 4.9’
WZ —— 1.02+0.04 £0.07 19.6 fb™
(V7 E—— ] 080+006+007 23"
7z o 0.97 +0.13 £ 0.07 4.9 o’
7z e 0.97 £ 0.06 £ 0.08 19.6 fb™
77 e | 1.10+0.04+0.05 359"
All rgé?ﬂts at: 2

http://cern.ch/go/pNj7
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Production Cross Section Ratio: Gy, / Oy,

Several 13 TeV measurements

* 77 (full dataset) CMS PAS SMP-16-017

e WHTW™ (2015 data) CMS PAS SMP-16-006

*  WZ (2015 data) Phys. Lett. B 766 (2017) 268

* Z(vv)y (2015 data) CMS PAS SMP-16-004

* WY cross section in agreement with NNLO
QCD calculation: arXiv.1504.01330

* All diboson inclusive measurements are

systematic uncertainty dominated.






13 TeV WZ cross section measurement

(2015 data only) Phys. Lett. B 766 (2017) 268
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The fiducial WZ — £v#'¢' cross section for p§ > 20,10GeV, pk > 20GeV, all leptons within
[n] < 2.5, 60 < mpp < 120GeV, and invariant mass of any same-flavor opposite-sign lepton
pair above 4 GeV is

0ha(pp — WZ — fvl'f') = 258 + 21 (stat) ' 33 (syst) + 8 (lumi) fb,
corresponding to a total cross section for the range 60 < 1y < 120 GeV of

o(pp » WZ) =3994+32 (stat)fg:? (syst) £ 0.4 (theo) &+ 1.3 (lumi) pb.
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WZ total cross section for different pp c.m.
energies. (Eur. Phys. J. C 77 (2017) 236)

*  Stat. uncertainty: inner bars

e  Stat. and syst. uncertainties sum in quadrature:

outer bars

We start taking benifit from NNLO theoretical

developments



WTW™ cross section measurement

(2015 data only) CMS-PAS-SMP-16-006
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ZZ cross section measurement

— T T T | T T T | T T T | T T T |
a

Qo 20— e CMS4r -
N | = cms2ry ]
; N MATRIX NNLO (qq+qg+gg) 4
B T NNPDF3.0, fixed p_=p_=m, s
15— MCFM NLO+gg = _

| T 7 NNPDF3.0, fixed po=p=m, // i

L L 1 ]
14

Is (TeV)

Stat. uncertainty: inner bars

*  Stat. and syst. uncertainties sum in quadrature: outer bars

Z7 total cross section for different pp c.m. energies.

ZZ->4l: First diboson measurement with full 2016
dataset (35.9 fb~1): CMS-PAS-SMP-16-017



ZZ—4| cross section (First diboson measurement with full 2016 dataset)
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CMS-PAS-SMP-16-017

Cross section measurement

Fiducial requirements

Common requirements

pil > 20GeV, pl2 > 10GeV, p* > 5GeV,
int| < 2.5, mgprp- > 4GeV (any opposite-sign same-flavor pair)

Z — 4l mz, > 40GeV
80 < gy < 100GeV,
727254 60 < 111z, Mz, < 120 GeV |

Thg(pp = Z — 4€) = 29.7 + 1.4 (stat) "1
Oia(pp — ZZ — 4¢) = 422 + 1.4 (stat)"

(syst) & 0.8 (lumi) fb,
12 (syst) & 1.1 (lumi) fb.



Z—4l branching fraction measurement
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o(pp — Z)B(Z — 4¢) = 243.8757 (stat)Tg5 (syst) "3 (theo) £ 6.3 (lumi) fb. CMS-PAS-SMP-16-017
o(pp > Z — 40)
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MG5_aMC@NLO
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Differential cross section measurement
CMS Preliminary 35.9fb"' (13 TeV) CMS Preliminary 35.9fb' (13 TeV)
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Differential cross section measurement CMS-PAS-SMP-16-017

CMS Preliminary 35.9fb' (13 TeV) CMS Preliminary 35.9fb" (13 TeV)
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CMS 196 b (8 TeV)
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13 TeV Z(— vv)y cross section measurement

(2015 data only) CMS-PAS-SMP-16-004

CMS Preliminary 237 (13 TeV) CMS Preliminary 23107 (13 Tev)
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Tri-boson measurements




Wyy and Zyy productions
CMS-PAS: SMP-15-008
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3.4 times upper limit @95% C.L. on the
SM cross section 15



19.4 o' (8 TeV) Wyy and Zyy productions

- CMS o Dat

= Preliminary [ W?;?Signal CMS-PAS-SMP-1 5-008
= 1 Zyy
] Otfer Muliboson WYYy observed
B jet—y fakes .
s Total uncertainty with 24 o

Muon Channel

Events / 5 GeV

ow:s, *BR(W — fv) = 4.76 + 0.53fb (Madgraph)
Oy  BR(W = fv) = 6.0 £ 1.8 (stat) & 2.3 (syst) = 0.2 (lumi) fb

o N W s~ OO0 N o

0
0
-
- 19.4 b (8 TeV) - 19.4 b (8 TeV)
8 13;‘5{28 ¢ Data 8 16:_,(__':"15. ¢ Data
T At Czwy o 14y [z
L3 - [~ " - N .

™ C [ Other Multiboson P [ Other Multiboson

Zyy observed with 5.9 o : ] Oer : ] Oer
& ¥ Total uncertainty @ A3 Total uncertainty

Mucon Channel Electron Channel

o) - BR(Z — £6) = 1295+ 147fb (Madgraph)

AN B0

039, +BR(Z — £f) = 12.7 + 1.4 (stat) & 1.8 (syst) = 0.3 (lumi) fb

80 100 120 140 80 100 120 140
p.' [GeV] Py [GeV]

16






Pure EW production is sensitive to the gauge structure of underlying theory and can

be sensitive to new physics

> Large QCD-induced background q Rapidity gap
» Use vector boson fusion/scattering w, P ' [}
W.Z [ @
to enhance EW contribution : —
q q 8 z
May 2017 CMS Preliminary
CMS EWK measurements vs. 7 TeV CMS measurement (stat,stat+sys)  +—+o——i EW VV+2 CMS 8 TeV
P
Theory 8 TeV CMS measurement (stat,stat+sys)  —+—e—— |ets =
13 TeV CMS measurement (stat,stat+sys) +——e—— WEWE=Ivlv PRL 114 (2015) 051801
qqW S 0.84£0.08+0.18 19.3 " obs. 1.97 (exp. 2.90)
qqZ o 093+0.14+0.32 5.0fb" Wy—lvy arXiv:1612.09256
qqZ e — 0.84+0.07+019 19.7 fo” obs. 2.70 (exp. 1.50)
qqZ e 1.02+0.03+£0.10 359fb" Zy—lly arXiv:1702.03025
'Y’Y—)VVW — - 1.74+0.00+0.74 19.7 fb-1 Evidence: obs. 3.00 (exp. 2.1 O')
W — . + 1.77 £0.67 £ 0. 7!
aqWy 0.67£0.36 19.71b EW VV-+2jets
ss WW +——e——+ 069+0.38+0.18 19.4 b
- -1
s WW 0.90+£0.16+£0.08 35.9fb WEWE—=Iviv First VBS observation
qqZy — . 1.48+065+048 19.7 b’ CMS PAS SMP-17-004
L -1
922 - : 1380642038 35.9% 2741 CMS PAS SMP-16-019
A"é""""'é""é""i s obs. 2.70 (exp. 1.60)
" . i 4
hitpTicarm chigolpNi7 Production Cross Section Ratio: c,,, / Gy,

18



13 TeV Same sign WW scattering  First VBS observation!
Important probe of EWSB mechanism: Gold-plated modes

pp — WEW* jj

— IFv IFv jj V, V;, =V, V; unitarized through the presence of the Higgs boson

\ Signal = Electroweak component

after event selection 7% \

QCD component
considered as background
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Observed significance: 5.50
Expected: 5.70

Observed signal strength relative to
SM prediction: 0.90 +0.22
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Anji > 25

W — tv — Ivvy decays are excluded.

Theoretical cross section = 4.25+0.21 fb
Ofiducial = 3.83+0.66 (stat.) +0.35 (syst.) +0.12 (lumi.) b



13 TeV ZZ+jets differential cross section measurement and EW ZZ production
Full 2016 dataset (SMP-16-019)
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8 TeV WY scattering
arXiv:1612.09256

Expected significance: 1.5 o
Observed significance: 2.7 ¢
Ofid
= 10.8 £+ 4.1(stat)
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8 TeV Zy scattering
arXiv:1702.03025
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Ofia
= 1.861075(stat)133¢(syst)
+ 0.05(lumi)fb
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Probing gauge boson self interactions at the LHC

ig sinby ((pr—p2)p G + (P2 = P3)p gup + (P2 — P1)w Gpp)

W wi

*  Within the SM, the Gauge Lagrangian gives 6 p

ig cosOw ((p1 —p2)p G + (P2 — P3)u Gop + (B3 — P1)w Gpu)

vertices. Pure neutral couplings not allowed.

* Extending the SM in effective field theory

P
P P2
1 ]_ W‘,E
ENP:LSM(4)+x+_2£6+ 7_|__4£8_|_...
A A .
X Ignore lepton/baryon  Inim.g search | |Dim-8, search for aQGC Lot oo — oo — 0 o)
number violating for aTGCs assuming no aTGC e = g e = G
terms . e

9% (2040 e — Guw Gpor — Gpr Gup)

* C,P conserving charged aTGCs (arXiv:hep-

i 9% sin® O (20,0 Gpo = Gup Gvo — Gpo Gup)

ph/9601233v1) Wy

.&Qf = (gf; - 1) = Lan HW‘EZ ) &H'T = (H’f - 1) =Ty, i g% cos b sinbw (2040 Gpr — Gpp Gur — Gy Gurp)

Akz = (kz — 1) =tanby(zz +0z) , w;
)\T = Yy, Az =tanfwyz .

Different approaches: EFT/Vertex function/AC

*  Constraints from gauge invariance: ) j
Translation rules: arxiv:1205.4231

Aky = ﬁgf" — &Hnrtanzﬂw Ay = Az



Probing gauge boson self interactions at the LHC

Neutral aTGCs

*  CP-violating f}/, CP-conserving fSV (Nucl. Phys. B282 (1987) 253)

*  CP-violating hY, hy, CP-conserving h%, h}

aQGCs

* LEP parameterization considers dim-6 anomalous couplings: not consistent
with a symmetry breaking sector with a Higgs boson.

* Assuming SM gauge symmetry, no TGCs and Dimension 8, we have many

QGCs (Phys.Rev.D74:073005,2006)

WWWW | WWZZ | ZZ77 | WWAZ | WWAA | ZZZA | 7ZAA | ZAAA | AAAA
Lso, L5 X X X O O 0 O O O
Laroy Lo, Lnre Lmz X X X X X X X O 9]
Lymz Lma, Lyma Lyms O X X X X X X O O
Lopg Loy Lo X X X X X X X X X
Lrs ,Lre L1 O X X X X X X X X
Lyg Lrg O O X 0 O X X X X
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CMS Preliminary 35.9 fb" (13 TeV)
> £ T ‘ T T T Y T | T T T ]' T T T =
pp—ZZ — 41 CMS-PAS-SMP-16-017 e ]
o —+—— Data =
. n qq —» ZZ (SHERPA)
Clean signal: 2 - ous s 1
1) :;o.ozoz‘:ai;‘-o.m
. . c10? S i i =
No Zyy, ZZy, ZZZ couplings in the SM at LO 9 — e i
w N ¢z, wwz =
. . . . . . | B3 ]
Fit to m, distribution to set the limits.
10
March 2017 cms —
ATLARSCMS |:| Channel Limits JLdt s R s |
fl I ] ZZ [,212v)  [-1.5e-02, 1.5e-02] 467 7718V
4 — ZZ7 (41,212v)  [-3.8e-03, 3.8e-03] 20317 8TeV
[ ' ZZ (41) [-5.0e-03, 5.0e-03] 196" 8TeV 1
— ZZ (212v) [-3.6e-03, 3.2e-03] 247 b 78TeV
— ZZ (41212v)  [-3.0e-03, 2.6e-03] 247! 7.8TeV
] - 77 (41) [-1.3e-03, 1.3e-03] 359fp! 13 TeV
I 1 ZZ (41,212v)  [-1.0e-02, 1.0e-02] 96!  7TeV
P4 I 1 ZZ (41,212v)  [-1.3e-02, 1.3e-02] 4607 7TeV !
4 [ E— Z7 (4,212v)  [-3.3e-03, 3.2e-03] 203t 8TeV N 1 1.2
[ ZZ (41) [-4.0e-03, 4.0e-03] 19617 8TeV
—_ 77 P12v)  [2.7e-03, 3.2¢-03] 24 7M1 7.8TeV mzz[TeV]
— 77 (41,212v)  [-2.1e-03, 2.6e-03] 247! 78TeV _ 4 o=
— ax 77 (4) [1.2¢-03, 1.1e-03] 35917 13TeV oo RRemn o BEESlE SR
} 1 Z7 (41,212v)  [-8.7e-03, 9.1e-03] 9.6 fb! 7 TeV | i i
il [ 1 ZZ (A1,22v)  [-1.6e-02, 15e-07] A6t 7718V
5 [ 77 (41212v)  [-3.86-03, 3.8e-03] 203f7  8TeV i 7
[ E— ZZ (41) [-5.0e-03, 5.0e-03] 196f0" 8Tev - — -
[ | ZZ(212v) [-3.3e-03, 3.6e-03] 24.7 b 78TeV 0.002 e
— ZZ(41,212v) [-2.6e-03, 2.7e-03] 247 o’ 78TeV B /s J
— = 7z (4) [-1.2-03, 1.3¢-03] 359! 13TeV [/
[ i ZZ (41202v)  [1.1e-02, 1.1e-02] 96f'  7TeV - || ]
Z I i ZZ([@,22v)  [-1.3e-02, 1.3¢-02] 16f0' 7718V - A -
5 — ZZ (41,212v)  [-3.3e-03, 3.3e-03] 20317 8TeV O N _
— ZZ (41) [-4.0e-03, 4.0e-03] 19.6fh" 8TeV W\
[S— ZZ (212v) [-2.9e-03, 3.0e-03] 247! 78TeV i \ 7
— ZZ (41212v)  [-2.2¢-03, 2.3e-03] 247" 7.8TeV - NN .
— - 77 (4)) [-1.0e-03, 1.2e-03] 35917 13 TeV B N ), ]
' i FZ (41,212v)  [-9.1e-03, 8.9|e-03] 96t  7Tev N
1 | 1 1 1 | 1 1 L L 1 1 1 1 1 | 1 '0002 H - —~ _ =~ R S
-0.02 0 0.02 0.04 0.06 o —— E‘g‘;ﬁﬁﬁt Ne—— 7
aTGC Limits @95% C.L. | e 8% 6L 1
- @ Bestfit H .
- 1 L 1 I 1 L 1 1 1 1 1 1 1
0'004-0.004 -0.002 0 0.002 0.004

fy
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Semileptonic WV decay (V=W,Z)

» Larger rate than pure leptonic channel

» Leptonic decaying W can be reconstructed
by assigning MET to neutrino

» Consider boosted V—qq, increased
sensitivity to new physics

8 TeV limits arXiv:1703.06095

Parameter Expected Limits Observed Limits

Az (—0.014,0.013] [—0.011,0.011]
Aty [—0.068,0.082] [—0.044,0.063]
Ag% [—0.018,0.028| [—0.0087,0.024]
EFT limits (Translated)
waw/Az CB/Az Cw/Az
(TeV~2) (TeV~2) (TeV—2)
* [—2.7,2.7] [—14,17] [-2.0,5.7]
[6] [-57,59] [-29.2,239] [-11.4,54]

[7] [—4.61,460] [-20.9,263] [—5.87,10.54]
[43] [-4.6,42] [-260,210]  [—4.2,80]
[44] [-3.9,40] [-320,210] [-4.3,68]

CMS 19fb™ (8 TeV)

> —— Muon Data

®10% L B SM WWsWZ

2 Bl W+jets

< N Top

; 1 02 B

=

g ..........

W TOE S
1

) 3 "

- e | |

Q 200 400 600 800

p. (GeV)
13 TeV limits (2015 dataset)
CMS-PAS-SMP-16-012

aTGC expected limit observed limit
LE | e (TeV?)  [-873,8.70] [-9.46 ,9.42]
HE | W (Tev?)  [[117,111]  [-12.6,12.0]
S| B (TeV?)  [549,533] [-56.1, 55.4]
% 5 A [-0.036,0.036] [-0.039,0.039]
i g Agf [-0.066 ,0.064] [-0.067 , 0.066]
" Axz [-0.038,0.040] [-0.040,0.041]

Improvement upon the sensitivity of the fully leptonic

8TeV results and the combined LEP experiments



P
Observed limits Expected limits / Run-I limits
(TeV %) (TeV —4) ( (TeV —%) [}
fso/ A [-7.7,77] [-7.0,7.2] [-38201111] 5
fs1/A [-21.6,21.8] [-19.9,20.2] [-118,120] [11] Lﬁ
fmo/ A [-6.0,5.9] [-5.6,5.5] [-4.6 , 4.6] [29]
fvn /A [-8.7,9.1] [-7.9,8.5] [-17,17][29]
fme /A [-11.9,11.8] [-11.1,11.0] [-65, 63] [11]
famz /A [-13.3,12.9] [-12.4,11.8] [-70, 66] [11]
fro/ A [-0.62,0.65] [-0.58,0.61] [-3.8,3.4] [30]
fr1/A [-0.28,0.31] [-0.26,0.29] [-1.9,2.2][11]
fra/A [-0.89,1.02] [-0.80,0.95] [-5.2,6.4] [11]

Significant improvement since Run-I CMS PAS SMP-17-004

Coupling Exp. lower Exp. upper Obs. lower Obs. uppe.\ Unitarity bound
W

fro/A* ~0.53 0.51 —0.46 0.44

fr, /A —0.72 0.71 —0.61 0.61 0.6
fr, /A -14 1.4 ~12 1.2 0.6
fro/ A —0.99 0.99 —0.84 0.84 2.8
fr,/ A* -2.1 2.1 18 1.8 2.9

CMS PAS SMP-16-019

Experimental constraint better than the theoretical one

Lg;: Operators containing just Dy ®
Ly,i: Operators containing D@ and field strength

L ;: Operators containing just the field strength tensor

Same sign WW limits

35.9 ib((13 TeV)
N

F I
I--e Data

150 Ewww
[ wz
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Others

“\%\\\
AN

—f, [ A =042 Tev?
wefrg /A =061 Tev?

= Bkg. unc.

N
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200
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e pe m, [GeV]
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TTT T Tl L L NI W LR
Emgg —~ ZZ
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P |
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o
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frlAt =1 Tev™
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13 TeV limits significantly better than 8 TeV limits

Ly ;: Operators containing D“(D and field strength

L ;: Operators containing just the field strength tensor

May 2017 oS — Channel Limits Jiat s May 2017 s —] Channel Limits Jiat s
T IA° — Wy [-7.7e+01, 8.1e+01] 193107 8 TeV fro /A [3.4e+01, 3.46401] 19407 8TeV
— zy [-7.1e+01, 7.5e+01] 197107 8TeV —_— Wy [-1.6e+01, 1.6e+01] 20317 8TeV
— [-7.7e+01, 7.4e+01] 197107 8TeV e | Zyy [-1.6e+01, 1.9e+01] 203f" 8TeV
l SADAL [-3r30+04 -2 4 PPINE] S Tall WVy [-2.5e+01, 2.46+01] 193 1b" 8 TeV
[ 1 ss WW -6.0e+00, 5.9e+00] 3591fb" 13 TeV ] — Zy [-3.8e+00, 3.4e+00] 19717  8TeV
T TS :mam‘;i 202 ;g ) ; Eﬁy v — Zy [-3.4e+00, 3.4e+00] 2921" 8TeV
Ty .2e+00, 4.2e 247 b 8 Te — -5.4e+00, 5.6e+00] 19717 8TeV
f AT — WVy -1.3e+02, 1.2e+02] 19.3 fb‘: 8TeV — :?ww {-4.2e+00, 4.6e+00} 13,4 fg-' 8 TeV
—A zy [1.9e+02, 1.8e+02] 197107 8Tev i 55 WW [6.2e-01, 6.5e-01] 3591 1318
e W Loz ewd 197t BTev h z 46201 4 42011 oo
b = } o=t AT — P2 -4.4€+00, 4.4e+00] 19717 8TeV
( L' ss WW ??:*00 9.1e+00] gg-g ;E" :’g‘e’V ) " — V\;,Y {-3479-&00. 4.0&4-00} 13‘7 ' 8TeV
TV =T, T F .. 1
H 7 -1.6+01, 1.66401] 247" 78TeV = ey {g;:?‘o 2 ',t;??] loato, BToy
fua/A° —_ Zyy -5.1e+02, 5.1e+02] 203" 8TeV y > -6.16-01 6 1e-
_ Wy [-7.0e+02, 6.8e+02] 19417  8TeV s
— wyy [25e+02,25e+02]  203fb" 8 TeV bl — o T ooy jomot lam v
. [ — Wy [-1.1e+01, 1.2e401] 197107 8TeV
H 2y [-3.2e+01, 3.1e+01] 197167  8TeV I 4 aTeV
H Wy [-2.6e+01, 2.6e+01] 19.7fb"  8TeV = r -
A ; 7 7 (856402, 9.26+02] 20317  8TeV H ss WW [-8.9e-01, 1.0e+00] 359 fb»: 13 TeV
' P Wy [1.26403, 1.26403] 1941" 8TeV . = Zz S -
_ Wy [-4.40+02, 4.7+02] 20317 8TeV s /A [ — Zy [-9.3e+00, 9.1e+00] 203f7 8TV
— 7y .5.86+01, 5.9¢401 19717 8TeV . — -3.8e+00, 3.8¢+00] 19.7fp"  8TeV
H Wy -4.30+01. 4.48+01 197" 8TeV g /A — Wy -2.8e+00, 3.06+00] 19717 8TeV
N H Wy -4.0e+01, 4.0e+01 1971 8TeV by A7 — Wy [7.32:+00, 7.76100] 19717 8Tev
S = Wy 6.56+01. 6.5¢+01 19767 BTeV T IA° — Zy -1.8e+00, 1.8e+00] 197" 8TeV
[N — Wy -1.3e+02, 1.3e+02] 19717 8TeV ) Z [-4-86+-00r-1-80+-00} gl 8 To)
] S WW 650401 6.30+01 194 8 TeV H yr4 [-8.4e-01, 8.4e-01] 35.9 b’ 13%
( [l ss WW -1.2e+01, 1.2e+01 35917 13TeV frgIA F— 777 7~ T 7-46+00] 20310 B8
A b et W =EeTOE=T - — zy [-4.0e+00, 4.0e+00] 197"  8TeV
[ AANAL ZOa. 01 6 6a.01 404 Aol S Ta\L | I— 7' :1(\ 00..3.0, nn: 20-2- G 8T\
| C ¥ SSWW | [-1.3e401, 1.30401 3591’ 13Tev | | [ 2z | [180400,1.80400] | 359fb' _13TeV |
—2000 0 2000 4000 -50 0 50 100

aQGC Limits @95% C.L. [TeV*]

ATLAS W~ — iy triboson production with 19.3 fb™ of 8 TeV pp collisions Pt

2

aQGC Limits @95% C.L. [TeV™]

https:/ /twiki.cern.ch /twiki/bin/view /CMSPu

blic/PhysicsResultsSMPaTGC
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LHC / HL-LHC HiLum Y

LHC
Run 1 Run 2 Run3
LS1 13 TeV 3L 13.5-14 Tev 14 TeV 14 TeV
Ww‘* 5107x
splice consolidation Polnt ominal
7 TeV 8 TeV button collimators. o‘i'zm p ouc"t“m HL-LHC ;::r‘:\'.]r::vIuy
—1  R2Eproject e Tdn) L installation
P ﬁ‘

beam pipes w T , | upgrade phase 2
’/‘ mmicoslty 4 '/—‘_‘
* oot F
We are here!
With only 1-2% of the total expected luminosity recorded! 6Dec2016  Pasztor: EW Physics at LHC

Without hints on new physics, SM precession measurement is becoming more alive.

By LS2, we'll have about 150 fb™! data

* Enable precise measurement of many processes; higher order predictions in
QCD maybe also EW can be checked

* Increase sensitivities in probing the nature of EWSB
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