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The Standard Electroweak Model

Parameters - Related to Z, W properties

. 1D vlg . My
e 3 parameters at tree level: A7, @A@@ My = % cos fy = M,
. : M2 8ra(l 4+ A
e +radiative corrections M = =7 (1 +4/1 - ‘fﬂg(MQ T))
itz
f H
fif

2 With m,, the model is over-constraint zw

= EW precision measurements allows consistency checks of the theory

Interactions

Charged current Neutral current Gauge self-interactions
é W 2 wo W w* w* V.2
q 1.7
C

s L f W W W W V.Z

= Not precisely measured
= Direct test of the gauge structure
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Global Electroweak Fit

e Radiative corrections: _
Bl Global EW fit
2 W, Z measurements sensitive tom,, m_ "= Indirect determination

- Measurement

[http://cern.ch/dfitter]

. . ||!||||!|\|\|||\I|||\|||\|\!II\I!II
Free parameters in fit W, emmmm
My [GeV] 125.14 + 0.24 LHC M, e
2 L
- My [GeV] 80.385 £ 0.015 T x*/ n.df. Tw ——
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r, e
My [GeV] 91.1875 & 0.0021 o S
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RY 0.21629 £ 0.00066 iy - ol
t ; : :
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e [GeV] 1.27 007 low E ‘:a’d(M") =
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. —0.07
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Global Electroweak Fit

Bl Global EW fit

Hl Indirect determination

- Measurement
|\|\|\||||||‘|\|\||||||||||‘|||\|||
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” 68% and 95% CL contours sin’(0) LEP+SLC + 1o
80.48 direct M, and sinz(ezﬂ) measuremenjs
80.46 I fitwio M, sin?(6 ) and Z widths measurements
fit wio M, sin’(6] ) and M, measurements
80.44 fitwio M, sinz(efeﬁ), MH and Z widths measurements

TT III/II]IIIl

(o]
® O
S »
AN

80.38 —
80.36 My world comb. * 1o
80.34 —
8032 |
C 1 1 1 I 1 1 1 I 1 1 1 1 1 1 | 1 1 1 1
0.2308 0.231 0.2312 0.2314 0.2316 0.2318 0.232  0.2322
sin(6! )

2 m,, has the leading exp. uncertainty in
consistency test

= Discrepancies between asymmetry

measurements

A Indirect constraints now superior

i -
to precise W, Z (m,,, sin® 8,,)
measurements
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Precisionon m
e o(m,) < 10 MeV > Independent check of sin? o'

e Tevatron is still leading this measurement : 6(m,) = 16 MeV

[Chin. Phys. C38 (2014) 090001]

Source Uncertainty
: Lepton energy scale and resolution 7
ALEPH e 80.440+0.051 . . .
: Recoil energy scale and resolution 6
DELPHI —i 80.336+0.067 Lepton tower removal 2
Backgrounds 3
e — n &
L3 80.270+0.055 PDFs =
OPAL 4 80.415+0.052 ;. (W) model 5
Photon radiation 4
. + atistics -
LEP2 o | 80.317(]2_:0&9/33 Statistical 12
U - S S Total 19
CDF —-— 80.389+0.019
DO i 80.383+0.023 .
s = Presently o(stat.) ~ o(inst.) ~ 8(QCD)
Tevatron - 80.387+0.016
xIdof= 4.2/6
Overal|average -+ | 80.385+0.015| ® Measurement is ongoing at the LHC
80.2 80.6 . .
M (G = Facing o(QCD) > o(inst.) > 9o(stat.)
4[GeV]

N m, measurements now dominated by modeling
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m , Measurement Strategy

e Fits to transverse distributions: p_ ", p.¥, m_%¥

[DO, PRD 89 (2014) 012005]

40000 1
- - —Data
:(a) DO, 4.3 fb —EAST MC
- B HMBackground
8 30000 y2/dof = 37.4/49
0 -
(=) -
< 20000
= - N
g L
w 10000

50 6'0 70 80 gb 100

m; (GeV)

Events / 0.25 GeV

[CDF, PRD 89 (2014) 072003]

my = \/2p7pi(1 — cos Ag)

15000

10000

5000

W —uv

y2/dof = 54 / 62

30 | | | | 40
Pl (GeV)

50

2> m_ " more sensitive to experimental effects (pile-up at the LHC)

- p,/*P*" more sensitive to theory uncertainties: PDFs, p_.* modeling

A Constraint the physics model

M Minimise the model dependence in the analysis
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PDF effects on p_!, m_* distributions

o Effect of u, d and sea - More pronounced in pp than pp
uncertainties on W polarisation > Directly affect p tepton
[Krasny et al, EPJ C69 (2010) 379]
e Effect of charm initiated W production - Harder p_"

80.46 —
<1 | [ArXiv:1501.05587] NNpOpas T
COL I S
8043 + i ~
g 0 | ; [ 1] ] A ~ 10 MeV uncertainty
t;i, 8041 f= [~ - ----" - - [ g S -
S 80.4 | -I -I )\ 1 | I .
w00 | _____I___I________I__]__ -] N But 20-30 MeV from
s0.38 | | _ differences between PDF sets
80.37 r LI—iCBI-’[-”F LHCS8W~  LHC13W+ LHC13W— TEVIW|
80.36

PDF uncertainties on m

MW-NLO CTI0nlo MSTW2008CPdeutnlo NNPDF30_nlo_as_118

W+  #13-12 +18-22 +11-10 +8-10  [MeV]
W- 42222 +18-23 +11-10 +8 -9
W= +11-11  +14-18 +7 -7 +6 -5

[ATL-PHYS-PUB-2014-015]
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Measurement of sin’6, in pp or pp

Forward
e |[n Drell-Yan Z events qg — Z/y* — (7€

= Vector and axial-vector couplings a
(
= Asymmetry in the distribution of o ! o
negative lepton polar angle wrt.
axis of the incoming quark, in the N
dilepton CM, ’ Backward *
e Forward-Backward asymmetry: App = OF —UB
sm1.2r -
SE 1L ATLAS OF + OB
0.8:— E"_;EF: |7TF;‘V, 4.8fb™"
8'4:5”12 0, __#+ i > A_, depends on flavour, charge of
0.2 initial partons
0_— f _+_ p
_0.0F 9 Data, full unfolding
—043 l PYTHIA,Z/wfaee N PDF dependence
o6
Ser N .
é;: .................................................................... = In pp: direction of q ambiguous
2 . A Dilution
70 80 90107 2107
Mee [GeV]
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sin29W - a recent measurement at LHC

[ATLAS arXiv:1503.03709]

°® Use Of forward eleCtronS CC electrons | CF electrons | Muons | Combined
ith tral-f d Uncertainty source [1074] [1074] [1074 [1074]
Wi CGI:] rat-rorwar PDF 0 T 9 9
topologies MC statistics 5 2 5 >
Electron energy scale 4 6 - 3
> Best Sens-it-iv-ity Electron energy resolution 4 5 - 2
Muon energy scale - - 5 2
Higher-order corrections 3 1 3 2
Other sources 1 1 2 2
Stat. 9 7 9 5
ATLAS, e CC _ ATLAS O : .
ATLAS, e CF | RN e Agreement with PDG value
ATEAS. | o at 0.6
ATLAS combined ——— .
CMS —
0o I e * DO and CDF measurements
CDF | —— also with a large PDF
LEP, A% | o uncertainty.
LEP, AL | —o- [CDF PRD 89 (2014) 072003]
SLD, A . B -o- [DO arXiv:1408.5016]
LEP+SLC | s-7TeV, 4.8 x>
PDGFit | | | B , N Future precision limited
0.225 0.23 0.235

by PDFs
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Drell-Yan lepton pairs at 8 TeV

e Recent A, measurement at 8 TeV by CMS

= Muon and electrons pairs

e As well as Z angular coefficients

CMS [arXiv:1504.03512]

19.7 fb ' (8TeV)

< 0-08 " pata
0.05F 4 MadGraph
- ¢ Powheg

0.04F & FEWZ,NNLO

ly| <1

d

50 100 1
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o -
(4, IR )

CMS Preliminary L=19.7fb"at (s=8TeV

C 15<|y| <24

- e Data

= I POWHEG £

; T =

- -‘u

- ~

:_ -

- &

= -

- .

- [CMS-PAS-SMP-14-004]

— TR | L 1 L L L |

50 100 200 300 1000 2000

M(I*T) [GeV]

= Muon pairs only

> A, sensitive to sin 0,

[CDF PRD 88 (2013) 072002]

% Next step: sin? 0_ Pt
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Quark couplings

e DY Z events also sensitive to Z-q couplings

2 Obtained by fixing Z-l couplings and sin“0,,

T [ (a)
0.6 QT
.\
0.4 !
i ¢
- e sm
0.2 ---coF
- — LEP
H1 prel. (4-D)
B H1 prel. (2-D)
Il bo (2-D), 5.0 fb
0 __ D@ (4-D), 5.0 fi5" 68% C.L.
1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
02 0 02 04 06 08

9

T >
o)

-0.8

[DO PRD 84 (2011) 012007]
[H1 prelim-10-042 (2010)]

® sm
~== CDF
— LEP

H1 prel. (4-D)

H1 prel. (2-D)
D@ (2-D), 5.0 fb'

D@ (4-D), 5.0 fb'

(b)

68% C.L.
I 1

PR I R N N R T R A
-0.8 -0.6 -0.4

N Most precise measurements

-0.2

e Neutral Current and Charge current in e-p interactions can

also be exploited
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NC, CC Interactions: Electroweak Unification

e Alegacy textbook picture from HERA \ Final HERA result

H1 and ZEUS
(\/]-\ § | I T T T I I I T T T | I I I I § Neu-l-r'al Curr‘enT
w 10 E_E O HERANCep04fb = > . 0
3 B SN 0 HERANCe'p0.5fb! 3 -
= = \&E\@ mssm HERAPDF2.0NC ep 3 > V%.t%x
(g | — -
o u mssm HERAPDF2.0NCe'p =
T 10l B —
B e Y 3
= - — ., e B Charged current
= m © 3
E | ‘ %\\ E e > /
103 = y<0.9 - - W
g \s =318 GeV .
L _ P_, >
= = N
5 C ® HERA CCep 0.4 fb! ]
1075 & HERA CCeposm! NE
- HERAPDF2.0 CC ep 0 e At hight scales CC and
2 HERAPDF2.0 CC e'p NC become of similar
10-7 i | ] I I | | ] ] | I A | | ] ] k magnitUde
10° 10*
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Triple Gauge Boson Self Couplings

s-channel

e First observed at LEP, Tevatron

=> Diboson final states:
Yy, Wy, Zy, WW, WZ, 71

ATLAS

Multiboson Cross Section Measurements  suius: varch 2015

T T T T T T T T T T N T N T N T N T T T N
data)

a™(y7)[AR,, > 0.4] T ATLAS  Preliminary
(rﬁd(Wy - tvy) oo
Run1 +/s=7,8TeV

— [njet = 0] =176

zo
=

zo
z

zd
Z
> oy | oy oy

s #5 Zo f£o

ofid(Zy - tey) s
[ = 0] —
o (Wyy = tvyy)
— [njee = 0]
o (pp>WV-brqq)
o (WEWE]]) EWK
oo (pp—>WW)
- ofid(WW-see) [Mjee=0] | ™
— oMWW ) [ =0] |
— o WWosep) [ge=0] |

== zo
S z
o

zo
S}

29+0.8-0.7+10 (data
MCFM NLO (iheory)

LHC pp Vs=7 TeV

ﬁd . - Theory
—o"(WW-ep) [nje>0] |~ - Observed
total(pp—WZ) i g;ghsyst
—of(WZ - ever)
LHC pp Vs =8 TeV
o.total(pp_)zZ)
Theory
—ototl(pp 377 4¢) Observed
—(rﬁd(ZZ - 4[) - f%‘?z%y;y;[

-ofid(zz* - 4r)
—ofd(2Z* - ttvy)

t-channel

In SM: only charged TGCs
(Wy, WW, WZ)

CMS

02 04 06 08 10 12 14 16 18 20 22 24 2

observed/theory

.6

Mar.l2015 . . . . . . . . ICMS IF’relirr|1inary
CMS measurements 7 TeV CMS measuremenlt (stat,stat+sys) +———o0—+—
vs. NLO (NnLo) theory 8 TeV CMS measurement (stat,stat+sys) +——e—+—
YY, (NNLO th.) ——to———— 1.06 +0.01+0.12 5.0fb"
Wy —to 116 +0.03+0.13 5.0fb
Zy o 0.98 +0.01+0.05 5.0fb"

Zy —to— 0.98+0.01+0.05 19.5fb"
WW+WZ — — 1.05+0.13+0.15 4.9fb"
WW ———o—+——i 111+ 0.04 +0.10 4.9fb"
WW, (NNLO th.) —te—— 1.01+£0.02+0.08 194 fb"’
wz o 1.17 £0.07 £0.07 4.9 fb"
wz ——e——i 1.12+0.03+0.07 19.6fb"
zZ H———o—— 0.99 +0.14 £0.07 4.9 fb"’
Y4 e+ 1.00 +0.06 +0.08 19.6 fb’
! ! ! L | ! ! ! ! | ! ! ! !
0% Alresusst Production Cross Section Ratio: Coxp ! cthe:

http://cern.ch/go/pNj7

% Now, from observation to precision measurements at LHC

. Sauvan - LAPP Annecy
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1

do(WW + 0 jets)/do

|
5

10"

1.5

Theory / Data

0.5
1.5

Theory / Data

0.5
1.5

Theory / Data

05

WW — 2] 2v

e |Large statistics with LHC 8 TeV data

C M S Preliminary

19.4 o' (8 TeV)

-o— Data
-®- Madgraph

=@ MC@NLO NLO

-4 Powheg

[CMS, prelim. CMS-PAS-SMP-14-016]

I*IEEIIII|IIII|

GNNLO

R YdidhgraV e Zees »%////////7/////%

I%IIII|II|II

Madgraph+Pythia normalized to

MC@NLO+Herwig normalized toc

NNLO

Powheg+Pythia normalized to ¢

NNLO

B A —A— —_A_
?W//A/Z/L/A/Z/_//A/L/Z‘/L/JKLTAT///’////////////////%j

0

05 1
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2

= Precise differential measurements

e Total cross section:

CMS: o4y, = 60.1 £ 0.9 (stat.) £ 3.2 (exp.)
+3.1 (th.) |4 1.6 (lumi.) pb

ATLAS: (H - ww* included)

Otor. = T1.4 &+ 1.2 (stat.) 3 (sys.) 727 (lumi.) pb

[ATLAS-CONF-2014-033]
Predicted:

JNNLO_QQS:I:ZIpb

th.

H WWx
gHoWWr — 41475

= Agreement with NNLO prediction

= Theory uncertainties affects the
measurement

N A fair assessment of theory
uncertainties is needed to compare to
data
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WW: theory limitations

* Large NNLO QCD corrections e 0-jet veto used to reduce tt
(0)
(9-12%) background
[PRL 113 (2014) 212001] = Enhance sensitivity to
WX QCD corrections  [prD 90 (2014) 073009]
T - [arXiv:1410.4745 ]
| —— ATLAS i T
—x— CMS P = Jet multiplicity and p."V
modeling linked - Powheg Pythia8
— Powheg Herwig++
0.025;‘ o aMCeNLO Herwig++
—  0.020! --- MG5 Pythia6
50 gg - H— WW*  coceeeeee NLO i — % . — Resummed
added to all predictions = eeeeeeees LO U 0.015 Scale Variation
1.15 'I O/UNILO | ,,I,, - " ~ 0.010
Ll b _8 5 T
1.05 ;‘_’,:,7_7._'.7_7.;..7.7.7.:7”/7/ ------------ = —L--M---'ﬂ"'i'-; & 0.005 ‘L!""‘*'___
100 e ——— [PRD 90 (2014) 114006] -
0.95 Eu 1 1 I L L L = 0000F. . .
7 8 V5 [TeV] 13 14 0 5 10 15 20 25 30

pr(WW)[GeV]
e NLO EW corrections also important

2 Calculations for WW including N Befter CO"“F"“"e.“:'duc'ﬂ| than
leptons decays [arXiv:1310.1564] total cross sections
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WW: jet multiplicity measurement

[CDF, arXiv:1505.00801]
e At the Tevatron, using the full Run Il data set

2 b-jet tag and neural network used to reduce tt background

g [ CDF Run Il: L= 9.7 fb” _
5 B WW(llvv) ! Measured cross section

5 T S — ;

§ 10— P F— Fanszanan: ALPGEN —
2 | [ Mc@nLo .
s [ i
s | i‘.‘.‘.‘.‘.‘.‘.‘i‘.‘.‘.‘.‘.‘.‘.‘.: |
g [ % 1
= ot }

3 1 N

(a Lecnan ]

[

.1

1

]

Tt

1

11
™
|
II
lI
g I
II
lI
|
II
lI
|
II
p I
lI
II
',
L

|

(@) (b) (¢) 7
Inclusive | 0 jets | 1 jet | > 2 jets

(a): 15 < E ' <25 GeV

(b): 25 < E.** < 45 GeV
(c): EJ*t> 45 GeV
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[CMS, PLB 740 (2015) 250]
[CMS, arXiv:1503.05467]

Data/MC

e /7 — lWl and ZZ - (lvv

= tau decays also considered

CMS \'s=8TeV,L=19.6 fb"’

—e— Unfolded data

0.4 ;— Total uncertainty _;
- Nk S-F;(;‘ggggPythia) E
0.3 ;_ ‘ ‘ —— MCFM NLO _;
0.2F =
01 =
O E L L L 1 | L | L 1 L L L ]
0 50 100 150 200 250

Z, P, (GeV)

2

N N L
| \ SN
B N
P S T RS T S S A A T S NS R S S
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)

Y
T

) / (doNLO/dp

Y
T

(dGincI./dp

ZZ and Zy

= Exploit the full 8 TeV data

[CMS, JHEP 04 (2015) 164]

o /v - lly

(@) () —_ — — —_
o o . N B O @
TT T[T T[T

19.5 fb' (8 TeV)

¢ Data combined: uuy, eey

[ INNLO
I MCFM (NLO)
- SHERPA (LO) up to 2 partons, stat. unc. only

Inclusive (no jet veto)

2
2x10 p?r (GeV)

W Agreement with NNLO
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Charged Anomalous Triple Gauge Couplings

- Low energy effects from high scale New Physics
e General Lagrangian for WWYV conserving C and P

LHwy = ZQWWV[QY(WJ;W_” — WHHW,, )V

4+ Iﬁ:ijW;V”V ® Charged aTGCs WWZ
)\V Oct 2014
_|—1/ — T T T T T T T T
+ o W WV | D=
W E)IQIJ"lelt e
At — WWwW -0.043-0.043 46 o
, p Z — WV -0.090-0.105 4.6 o™
°® o g p— g = K = Ry = 1 — WV -0.043-0.033 5.0 fb'1
For SM: 9 1 K e LEP Combination -0.074 - 0.051 0.7 o
L — WW -0.062 -0.059 4.6 fb
)\,Y — Az =0 z — WW -0.048-0.048 4.9 fb"
— Wz -0.046 - 0.047 4.6 b’
L WV -0.039-0.040 4.6 fb!
. — WV -0.038 - 0.030 5.0 b
o W magnetic moment: o DO Combination  -0.036 - 0.044 8.6 fb'
. o LEP Combination -0.059-0.017 0.7 fb'
_ —t WW -0.039-0.052 4.6 fb"
LU v—— (L + i+ ) Agf — Ww -0.095-0.095 4.9 b
— Wz -0.057 - 0.093 4.6 b
- WV -0.055-0.071 4.6 fb!
. . —o—i DO Combination -0.034-0.084 8.6 b
e W electric quadrupole moment: | = LEP Combination -0.054 - 0.021 0.7 fo"
e 05 0 0.5 T 1.5
Qw = BN oy — Ky aTGC Limits @95% C.L.
W

M Only using 7 TeV data, LHC limits are now as stringent
as LEP or Tevatron ones
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Neutral aTGCs

e Forbidden in the SM when all particles are on shell

> 777, 7y > LIy, Lyy

Mar 2015 Feb 2015
1 I | I 1 1 1 | 1 1 1 1 | I . ‘ I I 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1
AReien. ' ' T
CDF Limit —
3 — zz -0.015-0.015 4.6 fb' -
fy - zz -0.005 - 0.005 19.6 fb' h, L ? gggg ' g'ggg g'g ;El
— ZZ (212v) -0.004 - 0.003 24.7 fp' ZY 0,005 - 0.005 19 5 fh!
= ZZ (comb) -0.003 - 0.003 24.7 fp’' o U -0.005- 0. 19.5 fE:
4 — 2z -0.004 - 0.004 19.6 b hZ — Zy -0.013-0.014 4.6 fb°
- 77 (212v) -0.003 - 0.003 24.7 fb"' 3 — Zy -0.003 - 0.003 5.0 fo''
= ZZ (comb) -0.002 - 0.003 24.7 fo'' — Zy -0.004 - 0.004 19.5 fo'!
Y — zZ -0.016-0.015 4.6 fb’ —— Zy -0.020-0.021 51 fb”'
fs — zz -0.005 - 0.005 19.6 fb"’ y — Zy -0.009 - 0.009 4.6 o'
— Zz(212v) -0.003 - 0.004 24.7 fo’' h,x100 . 7y 10.001-0.001 50
ZZ(comb - - -1 ' ' ) ;
- = zz( ) e TR B zy -0.004 - 0.004 19.5 o'
— . . . - - S
5 - zz -0.004 - 0.004 19.6 fo" hZx100 2 0.009-0.009 46 fo"
- 77 (212v) -0.003 - 0.003 247 b’ 4 g Zy -0.001-0.001 5.0 fo"
L ! ! L L L L L ! ! L ! L L L L L L L L L L L L L L I I I I L L L L L | | | L L I
-0.5 0 0.5 T 15 x10" -0.5 0 0.5 T 15 x40
aTGC Limits @95% C.L. aTGC Limits @95% C.L.

M LHC limits now dominate
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Quartic Gauge Boson Self Couplings

Probed via:
v v e 3 bosons productions
e vy exclusive production yy - WW
V V * Vector Boson Scattering

W First evidences with 8 TeV LHC data

e Vector Boson Scattering

2
AWLW — WL W) oc 2F [_ s—t4+ S, 4 : =, ]
S— 1T H — Tt H

W W w W W 14 W w W W
~/Z —\-r\l,\/“" HO
v/Z - + -+ ffdl‘\,\_ + -
w W w w W W W w W W

= Direct probe of the nature of the EWSB mechanism
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e A first evidence of 3 bosons production

Wyy production

Events / 50 GeV

[
® Data
] Wyy
I Zy .
0 Wyj + Wijj .
C vy +jets ]
[ Other backgrounds ]

\s=8TeV, 20.3 fb' _:
electron channel (N> 0) .

W —-ev

[ATLAS, arXiv:1503.03243]

= Inclusive and exclusive cross sections

200 500

0 100
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200 300
m,, [GeV]
> F | 1 ]
70—~ ® Data -
(CD) : ATLAS ] Wy
) 60; - ZY
@ 0 Wyj + Wij
T T T vy +jets
Q 50 I Other backgrounds -
D C ]
- V -
40F \ 1s=8TeV,20.3fb" -
- \ muon channel (N__>0)
30
20

[NLO]
o4 [1b] MM b

Inclusive (Njer = 0)
Uvyy 7.1 *13 (stat.) £1.5 (syst.) £0.2 (lumi.) Incl.
evyy 4.3 ”28 o (stat.) +] 9 g (syst) £0.2 (lumi.) | 2.90 £0.16
tvyy 6.1 * +] (stat.) +l 2 (syst.) 0.2 (lumi.)

Exclusive (Njeg = 0)
HVyy 0 9 (stat.) ” ] (syst.) 0.1 (lumi.) Excl.
evyy 1 4 (stat.) A (syst.) £0.1 (lumi.) | 1.88 +0.20
Lvyy 2.9 M 7 (stat.) +{]}§ (syst.) 0.1 (lumi.)

e As for Wy, NNLO QCD corrections
are important

2> 19 - 26% for Wy

[arXiv:1504.01330]
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Vector Boson Scattering

e First evidence in same sign WW
= Same sign dileptons

w+

w+

> 2 high pT jets with |An, |> 2.4 (2.5) ; /
CMS 19.4 fb™ (8 TeV)
.'(2soilllllllll|||||||||I|l|||||||Illllllllllllllll: 1 1 1 1 I 1 1 1 ) | 1 1 1 1
g ~F ATLAS * Data 2012 - * Data |
o - 20.3fb7, {s=8TeV BXX a%st. Uncertainty 1 = g"hw‘lgk
. “W*jj Electroweak— ther Bkgs.
- M; > 500 GeV W*W*jj Strong . 101~ I Nonprompt
o0l : I grompt _ ] c - B wz
n : onversions ] o .
N '_> B Other non-prompt 1 P i [PRL 114 (2015) 051801] |
15 [ : — c &
- [PRL 113 (2014) 141803] g \ . \ |
10 [ ] _X \\ \ |
5 b = AN _
] NS
1

o 1 2 3 4 5 6 7 8
WWijj observed with 3.6c

5 of
<

e WWjj production (QCD+EW)
CMS:  apg(WEW*jj) = 4.0255 (stat) T (syst)
Predicted: 5.8+ 1.21b
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500 1000 1500 2000
m; (GeV)
WWijj observed with 2c
e WWjj EW production:
ATLAS: o'? = 1.3 £ 0.4(stat) £ 0.2(syst) tb
Predicted:  0.95 4+ 0.06 b
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Anomalous Quartic Gauge Couplings

e 3 bosons final state or VBS used to set limits on dim. 8 EFT
operators: f_, f, ., o, o (& f;,f, )

T,0? S,0?
o C@ fS j fT j ff\[ .
Lerr = Lsm + Z — O + Z = 0sj + Z ——Or,; + Z O
z’:WWW,W,B,CI)W,@B j=1,2
ATLAS = First limits on o, o
: IE)%F’)}”}’ Sww T CMS = Ww 3 + 4+ 3 '5
— CMS WYy — ATLAS Wyy using pp —» W* W+ jj

- R AR DA I L IR L L IR R 7
AQGC LII'I'IIItS 95% CL - ATLAS ]
£ g 0.6 20.3 0", Vs =8 TeV
T TevY T 0.4F- pp — W W j e
A4 | i K-matrix unitarization -
0.2 —
W : N .
a . - 3

c -2 !
A2 [TeV"] I — O .
| -0.2[~ confidence intervals .
| - [68% CL .
0 5 | 04 mos% cL B
— [TeV™] S -0.6|- — expected 95% CL -
- x Standard Model -
b b b b b U d el vl el IR Lo by b v b by b R n
_105_104_103_102 -10 10 102 103 104 105 '04 03 02 01 O 01 02 03 04 (x4

(@ = Parametrised f,, , ,

to match LEP and CMS conventions)
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Summary

Parameters
e m, and sin 6,: W and Z precision measurements

= Improved PDF constraints are critical

Interactions
e Triple Gauge couplings: towards precision measurements

= Experimental precision match theory one
= NNLO QCD + NLO EW Monte Carlo desirable

e Quartic Gauge couplings: the observations started

= The movement will be amplified with 13 TeV data
(~ x3 larger cross sections )

M Next Challenges in EW physics at colliders are
in PDFs, QCD and theory

[ Apologizes for subjects or results not shown ]
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