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Infroduction — EWK measurements

Electroweak program at the LHC is extremely important!

- cMs — ‘4A9‘fb"l(7"l'eV)‘+1‘9.4‘fb“(8’|"e\/)
8 |+ data top m,, = 125 GeV
21000 e v HOe
. . . ATLAS 77 13TeV: 2 (mwzazaw |
® Precision measurement: 1512,0531 4 Submitted 8 CMS HWW |
. . to PRL JHEP. 01
= Mulfi-boson production. N | (2014) 096)
. pp > 2Z > 4l .
m Extraction of SM parameters. | i

I * \s=13TeV, 321"

m Comparisons to high order corrections.

®  Measurement

2e2u — ——— Tot. uncertainty 0 le— — 1 e
= Most analyses presented here are (veryl] i ° e
complex (systematic limited), run 1 " - b AP "
STI” hGS d |OT TO OfferS! Combined |- gﬁgrnzNTaa7so(2o1s)4o7 _JI—lT]](Qb]S) 190
= Now sensitive to new final states s P
never observed beforel £ m oversice |
. . mwz 1 2 B
m Vector Boson Scattering or Fusion s saww: bl * £ ;
M # N N\ \T NN 0.2‘28 0.2]29 0.‘23 0.2‘31 0‘2’.32 0.2.33 0.2I34 0.235
m >2 bosons production... PRL114 SR ]
(2015) 051801 - ]
\\\\\\\\T\\\\i\\; N 45 —Q‘a— Da{a 2011 iEchusivé E
: : o g B A |
= Probe new physics and constrain new Je—
anomalous Gauge Coupling. g% —
ATLAS W y (7TeV) PRD 101:”“5 [La-aon
Louis Helary - BU 8. 112003 [2018) ] =

L L L 1 L
15 20 30 40 60 100 1000
E} [GeV]



What do we provide®e

Cross Section measurements

m Cross-sections are measured in a fiducial volume and are extrapolated
to the total phase space:

Ndata — kag o o Ndata — kag
. tot — .
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O fid —
m Where:
m C is the efficiency correction due to the reconstruction.
m A is signal acceptance in the fiducial volume.

m Differential measurements are performed to provide kinematic
distributions of the data sub’rroc’red from backgrounds, ond correc’red

10° E Cooay
from detector % %F arias omr 5 1
O] . |:|w Y (ALPGEN x 1.5) 5 o F L 3
ff g JLdt=4.6fb | 1s=7 TeV — e '3 & L L P - B
e eCT. _,g 10° Nt 20, E]>15 GeV R _; _’>; J.Ld gty :? —— 5
(]>,) 102 -Other Backgrounds _E é%’_ 1 Vs=7 . y ]
1| o — (inclusive) ] ( )
10 - 3 10— 0 (Inclusive) —e— ( 2 a
JRN— (I ive) —d— { ) ° m
1 9 —5— MCFM (Inclusive, ) —m— MCFM (Exclusive ) by
ATLAS Wy (7TeV) PRD 10 10
87, 112003 (2013 2 > . T
( ) C10 T % 3 E¢ A..@ _____ TN W, OA[‘] ________ [‘] ______ Ao l?]._
ol.2— - als (e @ 0\
§§ D] N - . s L
©| O ° i .
Q| 008 ¢ = ol
< 20 3040 100 200 300 1000 B feawoeatoadhtogh b
Louis Helary - BU w v = )
ET [GeV] 15 20 30 40 60 100 1000



What do we providee Interpretation

on Boson Gauge Couplings

m Trilinear and Quartic Gauge boson couplings (TGC, QGC) are precisely
determined by SU(2)xU(1) gauge symmeiry.

. . aTlGC operators
= Neutradl COUp“ﬂg forbidden. coupling parameters channel
m TGC: WWe Ay, Ak, WW, W
. WWZ | Ay, Aky, Agl | WW,WZ
= VBF and VV production. 77~ he, h% Z

. Zyy hy,h) Zy
m QGC: 7 f%?;,f% g
= VBS and VVV production. Z7Z7 i0> f30 ZZ

s Anomalous Gauge Coupling results in large production cross-section
at high energy.
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aQGC (dim 8) operators
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U*p*jj Candidate Event

m;=2800 GeV | Ayil=6.3

| IZ==21 | \AILAS
 Run1 results: = Djﬁ_’i_‘f’ifﬁﬁ”‘

* Multi-boson production
e Rare processes
* Precision measurements
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ATLAS runl1 (and run2) overview

Standard Model Production Cross Section Measurements

10*

103

102

10

Lovuis Helary - BU

Status: Nov 2015
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WV-20rvgg @ 7 TeV

m Selection:

» 1 lepton with p;(>25 GeV).  &wf 1. -

" V530 GeV, m>40 GeV. el m  EhE

= 2 Centraljets (| 7 |<2.0) w i T
with p:>25,30 GeV. w

n | AQEMSj)|>0.8, ol

| A 77 (j;:jz) |<I-5-
| AR (j1.j,) 1 <0.7.

Data/SM

m Challenging analysis:
m Large W+jets contamination.
m Fit based signal exfraction.

= Measurements found in good
agreement with NLO prediction:s:

Ttot = 68 & T(stat) £ 19(sys) pb
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CMSWW=>0v ey @8 TeV

n Selection: G A Apit - , e
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Limits on charged

m Stringent 95% Limits are derived
on charged aTGCs.

Central
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[[>40 @ 8 TeV CMS

m /7—000'Q0" Selection:

m 40(e, 1, 2fromt ) consistent with
/7 (ie 2 pair SFOS).

= 021>20 GeV, pehe>10 GeV.
= 60<My; ,<120 GeV.

= Measurements found in good
agreement with NLO gg and LO gg:

o' = 7.7+ 0.5(stat) £ 0.7(sys) pb
olheo — 7.7+ 0.6 pb

m Provide many differential measurements:
My 1™, Pt P! A @ (ZZ), and AR(ZZ)
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/7> 40 differential measurement @

3 TeV ATLAS

m /7>40 selection:

m 40 (e, u) compatible with 2 Zs: 2 SFOS
pairs.

m p21>20 Gev, p#£>15 Gev, p#>10
(8)Gev e(u). p>7 (6)Geve(u).

= 12<m,,<120 GeV.
= 80<m,,.1000 GeV!

m Explore multfiple production mode
[2>40 H>4Q , /7/>42 continuum.

= Provide unfolded m,, and p;*.

® Measurement are compared to
different level of predictions.

m About 500 candidates, expect ~5%
from backgrounds
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L[4 , m,, differential

measurement.

» munfolded measurement: 3 oul ATths 4 Messurement |
m | O: nonresonant gg->44. % 03— i Prediction -
= NLO QCD: qg->44. S 025 oo 20317
85 0.2F =
= NNLO QCD+NLO EW:H>42 and on- Excessin ® 0_0155 = E
shell gg—>44. (ZZ7%*) 0.1E . E
. o05— T+ e =
m Exfract gg component in m,,>180 NG \

GeV regiOn. EE LEH_:/_._ . —

m gg—>4L: Off-shell Higgs, non 90 200 300 400 5 1\;500
resonant gg and interference - o Im‘”l[ e ]
» Subtract gg=>42 and fit signal: G ATLAS E
) s = S
frgg = 2.4 £ 1.0(stat) £ 0.5(sys) £ 0.8(theory) < \S_j_TiZt’azo'S " E
S 400 | 0 e Fit s
= Result compatible with the fact it P
that predictions are LO in this E
region. i E— E

200 300 400 500 1000

Lovuis Helary - BU
m,, [GeV]



[l =V v @ CMS

m //—0v v Selection: (7 and 8 TeVl) e 19.6 f6" (8 TeV)

>A ] zz 22y . \:12a2| Data CMS—%

[ ] 2 Q(:e, u ), pT>20 Gev, 8 102 I:I;;p,_)\/\;\l/;’;\gj;t;ofata) -;szjj'zvv f4=0.005 gi

" ,(22)>45 GeV, | me-mZ | <7.5 GeV. Blol oy

. E/45565 GeV, - —
. . o 10 E

= arge DY contaminafion estimated

from data, remaining contribution )
MC. N

ie]

(O]

o o

. B : HEE H H ; P
Measurements found in good 2 oh e s i .
agreement with NLO predictions: Dilepton p, [GeV]
o - T T
ol = 5.1 15 (stat) ] | (syst) + 0.1(lumi)pb

fl — zz -0.015-0.015 4.6 fb
NLO + 4 — zz -0.005 - 0.005 19.6 fb™!
e ZZ (212v) -0.004 - 0.003 24.7 fo'!
OrTeV — =6.27 pb — ZZ (comb) -0.003 - 0.003 24.7 fb
Z F— zz -0.013-0.013 4.6 fo’
‘ot 4 — zz -0.004 - 0.004 19.6 fb
ot = 7.210 8 (stat) ) 5 (syst) + 0.2(lumi)pb . 22 (212v) -0.003 - 0.003 24.7 b
- ZZ (comb) -0.002 - 0.003 24.7 b’
v — ZZ -0.016 - 0.015 4.6 fb’!
NLO +0 f 3
o —76F b 5 — 7z -0.005 - 0.005 19.6 fb
8TeV — p - 7z(212v) -0.003 - 0.004 24.7 fb"
. . — ZZ(comb) -0.003 - 0.003 24.7 fb'
m Best 95% CL alGC (CMS,ATLAS) limifs. z — 7 -0.013-0.013 4.6 fo”
5 i zz -0.004 - 0.004 19.6 fb™
— ZZ (212v) -0.003 - 0.003 24.7 fb'!
Louis Helary - BU | B ZZ(comb) -0.002-0.002 24.7 b
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[y @8 TeV

"L 7’]_’ V1V|7('| Se'eﬂj)m m 7y —Q(=e,u) 2y Selection:

B | Ccentrda 7| < .

high p(>145 GeV) photon = 1(]| 77]<1.44) with p;(>15GeV)

= EMs>140 GeV photon.

] w(e ) bkg f MC but m 20 (=e, 1) with p;(>20GeV) .
= Large v 1) bkg from U

checked in CR. " Mg>50 GeV,
= Measurements found in good = Main bkg Z+jets estimated data.

agreement with NNLO predictions:
0 piq = 52.7 £ 2.1(stat) £ 6.6(sys) fb m Good agreement meas. to NNLO
oNNLO _ 50 + 2.4 fh pred. g“;\;‘olded pr 7): ey
= Best 95% CLaTGC (CMS) limits. ~ 2 _ > fo (8 TeV)

hy Zy(lyvvy 7TeV) -2.9e-03-2.9¢03 501" ﬁ' 18E * Data combined: upy, eey

- Zy(lty) 4.60-03-4.66-03 1951’ ;_. L [Innwo
— Zy(vvy) 11e-03-95¢-04 196" zb.E 1.6~ I MCFM (NLO)
hZ Zy(lly,vvy 7TeV) -2.7e-03-2.7e-03  5.0fb" A=) 1 4:_ [ SHERPA (LO) up to 2 partons, stat. unc. only
3 Zy(ly) 3.8¢-03-37e-03 195 fb" ,\\i_ L
— Zy(vvy) 1.56-03-1.6e-03  19.6 " Tg. 12F + +
v A Zy(lywvy 7TeV) -1.5e-05-1.5e-05 5.0 fb" - I - |
h4 Zy(lty) -3.6e-05-3.5¢-05 19.5fb" o |
— Zy(vvy) -3.8¢-06-4.3¢-06  19.6 b 2 0.8

hZ — Zy(ityyvy 7TeV) -1.3e-05-1.3e-05 5.0 fb” 06:—

4 Zy(lty) -3.16-05-3.0e-05 19.5fb" R L . L

— T - lZy(vvy? - \-4'0.&0.6-‘4'6?-0? I1s|a.efb"l 20 30 4050 102 2x102 pﬁ (GeV)

_NAg 0 Nnag 1 1 BEv102h ) x10%h



Rare Processes - EWK production

u*ptjj Candidate Event

= EWK single produc’rion: ex: Z%QQ+2j ey anies

VBF : sensitive CITGC

m EWK di-boson production: ex: WW*>00+2

wt ”H—
W //Q' W

VBS : sensitive GQGC . v
s EWK production is very characteristic: o 10
m Two high p;well separated in rapidity | —
m Suppressed hadronic activity in the gap. qe A
m Large mj.

Lovuis Helary - BU



Rare Processes - Single boson EWK

oroduction @ 8 TeV

s EWK W->Qv +2] Selection:
m ] p(>25(u) —-30(e) GeV) lepton.
m EMss>25( 1) —30(e) GeV. QCD V+jets
= 2jets (| 7| <4.7)p>50,60 GeV. Esg'r;mgsd
n | yW-(yil+y2) /2.0 < 1.2, mjj>1 TeV.

o) =420 £+ 40(stat) £ 90(sys) fb
Measurements found

19.310" (8 TeV)

Preliminary EWK W+2Jets E
uon channel B Wiy + Jets
Il Top .
Bl Z/y —IT + Jets |
Il Dibosons ]

e data

Events / 100 GeV
3,

in good agreement Utv}{fj] 500 + 30 £b 1500 1500 2000 r%fcz%eiagoo
with predictions 7 3 o~ aruas
in two channels. afz?dj = 54.7 + 4.6(stat) + 10.5(sys)fb§ 0 Iseﬁ;iﬁi;iﬁ
\8 10° =.:_._ E
o)) =46.1+ 1.1fb P -
m EWK Z2>00+2] Selec’rlon s ]
10 — E
" 2 p;(>25 GeV) lepton. S atonin T
_ LT

= —— Background + EW Zjj —_|5

B 81<my<101 GeV, p#*>20 GeV.
m2jets (| 7|<4.4)p>4555 GeV.
u prO|< 0.15, m]]>250 GeV. - ’p—r + PP+ P +pT‘ ______

Louis Helary - BU pr ‘ | ’pT l ‘pT l ‘ ‘ -OE -+ unconstrained =

500 1000 1500 2000 2500 3000 3500
m. [GeV]

+
iy
ne

BKG BKG + EW
o

{
fi
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Rare Processes — Evidence of

Same Sign WW production

m WEW=channel very interesting, because QCD (gg)

\anr , 3 [ aras U e
Broduc’non is suppressed, and benefits from smal C 1l 2031 15=8ToV EIF Syat Uncertainy

ackground. Very good signal (EWK W*W*) over 2 — Wl Siomoweak 3
background raftio! g 10 E = Comorsions 3

has 3
& _ﬁ_»j; B Other non-prompt 3
HKHH R =1

= W*W=scattering essential to probe EWSB mechanism | R, ea™e
(Violate unitarity without a SM Higgs ).

2 Iénp?or’ron’r bkg from fake and charge flip (e) estimated from

ata.

m ATLAS Selection:

* Data/Bkg
: CJ Bkg Uncertainty

{ =42 (Sig+Bka)/Bkg

Data/Background
0

m 2SS IepTons (e,u ) with pT>25 GeV. 07360 400 600 800 1000 1200 1400 1600 1800 2000
= my>20 GeV, AR,>0.3 m GeV]
= 2 jets with pT>30 GeV, AR,>0.3 [ L —— LA
~ I - Dat T
m EWK region: | Ayjj| >2.4 :’;:, ol =S:)|:$r§:19pi i
I  wz

m CMS Selection

2 SS leptons (e, 1) with p;>10 GeV.
mMy,>20 GeV.

2 jets with pT>20 GeV.

M;>300 GeV, | 4 7jj|>2.5

0
Louis Helary - BU 500 1000 1500 2000



Rare Processes - WEW= || resul’rs

19.4fo" (8 TeV)

= Both analyses have sensitivity o first LLw1°°°: S
evidence: ATLAS 3.60 (280 ), CMS 200 - g - Soredec
(3.10)

m Good agreement is found with predictions: °

oGS = 4.0 £ 2.4(stat) £ 1.1(sys) fb
oGMS — 58+ 1.2fb i
ool = 2.1 4+ 0.5(stat) + 0.3(sys) fb N
S,0
Ofheo = 1.52 £ 0.11fb L ATLAS o e
oEWE = 1.3 + 0.4(stat) £ 0.2(sys) fb & 2000 03 o e
O.gl‘é‘gK 0.95 :|: OOGfb _ fc; 1000; . &F-)m:trix unitajljrization ]
= Limits are set on aQGC parameters Fe, % .-
and Fg; non unitarized for CMS and 000 e O
unitarized with Kmatrix formalism for ATLAS.  F 85 . AN
i :_ Standard Model NN i

-800 -600 400 200 0 200 400 600 800‘

Louis Helary - BU fgo/ A* [TeV]



Rare Processes — First evidence of

EWK Z y production

m / y+j selection: > prT—— T
m Exactly 1 SFOS pair of e or u S I E |
with p>20 GeV and 70< m,,<110 GeV 8 Bewczrams 3
= | photon p;>20 GeV and (| 7| <1.44) £ ’
= Afleast 2 jefs with p>30 GeV, m;>400 Gev %
and | 4 7jj|>2.5
1

200 400 600 800 1000 1200

m Large Z y QCD contribution measured M, (Ge)

in CR. o e R CEE

S Ermar =

g 10° S:ZKZ 2 E

= Significance over bkg only hypothesis s sttt

3.00 (Exp: 2.1 0 ). Good agreement g |

. T w E

\gw’rh predictions: ]

v o +0.89 +0.42 7
Ofid — 1.867 75 (stat) 57 (sys) fb

Zy 1
o =1.26+£0.12fb

theo f 200 400 600 800 1000 1200
Louis Helary - BU M; (GeV)



Rare Processes — Exclusive WW

oroduction y 7/—>WW » \/

m y y->WHW-selection:

m Exactly I OS pair of e and ¢ >‘
with p>20 GeV. y

m P (ex)>30 GeV.

m Both originates from same vertex
with no other tracks.

. . > 7CMS preliminary 19.7fb" (8 ;reV)
m Pile-up makes such an analysis very 8 - o o
challenging. i
» Usey ¥ — ee, i i exclusive process as control g -
sample at pr(ll) ~ 0 to study charged track veto £ -
and characterize to correct for non-elastic g
contributions ‘t
3:—» k\\§ [
. oo . - A
m Significance over bkg only hypothesis 3.6 o -l
(Exp:2.40). Good agreement with LO 16 M
predictions :
Oror = 12,372 fb : *
| O'LO:6.9:|:O.6fb l I
Louis Helary - BU 5000 150" 500 550 500°* 550> 406 * 450 * 500

M(ue) [GeV]



Rare Processes — Evidence for

3-boson production: W y

m Fiducial definition:

Definition of the fiducial region

pT > 20GeV, pi > 25GeV, |no| < 2.5

mrt > 40 GeV

El >20GeV, 7| < 2.37, iso. fraction ¢ < 0.5
AR(L,v) > 0.7, AR(vy,v) > 0.4, AR({/v,jet) > 0.3

Exclusive: no anti-k; jets with piﬁt > 30GeV, || < 4.4 20%

Events / 50 GeV

30F

70F
601
50k

40+

m W y+jet, y y+et estimated from data, Z y checked in CR.

[ |
® Data -
I Wyy
Il Zy

[ Wyj + Wjj
vy +jets 1
[ Other backgrounds

\s=8TeV,20.3fb"
muon channel (Njels >0)

30

100 400
= First experimental evidence (>3. 0 from bkg only hypo) of My [GeVl
_ i~ > F T I :
3-bosons production! S soh amias * ous -
o F
, , TR : 2 50b — AN -
m ~2.odiscrepancy with NLO prediction in inclusive 2 %% = :
measurement (1.0 exclusive). 5 250 B Other backgrounds -
o1 [fb] | o MOFN 7] 20;_ \s=i3'rl1'eV, i(r:.sfb'1 . _
Tnclusive (]Vjet > 0) r electron channel (Njets_O) ]
T 7e%% 7.1 TI3 (stat.) £1.5 (syst.) £0.2 (lumi.)
evyy 4.3 T8 (stat.) T19 (syst.) £0.2 (lumi.) | 2.90 £0.16
Lluyy 6.1 t15 (stat.) £1.2 (syst.) £0.2 (lumi.)
Exclusive (Njey = 0)
VY 3.5+ 0.9 (stat.) fi:é (syst.) £0.1 (lumi.)
evyy 1.9 T (stat.) 73 (syst.) £0.1 (lumi.) | 1.8840.20
Lvyy 2.9 105 (stat.) Too (syst.) £0.1 (lumi.)




Results on aQGCs

m Using results from VBS channels: CMS-PAS-SMP-14-018 (EWK Z71) .

Phys. Rev. Lett. 114 (2015) 051801 (CMS W*W*) and tri-boson channels:
Phys. Rev. Lett. 115, 031802 (2015) (ATLASW Y v) |,

Phys. Rev. D 90 (2014) 032008 (CMSWV Y],

stringent non unitarized (CMS,ATLAS) limits are set on dim 8 operators,
F, and F;.

October 2015 cMs October 2015 cMS —

ATLAS  — ATLAS - Channel Limits ILdt s
Channel Limits i o /A* — Wvy [7.7e+01,8.1e+01] 19.3fb" 8 TeV
fro /A b i Wyy [-1.6e+01, 1.6e+01] 20.3fb" 8 Tel — Zy [7.1e+01,7.5e+01] 19.7fb" 8TeV
________________ L WYy (250401, 248401] 193" 8Teh b= ss WW [-3.3e+01, 3.2e+01] 19.4fb" 8TeV
’ ’ -1 yYy—=WW  [-1.5e+01, 1.5e+01] 5.1 fb' 7TeV
— Zy [-3.8e+00, 3.4e+00] 19.7fb"' 8 Te\ H YY—WW  [-4.6e+00, 4.6e+00] 19.7fb" 8TeV
. ) eWW  [4.20400, 466500 194" 8Teh /A Posssseemeeeenes [ Wvy [-1.3e+02, 1.2e+02] 19.3fb" 8TeV
' ’ . Zy [-1.9e+02, 1.8e+02] 19.7fb"' 8TeV
fr /A% — Zy [-4.4e+00, 4.4e+00] 19.7fb' 8 Te\ I-=-I ss WW [-4.4e+01,4.7e+01] 19.4fb"' 8TeV
- W 12,1640, 246400] 194 15" 8Te\ [S— Yy->WW  [-5.7e+01,5.7e+01] 51 fo' 7TeV
' = YYy—=WW  [-1.7e+01, 1.7e+01] 19.7fb' 8 TeV
fra/A° — Zy [-9.9e+00, 9.0e+00] 19.7fb" 8Te\  fy,/A* o | Wyy [-2.5e+02, 2.56+02] 203fb" 8TeV
[ 3 ss WW [-5.9e+00, 7.1e+00]  19.4 fb" 8 Te\ = zy [-3.2e+01, 3.1e+01]  19.7fb" 8TeV
fiua /A I i Wyy [-4.7e+02, 4.4e+02] 20.3fb"' 8 TeV
frg /A — Zy [-1.8e+00, 1.8e+00] 19.7fb" 8 Te\ — Zy [-5.8e+01,5.9e+01] 19.7fb" 8 TeV
. B fg /A F-=d ss WW [-6.5e+01, 6.3e+01] 19.4fb" 8TeV
frg /A — Zy [-4.0e+00, 4.0e+00] 19.7fb" 8 Te\
' fy /A ==~ ss WW [-7.0e+01, 6.6e+01] 19.4fb" 8 TeV
6 | | L L 5|0 L L L 1 100 L | 1 5‘00 | 1 1 1 Cl) 1 L 1 L 50|0 L | 1 0‘00 | | | 1 1 5‘00I 1 1
aQGC Limits @95% C.L. [Te\ aQGC Limits @95% C.L. [TeV*]
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Precision measurements: Z

forward backward Asymmetry
m /7 Forward-Backward Asymmetry:(Ag)

Ncos HES >0 — Ncos 923 <0

AFB =
Ncos G*CSZO + Ncos 9(*ts<0

m 7 couplings differ for left- and right-handed

fermions:
- difference in 2+ & 2- angular( 8 )
distribution lepton plane (cm)
. pue fo V-A STrUer_e of weak inferaction. Use Collins-Soper Frame: 6 *~s to minimize
m Linked to weak mixing angle: 6 . ambiguity due to p; of incoming quark
. . . > 10°
= Measurement in LHCb with Z- « 4 final $ . g e
state only. - " misiqentification
= 2 OS Muons with p>20 GeV and g " v rsngetp
2<| n |<4.5, 60<m , ,<160 GeV. s 10F iaaNouy
= Using L=1 fb-1@ 7 TeV and L=2fb-1@8TeV. g 10
m Signal Powheg (99% pure sel).Fakes model 1
with data. .
1056708090 51566; 110 120 I1I30 ;1@4(.;‘-!,,1;;(;:..,;60

Louis Helary - BU m,, [GeV]
hupt



LAFB results

Az measured as a function of m, . 2 0.6
<

m Good agreement with generator!

m Use template fitting to extract

Measurement gives:

Sin29$g = (0.23142 = 0.00073 = 0.00052 = 0.00056 -0.2
(’rheo) -0_%0 s

(stat) (sys)

Both ATLAS and CMS also measured

m Only 7 TeV data but with both e and
u channel.

LEP and SLD measurement still most

precise measurement, but LHC results
competitive with Tevatron now!

Lovuis Helary - BU

LHCb
pT>20 GeV
2.0<n<4.5

0.2 -
0.1 4 —}— data \s =8 TeV
0 i;" =— POWHEG + PYTHIA
—+ — (sin®6] = 0.2315)
-0.1
——

PR TR T N TR TR T N T S T N TR T
80 100 120 140 160

my, [GeV]
LEP + SLD o
Phys. Rept. 427 (2006) 257 0.2315:0.0002
LEP Agg(b) HOH
Phys. n.’;?,.. 427 (2006) 257 0.2322+0.0003
SLDA O
Phys. Rev. Lett. 84 (2000) 5945 0.2310+0.0003
Do ~O—
Phys. Rev. Lett. 115 (2015) 041801 0.2315+0.0005
CDF —O0—
Phys. Rev. Lett. D89 (2014) 072005 0.2315£0.0010
ATLAS —O0—
arXiv:1503:03709 0.2308+0.0012
CMS
Phys. Rev. Lett. D84 (2011) 012002 0.2287+0.0032
LHCb —O0— 0.2314+0.0011
LHCb 1s=7TeV ——O—— 0.2329+0.0015
LHCb 1s=8TeV —O0— 0.2307+0.0012

0.2IZ4 0.2I26 0.2IZS 0.I23 0.2l32 0.2I34
sinzes;f



Run 2 resulis

13 TeV candidate

« Run2 results
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CMS runl-run2 overview

CMS Integrated Luminosity, pp, 2015, Vs = 13 TeV
Data included from 2015-06-03 08:41 to 2015-11-03 06:25 UTC
ec 10 10*

— & 10 CMS Recorded: 3.81 1 ' 10"

{ i 7 TeV CMS measurement (L < 5.0 fo™) E i R !

1 05 & 8 TeV CMS measurement (L <19.6fb") 3. 4 o
i 13 TeV CMS measurement (L<1.3fb7) £ m;f'-

— Theory prediction £ o

10 =5 = CMS 95%CL limit B S

& Date (UTC)

“ Data ’rcdg.ng
+ = stopped|ls
sIR iy . November!

mr st T

- b

—_
(@)
w

IIII} IIIIIIII} IIIIIIII} IIIIIIII} IIIIIIII} IIIHIH‘ IIIIIIII‘ IIIIIIII‘ IIIIIHU'

—
o

e

,.4

I
e

Production Cross Section, ¢ [pDb]
2
]
1l

o
)
|III’ | ||I||||’ I ||||I||" | ﬁlfnn’ | IIIIIII’ | LI

's ch

qqZ WW ss |m‘ltW|ﬂZ|ggH|gg}§IVH|nHl

All results at: http://cern.ch/go/pNj7 EW: Woslv, Zo3l, e Th. Aoy, in exp. A
Louis Helary - BU
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CMS WZ run2 with L=1.3fb'@13 TeV

1.34 b (13 TeV
AL S b

~

m W/72000" v selection: g wfcus :
m 3 lepton (e, 1) consistent with WZ: (ie 1 pair %::z_ ’ 4+ paa
SFOS+ another lepton). T =z
= p,21>20 GeV, p;#>10 GeV, p;"¥*>20 GeV. 80 =5

Data driven

= 40<M,<120 GeV.

potsdoditetels

e%tetets

I|I|||I|IIIIII\lIIIlIIIlI\IlIIIl

III|IIIIIIIIIIIIIII|III|II

= Fake background measured from dafa. £ ‘
B 055 70 80 90 100 ~ 110 120

134 {7 (13 TeV)
. o 3 5OE_CI\'ns | T
m Good agreement with NLO predictions g f Prelminary i ]
. . . . . @ C ¢+ Data .
(No NNLO predictions available in this 5 OF - 2 =
channell). o 3 E
r o v n
0ha(pp = WZ — fvi'd') = 239 :t29(stat)iz(2) (syst) £ 11 (lum) fb. 200 Datadriven 1
oNLo = 27478 1 : :
10— -
c(pp — WZ) = 36.8 £ 4.6 (stat) %5 (syst) £ 0.6 (theo) £ 1.7 (lum) pb. Oi...lw. D e e TR O
oNLo = 427755 pb g " - _
Louis Helary - BU <§ 0555560150200 850 300" 350 400 450"500

ms.(GeV)



CMS ZZ run2 with L=1.3fb'@13 TeV

. CMS Preliminary _ 1341"(13TeV)
m /7-2000'Q" selection: b
. . . = L [ qq—ZZ—4¢
m 4 lepton (e, 1) consistent with ZZ: (ie 2 3 = oz | ]
pair SFOS). & ]
= p,221>20 GeV, pethe>10 GeV. of 1
m 60<M;, ,<120 GeV. e_ ]
m Fake background measured from I "N E
dO'I'O . O 20 G0 400 B0O e 00
z my, [GeV]
G 25— —+— Data —
a B 1 qg—=ZZ-4r
o L B 997747
. s 4, L ZWZ:X
m Good agreement with NNLO g
predictions. g
oua(pp — ZZ — 4¢) = 38.07%7 (stat)j}:g (syst) £ 1.7 (lum) fb. i
c(pp — ZZ) = 16.73% (stat)" )% (syst) & 0.3 (theo) = 0.8 (lum) pb. "’
o¥NLo = 154557 pb 3
Louis Helary - BU %(_) 70‘ 80 90 00 110 120

m, [GeV]



ATLAS 77 run2 with L=3.2fb'@13 TeV

m /72000'Q" selection:

. . . . 18— e ——

m 4 lepton (e, u) consistent with ZZ: (ie 2 pair % ok TS a
o T \s= eV, 3. ]

SFOS) %14;—  Data —;

= p.21>20 GeV. 512 micavT
W 1o N Prediction uncertainty :

u 66<MZ]’2<] ]6 Gev. 82— Expectedbackground 0621018;
6 =

m Fake background measured from data. £ + + E
ii - + 4]

200 300 400 500 600 700

Mass of four-lepton system m,, [GeV]

m Good agreement with NNLO predictions.  <1soc

>""F i 'ATLAS -
©.160 P H1s=13TeV, 3.21b"
Measurement O(aé)prediction %1402_ B T A Qg‘j Al
o 120: B P . Expected background: 0627
fid 2.4 0.5 . 0.2 % 120 TS 0 WSS P st
T et eete 8.4 *3((stat.) 03 (syst.) F53(lumi.) fb 6975 fb ‘:;’100:_ I ,
fid +29 +0.9(111mi +0.4 S L Liiliilhe onggeenctifcil
T ey 147 2 Ustat) (syst) *32(lumi.) fb 136503 8 b T % i
fid 1 8 0.4 : 0.2 = B
AN 6.8 *-¥(stat.) *03(syst.) *0-3(lumi.) fb 6975 b g— 60F
fid +3.9 +1.0 + - +0.9 £ 40 o
Thzpeee- 297 g(stat) gsyst) 21 (lumi) fb 274 05 o |- I A R T
) 2 L RN R Q- L 111 L1 [
o 16.7 *23(stat.) *0(syst.) ‘_”0:7(1u1m.) pb 156703 pb = 2907740 60 80 100 120 140 160 180

Subleading-pT | Z candidate mass [GeV]
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Conclusions

e Conclusions
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Conclusions

= The LHC EWK recent results were presented.  Mtbontrosestontemsyomens oo
- xyi"lfyfy > 04 ATLAS  Preliminary :Z
= Asit can be seen no significant deviation from  “wZy" e e ]|
theoretical prediction have been observed. g+ ¥ —|
o . . = [Mjee = 0] .| 203
= Usually tension fixed when higher order oW o
) : T e S ——
corrections are available. T i mowy | 83
R . . - o™ WW-spapr) [mjer=0] [ . ] LHC pp V5 =7 TeV 46
= Start to be sensitive to NNLO correction in o) =t L 3 =, |
some channels. e == - o |
ot (pp-Z2) _- 240'.63
® New channels are now observed: e oy S “
. . —-of(zZ* - 4r) . 46
s EWK (1-2)boson production, and tri-bosons. EAGRILC N NN
02 04 06 08 10 12 14 16 18 20 22 24 26
= Limits on aGCs are starting to be competitive P
W|Th LEP reSU”S CN‘IS measurerr‘lents‘ 7TeVCMS‘ measuremen‘t(stat,s‘tat+sy8) ;H—'
vs. NLO o) theory 8 TeV CMS measurement (stat,stat+sys) e+
m Run2 data have already been started to be YI, (Lo ) — 1.06£001£012 501"
. % — o 1.16+0.03+0.13 5.0fb’
analyzed although the data taking stopped 2 | 2 — 08820012005 501"
Zy R 0.98+0.01+£0.05 19.5fb"
monThS ng. WW+WZ —_ = 1.05+0.13+0.15 4.9fb"
= More results (runl and run2) will come soon! | w .~ o S
S.I.Oy Tunedl W2z o 1.17 £0.07 £0.07 4.9 b’
: wz . 1.12£0.03£0.07 19.6 fo'
4 —— 0.99+0.14+0.07 4.9fb"
4 s 1.00+0.06 £0.08 19.6fb"
. L L L
Louis Helary - BU 09 Alresutsa Production Cross Section Ratio: o/ G

http://cern.ch/go/pNj7 exp theo



