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Why looking at EW processes? @ YRS,

= Measure EW cross section and compare it to (higher order) SM predictions
»Possible to give constrains and input for theory predictions

= Important/irreducible background to many analyses (e.g. Higgs and searches for
physics beyond SM)
= Possible to probe physics beyond SM (anomalous triple and quartic couplings)
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. . # JGJu
Multi-boson production at LHC @ )))))) G .
("« Non abelian structure of SU(2); x U(1)y allows boson self-coupling )

% W=
¢ Va g ’ —
zn* W
SM GC
TGC vertex Z/’Y* Q
q Vig Vi W+
_ W= y,
(" VA coupling | parameters channel N
Wi Ay Ak, | WW, Wy
A gl WWZ | Az, Akz, Agé | WW,WZ
7 zZ7 hZ, h? Z
BSM atGC 4 aQGC 71 hih] Zy
] A/ &, Z7Z
- YA fZO, fgo 27
4 Ref.: http://arxiv.org/abs/1305.3773

= Possible to introduce additional parameter in effective field theories
that parametrize SM forbidden couplings
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Cross section estimation @ .

UNIVERSITAT MaiNz

- Use decays to leptons to get a better | | Irreducible backgrounds
background suppression (estimated using simulation)
- Selecting high pr leptons/jets = Backgrounds including non
= Require high missing Er if v involved prompt leptons using data-driven
- Apply selection based on process methods (tt, V+ jets)
topology
L J
fid Ndata o Nbackg.
Otot =
%@* C+ [ Ldt
= Extrapolation to full phase space via E Estimate systematic )
an acceptance factor (A) (and the uncertainties from:

branching ratio) - Experimental: energy-

resolution/scale, reconstruction,

= Correction for detector inefficiencies oS
ID, luminosity, ...

= Theoretical: PDFs, parton
shower, renorm./fact. scale, ...
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Run Number: 182796,
Event Number: 74566644
Date: 2011-05-30, 06:54:29 CET

Muon

Electron
Cells:Tiles, EMC
Collection: o

ATLAS

B EYPERIVIENT
Drboson production

. - Results shown in this presentation:
= =) W y/Zy '
N . wz | |
- | ’(‘,

ZZ>2e2p candidate o~ \ ;NVW semi- Ieptonlc /A
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Wy & Zycross section at 7 TeV  Phys. Rev. D 87,112003 “g % .
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« Channel: Wy/Zy = vy, lly, vy _
= Main Backgrounds:

= Selection: : _
_ _ = W +jets: 15-25% (data-driven)
= High pr, isolated y/leptons - Z +jets: ~10% (data-driven)
* High E7*** (when v included) - y+jets: 5-10% (data-driven)
* I, y well separated -t T <5 % (simulation)
- Exclusive (Njet=0) region more sensitive 3 1o geew=
S =
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Er [GeV] »New theoretical predictions
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.112003
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WZ=2I1llv cross section at 8 TeV  ATLAS-CONF-2013-021 @
= Selection:

: : Q[ amasPeliminary e :
= Three high p, isolated leptons g [ B - ]
aNoL et
. E';niss >25 GeV “bg """"""" NLO QCD (MCFM, CT10)
10 - - WZ (pp)(66<m <116 GeV) —|

—_— WZ (pp)(66<m <116 GeV)

= Main Backgrounds:
= Z +jets: ~15 % (data-driven)
= ZZ: ~5 % (simulation) 1
= W/Z +y: ~3 % (simulation)

LHC Data 2012 (1s=8 TeV)

O ATLAS WZ— Wl (66<m <116 GeV) L=13 fb’
LHC Data 2011 (\s=7 TeV)

® ATLAS WZ— Wl (66<m <116 GeV) L=4.6 fb
Tevatron (1s=1.96 TeV)

B D0 WZ— Ivll (60<m, <120 GeV) L=8.6 fb’ !

A CDFWZo Wil L=71 b

E 18{];. L II L L L L I_- 1 1 | | 1 | 1 | | | 1 | 1 1 | ‘ 1 1 | | | 1 1 ‘ | 1 1 | 1 1
O eof ' Foaa 0 2 4 6 8 10 12 14
S 160 D"Z“’ZZ E s [TeV]
o 140F =$JZ_+?' ]
L +He 4

& 120F Oz+jer ]| Meas. cross 20.3735(stat.)’ 2 (syst.) " o7 (lumi.)
w 100F- ETop ]| section [pb]

a-:]z— ATLAS Preliminary _ Theory cross 20.8 + 0.3

5-:]5— \E=sTev,[Lat=13m* ]| section (NLO) [pb]

40F 7 = Very precise diboson cross-section

201 : measurement

%100 200 300 400 500 600 700 800 = Limits set on WWZ aTGC (done only

M, [GeV] with 7 TeV data so far)
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WW=Ivlv cross section at 8 TeV ATLAS-CONF-2014-033 @ NNNNNNNNN

= Selection:

= 2 high pT, isolated leptons (opp.
Charge)

-« ETUSS 545 (25) GeV for elec.(muon)
channel
= Main Backgrounds:

= Top: ~15% (data-driven)
= W+jets: ~5% (data-driven)
= Drell-Yan: ~5% (simulation)

m |||||||||||| | LB I UL | L | LB I T I_
512000— ATLAS Preliminary 4+ Do -
@ [ {s=8Tev,[Ldt=203f1 [ wwwmc -
Top MC -
10000_— e*v u*v channel E z:;s o -
N - B Wiets MC ]
8000~ B other diboson MC —
N %22 stat. unc. ]
60001 1
4000 _:
]

3 4 5 6 7
Jet multiplicity
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ATLAS Prellmlnary

Measured
Ldt =20.3 fb Cross sections
V\s=8TeV ete’
WW .
A WL

SM Prediction

qg/qg - WW: MCFM NLO CT10
gg— WW: MCFM LO CT10

gg —H —I) WW: NNLO MST\JIVZOOB

10 20 30 40 50

iy [Pb]

= Difference between theory and
measured cross sec: 2.1 0

= NNLO theory corrections up to 10%
(see: arXiv:1408.5243)

= Possible explanations of the excess
in terms re-summation due to Njet=0
requirement (see: arXiv:1407.4537)
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WZ/WW=| v qq cross section at 7 Te\VJHEP01(2015)049 5 ...

= Selection: Elooc..,.. ATLL‘.SlS
- One high pr, isolated lepton o f [Lat=a6M" -
- ESS 530 GeV, m,>40 GeV 3 S

- Main Backgrounds: % . Dy
- W/Z+jets: ~89% (data driven) £ 00 o 2

= multi-jets: ~5% (data driven)

= Top: ~4% (simulation) 200
= Total background modeled by combined ]
LH fit
> 22000F 7 LT LI B
(.3200”0;_j|_m=4.6m'1 E e S T
~ 18000F \(5=7 Tev —e— Dala = 50 100 150 - 200 250
2 - - iz 3 Dijet Mass [GeV]
é 16000 I o cuerks e
1 14000F- e 4 Measured (tot. comb.) [pb] | 68 +7(stat.)+19(sys.)
12000 -
o000f- Wos v+ 2jets Theory pred. [pb] 61.1+2.2

= Measured cross section in agreement
with SM

= Limits set on anomalous WWZ, WWy
couplings

Data/Fit

50 100 150 200 250
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http://link.springer.com/article/10.1007/JHEP01(2015)049

4] cross section at 8 TeV ATLAS-CONF-2015-031 -
= Measurement in 4l mass range from 80-1000 GeV
- Good possibility to test SM predictions overa 3 °%F  ATLAS Preliminary
large kinematic range 8 0.25F + {s = 8TeV, 20.3 fb’
= Background very small (~5%) g 0.22— fﬁ: -+-Measurement_§
- Selection: E.S?r 0.15; N — Prediction _;
= 4 high pT isolated leptons 0-1§P —— —
= Build same flavor, opp. charge pairs 0.05}- I+ o &
50 GeV< m1<120 GeV; 12GeV<mgy <120 GeV AR
E 103- ATLAS Prellmmary « Data E E; 1': _+_+++++ - " :
E 102:_ - Is=8TeV, 20.3 o =:q:—‘::ll ] © 90 200 300 400 10:00
PR Olag-4l  : m, [GeV]
E’ foL + Domkereind] = Overall good agreement between
: 1  theory prediction and measurement

= Predictions include NNLO QCD, NLO
EW for qq—>4l and H->4l but only LO
QCD gg->4l

»Measurement of NLO correction factor
of gg—=>4l contribution
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https://cds.cern.ch/record/2038141/files/ATLAS-CONF-2015-031.pdf
https://cds.cern.ch/record/2038141/files/ATLAS-CONF-2015-031.pdf
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https://cds.cern.ch/record/2038141/files/ATLAS-CONF-2015-031.pdf
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4] cross section at 8 TeV
= Estiamtion of signal strength p,, = o(data)/o(gg—41;L0) for

m,; > 180 GeV

= LH fit to data including non-ggZZ contribution to best knowledge

and background
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Events / 20 GeV

ATLAS-CONE-2015-031 @

ATLAS Preliminary

\s = 8TeV, 20.3 fb

—_—— Background

—— Non-ggZZ Signa

|IIIJ|IIII|III{|IIII

200

300 400 500

1000
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JGlu
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Moo = 2.4+ 1.0(stat.) £0.5(syst.) £0.8(theory)
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= Cross section would be higher for aTGC
= aTlGC affect mostly high p regions
= Parametrization of aTGC in a perturbative, model independet way
= Parameters (Aky, A, ...) all 0 in SM
= No deviation to SM prediction found
July 2015 July 2015
L L B B ' e e e e T L IR | A 7T o
rel. Limil CMS Prel. Limit: —
W Y e = WW<Z — ww 43eEo:Im§t3e :)2 46?
Ax, - Wy -4.1e-01 - 4.6e-01 45“’:1 Axy o WW -6.00-02 - 4.60-02 194 fb”
Wy -3.86-01-29e-01  50fb — WV -9.0e-02-1.06-01  4.61b"
P ww -2.1e-01-2.2e-01 491! — wv -436-02-3.3e-02 5.0fb"
o WW -1.3e-01-95e-02 194 fo" e LEP Combined -7.4e-02 - 5.1e-02 0.7fb'1
_ — ww -6.26-02-5.9¢-02 4.6 fb
Wy 21e01-22e:01 461 Az — ww -4.86-02-486-02 4.9
— WV -1.1e-01-1.4e-01  50fb or Ww -2.46-02-2.4e-02  19.4 10"
—_— DO Combined  -1.6e-01-25e-01 8.6 b — Wz -4.66-02-47e-02 46 (b
— LEP Combined -9.9e-02-6.6e-02 0.7 fb" — wv -3.96-02-4.06-02 4.6 fb"
l P W.Y -6.5e-02 - 6.1e-02 4.6 fb1 — wv ] -3.8e-02 - 3.0e-02 5.0 fbl
: = W Seecsomi som L Dlooms Swedsadwer son
M wWw 4.80-02-482:02 491’ AQ? — wWw -396-02-520-02 461"
tor ww -2.40-02-2.46-02  19.41b" g, — ww -9.56-02-9.56-02 4.9 fb"
i wv -3.9e-02-4.0e-02 46fb" Fos ww -4.76-02-2.26-02  19.4 fg‘
Posheanbeg | — Wz -57e-02-9.36-02 46 fb
- W g.ge gg i'ge 82 501 — WV 556-02-7.1002 46"
DO Combined  -3.6e-02 - 4.4e- 861 o DO Combined ~ -3.4e-02 - 8.4e-02 8.6 b’
‘ o lLEP Combined -5-99-02-1-73-02‘ 0.7 fo i e LEP Combined 5.4e-02 - 2.1e-02 0.7 f”
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
-0.5 0 -0. 0

1 1.5
aTGC Limits @95% C.L.

Ref.: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC

1 1.5
aTGC Limits @95% C.L.
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Vector boson
fusion/scattering
(VBF/VBS)

Z+2 jets (VBF) (JHEP 04(2014)031)
WW+2 jets (VBS) (Phys. Rev. Lett. 113, 141803 (2014))



http://arxiv.org/abs/1401.7610
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.141803
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.141803
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.141803

Z+2 jets at 8 TeV

= Two main goals:

= Measure differential cross section
—>used to constrain theoretical modeling

= Measure EW cross-section and set limits

on aTGC
= Base selection:

= 2 high p, isolated leptons in Z mass

range
= 2 jets with pp >25 GeV
> E’JIIIIAﬁAS
QO 40 [Ldt=203Mm"
o E
2 E - Vs=8Tev
o - search region
- I ——
2 10°E .
= = -
10°F -
; g
10 B
E ¢ Data (2012) _._+#:
1:_ —}— Background - #
E | Background + EW Zj ++_

immmniim

=
8" T
= SIS S . I R T
oo E —+ -—
% 0.5
l:—---—-__‘_‘__h_.__._.“._.._.-.- .............................. _:
v|m 0.5F Lo T T -
E — constrained e == T
R v e o

JHEP 04(2014)031

T T

—— T
~4- Data (2012)

3
N

8'% + .
—lo 4 0—3 = 3 Sherpa Zjj (QCD + EW) -
E e - - Sherpa Zjj (QCD) E
C ‘ “Z Powheg Zjj (QCD + EW)
10¢ - - Powheg Zjj (QCD)
0 EE — EE
: e ]
10° E g
| ATLAS
-6
W'F jLa=goal’ ==z e
r 1s=8Tev  777mm= =0
~ search region
1 0'7 | S I IRTI PR | P 1

©
g% 1.2 R - D & N
08 T ‘ =
o . E
glg 12F 3
H E = sy 1 3
o 2 ik A
0.8F e & Z
500 1000 1500 2000 2500 _ 3000
m. [GeV]

)

Background only rejected with

>5o0

Both generators do not describe

all distributions

Constraints for theoretical

modelling
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g q

q K,

Z
I |
Z brems.
‘Vi q/
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noe

+ o

J€

€

p,e”

utet

500 1000 1500 2000 2500 3000 3500

m, [GeV]

oew = 54.7 £ 4.6 (stat) f?h?fd (syst) £ 1.5 (lumi) fb.
TEW.Powheg = 46.1 = 0.2 (stat) + 0.8 (PDF) + 0.5 (model)fb
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http://arxiv.org/abs/1401.7610

WWijj VBS at 8 TeV

= Key process to probe EW symmetry

breaking

= VBS amplitude increases with /s >
without Higgs this would violate
unitarity at ~ 1 TeV

2 isolated same sign lepton pp>
25 GeV; In| < 2.47 (2.5) (muons)

>2 jets pt> 30 GeV; [n]| < 4.5;

. EmlSS > 40 GeV Inclusive

© Ay > 24 VBS region
ATLAS SM 6YB8-0.95 + 0.06 [fb]
20.3 b \s=8 TeV NLO, POWHEG-BOX, CT10

etet

0.4+ 1.0%4.0 [fb]

et

1.3+ 0.6+0.25 [fb]

P

1.7+ 0.8+ 0.15 [fb]

Combination
1.3+ 0.4+ 0.2 [fb]

15 2 25

o v [fo]

A
@T
\ !
Phys. Rev. Lett. 113, 141803 (2014) EW A oy KIGV%TRES%RG
3 "ATLAs ARERRRERNS '
8 : * Data 2012
3 107 20.3fb", (s=8TeV X% Syst. Uncertainty q
a8 : > WWjj Electroweak
£ : W*W=jj Strong wH
% 10 o B Prompt VBS
i Conversions
ﬁ _*‘_",f‘ B Other non-prompt
KA K
1 W
WA HNN OO WY q q,
10"
wt

£ : ' ililData/Bkg ] ;
2 - Bkg Uncertainty .
2 & {444 (Sig+Bho)/Bkg_| 1 ] strong
. I T W o e s ] -
S fasagd
S 0 200 400 600 800 1000 1200 1400 1600 1800 2000' q’

determination

m; [GeV]

Main background from t t (charge flip), WZ

Main sys. uncertainty from background

»Combined signal over background only hypothesis
= Inclusive (EW+ strong): 4.50 (exp. 3.40)

= VBS (EW only): 3.60 (exp. 2.80)
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.141803

Triboson production

WyYy (Phys. Rev. Lett .115, 031802)



http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.031802
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.031802
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.031802

Wyy at 8 TeV

Phys. Rev. Lett .115, 031802 @g

NNNNNNNNN GUTENBERG
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q

First evidence of triboson production > e ]
G 35 ATLAS él\?va‘a -
: o Y ]
= 1 isolated lepton pT> 20 GeV; S ol .z E
Il < 247 (2.4) (muons) g vyt z
y Q 251 [ Other backgrounds ]
. > ; 2.37 - weor .
pr>20 GeV; nvl <237 nclusive o0E \s=8TeV, 203707 ]
. - electron channel (N__>0) -
= E7YSS > 25 GeV; my > 40 GeV 150 e
* Niges = 0 Exclusive 10 E
LEP ATLAS e85 5%0
- T YL CMS yy - WW
— DO Ww
—omSwyy T ATLASWn = Backgrounds: m,, [GeV]
AQGC Limits 95% CL = Multijet background (data driven)
f i S S : :
K [TeV“]) — - Prompt leptons e.g. Zy (simulation)

o lid[fb]

UMCFM [fb]

aG (Tay2
MIOS

Incl.

6.171 5 (stat) & 1.2(syst) £ 0.2(lumi)

2.90£ 0.16

Ch
% [Tev?)

-10°-10*-10%-10% -10 10 10% 10° 10* 10°

Excl.

2.970 % (stat) 75 3 (syst) £ 0.1(lumi)

1.88+ 0.20

= Combined significance over background only: 3.6 ¢

= Consistent within SM - Limits set on aQCG
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.031802
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Conculsion/Outlook ?
= Many diboson processes and cross section measured

ner-=e

= VBF, VBS and first triboson production at LHC measured
= Measurements give input for more precise theory predictions

= No deviations between theory and experiment - Limits set on aTGC and
aQGC

= More run 1 ATLAS results come soon: VBF W, VBS WZ, ...

= Promising run 2 analysis started

ATLAS

EXPERIMENT

Run Number: 271421, Event Number: 287349506

Date: 2015-07-12 09:53:46 CEST

Ref.: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/EventDisplayRun2Caollisions
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= Only WWy or WWZ triple gauge coupling (TGC) vertex allowed in SM

= Possible to set limits on anomalous TGCs
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Phys. Rev. D 87,112003@

—8— Dala 2011

ATLAS

= | v Y selection: 2 ' fﬁds'_lﬁ. o Data 2011 E E ] S - Eﬁf&wwﬁmmmé
- E Leta .1;3 ", (a7 TEV I:I Z{TT ey (SHERPA 5 1.0) 3 — Ny, 20, E7 100 GeV B ZvT)sjets, multiet 3

= One lepton with: pp> 25 GeV g“” T B ] R o4 ' e

. - z 10 -g l.ﬁ —+t Tl E

- One isolated photon with: EY > 35 GeV 1 ]

10

- EJVSS> 35 GeV; mp> 40 GeV R =
N‘E 1%::’—"'«-‘-"\. - :: = 1-2_.---_+_| ................................. ._-
= Elec. chan.: Z-boson removal BEbE, . T g[8 e — =
& 100 200 300 400 500 600 700 800 900 1000 o@ OB —4— . . M - —
. m" [GeV] Wi 100 150 200 250 300 350 400 450 500
= |l y selection: EF* [GeV]
= Two opp. Charge same flavor lepton
m11>25 GeV Cuts pp— {vy pp— Ty pp— vy
. ) % Lepton ph= 25 GeV ph =25 GeV
- . e = 2 N < 7 v
One isolated photon with: E; > 15 GeV Incl <247 Il <247
N, =1 Np» = 1, Np- = | N, =0
— . Neutrino pr > 35 GeV
= v vV y selection: Boson mes = > 40 GeV p2¥ =90 GeV
, Photon EY =15 GeV EY > 15 GeV EY = 100 GeV
= FMISSS 90 GeV: m> 40 GeV lg7| < 237, AR(E, y) > 0.7
T T ef <05

- One isolated photon with: EY > 100 GeV .

- Photon, ETYSS jets (if found) separated

= DD background method (side-band)

measured cross sec. [pb]

E =30 GeV, |nie| < 4.4
AR(efp /vy, jet) =03
Inclusive: Nj = 0, Exclusive: N, =0

channel theory cross. Sec. [pb]
vy 0.116 = 0.010(stat) * 0.013(syst) = 0.004(lumi) 0.115 + 0.009
fvy 1.76 £ 0.03(stat) = 0.21(syst) £ 0.08(lumi) 1.39 = 0.13
("€ y 1.05 = 0.02(stat) = 0.10(syst) = 0.04(lumi) 1.06 = 0.05
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.112003

Wy & Zy NNLO QCD corrections
= NNLO QCD corrections lead to better agreement (Grazzini et. al.)

= arXiv:1407.1618v1 [hep-ph] (W v)
= arXiv:1309.7000 [hep-ph] (Z y)
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WZ/WW%IIqq background and aTGC JHEP01(2015)049 @
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Background
estimated via
combined LH fit to
both channels
Systematics taken as
nuisance parameter

Parameter

Observed Limit

Expected Limit

Az= A\
ﬂﬂ.-?
Ag?

[—0.039, 0.040]
[—0.21, 0.22]
[—0.055, 0.071]

[—0.048, 0.047]
[—0.23, 0.25]
[—0.072, 0.085]
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http://link.springer.com/article/10.1007/JHEP01(2015)049

JGlu

Limits on aTGCs
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AWWY | Vyru r— r+ o= B F RS F e 1
zﬂﬂn = gwwi [_qll (HWH 'H#,,H ] + Ky 'H#Hyl + (1)
"}" T + ¥ £ r—jd 41 F—pif s o rer
—— VH WP +i0Y € e ((PWH)WH = WH(PW ) V
mu.
-1+ Hy v ki -1+ #J’Pﬂ "}H - '+fi ”Pﬂ:]
+igy W WMV + 8VH) — —W oW Vg = == W W eveaid Y
2 mi;,
Agi = (g =1) =tanbwdz , Aky=(ky=1) =z, Ref.: http://arxiv.org/abs/hep-ph/9601233v1
Ay = |:.l'-'.'.z— 1] E‘L‘HII&H'{.TZ'Fﬂ-g) . AII O for SM
Ay Sy, Az Stanfyyz.
ot 2014 https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC
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4] cross section at 8 TeV ATLAS-CONF-2015-031 .
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ZZ Cross section at 8 TeV

Background very small
Selection:
= 4 high pT isolated leptons
= Build same flavor, opp. charge pairs
= 66 GeV< mq7<116 GeV; 66GeV<msgy

<116 GeV
%‘220_I T T ‘ T T | IEI T | T \J T T IEl T T 17T T T T T T \i
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LHC Data 2012 (Ys=8 TeV)
O ATLASZZ- llll (66<m <116 GeV) L=20 fb'
v CMS ZZ— Il (60<m, <120 GeV) L=5.3fb"'

LHC Data 2011 (Vs=7 TeV)
® ATLAS ZZ- ll(liivv) (66<m <116 GeV) L=4.6 b’
¥ CMS ZZ— 1l (60<m <120 GeV) L=5.0fb"

Tevatron (Vs=1.96 TeV)
® DO ZZ-> ll(ll/vv) (60<m <120 GeV) L= B 6fb"
A CDF ZZ— li(IVvv) (on- shell) L=6.0fo"

0 2 4

6 8 10 12 14

\s [TeV]

= ZZ on-shell measurement also done

Meas. [pb] | 7 1+-2(stat.)£0.3(syst.)£0.2(lumi.)
Theory(NLO 7_28-%
) [pDb] '

2 I\“\“TT?"‘IE_I:PLL'JJTIIE'\I\lllll\l\l\llll\\
gO 40 60 80 100 120 140 160 180 200 220

Subleading Lepton-Pair Mass [GeV]

= Statistically dominated
= No deviation from SM
= Possible to set limits on ZZZ aTGC
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= Medium identification criteria (shower shape)

Z +2 |ets selection detalils

= Muons:
= pT >25 GeV, |etal<2.4
= Track quality - Anti-Kt jet R=0.4
= Isolated ), prof dR<0.2 around the track < 10%* = Energy corrected for pileup etc.
ot « pr >25 GeV |y|<4.4

Electrons: = Cuts to suppress jets from primary interaction
= Track€-> cluster matching (JVF)

= pT >25 GeV, |eta|<2.47
= Cross section in 5 different fiducial volumes:

= Jets

= Jets removed that overlap with lepton

Object baseline high-mass search control high-pT

Leptons Inf| < 2.47, p§ > 25 GeV

Dilepton pair 81 < mygy < 101 GeV

— P > 20 GeV _

Jets |yj| < 4.4, ﬁRj‘f >0.3

P > 55 GeV P> 85 GeV

i > 45 GeV p2 > 75 GeV

Dijet system

mj; > 1 TeV

mj; > 250 GeV

Interval jets

NE2P —

Jet

TEAD
NEP > 1

Zjj system

phalance < (.15

phanees 15
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http://arxiv.org/abs/1401.7610

Z +2 |ets analysis details and integrated cross section @

= Backgrounds

= tt, WW |, t+W, W+jets done with MC

es GUTENBERG
UNIVERSITAT MAINZ

Composition (%)

Process baseline  high-pt search control high-mass
- Multijets with template method Strong Zjj %8 940 947 960 85
Electroweak Zjj 1.1 2.1 4.0 1.4 12
= Systematic uncertainties: WZ and 22 o 13 or 4 .
it 1.8 2.2 0.6 1.0 2
= 3% (2%) for electron (muon) reco., ID, Single top 0.1 0.1 <01 <01 <0.1
ISO. ON Cross section Multijet 0.1 0.2 <01 0.2 < 0.1
. : WW, Wjets < 0.1 < 0.1 <01 <11 < 0.1
= 2.8% lumi. uncertainty .
Fiducial region Jthecrr;f (pb)
baseline 6.26 +0.06 (stat) © + {scale) fg%g (PDF) fgzl;g (model)
high-pr 1.92 +£0.02 (stat) * +“ “’ (scale) 1095 (PDF) 002 (model)
high-mass 0.068 £ 0.001 (stat) * +“ 009 o (scale) 70902 (PDF) 10007 (model)
search 1.23 +£0.01 (stat) +H H (scale) fg g? (PDF) ™ +n n3 (model)
control 0.444 4 0.005 (stat) Tooe; (scale) T002: (PDF) +3 &33 (model)
Fiducial region osd (pb)
baseline 5.88 +£0.01 (stat) £0.62 (syst) £0.17 (lumi)
high-p 1.82 £0.01 (stat) £0.17 (syst) £0.05 (lumi)
high-mass 0.066 £ 0.001 (stat) +£0.012 (syst) £0.002 (lumi)
search 1.10 £0.01 (stat) £0.09 (syst) £0.03 (lumi)
control 0.447 £ 0.004 (stat) £0.059 (syst) £0.013 (lumi) JHEP 04(2014)031
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Z +2 |ets differential cross section and aTGC @

JHEP 04(2014)031

8lg " 4-Daiaenz) €3 - Data (2012) 1 .
- 1oL —-— 8 a3 00 + EW CalR A NI 1 = Sherpa does not describe
- - Sherpa Zjj (QCDY - - - - Sherpa Zjj (QCD) =
- 7 Powheg ZJl (QCD + EW) = 47 Powheg Zj (QCD +EW)  ceemefaeaod] m]] We”
10 T - -+ Powheg Zj| (C0) 08: - - - Powheg Zjj (QCD) - —-  zzoc-g=--- E
S I * \ 3 s 1 - . -
o - : EE‘ > i »>New Sherpa version will fix
Ams CEE T T T 0-4_ S
10 Lai=203 " [ sy _pmeas
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L T T
T S
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L , e =@ Ittt 'y menadicauad
s e = I e
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= In VBF two of the three bosons have space like chatacter in diboson- -pair
production all three time-like
» Complementary possibility to set limits
L
Jwwz
" g12Kz=1inSMA;=0
= Unitarity conservation obtained by introducing a dipole form factor that
corrects the couplings in dependency of a unitarization scale (A)

}«z

?’HHF

W‘f WHZvP

=1 [glfz (L‘V}Iyi‘i’rpzy — E*LHIVT#Z”) — HZIV;IVHZ;LU 4+ =
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http://arxiv.org/abs/1401.7610

»r=p

WW/ijj selection details Phys. Rev. Lett. 113, 141803 (2014) @

= Single p trigger pt >24 GeV +iso. or
pT >36 GeV

Di-elec. trig pT >12 GeV (both)

From primary vertex

Muons:
“ pT >25 GeV; |etal<2.4
= Track quality

= |solated ) pr of dR<0.2 around the
track < 10%* pr

Electrons:

= Track<-> cluster matching
“ pT >25 GeV; |etal<2.47
= Medium identification criteria

Jets
= Anti-kt jet R=0.4

S

= Energy corrected for pileup etc.
" pT >25 GeV |y|<4.4

NNNNNNNNN GUTENBERG
UNIVERSITAT MAINz

= Cuts to suppress jets from primary

interaction (JVF)
= Jets removed that overlap with |

epton
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.141803
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. . , # JGlu
Limits on aTGC/aQCGs from VBF/VBS B =

VBF

4 , A
= Measured in search region m;; > 1 TeV

= Coupling are modified by dipole form factor g, 4,

Az (Oand 1in SM)
= Calculated for different unitarization scales A

aTGC A =6 TeV (obs) A=6TeV (exp) A =o0c (obs) A= o0 (exp)

Agiz  [-0.65,0.33] [~0.58,0.27]  [-0.50, 0.26] [~0.45, 0.22]
i Az (—0.22, 0.19] [<0.19,0.16]  [=0.15,0.13] [<0.14, 0.11] /o0 04001000,
VBS
(= Additional contribution to WWijj can C Ay A T T N
be expressed in model-independent 08 20310"\s-8Tev
way using higher dim. operators 04 et aarzair E
> Anomalous quartic gauge couplings 2 E
(aQGC) i 5
= Deviation from SM parametrized 02" confidence itervals E
in terms of (a,, as) (both 0 in SM) 2;‘: meno :
TR ATTTTTITTITTTT ove- SO
-04 -03 02 01 O 01 02 03 0.4
\_ Phys. Rev. Lett. 113, 141803 (2014) X,
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.141803
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WWjj analysis details

Phys. Rev. Lett. 113, 141803 (2014) @;

% S0 ATLAS
e -
2 m, > 500 GeV
201~ ;
- —>
15~ :

10

RS

[

* Data 2012 ]
20.3fb",\s=8TeV Syst. Uncertainty
W*Wjj Electroweak
W*Wjj Strong .
BN Prompt -
Conversions ]
B Other non-prompt

%

Irreducible (prompt) background:

WZ->11v ~90% (Simulation)
ZZ +jets (Simulation)
tt +W/Z (Simulation)

Conversion background:

Wy (simulation)

JGJu

sonannes GUTENBERG
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Background from lepton charge miss-
identification e.g. Drell-Yan (data

driven)

Other non prompt background:

W+ jets, tt, etc. jets faking leptons

(data driven)

Inclusive Region VBS Region
et et et e etet eyt il
Prompt 3.0+ 0.7 6.1 £13 26+ 0.6 22+ 05 42+1.0 194+05
Conversions 3.2 £ 0.7 24+ 0.8 - 2.1+05 194+ 0.7 -
Other non-prompt 061 +030 19+08 041+022,0504+026 15+06 0344+0.19
WEW*55 Strong 089+0.15 254+04 1424+023|025+006 0.71 £0.14 0.38 + 0.08
WHW+55 Electroweak | 3.07 +0.30 9.0+ 0.8 49+05 |2655+025 73+06 40+04
Total background 6.8+ 1.2 10.3+20 3.0+ 06 50+ 09 83116 26 £ 05
Total predicted 107 £14 21.7+26 934+1.0 76+£10 156 +£2.0 6.6 £ 0.8
Data 12 26 12 6 18 10
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.141803

Cross section compared to theory prediction

Standard Model Production Cross Section Measurements
mmmmmmmmmr\/W\m—
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