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(] Diboson production at ATLAS

— The considered processes in this talk
* pp 2> Wy, Zy, WW, WZ, ZZ

— Large statistics and clean signature

J/

% Large production rate at high /s

O/

%* Clean signature with leptontic decays of heavy bosons

/

< High pt (isolated) leptons/photons, EF*SS from boson decays

— Sensitive to theoretical calculations
% Large NLO/LO QCD k-factor at high /s

** Non-negligible NNLO QCD and NLO electroweak corrections

J/

% Gluon resummation effect on exclusive measurement (e.g. in jet bins)

— Sensitive to new physics

+* Search for new particles decaying to vector boson pairs (W’, Z/,
gravitons, ...)

Probe anomalous triple-gauge-boson-couplings (aTGCs)

7 K/
000 0’0

Probe anomalies in vector boson scattering

— Irreducible background to Higgs measurement (Zy, WW, ZZ)

28 October 2014 Y.Wu
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Event display of a WZ candidate event (WZ-> uuuv)

LATLAS

" EXPERIMENT

Run 167607 Event 113411871 LBN 39
A possible candidate event of W-Z—UUpV
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2011, Ns =7 TeV

-
o
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Physics: 4 57 fb™

yat  pot

2012, \Js = 8 TeV

Delivered: 22.8 fb™'
Recorded: 21.3 fb”
Physics: 20.3 fb
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©
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35

B Vs=8TeV, [Ldt=208M" su>=207
0 Vs=7TeV, J'Ldt =521b", <u> = 9.1

High
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40

Mean Number of Interactions per Crossing
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Integrated luminosity for physics
analysis

4.6 fblat7 TeV

20.3 fb! at 8 TeV

Data taking efficiency

Detector operation fraction

Very stable detector performance

Demonstration
of an event with
O(25) vertices

Crucial to correct for the pile-up effects in
s  momentum and energy measurements



arXiv:1407.5063

—4— Calibrated data
----- MC, uncorrected

Entries / 500 MeV
(@8]
[&)]
(@]

 1s=8TeV, J.Ldz‘ =20.3 fb

Z>ee

IlIIII|IIII|IIIIIIIIl|1I1I|IIII|1IJIIIHITI[I1

200
150
100
50
O M PR L
Q — E
= 1.1 Calibration uncertainty =
2 1.05 ——— . =
Lo = : =
T 095E- . i R
0.9F =
80 82 84 86 88 90 92 94 96 98 100
m,, [GeV]

Events/GeV

600

500

400

300

ATLAS-CONF-2013-088
x10° 1 : , .
[ Chain 1, CB muons ATLAS Preliminary —
[ [[] Corrected simulation s =8TeV .
[  —=— Data 2012 J' L_204is" _
E bt e, e bt 4 4,
S * M LA S E
0 80 30 100 110
my, [GeV]

Precise calibration of energy scale and resolution for e/u and Good modelling in MC
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arXiv:1407.5063 ATLAS-CONF-2014-019

Events / GeV

T T T T T T T T T T T T T T T T T T T T L] 30 L) L T T T 1 LB LB T 7T T T T 1 1T T T T T L T T
3000: | ! ! I - % - ATLAS Pr‘eliminar;/ I I I -
- ATLAS \s=8TeV, |Ldt=20.3fb 1 O] ’ - e Data 2012 before pile-up correction B
25001~ 15 TF S MCbelere pleup corecton v ]
- Unconverted photons " ] 2 20: o MC pile-up%orregtion STVF ¢ f #) 3

- H—- | -0 — ' —
2000 ~# Z—Huy, data N 4 32 - \s=8TeV ¢ ® .
[ -~ Zoupy, MC . & 1§ b seeGy g6 f E

[ & Z—eey, data arE - o - s @ ° .
1500} - : 4 3 - o ® ]
- —Z—>ee7, MC - IE.IJ>‘ 10— . ® —
1000} 4 8 flesmmsmmmmesmessen o
- - LIJ [ |
500 — € 104; Lo It e i
- - 2 1o2f =

— — _O B St T P E P LT PTPPOLs TETCLTRPTTEPTLS: FEFPPTPPITYECEIPR SUPTCLS [OPER, FETOE (RFUPN, STRCLY AEPPT) LT TTEIP TP TP LR PP

60 70 80 90 100 110 120 T s i —
0220 700 200 300 _ 400 500 _ 600 _ 700 800

my, [GeV] T E; [GeV]

Precise energy scale / resolution determination for photon
Good modelling of pileup effects for EF"***

Good detector calibration and Well simulated MC are essential for precision measurement
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Measured cross sections comparable with SM predictions at NLO precision

Standard Model Production Cross Section Measurements  suws: Juy 2014

Q' 10" ke
Qo ATLAS Preliminary  Runi1 +s=7,8TeV
b 106 01<pr<2TeV p
O E
10° o LHC pp /s =7 TeV LHCpp vVs=8TeV -
B Theory B Theory 1
4 -
10 njet = 0 D t _1 D t -1 3
égob—; dla 45-47fb ala 203fb 3
pl ]
3 -
10 net > 1 pjet >0 3
35 pb~! ]
102 njet = 2 e ‘%:':'; j 95%c£
o= o |gOR o
njet = 3 e ‘-1 al 13.0 fb-1 fimit 3
. nj 4.9 fb~ . - ]
. O njet > 2 n Oy 0.711b7
10 et 4 _ 201 ot i
WOm- iet>3 =t . =
njet=5 - gi:;j : 7
njet 2 5 o | =Cmm 1]
1 ‘h’.-.nie{ﬂ niet =6 0fo O m I3
net > 6 n_1 . - nT i E
. njet = I T
njst > 5 1 1 4
- tos © win A !
10 1 njet > 8 ! : 3
njet > 6 n 1 ‘“—n 1 E
n ' -
-2 . njet = 7 ! ! — i
10 - : 14, Will be covered
1 1 4 . .
: '] by L. Liu in the
3 - ]
10 ! i VBS talk
PP Jets Dijets W Z tt bechan|WW+ WW| ¥Y Wit |WZ ZZ | tty | Wy Zy | tw ttZ  Zjj HoyWwwWilts chan
R=0.4 R=04 W2Z EWK EWK
total |y|<3.0 |y|<3.0 fiducial fiducial total = total | total  fotal | fiducial total | total  total |fiduciall fiducial fiduciaj total ~ ftotal fiducial fiducial |fiducial| total
y'<3 njet=0 njet=0

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults
28 October 2014 Y.Wu 8



0SS SECtIC Definitions

[ Cross section measurements

— Definition of fiducial and total cross sections

s Opiy = Nobs_kag o _ Nobs_kag
* i C-L tot = 4.c.L-Br

s A: kinematic and geometric acceptance from total phase space to fiducial region

/7

s C: efficiency correction in the fiducial region due to reconstruction effects

— Extraction/Combination of cross sections from decay channels

/7

s Maximize extended Log-likelihood functions based Poisson statistics

—(Ni(o {xx })+Ny ( {xk}))x(Nz(g {xk})+N‘({xk}) obs nooy2
Z —ll‘l( (N(I)bs) ) g Ek

“InL(0, {x}) =

i=1

/

** Least Square with covariance matrices

— Comparison of data and prediction in fiducial region
* Unfold data distributions by correcting for detector effects
e direct comparison with MC

R

»* Methods being used: iterative Bayesian method, etc.
Nucl. Instrum. Methods Phys. Res., Sect. A 362, 487 (1995)
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"OSS SECtiol ents

U Included in this talk

— Brief summary of 7TeV results (4.6 fb1)
< Wy, Zy, WW, WZ, ZZ
o WW+WZ*, WW->evpuyv (Simultaneous Fit)

— The 8TeV results (13-20fb1)
o WZ, 77
*¢* More focus on the recent results

e 7->4] (extension of 4]l mass spectrum to Z pole)
- WW

* Final state with semi-leptonic decays of heavy vector bosons, it means fully leptonic decay if no “*”

28 October 2014 Y.Wu 10



Final state: Wy -> lvy

+ signature: e/p, EX¥SS v, AR(L,y) > 0.7

+ backgrounds: Z+jets, y+jets, ttbar, T decays
+S/B~ 1.5

Final state: Zy -> llyor Zy -> vv y

+ signature: ee/pp or EX¥SS v AR(L,y) > 0.7
+ backgrounds: Z+jets, W+X, t decays

+S/B>5

Exclusive region defined with zero jet (30GeV)

Typical uncertainty at 5 — 10%, dominated by photon ID systematics

Phys. Rev. D 87, 112003 (2013)

[] Data 2011 (Inclusive) (] Data 2011 (Exclusive)

T L@ A T T T T .
ARRLA Wy, unfolded EY -
© : B R =
= (oL Amas O o R ;
E . §

g ILdt=4.61b'1 r --@;A—-[i]--- -

0 1 L (s=TTeV 'y _;

—&— SHERPA x 1.0 (Inclusive) —@— SHERPA x 1.0 (Exclusive)

do(pp— Ivy)
d

1
100 ALPGEN 1.5 (nclusive) —k— ALPGEN x 1.5 (Exclusive) ™ o 0
E—E— MCFM (Inclusive) —#— MCFM (Exclusive) A
10-2 . L L L I
. > 2 T T [l] T T [h T ['] =
+—=| 0 r [l] [I] 3
© - b o 4 ]
Qg TERAT AR L
0 C | | | | | .
@ E\ 2 T T T T T
| 9 " %, # 4
g a3 LI ) ¥
0 . L ] ]

15 20 30 40 60 100 1000
E} [GeV]
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- I | I |
I> --.:@E.Eu y
5 102% e 2y, unfolded EY, é
2 105 amas ot =
= = ) e lals e
= 1 = ILdt=4.6fb ::::.:@iﬁ:: =
i E \s=7TeV pp— Ty 3
Q|T -1
& 10 =E l:l Data 2011 (Inclusive) |:| Data 2011 (Exclusive) E=
'8 102 - —&— SHERPA x 1.0 (Inclusive) —@— SHERPA x 1.0 (Exclusive)"'"@'i'E';
E—E— MCFM (Inclusive) —=— MCFM (Exclusive) I a
10-3 ] ! ! I !
@ g. 2 - T T . T T :
e 1 Eoeloomoel 0t L F4
(ol - J
0 C 1 | | | | .
> 2 T T T T ]
% 8 e R *- B -0 +* ------------ =
alc [ 3 [ | + 7
F -
0 1 | | | |
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. 5 4 ,0- 0 . . .
Final state: WW->I*vIv (T decays included) K i _ | B X sin (A¢) if Ag < /2
+ e, u’ E"I’TllSS ‘T, Rel — E%lih‘r% if Ad > T/J_IQ
+ backgrounds: Z+jets, Top, W+jets, other diboson : :

< etlf o, ol OIS Ag is the smallest azimuthal
+ require O jet (25GeV) e diff b
_ s 1 , angle difference between
+ cut on relative E and p7 to reduce Z+jets s
o lepton and E7
+S/B~2
+ about 4% stat. error and 8% syst. error
NLO _
Otot. = 44.7 £ 2.0 pb Phys. Rev. D 87, 112001 (2013)
glleasured — 59 9 4+ 2.0 (stat.) + 3.9(syst.) + 2.0(lumi.) pb
-Eﬂ - | l I | l | I _— ':-_' — mas o l—ll IOr‘lltelall'()I IC@NLO) | :
5 24005 ATLAS —4+— Data E E 0.03 ;Dq:;a’_;qoﬁ ot Tov . :\Jﬂata Carlo (MC@NLO) =
L|>J 2200? :WW—)BVH.V = :b— - , 4 Stat. Uncertainty -
2000;_ : Drell-Yan _; Eg 0 025} J-Ldt =461 Full Uncertainty {
1800  |pessssss = top-quark = -2-8 E g
E Wijets = X  0.02F =
::iggz_ [ non-WW diboson _E Eb§ C UnfOIded PT 1.
12005 Ostatrsyst E = 0015/ normalized to unity
1000 1 = 001 =
800 [Lat=as E - -
600 15 =7TeV = 0.005/— =
400 = - Le .
200 = % 1.5;;— | | | e ' ' E
0 | | = E :L‘__._ Y il
7 8 9 s E — s 3
L. ° 0.525 40 60 80 100 120 140 ' 350
Jet Multiplicity Leading lepton p_[GeV]
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V: WZ, 2Z

Final state: WZ-> v Il (t excluded in fid. region)
+ three leptons (e/p), EMSS
+ backgrounds: Z+jets, ZZ
+S/B~ 3.5

+ Inclusively ~7% stat. and ~5% syst. error

Final state: ZZ(")-> 4l or 212V (t excluded in fid.)
+ four leptons (e/p) or two leptons + EJSS
+ backgrounds: Z+jets, Top, WZ, WW
+5/B>5 (4), ~1 (212v)

+ Inclusively ~10% stat. and ~6% syst. error

ofVE0 = 17.6 4+ 1.1 pb, 66<m;;<116 GeV

gileasured — 19 0 4+ 1.4(stat.) +
0.9(syst.) £ 0.4(lumi.) pb
22 E ATLAS — Monte Carlo (MC@NLO)
‘E\E 06:— | ® Data ' =
“‘2 ’ = Data 2011 (Vs = 7 TeV) Total Uncertainty =
0.5~ ftdt=4-6fb" Eur. Phys. J. C (2012) 72:2173
0.4 —
- WZ: Unfolded P;? 1
O3 normalized to unity -
0.2 =
0.1 —— =
O 15E e
S g
= 1;__.___TQT=0= _________ * _________ —-+_
& 0.5EF I :
2 0 30 60 90 120 150 180, _ 2000
p’ [GeV]
28 October 2014 Y.Wu

olNt0 = 5.9 4+ 0.2 pb
glleasured — ¢ 7 +0.7(stat.) +

0.4(syst.) £ 0.3(lumi.) pb

> E ATLAs ' — POWHEGBOX -
@ 0.009E" (5=7 Tev ] [S)ataU _ =
= 0.008F- : + Stat. Uncertainty 3
N = J. Ldt=4.6f" — Total Uncertainty 3
£ 0.007: ZZ — 11T E
o N - =
g 0:006 JHEP03(2013)128
x 0.0055 —
T0.004 ZZ: Unfolded M(ZZ}
" 0.003 =
0.002=—1 —
0.001F e =
= il P =
Q 15F =
= E E
= 1E -+ — L ______ —
£ 058 | t | | 5
O 0 100 200 300 400 500 600 700
mZZ [GeV]
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P 4

C C C .

IS
Final state: WW+WZ - |v qq Final state: WW - evpuyv
+ e/u, EMISS two jets + Likelihood fit to simultaneously
determine the cross-sections for Z=2> 1z,
8000 ATIAC_CONE_2A1_ 157 ttbar and WW processes
> = ATLAOS"CUINT=ZU1L1Z471J7
3 C[Ldt=471" —e— Data
o 7000—~s=7TeV I Multijet
_— EATLAS Preliminary tT+5ing|e-t E‘ I | 1 I | I 1 I I | I | I I ‘ I I 1 I | I I I 1
[72] -
L 6000 ;. WIZ+ jets 2 i 8 fn%hmz%gcpdeut-mo \s=7TeV, | Ldt=461"
c - m B wwwz e A CT10-NLO
i 5000— [ & ¢ HERAPDF15-NLO
- » Wos ev + 2jets ™400-: NNPDF23NLO —
- * t Fit RV
4000 ¥ -: x?/ndf = 31.3/ 44 B | ATLAS 68% CI.L.(th. extrap. unc.) arX|v.1407.0§73
- - - o] — . - ATLAS 90% C.L.(th. extrap. unc.)
3000 . — ATLAS 68% C.L.
- Ry :' enene ATLAS 90% C.L.
2000 ::, L
C S
.,
1000 ® “®eq, 1200~
..“““m“ i
0 50 100 150 200 250
Q =
=
5)
2 —
g 50 100 150 200 250 1000~
Dijet Mass [GeV] | | | 1 | 1 1 | 1 | | 1 | 1 ‘ | 1 | | | | | | |

Template fit used to extract cross section 40 45 50 99 60 65

Measured ¢ Consistent with SM prediction Cyw [Pb]
™ 30% systematic uncertainty Consistent with dedicated WW analysis
Will be discussed in details by B. Lindquist ~15% systematic uncertainty
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Event selection (WZ->3I+v): Backgrounds and Uncertainties:
o Three isolated leptons (p>15GeV) o Z+jets, Top: data-driven

o my; consistent with Z mass within 10GeV, o ZZ, W/Z+y: MC

pair of leptons with min|m;;-m,| to formaZz o ~1000 candidates, S/B ~ 3
o Third lepton (W lepton) p;>25GeV o Uncertainties on measured ¢
o EMSS> 25 GeV, m¥'>20GeV - about 4% stat. error

- 7% syst. Uncertainty (bkg., lepton, lumi.)
With 13 fb? pp collision data at 8 TeV

O - ] > —
Q | ATLASPreliminay e 3 1801 o data -
= m e . ol WZ ]
3 E -y & 160 C EZZ ]
v | NLO QCD (MGFM, CT10) E 140 .W/Z_+y -
10 * ear WZ (PP)(66<m <116 GeV) — S - W W-+jet .
- —— WZ (pp)(66<m <116 GeV) T > 120 OZ+jet —
N W - @Top .
i 66 116 GeV 1 ' °F E
: <my< ev. . sof- ATLAS Preliminary ]
i LHC Data 2012 (Vs=8 TeV) ] o \s=8 TeV,j Ldt=13fb’ ]
O ATLAS WZ- Wil (66<m <116 GeV) L=13 fb” 60— —]
1= o ATLAS WZ Wil (b6am <116 GeV) Leds 5 40F- ATLAS-CONF-2013-021]
B Tevatron (\s=1.96 TeV) B n .
B ® DO WZ- vll (60<m <120 GeV) L=8.6 fb” ] 20—
B A CDF WZos Wil L=7.1 b | - )
0 - -
o oo by b b b by by O 1 00 200 300 400 500 600 700 800
0 2 4 6 8 10 12 14
\s [TeV] Myz [GeV]

Consistent with NLO prediction
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Event selection (ZZ->4l): Backgrounds and Uncertainties:
o Fourisolated leptons (pr>7GeV), at least one o Background: 21+X, 31+X = data driven
lepton with pr>25GeV o ~300 candidates, S/B ~ 10 (Clean!)
o Uncertainties on measured ¢
- about 7% stat. error
- 5% syst. (lepton, lumi.)

With 20 fb! pp collision data at 8 TeV
ATLAS-CONF-2013-020

p— [ T T T ‘ T T T | T T T ‘ T T T I T T I T T T | T T T | T H
8 L ATLAS Preliminary NLO G (NEFM, ET10.0) = 90/ L
e Z (PP) (96<m <M GeV) 4 5 - ATLAS Prellmlnary ¢ Data
SN — (pp) (66<m <116 GeV) | o 80— ] - 77
SN Q& °F j dt = 20 fbr
............. = 7007 _8TeV [ ] Background
10 e ER- - 1S € R Total Uncertainty
- e 7 9 60
- 66<m; <116 GeV | & _: ZZ- 1
i ' LHC Data 2012 ({s=8 TeV) | 405_
O ATLAS ZZ- lll (66<m <116 GeV) L=20 fb" . -
V. CMS ZZ- Il (60<m, <120 GeV) L=5.3 b =
= LHC Data 2011 (\s=7 TeV) — 30~
- ® ATLAS ZZ- ll(Ilvv) (66<m <116 GeV) L=4.6 6" ] =
N Y CMS ZZ- Il (60<m <120 GeV) L=5.0 fb 7 20
B Tevatron (\s=1.96 TeV) T E
B m DO ZZ- lllvv) (60<m <120 GeV) L=8.6 fb” . 10
- A CDF ZZ- li(llvv) (on-shell) L=6.0 b . =
1 1 ‘ | | 1 | 1 1 | ‘ 1 1 | | | | 1 | 1 1 1 | | 1 | | | . e I ~— I -
0 o 4 6 8 10 12 14 100 200 300 400 500 600 700 800 900
\s [TeV] Four-Lepton Mass [GeV]
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0SS SECLO V: Z>4] New!
O 41 production at Z resonance (Z->4l) at the LHC

q {
g -y %y
Zofy*
0 e
2y
q Tl
£+ q

m,=124.3 GeV (fit)
- [ ] Background Z, ZZ*

— I Background Z+jets, tt
30— 7z Syst.Unc.

35 Vs=7TeV [fLdt=4.6fb"

Vs=8TeV [Ldt=20.7 b

o+ (b)
S channel, ~96%* T channel, <4% gg fusion, ~0. 1%
*Phase space: m,, € [80, 100] GeV, m,>5 GeV
> L
- . " @ 40— ® Data ?011+ 2012 ATLAS
 Physics motivation o [ EEswhgsson p ol gy

— Building block of complete 4] mass spectrum
— Test of detector response at low E,p

s 741 HD4 72
(] Data and selection 20 gV
— Both 7 and 8 TeV data are used 15;
— At least four leptons 100 ]‘
% e p;> 20,15, 10,7 GeV 51 .

RY

< pr>20,15, 8,4 GeV R
— mlzelad>20 msub lead>5 GeV 100 150 200 . [Geio_/f]so

Phys. Lett. B 726 (2013) 88
— 80 GeV < my < 100 GeV
4 July 2014 Y.Wu 17




[

E 120C ATL AS \ Data 1 Phys. Rev. Lett. 112, 231806 (2014)
oo [\s=7TeV,45f" 1 Measured %
:Bmoi \s=8TeV, 20.3fb" =Bk 7 - Otot (fb) UtOt (fb)
€ ¢ 9 | Vs=7Tev 76+18+4+1.4 90.0£2.1
> 80 [) Ostatssyst -
o 2 1 Vs=8Tev 107£9+4%3.0 104.842.5
60F .
i *in phase space, uncertainties: +stats. £syst. £ lumi.
40+ N
: Consistent with SM prediction
20+ -
] 41 S/B=100/1'!

080 8 90 95 100 jo5 In total observed 172 candidate events, 170 expected
m, [Gev] ~10% statistical uncertainty and 5% systematics

¢ Extraction of the Z->4l branching fraction

obs bk
'z 40 _ (PZ_WH) (Nélt}) o N4e g) (1 o fnr) C2,LL 'A2,u,
Lz Lz (Nzoﬁs - bkg) Cur - Age

o Reduced theory uncert. with Z - uu events
o Brz_,, from PDG, 1 — fp;-: subtract non-resonance contribution

Combined  (3.20 £ 0.25 (stat) & 0.12 (syst)) x 107°
Expected (3.334+0.01) x 10°°

4 July 2014 Y.Wu 18



[

WW signal: qq2>WW, gg=>(H)2>WW 0t = 58.7£ 3.0 pb

W q W g W g W

%

ToO veetes 0 |  messssaaas

W 4q W g W g

J N J
~ N - J

53.2+2.5 pb (MCFM, NLO) 1.4+0.3 pb (MCFM, LO) 4.1+0.5 pb (NNLO+NNLL, NLO EWK)
arXiv:1307.1347

Previous LHC results show higher cross section than prediction

I YY) o(pp > WW) X B (bb)

ATLAS 7TeV 4.6 51.9 + 2.0(stat.) £ 3.9(syst.) £2.0(lumi.) 44.7£2.0
CMS 7TeV 4.9 52.4 + 2.0(stat.) £ 4.5(syst.) £ 1.2(lumi.) —
CMS 8TeV 3.5 69.9 + 2.8(stat.) £ 5.6(syst.) £ 3.1(lumi.) 54.612.5

Phys. Rev. D 87, 112001 (2013); CMS PAS SMP-12-005, CMS PAS SMP-12-013

* Higgs contribution not included
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U Signature: two high-pt leptons and large MET (ee, pu, ep)

U Backgrounds
— Top (ttbar, Wt), Z+jets, Other Diboson, W+jets

[ Selection

— Two leptons: Pt>25, 20 GeV
— Remove Z peak in same flavor channel

— Cut on relative EF¥SS, track-based pI*sS, Agp (ETHSS, pIHss) to reduce Z+jets

— Require zero jets (25GeV) to reduce Top

rrrrrr T
12000~ ATLAS Preliminary
C \s=8TeV,| Ldt=20.3fb"
10000 "

Events
3
jit
(]
=
)
3
>0
3

|

8000

6000

—4— Data

[ ] wwmc

[ ] TopMC

B Ziets MC

B Wiets MG

Bl other diboson MG
%4 stat. unc.

Before Jet-Veto

|

4000

2000

—

-

At final selection
S/B~2.5

Data ~ 6600

|

0 1 2 3

4

ATLAS-CONF-2014-033

28 October 2014
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Jet multiplicity
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exiigaailor  8TeV: WW New!

Data-driven Background estimation (relative uncertainty in bracket)
s Top: ttbar + single top (10%)

o jet veto efficiency measured from data in b-tagged control region. Apply this
efficiency on data events with inclusive jet bins to extract to signal region
< Z+jets (20%)
o Likelihood fit on both Z+jets dominated control region and signal region with

only free parameters of signal and Z+jets normalization, systematics considered
as nuisance parameter, and other backgrounds fixed as their data-driven yields.

’ S 0 70_\ LI LI} [N LI LI LI LI LI LI LI |_
*** W+jets (50%) E © ATLAS Prelimnary  +ome O ww v
o Rely on the measured jet faking o  B0F 1s=8TeV,[Lot-z03f’ QTRIE Al
lepton probability from dijet events g £ °VH Ve e Burwe
_ 2 - {stat. unc. —
(f) and the real lepton selection o - —stat. @ syst. unc. .
— _ z = : ]
efficiency (r) to determine the true 40 W+JetS.Va|Id'atI0n.—:
n - Same Sign Dileptof
origin of reconstructed events 305
o Truth X Matrix(f,r) = Reco o0F
Truth = Reco X Matrix~*(f,r) >
=
o Major systematics: jet flavor —— 5
composition 0O 20 40 60 80 100 120 140 160 180 200
ATLAS-CONF-2014-033 m, [GeV]
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C ECUIor ' New!

Signal acceptance and uncertainty (PowHeg + Pythia 8)

Channels Cww Aww X Cww  Overall efficiency ~ 10%

evULV 0.511£0.025 0.1160.007 uncertainty ~ 6% (Lepton, Jet, MET, JVSF*)
evev 0.291x0.021 0.025+0.002 * yse 7 events in data to constrain

uvuy 0.471+0.033 0.044 +=0.004 gdalg

MC jet-veto efficiency: SF = _MC ~1
Z

I]IIIIIIIlIIIIIIIIIlII lIIIIIIlIIIIIIIIIlII
ATLAS Preliminary
p Measured
Ldt =20.3 fb cross sections
\s=8TeV ete
WW n <2% statistical uncertainty
Tyl o0 . .
8% systematic uncertainty
eu About 2 ¢ higher than SM
SM Prediction
qa/qg — WW: MCFM NLO CT10
99— WW: MCFM LO CT10
gg—H —I> WW;: Nl\llLO MST‘JiVZOOB | | |

1 1 1 1 1 Il||l
10 20 30 40 50 60 70 80 90 100
ol [Pb]
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8TeV: WW New!

Comments of observed excess (20% difference v.s. 10% uncertainty)
*»* Full NNLO QCD qq calculation could increase the inclusive NLO qq o
o +5%, arXiv:1408.5243v1
» Sizable effect possible due to PDFs
o +5% with ATLAS PDF, Phys.Rev.Lett. 109 (2012) 012001
¢ NNLO/LO k-factor for gg->WW non resonant contribution
o If assume same k-factor as gg->H->WW, will see +5% increase on total ¢
» Modelling on the gluon resummation

o A few percent to O(10%) effect on fiducial cross section
o arXiv:1407.4481v1, arXiv:1407.4537v1

%* Other possible effects at or smaller than O(1%) level to total cross section
o NLO electroweak correction, yy->WW, vector boson scattering, double parton interaction

> T T | T T T | T T T | T T T I T T T | T T T T T T T T T T T 1 T T T T T I T T T T I T T T T
8 900 ATLAS Preliminary + Data [ WW (x1.21) ATLAS Preliminary
_ _ -1 [] Top I Ziets

0 800= 1s=8TeV, [ Ldt=20.3 b = N S SM WW J Ldt = 20.3 b
2 700 e"v u’v channel #% stat. unc.— stat. ® syst. unc. (+ PDF + total error) )
c
o + \s=8TeV
@ 800 WW

500 CT10 Q

400
300
200
100

MSTW2008 =
Data (+ stat. * tot.)

— 714125 pb

ATLAS-epWZ12 W § — Stat

Stat+syst

L |

NNPDF2.3 4

N B | N
100 120 50 60 70 80 90 100

P, (leading lepton) [GeV] oo, [po]

; II\|I|I+\‘§I|IIII|\I\I|HII|H\Il\l\l‘l\lll\l\lll
(=]

80
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Cs parameters

M Indirect search for new physics with aTGCs
— Effective Lagrangian with anomalous couplings (Used in 7TeV results)

WWV vertices (V=2,y) ZZ\ vertices ZyV vertices
WW/WZ/Wy processes Z7 process Zy process
~_~ =~ ~_~
Ag%, Akz, Ak, Az, A, i e hZ, hY, hZ, h}

X/

¢ aTGCs all zero in SM, neutral vertices not existing in LO
% Charged aTGCs: C and P conservation

/7

< h%, hy, fJ: conserve CP, f,: violate CP conservation

/7

« Need a form factor (A) to preserve unitarity a(8) = —2

(1+§/A2)"

— Effective field theory approach with new physics scale of A

Lo =L+ D, D 0! Without the need of form factor

dimension d @

— Two set of parameters are interconvertible
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Phys. Rev. D 87, 112001 (2013)

600

500

Events / 20 GeV

400

a

11111}

300777

200

100

20

I Ldt=4.6f" \s=7TeV

—$— Data
[ Jsmww

,,,,,

[T

80 100

Leading lepton p )\ [GeV

uuuuuuuuu

+ Sensitive to VS
plT, p¥, invariant mass, etc.
Proper binning to optimize sensitivity

+ General workflow

1) Obtain distributions with aTGCs

2) Construct likelihood function and
incorporating systematics

3) 95% C.L. Limit from Alog-likelihood,
Bayesian, Frequentist methods

 Approaches to obtain distributions with aTGCs
— Event-by-event reweighting on MC@NLO MC events (WZ)

— Use 3D bin-by-bin parameterization derived from BHO generator and apply on MC
events (WW)

— MC@NLO MC events with Matrix-element reweighting to BHO (Z2)

— Fiducial distributions from MCFM (Wy/Zy)
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onalG sults
Feb 2013
| | | | | | | | 2I | | Z| | | | | | | é-ll-hﬂl_sﬁiéf Llrt!f'llt5| | ml |
LEP scenario: Ak, = cot*0y,(Ags — Ak,), 1,=A il
v y= ot OwBgr — M) A=y pebt, =
Ak — WW -0.043-0.043 46 b’
W Z — wv -0.043 - 0.033 5.0 fb™
_ e LEP Combination -0.074-0.051 0.7 fb™
V=2y A — WW -0.062 - 0.059 4.6 b
Z — WW -0.048 - 0.048 4.9 b’
— WZ -0.046 - 0.047 4.6 fb™
y WV -0.038 - 0.030 5.0 fb™
o DO Combination -0.036 - 0.044 8.6 fb™
Y LEP Combination -0.059-0.017 0.7 fb™
A gz — WW -0.039-0.052 4.6 fb
1 _ WW -0.095 - 0.095 4.9 fp™
— W2Z -0.057 - 0.093 4.6
o DO Combination -0.034-0.084 8.6 fb™
| H|4 |LEF’ Combinati;un -0.054 - 0.?21 0.7 fb’
-0.5 0 0.5 1 1.5
A= o© alGC Limits @95% C.L.

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

Data consistent with SM prediction, limits comparable to LEP/Tevatron
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V =

28 October 2014

Z,y

Nov. 2012

ATLAS

fY
5 — CMS, {5 = 7TeV
5.0fb", A=
w— ATLAS, \s = 7TeV
4617, A=oo
m— ATLAS, \s = 7TeV
46f", A=3TeV
4 === LEP, \s = 130-209 GeV
071", A=
— = = DO, {5 = 1.96TeV
1.0fb", A=1.2TeV

‘ Ll
-1 -08 -06 -04 -02

Data consistent with
SM prediction,
stringent limits set for
neutral aTGCs

0 02 0.4
JHEP03(2013)128
ATLAS CMS Final State
f3 [-0.015, 0.015] [-0.013, 0.015] Z7
fz [-0.013, 0.013] [-0.011, 0.012] Z7Z
f3 [-0.016, 0.015] [-0.014, 0.015] Z7
fz [-0.013, 0.013] [-0.014, 0.014] ZZ
h3 [-0.015,0.016] -0.0032, 0.0032] Zy
h%, [-0.013,0.015] [-0.0032, 0.0032] Z~
h%  [-0.000094,0.000092]  [-0.000016, 0.000016] A
h%  [-0.000087,0.000087] [-0.000014, 0.000014] Z~
Table from arXiv:1406.7731v2 = o0

Y.Wu
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Diboson Cross Section

o™(yy)[AR,, > 0.4]

oWy - fvy)

— [njer = 0]

of(Zy — tty)

— [Mjer = 0]

ot (ppoWW+WZ)

o (WEWE])) EWK

o (pp>WW)

— oY (WW - ee)
o (WW - )
oI(WW = ep)

a**?l(pp->WZ)

o (WZ - #vee)

o (pp>ZZ)

ototal(pp>ZZ—40)|.

o4(2Z - 4af)
_ofl(ZZ* - 4¢)
of(ZZ* - ttvv)

Measurements

Status: July 2014

o =440+0.04 3.2
2yNNLO {

T
4.2 pb (data)
ory)

= 777+om+035pb(dara)
MOGFM (fheory

o = 1.76 £ 0.03 + 0.22 pb (data)
MCFM (theory)

o =1.31+0.02 +0.12 pb (data)
MOFM (theory)

or = 1.05+0.02+0.11 pb (data)
MCFM (theory)

¢ —720::90::198pb[data)
MEFM (theory)

o =1.3+0.4+0.21b(dala)
PowheagBax (theary)

o = 51.9+ 2.0 + 4.4 pb (data)
M (theory)
o —71.4+13455-43pbdata)
MCFM (theory)
o =564+ 6.8+ 10.0 fb (data)
MCFM { theuryl)

T =73.9+59+75 b (data)
MCFM ({theory)

o 2623 +12 3+ 231 1o (data)
MGFM (theory)

m=19.0+ 1.4 -1.3+1.0 pb (dala)
MCFM [iheory)

o =203+038 0.7} 14 1.3pb(data)
MCFM (theory)
T=1992-3 30+6.0-6.2fb(data)

85—
MCFM {theory)

o =6.7+0.7 + 0.5~ 0.4 pb (data)
MCFM (theory)
o —=7.1+05-04x0.4pb (data)
MCFM (theory)
=76.0+18.0+ 4.0 fb (data)
Powheg (theory)
o =107.0 £+ 9.0 + 5.0 fb (data)
Powheg (theory)
o =254—+33-3041.6—1.41b (data)
PowhegBox & gg227 (theory)
o =207—-13-12=1.0"b (data)
MCFM (theory)

=208+-38-354+21-1.91 (data)
PowhegBox & gg2ZZ (theory)

=127 +31-29+1. SIbZ[dala-
PowhegBox & Qu2ZZ flhccry:

ATLAS Preliminary
Run 1

\5=7,8TeV

LHC pp Vs =7 TeV

B Theory
Data

N -
stat+syst

LHC pp Vs=28TeV
Theory

]
- Data

ggasyst

0.2 0.4 0.6

Y.Wu

0.8

1.0 1.2 1.4

1.6 1.8 2.0

data/theory
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults
28 October 2014
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(™)

4.9

4.6

4.6

4.6

4.6

4.7

20.3

4.6
20.3

4.6

4.6

4.6

4.6
13.0

13.0

4.6
20.3
45
20.3
4.6
20.3

4.6

4.6

Reference
JHEP 01, 086 (2013)
PRD 87, 112003 (2013)
PRD 87, 112003 (2013)
PRD 87, 112003 (2013)
PRD 87, 112003 (2013)
ATLAS-CONF-2012-157

arXiv:1405.6241 [hep-ex]

PRD 87, 112001 {2013)
ATLAS-CONF-2014-033

PRD 87, 112001 (2013)
PRD 87, 112001 (2013)

PRD 87, 112001 (2013)

EPJC 72,2173 (2012)
ATLAS-CONF-2013-021

ATLAS-CONF-2013-021

JHEP 03, 128 (2013)
ATLAS-CONF-2013-020
arXiv:1403.5657 [hep-ex]
arXiv:1403.5657 [hep-ex]
JHEP 03, 128 (2013)
ATLAS-CONF-2013-020

JHEP 03, 128 (2013)

JHEP 03, 128 (2013)
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Fractional uncertainty for inclusive measurement ( stat. / syst.)

T ey lww we lm
7 TeV, 4.6 fb! 1% / 13% 1.5% /9% 4%/ 8.5% 7.5% / 5% 10.5% / 7.5%
8 TeV, 13-20 fb1 - - 1.7% /7.7% 4% [/ 7% 7% / 5.5%

About 10% precision: systematic uncertainty dominates (leptons/photons, bkg., lumi.)

REVIEW: DiBoson Production at LHC (7 TeV)

d”V(\fs = 13 TeV)

140 MCFI’;/I prediction G;(pp—) WW)

o :
Q. — :
S ~ | W MCFM Prediction a(pp—> WZ) | LHC Run ~
;T 120/— u MCFM Prediction c?(pp—> Z7) O'VV (\/E =8 TeV)
& | @ LHCCombined ({s=7 TeV) | L
© [ | A ATLAS (Preliminary \s=8 TeV) :
1005 v cms (Preliminary {s=8 TeV) Better precision at Run II?
80 % Comparable statistics in 2015
: Hr s Systematic uncertainty
60— 5 % MC modelling
40i = Essential for acceptance
N calculation
201~ = NLO MC in use: POWHEG,
0_ I 1 | | | | 1 | | | | | | 1 | | | E 1 | | MC@NLO
2 4 6 8 10 12 14

Plot from arXiv:1406.7731v2, Higgs not included /s [TeV]
8 TeV ATLAS WW result added by hand
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([ Diboson measurements with 7, 8 TeV pp collision data

— Precise measurement with full data
*¢* Smooth data-taking and detector operation in 2011/2012

/

** Precise detector calibration and stable reconstruction performance

— Total and fiducial cross sections for pp=2>Wy, Zy, WW, WZ, ZZ
** Comparable with NLO prediction
*»» Sensitive to higher order corrections/contributions

— aTGCs limits with 7 TeV data

— Recent 8TeV results:

/7

s Z->4| phase space cross section and branching fraction

/

*» WW total/fiducial cross section

— Stay tuned for more results with full 8 TeV data
¢ Final papers for WW/WZ/ZZ, etc.

— Looking forward to Run I |

28 October 2014 Y.Wu
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ATLAS Detector

ATLAS (A Toroidal LHC ApparatuS): 44Xx25m, 7000t
Inner tracking |n|<2.5, EM calo |n|<3.2, Hadronic calo |n|<4.9, Muon system |n|<2.7
ATLAS collaboration 3k physicists from 38 countries

25m

: Tile calorimeters
. 2 LAr hadronic end-cap and
' forward calorimeters
Pixel detector

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor tfracker
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)

—
b
o

_ATLAS- CONF 2014 032

ATLAS

0.95F

o.gj—F
7 Inl<2.47

0.85F . =201

a 201

Efficiency (Reco
e
ch
sl
]

e 2012 datays=8 TeV f Ldt=207f"
o 2012MC

Prellmmary
® ®© @€ ® ®
* B "
e reco. efficiency

1 data Vs=7 TeV _[ Ldt=47"
1 MC

||\\|||\\||\\\||n\|\\||‘\\\|

0.750—

20 30

40 50 60 70 80
E [GeV]

_arXiv:1407.5063

ATLAS

—$— Calibrated data
----- MC, uncorrected
— MC

Entries / 500 MeV
(o]
(8]
(=]

. Vs=8TeV, .[Ldt =20.3 fo

Z>ee

O P R

Q 3 ‘ ' ‘ ' ' 3
= 1is Calibration uncertainty =
2 1.05 —r— —
o 1 TR T e o) lrerrer) P P - 3
= E A e +_._,_._-_.§
C 0.955 e el
0.9E .

80 82 84 86 88 90 92 94 96 98 100
m,, [GeV]

Efficiency

Data/MC

Events/GeV

ATLAS-CONF-2013-088

1= -
Eg—o—o—9¢ oo —%— § = =
0.95( L reco. efficiency
0_9 __ __
r ATLAS Preliminary ]
- Of<mi<25 Chain 1, CB+ST muons
0.85[— —e— 2012 Data ]
Z ILdt=20.4fb'7 \s=8TeV me ]
0.8— , ! , ‘ , —
1.02- —
TFe—e o o & @ . ry ®
0.98~ ‘ . . . \ . ‘ .
20 30 40 50 60 70 80 90 100
p; [GeV]
51'03' 7 L B =
600[— Chain 1, CB muons ATLAS Preliminary —|
[ [ Corrected simulation Vs =8TeV ]
500 f_ —— Data 2012 J‘ L5204’ _i
400— 29 l"“’l -
300 —
200~ —
100 —
f [T e E
1 '051 % ot e T e, o e e ﬂ+++ %
0.95E ‘ : 3
70 80 90 100 110

my, [GeV]

Stable performance of electron and muon reconstruction and good modelling in MC

28 October 2014
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D

data - MC
e

Events / GeV

3000

2500

2000

1500

1000

500

= = ! | 1 ! | 1 ! | 1 -
115 E_ ATLAS Preliminary Vs=7TeV ,-[ Ldt=4.9fb" _E

1.1f £ eeextrapolation  phaton ID efficiengy
1.05F data/MC =
1 | =
0.952—‘ i ’—r +_:
OSEATLAS-CONF-2012-123 ynconvertedy E
0.85E 0.6 < <1.37 E
OG> & 10 12 4 16 18 20
Ney

I DL L I AL ILENLENL L RN T ]

- ATLAS \s =8 TeV, |Ldt=20.31" 1

- Unconverted photons ~ #* -

[ 4 Z—uuy, data .. Good performg]

Fo-- Z_)W-W: MC ' L] f h t |

- 4 Z—eey, data Ak oT photon ene@

- —Z—eey, MC . and resolution -

- calibration -

- arXiv:1407.5063 & e

nce

My [GeV]

60 70 80 90 100 110 120

,E™=* Resolution [GeV]

miss
X

Yy

E

Fresoluﬁon

Fake Rate

30

25

20

15

10

1.04
1.02

0.98
0.96
0.94
0.9

T L R AL L I s o~ X = ~~Na
= ATLAS Preliminary ATLAS-CONF-2014-019
I e Data 2012 betore pile-up correction -
[ © MC before pile-up correction .
- e Data 2012 pile-up correction STVF é (# =
[ O MC pile-up carrection STVF o J
- \s=8TeV o e @ 7
- Ojets p>20 GeV 3
i PR ¢ Good modelling of
: e miss :
E e 7 °° resolution
g ® ° e m 8 8 E ESEsssa O g
e ® i
e
E : : R, R S 3
E“'I+"‘#"?T""""i""""'?'ﬁ'" ":.'7 ¢ ; + » 3
] 1 E)U 260 360 460 560 600 700 8:00
T E, [GeV]

L e L o e
- ATLAS Simulation Preliminar

| Pythisd diets &= JVF
Anti-k, LOW+JES R=0.4 ~e- corrJ\VF

Mml<2.4 -a= Ry
20<pT<50 Ge\/ a— JVT

| #rJVF=05

F v JuF =0.25

‘-.'.|H.‘\..H|.H.|H
0.95

Efficiency

Suppress of
Pileup jets

with vertex
information

Good handle on pileup effects and well simulated MC are essential for precision measurement
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Vs 40 state Ngps NP NE Car ofd, [fb] Auge ozae [fb]
‘ y 91 507 +1.4 507
7 'TeV  ee + ee 1 1.84+0.3 U.l% +0.04 21.5 /[ 0'97?5 +0.144+0.02 | 7.5 ¢ } ledp | 32411410406
fij 4+ fufi 8 11.34+05 0.0840.04 59.2% 3.OJ_FO:9 +0.074+0.05 | 18.3%
' - ) A0 O, g +1.4 3 5 = QU
€€ + [LlL 7 79+04 0.18+0.09 49.02{, 3'1_1'51; +0.16 &= 0.05 1.).8/{ } 221 AL+ 14+3340.9
[ + ee 5 3.34+03 0.074+£0.04 36.3% 3.0le:2 +0.304+0.06 | 8.8%
combined 21 242+1.2 044+0.14 T6+18+4+14
: : A A ‘ 20 107, n+0.6 ‘ Q07 _
8 TeV ee 4+ ce 16 144+14 0.144+0.03 36.1&, 2'2_8'? + 0.20 £+ 0.06 7.‘3/?{ } e dp | 5646+ 1.8+ 1.6
fLpt 71 68.84+27 034+0.05 T7T1.1% 4.9J_r0:6 +0.134+0.14 | 17.8%
2 A9 < ¢ K e B07 A o+0.7 5 A RU7
ee + [ 48 4324+ 2.1 0‘32 + 0.05 55.5 2{ 4'2_8'9 +0.16 = 0.12 14.8/{, } 22 E) LT L0445
[ + ee 16 1934+ 1.3 0.184+0.04 46.2% 1.7J_r0j +0.104+0.04 | 7.9%
combined 151 146 £ 7 1.0+0.11 10079 +4+3.0
Phys. Rev. Lett. 112, 231806 (2014)
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W+jels!

Qcb

F-fake, R-real

Matrix method

- Loose lepton definition
No IP/Isolation requirements
For electrons, further loose elD to MediumLLH

- Fake rate

Fir2

ri(l —r2)
(1 — il"]}il"g
(I=r)1-=r) A-rMl-7f) (1-f£X1-r)

r-signal lepton efficiency, f-fake rate

rif
ri(l - )
(1-rf

fir
fill —r2)
(I = fidra

measured from dijet events with supporting triggers
trigger dependent fake-rate applied

- Systematics:

sample dependence, lepton efficiency

On W+jets

28 October 2014
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fif2
fill = f2)
(1= fif2
(1- X1 - f)

T-tight lepton, L-loose lepton




casurement

(] Data-driven method based on probability of jet to pass jet-veto cut

— 1%t data control region: events with full event selection without jet-veto cut,
further apply Ht* to reduce the WW signal contamination. The MC jet-veto
efficiency is P}1¢

* Ht is scalar sum of pt for leptons and jets

— 2nd data control region: a subset of 1st CR with a b-jet identified in the
events.

“ The probability is calculated from 2™ CR, as Py %% oy or Py a4
— Formula
P DATA N2
C 2(Btag)
2(Btag)
NI (0 jet) = NEA (all) x PO 2,

% Uncertainty ~ 10%
JES/JER/b-tagging, MC generator/Parton Shower

On Top
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More details on

Channel etuT ete” utu—
Observed Events 5067 594 975
Total expected events 4376 £26+280 536+10+42 873+12+63
MC WW signal 32244104248 34643432 610+£5+56
Top(data-driven) 609 £ 18 +52 92+7+8 127+9+11
W-jets(data-driven) 220+ 154112 14+£5+9 3+5+6
Z+jets (data-driven) 166 £3 426 55+£1423 96 £2+27
Other dibosons (MC) 157+4+31 30+2+5 30+1+5

Total background 1152£24+£130 190£9+26 26411130
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