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Standard Model diboson productions

q V2 q W
TGC vertex
Vv
g W q Wi
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Figure: Generic SM tree-level Feynman diagrams for diboson production with triple-gauge boson
couplings(aTGC) (left). V1,V2 = W Z .
e Specific couplings between gauge bosons which R R S R A R

7L —Jwt

obey a non-Abelian gauge group e 1
SU(2), x U(1)y we—

e Physics Motivations: waf_ 1

o Stringent test of high energy behavior of = //ém
the SM electroweak interactions (W/Z + 7, .
WW, WZ, ZZ7), particularly through the e _ _ww
fully leptonic decay final states /

e Probe anomalous triple-gauge boson 102 —/—————‘—g*g
vertices for model-independent new physics » %ZZ
searcheg ‘ . T e

o Irreducible backgrounds of Higgs to diboson
decays (e.g. H — ZZ/WW) Figure: NLO boson production cross section in pp-collisions

with leptonic decays.
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The Large Hadron Collider (LHC)

o Worlds largest particle accelerator with the
highest center of mass energy at CERN near
Geneva, ~27 km tunnel spanning the border of
France and Switzerland

e General purpose: New physics and phenomenon
searches, particularly Higgs boson (higher
production rate at higher center-of-mass energy)

o /s =7T7/8 TeV (designed energy: 14 TeV) for
proton-proton collision and 2.76 TeV for Pb-Pb
nuclei collision

e Six major detectors located at four collision
points:
ALICE, ATLAS, CMS, LHCb, LHCf, TOTEM

e Luminosity of
ATLAS/CMS: 10% ~ 103 cm~2s7?
(achieved > 7 x 10 ecm™2s™! in 2012)
ALICE: 10*"em =257t
LHCb: 10%2em =251
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Particle Identification at ATLAS

Muon
Spectrometer

Hadronic
Calorimeter

Electromagnetic
Calorimeter

Solenoid magnet
Transition

Radiation
Tracking Tracker

Pixel/SCT -
detector

Shu LI

Seminar@QFNAL

The dashed tracks
are invisible to
the detector

X

> ATIAC

A RlE Tal,
% rvprDiMeCuT

http://atlas.ch

6/77



Introduction
00®0000000000

The Inner Detectors (ID)

Extemely large inner track density (~1000 particles per 25/50 ns)

o
e High granularity for the measurement of the track momenta, impact parameters and
primary /secondary vertices of charged particles
e |n| < 2.5 geometry coverage within 2 T solenoid magnet field
o Three compartments:
Pixel Detector
Silicon Microstrip Tracker (SCT)
Transition Radiation Tracker (TRT)
o ~ 4% momemtum resolution at 40 GeV
r’ R = 1082 mm
1D end-plate %2
TRT< Solenoid coil hl=1.0 Inl=1.5 eryostar ﬂ
e -
At 712 Ppat - = J?LU4
TRT K = sl
L 2 [TRT(barrel) T1 (epd-cap L cryostat
R =554 mm a2 Aulelo lalolo: lalot@lulol o [ lel et T .
- & st z | -] T ReE0 —pTxel i ‘ =25
R=stamm B I BodemlL.. LB
R =443 mm me, U_. "1( b —J|_Pixe1 PPt
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Pix /e/l/ /‘/"/ ——=""1 |SCT barrel g
R = 122.5 mm > Pixels erss::f—h—%—h—':_:.,_’:::l./—-l"‘l'na/s:!- SCT end-cap| Fi012) 2rorem
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R=0mm
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The Calorimeters

e Outside the ID and solenoid magnet

e Measure particle energies using the energy
deposit via the cascaded electromagnetic
(EM) processes (e and ) and hadronic
processes (gluons and quarks reconstructed
as "jets”)

Tile barrel Tile extended barrel

e Two sampling calorimeters: ‘ Y
. ‘ AN

The lead-LAr calorimeter g "‘t;n‘»f«f::::";,:‘”

. . . ; r”"“ I
Tile hadronic barrel calorimeter NG

LAr eleciromagnetic
end-cap (EMEC)

e Good pseudorapidity coverage: |n| < 4.9

o Good reconstruction of missing
transverse energy (EX'®) (important
new physics signature)

LAr eleciromagnetic
barrel
LAr forward (FCal)

o EM depth: ~22(24) X, (radiation length) in
the barrel (endcaps). Overall 11 A
(interaction length) of active calorimeter, 1.3
A for outer services (sufficient to suppress
the punch-through into the MS)

e Major subdetector where L1 and High Level
Trigger originate for electrons, photons, jets
and Emiss

Figure: The ATLAS Calorimeters.
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Lead-LAr Calorimeter

e Accordion-shaped kapton electrodes + CellsimLayers o
full-coverage lead absorber plates

((((((

e One barrel (|n] < 1.475) 4+ two end-cap T
(1.375 < |n| < 3.2) |
Tosger
o l-layer presampler (0 < |n| < 1.8) to oo
compensate energy loss before the EM calo /////////{é
/N —
ﬁ uare cells in
e Absorber: lead and stainless steel, good % E
containment of EM energy depositions N e —
RECY Y 5 An=00p5
AN=0003, Strip cells in Layer 1
o Precision measurement region: 0 < |n| < 2.5 <o B
d : ; 0 ‘ :
o 1% and 2" dlayers. the finest segmentation 3 fzg; ATLAS Prelimirary E
along n, 3" layer: less segmented to take the T ek Data 2011, =7 T, [ Lot = 465" E
residual of the EM showers deposition § 1401 Cwaa™176%001GeV =
o 120 5Me =1.59+ 0.01 GeV Inl<2.47 3
N . 1 1 t . Op __ 10% 0 7(7 100; :Ei?trisult é
o ominal resolution: E = m D 0.7% 222: [z-ee MC :;
over the full coverage, constant term ol 3
achieved 1.2%~1.8% (indication of 20 3
non-uniformity) %075 80 85 90 95 100 108 110
me, [GeV]

e Electron/photon trigger

Shu LI Seminar@QFNAL 9/77



Introduction
00000®0000000

Hadronic Calorimeters

e 3 complementary compartments:
Tile calorimeter, LAr hadronic end-cap calorimeter (HEC) and LAr forward

calorimeter (FCal)

o Nominal resolution:
7 — S0 __ g 3% (Tile and HEC)

E E(GeV)

op _— __100%
E = Thcer @ 10% (FCal)

e Tile calorimeter
Absorber: steel; sampling medium: scintillating tiles

3 layers in the central barrel and the extended barrel

o HEC
Behind EM calo on each side and extend geometry coverage of Tile to |n| < 3.2

4 layers for each side of the HEC

e LAr forward calorimeter (FCal)

Geometry coverage extension: 3.1 < |n| < 4.9
guarantee the hermeticity of the detector coverage and suppress background into MS

depth: ~10 A
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Muon Spectrometer

e Toroid magnet: 1 in the barrel and 2 in the

end-caps, n-dependent bending power Thiri-aap chamen 1)

Cathode strip chambers (CSC)

e 4 types of chambers:
Precise Tracking chambers (|n| < 2.7)
monitored drift tube (MDT)
cathode strip chambers (CSC)
Trigger chambers (|n| < 2.4) —
resistive plate chambers (RPC)
thin gap chambers (TGC)

e Reconstruction of the muon trajectories,
measure the muon momenta with tracks
deflected in the magnetic field

N g ’Resisﬁve—pldre
chambers (RPC)

End-cap toroid
Monitored drift tubes (MDT)

o ~ 4%(15%) momentum resolution at 40 GeV
(1 TeV)

Shu LI Seminar@QFNAL 11/77
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LHC and ATLAS run summary of 2011/2012

o 201 1: pp collisions at Vs =T TeV, 5.25 tb~ lintegrated luminosity recorded by
ATLAS detector, 4.6 fb™! after general data quality constraints, stable beam peak
instaneous luminosity: 10%? ~ 103cm =251

0 2012: /s = 8 TeV pp collisions, stable beam peak instaneous luminosity:
~7x103¥em2s7!

= - - C —
o 70 ATLAS Online Luminosity Vs =7Tev = o 200 ATLAS Online Luminosity vs=8Tev 1
= [ LHC Delivered ] = 18- [HLHc Delivered E
g 6 £ []ATLAS Recorded F g 16 []ATLAS Recorded -
g 5 Total Delivered: 5.61 fb' 1 § 14 ;_ Total Delivered: 15.0 fb”! ;
e F  Total Recorded: 5.25 fb™! 3 = 42E Total Recorded: 14.0 fb™! 3
Rel el - *
@ 41— = @ F E
E C 7 § 10? -
g 35 E g 8- E
£ C 7 £ £ 7
R = 3 5 E
© B ] e 4 =

e E 2 =

0b— AR in o nllnnnnn e s ot T R N T I

28/02 30/04 30/06 30/08 31/10 28/03 26/04 25/05 23/06 22/07 20/08 19/09

Day in 2011 Day in 2012
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Data quality (DQ)

ATLAS data quality challenged by the
performance of each subdetector

Impact on physics analysis, particularly in
new physics searches

Essential guideline for detector monitoring
and warranty of safe and physical analysis
results

Data qualified to have good condition in
each subdetector are included in Good Run
List (GRL)

LAr defects are crucial in the overall
DQ evalution:

Data integrity error, Noise Burst, High
Voltage Trips, Beam Halo, etc.

Shu LI

Subdetector Number of Channels | Approximate Operational Fraction

Pixels

SCT Silicon Strips

TRT Transition Radiation Tracker
LAr EM Calorimeter

Tile calorimeter

Hadronic endcap LAr calorimeter
Forward LAr calorimeter

LVL1 Calo trigger

LVL1 Muon RPC trigger

LVL1 Muon TGC trigger

MDT Muon Drift Tubes

CSC Cathode Strip Chambers
RPC Barrel Muon Chambers
TGC Endcap Muon Chambers

Seminar@QFNAL
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80 M
63M
350k
170 k
9800
5600
3500
7160
370k
320k
350 k
31k
370k
320k

95.0%
99.3%
97.5%
99.9%
98.3%
99.6%
99.8%
100%
100%
100%
99.7%
96.0%
97.1%
98.2%
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LAr Material Mapping using electrion showershapes I: methodology

Q Photon conversions ID

= Only this method documented in CSC book
= Other purely ID-based methods: M(J/¥=pp) vs py

Q Electron tracks (brems) and shower shapes

= Electron tracks

= Electron E/p distribution: mean and tails

= High Py electron shower shapes

Q Energy flow (minimum bias events) e

e Good e/~ reconstruction performance guaranteed by the correct modeling of the
material quantity in front of the EM Calo

e Shower shape based material mapping: a powerful way to study the material both in
the tracker and beyond the tracker. Aim for: 1% radiation length precision for the
material mapping of Before PS study and 5%~10% just in front of the EM Calo

Shu LI Seminar@QFNAL 14/77
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LAr Material Mapping using electrion

showershapes 1I:

introduction

1 vs phi h_f1VsPhi_all -
Entries 567715 | | X
50304 menn 0009102 | | X
C lean y 0.2971
-Eo — L -+ RMS 1813 2r —0=0
302 RMS 08088
il + " -
T 03 +_|_ +
: +
20.208]— —=— Reference: 1.2933+-0.0002 1 i
- L
0.296 :_ _|_ ==-@--- Distorted: 0.3003+-0 0002
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0.204[1
r _'— - 0 1 1 1 1 1
0292 + T+ —+ 2 1 0 1 2
r + n
0295t . oo nnll ailn 1 | nll
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phi

e MC simulated Distorted geometry (¢-asymmetric)
o f1 (fraction of energy deposit in 1% layer) as the discriminant

e E = Distorted D / Reference R, significance of E deviating from 1 is taken as the
Estimator

e Comparison between the usages of W — er and b — e using TMVA optimized
selectron criteria
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LAr Material Mapping using electrion
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Figure: f1 profile of W — ev (left) and b — e (right) w/ background merged (upper) and

w/o (bottom).
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LAr Material Mapping using electrion showershapes IV: results

Sample Estimator
W — ev(signal ONLY) 38.9
W — ev(w/ background) 25.3
b — e (signal ONLY) 58.5
b — e (w/ background) 52.1

e TMVA cut-based tuning of both b — ¢ and W — ev selection variables
(showershapes) for optimal working points

e W — ev gives ~50% lower significance of geometry distortion compared
with b — e but 5 times higher purity

Shu LI Seminar@QFNAL 17/77
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Introduction to Standard Model W W~ measurement

o Characteristics:
o Isolated high py di-leptonic decay channels: ee, ey and pp

oW —-74+X —e/pu+ X included
o qq — WW: onpo = (43.4 £2.25) pb (DOMINANT); g9 — WW: ~3%: 1.3 pb

» Major backgrounds:
o jet/photon—lepton misidentification: W+jets, QCD Multi-jet, W+~

o fake ERS: Ztjets
o WTW™ + multi-jets: tf and single top
o Other diboson: WZ — Wllv, ZZ — vy

Shu LI Seminar@QFNAL 19/77
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Cross section measurement: methodology

o Cross section calculation:
Nobs - kag

eAL Br (1)
Nops: number of observed events; Ny, estimated backgrounds;

eA: Overall efficiency including fiducial acceptance and cut efficiency;
Br: dilepton decay branching ratio; £: integrated luminosity.

OWw =

A _ N(generator — level fiducial cuts) @)
wwe = N(generated events) ’

N (reco — level analysis cuts)

eA = Aww - -Cww = ) (3)

N (generated events)

c _ eA  N(reco— level analysis cuts) (@)
ww. = Aww N(generator — level fiducial cuts)’

o WTIW~ total cross sections determined in the three dilepton channels by maximising
log-likelihood functions:

N s N‘:_waXBTX;CXEWW (5)

obs

total ﬁ e~ x (NZ + ]\/vl?)l\]‘z’bs
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Object Definition I: Leptons/Jets

Electron Identification (ID 4 Calo):

e Criteria optimized to provide good separation between electrons and fakes (v or jets)

e Electron id based on shower shapes and tracking information, we use the best
identified electrons - efficiency 70-80%

o |n| <247, Er > 25/20GeV
e Cut on Calorimeter/Track Isolation, Transverse/Longitudinal Impact Parameter (IP)

Muon Identification (ID + MS)

e Reconstructed with good ID/MS combination and track quality
o |n| <24, pr > 25/20 GeV

e Calorimeter/Track Isolation, Longitudinal/Transverse IP

Leading lepton pr > 25 GeV to stay on the trigger plateau
Jet Definition:

e pr > 25 GeV, |n| < 4.5, calibrated to the hadronic energy scale

Shu LI Seminar@QFNAL 21/77
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Object Definition IT: s

EV™ definition:
e Sum of the transverse energy of calibrated topological clusters in the calorimeter
o Redefine the EX™ as B’ to reduce the sensitivity to mis-measured leptons or jets

-AE
q > T
- v
miss Errrn%ss X sin (A¢E,j) if AQSZ,]' < 7T/2 (6) True Met _ . Rec. Met E
T, Rel — Errrmss if AQSZ,]' Z ’/T/2 ‘ E
\ A¢ p=
~ : - L
AE lepton or |

, where A¢y; is the difference in azimuthal angle between the Ef*S and nearest good
lepton or jet

Shu LI Seminar@QFNAL 22/77
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Event Selection II: channel specific selections (Drell-Yan treatment)

e my > 15 GeV for ee and pp and 10 GeV for

ep

o |my —my| > 15 GeV for ee and pup (Use MC

only)

miss | > 45/45/25 GeV for pp/ee/ep (Use

MC only)

Shu LI

Events / 2GeV

—— Data

[] Drell-yan

[ top-quark

Il W+ets

[ non-Ww diboson
[ Jwwoevev

m,, [GeV]

Events /5GeV
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W=

Production

Event Selection III: Jet Multiplicity (Top treatment)

e O-jet in the W~ signal region

Events

Events

[ L R T U

T T
—+— Data

CJww - evev

[ Drell-an

[ top-quark

Bl W+ets

[ non-Ww diboson

Jrat=46m*
Vs=7TeV

ITRT1 EUTTA FRTY ARUTY SR ENTTA IR ARSRU ARTRA IOAY)

5 6 7 8 9
Jet Multiplicity

T T T T T
—+— Data
CJww-evpv

[ prell-yan

[ top-quark

Hl W+ets

[ non-Ww diboson

JLdt=26m"
Is=7TeVv

e

o 1 2 3 4 5 6 7 8 9

Jet Multiplicity
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Background Estimation I: W+jet

o W+jets contamination: one jet

misidentified as a good lepton O
e Jet misidentification rate not correctly B oog dedtontale ESEEE
modeled in MC § oo i e conemneten

e Use W+jet enriched control region and Soos v iromnme E
fake factors measured from data: §0Aos§ 3

o Fake factor: ratio of identified leptons ZZ: ]
over ”jet-rich” ones ook ¢ E

o W+jet Control Region: 1 ”jet-rich” oo T4y .
lepton + 1 good lepton %2040 60 80 100120140160180200

o Systematics: trigger bias, away-side
jet pr dependence, sample
dependence(W+jet Vs dijet), etc.

o Final estimation:

None id + one fake — fl X None id + one jet-rich-

(7)

p; [GeV]

4

5 ‘T
Q 0.9 muon fake
w [ —s— StatOnly
)
X
o 0.7- —=— +Run Dependence
p £
S
=
0.5
0.4

0.3F —_—— ]

02 Jr
S ¥
0.1 ey

0'8? —=— +Real Lepton Contamination

£ +Sample Dependence E
0.6 —=— +Trigger Bias (total E

J Ldt=1.46pb"

;\i_‘\\ | S A P PP TS P | H\H‘E
% 2040 60 80 100120140160180200

Py [GeV]

Figure: Wjets fake factor with stat./syst. uncertainties

ee-ch

ep-ch

popi-ch

Total

W+jet background (e-fakes)

21.38 £0.53 £11.34

56.25 £ 0.90 £ 30.19

77.6+1.0£41.5

6.56 = 0.96 £ 2.77

W+jet background (u-fakes) - 13.8+1.4+8.1 204+ 1.7+10.9
Total W+jet background 21.38 £0.53 £11.34 70.0 £ 1.7+ 31.3 6.56 =0.96 £ 2.77 | 98.0 £2.0 £42.9
W+jet MC (comparison) 16.2+4.5 60.1 £8.4 5.5+2.1 81.8+9.8

Shu LI Seminar@QFNAL 25/77



Measurement of WTW ™ Production
0000000®0000

Background Estimation II: Top (Template fit method)

e Top background estimation using a jet multiplicity template fit method
o SR1: after %17i5§el
e CR: SRI1 with at least 1 b-jet with pr > 20 GeV
e SR2: after all the cuts

MC TopSR1
Data-Driven Top R = 070pCR ' (DataCR —f-MC Non—TopCR) (8)
MC Top
DataS?! = Data-Driven Top?!(f) 4 f - MC Non-TopSH! (9)

MC TopSR2(bin 0)

Top EstimateS®? (bin 0) = Data-Driven TopS® (bin0) - ———
P (bin0) P (b0 0 e oS (bin 0)

fi] F T T T T T T |
E 2500 | Ldt =470 g e 3
*® F fs=T7TeV %mewaua 1
2000— [ Drell-Yan - 1%} L L B B By B By
r — B Wwlviy ] c = q
E ] g 3000 ] =
1500~ 3 o r 1
1000; é 2500 =
500} - 2000/= [ S E
E ] ——— | ]
0B ! ! L L | I | 1500 —_— -
o 1 2 3 4 & 6 7 8 8 10 r ]
ap: Jet Multiplicity 1000i B
T T O - ;
£ o1z ; | - 5001 | =
a 1 T 'If T —— |
e T B . ]
o8 O*\H“\wa‘j‘ L e
0.6
05 3 1 C 0 1 2 3 4 5 6
Jet Multiplicities
Channel ee L m Combined
Niop 22.4+11.8+34 | 32.3+14.2+4.9 | 8.5+23.3+£13.1 141.2 £29.7 £ 21.5
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Background Estimation II: Top (Jet Veto SF method)

o Top data-driven estimation using a b-tagging CR:
o P1: b-tagging CR jet veto survival probability

@ P2: full jet veto survival probability

Exp

P2
pBtag.data -
-Est. miss Data miss MC 1
A\wp‘ (0 + EF™5,05) =~ _\mpt (00 + EF™%) x|P;" x pEEEIC
1
NMC
- (‘V-I])lma _ A\'nou—tup) x (PlBtrlg.(l'dlrl)Q x P_’ _
a (Pllirag,.\l(, B
Btag _ arBtag /n/Btag
Py = -‘\\u /A\;\ufjm.\

MC MC /ATMC
Pz :A\n/ /‘\ull—w(\

e Insensitive to the normalization, b-tagging eff., lumi and theo. o, JES/JER, ISR/FSR, etc.

o Agree well with MC prediction

e ~16.2% overall syst. dominated by theo. uncertainty ~15%

e An MC closure test using top samples with a different generator (MCQNLO Vs PowHeg)
was performed well (~2% deviation)

channel Top MC Top DD
ee 23.3 £ 1.1(stat) 19.0 + 3.2(stat) £ 3.1(syst)
e 89.8 + 2.3(stat) | 88.5 £ 7.1(stat) = 14.3(syst)
m 33.7 4+ 1.4(stat) 42.6 £ 7.3+6.9
combined | 146.8 £ 2.9(stat) 150.1 +£10.7 £ 22.3

Table: Final DY background estimates for all three channels.
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Measurement of WTW ™ Production

000000000800

Background Estimation III: Drell-Yan and diboson backgrounds

Drell-Yan (DY) background

e Correct DY yields using a Scale Factor derived from a control region by inverting
pr(€0) > 30 cut

—| —
CR| SR
o T -
§ 220F- ATLAS Preliminary —+ Data =
= 200f Lot = 4.6440" [ Diboson 3
ydata Ndata _ prMC 2 180 Vi=TTev [ W+ijetdijet 3
qp - 2zcr _ VR non—Z7,CR B reoy e
- NMC - NMC D q40f ) Orell-Yan
Z,CR Z,CR 120 Wiy
100
80 N\ _+_ =
60 g
40 =
20 1
0020 40 60 80 100 120 140 160 180 200
Py(n"p)[GeV]

(Other) diboson backgrounds

e Less contribution compared to other backgrounds, estimated using MC prediction

Final State ete  ERiss | yty= pmiss | o%yF pmiss | Combined
diboson Background

WZ 3.18+0.31 | 10.82£0.56 | 17.42£0.72 | 31.4140.96
77 3.43+£0.32 | 6.93+0.48 | 1.17+0.26 | 11.5340.63
Wry 3.84£0.75 0£0 15.14+1.46 | 18.98+1.64
Wy 2.26£0.48 3.29+0.44 | 10.40+0.93 | 15.95£1.13
Total Background 12.704£0.99 | 21.04+0.86 | 44.12£1.89 | 77.874+2.30
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Measurement of WTW ™ Production
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Final WW candidate plots
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Figure: Final distributions for WTW ™~ candidates in all channels: (a) leading lepton pr (b) opening
angle between the two leptons (A¢(€¢')), (c) pr and (d) mr of the £/’ + EX system.
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Measurement of WTW ™ Production
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Cross section measurement: results

Channels | expected o/ (fb) measured 0/ (fb) Aot (fb) Aosyst (fb)  Acyum (fb)
evev 54.6+4.1 56.4 + 6.8 + 9.8 +1.0
gz 58.9£4.5 73.9 +59 + 6.9 +1.3
evuy 231.4£19.9 262.3 + 12.3 + 20.7 + 4.7

Table: The predicted and measured fiducial W*W ™ production cross sections.

Channels | Total cross-section (pb) Aostat(pb)  Aosyst(Pb)  Aoiymi(pb)
evev 46.85 + 5.65 + 8.21 + 0.84
ngn 56.65 + 4.52 + 5.46 + 1.02
evuy 51.13 + 2.41 + 4.24 + 0.92
Combined 51.91 + 2.0 + 3.92 + 0.93

Table: Measured total W W™~ production cross sections, consistent with SM NLO
prediction of 44.7735 pb.
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Measurement of WTW ™ Production
°

Differential distribution measurement

e Motivation:
o Get rid of detector effects and flexible for the comparisons between various experiments

o Essentially important for testing existing and future theory models and MC tuning

e Use Bayesian iterative treatment to unfold the leading lepton (e/u) transverse
momentum spectrum used in aTGC limit setting (same binning)

E [ Data 2011 ({s=7 TeV) — MC@NLO Prediction -
b;g 0.6 = . @ Data (2011) =
© - I Ldt=4.7fb 4+ Stat. Uncertainty .
05— Full Uncertainty —]
0.4 —
0.3 —
0.2 —

- —@—] .

0.1 —

o 3 E
3 1= e T —Z
S8 05f 5

25-40 40-60 60-80  80-100  100-120 120-140  140-350
Leading lepton p_[GeV]

Shu LI Seminar@QFNAL 31/77



Measurement of WTW ™ Production
®0000

Anomalous Triple-Gauge coupling (aTGC) I

e aTGC will enhance the WTW ™ production rate particularly at the high transverse
momentum and high transverse mass regions

o Effective Lagrangian conserving C and P symmetries separately:

. * v * v . * v )\V * v
L/gwwyv = zgY(WwW“V = W WHVY) +iky W W,V 4 M—‘%VWWW;‘V P (11)
, where V' can be either v or Z, X, = 0,X, — 9,X,,, W¥ refers to the W~ field

e aTGC (WWZ and WW~) limits extracted by fitting the expected leading lepton pr
distribution (as a function of aTGC parameters g}, ky and Ay) to the observed one

AgZ =gt — 1,0k, =k, — 1,Aky = kz — 1,2z, )\, (12)

e Cutoff form factor A is introduced to avoid tree-level unitarity violation at high

energy
Ak

(1+5/A2)%’

, where § is the invariant mass of W*W~

Ak(8) = (13)
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Measurement of WTW ™ Production
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Anomalous Triple-Gauge coupling (aTGC) II

>
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Figure: The reconstructed leading lepton pr spectrum for the SM prediction and for three
different anomalous TGC predictions. The rightmost bin shows the sum of all events with
leading lepton pt above 180 GeV.
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Measurement of WTW ™ Production
00®00

Anomalous Triple-Gauge coupling (aTGC) III

e Limits of four scenarios of aT'GC constraint are extracted: LEP, HISZ, Equal and
no-constraint

o The LEP scenario (three free parameters)

Ak, = (cos® Oy /sin® O ) (Ag? — Akz), Az =\,
o The HISZ scenario (two free parameters)

Ag? = Akz/(cos® Oy —sin®Oyy), Ak, =

2Aky cos® Oy /(cos? Oy — sin® Oy), Az =\,

o The equal couplings scenario (two free parameters)
Ak’z = Ak’,y, /\Z = )\7, Aglz = Ag? =0
e aTGC events are generated with BHO generator at NLO

e The full parameter space is accessed with a reweighting technique based on truth
kinematics of two leptons
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Measurement of W
000®0

W™ Production

Anomalous Triple-Gauge coupling (aTGC) IV

o Final results of the aT'GC limits for different scenarios with A = 6 TeV and oo.

Expected Observed Expected Observed

SCGH&I‘iO Parameter (A =6 TeV) (A =6 TeV) (A — OO) (A — OO)
Ak [£0.043, 0.040]  [-0.045, 0.044] _ [-0.039, 0.039] _ [—0.043, 0.043]
LEP Az =\, [~0.060, 0.062]  [-0.062, 0.065]  [~0.060, 0.056]  [—0.062, 0.059]
Ag? [~0.034, 0.062]  [-0.036, 0.066]  [~0.038,0.047]  [-0.039, 0.052]
Akz [<0.040, 0.054]  [-0.039, 0.057] _ |[-0.037, 0.054] _ [—0.036, 0.057]
HISZ Az =\, [~0.064, 0.062]  [~0.066, 0.065]  [~0.061, 0.060]  [—0.063, 0.063]
Ak [£0.058, 0.089]  [-0.061, 0.093]  |[—0.057, 0.080] _ [—0.061, 0.083]
Equal Couplings Az =\, [~0.060, 0.062]  [-0.062, 0.065]  [~0.060, 0.056]  [—0.062, 0.059]

Table: The 95% C.L. expected and observed limits on anomalous TGCs in the LEP, HISZ

and Equal Couplings scenarios.

Expected Observed

Parameter (A = o0) (A = o)
Akz [—0.077, 0.086] [—0.078, 0.092]
Az [—0.071, 0.069]  [—0.074, 0.073]
Ay [—0.144, 0.135]  [—0.152, 0.146]
Ag? [—0.449, 0.546] [—0.373, 0.562]
Ak, [—0.128, 0.176]  [—0.135, 0.190]

Table: The 95% C.L. expected and observed limits on anomalous TGCs assuming no
relationships between these five coupling parameters for A = oo.
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Measurement of WTW ™ Production
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aTGC limit comparison between different HEP experiments
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Figure: The latest aTGC limits with 4.6 fb~! 2011 data are getting more
restrictive than Tevatron and competitive with LEP.
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Conclusions

Outline

© Conclusions
@ Summary
e WW group efforts and mile-stones in ATLAS
@ Personal Statement
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Conclusions
°

Summary

e Standard Model WW cross section measured from all three purely leptonic decay
channels with pp collision data recorded by ATLAS at /s = 7 TeV of 4.6 fb~!
integrated luminosity (full dataset in 2011)

o Measured cross section 51.9£2.0(stat.)£3.9(syst.)£0.93(lumi.) is consistent with
the Standard Model theoretical prediciton 44.7"3 ] pb. Fiducial cross sections
for all channels are also measured.

o Extension of SM WTW ™~ cross section measurement:
o First differential distribution is extracted for leading lepton transverse momentum

o aTGC limits are set with the same amount of data and is getting more restrictive than
Tevatron and more competitive with LEP results.

e Prospective future:

o More exciting results can be expected with 25 fb~! data by the end of the year
of 2012 (Fighting with systematics)
o aTGC combination of all diboson channels is in preparation
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Conclusions

{ Jeo}

WW group efforts and mile-stones in ATLAS

2] il Rlbl I Rl R LA LR R hALLE LR~

t  so0f ATLAS —+ Data =

@ Bprrrrrrreree e : L% sooE JLdt=1.02 1" CIWWoslviv 3
S ATLAS ‘ . ] E NE=TTeV ODrell-Yan
o |Ldt=34 pb" e 3 (@8 Top E
w vs=7TeV ) 1 B00E —d— Bl W+jets/Dijet 3
—+ Data ] E @ Diboson E

I:I Dre“"van { 500 3 [0 Fstarenys: E

E3QCD jet dUU;'-L i E

[Diboson | 300F ] .

Il W+jets ! 200E- E

Ctop | 1qu E

CIWW-hviv - NPT rres TRV
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Jet Multiplicity
Njets = 0: 414 candidate evts

Njets = 0: 8 candidate evts WW signal ~ 233 (207 scaled from 2010)
WW signal ~6.9 Background ~ 147 (51 scaled from 2010)
Background ~ 1.7 Background increase due to
s/B~4
@ Ow+w—- =
o oyw- = 41755(stat.) £ 5(syst.) £ 1(lumi.)pb 54.4 & 4.0(stat.) % 3.8(syst.) + 2.0(lumi.)pb
o ATLAS-CONF-2011-015 (Moriond-EWK 2011) ¢ ATLAS-COM-CONF-2011-125 (EPSHEP 2011)
and Phys.Rev.Lett.107 (2011) 041802 and Phys.Lett. B712 (2012) 289-308

e 4.6 fb! results: ATLAS-COM-CONF-2012-024 (Moriond-EWK 2012), Phys.Rev.D
publication expected in Jan. 2013

Shu LI Seminar@QFNAL 39/77



Conclusions
oe

Personal contributions

o WTW~ Analysis contributions:
o Event selection optimization
o Lepton, jet and ER performance and systematics
o W+jet and top background estimation
o Signal and other diboson systematics

o Collaborative work on differential measurement

o Performance work:

o Electron shower-shape based material maping in front of the electromagnetic
calorimeter

o LAr data quality and investigation

« Hardware work:
o LAr Detector Monitoring

o Design of a cosmic muon lifetime measurement scintillator detector (Data
acquisition programming)
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Personal Statement

Conclusions
L 1]

e Discussed with Dr.David Christian for a postdoc position at FNAL

e Aim to introduce myself to your group so that you may have a brief overview of my
previous activities and past involvements, particularly in ATLAS

o Brief overview:

o Bachelor degree in 2008: University of Science and Technology of China (USTC)

o Start of co-Ph.D of Physics for USTC in 2008 and Centre de Physique des Particules de
Marseille (CPPM) in 2009

o Topic: Measurement of Standard Model WW production cross sections with ATLAS detector

o Supervised by: Prof.Zhengguo ZHAO(USTC), Prof.Yanwen LIU (USTC) and Dr. Emmanuel
MONNIER(CPPM)

o Major activities:

e 2008-2009: Design of a cosmic muon lifetime measurement scintillator detector cooperated with
Prof. Jingbo YE at SMU and Yusheng WU at USTC

e 2009-2010: (ATLAS E/gamma Service) Material Mapping using electron showershapes from
W-ie and b-je

o 2010: (LAr service task) LAr offline data quality shifter and investigation team member

e 2010-2012: thesis work

o Ph.D thesis defended successfully on Nov.2"¢ 2012
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Conclusions
oe

List of publications and conference notes/talks/proceedings

o Measurement of the W4+W Production Cross Section in Proton-Proton Collisions at
Vs =7 TeV with the ATLAS Detector
ATLAS-COM-CONF-2012-024

e A publication is expected in Jan. 2013
my contributions: MC validation, event selection optimization, cutflow, data-driven top background

estimation, final plots and numbers, systematic uncertainty cross check

o Measurement of the W+W production cross section in proton-proton collisions at
Vs =7 TeV with the ATLAS detector
ATLAS-COM-CONF-2011-125

o Measurement of theWWecross section in /s = 7 TeV pp collisions with the ATLAS
detector and limits on anomalous gauge couplings, Phys. Lett. B712 (2012) 289-308
my contributions: MC validation, event selection optimization and final numbers, cutflow, data-driven

W-jet background estimation cross check

e Measurement of the WW production cross section in proton-proton collisions at
Vs =7 TeV with the ATLAS detector
ATLAS-CONF-2011-015

o Measurement of theWWeross section in y/s = 7 TeV pp collisions with ATLAS,
Phys.Rev.Lett.107 (2011) 041802

my contributions: cutflow, data-driven W+jet background estimation cross check

o ATLAS DiBoson Measurement(15+45) ATL-PHYS-SLIDE-2012-507
parallel talk at PLHC2012QUBC, Vancouver, Canada

e Diboson cross section measurement at ATLAS and limits on anomalous gauge
couplings ATL-PHYS-PROC-2012-151

proceeding for PLHC2012@UBC, Vancouver, Canada
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Electroweak Interactions in Standard Model

e Electromagnetism and the weak interaction can be unified as one electroweak force
above the unification energy 100 GeV achieved by achieved by means of
SU(2)r, x U(1)y gauge symmetry.

e By introducing the spontaneous breaking of electroweak symmetry, the original
SU(2);, (W* and W°) and U(1)y B bosons are transformed into new gauge bosons

ZY and 7.
5 - cosBy  sinby BY (14)
7% ) 7\ —sinby  cosOy wo

, where 0y stands for the weak mixing angle while v and Z° refer to photon and
neutral weak field, respectively. In Higgs mechanism, U(1)e,, does not interact with
the Higgs boson which is the eigenstate of both Y and I3. Therefore U(1),,, is not
broken and eventually leads to the distinction between electromagnetic and weak
interactions.

o The charged and neutral current interactions occurs when W+ and Z° bosons are
absorbed or emitted by quarks or leptons and coherently the up-down type quarks
conversion or the rapid decay of the gauge bosons.

e In SM, only charged current interactions allow the flavors of quarks and leptons to be
changed.

Shu LI Seminar@QFNAL 44/77



Standard Model W W production

e Share the same motivation as all the other diboson measurements
e Special attention due to the background role in Higgs searches via H — WW channel

e Mainly produced from quark-antiquark annihilation and another non-negligible 3%
contribution from gluon-gluon fusion

o Overall cross section predicted by Standard Model: 44.77%3 pb (calculated with
MCFM and CT10 PDFs)

g j;_rf’
W

Z/y

TGC vertex
8 W W
[
Figure: The SM Feynman diagrams for W+W production through gluon-gluon fusion in hadron

colliders. Please note that the Z-exchange triangle diagrams cancel when summed over massless up- and
down-type contributions.
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Introduction to ATLAS

e One of the two general-purpose detectors at LHC

e Requirements: radiation-hard, high granularity, good resolution, particle
identification, good hadronic coverage, optimal trigger rate, etc.

e Three major subdetector systems: Inner Tracking Detectors (ID), Calorimeters
(LAr and Tile), Muon Spectrometers (MS)

o pp collisions at 1/(s) = 7(8) TeV in 2011(2012), instantaneous luminosity peaking at
1032 ~ 103% em =271

44m

Tile calorimeters

LAr hadronic end-cap and

forward calorimeters
Pixel detector

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor tracker
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The ATLAS Trigger System

Interaction rate

~1 GHz CALO MUON TRACKING
Bunch crossing
rate 40 MHz Piveli
ipeline
TLiFIIEI\({J‘%LEL memories
<75 (100) kHz

Derandomizers

Regions of Interest | | | | | ?Reg%:;“ drivers
LEVEL 2 Readout buffers
TRIGGER (ROBs)
~ 1 kHz
| Event builder |
EVENT FILTER FuII-eveal;l‘:jbuffers
~ 100 Hz processor sub-farms

Data recording

e High collision rate challenge (1.5 MB desired per event at a high rate of 40 MHz)

o Three levels of trigger system:
L1 triggers hardware level (<75 kHz and upgradable to 100 kHz)
L2 triggers seeded by Rols after L1 (<3.5 kHz)
Event Filters judge fully-constructed events passing 1.2 for offline analysis (400~800
Hz)

e EF level electron and muon triggers to be considered in this analysis
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The lead-LAr Calorimeter I1I: LAr DQ defects

Table: Summary of LAr DQ defects which may have impacts on physics analysis results. <PART> refers
to different LAr calorimeter partitions.

[ Defect [ Description [ Recoverable | Tolerable |
LAR_DATACORRUPT Data integrity problem NO NO
LAR_UNCHECKED Shifter did not look at ES YES NO
LAR_BULK_UNCHECKED Shifter did not look at bulk YES YES
LAR_LOWSTAT Not enough stat for assessment NO YES
LAR_<PART>_DISABLED Partition not included in the run NO NO
LAR_<PART>_HVTRIP LB with HV ramping or off on both sides NO NO
LAR_<PART>_HVNONNOMINAL LB with stable non-nominal HV (Noise not corrected) YES NO
LAR_<PART>_HVNONNOM_CORRECTED LB with stable non-nominal HV (Noise corrected, impact on trigger) NO YES
LAR_-<PART>_NOISEBURST LB with minor noise burst NO YES
LAR_<PART>_SEVNOISEBURST LB with severe noise bursts NO NO
LAR_<PART>_NOISYCHANNEL Noisy cell, but harmless YES YES
LAR_<PART>_SEVNOISYCHANNEL Very noisy cell, inducing many clusters YES NO
LAR_<PART>_MINORUNKNOWN Data affected by minor (yet) unknown pathology MAYBE YES
LAR_<PART>_SEVUNKNOWN Data unusable for (yet) unknown reason MAYBE NO
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Data and MC Samples of singal and backgrounds

e 2011 /s =7 TeV pp collision data of (4.6 fb~' in GRL) recorded by ATLAS

o WW Signal:

o q@ — WTW~ — (tyl~ i, : MCQNLO generator, HERWIG/Jimmy parton shower and
CT10 PDF

o g9 — WHTW~ — {Tyl~ v, : gg2ww generator and CT10 PDF

e Background samples:
o tt: MCQNLO

Single Top: AcerMC

V+jets: Alpgen

o WZ, ZZ: Herwig

o W +~: ALPGEN
o W +~*: MADGRAPH

e ATLAS full simulation is used for all required MC samples
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Distributions of discriminants at preselection level
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b — e TMVA tuning: efficiency Vs rejection curve

Background rejection versus Signal efficiency

TMVA
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b — e TMVA tuning: TMVA input variables
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b — e TMVA tuning: variable correlations (signal)

| | |sc ‘shower width versus HadronicEt_over_EtEM (Signal)_ld $1 shower width versus Etin Cone20 (Signal)_Id
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b — e TMVA tuning: variable correlations (background)
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Cutflow summary for data

Cuts ee + B ppt 4 B ep + ER8
>= 2 leptons (SS+0S) 995273 1706679 16453

2 leptons (OS) 989740 1706493 16453

¢ pr > 25GeV 979364 1678578 15157
trigger matching 978920 1678539 15063
M,y >15/10 GeV 977327 1674123 15052
Z mass veto 80140 148841 15052
ER5, cut 1398 2411 6586
Njet(0,1,2,3,>=4) (310,285,412,246,145)  (633,535,656,381,206) (1169,1272,2083,1274,788)
Jet veto 310 633 1169
pr(€0) > 30 GeV 174 330 821
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MC prediction summary

Final State ee Channel pp Channel ey Channel combined
Observed Events 174 330 821 1325
total MC prediction(S+B) 163.5 278.0 740.0 1181.6
MC WW signal 100.3 185.5 537.8 823.6
Top 23.3 33.7 90.1 147.1
Wjets+QCD 14.6 5.58 63.1 83.3
Drell-Yan 12.6 32.2 4.87 49.7
Diboson 12.70 21.0 44.1 77.9
Total Background 63.2 92.5 202.2 358.0

Table: Summary of observed data events and MC expected signal and background contributions in the
three channels and their combined results.

Shu LI Seminar@QFNAL 56/77



Background Estimation II: Drell-Yan

o The Drell-Yan (DY) contamination: fake FX¥'/jet energies not well modeled in DY

MC
e Pseudo-data-driven method for DY estimation:
o DY CR by inverting pr(¢¢) < 30 GeV cut
o Scale Factor (SF) derived from DY CR:

data data MC
NZ,CR _ NCR - N on—Z,CR

SF = = s (15)
MC MC
Nz cr Nz cr
e MC predictions in the Signal Region are renormalized using SF's for all three channels
I L B e B L L B B B L
w 50— = Toy -
€ cr! srR > E Ne=7Tev % DrZII-Yan ]
r Dre ]
40 ] vv'+joesc:/noijet —
B T R T Ty C ]
E ATLAS Preliminary — Data . F 1
= J Lot = 4 644n" [l Diboson | 30— =
2 V5= 7Tev O wrjetdijet 3 r 1
8 Jwop 1 20 4
w [ Orell-Yan | C 7
Hl WW—iviv ! 1oi + + E
F . [T e
= 5
| o)
3 E 4 -]
! g 3 | +
: LA i~ T+ +
40 60 80 100 120 140 160 180 200 T e e T AT +11 T80 290
Py )[GeV] M2l, ee
Figure: DY CR definition(left) and ee invariant mass distribution in CR (right).
ee i el combined
data-driven estimation | 11.9 £ 3.0(stat) & 2.5(syst) | 34.4 + 5.8(stat) £ 9.8(syst) | 5.2+ 1.6(stat) £ 1.1(syst) | 51.4 & 6.8(stat) £ 11.5(syst)
MC prediction 12.7 £ 2.9(stat) 32.9 £ 5.0(stat) 4.6 £ 1.3(stat) 50.3 £ 5.9(stat)
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Background Estimation III: Top (Template fit method)

e Top background estimation using a jet multiplicity template fit method

e SR1: after

miss

T, Rel

o CR: SRI1 with at least 1 b-jet with pr > 20 GeV
e SR2: after all the cuts

Data-Driven Top

Top EstimateS?? (bin 0) = Data-Driven Top>*! (bin 0) -

sr1_ MC TopSt!
MC TopCR

DataS®! = Data-Driven TopSHt! (f)+ f-MC Non-TopSE!

MC TopSR2(bin 0)
MC Top T (bin 0)

. (DataCR — f-MC Non—TopCR)

(16)
(17)

(18)

fi] F T T T T T T |
E 2500 | Ldt =470 g e 3
3+ ; v'g =7TeV % :‘:}:Isidi]et ;
2000— @ Drell-Yan - j2} [ T4
C —_— B WwWoslelv 4 c C |
E ] 2 3000 I =
1500 3 o F 1
1000; é 2500 =
L e L :
0= L T 1500 =
6 1 2 3 4 5 6 7 8 9 10 r ]
ep: Jet Multiplicity lOOOi =
ST 2 ;
£ o1z ; | - 5001 | =
s MET T T E 7
e e i L 1
o8 o A L ey L
0.6
] : : 0 1 3 ) 5 6
Jet Multiplicities
Channel ee L m Combined
Niop 22.4+11.8+34 | 32.3+14.2+4.9 | 8.5+23.3+£13.1 141.2 £29.7 £ 21.5
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Background Estimation III: Top (Jet Veto SF method)

o Top data-driven estimation using a b-tagging CR:
o P1: b-tagging CR jet veto survival probability
@ P2: full jet veto survival probability

Exp
P.)
pBtag.data -
-Est. miss Data miss MC 1
.\wpt (0 + EF™,05) =~ _\mpt (0 + EF™%) x|P;™ x pEwEIC
1
s pyic
= (NData _ mon—topy (PlBtdg.clnln)z %

(PPsNICy2
Btag _ arBtag /n/Btag
P = .‘\”J /N

all-jets

MC MC /ATMC
Pz :A\n/ r/‘\u]]—w(\

o Insensitive to the normalization, b-tagging eff., lumi and theo. o, JES/JER, ISR/FSR, etc.

o Agree well with MC prediction

e ~16.2% overall syst. dominated by theo. uncertainty ~15%

e An MC closure test using top samples with a different generator (MCQNLO Vs PowHeg)
was performed well (~2% deviation)

channel Top MC Top DD
ee 23.3 £ 1.1(stat) 19.0 + 3.2(stat) £ 3.1(syst) N
e 89.8 + 2.3(stat) | 88.5+ 7.1(stat) & 14.3(syst) I “H+++*++++++++++++J
m 33.7 + 1.4(stat) 42.6+7.3+6.9 L e
combined | 146.8 £ 2.9(stat) 150.1 +£10.7 £ 22.3 ;
Table: Final DY background estimates for all three channels. JJ_,;’;

i S
.;l++++_ . ++_H+H+

........
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Background Estimation IV: other diboson

e Estimated by MC prediction (Use di-lepton invariant mass as the lower mass
boundary of W~*)

o W~ partially overlap with W Z. Scaled down using the ratio passing W2 gauge
boson high mass cut.

o Off-shell Z contributions accounted in WZ and ZZ cross sections

Final State ete  ERiss | = pmiss | o®yF pmiss | Combined
diboson Background

WZ 3.18+0.31 | 10.82+0.56 | 17.42+0.72 | 31.414+0.96
77 3.431+0.32 6.93+0.48 1.17£0.26 | 11.534+0.63
Wr 3.844+0.75 0£0 15.144+1.46 | 18.98+1.64
Wy 2.26+0.48 3.29+0.44 | 10.40+0.93 | 15.95+1.13
Total Background 12.70£0.99 | 21.04+0.86 | 44.12+1.89 | 77.87£2.30
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Background Estimation III: Top (Jet Veto SF method)

o Top data-driven estimation using a b-tagging CR:
o P1: b-tagging CR jet veto survival probability
@ P2: full jet veto survival probability

Exp
P.)
pBtag.data -
-Est. miss Data miss MC 1
.\wpt (0 + EF™,05) =~ _\mpt (0 + EF™%) x|P;™ x pEwEIC
1
s pyic
= (NData _ mon—topy (PlBtdg.clnln)z %

(PPsNICy2
Btag _ arBtag /n/Btag
P = .‘\”J /N

all-jets

MC MC /ATMC
Pz :A\n/ r/‘\u]]—w(\

o Insensitive to the normalization, b-tagging eff., lumi and theo. o, JES/JER, ISR/FSR, etc.

o Agree well with MC prediction

e ~16.2% overall syst. dominated by theo. uncertainty ~15%

e An MC closure test using top samples with a different generator (MCQNLO Vs PowHeg)
was performed well (~2% deviation)

channel Top MC Top DD
ee 23.3 £ 1.1(stat) 19.0 + 3.2(stat) £ 3.1(syst) N
e 89.8 + 2.3(stat) | 88.5+ 7.1(stat) & 14.3(syst) I “H+++*++++++++++++J
m 33.7 + 1.4(stat) 42.6+7.3+6.9 L e
combined | 146.8 £ 2.9(stat) 150.1 +£10.7 £ 22.3 ;
Table: Final DY background estimates for all three channels. JJ_,;’;

i S
.;l++++_ . ++_H+H+

........
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Data-driven Jet veto acceptance systematic estimation

o WW jet veto acceptance uncertainty is challenged by the large Jet Energy Scale and
Resolution uncertainties

e Use a Z control sample from data and MC to access to the systematics data-drivenly
e MCQ@NLO generator used for both Z and WW samples

e Theoretical uncertainties accounted: Scales, PDF's, Parton shower modeling...

o Aww: fiducial acceptance, Cywy: final acceptance within fiducial phase space

@ Consider the uncertainties on this method:

C — Now}fr(‘\'lc-ff'w) v, eZ (measured)
WW = NJW (MC.truth) ~ "¢Z(MC,reco)

Apww = "W (MC, truth)
e (MC, truth) contains theoretical uncertainties

e (MC,reco) contains both JES/JER and theoretical
uncertainties
| JES/JER unc.  Theoretical unc.

Covw WW/Z  WW/(WW x 2)
Anww ww
CwwAww ww/z Ww/z

@ Correlations between WW and Z MC mean we get
cancellations in both JES/JER and theoretical uncertainties

Shu LI Seminar@QFNAL 62/77



WW signal (MC) acceptance and cutflow

Cuts ee Channel e Channel e Channel
evev  Tvlv  upvpy  Tvly evuy Ty
Total Events (4.6 fb_l) 2421.1 9224 2421.1 9224  4842.2 1844.9
2 leptons (SS+0OS) 562.89  69.58 964.07 108.44 1493.68 173.51
2 leptons (OS) 558.23  69.19 964.07 108.44 1493.68 173.51
¢ pp > 25GeV 554.78  68.32 954.58 106.45 1475.24 169.36
trigger matching 551.17  67.71 944.83 105.30 1461.02 167.10
M0y >15/10 GeV 548.81  67.59 938.84 104.98 1460.10 167.00
Z mass veto 424.96  49.98 724.75 78.52 1460.10 167.00
BN cut 154.42 1291 286.98 24.21  921.08 94.69
Jet veto 97.60  7.03 180.07 14.56 586.40 57.33
pr(€l) > 30 GeV 93.57  6.68 171.89 13.66  490.71  47.10
WHW~= Acceptance  3.86% 0.72% 7.10% 1.48% 10.13% 2.55%
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W+W~ Signal Uncertainty

e The systematic uncertainties of lepton/jet energy scale/resolution (JES/JER) are
quoted by varying independently the corresponding systematic term up and down by
one o

o The B systematic uncertainties have 100% correlation with the lepton and jet
energy related uncertainties, which have their systematic variation propagated
simultaneously to the EJ'°

e PDF uncertainty quoted from:
the CT10 error matrices
central value differences between CTEQ and MSTW

renormalisation (ug) and factorisation (ur) scale factor variation

e Dominant systematic uncertainties: total cross-section uncertainties (6.2%),
JES/JER (5.6%), additonal luminosity (1.8%)

e Overall systematic uncertainty: 7.6%

Shu LI Seminar@QFNAL 64/77



Signal Uncertainty Summary

e The systematic uncertainties
of lepton/jet energy
scale/resolution are quoted by
varying independently the
corresponding systematic term
up and down by one o.

The ERss systematic
uncertainties have 100%
correlation with the lepton
and jet energy related
uncertainties, which have their
systematic variation
propagated simultaneously to
the Emiss,

PDF uncertainty quoted from:
the CT10 error matrices
central value differences
between CTEQ and MSTW
renormalisation (ug) and
factorisation (up) scale factor
variation

Sources e+e_ErII13iSS ,u+,u,_E?iSS ei,u,:F E?iss Combined
Luminosity 1.8% 1.8% 1.8% 1.8%
Aw w uncertainties

PDF 0.85% 0.93% 0.88% 0.88%
Scale (pRr, pp) 0.48% 0.48% 0.63% 0.41%
Jet veto 5.60% 5.60% 5.60% 5.60%
AAww /[Aww 5.68% 5.69% 5.70% 5.69%
C'ww uncertainties

Trigger 0.1% 0.6% 0.3% 0.4%
Electron Scale 0.8% <0.1% 0.4% 0.3%
Electron Resolution 0.2% <0.1% <0.1% <0.1%
Muon Scale <0.1% 0.5% 0.2% 0.2%
ID Muon Resolution <0.1% 0.1% <0.1% <0.1%
MS Muon Resolution <0.1% 0.1% <0.1% <0.1%
Electron recon. SF 1.6% <0.1% 0.8% 0.7%
Electron ID SF 2.3% <0.1% 1.1% 1.0%
Muon ID SF <0.1% 0.5% 0.3% 0.3%
Electron IsoIP 0.7% <0.1% 0.3% 0.3%
Muon IsoIP <0.1% 0.4% 0.2% 0.2%
Scale Soft Terms 0.4% 0.2% 0.4% 0.2%
Reso Soft Terms 0.3% 0.1% <0.1% <0.1%
JES & JER 0.6% 0.5% 0.5% 0.5%
Jet veto scale factor 2.8% 2.8% 2.7% 2.8%
PDF and Scale 0.7% 0.7% 0.3% 0.3%
ACww /Cww 4.2% 3.1% 3.2% 3.2%
Aww Cww uncertainties

Jet veto scale factor 3.7% 3.6% 3.6% 3.6%
ACwwAww /Cww Aww 1.9% 1.0% 11% 1.0%
U(W+W_) theoretic uncertainty 6.2% 6.2% 6.2% 6.2%
Full WT W ~ signal estimation uncertainty 8.1% 7.6% 7.6% 7.6%
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Table: Uncertainty sources and associated relative uncertainties for W+ W~ signal
acceptance estimations for ee, ey and ppu channels. The overall WHW ~ signal
estimation uncertainties include additonal luminosity (1.8%) and total

cross-section (6.2%) uncertainties.



Diboson background uncertainties

Uncertainties +AN

Lumi. | Cross-section* Jets Leptons | MET | Trigger
ee 1.8% 8.6% 12.0% 3.5% 0.1% 0.1% 1.92
i 1.8% 8.0% 7.8% 1.2% 0.4% 0.6% 2.34
el 1.8% 9.8% 9.6% 2.3% 0.6% 0.4% 6.09
total | 1.9% 9.1% 9.4% 1.9% 0.4% 0.4% 10.20

Table: Systematic uncertainty summary for other diboson backgrounds.
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Signal and background summary

Final State ete” PSS ph e B e T Emiss Combined
Observed Events 174 330 821 1325

Total expected

events (S+B) 168.7+12.3£15.0  279.8£15.5+19.5 743.6+£23.7+£53.6 1192.1+30.9£82.2
MC WW Signal 100.3+£1.5£8.1 185.54+2.0£14.1 537.843.4440.9 823.6+4.24+63.1
Background estimations

Top(data-driven) 22.4+11.8434 32.3+£14.24+4.9 86.5+23.3£13.1  141.2+29.74+21.5
W+jets(data-driven) 21.3840.53+11.34  6.564+0.96+2.77 70.0£1.7+31.3 98.04+2.0+£42.9
Z+jets (data-driven) 11.943.0+2.5 34.445.849.8 5.241.6%+1.1 51.44+6.8£11.5
Other dibosons (MC) 12.704+0.99+£1.92  21.04+£0.86+2.33 44.144+1.89+6.09 77.884+2.30£10.20
Total Background 68.4+12.2+12.6 94.3+15.4+13.4  205.8423.5£34.7 368.5+30.6+£52.7
Significance (S / vB) 12.1 19.1 37.5 42.9

e The overall systematic uncertainties of W1~ signal are estimated using
MC simulation
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Final WW candidate plots with statistical tests
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Figure: Final distributions for W*TW ™ candidates in all channels: (a) leading lepton pr (b) opening
angle between the two leptons (A¢(¢4')), (c) pr and (d) mr of the /' + EX system.

Shu LI Seminar@QFNAL 68/77



#Events
#Events

KS Prob=0.995. X? Prob=0.174

DATAMG

DATAMG

#Events
#Events

KS Prob = 0.989, X? Prab =0821

DATAMG

DATAMG

Fl
8
1
4
2
]
g
5
4
2
]

#Events
#Events

KS Prob = 0.998, X? Prob = 0856

T T T
o —
[ Lat = 2. p4am == i
0 wietsidier.
Vs =TTeV
KS Prob = 1.000. X Prob = 0.882
400 -
300 —
200 —
100 3
0 20 40 80 100
Py {subleading lepton)[GeV]
2
i
14 1 I
i | ¢
a6 !
21
oz
o 2 Er B 1
T
| Lat = 2. p4am
Vs =TTeV

KS Prob = 0.597. X?Prob = 0.784

A(I'T)
H e=|
i ; =
i - e
2 = ol T s S o g
o8 I T T A4 T ==
82 = L)
: E|
oz
=
E 0. 2.
E T 7
500~ [Ldt=4644m" =
E V5 =TTeV ]
400[—  KsProb=0.865 X2 Prob=0.315 -
30 [ -
200} —
100 —




#Events

DATAMG

4
b = 4

#Events

KS Prob = 0.940. X? Prob = 0277

180 200
M(I'T)[GeV]

DATAMG

#Events

KS Prob = 0,833, X? Prob = 0528

120

#Events

DATAMG

#Events

DATAMG

#Events

T
[ Lat = 2. p4am
Vs =TTeV

KS Prob=0999. X7 Prob = 0.998

P
1

i ;

e -

2 = S S -
a8 I
I
4
8
]

T
| Lat = 2. p4am
Vs =TTeV

KS Prob = 1.000. X7 Prob = 0.958

AR(IT)

i I
HE] T
] =0 + 1

=S i 4 1
0s
s E]
83
o3

5

T
| Ldt = 2. paam
Vs = 7TeV

KS Prob = 0.420. X Prob = 0.081

miss




Differential distribution measurement I

e Motivation:
o Get rid of detector effects and flexible for the comparisons between various experiments
o Essentially important for testing existing and future theory models and MC tuning

e Choose to unfold the leading lepton (e/pu) transverse momentum spectrum which is

also used for aTGC limit setting (same binning)
e The relation of the actual observable x distributed as f(x) and the g(y)-distributed
experimental variable y is presented by:

[ A.)@)e = g(0) (19
using a kernel A(y,x) in the Fredholm integration , which can be further interpreted
experimentally as the response matrix form:
Ax=y. (20)
e Bayesian unfolding treat iteratively the response matrix as the probability of

measuring a given true distribution as a reconstructed observable
e High purity is verified to avoid the high bin-migration effects

_
‘g 1L MC 2011 (/5= Tev) o Purity b W  ResponseMatrix
S
C e e —e— £
L — o il S320-140
[}
0.8 —— &
L ] “300-120
| - o
— — c
0.6r 4 %80-100
L ] o9
0.4 — 2 6080
C i k=1
[ i g
N 7 40-60
0.2 — -
L ] 25-40
O 25-40 40-60 60-80 80-100 100-120 120-140 140-350 40-60 60-80 80-100 100-120 120-140 140-350
Leading lepton P, [GeV] Leading lepton P, [GeV] (Reco.)
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Differential distribution measurement I1

e Statistical uncertainty: determined using toy MC
e Systematic uncertainty:
e For each systematic source, create individual ntuples w.r.t. to upward and downward
variations and full unfolding process is repeated for each
o The difference §;Y° = x; — ;Y is then taken as the systematic uncertainty in each bin. The
corresponding covariance matrix for bins ¢ and j is defined by

Covij = &Y x §V°.

o Covariance matrix of each systematic uncertainty is linearly added up

o Stability test: 2 (nominal) Vs 3 iterations with the same unfolding algorithm

o Robustness test: The nominal SIGNAL NTUPLE is not only used to define the unfolding
procedure but also chosen as the input signal distribution. The agreement is well demonstrated.

o All channels are eventually combined using a common response matrix

o [ Data 2011 (15=7 TeV) — MC@NLO Prediction

D-E 06— B @ Data (2011)

© E I Ldt=4.71fb +  Stat. Uncertainty
0.5— Full Uncertainty

15F

M

Data/MC
=
{
I
|
|
|
I
I
I
I
I
I
I
I

05E

25-40  40-60 60-80  80-100  100-120 120-140  140-350
Leading lepton p,_ [GeV]
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List of presentations in ATLAS collaboration I

Parallel conference talk at PLHC2012, UBC@Vancouver, BC Canada
2012-06-07 ” ATLAS diboson measurements”
https://indico.cern.ch/conferenceOtherViews.py?view=standard&confld=164272
5th France China Particle Physics Laboratory (FCPPL) Workshop:

2012-03-21 ”Standard Model WW-;Inulnu cross section measurement”
https://indico.in2p3.fr/conferenceOtherViews.py ?view=standard&confld=6153
Workshop Physique Atlas France 2011:

2011-10-04 ”Section efficace WW”
https://indico.cern.ch/conferenceOtherViews.py?view=cdsagenda&confld=147821
seminaire des doctorants de lere annee QCPPM:

2010-06-14 ” (Di-)Boson WW Production Research in ATLAS Experiment”
https://indico.in2p3.fr/conferenceDisplay.py?confld=3875

PLHC2012 Session 2 rehearsal:

2012-05-30 ”ATLAS diboson measurements (15’+5)”
http://indico.cern.ch/conferenceDisplay.py?confld=191464

CERN Workshop on QCD background to W:

2010-06-14 "MET Vs TRT HT Probability”
http://indico.cern.ch/conferenceDisplay.py?confld=96553

ATLAS Physics Plenary approval

2012-02-28 ”Measurement of SM WW Cross-section”
http://indico.cern.ch/conferenceDisplay.py?confld=179829
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Standard Model Plenary talks of anlaysis status report and paper/conf note approval:
2012-06-28 "WW cross section (FULL STATUS REPORT) - 25+10 min”
http://indico.cern.ch/conferenceDisplay.py?confld=153427

2012-02-09 ”"WW-; Inulnu (STATUS REPORT FOR MORIOND CONF)”
http://indico.cern.ch/conferenceDisplay.py?confld=153407

2012-01-12 ”"WW status report (20410)”
http://indico.cern.ch/conferenceDisplay.py?confld=153403

2011-07-19 ”Overview of SM WW Cross-section Analysis (15410 mins)”
http://indico.cern.ch/conferenceDisplay.py?confld=147822

2011-05-19 ”Status Report on WW Measurements for 2011 (1545 mins)”
http://indico.cern.ch/conferenceDisplay.py?confld=137517

2011-04-21 " First look at 2011 data in the WW analysis”
http://indico.cern.ch/conferenceDisplay.py?confld=128324

Joint sub-group plenary for W/Z common topics:

2012-11-14 "MET studies”
https://indico.cern.ch/conferenceDisplay.py?confld=162435
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Standard Model electroweak subgroup plenary talks:
2012-08-03 ”WW Inulnu”
http://indico.cern.ch/conferenceDisplay.py?confld=202639
2012-06-01 ”WW-;Inln”
http://indico.cern.ch/conferenceDisplay.py?confld=193978
2012-05-04 ”WW status report and JetETMiss uncertainty evaluation in 5fb-1 7TeV analysis”
http://indico.cern.ch/conferenceDisplay.py?confld=189580
2012-03-30 "WW preselection update”
http://indico.cern.ch/conferenceDisplay.py?confld=184438
2012-03-02 ”Track MET study for WW post-Moriond”
http://indico.cern.ch/conferenceDisplay.py?confld=180515
2012-01-20 "WW update”
http://indico.cern.ch/conferenceDisplay.py?confld=172817
2012-01-06 "mcl1c performance and WW Met optimization”
http://indico.cern.ch/conferenceDisplay.py?confld=169362
2011-12-09 ”Met Performance Study”
http://indico.cern.ch/conferenceDisplay.py?confld=165799
2011-12-02 ”Met optimization for WW in Rell7”
http://indico.cern.ch/conferenceDisplay.py?confld=164856
2011-11-25 ”Update on the Etmiss performance study in r17”
http://indico.cern.ch/conferenceDisplay.py?confld=164012
2011-11-18 "MET performance study for R17”
http://indico.cern.ch/conferenceDisplay.py?confld=163077
2011-11-04 ” A first look at WW-;Inulnu analysis in R17”
http://indico.cern.ch/conferenceDisplay.py?confld=160671
2011-08-05 ”"Wijets update with lower jet pT”
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Egamma combined performance meeting:

2010-03-31 ”Material mapping with Electron shower shape from b-;e”
http://indico.cern.ch/conferenceDisplay.py?confld=82382
2010-01-14 ”Material mapping with showers shape for b-;e”
http://indico.cern.ch/conferenceDisplay.py?confld=77965
WWlnulnu analysis meeting:

2012-06-18 ”Baseline Top-Bg Method”
http://indico.cern.ch/conferenceDisplay.py?confld=196390
2012-06-13 ” Unfolding”
http://indico.cern.ch/conferenceDisplay.py?confld=195656
2012-05-30 ”Status of Event Selection and Plots”
http://indico.cern.ch/conferenceDisplay.py?confld=193507
2012-05-23 ”Event Selection and JES”
http://indico.cern.ch/conferenceDisplay.py?confld=192385
2012-05-15 ” Cut-Flow, Tables, Plots and Top”
http://indico.cern.ch/conferenceDisplay.py?confld=191273
2012-05-09 ”event selection and top background”
http://indico.cern.ch/conferenceDisplay.py?confld=190361
2012-04-25 ”Event Selection and Uncertainties”
http://indico.cern.ch/conferenceDisplay.py?confld=187962
2012-04-18 ” EventSelection, MCCorrections and Top”
http://indico.cern.ch/conferenceDisplay.py?confld=187126
2012-04-11 ”DD Top Estimate and new Selection”
http://indico.cern.ch/conferenceDisplay.py?confld=185358
2012-04-05 ”Preselection status”
http://indico.cern.ch/conferenceDisplay.py?confld=185531
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HSGS3 track/calo MET meeting - Higgs WG subgroup informal:
2012-04-23 ” contributions from everyone”
http://indico.cern.ch/conferenceDisplay.py?confld=187653
2012-04-16 ” contributions from everyone”
http://indico.cern.ch/conferenceDisplay.py?confld=186770
2012-04-12 ” contributions from everyone”
http://indico.cern.ch/conferenceDisplay.py?confld=186238
2012-04-02 ” contributions from everyone”
http://indico.cern.ch/conferenceDisplay.py?confld=184902
2012-03-14 "Wg/Wg* MC Samples”
http://indico.cern.ch/conferenceDisplay.py?confld=180010
Data Preparation and Data Quality meeting:

2010-09-29 "LAr (EMB, EMEC, HEC and FCAL)”
https://indico.cern.ch/conferenceDisplay.py?confld=102556
2010-08-25 "LAr (EMB, EMEC, HEC and FCAL)”
https://indico.cern.ch/conferenceDisplay.py?confld=102551
2010-08-11 "LAr (EMB, EMEC, HEC and FCAL)”
https://indico.cern.ch/conferenceDisplay.py?confld=102549
LAr Weekly meeting:

2010-09-27 ”Report from DQ offline”
http://indico.cern.ch/conferenceDisplay.py?confld=72631
2010-09-13 ”DQ offline report”
http://indico.cern.ch/conferenceDisplay.py?confld=72630
2010-09-06 ”DQ report”
http://indico.cern.ch/conferenceDisplay.py?confld=72629
2010-08-30 ”DQ report”
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