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e Motivations

e Previous Measurements from LEP and Tevatron
e Diboson Physics Programs at LHC

e Results with the First Year Data (2010)

e Prospect of Diboson Physics at LHC in 2011-2012
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Standard Model

= Based on SU(2)xU(1)
symmetry; Gauge sector
and matter sector are very
successfully tested !

But the Higgs sector which
describes the electroweak
symmetry breaking (EWSB)
IS totally dark.

=>To find the mystery of EWSB
IS one of the major
motivations for experimental
high energy physics.

=» Focus on Di-boson
productions (Wy, Zy, WW,
WZ, ZZ7) in this talk.
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Introduction - Diboson Physics

=» Vector boson self-interactions are fundamental q 7
prediction of the Standard Model, resulting from the
non-Abelian nature of the SU_ (2) X U(1) gauge theory. S LGC vertex
=» The measurement of vector boson pair production at q "

s-channel

LHC provides an important test of high energy
behavior of electroweak interactions. .
q 2
= Measurements of diboson production cross sections
(Wy, Zy, WW, WZ, ZZ) at LHC are important
milestones for initial physics program. _
i i ) .. f-channel
=>» Diboson detection will be initially focused on W and Z
leptonic decay modes. q "

=» Search for new physics at LHC can be carried out
through diboson final states as well as through
probing of the anomalous triple gauge boson q 7
Couplings (TGCS) u-channel]
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New Physics Signatures with
Diboson Final States

« WW - /vlv (signal: ¢¢ + MET): g "
— Higgs - WW (SM, MSSM) g;)_ N <
— Graviton G > WW (mSUGRA, ED) > {
— Z > WW 7

e WZ - /v/i/¢ (signal: tri-lepton + MET):  \
- pp>W > XX > W) (Z'X) (SUSY) \3_
— p1T 2> W* Z (Technicolor) / N\

X

W
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New Physics Signatures with

Diboson Final Statgs

o LZ > Uil Llvv:
— H-> ZZ (SM, MSSM)
— XN} = Z(Hem)Z (7)) GG, (GMSB)

e Wy 2> /vy:
— p5, arT 2 W*y (Technicolor)
— General GMSB (Wino-like neutralino)

o Iy 2> lly:
— XY — Z(1H ) GG (Zy+MET)
— o7 =2 Zy (Technicolor resonance)
— General GMSB (Bino-like neutralino)
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Generic Search for New Particles
with Diboson through VBF Process

* Vector-Boson Fusion (VBF) Process: qq > 0.,V V (V =W, 2)
— Two vector bosons with two tagged jets in F/B regions
— Production rate ~ 2.5% of qq - WW (Tim Barklow, WHIZARD with

PDF MRST2004)

 An example of ATLAS sensitivity to a 850 GeV spin-zero
resonance produced in VBF process (at 14 TeV).

qt ag
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V
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Search for new physics through
Anomalous TGCs with Diboson Events

« Effective Lagrangian with charged/neutral triple-gauge-boson interactions

L/gwwy = ig} (Wi, WHVY — Wy WHVY) + ik Wi W, VA + M—%/Wp'uwfvvp

L=——[f{ (uV"P)Za(9%Zp) + 13 (9 Vi) 2P 7]

e
s
M

« The anomalous parameters: Ag,?, Ax,, &, Ak, &, f,7, 157, 1,7, T, ho? hy % hat by

« Complementary studies through different Diboson channels (§ = M?,,)

i Z
Production Axz, Ak, term Ag,“ term Az, A, term
WA grow as § grow as §” grow as §
WZ grow as §” grow as § grow as §
Wy grow as §” grow as §
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WW)/ZZ Cross Sections from e*e" (LEP)

CERN-PH-EP/2006-042
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Diboson Production at Tevatron

Process Cross-section (pb) Data (Experiment)
WW 12.1 + 0.9 3.6 fb't (CDF)
115 + 2.2 1.0 fb-1 (DO)
WZ 41 = 0.7 6.0 fb-1 (CDF)
3.9 +1.1(-0.9) 4.1 fb'1 (DO)
ZZ 1.7 + 1.2 (- 0.7) 6.0 fb1 (CDF with ¢/¢0)
1.6 = 0.65 2.7 b1 (DO with ¢¢¢¢ and £/vv)
Zy 46 = 0.5 1.1 fbi(eey), 2.0 fb-i(uuy) (CDF)
496 *+ 0.42 1.1 fb-1 (DO)
Wy 18.0 + 2.8 1.1 fb-1 (CDF)
148 + 2.1 0.16 fb-1 (DO)

http://www-cdf.fnal.gov/physics/ewk
http://www-d0.fnal.gov/Run2Physics/WWW/results/ew.htm

WZ and Wy can only be produced from hadron colliders
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Limits on Anomalous Couplings

WW (DO, 1.1fb1)
WW (LEP)

WZ (DO, 4.1fb™)

A=A,
A=A,

[-0.075,0.093]

Ax, = AKY
Ak, = Ag,” - Ak,

Ag,?
[-0.14, 0.30]
[-0.051,0.034]

tan?0,,

[-0.376,0.686]

WZ (CDF, 1.9fb1) [-0.14,0.15] [-0.81,1.29]

Wy (DO, 0.7 fb1)

A=1.2TeV e fe?

ZZ (CDF, 1.9fb?) [-0.12,0.12] [-0.13,0.12]
ZZ (DO, 1.1fb1) [-0.28,0.28] [-0.31,0.29]
ZZ (LEP combined) [-0.30,0.30] [-0.34,0.38]
A=15TeV hgz h4Z

Zy (CDF, 5.0fb1)
Zy (DO, 3.6fb1)
Zy (LEP combined)
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[-0.017,0.0167]
[-0.033,0.033]
[-0.30,0.30]
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[-0.0006,0.0005]
[-0.0017,0.0017]

[-0.34,0.38]

[-0.053,0.156]
[-0.14,0.25]

A,

[-0.54, 0.83]
[-0.105,0.069]

[-0.51,0.51]

f,0
[-0.10,0.10]
[-0.26,0.26]
[-0.17,0.19]

hyt

[-0.017,0.016]
[-0.033,0.033]

[-0.17,0.19]

A

Y

[-0.14, 0.18]
[-0.059,0.026]

[-0.12,0.13]

foy

[-0.11,0.11]
[-0.30,0.28]
[-0.32,0.36]

h4v
[-0.0006,0.0006]
[-0.0017,0.0017]
[-0.32,0.36]
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Diboson Production Cross Sections

SM Tevatron LHC LHC & | acoNwo

cross  (ppbarl.96  (pp,7TeV, (pp,14TeV, = (¢ weTuzsoanio oww ]

section TeV, pb) pb) pb) S

WW 12.4 44.9 111.6 10

wz 3.7 18.5 47.8 :
1= —

77 1.4 6.0 14.8
Wy 19.3* 69.0*  120.1* 1o __
Zy 4.7* 13.87 28.8% o 2 4 & & 0 iz 4
\'s [TeV]

(*) Ey¥>7 GeV and AR(/,y) > 0.7, for W/Z e/n decay channels only
(#) Ev > 10 GeV and AR(/,y) > 0.7, for W/Z e/p decay channels only

=>» Diboson production rates at LHC (7 TeV) are ~3-5 times of Tevatron

= s at LHC is higher than Tevatron (3.5x-7x) which greatly enhances the
detection sensitivity to anomalous triple-gauge-boson couplings
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ATLAS Detector

Length : ~ 46 m
Radius : ~12m
Weight : ~ 7000 tons
~108® electronic channels
_' .| 3000 km of cables

Muon Detectors TiNg, Calorimeter Liguid Argon Calorimeter
b

i

b |
\ f
Y

3-level trigger B
reducing the LVL1
rate to ~300 Hz

Inner Detector (In1<2.5, B=2T):
Si Pixels, Si strips, TRT

Precise tracking and vertexing,
of/py ~ 3.8x10* p; (GeV) @ 0.015

II."I.
I | I'l. LY
Toroid Magnets  Solenoid Magnet  SCT Tragker  Pixel Detector  TRT Tracker

EM calorimeter: Pb-LAr Accordion Hadron calorimetry (In[<4.9)

e/y trigger, identitication and measurement Fe/scintillator Tiles (central), Cu-LAr (endcap)
E-resolution: o/E ~ 10%/VE @ 0.007 E-resolution: o/E ~ 50%/VE @ 0.03

High granularity FWD calorimetry:Cu/W-LAr ofE ~ 90%/NVE @ 0.07
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ATLAS Muon Precision Chambers
4 | : P \. 3 E\ L] — | e — ; 1

B
.“—%ql Q
..‘/‘ : | AN , \ i % v ' -\L : ‘. | A ' ]
R l_..rl" . 5 \ % 3 % J N 2 | i;
e : \ : J ' ‘ | __; . j | i ‘,'.,? & \ i

= i
- gl § -
S University of Michigan ATLAS
B group was heavily involved in
construction and
commissioning of Monitored
Drift Tube (MDT) chambers
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Integrated Luminosity (2010-present)

Peak luminosity is 2.52X103%2 cm=s

=» LHC restarted 7 TeV stable
beam Collision on 03/13/2011

- Data taking efficiency ~93.6%
- Luminosity uncertainty in 2010:
- 11% =» 3.4%(ATLAS-CONF-2011-011)

ATLAS Online Luminosity \s=7Tev
LHC Delivered
ATLAS Recorded

Total Delivered: 48.1 pb™
Total Recorded: 45.0 pb'1

=>ATLAS data-taking
efficiency is 94.5%

=>1.15*101 protons/bunch,
max 138 bunches,
pileup: up to 10 / crossing

\ N

=>25.9 pb-1 data delivered in
the first two weeks this year

= 60r
O L
k=2 B
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= B
2 B
= B
g 40—
_l -
8 B
T 30
(@)}
QS
c 20
= -
ST
0 [
24/03
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ATLAS SM Physics Program in 2010

El - k
- QCD - W/;ccf:(?ssz:(iion
Soft QCD - Inclusive Jets

- Particle Multiplicities - Inclusive y - L—T1

- Underlying Event - Jet Shapes - W Asymmetry
- Total pp Cross Section] | - W/Z + Jets - Diboson:

- Top pair production Wy /Zy I WW
- Single Top

Standard Model as Standard Candles:

Use the Signals we expect to see to ...
- Understand Detector
- Refine Analysis techniques

Important for physics objects used everywhere:
Charged Leptons / Missing Er / Jets / Photons
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Diboson Physics Studies at LHC

e |[HC 7 TeV collision data collection started on Mar. 30,
2010 and finished on Nov. 2, 2010. LHC restarted 7 TeV
collision on Mar. 13, 2011.

e Measurements of Diboson production cross sections and
anomalous couplings for Wy, Zy and WW.

e The main objects of Diboson final states include electron,
muon, photon, hadronic jet and missing transverse
energy which are well studied using initial LHC data.

e Clear experimental signature of diboson events are
observed and measured by both experiments.

UM Seminar, April 4, 2011 LHC Diboson Physics - H. Yang 17



Electron ldentification and Measurements

260000 T T o T Different electron identification flavors:
= E reliminary  -e-Data 2010 ps=7TeV) 4
a L - — Monte Carlo ]
%500002— s = O Loose
u - [ Conversions . U acceptance, minimum track quality, EM shower width
40000 [JPrompt electrons - .
= 1 1 Medium
30000 _[ L =138 nb" . Q strip layer info, Efrac, lateral shower size
200005_ 1 Q pixel+sct hits, dO, fiducial b-layer, cluster-track matching
: rejectony > e 1 U Tight
10000 £ U hadronic leakage, 3x7/7x7 cell energy ratio
0 e , b b e ] U E/p, inner pixel layer hits(nBL), TRT high threshold hits
0 05 1 15 2 25 3 35 4 45 5
nBL % _IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
© 1200~ __ pata | Ldt=37pb" ATLAS Preliminary
o) SN B N L N L B NN WLELUNL A WAL - - —
= g o <o . ~ L — Mmcz N
S 105-5 ATLASPreliminary _aiﬁ:'fg;lgs 7 TeV) 2 1000 . —ee I -
0 Z -1 [CJHadrons c - Fit to data _ 7
k4 : L=13.8nb — P 0 - [/ o, =1.73+/-0.08 GeV 7
£ 1ot P | o goo~  Ml<247 ' ‘ dete .
Lﬁ 10°E _ ] Prompt electrons B | ]
= B Oy = 1.49+/-0.02 GeV _
e 600 -
i 00" -
°F 200} =
1Euuu NSRRI I I I P W v o T T [ YT A O SN I N H I i el
0 0.1 62 03 04 05 06 07 0[0 75 80 85 90 95 100 105 110
TRfrac Mee [GGV]
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Muon ldentification and Measurements

ATLAS muon reconstruction / Identification

+* Inner Detector Tracker (ID)
+* Muon Spectrometer (MS)
+* MS standalone

% ID + segment tagged

L)

0

*

L)

L)

* ID + calorimeter tagged

&

* |ID + MS combined

+* ID + MS Combined Muons
% Statistical combination of ID and
s Complete track refit

dN,,/dm,, [GeV™]
3,

qj
T l'-l 7 HH-'IW I HH-WT

—
==

1

uon Candidates / ( 0.017 GeV)

X
—

(=]
w

100

80

\

ATLAS Preliminary

\s=7TeV

® Data: 2010

= Fit projection

----- Fit projection of bkg.

det=41 pb”’

M(Jhy) = 3.095 + 0.003 GeV
PDG: M(J/y) = 3.09692 GeV

Gy = 65+ 1 MeV

"

N
o
T T ‘ LI

(=]

L T Ty vy Ty

racks Y -

3.8

I
4 42
m,, [GeV]

y

&l 1 HI"IW

107

ATLAS Preliminary

Data 2010,\/s= 7 TeV
L | L

Jm— 35000:—
J L=40pb’ = o [
E o~ -+ Data 2010 §j5 = 7 TeV)
EF_FT"IU1 5 - :;4000 | O Z—uu

(}23} . ..GE) -
» 030001

{3 2000

" 1000}

IIII|IIII|IIII|III
ATLAS Preliminary

JLdt =42 pb”

1
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Determine Lepton, ID and Isolation Efficiencies

Z = /¢ Tag-Probe

™V | L'9 @8 9.7:% Efficiency Ratio (Data/MC) > 0.98

)7:22

\3’“

g \ /' :;‘ . A -
0 -—— . . \ hd .
— -~ T ' ; “I-“ ’ “
X b P = = L : : ,‘I
piu) =27 GeV nlu)= 07 ' \ M § L ’ h : : pl’Obe: traCk
P, () = 45 GeV n(w) = 2.2 " - R ] "
M, =87 GeV LA n_ | ;
i 1 - | 2 "
] W |$0|ate CB u 27

Muon Spectrometer Tracking Efficiency
\S’“

isolated "‘: , wlrack
; track : : '
\ ; isolated :
CBu??

\pro\be u (CB) 7 probe u (MS)

Isolation Efficiency  ioar Matacter 1o

Inner Detector Tracking Efficiency
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e
Z->utu- Tag-Probe Efficiency

[ Tag-and-Probe MS Efficiency Staco |

| Tag-and-Probe MS Efficiency Staco |

| Tag-and-Probe MS Efficiency Staco |

1.04illl|Tll||l|1|]lI|I|llll|‘ll¥|l|+DATA(A-“ :IIIIIIIIIIIIIIIIII.IIIII'I”IIII_'_DATA(A.‘) 1.04:|II"'I.III'IIIIIIII _|_DATA‘A4J
102 E_ - MC 2o wi plleup 11 = —}— MC Z-pp wi pileup 1.02 ;_ —}— MC Z-pp wi pileup
E = C ] == =
MS Efficiency  of E R e T e | ot ;
0.96F | 3 X H = 096 e E
Data (932 +0. 17)%,,.945_—————:|::'::_ 3 \ BE + ¥ 1| oss—— L ——
F, ———— 3 -8 = 3 S ——+3
0/, 092F = E . ~ E 092E  ———— E
MC (94.840.03)% "“E* £ I3 O | [ 3 3
0.88F- = F + E 0.88F- =
0.86F 3 06F ¥ 3 ossE- E
*
0.82F- E E E 82F 3
E 3.10° N T T T T T T T T T, . £y . N RPN PP B L1 3
08656205050 708090 ‘i&é“é:?';;\inzow L I T T TR B TR Y 0853 3 ] 5 i z :I’,D
T n
ﬁag-and-Probe ID Efficiency Staco | [ Tag-and-Probe ID Efficiency Staco |
[ Tag-and-Probe Ib Efficlency Staco | —}— DATA (A4) S ——— el e T L A S S S —}— DATA (A-)
1,04:—“”I””I“”I”“II'”I“”l”—|—Mc2appwlplleup 1‘01:_ —}— MC Z-sup Wi pileup 1.01:— —}— MC Z—up Wi pileup
ID Efficiency vaaf- - £ 31 *
o ] E — E E ,
Data (99.0+0.07)% & = - = =+ | owp —— =
- —— - E + ] E
MC (99.2+0.01)% 1| s 3| osf
0.96[ - F E E
osak ] 0.97F B 0.97F
02 E 096 | ossfE
C 1. E E E
O T T R L I N R = m > - m - S I 5 A s i z 3
P; (MeV) N 6
(Ta | Tag-and-Probe Iso. Efficiency Staco | | Tag-and-Probe Iso. Efficiency Staco |
g-and-Probe Iso. Efficiency Staco | | DATA(AY) Fr "|""i""|""|'"'|""|"+DATA(A'” T~ PATA (&)
101;”'[“"'””'””"'”'””'”_|_Mcz_ww,p"eup 101 —}— MC Z—pp wi pileup 101 —f— MC Z sy wi pileup
Isolation Efficiency : : s 1 &£ E
o | — -, . ELE . ]
Data (993i006) A)m:_ ¥ ] ossf. —F——+H——+—— 1 —— " oga———1t— f — ! T
MC (99.4+0.01)% " E : 1 ;
0.98—— E 0.08f 4 ossf 3
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miss,calo

z(y)

miss —
z(y)

+ E

mzss muo'n

mzss C’!"yO
z(y)

z(y)

Cluster 1]

|

E;?}z'ss — \/ (Egz.iss)? + (E;n.iss)Q

Hoomoe
0 10/0HN
T 1233/ 0]0
M o2/ M3 o
Mo 13E21|0
L] o] 0+~2|L1| 0

.... Cluster

1

Number of jet candidates / 5 GeV

10°

10°

10?

10

ATLAS Selections: _
Preliminary [ pQ + Collisions 3
Data 2010 :| + No single cell
L, =03nb’ jetsinHEC |
Vs=7TeV —$— + No bad quality

jets in EM-Calo
-------- Min.bias MC

Anti-k, jets R=0.4

|||||\|||1§\
50 100 150 200 250 300 350 400 450 500

p(EM) [GeV]

» Cells with |E.o| > 40,0ise S€€d the cluster
» Neighboring cells with |E_| > 26, @dded iteratively
» Single layer of neighboring cells added

Missing E; Construction and Measurement

fL dt = 35 pb’

LS RR R RN R
—— Data 2010 s = 7 TeV)
CIW—uv

[Jaco

 Z -
I:IW—’TV
lz--

[

0 20 40 60 80 100120140160180200

ET'® [GeV]

.IIII| EI III%

|||||||||I|||||||
TLAS Preliminary —s- pata 2010 s = 7 Tev)

[Iw—ev
[Jaco
|:|W—>1\-'
Bz e
Bz
[

j.Ldt =36 pb”

-1
1070720 40 60 80 100120140160180200

E!'I-I'IISS [Gew
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Events

Jet Measurement

5

| | | | | | _] 10 E T T | T T 1 I T 1T 1 | T 11 | I T T1 | T T 1 E
B ., == Data 2010 (s=7 TeV) ] - ” .
108k J Lat=35pbr L H—uv +jels (Rlpgen) | FJLdt=35pb o pata 2010 (=7 Tev) ]

= C1QCD 3 - 1 W-opv + jets (Alpgen)
- S [ Z—:’]J-]J- + J.etS = 104 _ anti-k Jets, R=0.4 1 QCD —
- anti-k, jets, R=0.4 ] W—1v + jets ] t 0 Z—pp + jets 3
. = 1 i n : - W—:{Lﬂc}t +Jjets ]
10° = E Niets2 1 g ¢ ]
- . 1 10° E
i MC normalised to data ] MC normalised to data :
104 = —— Statistical Errors Only _§ Statistical Errors Only -
. 1 1% 3
10° i i

>0 =21 22 =23 24 =25 =26 50 100 150 200 250 300
Inclusive Jet Multiplicity Leading Jet p_[GeV]
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W/Z Cross Sections Measurement

Ref: ATLAS-CONF-2011-041 ATLAS Preliminary
N B Jieesiond
W 84103 | 6214+784 = ey
W™ 55163 | 55694812 v s
W W= || 139266 | 11783 + 1580 e |
7 11669 66+21 o Tes T o T0s ‘IJV\[,/[GZI:'S
G{ﬂi)- BR(W — /v) [nb]
W+ 6.2574+0.017(sta) =0.152(sys) = 0.213(lum) + 0.188(acc)
W- 4.149+0.014(sta) £0.102(sys) = 0.141(lum) +0.124(acc)
w 10.391 £0.022(sta) +0.238(sys) +0.353(lum) +0.312(acc)
G}O/t_y*- BR(Z/v* — (() [nb], 66 < m,. < 116 GeV
Z/v | 0.945+0.006(sta) =0.011(sys) +0.032(lum) +0.038(acc)
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WW Production

q wr
Z/y

q W= q W- g w-

MC@NLO /HERWIG/Jimmy gg2ww/HERWIG/Jimmy

= + i
Oww = 43.15 = 2.2 pb (using CTEQ6.6 PDF) Cppawwevey = 1.3 pb
Oyww = 44.76 = 2.4 pb (using MSTW2008 PDF) ~3% of WW production

e Motivations:
— Test electro-weak theory at the high energy frontier
— Search for new physics with anomalous couplings
— Dominant background to H>WW search
« Signature (leptonic decay channels, WW - ¢t¢ + E{™ssS):
— Two opposite-sign charge leptons (e, p)
— Large Missing Transverse Energy (MET)
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Major ¢t¢- +E;™'ss Background

T WeJets

ve—+ Er

el

£t

w- Ve — Ev

UM Seminar, April 4, 2011

o WH+jets
— W leptonic decay produces a high P; charged lepton and large
missing E;.
— Associated jets can fake a second charged lepton.
o Suppressed by lepton identification.

o Drell-Yan

— high P+ charged lepton pairs produced from leptonic decays of
Drell-Yan bosons.

— Missing E; either from mis-measurement of leptons or of
associated jets, or from Z-> rv.

 Reduced by Z mass veto and missing E; cut.

o Top
— WW pairs produced in tt or single top processes.
 Rejected by vetoing on high-P jets.

o Di-boson (WZ,ZZ,W/Z+y)

— Leptons from boson decays or faked by photons.
— Missing E; from neutrino production or e/p escape.

« Suppressed by the criteria mentioned above plus the
requirement of exactly two high Py charged leptons.
LHC Diboson Physics - H. Yang
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WW Event Selections

Cuts eTe +EMSS Tt T $EMSS pE T g s
2 leptons (SS and OS) 6096 12802 134
2 leptons (OS) 6057 12798 126
My > 15 GeV 6044 12724 -
Z veto (|My — Mz| > 10 GeV) 872 1935 -
E%T‘?{e] cut 12 14 39
Jet veto (No. of jet=0) | 2 5
TS L R I I I I n
& 19°E  ATLAS Preliminary ~ — Data & 19°E ATLAS Preliminary -+ Data
0 10° . [ Drell-Yan 7o . [ Drell-Yan
- J'—dt=35 pb B Dijet = ILdt = 35 pb Bl Dijet
£ 19 l @ Diboson € [ Diboson
D 10° ‘ Bl W+jets o Bl W+jets
w5 - Dtop L top
10 COWW—e'vev COWWoptvuy
10 b

Ll 1 i 11 | I | N | | I | | N | I Ll 1
300 350 400 50 100 150 200 250 300 350 400
M(e'e’) [GeV] M(uw) [GeV]
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Relative Missing Energy (MET_Rel)

* The remaining Drell-Yan after the Z Relative Missing Energy,

mass veto can be effectively Eiss el pmiss
removed by cutting on MET_Rel . o

-
- -
--
-----
--
-
- -

 |less sensitive to mis-measured leptons or jets
« higher sensitivity to real E,;™ from neutrinos.
» Better signal-background ratio

% 105 é_I T o - % 103 [ T T 1 [ [T I _
O = ATLAS Preliminary EI gatﬁ y o] = ATLAS Preliminary —+- Data E
o Lal ! refl-Yan _ = [ Drell-Yan ]
- 10 s ILdt =35pb" @ Dijet = 2 - ILdt =35pb’ @l Dijet ]
s F [ Diboson 1 & 10°E [ Diboson =
c 100 I Bl W+jets ERN= = I Bl W+jets -
o E L " [ top i © L i [ top i
C — - 4 > ——) .
W o2 - I CIWW—I'vlv < W ol I CIOWW—evuy |
= . : = - I'+— —+- 3
10 E_—|:; 4 = = I | . .
= I = | = T | | | |
= ! s T L E — -
= ' h_|—|_|_‘ |—| - : ' \_l | -
1 ()_1 k oo o by by PRI N I—I_lé I AR R T AT TR SRR NN SR SN TN A SN TN SR NN TN s 00100 T (R | i

0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140

ET Re [GeV] E™SS [GeV]
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Events

Jet veto and Efficiency Correction

Most of the top background can

be removed by Jet veto (Nig= 0)

35F =
C  ATLAS Preliminary —+— Data .
30F- _ (] Drell-Yan .
- JLdt =35pb’ @ Dijet ]
251 (= Diboson =
: Bl W+jets ]
20 top =
- CIWWolviv S
15— ]
10E é
o =
0: T e I.|||mﬁ‘""lll"|"":
0 1 2 3 4 5 6 7 8 9 1

UM Seminar, April 4, 2011

Jet multiplicities

0

- A data vs MC comparison from
Z (high statistics, low background)
IS used to derive a correction of jet
veto efficiency for WW.

EMC
Gdata _ EdataM
wWw — “Z MC
€
- Includes effects from ISR,
underlying events and jet energy

scale

- Systematics are based on MC
generator level study of Drell-Yan
and WW production.

=»Jet Veto correction ISs:
0.966 +0.06 (syst)
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WW Signal Acceptance

Cuts .:’.sJEIT“iSS Channel | uu EIT'”i“ Channel el E{l‘iss Channel
evev TT/etvV | UVUV TT/UTVV | eVUV TT/UT/eTVV
Total Events 18.99 7.27 18.99 7.27 37.98 14.55
2 leptons (opposite charge) 3.46 0.41 7.70 0.85 10.36 [.16
Mgy > 15 GeV & Z veto 2.93 0.34 6.43 0.69 10.36 [.16
Emiss cut 121 0.1 2.76 0.21 7.17 0.74
Jet veto 0.78 0.07 1.63 0.12 4.38 0.43
Overall acceptance 4.1% 0.9% 8.0% 1.6% 11.5% 2.9%

 The numbers are normalized to the data integrated
luminosity of 35 pb-1 using the SM W*W- cross-sections.

« All MC efficiency correction factors ( € 4./ € yc ) have
been applied.

« Overall systematic acceptance uncertainty: 7.4%
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Acceptance Uncertainty

Source Mean  Uncertainty
ee trig. SF 100% 0.02%
ppe trig. SF 100% 0.04%
eu trig. SF 100% 0.02%
peff. SF (Overall) 98.09 1.0%
e eff. SF (Overall) 97.09 3.3%
p Pt Scale/Resolution (gee) - 0.56%
p Pt Scale/Resolution (eu) - 0.22%
Vertex Reweighting - 0.5%
EY dependent eff. uncertainty (ee) - 6.0%
E7 dependent eff. uncertainty (ep) - 3.4%
ee SF (trigger and ID) O4.1% 7.6%
ppe SEF (trigger and 1D) 96.0% 1.5%
e SF (trigger and 1D) 95.1% 4.9%
Jet Veto Eff. SF (W*W™ signal) 96.6% 6.0%
ee SF (overall) 90.9% 9.7%
e SE (overall) 92.7 % 6.2%
et SF (overall) 91.99 7.7%
PDF Uncertainty on Acc. - 1.2%

The overall systematic uncertainty on the combined
(ee,uu,en) W*W- selection acceptance is 7.4%.
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W+Jets Background Estimation

Data driven method to estimate W + Jets

— Define a fake factor f : the ratio of the number of jets satisfying the full lepton
identification to those satisfying the jet-rich lepton selection

Nlepton ID

f; = > Determined using di-jet sample in data
NJet-Rich ID

— The WH+jet background to WW is calculated by scaling the number of events in
the W+jet control sample ( Nigyion b + setrich 0 ) PY the fake factor f

Nwjet Bke = §7 X Niepton ID + Jet-Rich ID

eu-ch _
NW+jet Bkg — fe X N,u ID + Jet-Riche T fy X Nelec. ID + Jet-Rich u

Estimated W+jets

Channel from Data
ee-channel 0.08+0.05(stat.)+0.03(syst.)
up-channel 0+0.29(stat.)=0.10(syst.)
ep-channel 0.46+0.12(stat.)+0.17(syst.)

ee + uu + epu-channel  0.54+0.32(stat.)+0.21(syst.)
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WW Observation and MC Expectation

Final State

€+ E—E_li_ﬂlﬁs

JU-I'IU_E-%“%

=+, F pmiss
e~uUTET

combined

Observed Events

7

J

8

MC WW Signal

0.85+0.0240.13

1.74£0.04+0.24

4.81+0.0640.68

7.40+£0.07£1.05

Backgrounds

Top (MC)

W+jets (data)

DY (MC/data)

Other dibosons (MC)
Total Background

0.04+0.0240.03
0.08+0.0540.03
0.00=0.10£0.07
0.05+=0.01£0.01
0.17+=0.1140.09

0.154+0.06=20.08
0.00£0.29=0.10
0.014+0.10=0.07
0.104+0.01=0.01
0.26+0.31+0.15

0.36+=0.10+0.19
0.46+0.12+0.17
0.23+0.0640.15
0.24+0.0540.03
1.294+0.174+0.32

0.55+0.12+0.30
0.54+£0.32+0.21
0.24+0.15£0.17
0.39+£0.04=+0.06
1.72+£0.37+0.45

Signal / Background

5.0

6.7

3.7

4.3

N

observed

:8’

Ngignar = 7-4 + 1.1, Npagrgrouna = 1.7 £ 0.6

signal —

* Probabillity for the total background 1.7 £+ 0.6 to fluctuate
to 8 or more events is1.4x10-3

=» Signal observation significance: 3c
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Kinematic Distributions of WW Candidates

o B KACEREACRARECTRTEREE GORC RARE TS EATE F AN > R B L ELLELE B S LR BB BU L BRI RS
o 107 = [i)) & N
S L ATLAS Preliminary El\?va\lft\!a : S y2| ATLAS Preliminary E\[[ﬁ",’:‘ y
s IL‘“ZSS o6 CDrell-Yan | N F J,_dt:% ob” [IDrell-Yan 7
o F (1 Diboson  § @ 1oL [ Diboson
S B W+jets c F é:l | B W+jets -
o 1 Etop = T 1 [@top -
; Do-slahsyst = TE Dcstat+syst E
107 = (i -
i ‘ = 3
102 - — T

0 20 40 60 80 100 120 140 160 180 200 0 20 40 50 80 100 120 140 160 180 200
P.(leading lepton) [GeV] (|+[) [GeV]
> = N I L B B LR B < Lll i LA B j

> B ]
D 10° - ATLAS Preliminary EI\?Vth\? - 9_ 102 E ATLAS Preﬁminary E \?VE\I;[\? 3
o = 3 w C 3
N F JLdt:SS b [(JDrell-Yan 7 S r ILm:ss ~ [ Drell-Yan -
@o 10F [@Diboson = = WE [ Diboson =
5 - -+— B W+jets 3 E = B W+jets
> B Dtop 7 I | et | DtOp |
LUl i1E 77 =
1 %_ (7] Ostat+syst _;I E 77 tH [ Ostatssyst 3
102 r 102 3
: I_I_I_I L 1 'l I | — I__I_ L I i I — ] : :l Ll L L ! L L i L E_I_I_l _I_I L L L | 1 1 1 L | :
0 50 100

o
—_

1 50 200 250 300 2 3 4

M. (I I,E?iss) [GeV]
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WW Cross Section

 The W*W- production cross-section is determined using the maximum
log-likelihood method. The likelihood function based on Poission
statistics is constructed as

3 o~ (NI+N;) (NI + Nl';)Nj)bs-

e
F = lnH 32
=1 N(I)bs

N = oww X Br' x & x A’

Negative Log-likelihood Function (F)

Guse O = (ML) 22+ (/A -+ (AN, (N~ No)

LA N 0.51

0 10 20 30 40 S0 60 70 80
Oyw (Pb)
Source | Uncertainty

oww = 40770 (stat) & 7(syst) pb
CMS Results: 13 data, 10.2 WW and 3.3 background — —
oy = 41.1 £15.3(stat) &= 5.8(syst) £ 4.5(lumi) pb backgond | 0%

Ref: ATLAS-CONF-2011-015 dospmnee | T4
CMS-EWK-10-009 (arXiv:1102.5429) ! A%

Statistical 44%
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Probing the Anomalous TGCs

(Ref: Baur, Han, Ohnemus, Phys. Rev. D53, 1098, 1996)

To probe the anomalous couplings we need a model of the

kinematic distributions for various couplings. We use
NLO generators:

MC@NLO produces events that are fully simulated in ATLAS
BHO MC (CTEQ6M) is used to generate events with

anomalous couplings. MC@NLO agrees with BHO. g’fﬂw\ fono ]
P 1{ MC r\lLo_f
Reweighting: sl e _=
Using kinematic distributions from BHO, we reweight “"
the fully simulated MC@NLO events to produce 1”_; w
expected distributions for anomalous couplings. “E ORI ‘*+i
Pl [GeV]
Three different constraints: e
- LEP scenario (three free parameters) T

Ay = ((:052 Bw / sin? GW)(Ag’;" —AKz). Az=A,

- HISZ scenario (two free parameters)
Agh = Akz/(cos? By —sin® By ), Ak, = 2Akz cos’ By /(cos? By — sin® By),

~ Equal couplings (two parameters)
AKz = AKy, Ay = A,,

Entries / 10 GeV

=
e

\ 4 mc@nLo _

‘43.:
ST NEEEE NEEEE PR NN R | N S EEae
50 100 150 200 250 300 350 400 450 500

PY [GeV]

-
=
o

-
=
&
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Anomalous TGCs Reweighting Method

Ref: V.M. Abazov et al. (DO), Phys. Rev. D80, 053012 (2009)

 Basic idea: differential cross section has quadratic dependence on
anomalous TGCs, X is a set of kinematic distributions:

M

do(non—SM) = const X |M| 2y, ——s— dX = do (SM) % R(?;Akz. Az . AgY . Ay, Ay)

M5y,
e LEP parameterization (eg.):

R(X Ak A Agy) =1 +A(X )Ak+B(X )N +C(X)A +D(X)A 2+
E(X)Ag +F(X)Ag* +G(X )AkA + H(X )AkAg) +1(X )AAg

e Method based on nine anomalous TGCs points:
R1 =1+C|A|+D|A|?

R2=1—C|A|+D|A|? Rl R2 R3 R4 R5 R6 R7 R8 R9
R3 =1+ A|Ak| + B|Ak|? Ak 0 0 +04 -04 O 0 +04 +04 O
R4 =1 — A|Ak| + B|Ak|? A +14 -14 0 0 0 0 +14 0 +14

RS =1 +E|Ag)| + F|Ag |2 Agi 0 0 0 0 +0.8 -0.8 0 +0.8 +0.8
R6 =1 —E|Ag||+F|Ag:|?

R7 =1+ A|Ak| + B|Ak|> +C|A| + D|A|> + G|AkA|

R8 =1 +A|Ak| + B|Ak|> + E|Ag | + F|Ag)|* + H|AkAg, |

RO =1+C|A|+D|A|? +E|Agi| +F|Ag|> +1|AAg|
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S
Binned Likelithood Function

=»Assuming systematic uncertainties of luminosity (c.=11%), signal
(65=9%) and background (c,=32%) are Gaussian and uncorrelated, we
convolve three Gaussian distributions with a Poisson distribution to form a
binned likelihood function.

IHGCfHBbeHBm fc foN; +beb)] obs o~ fe(fsNs+foNp)
1 |

8s &b & dfsdfpdfe

1-30, 30, 30, Nobs!
~{1~ fJ) /zo'j . . 7
gji= \/EGJ- j=sbp Ny = gSGSMR(AkZLAZZ(: AgT, Aky, /’Ly)
F=— Z Z hlLf-( E 18 Vs=7TeV — SM WW
k=channels i=bins 2 6] [Ldt=352pb" e Ak,=0.5
02
= o lepton Py W
> N, Is expected signal events - .
which depends on reweighting
function R (as a function of the + .
anomalous couplings). 2

........

20 40 60 80 100 120 I 140
P, (GeV)
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Negative-Log-likelihood Function (F)

MNegative-Log-likelihood Function (F)

95% C.L. Limits of Anomalous TGCs
using P,/ for Reweighting and Fit

=>» Using three-bin fit of the P! distribution gives better
sensitivities on the anomalous TGC parameter limits

21\ Unbinned fit

-1 <08 06 -04 02 0 02 04 06 08

Ax,

3-bin fit

-l -0.8 <06 -04 -02 0 02 04 0.6
Ak,

08 1

UM Seminar, April 4, 2011

Fit Py Akz Az = Ay Ag? Ay
Unbinned fit with systematic uncertainties included
LEP (Log-Likelihood) | [-0.47,0.44] | [-0.42,0.42] | [-0.38,0.45] -
LEP (Bayesian) [-0.44,0.41] | [-0.40,0.39] | [-0.35,0.43] -
HISZ (Log-Likelihood) | [-0.33,0.39] | [-0.42,0.42] - -
HISZ (Bayesian) [-0.31,0.36] | [-0.40,0.39] - -
Equal (Log-Likelihood) | [-0.51,0.61] | [-0.45,0.44] 0 Akz = Ak,
Equal (Bayesian) [-0.47,0.57] | [-0.42,0.41] 0 Akz = Ak,
Three-bin fit with systematic uncertainties included
LEP (Log-Likelihood) | [-0.36,0.34] | [-0.31,0.31] | [-0.29,0.35] -
LEP (Bayesian) [-0.36,0.33] | [-0.30,0.30] | [-0.28,0.35] -
HISZ (Log-Likelihood) | [-0.24,0.29] | [-0.31,0.31] - -
HISZ (Bayesian) [-0.24,0.29] | [-0.30,0.30] - -
Equal (Log-Likelihood) | [-0.38,0.46] | [-0.32,0.32] 0 Akz = Aky
Equal (Bayesian) [-0.37,0.45] | [-0.31,0.31] 0 Akz = Aky

LHC Diboson Physics - H. Yang
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Events / 20 GeV/c

Limits on the Anomalous TGCs

Using constraints of LEP scenario, the limits of the

anomalous TGCs using leading lepton P+ for reweighting and
log-likelihood function fit are:
ATLAS: -0.31 < %, < 0.31, —0.29 < Ag,% < 0.35, —0.36 < Ak, < 0.34

2 CMS(HISZ): -0.19 <}, <0.19, -0.29 < Ag,? < 0.31, -0.61 < Ak, < 0.65

Ref: CMS-EWK-10-009 (arXiv:1

—_
n
T

—_—
o
T

AR BN PLELEL L I R IR
CMSNs=7TeV,L =36 pb!

| —=— Data

. I Background

LA B

SM prediction

Bkg + aTGC(A, = 0.5, Ak, = 0.75)

——

%o

o * :

80 90 10

P, [GeV/c]

30 40 50 60 70
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Wy and Zy Productions

q ISR Y q FSR Y q TGC

l
Wow

)
U
—
N
Ly
|
—~
~—

q (notinZy) 7

 Motivations:
— First Wy and Zy cross section measurements at 7 TeV
— Test Electroweak model, sensitive to anomalous TGCs

e Signatures (in leptonic decay channels):
— W candidate: E;/ > 20 GeV, MET > 25 GeV, M;" > 40 TeV
— Z candidate: E;* > 20 GeV, M,, > 40 GeV
— Isolated y: E;Y > 15 GeV, E{'s° < 5 GeV, AR(/,y)>0.7
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Wy and Zy Event Selections

Process Observed non W +jets W +jet Extracted Signal
events background background
pp — evy 95 10.1£0.8 4+ 1.2 16.9 6.4+ 7.3 67.9 £9.5 £ 7.3
W
Y pp — U7y 97 124 +09+1.4 16.8£4.74+7.3 67849374
Process Observed Total Background Extracted Signal
Process events
pp — ete 25 3.8 + 3.8 21.2 +5.8 + 3.8
Z
pp — pp Ty 23 3.4+ 3.4 19.6 + 4.8 +3.4
> 455""|----|‘Hw""l""l"';z R
O 40FATLAS Preliminary \'S=7TeV,J|—dt=35pb'§ § 20EATLAS Preliminary \’s=7TeV,det=35pb"§
Z 35F e data = - 18 E
0 - = - - . —e— data -
£ .aE [W(v)+y 3 g 16p E
g O }L Ewivet 1 5 140 » Dz
- 255_ B V() E L 122— [ Z(I)+jets _i
20F- ttbar 10F [ttar 3
15F =z = 8F- E
10F + ~]— = °F E
: E 4 E
 F 5 ) .}, E 2F 3
0 50 100 150 200 250 300 0 50 100 150 200 250 300
my (l,v,y) [GeV] m,, [GeV]
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Zy (ISR vs FSR)

300

250

m,, [GeV]

200

150

-® -

100

50

ATLAS Prellmlnary

q

q

=~

\'S = 7TeV,JLdt - 35pb”

Data
MC Z(Il)+y
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Wy and Zy Cross Sections

N Ref: ATLAS-CONF-2011-013
;i _ W~ (Zv)
pp_>l1/’}’ l—}—l—,}/ - ) , Fiducial Cross Section _ _
( ) CW’Y ( Zﬂ}/) L W v ( Z,}/ ) Lepton E(pr)ycut  EY >(;Uy GeV Pr >M;UTGeV E% ; ;U' 1:Sc\’ p%’-i ;ﬁl gl:e\'r
py =25 GeV Py =25 GeV
Wy W 1D i %% Inel <247 [al < 2.4 el <247 [Mal <24
CWf}/ — gefuent * Elt’,p . gt'f‘ig . 6’}’ . €}$O . erego Lepton 1 cut |,37%C|l;:1|m<g1,52 ! |.3?gzc|l;jilgl,52 "
Boson mass cut myr = 40 GeV my > 40 GeV Mg = 40 GeV myy > 40 GeV
_ 2Ly 2 Zy 1D iSO VA E] > 15GeV
OZ"}/ — {-:e‘vent . (Elep) . gtrzg . EfY . E/}/ . a?’eq(;o Photon cut [yl < 2.47 (zﬁ:{]:{ii)nildf’t;<|ny|<l.52)
ol T o e s <02
stotal ( ey = pp—lvy(pp—1T1—~) E > 00
pp—lvy(pp—ITl—~y) — hoton cut hoton is(ieﬁi:).nyfrjcgj\ & <05
AW~ (2Z7) : :
experimental measurement SM model prediction
o/"[pb|(measured) o/ pb](predicted)
pp — evy 5.1+0.7(stat) £0.9(syst) £0.6(lumi) 4.6 +0.3(syst)
pp — UVYy 4.2+ 0.6(stat) £0.7(syst) £0.5(lumi) 4.9 +0.3(syst)
pp—etey 2.0+ 0.6(star) +0.5(syst) £0.2(lumi) 1.74+0.1(syst)
pp—u U~y 1.310.3(star) £0.3(syst) =0.1(lumi) 1.7+0.1(syst)
o' pb)(measured) o' pb](predicted)
pp —evy  73.9+10.5(stat) = 14.6(syst) £+ 8.1(lumi) 69.0+4.6(syst)
pp — Uvy 58.6 £ 8.2(stat) & 11.3(syst) £+ 6.4(lumi) 69.0 £4.6(syst)
pp—ete y  16.4+4.5(stat) +4.3(syst) £ 1.8(lumi) 13.8 £0.9(syst)
pp—uuTy  10.6 £2.6(stat) £2.5(syst) + 1.2(lumi) 13.8 +0.9(syst)
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Limits on Anomalous TGCs

7 GC
e CMS Results (CMS-EWK-10-008):
1 o(pp=2>Wy) = 55.9+5.0(stat) +=5.0(stat) = 6.1(lumi) a z
7 o(pp>2Zy) = 9.3+ 1.0(stat) + 0.6(stat) + 1.0(lumi) W
— For E;>10 GeV, AR(/,y)>0.7 ¢ yWW vertex 7
~ 10T S - AL L DU B B
% | CMS2010,36pb’ < 03 CMS 2010, 36 pb’’ g
g 103:— Ns=7TeV —.—VDVE:;a r 0_2;\5:7T6V _
= , —— WH+jets - - B
::g 10 E_ Othfer backgrounds _g' 01 -
L aTGC Ak, =0,A, =0.5 - o 7
= 10F e - 0_ 1
L = B |
S~ r -0.1__ -
2 L . . : :
E 1; = -0.2F =
=t - - (a) 5
- - T T P DT DT DU PO 03:_|||||_
20 40 60 80 100 120 140 160 180 200 T 0 0 o5
Er [GeV] Ak,
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WZ - /v 7/ Observation

Motivation:

- Test Electroweak model

- WZ cross section measurement
- Sensitive to ZWW coupling

Signature: three leptons + MET

2>t Major backgrounds:
‘ ZZ > /¢¢¢  one lepton escape the detection
f tt > 4/ + X non-isolated lep. from b decay
v € W / Z+X > (0+X jet/y fake lepton
WZ Leptonic Channels Inclusive pup ppe pee eee
35 pb1 int. lumi.
Exact 3 leptons 8 4 2 0 2
ATLAS Data:
M, — M|<20 GeV 4 2 1 0 1 3candidates
Pt(3" lep.)> 20 GeV 3 2 1 0 0 MC Expectations:
Mt(3 lep., MET)>20 GeV 3 2 1 0 0 WZ signal : 1.4
MET > 20 GeV 3 2 1 0 0 Bkgd: 0.14
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candidate in CMS

Emsg Data recorded: Fri 24 02:29:58 2010 CEST
- Run/Event: 14 04867308

Lumi secti
v Muons transverse momenta //

are 48.1, 43.4, 25.9, 19.6 GeV

v' Two pairs of opposite sign
muons separately have invaria
masses around Z mass:

92.1 and 92.2 GeV.

v" The invariant mass of the
4 muons is 201.7 GeV.

v The expected ZZ—>4/ rate is
0.19 for 35 pb!

CMS Experiment af EHENCERNIIN I

N\
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Prospect in 2011-2012

»~19300 Wy - /vy with
»~ 5820Zy -2 (fy with
> ~ 1050 WW - /v/v with
>~ 200 WZ - /vir with
>~ 27727 > (000 with

LHC is expected to deliver ~ 5 fb1 in 2011-2012
The estimated Diboson events (leptonic channels) are:

~ 7950 background events

_~

~

—~

—_~

1020 background events
240 background events
20 background events

2 background events

Multivariate analysis techniques (ANN, BDT etc.) will be applied to

Improve signal acceptance and to reduce background contamination.

Precision measurements of all Diboson cross sections
Sensitivity to the anomalous couplings at a level of O(10-?).

For vector-boson-fusion WW, we expect to observe about 26

WW - /v/v events associated with two tagged jets in the forward

and backward regions.
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Higgs Discovery Potential Through
Diboson Final States (yy, WW, Z2)

For about 3 fb! integrated luminosity, we can observe a 3c evidence for
Higgs mass greater than 130 GeV if the Higgs boson exists in this range.

Y 12 L
2 ¥ ATLAS Prellmlnary (S|mulat10n) -
> b - @+ 56 \'s5=7 TeV | —o— 55 \s=8[TeV/ i
‘@ 10— ol 3 ERT TeV i 30y 528 TV —
e k =~ 96% CLN's= =7 Tev-- "—ﬁ—QS%CL\s—BTeV B
E gf e T
3 il .
% S .’ = i
o [ 4\ Py’ ' ;]
£ [ L
- AL
) I WL
L N ey e 4 |
900 120 150 200 300 400 500
Ref: ATL-PHYS-PUB-2011-001 m, [GeV]
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e
Photons

9 -00000000 ————— ¢ § — AN Y 9~ 00000000 —Z2nW- Y
q q q
q AVAVAVAVAVAVAVAVAVAS RS ) q STTEDLIT R q "Booooooo -9
Compton Scattering Annihilation Fragmentation
g 1 ' ' ' '
g 0.9 — - *
£0.8 _._-0- ATLAS
g0-7 “r % 106II][IIIIIIIIII|IIII|TI[III[IIIIIT'Iill]lllllg
5 gg EiJ:U-g oy e Simulation\'s = 7 TeV 0] ATLAS Preliminary 3
= U < 2 . . Te) =)
§ 0.4 T systematic uncertainty E 105 Ns=7TeV, ILdt - 158 nb’" N
= 03=. : : . . : : : = E
g B ' p— = E e Data 2010 -
208 . - = 10* [ Simulation (all y candidates)
© I . . IE 5 E
E g:? . ; ATLAS Preh:nmarv = B [] Simulation (prompt y) a
506 0.6</'|<1.37 _[ L dt = 880 nb = 10° =
£05 Er’ <3 GeV _ -5 E 5
G 0.4 * Data 2010Ns =7 TeV = B 2
& 5 10?
0.3E=. - == E E

5 1 L DL | 1 1 I LA DL L L DL L L L B '_: = -
809 —— * * = i =
S08E —— E B3
507 3 =
E 0-6 1_52§h‘|~r|(1 .81 _i H L1 1 1 I L1 1 1 | L1 1 | L1 1 I Ll 1 I L1 1 I L1 1 1 | L1 1 1 | L1
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e
Higgs Discovery Potential

OE) 3 _II | 1 | T 11 | 1T 171 | T T 1 | 1T T 1 | 1T 1T 1 | T 11 | 1T T 1 | I_I
o 10 A LAS Preliminary {3
© 3 —e— Observed PCL Ldt =35 pb’” .
g Ty Expected PCL \Ns=7TeV 4
g 1 0° = B+ 10 —=— Observed CLs =
j - [ J+20 - - - Expected CLs
O - _
H 102 =
> - -

1 ..................‘.:.:.".:'. .... 1 ................... —=
= Tevatron<L>=5.91b Tevat -
- —=— Observed CLs <— Bvatron -
- - - - Expected CLs Exclusion -
-1 [ | L1 1 1 | L 11 1 | L 11 1 | L1 1 1 | | I | | | I | | L1 1 1 | L1 1 1 | 1 1
1077920 130 140 150 160 170 180 190 200
Ref: ATLAS-CONF-2011-005 my [GeV]
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Higgs Discovery Potential

gg—H

qg—aqqH

15 =
10 -
C L1 | | L1 11 | | 1| 1 ‘ L | L1 ‘ 1 11 1 | 1| 1| ‘ | L | | | L1 L1
120 130 140 150 160 170 180 190 200
my, [GeV]
"_- 102 T T T I T T T T T T T T I T T ‘[ I T T T T I T T T T |
o ATLAS Preliminary
T
= —4 Data — H-WW (m =170 GeV)
3 \s=7TeV COW+jets  [Jtop :
L“Eu' 10 j L dt =35 pb' =$§ZZIW7 B Z/y+ets

10

102

0.0
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0.5 1.0 1.5 2.0 2.5

3.0
Ag, [rad]

mpy [GeV] Jetbin Signal Total Bkg. Observed
H+0j 0.5 0.87 I
120 H+1j 005 [.05 l
H+2j 0.0l 0.00 0
H+0j 034 0.97 2
130 H+1j 0.13 1.07 I
H+2j 003 0.01 0
H+0j 056 1.07 2
140 H+1j 022 1.02 0
H+2j 003 0.03 0
H+0j 078 .12 I
150 H+1j 032 1.03 0
H+2j 004 0.03 0
H+0j 111 1.09 I
160 H+1j 050 0.93 0
H+2j 006 0.03 0
H+0j 113 1.03 2
165 H+1j 050 0.93 0
H+2j 006 0.02 0
H+0j 126 .70 3
170 H+1j 0.6 .26 I
H+2j 0.06 0.02 0
H+0; 085 [.33 3
180 H+1j 042 1.25 I
H+2j 0.05 0.01 0
H+0j 045 0.97 3
190 H+1j 024 .12 I
H+2j 0.03 0.01 0
H+0j 029 0.72 3
200 H+1j 0.15 0.85 I
H+2j 002 0.01 0

LHC Diboson Physics - H. Yang
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Higgs Discovery Potential

gg Fusion

tt Fusion

q!

Higgs-Strahlung -

Zl q

g!

WZ Fusion
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Higgs Discovery Potential

Q 1 — , ‘“l“ I I | T T T I
© - ';' .......................................... =
o — ) .
()] B N ]
£t SN 5 e, :
(LJ 1 ': *********
c10'E 7 e 3
& F /0 ?
" : ATLAS -
102 ; — bb E
- .-' — :
- —7T y
u ] - Ww _
: zZ

107 ; 1t E
— | | L ." L | L L L .

2 3

19 m, [Ge‘lf?
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Higgs Discovery Potential

800

- NLO g = 8 TeV
L 1:\_1‘
- 10t T
& E
4= — T
107 [ Tm———
— C 3 o T
s 10° B~ e -
= BN —~ 99H 99y
T I - N
© ) _ T—
10°F 10° - —
: = 97, -
C u ~ Wy
- 10
2l =
10 - g .
C 1 —
10 PN TN TN T NN T T [ T Y Y [N T T T Y Y Y TN T T [N T N Y Y Y N
L | | | | | | | 100 200 00 400 500 600 700
L1 | L1/l L1 | L1 | L1 | L1 | L1 | L1 |
2 4 6 8 10 12 14 16 Mass (GeV)
\'s (TeV)
Vs (TeV)  Tevatron 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Order
SM Higgs @ 120 GeV (PROC = 111, 211, 91/96, 101, 190)
gg—+H 6683 7054 1940 3687 5858  B385 11,217 14316 17,645 21183 24907 23799 32,845 37,032 41348 NLO
qg — qgH 7229 6595 2026 4059 6652 999 1,327 1,715 2130 2554 3074 3555 4,082 4,603 5156  NLO
g — WH 7825 4781 1127 1867 2655 3474 4318 5182 6042 €920 7831 8724 964 5 1,055 1,142 NLO
g — WH 7825 1736 4301 8768 1333 1834 2363 2926 3509 4114 4733 5365 6004 653 7315  NLO
qe —+ ZH 9541 3024 7243 1390 2058 3770 3513 4289 5078 5898 6745 7513 2440 9326 1,021 NLO
gg/gg — ttH 6294 0538 4345 1382 2920 5155 8110 11818 1625 2144 2748 3419 4186 5018 t842 1O
SM Higgs @ 160 GeV (PROC = 111, 211)
gg—+H 3524 2677 8340 1701 2,834 4188 5768 7,520 9,435 11487 13634 16014 18447 0986 23622  NLO
qgq —+ qgH 3851 3443 1199 2561 4378 8584 9180 1,202 1517 1830 2204 2572 3,000 3,397 3,845 NLO
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e
Higgs Discovery Potential

N
o
T

- EEEmE EENFT Prenmmary (swulatwn} -
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—ﬁ—\I§—8 TeV

1] | |
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Data, Trigger, Physics Objects

GRL (35.2 pb)

Trigger:

Single e with E; > 15 GeV

Single m with p; > 13 GeV

Efficiency plateau E;(p) > 20 GeV
Dilepton g(data)/e(MC) = 1.0 (o4 < 0.1%)

Primary vertex:

Vertex with max. sum track p;2

Niack > = 3 (with p; > 150 MeV)

Two leptons from primary vertex

MC pile-up reweighted to reproduce data

‘RobusterTight’ electron

E; > 20 GeV,; |n| < 2.5, (remove [1.37--1.52])
Isolation: Sum E+/cyne=03 < 6 GeV

d0/cd0 < 10; [z0] < 10 mm

g(data)/e(MC) = 0.97 (with o4y ~ 5.3%)

‘Combined’ Muon:

pr>20 GeV; |n|<2.4

pMS > 10 GeV; | (pMS - pP/ p;P [ < 0.5
Isolation: (Sum pr'cone=o02) Pt#< 0.1
d0/cd0 < 10; [z0] < 10 mm

g(data)/e(MC) = 0.98 (with o4, ~ 1.0%)

Jet:

Anti-Kt, R =0.4; |n|<3.0; p;>20GeV
Discarded if AR (jet, electron) < 0.2

Jet veto SF = 0.97 (with o ~ 6.0%)

ETmiss:

MET_LocHadTopo (|n|<4.5), account for pu’'s

piss [ EFxsin (Agy) if A9 < /2
T, Rel E?uss if A(p > 7[/2
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Inclusive W = ( v cross section

JHEP 12 (2010) 060

- > ARRRARERRN R RS LR LAY RALRN LR RARES
| g | L 1] [ _|
-g B ATLAS O 70005 + + Data 2010 (/s = 7 TeV)]
= - Data 2010 s = 7 TeV) ~ 6000F e E
Z 10 = _[ L dt = 310-315 nb ™" Tevatron ' ------- " e § - QCD (data template) -

T & oW Iy - 4 + 5000 .
; N iy = l_ LU B Woev+EW+E A
=N 4000 E
o Al et ATLAS - det=36 b’ ]
xg z “ 3000 ATLAS Preliminary
© B /0 CDF W-> (lfe) v - .
[ e o S e B/0 DO W—s (e/u)v 2000:_ B
107 % — Weep) Bl 1000C B
- “" IIIIIIIIIIIII W* (pp) Iv UA2 W S IE. \ . - .
:"‘_.+ R W’ (pp) ®/0O Phenix W — (e'/e’)v C e LT | ]

- — : ' e '1'0 00 10 20 30 40 50 60 70 80 90 100
ATLAS-CONF-2011-041 \s[TeV] Em [GeV]

+ + + i) +
WS ey 10.551 + 0.032 (stat) = 0.300 [(rs]g]s) =+ 0.359 (lumi) = 0.316 (acc)
+ + + i) +
ET 10.322 £ 0.030 (stat) =% 0.249[(nst3)/]s) =+ 0.377 (lumi) = 0.310(acc)
10.391 * 0.022 (stat) == 0.238 (sys) = 0.353 (lumi) £ 0.312(acc)
W->ly nb]

Standard Model predictions including NNLO order QCD corrections o NNLO, . =10.46 + 0.52 [nb]
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Inclusive ZIy*> Il cross section

—
JHEP 12 (2010) 060 £, | ATLAS
[ = ]
i~ 1 Data 2010 fys = 7 TeV)
,_T - _[ L dt = 316-331 nb”'
-k?H B ® Zi*- 1 (66 <m <116 GeV)
N B
S -
L5
(a1}
X 107 CDF Z/y*—>ee (66 <m < 116 GeV)
= B +?T DOZiy*see (70<m_<110GeV)
bN : °"' ) CDF Z/iy*— eelup (66 < rnw < 116 GeV)
B NNLO QCD B DoZy*—see (T5< m < 105 GeV)
- v Zi (5P) o UA1Z/y*— ee (rrlee > 70 GeV)
2" (pp) O UA1Ziy*—up l(rn“lI > 50 GeV)
1021 v UA2Z/y*see (m > 76 GeV)
[ | 1 1 1 L Wl MRTE |
1 10
\'s [TeV]

ATLAS-CONF-2011-041

O ot X BR(Z1l), 66 GeV< M(ll)< 116 GeV 35pb+?
Central 0.972 = 0.010 (stat) = 0.034 (sys) = 0.033 (lumi) = 0.038 (acc) [nb]

Z>ee Forward 0.903 =+ 0.022 (stat) = 0.087 (sys) = 0.033 (lumi) = 0.035 (acc) [nb]
Z 2> uu 0.941 = 0.008 (stat) = 0.011 (sys) %= 0.032 (lumi) & 0.037 (acc)[nb]
Z 2>l 0.945 =+ 0.006 (stat) = 0.011 (sys) = 0.032 (lumi) = 0.038 (acc)[nb]

Standard Model predictions including NNLO order QCD corrections o NNLO, . = 0.96 % 0.05 [nb]
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Methods to Determine 95% C.L.
Limits
e Bayesian Estimator

e Log-likelihood

—unction (F,,, + 1.92)

14 - \

s |\
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=»95% C.L. Limits determined from
two methods are consistent.
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Expected Diboson Detection
Sensitivities at LHC

ATLAS Collab., arXiv:0901.0512v4, CERN-OPEN-2008-020 (2009)
= Summary of Diboson signal, backgrounds and sensitivities for 1 fb! at 14 TeV

signal

Diboson mode Signal Background Signal eff. Oyt p-value Sig.
WHW— —efvuty 34743 6445 12.6% (BDT) 54% 3.6x1071 274
WW~- —utvu v 70+l 172 5.2% (BDT) 12.0% 88x107Y 11.3
WTW™ —eTve v 52+1 [1£2 4.9% (BDT) 13.9% 1.9x107%* 10.1
WHW— — (Tviy 10343 1742 2.0% (cuts)  9.9% 1.4x107>* 155
WEZ — (Fviti- 12842 16+3 15.2% (BDT) 8.8% 3.0x10770 184
53+£2 8= 6.3% (cuts) 13.7% 3.1x1073% 114
Z7 — 41 17+0.5 240.2 7.7% (cuts)  24.6% 6.0x10712 6.8
Z7Z — T(~vyv 10+0.2 5£2 2.6% (cuts)  31.3% 7.7 x1074 3.2
Wy —evy 1604+65 1180£120 5.7% (BDT) 2.5%  significance > 30
Wy— uvy 2166 =88 1340130 7.6% (BDT) 2.1%  significance > 30
Zy—etey 367+ 12 187+ 19 54% (BDT)  52% 12x107°7 203
Zy—utu-y 751£23 429443 1% (BDT)  3.6% 59x107171 278

( Include 20% systematic error for significance estimation)
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Anomalous TGCs in WW Analysis

TGC from WW with PDF CTEQ6M

“Standard” assumption:

‘E\ 102 |- —— Standard Model 7\‘Z = }L Y AKZ = AKY (3
R A Ak, =-0.
2 " ) parameters) S
S 0 £gy,=04 < — —0 1 ik
X 10 A Ax, =05 N 02 . O fb_1
S | ; -~ 1.01b
S ol / —10.01"
R ki —30.01p"
of ESN = |
- \ \ .
0k 0.1F -
g F N / ]
02} T
B T yT T E— T E— 03 02 01 0 01 02 08 M =an'
M(W*W )(GeV) T
[nt. Lumi (fb—1) AKz Az Ag? Ak, Ay
0.1 [-0.242, 0.356] [-0.206, 0.225] [-0.741, 1.177] [-0.476,0.512] [-0.564, 0.775]
1.0 [-0.117,0.187] [-0.108,0.111] [-0.355,0.616] [-0.240,0.251] [-0.259, 0.421]
10.0 [-0.035, 0.072] [-0.040, 0.038] [-0.149,0.309] [-0.088, 0.089] [-0.074, 0.165]
30.0 -0.026, 0.048] [-0.028,0.027] [-0.149,0.251] [-0.056,0.054] [-0.052. 0.100]

ATLAS Collab., arXiv:0901.0512v4, CERN-OPEN-2008-020 (2009)
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Anomalous TGCs in WZ Analysis

ATLAS Collab., arXiv:0901.0512v4, CERN-OPEN-2008-020 (2009)
Cutoff A =2 TeV Ak, A, Ag,?
WZ (DO, 4.1fb-1) [-0.376,0.686] [-0.075,0.093] [-0.053,0.156]

WZ (CDF, 1.9fb-1) [-0.81,1.29] [-0.14,0.15] [-0.14,0.25]
Int. Lumi  Cutoff A AKy Az Ag%
(b1 (TeV)
0.1 2.0 [-0.440, 0.609] [-0.062, 0.056] [-0.063, 0.119]
1.0 2.0 [-0.203, 0.339] [-0.028, 0.024] [-0.021. 0.054]
10.0 2.0 [-0.095, {] 2’72] [-0.015, 0.013] [-0.011, 0.034]
30.0 2.0 [-0.080, 0.169] [-0.012, 0.008] [-0.005. 0.023]
0.1 3.0 [-0.399, 0.547] [-0.050, 0.046] [-0.054. 0.094]
1.0 3.0 [-0.178, 0.281] [-0.020, 0.018] [-0.017. 0.038]
10.0 3.0 [0.135, 0201] [-0.015. 0.013] [-0.013. 0.018]
30.0 3.0 [-0.069, 0.131] [-0.008, 0.005] [-0.003. 0.016]

=>» The sensitivity of anomalous TGCs from WZ production at LHC using

0.1 b1 integrated luminosity is comparable to that from Tevatron.
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Anomalous TGCs in ZZ Analysis

ATLAS Collab., arXiv:0901.0512v4, CERN-OPEN-2008-020 (2009)

A=1.2TeV f,2 fe2 f 0 et
ZZ (CDF, 1.9fb%) [-0.12,0.12] [-0.13,0.12] [-0.10,0.10] [-0.11,0.11]
ZZ (DO, 1.1fbY) [-0.28,0.28] [-0.31,0.29] [-0.26,0.26] [-0.30,0.28]
ZZ (LEP combined) [-0.30,0.30] [-0.34,0.38] [-0.17,0.19] [-0.32,0.36]
Int. Lumi / fb~! fZ 1z fi 17
Z7Z — 0er 1 [-0.023,0.023] [-0.024, 0.024] [-0.028, 0.028] [-0.029, 0.028]
10 [-0.010, 0.010] [-0.010,0.010] [-0.012,0.012] [-0.013, 0.012]
30 [-0.008, 0.008] [-0.008, 0.008] [-0.009. 0.009] [-0.009, 0.009]
ZZ — vy 1 [-0.024, 0.024]  [-0.024, 0.025] [-0.029, 0.029] [-0.030, 0.029]
10 [-0.012,0.012] [-0.012,0.012] [-0.014,0.014] [-0.015, 0.014]
30 [-0.009, 0.009] [-0.009, 0.009] [-0.011,0.011] [-0.011, 0.011]
Combined 1 [-0.018,0.018] [-0.018,0.019] [-0.022,0.022] [-0.022, 0.022]
10 [<0.009, 0.009] [-0.009, 0.009] [-0.010,0.010] [-0.01T, 0.010]
30 [-0.006. 0.006]  [-0.006, 0.007]  [-0.008, 0.008] [-0.008, 0.008]

=>» About one order of magnitude improvement of sensitivity to anomalous TGCs
at LHC using 1 fb! integrated luminosity compared with Tevatron and LEP.
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e
Two General Purpose Experiments at LHC

Muson Detectors Electromagnetic Calorimeters

Barrel Tarosd Inner Detecton Shieldirg

CMS
Length : ~45 m Length : ~22 m
Diameter : ~24 m Diameter : ~14 m
Weight : ~ 7,000 tons Weight : ~ 12,500 tons
Electronic channels : ~ 108 Solenoid: 4 T
Solenoid: 2 T Fe yoke
Air-core toroids Compact and modular
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Particle Detection in the ATLAS

Muon Spectrometer:
muon trigger and tracking

\ ( Neutr'i'rgo;
4/
\ ')’. } .'.
N Hadronic calorimeter:
L ol .
%’ trigger, measurement of
jets and E,™Miss

o
_/
T

Proton

Neytror BN Electromagnetic calo:
ely trigger, identification
: and measurement
TElectrons
Fhaton :

Solenoid magnet S R
i3 Tracking system:

Transition
Radiation B ga-
Tracking 4 TIRCKD) SR o precise tracking, vertexing
I s and e/ separation

detector

LHC Diboson Physics - H. Yang
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Large Hadron Collider (LHC)
[ PoorPoonois

Design beam energy 7TeV
p p Number of particles
e - Y b > h 1.15 x 1011
3.5 TeV 3.5 TeV =7 A per bunc
Number of bunches 2808
Bunch length 7.55cm
Norminal Luminosity 1034cm-2st

Mll
[ [}

§% | e auce perecTo: i
'

|

Main goals: Search for the Standard Model Higgs boson and
search for New Physics (NP) beyond the Standard Model
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