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W leptonic branching fractions

ALEPH ilg 10.95+ 0.31
DELPHI iy 1055+ 0.34
L3 i 10.40 + 0.30
OPAL i 1040 + 0.35
LEP W—ev o 1059+ 0.17
ALEPH | o 1111+ 0.29
DELPHI - 10.65+ 0.27
L3 e § 972+ 0.31
OPAL L 1061+ 0.35
LEP W—uv -.—. 1055+ 0.16
ALEPH | 10.57 + 0.38
DELPHI | 1146t 0.43
L3 | T, 1178+ 043
OPAL - 11.18 + 0.48
LEP W1ty | o 1120+ 0.22
LEP W—lv . 10.74 + 0.09
10 11 12

Br(W-—lv) [%]

Br(W —qg) = (67.77 +0.28)%

Lepton universality tested to 2%



Invariant W mass recontruction

~ 900 “ 3
o : . ’ o . L
Saoo £ ALEPH Preliminary gqqq = | ALEPH Preliminary evqq
© S Dctn(Lumino-lty- 682.6 pb™) O 250 - e Dot (Luminosity = 682.6 pb™)
'.:700 . e L NC
o o
Bo d o Be nd
;_;500 . ckgroun 3200 ¥ I Bcckgrou
. ;
500 -
=k “iso
400 |-
30C More difficult: 100 |-
20c pairing ambiguities
50 -
100 i -
0 0 . 2 Fer O 1 1 L A 1 1 1
60 65 70 75 80 85 90 95 100 70 72 74 76 78 B0 82 84 86 88 90
My (GeV/c?) My (GeV/c*)
Summer 2006 - LEP Preliminary
ALEPH [final] + 80.440+0.051
DELPHI [final) —l+ 80.336+0.067
L3 [final] - 80.270%0.055
Final LEP result: ;
OPAL [final] --I- 80.41610.053
LEP -l- 80.376+0.033
fdof =49 /41
LEP EWWG
80.0 . l&‘.O
M, [GeV)




Higher order corrections and the Higgs mass

2
sin20w=1—M—”;’
Z

: e
sing,, =

g

o M
= M2 cos? by,

sin6y = 1 -

Ta

= 1

miy
m;

miy

Lowest order

" /2sin6wGr

a(0)

SM predictions

sin° 4,

gA’gV

t

Ap, Ax, Ar = f (m?,log(my), ...)

T

b

p=1+Ap

Including radiative
corrections

sin? e = (1 + Ax) Sin“ By

My = ——nr 1
W /2sin%6yGr L
0
a(m3) = 1a—(A)a

with: Aa = Aalept + Aoy 0 +Aat(12lj

ZIW

ZW  ZW

sin® 4.,
n 94 9y

Z/W

ga=VpT® g, =+p (T*-2Qsin’4,,)



Top mass prediction from radiative corrections

3acos’ 6, m’ 11 M
eg.: Ar(m,M,)=- ——v L _ ——In—H 4+ .
167sin" 6, My, 48xsin“6, M,y

Top-Quark Mass [GeV]

CDF 176.1 + 6.6 | Direct

The measurement of the ba 1700451 [ Teasurement
radiative corrections: SET) ofm,
Average 178.0+4.3
. 2 1 — = ¥'/DoF:2.6/4
sin” &, EZ(‘I ~9v/9a)
LEP1/SLD 1726 " 133
sin® 4, = (1+ Ax)sin’ 6,
o _ LEP1/SLD/Im/T, 181.1*+ 27
Allows the indirect determi-
nation of the unknown 25 180 178 200
parameters m, and M, m, [GeV]

Good agreement between the indirect prediction of m, and the value obtained
in direct measurements confirm the radiative corrections of the SM

Prediction of m,by LEP before the discovery of the top at TEVATRON.
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1885

year

® Tevatron
e SM constraint
68% CL
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Observation of the top quark at TEVATRON (1995)

1 ' 9 v #

L
= g : W L/
pp @ 2TeV ‘ LELLLLEN

\

Y

{

g

qg annihilation (85%) gluon fusion (15%)

Top decay (decays before hadronization) D2 Run Il Preliminary

Events/(10 GeV)

Channel used for mass reconstruction: it

m, =m, (b- jetW — jet + jet) L R R ”,‘:’";:”::eg



Status before the start of the LHC: htip:/lepewwg.web.cem.ch/LEPEWWG/

m = 158 GaV

Fits to electro-weak data:
mH — 89 +35-26 GeV 5_‘

i | —0.02758+0.00035
Lt L - 0.0274940.00012

m, < 158 GeV (95% CL) 4 3§ wee incl. low Q7 data !
. <
> 3 .
Assumption for fit: & =
« SM including Higgs 2 ~
1 I . il
0 q Exc'luded' W Prelifninaryi
If existing, Higgs seems to be light! 30 100 300

* Direct searches at LEP:
my > 1144 GeV @ 95 % CL

* Direct searches at Tevatron

Unfortunately this mass region is the most difficult to explore!



The LHC

A New Dimension in Particle Physics




Fermilab SSC
CERN l LHCl

v
2 I | I I 1
LHC Cross Sections i
- (o] ot E710 = 109
109 Events/sec —
[1 Mbyte/Event]
5
o
o
c
1010
Qo
Efficient s
rate reduction needed O
[Storage rate: 100 Hz]
: | . T My
10 BEvents/min e Mgy = 175 GeV %
[y 72:100:Q04) 1pb = m,_‘:(‘lyogGoV
G,
with 0.2% H = yy '"z~=(;:~“’s
1:2% HSYeL = mH=500%-geV
1 | |

0.001 0.01 0.1 1.0 10 100
/s TeV

Events / sec for £ =10%*cm™ sec™’



Proton-Proton Scattering @ LHC

Proton
Tipr TR e
fi(z))
PDFs fk(rk)
% Lk P2
p2 =3 %,

Proton

Product

Product



Proton-Proton Scattering @ LHC

Proton g = Z fd-’lildﬂiz fz'(&'?h@g) fj(-‘l?er) &(QZJ
]

'
.

q (.-,Ir:, Q%)
Product g(z, Q%)

xip1 Hard Process

[calculable]

Product

Proton



Proton-Proton Scattering @ LHC

e Hard interaction: gqg, gg, qg fusion




Proton-Proton Scattering @ LHC

e Hard interaction: qqg, gg, qg fusion
parton shower




Proton-Proton Scattering @ LHC

Proton

g_zfdndmm@)f;( Q) 5(Q)

& Hadronization

r;ip1 Hard Process

[calculable]

PDFs fk( rk)

% LEP2

P2 * .-.

Shower

Hadron-Jets
Leptons

VVV

Hadronization

Proton

[phenomenological]




Proton-Proton Scattering @ LHC

e Hard interaction: qq, gg, qg fusion
e |nitial State Radiation (ISR)

P/P



Proton-Proton Scattering @ LHC

e Hard interaction: qq, gg, qg fusion
e |nitial State Radiation (ISR)

¢ Secondary Interaction
["underlying event”]
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Higgs Production Mechanisms

Vector
Gluon fusion boson fusion

HO
¢ g
q
HO W.Z W.Z
y 3
3 H°

. Associated
tt-fusion production

—|



Higgs Production Cross Sections
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HIggsS boson Decays

g 1 3 T I I [ E bb -_—
E WW 3 T ——
10 1._ TT . ‘ Zz !,"‘ \\\\ T
— X ; 77 —

10 ! o
bb : CcC T
A WL ; woottoC
it o & -;f.ﬁ ' o A Z’{ -
Tt iy AR RO\ ) tt =----
10'4 ’ NS TR Nt - L o | SS -—---
50 100 150 200 250 300 350 400 -

M,, (GeV) HLL
For M <135 GeV: H > bb, Tt dominant Y

ForM > 135 GeV: H > W\, ZZ dominant H
Tiny but also . W

Y

important: H - yy




What is needed for discovery

- Signal significance:
Ns

S:
vVINp + Ng

- IfS>5

* Nsis 5 times larger than the
statistical uncertainty

« Gaussian probability that this
is an upward fluctuation is
107

Events / 2 GeV

Events - Fitted bkg

. Data 2011+2012
SM Higgs boson n1H=125.B GeV (fit)

--------- Bkg (4th order polynomial)

H—=yy

Ldt=481b"

V\s=7TeV

ll.lJIllllllJ.llllllll

\s=8TeV ILm =207 b’

400

300

o

= RN :

100 ! : t ! H++h’++
200

100 10 120 130 40 150 160

m.., [GeV]



Maximizing S

« Option 1: More signal NS

« Channel with highest cross section \/NB _I_ NS

« Optimize event selection to keep more events

* Ns ~ Luminosity (get more data)

« Option 2: Choose channels with low backgrounds

« Option 3: Improve detector resolution

- If the measured mass resolution increases, the peak is wider, wider peak means
more background

Option 1 and 2 are often in conflict




Higgs Searches @ LHC: Examples

Events/500 MeV for 100 fb-1

Two high-energy

Events / 2 GeV
40

20

120 140 160 180
M47= (Gev)

2 electrons

2 jets

Events / 200GeV for 10° pb"

6]
i

S

N W

—

Ho ZZ —

- .

200 600 1000 1400 1800
Mlljj (GeV)




LHC: Higgs Discovery Potential

Signal
significance

—
=]
]

10

[ATL-PHYS-2003-005]

[Ldt=30fb"
(no K-factors)

ATLAS

H — yy

ttH (H — bb)

H — zz" — 41
H — WW" — v
qqH — qq WW'”
qqH — qq @

Total significance

i I 1
180 200
m,, (GeV/c?)

ATLAS
estimates 2005:

Full mass range can already
be covered after a few years
at low luminosity

Several channels available
over a large range of masses

Low mass discovery requires
combination of three of the most
demanding channels

Comparable situation for
the CMS experiment
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A tale of two channels

« Hto WW:

- High cross section, high backgrounds

- Focus on background estimates

- Hto yy:

- Low cross section, clean signal

* Focus on photon reconstruction



H—=>WW Experimental Signature

* For this diagram, possibilities are
* O-lepton, 4-jets
W - Huge gg— qq background

+ 1-lepton, 2-jets

« Huge W+jet background

Basic Selection
» 2-leptons, O-jets

- ee events
- events .

MM + Best option but only a fraction of
- e+l events the events

Missing energy



Reconstructing the mass

* Neutrino are not measured, only inferred by energy conservation in the
transverse plane




Mass reconstruction example
Example:
H > vy I a
..1

Photon 1

Event Signature

Higgs Schamat

Invariant Mass:

4

Eo



Reconstructing the mass

* Only know the x- and y-components of the missing energy (called MET)

- Can not reconstruct a mass peak

-
w
(9 1
— 35000 -
Rt
Lﬂ
§ S0000 T particle level
2 - [ |
M7 (W) =2p, (D pr(v)[1 - cos(Ag)] o | 1/
M A : |
Lepton transverse 20000 IflLlL
momentum - [ JJI
L : ’r!'_-.__ ‘I.l -
Missing Et . : -?"‘; ;ctar smMeanng
) F- i
Angle between lepton and missing E, in - - f 1]
the transverse plane 'H Y
g L L] ...Jl-“;-:“‘#b-L M P
20 40 &0 BO 100 120 140

W transverse mass (GeV)



The Backgrounds LR
W
A prefect detector A real detector
q w . .
o 2 leptons, but no

X
~ L)

All have two Ws | ‘real’ missing Et

3 b in the event
q

g > t l -
'JQ.QQ.QJLO.< Only 1 W, but

f other objects
W*

g o

b W Vo \ s‘\’ like jets /
H b '

9 t Others: ZZ, WZ, Wy, single top

S




H—=>WW Event Selection

> - A\ v v v v v A v A A v v L v Al v v A N
s A antlkjelsR 0.4, .
ut on o Ldt=46 p"'>30(30V |¢|<44
2 10°E —e— Data 2011 (15 =7 TeV) 3
§ 3 £ 2" + jets (ALPGEN) =
- £::3 2" + jets (SHERPA)
My around Z-peak @ oF fem Top o (SHERPA)
[~ . Electroweak =
10° k- £ Multi-jets -
10° -
o] -o- ALPGEN -=-
s 12 + 't'
o
R w +=¢f4‘+
(&)
s 08
40 60 80 100 120 140 ‘ 160
m®® [GeV]

Removes Z+jet background



H—=WW Event Selection

Mj around Z-peak

MET-like variable

Events / 5 GeV

6
10 _»,‘ L JISL ) ’, ' L) L) Ll Al ' Ll L] L) I ] L) L) Al 1 I Al L) Ll
| ATLA - Data 2012
: == Total sig.+bkg.

\s=8TeV |Ldt=207fb" [ SMHiggs boson
m, =125 GeV

10* HoWW*—evuv + 0/1 jets
10° e
: . [ Single Top
: ) ' Wijets
10° "y g [ Other vV
10
1
1 0-1 I [ | K
0 50 100 150 200 250

ET [GeV]

Removes Z+jet background



H—=>WW Event Selection

pr of system

Cuton...

My around Z-peak

e

MET-like variable

Recoil fraction

Look at the fraction of soft energy
opposite the system pr




H—=VVVV Event oelection

Mj around Z-peak

MET-like variable

Recoil fraction

Entries normalised to 1

10°%

L_Y | Nl R l | BRI TR ] ' S cdmd ' LR BRI ' 1 ¥ 11 l IR SR B ) l LB ' T 5K ' $ vl ed l l_b
E\ ATLAS |
- \s = 8 TeV simulation |
: H->WW*—evev/pvuy + 0 jets |
- —— Z[Y' -
. —a— diboson, top and W+jets J
L _._SMHiggsbosonm"nszeV
3 O~ e
- o 2o |
= -::.... - i
] -, | A -D-..D. |
e - e o -+ 1
x -9 2
-L)- —A- 'D'.m..
s W1 IS l ALE_B 8 ' 2049 8 l 1 1L 1.1 l-l‘l 1.1 l g Ay -8 l O U9 l 24 2 -h l L1 lﬂll RAR,
0O 01 02 03 04 05 06 0.7 08 0.9
f

Removes Z+jet background

recoil



H—=>WW Event Selection

> L] L) L] ‘ L ) 1) Al l L L) 1 L) l L) Ll L) L) ] L] 1 L) 1 l 1 L 1
Cut Oon... 8 ATLAS -4~ Data == SM (sys @ stat)
o g Bier
v =7TeV,| Ldt=4.7fb" i ngle iop
My around Z-peak -l J B Zijets [ Wolets
.g H-WW' ‘Siviv + 0 jets ) Hi125Gevix 10
)
MET-like variable Q

Recoil fraction

Tighter on My

50 100 150 200 250
m, [GeV]

Removes WW background



H—=>WW Event Selection

My around Z-peak

Can use that Higgs is a spin-0 particle

MET-like variable

Recoil fraction

Tighter on My

¢ angle between lep.




H—VVVV Event Selection

mQOO LA LN BB NS DR L LE D ELEREE 0
Q —4- Data === SM (sys ® stat)
g) 800 ATLASj .1 5
Mj around Z-peak @ 1s=7TeV,[Ldt=4.7fb
P S o H->WW' ' Siviv + 0 jets -
. | ™ 600
MET-like variable @
S 500
@ 400
Recoil fraction
| 300
Tighter on My 200
| 100
¢ angle between lep. 0

Removes WW background




H—VVVV Event selection

Displaced
icks

Mj around Z-peak

Secondary

MET-like variable Vertex

Recoil fraction

Tighter on My

¢ angle between lep.

Veto on b-jets




H—VVVV Event selection

Mj around Z-peak

MET-like variable

Recoil fraction

Tighter on My,

¢ angle between lep.

Veto on b-jets

Removes top background




Top Estimates

+ Define a control region

« Exactly 1-bjet

> L L L L L
@ -4 Data 2012
S > Dz ATLAS
= S00[" m swriggs boson \s=8TeV | Ldt=20.71b"
* Remove the M and A¢ cuts o Dﬂmﬂ-izsmv HAWW* sevy + 1 jet
4 400 [ Single Top 4
w
« Use Monte Carlo as the model to 300 '

estimate the number of events in

the signal region 200

'IIlIIJII.I.IIIIIIIII].IIIIIJI

100

50 100 150 200 250 300
my [GeV]



The Results

 MT is defined here as

> JL I BN B BB BN BLELELE AL B RN BLELELE B
; 1] i & 800 ATLAS ¢~ Data 201142012

mr = \/(E%E + Ef.;uss)z _ |}'3'¥* + E;HSSF = \s=7TeV ILdt=4.E ! — Total Isig.+hkg.
= 700E" \s_gTev [Ldt=2071" I sv ""991'52‘:’;“:
— = 1=
& 600 HwWw*siviv + 0/1 jets - w;“

* No clear mass peak 2 i
500 K
B other vv
C| back d 400 [ single Top
ear eXcess over packgroun 300 7] Wiiets

L

0B B s v — — -

60 80 100 120 140 160 180 200 220 240 260
m; [GeV]



H to yy

HIgQ

[Production via Gluon Fusion]




Basic Analysis Principle

Events / 2 GeV

17500

Simulation
H > vy
Possible Event Slgnature
/ signal [Schematic]

Invariant Mass:
m%v = 2E1E> (1-cosd)



Analysis Necessities & Steps ...

Photon reconstruction ” : S CATLAS
; ~ ) | A EXPERIMENT

Photon identification

Photon isolation

Primary vertex

Energy calibration - |
Background modeling

Event categories

Limits & signal strength




2y-Channel — Signal and Background

Signal: o - BR =50 fb [m, = 100 GeV] —> ) —
very demanding channel due to huge ﬁ
irreducible background ...

very harsh requirements on calorimeter performance
[acceptance, E and B-resolution, separation of y from jets and ]

. g f
Two main
background sources: aq > yy

2y-production: irreducible background
o,, ~ 2 pb/GeV and 'y ~ MeV g

y-jet and di-jet production: reducible background

0,5 ~ 10°0,,; jet rejection of > 10° needed

Y+l




Di-Photon Invariant Mass Distribution

f[[TII[[[]’TII[[TTIII[TTIII[[TIII[[[TII

> 10000+
8 % CMS preliminary «  Data

o % \s=8TeVL=19.6fb "' [[1] 2prompty
=~ 8000 "; [ ] 1prompty 1fakey
2 1 ] 2fake

S Drell-Yan

()

>

L

[ ] Hovr (125 GeV) x5

(o))
o
o
o

llIII

4000

2000

fo0 110 120 130 140 150 160 170 180
m,, (GeV)



Photon & Object Reconstruction

Photons sy L U | R EXPERIMENT
isolated EM clusters, identified | ' 8

using shower shape variables

[use track or calorimeter isolation cone
AR < 0.2 or 0.4]

converted (two matched tracks, or
single with no inner layer hit) and
un-converted photon categories

=l
;1;3;;.’;3 [' AT

o ¥4
NS,

_ S 4




Hadronic

Shower

Shower Comparison ...

Electromagnetic shower

consists of visible electromagnetic energy only
is very compact (Xo = 2 cm)

can be simulated with high precision since mostly
electromagnetic processes need to be calculated

allows high accuracy calibration Electromagnetic

Shower

Hadronic shower
consists of EM and hadronic energy (some invisible)
is very large (Ao = 20 cm)
is difficult to simulate since it involves QCD

limits the accuracy for calibration
(mostly due to large fluctuations)

Examples show 50 GeV showers
of an electron and a pion in iron ...




Photon conversions

Have to be careful!
Photons can pair-produce when passing through material
Results in tracks — but also a secondary vertex

pair production

AVAVAVAVA VAV canan




Photon conversions

The more material, the
more photon conversions

Here: Location of photon
conversions

— The structure of the material
is clear

= 400
E. 300
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200

100
0
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EM

Electrons
Photons -

Hadronic Leakage

Jets

EM—
Had

(‘D- T T T T T T T T T T T T T T T T | T T T T | T T T T —
S 10°F ATLAS Preliminary—
% - {s=8 TeV, J' Ldt=20.3fb" =
2 i Unconvertedy .
E 103 = - Z—|ly data =
- Z—slly corrected MC

107 - Z(—ll)+jet corrected MC_E
10 + 1 =

: 1 | 1 | | | 1 1 1 | 1 | 1 1 | 1 1 1 1 1 ] | | I 1 :

005 0 005 01 015 02 025



Pile-Up Robustness

m 1 | I | | | I I | | | I I I I I | I | I | I I | | | I I I I 1
5 0.9 —*— Unconverted photons ATLAS Preliminary -
% - .o Converted photons Data 2012, Vs =8 TeV -
% 0.8 —— Single track conversions J- Ldt=33fb —
& = —*— Double track conversions - =
c  07F E
2 - =
o 06f =
E 0.5 — a-[}a.ﬁ.,G..G..0..,0....:.,.Q.-.Q...C....D..,.D..0"{)...D...D....{}H{},.ﬂ..g..ﬂ..ﬂ."‘:" -
- — =
o 0.4 —
o = =
(C 0.3F N —]
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Average interactions per bunch crossing



Finding Isolated Photons ...

|solated Non-isolated



Proton-Proton Scattering @ LHC

¢ Hard interaction: qq, gg, ag fusion
¢ |nitial State Radiation (ISR)

e Secondary Interaction
[“undesrtying event”)




Extreme Pile-up Event




Analysis Necessities & Steps ...

2 EXPERIMENT

Photon reconstruction -~ | &Y ATLAS
Photon identification 57 e A

Photon isolation
Primary vertex
Energy calibration

Background modeling

-
-
.
-
-
.
o
-
et
-
- -
.
-
v
i
."‘
.

Event categories

Limits & signal strength




Events / 2 GeV

Energy Resolution

:

17500

10000

New resonance
peak H > vy

signal; width due to
detector resolution

8

Signal
significance: |
S 4'7\75’
\/..LVB _I_ .LMS’
Ns: # signal events
Ne: # background events
_ ... In peak region
Estimate
[assuming 1-2% resolution; My = 120 GeV]
U”W ~50fb
Oyy ~ 2 pb/GeV [~ negligible ...]
L = 20’
Ns = 50fbx20 fbor' =1000
N, = 4 pbx20fb!=80.000
S =35



Energy Resolution

Test Beam Result
Fractional Energy Resolution

0.05 | I

Ll : .
8 = Sampling Constant 3
b %/ \(GeV)] (%] E
o 101£0.1 0.1720.04 7
E_ﬂ* » Data E
0.03| ° Data noise subtracted -
_ Noise E
0.02 — _
0.01 — a _
- N
-, =
- . :
= I O o | g 3

0 100 200

(109 (9002) 295 WIM]

Resolution @ 60 GeV:
Ot = 0.014 [PWHM = 3.3 %]

Event numbers and mass resolution
for the H > yy ATLAS analysis ...
[Mass range: 100 - 160

s TTeV B TeV

o ¥ B(H — vy) [fb] 34 50 | FWHM
Ca egory J"lurn J"ir_l.;_ J.'irD N 5 [ eV |
Unconv. central, low pry M54 105 45 142 34
Unconv. central, high p oy 15 173 25 iz
Unconv. rest, low pr, TI29 216 12136 no i7
Unconv. rest, high pr, 444 2R Td5 52 in
Conv. central, low ppy 1493 67| 2015 g0 i0
Conv. central, high p T 10 113 1.6 is
Conv. rest, low pr, B313 210 ) 11009 o 45
Conv. rest, high pr, 501 27 T06 435 i0
Conv. transition 31591 95| 5140 128 6.l
2-jet B0 22 139 io it
All categories (inclusive) | 23788 796 | 35251 1105 30

[ATLAS, Phys, Lett. B 716 (20121 ]



Energy Calibration
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6000|~ .
Monte Carlo simulation - i
tuned with test beam data. et E
Accurate description of materials is et E
confirmed by measurements in data. G 10 155200 Sho 500 a0 Lo
x10° R {mm]
Energy scale corrections 3 ?:i ATLAS Preliminary |
using Z > ee decay data ... ;,, 15[:? Data 2011, \s=7 TeV, ILdr=4.E o
€ 140" Owe=176%001GeV
Energy scale correction applied to data ... @ qppf Ouc™159+001GeV mi<2.47 |
Correction from a fit to the 2010 Z - ee data ... 1&[!5 - Ej"fm"
Extrapolation of energy scale correction 80; DIzseeMC
from electron to photon is treated as uncentainty ... 60 :
MC energy is smeared to match the 40;
energy resolution determined from data ... 20| |
40 5 s 8 w0 9 100 105 110
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Energy Calibration

Relative energy scale
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Excellent stability with time and pileup !
Photon energy resolution around 1%



ATLAS Result

Observation of a New Particle [H > yy]
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ATLAS Result

Observation of a New Particle [H > yy]

[Spring 2013]

o 10000~ Tt T Ty

g N Selected diphoton sample 7 E
- -

. Data 2011+2012

%" 80001 Sig+Bkg Fit (m =126.8 GeV) - g

L] C 00 Yy, e Bkg (4th order polynomial) 15

6000— ATLAS Preliminary — D

- H—yy — a

4000 (- — 3

[ \s= ?TeV,det =481 1+

2000 - Y

- \s=8TeU,det=20.? fb’ 1S
buu :_1 # # + : * # + # # b ¥ * + { + # + + = 4 + i ¥ : 4 4 4 ._:
. 400 E- =
— = =
D 300E =
m 200 E- + =
45 100 E- + =

— 0 — L

© =
0O -100 3 + T + -
-200 E- . . —

130 140 150 160

—
o
=)
=
o
_.I.
(1*] 3
=

Mw [GeV]



