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Figure 3. Shapes of the LAr calorimeter current pulse in the detector and of the signal output from the
shaper chip. The dots indicate an ideal position of samples separated by 25 ns.

3. Pulse reconstruction and calibration

As depicted in Figure 3, a triangular current pulse is produced when charged particles ionize the
liquid argon in the high-voltage potential present in the gap between two absorber plates. Once the
signal reaches the FEB, a bipolar shaping function is applied and the shaped signal is sampled at
the LHC bunch crossing of 40 MHz. For triggered events, a number of samples Nsamples per chan-
nel is read out. Reading out and utilizing multiple samples provides several advantages, including
improving the precision of the energy measurement (as shown below), making the energy mea-
surement insensitive to how accurately a sample can be placed at the top of the peak, and allowing
the calculation of other quantities, such as the time and quality factor, in addition to the deposited
energy. The typical choice of five samples represents a compromise between the noise reduction
achieved and the amount of data that must be digitized and processed in real time.

The ROD reconstructs the amplitude (A) of the signal pulse in ADC counts, as well as the time
offset of the deposition (t), by applying a digital filter to the recorded samples (s j) according to the
following equations:

A=
Nsamples

!
j=1

a j(s j� p) (3.1)
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ẑ

pz,⌫ W mW

pµ = (E, ~p) W



PZ

pz,⌫ mW ~pl p ,⌫

m2
W = pµW pW,µ = (pµl + pµ⌫ )(pl,µ + p⌫,µ)

= m2
l +m2

⌫ + 2(ElE⌫ � ~pl · ~p⌫)
= 2

q
p2 ,l + p2z,l

q
p2 ,⌫ + p2z,⌫

�2~p ,l · ~p ,⌫ � 2pz,lpz,⌫
�
m2

W + 2~p ,l · ~p ,⌫ + 2pz,lpz,⌫
�2

= 4(p2 ,l + p2z,l)(p
2
,⌫ + p2z,⌫)

C2 + 4Cpz,lpz,⌫ + 4p2z,lp
2
z,⌫ = 4

h
p2 ,lp

2
z,⌫ + p2 ,⌫(p

2
,l + p2z,l) + p2z,lp

2
z,⌫

i

0 =
⇥
4p2 ,l

⇤
p2z,⌫ � [4Cpz,l] pz,⌫ +

⇥
4p2 ,⌫(p

2
,l + p2z,l)� C2

⇤

ml

El

~pl

C

pz,⌫

pz,⌫

pz,⌫



PZ

1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

A
U

10

210

310

410

J)ν(ltruthm
J)ν(lHighm
J)ν(lLowm

ATLAS Internal

 [GeV]σ [TeV]   µ          
Truth:          2.005     102.7
Low:          1.993     142.1
High:          2.018     148.2

 lvqq→ WW→HVT Z’
m(Z’) = 2.0 TeV

m(WV) [GeV]

1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

L
o

w
/H

ig
h

0.5

1

1.5

1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

A
U

10

210

310

410

J)ν(ltruthm
J)ν(lCompm

J)ν(lRealm

ATLAS Internal

 [GeV]σ [TeV]   µ          
Truth:          2.005     102.7
Real:          2.004     138.7
Comp:          1.999     139.4

 lvqq→ WW→HVT Z’
m(Z’) = 2.0 TeV

m(WV) [GeV]

1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

R
e

a
l/C

o
m

p

0.5

1

1.5

pz,⌫

Z 0

m = 2.0

1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

A
U

10

210

310

410

J)ν(ltruthm
J)ν(lTransv.m
J)ν(lRecon.m

ATLAS Internal

 [GeV]σ [TeV]   µ          
Truth:          2.005     102.7
Recon.:          1.993     142.1
Transv.:          1.891     169.0

 lvqq→ WW→HVT Z’
m(Z’) = 2.0 TeV

m(WV) [GeV]

1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

R
e

co
n

./
T

ra
n

sv
.

0.5

1

1.5

mWV

m ,WV Z 0 m = 2.0



b c

E

E > 100

�1

1 e

p W+

µ

W+

p e E

p (e)

p

p (e)



W+ p

E

E /p (W ! e⌫) p

E /p (W ! e⌫) W+ E

E
ve

n
ts

 /
 0

.1
 

3−
10

2−10

1−10

1

10

210

3
10

410

5
10

6
10

710

8
10

9
10

ATLAS Internal

 L = 13.2/fb∫ = 13 TeV, s 

e - Channel, W+Jets CR
Data (2015+2016)

W+jets

Top

Single-t

Dibosons

Z+jets

SM stat. unc.

HVT WW 2.0 TeV

lv

T
MET/p

0 0.2 0.4 0.6 0.8 1 1.2 1.4

D
a
ta

 /
 M

C

0

2

4

E
ve

n
ts

 /
 0

.1
 

3−
10

2−10

1−10

1

10

210

3
10

410

5
10

6
10

710

8
10

9
10

ATLAS Internal

 L = 13.2/fb∫ = 13 TeV, s 

e - Channel, W+Jets CR
Data (2015+2016)

W+jets

Top

Single-t

Dibosons

Z+jets

SM stat. unc.

HVT WW 2.0 TeV

lv

T
MET/p

0 0.2 0.4 0.6 0.8 1 1.2 1.4

D
a
ta

 /
 M

C

0

2

4

E
ve

n
ts

 /
 0

.1
 

3−
10

2−10

1−10

1

10

210

3
10

410

5
10

6
10

710

8
10

9
10

ATLAS Internal

 L = 13.2/fb∫ = 13 TeV, s 

e - Channel, W+Jets CR
Data (2015+2016)

W+jets

Top

Single-t

Dibosons

Z+jets

SM stat. unc.

HVT WW 2.0 TeV

lv

T
MET/p

0 0.2 0.4 0.6 0.8 1 1.2 1.4

D
a
ta

 /
 M

C

0

2

4

E
ve

n
ts

 /
 0

.1
 

3−
10

2−10

1−10

1

10

210

3
10

410

5
10

6
10

710

8
10

9
10

ATLAS Internal

 L = 13.2/fb∫ = 13 TeV, s 

e - Channel, W+Jets CR
Data (2015+2016)

W+jets

Top

Single-t

Dibosons

Z+jets

SM stat. unc.

HVT WW 2.0 TeV

lv

T
MET/p

0 0.2 0.4 0.6 0.8 1 1.2 1.4

D
a
ta

 /
 M

C

0

2

4

E /p (W ! e⌫) W+ E

W+ E



E

E /p (W ! e⌫)

E

p (e)

  (GeV)
T

Electron p
0 100 200 300 400 500 600 700 800 900 1000

E
n
tr

ie
s

1

10

210

310

410

510

610 Data (2015+2016)
W+jets
Top
jetjet (JZ5W-12W)
Single-t
Dibosons
Z+jets

 only)MC
statσSM total (

 InternalATLAS

 L dt =13.20/fb∫

  (GeV)
T

Electron p
0 100 200 300 400 500 600 700 800 900 1000

d
a
ta

 /
 M

C

0

0.5

1

1.5

2
  (GeV)

T
Electron p

0 100 200 300 400 500 600 700 800 900 1000

E
n
tr

ie
s

1

10

210

310

410

510

610
Data (2015+2016)
W+jets
Top
jetjet (JZ5W-12W)
Single-t
Dibosons
Z+jets

 only)MC
statσSM total (

 InternalATLAS

 L dt =13.20/fb∫

  (GeV)
T

Electron p
0 100 200 300 400 500 600 700 800 900 1000

d
a
ta

 /
 M

C

0

0.5

1

1.5

2

  (GeV)
T

Electron p
0 100 200 300 400 500 600 700 800 900 1000

E
n
tr

ie
s

1

10

210

310

410

510

610 Data (2015+2016)
W+jets
Top
jetjet (JZ5W-12W)
Single-t
Dibosons
Z+jets

 only)MC
statσSM total (

 InternalATLAS

 L dt =13.20/fb∫

  (GeV)
T

Electron p
0 100 200 300 400 500 600 700 800 900 1000

d
a
ta

 /
 M

C

0

0.5

1

1.5

2
  (GeV)

T
Electron p

0 100 200 300 400 500 600 700 800 900 1000

E
n
tr

ie
s

1

10

210

310

410

510

610

710 Data (2015+2016)
W+jets
Top
jetjet
Single-t
Dibosons
Z+jets

 only)MC
statσSM total (

 InternalATLAS

 L dt =13.20/fb∫

  (GeV)
T

Electron p
0 100 200 300 400 500 600 700 800 900 1000

d
a
ta

 /
 M

C

0

0.5

1

1.5

2

p (e)
W+ W+

p



E /p (W ! e⌫) < 0.2 e

µ

E /p (W ! `⌫) e
W+ W+

E /p (W ! e⌫)



E /p (W ! `⌫) µ
W+ W+

µ



E /p (W !
e⌫) > 0.2 e

E /p (W ! e⌫) W qq

S
ig

n
a

l M
a

ss
 [

T
e

V
]

1

1.5

2

2.5

3

3.5

4

4.5

5

E
ff

ic
ie

n
cy

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
ATLAS      Internal
HVT WZ

)ν(l
T

MET/p
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Background

)ν(l
T

MET/p

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

S
ig

n
a

l M
a

ss
 [

T
e

V
]

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

S
ig

n
ifi

ca
n

ce

0

1

2

3

4

5

6

7

8

9
ATLAS     Internal
HVT WZ

S
ig

n
a

l M
a

ss
 [

T
e

V
]

1

1.5

2

2.5

3

E
ff

ic
ie

n
cy

0

0.2

0.4

0.6

0.8

1
ATLAS      Internal
VBF NWA

)ν(l
T

MET/p
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Background

)ν(l
T

MET/p

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

S
ig

n
a

l M
a

ss
 [

T
e

V
]

0.5

1

1.5

2

2.5

3

S
ig

n
ifi

ca
n

ce

0

0.5

1

1.5

2

2.5

3

3.5ATLAS     Internal
VBF NWA

W

E /p (W ! e⌫)

±2�m
�sig =

p
2⇥ (s+ b)⇥ (1 + (s/b))� 2s



e

�1

W+

e

µ

E

W+

W+ Z+ tt̄ t

E

E

W+ E

e µ

e

E > 100

e �2/

µ E
E

E



µ

e
W+

E > 100



µ

W+



 [GeV]miss
TE

100 200 300 400 500 600 700 800 9001000

E
ve

n
ts

 /
 5

0
 G

e
V

1

10

210

310
 1.7±QCD =  1.4 

 8.3±known MC =  67.6 

Data

Fit

, DBtV+Jets, t

QCD

ATLAS    Internal

 = 13 TeVs, 
-1

 L = 13.2 fb∫ e channel
W+Jets Region Fit

 [GeV]miss
TE

100 200 300 400 500 600 700 800 9001000

E
ve

n
ts

 /
 5

0
 G

e
V

1

10

210

310
 0.76±QCD =  0.00 

 9.5±known MC =  91.0 

Data

Fit

, DBtV+Jets, t

QCD

ATLAS    Internal

 = 13 TeVs, 
-1

 L = 13.2 fb∫ e channel
W+Jets Region Fit

e p (e) > 400
W+

E > 100

p (e)

E > 100

p e



E

p (W ! `⌫)
> 0.2

1

p 400

e+µ Z 0 m = 2

✓e,W

W W

✓e,W = � ~qV · ~qe
|~qV | · |~qe|

~qV , ~qe W V

W/Z

✓e,W ⇠ 1

E /p (W ) W



 [GeV]VV m

500 1000 1500 2000 2500 3000 3500 4000 4500

 W
W

) 
[p

b
]

→
 Z

’ 
→

(p
p

 
σ 

4−10

3−10

2−10

1−10

1
 = 13 TeVs, -1Sensitivity Comparison, L = 30 fb

Expected (95% CLs) - ICHEP Analysis

Expected (95% CLs) - QCD Cut

HVT Model-A

ATLAS Internal

�1

Z 0 ! WW

W± (1⌥ ✓e,W )2 (1± ✓e,W )2 2 ✓eW

W p

W 0/Z 0 ! WV

W 0/Z 0

W+

W� ✓e,W 2 ✓e,W

W+ W�

W 0/Z0



)e,WθCos(

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

 A
.U

.

0

0.02

0.04

0.06

0.08

0.1

0.12
Signal Region (before QCD cut)
Signal Region (after QCD cut)

 before cut
+

W
 before cut

-
W

ATLAS   Internal

qqνl→WW→HVT Z’
m(Z’) = 2.0 TeV

)e,WθCos(

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

 A
.U

.

0

0.02

0.04

0.06

0.08

0.1

Signal Region (before QCD cut)
Signal Region (after QCD cut)

 before cut
+

W
 before cut

-
W

ATLAS   Internal

qqνl→WW→H(NWA)→qq
m(Scalar) = 2.0 TeV

✓e,W
E /p W+ W�

Z 0 ! WW
H ! WW m = 2

✓e,W ⇠ 1 µ



�1

p

V

D�=1
2

D�=1
2

D�=1
2



±2�m

�sig =

r
2⇥ (s+ b)⇥

⇣
1 +

s

b

⌘
� 2s

s b



Mass [GeV]

1000 1500 2000 2500 3000

S
ig

n
ifi

ca
n

ce

0

1

2

3

4

5

6

7

80% WP (new definition)

50% WP (old definition)

ATLAS   Internal

MC scaled to 36.1/fb

WW→ggH

Low Purity SR (el channel)
VBF veto region

Mass [GeV]

1000 1500 2000 2500 3000

S
ig

n
ifi

ca
n

ce

0

1

2

3

4

5

6

7

80% WP (new definition)

50% WP (old definition)

ATLAS   Internal

MC scaled to 36.1/fb

WW→ggH

Low Purity SR (mu channel)
VBF veto region

Mass [GeV]

1000 1500 2000 2500 3000

S
ig

n
ifi

ca
n

ce

0

1

2

3

4

5

80% WP (new definition)

50% WP (old definition)

ATLAS   Internal

MC scaled to 36.1/fb

WW→VBF

Low Purity SR (el channel)
VBF region

Mass [GeV]

1000 1500 2000 2500 3000

S
ig

n
ifi

ca
n

ce

0

1

2

3

4

5

80% WP (new definition)

50% WP (old definition)

ATLAS   Internal

MC scaled to 36.1/fb

WW→VBF

Low Purity SR (mu channel)
VBF region

e µ
e µ



m (j, j) m (j, j)

p (j)

p

m (j, j)



Mass [GeV]

1000 1500 2000 2500 3000

S
ig

n
ifi

ca
n

ce

0

2

4

6

8

10

12

14

 (new definition)jjm

 last (old definition)
T

p

ATLAS   Internal

MC scaled to 36.1/fb
qqνl→WW→VBF H

Combined

Mass [GeV]

1000 1500 2000 2500 3000
S

ig
n

ifi
ca

n
ce

0

2

4

6

8

10

12

14

 (new definition)jjm

 last (old definition)
T

p

ATLAS   Internal

MC scaled to 36.1/fb
qqνl→WW→VBF H

Combined

e µ

Mass [GeV]

1000 1500 2000 2500 3000

S
ig

n
ifi

ca
n

ce

0

1

2

3

4

5

 (new definition)jjm

 last (old definition)
T

p

ATLAS   Internal

MC scaled to 36.1/fb

WW→VBF

Low Purity SR (el channel)
VBF region

Mass [GeV]

1000 1500 2000 2500 3000

S
ig

n
ifi

ca
n

ce

0

1

2

3

4

5

 (new definition)jjm

 last (old definition)
T

p

ATLAS   Internal

MC scaled to 36.1/fb

WW→VBF

Low Purity SR (mu channel)
VBF region

e
µ



m = m ⇥ p

p ,
,

p

p p p ,

p p

W

Z

(J) =

(m �m )/m

p (J) �

p p

p

p

p



1

10

210

310

) [GeV]
TA

m(J

0 50 100 150 200

) 
[G

e
V

]
C

a
lo

m
(J

0

50

100

150

200
ATLAS Internal
MC

Entries: 462612
Mean X: 80.6 GeV
 RMS X: 22.6 GeV
Mean Y: 81.9 GeV
 RMS Y: 21.2 GeV

 0.001±Corr(x,y) =0.672 

Z 0

) [GeV]
truth

(J
T

p

500 1000 1500 2000

 )
tr

u
th

/m
tr

u
th

-m
re

co
( 

m
σ

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35
ATLAS Internal

MC

TA Mass
Calo Mass

) [GeV]
reco

(J
T

p

500 1000 1500 2000

 )
tr

u
th

/m
tr

u
th

-m
re

co
( 

m
σ

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35
ATLAS Internal

MC

TA Mass
Calo Mass

(J) = (m �
m )/m p (J)

�
p (J ) p (J ) p



Z 0

W+ Z+

tt̄ t



W+ Z+

n(J) > 1
E > 100
E /p (e⌫) > 0.2
p (`⌫) > 200
p (`⌫)/m(`⌫J) > 0.4
p (J)/m(`⌫J) > 0.4

WZ
WW < 0.01

< 0.01 < 0.01
W+

WZ
WW

< 0.01
W+

tt̄ t
WW WZ



W+ Z+

n(J) > 1
E > 100
E /p (e⌫) > 0.2
p (`⌫) > 200
p (`⌫)/m(`⌫J) > 0.4
p (J)/m(`⌫J) > 0.4

< 0.001
WZ < 0.001
WW < 0.001

< 0.001 < 0.001
W+ < 0.001

WZ
WW

< 0.001
W+

tt̄ t
WW WZ



e µ

n(J) > 1
E > 100
E /p (e⌫) > 0.2
p (`⌫) > 200
p (`⌫)/m(`⌫J) > 0.4
p (J)/m(`⌫J) > 0.4

W+

W+

Z 0

�1 e µ
tt̄ t

WW WZ

e µ

n(J) > 1
E > 100
E /p (e⌫) > 0.2
p (`⌫) > 200
p (`⌫)/m(`⌫J) > 0.4
p (J)/m(`⌫J) > 0.4

W+

W+

�1 e µ
tt̄ t

WW WZ



W+ tt̄ Z+ t

Zee
Z ! ee

W ! qq W ! `⌫



W ! e⌫

� ⇥ ✏



W ! µ⌫

� ⇥ ✏



W ! ⌧⌫

� ⇥ ✏



Z ! ee

� ⇥ ✏



Z ! µµ

� ⇥ ✏



Z ! ⌧⌧

� ⇥ ✏

tt̄

� ⇥ ✏



� ⇥ ✏



WW ! `⌫qq

W 0 Z 0 WZ ! `⌫qq WW ! `⌫qq

WW ! `⌫qq

(k/M̄ )2 k M̄
k/M̄



k/M̄ l = 1

� ⇥ ✏

G ! WW ! `⌫qq c = 1 m = 300
G ! WW ! `⌫qq c = 1 m = 400
G ! WW ! `⌫qq c = 1 m = 500
G ! WW ! `⌫qq c = 1 m = 600
G ! WW ! `⌫qq c = 1 m = 700
G ! WW ! `⌫qq c = 1 m = 800
G ! WW ! `⌫qq c = 1 m = 900
G ! WW ! `⌫qq c = 1 m = 1000
G ! WW ! `⌫qq c = 1 m = 1100
G ! WW ! `⌫qq c = 1 m = 1200
G ! WW ! `⌫qq c = 1 m = 1300
G ! WW ! `⌫qq c = 1 m = 1400
G ! WW ! `⌫qq c = 1 m = 1500
G ! WW ! `⌫qq c = 1 m = 1600
G ! WW ! `⌫qq c = 1 m = 1700
G ! WW ! `⌫qq c = 1 m = 1800
G ! WW ! `⌫qq c = 1 m = 1900
G ! WW ! `⌫qq c = 1 m = 2000
G ! WW ! `⌫qq c = 1 m = 2200
G ! WW ! `⌫qq c = 1 m = 2400
G ! WW ! `⌫qq c = 1 m = 2600
G ! WW ! `⌫qq c = 1 m = 2800
G ! WW ! `⌫qq c = 1 m = 3000
G ! WW ! `⌫qq c = 1 m = 3500
G ! WW ! `⌫qq c = 1 m = 4000
G ! WW ! `⌫qq c = 1 m = 4500
G ! WW ! `⌫qq c = 1 m = 5000



Z 0 gV = 1

� ⇥ ✏

Z0 ! WW ! `⌫qq gV = 1 m = 300
Z0 ! WW ! `⌫qq gV = 1 m = 400
Z0 ! WW ! `⌫qq gV = 1 m = 500
Z0 ! WW ! `⌫qq gV = 1 m = 600
Z0 ! WW ! `⌫qq gV = 1 m = 700
Z0 ! WW ! `⌫qq gV = 1 m = 800
Z0 ! WW ! `⌫qq gV = 1 m = 900
Z0 ! WW ! `⌫qq gV = 1 m = 1000
Z0 ! WW ! `⌫qq gV = 1 m = 1100
Z0 ! WW ! `⌫qq gV = 1 m = 1200
Z0 ! WW ! `⌫qq gV = 1 m = 1300
Z0 ! WW ! `⌫qq gV = 1 m = 1400
Z0 ! WW ! `⌫qq gV = 1 m = 1500
Z0 ! WW ! `⌫qq gV = 1 m = 1600
Z0 ! WW ! `⌫qq gV = 1 m = 1700
Z0 ! WW ! `⌫qq gV = 1 m = 1800
Z0 ! WW ! `⌫qq gV = 1 m = 1900
Z0 ! WW ! `⌫qq gV = 1 m = 2000
Z0 ! WW ! `⌫qq gV = 1 m = 2200
Z0 ! WW ! `⌫qq gV = 1 m = 2400
Z0 ! WW ! `⌫qq gV = 1 m = 2600
Z0 ! WW ! `⌫qq gV = 1 m = 2800
Z0 ! WW ! `⌫qq gV = 1 m = 3000
Z0 ! WW ! `⌫qq gV = 1 m = 3500
Z0 ! WW ! `⌫qq gV = 1 m = 4000
Z0 ! WW ! `⌫qq gV = 1 m = 4500
Z0 ! WW ! `⌫qq gV = 1 m = 5000



W 0 gV = 1

� ⇥ ✏

W 0 ! WZ ! `⌫qq gV = 1 m = 300
W 0 ! WZ ! `⌫qq gV = 1 m = 400
W 0 ! WZ ! `⌫qq gV = 1 m = 500
W 0 ! WZ ! `⌫qq gV = 1 m = 600
W 0 ! WZ ! `⌫qq gV = 1 m = 700
W 0 ! WZ ! `⌫qq gV = 1 m = 800
W 0 ! WZ ! `⌫qq gV = 1 m = 900
W 0 ! WZ ! `⌫qq gV = 1 m = 1000
W 0 ! WZ ! `⌫qq gV = 1 m = 1100
W 0 ! WZ ! `⌫qq gV = 1 m = 1200
W 0 ! WZ ! `⌫qq gV = 1 m = 1300
W 0 ! WZ ! `⌫qq gV = 1 m = 1400
W 0 ! WZ ! `⌫qq gV = 1 m = 1500
W 0 ! WZ ! `⌫qq gV = 1 m = 1600
W 0 ! WZ ! `⌫qq gV = 1 m = 1700
W 0 ! WZ ! `⌫qq gV = 1 m = 1800
W 0 ! WZ ! `⌫qq gV = 1 m = 1900
W 0 ! WZ ! `⌫qq gV = 1 m = 2000
W 0 ! WZ ! `⌫qq gV = 1 m = 2200
W 0 ! WZ ! `⌫qq gV = 1 m = 2400
W 0 ! WZ ! `⌫qq gV = 1 m = 2600
W 0 ! WZ ! `⌫qq gV = 1 m = 2800
W 0 ! WZ ! `⌫qq gV = 1 m = 3000
W 0 ! WZ ! `⌫qq gV = 1 m = 3500
W 0 ! WZ ! `⌫qq gV = 1 m = 4000
W 0 ! WZ ! `⌫qq gV = 1 m = 4500
W 0 ! WZ ! `⌫qq gV = 1 m = 5000



Z 0 gV = 1

� ⇥ ✏

qq̄ ! Z0 (! WW ! `⌫qq) jj gV = 1 m = 300
qq̄ ! Z0 (! WW ! `⌫qq) jj gV = 1 m = 400
qq̄ ! Z0 (! WW ! `⌫qq) jj gV = 1 m = 500
qq̄ ! Z0 (! WW ! `⌫qq) jj gV = 1 m = 600
qq̄ ! Z0 (! WW ! `⌫qq) jj gV = 1 m = 700
qq̄ ! Z0 (! WW ! `⌫qq) jj gV = 1 m = 800
qq̄ ! Z0 (! WW ! `⌫qq) jj gV = 1 m = 900
qq̄ ! Z0 (! WW ! `⌫qq) jj gV = 1 m = 1000
qq̄ ! Z0 (! WW ! `⌫qq) jj gV = 1 m = 1100
qq̄ ! Z0 (! WW ! `⌫qq) jj gV = 1 m = 1200
qq̄ ! Z0 (! WW ! `⌫qq) jj gV = 1 m = 1300
qq̄ ! Z0 (! WW ! `⌫qq) jj gV = 1 m = 1400
qq̄ ! Z0 (! WW ! `⌫qq) jj gV = 1 m = 1500
qq̄ ! Z0 (! WW ! `⌫qq) jj gV = 1 m = 1600
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gg ! H(300) ! WW ! `⌫qq �H = 0.4
gg ! H(400) ! WW ! `⌫qq �H = 0.4
gg ! H(500) ! WW ! `⌫qq �H = 0.4
gg ! H(600) ! WW ! `⌫qq �H = 0.4
gg ! H(700) ! WW ! `⌫qq �H = 0.4
gg ! H(750) ! WW ! `⌫qq �H = 0.4
gg ! H(800) ! WW ! `⌫qq �H = 0.4
gg ! H(900) ! WW ! `⌫qq �H = 0.4
gg ! H(1000) ! WW ! `⌫qq �H = 0.4
gg ! H(1200) ! WW ! `⌫qq �H = 0.4
gg ! H(1400) ! WW ! `⌫qq �H = 0.4
gg ! H(1600) ! WW ! `⌫qq �H = 0.4
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qq̄ ! H(300) ! WW ! `⌫qqjj �H = 0.4
qq̄ ! H(400) ! WW ! `⌫qqjj �H = 0.4
qq̄ ! H(500) ! WW ! `⌫qqjj �H = 0.4
qq̄ ! H(600) ! WW ! `⌫qqjj �H = 0.4
qq̄ ! H(700) ! WW ! `⌫qqjj �H = 0.4
qq̄ ! H(750) ! WW ! `⌫qqjj �H = 0.4
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qq̄ ! H(1800) ! WW ! `⌫qqjj �H = 0.4
qq̄ ! H(2000) ! WW ! `⌫qqjj �H = 0.4
qq̄ ! H(2200) ! WW ! `⌫qqjj �H = 0.4
qq̄ ! H(2400) ! WW ! `⌫qqjj �H = 0.4
qq̄ ! H(2600) ! WW ! `⌫qqjj �H = 0.4
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