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m Have to prove the Standard Model, non-Abelian
SU(2)xU(1) gauge theory of electroweak interaction

m The deviations will hint to new physics not
described in the SM
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-~ = Inthe last few years, the

Large Electron Positron
(LEP) and Tevatron have
provided accurate tests of
the non-Abelian gauge
theory SU(2)xU(1) of
electroweak interactions of
the Standard Model (SM),
probing the existence of
self-interactions among
electroweak gauge bosons
(W, Z,7v)

The experimental
collaborations have
performed several
measurements of charged
and neutral triple gauge-
boson couplings (TGCs)
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m In the near future, the Large
Hadron Collider (LHC) will
measure precisely the
reaction products of the
vector bosons produced in
P-P collision at centre-of-
mass energy of 14 TeV.
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~_ LHC-B

m The LHC will be the main
source of vector gauge
bosons and good place to
study their properties.
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10! protons/bunch
10° pp collisions/s
7TeV+7TeV
separation: 7.5 m (25 ns)
40 MHz crossing rate

N =L X o(pp) =10°

b Mostly low pt events (soft)
events
Parton m Interesting high pt events
(quark, gluon) are rare
m New physics rate ~ 0.00001
Hz

m event selection:
1in 10,000,000,000,000

Particle
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In the SM, gauge-bosons interact not only with matter
particles, but also with one another

These interactions manifest themselves as couplings
between three (or more) gauge-bosons, such as WWy or
WW?Z coupling, referred as triple gauge-boson couplings
(TGC's)

Existence of these couplings has been beautifully verified at
LEP and Tevatron

m The results so far are consistent with SM predictions
m The starting point for TGC is the non-Abelian structure of

SM

The couplings of WWy, WWZ vertices reflect the full gauge
group structure of SM

31 December, 2009 Second Winter Meeting, NCP




-pair production in e*e” annihilation involves the triple
gauge-boson vertices WWy or WWZ which are present in

the SM
Tree Level Feynman diagrams of triple
% gauge coupling
189 Gev /¥ f
B s-channel o W
s-channel L ‘
o f e £ v
e £
f o'
Gauge Couplings ! t-channel

Gauge Couplings'!
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AntiProton Proton Beam
Beam

Tree Level Feynman diagrams of triple gauge coupling

W
t-channel

Rz

Gauge Couplings ! f
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Froton Beam Proton Beam

Tree Level Feynman diagrams of triple gauge coupling

W
s-channel
v Z

| &0
t-channel

Gauge Couplings ! f
s, t are the Mandelstam variables
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m Charged TGCs allowed in the SM

m Only s channel has three boson vertex, which manifest the gauge
boson coupling

m WWZand WWy

m 777,77y, Zyy and yyy vertices are not allowed in the Standard
Model, because neither the Z nor the y carries charge which is the
guantum number to which the gauge-bosons couple

m Vertices containing an odd number of W-bosons (WZZ, WZy, Wyy
and WWW) are excluded by charge conservation

a z
Z= /

= Z /Sy
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m Decaying Branching Ratios of W*W- by pure hadronically,
semileptonically, pure leptonically are given as follows

W*W-— qqqq (~45%) W*W- — tvqq (~15%)
WHW- — pvqq (~15%) W*W-— evqq (~15%)

WW- — evuv (V4%)
m | am working on charged Triple Gauge-boson Couplings (TGC);

qq —> 2% > W "W -

where a virtual Z is produced at intermediate level
m | am studying the pure hadronically decay of W*W- (4T4T’)
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PYTHIA Event Listing

(complete event)

id name status mothers daunghters colours p_x
90 (system) -11 Q o 1 2 Lo} o] 0.000
2212 (p+D -1z o o 279 o] O Q 0. 000
2212 (p+2 -1z o] o 280 o] o Q Q.000
-2 (ubar) -21 T T 5 & o] 101 0. 000
2 () —21 8 o 5 ] 102 o] 0.000
-8 (tbar) -2z 3 4 9 =] o] 101 -732.897
<] T -22 3 4 10 10 102 o] T3.897
-2 (ubar) -4z 12 o a 3 o] 101 0. 000
2 () —41 13 13 11 4 104 o] =0, 000
-G (thar) —44 =] 5 14 14 o 101 —-71.565
<] T —44 S =] 15 15 102 o] 82.T715
21 {g) —43 =] o] 1a 1e 104 102 —11.150
21 (=] =51 23 o] 37T 37 106 105 19. 037
21 {g) 51 232 o] 39 29 101 106 6.832
-G (thar) -52 20 20 34 34 o] 101 —88. 187
21 (€3] —21 48 o] 4G 47 114 112 QL0000
1 (dd —-21 49 49 46 a7 1132 o] 0. 000
21 4= —23 44 45 50 50 114 115 2.524
1 (dd -33 44 45 51 51 1185 o] —-2.524
2 () —63 1 o] 492 492 1132 Q —-0.319
2101 (ud_0D) -53 1 o 492 492 O 112 —0.427
2 () —63 1 o] 493 493 108 Q —0.720
-3 (sbar) -53 1 o 519 519 O 117 —-0.382
-11 e+ 23 441 o o] o] o Q T.949
12 nu_e 23 441 o ] o] O o] T0.523
1 (dd -T1 342 2342 505 508 115 o] —3. 404
21 L= -T1i 36T 26T BOE 508 181 115 —-0.384
-2 (ubar) -T1 370 aro 505 508 o 151 —3.167
211 (KOD -83 502 504 TE9 TE89 o] o] —2.048
331 (ata’) -83 502 504 941 942 o] o] —1.070
—-323 (E*—1 —-a3 502 504 TOO To1 o] o] -2.728
111 (pio) -84 502 504 943 944 o] o] —-1.102
120 KE_LO a1 505 505 o o] o o] —2.048
-311 (Kbaro) —-91 507 o 932 932 o] o] —0. 900
—211 pi- a1 50T o] o o] o o] —1.832&6
-211 pi- o1 516 o ] o] o] o] 0.117
111 (pio) 91 516 o] 1069 1070 o o] —0. 421
2212 P+ o1 537 o ] o] o] QO -1.178
211 pi+ a1 527 o] o o] o o] —0.414
2z Eamma 91 1313 o ] o] o] o] -1.8574
22 Eamma 91 1313 o o] o] o Q —0.887
Chargse =um: 2000 Momentum =um: =0 Q00

End PYTHIA Event Listing
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A=A+ A + A Kk — 2 2 2
X y J z pW+D1 - \/pw+D1X + pW+D1y + pW+D12

AA=|A] = JAZ+ A7 + A Total P (GeV) of D, (W*)
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Total P (GeV) of W*  P,. = /R0 + Bi, + PY,
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31 December, 2009 Second Winter Meeting, NCP 16



Total Energy of W*
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P =+/Pe *Pa,+P:, Total P (GeV) of W-
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Total Momentum of W from D1&D2 Total Energy of W from D1&D2

Mass of W from D1&D2

B =V (Pu o+ P o] + (P 0y + Py o, f + (P o+ 0y o, f TOTAI P (GEV) Of W
from D1 & D2
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Total Momentum of W

31 December, 2009 Second Winter Meeting, NCP




m Pseudorapidity, n, is a commonly used spatial coordinate

describing the angle of a particle relative to the beam axis. It is

defined as 9
7= —1In {tan (5)} :

where 0 is the angle between the
particle momentum P and the

beam axis | =
m Transverse Momentum oo !‘
> e
2 2
Pr :\/px+ Py i
m Transverse Energy
ET=\/EXZ+Ey2 —

Mo menium
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http://en.wikipedia.org/wiki/Coordinate

r?

)&

D, (W)

|D1 Pseudorapidity of W I Em".e!;33 e | D1 Transverse Momentum of W | Entriegm o
25 — Mean 0.01473 — Mean 41.66
g C RMS 1.851 g 30 RMS 2517
S af : f
20— -
2 x =
i 15 i 20—
- o=
10— -
C 101
5 -
C 5
u“.lTII'IHI'Il L I - 0 L .H””.H]nl.ﬂ..ln.n
-6 -4 -2 2 4 (5] 0 60 80 100 120 140 160 180
D1 Pseudorapidity of W* D1 Transverse Momentum of W*
|D1 Transverse Energy of W* | . |D1 Total Energy of W' | .
‘E - Mean 41.67 ‘E = Mean 160.7
30 RMS 2517 TOF RMS 199.6
e - £ C
i - i =
k] C S gof
g - g 503
Z 0 = =
C 40
15—
- 30
10—
- 20
51 10
P | PR PR ERPR BN Bl i .Hﬂ”.lﬂnl.ﬂ.ln.n 0 pllllnp o
4] 20 40 60 80 100 120 140 160 180 (1] 200 400 G600 800 1000 1200
D1 Transverse Energy of W*© D1 Total Energy of W*©
31 December, 2009 Second Winter Meeting, NCP 24




|D2 Pseudorapidity of W* I Emﬁesha? s | D2 Transverse Momentum of W* | Emriega o
C Mean -0.021339 C Mean 4537
s 20:— RMS 2.264 g - RMS 26.46
w il w -
5 °F 5 o F
! 16 ! =
2 up e
12 E_
10 -
= =
6 =
3 =
2E : 1y,
uzlnnl T T T [N T T O NN Y Y O NN W | ...|TI_HJ-ILII._||.I|T||:I'I.FIH..FI
-6 100 120 140 160 180
D2 Pseudorapidity of W* D2 Transverse Momentum of W*
|D2 Transverse Energy of W" | e |D2 Total Energy of W' | e
‘E _ Mean 45.38 ‘E _ Mean 249.6
8 35 RMS 26.45 8 | RMS 299
i} - w =
% s0f S ol
£t £
20 -l
15
10
u_l PR N TR TR T T T T T M R R | L ||TL||J?-|||_|| | ”[I'Iul'lnu | :I PR T (N T S | rrI-I-LrIl-I-LL-I—‘Tn-‘-'J-Lll_‘T‘—'—un Oe—tm b ay
V] 100 120 140 160 180 1400
D2 Transverse Energy of W' D2 Total Energy of W*
31 December, 2009 Second Winter Meeting, NCP 25




h9

Entries 1000

Mean  0.06468

Transverse Momentum of W' I

h10

Entries 1000

Mean 54.69

g 30 RMS 2.72 g = RMS 37.91
5 g ¥F
25 =
F 5
§ 20 E =
15 =
10 =
5 -
Q 1 P TR T N TR T A ||J-l" I |J_||_| 1 |-L| |-L| 010, L 0
-8B 2 4 (1] 8 150 200 250
Pseudorapidity of W Transverse Momentum of W*
h11 h12

|Transverse Energy of W' I

nts

Mumber of Eve
iy

Entries 1000

Mean 63.35
RMS 40.11

Entries 1000

Mean 364.5
RMS 322.2

5 —

0 l ﬂHﬂ”F‘l. ﬁ L 1nnn E.J' PR [NV T NN AN S B wularli Ml n L

0 150 200 250 0 1000 1200 1400
Transverse Energy of W' Total Energy of W

31 December, 2009 Second Winter Meeting, NCP 26




',
s

o

o FETLS

| D1 Pseudorapidity of W I h41 | D1 Transverse Momentum of W ] h42
Entries T06 Entries T06
‘E - Mean 0.1886 ‘E 35— Mean 43.1
5 22— RMS 2.107 5 - RMS 2512
o201 @ o F
k] = k- C
2 18 — E -
5 16 - i 25—
14 =
- 20—
12 — -
10 15—
8 =
6— 10
4 - -
2 L ILl
o EL 0 oo i Henm 1 o
-6 1] [1] 100 120 140 160 180
D1 Transverse Momentum of W
| D1 Transverse Energy of W | _h43 | D1 Total Energy of W | _ha4
Entries T0B Entries T06
i 35— Mean 43.1 ‘E Mean 196.5
5 - RMS 2512 s B0 RMS 218.5
wo - w
k] — k-
e - = R0
£ =f g
= - = 40
20—
- 30
15
10F 20
1] PO T N T T A T TR S N T S L1 |-|—l|_||'||” ||J-|||_|||1|_|| TR B [T 1} rrlllJ-I'Il—||T|J_|IIJ-LI|-LI-IrL|I | e o
0 20 40 (1] 80 100 120 140 160 180 0 200 400 600 800 1000 1200
D1 Transverse Energy of W~ D1 Total Energy of W

31 December, 2009

Second Winter Meeting, NCP

27




| D2 Pseudorapidity of W | h45 | D2 Transverse Momentum of W 1 h46
Entries 706 Entries T06
24 = Mean 0.07535 - Mean 43.19
g — = RMS 1.859 g - RMS 26.18
w E o N
5 20 5 F
5 18F E 2 —
S s :
14 20 —
12 ;— C
10— 15 =
8 10f
6 —
4= 5
5E
uﬂ— I_|IJ-|I'.II1 u...l...l...l...l..I'I'n.J-lTII_llﬂﬂ[Lll_ll'I.I'I....
-6 (1] 60 80 120 160 180
I:I-Z Pseudorapu:lltyr u-f'w' Dz Transverse hlnmentum of W
h48
| D2 Transverse Energy of W | S 08 | D2 Total Energy of W | i 0
= Mean 43.2 C Mean 155.9
'E - RMS 26.18 'g 70 = RMS 183
& 30 &
E - E 60 |-
25 =
E = E 50
= - = c
20— C
C 40 -
15[
- 30
10 ; 20
5 10
u PR N N [N N TN [N TN T T [N TN TN T [ T |_|_n|J-|T”_|||-||-||-L”_|n| | I . | u |_|I-||-L|nn—||—| nﬂ-—t —"N.N-F-N-1 I|-|.-.| Lok
i 20 40 GO 80 160 180 (1] 200 400 G600 800 1000 1200
mveme W D2 Total Energy of W
31 December, 2009 Second Winter Meeting, NCP 28




| Pseudorapidity of W I h13 | Transverse Momentum of W h14
Entries 1000 Entries 1000
= Mean 0.1205 45 — Mean 53.88
g - RMS 2.564 g - RMS 36.86
o 0 W 40
k] - ] =
E sk g *F
S - 5wk
20— -
C 25—
151 20
1w0f 15 =
C 10F
5 C
- H.q 5
u : 1 1 |-l "J:I_] 1 I 1 1 1 I 1 1 1 I 1 1 1 1 1 1 I 1 1 1 | nl 1 1 u |-!J_L| rl_!J-L| 'J-l '_| 1 1 n 1
-8 -6 -4 -2 0 4 7] 8 1] 50 100 150 200 250
Pseudorapidity of W~ Transverse Momentum of W
| Transverse Energy of W | _hi5 | Total Energy of W | _h16
Entries 1000 Entries 1000
- Mean 63.76 90 — Mean 340.5
g 35— RMS 39.23 g - RMS 299.5
o - w 80—
s 30 'S =
é = = JOE
25 E =
= E = 2L -
20 50—
o ok
= 0
10 | =
= 20 —
5 H 0
1} 1 |J-|-!-|_HT||-|1_||-|| L 11 u:ﬁLl PR T N T N SO T I_|'nTr|JT-Lr|rL|-r"IIT‘—|—|I"—|-"I|-—
1] 50 100 150 200 250 0 200 400 GO0 800 1000 1200 1400
Transverse Energy of W™ Total Energy of W~
31 December, 2009 Second Winter Meeting, NCP 29




of D, (W)

[ D1 Transverse Momentum of W | Enmega"' o | D1 Transverse Energy of W" I Entri9235 =
‘E = Mean 41.66 ‘E = Mean 41.67
8 - RMS 2517 5 - RMS 2517
s °F s *F
20— 20
15 151
10 f— 10 f—
s s
u 1 1 1 I 1 L 1 I 1 L1 I 1 1 L | L1 1 ’-|:‘|_||:|mn|-|ml ||-| 1 Imlnl I 1 1 1 u 1 L 1 I 1 1 1 I 1 1 L | 1 1 1 I 1 L1 ’-|:‘|-| mmln”ml ||-| 1 Imlnl I 1 1 1
0 20 40 G0 80 100 120 140 160 180 200 i] 20 40 60 80 100 120 140 160 180 200
D1 Transverse Momentum of W* D1 Transverse Energy of W*
h20 h36
| D1 Total Momentum of W* | Eririee o7 | D1 Total Energy of W' I S 5o
Mean 162.3 - Mean 162.3
g RMS 203.9 g - RMS 203.9
2 £ 80|
o u =
3 5 0 2 2 2
G0 _
: : E-=m~+p
> 0
40 p B
30 E=m m(q)=0
20
10
r“r'_':l"'l-ll'l-ﬂ—n-.l'l-. [ ] N LT I AT T 0 rL‘r'_TL"LII'Lﬂ—ﬁ-.I'I-. [ TN n I W e [ AT T T N
GO0 800 1000 1200 1400 li] 400 GO0 800 1000 1200 1400
D1 Total Momentum of W* D1 Total Energy of W'
31 December, 2009 Second Winter Meeting, NCP 30




| D2 Transverse Momentum of W* | Emﬁegas e | D2 Transverse Energy of W' I Em”egag e
- Mean 45.79 - Mean 45.79
g - RMS 27.51 g - RMS 27.5
i - w =
k] = 5 =
oE [P L b I pn ) i AR I
L] 20 40 60 80 100 120 140 160 180 200 0 20 60 80 100 120 160 180 200
D2 Transverse Momentum of W* D2 Transverse Energy of W©
| D2 Total Momentum of W' | Entrieg e | D2 Total Energy of W' I Em”eg‘m e
- Mean 249.5 - Mean 249.6
g - RMS 299 ﬂ - RMS 299
& mz 3 mz
S wof 3 wof 2 2 2
E E E-=m +
g 50 E 50 [ p
a0t a0t 2= 0
3 30 E=m mig=0
20f 20
10l 10 [
u:| PR T (N T T T | |r|-I-I-L'J|-I1—L-I—|Tn1-'JL|I_|T|—|—|n e 0e—ten o ﬂ:| PR [ T S T | rl-I-I-L'-Il-l-‘U‘Tn-‘-'J-LlI_‘T‘—'—-n 1/ S O T o, B R
1] 200 400 G600 800 1000 1200 1400 0 200 400 GO0 800 1000 1200 1400
D2 Total Momentum of W* D2 Total Energy of W*
31 December, 2009 Second Winter Meeting, NCP 31




0) & \/V(/_Ir

| Transverse Momentum of W" I Entn'e;'m 1000 |Transverse Energy of W' I Entrie;'“ 000

Mean 54.69 Mean 63.35

g = RMS 37.91 g 350 RMS 40.11
i 35 i o
== E -
5 LE e
25— -
20 2E
15[ 15—
10 101
5_ 5F
0 e WP e T e e T PR 0 i, [ cmnnn
a 50 100 150 200 250 1] 50 100 150 200 250
Transverse Momentum of W* Transverse Energy of W*

| Total Energy of W' | ‘Entries > 7000

Mean 443.6

h4
Entries 1000
Mean 425.6

£ F i
§ sof RMS 478.6 g - RMS 469.2
w = W 00—
S nof B 2
= = -
50 -
m_
10 C
30 ap
2 - m(W*) ~ 80.5GeV
20
10 B
0 L P Tatal | YIS, MYl g LL Do Nl ofice o
(1] 500 1000 1500 2000 2500 (] 500 1000 1500 2000
Total Momentum of W* Total Energy of W+

31 December, 2009 Second Winter Meeting, NCP 32



| D1 Transverse Momentum of W ] h42 | D1 Transverse Energy of W I h43
Entries TOB Entries TOB
C Mean 43.3 C Mean 433
g 40 — RMS 25.66 g — RMS 25.66
1w m w m
5 PP s WE
g s0f- g -
251 —
20— —
15 =
10 -
5F =
) =P IR IR (SRR BN B o 10 I ol ) N e BRI e PR R ottt o m Al S i m
a 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
D1 Transverse Momentum of W D1 Transverse Energy of W™
[ D1 Total Momentum of W | h28 | D1 Total Energy of W | h44
Entries TOB Entries TOB
80— Mean 200.7 80 — Mean 200.7
g E RMS 249.5 g E RMS 249.5
W 70fF w 7oL
- B Ea-
e £ %F Ezzlﬂl—l—pl
= 50 = 50
40 40 p - 0
30 30 E=m m(g=0
20 20
10
P T T N S S I .ﬂ.—l'lﬁ.ﬂﬂﬂl_lu o i rdainina Olo s o .ﬂ.—l'lﬁ.ﬂﬂﬂﬂu lo i rdain ma Olo s
i} 200 400 GO0 800 1000 1200 1400 0 200 400 GO0 800 1000 1200 1400
D1 Total Momentum of W D1 Total Energy of W

31 December, 2009 Second Winter Meeting, NCP 33



D2 Transverse Momentum of W | __h46 | D2 Transverse Energy of W | _ha7
Entries T06 Entries T06
- Mean 43.6 - Mean 43.61
g C RMS 27.27 g - RMS 27.26
@ 0 w30
5 - 5 C
15 :— 15 :_
10 :— 10 :_
5 = 5 f
u :I 1 1 I 1 1 1 I 1 11 I 1 1 1 I 1l I’-|_|-IIJ-|_I|IIJ-|I|-”-||-|I|-||-II rII I 1 ||_||||T||-|| u 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 11 IH_HIJ-l_IIIIJ-lll-lll-lﬂll-lrll rII I 1 ||_||||T||-||
0 20 40 G0 a0 100 120 140 160 180 200 1] 20 40 G0 a0 100 120 140 160 180 200
D2 Transverse Momentum of W~ D2 Transverse Energy of W
D2 Total Momentum of W | _h32 | D2 Total Energy of W | _h43
Entries TO6 Entries TO6
= Mean 160.8 r Mean 160.8
g 80 - RMS 197.2 g 80 | RMS 197.2
w - w =
3 F £ F 2 2 2
£ ol £ w E-=m +p
= r =
50 [ S0 — )
40 40 P
soff %0 E=m mq=0
20t 20
10E [ry=
u:I 1 1 I 1 1 1 l'r‘_Hl'rl—hl—'-!l'll—!I I-L|I lorh Il-h 1 Il'|| 1 u: l'r‘_Hl'rl—"!l—'-!l'll—l I-L|I lorh Il—h 1 Il'|| 1
0 400 600 800 1000 1200 1400 0 400 600 200 1000 1200 1400
D2 Total Momentum of W D2 Total Energy of W
31 December, 2009 Second Winter Meeting, NCP 34




D1 W~

| | Transverse Energy of W | S XL T
- Mean 63.76
g 35— RMS 39.23
oo
53
3 5F
201
15 f—
10 f
- -
1] VJ-l—rL\ |J-|-!-|-HT| |-|1_| [ i
0 50 100 150 200 250
Transverse Energy of W~
[  Total Momentum of W | __hé | Total Energy of W | _h16
Entries 1000 Entries 1000
100 = Mean 356.9 Mean 376.6
g - RMS 390.2 g 120 — RMS 380.2
. 8L El 2 2
; I o =m +p
) % sof p=0
g0 E=m
| +
a0 m(W *) ~ 80.5GeV
20
[ 2 o SR s B B = SRR A u_ruu choon 0 o Jdoenon 1o
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Total Momentum of W Total Energy of W~

31 December, 2009 Second Winter Meeting, NCP 35



b A

DL

W W

h7g h79
D1 Momentum Vs E of W" | I o D2 Momentum Vs E of W" | I o
+ C Mean x 1623 + C Mean x  249.5
=00 Meany 1623 =400 Meany  249.5
5 = RMS x  203.9 5 = RMS x 299
C RMSy 2039 C RMS v 299
200 — 200 —
S1000 — Ehooo [~
800 [— 800 [— 7
600 600
400 400
B ) - _:‘_,J"f-rl :
0 L= | P | | PO (TR TR T (NN TN T T N 0 == ¢ 4 v o by ooy by by oy e by oy oy
(1] 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
D1 Momentum of W D2 Momentum of W
[ D1 Momentum Vs E of W __hso [ D2 Momentum Vs E of W | __ha1
Entries 706 Entries 706
= C Mean x = 209.7 = C Mean x  160.8
14["] — Meany  209.7 1.";"] — Mean y 160.8
5 - RMS x 2495 S - RMS x  197.2
C RMSy 2495 C RMSy  197.2
200 — 200 —
&1000 [ 000 [
800 | 800 i
600 600
400 [— 400
200 o 200[— o
0 —-f'iri L T gl 1 1 Ll Ll N T
0 200 1200 1400 _ 0 200 600 800 1000 1200 1400 _
D1 Momentum of W D2 Momentum of W

31 December, 2009

Second Winter Meeting, NCP

36




X
o L AR

W

PW* Vs EW" _h56 PW Vs EW | _h57
Entries 69T Entries T06
EZII][H]_ Mean x  388.5 '?_2000_ Mean x  343.7
- Meany  407.3 - Mean v 3631
51800 — RMS x 410.6 Bﬂlﬂﬂ — RMS x 345.9
E - RMS y 400.7 = RMS vy 335.5
GO0 — G600 —
=1400 & guun:—
= = . =
F200 — 1200 —
1000 — 1000 —
600 — 600 =
L _/a’ - /
400 - 400 =
- - -
g 1o b b b b b L L L u—-...l...l...I...I...I...I...I...I...I...
L] 200 400 GO0 800 1000 1200 1400 1600 1800 2000 0 200 400 G600 800 1000 1200 1400 1600 1800 2000
Total Momentum of W* Total Momentum of W
+ + hvs = = h7&a
| PPW* vs E2W* | —__hrs ___ [ P2w" vs E2W | B 1/ —
S0000 — Mean x 1.506e+04 iaom - | Mean x 1.392e+04
= = " | Mean y 2.152e+04 = | Mean y 2.053e+04
5000 = RMS x 1.253e+04 ‘!il'.lﬂl:l_— RMS x 1.183e+04
= RMS y  1.26=+04 i = RMS y 1.131e+04
= fﬁ:i
25000 25000 -
20000 F- - 20000 F- o
15000 = e 15000 - i
= o = e
10000 = -+ 100001 ;-
5000 5000 -
OBl b b b b b b aa boaa o ey oBE o Lol b b b a b b Lea g Liaas
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 (1] 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000

Momentum Square of W*

Momentum Square of W~

31 December, 2009

Second Winter Meeting, NCP

37




[ h61 |
Entries. 1000 Total Momentum of Z.

Mean 69.62
RMS 1016

To::olr: isf\g\:[f-zo Po = \/(pw+x + pW_X)2 + (pw+y + IJW_y)2 + (pW+Z + pW_Z)2

31 December, 2009 Second Winter Meeting, NCP 38



Total Momentum of Z~ = Total Energy of z
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m Calculated the different parameters like n, P, E,P;, E;, Opening
Angle etc. of decaying products of both W*W-

m Then, using the four momenta, | reproduced the
invariant mass (80.5 GeV) of W*W-
m Calculated the above parameters also for both W*W-

m Then, using the four momenta, | reproduced the invariant mass
> 161 GeV

m Experimentally, there is no such a predicted particle whose
mass is > 161 GeV

m So it proves that it’s a virtual particle (y*, Z")

m The Monte Carlo results proved that the interaction between
gauge bosons (known as Triple gauge-boson Couplings) exist.
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m Converting my analysis code in latest version of CMS Software,
which is CMSSW_3_1 4.

m First complete Generator Level analysis.

m Then detector simulation and reconstruction will be added in
the analysis code.

m CMS official data sets are available at Tier-2 center of CERN
computing Grid, which will be used for my analysis.
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