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= Introduction LHC physics

= W and Z production
= Di-boson production
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~ _ = Cross section of SM processes
(W,Z, top etc.) at the LHC are ““ L
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_ = Most of the precision W,Z,top etc.

~will be produced per second and

per minute!

much hlgher than at the Tevatron

i T,

- Low lum1n0s1ty phase
1033/cm?/s = 1/nb/s
approximately

= 200 W-bosons
= 50 Z-bosons
= 1 tt-pair

= 1 light Higgs
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measurements can be done with
010 b1
= However, requires well understood
detector and data
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Multi Gauge Bosons at the LHC
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At the LHC:
= High cross section and rates for W and Z bosons
* Enormous QCD background

— go for leptonic decay modes
W —ev,uv and Z — efe, n'u-

- ® Several studies of ATLAS and CMS e
using complete detector simulation & reconstruction: ﬁﬁ |

= ATLAS
SM notes at
https://twiki.cern.ch/twiki/bin/view/Atlas/StandardModelNotes

Physics TDR http://cmsdoc.cern.ch/cms/cpt/tdr/ h
Plots http //cmsdoc cern ch/cms/PRS/results/sm/EWphvs1cs html :
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https://twiki.cern.ch/twiki/bin/view/Atlas/StandardModelNotes
http://cmsdoc.cern.ch/cms/cpt/tdr/
http://cmsdoc.cern.ch/cms/PRS/results/sm/EWphysics.html
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P QCD background estlmated < 1%

- . Recall rates (1n1t1al phase 1033/cm2/s)

plus the same rates for muon decays' il calibration

Single W andZ Production

" Very clean selection of W and Z boson poss1ble
e.g. CMS study of W—> ev and Z — ee
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W and Z Productlon

= Robust selection of W and Z events B R
@) electron and muon channels SRR T
- for first 1 fb - - 5 Nl
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= measurement of pp cross section

Size of uncertainties

Goal:

from Z to multi-TeV region S -"I'f._';_
" asymmetry e
= constrain PDFs

—

Systematic

~—

errors:
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Di-Boson Production

" Very interesting:
WW,WZ,7Z7 final states (some not yet observed at the Tevatron)
= Test triple gauge boson couplings (TGC)
" YWW and ZWW precisely fixed in SM
» yZ7Z and ZZZ do not exist in SM! e e AT

i y wh it Ty
N

- R PRy i ~__;+ ™"deviations from SM are amplified

{f—-----— I_ _ﬁ' \‘Z_UETT P T T ,"_-_L with energy .
] F 7 g All di-boson final states contribute
L7 - T 2T WW,WZ2Z, Wyand Zy :
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= Production of pairs of heavy gauge bosons - .

=

SRR

L

\\...



- WW final states

ATLAS study for 30 fb-! (_h I
= 5000 signal events -“-5? a

= 1000 bkgd (mainly top palrs) S
~ Establish signal with < 1fb-! “E H
ST s TN

u SM WW
........ bk, =0.2

_ .~ A» =0.05
Background

__ MC@NLO

(-

Background
__ MC@NLO

()]
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d U/d:pTée) ..ﬂ(fb}T O. GeV)

The LHC Early Phase for the ILC
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- = CMS PTDR:

WZ and ZZ

production investigated

.WZ—>31-FV

=~ 100 signal events
=~ 22 background
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Significance for and ZZ

s =3 = A by - aas
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" Wy final states
=W - evand uv

" pr spectrum of bosons R
Test CP conserving anomalous i X
couplings at the WWy vertex TR g
s A SRR Rl

Ax and A e R PSR S SN
T rsS COllpllngs

e p(y) spectrum

- Sensitivity to anomalous couplings from = current hmlts AK’;\' R

~high end of the p, spectrum =

The LHC Early Phase for the ILC
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= Zy final states
"7 —e'eand pu-
" pr spectrum of photons and my(lly)

Zy Final States _
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Triple Gauge Coupllngs at LEP

at LEP to percent level

(WWy and WWZ Verti_ces)

- = Most general Lorentz invariant
- Lagrangian imposing charge conservation

and C and P invariance

81" Kz Ky Ay b,

\\.._

L Triple Gauge Coupllngs conﬁrmed

Parameter 68% C.L. RS
| 47 0.984%g 1o [T R Rt B
Ky 0.973% 0045 |
0.020 L=t
A, —0.028%50% |~

~® Leads to five independent couplings

. Deviation from SM value 1 denoted by A
= At LEP additional gauge constraints are
imposed reducing the parameters to 3

P e A

© AdnL

adnL

30 I |1 ?Iﬂ?.":-J’[]’l")fy
'LEP
PRELIMINARY
20 1 -
iy
10 1 —
7 YFSWW/RacoonWw
& _...no ZWW vertex (Gentle)
s"* ....only v, exchange (Gentle)
0 I T . I
160 180 200 NS
\/ S (GeV)
ey T 3G 1 \
ALEPH L3 OPAL LEP :

ALO TGC Combination _

Kk, =0973 9%
+0.020
A, =-0.028 002

0.022
- g? =0984 002

1.1 01 -005 0 005 01 -



Triple Gauge Couphngs atthe LHC

oy X T Ty o --_.. i >
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. WWy and WWZ Vertlces do ex1st in the SM

Requiring C,P and K‘f-.Z 1 D|m4 ~ \/S W

elm. gauge invariance 7\},‘_2 0 |Dim6, x s R

s el i - R = L s
e Tl e N -

= 5 coupling parameters | g% | 1 | Dim4, Vs

- :
) g S STy

- ZZy and ZZZ Vertlces do NOT eXISt in the SM

d|m6 33/2 QP’ e i S e R
- (RS DeVIatlons from SM
dim8, oc s°2 cF |-

- amplified by

~= high energies!
dim8, o« s | CP F

dim6, «s¥2 | cF

dim6, oc §3/2 CP \ '

i Requlrlng Lorentz & elm.
- gauge invariance
- & Bose symmetry

[N

w

= 12 coupling parameters
hiV9 fiV (V= YaZ)

> | O || =T
N
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Triple Gauge Couplings

R Sy S

" Wy final states i

A=2 TeV

0.004 a5% CL R =_‘- :

HEUEN
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=
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_=15.-0.004 5
} L=1 fp" B S

0.2 0.4

06

AR T

arge improvement wrt LEP
in particular on A due to higher

0.2
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Cross Section f __ resses
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Signal + Background Expectation

Ax = 0.200 Expectation

-- L= 0.010 Expectation

Background Expectation
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Cross Section 0 __ rocesses

= ATLAS study comblnlng all d1 —boson ﬁnal states _

- for 30 fb-!
- compared to LEP et

— -- L TS VhiSay LN R
T e L . : - TR s S T Ry

ATGC Parametor [ 957 TCLTEDT] 95% CL 30 fb— T ATLAS

5 Ay -0.105, +0.069 -0.075, +0.076
T Ay -0.059, +0.026 -0.0035, +0.0035
R Ag? -0.051,+0.034 -0.0086, +0.011
SR AN -0.11, +0.12
: A7 -0.0072, +o.oo?2

The LHC Early Phase for the ILC

13.04.07 |
19



The LHC Early Phase for the ILC

13.04.07 |

20

= Mass peak for ZZ
~ = Luminosity needed for 5 sigma signal:

~ No. of events at 50 discovery luminosity
(=1

WW and ZZ fr

e U B e ol e

- = Higgs production is other (potential)

source of WW and ZZ final states:
= Standard Model Higgs
H— WWand H — ZZ
dominant decay modes for my > 140 GeV

—

= Cross section: similar to WW/ZZ continuum

s ks

S T

: \
ey

L I SR S

N e L0 A

Branching ratio

Higgs Boson

=
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WW and ZZ from Higgs Boson

R e

e

- H-—->WW:
" main interest around my = 160 GeV SR
to bridge gap betweenH - yyandH—2727Z

— =1 oy o R Ty ~ oy

= ie = L ——

= Separation from WW continuum more difficult &

as Higgs mass information is washed out e S H—> WW - 211 N 2",

- Higgs events from gg-fusion more central “ for 10 fb-!

than WW continuum (mainly qq) - 103 T e
o) -

- Spin correlation: Higgs is scalar
— smaller angle between leptons,
i.e. smaller invariant mass

T, \ { a e ?__. === \ “_-. -\:“. RN T

¢ Signal
- WW
---DY

Events per2 G

The LHC Early Phase for the ILC
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5-c'discovery Iuﬁinosity )

- = Significance for SM Higgs
di-bosons play important role

2,

'y
o

—
s s = | Hitn

qqH, H->WW-livjj
qqH, H-ZZ-lvv

® 4 - 1

H->WW*WW-—llvv, NLO
H—-Z2Z2*/Z2Z—4 |leptons, NLO

qgH, H—yy,t't

*  {iH, WH, H—bb

Signal significance

©  H-yyinclusive, NLO

Combined channels
1 1 1 1 1

1
100 200 300 500

mH(GeV/cz)

SM Higes Signifi

—
=]

cance

o [Ldt=10m"
* [Ldt=301"

'
"

ATLAS

(no K-factors)




Triple Boson Productlon

- Sens1t1v1ty to quartlc gauge boson coupllngs (QGC) .

Events for 100 fb-! Produced Selected

(my =200 GeV) (no cuts, no BR) | (leptons, p;>20GeV, | ..
ni<3) e
pp > WWW (3v's) 31925 180 SEnh
pp > WWZ (2V’s) 20915 32 3 oL

g
| pp > ZZW 6378 2.7 ':. y (
|pp—>222 4883 0.6 LY X

The LHC Early Phase for the ILC

w
: pp > Wyy best channel for analysis <
N 30 Wyy s1gnal events in 30 fb'1 ‘“‘ e R ST T W S
LR I - Y Do T "
o LT T T T T e e e e e T e T oM Eboli, Gonzalez-Gareia,
= 10 s Lictti, Phys Lett D63,2001 1 -
fcr; B il T 0.020[] 5
ph _ — Total signal + backgr § ;
w ST R 2 Standard Model 1
= Wy signal 0.015[] e nQGC =
; E 5 W+ 2jet background SM

[

anomalous _
/ /QGC ] -

N R B R __ . ik e e i ]
'~ :. o L l-r'T'T-; .I%"I_I"ﬂ'u—l I - | LI [ I 11 -T‘_
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. W+ jet background ' ; N

13.04.07 |




Summary

- = Di-boson production at the LHC
~ -relatively large cross section
- allows use of leptonic decays

= 1 fb!
- sufficient to establish WW, WZ, ZZ production
= O(10 fb!) or less:
- measure cross sections to few percent (e.g. GWW/GW)

' -large improvements possible I
- in particular for couplings sensistive to s (e.g. A)

- = Background to New Physics, e.g. Higgs
- requires good understanding

The LHC Early Phase for the ILC
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