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* particle content (mass states): SM + 1 Kaluza-Klein-like partner each

SM + “KK*“ modes
fermions heavy fermions m. >3 TeV
gauge bosons heavy gat‘Jge‘ bosons 380 MeV < m' < ~ 1 TeV
(V’ W’ Z) (W1 Z)
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The Three Site Higgsless Model (Chivukula et al. 2006)

« Maximally deconstructed extra dimension  on 3 sites
=>» corresponds to an extended electroweak gauge group:

SU(2), x SU(2), x U(1),
* particle content (mass states): SM + 1 Kaluza-Klein-like partner each

SM + “KK* modes

fermions heavy fermions me > 3 TeV

gauge bosons heavy gat‘Jge‘ bosons 380 MeV < m' < ~ 1 TeV
(v, W, 2) (W', Z)

o« W/Z" almost degenerate (m’ free parameter: 380, 500, 600 GeV in simulations)
=> lower bound: LEP-II, upper bound: unitarity of gauge boson scattering

» small, but non-zero coupling to SM fermions: s channel production at LHC
= W’ff-coupling additionally suppressed by electroweak precision tests

* large coupling to SM gauge bosons (dominant decay channel)
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Decay channels and signatures

hadronic » leptonic
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hadronic » leptonic
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WHIZARD (C. Speckner)
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pp =2 Ivjj, lljj, vl W’/Z" signal + irreducible background
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> pr > 50 GeV and In] < 3.0 on all final state particles
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Generation of Monte Carlo data with WHIZARD (v1.92)

» Three Site Higgsless Model implemented only into parton level generator
WHIZARD (C. Speckner)

» Generation of 100 fb-! for 14 TeV CMS in the following final states:

pp =2 Ivjj, lljj, vl W’/Z" signal + irreducible background
pp =2 lvjg, Ivgg, lljg, ligg  reducible QCD backgrounds
pp =2 tt =2 lvjjjj red. background from top pair production
pp =2 lvj, Ivg, I}, lig reducible 1-parton backgrounds
with j ={u,d,s,c,b} and | = {e,u}
» Generation cuts:
> 4 pr > 50 GeV and In] < 3.0 on all final state particles
> 4 50 GeV <m; <110 GeV lljj channel
50 GeV <m; <120 GeV lvjj channel
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Generation of Monte Carlo data with WHIZARD (v1.92)

» Three Site Higgsless Model implemented only into parton level generator
WHIZARD (C. Speckner)

» Generation of 100 fb-! for 14 TeV CMS in the following final states:

pp =2 Ivjj, lljj, vl W’/Z" signal + irreducible background
pp =2 lvjg, Ivgg, lljg, ligg  reducible QCD backgrounds
pp =2 tt =2 lvjjjj red. background from top pair production
pp =2 lvj, Ivg, I}, lig reducible 1-parton backgrounds
with j ={u,d,s,c,b} and | = {e,u}
» Generation cuts:
> 4 pr > 50 GeV and In] < 3.0 on all final state particles
> 4 50 GeV <m; <110 GeV lljj channel
50 GeV <m; <120 GeV lvjj channel

Fragmentation of parton level data with PYTHIA (v6.4) 16
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ATLAS detector simulation of  private samples with ATLFAST-2
(ATHENA rel. 14.5.0)

» combined muons (ID + spectrometer) and ATLAS seeded cone jets with R = 0.4

» Analysis cuts (preliminary):

> 4 pr>50GeV and |n[<25 on all leptons and jets
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ATLAS detector simulation of

3. Detector simulation & analysis cuts

(ATHENA rel. 14.5.0)

» combined muons (ID + spectrometer) and ATLAS seeded cone jets with R = 0.4

» Analysis cuts (preliminary):

>
>

pr>50GeV and |n[<25

2 jets and 2 isolated leptons
2 jets, 1 isolated lepton and E
3 isolated leptons and E

70 GeV < m; < 90 GeV
70 GeV < m; < 101 GeV

86 GeV <m_, <96 GeV
81 GeV<m, <101 GeV

AR(j,j) < 1.3

T,miss

AR(W,W/Z) > 1.8

T,miss

private samples with ATLFAST-2

on all leptons and jets

lljj channel
lvjj channel
Ivll channel

lljj channel (from resonance width)
lvjj channel (- || -)

Z - ee detector width (eejj channel)
Z > -l - (upi) channel)

collinearity cut (decay of a strongly
boosted gauge boson)

back-to-back cut on SM resonances
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ATLAS detector simulation of

3. Detector simulation & analysis cuts

(ATHENA rel. 14.5.0)

» combined muons (ID + spectrometer) and ATLAS seeded cone jets with R = 0.4

» Analysis cuts (preliminary):

private samples with ATLFAST-2

> 4 pr>50GeV and |n[<25 on all leptons and jets

-> 2 jets and 2 isolated leptons lljj channel
2 jets, 1isolated lepton and E; .ss  IV]j channel
3 isolated leptons and E; Ivil channel

-> 70 GeV <m; <90 GeV lljj channel (from resonance width)
70 GeV <m; <101 GeV lvjj channel (- || -)

> 86 GeV <m_, <96 GeV Z - ee detector width (eejj channel)
81 GeV <m, <101 GeV Z > uu -1l - (uuj) channel)

-> AR(},)) < 1.3 collinearity cut (decay of a strongly

boosted gauge boson)
> AR(W,W/Z) > 1.8 back-to-back cut on SM resonances
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Angular di-jet resolution at ATLAS ( seeded cone with R =0.4)

(90 — | - )
S T @ workin (1 e signal (m’ = 380 GeV)
32_5 :_ g Progrs ------- signal (m’ = 500 GeV)
% - P signal (m’ = 600 GeV)
m% 21— . | 7= irred. background
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Angular di-jet resolution at ATLAS ( seeded cone with R =0.4)
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Z’ search: lvjj channel with m’ =500 GeV
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N {468 GeV, 547 GeV)
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Z’ search: lvjj channel

best value (m’ = 500 GeV)

significance

statistical error at
,,,,,,, 100 fb?
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g Progress systematic
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Z’ search: lvjj channel
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Z’ search: lvjj channel
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W’ search: lljj channel with m’ =500 GeV
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W’ search:
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» finite angular di -jet resolution
=>» critical for semi-leptonic signatures of heavy gauge bosons with large
mass m’ > 500 GeV decaying into strongly boosted SM gauge bosons
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» finite angular di-jet resolution
=>» critical for semi-leptonic signatures of heavy gauge bosons with large
mass m’ > 500 GeV decaying into strongly boosted SM gauge bosons

* 50 discovery of the Z’ within 5-25 fb -* of ATLAS data (depending on g,,«)
possible in the lvjj channel if m’ < 500 GeV
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but suffers from poor g, in the 3SHLM
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Conclusions

* relevant channels W' - WZ and Z' > WW last mentioned in TDR Vol. 2 (1999)

» finite angular di-jet resolution
=>» critical for semi-leptonic signatures of heavy gauge bosons with large
mass m’ > 500 GeV decaying into strongly boosted SM gauge bosons

* 50 discovery of the Z’ within 5-25 fb -* of ATLAS data (depending on g,,«)
possible in the lvjj channel if m’ < 500 GeV

» 50 discovery of the W’ within = 100 fb-* possible in the Ivll channel

» W/Z separation in the semi-leptonic Ivjj channel works in principle  (backup...)
but suffers from poor g, in the 3SHLM

o validation for WHIZARD signal in progress
=> see talk at ATLAS MC generator meeting from 11/03 to be found at
http://indico.cern.ch/conferenceDisplay.py?confld=70484
=» official backgrounds for L = 100 fb-! not available , need to be produced
(general interest in these backgrounds !?!)
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Reconstruction of the Neutrino Momentum

Assumptions :
 neutrino (p) and charged lepton (q) stem from an on-shell W

* missing transverse momentum in event originates exclusively from the
neutrino, which escapes measurement, i. €. pr = E; ..
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Reconstruction of the Neutrino Momentum

Assumptions :
 neutrino (p) and charged lepton (q) stem from an on-shell W

* missing transverse momentum in event originates exclusively from the
neutrino, which escapes measurement, i. €. pr = E; ..

=» 2 mass shell conditions for 2 unknowns (poand p, ):

>

2 2 2 2
P~ = Do _ET,7TLiss_pL =0

(p+ q)g = 2 (pOQO — E‘Tmz'ss - qT — pLQL) = m%V

Neutrino energy

| ——Neutrino mass shell condition
“.|.~—-—W mass shell condition

Longitudinal neutrino momentum
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Reconstruction of the Neutrino Momentum

Assumptions :
 neutrino (p) and charged lepton (q) stem from an on-shell W

* missing transverse momentum in event originates exclusively from the
neutrino, which escapes measurement, i. €. pr = E; ..

=» 2 mass shell conditions for 2 unknowns (poand p, ):

>

2 2 2 2
P~ = Do _ET,7TLiss_pL =0

(p+ q)g = 2 (pOQO — E‘Tmz'ss - qT — pLQL) = m%V

Neutrino energy

=>»2 solutions in general

=>» possibility: e
take both solutions into
account (effectively doubling :—_ Neutrino mass shell coniion
the background) -

Longitudinal neutrino momentum
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Z’ search: lvjj channel with m’ = 380 GeV

E 20E- o 0 iy —— 3SHLM (max. W’)
O 18 :_ rogress E ! ////// irred. backgr.
% - ' B W + 2 jets
2 161 = W+ 1jet (20 fbix 5)
T 14— — tt semileptonic
9 12:_ B 3SHLM (max. W’) - SM
X L
10—
- s=255(15)0c
8 L
- {348 GeV, 410 GeV}
61—
A
2
oE — x10°
200 300 400 500 600 700 800 900 1000

My [MeV]
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Z’ search: lvjj channel with m’ = 600 GeV

3SHLM (max. W’)
—— jrred. backgr.

B W+ 2jets

—— W+ 1jet (20 fb x 5)

— tt semileptonic
B 3SHLM (max. W') — SM

ork in
rogress

=

x10° entries / 20 GeV
H
N

8 1l | s=93@15)0

6 LT | {573 GeV, 648 GeV]}

A !

2

O 1 I— — = X103
200 300 400 500 600 700 800 900 1000

mlvjj [MeV]

45



Julius-Maximillans- L
UNIVERSITAT A
I WURZBURG Backup: W' search

W’ search: lljj channel with m’ = 380 GeV

> 5 A | |
v 20 (5)T workin ! : 3SHLM (max. W’)
81 = \ § progress E i S S S
N 8 | ~— irred. bkg. (500 fb x0.2)
w16 T v
o1.6F %7 B W+ 2jets (500 b X 0.2)
c —
cl4p — W+1jet
S12F
X 1.2 3SHLM (max. W’) — SM
: 7 - (max )
1 s
L A
0.8 s=23(14)0
0sE- , {346 GeV, 406 GeV}
0.4
0.2F
E e — - x10°
200 300 400 500 600 700 800

my; [MeV]
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W’ search: lljj channel with m’ = 600 GeV

> ' '
Q41 g g7 workin 3SHLM (max. W’)
o~ — % aprogress [T
(@) — [ S S S -1
S 16— — W irred. bkg. (500 fb ~x 0.2)
) :
= B W+ 2jets (500 b 'x 0.2)
e
@ o = L W+1jet
S
X - 3SHLM (max. W’) — SM
1 : :
0.8
0.6 —
04 s=3.7(15) o
0.2 {598 GeV, 687 GeV}
- | — I XlOS
QOO 300 400 500 600 700 800
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W’ search: Separation of W/Z jet resonances in the lvjj channel
(Ohl, Speckner 2008)

« Remember: W and Z’ add up in the lvjj channel because of degeneracy
=>» separable only by separation of W and Z in the jets

 Basic idea:
1) get to know the experimental shapes and widths of W and Z
2) model probability distribution functions according to these shapes
3) calculate the entanglement of W and Z by integrating over the pdf’s:
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W’ search: Separation of W/Z jet resonances in the lvjj channel
(Ohl, Speckner 2008)

« Remember: W and Z’ add up in the lvjj channel because of degeneracy
=>» separable only by separation of W and Z in the jets

 Basic idea:
1) get to know the experimental shapes and widths of W and Z
2) model probability distribution functions according to these shapes
3) calculate the entanglement of W and Z by integrating over the pdf’s:

Nw Tww Twgz Nw

measured numbers_—" N - T T N Y~ true numbers of
of gauge bosons Z W 22z Z gauge bosons
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W’ search: Separation of W/Z jet resonances in the lvjj channel
(Ohl, Speckner 2008)

« Remember: W and Z’ add up in the lvjj channel because of degeneracy
=>» separable only by separation of W and Z in the jets

 Basic idea:
1) get to know the experimental shapes and widths of W and Z
2) model probability distribution functions according to these shapes
3) calculate the entanglement of W and Z by integrating over the pdf’s:

Nw Tww Twgz Nw

measured numbers_—" N - T T N Y~ true numbers of
of gauge bosons Z W 22z Z gauge bosons

with entries 1}; = & dm pdf. (m
i =L, pf (m) probability distribution

1\ . |
cut window of boson i / function of boson j
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W’ search: Separation of W/Z jet resonances in the lvjj channel
(Ohl, Speckner 2008)

« Remember: W and Z’ add up in the lvjj channel because of degeneracy
=>» separable only by separation of W and Z in the jets

 Basic idea:
1) get to know the experimental shapes and widths of W and Z
2) model probability distribution functions according to these shapes
3) calculate the entanglement of W and Z by integrating over the pdf’s:

Nw Tww Twgz Nw

measured numbers_—" N - T T N Y~ true numbers of
of gauge bosons Z W 22z Z gauge bosons

with entries 1}; = & dm pdf. (m
i =L, pf (m) probability distribution

1\ . |
cut window of boson i / function of boson j

4) invert T to get the true counts from measured ones:
_ -1\ N
Ni=3, (7). N
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W’ search: Separation of W/Z jet resonances in the lvjj channel
(Ohl, Speckner 2008)

1+2) find experimental shapes and widths and model pdf's
=» use simulated dummy W/Z samples
=> fit pdf's to resonances with restricted fit range

> B > C
8 B K\ A K i m  di—jet mass 8 L | = di-jet mass —~ .
N1200— N | WVOTK N R 1000k % work in
8 B é progress — Lorentz 0 Gauss 8 - — Lorentz O Gauss S k progress
£1000— = B s
R © goo[—
800 -
B 600 —
600 — B
- 400—
400 — - Y
- B o
200 - 200[— o
- Mw ey B m—o—l"'r.ﬂ:.‘
_-0-|° e 3
_||||||||||||||||||||||MX: %MIIIIIIIIII "I""I""Mxlo
%0 60 70 80 90 100 110 120 0 60 70 80 90 100 11?n Me \:]/_]20
m; [MeV] i
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W’ search: Separation of W/Z jet resonances in the
(Ohl, Speckner 2008)

1+2) find experimental shapes and widths and model pdf's
=» use simulated dummy W/Z samples
=> fit pdf's to resonances with restricted fit range

lvjj channel

> B > C
8 B K\ A K i m  di—jet mass 3 L | = di-jet mass —~ .
N1200— N | WVOTK N R 1000k % work in
8 B é progress — Lorentz 0 Gauss 8 - — Lorentz O Gauss S k progress
£1000— = B s
R © goo[—
800 -
B 600 —
600 — B
- 400—
400 — - Y
- B o
200 - 200[— o
- Mw ey B m—o—l"'r.ﬂ:.‘
_-0-|° e 3
_---I----I-...I....I...MXJ %M|||||||||||||||||||||||M"x10
%0 60 70 80 90 100 110 120 0 60 70 80 90 100 11?n Me \:]/_]20
m; [MeV] i

fit results (mean values and Gaussian resolutions, intrinsic widths from PDG):

myy, = 81.26(8) GeV
oy = 6.76(8) GeV

m, = 91.2(1) GeV
o, = 7.3(1) GeV
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W’ search: Separation of W/Z jet resonances in the lvjj channel
(Ohl, Speckner 2008)

3) integrate over pdf’s:
= W cut window = {60 GeV, 85 GeV}
=>» Z cut window = {86 GeV, 111 GeV}

0.72 0.27
e —P |
AN 0.24 0.69
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W’ search: Separation of W/Z jet resonances in the lvjj channel
(Ohl, Speckner 2008)

3) integrate over pdf’s:
= W cut window = {60 GeV, 85 GeV}
=>» Z cut window = {86 GeV, 111 GeV}

X 0.72 0.27
§ 7 XN —> [ =
) y’/ ) / \\\ x\‘;\\\i{m O. 2 4 O. 69
e L ﬁ_‘}.h_w
: : _ -1 1-6 - 0.62
4) invert T Matrix numerically: T =
-055 1.7
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W’ search: W/Z Separation results (470 GeV < m’ <530 GeV)

33_5 | —— 3SHLM (max. W) ~~ irred. backgr.
~ B - 3SHLM (ideal deloc.) B W+ 2 jets
¢ 3C| I 3SHLM (max. W) = SM | === W + 1 jet (20 fb *x 5)
B r 3SHLM (id. d.) - SM — t semileptonic
mq) 25—
o |
— -
X -
21—
1.5
1=
0.5
0 - x10°
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W’ search: W/Z Separation results (470 GeV < m’ <530 GeV)

33_5:_ ——— 3SHLM (max. W) “~ irred. backgr.
S — 3SHLM (ideal deloc.) B W+ 2 jets
g 3. I 3SHLM (max. W) = SM | === W + 1 jet (20 fb "x 5)
€ L 3SHLM (id. d.) - SM — tT semileptonic
mq) 25—
S C
X 2:_
1.5 f—
1=
0.5F-
O: ><103
60 70 80 90 100 110
m; [MeV]
ideal delocalization maximal gy sy
W {1992 | 6.8 | 2771 | 5.6 W || 2585 | 8.8 | 3334 | 6.7
Z || 693 | 24 1 0.001 Z || 1336 | 4.6 | 717 | 14 57
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W’ search: W/Z Separation results (470 GeV < m’ <530 GeV)

33_5:_ ——— 3SHLM (max. W) “~ irred. backgr.
S — 3SHLM (ideal deloc.) B W+ 2 jets
g 3. I 3SHLM (max. W) = SM | === W + 1 jet (20 fb "x 5)
€ L 3SHLM (id. d.) - SM — tT semileptonic
mq) 25—
S C
X 2 :_
1.5 f—
1=
0.5F-
: Z ><103
60 70 80 90 100 110
m; [MeV]
ideal delocalization maximal gy sy
W {1992 | 6.8 | 2771 | 5.6 W || 2585 | 8.8 | 3334 | 6.7
Z || 693 | 2.4 1 0.001 Z | 1336 | 4.6 71’(&) 58




