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LHC Potential for Discovery

» Standard Model Higgs Boson:

* MSSM Higgs: discovery perspectives for the
LHC experiments

+ Super Symmetry (SUSY)

* Beyond the Standard Model (non SUSY):
Large extra dimensions, extended gauge
symmeftries

» CP violation and rare decays

All the results assume full operative detector
(full detector installed, final performances in
terms of alignment, calubra’rlon etc.)



Large Hadron Collider (LHC)

Injection Energy 0.45 TeV

Collision Energy 7 TeV

Dipole field at 7 TeV |8.33 T

Design Luminosity [103%¢ cm2 s

Luminosity Lifetime |10 h

Protons per bunch |10

Bunches per beam [2808

Bunch spacing 25 ns

DC Beam Current 0.56 A

.~ 1 GHz interaction rate
:D . ~ 23 minimum bias interactions
per bunch crossing (pile-up)

Extreme demands on detectors:
* high granularity

=]. high data-taking rate

* high radiation environment




The LHC Machine and Experiments
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‘ First full LHC cell (~ 120 m long) :
6 dipoles + 4 quadrupoles;
successful tests at nominal current (12 kA)
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Lowering of the first dipole
into the tunnel (March 2005)

The magnet production proceeds
very well and is on schedule, also
the quality of the magnets is very
good
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RICHI shielding-box
in front of magnet Ecal

Fe muon filters
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Detector
Size: 16 x 26 meters
= Weight: 10,000 tons




| ,‘stj" largest magnet

‘}L magnet volumei12m
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SUPERCONDUCTING

COIL

Silicon Microstrips

Pixels

Total weight : 12,500 t
Overall diameter : 15 m
Overall length : 21.6 m
Magnetic field : 4 Tesla

CALORIMETERS
ECAL HCAL

Scintillating o
PbWO4 crystals Plastic scintillator/brass
- sandwich

IRON YOKE

MUON
MUON BARREL ENDCAPS

Drift Tube Resistive Plate Cathode Strip Chambers
Chambers Chambers Resistive Plate Chambers 11



All 400 chambers produced ! CSC installation

60% CSCs installed, 50% commissioned with cosmic rays




The ATLAS Detector

Muon Detectors [1)|< 2.7 ATLAS = A Toroidal LHC ApparatuS

Fast response for trigger
| Good p resolution (e.g., A/H - pup)

Length: ~40m
Radius: ~10m
Weight: ~ 7000 t
El. Channels: ~108
Cables: ~3000 km

Muon Detectors Electromagnetic Calorimeters

Forward Calorimeters

End Cap Toroid

Magnet System
E Central Solenoid (2T)
Air core Toroids (4T)

Inner Detector
High efficiency tracking
Shieding Good impact parameter res.

Barrel Toroid Inner Detecfor

Hadronic Calorimeters

(e.g., H > bb)
Electromagnetic Calorimeters Hadron Calorimeters
excellent electron/photon identification Good jet and E; miss performance
Good E resolution (e.g., H—>yy) [n|< 3.2 (e.g., H —71) [n|<4.9
13







SM Higgs Boson

+ The Higgs boson mass is

not theoretically A
predicted. Both | o
theoretical and 5 "‘-.. "-._: —0.02761-0.00036 B
experimental limits exist . SO A
From direct LEP search: "o ol |
b
M, > 114 .4 GeV ) i
From the Electroweak fit of the ‘
standard model " ]
o Excluded G, SPreliminary
My < 260 GeV 20 100 400
M, > 1 TeV is theoretically forbidden my [GeV]

The LHC experiments will cover the
range from the LEP limit up to the

TeV scale .



SM Higgs Produchon @ LHC

Gluon Fusion %H M. Spira, Forisch. Phys. 46 (1998) 203
- dominant process A 14Te

xf__.14TeV

Vector Boson Fusion w7
- 20% of gg @ 120GeV w* E

o

c(pp—~>HX) (pb)
5

Associated Production o = - .
- W or Z (1-10% of gg) 10

Lb 107}
H
Associated Production gacsasl —7j ol
- tt or bb (1-5% of gg) b
101

0 200 400 600 800 1000
My (GeV/c?)

q
>N%T<
q

4 production mechanism= key to measure H-boson parameters

i = ol

b
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Main Discovery Channels

114 GeV/c? M7

(LEP2 nmn)’\v l
.» ?“‘-m..

Branching Ratio (Higgs)

10" =" 200 300 400 500 NQ0O
Higgs Mass (GeV)

Dominant BR for m_<2m:
(9] (H —> bb) ~ 20 pb,
c (bb) ~ 500 pub
for m(H) = 120 GeV
— no hope to trigger

or extract fully

had. final states
— look for final

states with 4, y

(A=ep)

Low mass region: m(H) <2 m- :
H — vy : small BR, but best resolution

H — 1 : via VBF
H—>ZZ* - 4\
H —> WW=* — Aviv or Avjj : via VBF

m(H)>2 m,:
Ho>ZZ — 4\
qu—>ZZ—>kav*
qqH > ZZ — M\ jj *
qu - WW- Avjj
* for' my >
300 GeV forward
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Higgs Decay into yy

The Higgs decay into yy is a challenge for the EM calorimeters.

Key points: calorimeter resolution (and linearity), id of photons vs
rejection against 1,

=e CMS
CMS(barrel, measured ATLAS (barrel, module O 100 fb2
with 5x5 crystal array) at TestBeam, n = 0) Tooo |-
o 27% _ 055 o 9.2% ' My=130Gey
2 ®0.55% 2= ®0.47% -
£~ JEGeV)  E(GeV) E JEGeV)
Calorimeter segmentation is critical to reject =
jets. For ~80% efficiency, the jet rejection I S/BG ~ 1/2
factor is 1000 to 4000, depending on the Ey BT (DAL %

110 120 1230

Dedicated algorithm for the recovery of
photon conversion (~1/3) in the material in oy —1GeV
front of the EM calorimeter

Main backgrounds: irreducible yy dominant. yj and jj together are half the
irreducible background
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Higgs Decay into ZZ

Final states investigated: 2e2y, 4y, 4e
Irreducible background from direct ZZ production

Reducible background coming mainly from 1+,Zbb

The reducible background are strongly — T

reduced by isolation criteria on the H—= 72'—=4.0%
leptons and by b-veto O oot t
The channel is useful for the Higgs % ol o _
discovery in the ranges > L B
130 GeV < M, < 150 GeV 8 «ol- -

and :j:'c'; 20: ff +Zbb +zz
180 GeV < My, < 600 GeV - J-lll. e
18[]

| |
100 120 14[] 15[] 200

M (4 /) [GeV/c2]

(H>WW is opened at ~160 GeV)
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10

Signal significance

Overall Higgs Significance

for £

® H—- vy + W

| m ttH(H = bb)
A H - z27" >
H — ww®”

H.ttHH — vv)

41

= Ivlv

H - ZZ — livw
Ivjj
nce

r ® H - WW —
- — Total'significa

= i

e
ATLAS

=
=
=
=

= (4 | rs
=

S
=

-=n

w

[ £dt=
100 fb-2

VBF channels improve
the low mass regionl!

¥ —]7006GeV <my<1TeV:
o need H > ZZ — Alvv, AAjj
. H—> WW — Avjj
10

114 GeV < m, < 190 GeV:
several complementary
channels

190 GeV < m, < 700 GeV:
easy with H > ZZ — 4\
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Moor e eeg

1]

s s
AT L&S+ L MS 4,
,L,dt— C o7 exp =

-~ = Moximal mixing

W LA OavNDeO

o]

ProspecTs for Ex’rended HIQQS SZCTOP

m. (CeVWV)
ARMIHAMN A ccemnario

a0
ET
welu] 300 fb'1
¥ -
7 eetiiisieiers A2
& et
4 et FaS= |
a
2
exclnded by LEF (prel.)
1 200 200 500 S00 700 g00 @00 1000
M, (GeV)
= BrR{(kh—rT) AN — Harssar —Faopg

B R{R—WW T4 e T

Still in a region we can
disentangle looking at
the ratio between the
BR into tt and WW.
Anyway, it is
difficult....
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Super Symmetry - mSUGRA Reach

M, , (GeV)

1400 .
— E mis Signature
" B =1 b Ao=0 5 ¢ contours
1200 .
...... band indicates factor & 2 variation in
1000 7 / in background estimate
800 / ~100 days : Can be discovered up
_ .| upto2.3TeV to mgg~2.5-3.0 TeV
600 i R S o(qq, g8, qg) ~ pb
iy g <] ~"10 days”: (m--~1TeV)
h 2 : up to 2 TeV . a9
400 signature: cascade with
() day" many jets, leptons, W, Z, b,
200 up to 1.5 TeV top in the final state
o ... can ATLAS/CMS perform

200 400 600 8§00 1000 1200 1400/1600 1800 2000 precise measurements

But : it will take a lot time to understand the M, (GeV) (masses, COllpliIlgS etc.)?
detectors and the backgrounds ...
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SUSY Mass Scale

Events/50GeV/10 fb~!

. 3 @ :
For ’'Jets + E ;mss+ 0 leptons’ events, 5o | i
define: . | _,«"/
Njets 500 | - -
__ [ miss J i W
Meff _ET +ZpT s J) T PO R ||||||II]SUFr
= 0 250 5m 750 1000 1250 1500 1750 2000 2250 2500
M, [GeW)
'gﬁﬂﬂ RS RRRRN RARLE RARE AR LARAS RARL AARS RRRRE RA
- (b) * !
Peak 'Em ! L
ea ! ?" . . 1
- L] - - - .
position is 500 [~ ﬂ-’?{ L s -
related to s J) TN PO R T T P BTN PR T B
g 250 5m 750 musmsﬂul'?mmzzsuzsm
the SUSY on
mass scale I.'E‘lsﬂu LERER ] |||||| LI ||||| LI LR LB Ilil || |||I| LI
% “a
| ] {c) \ ‘ﬁ”&“
500 1000 1500 2000 2500 71000 |- _ﬂ‘. 1
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Dilepton Edge

Leptonic decays for x°, in large

part of parameter space-.

~0 +1- ~0
7, =l X

0 - ~0
Yo —>lrl > I Xi

Zz _)Z?ﬁ

The shape of m, distribution shows whether 2 or 3 body decays

A0

pan}
=]
=]

evensid Seviao fe
o
=

160

i
n- (GeY)

)
=
=)

Decay to | and
slepton

Evertsd GeVisn b

BOG —

— sUsYe'e +p'pm T

El SM background

e 100 15
MUY {GeV)

Decay to | | 39,
and Z 9,
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Dilepton Edge Example

m, =100 GeV, m,, = 300 GeV

27 2 0
Expected edge position for signal: | prmax = p(39) |1 - M (fR)Jl M “fl) = 108.93 GeV
M2y M2(lg)

S B e e e

o ! SM background is primarily
- i ] [ Yt jjlivv.
1 Signal is SF only,

- BUBY bankg |

m

=1

=
|

I"E a0 |- ] L 1 OF subtraction removes SM
]
E Fal 7 background.
: @ 100 |- _
o0 |- h Edge position fitted to
[ ' ol ive mass relations at %
o | | W’W ) ; A
hi I T 7 R o level with 100 fb
a
a 7] 100 18] 200 M" :GH‘I."]

m, KGeV) _
Flavour subtraction

Signal after cuts
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Mass Measurements

Edges give handle on sparticle masses:
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Masses can be measuredto~ 3-12% 26



BSM: Selected of topics

- Extended gauge symmetries:
Heavy Gauge bosons: Z',\W'
Little Higgs
LRSM: H++, Z', W', Majorana N...
Heavy fermions
Isosinglet quarks (E6 down, Top)
Flavour Changing Neutral Current
Compositeness:
Excited fermions (electrons, quarks)
Leptoquarks
- Extra dimensions

Large extra dimensions:
direct Graviton production

Virtual exchange of gravitons
Black Holes

Small extra dimensions:
KK excitations of gauge bosons: W, Z and g
Universal extra dimensions
Coupling unification
Warped extra dimensions:
RS radion
Narrow Graviton resonance




Little Higgs Model (2001)

- Quadratic divergences (see h

ep-ph/0301040)

bosons new fermions New pOf‘"’iCUleS
fermions new bosons
- Heavy gauge bosons
Supersymmetry
Little Higgs > (Zy Wy Ay
bosons new bosons 1. Heavy quark top
quark t hew quark t — T

- Symmetries and pseudo-Goldstone

bosons big electroweak
scale scale
global symmetry SU(5) SO(5)
local symmetry \ SU(2) xU(1)y
- To note Goldstone
effective model up to A=10 TeV, bosons
compatible with massless

28]

exberimental conetrainte

* Heavy Higgses
(I)O (I)-a- (I)-I--I-

NB : SM Higgs remains
with the same
properties (BR ...)

" pseudo-Goldstone
bosons

"light" més

electrowea
symmetry
breaking



M(H)=200 Gev (1)

- | = e 0,« u mixing of Backgrounds
Signal 1 leptons o )

@ and jets +(3) | 3376

lor2 |WZ(3I)| 388
@ Jefs | zz(al) 71
ﬁ H(41) 47
M(Z,) | c.BR (fb) ‘ others <13

1000 | 3.06 @

F.1Tev Bzl
1500 | 0.65 missing A/ 5 AR (cot6=0.5)
2000 | 0.15 energy 2"
(cot0=0.5) g 15 g

-
(=]

Most efficient cuts
- on reconstructed masses of H and Z,,/W, ) =
////// -
- 0on TI"GHSVBI"SZ lmPUIS|on Of The nggs Gnd 8011001200130014001500
€ the W going in quarks M(Z.) (GeV)




Heavy Ion: Jet quenching

Energy loss of fast partons by excitation and gluon radiation

.‘-__‘:}.‘. let
larger in QGP octars

e ln f t 1z b I4 t=

.
F o

w
o
p -
-
-

kc

Qhﬂl §g=a3 ﬁarﬂa iiqm qsaﬂd
=Suppression of high-z hadrons and increase of soft hadrons in jets.

*Induced gluon radiation results in the modification of jet properties like
a broader angular distribution.

Could manifest itself as an increase in the jet cone size or an effective
suppression of the jet cross section within a fixed cone size.

*Measuring jet profile is the most direct way to observe any chapge.



Heavy lon: Jet Studies

PYTHIA jets embedded with
central Pb-Pb HIJING events Pb Pb co|||s|ons (b— 0 1 fm)

———————————————————————————————————————————————————————————————

chtlon(%)
&
l
[ ]
|

E Efficiency

@
<
I

|

Fi Fake rate

-

=
L=
I

First attempt of reconstruction: ~«| ..""" Energy resolution
sliding window algorithm A®xAn b A R ]
=0.4x0.4 with splitting/merging 3 prp
after background energy subtraction [ |

(average and local) T T Teaew

- For E; > 75GeV: efficiency > 95%, fake < 5%
« Good energy resolution

At LHC, we have a chance to fully reconstruct the jets and to measure &1
jet inclusive cross section



Conclusions

& LHC Experiments can discover the Higgs in range from
LEP2 limit 114 GeV to 1 TeV

@ SM Higgs observed with 10 fb-1:

— Vector Boson Fusion significantly enhances sensitivity for low and
medium my:

— Known channels (H —»bb, yy, 4A...) well assessed

@ Most of MSSM plane explored with 10 fb-"

@l LHC Experiments will find TeV scale SUSY if it is there.
The first 10 fb-1 will reach up to ~ 2 TeV

8@ Evidence for extended gauge symmetries, extra
dimensions, flavor violation, etc are expected to turn up at
the LHC

@ Heavy lon program, evidence of quark-gluon plasma
# CP violation studies and search for rare decays
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Light Higgs Search: VBF

Motivation o

& Strong discovery potential for my < 190 1 b
GeV W,z 4

# Determine Higgs parameters wi 7

& Also good for Invisible Higgs q ’ q®

Production 008

v _ 20n° _ - n distribution of tag jets

& o =4 pb=20% of total c (m, = 120 GeV) oo [VBF signal: m, = 160, GeV

Decays i

& H-> WW* - Aviv, Avqq 008

& H—> 1t > Avvivy, Avv]

Distinct Final States

& Fragmentation of q which emitted W,Z E _
=> Two high p+ jets with large An o Euedri®l oyl i1y 1y ik

o2

0.od

THT IlI'I|'IIFIIIlI

. . -4 -2 a 2 4
. (opposite hemlspher'es). o Tag jets = highest p, jet "
& Lack of colour exchange in initial state in each n-hemisphere
> Little jet activity in central region 34
> central jet veto



Two isolated leptons:
- pT> (20 GeV, 15 GeV)
Two forward tag jets:

- pT> (40 GeV, 20 GeV); An>3.8
- (e~ 50% with fake ~ 1% @ 1034)

Central jet veto: pT<20 GeV

lepton angular correlations (anti-
correlation of W spins from H

decay)
- OOAA , COSOAL , MAA

The normalization of the
background can be
estimated at 10% level
from data. Background
shape taken from MC

The channel is one of the
most promising for

135 GeV < M, <190 GeV

VBF H>W

/10 GeV/c®

Bl ¥ B

T

da/d\

025

[ E= WWN oac g T

“M,=160 Ge
°5 "ATLAS

1 Higgs sigral ma= 160 Gev et
T 7 bockground
[ it = Wi backg rowund

d

10 fb-1
WW->epu

Events for 60 fb™ / 5 GeV
- - M M
g & 8 3

:

0

50 100 180 200 280
M, (GeV/c?)

a0 fh-1
OO T T

qqg —*» gqH
H —>WW — two leptons+i
180 GeV

My =

. CMS

%

-I"—Il-l—
O 20 40 60 80 100 120 140 160 180
my(lepton pair,E;™) (GeV)




Determination of Higgs Parameters

= ® H, WH, «H (H—gg )
EI A WH, otH (H —>bb)
= - W H-—=Z7 —=4l
= 10 W H »WW-—Inln
# WH —WVWW — Inlnln
o 4 all channels
10 Jd -.D
10
© ‘FMass Determination
107 10°
MHfGe‘u']
3 I,/ Ty |7 /T
S l: i o S —lzilw
Sy, ATLAS Z0 WSS ATLAS -
B =T, /Ty |7k P
ok L dt=30 fb I o o7k L dt=300fb "~ |- I /Ty
: /Ty :
0.6
0.5
0.4
0.3
0.2
01F
:III IIII|I|II| III|IIII|IlII|IIII|IIII|IIII|III c:llllll|I|Il||'||I|I||I|I|IIII|IIII||III|II|I|III

110 120 130 140 150 160 170 180 190 110 120 130 140 150 160 170 180 190
m,, [GeV] m,, [GeV]

Ratios of Partial Widths

a'(H.X) ] g (HW)

AI-IE rll

®H —> Z2Z —> 4l

10

-
S00
my; (GeV)

- [ Width Megsuremept,

200 6

—g¥H,2) I HW) 3| —gH.2) | FHW)
I
1+ , 5 1= 1+ . 2
--------- gH-)/ g(HW)| = L = g5(H, 1) / g(H W)
%
z
£
0.8 0.8
without syst. uncerainty : without syst. uncertainty
ATLAS I . ATLAS
0.6 0.61-
I j Ldt=30fb [ j L dt=300fb "
04 % 0.4 \
o2 \/ \ 02" \/\
Grlllllllllllll|||J||l|||||||l||||1||l||||||||||| arlllllllllkllllll|l|||||||l||||J||l|||||||k|||||
110 120 130 140 150 160 170 180 190 110 120 130 140 150 160 170 180 190
my, [GeV] my, [GeV]

Ratios of Couplings ”




Determination of Coupling Parameters
Overview of signal channels

Production

Decay

mass range

g o Gluon-Fusion | H — ZZ — 4l 110 GeV - 200 GeV
.é,:-l't_ o (9g — H) H—WW — lviv 110 GeV - 200 GeV
' H — vy 110 GeV - 150 GeV
ad WBF H— ZZ — 4l 110 GeV - 200 GeV
W, Z H gg H) H—WW — lviv 110 GeV - 190 GeV
w. 2 H— 1 — lvv lvv 110 GeV - 150 GeV
var H — 77 — lvv hade 110 GeV - 150 GeV

H — vy 110 GeV - 150 GeV

g «f ttH H— WW — lvilv(lir)] 120 GeV - 200 GeV
4 -
N H H — bb 110 GeV - 140 GeV
t»
« g- - f{ — ™ 170 GeV - 12C GeV
- WH H— WW — lvividv)] 150 GeV - 190 GeV
ad ’
o H — 110 GeV - 120 GeV
9 H

ZH

H —_—
o

\." - 1:C 'SE‘J

S/



Determination of Coupling Parameters
Extracting Higgs Boson couplings information

Problem : GF and H — =~ are loop-induced. What is the coupling ?
Assumption : Only SM particles couple to Higgs boson

— Express all Higgs Boson production and decay modes by couplings

Higgs Boson production Higgs Boson decay Gluon-
TggH = QGF g7 (nob-oop) | BR(H— WW) = 3 - -f-‘-:'; Fusion
= g
S — A2 Y ; BR(H 77\ = 3. 97 ‘E_H__
OWRBF = Oywyp' Qi + Qzp- Gz H—12Z) =0z & sPTE
) ) 2 - . . a: -
OtiH = Owil * Ui BR(H—77) =5 %
- H— 77
CWH = OWH - Gy BR(H — bb) = /3 - £ W=, £ s
J 1 t{ _Ii ~ __I
2 / \ (agw —b :12 H
OzH = OQZH "Gz BR(H — vy) =-—= T - wt, e Ty
2 2 2
57 9t /b gy ]
['s7 not known — Measurementof — , —— , —— , —— and Wi
9w dw Yw 9w VI H




MSSM

Minimal Supersymmetric extension: two

Higgs doublets = 8 degrees of freedom (5

particles):

CP-even: h,H CP-odd: A Charged:
H* H-

Couplings to SM particles modified
w.r.t. SM. Decay into third generation
fermions enhanced at high tgf

Su 2d gv

coso/sinf3 -sino/cosf  sin(B-a)

h
H | sina/sin}  cosa/cosf  cos(B-a)
A | VteB tgB 0

Higgs Mass {GeV)

230

=00

At high M, the heavy
bosons degenerate Iin
mass while the h saturate
at a limit value (around

130 GeV)

| maximal mi¥ing 3g -
| o= —200 GeV

100

T T T T T T T T T T
| | | -




Super Symmetry (SUSY

The ability of the LHC to search for SUSY has been
investigated in the self-consistent Frameworks of:

Super Gravity: SUGRA
— SUSY is broken in a hidden sector: Gravity is the sole messenger

— The Lightest Super Symmetric Particle (LSP) is 4° : stable, neutral, weakly
interacting = transverse missing energy 1

Gauge Mediated Super Symmetry Breaking: GMSB
— SUSY is broken in a hidden sector: particles get mass through
SU(3)xSU(2)xU(1) gauge interactions
— Grivitino is the LSP. NLSP = neutralino or stau, short or long-lived
R-parity Violation
— In SUSY possible to violate both L and B-number = rapid proton decay : R-

parity eliminates the “offending” terms. No reason why R should be a
symmetry of the Langrangian

— For the proton to remain stable, either L or B violating terms should be absent
— The LSP no longer stable
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Predicted by a lot of models:

LeptoQuarks

Higher Gauge symmetries, Compositeness, Technicolor...

Two Types: scalars and vectors

q

Couples to \.*q and/or vq LQ - ——--
Production B, =P 1
Decays: .
- LQs decay to A*q and/or vq with
branching ratios 8, B, =0, 0.5, 1 Q -----

(depending on the quantum
numbers) Py=1-P v
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Sensitivity to LeptoQuarks |

 Fast simulation: Scalar LQ

— 2 jetS+2 |ept0nS: 1st and 2" generation
* High Pt isolation + High m; cut
- sensitivity: m o=1.0 TeV

— 2 |ept0n3 + Et: 3¢ generation

 b-jets+non isolated leptons+topo

2uptom o~1.3 TeV
ATL-COM-PHYS-1004-071

Full simulation: under progress

(30 fb-1)
2 jets + 2 leptons
m_ —
0
0
U;_I:!.:!!IIII_"IlllllllllI
Q 500 L0 L5500 2000 2500
muli.]:"-.’J
& m; ,=1.3 TeV
-
U-_ .............. e o Ly 00 |
0 500 L0 L5 2000 2300
m, (&)

I
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Sensitivity to LeptoQuarks i

Fast Simulation: Vector + Scalar LQ: .
— Single+double production (CompHep) o>
—>sensitivity: m o=1.3 TeV o0s- Cone4

02

Full Simulation: Vector LQ M=0.5, 1 TeV
« Geant4(9.0.4) + AOD (10.0.1). |

— 2 electrons with Pt > 90 (100) GeV/c, |n|<2.5 B0 30008 Son M‘"’”"u[f“"} o
— At least 1 jet with Pt> 70 (100) GeVI/c, |n|<2.5

— Elec sel.: Likelihood (> 0.6 ) or isEM cuts , Tg | LQ =500 GeV b o
— AR > 0.1, opposite sign Z "Good S/B & Pavdxsses
2 . S via-sqe

— Jets selection: AR separation > 0.1, T | : ’

— EMfrac/Ptjet cut, Ht sum>800 (1500) GeV, : “‘ﬂ‘z .

— Cut on ee mass (Zmass veto). I +n:n* ’:I# o

1021 1‘13 t f Imin*ﬁmﬁ 1&*
* Low Reco efficiency ~ 50% of Atlfast ! M +
] L L] ] +

 Need to improve selection criteria. % 5 Wl )

200 300 400 500 600 700 800

* Need more B/G (esp.Z+jet) high-Pt events for S/B est. Mass(jet elec), GeV



Excited fermion production: excited guarks

* Predicted by compositeness:
» Transitions between ordinary and excited fermions:

q>° q
*—

q- <
g Y

1

L= ﬁq" ”"(ng +gf W L +g'f! B JqL+h.c.

fi=r=r"=1

* Full Simulation Study: m=1000 Gev

Cuts: Pt> 300 GeV
In[ <2.5

ARyj > 0.1

0(}omparison with Atlfast

Atlfast

0.08]

0.06—

Pt of y

0.04-

0.02—

OOI 200 400 600 800 1000 1200 1400

Events/10 fb™

_._

-y
»&w\
.

£ C4: 980 GeV

e f.. C7: 999 GeV

Kt: 1014 GeV

Area to
investigate

200 400 I600 800 1000 1200 1400 1600 1800

Mass(jet gamma), GeV
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Excited electron production:

pp — ee* —» eey
Mass of 1000 GeV, Single production
Generated by Pythia

xSec=133 pb T

i Sel. Y
Cuts: 2 electrons and T H
1 photon with Pt>300 GeV | — Atlfast
and |n|<2.5 04
Elec selectiony Lk(>0.6 i

nPhot
> 1
T | Sel. elec Pt resolution: [Pt-PtM¢]/Pt
£ 08-
N 0.06 J‘
i ‘ 0.05- i
[ ik m : Y )
o4 0008; +++ O 004f t |+
: i H + e 0.03] Pl
I 0.006[ _ © : ,
- . : ++. l+++ 0.02 + 4
* 0.004[- ‘ My
\ ﬁ : t HH r ¥, '
Mo / 3 4 55 7 8 9 0.002] M "ﬂ"'*;.*-*%‘f’-a,».f 001 . *.
nElec 0k oxeia2e ‘.‘?7- N JI

e
01008-006-004-002 0 002004006008 0.1 001008-006-004002 0 002004006008 0.1



Entries/Nev

0.061 = 0.07
: R n: electrons
o 3 0.06]
s Pt: electrons £ photons
i L -
0.04/- phOTOﬂS 409
0.03; 0'04;
5 0.03-
0.02- H ]
: Comparison :
- 0.02]-
0.01F -
f " with Atlfast -
00" 400 600 800 1000 1200 1400 1600 » |
P, GeV 05" 3
Pseudorapidity
g 0.14} ¥
2 014 2
R Eff ~ 82% S 105 .
£ 012 Ff 7 Fit
w r 1] é
0.1F ' . I
- e*->egamma  ° . :
0.08]- 10°E RN
- - r ot
0.06[ VA ALC TRV
B ﬁ++*+++ g Hg®
L 4
0.04:— I 10°L + +1+++ H+ﬂ+++++
0.02[- ﬂﬂil
b i _E.-..p-rj |M I
800200 800 800 10

00 1200 1400 1600 1800

Mass(e gamma), GeV

_III|III|1II|III|III|III|III|I|I
200 400 600 800 1000 1200 1400 1600 1800

Mass(elec gamma), GeV

Clean narrow signal is expected




Heavy gauge Bosons

Masses cot0 is a parameter of the Model
M(4,) = M(W,) degenerate (analog to O\einperg)
, cross-sections and BR
M(Z., /W, ) < 6TeV/ Cz( M(R) 2) are determined by cot0
200GeV/c h
, Characteristic
Production (Z,,) Decays (Z,,) decays
2 { (Te¥) 8 8 c '
N (Zy—> ZH
; 108 = ) \ eet+upu+7T or bb
:f_/wa ; LHC 14 TeV _éms@g: g “‘ \WH —> W HJ
o B S A - ifaZ' and W' are
ooy S ! -1 discovered via a leptonic
el DN I %, ", | decay, these modes allow
o e : os 10 s 20 {9 gay if they come from
M(Z,) (TeV cotl - :
(Zy) (TeV) BR(W,,—~WH) ot O the Little Higgs model or

@ o(Wy) = 2 o(Z,) = BR(Z,,—~ZH) hot (thanks to cot6 )
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