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‘% SM and beyond |

$SM explains all the experiments conducted so far,
oBUT:

$What are the fundamental constituents of the matter?
eWhy do we have mass? Why do we exist?

$Is the there a basic symmetry between the matter
particles and the force carriers?

®Are there really 4 forces governing the universe?
eCan they be explained by a Unified Theory?
$¥Are there 3+1 dimensions in the universe we live in?
¥What is the dark matter & blackholes we hear about?
eCan they be produced in the lab?




®What are the options? ~ °

$SUSY looks as a promising candidate for a general theory

What if there is no SUSY ??

Little ﬁ

. : UED ?
Higgs with * *Fourth
Family ?

Technicolor

p)
Compositeness ' *
onpositne A -

inspired E, ?
W Models predicting additional quarks

Models predicting additional quarks in some cases
*In this talk, we focus on these models




’%Recent Hints |

gTevatron results (CDF @ ICHEP)

® Q—W+jet channel, pair
production (no b-tagging)

101

020 “fluctuation” in direct searches

102}

at high mass fail. ool [ ! o
-top_
ecurrent limit mg>311GeV ol [mach”
0 100 200

CDF Run 2 (2.8 fb*)
Preliminary

m(t')=450 GeV |

l

¥Belle K puzzle (Nature V452, 03/2008) * e T

oAsym(B*->K*m°) vs Asym(B°->K+m-) : esd " o

difference in SM = 0

enew CP source: needed for BAU!

-explainable with an extra quark in
EW penguin? [ _ s 20310

n
Too Small in SM

L WMAP

_ 10+13
my,, m,=300GeV 10
~600GeV 10+15

AAy, = A (Ki) — A (K*n0)
=-0.14710.028 @ 5.3¢
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gluons, s channel

$LHC is mostly a gluon
collider

equarks are pair produced

with large O.

ngarks will be “easy” to
iscover:

-small MET, can distinguish from

susy

-can fully reconstruct the

event,

oFirst searches will look for Q

Q/ Q

gluons, t channel

Q/Q

Q/Q

pp—QQ o(fb)

10

103

10 2

LHC @t 14TeVand 10 TeV 3
E o Diegenerogte E6 (3 quorksé[
. & 4th SM Family (2 iquarks); 4
. "\ A
10 40 8 AN ... 2. Little Higgs (1.quork)...... ]
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quarks, s channel
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For further details see talk by

AT LAS C u r re ntl P.Jenni in this conference

is well and taking data =i

Solenoid Forward Calorimeters

ewith cosmic rays...

oL HC beam expected in April 2009

=z
) ) —
Y A
B R e — oeri0on s R i 2y
ATLAS 2008~09-10 10:19:10 CEST eventijive Jeometry: <defauit Atlantis |
L1Calo Stream
.

Barrel Toroid Inner Detector

Hadronic Calorimeters Shieiding

* Inner Tracking (|n|<2.5, 2T solenoid) :
* Silicon pixels and strips

» Transition Radiation (e/m separation)
* Calorimetry (n|<5) :

* EM : Pb-LAr, Accordion shape

* HAD: Fe/scintillator (centr), Cu/W-LAr (fwd)
» Muon Spectrometer (|n|<2.7,4T toroid) :

e air-core toroids with muon chambers

i B ID:  olp,=5x10% p, @ 0.001
..n-wi —is B || o

el o(d,)=15um at 20GeV
ECAL: o/E = 10%NE(GeV) ® 0.7%

HCAL: o/E = 50% / VE(GeV) & 3%

: B i) L il Muon: o/p, =10% at 1 TeV/c
first beam event seen in A




YFourth Family (FF

For further details see talk by
S.Sultansoy in this conference

as we Know it today

—quarks are fo be searched for,
-quasi-degenerate u; , d4, masses expected:
Imas-mual < mw/2

®heavy FF quark condensate may play the
Higgs role and give mass to fermions

we are looking for.

3SM and 4SM cases.

$FF is an economical solution to SM
problems.

$FF is the simplest “modification” to SM

epredicts 4 new heavy leptons m > 100GeV

®heavy neutrinos may be the DM candida’r%é::

~

Leptons

S
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®EW precision data equally compatible wi’rh': : ‘

Quarks
c
0
—
I

o
wn
o
o
N




€Search channels (No FCNC at tree level):
eQ—Wj depending on 4x4 CKM, j is from 15t, 2" or 3™ family

ecase w/ dominant 3rd family mixing was studied before

7?1,4 — W+b

-u4 easy, d4 not so easy

20000 [— total background

ts / 20 GeV

~= pp—tt

E

: N
-10 year old work, can be improved. :&*

10000

ow/ 1°" 2" family mixing: recent study .||

Invariant Mass for q,

signal+BG

—— signal
— VWjj (V=Z,W)
WWbb
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#q, candidates / 25GeV / 1fb™”
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Events / 30 GeV

1-u4/d4 pair »WjWj , light jets
| -semi leptonic mode

1 -both q4 reconstructed
1-MLM matching not done

1 - pessimistic results
1-background estimated from fit
_|(crystal ball function)

1 discovery limits:
mquI (GeV) 1 -2 \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ . loo Pb_1 up +O 450 Gev
200 300 400 500 600 700 800 900 1000 -
Ozcan, Sultansoy, Unel, SN-ATLAS-2008-069, EPJC, zoosﬂ.—‘ m._ (GeV) ® 1 fb up to 600 GeV
q

20000 d4 — W_f

15000 —

10000

500¢

200 400 600 800
m 4}ib(GeV)




sEnhancement to I-Ilggs produc’rin from FF quarks
efrom to gluon fusion IOOP O4th(gg->h) = 9 osm(gg->h)

—indirect searches at Tevatron & LHC LHC @ 14TeV

e
--e- SM quarks only

(pb)

2
5 10°E v Mg =250 GeV

—— mq‘ = 1000 GeV

m \\

\WDQ Run Il Preliminary, ~950 pb™ 1_ S .”
?/ ////// : e ]

() " = ] NP S0 W 20 BRI LA N s WS R ar . il
95% CL Limit — 10]5-—556-—466""400 500 600 700 800 900
"""" Expected . m (Gev)
—— Observed - .

2

oxBR(H—-WW ™) (pb)
=

IIII.II'"
4th Generation Model

/"\ indirect searches limit the mass
SEREREE of Higgs and the mass of qa.
00 120 140 160 180 200 -> DO analysis being updated!
Higgs mass (GeV)

Excluded at LEP
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eIn particular to v,

What about the Higgs decays to FF members ?

4501
= 8
400 7
350 6
5 Cuhadar-Donszelmann , Karagoz Unel, Ozcan, Sultansoy,
300 Unel, arXiv:0806.4003 [hep-ph], JHEP10(2008)074
4
250 3 q> p <’U4 9 h <v4
: 5 - - b - - -
200 / - o 9.990 T4
tsole b torc oo dy Define 3 benchmark points with different mass
80 100 120 140 160 180 200 220 . .
M, (GeV) values all in the 2u+4j final state BR (v4 — pw ) =
68% (PRD72,2005, 053006)
Opp—z—vavy (Ib) | mp (GeV) | ogg—n (Pb) | mu, (GeV) | BR(h — 404 ) | Opposvyms—wwun ()
S1 782 N/A N/A 100 N/A 362
S2 782 300 30 100 0.088 1583
S3 144 500 10 160 0.055 321




do / dPT™

10"

PGS based study

Initially same, later on separate

cuts for Dirac & Majorana cases

Backgrounds:
2V+2H, V=W, Z = 5fb
Z/Y +4J = 57pb

ttbar =755pb ' |
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v, pair production cross section
L I T

|

LA LR

Z+h (m, = 500GeV)

s

+h (m,, = 300 GgV)

Z only
J i | l | [ l L Ll y L .| I | [a I | L Ll l
100 200 300 400 500 600 700 800
m , (GeV)

63.6
50.7
73.6
53.3

63.1
64.5
93.6
74.4
3.7

779 841 933
55.1 951 888
823 826 86.0
65.6 722 704
60.5 60.3 459
659 774 83.0
920 915 936
649 68.7 794
57 134 242

29.5
88.7
76.0

52.8
17.4
53.4
15.4

0.012
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Integrated Luminosity (fb™)
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Pprospects for E6 inspired quarks

$E6 GUT, initially suggested by F. Giirsey in 70s

epredicts one iso-singlet quark per family (assume D lightest)

(ZL> ,Ur,dr,Dr,Dg (CL> ,CRySR, 9L, SR (;}) ,Ir,Dr, B, BR
L o o/ \t o

VATOem g g .
L = WYy (1 — dcosd+ U ve (1 — Dsingp| W¢
D W @Yo (1 = 7y5) dcos ¢ + @ ya (1 — 75) ¢]
ATy, | SIN G COS O -
- : i ¢d7a (1—7)D
4 sin Oy, cos Oy

VAT Qem - : : _ , )

12 cos Oy sin Oy [D’Ya (4 sin” By — 3sin” (1 — 75)) D + dva (4 sin? Oy — 3 cos? (1 — 75)) d} Z

$Higgs boson could also be in the game:

M _ ™MD .9, AMAM
$if mn<mp, D->hd is possible: Ly = —7sin"¢rDVDTh

EPJC 49 2007.

Mehdiyev, Sultansoy, Unel, Yilmaz,

sin COS _
— quQy oL DM [(1 — 75) mp + (1 + 75) md} )

B sin ¢, cos ¢, M

@anching Fractions: -y 2”2 e —
4+ —cos®prdVd"h
® w/o Higgs : D—Wq (66%) D—2q (33%) “

e with Higgs: D—Wq (50%) D—2q (25%) D—hq (25%)

[(1++°)mp + (1 —+°)mg] DM R

Sultansoy, Unel, SN-ATLAS-2007-066,
PLB, 669, 1,2008.




Events/100 fb’'/20 GeV

o DD —>_ Fmai State _ | Expected Signal Decay B.R. Total B.R.
> ¥ Z zdd Z =l Z—l 41 + 2 jet 0.07 x 0.07 0.0005
v M —
S £ 0.33 x 0.33 Z —UZ—wv | 21l +2jet+ Ppr | 2x0.07x0.2 0.0030
N C —
& o Z—UZ—qq 21 +4 jet 2 % 0.07 x 0.7 0.0107
% a; ZWdu Z—UW —1v | 31 +2jet+ Py 0.07 x 0.21 0.0065
S 2%x0.33%x0.67 | Z—UW — qq 21 +4jet 0.07 x 0.68 0.0211
>
= 45 " mp(GeV) 600 800 1000
2 Mehdiyev, Siodmok, Sultansoy, Unel 4012 Signal 6 37 | 074
4 000 130T b R0 SN-ATLAS-2007-067 EP|C54,2008 background 30 1.3 04
100 - 100 - MZ,Jet Gev -In P 21.47 478 1.44
90 ;600 GeV 90 ; P,iet-80 GeV 20+2j +ET Signal 53 19 4
80 - 80 - P Jer>20 GeV background 12 13 5
20 = 70 = dnp | 120 | 1581 | 3.32
g g 30+2j+Hr signal | 97 183 | 18
60 a 60 a background | 249 9.0 1.05
50 = 50 = sInp | 1914 | 2066 | 1.69
40 = 40 = 20+4j signal | 133 18 2.5
30 - 30 - background 9 3 2.8
20 - 20 - -lnp | 983 253 | 244
10 := 10 —SInp | 13159 | 665 | 89
E = S G AP Combined Significance (o) 513 113 38

[}
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ATLAS prospects for E6 quarks

0

— 5 o signal
3 o signal

————
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500 1000 1500 2000 — =
Mass (Z(jj) jet), GeV ! -

B Pjet>80 GeV é 10 2 3
3 P Jep>20 GeV = B
C P>, e -
; Pymis>30 GeV 8 10 ?
g £ -
2 g 1 [
F = 1 E-
- it 1 F
F 10
- 500
g
0 500 1000 1500 2000

Mass (W(N) jet), GeV

70

0 800

900 1000

m,, (GeV)

‘ Combination of channels allows discovery in early
data taking. 100 fb! is enough to scan up to 1TeV




$DD->hj Wj channel studied for a light Higgs + mp scan

° 1'h h l . D, D> BR #expected Higgs/100fb~! |expected final state
other channels: D — hj| D— hj|0.029 (0.053)| 0.58x10° (2.65x10*) 2j4jp
. . . 6 4 A
eh->bb pOSSlble D—hj|D— Zj|0.092(0.120)| 0.92x10° (3.01x10%) 2j2jp 2l
D — hj|D— W j|0.190 (0.235)| 1.9x10° (6.04x10%) 2j 2jp ! ET miss

e Background: SM W#bbjj = 520 pb
[} C
%1405— = 3 3 3 3 | | %
5 | =1 T
1200 _I_ 710 4 ~JScH boson discovery

100- +_|_ ‘<& 56D quark discovery S o
- e [ |
80r -I_:" T | -*- 30 H boson signal
o | -®- 30D quark signal

T
60;— I__I.j +.:|:+'-'|-'.+ 7 2:7
*,

40:_-_"2 -+ A & ;
20:‘5 ) - x.‘ - | 9 .
. T - ®The hjWj mode only allows 50

™50 100" 150" 200" 250 3,{},2_:?2;\‘})"0 R R N~ 7t oup to 350GeV D quark with 1fb!
| ®also a 120GeV Higgs with 2fb-!
-~ ®If mp<630 GeV, hjWj channel

—

Both h and D

reconsiruction «" 7 becomes as promising as H=YY . (i.e.
possible I 80in100 fb)
10 - :

L I B e b
Sultansoy, Unel, SN-ATLAS-2007-066, 300 400 500 600 700 800 900 1000
PLB, 669, 1,2008. M, (GeV)




Conclusions

$There are several BSM candidates predicting additional quarks.
$We saw the ATLAS discovery prospects for FF and E6 models:
®FF model
- quarks up to 450 GeV with 100 pb!if 15t or 2" & 4 generations mix
- neutrinos up to 160 GeV with 1fb! if Higgs is 2300 GeV

®E6 model

- If mp <500GeV, ATLAS could discover with 1fb=! by combining different
channels.

- With 100 fb~!, the observation reach increases to mp=1000 GeV.
$#we saw the potential boost to Higgs searches:
e FF model
- 04th(gg->h) = 9 0SM(gg->h) => golden mode reachable w/ 1fb~! for all h masses.
- 300<mp<500GeV w/ 1fb! from v, (Dirac & Majorana identification possible)

®E6 model

- if mh=120 GeV & mp<630 GeV, hjWj channel becomes as promising as h—=Yy

¥Watch the "ATLAS” channel, interesting things are about to
happen.
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$Too many events, how could this be?

ol ittle Higg

tiggs model predicts 1 T quark,
heavy iso-singlet up type

-similar to the model given in CDF paper

-not enough cross section

®E6-GUT predicts 3 down type, heavy

iso-singlet quarks (D, S, B)

-Am(us,ds) € mw/2

®A susy model with more quarks?

$Only multiple degenerate quarks |
or anomalous production could :
explain the number of “signal

events.

_ 1

eoFourth Family model: us, ds quarks :

o(pp—t't) (pb)

0.1

CDF Run 2 (2.8 fb')} -
Preliminary
t'—Wq, = 4 jets
Hy vs Mreco

range of observed

expected 95% CL
upper limits

theoretical prediction
Bonciani et al.

1 I 1 n 1 "
200 300 400 500
t' mass (GeV/c?)

Ozcan, Sultansoy, Unel / hep-ph:0808.028

Tevatron
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o Degenerate E6 (3 quarks)
A_4th SM Family (2 quarks)
o, Little Higgs (1 quark)

| Err T | [

300 325 350 375

400 425 450 475 500
M, (GeV)




Emp=120 .. 135 GeV

gm_l wr wemy o’ ' g i) I L ) | l U | il
90 |- -
£ = M,=120 GeV I
80— M,=135 GeV -
70 -
60 -
i ) D—>Wj .
50 i
40 4
30 D—>Z o
0t D—>hj 3
10 <

" Ll L_L I Lo bl L I Lo Lo L l L Ll L l Lol Lo L I T -
%0 300 400 500 600 700 800
M, (GeV)

-if sind becomes 10 times smaller, total
cross section increases by few percent.

® H—yy + WHttHH — yy)
B WH, ttH (H — bb)
A H - 77" > 41
H - WW9 = niv
1027 H — 77 — vy
- e H — WW — Wjj

— Total significance

Signal significance

10

|
| 100 fb™
|
|

1 ! ! ! |

(no K-factors)

>
10
\

10°
m,, (GeV)

at mp=120 GeV, best significance is from

H—YY channel, 80 at 100fb-!




