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Exotlcs group

- a Workshop__:b._h the interplay of flavour and collider physics 2

»5 meetings between November 2005 and March 2007
» Non-supersymmetric models beyond SM

* 20 contributions,

* Both theoretical and phenomenological studies,

* ~50 pages for the yellow report
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Motivations

»SM is like your old car: you know it has problems!
 Hierarchy problem: dH ~ My
* Non-unification for EW and Strong Forces
e Seemingly arbitrary fermion mass & mixings
e Unknown source of baryogenesis
» LHC is to start soon:
*at the end of 2007 Vs=0.9 TeV
* In 2008 LHC will provide Vs=14TeV,
e few years at 10 fb"! /yr: low luminosity
e then 100 fb/yr : nominal or design luminosity
» What flavour physics can be done at this new era?
* What are the extensions to SM!?



K .
« “Exotic” models

» A brief summary of popular models:

¢ Grand Unified Theories:

- SM gauge group is embedded into a larger one like SO(10), to unify
EW and QCD.

- additional fermions and bosons predicted.
* Little Higgs models:
- spontaneously broken global symmetry to impose a cut-off ~10 TeV.

- additional bosons and quarks introduced to cure the hierarchy
problem.

* Extra Dimensions:

- Low Planck scale in d dimensional theory solves the hierarchy
problem between EW and Gravitational couplings.

- Excitations of SM bosons and fermions are predicted.

» These models do not exclude subersymmetry.
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. | . Searches for scalars

Relevant Models

»2HDM
* A 2" Higgs doublet to induce baryogenesis

* CPV H can be searched via top quarks (see top sub-group report)
pLittle Higgs

* A Higgs triplet to cancel its own loop contribution to mn

*Higgs correction is small, new Higgs might be inaccessible
» Babu-Zee model

* Two new scalars to induce the V masses at 2-loop level.

=T~

* New scalars can be accessible at the LHC " | “\p




« |.1 Babu-Zee model

ARISTIZABAL-SIERRA

»h* and k**, couple to leptons, give z [
° 103 Opair production for k, h ,
PRD67,073010 ]

Majorana ¥ mass.
» V data predicts Mk ~O(0.1 - 1.0 TeV)

pSignature: gq — v* Z* — k~—ktt
k:l::l: . h:l:h:I:
k:l:i — gig:t
BR(k—hh) model dependent
values [0.] - 0.8] scanned

) . 1000
/7 - ~“"/ ;
s 800| / /
7 € ——
excluded by )
- max m V F small mV
u—ey T — 3:“’ 400 -~
| mh (GeV) 200 | m (GeV)
300 400 500 90 200 300 400 500
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« 2.5earches for quarks

5
Relevant Models & R T T L Toderomseion
o) -\

g-g cimtributio@n i
------ q-q contrlbutldn .

4 ‘\ .................. ....................... ....................... B oonom00m00m000000000ad00sa0se0saEsaasenaasee Banonaan
10 % o MadGraph E
E % : A CompHep .

» Iso-singlets predicted in :
e« GUTs, Little Higgs,EDs 2
* W,Z,H vertex modified _

*Y,g vertex same as SM

] i 10 b T J
» Iso-doublets: the 4" SM-like family |
=nok yet rUIed 2L for AL - mZ/2 1 : I4(i)0I | I6(5)0I | I8(i)0I | i0|0(I) | i2|0(l) | i4|0(ll

M, (GeV)

» Extra Dimensions
Iso-singlet quark pair
production at LHC

e additional quarks with Q= 1/3,2/3, 5/3 (tree level)

e KK excitations of known quarks
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« classification
13=0 I3=%1/2 Qe = 3+)2Y
Q. singlet doublet
3 E6, 4™ Fam,
D d4/b’ gy = I3-2sin%0,,
th X 8A = E
,/3 LH, 4™ Fam
T U4
5/3 EDs,

*LHC relevant material is also in ATLAS TDR



« 2.1 Iso-singlets Q=—1/3

MEHDIYEV, SULTANSOY, UNEL, YILMAZ

» E¢ model introduces new particles:
SUc(3) x SUw (2) x Uy (1) C Eg

*one iso-singlet quark per family :

= Jug,dg,Dr,Dpg s ,CRySRySL, SR e ,Ir,br, B, BR
dL SL bL

Assumptions:
|. In-family mixing bigger than between family mixing

2. D quark is the lightest, like SM: most accessible in LHC
3. Es gauge bosons heavy & don’t interact w/ SM bosons

D — Zd D — Wu
BR  33% 667% if there is no Higgs

25% 50% if Higgs is light



« Discovery for Q=—1/3

MEHDIYEV, SULTANSOY, UNEL, YILMAZ

puses pp— DD pair production
*independent of d-D mixing angle
* with both the D—/Zd and Z decays leptonically (e,M)
*signal is 4 leptons + 2 jets

» ATLAS FastMC based study with simple cuts

»mp scan up to |.2 TeV, channel efficient up to ~ | TeV
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« D quark mass reach

» Estimation for other D mass values using only D—Zd
channel

} I fb-l 707 D quark discovery reach
*30 :mp~500 GeV S : ;
C : 30§lfgnal
*50 : mp~350 GeV ot T By
» 10fb- E A7
*30 :mp~750 GeV S e e e
513
50 : mp~650 GeV o
» | 00fb-! 5 S | fblrun
F X
*30 : mp~940 GeV - s ;
*50 : mp~1050 GeV 10 O
S0 40 G0 S0 1000 1200

M, (GeV)



. Mixing for Q=-1/3

SULTANSOY, UNEL, YILMAZ

»Jet associated single production & decay
pp—jD—jjZ where leptonic Z decays are considered

» production O ~ (sin®)?, where ®=d-D mixing angle

.goodformeasuringsinq) -g- 01.ZI|III|III|III|III|IllllllllllllllL-‘:‘
: Casnces angular reach for mp: |
pgenerator level study with cuts PEExcluged by £ikM o Ummmy
0.08
0.07
0.06
0.05

* 30 signals can be rescaled for different sin®  0.04
values at any mass

0.03

« 30, 100, 300 & 1000 fb! reach limits are given 002

III|IIII|IIII|IIII|IIII|IIII<-I""I“‘i.I|IIII|I.iI1

» with 300 fb-! current mixing limits could be s e
0.0llIIIIIIIIIIIIIIIIIIIIIIIII

enhanced 2 times 400 600 800 1000 1200 1400 1600 1800 2000
m,, (GeV)




« Higgs searches & Q=—113

*d-D mixing leads to dDh vertex at tree level S R
o this can be exploited for a double discovery: light H & D

e pair production mode considered for ATLAS using FastMC

e mp =250 -1000 GeV range scanned
mb=250 (500) GeV
BR

. D D, expected final state
ﬁﬁ?ﬁ;'ﬂ% ! D—hj| D—hj [0.029 (0.053) 25 4js
mp = 250 GeV D — hJ D — Zj. 0.092 (0.120) | 2? 27p 21
M — 120 GeV D—hj|D—Wj|0190 (0.235) | 25 2jp | Ex miss
fz;zsoo:— t f;ssoof— +
S b+ s L7
gzooo} - g 1 e 50 Higgs discovery in
N, %25°°§ RER DD—Whyjj channel can
15000 ; : gzooof— ,_,_ be made using 100 tb ! if
S A mp <700 GeV
1000 4 n 1500- | =+,
o i 1000t - o If mp<630 GeV, this
A T 500;5 ~* *L,H_ channel becomes as
0'—%:||‘“T’T||-T|_ E:q::—.Th_:-:_I...TmJ----I-...L-:T‘ITT efficient as h—yy.
0 100 200 300 400 500 600 700 800 9001000 ® 50 100 150 200 250 300 350 400 (i.e. 8¢ in 100 ﬂg-l)

MDD Gev M,,; . bj (GeV)



« Q=213 lso-singlets: discovery

AGUILAR-SAAVEDRA

» Up type quark T, predicted by LH & GUT models
» T decays viaW,Z & H (BR similar to -1/3 quark) to b and t quarks.

» pair production considered with all decay modes with at least | W
decaying leptonically

» ATLAS FastMC based study for mt = | TeV and Ilght nggs

» main background from ttonly F ~ = S
400 . :;;(H) -
- T
TT decay signature % ol o _
WbWhb ¢v bb jj gm_ :
WbHt | v bbbb jj S :
WbZt ¢v bb jjjj S -
| e _

- | P STt U0 ok P T TN AP R 1 |
0 500 1000 1500
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50 reach for T mass

»TT & Tj used for JL=300 fb-' data for only T—=Wb
* 07 ~ |V1|? Where V1, ~ O(mdmr)

*background tt only
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0.1

EWV precision data,
T parameter

! T !

|
N
A
-
o
i
M|
\
\

\\
~ -
—

Significance < 50

56 discovery (T7)
56 discovery (7j)
- 95% bound (T)

95% bound (R,..)

—
— o
———

— — —
e

— —

upto |.l TeV using TT
/ P :

above this

curve
using Tj




*

T quark and the Higgs
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AGUILAR-SAAVEDRA

» For a light Higgs T quark’s decays provide a large O enhancement.

» pair production study with pythia using signals: 77 — wWbH¢
» main background tt & tt nj where n=1,2,3,4,5. 11 — Htit

Fraction of events

TT — HtZt

expected signature: ¢/ > 4bj 27

example at mt=500 GeV, Mu=115 GeV, [L=30 fb"!

log likelihood
for 4b case

— TT (WH)

--- TT (HH)

... SM bkg

Higgs signal
#Db; significance
4 6.43
5 6.02
6 5.63
combined| 10.45
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. singlets from EDs

DENNIS, SERVANT, TSENG, KARAGOZ-UNEL

» RS model with extended EVV gauge group
» additional symmetries allows quarks m~O(100)GeV w/ Q=-1/3,2/3,5/3
* g: KK excitation of b with BR(g— WV t)~50% for my~300GeV

» Focus on gq pair prod.: 2x(g—=Wt)—4W 2b
* pythia level study w/ at least | W decaying leptonically
e main SM background has 2 W
* mq=500 GeV & mp=300 GeV

700__| T T I T T T I T T T I T T T __
- promising results .
_ 600 10 fb' MC E
0.06]— - > u =
3 E E S 500 — total -
G 0.05(— - = - : .
& - cut — signal 3 - signal .
7 ~--- background S 400— background ]
.f':: 0.04— — % - .
C E 7 : ’
0.031 = 3001 g
o0zt E 2001 =
0.01— — - .. . .
- ] 100 aftertellmmatlon -
C i L L [ |l'<|'7|7' e K S TS YT S TR N TR L1 e — S I 1
00500 400 600 800 1000 1200 1400 1600 1800 2000 - of I** hadronic W -
2 E; [GeV] 0 L SR L PRI T N TS (NS N N N R R
0 20 40 60 80 100 120 140

bg from tt and ttH events m(j) [GeV]
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- 2.2 |so-doublets
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Hou

pa 4" family with heavy quarks and leptons (>200GeV)

» could exBIain the observed fermion mixing & mass

values, C

*not yet ruled out experimentally

violation in b-s transitions

» Study of channels of interest for new quark

mixing pair prod. signal comment
b’—=c/uW cc/uu WW see next slide
b’"—cW , bZ/H cbWZ/H FCNC, could get H as a bonus
b’ —=tW ttWW or bb4W | same signal as ED KK quarks
b’'—=tW ,bZ/H bb WW Z/H | b-et to distinguish from row 2
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4t family - discovery

21

» pair production of the quarks: ds , us

® my4 ~ Mmg4 from DMM approach

pscenario with mixing to |5t or 2"? generations,

*pp—d4ds /ususmWW jj

- one W decays via /[ the other via non-b jets: e/p+4j+ET miss

» ATLAS fastMC study scanning m= 250 - 750 GeV

width and O pair production

OZCAN, SULTANSOY, UNEL

&
=
=]
=

#events/25GeV/1fb’
S
2
2

4000
Mg (GeV) | 250 500 750 .
r(MeV) | 0.01 0.08 0.28 .
o(pb) | 99.8 259 0.25 .

invariant Mass for d,

7

_|_
signal+BG
+ ----- total BG
W]
+ —— WWhbb
N —— WWhbbj
_|_
_|_
mq = 250 GeV
-+ T
S JL=1fb"!
I si\b ~ 120
--:_,_._--r'—'-l—-.--_._._. :I-'IT:TI_':'-N_:'_:_-H—!"-H-E.__,.-___ L. P
200 400 600 800 1000

M., (GeV)
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4t family & intermezzo

T._‘C_: Invariant Mass for d,

0 i ignal+BG . .

> 200% ______ il BG High mass also seems to be feasible:
S | —— signal

S [ W mq = 750 GeV & [L=5fb!

@ - Jr — WWbb

5 150 ' YWy siNb ~ 5

o

** !

100(-
Necessary JLuminosity for 50 signal

M, (GeV) | 250 500 750

50|

L™ | 0002 195 5

L | | | | I- | | | | | | | | | | | | | | | | | | | | | | |
500 600 700 800 900 1000
M,, (GeV)

» quark searches seem promising in LHC;

* Still unexplored channels, unconsidered models, omitted
backgrounds & ongoing collaborative work.

»what about new leptons & vector bosons! see part 2..
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« D quark pair production
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gluons, s channel

(v D,
P
a D

e

up quarks, s channel

down quarks, s channel

gluons, t channel 2

I
A
A

De d

>

d >

down quarks, t channel 1

—— ), d

<

down quarks, t channel 2

o
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« Single D quark production

* Decays involving Z would be easiest to reconstruct:

U u > —>—u u > —»—d De d
v—— Z1 wt ¥ u—»—.—>—<'/
e ~

diagr.5 diagr.6 diagr.7 diagr.8

= mp = 400 ... 2000 GeV cases are considered using generator
level MC (CompHEP) with 2j+Z as the signal (sin®=0.045)

» All SM processes yielding 2j+Z are also considered as
background events where j can be any light jet.



+ is 4 SM family Possible?

%! \ \ \ Precision EW data
=t \ consistent with
=

fourth generation
with a heavy
neutrino.

Example exclusion plot from

Novikov, Okun, Rozanov,
l Viysotsky, PLB 529, 2002, for:
M,, = 200 GeV
\ % — % M., = 220 GeV
- M., = 100 GeV

Number of extra generatlons
At the minimum,

2 H#d.of. =21.6/12, Ng=1.4,
ot ~ a¥ ~ at ~ a” ~ a Mya= 50 GeV, Mu= 116 GeV.

e =gwsinfy < a/\/(2) < gz = gw/ cos Oy



