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Outline (Search & Signature) Chicago

}

New Gauge Bosons 2’ , W’ Tevatron Collider

( sequential Z’, Zwy,Zn,Zy,Z1 ) \/S ~1.96 TeV

- €€, UM, TT, eV

Compositeness

- €8, pup
New Fermions

(U, u*, g*) -Ilv+jets, puy, eetjet

Extra Dimension

( LED, TeV-1ED, & WarpedED )
- ee, Uy, vy, jet + ME+

Leptoquarks
- (1, v, vw) + jet jet

* ‘recorded’ to ‘delivered’ lum. ratio: 80 to 90%

» ~1.2 fb? on tape for each experiment
Anomalous Diphoton+X Production * 4 to 8 fbt expected in 2009
-X=¢e, W,y * 0.2 to 1 fb? for results presented here




T e, U, 7T

Z' (heavy neutral gauge boson) 7

q €, U, T
Dilepton Channel

e The majority of extensions to the SM predict new gauge interactions, many of which
naturally result in the prediction of neutral bosons, such as a highly massive “ 2" ”
particle : Sequential Z' (SM coupling), Zwy, Zn, Zy. Z1 in GUT E(6) Model

e Generated from 49 annihilation from P P collision at 1.96 TeV

e Looking for resonances decaying to leptons provides very clean signature even in a
hadron collider

e Search X (pp > X —1l) directly by comparing observed and expected background
invariant mass distribution
- Background contributions ( Drell-Yan, QCD, cosmic, t1-, tt, WW, WZ )



Dilepton Mass Dist. _
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Di-Electron Invariant Mass Spectrum
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Z’ Limits (95% CL)

(unit : GeV) w

Sequential Z' (SM Couplings) ee m ee+pup T
CDF (820 pb~) 850

CDF with cose#* (450 pb) 845

CDF (200 pb1) 750 735 815 394
DZ (200 — 250 pb~1) 780 690

E6 Z, ZX P Zn,
CDF with cos6 * (ee, 450 pb™") | 625 720 690 715
COF (ee+pp, 200 pb™) 615 675 690 720
DD (ee, 200 pb~) 575 640 650 680

e Search for decays : Z'—efe-

7 Use dielectron mass M, and cos6x*

2 [ L dt = 450 pb-!

0™ : Scattering angle in Collin-Soper frame

Adding cosB#* isequivalent to adding 25% more data for the sequential Z’




Compositeness

o Look for effects due to preons, the
fundamental constituents of quarks
and leptons

o The effects are parameterized in
terms of A\, the compositeness scale

o the search compared invariant mass
and scattering angle of data with SM

expections,
) N : compositness scale (TeV)
do | C
dM dcos 8 A

where ‘I' and ‘C’ are input from theory
and express the possiblity of
constructive / destructive interference

CDF (ee, 450pb!)

o No excess wrt SM -> limits (95% CL) on
the models

DO (pu , 400pb 1 )

Interaction LL|LR|(RL|IRR|VVI[AA

Ag, limit (TeV/¢?)(3.7|4.7|14.5(3.9(5.6|7.8

Ay, limit (TeV/c?)(5.9(5.5(5.8(5.6(8.7(7.8

Model AT (TeV) | A (LTeWV)
R R 4. 15 [ & P
.1 5. 32 5.0
| -9 I 5. 31 5.7

I+ R 505 D05
| ) S A L@ oo 12
RI-I21 5 .07 oAl
T e 5 .85 D=1
L N 5 .45 LS I &
DO (ee, 270 pb?! )
models | D@ AuUn Il Preliminary 1
L ST | x
AL 4.3 1 = 5.0
RR 3.8 | e 1 5.8
LL+RR 48 _ 7.9
LR+RL 5.0 6.0
= .
LL-LR 48 | : L 6.4
RL-RR 6.8 B y 4.7
vV 4.9 @ 9.1
AL 57 | ] 7.8

. 3

10 5 i0
|M limits of compositencas scale TeV m
cc and U combination in progresg



My T

W1

q W’
oy sV, .V,
o Additional charged heavy vector boson 9 g
- Left—=Right Symmetric Model: (light & stable)
SU(Z)LXSU(Z)RXUH )Y (Su(2)R — W) ________ CDF Runll Preliminary
O ngh PT e + MET 1o ILdt=205pb"
- Compare M distribution -
B 10°
Highest M; events at 524 GeV/c? B 10
" = DATA
- No excess over background 2 P Twoeyem
16 —Multljet
— Other backgrounds

10—2 raal ral I I L 1l
Events in Each My Bin (GeV/c?) 10 10° o 19°
GaV/c
200- 250 250 - 350 350 - 500  500- 700 700 - 1000 M ¢ )
CDF Run Il Prelimi
W = ev 308457 170440 352+1.70 0.27+045 0.00 % 0.00 10?0 7 T TETINATY
Multijet 27461 00+£33 0.00£029 0.00+0.01 0.00=0.00 E jLdt=205pbT o o"B(W—ev)y, ]
2 NNLO ]
Other Backgrounds | 52+1.0 3.0+0.9 051+0.22 0.06+0.08 0.000.03 10°E ( S
— C — 8959 CL Limit H
Total Background | 38.7+8.9 20.0£59 4.03+1.97 0.33+0.53 0.00 £0.03 2 10 L _ ]
Data 41 21 9 1 0 :;: (SM coupling)
EIS B
ra] é\\ 788 GeV/c? E
[ ) : — ]
L] L] - , = ) — .
lelt- M(W SM )> 788 GeV/C2 10™ E \' 3
Run I results : M(W'g,,)> 754 GeV/c?2 CDF qo2l o N
200 400 600 800 1000

W’ Mass (GeV/c?)



Excited Muon ( ux* )

CI EW decays: U* -> 4 + gauge boson
CI decays: P*-> | + ff

Three parameters:

§ 1.07
5,
q . 0.8+
0.67
q / 4 047
0.2+
Contact Interaction (CI) 0
= E DO Run II
.1 1ok m,.> 618 GeV@ 95%CL
£ Lo (A =1 TeV)
- E “a»
= [O — 1
%10_153 L=377 pb
==
10> S
E o=
=
10 N A=1 TeV
E 2 |« A=2 TeV
1000 | = A=4 Tev
F S | —— Limit (95% CL)
1% 200 400 — 600  Boo ' 1600
m“.[GeV]

m,..> 618 GeV A=1TeV

Cl decay taken into account in the
calculation of BF(u* —>uy )

EwW | D
o - BR(U* -> py)

m, /A 1.0 - \: compositness scale
3.5} ]
i CDF Run Il Preliminary |
3f ]
[ J-L-dt=371 pb™’ ]
2.5} 371 pb? ]
2| _
1.5 95% C.L. .
1t Exclusion Region 1

200 400 600 _ 800

M,. (GeV)

m,..> 800 GeV A=1TeV

Assume that decays via contact
interactions can be neglected, only EW
decays



Excited Quark ( g* )

- Heavy resonances decaying into a
quark and a gauge boson may signal

e the existence of excited quarks and
\ - frﬁrﬁ< et thereby indicate a possible substructure
q
yyy \Z « Low BR(Z->ee), but the high
q

luminocity offered in Runll present
preliminary results for the first time on
this final state

My« > 520 GeV @ 95% CL

376 pbt
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® M -S00G a E
—— Pymla 2-=1 -
—_— M, =100 GeW —_ I~
“‘:)QD:IGe\a' q-b -
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4t Generation Quark (t")

signature : 1lv + 4jets

« heavy top (t') quark pair production
decaying to Wq final states (t* => Wq )

« signature : lepton + ME; + jets
 reconstruct the mass of the t' quark

« 2D-fit of the observed (H; , M., )
distribution to discriminate signal from SM
backgrounds

« exclude SM 4t generation t' quark with
mass below 258 GeV at 95% CL

) 760 pb~! [CDF Run 2 760 pb-1
~ Preliminary
T t'—-Wgq, = 4 jets
ae F observed
ﬁ 95% CL upper li
"3 range of
) expected 95% CL
& upper limits
B theoretical prediction
0.1L (Bonciani et al.)
I — —— I —
150 200 250 300 350

t' mass (GeV)

events/25 GeV

events/25 GeV

| CDF Run 2 760 pb-!
: Preliminary t'—Wgq, > 4 jets
f ¢ m(t) = 250 GeV
L t
m 'Jgfiﬂts ./
10 F B Qco
1
0 200 300 400
Mieco (GeV)
CDF Run 2 760 pb-1
Preliminary t'—Wq, = 4 jets
100¢ Hr V8 Mreco ;
! m(t) = 250 GeV
¢
- /
10 B
M QCD
it

Hr (GeV)
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Extra Dimensions (ED)

Alternatives to SUSY for resolving the hierarchy problem (Mgy, << Mg ?)
In this model, gravition can propagate in additional spatial dimensions

e Models with n extra spatial dimensions

e e
T/ HH
2(/ YY
f
Graviton
Exchange

v’ Large ED(LED) :
n>0 (n>2) compactified 3J,
M2, ~R"M "2, My,: string scale

v TeV-'ED:

n>=1 (n=1)

M,: compactification scale
Gauge Boson Exchange

v Warped ED (RS):
n=1, highly curved
k/Mp,, k: curvature scale

. t/ jet(s)+Ex
v+

Graviton Emission

Sighature Model
Graviton I, yy LED, RS
Exchange
Graviton Jets + MET LED
Emission

Boson dielectron TeV-TED
Exchange

At the Tevatron, searched
* LED : ee, up, vy, Jet+MET
* TeV-IED : ee

* RS

€8, MM, VY

11




LED ( graviton emission )

Direct production of graviton
qq9, 948, g8-> g6, qG::
a single energetic jet + large ME.

L ~ 368 pb!

 Jet + ME;

g (\)\ ? heavy G escm'es to extra D
,Q\g’g large MET
007 et ]

One central jet p . > 150 GeV
ME, > 120 GeV

50-
] — Data

. 40- —— SM Prediction
> ]
g 30; CDF Il Preliminary (368 pb'1)
P SM background
§ 20 265 £ 30 events
w Data

o] 263 events

0-

100 150 200 . 250 300 350 400
Event Missing E., GeV

recoil jet very energetic

M, Lower Limit (95%CL) @ COF
t85oeeeeeeerrr; CDF Il Preliminary (368 pb™) ;.- DO (Runl)
: i i LEP
AL : n :number of Extra Dimensions
- B M,, : effective Planck scale
s 12 eeeeeeeeneens : n=5 M, >0.85 TeV
£ : n=6 M,>0.83 TeV
=

2 3 4 5 [
Number of Extra Dimensions
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RS Graviton & TeV—=1 ED : ee, up, vy

RS Graviton Searches, 95% C.L. Exclusion Regions

o1 diEM Mass Spectrum
10

i A I

2 L= 200 b_l
: 690 GeVic Predicted P 3
=008 Background :
= 0.05 3

Decay mode
I dimuon {200 p '}

I disleciron (200 pb”
[ diphoton (345 pb™)

P Y |
600 700

TeV-! ED signal for
Ne=5.0 TeV~?

a | N
. [
IIIIII MarLiel |
-5 T
L *
¥ [

n1mmnmm'5mﬁmmmm1m

diEM Mass, GeV

L L 1 1
300

400 500
Graviton Mass (GeVic™)

Events/10 GeV

N B

85 GeV/c?

» TeV1 ED : Gauge Boson Exchange

» Set Limit on M vian,

400 500 600 700 _ 800 » Lower Limit on compactification scale:
Graviton Mass (GeV)
M. >1.12 TeV at 95% CL
« RS gravitons are excluded by these « World Limit(incl. LEP indirect search limit) :
data in the plane of coupling (k/Mp,) M, > 6.8 TeV at 95% CL

versus effective graviton mass.
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Leptoquarks (LQ)

* Color-triplet particles coupled both quarks and leptons

v’ Predicted in many extensions of SM(GUT, Superstring, compositeness, technicolor etc..)

v" Carry both lepton and color quantum numbers
* LQs can be scalar (spin=0) or vector (spin=1) : ‘SLQ’ or ‘VLQ’
* Couple only to fermions of same generation due to no FCNC & helicity supp. decay
« At the Tevatron, pair-produced by gg fusion or q gbar annihilation
* Decay channel is controlled by B = BR (LQ—Iq)

g.q q
I n
a, < jet e\\ epto
i)

+

%gj a lepton
(Iq)(lq)

=

14



SLQ (p=0)

pp -> LQLQ -> vvjj : 2 acoplanar jets + ME

Main background :
- Z(vv)tjets

- W(lv)+jets

- QCD multijets

L ~191pb! L ~ 310 pb

2 central jets p . > 40, 25 GeV p..> 60, 50 GeV

MET > 60 GeV > 80 GeV
no isolated track, no electron or muon

cuts on AO(MET, jet) to remove SM and QCD
background

101 107

SM 118.3+ 14.5 75.2,; _,,

60 CDF Run 1l Data (191 pb ™)
ey Il <CD prediction
7 1 vz + jets and tt prediction
el 77 Leptoquark (m o =115 GeV /c?)

Events/ 10 GeV

%0 120 180 = 240 = 300
Missing E | (GeV)

D@ Run II Preliminary, L = 310 pb™

Signal cross sectionn

Exveluded cross section

== Expected excluded cross section

Cross section [pb]

i0

T \Illlli

3
8
s

PREPIEN IR S S U S SR T T BT
110 120 130 MI_QIF(?eVI

¥ B =0M,,>136 GeV @95% CL

@ s-0M,>1176ev @sv CL
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1st and 2" generation SLQ (combined)

o 18t Gen : eejj,,evjj, wij o 2 Gen : ppjj,vvij,uvij

Search For First Generation Scalar Leptoguarks

= Search For Second Generation Scalar Leptoqgquarks
s R R i
o> E o
o9 =
o.=
oS =
o. 7
[ JBr
o«
ons =
o.s [EaidiiaiEEEEEEEEE S s L B Bl
os =
o
og =
o_3 5 == e
a.z
0.z oz - -1
CDF Run |l Preliminary.2o3pb p
e a0 150 1s0 zoo zzo zao CDF Aun il Preliminary.igspb "
Leptoquark Mass (GeVo?c )] i i i

i a i :
1490 180 180 200 220 2490
Leptoquark Mass (G ewvic® b}

— 1g— T T T - — 1_ o O] e N e L I it T ]
T ool £ T F ; :
o os ey 5 T osf 294 pbt E
T o8| e & g E : ]
..... E | & : ]
iy 000000 £ E 5 0.8 : =
B PCE E I E ]
g o05F @ = = 0.7 -
0.af = - ]
0.3 E_HI.II'I I: "’250pb'1 o = 0-6:_ —&— Run ujuj + ujvj _:
0.2 i—Rl.II'I 1: ~120pb-1 __/ —: 0 5:_ —a— Run llujlij 3
0.1 ;- '_,_..---""'.-.- f = —— Run I+lljcombined
Qf‘;o' 60780 200 220/ 240 260 o4k o A, D@ Runll Prefiminary;
2 140 160 180 200 220 240 260

Scalar Leptoquark Mass/ (GeV/c ") Scalar leptoquark mass m, , [GeV]

For B =1, I generation for [ =I, II generation

CDF:Run I, M, >235GeV/e? CDF: Run II, M, , > 224 GeV/c?
DO: Run I +1I, M; , > 256 GeV/c? DO: Run [+, M, > 251 GeV/c?
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3rd Gen. LQ (Vector & Scalar) (B=1)

Channel+t;tyj-j~(one-leptonic, one hadronic decayed 1’s)

VLQ3 B8r (vLQ3 -> T b) = 100% (B=1) SLQQ3 final state: ttbb, same as the
RPV Stop search signature

NN <

g t,}:'<1: %‘b}
f1"-< f < 'f;.“' < K
b b d b

CDF Run Il Preliminary (322 pb'1]

* T, +1,> P(l)>10GeV/ic, P(t,) > 15 GeVic

eopposite sign of lepton and tau

¥, >10 GeV

*H.=P() + P(1,) + P(jet) +E7 >400 GeV/c
*Nje >= 2

eremoval of conversions, cosmics, and DY

Qo =
— 102 S R | . — C|-[|)-F| Run ll PrEhmlnaryl (322 pb _) E r Jé I ]_ GN%.O ( pﬁ—) I:_Q m ) I Br( Léa—} bt :l ¢I 100%
-g_ Eou : GR@PbA+PYTHIA Monte Carlo 3 I -g : —
- - ----+-- Theory:uncertainty (+ \IGPDF + G‘;'cme) ? - ¢ '\ f—— +QG§DF+GSH‘9 .
O'ﬂ oL —o—. Measured 95% C.L. Limit il gm . _g \ i 95% CL upper IImIt i
I - "E§ —— Observed |
Qg T 7 2 E& " Expbcted (t5) 7
3 = E ~ Bl ]
— ] < FE: ]
| O B ] Gm &
& 10" AR O R RIS H™s PTURUURPRY ST — - 1 __E!\ Ny
& E T EE 322 pb ~
- : : : : LY g [ E m:§1SSGe\fﬂczl 3
— - a i i i i i i .
10'2 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ‘1 1 1 b o ] i | i | | |
150 200 250 300 350 400 100 110 120 130 140 150 160 170
Vector LQ3 mass (GeV/c’) m, o GeVv/c?
for p=1, for p=1,
CDF: Run 11, My, o5 > 344 GeV/c? CDF: Run I, Mg o3 > 151 GeV/c?
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Anomalous Diphoton + X Production
X=¢e, n,v)

» Searches based on the final state signature

diphoton trigger: E>12 (isolated), E;>18 GeV
2 central photons |N| <1E;>13 GeV

YY+e,l
(L ~ 683 pb)

YY+Y
(L ~ 1020 pb )

one electron E > 20 GeV A third photon

one muon pr > 20 GeV IN| <1E;>13 GeV

SOII[‘CQ electr on muon

Zyy |03 £ 0.01 £ 0.049] 0.307 £ 0.011 £ 0.028 Y 0.7 £ 0.1

Wy (0,007 £ 0.008 + 0.011|0.048 + 0.005 + 0.004 Fakes 19+ 06
Fake [+7 (0,093 + 0.004 + 0.038 | 0.006 + 0.005 + 0.003
Iy 4 jet = 7[0.386 + 0.021 +0.220 0.093 + 0.011 + 0.114 ol 10406
Iy +e—y (3363 4 0272 £ 0760 | 0017 £ 0.017 + 0.004

Total 240 £ 034 AP Observed | 4

Data |2 0
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Conclusion

1.  Current results based on 0.2 ~ 1 fb'!

2. Atpresent, ~ 1.2 fb'l on tape
3.  World best Limitson Z’, LQ, LEDs etc..
4. Second stage of analysis with ~ 1fb1 data

5. At the end of 2009, we may have 4 ~ 8 fb-!

6. So far, ~ 10% of data analyzed from expected data till 2009

7. Expect real discoveries 11??

S BB http://www-cdf.fnal.gov/physics/exotic/exotic.htmi w

http://www-d0.fnal.gov/Run2Physics/WWW/results/np.html G
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_Back up

20



CDF Detector

m Silicon tracking
detectors

m Central drift n
chambers (COT)

m Solenoid Coill

m EM calorimeter

m Hadronic
. e
calorimeter B
o g
m Muon scintillator = 4
counters

m Steel shielding

1 = —log(tan(6/2))

21



DO Detector

Forward Mini-drift
chambers

Central Scintillator

Forward Scintillator

l\ H\ = Sum gl g s T et N TR g e g e SE T e
WKW TH IGER
TRTRCTIRS SOUTH
1uau1n [
Lht
e

N;}-RTH % H 1
F
Shielding w

e e Y
TR L VIR
VEET i) ld':f)
YiiE

=T

R T T T L ‘_" L Rl ML
A T Y TR R G R RO OO

Si, SciFi, Preshowers

New Solenoid, Tracking System | | | | |

+ New Electronics, Trig, DAQ
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Generic Z' : 72 > ete- @448 pb!

2004 paper by Carena et al defines

4 general model classes
(PRD70:093009,2004):
e B-xL, g+xu, 10+x5b, d—xu
 Within each class, Z’ defined by:
mass M.., strength g,, parameter x

Comparisons to LEP 2 possible:

> qgt+xu, 10+x5, d—xu more exclusion than
LEP Il

> As well as LEP Il for B—xL

> More sensitive than LEP to low g,
couplings

CDF Run Il Preliminary ( 448 pb-1)

‘{'-N _I | i IIII I_ t\r"\
o | ] L
 800f 1 =
S 1 S
5 9,=003 7 @7
= [ 10+x5 1 =
500= =
400
300
Ll i T PPN | i il 200
10/ -5 0 5 10 10 -5 0 5 10
Z’ Couplings X Z’ Couplings X

LEP Il excluded below line
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Z'>ee (819 pb1)

Di-Electron Invariant Mass Spectrum

2
-
<

-
<

-
=

Nr Events / 5 GeVl/c

-
d

-
[=)

107!

CDF Run Il Preliminary + Data

I I I I IIIII I

—— Drell-Yan

[ ] Jet Background
[ ] EWK#+yy Background

J.Ldt=819 pb™

central (|etal<1.1)
+

plug (1.2<|eta|<3.0)

W

50 100 150 200 250 300 350 400 450 500

Di-Electron Mass (GeV!cz)

highest mass event__
at 491 Gg){




/A (GeV )

=N
cI

Limits for e*-> ey

Limits in parameter space of /A (GM model) and M. /A(CI model)

CDF Bun Il Preliminary [
1 T I T 1 J

L . dt = 200 pb™

| 95% C.L. Exclusion Region

95% C.L.
Exclusion Regio

CDF Run Il Preliminary
JL .dt =200 pb "’

100 200 300

In GM model, M

T 206 400
M. (GeV)

600

800
M.. (GeV)

o+ > 430 GeV for f/A ~0.01 GeV-! (95% CL)

In Compositeness model, M. > 906 GeV for M. = A (95% CL)
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LED ( graviton exchange ) :
* Gravity effect is parametrized by
Ne
d’o 2
dM deosd’ = fou + fols + TG
X X Functions of M
s Scatt. & cosO*
¥Y angle determined by
¥nv‘?r theory
1an

ng : effective x-section parameter (=F/Mp?)

F is a model dependent dimensionless
parameter ~ 1
v GRW: F=1
v' HLZ: F =log(Ms2/M2), n =2
v F=2/(n-2),n>2
v Hewett: F=2 N/, A= *1

ee + vy

eV

Events/10 G

L

s Spectium | D@ Run Il Preliminary
— b oL Lo A
1

D@ Run Il Preliminary

Fit M

ee’

400

horetlictionSignal
Ly pr'edlcﬁon1

..........

500 600 700 80O

Events/0.02
.-

g
T

[
o I I I L

L1 u NI A T T T e e
900 0 01 02 03 04 05 06 07 08 08 1

diEM Mass, GeV

cosg*

M,, and c0sO” = Data consistent with
background expectation

Bayesian likelihood fitting = set 95% CL on ng
95% CL mass limits on Fundamental Planck
Scale(Mp) (in TeV)

Final

(pb) | state

GRW
[1]

n=2 n=3

HLZ[2]

n=4 n=5 n=6 n=7

Hewett[3]

A=+1/\=-1

200

CDF

cc

1.10

- 1.3

1.10 0.999 0.929 0.879

0.987/0.959

246
DO

HH

1.07

1.09 1.27

1.07 097 0.90 0.85

0.96/0.93

275
DO

eetyy

1.48

1.74 1.76

T

Runl+Runll

1.48 133 124 1.17

1.32/1.21
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