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CDF in Run-l and Run-l|

In Run-I (1992-1996) CDF used ~100pbt
datato investigate eledroweak symmetry
bregking in SM/Non-SM approach

« Applied several important todlsfor 5 sorusen on ver
these studies

ee//T identification

«Good cdorimetry for jet/MET :
measurements

*Tagging b,cjets
*Run-1l upgrades :

* New data acquisition eledronicsto
cope with higher luminosity

 Extend |lepton acceptance

o _arger geometrica acceptance for
sili con tracker

*Have coll ected ~200pb* data
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* Have made basali ne measurements to

Under standing the Run-11 Detector

| Run 162820 Event 7050764 Sun May 11 16:53:57 2003

demonstrate the level of understanding
of our new detedor and the new

CDF Il Preliminary
Secondary ‘J’erbex
Jet2 63.2 GeV
L, =13mm

Jet1 69.7 GeV
L,=16mm

operating enivronment t-thar candidate,
di-lepton channel ||k
CDF Run Il Preliminary (two displaced H250GeV el _:_u.p.
J- Ldt=72.0 pb'1 vertices) / 1 TCL 34.7 GeV
E olpp W ) B 87 GeV
o MET  fi-.
. o(pp = 30f o
Sk CDF Run Il Preliminary
B Standard Model o 25;— J. L di= 76 pb-1
—e—  a(pp W—- e v) -g 20;_ —e— datla
Good " ysE | SM prediction (no QCD)
understanding 1of - LQN‘IE; 1_‘;’ GeV/c)
—h— O, (e + ) - tEes
v of Iepton d 5F (good understanding of
_LJ_|_A_J_ I | 1 1 | 1 1 | | | | | | - | | | : | | ME
(1] : . -1 .
24 26 28 3 32 34 3.6 050 100 150 200 550
o (nb Missing E; (GeV)
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Non-SM Electroweak Symmetry Breaking

Several models creded to solve the hierarchy problem, and to explain the
origin of EW symmetry breaking

Extra Dimensions | Review CDF reaultson

Tednicolor > seachesfor the predicted
phenomena basal onthese

«SUSY/MSSM ) models

Little Higgs
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Sear chesfor Extra Dimensions

Extra Dimensions (ED)

* The large gap between EW and Planck scales is assumed to be due to the
geometry of the extradimensions

* The gap is narrowed by reducing the effedive fundamental scdeto ~1 TeV

* Only Graviton propagates in the ED, other SM particles are trapped in our 3-D
brane

*|n the compaaified ED, the gravity expands into a series of Kaluza-Klein (KK)
states
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L arge Extra Dimensions (ADD) M odel

(*ADD” => Arkani-Hamed, Dimopouos,| Search for ADD ED at Tevatron
and Dvali) *Direct G emission :

e Hierarchy between EW and — Photon escape into
Planck scdesis generated by qaq - yG }+M ET AErSt’u ?r?%bacnli’t
large volume of extra A — Y |

. aq - Gg G!

dimensions i
g9 - Gg

(3+1dim)

Our world (3+1dim)

*Virtual G exchange:

(for Mp~1TeV, n=2 => R ~mm)

. qq - 1*17,q0,

*Gravity propagates fredy in ED CICI_ qa.vy escape into ED,
econtribute to norma SM q

2 np g 2+N ) ) and return back

« M5 ~R M] scatering amplitude B

*M,: Planck scde *Enhancement talil in ! “

*R. :radiusof ED U] Spedré G v

« M _: new effedive fundamental scde *No resonancein spedra A

because KK spedrum

N : #extradimensions uniformly spaced =>

. Our world
continuous ectrum (3+1dim)
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Sear chesfor Extra Dimensions (ADD)

Direct G Emission (MET +] et)

« Seach eventswithlargeMET and 1 a 2
jets
«MET > 80 GeV

Et(jetl) > 80 GeV, Et(jet2) > 30 GeV
(if 2nd et present)

* Reduce QCD multi-jets :

* A@MET,jets) > 0.3 rad SM ET dueto jet
energy mis-measurement

«Reduce W(=1v), Z(=1*") -

* Two highest energy jets not purely
eledromagnetic

*No isolated track

* Remaining background from:
oZ(=vv)tjets, W(=Iv)+ets (I : e,u,1)
*QCD
ott, singlet, diboson

« #Observe=284, #Expeaed=274.1 +- 15.9

Events /10 GeV
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Sear chesfor Extra Dimensions (ADD)
Direct G Emission (MET +] et)

3

10 ¢
*NO0 excess in observed events, thus i
excluded effedive Planck scde (M) o =2
mn—4
A N=0
10 2-
Mp(TeV) i \ 95% CL Limit
\l\\ 62 Events
n CDF DO DO

(K=1.0) | (K=1.0) | (K=1.34)
2 | 100 | 089 0.99

=
o
T

»

4 0.77 0.68 0.73

Expected Number of Signal Events

6 0.71 0.63 0.65

=
»

1 1 1 1 1 1 | 1 - L 1 | ‘ -
600 700 800 900 1000 1100 1200

Best limit from the Tevatron on Mo (GeV)

search for direct graviton emission
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Randall-Sundrum (RS) M odel

e Hierarchy between EW and Planck
scadesis generated by alarge
curvature of the extradimensions

(3+1dim)

TeV brane
*G islocalized in the Planck brane
*The scale of physicd phenomenaon
theTeV braneis A =M, @ KRt

k: parameter governs the degree of
curvature

Search for RSED at Tevatron
*Virtua G exchange:

*Virtual contribution to scattering processes

*Spedrum of KK states are discrete, and
unevenly spaced

*Look for bumpsinMg, M ., M;
do/dM
(Pb/Gev) [ T T T

102 -

do/dM (pb/GeV)

- (a) .
108 | e e

200

400 600 800 1000

hep-ph/0008)41 My Gev)
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Sear chesfor Extra Dimensions (RS)

.CDF Runlll Prelimilnary (126. pb™) - (DI _I epton)

=
o

-1
10

 Data

[ Drell-Yan *Using Inclusive high Pt () data sample,

Al I seled events w/ 2 energetic lepton candidates,
Et>25 GeV (Pt>20 GeV)

« Reconstruct invariant mass(M,,.) to search
for resonance at high mass

» Observe no excessat high massin ete and
T3)
e Combine e and 1 results to set limits for

o

100 I\/Izczoee) (G"";OV) 400 w0 Randall-Sundrum model

Ve 104 7 CDE Run 11 F’relimingry (126‘pb D)
kI (I\)/llpl CDF Run Il Preliminary (126 pb i) 1 GIBr(G 1) limit(95% C.L.)
. Randal |-Sundrum Graviton GBr(pb) 7 OBr(G -~ 1) PYTHIA>13

- 959 C.L. Excluded Region ] lude M..<600 [ Rendal-Sundrum Mode

0.08 f .. il epton decay mode { &Xclu G 325 GeV/c? 600 GeV/c 2
| GeV (WMp=01) I~ l
- 1

0.06 | 10%
: Sensitive to low

0.04 k/Mp, and low Mg

. . ] 105 ‘ ‘ ‘ ‘
400 500 600 400 600 800
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Sear chesfor Extra Dimensions (RS)

. . N Prob 06569
DI-Iet 5 p0  1.31e+16 +3502e+15

«Look for SM deviation in the inclusive jet Sl ot gt 2 eats soams
sample (75 pbt) 5
*Seled two highest Et jetsin event with [n|<2 2 [
*Observe no resonancein the di-jet mass g’ &
Sped.'rum 10" ;g
*Set 95% CL excluded regionS 10° é_ o DATASRY
*Randall-Sundrum G: 220<M<840 GeV (k/M p=0.3) " f ——m8M— Hﬂ\f |

400 600 800 1000 1200 1400
CDF Run Il Preliminary (75 pb™) DIJET MASS (GeV)
e

Randall-=Sundrum Graviton

1]
o
o

0.3
K/Map |

Search for RS Gravitons Decaying to Dijets

CDF Run 2 Preliminary (75 pb™") 1

95% CL Excluded Region

in dijet decay mode

103 k @ 95% CL Upper Limit |

------- Theory (LO x 1.3)
Randall—Sundrum Model

02 ¢

[ - 10 7
0.1 Sensitive to high i
kMg and ighMg

101 o e
E  Imul<2.0, lcos®¥I<2/3 VIR . \~\ E
e A |

00400800 400

Oct 7t 2003 GravitonMass(GeV) g, wing wang, WiN'03, L ake Geneva, Wisconsin Graviton Mass(GeV) 11




Sear chesfor Technicolor

sTednicolor isadynamic version o the Higgs medianism, does not contain
elementary scalar boson

Introduce anew strong gauge force (technicolor) and new fermions
(technifermions)

eTednicolor acts between technifermions to form bond states
*“Higgs’ bosonreplaced by states of two techniquarks (technipion)

Previous CDF sear ches:

Tt expect to have Higgs

- —

* Wr - Yl —j’bb R boson like coudingto

« Pr — 7'[LQ Mmog-11 bb ordinary fermion, => perfer
- CQVV coupeto 39 gen. fermions
- blwvv

0: W - [vbb
0 o, P
r - WL - lvbc

— Descibethis analysis next
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Sear chesfor Technicolor
(L epton+M ET +jets)

« Seach for color singlet pr and 1t; in
lepton (eor p) + MET + jets

« Seled isolate e (Et>20 GeV) or isolate u
(Pt>20 GeV) in central region (|n|<1)

* MET>20 GeV

*Only 2 jets, Et>15 GeV, |n|<2,
at least one jet tagged as b-jet candidate

[y
=
(6]

[ p - Wr+ Tl and
" p) ~ W*+TT processes
(T8 - bb, 1% - b, cb)

105

95 9% C.L]|
Excluded

/ Region

mass [GeV/cz]
=
'_\
o

ﬁI—
«Major background from: 1000
* Wbb. Wee » We
* Set 95% CL exclusion region in M(Tt;) o
vs M(p;) plane N S

MRSG p.d.f. multiplied by Kfactor=1.3
Technicolor model by E.Eichten and K.Lane
Phys. Lett. B388:803-807, 1996

80 I I I I I I I I |
PRL’84’1110 160 165 170 175 180 185 190 195 200 205

p; mass [GeV/cz]
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Run-Il1 Technicolor Sensitivity

(Lepton+M ET +] ets)

PYTHIA v6.139 : M, =M,=200 GeV

150 p. » W* + 11,0 and
[ PO - W* + 10t processes

110f

100} :
i Exclusion(95% C.L.) |
at CDF RUN2

90’ Q& N
I 5 o discovery at CDF RUN2 -
80f
i Excluded(95% C.L.) at CDF RUN1

e Predicted reach for L~2fb!

* Assume the same seledions and
systematic uncertainty as in Run-|
seach, but douodle signal efficiency
(dueto larger coverage in lepton id,
and b-jet tagging)

160 180 200 220 240 260
p; mass [GeV/c’]

hep-ph/00073a!
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Sear chesfor Technicolor

(Di-|et)

Search for New Particles Decaying to Dijets

. /=\104:\‘\‘”HHHH\H‘w‘HwHH\HH\HH\HH\‘&
M @ -\ CDF Run 2 Preliminary (75 pb™)
m b
 Use results from the search for R l axigiuon or Coloron
resonance at high di-jet massto set / 200<M<1130 Gev Excluded 3
limits for the massof Color Octet e Excited Quark ]
. 200<M<760 GeV Excluded
102 i
Temnl rho E . Color Octet Technirho
> . 260<M<640 GeV Excluded
Exclude the massrange: ,
10 77— 5
260<M<640 GeV (Run-I) ) \
300<M<410 GeV Excl. Xy
1 - E, Diquark E
CDF Run-I exclusion: © 280<M<420 GeV Excluded
260<M <480 GeV A 95% CL Upper Limit
10 - Mel<2.0, Icos®I<2/3 NG E
I B I I I I & ) N I

(|
200 300 400 500
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Oct 7 2003

Sear chesfor Non-SM Higags

Results on CDF searchesfor :

*Higgs from SUSY/MSSM
*Doulde Charged Higgs

Song Ming Wang, WIN’03, Lake Geneva, Wisconsin
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Sear chesfor Charged Higas (M SSM)

=
off M.<M-mM, thent , H'Db c
8 0.8 - ;" H—>Tv
*BR( - H"b) depends on tan(pf) S o6l : = 60 Cov
Direct Search: S o4 ; t —> Hb
H 4 12+ 0'2; M, = 175 GeV/c;;
q i ""JF ?T ?O_j-‘1 | 10 102 1O3
9 b Seled events of these signatures: ton 6
- T - 0 + T+ |ets+
q P e+ T+jets+ MET T identified in
A o TT + jets+ MET hadronic decay mode

| ndir ect (Disappear ance) Sear ch:

*Observeif the di-lepton and leptontjets top events (lepton : e, L)
are suppressd

For given o(t tbar) and { M(H*), tan(8)} , how likely isit to doserve
N events

« Set exclusion regions in { M(H*), tan(f)}
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Sear ches for Charged Higas (M SSM )

CDF Preliminary

200 t — H'b searches Excluded 95% C.L.
N r— T T T 1 BRI " -
{ / SLdt=0.1fp" | ry>150Gev /
< 180 My =175 GeV no limit |7
o o indirect search o
160 r~ © o
~ o m— CDF 0=5.0 pb L7 5
T L~ T ]
< 140 - ~ == D0 0=5.5pb R Yool
= 2 a
L~ L ? I
120 - £ ’ A Fogs
/\g % direct search ’ 1 ]
- ’
100 : * -
/7 % B coFo=5.0pb N :
tang
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Sear chesfor Neutral Higas (M SSM)
g9 - @ (g=hHA)

L ook at the channel @—11 with Run-1 data (BR~10%)
*Use high Et electron dataset (Pt>18 GeV), no Tau trigger

*Seled events with one hadronic T and one isolated eledron candidate
*Observe no excessof events

-tC_annot set limit, since search is not sensitive enough due to low acaptance by the
rigger

| mplementation Tau Triggersin

RuUun-l|
oLepton(P[>8) + trad((Pt>5) ‘MET+tau CDF Run 2 Preliminary (72 pb™
*Di-tau (2 narrow jets) a5t ——- data
CDF Run 2 Preliminary (72 pb™ 305— . I:l _ Z-"'T}.LTh
18f ——- data - - QCD
w16 - £— TuTh 8 250 : Wiet
= j4f m-QCD I° S 2ok | - W+je
S g2f ] z f W - Z—up
Lammn J - -
oy 10 —-— 151
L gk ] ] | :
D af 10}
= 6 u
T afp ‘ | 5
2 C
N F— === =T oF
O 20 40 60 80 100 120 140 1 2 3 4 6 6 7

M (u+T+FED - Ntrack



Sear chesfor Neutral Higas (M SSM)
09,09 —» @+bb - bbb  (¢=hH,A)

BR(@ - bb) ~90% ) ; 9
Event Selection: >W< b b
_ R
* 2 4jets, |n4l<1.5 q E< s ‘p<

» > 3jetstagged as b-quark candidate
o Ap(bb) > 1.9 (bb well separated)

'an 100

to reduce gg — bhbob £ 90
Signal aaceptance 50
70

+~0.2% - 0.6% o

S0

Badkground: 40

QCD, ttbar, W/Zbb, W/Zcc >

10

-------- Minimal Stop Mixing

—— Maximal Stop Mixing

\\\\W\m\ R T A AN wmg

Y

PRL,86,4472

80 100 120 143 160 180 200 220 240
m, (GeV,/c)
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Sear chesfor Neutral Higas (M SSM)

(Run-l1 Sensitivity)

80 |-
60:
40t

20:

~ @+bb - bbb
per Expt 0.1 fb™ -

:LEP
rexcluded

2 fb™

5fb™!

95% CL
Exclusion curves

____________

- &
4
120 -

100 -

80:
60:
40+

20 -

per Expt

0.1 fb™
1 fb™
2 fb™
5 fb™!

50 Discovery Contours
‘ | | | ‘

100

200 300

M, (GeV/c?)

o (+b bbar : best discovery channel for new Fermilab Run-I1 luminosity baseline

Oct 7 2003
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Sear chesfor Doubly Charged Hiqgs

* Doubly charged Higgs are predicted in models that contain Higgs triplets
*Models w/ extension to Higgs sector of SM
oL eft-Right symmetric models
eSupersymmetric Left-Right models

*|n the Left-Right symmetric models, the Higgs triplets are one of the Higgs
multi plets that bregks the symmetry between L and R handed weak
Interadions at low energy

Q|

/
/e

Event Selection:
*Seled H**- pair or singly produced \Q"

e Seach for 1 pair of same signee, or Yy, or ey

e same sign leptons decay contains low SM
badkgrounds, provide clean environment for
new physics search

» Datasets : inclusive high Pt eledron/muon
samples (~90 pb for both)
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Sear chesfor Doubly Charged Hiqgs

*NO excess in observed events

*Example in the same sign ey for M, >80 GeV

e ee: no exclusion

o
o]
I

* UU : My, <110 GeV
el : My, <110 GeV

° +1.6
#Ob;l’ #Bgd: 3'2—09 EZDD _l T T T 1T | T T | T 11 | T 11 | T T |_
< CDF RUN Il PRELIMINARY
= FLdt=91.3pb™"
8 . 1
Exclusion massregion : o' — 95% CL Limit ’
. 3 —— NLO Theory |
o _

50

BR(H.—> e mu)=100% _

D T T T T T T T T T T T T T T T T T T T T T T T T
90 100 110 120 130 140 150

H* /H. ™ Mass (GeV /%)
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Summary

*Non-SM Eledroweak Symmetry breaking searches have been performed in
several channelsat CDF

* No evidence of deviation from SM expectation dbserved so far
e Limits are set for various Non-SM parameters

* CDF Run-11 has garted successfully. The upgrades will improve the
sensitiviti es to these searches

o Integrated luminosity of data colleded at sgrt(s)=1.96 TeV is~2X that of Run-|

=>STAY TUNED for more NEW results in the next winter conferences!!!
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