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| M otivation

¢« The SM Higgsisyet to be found
I « Many hints (Naturalness Problem, neutrino oscillations, ...) that
the standard model is incomplete
« New theories (SUSY, Technicolor, ...) predict new, heavy
I particles to appear at energies which may be now accessible at
the Fermilab Tevatron
— Search strategies:
1) Search specifically for a particle
predicted by a major model
2) Do a signature-based search where
no-one has looked before
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I Qutline

I ¢ |ntroduction

« Signature-based searchesin vy + (E..y.1u, or €) model -
¢ High-Mass searches: Independent
Particles decaying into Z + jets, Z' — ee

« Searchesfor heavy, long-lived particles:

Charged (CHAMPs) and neutral (GM SB neutralinos)
¢« SUSY searchesin the golden mode:

combined result for gaugino final states v
¢ Higgs Searches: MSSM Higgs —tt, SM h>WW  model-specific
¢« Conclusion
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I Signature-Based yy+(E.y,pore) ="t

. T and b coming soon!

I Lots of models: SUSY xloeyé,

%=, Higgs—yy, CDF E °
eeyyE. candidate event :
F >50Gev: — '

1.6+0.3 exp., 4 obs. 11::1
Lepton E_> 20 GeV: "’:
electrons: 6.82+0.75 exp., 3 obs. ::4

muons. 0.79+0.11 exp., O obs.
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I High-Mass Decays to Z+ets

Could be b', Higgs, sparticles, ... < N L=11fp1 olu
q W E & 10°k o
bW put g —— Fit Prediction
I % lO_E J“ﬁ_l‘_ﬁ_t Fit Uncertainty
2 F
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q
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1) e-pair or p-pair consistent with the Z-mass Z(Jet E.) (GeV)

2) >3 addltl Onal JetS Wlth EI,>30 GeV Search for New Particles Decay.

102 = CDF Run II Preliminary. 1. 1fb'| —e— 95% CL limit
suppress SM Z+jets production :
3) Parametrize the et E_-distributions of |

eventswith 1 or 2 jets and extrapolate

to the blinded signal region at >3
4) Set limits using b'-models

with BR=100%:

= LO calculation, with

BR(b'—bZ% =1

f—

1-(1-BR(b= bZ))* ] (p

e
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m(b')>270 GeV o 50 200 250 300 350
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L = 1300 pb

| High Mass Z' — ee

COUId be Zl, Randa”-SUI’]drum Grav'ton I_Ji-EIectron Invariant Mass Spectrum
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¢ Requireahigh-E_centra electronanda & oL | — il
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Neutral, Long-Lived Particle Decays to Photons
GMSB ifay@ with ~nanosecond lifetime, Hidden Valey Models...

E;1>30GeV, F, > 30 Gev Set GMSB limits;
and =1 jet to reduce non-collision bkg m(Y.%)>101 GeV
1
' . .. MEW SR R at5nsI|fet|me
USe Cal orimeter timi ng to %parate 30:_ I Predicted exclusion region ]
signal from SM photon background: : i |
. . 25 heny,  TRTRSKESS ex-:f usion upper linfit ]
signal window 2 ns<t"< 10 ns = | |
= 20- .
. E ¢ ]
- L =570 pbl B B
10°E Al o5 B .
- Collisions : ]
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Charged, Massive Particles (CHAMPS)

Search for slow-moving, massive particles with mass > 100 GeV

¢ Look at high-p, muon or track

¢ Can e.g. occur in SUSY, GMSB with long-lived T or t...

¢ Determine its mass from its velocity and its momentum

- ~

track path length
time of arrival — collison time

— Model-independent limitsc A, -A

in - “fid

e strongly interacting CHAMPs. 48 fb
« weakly interacting CHAMPs. 10 fb
M odel-dependent limits using SUSY t:

L =1.03fb?
I Central p, P = 40 GeV
10°= | Background Prediction
> 22 U
6 1.5+0.2 exp., 1 obs.
:..2 10 I with m > 100 GeV
I.% f Il.; /
d |'F
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10F

—— Stop production cross section (NLO)
A Expected Cross section limit from central n
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I SUSY Multilepton Searches

¢« MSUGRA isone of the most important SUSY models
I %, pair production is expected to be a golden mode at the

Tevatron:

= A% —>~
e

«Lowo (~0.1-0.4 pb), however backgrounds very small
« Perform 14 blind searches that require high £ and either 2

(like-sign) or 3 isolated leptons (e or )
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I SUSY Multilepon: Combined Results

Interesting event in the eet+track search:

Largest excess in eet+track: 0.97+0.3 exp., 3 obs.
= Limit-setting with mSUGRA-like
MSSM without slepton mixing (same as DO)

MSSM: tanp=3. u=0, h—Ifigjn-rh-Tiijfthfﬁj: no slepton mixing

— L
=, B CDF Run 11 Preliminary: 700-1000 pl::r'L
g 14K — O o¥BR |
g‘ © OnpLoXBR Uncertainty
f 1.2 — U5% CL Upper Limit: observed
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3 1 e Expected Limit + 2G
A Expected Limit + 1G 1]:11
T < o, + -
T 0.8} | Excluded M(x,")>130 GeV obs. limit,
“{ by LEP o _
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0.4 .
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I MSSM H'993—>T+'r L =1fb?

¢ Dominant production of h,H,A (=0) at the Tevatron is gg-fusion
¢ p—1*1" has BR ~10% (low compared to bb), but can reduce both Z/y

and QCD background by selecting eventswith 1.z, ortt ™
¢ To have sengitivity to low mass ¢ don't reject the major Z bkg.
¢ Binned likelihood fit to the visible combined t-mass and scan through

Higgs masses Set limits for MSSM scenarios:
Shi ght EXCeSS (<2(5) for = +200 GeV, M, = 200 GeV, m, = 06 M,

M, =1TeV. X = Ve Mo m™: M, =2 TeV, X =0 (no-mixing)
.M, =160 GeV inthet.t  channel 10

0~ eluﬁ_._._
’ A—TT ]
100L M Z/yt—tt
; B other EW
i jet fake
10, ! - 3 :
: —— My = 160 GeV 3 expected no mixing 3
mhmax :
h COFRunil 1fbT | ;
: ; 4_ Preliminary =
0'1 3 Py s e (e ey s V - 2 Obwvm IImItS LIS 4 i .;
0 50 100 150 200 25 ~120 140 160 180 200

myis (GeV) don't extend far m, (GeVic?)



ME

SM Higgsh® - WwW"  L=1f?

¢ Atthe Tevatron gg—h° (o ,= 0.2-1pb) dominates, °—>WW" is the dominant
STRSETETNS ;

decay mode for m > 135 Gev
¢ requireonel=e or u from each leptonic W decay f

¢« Maor background (30-70%): SM diboson (WW) f

L eptons from resonant WW production
are correlated = to discriminate signal

from bkg use the azimuthal separation of
the two leptons, for m =110 ... 200 GeV

l

At m=160 GeV: c(obs)=3.6pb
Limit/ SM rate = 6.0 exp, 9.2 obs

T - - - T -
— (s Erved

=== Expacted
= 1=igma
[ 1 2=igma

—— 4th generation

wa— m_ =160 GeV, e and u total

:garﬁdard Model
u i 1 3 1 M ] 3 M " 1 M 3 1 1 3 M 3
120 140 160 180 EED
my / GeV/c




I Conclusion

¢ Lotsof results from the recent new physics searches at CDF:
I Signature-based yy+X: broad search for exotic photon production
Heavy objects:
¢« Decaysto Z+jets: world best mass [imits using b'
I ¢ High Mass Z'—ee: world best mass limits on Z' and RS models
¢ Charged, massive particles: t mass limit at 255 GeV
¢ Neutral, long-lived particle-decays to photons. already world best

mass-lifetime limits on GMSB y°
SUSY inthe “golden mode”.
¢ Trileptons combined: most sensitive channel for mMSUGRA
¢ MSSM Higgs — tt: dlight excess at ~160 GeV — investigate!
SM Higgs h?— WW': sensitive to 4™ gen. Higgs, only factor 6.0
away from the SM prediction, small excess
... Stay tuned! We already doubled the data...

14 P. Wagner L ake Louise Winter Institute 2007 02/20/07



BACKUP
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95% CL Limits on B(B; — uu)
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SUSY : Combined Results |

« Trilepton search results:
ee(CEM) + £||ee(PLUG) + £|| eu+ ¢ pp+ € ||pe(CEM) + £ ||pe(PLUG) + £ ||ee +track || juyys+ £
(high-pt) (low-pr)
Luminosity 1034 pb~ ! 954 pb™" 1034 pb~ '] 745 pb~! 745 pb™" 680 pb™" 1013 pb™ " || 976 pb~ '
P, P, P2 2 (GeV/c) 20,8,5 20,8,5 20,8,5 20,5,5 20,5,5 20,5,5 15,5,4 5,5,5
Expected
lll]lr_lbIEI' {tf SM
background 0.444 0.08 || 034+ 0.10 |[0.284 0.09(|0.64+ 0.18 || 0.42+ 0.08 0.36+ 0.07 ||0.97+ 0.28|[0.42 0.12
events
Number of
observed events 0 0 0 1 0 0 1
« LS-dilepton search results:
ee LS es;e LS €si€si LS esipp LS ep LS pp LS
Luminosity 993 pb~" || 993 pb~—" || 993 pb~" || 971 pb~" || 971 pb~" |[ 1087 pb—"
pL,pZ(GeV/e) 20,10 20,10 20,10 20,10 20,10 20,10
Expected
number of SM
background 0.104 0.10({1.504 0.30({1.304 0.30({1.704 0.20(/2.30% 0.50({0.90+ 0.10
events
Number of
observed events 1 2 1 4 4 1
Backgrounds: mainly Drell-Y an, W/Zy, dibosons and fake |eptons
02/20/07
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SUSY : Combined Results

¢ Each accepted event can only occur in one analysis only
¢ Both the requirement optimization in each analysis and the limit-setting
are guided by the mSUGRA point:

M =100 GeV, M_,=180 GeV/c, A =0, tan(3)=3, u>0
(=> M(x1+)~M(x20) 113 GeV = 2*M(x,’) . M(~q)= 400 GeV)

CDF Run 11 Preliminary: 700-1000 pb™* ¢ Limit-setti ng with
_— BR
_________ oS PR Cinseringg MSUGRA-like MSSM
—— 959% CL Upper Limit: observed without S ep’[on
----- 05% CL Upper Limit: expected ..
Expected Limit + 2¢ mixXing (Same as DO)

| Expected Limit + 1lG

Hseladed M (Xli)>130 GeV obs. ||m|t,

by LEP o

sensitive to M(x,*)=160 GeV

DO limit j

-
e
b
bl
""""""""""""""""""
...................
'...‘........'.-III-:'“I :
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Chargino Mass (GeV/c))
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Technicolor: p. > ®_+W =%

Atthe Tevatron: 6,

~1-3pb 1) require exactly 2 jets, separate into asingle

/ (neural network) and a double b-tag analysis
} 2) combine results for limit calculation

F_ > 25 GeV reduces QCD events with fake

/ leptons

Method: Look for peaksin dijet

and Q=m(W+2jet)-m(dijet)-m(W) distributions
Fit ssimultaneously with a 2D binned likelihood
— Cross section limits at ~3-4pb

CDF Run Il Preliminary (955 pb )

—e— Data

B W-+Heavy flavor
Z+jets

[ Mistag

B Non-W QCD

[ ti(6.7pb)+Single Top

B Diboson/Z— T

3 p7=20019=115

o Background error

Number of events

At m(r.)=105 GeV, m(p,)=210 GeV:

excess with p-value 2.6%!
BUT: it's mostly from single b-tag data

Plan: more data, o ‘ .at _
0 50 100 150 200 250 300 350 400 450 500
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95% CL Limit/SM

10
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SM Higgs h° - WW*

Tevatron Run II Preliminary

_—I [ T T T | T T 1 ]L I T T T | T T 1 | T T T | T T 1 | T T 1 | T T 1 | [ I—_
- - §o e ZH-IIbD | .
~ZH—llbb . T~ WH->Ivbb CRplah

~D0: 320-389 pb, S CDF: 1 fb WHoOWWW

i = — CDF: 194 pb. 1
=l W\ L e P i _
— Ng \oe==""" Ye.. -
- a*® o2l . gg%%;-sm ph! - HoWW Slvly .
_ZH—)VVbb ------- P s s e S -, U —

:%261 LR N JO CDF: 360 pb___

| =" ‘ ‘q‘ . -
. i HoWWolvly

B -~ DO: 950 pb B

L
L
L
L]
-
-
-
L
y
L
o
-
-

—lvbb ZH—svvbb

“«—
[

CDF+D0 Combined

July 26, 2006
ool b b b b v b b L

110 120 130 140 150 160 170 180 190
m; (GeV)

Lake Loulse winter Institute 200/ Uz zuiu’(



SM Higgs h° - WW*

combined CDF /DO thresholds

130 b

BN S e
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— 95% CL limit
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S— 50 dlscovery
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I Dielectron Search

Probability of the Background Fluctuatingto= N_, .
2 1LCDF Run Il Preliminary

Q
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Expected Range for Min. Obs. Prob.
107

Prob of fluctuation> N

107
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107°

_[ Ldt=13fb"
1D'E T R Y T L T L SR T [ N L L o N TR T O 1L N O L ok I A L R LN
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= 2
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Dielectron Search

RS Graviton 95% Confidence Limits

DF Run Il Preliminaryj Ldt=1.1-131fb"

—— 0bs. eTe limits

i g expected e’e limits
1 - —=— obs. vy limits
. @, - expected vy limits
~.. ~ —e— Obs. e::-i EIE." Iirnitsl_ _
N expe vy + ete limits
&\ LO 6.Br x1.3
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