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@ Fermilab 1s home to the Tevatron, the world's highest-energy
particle accelerator and collider.
@ proton-antiproton collisions at Vs = 1.96 TeV.
@ Tevatron 1s performing really well:
6-8 b expected by the end of 20009.
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LUMINOSITY AND DATA TAKING
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DETECTORS AT |t

FERMILAB

Data analyses with 2 multipurpose
detectors, CDF and DO:

X Silicon vertex detectors for b-tagging.

X Charged particle tracker in magnetic field.
X EM+HAD calorimeter for e,mu id.

X Muon detectors for muon 1id.
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uze6s BOS

¢/ The search for the Higgs boson
1s one of the most active areas
of research at the Tevatron.

s fie\d FO rces

¢/ The Higgs boson is the only
SM particle that has not been
observed.

v/ It requires an exceptionally large
amount of energy and beam
luminosity to create and observe at
high energy colliders due to small
cross sections and large backgrounds.

Only ~40 Higgs events are expected to be
produced per fb"' at each experiment in detectable channels

Barbara Alvarez- U. de Oviedo 6



In the standard model (SM), the Higgs boson is crucial
to the understanding of electroweak symmetry breaking
and the mass generation of electroweak gauge bosons and fermions.
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Higher order diagrams involving
Higgs Bosons enter as corrections
to SM predictions for EWK processes
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@ Direct searches at LEP:
m_>114.4 GeV/c?at 95% C.L.

@ Indirect EWK constraints:
m, < 154 GeV/c?




SM HIGGS CROSS High mass Higgs region (m >135 GeV/c?):
SECTIONS AND BR e H - WW dominant decay.

e Gluon fusion production search (gg — H).
Low mass Higgs region (m <135 GeV/c%):

« H — bb dominant decay.
e Search for associated W/Z production.
SM nggs Cross section SM Higgs branching ratios
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ANALYSIS STRUCTURE
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ANALYSIS TOOLS

Multiple b-quark tagging algorithms:
v/ DO: NN tagger based on b-lifetime information,
with multiple operating points.

SecVtx algorithm

Jet

Displaced tracks

Decay lifetime -
i Ly -, ’Secondary vertex
e

——— ¢/ CDF: Secondary Vertex and Jet Probability
e, algorithms. Additional NN flavor separators.
do” v
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S
22 v
o WH — Ivbb
Dedicated trigger: High p_leptons, and MET+jets. amipmm Tb

€ Same selection.
In CDF, 2 WH analysis are performed < 4 Same background treatment.

# Different analysis techniques << * ME + BDT
F * NN

These two results are combined to have the final WH - Ivbb limit (next page).
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EVENT PROBABILITY DENSITIES:

Plp,p,p,) = 1/0 1 do,do,dp, > ® IM(p )| f(q )i(a,)q lla,| W, (E.E,)

N

Matrix Elements

Parton Distribution Functions

Phase Space Factor

Backgrounds peak to zero and signal peaks higher
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W2 WH — Ivbb

Analysis Lumi (fb') Exp./SM  Obs./SM

DO (115 GeV/c?) 1.7 8.9 10.9
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\y Analysis Lumi (fo') Exp./SM Obs./SM
DO, NN & BDT(115 GeV/c?) .

CDF, NN (115 GeV/c?)

U ZH — |Vbbj
CDF, ME (120 GeV/c?)
v/ _Event Selection: 2 high P, w

leptons (ee/uu) and b-jets. DO Runlib preliminary 1.2 fb o pa
— Signal (Mh=‘| 15)
'3 10 — Double ta —— Total Background
¢/_Main Background: S E 91— Sunal-Background
— - ackgroun
Z—|—ets. d:, : —— tt Background
J I.I>J — _l_ —_ZZ Bac?(ground
..6 1 g_ - WZ Background
v/ Analysis techniques: g - Sl s
D0: NN and BDT discriminants.| 3 [ (T |y D —
CDF: el
a) 2D NN analysis: improved i ]

dijet mass resolution with 2
METprojection technique.
b) New ME analysis.

08 1 12 14
Neural Net Output
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¢/ Main background: QCD multijet processes.

In CDF, a data-driven model for QCD
background removal 1is used.

¢/_Other backgrounds: top, single top,
dibosons, W+jets, Z+jets...

NNoutput, Signal Region, ST+ST

CDF Run Il Preliminary, 2.1 fb"'
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v/ 3 orthogonal tag categories and 3 jet bin.
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S

W gg — H — WW" — IlI'vv (l,I'=e,mu)

W

v/ Most sensitive Higgs search at the Tevatron

v’ Signature: 2 high p_leptons + MET.
¢/ Leptons in same directions due to spin correlation.
¢/ Different background composition: WW, Drell-Yan, ...

proton et Iyt

g
b V
Final states: e’e’, ep, HO ‘!

or [iFandiZiv:" I T N | e

)

e_ 3
& (o
antiproton 4

¢/ There are several production mechanisms besides gluon fusion:
WH —» WWW, ZH — WWW, V.B.F H - WW

¢/ New dedicated analyses in different O, 1, 2 jet bins.

¢/ Analyses optimized for each jet bin.

Both experiments approaching SM sensitivity

Barbara Alvarez- U. de Oviedo 16



gg — H - WW" — [I'vv (I,I'=e,mu)

CDF, H - WW, 0 jets

CDF Run Il Preliminary [Lai=zon’ | AD between the lept()ns Process # of events
8 2507 Region: Base 2 c c c c
S SEm o 1s the most discriminating
o ] . . .
52 Bwe  Dwgets variable for the 0 jet bin.
S | @z Qgov |
o 150 ] []Syst. Uncertainty I y y
| oL-zeax /ili WW background distinguish
] =0.8% . S
100- — | by the spin correlation
. ﬁ of the leptons.
0- ; T T T T 7
c o8 1152258 Total bkg 540.48 * 64.81
Ao leptons
Total Signal 8.38 £1.29
CDF,H - WW, 0,1, 22 jets Data 552
CDF Run II Preliminary [L£L=3H""
110 120 130 140 145 150 155 160 165 170 175 180 190 200
—20/0sm 20.05 6.42 3.03 | 195 | 1.69 | 143 | 1.15 | 0.88 | 0.84 | 0.96 | 1.21 1.42 | 2.26 3.04
—lo/osm 27.38 8.80 420 270 | 234 | 193 | 158 120 | 114 | 1.34 | 1.67 | 1.96 | 3.17 4.23
Median/aSM 38.90 | 12.61 | 6.05 | 3.86 | 3.35 | 2.79 | 2.29]| 1.71 | 1.62}| 1.92 | 2.39 | 2.82 | 4.63 6.16
+1lo/osm 56.09 | 18.02 870 | 555 | 484 | 402 | 336 T Za> [ Z23& | 2.74 | 3.46 | 4.08 | 6.77 8.99
+20 /o5 M 78.70 | 2544 | 1221 | 7.74 | 6.75 | 5.64 | 4.71 | 3.40 | 3.36 | 3.80 | 4.86 | 5.68 | 9.56 12.79
Observed/ogm | 57.89 | 13.98 | 6.13 | 4.03 | 3.35 | 3.25 | 2.33 5.26 | 10.35




S
i H — WW"— II'vy, | L =3.0fb"

W

CDF Search for Higgs to WW?* Production using NN is used in each of the three di-lepton channels

a Combined Matrix Element and NN Technique w
—— Bg (pre-fit)

CDF Run Il Preliminary JL:s.n b’
B GeV/c? 2.3 ee, e D@ Run Il Preliminar B9 (Bg Only Hyp)
10° 5 All Jets HWW M, = 165 GeV/c Tot\'::[j §1o - » BU, pU L=3tp-1 Yy Bg (S+B Hyp)
= o o F M1, I Signal m, =160
102 :_ \ZMZZ B T e
= D\?V\(M 102 S E e el T
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NN Output
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m_=165 GeV/c’ m_=165 GeV/c’
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ADDITIONAL CHANNELS

Many other SM Higgs searches, not as sensitive but contribute in combination.

Analysis Lumi (fb') Exp./SM Obs./SM
DO, ttH — lvbbbbqq 2.1 453 63.9
DO, H — yy 2.7 232 30.8
CDF, H — 11 2.0 24.8 30.5

DO Runll 2.1 fb™ Preliminary ° daa - KS prob = 68.4% CDF Run Il Preliminary
a F = 100xtiH->ttbb ) Observed (L = 20 )
s [ 2>bjets,>3ta it g served (L = 2.
gt jets, g W Wejets ¢ ] Jet - 1 (QCD+Wijets)
b Z+jets w .
g 105 diboson 10 op
K] c 3 .
E Il single top iboson/Z — |l I
zZ r B multijets — 11+ jets
i 10? Higgs(M,=120)~30
1
i 10
107"
i 1
0_ 0 01 02 03 04 05 06 07 08 09 1
Min(NN(Sig_2Z),NN(Sig_ Top),NN(Sig_ QCD))

* Signature: 1 lepton + MET + 4 jets. Four signal processes considered:
*12 channels (4, >5 jets) x (1, 2, >3 b-tags).  * W(— qq) H(— 1)
«Scalar sum of jets (HT) to extract signal. * Z(— qq) H(— ©1)
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INDIVIDUAL EXPERIMENTS
COMBINATION

..........................................................................................................................................................

Exp(;cled +2 c

p—
)

95% CL Limit / 6(SM)

CDF Run 11 Preliminar}'. L=2.0-3.0 fb’'

= bl LEPLimit v e ] | | B GO gl
“3 \ é_'___,_,-'—"'" ................
E ._: ) —  Observed
= i o S S
d 10 — B - 426
I e 1
o 1 : .
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| - my, (GeV/c?)
Janu::u'_\' 15, [I]‘J ]
]00 l]O ]70 130 ]40 ISO ]60 ITO 180 190 200

mH(Gerc )

100 < m_ <200 GeVi/c’

EXPERIMENT EXP.(OBS)/SM  EXP.(OBS)/SM
Contributing production processes: m, =115 GeV/c* m, =165 GeVi/c’
 Associated production (W/Z).

e Gluon fusion.
» \Vector boson fusion.

CDF 3.1 (3.7) 1.6 (1.8)

Analyses are conducted with integrated luminosities from 1.1 to 3.0 fb”
Barbara Alvarez- U. de Oviedo 20



SM TEVATRON HIGH MASS
COMBINATION

Combine results from CDF and DO
searches for SM Higgs boson.

Systematics and their correlation
between channels and experiments
taken into account.

10 |

95% CL Limit/SM

Tevatron Run Il Preliminary, L= 3fb™

Expected :
Observed

tlo

t2c B

| July 30. pOO8

1-CLs

P— 1 CLs Observed

:Expected +1 G
:Expect:;ed--ﬂ_:Z-g....

95% C.L.

170

175 180 185

190

90%:C.L.

195500
my; (GeV/c?)

155 160 165 170 175 180 185 190 195 200

mH(GeV/c )
Results presented at ICHEP 2008, Philadelphia

Tevatron high mass combination:
v We exclude at 95% C.L. the
production of a SM Higgs boson of
170 GeV/c?

v’ First direct exclusion since LEP!

RESULT
3 fb”’

EXP.(OBS.)/SM
m_=165 GeV/c?




The low mass region is challenging, but in the
next Tevatron combination the expected limit

should fall below:

~3xSMform =115 GeV/c?

CDF Run Il Preliminary, m,=115 GeV

= f
L] i —— Summer 2005
=3 29 § 1 | S e s
.E 20 : ................................................................... —_— Summer2007 90
; —— January 2008
ﬂ 17.5 W\ —  December2008
o i With Improvements
% 15 |
w 125
10 |
7.5
5
2.5
0
0 1 2 3 4 5 6 7

Integrated Luminosity (fb™")

Achieved & Projected

There is still room for improvements:
 Increase in acceptance.

« Sophisticated analysis tools.
« B-tagging.

* jet/MET resolutions.

We are sensitive to a Higgs
of 160 GeV/c?

Barbara Alvarez- U. de Oviedo
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"Beyond the Standard Model"

v/ The Minimal Supersymmetric Standard Model (MSSM) is the minimal
extension to the SM that realizes supersymmetry.

MSSM
Tevatron
g]ﬂg f“\‘a\h\MSSM, tanBZSO
b 10 F bb—~H uhg&gntbb'—rH
1] e
10" y
10} 99-+H
107}
af
10" L—— - -
100 200 300 400

M, (GeV)

Barbara Alvarez- U. de Oviedo

In the MSSM, 5 Higgs bosons remain after EW symmetry
breaking:

X 3 neutral: h, H, and A - denoted as ®.

X 2 charged: H™.

MSSM processes (next pages):
€ bd — bbb

€ bd — brr

® D11
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b® » bbb (multi-b-jets) \MSSM

* This process could be observable in
supersymmetric models with high values

of tanp.

* Event signature: at least 3 b-jets.
Data required (trigger): 2 central clusters
with ET>15 GeV, the third jet ET>1O GeV.

Offline: three jets with E_>20 GeV, |n| < 2.

* This final state suffers from a large
multijet background.

events/(15 GeV/c?)

400

CDF Run Il Preliminary (1.9/fb)

bbb
bbx
beh
bgb
ITIH=1 50

=1
=]
=)

o

=]

=]
EEEEE

300

200

100

300 gﬁu
m,, (GeV/c%)

0
50 100 150 200 250

* The dijet mass of the 2 leading jets in the events (m12) used , in triple tag events, to
separate Higgs signal from background events.

RESULTS

149 (201) 7.7 (6.2)

1 I 1 1 '} i
120

I 100 -
m, [GeV/c’]

24




DZ Preliminary (1-2.2 fb ™) MSSM

E 10° = Multiet & Wajets L

S ®E=H; hsA)—>1t 7

:d., B Other EW & tf

_,2102 _ Search requires the tau pairs to decay
T mtoTtTt ,TT ,O'TT

w N —8— data e had” p had e u

E --m-- M=160GeV (c = 30pb)

10 Backgrounds:
:  WHjets
R e Top
1 = e,
: SN TN
2\ 50 100 150 200 250 300 * Others...
_ % Visible Mass (GeV)
| meX | = -200 GeV
: @100:' T |h| | TTTT | TTTT | L | TTTT | TTTT TTTT IIII: @ (=H; h;A)+b H b T T
c C ]
= :Z_ g v The final state includes a p candidate,a 7
705 E candidate, and a jet tagged as a b-quark jet.
6°§: D Preliminary, 1.2 fb.é ¢/ The btt channel offers a much cleaner final state
%0 Observed limit than the bbb channel, giving the two channels similar
:Z_ — Expected limit sensitivities.
E LEP 2 ] g r .
20° 3 v/ Exclusion limits are set at the 95% C.L. for several
10F = supersymmetric scenarios.
T T T T T 25
%0 90 100 110 120 130 140 150 160
M, (GeV)




FERMIOPHOBIC HIGGS

Fermiophobich - yvy (3.0 fb7)

ocxBrlh—vyy)fb

)N

CDF Run Il Preliminary

10

—e— QObserved limit

Benchmark prediction
Expected limit
1 sigma region
2 sigma region

IlIIlllIIIIIIIIIIII|IIIIIIIIIIIIII1II

80 90 100 110 120 130 140
m .., (GeV/c?)

H— vy

¢/ Photon energy resolution better than
jets.

v/ Look for peak in di-photon mass.

v/ SM-like search but branching ratio is
enhanced in fermiophobic model.

WH — WWW

10

o(WH) x Br(H — WW) (pb)

102

D@ Run i PreIimimw ¢/ Look for same-sign leptons.

{

== CDF Run I preliminary

—%— D@ 0.4 o' (=)observed/(—)exd
—@— D@ 1.0 fi5' (=)observed/(—jexg
Theory: (=)fermiophobic/{=-:)S!

Excluded by LEP

-------
-----
Plias
.
ey
R
-

ected
ected
/ Higgs

A I AN N S B B
100 120 140 160 180 200
MH (GeV)

v/ Also sensitive to SM at high mass.

¢/ At low mass more sensitive if H is
fermiophobic.
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CONCLUSIONS

« Tevatron is running really well.

* The Higgs boson search is in its
most exciting era ever.

* Reaching sensitivity to SM Higgs
over full mass range and beyond
SM Higgs boson.

Tevatron Run II Preliminary, L=3 b
2 T
% ----- Expected
é - (QObserved
S  tlo
c’j 10 3 | *20 E
N
w
@)
1
| | Lo | July30,2008
155 160 165 170 175 180 185 190 195 200
H(GeV/c) |
NO evidence for signal found yet. E
We exclude at 95% C.L. a SM £10
Higgs boson of 170 GeV/c? g
@
We are sensitive to a Higgs of 160 GeV/c? ,_%

Stay tuned for further improvements!

Barbara Alvarez- U. de Oviedo

2xCDF Preliminary Projection, m =160 GeV

Summer 2004
Summer 2005
Summer 2007
January 2008
December 2008
With Improvements

0 2 4 6 8 10 12 14
Integrated Luminosity/Experiment (fb’ )
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Only ~40 Higgs events are expected to be
produced per fb"' at each experiment in detectable channels

10 7ZH — llbb
S ._.T_._. ! ._'*_. L TT—p— _‘__L__.d_._]_._H_.q
£10"120 7930 140 150 160 170 180

Higgs mass (GeV)

Barbara Alvarez- U. de Oviedo
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