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Top Quark Studies and Higgs Searches

Discovery of top quark at Fermilab in 1995 ; N s
C |eted SM Quark Sector proton - (anti)proton cross sections
. Omp_ . 10 g g 10
Studies of heaviest known elementary particle ol P N B
SM parameters/tests Gk ‘“T LHC ig
E evatron : E
Beyond SM searches o b ey B
Higgs is last missing particle in SM L J
Describes EWSM — particle masses o b b 1o
Experimental challenges: low cross sections and 0 | 110 s
backgrounds o ji0®
Accelerator 2 0k o q0
Detectors ° 0 En1006ey) 110 §
Analysis e 178
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v, w Vs (TeV)
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@ Tevatron currently is the only accelerator able to
produce such heavy particles
T H Vel b B canmlFrmed
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Tevatron Parameters

Integrated luminosity increase: x40

Major challenge is making antiprotons

Substantial upgrades for Run II 2001-...

10% Energy increase - 30% higher oy,

Run | Run lla Run llb
Bunches in Turn 6x6 36 x 36 36 x36
Js (TeV) 1.8 1.96 1.96
Typical L (cm2s™) 1.6 x10%° 9 x1031 3 x1032
[ Ldt (pb-/week) 3.2 17.3 50
Bunch crossing (ns) 3500 396 396
Interactions/ crossing 2.5 2.3 8
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Tevatron Run II Performance

Collider Run Il Peak Luminosity

1 0E+32 1 20E+32 Collider Run Il Integrated Luminosity
2000 700,00
100E+32 1.1032Cm'25ec'1 1 100E+32 0.7fb 1 a J’i
& ';; 18.00 E
8.00E+31 BOEST 8 2
§ s ;
2 < £ nw 2
£ % E £
E sooEsa BOOEST & 3
3 3 £ en ¥
o x= & 2
400E+31 amEs1 g E £
3 <
@ 400 o
" 2
2.00E+31 4 2 00E+31
i &
. aa . 0.00 4 i
i be XS #RT O o | e 5 15 25 3 45 55 65 15 E\:t k%li 105 115 195 135 145 155 185 175
E B g g g EBEgggeg g 8eE2B8838e 838 °e
£ = 2 £ £ £ £ = £ = = = = £ = = £ £ = = (Week 1 starts 03/105101)
g % % ‘g— g E g % g -g— g g g g g -g— g g g § = Weeldy Integrated Luminosity —e—Run Integrated Luminasity
Date
[ & Peak Luminosity » Peak Lum 20X Average |
20— 200
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o s ey
SRR 3 : E L 120
— =y | Peak luminosity above 1-1032cm-2sec!!
g’ n != " ..‘"" -
% n : : "".;. _ —mug
£ K -l Z . .
EI « : | Reliable operation
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4 L 4o
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0 o

5113104 9/23/04 6/2/04 61204 B/22/04 7204 nzma 72204 8104 811/04

Dmitri Denisov, ICHEP04, August 21 2004 4



‘ Tevatron Long Term Luminosity Plan w

To reach higher masses with the same energy 0 -
s Ph 5 Phase 6
9 more CO”|S|OnS Phase 4 CTevatroflsngrades (No upgrade-related studies)
27 (Stacktail upgrade) complete) Design Projection
Increase in number of antiprotons < Phise 3 \ e e
H A . b | (Recycler & K ;’ !
- the key for higher luminosity = ok Cooin] ;i :
=
Expected peak luminosity R R : : ] Base Projecton
> 3:1032 cm2sec! by 2007 N R W N A
A Phase | N ’ { :
R D) AN : ; T
] :'M-‘ : N
10 Integrated luminosity at end of each FY 5 10 l :: !../.—' .
Design Base N ¢ :
o Fiscal i )
Year (b (fo!y )
8- FY03 0.33 0.33 0 b - - ! * B
~ FY04 0.64 0.56 I 9/29/03 979104 93005 1071406 107207 102108 10/3/09
€ 77 Fyos 1.2 0.93 s Start of Fiscal Year
26l FY06 2.7 1.4
£ FY07 4.4 2.2
E 5 FYOR 6.4 33
= FY09 8.5 4.4 ase Projection i i
Z 4y fage Project! Currently expecting delivered
& . ) .
g 5y Today luminosity to each experiment
. > 4-8 fb!
. + by end of 2009

9/29/03 9/29/04 9/30/05 10/1/06 1072707 10/2/08 10/3/09

Start of Fiscal Year
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CDF and D@ Experiments w
CDF DO

Forward Mini-drift
Tubes | Central Trigger Counte*s ‘ Forward Trigger Counte#s

-3

Shielding |- e

(m)a

*"';a’ f‘\ 1" : SR EEL) .-_':i:m W
SYXI 4 ISL A '.'/”/' ] m
PN New Solencid, Tracking System im)
Muon chambers/scintlilators Si, Seifi,Preshowars + Wew Electronies, Trigger, DAQ
New Silicon Detector Silicon Detector
New Central Drift Chamber 2 T solenoid and fiber tracker
New End Plug Calorimetry Substantially upgraded muon system
Extended muon coverage New electronics
New electronics

Driven by physics goals detectors are becoming “similar”;
silicon, central magnetic field, hermetic calorimetry and muon systems
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Experimental Challenges w

Collecting data at energy and luminosity Not new physics, just welding induced noise - resolved
frontiers is non-trivial

Run 190005 Evt 25738964 Fri Mar 5 12:50:0p 2004

Large particle fluxes - irradiation issues

Small bunch spacing and large number of
interactions per crossing

Event synhronization

Complex event topology
Unexpected...

CDF central tracking chamber - aging resolved

| Width Relative To SL8 vs Date - SL1:4 | e SL1SLS
— | | | m SL2/5L8

1.4— ! ! ! &+ SL3/5L8
- | : : ¥ SL4/5L8

13— ! ! ! » Currents SL2/SL8 END CALORIMETER
= : : : 1 T Outer Hadronic
— ! 1 1 1 1 (Coarse)

1.2 | | 1 | | Middle Hadronic

| | 1 | | (Fine & Coarse)
I I 1 I I
1.1 | T R R
v o
B L.

09— : : : : CENTRAL
- X X X CALORIMETER
= &1 1 1 ) ' Electrornagnetic

o8- | o f 47 e o e
— I I I 1 I 1 1 I I

076 N T IV [ W T O O (BTG IR LT R L I R.! A Flectromagnet

’ 200 300 400 500 600 700 800 900 1000
Days since 1/1/2002

Dmitri Denisov, ICHEP04, August 21 2004 7



Data Collection by Experiments

Both experiments are very complex

Typical ratio of “recorded” to “delivered”
luminosity is 80%-90%

As of now both experiments collected ~0.5 pb-!

Results presented correspond to ~0.2 pb-!
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Detection of High P, Objects

> =
N r m -, '.CH:
L5000 01200 . q
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S T ; 10461 W - e Candidates > muons onsk
§ 60 det:mpb |:| Sum - jets (b) A R -
gL IS 0 :
- Mar2002 Jan 2003 W ey(MO) - missing E; (v) 10 10 E=r (Gev)
0= Detection and MC
MISSIng Et D GCD Bkg optimization using We" [ central Region (35<pT<55): b-tagaing efficiency vs. light quark tagging efficiency
400 .
i []w-rvimg known objects osf I
3m:_ displaced ﬁ 05 E_ + '_Jq
: tracks C
200:— f:::::dary ; j o :_ +
. [ : LOOSE
3 ' Primary 7 do o sk | b-taggin
E|||| Ll it P Vo] d ; gg g ] MEDIUM
% 0 20 N & N eﬂEr(m?)'u : TY 02; A TIGHT
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’ Top Quark Studies

Heaviest known elementary particle
- ~180 GeV

- discovered at Fermilab in 1995
Measure properties of least known
quark

Short life time - probe bare quark
Sensitive to new physics
Important for SM Higgs mass limit

EPTONS

Election Neutrino | Muon Neutrino Tou Neutrine
Moss ~0 ~0 ~[

o

“
Elechicn Muon
&l11 106.7 1772

. | @

sSM

—

New Physics ?

up Charm Top
Mass: 5 1500 ~180 000

° . o
Down Strange Battomn

& 160 4 250
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’ Top Quark Production and Decays w

Production Decay

In SM top decays 100% to Wb
Classification of top decays
is based on Ws decays

Top quarks at Tevatron are (mainly)
produced in pairs via strong interaction

q L

~85%

EE 017,100 ). T 8 O — - oo
4 :

P S . L e % ev y73% TV qq
: ev 1.2 |25 25 |[14.8

) t y73% 1.2 2.5 14.8

TV 1.2 14.8

Top pair cross section at 1.96 TeV is 6.7 pb-!
Many Run II Measurements qq 44.4

Top decays classification: di-lepton, lepton+ijets, all jets
Dmitri Denisov, ICHEP04, August 21 2004 11




Selection of Top Quark Events w

Secondary Vertex

o CDF Il Preliminary
[l [r

Jet 65.6 GeV

."iUI uon 24.2 GeV

Ly, = 6.2 mnb, 4 Muon 359 Ge'f

-.._. s 9
B LA -
— e
'-J..-_l - I."l | "__'-\._M -
{ R
<
o {
/o

l-l. .I'I [~]

- "Di-lepton” is golden mode

: : : - low backgrounds (di-bosons, Drell-Yan, ...)
In triggering and analysis = ! !
select events with 9 low sta!tlst!,cs (~6% for € u decays)

Lepton+jets” very productive mode

: - ~5 times more events
= I P [ - main background W+jets
- high E; multiple jets 5 d ourity after b tagdi
- large missing E; (v) “ Aﬁ?gtsfu”ty after b tagging
- displaced vertex for b jets > ~50% branching

- high QCD backgrounds, jets combinatoric

Dmitri Denisov, ICHEP04, August 21 2004 12




D@ Top Cross Section in di-lepton Channel

: : : DZ Run Il Preliminary
Golden mode signature (topological selection) el
- isolated (not in jet) high P, ee(156 pb), B
(140 pb1), en(143 pb1) pair —e ee
— 2 or more jets 1l m
- large missing E; BN - SR
Backgrounds: WW, Z+jets, W+ijets, QCD jets, fakes e dilepton
L1 L1 i ‘ L1 1 | L1l ‘ 1
0 10 20 30 40
Category ee o el [44
Zj’;r* 0.15 4+ 0.10 2.044 0.49 047+ 0.17 2.66 + 0.53 O (pb)
]E“Ek‘g 0.14 &+ 0.08 0104 0.04 0.20+ 0.08 0524011 =i Y
s 0.91 4+ 0.20 048+ 0.20 019+ 0.08 1.56 + 0.26 £\ — +
Total background || 1.20 £0.23 | 2.6l £ 053 [ 0.05 L 0.10 || .76 L 0.65 o(tt) =14.37,;(stat) 5 (syst) pb
Expected signal || 1.39 £0.10 | D83 £ 0.15 | 3.77 £ 0.2 || 599 £ 0.50
[ Selected events || 5 | T | ] I 7 1 | Ultra-pure sample of top events: S/N>50
DO Run II Preliminary » 10, \
BsE — % of u Du D@ Run\I Preliminary
[ - a =
214:— ::ur...w. s gE [ tthar eun Only
w r = ackgrounds
=S 3 e W Fakes g ?EDB kground
= F Ly 6
_Eﬂ:l;— = Data 5;_
3 8f at- | Extra b tag
61 3E-
aF 2E
2F =
gl I [ Og 0.5 1.5 2 25 3
a 2 4 G Jet multiplicity

NHumber of Jets

N\ +5.8 +1.4
Dmitri Denisov, ICHEP04, August 21 2004 O-(tt) =11.1 —4.3 (Sfdl‘) (SySt) pb
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CDF Top Cross Section in di-lepton Channel w

Event count per jet bin

CDFII-197 pb

197 pb! data sample for all channels

B wWw + W2z + 22

£+ Drell-Yan

=]
(-]
Ll LI

Combine ee, up and ep channels for best

entries/jet bin
8

o 5 + fakes
precision %0 Total bkgnd + 16
40
180 ; 20
N i fl Mar= Carla
160 i ®  CDFllecdat{ta? o 20
- COF I dat {197 ph ') 10
=140 ‘| W COF Il gudaiai197 ph)
g 0
— 120 : 0 1 >2
B L g
o 100 , 16
5 = o = 7.075 3 (stat.) " (syst.) £ 0.4(lum.)
R *
5 C : &
R i ]
é Eﬂ:_.n * bt _:' = .
o
[ o™ s
3- qﬂi‘l : m ©
= i
| .L"'i"'"'" " i
n m o]
. :* R
L1 1 I L1 1 I 1 L1 I L.l 1 I 1 L1 I 1 B
Dﬂ 20 &0 &0 100 120 140
Migzing Treneweree Energy (Gay)
Accepted by PRL 2 [ Cacciari et at. (hep-phs0303085), m=175 Gev

' 1800 1850 1900 1950 2000
Dmitri Denisov, ICHEP04, August 21 2004 \s (GeV) 14



’ CDF Top Cross Section in lepton+jets Channel w

I+jets topological l+jets with vertex b tagging
o | CDF Preliminary (195 pb )
£ i abar:  17.6 +}i% 180[ CDF ll preliminary Background =
- 701 - %EI‘“""F“ QCD: 6.3 + i % Background errors =
L Wijets 76.0 +5[% Background + tf (6.7pb) J
60 1 Nj=3 3 Bkgnd + tf errors 3
] 31207 *  Data(162pb’) 3
%100; =
% 80; SN N é
é sof_ MWW _f
2 40; require H; > 200 for £3jeth
200 —— ¥ -
C W—————r——.———;
o 2 3 >4
. Number of jets in Wtjets
e] T T T T T T T T T p 2\ +1.2 +1.0
0 oz " 04 05 03 I o(tt) =5.6" 5 (stat)”,, (syst) pb
o\ 7Ll +1.6 |+jets with soft lepton taggin
o(tt)=6.7",(stat)” ( (syst) pb ] P CDFPQQ g

@ Whb,\Wee,Fake
= non-W
= Drell-Yan

m We
mWW, WZ, ZZ, Z—1t
O3 Single top

Total Bekgt 16
% Data (194111 pb)

Exploit different strategies
-> higher statistics — topological
- b-jets tagging

- displaced vertex

- soft lepton (p)

Require Hy>200 GeV for = 3 jets

Number of tagged events

Number of jets in W+jets

Dmitri Denisov, [CHEP04, August 21 2004 ‘a(tf )=4.2"70(stat) '} (syst) pb ‘ 15



’ D@ Top Cross Section in lepton+jets Channel w

e+jets: 141 pb Selection of events

IE 40 s data 9 hlgh Pt |ept0n
30 - data S I fitted tbar icci
M fitted tthar .g 35 ] fied Wajets ~> large missing =
]
=

- 4 or more jets (no b tagging)
Pre-selection removes all but W+jets
events

Form topological discriminant to
optimize top events selection

[ fitted W+jets
M fitted QCD

[ ftied QCD

no of events

20

20°

10- 15

{ 1n§
0 | 5

B 0‘!2 0!4 0"6 0!8 + 0_\\II|I\\II\\\Il\\\\ll\\lt\\lll\lll‘III\II\\\'II\\
Likelihood Discriminant 0 010203 0-413-503;3, Sl L

o(tt) =7.2725 (stat)*} S (syst) pb

Single b tag Double b tag
#200r BERurritPretiminary 2 20 BA-Rutr-it-Preliminary
gwo:— L g 18 )
- F W VHight e W Vight
. g . o160 B e 9 16F W Ve
Tagging jets from b decays using Buf o BF e
displaced vertex algorithms f;m% [ s sk m I
reduces backgrounds substantially s — " " of " e
of
i
1.9 4
o(tt) =8.273 (stat)*| . (syst) pb I
BZ

2 25 3 3.5 4 4.5 .5 1 1.5 2 25 3 35 4 45
jet multiplicity jet multiplicity
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Run II Top Quark Cross Section: Summary

Errors between different channels are correlated

Top Pair Production Cross Section DZ Run Il Preliminary 1 9.2
_|||||I|||I|||I|||I|||I||| [T . } .+ b
CDF Run 2 Preliminary B — 143 pb ; 13.1 1‘:-: ;:'; P
] - — Ay i¢l 156 pb~ 19 112043 b
Dilepton: Cogbined | ’ ® " P 1 9625 P
TOEIAT] 200t H—t® Al 140pbT 11.213718 pb
B . Lepgm + J;ts.: Kinematic B A ——H dlleptons 140 pb'1 14.3 "f‘; f%g pb
_ T ) o B 141 b 884318 pb
] Lepton + Jets: Kimematic NN — -1 A,
: epton +dets m;?z}lﬁi}:g - 15306 i M pjets (topa) 144 pb1 Bn-u_-%gﬂg pb
_ E l+jets (lopo) - +2.6+156
. Lepton + Hets: Vertex Tag + Kinematic | | _____M ] 141 pb 7.2 2.4 17 pb
] 601588 - vez? B pis(safin) g2 pb” 14.2472428 pb
| Lepton + Jets: Vertex Tag B P+ jets (soft ) g4 pb"' g.5+52421 ph
5.6+1507 (=162007) — Lpis@oy) @2 pb! 11.4+41+22 pb
- K O v U N I . B N =T 35-18
Lepton +Jets: Dogzlz%e:fj: Ta{f= 620 a1 (VT 158 pb-1 111 t&;g‘:}ﬁ pb

Lpis (CSIP)| - 158 pb™! 7.2413+19 pb
leis(SVT) 168 pb™"  8.2+13+12 pb

alllers 162 pb”  7.7434%47 pb

. iy
Lepton +dets: Soft Muon Tag
42+33+]4  (L=19300)

All Hadronic: Vegex Tag

S R X5 5 R WS s L T T

2 4 6 8 10 12 14 0 10 20 30
c(pp — tt) (ph)

¢ (pb)

Measurements demonstrate success of multiple top detection techniques
Results within errors consistent with NNLO SM predictions for 1.96TeV of 6.7pb1

Dmitri Denisov, ICHEP04, August 21 2004 17



Top Quark Mass Measurement

Fundamental SM parameter
Top mass together with EW data constrain Higgs mass

Using Run I data I+jets events (125pb1) D@ developed “matrix element method”

Detailed knowledge of top decays and detector response is required
—> event by event likelihood calculated vs m;,

1
P(x:m:) = Tm) _[ dJ(y=mz)d%dQQf(%)f(QQ)W(x:y)
r — S— —
Phase space x LO ME PDFs Probability for

observable x when y
was produced (Ex:
quark E; — jet Ey)

Single most precise top mass measurement
- good detector understanding

165 170 175 180 185 190 195
Top quark mass (GeV/c”)

m, = 180.1+3.6(stat)£3.9(syst) GeV

Dmitri Denisov, ICHEP04, August 21 2004 18



Run II Top Mass Measurement at CDF

Run I style “template” method is efficiently used

di-leptons |+jets, b-tagged |+jets, b-tag+jets E;

.. -1 CDF Run Il preliminary, 162 pb™'
o |pistribution of raw data events CDF Run Il Prellmlnary (162 pb ) - [T P ALl .“.'. ¢ '?I_
N < sfF Likelihood vs top mass '_%10—_ s daa ]
- L6F / COF Run |l preliminary s DData (28 evts) 319 P L [t =180 GeVic?) ]
g / ' e 7k 8 £t B webwwwz ]
o M i \ 0w _F| |Signal +Bked E6 > 8L non-W QcD ]
20 f \ @ Mc (M, =175GeV) % [3 T, [ B cngetor i
'E ; f \'. & DATA £ 5i|:|Bkgd only 2 E 6: W nistags
s L _
2 o af {56755 780 210 340 21
Bos M, (GeVic') s [
ot 3E o 4 .
0.6} L
g 2 '
5 04 oL b
) 1= r
021 ~— F L — -l
o= | A T [é(:J L im E—S ol e’ il B e S L
100 150 200 250 300 80 100 120 140 160 180 200 220 240 260 100 150 200 250 300 350
Mass / GeV Reconstructed Mass (GeV/c") M, (GeVic®)
op

Dynamical Likelihood Method is similar to DO “matrix element method”

22 events joint likelihood

Maximum Likelihood Mass

] = -1

7| CDF Run Il Preliminary (162 h-') —— MU Prediction 115' . CDF Run i Preliminary (162 pb )

{Signal MC : M, = 175GeVic® — Signal ubar(M() 1*

6 - wekgrond(MU) 1 ‘. After Background Consideration(4.2 events)
- 22 ; ]
% : ¥ Data 22 events o ] 1 778 + gg I(statl.onl_‘,_') Gewcz
g | N
S 4 26 -
= 7 = -
"
- a4 - 176.5+ 34 Gevic? -
e 3 1 - i -
d 4 - a®

. 2 - |

. j
l: az : i -“.‘-.--..-.,
1361407150 T80 170 180190 300 310 330 166 168 170 172 174 176, 178 180 182 184
Maximum Likelihood M.I.W (GeVieT) M.].‘1p ((.c\-"fcz]

m, =177.8"% (stat) + 6.2(syst) GeV /c?

Single most precise Run || measurement

Dmitri Denisov, ICHEP04, August 21 2004
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Top Quark Mass Measurement at D@ in Run II

Measurements in |+jets channel (~150 pb1)

- template method uses templates for signal and background mass spectra
- ideogram method uses analytical likelihood for event to be signal or
background for each event

D& Run Il Preliminary

B .
56 . e 3 DO Runll preliminary
_ Wit MC = 4z . ]
14 - BT o 0 2 : Combined
12 | 4 10 " 177.5£58GeV ™
F 1 -l_l_" Template . :
10 R
. Ideogram
6 — -.
4 .
4
- -q._-—‘-.
9 |- - "._
L. 111 I 111 I 1 11 II 1 1 I 111 I 11 II 11 111 11 . ..-"'—l'-.
DBI] 100 120 140 160 1850 200 XA 240 260 250 ¢ 120 140 180 180 200 s
Fit Mass ({Ge¥) top mass (GeV)

Template method m, = 170+6.5(stat)+10.2/-5.7(syst) GeV

|deogram method m; = 177.5+5.8(stat)£7.1(syst) GeV

Dmitri Denisov, ICHEP04, August 21 2004
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Tevatron Top Mass Measurement

Top-Quark Mass [GeV]
New combined Run I result - m,=178.0+4.3 GeV |— |, - s
(Was m, = 174.315.1 GeV) *
Average -0 178.0+4.3
Run II top quark mass results from both detectors are available
LEP1/SLD —a— 171.7£10.7
| CDF Run 2 Preliminary D@ Run 11 TEIIlp]ﬂlC (pl’C]i[l'lil‘lﬂl.'y] LEP1 /SLD/mW/FW 182410
1 = ® - 170,066 5432 GeV il ‘ ‘ ‘ ‘
:Dllapton 176.5 £]52£53 (L= 1930b™") 125 150 175 200
. — P — o m, [GeV]
TLepton+Jets: M,.., 0 b-tags 17910584 o 19357 D@ Run 11 Ideogtam (preliminacy)
] ° 177.545.847.1 GeV —t——
Lepton+Jets: M,,., = 1 b-tags174.9 +71+8% - 16206™)
. —— , D@ Run 1
ELe|::ton+.lais: Multivariate  179.6 +55+22 (- 762007) 179.043.543.8 GeV | - -
] ————t Systematic error
{Lepton+Jets: DLM 177.8 +55+¢5; . I . t I
] CDF Run (mainly jet energy scale)
{Run 1 CDF Leptont+Jets 17643143 (Runlony) 176.1+4.245.1 GeV ——i— 1S becoming ||m|t|ng accuracy
] ————
ERun1DOLepion+.lats 180.1+35+3%  (Runlonly) Run T world average faCtor
] —— 178.042.743.3 GeV oA
{Run 1 World Average 178.0+27+3%  (Runtonin
160 165 170 175 180 185 190 195 140 15'0 - 160 - 17'0 - 15';0 190
Top Mass (GeVic’) m, (GeV)

TeV EWWG is working on combining Run II top mass measurement from CDF and D@
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EW production of top quark
- direct probe of |V

0.=0.88+0.07 pb

% w
s-channe >ww< t-channel éu g
' ¥
0 BT

08+0.21 pb

Events selection: is similar to top pairs |+jets, but with lower jets multiplicity
-> backgrounds (W+jets, tt, dibosons...) are substantial

CDF Flun II Prellmlnary

Events/20 GeV

a - [*] W B L] @ =~
TTTT[TTTT TTTT[TTIRT [ TRTT[TITTT[TIOIT

T r T " Entries 28

— single top

— 1 ]
— non-top -
— SUM

—+— Data —

100 150 200

250 300 350 400 450 S00

Yield [counts]

D@ Run Il Preliminary

‘—+—' e+u, SVT+SLT

_

¥ 3

[=-] (=]
(=] o
| T

[-1]
o

g T

| —

20

! L | 1 I | ' |
8.5 1 156 2 25 3 35 4 45 5 55

—8— Data

— Background sum

t-channel ( <10)
s-channel ( x10)

Need about 1 fb!
for observation

o jet multiplicity
959% C.L. limits CDF DO
o (s-channel) <13.6pb <19pb
o (t-channel) <10.1pb <25pb
o (s+t channels) <17.8pb <23pb
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’ Unexpected Top Quark Decay Modes? w

Assuming three-generation CKM unitarity, |V,,|=0.999
R = BR(t—>Wb)/BR(t->Wq) > 0.998

Can measure ratio by checking the b-quark content of the top sample decay products

If efficiency to tag a b-quark is ¢, (~0.45 at CDF), then

|Combined likelihood — CDF Il Preliminary 161 pb'1
—r T 1 ' T T T T T T r T T T T

o E 3
e,=(bg,)? “double-tagged” 8 §°§§§3 E
S 0.016F E

e,=2beg (1-be,)  “single-tagged” Syl e
(b5, ‘no-tag’ o
go=(1-be,) no-tag 0.004F =
0.002E | 3

% 02 04 06 08 1
R(gb_slight)

BR(t—>Wb)/BR(t—>Wq) >0.62 at 95% C.L.

Does top decays into something besides SM Wb?
- Like Xb, where X — qq (100%) or Yb, where Y — Iv (100%)?
Estimate using ratio of top cross sections o, /o

Br(t — Xb) <0.46 at 95% C.L.  Br(t — Yb) <0.47 at 95% C.L. (CDF)
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Is Top to Wb vertex SM? W Helicity w

Test of V-A coupling in top decays: W couples only to LH particles

This together with angular momentum conservation allows top decays into LH
(negative helicity) or longitudinally-polarized (0 helicity) W bosons

} In SM £=0.30, £, =0.70, £, =0

Helicity of W manifests itself in
W Lefi-Handed W, Longitudinal w_ Right-Handed decay product kinematics

fraction fraction fraction

60 CDF Il Preliminary

v _ _ [ Decayangle | D& Run Il Preliminary
| JRZEE TN CDF (l+jets and di-lepton) | & ¢ ®Da

%:: .."-J 10 [ ttbar (V-A)

- £ - - -ttbar (V+A)
40} g F, = 0.27fg'_§? (stat) £0.17(syst) 8L E \géj[?ts

0....["5....:..”‘.5‘.‘:_ 6-_
F,

entries/20 GeV
w
(=]

. - D@ (u+jets, 160pbl) 4_

left-handed component

— longitudinal component F+ < 0.262 at 90% C.L. 2F,

background component | topologlcal / W |
0 50 100 150 200 250 300 F+ < 0.269 at 90% C.L.
charged-lepton p; (GeV) b-tagging

—_
(=]
T

rererem P IO P ] ! ]
-1 -08-0.6-04 -0.2 -0 0.2 04 06 08 1
coso
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Resonances in tt system?

No resonance production in tt system is expected in SM (cc, bb,...)

Some models predict tt bound states, example: topcolor-assisted technicolor
- predicts leptophobic Z’ with strong 3"d-generation coupling

Experimental check: search for bumps in tt effective mass spectrum

14': 10 1 % Leptophobic topcolor X
] D@ Run I with Ty = 0.012M,
121 * ® D@ 95% C.L. upper imit
] Total .
g ' m s
3 S
=
i¥]
-
@A
MX > 560 GeV
i e g 10 -l
350 400 450 500 550 600 650 700 400 450 500 550 600 650 700 750 2860 850
Backfground M(th) (GeV/c") Vi (Gev/ )
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’ Experimental Limits on Higgs Mass

Last missing particle in SM ®
Explains EWSM > mass 5 S W
1 ----‘0.02749;0:00012
4 - +++ incl. low Q data -
Available experimental limits Y
> precision EW fits g 3 i
- direct searches at LEP (>114 GeV) o] B
Light Higgs favored -
gnt M99 11 LEP -
+69 1 EXC!udeI N\ .J‘Prgliminlary
my, 2114_45G€V %0 100 400
GeV
m, <260GeV at95% C.L. M (5T
80.6 —
: —LEP1, SLD Data
. 80.5; 68% CL
Tevatron provides =
- precision m, and M,, measurements 8 oal
Direct Searches =
- SM Higgs £ i
- non-SM Higgs 8037
[ m, [Ge ]
80.2 |1|14| :?0 IIIIIII P‘rell‘m[na‘ry
130 150 170 190 210

m, [GeV]
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’ SM Higgs Production and Decays at Tevatron

. Deca
Production 1 Y
N T T T T T % | | \
i [5=196TeV S
g B o1
(V)]
3 0.1
)
10-2¢
100 120 140 160 180 200
Higgs Mass (GeV/c) 10355 140 1-6'0 180 200
Production Cross Section Higgs Mass (GeV/c)
- in the 1 pb range forgg > H Decays
- in the 0.1 pb range for associated - bb for M, < 140 GeV
vector boson production -> WW for My > 140 GeV

Search strategy
M,; <140 GeV associated production and bb decay W(Z)H - Iv(l) bb
Backgrounds: top, Wbb, Zbb...
M,; >140 GeV gg >H production with decay to WW
Backgrounds: electroweak WW production...

Dmitri Denisov, ICHEP04, August 21 2004
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SM Higgs Search: WH > Ivbb (M, <140 Gev) |DEJ

Wb Search Dijet Mass Distribution (> 1 b-tag)
12}

D@ is using sample of W(ev)+2 b tagged jets
- Require exactly 2 jets to suppress top
background
2.5 events expected and 2 events observed

CDF Run Il Preliminary 162 pb'

Wi+2jets (=1 b-tag)

Data

W*+light flavors

W*+heavy flavors

2]
T

Top

W20 W'W°2°2° and 2 - 1t

Events / 10 GeV/c?
=
o

non-W*

WEH X 10 (m,, = 115 GeV/c)

EOECRO -

s(WH)XBR(H->bb) < 12.4pb-t at 95% C.L.
For My =115 GeV

Mean = 104.1+ 0.2 GeV/c:
Width = 17.3+ 0.2 GeV/c

2
3 - D@ Run Il Preliminary L=174pb™ o = * L
(5 i W + 2 btagged jets 0 50 100 150 200 250 300 350 400 450 500
o 10 25 GeV<M,. (W)<125 GeV| Mass (GeV/c)
P i e Data CDF uses e and p W'bb Search 95% C.L. Upper Limit
=]
5 10 * E Wijets channels CDF Run Il Preliminary 162 pb™*
o tt . - 2 — Expected Limit
a 0 Wbb Requires at least 1 jet | §0f T goeedmew
i th - echnicolor (pp - W*T€ - W*bDb)
10-1 — 5 SVHG;‘I- to be tagged - kl(l?C-)FStandard Mgzel H\i/\gl;gs (pﬁwa W*H - W*bb)
- 115 GeV

Future improvements
Extend b-tagging
acceptance, efficiency.
Additional kinematic

o (pp - W*X) xBr (X - bb) (pb)
[
o

=
o

[N
T

o
T

50 100 150 200 250 300 350 400 variables
Dijet Mass (GeV) Better M, resolution .
Add vvbb channel 10 596115120 125 130 135 140 145 150

New Particle Mass (GeV/c )
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‘ SM Higgs Search: H > WW = llvv (M, >140 GeV)  |ED

—h|

Search strategy

- 2 high P, leptons + missing E;
-> WW comes from spin 0 Higgs:
leptons prefer to point in the same direction

CDF Run Il Preliminary, L, . = 184 pb™

—— 10xH-WW M,, = 180 GeV

H
o
w
T

E O WW - ep

B W+Jet - px
E| Bl WZ- eux

=Y
o
N

Entries/0.2

B Higgs (160 GeV)

H
o
TTTT
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@ currentlimits on SM Higgs Search D

Both experiments set 95% C.L. on

0 . -_— 3 IR 0
SM Higgs cross section x Br ) DG Run it P :
S HOWW eeleniul
o S 10
CDF Run Il Preliminary 7

/_-.é\_ T ‘ T 1T ‘ T 17T ‘ T 1T ‘ T 1T ‘ T 1T ‘ T 1T T 1T T 1T EI .

\: 10 & ] % 10 -

m b L]

* * ] 5

S WH —> lvbb Hﬁﬁ;\f’;;* vy ] : < 4" Generation Model

=, L Lw=162 pb”’ i | q
=

S | 1L

(/I) i Topcolor

-1 \

A S — Expected Limit -

o —— Observed Limit 10'1 s

S — SM Pre‘dictio‘ : ; Standard Model

10 10(‘)“‘“(‘)‘ 120 130“14(‘)”‘15(‘)‘“16(‘)”‘176”‘18(‘)”‘190 Lo sl eu plaey [ gl
My (GeV) 100 120 140 160 180 200

Higgs mass (GeV)

Limits already exceeding Run I results

D@ light (115 GeV) Higgs search limit
o(WH)xBR(H->bb) < 12.4 pb! at 95% C.L.
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’ Tevatron SM Higgs Search: Outlook

Ldt, fb! LEP
[ ¥ T KT T T T T r I r 7
SUSY/Higgs Workshop
100F Higgs Sensitivity ('98-'99) <
. Study ('03)
Updated in 2003 in the low Higgs | [ fra eycamation) only
mass region
W(Z)H->Iv(vv,IDbb to include | 1OE c
F Tevatron 1
—> better detector understanding [ / ]
- optimization of analysis 9o discovery
1F 3G evidence E
F PRELIMIN‘ARY 95% CL exclusion]
80 100 120 140 160 180 200
my (GeV)

Sensitivity in the interesting mass region starts at ~2 fb-!

Meanwhile

-> optimizing analysis techniques

- understanding detectors better

-> searching for non-SM Higgs with higher production cross sections or
enhanced branching into modes with lower backgrounds
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Search for MSSM Higgs w

Two Higgs Doublets H, H - and 5 physical states

2 CP-even neutral Higgses ho, H° mp < my
. . . 1 CP-odd | Hi A°
MSSM predicts larger Higgs cross sections for 2chafged"ﬁ';:es'ggs it
some values of parameter space then SM Free parameters: tan 3 = wva/vy  (VEV ratio)
[e's (mixing angle of h, H)
. . . Iz Higgs mass parameter
Using NLO cross section calculations and Ao common trilinear
assuming no difference between A and h/H oo lovel: g ey ermion couplng
D@ performs search for MSSM Higgs rad.corrected: mp, < 130GeV. Br(dh— b h)~90 %
- multi-jet high E, sample g ‘
-3 or more b tagged jets b
B V3 g
3120:“ 131 pb" D@ Run Il Preliminary - = -
o 100} . Dat E 150l § D@ Run Il Preliminary
3 el — Bkga.
o | \
t % + e, = 120 GEV
W 0| 100
40
I 50 MSSM Higgs bosons
a0k bbo(— bb), ¢ =h, H, A
ril R 400 501 s i R T S T
. . 80 100 120 140
2 leading b-jets My (GeV) m, (GeV)
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CDF searches for pp > h/ A+ X

With A decaying into tt pair

- ~8% branching at high tanp

- lower backgrounds then bb pairs
No excess seen over backgrounds

Higgs — 11 Search, Mass of Lepton, T, I;/T

2

=

o
)

CDF Run Il Preliminary 195 pb™

—o— Data

[(]z-11
[JJdet > 1
B tt, Dibosons,Z - ee,up

=
o

Events / 5 GeV/c

1] |_||:-|

150 200 '%50
m,,. (GeVic")

50

100
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Search for MSSM Higgs

Combined

— 7T 1323 £17.1 104.1 + 13.3 236.4 £ 295
Z — 1l 1.8 4+ 0.2 49 £ 04 6.7 £ 0.6
tt, V'V 0.7 £ 0.1 0.8 £0.1 1.5 £ 0.1
jet — 1 12.0 £ 3.6 7T.0+£21 190457
Total predicted 146.8 £ 17.5 116.8 £+ 13.5 263.6 £+ 30.1
Data 133 103 236

Higgs — t1 Search, 95% CL Upper Limit

/'\20_— .. -1

318: CDF Run Il Preliminary 195 pb

= 16F

1 14F

< 1of

% 10F — Observed

X sb ----Expected

< F

t OF

la afF
R
o 2
- 1 I 1 1 I 1 1 I 1 1 I 1 1 I 1
120 140 160 180 200
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‘ Search for H ->vyy w

DG Run Il Preliminary data= 97.0
CCEC bkgd = 68.8 +- 45.8

+ + ‘ ‘ DY= 3.0+ 3.0
vv= 1.8+ 01

-
U'I

In the SM Higgs — yy has Br~10-3 at
Tevatron energy

- search for SM Higgs decaying to
gamma pair is not hopeful

Events / 8 GeV
a‘

U'I

o 50 = ‘_'1'50
M., GeV
Many SM extensions allow enhanced
gamma pair decay rate largely due to D@ Run Il Preliminar
suppressed coupling to fermions E 1 R UR 1191
- Fermiphobic Higgs T F
- Topcolor Higgs £ I
M |[Runl 100 pb”’

Looking for peaks in yy mass spectrum

) MC prediction
for high P, isolated y's 10” g

2 fb”’

60 80 100 120 140
(fermiophobic) M, (GeV)
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’ Search for H¥+/H™

Predicted by Left-Right Symmetric Models

If short lived:
—> Very prominent signature — multiple high P, q
leptons, like sign di-lepton mass peak

- Backgrounds: WZ, W+jets, conversions (e)

DO (113pbt) M(H,) > 118GeV (up) at 95% CL
CDF (240pb1) M(H,) > 136GeV (up) at 95% CL | -

If long lived:
- two high ionization tracks

<

| Stable Doubly-Charged Higgs, Cross Section Limits |

| Stable Doubly-Charged Higgs, COT dE/dx vs Track P | 3 . -1
__ 100 _ 2.0.25 CDF Run Il Preliminary, 200 pb
. Background < 10~ =K
80 o 0.2F == NLO Theory
20 d . F — Limit (95% C.L.)
% gok S st
i) 6OE 5 0.15—
T 501 it | & r
s %0 - a T M,,>134GeV
o 40 2 0.1—
= S -
ﬂ 0 . I- . -I I-I I. - - . . . S : 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
,H,e 1 10 %O 100 110 120 130 140 150 160

T kP GeV
rac (GeV) H= Mass (GeV/c?)
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’ Tevatron Top and Higgs: Summary

Many excellent talks about top and Higgs studies at Tevatron are presented at ICHEPO4
EW, Beyond SM, Heavy Quarks sessions

Top studies are actively progressing:

~ updated c,, m, limits on single top production

-> studies of SM predictions and beyond SM models
-> W helicity studies
-> decay modes: Wqg, WX, Xq...
-> tt resonances, ...

No deviations from SM observed (yet)

Higgs search is in progress:
- SM Higgs
- sensitivity (m, >115 GeV) starts at ~2fb!
- non-SM Higgs
- many different models tested
- already see reduction in allowed phase space (Run I, LEP)

Expect substantial improvements in top studies, Higgs hunting with
~0.5 fb! already on tapes
~8 fb1 expected in Run II
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