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* Highest-energy accelerator
currently in operation

— only place where Top quarks

have been produced

¥ . Data delivered >3.5fb"
— expect to reach 6- 8 fb-! by

the end of the run.

Total Luminosity (fb-1)

9
8 Design/,—
Run | Run lla Run IlIb !
. /
Bunches in Turn 6 x6 36 x 36 36 x36 5 _//
\/S (TeV) 1.8 1.96 1.96 4 /' * Base
e 30 31 32 3
Peak L (cm-2s-1) 1.6 x10 9 x10 3x10 2 -
J Ldt (pb-'/week) 3 17 50 : 7/_/
Bunch crossing (ns) 3500 396 396 1%/1/03 0130/04 0130/05 0/30/06 013007 0/126/08 0120/09
Interactions/ crossing 2.5 2.3 8 Results based on ~2fb"
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Jet Production

fa/A(Xl) O-(plﬁZ — 2 jets) =
%Py o Z I dx,dx, f,, (%) fy/s (X, (D — cd)
P abcd
. o s(X,) 5la.) * Inclusive Jet Cross Section
2 _
X2 jet, — Most basic test of QCD

- Sensitive to the value of o,
- PDFs at high @2

- proton structure at large x

DY jet coverage [n|<2.4 —»very
forward jets are available!

J et
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Inclusive Jet x-section

D@ Run Il

> » OB O @

\s = 1.96 TeV
L=0.70fb"
Reone = 0.7

— NLO pQCD

ly|<0.4 (x32)
0.4<|y|<0.8 (x16)
0.8<|y|<1.2 (x8)
1.2<|y|<1.6 (x4)
1.6<y|<2.0 (x2)
2.0<|y|<2.4

1 0-4 +non-perturbative corrections
10° CTE()(S.SMl ho=K_=P;

-6 L1 I T I 1 1 I 1
1075060 100 200 300 400 600

P, (GeV)

F DG Run Il Reone =0.7 ¥ NLO pQCD M =R =P f e Data ,
1.5 L =0.70 fb < +non-perturbative corrections _ I Systematic Uncerta'"“”
Fe.nsecsen 3 kS G s s
1_0E __________ ] ;" ; .’E'--r':t-f"_"i;tqq—ﬁ_‘
§0'5:_|| 0.4 _:_04 ly| < 0.8 q Tos<ly<i2 +
2 lyl<0. $04<ly|<0. FO08<lyl<1.
g EESS S ST et T
% E 3R NLO scale uncertainty == CTEQ®.5M with uncertainties I ¥
o150 : F---- MRsT200¢ _ .7 T n
1.0F rbe e I eamaraga— + s-:——'—'—*
5 e AN
0.5 5 T -
F 1.2<ly[<1.6 1.6 <yl <2.0 20<ly<24
0.0-J -u\} 1_1} S L RN T -1 -J\ T J.\J.\I.\l_ t“‘T 111 “-J\ 11 1 1 I - -
50 100 200 300 50 100 200 300 50 100 200 300 p. (GeV)
.,

Data corrected to particle level is
compared to NLOJET++ with CTEQ6.5M

Agrees well with NLO QCD over the entire
range (Mr=He=p7)

Most precise measurement to date.
Result is already included in MRSTWO08 PDF.

hep-ex 0802.2400 - submitted to PRL
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W/Z Production

O(a0) - Production dominated by qqg annihilation
P .  * Due to very large pp- jj production, need
q - - to use leptonic decays
- W(Z)
* (BR~11% (W), ~3% (Z) per mode)
P v/l
Modifications due to QCD corrections:
O(os) - Boson produced with transverse momentum
2 w * Boson + jet events possible — main bkgd to top/Higgs
* Inclusive cross sections larger
9 g"  «Boson decay angular distribution modified
Benefits of studying QCD with W&Z bosons:
qg— |7 w - Distinctive event signatures

» Low backgrounds
« Large Q? (Q? ~ Mass? ~ 6500 GeV?)

* Well understood Electroweak Vertex
Pheno 2008 Symposium C. Gerber (UIC)
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Z Boson Forward-Backward Charge

, ~ Asymmetry
do | [ do
. dM. dM. ST DOLLM!
A = ' n < - [ yHd.of. = 10.6/14
do do 05
- _|_ - i
dM. dM.
+/- correspond to hemispheres of &= |
w.r.t. proton in Collins-Soper frame y
1
Unfolded data is compared 05k
with theory - good agreement .
50 70 100

arXiv:/0804.3220 [hep-ex]

— PYTHIA
--- ZGRAD2

Statistical uncertainty
Total uncertainty

300 500
M, (GeV)

Background subtracted raw AFB is compared to templates
generated with different input values of sin?26,,°" to extract

sin® 8" =0.2327 +0.0018 (stat.) =0.0006 (syst.)

Comparable in precision to the LEP combination.
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W/Z Properties 149 for ¢ - pairs
o dg;  (70< M« 110 GeV)

W production Charge Asymmetry

5 D@, 0.98 fo’
. . E D8I — ResBos
Provides input on the momentum e e
. ata
fraction dependence of the u and d 5 0.06
quark PDF within the proton. e
0.8~ T T T T
% 075 CDF Run Il Prelimin:é-lry [L==1 b . 0.02_
E ) E —e— 1fp’ déta(stat.+3{st.). m
E oo o DI P P
L 0_52 _____ = Ziy* q, (GeVie)
© o.4f § | Doossib’
= . ~ é 1f * ResBos s
L 03 % ’OS - ° ResBos+KF + +
o 0.2 205F ° NNLO * {
= F ' [ * Rescaled NNLO g % *éi*
01 : ] S (]S e DR TP TS S LY ' }
% 05 115 2 25 3 osh f
W rapidity E
_ , . AE (o)
Consistent with the resummation T A
prediction at low p, but above the pQCD 1 0 21y 4. (GeVic)
calculation for pr>30 GeV Phys. Rev. Lett. 100, 102002 (2008 )
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W/Z + Heavy Flavor Production
(dominant background for top&Higgs)

W —¢v + c-jet Z—0 + 2 b-jets
 select W’s with a muon'jet o b_jets tagged with SVT
* muon & W have OppOSite Charge e fraction fitted from the
« sensitive to s quark PDF invariant mass of the tracks
o  data is corrected to hadron
oasf Jltn level & compared to theory
— E_ arXiv:/0803.2259 [hep-eX] =
—0.14[ Alpgen (v2.05) + Pythia (v6.323) P L I?f?jﬁ*; C'?F .R.U.N,". Fl’rlel'irl“'lir?alr)'l e
2,:,' .{;5.0.12 = 1 E 0-165_ N=196TeV o CDFData E
% ?‘ 0.1[ %.%'_l_. "0'14§ Er;fzﬂf;v — PYTHIAInd -
= %0'08 ;_ J l % 01122 mts :nf,iEN E
218 ok Zewp || T ;
E o sme s m O R W 01— —— MCFM +Had .Comr.—
coa— - | b — I
o0z - £ E
° _I1l° | :‘(’)2 H;' 004l .
jet p_[GeV] = b I E
D’Iﬁfr—l—{f—'et ‘ Elll
| U _ o074+ 0.019(stat.) T5 013 (syst.) LA A A L

o [W + jets]

Agrees with SM expectation. leferen.tlal Q|str|but|ons available
for the first time.
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Top quark Pair Production & Decay

« Top quarks are mainly produced in

pairs, via the strong interaction

t

0,=6.810.6 pb (Kidonakis, Vogt)

q g 9 t
04=6.7+0.7-0.9 pb (Cacciari et al.) £ n ] 0’0 ~15%

~85%

* m,>my + m, = dominant 2-body decay t >Wb
« I'SMx1.4GeVatm, =175 GeV
— Top decays before top-flavored hadrons or tt-quarkonium bound states

]

can form
— Top spin and kinematics is transferred to the final state
el : :
\QET jet jet
b-jet % . b-jet
// . biet g —r
A%
e,u jet jet
Dilepton Lepton+jets All-hadronic
(BR~5%, low bckg) (BR~30%, moderate bckg) (BR~46%, huge bckg)

Pheno 2008 Symposium
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CDF Run Il preiminary

April 2008

" [0 Cacciari et al. JHEP 0404:068 (2004)
Kidonakis,Vogt PRD 68 114014 (2003)

Assume m =175 GeV/c?

* y
Lepton+Track
eg_ (:)r1157 (r)agb_l) / 8.311.3£0.7£0.5
‘Lepton+Track:, Vertex / 4
ot0r0 gy % 10.11.8+1.140.6
‘Dilepton: Vertex tag / ! 9041 1H0.740 5
(L=2100 pb / UL LU .

Dilepton
(L=2100 pb™)

g

‘Lepton+Jets: Kinematic AN
(L= 760 pb

‘Lepton+Jets:

Yertex Tag
(L=1120 pb

\%\\\\\

6.8+1.0£0.5+0.4

6.0+0.61£0.9+0.3

8.2+0.51£0.8+0.5

*Lepton+Jets: Soft Electron Ta% ®
(L=2000 pb

*Lepton+Jets: Soft Muon Tag

1

7.812.411.5+0.5

AMET+Jets: Vertex T 0.8
ET+Jets: Vertex Tag / 6.141.22%:0.4
. o
All-hadronic: Vertex T 2.0
(Lilr(g)zncl)cpb'%r o / 8.3t1.04,540.5
‘Combined(old, SLT,all-had
ey ST alkhad) %% 7.310.5+0.6+0.4
(stat)x(syst)E(lumi)
| | | | | | | |
0 2 4 6 8 10 12 14

o(pp — tt) (pb)

Top pair Prod. x-section

Combined b-tag + topological 0.9fb-1

Most precise to date

DO Run I preliminary Winter 2008
I+jets (b-tagged and topological) 7.42 053 045 -0.45 pb
910 pb
I+jets (from B(t=~Wb)/B(t—-Wg), PRL) —8— 8.18 090 _jg pb
910 pb 0.84
diil’.‘i‘)t(‘)i‘l (topoiogicai) H—a—H 6.8 +1.2 +0.9 0.4 pb
1050 pb 1.1 0.8
|+track (b-tagged) —e H 5.1 +1.6 409 . b
105 ’ 1.4 10.8 g p
50 pb
tau+lepton (b-tagged) b ® H 83 204 o5 pb
1050 pb 18 1.2
tautjets (b-tagged) B @ i 51 Hj ---(Lff 03 pb
350 pb ° 3.5 (0.7
alljets (b-tagged) H ® H 45 +2,q 14 o pb
410 pb 1.9 1.1
(stat) (syst) (lumi)
m,, = 175 GeV Cacciari et al., JHEP 0404, 068 (2004)
Kidonakis and Vogt, PRD 68, 114014 (2003)
[ ¥:: 2 | | 1 | 1 J | | | 1 | | | ] 1l | 1 | | |

0 2 4 6

Test of pQCD at high Q2

8 10 12
o (pp = tt) [pb]

Experimental uncertainties reaching precision in theoretical prediction.

Pheno 2008 Symposium
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Top quark Properties

#— data (22 b-tags)

- f signal

backgrounds with leptons

I backgrounds without leptons

DO Run Il preliminary

2 b-tags I+j
r |

Number of Events
©
(=]

400
20F

0 et 2Jets  3dets  >ddets

Tagged Top Candidates With Njet>1

701 CDF Il Preliminary 2.0 fb™ 1
_._
60F I data
| Entries 104
-®-DATA
50r = ]
[16:= 9.0 pb
[10;=6.7pb
40r [JQcD
Wzz
30r | Hwz
.= ww
20 | Ebpy—- 1t
—d Elpy- T

0 1 2 3 4 5 6 7 8 9
jet multiplicity

Pheno 2008 Symposium

b-tagging provides pure sample of top
quarks for properties measurements

Top Mass

Top Width
Production Top Spin
cross-section
Top Charge
Resonant i 7
production P
Production
kinematics \
Top Spin
Polarization _p
Rare/non SM Decays
Branching Ratios

1 b-tag dileptons

C. Gerber (UIC)

W helicity

|+

p

Anomalous
Couplings

CP violation

O
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Sample of Top quark Properties

W Helicity in ttbar I+] events

CDF 1l Preliminary

[ — F,-0.38%0.21
- L, =1.91fb" F.=0.15+0.10

.........
anw LLETTo
"y
-
-
e
-
.
v
*a
.
.

24jets, 1b-tag

0 i P B T T R T T ,.‘.
-1 0.5 0 0.5 _1
cos 0

cosO* used

as sensitive b +——— @-r-iruree

observable / W*
2-parameter fit for fraction of
longitudinal (F°) and right-handed (F*)
polarized W bosons in top decays

Statistically limited: agrees with the SM
prediction

Search for ttbar resonances

Study invariant mass
spectrum of |+) events

No evidence for narrow
resonance decaying into ttbar

i =
‘51 C (a) D@, L=2.1fb" -+ Data
d 00: ]L Preliminary (1850 GeV)
B ol 4 LT
o 80 .
g B Single top
_."E' 50:_ Diboson
3 I Wijets
40— Z+jets
N B Muttijet
20—
%~""200 400 600 800 1000 1200
M, [GeV]

23jets, 1b-tag 13



Top quark Mass

Best Independent Measurements
of the Mass of the Top Quark (=preliminary)

CDF-l lepton+jets
D@-l lepton+jets
CDF-Il lepton+jets™
D@-ll lepton+jets*
CDF-l alljets
CDF-ll alljets*

Tevatron Run-l/II*

17612 7.3
180.1 £ 5.3
1727 £ 21
1722+ 19
186.0 £ 11.5

i

177.0 = 41

X%l dof = 6.9/ 11

1726 £ 1.4

150

170

190

Top Quark Mass [GeV]

Pheno 2008 Symposium

March 2008

Best results obtained by ME

Method

event by event weight
calculated according to quality
of agreement with SM top and
background differential cross-
sections

Product of all event
probabilities gives the most
likely mass

JES constrained in-situ by the
hadronic decay of the W-j]

Errors: ~1%

New CDF result not included in the
combination (ME with NN selection)

171.4 £ 1.1 (stat) + 1.0 (JES) % 1.0 (syst) GeV
C. Gerber (UIC) 14



Top Mass from x-section

a 14 %, s, thoo
313 : e P 11500 " Top ququ mass can be extracted
c 68% CL contour comparing the measured x-sec
Q 12 L Xssd world average top quark mass .
S % 6 with theory
o 11
@ »
3 10:
O o :
& B Measurement has different
e experimental and theoretical
6 uncertainties than direct
B itansalonnalloe el BT o ;10 o« [ measurements.
150155 160 165 170175 180 185
top quark mass (GeV)
Miop = 170 £ 7 GeV Results between two

methods are in agreement

Pheno 2008 Symposium C. Gerber (UIC) 15



SM Constraints on the Higgs

m, =87+, GeV

6 Marchif.fml mLimit=JSOGeV L
A ' 80.70 | experimental errors 68% CL.:
(5) UL
5 4 Aoy og = B} LEP2/Tevatron (today)
v 1 —0.02758+0.00035
: 3 | - 0.02749:0.00012 80.60
4 - *++ incl. low Q° data — i
| - i
- _ o 80.50
g3 S
-4 Eg
27 B 80.4
1 _ —
80.3
0 Excluded w Preliminary
30 100 300
80.20
mH [GeV] PR T R T B |H3Ilner|ney|er‘JH0|1“k1|STO|CkITQELrI “{Ebrl'. ':IVEIJE!'EIIH ?B_
160 165 170 175 180 185
m, [GeV]

Light Higgs preferred by the

m, <160 GeV @ 95%C.L. SM with latest top and W mass

m, >114 GeV(direct)

Pheno 2008 Symposium

Plots from LEP/TEV EW working group
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« Experimentally challenging due to
large W+jets background in lower

Single Top Production

jet multiplicities than pair
production

Candidate Events

000

CDF Run Il Preliminary, L=2.2fb"

g ‘ T ey

s-channel t-channel

3000 |

o
o
o

W + 1 jet

signal

All detectors

[l s-channel E
I t-channel _|

Wlight

[0 Wecharm ]
Il W+bottom ||

0 Mon-wW
W z+jets
Il Diboson

Wt

¥ CDFData ||
- Sys Uncert | ]

0=0.88+0.11pb|0c=1.98+£0.25pb

Pheno 2008 Symposium

W+2jets W+3jets W +4jets

« Simple counting experiment
cannot extract the signal from the
overwhelming background

— Need advanced techniques

— Multiple methods per
experiment (3 each)

e Serve as cross check
« Combination adds power

C. Gerber (UIC) 17




Evidence for single top production

Signal Significance =~ Cross Section Tevatron Single Top Summary
Expected Observed Measured Leihood P8 /g4 08
(2200 pb™') w08
Matrix Element: CDF 0.8
2.2+
(2200 pb™') 0.7
Neural Network: CD 0.9
; 2.0+ 92
(2200 pb™") -
" _ @
Decision Tree: DO 4.9i 14
(900 pb™") 1.4
. _ @
Matrix Element: DO 4.8+ 1.6
(900 pb™") 1.4
&
Neural Network: DO 1.6
000 ot 4.4+ ,,
Same f|na| State as WH ( P |} | z Sufilf'wm, FPRD 70, Hdﬂf?|(2|’lﬂd)
0 p 4 6

Single Top Production Cross Section (pb)
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smallest measured x-sec: ZZ

CDF combines events with 4 charged
leptons (e,u), and 2 charged leptons

and 2 neutrinos. Based on 3 ¢l and

) ! W2 5 llvv candidates:
: o(ZZ)=1.4"1(stat + syst) pb
o(Z27Z) = 1.6+0.1pb (SM) (0122 =145, (Stat +syst)p
B 4.4 observed significance
| Oz Bz http://arxiv.org/abs/0801.4806v 1
1_55 | DO uses events with 2 charged

_ leptons and 2 neutrinos (2.2 fb-1)

o(Z2)=2.1+11(stat)+0.4(sys) ph

O L
0 50 100 150 200 250 300 350 400 450 500
M,, (GeVic?)
Pheno 2008 Symposium C. Gerber (UIC) 19
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On to the Higgs...

Tevatron Run Il pp at\s = 1.96 TeV

Q
= X - OCDF Preliminary
_% 107 5 - m CDF Published
S oDO Preliminary
& ] # DO Published
B 43
© 10”5 B Theory
S We are herel
102_ E"’.‘ [mE 1
104 o
1 _
1 i:mu
10_1 | | | | | | |

Pheno 2008 Symposium C. Gerber (UIC) 20



SM Higgs search at the Tevatron

Low mass (my <~135 GeV):

dominant d_ecay: Biet 0T > WH —> /1bB
H — bb et } o
Use associated >vy/_z_*__ 99— ZH = 74
production modes to ¢ W/Z\‘\<"°'pt°" qq — ZH — vibb
get better lepton
signal/background
Intermediate mass: qq > WH ->www
High mass
dominant decay: ’ : w 99— H SWW —s 710’
H->ww?® i H <
t W

g

Pheno 2008 Symposium C. Gerber (UIC) 21



Higgs Searches examples: low mass

- A g
b jet -
q . H 2 jets
WH — évbb >w e b-tags

-
-

~ lepton . - -
w/z < NN discriminant
lepton
COF Run Il Preliminary (1.9 rn"}

£ 50 2 .
g — \E':fl:IE-IIF qc, gol- L =17 b W + 2 jets / 2 b-tags
2 [ Mistag > D@ Preliminary ® Data
S 10 [ (6 7pb) Single top w - W + jets
o I Cibcson -QCD
=] N MonW B =
E —— Higgs {120 Gev) = 10 i
E Background error -V¥ h

30 M other

OwH

115 GeV (x10)

20

IIII|.||+|||I|IIII|
S

=
)
O
O
s
<
=
=
=
=
(7p)
-
)
(/p)
)
(7p)
()
an

I|:'l.'! 01 02 03 04 05 06 0.7 0.8 09 1

0 100 150 200 250 300
MNop6Higgs120 .

_ Dijet Mass (GeV)
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ZH — vvbb >2/\ 3

18
16
14
12

10

Higgs Searches examples: low mass

Double Vertex Tag (Signal Region)

CDF Run Il Preliminary (1.7 fb'1)

50 100 150

Pheno 2008 Symposium

I Ttbar
W+h.f.

B Z+hf

Il single Top

B WZww
yrd

I Mistags

I aco

# Bekgnd Err

— VH'B (115 GeV)

— Data

L
250 300

Dijet Mass (GeVz’cZ)

jet

. 2 jets + MET
1 or 2 b- tags
o NN (CDF)
- < BDT (DO)
N
%’: IHIHIIllbllll'll'lll2“fbl'il:
G 60 @ pre un_mggy( 1 )__
8 E -zig/c-jels E
N 50 B Z+jets(l1) —
- N Wablc-jets ]
ﬂ B W+jets(|‘f,) i
& 40r = -
u>J E — Hx10 (115 GeV) E
30— -
20 N =
10 -

0 200 250 300

DiJet Invariant Mass (GeV)

Also analyzed zH — £t bb
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Higgs Searches examples: high mass
dilepton + MET

H—-WwW 9 T W ME +NN
— (Vv t
g ‘ w
S O _=>_"1; CDF Run Il Preliminary [Lezar
—o— 0 ———> 5D:wa ME+NN M, = 160 [GeVic’] e
v W- o

D@ Run llb Preliminary e+e- L=1.2/fb
--------------------------------------- 40

30

20

10

\I‘I\I‘III 11 1
! -1 -8 -06 -D4 -02 O D02 04 06 08 1
A0(6,6) NN Output

0 0.5 1 15

2 25 3

Best sensitivity @ 160GeV

Leptons from H decay are parallel — A®(¢ ¢)
discriminates against WW background.
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Tevatron Combination

Combination (April 2008) includes 29 mutually exclusive final states!!
Tevatron Run 11 Preliminary, L=1.0-2.4 !

e e Black lines: Expected and
% E{EP Limit e Tevaton Bxpected -1 Observed 95% C.L. ratios
'8 j Tevarron Observed ] to SM x-section.

i #lg mmmmm-CDF Exp

3 0 | [ #26 - D@Exp_ Bands: 1and 2 ¢

S ' g fluctuations on expected
o limit, in background-only

hypothesis.

1 g Tau & yy channels add

sensitivity. Other channels

| April 9, 2008

110 120 130 140 150 160 170 180 190 200 |
m,(GeV/ic) ~ Were re-analized

For m,=115, expected (observed) 95% CL relative to ogy, = 3.3 (3.7)
For m;=160, expected (observed) 95% CL relative to og,, = 1.6 (1.1)
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Median expected nggs sensitivity

Dﬁx 2 Lurnmosﬂy Prolectrbn

T ==—95% CL Limit i

Combination of two experiments assumed = 3-¢ Evidence

-
=

N8 2010
‘ 2009

Analyzed Luminosity / Experiment (fb™

1 —|—r1r1r1|111r|1r1r4t1|1|1|r1L1r1r4r1r|

110 120 130 140 150 160 170 180
my, (GeV/c?)

With data accumulated by the end of 2010, we expect

* 95% exclusion possible over almost entire allowed mass range

30 evidence possible at low and high ends of range
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Conclusions

D@ and CDF are running better than ever
— Data taking efficiencies ~ 90%
— Fast turn-around from data-taking to physics results
— Rate of publications consistently growing

« Many exciting measurements and discoveries
CDF -

DQ -

e Tevatron program is rich and promising

* We are enthusiastic about the physics through
the end of the decade

Pheno 2008 Symposium C. Gerber (UIC) 27



