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Short History

»+ The TeVatron SC accelerator - 1983

+ Decision: 2" collider experiment - 1984
+ Expected luminosity: 1030 cm-—“sec!

* Technology: Measure leptons/jets

+ Central tracking drift chambers; LAr/U
EM & Had. calorimeters, Muons: Fe toroids

- DD Exp'l area 1986.; detector
construction until 1991; Run 1: '92 - '96.

CDF/D@ Top Discovery in 1995



w DO Run 1 Integrated Luminosity

From the DO Design
D@ Run | Integrated Luminosity RZPOI"T 11/84
“In the face of
" expected results
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Fig. 27. Schematic view| of the liquid argon gap and signal board unit cell.
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LAr/U Calorimetry

Why LAr and U?

U has high density, which was
desired because space was very
limited in 1984; the Main Ring
was in the tunnel about 25"
above the Tevatron. "Not
another bypass like CDF".

LAr provided the opportunity
for: uniform gain, variable cal
cell sizes, ganging of cells to
make towers, cold temperature
that implied low det. noise.

Gap sig. ~ 50K e's; (dE/dx)
hoise ~ 10K e's + U noise
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DY Jet Definition

Invariant Cross section:
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becomes pseudo — rapidity :

n=-In (tan% ) for masses =~ 0

i . DO jets are often defined

7 “= . within a cone of radius
ot ~i——2 R=0.7 in pseudo-rapidity
, e —{ s mand azimuthal angle ¢.

Fig. 28. Schematic view of a portion of the D@ calorimeters showing the transverse and longitudinal segmentation pattern. The
shading pattern indicates the distinct cells for signal readout. The rays indicate the pseudorapidity intervals seen from the center of

the detector.

The tower structure is useful for defining jets. It is also useful for filtering
events, since the event rate is too large to take all events.

Rate = 6 x L ; L ~ 1032 cm-%sec’!; o, ~ 70mb. Homework! How to filter?



Dd's Three Level Trigger

Detector L1 Buft L5 Buft 100Hz
Data 1.7MHz utiers 2 kHz uters 1 kHz 50 Hz :
_— ﬁ H L3 —p Le-vel 3 _>Onllne
7Y : A DAQ Trigger »50@ Host
; : A<I:-c1ept V : Aclz-czept A A Begin ‘
| | Store
Level 1 | Level 2 | Tape
Trigger | Trigger | Storage
47
Trigger Framework < COOR
L1: Hardware L2: PC/VME boards L3: PC Farm Nodes using a
 Calor. Tower E+'s * Run software version of off-line code.

» Missing E;, >+E+  algorithms w/L1 * Analyze full events
* prTrk patterns for p,  readout geometry.  Cuts using multiple

Central-Fiber Tracks. ¢ Match trigger detectors, multiple
« CFT/CPS clusters; objects between objects.
* Pre-scales applied to  sub-systems.  Reduce event rate by a

low E+, pt triggers. * Reduce rate by 2.  factor of 10 or more.



D@ Run IT Upgrades

N v Muon Scintifation s
- ! Forward Mini- ¢ Counters —

/____: Drift Tubes

H
S

{ shietaing |

\ ]

—P

(my o [ T = — s

Tracking System: Sificon, Fiber Tracker, FR— - .
Solenold, Central & Forward Preshowers . Fiber Tracker/Preshower VLPC Readout System .

[}

Si Tracker - 6 layers, ~15u résol'n; CFT: 1 mm ¢ fibers -
8 double layers; Upgraded trigger for 6 X 6 => 36 X 36
bunches, new hardware and software for tracking,
calorimeters & muon systems. 2T solenoid => p; & q.



Top Discovery 1995

Jan 10, 1993 probable Top
pair event with: g+q =>t; + 1,
and 1'1 => Wl + bl, Wl =>ev

T, =>W,+b, W, =>puv




QCD

1. The Jet Energy Scale

2. The Inclusive Jet Cross Section

calorimeter jet

|
x|
H Y

—
[y
N

2

particle jet

parton jet

2L



Use J/v, Upsilon, Z =>

e+ e- to establish the EM
scale, both offset due to
upstream dead material and
slope.

Study prompt photon + jet
events to understand the
selection and energy scale.
Tune response with jet
simulation studies.

Use p balance in photon plus
jet events for calibration.

Jet Energy Scale in DG

o EW-Of
Show x Resp

Off = offset corrections due to noise,
pile-up, ... Determined from
zero-bias data.

Show = showering outside (.7 cone,
dead material, etc. No corr. for
physics outside of cone, g — g, ..

Resp = jet response — n dependent
corrections, response obtained

from y + jet events,; checked with
Z + jet events.



w Quark/Gluon Response Differences

- Differences in quark and gluon jet
response studied in y + jet and
jet-jet final states.

- Corrections depend on the physics
processes. e.g. QCD jets are gluon
dominated by gluons; top pair
production at the Tevatron is quark
dominated.
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w D@ Jet Energy Scale

The standard JES is deter-
mined from y+jet balancing,
but also di-jet balance is also
obtained.

The curves shown are

the response, showering, and
offset corrections applied
to the uncorrected jets as

a function of uncorrected p+
and detector n.
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w Test NLO QCD with Multi-jets

+ Test of QCD multi-jets is useful exercise in
preparation for measurement of: W + jets, ¢-¢
cross section, search for Higgs, etc.

* Measurement of the azimuthal angle
between leading jets does not require a precise
determination of the jet energy although we
have one.
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NLO QCD vs. DD Di-jets

Measure the azimuthal difference between leading jets in an inclusive QCD sample.
NLO calculations are in good agreement with DG data except near A => n. (soft.rad.)
With variations in parameters both HERWIG and PYTHIA can fit the data.

HERWIG shows a good fit at high Ap; PYTHIA requires add'l initial state gluon rad.
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Inclusive jet cross sections: DD & CDF

* Inclusive jet cross section for 0.7 cone algorithm: 50 < p < 700 GeV
in rapidity up to 2.1 (CDF), 2.4 (D@). Corrections at the hadron level
for D@, the parton level for CDF.
Comparison w/ NLO: CTEQ6.6M DG CTEQ6.1 CDF; => Ac(CDF) ~ 2*Ac(DD)
« Good agreement over six orders of magnitude.
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1995 CDF Excess at High E+?

* Initially thought it might be due to quark sub-structure or new physics.
« Now thought to be accommodated with increased gluon density at high-x.
« LHC? Will similar comparisons arise?
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W Mass Measurement - 1fb-!

M = TQ 1
Y =\ V2Gr sin 0w /1 = Ar

w* . wt

experimental errors: LEP2/Tevatron (today)
68% CL
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Event Sample Characteristics
1 fb-! of data; 449,830 W=>ev; 19,000 Z=>e+e-;n, <105

Isolated, high p, leptons,

missing transverse momentum in W's

Z. events provide excellent

/% control sample

{80 Neutrino

LU nederlying cvent

Hadronic recoil

Hadronic recoil
Typically small hadronic (jet)
activity

Trigger on e's plus jets. Measure one or fwo e's, calorimetrically, and with ftracking.
Measure the hadronic recoil; Reconstruct p(e's), pt(jets) and infer the neutrino pr.



Three techniques: p(e), mr, p(v)

 Pi(W)=0
P+(W) inferred from Py of Z's

P+(e) with detector effects

. finite p;

P+(e) most affected by P+(W).

L 1 | L 1 1 L 1 1 1 | 1 1 1 ...'..'..l- .I.ﬁ!!ﬂ
30 35 40 45 50

pT(e) (GeV) Myp = \/ZE{’:F Er (1 —cos Ag)

M+ most affected by measurement
of missing transverse momentum.

Use MC simulation to predict the shape
of these observables for a given mass and
detector model: ResBos [Balazs, Yuan;

PR D56, 5558] + Photos [Barbiero, Was;
Comp. Phys. Com. 79, 291] for W/Z prod'n
& decay, plus parameterized det. model.




Analysis Road Map

* First: Blind MC analysis from the apparatus through analysis software.
Done to understand the full extent of detector, event generation,
reconstruction, calibrations, and analysis.

* MC event generation - several X 108 events. Need both Z => e+ e-and W => e v.
Developed a fast Parameterized Monte Carlo Simulation: PMCS.

* W p distribution: apply low pr gluon resummation non-perturbative form factor
described by g4, g, (0.68+0.02), and g5 for low pr W & Z production at the
Tevatron. Use Rebos and Photos simulations for ISR/FSR. For parton
distribution functions CTEQ6.1M and variations have been used in the generation
study of event samples and systematic errors.

- Event selection and efficiency calculations.

* Measure and study backgrounds: Z => e e w/1 e missing; jet faking an electron;
underlying event effects; more than 1 collision/Xing. <L>(1fb!) = 41E30 =>
1.2 events/Xing. Overlay min-bias and zero-bias events.

- Electron energy response simulation.

* Recoil Response simulation.



Central Calorimeter

Calor. electron energy response issues

Infercryostat |
Detector

0.3 X plusﬂ( of le
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liquid argon W Solenoidal Magnet .o 79//
A i
¥ fl'
about - = '_ =l
3.7 X_in ' e ,_:,fﬁ =
1}
between|! ,!- = = =
| L= =
Y 7 \
Interaction } : Sil
oint /i vk
P ((( Cemral F'resrnwer FFJIIF%(EU'P
. racker

'\

Must include dead X, material and its location in the E_, measurement



The plot on the right shows the average longitudinal profile
of a shower with E = 45 GeV. Assuming normal incidence,
the position of the active parts of the CC are also indicated.

In the reconstruction, we apply artificially high weights to
the early layers (especially EM1) in an attempt to partially
compensate the losses in the dead material:

Layer depth (X,)  weight (a.u.) weight'X
EMA1 2.0 31.199 15.6
EM2 2.0 9.399 4.7
EM3 6.8 25.716 38
EM4 a1 28.033 3.1
FH1 = 40 24.885 = (.6

The lower plot illustrates the situation for the same average

shower, but this time under a more extreme angle of incidence

(physics eta = 1). The shower maximum is now in EM1 |
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The plots on the previous slide show the average
shower profile at E = 45 GeV.

The plot on the right is basically the same,
except that it includes typical shower fluctuations.

== The fraction of energy lost in the dead material
varies from shower to shower.

The bottom plot illustrates the situation at a different,
lower, energy. The position of the shower maximum
(in terms of xu} varies approximately like In(E).

=> The average fraction of energy lost in dead material,

as well as the relative importance of
shower-by-shower fluctuations depend on the
energy of the incident electron.

e* shower energy dependence
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Average Response

We apply an energy loss correction to reconstructed electrons to
account for the energy lost in material upstream of the calorimeters:
SC coil w/cryostat, pre-shower detector, LAr cryostat walls, etc.

+ 1.5
-
Factor that & -
gets us back § & -
to the a T
8 1.3—
energy of g a0
the incident o [
electron. & 12—
4
= L
7] L
3 11—
w =
Q 1
g 1=
E
E po
= Energy reconstructed in the calorimeter
u-a_ | | L] | | | | I | | | | | L] | | I

10

C e . raw eLo:my (GeV)
We measure the upstream material /n sifuusing Z => e+ e-



Electron Energy Resolution

Detailed simulation the DO calor. based on GEANT simulation to determine o(E)/E.

'E_Q'iz w 01
—_— — ﬁ y
: c VS. g0
gln__ (E)/E S E .fs:!n.usf— G(E)/E VS. nphyS :
= =
T i G JE=16.4%/ sqrt(E) + 12.2%/E 007
g} E / 00sE- E =45 GeV
» S 1/sqrt(E) scaling 0.0sF-
— - - l E
S is violated ! mz_
2:— G E/E= 16.4%:"5q1't(E) 0.02;— ‘Iisql’t(sirl 0 )
ﬂ_l AN T T T T T T T T T T I T N T T T T [ T 0.01;—
10 20 20 40 50 [1] 70 B0 u:|-ul-uul...l...l...l...l
Electron energy (GaV) 0 0.2 0.4 0.6 0.8 1 1.2
physics eta

For a sampling calor: Expect: ~1//E  <— No dead material —> ~ 1//(sind)

Use the Z —> e+ e- sample with different energy electrons
to verify the dead material components.



Splitting the Z=> e e Sample

| Electron energy for |eta] < 0.2 |

. . ) 0.1
Z => e+ e- gives the kinematic woo- Simulation |  Black: W -> e nu
connection to energy and angle 0.08 1 Red: Z->ee
space for the CC. -l
0.06;—
0.05—
Proceed by: aneE
—Bin electrons in angle (5 n-bins). ::::
=2e's per Z. 07015— .
=15 allowed combinations; no % 75 B R T
energy ordering. electron energy (GeV)

Split the CC/CC Z => e+ e- into the
15 categories to study the measur-

ed MZ and G(MZ)_ . bin0: 0< 1 <0.2 |Cntn.1-.0gory| Bins of E[?Ela Electron |
(mass) (resolution) bin1: 0.2<n|<0.4 IR 0
bm2: 04<n/<0.6 13 0-2
. . mn3: 06< < (). 1? 0-—4
Since the Z has higher mass than E;E4 _ ;g; ::]1: 0.8 i 173
the W, we must propagate this — 7 1-32
information to lower electron 19 2-2
energies. 3.14 gzg
23 i—4
24 4-14



| Z > e e (both electrons in Central Cryostat) |

> 240 |
oS — | _g_ bom eectrons | |<0.2 -0+
- i:_ - _,}_ -_l
‘g 180 ;_ —a— both detrons: 1 |>0.8 i {T
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A Plot from Z Split Samples

Z mass peaks for two n regions
do not agree (early version of
data reconstruction):

INphysl < 0.2 central (e+, e-)
e+ e- near normal incidence.

Inphysl >0.8 forward (e+, e-)
e+ e- highly non-normal
incidence.
Different resolutions; different
energy loss; calibration problem?

Various possibilities for the difference; additional information is needed.



Additional Observables

Go back to one of the plots presented earlier where we noted that the
longitudinal segmentation of the EM CAL provided a way to estimate the
un-instrumented material in each segment.

)

= 01

c R
If the depth of thedead > | eta =0
region is extended thenthe @ "} (normal
various layers, EM1 through 5 Incidence)
FH1 would sample different & |
regions of the shower and  x°, .2 /da o < -
thus see different fractions 3 &/ 5 & 2 z
of the shower energy. T Loal

"n_ B I [ T N TR R T

depth in radiation lengths (Xu)

Go back to the 15 1 split Z sample combinations and study the four depth
layers of the EM calorimetry in each to see if a consistent picture can be made.



Checks on EM Layers (before)
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v2 Minimization for Extra Material

Using the data/MC ratios per n category for EM1, EM2 and EM3, fit each one
separately to a constant. Add the yx%'s from the from the EM1, EM2 and EM3
and minmize the global 2 from the three fits.

This means the absolute energy scale per layer free to float. This allows an
independent inter-calibration of the EM1, EM2 and EM3 layers.

Fit for nX, from longitudinal shower profilesinZ —ee

™
=2

48
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L ®

~ I~ 2 = 40.03

i ndof = 41

P ] A T . | .E. T P B
0.13 0.14 015 0.16 0.17 018 0.19

number of additional radiation lengths

v2 minimization
for additional

nXq from longi-
tudinal shower

profiles.

The amount of additional
material is known to < 0.01
Xo with small systematics
from background (under-
lying event) subtraction and
modeling of cut efficiencies.



After Tuning nX, - Shower Profiles

After tuning the material model,
distributions of fractional energy
deposits agree well w/simulation.

As a cross-check the fitting to

determine nX, has been redone

TOYEemi 2 10

=t EM1  Fractional energy “FEM2 [ separately for each EM layer.
. Tou— . .

o) deposits, elecfrons .} i Good consistency is found.
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E. Energy Scale

After correcting for uninstrumented material the final energy response
calibration is done using Z => e+ e-, the known Z mass from LEP (91.188 GeV),
and the standard “f, method".

Emeas =aX E'rrue + B
Use the energy spread of the electrons in Z decay to constrain o and .

f, = [E(el) + E(e2)]*[1 - cos(y,.))/Mz. V.. iS the e+, e- opening angle.

The f, variable allows the partitioning of the Z sample of e+ e- decays into
subsamples of different E;.,. so that the electron energy response can be
scanned as a function of o and p.

1
e
—h

a = 10111+ 0.0043 3 | DO Preliminary, 1 b’
Result: B =-0.404 + 0.209 GeV = -0.25
correlation: -0.997 ] ol
£ -04F
This is the dominant systematic error .
for the W mass and it leads to: 0.5
Am(W) = 34 MeV, which is 100% IR T I
correlated with pr(e), my, and pr(v) methods. Scale, o

The mass resolution is driven by two components: sampling fluctuations and
the constant term which is extracted from the W width meas. C=(2.05%0.10)%.



Recoil Model

Recoil vector in parameterized MC :

iy = udard 4 uSOﬁ + i 4 G ISR \where:
- Real electron @44 = f(Gr) Hard component that balances the
E. Energies below .
glectron window vector boson 1n the transverse plane.
Ansatz fromZ —>v v MC, jet res....
*‘Tgoﬁ = B ® JMB +azp e ETB Soft component, not
Ny Newtein correlated with vector boson. Two
sub - components :add'l p p ZB evts
’[ plus spectator partons from MB evts..
Soft component bl = — ZAu” e pr(e) Recoil E lost into e cones.

e
*F SR _ Z pr () FSR photons (internal bremss.
y

outside cone; incl. detailed resp.
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Z => e+ e- Recoil Calibration

Final adjustment of the free parameters in the recoil model is done with the
Z => e e events. The sum of py(recoil) and p;(e+e-) projected on the e+ e- bi-

1

[ D0 Prediminary, 1 i’

HFA&ST MC

-f!
ol
CRET T Ep:i.ﬁﬂe-'?

i

[ D0 Pratiminary, 1 o'

OFAST MC

DO Preliminary, 1 16"

sector n-axis is balanced when the measured & MC means and widths agree.

w4

UA2 observables: In the transverse
plane,use a coordinate system where

the n-axis is defined by the bisector
of the two electrons’ momenta.




w Nimp EXample Distributions

1<p.(ee) <2GeV 20 GeV < p,(ee)
i 1 fly! i -1 fb! N
DATA 100l CATA
M

"H!n:_ H’_'_F-"-ETMG : —[F ;

100} BO-

6O

60 :

i o

40 I

I 20

20 :
%5 204510 5 0 5 10 15 20 25 5204505 0 5 10 15 20 25

Ty [GEV] Moy [GEV]



/ => e+ e- Results

[ECandElecit 0 |

o[- D@ Preliminary, 1 fbjy « 7= o

[&T&
FAZT kIC

M(LEP) =
91188 GeV|
M(DO) = o
91.185 GeV

Preliminary
1 fbr!

Gev ZCandRscallPL_D Gev
ae DO Preliminary, *™=-**
asa 'I fh-1 il FEAT B
L0
a0
I 55 = :
GeV Gel

Good agreement between parameterized MC and Z => e+ e- data
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MZ = 91185 ¢ 0.033(s’ra’r ) GeV
M, = 80.401 £ 0.023(stat.) £ 0.037(syst.) GeV  Transverse Mass

= 80.400 + 0.027(stat.) * 0.040(syst.) GeV  p(e)

= 80.402 £ 0.023(stat.) £ 0.044(syst.) GeV  ME;
= 80.401 £ 0.021(stat.) £ 0.038(syst.) GeV Average value



wmp Quark - After 14 Years

- Production is mostly = Identifying (tagging) the
“"! F g ¢
N gaat ;< via g-q annihilation. b-jets is important.
Tt ) | B
t>W+bwithW —Il+vorg+q — jet, + jet,
g %\h< f Lt Wr b+ W +b

Leadsto: /[+v+4jetsor2/+2v+2jets or 4 jets

all jets
—shad-+ets S ‘ / 4%  Arethere any

backgrounds?

What backgrounds?

dileptons
349, t—had+e/p 6%

2008 4%,



w Top Mass Measurement

Template fitting: MC prod'n
and decay for a given top mass
yields templates.

Then mathematically compare
the simulated 1 events and bkg
to the data.

For each observed event assume a
top mass and calculate the matrix
element for the assumed top mass.
Increment the top mass and calc.
again. Generate prob. for each mass
and find the joint prob. for the obsvd
sample of events. Include bkgd.

N

s = s ey

Event 1 Event 2 Event 3

V2 oS B fib Preliminary. L=1 .7 b

LA

&
- W o s
#ll o ice

J 7 i [
L 5 </ QB el i il
LI
F E— TS F ..
g M [ 4
1 - |

d 1
I 1
(-2 : 1
L |

m l!: :h i:‘ 1..I '|II :a !“I Ilh



Lepton + jets: Selection, bkgd,

The lepton plus jets sample is well suited for the top mass determination.
The branching fraction of ~38% and the lepton signature plus large
missing E; leads to a good sample for the top mass measurement.

In the most recently analyzed sample there are 312 (303) e plus jets

(u plus jets).

Main Background: W + jets production is the largest contributor to
background.

Tagging the two b-jetsper top pair is important. If one cannot identify
the b-jets then it is necessary to consider the various permutations of
jets in identifying the two jets from a W decay. The Tagging of b- jets
is possible by identifying a muon from one of the jets, or by measuring
the decay vertex of the b-state as being distinct from the production
vertex (a few mm).

In addition to measuring the top mass with this sample, it has been
useful to check the JES by reconstructing the W mass from the jet
decays of the u-dbar or c-bbar jets. The JES check using W jets agrees
with the external calibration to better than 2%.



Lepton + Jets Matrix Element

3.6 fb-! - NN b-tagging. P(x;m, )= } o
Matrix elements for both P70, (qq >t —>eu;m
for Top and background.

top

2

Use all meas'd kinematic

information. Extract: .[ 2dq,dq, /(4,)/(42) ‘ ‘ > dDg-W(x,y)
- Top mass g.a2.9 7 \/(%‘42)

- Jet Energy scale
9y D@ Run lIb Preliminary, L=2.6 fb

L] C
W 106 lepton+jets with prior

D@ Run lIb Preliminary, L=2.6 fb" 1.05F
£ 12F _ -
= M, = 174.8+1.3 GeV 104
En 1-_ » -
= T lepton+jets 1.03F
L 2D with prior -
0.8 aali -
: calibrated JES = 1.018 1 02t
1.01F
|=

D.Qg:_ AlnL=4.5

:||||||||||| L1 I
0988 170 172 174

1 1 1 |
176

178 180
Mmp (GeV)




Top Mass: Dilepton Events

Run ITa 1.1 fb? RunIIb 2.5 fb-!
L;etl {fetz Event Selection:
S wWth W B e: pr>156GeV nj<1lorlb<n<25

i v m: pr>15 GeV |nj< 2
LV ev 2 jets w/p;>20 6GeV, |n| <25
Expected and Observed Events
tt>eun |Z->tt>en | WW/WZ | Fake e | Fake p | Total Obsvd
Run ITa | 36.8+3. | 6.0+1.0 1.6+:0.4 0.8:+0.3 [ 1.9+05 | 46.9+3.5 39
Run ITb | 81.7+0.3 | 3.8+0.8 44+04 |26+0.7 [21:09 [945+14 115

D@ Run la prel., L=.178" |* e oo run b pret, L2518 [27 ] Combining the likelihood functions for
ooy |n ner) F fmomeseq |1 te=#| Runs IT a and b gives
o ! i M., (top) = 174.8 + 3.3(stat) + 2.6 GeV or
[ 1 =174.8 + 4.2 GeV
This eu result has been combined with the

In L

1 4 2__

osf | (¢+ track channel) to give:
: E 1 My(top) = 174.7 + 2.9(stat) + 2.4 GeV or
Dis‘n T T 1||;J : T - R : - 174°7 e 3°8 Gev (/A

M., (ZeV) My {EaV)



Top Mass: 7+ jets,//+ jets

m*s =173.7+0.8 (stat) £1.6 (syst) GeV or

top

1 , RunII a, b: 7+jets
36 b My =173.7+1.8 GeV’ J
v2=25 for 1d.o.f.
3.6 fbleu+ mtlép =174.7+£2.9(stat)£2.4(syst) GeV or
1
1.0 fb ee, pp & ol Z174743.8 GeV’ Run IT a,b: (#7), Run I (ee, up, #/1r)

0.13 fb'l 7+ trk ™wop
Combining all Run I and Run II measurements yields:
T my,, =174.2+0.9 (stat) £1.5(syst) GeV or
h m, =1742+1.7 GeV

top

L. L§ons, D. Gibaut and P. Clifford, NIM A270, 110 (1988); A. Valassi, NIM A500, 391
(2003)

Summary of Weights of the Individual Measurements

Run I Run IT
/ + s /+ jets |/ +jets |ep ey ee, Uy,
jets Run ITa | Run ITb | Run ITa [RunIIb |/+ trk, IIa

Weight |8.24% |0.78% |29.14% |64.19% |-0.51% |-3.44% |0.88%




Top Quark Mass History

D@  —preliminary Winter 2009

Run | Dileptons o' H L | 168.4+123+ 3.6 GeV
t12.8 GeV

Run | Lepton+jets oim’ H—8—H 180.1+3.6+ 3.9 GeV
+ 5.3 GeV

Run Il Dileptons *  upoosn’ H—aH 1747+ 2.9+ 2.4 GeV
+ 3.8 GeV

Run Il Lepton+jets * =om’ F 1 1737+ 0.8 + 1.6 GeV
1.8 GeV

D@ combined  (march 2o0) F 4 174.2+ 0.9+ 1.5 GeV
1.7 GeV

World average march zoog) | 1 1731+ 0.6+ 1.1 GeV
+1.3 GaV

Run Il o(l+jets L1+t * -1 n? —_—] 169.1+ 5.6 GeV

| L | L | L | L | L |

150 160 170 180 190 200
Top Quark Mass (GeV)



Tevatron Electroweak Working Group:

http:/tevewwg.fnal.gov - Best Linear Unbiased

Estimator (

Uncertainty Categories:

1.
2.

ok w

No

—
=0

Statistical.

Jet Energy Scale: W to qq'(in situ), jet
flavor response, modeling of b-jets,
tagging, light q vs. heavy g, out-of-cone
cor., calibration issues, n-dependence, ..
Trk based analysis.

Signal modeling incl. across experiments.
Background sources: QCD multi-jet, D-Y
for dileptons, W+jets.

Fitting and finite MC statistics.

Monte Carlo: PYTHIA, ISAJET, HERWIG
when modeling tt signal.

U noise and multiple interactions.

Color Reconnection.

. Multiple Hadron Interactions.

Many correlations taken into account.

‘09 Combined Top
Mass: CDF/DY

Mass of the Too Quark (*Preliminay)
_ &
COF-Idi-l 167.4+10.3+4.9
_ L
DO- i 168.4+123+3.6
. _ i
COF-I1dil 1711.2x27+£29
. . Sttt
DO-11 i 174.7+£29+24
COR-11+] 176.1£51£5.3
DO+ 180.1£ 3.9+ 3.6
. _ il
COF-IT1+] 1721+ 0.9+ 1.3
. _ eilfe=
DO-111+ 173.7£08+16
i
CDF-I all-j 186.0+10.0+5.7
. _ e
CDF-1l all- 1748+1.7+£19
. et
CDF-lltrk 1756.3+6.2+3.0
‘Teuat'cn March'09 1?3-1J—F.E},-§.J—i 1.._:}13
y?dof = 6.3/10.0 (79%)
| | | | | I
150 160 170 180 190 200
My (GeV/E?)
M,,, = 173.1 £ 0.6 (stat) + 1.1 (syst)

= 173.1 £1.3 GeV
M,,(2004) = 174.3 £ 5.1 GeV




W Mass Measurement - 1fb-!

L1 | | 1 I I | | | | | 1 I I | | | | 1 I I I | ]
4] 1
80.70 _ experimental errors: LEP2/Tevatron (today) ] Mw =,/ \/;GF sinfw VI —Ar
i 68% CL ]
: — 95% CL : .
80.60 — - w* wt
[ —— 99.7% CL .
L 'ﬂg'n'l SUSY :-
E 80.50 - - MSSM +-
z L I
sod0p L Ar = £(M2, log M)
. 1 If AM, = 1.3 GeV/c?, need
80.30 MuZ — AMW =8 MCV/CZ,
SMETTT | to make equal contributions
MSSM!| | to the Higgs mass.
80.20 both models EEEEEE T 2007 CDF (ZOOpb'l)
: | Halnemwer Hollik, lsmckmger Webier Weiglein D?‘ MW - 80413 + 48 MGV
160 165 170 175 180 185 World Avg =80398 +25 MeV

m, [GeV]



D@: PRL 101 241801 (2008)
Measurement of B, mixing parameters

from the Flavor-Tagged B, J/y ¢

CDF: T. Aaltonen et al PRL 100 1618029 (2008).
Possible evidence that ¢ is larger than SM
expectations A.Lenz & U. Nierste, JHEP 06,072
(2007). hpg(SM) = (4.2 + 1.4) X 10-3. Other decay
modes?

New: arXiv:0904.3907v1 Search for CP violation in
semi-leptonic Bs decays. 5 fb! of data.

Event Sample :
B, —> " D; XwithD; >@n and p— K" K and
B, > utD; XwithD; > KK with K >K" 7.

Flavor — specific asymmetry :

Lo " Towsr AT
as, = rB 0= rB W=7 —stang, (la,1b)
s B s

v

AT, (1/ps)

DO b-Physics: CPV in B, Decays?

0.4r ;
F Do, 2.8 1h

0.3p u BE—}ern

IZI.EE—
D.1;—
_u;—

- SM

B T AT = ATy ¢ eos(o,)

AN, =17.77 ps’

-D.E-""I ........ | EFEPETEE B B |

Using the world average

values of Al and Am, that
HFAG has determined, DO
calculates that:

af=(-8.452)x107
This can be compared to the

SM expectation:
= (0.0206 £ 0.0057) x 10-3
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20000 Do, 5 b + Data

No angular analysis is needed; All pro-
duction and decay informaton is used.

- 15000

Events/(0.01 GeWic)

10000

Likelihood Ratio used in selecting B,

candidates: 5000
o e + ; I'n. / I.'L

1. Helicity angle between D, and K* b B e,

. *0 . 1.7 1.4 1.85 192 195 2 205 21 216 22

momenta in the ¢ or K™ CM; e

2. Isolation of the u+D, system; L o -
2 . FIG. 1: K'"K ™77 invariant mass distribution for the p' e

3- hé Of The DS Ver‘.rex, sample with the curves representing the mass fit results,

4. Invariant mass limits for:

25000

(u+Dy), (K*K) in the pon sample, 2 ppo.sw + Data
(K*r”) in the p*K*°K- sample. g 20000 I Sample :EU_} e
5. pr(K*K") in the pon- sample, % 15000 D KT
pT(K-) in the p+K*°K- sample. L D = KK~

Maximize the S/N(S+B) S= sig, B= bkg 10000
D, candidates satisfying the regs are:
N(uor) = 81,394 +/-865 and the
N(uk*K) = 33,557 +/- 1,200.

b

e —— o —
§ 2 205 21 215 22 2.25
My, (Gevie?)

FIG. 2: K"K~ w~ invariant mass distributions for the
p T R*K "~ sample with the curves representing the mass fit
results,



We want o measure an asymmetry that
is expected to be very small in the SM.
extreme care must be taken. We
cannot allow our detector to introduce
bias nor can our methods of analysis.
We have been through a similar study
using dimuons and there learned how to
measure possible detector charge
asymmetries:

."1;1 =11 +{f.-—l;,|_1-"”. + ’f""'lde\LHJ- _{Jr"-h‘"lfi'.j'
(1 +grAm) (L + GvAs ) 1+ q84,4).

B is the toroid polarity, v is the sign of
the muon pseudorapidity (+1 for n > 0),
and q is the muon charge. The muon
reconstruction asymmetry was measured
using a J/y — p+ p— sample which gave:
Aq=(~1.90 +0.45) x 103, Ay is the
forward-backward asymmetry; A, is
detector n asymmetry, A, is the range-
out asymmetry, A, is a detector asym-
metry between tracks bending to/away
fromn < 0.

Search for CPV in B, Decay

TABLE [: Asvmmetries with statistical uncertainties,

gl p KK Combined
ay, ~ 107 70990 20.3-249 T7 o1
af, = 10° 21.4-36.3 50.1-19.5 40.5+-16.5
apg = 10° 22106 0.1:135 31483
Ap, = 107 1815 2.0+15 19411
Ager = 10° 32515 31515 31411
Ara % 107 36715 302415 33.301.1
Apy % 10° 1115 0.2:15 0.6+1.1
Ags % 107 4315 2.0+1.5 31411

a,, is a background asymmetry that is
measured in the left and right sides of
the mass peaks and then extrapolated
in the mass regions.

Ag, is a second-order correction to A,

as5(Bs) = (-1.7+9.1) x 10-3, which is smaller
than previous measurements by a
factor of 2.



CDF
(Run I)

(DF!.I[J
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DO
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Average

Heavy Flavour
Averaging Group

S
a, Summary
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~ This measurement

-0.2 -0.1

= el

0.1 02 03 04

Ag(B)

0.115 +0.283 +0.149

0.026 £0.021 +0.017

-0.006 £0.006 +0.008

0.025 £0.019 +£0.003
_0.0017_4:.0091+.oo12/-.0023

0.002 £0.009



Search for the SM Higgs ~ 2.7fb!

Previous searches: DO based on 0.17, 0.44 and 1.1fb"1; CDF on 0.32 and 0.95 fb-!.

There are many searches in DO. We survey one of that covers the low mass and that
demonstrates some of the approaches that are being taken: W + H. The production
isq+q >WH > Wbb. (primary decay mode for low m,,)

So the final state is: [ vbb wherel=e, u which means: lepton, missing Et, two b jets.
We trigger on both 2 and 3 jets. jets. : (more Higgs and independent samples).

eory,
missing E+, > Classic W +jets, with b-tags.
2 or 3 jets.

The backgrounds are expected to be: for fwo tags: W +b+b,t+1,singlet.

and for one fag:  Multi-jets & W prod’n with ¢
or light quarks.

The 3-jet and 2-jet sub-samples are separated into those with exactly “one
tight" b-tagged jet and those with "two loose” b-tagged jets with no overlap.

A neural net (NN) algorithm that uses kinematics and matrix element
calculations is applied to the events to obtain a discriminant that separates SM
background from the signal by obtaining a high value of the discriminant.



Event Samples & Simulation

The triggers select e's and u's with good efficiency, ~90 - 95%, 70% , respectively,
for analysis. To develop the NN algorithms and make quantitative comparisons of the
events with theory, many reliable simulations were required for both backgrounds and
signals.

The simulation data sets were also needed to choose the variables to include in the
NN calculations and for comparisons with data; eg. WH —»/vbb,/= e, p,1

Simulated backgrounds include: diboson WW and WZ production (PYTHIA), W + jets
and Z+jets (ALPEN & PYTHIA), single Top: s channel tb events, t channel tbg COMPHEP
& PYTHIA.

MC yields from generated events were compared and renormalized relative to the data
when required by as much as 30% in one instance.

Leptons used in the analyses were first defined with "loose” criteria that was subsequent-
ly tightened to become known as "tight" e's or u's depending on quantitative measures
such as what fraction of an electron’s energy could reside in the (n,$) conical section
radius between 0.2 and 0.4 units. (ans. 15%)



SM Backgrounds & b-tags

W+ 2 jets W+ 2 ets] W + 2 jets W+ 3 jets W4 3 jets] W+ 3 Jets
(1 b tag) (2 b tag) (1 b tag) (2 b tag)
WH, ZH 5.5 £ 2.7 6A + 1.3 3.9 +£ 0.7 38 = 06 L& + 0.3 1.0 + 0.2
Wi, W&, Z£2 1453 + 244 BT + 16 3.7 &+ 2.6 32 £ 5l 3.1+ 4.2 3.9 £ 0.7
W/ZE 4 bb TS £ 353 92 4+ 109 138 £+ 27 AT £ 94 74 + 32 492 + 0.4
i BRl 4 98 242 4+ 45 M. 4+ 19 ¥ = 155 M+ T3 21+ 41
Single top 290 + 49 123 + 23 115 &+ 6. 41 £ 15 i85 £ 1.0 6.9 £+ 3.2
Multijet 3575 £ 62 8% + 38 6.7 £+ 4.0 1228 = 216 928 L 18 144 + 3.4
W/Z 4 jets 44464 + 570 N I R HRAT = 105 239 £ AT 25.7 £ .8
Total expectation | 52148 (n.t.d 2182 & 348 | 345 £ 5l L1379 imatadl) | 963 £ 152 | 322 = 49
Obzerved Hvents | 52148 2174 336 113749 412 321

TABLE I: Summary fable for the W4 2.3 jei final states. Observed events in data are compared to the expected number of
W+ jet ewenis before tagging, with exactly one tight b-tagged jef, and with exactly 2 loose b-fagged jeis. First three columns
are for the W + 2 jet channel, the last three columns for the W + 3 jet channel. Expectafion originates from the simulation
af WH and ZH {with my = 115 GeV), dibosons (WW W ZE ZZ, labeled W in the table). Whb produciion, fop produciion
{tt and single-top), multijet background and W+ jet” production, which contains light and ¢ quarks. Al Z processes are fully
simulated, and included in the corresponding W categories. The processes W{ZWbh and W(Z) + light and /or ¢ jets are counted
separately. “nid.” stands for “pormalized to data”. The uncertainfies given include stafistics and sysiematics.

DO's b-tagging was ultimately implemented by using a neural network
algorithm. Seven variables were chosen to be those with the best
discriminating power. These variables were shown to have direct
sensitivity to the presence of tracks that separate the primary and
secondary vertices. The efficiency for identifying a jet containing a b-
hadron for the loose and tight operating points are about 59+/-1% and
48+/-1 %, respectively for a jet Pt of 50 GeV/c.



W + 2-jet Data & MC

‘E L=27 fir! W= 2ipts E [ L=27 " W - 2jats
2300 DO Preliminary ® Cat 2 _ ... D@ Preliminary * Daz
La e O#= :I.ﬂs E a{l-’.‘l-’_‘l: = W = fets
= =;""F .m-:la:
WL r
e =p ; W Transverse Mass
Lepton Pt snoof
_ I v
N M= \2phpl(1-cos(e, —9,)
) 100af | T
500 q pT = missing transverse cnergy
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Frof Lepton (GeV) W Transverse Mass {GeV)
F - @ [ -
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FIG. 1: Distribwtion in the TV + 2 jeds sample of the (a) lepton momenium, (B) the transverse W omass, (o} the Bt variobe

and il ] missing fronsverse energy compared fo the simmulated empeciation in the W+ 2 jet evend sample, The simulation is
mormalized fo the iniegroted leminosity of the doe somple wsing the expected cross sections (ahsolute normaization) ercept for
the BV + jets saomple which is normalized on the "untogged semple” do the data, iobing into accound ol the other backgrounds,
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W+ 2 jets - with 1 b-tag

‘2 500 L=27 fi W = 2jgts) th-tag "; [ L=27 " W = Zjets) 1b-tag
2 [ D@ Preliminary ) % oua E inoaf- D@ Preliminary .0
L so0- W + = I [OOW = jais
r .'rull_pd
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P a0 EwE
J u [ cthar
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100f
20 40 60 8010041204 40460180200 20 40 &0 80100120 8020
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L} - @ [ -
= L=27 flr’ W = 2jpts | th-tag = [ L=2T7f" W+ 2jets/ 1b-tag
2 D@ Preliminary ., @ ces 2 5O poPreliminary ,,  eom
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FIG. 3 Distribution in the W+ 2 jets sample with one b-tagged jet of () the pr of the leading and (b) next to leading jet,
fe) of the distmce in the  — @ plome between the twe jels and fd) of the dijed moss between e tuo jets in the W+ 2 jet
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Di-jet Mass: W+2j & W+3j + tag(s)
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Higgs Search Neural Network (NN)

Optimize the search sensitivity in the W+2j events using the difference in kinematic

properties of the lepton, two jets and E(missing) in a NN that is is trained on both WH
signal MC events and the backgrounds shown in the previous plots:

© N U AW

pr of the leading jet;

. pr of the 2nd jet;

AR = \/ (An)* + (Ap)* between the two jets;
‘Ago‘ between the two jets;
pr of the dijet system;

dijet invariant mass; +—— Best W+2j discriminant - Use it as the final discriminant

pr (lepton, E;(miss)) system; for W+3j event sample.

Matrix Element discriminant

The ME discriminant uses 4-vectors for the lepton and 2 jets and integrates over

the unmeasured momentum of the v convoluting it with the resolution for the detector
to calculate the relative probability for WH vs. backgrounds. Then the ME prob. goes
into the NN. NN ftraining is done for 8 channels: (e ,u)*(ST, DT)*(Run IIa, Run IIb).
Separate training is done for each assumed Higg's mass. my = 115GeV in the plots.
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Cross Section Limit for Higgs Prod'n

Our previous plots show data and MC expectations for a Higgs of mass 115 GeV,
produced in association with a W, for ST W+2 or 3j and for DT W+2 or 3j. Since
no excess is seen, we can set limits on the Higgs cross section using the NN output
For W+2j and the dijet mass discriminant for W+3j data.

Each channel is analyzed independently (e, u), (ST, DT), (W+2j, W+3j), (Run IIq, IIb)
and then all 16 channels are combined. The 95% CL (modified frequentist) method is
used with a Poisson log-likelihood ratio (LLR) test statistic.

Log likelihood ratios (LLR) follow for the signal + background hypothesis: LLR,, ,
background only LLR, and the observed data LLR,,.
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w DO/CDF combined Higgs mass limits
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Summary/Conclusions

The Tevatron, DO and CDF have reached significant milestones in recent years!
Record luminosities and many other operational records.
Physics results on:

Inclusive jet cross section 7 years in the making.

Preliminary new DO W mass: 80.401 + 0.021(stat.) + 0.038(syst.) GeV
LAr plus inventive colleagues!

Top mass of 173.1 + 1.3 GeV DO & CDF comb nearing publication.
Soon to have a new My, vs. M,, plot.

Interesting progress on measuring Bs mixing and searches for
CPV in the Bs system.

Higgs mass region is being narrowed by CDF and DO.

More to follow.
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Ln plots

Di-jet Mass: W+2j & W+3j + tag(s)
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