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Fermilab

e accelerator

e experiments
— DO

— CDF
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Fermilab

calorimeter

8/15/2007
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Fermilab

The CDF experiment

Central Calorimeter (E/H)
Central Muon

Solenoid
Wall Calorimeter (H)

Plug Calorimeter (E/H)

Forward Muon

Central

Forward Calorimeter (E) N Tracker
Silicon
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Fermilab
Tevatron performance

peak luminosity = 2.8x1032cm-=s-1

most luminous hadron collider ever

A0mA/hr »

DO recorded 2.8 fb! expect 6-7 fb
by August 2007 7 A by 2009
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why Is the Tevatron interesting?

we have data

at the highest
com energy




Fermilab

the physics landscape in 1984

. J/VY discovery (BNL/SPEAR)
. SPEAR jets observed
. Open charm, tau discoveries (SPEAR)
. Upsilon discovery (FNAL)
. Open beauty meson discovery (CLEO)
. W/Z discoveries (CERN)
. High p; jets seen at UA2
UAL: Monojets (jets with large missing E;) ??
UA1/UA2: anomalous Z— ¢* ¢ y ?2?
UAL: W — t b top evidence ??

There was a sense of excitement and discovery in the air -
skepticism about tantalizing fluctuations was suspended.

Paul Grannis
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Total inelastic

QCD allows to calculate
production cross sections
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b-quark physics

* B. mixing

* New Sstates
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b-physics

B, mixing

mixing measurements in B, and B, systems allow access to
CKM elements

A my Is well measured
0.50980.004 ps-1
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b-physics

B, mixing

opposite side | same side

— OS kaon charge b!c!K- — reconstruct specific
— SS kaon charge decay mode

— lepton charge b!X I
but blc!X*

— Jet charge — t=mg L/p;
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b-physics
B. mixing

L=10M"

CDF Run Il Preliminary | — combined
—— hadronic

- datat 1o A 95% CL limit 17.2 ps” ‘
1.645 ¢ O sensitivity 31.3 ps’ — semileptonic
data+ 1.645c
data + 1.645 o (stat. only)
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b-physics
B. mixing

Preliminary

2 e
Semileptonic + Hadronic x I ndf 29977218

po 221.65781+ 30.45230
p1 -24.39616 + 3.30910

3.10 statistical p2 0.65733 + 0.08937
* significance

datax1la 4 95% CL limit 16.1 ps'l
16450 <=+ expected limit 27.3 ps’
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b-physics

B, mixing

Wolfenstein parametrization
of CKM matrix

XIIIIIIII
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-1 -0.5 0 : 1
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b-physics

how to discover a ne

discovery of the £, baryon

narticle?

Jhy Invi
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b-physics

discovery of the £, baryon

how to discover a new particle?

JAy Invi AYIny
> 224
Q o / ndf 306 /43 )
E 1.115 607e-05
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b-physics

discovery of the £, baryon

how to discover a new particle?

JAy Invi AYIny
% o | ndf =01
9000 - =combine the A and yet another track
£ s ammaos I? o | D@,1.31b" (a)
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b-physics
discovery of the £, baryon

how to discover a new particle?

I m U

- D@, 1.3 fb”
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b-physics
discovery of the =, baryon

how to discover a new particle?

—
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b-physics

discovery of the =, baryon
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b-physics

discovery of the £, baryon
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b-physics
IS one event enough to discover a particle?
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Horwitz, The Physics Teacher, Volume 2, Issue 8, pp. 366-395 (1964)
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electroweak physics

e \V boson mass

 diboson couplings
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electroweak physics

W boson mass
at tree level

with mjm |- tnomempny

B - LIENEEjiuil" Hal*
B - 51 1NNE[NI] Hal
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electroweak physics

W boson mass
at tree level

loop corrections
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electroweak physics
Higgs mass constraint

|

80.5
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electroweak physics

how to measure the W boson mass?

\\}nvcnwul P
\ Or muon =

P\

dN/dp(e)

““~-__Neutrino

Underlying event
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electroweak physics

how to measure the W boson mass?

[lectron P
\ Or muon =

] ) ~‘\\‘.
| \ \

dN/ me

~~<__Neulrino

Underlying event

.“.
———
P ———

33 B B3 W T3 W B8 MW 5

. (GeV)
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electroweak physics

W=2>ev W-2uv common
Stat

lepton energy

CDF Il preliminary pdf

QED radiation
syst

total error

>
Q
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>
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M,, = (80493 + 48__) MeV
v2ldof = 86 / 48

100
m.(ev) (GeV)
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electroweak physics
lepton energy calibration

calibrate track momentum with u*u” resonances

I preliminary

L *Data t
— Simulation | i
. Ap/p = (-1.536 + 0.088) x 10

events /10 MeV

2000 —
yidof = 17 /22

CDF Il preliminary

M, = (91184 + 43) MeV

»Z/dof = 32 / 30
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electroweak physics

lepton energy calibration

transfer momentum calibration to electron energy
with electrons from W decays

CDF Il preliminary J L df ~ 200 pb”

o
o
o
o

events / 0.01

S, =1+ 0.00025,,,,

CDF Il preliminary J.L dt ~ 200 pb”’

‘HT

v’ldof =17 / 16

f—

M, = (91190 + 67,,,) MeV

events / 0.5 GeV

y2Idof = 34 / 38 h H

Elp (W->ev)

HH
.‘;_._.._0\.””- e ‘++(‘ ‘Aﬁ*‘?"t A 1 [}
QIO 80
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electroweak physics

8/15/2007

W boson mass

CDF Run |

D@ Run |

DELPHI
L3
OPAL

ALEPH

CDF Run Il (prel.) ——

World Average 2007 -8

I

80433+ 79

@
80483 + 84

80336 + 67

80270 + 55

—_——
80416 + 53

——
80440 + 51
80413 + 48

80398 + 25
I 1 I I

80100 80200 80300 80400 _ 80500 80600

W Boson Mass (MeVlcz)
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electroweak physics

trilinear gauge couplings

trilinear gauge boson couplings events with 3 leptons

are uniquely specified by the sm
mzz
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electroweak physics

radiation zero in Wy

w—— Slandard Model MC MC W|th anomalous

Interference between
tree level diagrams:

Anomalous Coupling MC: x=-1, =0

Events/(0.05)

DO Preliminary, 900 pb'

MC standard m
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top quark physics

e discovery
* Mass

e properties
e single top production
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top quark physics
top quark discovery

S
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Events/(20 GeV/c?)
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Reconstructed Mass (GeV/c?) Fitted Mass (GeV/c?)
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top quark physics
top quark production

o(tt) = QCD coupling
mass

branching fractions
structure of Wtb vertex

antiproton

t channel (tgb)

Y |Vl
width
structure of Wtb vertex

non-standard
production or decay?
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top quark physics
lifethme tagging of b-jets
e b lifetime 74 1\.\6\ PS
— travels a few mfh\pefb\re decaying

large impact parameter

secondary vertex

primary vertex
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top quark physics
single top quark production

select events with high p; lepton, missing p+, 2 jets

best channels S/B = 1/20
sighal < background uncertainty

need advanced techniques

e decision trees

* neural networks

* matrix element discriminants
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top quark physics
decision tree analysis

D@ Run Il preliminary

o 03

DJ Run Il 0.25|

N

Boosted 0.9fb" -«
tb+tqb

decision trees i
W+jets
Multijets

+10 uncertainty
on background

—
o
e
N
TTT T

Event Yield

—
o

Probability Density [pb~
o o
o © o
(3} - (3}
1 I
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4T 6 8 10 12
tb+tqb Cross Section [pb]

| T S T G S |

0.7 0.8 0.9 - 1
tb+tqb Decision Tree Output

p-value = 0.035%
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top quark physics
measurement of |V
o(tb,tgb) o |V,,|> = calculate a posterior in |V|?

assume
e sm top decay: |V 4| + |V|? << |V, |% and pure V-A coupling
do not assume

* three quark families and unitarity of 3\times 3 CKM matr

D@ Run Il preliminary 0.9 fb~ D@ Run Il preliminary 0.9 fb™"
TE .. . , _ , 2 45

0.68 < [Vy| < 1 at 95% C.L.
(assuming f;- = 1)
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top quark physics

the top quark is the most massive quark

leptons

105.7 MeV

1.777 MeV

8/15/2007

EILE

of ue
=~ [ MeV

-®
~110 Mev ©C

~ 1300 Me

t

~ 4300 MeV
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top quark physics
lepton+jets event kinematics

displaced vertex

hadrons
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top quark physics
lepton+jets event kinematics

— p,¥ and m,

— m(e,v)a& my, — M(J3,J4)=myy
¢oquadratic equatiea.for p,(v) — m021j31j4):mt
 choose smaller value

I m(e’%jl):mt
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top quark physics
lepton+jets event kinematics

— combinatorics
* J1)oilails 2 D, O,W (12 permutations)
* D.Js.J3:)4 2 b,0,W (8 permutations)
* b,b,j3.), =2 b,b,W (2 permutations)
— gluon radiation

e [nitial state radiation

— momentum from initial quark/antiquark or spectators -
overestimate m,

e final state radiation
— momentum from t or b quarks = underestimate m,
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matrix element method

normalization

8/15/2007

/

/ top-fraction / jet scale parameter

IM[2 dLIPS

v

/

transfer function parametrize
detector response
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Calibrated 2D Likelihood

3.3
M,,, = (170.5 £ 33) (stat.) GeV DO Runll Preliminary

JES

DO Run Il Preliminary ’
913pb

0+1+2 Tags
249 Events

| 1
‘J \
L UL L] [RLATLEL) [OLELR [ELLELE] FLL FUE U (LR U] (PP UL

45 150 155 160 165 170 175 180 185 190 150 185 160 165 170 175 180 185
Reconstructed mass (GeV) M,,, (GeV)

Likelihood
(=)
©

-
(=]
& O

—r

o

N
lllllllllllllllllllllllllllllllllllll
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—
-
—

result for e+jets and u+jets combined: m,,, = 170.582.481.2 GeV




top quark physics
top quark mass

Best Tevatron Run Il (preliminary, March 2007)

—

All-Jets: CDF 171 1 + 43

(943 pb™)
@

Dilepton: CDF 1645+ 56

(1030 pb™)

Dilepton: DO 172.5+ 8.0

(1000 pb™)

. B

Lepton+Jets: CDF +
s 170.9 £ 2.5

Lepton+Jets: DO 1705+ 2.7

(900 pb™')

—C

fevatron 170.9+ 1.8

(Run I/Run Il, March 2007)
y“/dof = 9.2/10

l l I | l
150 160 170 180 190 200

Top Quark Mass (GeV/cZ)
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top quark physics

Higgs boson mass

Winter 2007

|

(5)

Aahad =

D -
I LEP 2 and Tevatron — 0.02758+0.00035

(Preliminary)

68% CL

—

| Excluded \\». PreIiminaryA
30 300
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Higgs boson

e standard model Higgs
boson searches
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Higgs boson
the Higgs mechanism

the Higgs field with its “mexican hat” potential breaks the
SU(2)xU(1) symmetry

three Higgs degrees of freedom become the
longitudinal components of the W and Z bosons

fermions acquire mass
through their Yukawa
couplings to the Higgs

one Higgs degree of
freedom represents a
massive scalar particle

only free parameter is its mass

Re(4)
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Higgs boson

Higgs at LEP

LEP was supposed to fin

Vs = 200-209 GeV

Background
B signal (115 GeV/cY)

| all > 109 GeV/e
‘ Data 18 4
| Backgd 14

J | Signal 29

~
>
v
QO
o
~
w
e
=
<~
>
-

my > 114.4 GeV
@ 95% confidence level

80 100 120

Phys. Lett. B565 61 (2003) (GeV/cd)
m,rec (GeV/e
H
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Higgs boson
Higgs at Tevatron

. but when it didn’t ..

B } ------------- e {— ------------ o shs—v Higgs Wotkshop-
B R P e T oz - i ----(*gg.i'gg) ----- -

e Htggs Semsmvrty Study ( 03) 4 " ---------------- v

sfatistical power only i
(o systamatics) | ___L o™}

—
Q

_A
e
=
o
=
1)
p -
@
Q.
I7)
o
=
-
35
a
-
c

—

100 105 110 115 120 125 130 135 140
Higgs Mass m,, (GeV/cz)
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Higgs boson

Higgs boson decay

A. Djouadl, J. Kallnowskl, M. Splra
L

—

0 1 1a1

1

for m, <130 GeV
H ! bb dominates

L1l

1

for m, > 130 GeV
H ! WW dominates

T N W W

I
1
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Higgs boson

Higgs production at the Tevatron

channel

WH! v bb

ZH! vv bb

ZH! lIbb

H! WW! |v v
WH!WWW!lvlvX

8/15/2007

PY)
=

Cross Section (
o

E-196TeV

100 120

o By,  Bwgz
0.18pb 0.8  0.22
0.11pb 08  0.20
0.11pb 0.8 0.067

03pb 1.0 0.047
0.05pb 1.0 0.083
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Higgs boson

WH! |v bb

select events with high p; lepton, missing p-, 2 jets

1 b-tagged jet e 2 b-tagged jets

- - 1
C L=1.71fb ol

- DO Preliminary . E‘)fm DO Preliminary . Rfm

r- D v }9(3 i (a [:] v )9(5
C1QCD | C1QCD
Oy a

ft
Swar 5 Bwsr
Cl\c') agr mm&

COwH COOwH
11e Cal¥ &1 - s G &1

L

100 180 200 250 200

Dijet Mass (GeV) Dijet Mass (GeV)
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Higgs boson

WH! |v bb

select events with high p; lepton, missing p-, 2 jets

W e 2jets/ 2btags

&]Woapxs

- QcD
L Og

+ Ownb

Eother

OwH

1 Gl be

[ L=17 "

FL=1.7f"
| DO Preliminary L

- DO Preliminary

P; of b-tagged Jet (GeV)

artificial neural
network

8/15/2007

W e2jets/ 2btags

We2jets/ 1biag
e [)
D&f“-ayals
ClQcD
—
SH
OwH

NGl e

[L=17f"
- DO Preliminary

Dijet Mass (GeV)

L=17f" W +2jets/ 1b-tag
DO Preliminary ® Data
W+ jets
QCcD
LI}
= Wbt
:\)m)n)r
WH

| FE AT b
% 02 04 06 08 1 12 14

NN output - 1 tag exclusive

. Heintz - NEPPSR 2007

[ L=17#"

L=171"
DO Preliminary

DO Preliminary

W+ 2jets/ 2btags

W +2jets/ 2 b-tags
® Data
W + jets
QCD
L1
= Wbb
M other
WH

*
1 12 14

NN output - 2 tags



Higgs boson

WH! |v bb

select events with high p; lepton, missing p-, 2 jets

L L=1.7 fb! W + 2 jets/ 1 b-tag L=4.71" W + 2 jets / 2 b-tags

300 DO Preliminary ® Data DO Preliminary ® Data
CIW + jets W + jets

I £1QCD — _1QCD

M —. .

= Supe
i " e | WH /

€ (x10)

NN output - 1 tag exclusive NN output - 2 tags
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Higgs boson

WH ! Iv bb

~J
o

=== Observed Limit

o
o
Ba

««ss Expected Limit

DO Preliminary, L=1.7 fb"
WH — | v bb

S
o

W
o

S
D

<)
o)
T
=
o
m
=
X 50—
2
!
Q.
L
E
-

b
o

?t,, B e R e R S e R S s R R, L'__.‘Jt,i X (L] L,}L,‘vaL,i,‘. - XS TXI 1% SX- W7 ..
05

110 115 120 125 130 135 140 145
m,, (GeV/c?)
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Higgs boson

b
o
o

= Observed Limit

«»us Expected Limit

o)
o

D
o

DO Preliminary, L=1.1 fb’
ZH - I'Tbb

=)
0
T
T
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(48]
-1
.
N
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(e}
&
~
E
=

S
o

135 140 145
m,, (GeV/c?)
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Higgs boson

N
(&)

== Observed Limit

«==» Expected Limit

N
o

DO Preliminary, L=1.7 fb"
H-WW + WH-WWW

-d
(&)
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O
@
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O
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Higgs boson

8/15/2007

it/SM

1mi

—
<

—
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O
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un
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CDF results

CDF II Preliminary
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Higgs boson

combined limits

Tevatron Run Il Preliminary
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where Is all the new stuff?

no leptoquarks

no heavy W/Z bosons
NoO compositeness

no extra dimensions
no technicolor

no SUSY
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the legacy of the Tevatron

significant increase In sophistication of
collider physics analyses

the top quark discovery

precision electroweak measurements
— top quark mass
— W boson mass

QCD, bottom, charm physics
no new physics — the sm Is rock solid
Higgs boson (limit/hint/discovery?)
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