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The Flrst “Hundred” Days of the Tevatron
From the Comm|SS|on|ng Run to ICHEP 2002

..;ﬂi':: 3. Comedy of ChaIIenges
Errors and Mlshaps
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1. The Tevatron and
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4 Run II Physms Results
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— q The Tevatron at Fermilab #

Run 1 (1992 — 1995): Vs = 1.8 TeV
L... = 100 pb’

Run 2 (since 2002): Vs =1.96 TeV
L. > 7.0 fb-!

int

now delivering > 2 fb™! / year
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TEVATRON

TARGET HALL
ANTIPROTON

SOURCE

g
COCKCROFT-WALTON
PROTON

Antiproton Proton
Direction Direction
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multi-purpose detectors: tracking, b-tagging, calorimeter, muon system, ...

strength of CDF: momentum resolution and particle ID (K,nx)
strength of DGJ: muon coverage and jet energy resolution
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Tevatron Collaborations

13 countries, 61 institutions _ e
600 physicists 19 countries, 83 institutions

; 530 physicists
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CDF Silicon Tracker

i & coT —
S | 3 silicon subsystems
4D_=SL central ~ISL forward Iayers_____,.ﬁ-;,,,""’”‘---- LOO R= 1.35, 1.6 cm
o T SVXIl R=25t010.7 cm
ISL R =20, 22, 28 cm
.. svxi

O 20 40 60 80 100

Layer 00

narrow
module= §

120 140 160
z (cm)

LOO

* 72 single-sided sensors

* 2 layers x 6 ¢-wedges
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SVXII

* 720 double-sided sensors
* 5 layers

* 12 ¢-wedges

* rp and rz measurements
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Data Taking Efficiency

steadily improved in the
past two years

Data Taking Efficiency
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Processes and Cross Sections

~ 1 Events/fbT
» Cross section: = Totalinelastic | o1z
— Total inelastic cross section is "2‘ 10'2
huge: ~ 61 mb N R JetE>20GeV |
— Used to measure luminosity 0 g4 :
ﬂ bb 109
O Jet E->40 GeV .
 Rates at e.g. L=1x10%2 cm2s": Y 10° b 10
— Total inelastic: 6.000.000 W
— bb: 42000/s 1* 2.8x10°
— Jets with E;>40 GeV: 300/s e 5 2.5x10°
— W: 3/s 10’10
— Top: 6/hour tt 75103
« Challenging to select the interesting  19'%5p
events _p\
_ o S 14 | 300
Mostly fighting generic jets! 10 Higgs (ZH + WH)
b
4= 107

100 120 140 160 180 200
Higgs mass (GeV)/c2
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2. The CDF Commissioning Phase

Commissioning Stages 1999 — 2002

Nov. 1999 — August 2000: Commissioning without Collisions
— Integration of components into the DAQ
— Daily running: calibration and pedestals
— Cosmic ray runs
— Timing-in of systems
Sept. - Oct. 2000: Commissioning Run
— Si “Barrel 4” only

— Many other systems partial
— COT just barely on-line (1st cosmics seen just days before roll-in)

Nov. 2000 - March 2001

— Complete the detector
— Continued integration work
— Daily cosmic running

March 2001 - February 2002
— Commission for physics data (using collision data)
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Commissioning L1 Trigger w/ Cosmics

Histogram made with online
monitor.

e Level 1 Calorimeter

‘TrigMon: SL1D PreFRED Primitive Sum Et Rate

Triggers

- 301
commissioned i
with cosmics i
— Sum Et, 20 |
Single tower, 151 I
Missing Et triggers o ﬂ
Muon “primitives” ; ﬁ
S
0:""“"'|Hw|uu|ulluu\uull.u

2 25 3 35 4
Sum Et Rate (1/msec)
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The Commissioning Run

Date 9/5 9/18 10/31
Week -2 -1 0] 1 2 3 4 5 6
Period Roll-in A B C
Lum. 10729 10730
Bunches proton 1x8 1x8 36 x 8 36 x 36

« Period A : Proton only beam (1.5 wks)
* Period B : Observe first collision (1 wk)
* Period C : Subsystem commissioning (3.5 wks)
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Refining the Calorimeter Timing @

« Read out 4 132ns “buckets”
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FOUR MYRON MUDE BUCKENS

2 3

CEM Early Target Late

Buckei 0 CHA | Hrato

R = 9 i=0-3 ”: :::1??:03123

Hratl

Nent = 750

Mean = 0.8532 <<
RMS = 0.05129

j=0-3
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delay scan

efining Calorimeter Timing

Fruction of Accepted Churge

Fraction of Signul in Early Myron Bucket |

oPEM

A PHA|
o WHA
A CHA

Delay set here
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Data From the Commissioning Run

| Run 103153 V0 mass with KO hypothesis | a7 naf= 1371795

o~ pd  =151.3 + 15.03
W50 — p1 = 316.7 +-55.02
= C p2 = 184.3 +.48.76
=400 = N = 1435 +-44.88
w F Mass = 0.499 +_ 0.0002597
2350 = Width = 0.007897 +- 0.0003064
e =
L3300 =
250
200
150 =
100 &=
+ ;_ %
D :I L1l | L1 11 | L1 1l | L1l 1 I L1l 1 I L1l 1 I L1 11 I L1l Ll 1
0 o1 02 03 04 05 06 07 08 048 1

z

M(mx) [Gewich)
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K short peak

Event: 7973 Run: 102837 EventType:0 TRIG: Unpr. - Fired bits: 1,41,14,15,21,22,23,24,26,30, Pr. - Fired bits: 22, , Myro

135.50 GeV

XE; =500 GeV di-jets
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Silicon Commissioning

» Only prototype Si installed for commissioning run
— Allowed nominal Si DAQ commissioning.
— Established that Si readout did not cause noise problems elsewhere.
— Left most of Si commissioning still to be done.

« Siwas installed in January 2001 with just 2 months to start of Run Il

« 722K channels
(not CMS or ATLAS, but it's enough)

* silicon was not connected to readout
before rolling in
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Physics Commissioning

Issues for physics readiness

— Is the detector timed-in properly?
* |s all the charge read out?

— Is the detector properly calibrated?
 Are trigger thresholds where they’re supposed to be?
 |s pedestal subtraction working properly?

— Is the detector fully efficient?

— Is the detector configuration stable?

» Doing physics with an evolving detector configuration is very painful
(though not impossible)
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Bit errors in data due to a variety of sources

« Data clock problems

» Optical system problems due to

— Light output

— Mechanical damage to fibers
— Electrical contact at receiver end

Silicon Commissioning w/ Beam

March 2002
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BLACK - fraction of the detector
used in any given run

GREEN - fraction of the detector
used with < 1%

errors of any kind
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Pickup on LOO Signal Cables

HDI=f843 Evene=11 Chup=

* Noise picked up by analog signal
cables

— Effects are seen at edges of
cables, within one sensor

— Both coherent and incoherent
sources

* Noise shapes
» Pedestal shifts _
« Common Mode ok

g

cablel cable2

1¢ >
> <

Pedestal {ADC counts})
&
T

g

PN T TN T T U T T T AN M AN A A
30 100 120

Channel number

v Wide Sensors

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

ool

42y “ Narrow Sensors
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-ayer 00 Components

CMS-type silicon (Hamamatsu,
Micron, Micron oxygenated)

Long Signal Cables:

Electronics separated from Silicon
by Kapton cables (up to ~ 40 cm

long)

Silicon Cooled to -6 °C using
water/glycol mixture
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I —
Solution: Fit for Pedestal

* Problem solved offline
— Readout all strips in LOO

— Use this information to fit
for an event-by-event
pedestal

« 2 fit to Chebyshev
polynomials
— Tested by embedding MC
clusters in data

» 95% efficiency with 95%

p.Uf'It}./ I After elimination
— Implications for CDF | of “hit” strips

e LOO can’t be in online o 20 40 &0 80 100 120
track trigger Channel number

« Readout time may be a
bottleneck

Use all strips
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Calorimeter Energy Scale @

Before Dec 10, 2001 the central hadron calorimeter E scale was based
on 2000 Cs source calibration

— u MIPs (high Pt, J/Psi) = E scale ~16% low
* Due to problem with original calibration
* No accounting for energy outside integration window

CMUP CMX
Mp/M=0.958 M M=0.901 _. After fixes. Still not
L enwn (] Ren 18 ch Run 18 ] qUite there.
| £ Fien 3 fun2 |
i7 1 cpga &l CHA+WHA |
y&éﬁ? I L ] e e a_-_\_“_l.;
/;%Z/é Fn .:'?.. vl Eo {0}
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Tracking Chamber
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T,’s from pulsing the front end

— Constants stored in DB, applied to raw hit times

Need proper length calibration

0.03

0.02

0.01

-0.01

-0.02

-0.03

ID
Entries
Mean
RMS

8023
34843
5.987
3.342

No constants applied

2.5 5

SL3 Res vs Wire

7.5 10

12.5

0.03

0.02

0.01

-0.01

-0.02

-0.03

?

[

ID
Entries
Mean
RMS

8023
32353
5.359
4.057

Constants applied

2.5 5

SL3 Res vs Wire

7.5 10

12.5
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Tracking Chamber Alignment

Cosmic ray based alignment: Cell tilts/shifts
— Includes corrections for electrostatics and gravity

Impact parameter vs. phi
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Commissioning with Data

Mee distribution of Z->e+e- candidates, central+central

Nent = 104 Jan. 2002

ElectroMagnetic
Calorimeter) E scale

established to be 7%
low with same data

10

30—
- CEM (Central
25— Electromagnetic
- Calorimeter) E scale
L 20 established to ~1%
3 L with < 10 pb-!
g PEM (Plug
S 10

40 60 80 100 , 120 140 160 (M, = 88 GeV/c?)
Mee (Gev/c")
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Commissioning with Data

« Tracking efficiency established with calorimeter-based W trigger
(“W-no track”)

UL M
] Enfries O33R0
. — 2
7000 s :
6000 —E niegral 5.820e+04
50005
40005
snnué
2000
1000
Di: 20 40 i &0 100 120 140 160 180 200

High-Pt Isolated track efficiency >99%
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Commissioning with Data

 Photon conversions used to understand the radial material

distribution
| r (CTVMET) after sideband subtraction
zero bip at 1460 0812001 data
B 1030 nb™
aid—
B Dot cerds
_ )
B fnEr
. eyiindar
August 2001 0E
1 pb- 400 }JLL l L\ L}
s00—
200}
o~
Ipace ube

[ Mms?m

L1 11 I L1 11 L1 11 I L 111 I L1 11 I L1 11 I L1 11

@ 5 18 IS 24 25 £l 75 44 45 _ 50
ricml
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Commissioning with Data

Very early J/y data (few pb-1)
4000 — CDF early Runll dmuon data « Established basic momentum
i 1 scale for tracking

 Used to measure muon chamber

17,100 J/y —> 'ty

3000

3 efficiencies

%  Used to measure vertex resolution
‘glzooo of SVX

H » Used to measure energy scale of

hadron calorimeter
1000

O 1 I 1 I 1 I 1 I 1 I 1
2700 2900 3100 3300 3500 3700 3900

wu” Mass (MeV/c?)
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Calibration of B-Field and Material

™., 1868}

« Use y’s to understand E-loss and B-field
corrections
* Check with other known signals —
N\
N': 3105 - CDF Run 2 Preliminary
= B
= 3100 :
) - Add B scale correction
= T et ’
—~ 3095 yne missipng material ~20%
. e D - 0.022 + 0.065
+ B -
3 3090 e 0.301 + 0.065
e - Correct for material
3085 ; .
e GEANT 1.388 + 0.074
3080
- ‘Avv/t;acks
3075 |
0 10
pt of J/y [MeV/c]

6

DAL
Rl

Events/30

i -®-after corrections and fit bias remoyved
O PDG + 16

=-before corrections

ERRgkiza:

T

—{

i —{ =

- CDF Run 2 Preliminary
| I 1 L ! | ! 1 1 L

5 10 15
D" p, [GeV/c]

—\ \ CDF Run 2 Preliminary

| [ S S SR B S R
9 10

PR N |
11
YT Mass [GeV]
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Silicon cluster charge

noise < 2 ADC counts
/1 mip ~25 ADC counts

=S/N~ 12

o o0 100 150 200

p-side pulse-height (ADC)

Charge correlation between
p and n-side of a silicon detector

O 100

<D,: L. LT

= BOf I .liiiiTic oLttt
- -

c ke el BeaB s m e maam

o i o=

' B[ D LLaetiiina e
< [ ...l sssiaogdooomecia:aos
q‘) = @ o o 5] aoa -

7 B O N

> [ o-opoOELOnoD - - .-
Q— [ = DE EEEEEEEEE
Q 201 ceheRetiiiiial.iinr..
P | | e

c @5 35 50 75 100

p-side pulse-height (ADC)

Hit efficiencies > 97%
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Impact Parameter Resolution

t / track
Survey-only alignment constants
—» X
Impact /
40 width = 36 um parameter
P >10GeV | g(beam) = 30 um |
_ [ L 60 —
30 | > o = 20 Hm L+ |* D@ data (preliminary)
+» D@ MC single muons
201 i
10+ |
ﬂ: | .‘rrn‘th‘Hj[. | .xidl'mﬂﬁr |

400 -200 0 200 400
Global track DCA ( .um)
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Fiber Tracker Performance

light yield vs pseudorapidity n KO_s rtr-
S

\ Run 149204: adc vs 1 (axial sectors) |

190 | K, Invariant Mass |
'§- i = sector 1
o I O G ' !
21 S w1 20-D@Run-2-Preliminary—
i | | ° sector 5 ) +¥ 200 e "H e ——
0.8l o] R ; : ; R S :
170 “"i:i' g +*¥ ' 1900 Mean = 492.26 + 0.28 MeV/c?
IR * E ; $ . ¢ } l . L [-]1] S a— . Canks oot et e ..... C
C T Lo c ; 4 4
160: T * +'r‘ . .;’+ $ X ‘ 140:_ .................... l \ Sigma = 5.08 £ 0.48 MeM/c’
: ¢ s, . + 120 :_ ...................................................
150 + = e c
n * " - » . [ N3 1100 S I T ——y——ye
B £ - RS * :_ ...................................................
140 on® ® ® ot 80 I SMT+CFT axial/stereo tracks
| [ . i '] -
r - : . | . . - : 60 :_ .................... % \' ...............................
— oy "epuine’ ot Ty S —
130 ¥ T - j x
C ot 88sval H 1| N — : @
1 : L 11 | 111 1 111 | 11 1 1 | I L 11 | 11 11 111 | . . I == I = ":l " . "
046 048 05 052 054 056 058 0.6
2 -15 -1 -0.5 0 0.5 1 1.5 T]2 M(n* ) GeV
Fri Apr 1221:07:31 2002

Hit efficiency ~ 98%
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3. Comedy of Unanticipated Problems

1. ISL Cooling Lines




———
3.1 ISL Cooling Blockage

ISL cooling lines blocked
— Initially could not operate detector
— Blockage due to epoxy in 90 degree bends
— Eventually cleared using Yag LASER + prism

i

T I
|
ISL | y

£\ o

\ |\ W :

e

cooling
What's this? 1219 2 optical inspection
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Finding and Removing the Epoxy

40W IR laser was used to find and remove the
glue

— Fused silica fiber optics & prisms used
to direct the light

— Targeted with 2 Joule pulses
(determined safe for Al lines on bench)

— Scattered light was observed with PMT
* Glue burning had 'afterglow’

— Glue was burned out with 6 Joule, 3 ms
pulses

— No lines were damaged
— 11/12 lines cleared
» Last line blocked by stuck prism
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— !.2 Losses Due to Jumper Failures

“Jumper” connects r-¢ and r-z
sides of hybrid (data, power lines)

Observed loss of digital power
for 12/360 SVX z sides

Crazy theory: Lorentz forces on
wirebonds which connect jumper?

14 T field perp. to bond
-Dynamic digital current draw (200mA)

- Trigger rate may induce resonance
-Bonds are not encapsulated
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"So crazy that it might be true
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mnant Lorentz Forces

 Resonance effect established at a test E_. |
stand:; "-:é |
— Fundamental frequency for 2 mm AlISi |
bond ~ 15 kHz R
— Drive w/ sinusoidal AC My
— Scan current (10mA - 150mA) =
— with real modules driven by real DAQ r
» After exposure to resonance for minutes- =:
hours, bonds break -
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Wirebond Resonance Mitigation

« A synchronous trigger condition detector
avoids wire bond
resonances

— Performs FFT analysis of
of L1 trigger rates

— Halts DAQ via

— Based on SVT
board

— DAQ code analyzes possible cause
of synch. trigger conditions.
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— !g Beam Incididents

» Abort kicker pre-fire
* Loss of Tevatron RF

SVXII: time evolution of unrecoverable failures

g 14% ' ' | Totalz
12%
10% .‘_— Irreducible Z '
80/0 ——

:COMMISSIONINi Total PHI

f

Percentage of permanent failed chips [%

2%

0% —'

- )] N — e N N — - )] N — 'y — — w w —
. > C. o c. > < o c. > & o . > < @ e >
c | = c
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What Can Go Wrong With the Tevatron ...

o G
L. 2

« Thunderstorms, power glitches: can’t control Mother Nature or Commonwealth
Edison

« Cryogenic failure, e.g. wet engine: usually enough time to abort beam before
quench

* Magnet power supply failure: most supply trips cause automatic abort

» Tev electron lens trip: DC beam accumulates in abort gap

* RF cavity trip: increase bunch lengths (decrease luminosity), dump beam into
abort gap

— Automatic abort if >1 cavity trips
« Separator spark: drive beam into collimators causing a quench, loss of store
» Very fast, can have bad results (indirectly)

« Abort kicker pre-fire: 1 kicker tube fires at random time, possibly in middle of

train

— Very fast, possibly very bad = kick protons into CDF, fry some ladders

— 1 kicker insufficient to kick beam into abort dump, beam circulates with large
oscillation
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Store Termination by Category

Intentional
HEP Store Terminations Eﬂ”tm{_ﬂ ——
. orrection Magnet Systems
since 2004 Shutdown Cryogenics
Glitches/Lightning
80% - Human Error
20% | 75% of stores ended intentionally Kickers
Lowe Beta Cluadrupoles
60% - Miscellaneous
50% - (uench Protection System
40% Separataors
30% - Tevatran Power Supplies
0% | Tevatron RF
° WaCULIT
10% - Total
0% = e e [ [ e = ‘l_l‘ o
F O E S F T ES
& \\o@ O & v & ‘ & Q‘?;‘ D Q0
N & & ) \2\0@ O‘{b s & o & <&
) M) S g O
N > s® Q© N
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00\@ Y 006 <@
Y=

41



I —
Frozen Pipes Cause Wet Engine Failure

Quench in house A32U (Dec. 2007).

Pipe (suction header) was covered with a
2 cm thick ice layer..
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Aborting the Beam #

Abort kickers ramp up synchronously in gap between P24/P25 (A36/A1)
— 70% full voltage when next bunch passes by; enough to kick into dump

Beam in abort gap while kickers rising gets kicked, but not into dump

— Can circulate with large distortion, strike apertures downstream, cause
quenches, ...

— Collimators at A11, A48 help protect CDF

Abort kicker pre-fires happen when 1 thyratron breaks down spontaneously
— Other abort kickers automatically fire < 1 turn later to kick rest of beam into dump
— Tubes holding off 36 kV @ 980 GeV over entire store — many hours
— Thyratrons are conditioned at higher voltages, but pre-fires can (will) still occur

PROTONS

i

—— PAK1 | PAK2 - PAK3 | PAK4 | PAK5 AAK1 — AAK2 (- AAK3 |- AAK4 - AAKS ——

abort dump
blocks

PROTON ABORT PBAR ABORT
KICKERS not to scale! KICKERS

i
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Destroyed Collimators in Tevatron

stored beam energy

103 protons @ 1 TeV = 1.6 MJ
L .#..

Damage done in ~10 ms

—""!' I '

1.5 m long stainless steel
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CDF Glowing

Event: 523638 Run: 175292 EventTvpe : DATA | Unprese: 0,32,1,34,3,4, 840,041 10.43,11,43,12,153.45,14,15,50,19,5

lleeing EC
Et=5657.2 phi=E£.9

List of Tracks

T Bt phi

* Beam incidents are a major threat the silicon system
- Several interlock systems in place to mitigate risks
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ACNET real time
plotter in control
room

Silicon detector only
turned on, if lostp
und lostpbar rates
are below 10 kHz.

Monitoring Proton Losses

C:LOSTP
. CIF hz

C:LOSTFE
. CIF hz

C:EBPAGC
. CIF HZ

CrEBAAGE
. CIF HZ

Thu 1Z2-DEC-2087 2B:41:03

1ogran cE:gg:1a cE:lgill Zgrgarle ca:ze:r 14
Tl = Th 1Z-DEC-2@@7 19:350@:03 = Th 1Z-DEC-Z2@@7 z0:2@:14




ing

Beam Scrap
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"~ Improved Beam Condition Monitor and Abort

System

Original beam abort system (based on ionizatio
chambers) had 200us latency

—Upgrade to CVD Diamond Detectors for
Beam Abort and Beam Condition Monitoring:
- signal and noise comparable to silicon.

* radiation hard (10x LHC)

+ fast! O(100 ns) BaBar diamond
abort system

1 s
4 >

diamond :
sensor _

PIN diode

Chi T ves : W Toons Chi 4 S80mv
WE 200mVeE
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_ Beam Abort Sunday 16.12.2007

£

File Edit

Loss Monitor FIFOs 12/16/2007 19:27:57
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EM Calorimeter scale

70
60
50
40
30
20
10

638 Z > e*ein 10 pb
Ac(M) ~ 4 GeV

;INZ =247 CDF Run Il Preliminary
= Central-central

3 i

- .éB - Sb 100 1;0 ) 140 ) 1é0 150 200

Check Z mass in data and simulation o
after corrections

— Central region: 60
« Mean: +1.2% data, -0.6% sim.;,
» Resolution: +2% simulation
— Forward region (Plug):

CC Invariant Mass (GeV) with opposite charges

CDF Run Il Preliminary

Central-West plug

e Mean: +10/6.6% data, +2.0%
simulation

 Resolution: +4% simulation

30
20
10

a _.‘* a L XY -l 1
100 120 140 160 180

riant Mass (GeV) with west plug electron

60
CPI

200

""N

CDF Run Il Preliminary

Central-East plug

| "

N, (W+E) =391

R

! \\:\\\§
i

N
WD

)

60 140 160 180 200

80
CP Invariant Mass (GeV) with east plug electron

100 120
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® W transverse mass spectrum in
e + missing E; inclusive sample.

® QCD background derived from the data

Missing Transverse Energy
> r
© 800 -1 March 2002 -
o :IL”1°pb June 2002
& 700~ |
g0k 44
2 s ! = Data
£ 600 ‘ (5547 W — e v Candidates)
o r + T
5001 N = QCD Bkg (from Data)
r 4 ) s W tvMC
00, ‘ »Ze'e MC
300
200+ CDF Run Il
+ Preliminary
100 .
0 = ‘
20 30 40 50 60 70 80
Met (GeV)
Chi2/ndf = 1003 /34
Prob =1.115e-09
12 p0  =-0.1109:0.01549
. p1___ =0.60951 0.004244
3 5]
MET resolution S

from MB data
consistent with
Run 1

RN R

i
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W - e v Candidate Events

w
(=]
o
=

Events / 2 GeV
N
a
[=)

200—

150—

100—

50

DG Run 2 Preliminary

-1
~

int 7 pb
Signal = 2849 + 53 (stat.)
Purity = 0.85+ D.01 (stat.)

L

EM + track match

E;V>20 GeV
EF®*~20 GeV

Bkg

20 40 60 80

100 120
MT (GeV)

Inclusive jet multiplicity in background
subtracted W—->ev sample

10 |

-1
10 .

linear in log N (Berends scaling)

m*<2
® EF'>15 GeV

A EF'-20 Gev

\. & Fios cay
stat. errors. only k‘{
i

A

; DO Run 2 Preliminary

M Y L
0 1 2 3 4 5
= njets
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————
Measurements with high E; e*

initially 10%, later 5.8%

W cross section:

> oy ‘BR(W nb)= 2.60+0.07_,_+
011 4026 st Transverse Mass
. syst . lum = _
0 . Q B
— Consistentwith Run 1 results 3450:_.[,_” 10 pb”  «Data
rescaled for higher energy: s F 4 (8547 W e v Candidates)
2.72+0.02.,+0.08.., +0.09, (use =A400|~ March 2002- +1
. o stat . syst " Igm u [ - June 2002 I I - QCD Bkg
Sterling et al. NNLO predictions) §350:— Tt 4+ romData)
W oF i |
300¢ 4] Tz sete MC
2501 .‘+‘|
200/ 3+ +
Nr. Candidates: - _;_' CDF Runlll
- 5547 in 10 pb! 1501 | | + Preliminary
Background: 100E bl
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-Z ee: 54+ 2 + 3 501~ !
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Z° — n* u Candidate Events @

o 25
3]
= : o > CDF run Il
= 1 DG Run Il Preliminary & -
|.|=J. 4 . 0 . . i 0 ¢ Data . preliminary
= candidates N | -
10 3 Lt 5 Monte Carlo ]‘ 16 pb™
- o
a
¢ £ 15
o
10 - '

10

1 o Events with

no. of Jets ENMS

0 2 4 6 0

110 120 130
Jets

2
M, (GeVic?)

- 57 candidate events 1n
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i
Measurements with low E; p* @

» Jly trigger improved CDF Run Il Preliminary
~ p>2.01.5GeV o :
o o =22000¢ -1
— Ap> 5°> 25 > - 13 pb
. . D©o20000F Events: 108777+860
* Observed y rates are consistent with = - No
expected increase due the lowering © 18000 Sili Central
. — O1IICOoN
of the thresholds 8_11 6000¢ 00K Muons
14000} v only
%120005—
11110000
8000/ 15 MeV
6 B with
000 Silicon
4000
20008 5 =21.6 MeV

0_|||||‘||||||\|\
2.8 3.0 3.2 3.4

J/¥Y Candidate Mass, GeV/c?
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B-Lifetime Measurements

Inclusive B lifetime with y’s
— Fit pseudo-ct = L, v*F\,c*"M¥/p,¥ distribution
* Output: b lifetime, fraction of v from B
— ct=458+10 stat. +11 syst. um
(PDG: 469+4 um)
» vy from B = 17% (p;¥ > 4 GeV)
Resolution function from large prompt

component
— R =narrow + wide Gaussian (19%) +
exponential tails (1.2%)
— Scale factor on error returned from vertex

fit 1.069

AT

)

Ul

w

—
o
T

Candidates / 12.5 um

-0.2

Entries

1
a |1||I\|“
I .||I|\|\

CDF Run 2 Preliminary

Signal Region Events

Total Fit
J/y Contribution

Background Contribution

~46%

-0.1

102§

10

15

0.0 0.1

J/w Ct fcm]

'L Resolution

- function




B-Mesons
Average B Lifetime (B— J/y+X)

u+jet Production Cross Section

e 3
310 ® Data
o - N : — o
B F ] Background from sidebands S Data
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“Measurem

e L2 trigger on 2 tracks:
— pt>2GeV
« |D| > 100 um (2 body)
* |D]| > 120 um (multibody)
« Swamped by D mesons!
— But see B’s as well....

O - CDF Run Il Preliminary
= 350} D*,D.—or, 6—>KK

% - Unbinned likelihood fit projected
2 300|
AN 250¢
o i
a 200¢
) i
@ 150¢
= i
e

c 100k,
LIJ B
50}

O_ I I 1 I I
1.80 1.85 190 1.95 2.00 %.05
KKr mass [GeV/c ]

ents with Hadronic b Triggers

S o 4
§5000:—D 2 K T
240003—
"N =56320
Q3000
w B
2000(—
1000F= ® e
- CDF Run 2 preliminary
v b by v by by b b Ty

P78 18 182 184 186 188 1.9 192 194
2
Kr Mass [GeV/c']

< D./* - D* mass difference
» BothD = ¢n  (¢>KK)
» Am=99.28+0.43+0.27 MeV
E PDG: 99.2+0.5 MeV

» Systematics dominated by
background modeling

58



“= ¥ 8 VME crates
= | Find tracks in
Siin 20 ps
with offline
accuracy

***Secondary VerTex L2 trigger
» Online fit of primary Vtx
» Beam tilt aligned
» D resolution as planned

E 48 pm (33 pm beam spot transverse size)

it

Y
TS

Ul

90%

Secondary Vertex Trigger

1000 |

800

600

Tracks per 17pm bin

200 |

SVT Impact Parameter distribution

o =48 pm (includes 33pm beam spot)

 Online |

track
impact

+
= Jhy Data

o cdfSim/svisim
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Measurements with Hadronic b Triggers

) e L= 1100 7 18 June 2002 CDF Runll Preliminary L=10pb™’
(6] 1 b o -
Eso k CDF Run 2 Preliminary - § 40-B° - D’ > Kn n |
. ] - +
3 ] o #B" = 56+12
750 | B—>hh - = 35
*% [ 3319 signal events ] E 30:_
D0 | Mean 5.215+0.013 GeV/c’] 3 3
[ Width 0.053+0.011 GeV/c?] o 25F
[ . @0 251
: ] Sk
30 . 7] L))
; m 4B = 3349 | g 5
20 b * ] 15
0 [ +H++ ] 10
0 I TP TP AT, . LA AP I

$aas >
44 46 4.8 5 52 54 56 58 6 C +
|III 1 II \IIIIII‘IIIIlI\IIlIII |I

42
2 L 111 | L 111 | ‘ | 1 11 1 11
B> hth- Mass () GeV/e 05 5.05 51 515 5.2 5.25 5.3 535 5.4 5.45 5.5

0
+ 0 =t B Mass[GeVic’]
« Hadronic B decays observed B"> D

— Yield lower than expected (silicon coverage/SVT efficiency > x 3)
— S/N better than expected

» Better S/N dilution compensates reduced statistics

W\
e

N
&)
il
N

60



o INV I II L

pproach
I
- Signed impact parameter /| 10°F . — : di-
- ~Resolution dijet sample
10°L °
°
102 =
10 | ©
Impact parameter < 0 iCLE 7
(resolution) 1
15 10 -5 0 5 10 15
10 F -
: +jet sample
J -jet content
10 E
10°f
Impact parameter > 0 track 10 | L
(secondary decay vertex) 10°E
1
- Reconstruct secondary vertex -
- Also use semileptonic decays ®



Jet Physics

« At Vs=1.96 TeV, cross section 2x larger

compared to 1.8 TeV (Run I) for jets with p; >

400 GeV
$ 9c« Inclusive jet t
0] - NClusive Je pT Spec rum
¥ e Cone algorithm, R = 0.7
= - ®
éi 1 = 09 ° n| <0.4
§' - ‘. e 04<n|<07
o -1 g
§10 ¢ °
§e) - ¢
et .
§10_2§ 290
6 = 0
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Only statistical errors
Preliminary jet energy scale
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Hadronic Energy Scale

n
y— 0

CDF Run Il Preliminary ( 24.7 pb "
* Use J/y muons to . : nary(247pb )

measure MIP in hadron -0.1 = | ; ;
calorimeters 020 oy M
— (Run Il)/(Run 1) = 030

0.96+0.05 =
-0.4—

! 0.5 1 ; |
Y o6 Plug region  |calor. | Plug region |
g q =P IR SRS I DU S NN N S B
4 3 2 1 0 1 2 3 4

¢ Gamma-jet balancing to study jet response
> £, = (pr* — pr')/py”
B Run Ib (central): ,=-0.1980 + 0.0017}
B Run II (central): f,=-0.2379 = 0.0028

A £, = (4.0 £0.4)%
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B —
Nothing on Top-Quarks ...

... except a candidate event

A top dielectron candidate
- ¢te-,two jets with a large missing Et -
Run=136286, event=54713

A 7 et Et= 34 GeV
7 Missing Et = 43 GeV
#° " Mass (e-e+)=118 GeV
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he Tevatron Legacy

Despite a somewhat sluggish start has made many important measurement
which will stand for quite a while even in the LHC era.

* Precision measurement of the top-quark mass (Am/m = 0.8%).

* First observation of B, oscillations and measurement of Am,.

* Precision Measurement of my,.

* First observation of single-top-quark production.

» Observation of diboson production (WW, WZ and ZZ2).

* First observation of the b baryons: %, Q,

 Higgs-Boson Searches and Limits

Higgs Limits W Mass Single Top

Tevatron Run Il Preliminary, L=0.9-4.2 fb™

% T En e A g """"" F DO Preliminary, 1 1o —DATA @ {\II Channels-sjn;ebfog P;:Iiminar 32" :

= o Exclusion g - S i = 79 S

E I r:,ed g e S [ %

b e : di 300t :

:\3 3;7’ 30 35 40 45 50 55 g - 5 gi?:tsson :: %

2 g B e

= A reliminary, 1 fb’ 1 L

1 ‘fﬂp |H Trnb+ H% + + + ++++++ * 8 g

F S

///4/- _Lé ? 2 § ' March5,2009 o%++ﬂ++ +++ ++++++H H*u +++++ +{+ ++|+ lﬁﬂ ﬁ ++ ¥+l H+ é
//7F=4// 100 110 120 130 140 150 160 170 180 190 %00 2E t i AL ) - 0.5

%é ,/ m,,(GeV/c?) oS L . .
——]

% 0 % 40 45 80 8 pe, GeV NN Output 65



Summary and Outlook




o e "4 AT Sl |

Summary and Outlook
AT MEEENERTER. . eV
. The Tevatron program has been a tremendous success yielding world class
measurements and will still yield interesting results in the future (Higgs!).

. The aim of this talk is to show:
The measurements coming out now and in the recent past are the based on
many years of hard work on many pasic issues (calibration, reconstruction,

9.

. On a point-by-point basis we cannot extrapolate from the Tevatron
experience to the LHC. ATLAS'and CMS are different and will provide us
with their own challenges.

. Unanticipated problems will arise and we have to tackle them one-by-one.

. The challenges in some ,low-tech® components are'generally
underestimated, e.g. cables, supports, cooling, ...

. ATLAS and CMS are well prepared, in a better state than CDF and DG were
at the start of Run 2. A lot of calibration has already been done.
We can look forward to the start of LHC!

| Thank you to my colleagues Rob Roser, Rainer Wallny, Gino Bolla, Franco
Bedeschi, la lashvili, Meenakshi Narain for allowing me to use
transparencies from their talks or providing material.
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Measurements

W cross section:

oW BR(W=2pv) (nb) =petails

2-70i0'04stat:|:0' 1 9syst 10'26lum

— Consistent with Run 1 results
rescaled for higher energy:

2.4120.08,,+0.15, , £0.16,,,, (Use

Sterling et al. NNLO predictions)

Nr. Candidates:
- 4561 in 16 pb!
Background:
-QCD: 104 + 53
- Cosmics: 73 + 30
-Z 2up: 247+ 13
-W>1tv: 145+ 10

with high E p*

500

. CDF Run 11
16 pb™!
| preliminary

+ data

il |:| all contributions

W—>;,w

o

]

o
|

entries per 3 GeV

300

200

100 —

/o Yo
//////////////////////

/ /oS
,,,,,,,

80

60
transverse mass (GeV)

100 120

\/
0’0

R=c(W=2uv)/c(Z>pp) =
13.66£1.94_, +1.12

stat Syst

» Consistent with Run 1 results
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Wcopy In J/y Channels

« B masses: =
7 w(2S)>Jly e (control) §
- B,> Jy K+ £
— B> Jhy KO (KO*>K+) g
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More mass plots
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Jet Production

 Raw Et only:

— Jet1: ET =403 GeV
— Jet2: ET = 322 GeV

Egernt : 73262 Fam: 132308 EverdType : DATA | Unprese: 032332345 78011.13.16.17.18.10.20,21 53222

2235524

Event : 73268 Fam : 1358398 EwventType : DAT A | Unprese: 0,32

5,7,8.9,11,13,16,17,18,19,20,21,5

N
1)

I!ll:

NS
N

G="2%
W=t}

il
\\\\

71



	1. The Tevatron at Fermilab
	Fermilab Accelerator Chain
	Detectors at the Tevatron
	Tevatron Collaborations
	CDF Silicon Tracker
	Data Taking Efficiency
	Processes and Cross Sections
	2. The CDF Commissioning Phase
	Commissioning L1 Trigger w/ Cosmics
	The Commissioning Run
	Refining the Calorimeter Timing
	Refining Calorimeter Timing
	Data From the Commissioning Run
	Silicon Commissioning
	Detector Roll-In in February 2001
	Physics Commissioning
	Silicon Commissioning w/ Beam
	Pickup on L00 Signal Cables
	Layer 00 Components
	Solution: Fit for Pedestal
	Calorimeter Energy Scale
	Tracking Chamber
	Tracking Chamber Alignment
	Commissioning with Data
	Commissioning with Data
	Commissioning with Data
	Commissioning with Data
	Calibration of B-Field and Material
	Silicon Tracker Performance
	Impact Parameter Resolution
	Fiber Tracker Performance
	3. Comedy of Unanticipated Problems
	3.1 ISL Cooling Blockage
	Finding and Removing the Epoxy
	3.2 Losses Due to Jumper Failures
	Resonant Lorentz Forces
	Wirebond Resonance Mitigation
	3.3 Beam Incididents
	What Can Go Wrong With the Tevatron …
	Store Termination by Category
	Frozen Pipes Cause Wet Engine Failure
	Aborting the Beam
	Destroyed Collimators in Tevatron
	Monitoring Proton Losses
	Beam Scraping
	Improved Beam Condition Monitor and Abort System
	Beam Abort Sunday 16.12.2007
	4. CDF and DØ at ICHEP 2002
	EM Calorimeter scale
	W  e n  Candidate Events
	Measurements with high ET e±
	Z0  m+ - Candidate Events
	Measurements with low ET m±
	B-Lifetime Measurements
	B-Mesons
	Measurements with Hadronic b Triggers
	Secondary Vertex Trigger
	Measurements with Hadronic b Triggers
	Identyfying b-Quarks
	Jet Physics
	Hadronic Energy Scale
	Nothing on Top-Quarks …
	The Tevatron Legacy
	Summary and Outlook
	Summary and Outlook
	Measurements with high ET m±
	B Spectroscopy in J/ Channels
	Jet Production


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [756.000 1008.000]
>> setpagedevice


