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Konuşman�nAnahatlar�:

� FermiLabTevatronH�zland�r�c�s�ve RUN II ile ilgili bilgiler

� CDF Deneyi veDedekẗorünedair özet

� CDF te �ş�n halesimonitör etmekicin gereklimotivasyonlar

� Iş�n halesimonitörlerininkonumu,çal�şmaprensibivekullan�m�

� DevamEdenAraşt�rmalarveVar�lanSonuçlar
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Introductionto FermilabAcceleratorComplex
Fermilabis outsideof Chicagoin Illinois.

� TEVATRON (far) is a

� 2 TeV

���

�

�

collider !

� Main Injector (near)

built for RUN II (and
beyond!)
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UpgradedAcceleratorandColliderFacilities

-H

p, 8 GeV

p, antip, 150 GeV

p, antip, 1 TeV

ions, 750 KeV 

, 400 MeV-H

�

�

Recycler is expectedbeoperationalnext year
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DetailedLook at theAcceleratorUpgrades
� RUN I eraendedin '96.

� RunII commissioningstartedin '00.

� ColliderPhysicsMotivation:

	

MoreTop Quark!!



�
� �

(E

�
�

)

�

by 35%!

	

MoreDiscoveries!!

� Higgs,Extradimensions,SUSY,.. �

discoveryby CDF, '95

� DesignGoals:

RunIb RunIIa RunIIb

ECM(TeV) 1.8 1.96 1.96

Linst(10�
�

� cm�

� s�

� ) 2 20 50

Lint(fb

�

� ) 0.1 2 13

BunchSpacing(ns) 3500 396 132
BeamsDivisionwebpages
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CurrentConditionsatTevatron

http://www.fnal.gov/pub/now/tevlum.html

Gettingbetter& better�

�

Everyweekanew acceleratorrecord!!
asof Sep27, '02

Recordweeklyintegrated4.79pb�

�

Recordpeak30.2E30cm�

� s�

�

Deliveredabout90 pb�

� sinceJan,'02 !!
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CDFExperimentonTevatronRing

� ageneralpurposedetectorfor

���

�

�

collisions

� amagneticspectrometer

(solenoidal�eld @ 1.4T)

� huge& heavy: 3 storieshigh,

�

5 kton

� large Collaboration:

�

500

scientists
� well-established:proposalin '76

 (An upgraded) CDFrolled in thecollisionhall to resumedatataking
in 2001!!
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Many Upgradesto getreadyfor RUN II phase!!!
Central Muon
Chambers & Counters

Time of Flight

Central Drift Chamber
            (COT)

EndPlug
Calorimeter

Silicon Vertex Detector
            (SVXII)

Chambers & Counters
Forward Muon

! Tracking:

! Silicon

"$#

2, z

#

45cm

! COT

"

#

1

! New TOF(

%'
&

100

(

s )

! PlugCal: gas)

*

scintillator

! Muon:

"

#

1.5,

+
,

! CLC to measureluminosity

! Fully equippedfront end:

! at 132

-

s bunchspacing

!

.

50Hz eventreadoutrate

! Brandnew Triggers:

! Siliconat Level2 !

! COT atLevel1 !
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Physicswith CDF atStartof RUN II (asubsample)
/ Electroweakphysicswith Z & W bosons

Mass/GeV
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Central Dielectron Mass

CDF Run II Preliminary

-1
L~10 pbò

Data

Background

 ee® gPythia Z/ 

 + background

use0

12

�

2

� for Calorimetercalibration
eventyieldsareasexpected.
preliminaryA

34

Results!

1

probevectorandaxial couplings,

1

searchfor heavy new gaugebosons!

use

5

1

68
7

to understand

6

reconstruction,..

%
9

:

;'<

2.70 = .04

>?@ ?

= .19

>

A

>?

= .27

BCD

-

b
expect

E
F

G

<

= 40 MeV

1

70%betterthanRunI!
will measurechargeassymetryfor PDFs!
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/

	 H
I sampleobtainedfrom improved

H

triggers:

number of tracks
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 15 pb» L òCDF Run II Preliminary,  

Data
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QCD

  candidatet : number of tracks, associated with the n t ®W 

measure

%
9

:

;

for Ws!

J
K

's alsoimportantfor exoticssearches!

/ B physicsmeasurements- I

2
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2 0.1 MeV/c±: Events: 60492, Width: 21.6 YJ/
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 4 MeV/c±(2s): Events: 2386, Width: 25 Y useJ/L 's to correctE

BM > >

andB-�eld map
precisionmomentummeasurements!
Tracktriggeringat L1: down to

(
N

O

6

P

< 1.5GeV
AlreadyCompetative B lifetimesandmasses!
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/ B physicsmeasurements- II

]
2
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CDF RunII Preliminary -1L = 9.6 pb

 490± = 56320 0D
N useSiliconat Level2:

“r evolutionary” 2ndaryVertex Triggering(SVT)!

1

thousandsof charmquarksobtainedOnline!!
measureQ

D

OS
R

T

R

>

P

comparablewith CLEO2,E691!
will collectmorethana dedicatedexperiment:FOCUS!

]
2
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CDF RunII Preliminary -1L = 10 pb

56 +/- 12 observe fully hadronicB decaysusingdisplacedtracks!

1

towardsB

>

mixing!
expect

U

V

�

?@

W

9 2 RUN I !

1

for exotic physics,too!

X

Have a look at ICHEPandHCP2002conferenceproceedingsto learnaboutall

CDFRUN II accomplishmentssofar!
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In summary..
Y

! Addition of new subsystemsandfasterdataacquisition

! Increasingthecapabilitiesof existing components

make it possibleto starta very exciting physicsprogramme!

Y

Many parametersbetterthanthedesignpredictions!

Y

& 140Level3 triggerpaths

J

Diversephysicspossibilitieswith outstanding

onlinedecisioncapabilities!

Y

Alreadyrecorded& 60pb�

� with improving ef�ciency!

�

�

Proceedingtowardsmorephysics!
MügeKarag̈oz ÜNEL, NorthwesternUniversity 12
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An examplefor exotic searchesatCDF:SUSYgravitinos
Putlimits onSUSYbreakingscale,F, throughmZ

[

Currentlimit (CDF) is \

]

221GeV.

Thesignaturefor thisprocessis:

� high ^

_

in ElectromagneticCal. andabalancinghigh

`

^

_

� novisiblehighP

�

tracksthatmaybeattributedto the

a
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SuchAn Eventis Observedin RUNII.

h
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Event : 1640801  Run : 144456  EventType : DATA | Unpresc: 4,5,10,48,18,23,25,27,30 Presc: 4,10,48,18,25,27,30 Myron mode: 0

0
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y
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-> inf
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q 40
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)

+

distributionof transverseenergy (b

N

) depositionin CDFCentralCalorimeters.

� Theeventin lego plot has:

^

_

�

cd

GeV (80%EM) and
`

^

_

� 36GeV e

� no visible tracks in trackingvolume.

�

�

A perfect

ag
f

`

^

_

signalcandidate!
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�

�

Is this really thesignalweareafter?
Thiseventtopologywith

`

^

_

at

h

�

i

is foundto beexcessive for the
samerun !
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j

distribution for

km
l

_

in run 144456obtainedonline.Redhistogramcontains

eventssatisfying

km
l

_

�
n o

GeVcut,bluehasall events.
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Excessive EventsExplained!

	

acceleratorrelatedbackground!

BeamHaloTaskForceof Fermilabshowedthattheseevents,when

extrapolated, comefrom highenergy muonsoriginatingfrom neartheCDF

RomanPots(scintillating�ber detectors)[5].

p

'saredoinghard

bremsstrahlunganddepositingenergy in calorimeters!

WhenRomanPotsaremovedoutof thebeamline,peakat

jrq

s

in previous

pagediminishes!

	

Thenominalpositonsof thepotshavebeen
readjusted!!

ROMAN
POTS
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MINIPLUG

z          56.40 m      31.63 m     23.23 m                    6.59 m       0
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BeamHaloMonitoring@ CDF:
Tevatron,like everyaccelerator, hasnominallybeamhaloandlosses

accompanying the

�

and �

�

beamswhichmaycreatebackgroundseffecting

physicsresultsby faking

t

s,

p

s,etc..

P01 to P12

P13 to P24

P25 to P36

A01 to A12

A13 to A24

A25 to A36

F0

B0 D0

Bunches

Beam spacing: 36

(

&u
(

bunchesfor

396 ns con�guration (current mode).

Injection at F0. When there are no

beambunchesis calledAbort Gap[3].
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"losHV6.8s"

B0 B0D0 F0

(

beam losses:For a certaincombination

of collimatorsettingsalongthebeamline,

lossescanbeestimated.Maximumvalues

expectedat CDF (B0) andD0 for this spe-

ci�c study[4] arepointed.
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v

Monitoring thebeamquality in realtimeis animportantpartof data

takingroutine

w

radiationsafetyof thedetectorsis alsoanissue.

CDF startedRUN II with theBeamShower Counters(BSC-I), closeto

thebeampipeandCDFInteractionPoint(IP) (x 7 m ), whichaimto monitor

smallanglebeamlossesaffectingthesubdetectorsin thetrackingvolume[2].

CDF

BSC-1

PP

MügeKarag̈oz ÜNEL, NorthwesternUniversity 18
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Sincethebeginningof RunII, CDFhasobservedunexpectedlyhigh

lossesandoperationalproblemsrelatedwith lossesin Tevatronbeams.

Someof theseissuesconcernpartsof CDF away from thebeampipe:

power supplyfailuresandhighcurrentsin muonchambers,for ex.

y

WeProvideAdditionalBeamQuantitiesto FermilabBeamsDivision from

within theCDFCollisionHall

We installedtwo counterarraysin theCDFCollisionhall asBeamHalo

Monitors(BHM) to improvebeamqualitymonitoringatCDF.

TheBHMs detectthehaloparticlesin full azimuthandatmaximum

availableradialandlongitudinaldistancefrom theCDF IP.

Largeradii positioningof theBHMs allow beamhalomonitoringfor the

outerregionsof thedetector

w

complementaryto theBSC-Is.

MügeKarag̈oz ÜNEL, NorthwesternUniversity 19
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Installation& Setupof theBHMs

BSC

BHM

IP

protons

BHM

W E

z = -18.09 m

EM  CAL

Elevationview of CDFDetectorshows thepositionof the

(

BHM in thewestalcove.

u

(

BHM is @

z

<

{
|

}
~

}
• m (east).Calorimetersand

6

chambersarewithin theline

of sightof BHMs !
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y

x
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CDF West Alcove floor
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48 cm

284 cm

Q3
North

45.7 cm

48.6 cm

59.1 cm

23.1 cm

Q3P

(a) (b)

Con�gurationof protoncountersaroundthelow

‚

quadrupole(�nal
focus) in the(a)

ƒ

�

„

(b)

…

�

ƒ

views in thewestalcove. The

�

direction(

f

„

outwards) is shown at thebeamcenter.
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ScintillatorCounterSpeci�cs

150 cm
29 cm

15 cm

Scintillator
PMT/base

light guide

� Countersarefrom asparepooloriginally manufacturedfor KTeV [6].

� Active areaof thecountersis †

o
‡

ˆ

‰

†

oŠ

‡
ˆ (Bicron).

� PMT (EMI) biasvoltagesareset100V above thekneeof production-time

plateaucurves.

� Ungatedsinglesrates(darkcurrent)for eachcounterweremeasured

(discriminatorthresholdat 30mV) andlight leakswere�x ed.

� Measuredsinglesratesare

‹

0.1kHz.
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ReadoutLogic of theBMHs

! Measurebeamhaloby formingacoincidencebetweenthecountersignalsand
beambunchsignalasthebunchpassesthroughtheplaneof themonitorgoingto the
CDF IP.

! UseBunchCrossing(CDF BC) signal:time-align with countersignalsusinga
delayline.

J

Sendthecoincidenceratesto FermilabAcceleratorControlNetwork (ACNET) to
bestoredandusedonline!

P01 to P12

P13 to P24

P25 to P36

A01 to A12

A13 to A24

A25 to A36

F0

B0 D0

Bunches

( Accelerator Control
          Network  )

2x4 chs

C
B

thalo= -55 (p)

thalo= -60 (p)

D
i
s
c

D
i
s
c

tBC = 0 ns

8 chs

antipr counter

proton counter

(x4)

(x4)

ACNET

proton Delay line

antipr Delay line

c
S
a
l
e
r
s

W = 20 ns

W = 20 ns
Th = -30 mV

Tracer

N

A

D
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Time-Alignmentof theMonitors: Coincidencecurvemethod
! Measurecoincidenceratesasa functionof thedelaysappliedto CDF BC, keeping

thecountersignalline �x ed.

! ChoosePlateaumid-pointsasthe�nal delayvalues

J

peakFWHMsare& 35-40
ns(asexpected).

HALO PEAK COLLISION PEAK

Q

?

& 10nsin therisetimeof collisionpeakfor

(

andu

(

is a resultof therelative
differencesin the

z

positionsof themonitors.
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�ITÜ, �Istanbul, Türkiye 9 Ekim 2002

RateCalculationfor theACNET VariablesAssignedto BHMs
Ratesfor theindividual countersarecalculatedusing:

Rate

Œ

<

•

�

Œ

)

•

�

Œ

•

�

Ž

)

•

�

Ž

9 (Rateof Channel0). (1)

!

•

�

Œ

and•

�

Œ

arethetwo consecutive readingsof channel

•

whichcorrespondsto
onecounterof themonitorarrays.

! Channel0 of bothCAMAC scalerscountsthe50kHz (20.7

6

s) signal(one
Tevatronrevolution).

Thetotal rateof eachcounterarray, ProtonHaloSuM (C:B0PHSM)andAntiproton
HaloSuM (C:B0AHSM),arecalculatedas:

Rate<

O

•

�

Œ

)

•

�

Œ

P

•

�

Ž

)

•

�

Ž

9 (Rateof Channel0) (2)
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DeviceDesignationwithin ACNET
BHMs arealsousedto measurethehaloin theabortgapsof one
Tevatroncycle

�

takingduplicatesof countersignals& gate'ingthem
with CDF ABORT signal(2.4

•

swide).

ACNET Device DataLogging Saturation

Device Description Rate(

‘

) Rate(MHz)

B0PH(N,T,S,B)

�

haloindividual 1 min 1.7

B0AH(N,T,S,B) �

�

haloindividual 1 min 1.7

B0PHSM
�

halototal 1 Hz 6.8

B0AHSM �

�

halototal 1 Hz 6.8

B0PB(N,T,S,B)

�

abortgapindividual 1 min 4.6

B0AB(N,T,S,B) �

�

abortgapindividual 1 min 4.6

B0PBSM

�

abortgaptotal 1 Hz 18.4

B0ABSM �

�

abortgaptotal 1 Hz 18.4

B0PAGC 2/4majority coincidence 1 Hz 4.6

B0AAGC 2/4majority coincidence 1 Hz 4.6

! B0*AGC areformedby takinganinternal2/4majority coincidenceof counters
gatedby theAbort Gapfor additionalmonitoring(revisitedonslide31).

MügeKarag̈oz ÜNEL, NorthwesternUniversity 26
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Performanceof theMonitors

As a �rst checkfor theperformanceof thecountersasACNETmonitors,we
comparedthebeam-off coincidenceratesmeasuredwithin ACNETandcalculated
from singlesrates.

Counter HaloRate(Hz) Abort GapRate(Hz)

Device Measured Calculated Measured Calculated

B0A*N 4

’

2 3

’

2 22

’

5 17

’

4

B0A*T 5
’

2 5

’

2 36

’

6 32

’

6

B0A*S 2
’

1 2

’

1 14

’

4 11

’

3

B0A*B 11

’

3 11

’

3 78

’

9 64

’

8

B0P*N 6

’

2 7

’

3 45

’

7 40

’

6

B0P*T 5

’

2 5
’

2 43

’

7 30

’

5

B0P*S 1

’

1 1
’

1 8

’

3 8

’

3

B0P*B 3

’

2 4

’

2 21

’

5 21

’

5

Beam-off coincidenceaccidentalswith statisticalerrorsquoted.

“ Thevaluesarein goodagreement!
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Comparisonwith CDFBSC-I - I
”

Checkif BHM measurementscorrelatewith
lossesasmeasuredwith CDF BSC-I.

BHMs areindeedsensitive to • losses!

STORE 1243DARK RATE

~ 14 kHz

p LOSSES

p HALO TOTAL RATE

~ 230 kHz

~ 8 hrs

– — halosumrates(C:B0PHSM) andlossrates(C:LOSTP)

asa functionof time.
– Plotobtainedwithin ACNET. Notethaty-axisscalesare

differentfor thesuperimposeddata.
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Comparisonwith CDF(BSC-I) - II

˜š™ BHMs aresensitive to ›• lossesaswell!
Also moresensitive to observe featuresin œ

• halo

ratesthatarejust visible in œ

• lossrates ž previously

unnoticed!

– Ÿ— halosumrates(C:B0AHSM) andlossrates(C:LOSTPB)

for Tevatronstore1243.
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Correlationwith VacuumImperfections

˜š™

• halomonitorshavea perfectcorrelation
with theimperfectionsin theTevatronvacuum!

C:B0PHSM

T:F1IP1A

PRESSURE

PROTON HALO

STORE 1207

ProtonBHM ratesincreasefollowing thebeamvacuum

imperfectionsdueto temperaturechangesin asectorof

Tevatron.This imperfectionhasbeenfoundto be

contributing to 30-40% of halobackgroundatCDF.

Thisdefecthasbeen�x edby BeamsDivision!
˜š™ Thedirecteffect is on theincreasein the
luminosity!
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Correlationwith D0 RomanPotsInsertion
ž BHMS have beenobservedto besensitive to losses

createdoneastsideof CDF whenD0 RomanPotsare

insertedcloserto thebeamline!

Figurebelow shows theabruptincreasein œ

• halo

monitorratesasa responseto theD0 RomanPot

insertionduringastore.Positive displacementmeans

RomanPotmovesin.

STORE 1229

p HALO TOTAL RATE

D0 ROMAN POTS MOVE IN

™ Thiseffectwasnot observablein theBSC-I
lossrates!
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RateLifetimesduringaTevatronStore
Thelifetimesof theratesfor a Tevatronstorecanbe
measuredby a �t to anexponentialdecayfunction:

  ¡  £¢ ¤ ¥§¦ ¨

©«ª (3)

where¬ is theaveragelifetime. We ignoretheinitial short

periodof thestoreswhichactuallyhasa fasterlifetime

component.Thepreliminaryresultsindicatea correlationof

abortgaphalodecayrateswith thatof instantaneous

luminosity(C:B0ILUM).

t 1/2 =

t 1/2 =

t 1/2 = 11.46 hrs

t 1/2 = 10.75 hrs t 1/2 =

8.63 hrs

8.75 hrs

7.32 hrs

Varioushalomonitorrates�t to exponentialsfor a Tevatron

store(only a smallportionis shown). ­¯®±°³² valuesaregiven

for themostrelevantvariables.
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DecayRateof Abort GapHaloMonitors
Abort gapBHMs appearto besensitive to “r adiation”

whichhasa long time component.Thetotal ratedecays

have tailsafterthebeamabort.2/4majority coincidence

ratesshutoff almostinstantly ´ freeof contaminations!

B0PBSM Rate vs Time after quence

2002/05/16   15.29

10 3

10 4

10 5

10 6

0 10 20 30 40 50 60

Time (minutes)

Ra
te

 (H
z)

t  =  9.6 sec.

t  =  2.4 min.

t  = 10.8 min.

counter dark rate

Combined Fit

µ

ž The�ts agreewith thedecaysof K isotopes!
¶ ·¹¸»º½¼

= 6.65 sec ¾À¿ ÁÃÂ K (6.8sec)through Ä�ÅÇÆÉÈ

¶ ·¹¸»º½¼

= 1.66min ¾À¿
ÁÃÊ K (1.7min) through Ä

Å
ÆÉÈ

¶ ·¹¸»º½¼

= 7.48min ¾À¿ Ë
Â K (7.6.min)through ÄÍÌÇÆÉÈ

Isotopedecayradiationsdataarefrom http://www.nndc.bnl.gov/nndc/.

˜š™ We believe thattheseradiationscomefrom
concretesurroundings!
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MoreonAbort GapBHMs
™ We cancorrelatetheabortgaphalorateswith
suddenlosseswithin theRFstructurein Tevatron!
Therearemoreparticlesescapingoutof thebunchesin

suchacase.Typically, theratesriseneartheendof a

storedueto timedependentdetoriationof thebeam

quality.

STORE 1750

2/4 MAJORITY ABORT GAP

ABORT GAP TOTAL

– A casewhenanRF cavity power is lostaround10:20AM

onSeptember13th,2002.A continuousrisein the

C:B0PAGC ratesis alsoclearlyvisible.
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Conclusions
Succesfullyinstalledtwo counterarraysat CDF to improve thebeam

qualitymonitoring& thedeviceshave beenavailablefor onlinemonitoring

sinceApril, 2002.

Somebeamrelatedeffectsarevisiblewith anenhancedsensitivity with

BHMs & Observingnew featuresaswell.

BHM devicesarein CDF's regularbeammonitoringlistq

y

impacton

Silicon (backupslide) andMuonopearations.

Providing feedbackto BeamsDivision abouttheTevatronbeamhaloas

measuredin theCDF collisionhall

w

impactson luminosity!!

y

bothCDF

andD0 experimentsbene�ting!

Wearelearningthatcolleguesfrom LHC arefollowing our experiences

to gain insightfor their futurehadroncollideratCERN.

MügeKarag̈oz ÜNEL, NorthwesternUniversity 35
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CDF is showingremarkableprogressin RUN II with promisingresults.

All this is possiblewith theenormousworkof manypeople, making

contributionson their partsto make theexperimentrun better!!!

MügeKarag̈oz ÜNEL, NorthwesternUniversity 36
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MügeKarag̈oz ÜNEL, NorthwesternUniversity 37



�IT
Ü
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OperatingParametersfor Counters

Counter PMT bias Dark Count

ID Voltage(V) Rate(Hz)

E083 1875 50

E059 1637 91

E042 1888 32

E003 1785 184

W054 1668 114

W066 1495 84

W014 1843 22

W040 1786 60

� Notethattheratesareof theorderof 0.1kHz.

MügeKarag̈oz ÜNEL, NorthwesternUniversity 39
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Sensitivity to OperationalConditionChanges

w

TheabortgapBHMs have aclearresponseto theTevatronElectronLens

(TEL ) operationalchanges!

TEL OFF

TEL ON

TEL ON

protonabortgapmonitor(C:B0PBSM) ratesbecomehigherfollowing theTEL

(T:L1COLI) beingturnedoff andasit is turnedbackon, ratesincreaseabruptly

followedwith a subsequentdecrease.C:FBIPNGmonitorstheprotonbeamcurrent

in Tevatron.

MügeKarag̈oz ÜNEL, NorthwesternUniversity 40
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