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Konugnan nAnahatlar :
FermiLabTevatronH zland r ¢ s ve RUN Il ile ilgili bilgiler
CDF Dengyi ve Dedekbrunedair 0zet
CDFte sn halesimonitor etmekicin gereklimotivasyonlar
Is n halesimonitrlerinin konumu,cal smaprensibive kullan m

Devam EdenArag rmalarve Var lanSonudar
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Introductionto FermilabAcceleratortComple
Fermilabis outsideof Chicagoin lllinois.

TEVATRON (far) is a

2TeV collider!

Main Injector (near)
built for RUN Il (and
beyond!)
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UpgradedAcceleratorandCollider Facilities

FERMILAB'S ACCELERATOR CHAIN

MAIN INJECTOR

p, antip, 150 GeV
TEVATRON \K
p, antip, 1 TeV ‘ \ x

TARGET HALL

ANTIPROTON
SOURCE
Q BOOSTER p.8cev
U — = 5 7 NP —

COCKCROFT-WALTON

H~ ions, 750 KeV

PROTON

Antiproton Proton
Direction Direction
—

NEUTRINO

Fermilab 00-635

Regycleris expectedbe operationahext year
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DetailedLook atthe AcceleratoilUpgrades

RUN | eraendedn '96.

Runll commissioningstartedn '00.
Collider PhysicsMotivation:.

More Top Quark!!  (E

More Discoveries!!

)

by 35 %!

Higgs, Extradimensions,SUSY.

discovery by CDF, '95

DesignGoals:
Runlb | Runlla | Runlib
Ecpm(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

Beam

Ivisionwebpages
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CurrentConditionsat Tevatron

Collider Run lA Integrated Luminosity
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[ Weekly Luminosity —e—Run Luminosiy | Wan

http://www.fnal.gos/pub/nav/tevium.html

Gettingbetter& better Every weekanew acceleratorecord!!
asof Sep27,'02
Recorcoweeklyintegrated4.79pb
Recordpeak30.2E30cm s
Deliveredabout90pb sinceJan,'02 !!
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CDF Experimenton TevatronRing

agenerapurposaletectoirfor

collisions
amagneticspectrometer
(solenoidaleld @ 1.4T)
huge& heavy: 3 storieshigh,
5 kton
large Collaboration: 500
scientists

well-establishedproposaln '76

(An upgrade) CDFrolledin thecollision hall to resumedatataking
in 2001
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Many Upgradego getreadyfor RUN Il phaséd!!

Forward Muon
Chambers & Counters

EndPlug
Calorimeter

Central Drift Chamber
(COT)

Central Muon
Chambers & Counters

MigeKaragyz UNEL,

NorthwesterriJniversity

9 Ekim 2002

Tracking:
Silicon
(0]} 1

New TOF (

PlugCal: gas

Muon: 1.5,

CLC to measureuminosity

Fully equippedront end:
at132 sbunchspacing

50 Hz eventreadoutrate

Brandnew Triggers:
SiliconatLevel2!

COT atLevell!

2,z 45cm

100 s)
scintillator
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Physicswith CDF at Startof RUN Il (asubsample)

Electraveakphysicswith

Central Dielectron Mass

70
- CDF Run Il Preliminary

60F

Events/4 GeV

- Y -1

40F

e Data

B Background
— PythiaZ/ g® ee
+ background

30F
20F
10F

PR I SRR T R L

140 160 180 200
Mass/GeV

use

expect

9 Ekim 2002
use for Calorimetercalibration
eventyieldsareasexpected.
preliminary Resultd

probevectorandaxial couplings,
searchfor heary new gaugebosons!

to understand reconstruction,..
2.70 .04 .19 27 b
40MeV  70%betterthanRunl!

will measurehage assymetnfor PDFs!

MigeKaragyz UNEL,
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sampleobtainedrom improved triggers:

W ® t n : number of tracks, associated with thecandidate

; CDF Run Il Preliminary, c\)_ » 15 pb*

i | Swe .. | Measure for Ws!

§ kS = 's alsoimportantfor searches
physicsmeasurementsl|

| CDFRun 2 Preliminary, 6 pb *, 27 Feb 2002 |

2

<]

o

s o
1 1

g usedJ/ 'stocorrectt  andB-eld map

2 momentunmmeasurements!

g5 Tracktriggeringat.1: dowvnto 1.5GeV
i Already B lifetimesandmasses!

B it

[ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L I L
02.8 2.9 3 31 32 33 34 35 36 37

Mass (i mi), GeV/c®
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B physicsmeasurementsil|

N CDF Runll Preliminary L=9.6pb™*

g e P 7 useSilicon at

§ 4000k “r evolutionary” 2ndaryVertex Triggering(SVT)!

*g o thousand®f charmquarksobtained I

. . measure comparablavith CLEO2,E691!
1000; will collectmorethanadedicatedexperiment:FOCUS!

1.78 1.8 182 184 186 1.88 19 192 1.94

Kp Mass [GeV/c 2]

IN
(@]
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Events per 20 MeV/c ?
N W
[§) o

N
o

H
al
TTT

10F
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|
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B Mass [GeV/c ]

CDF Runll Preliminary L=10pb ™
rB*® D°p® Kpp

obsenre B decayausingdisplacedracks!
towardsB mixing!
expect 2RUN !  for exotic physics,too!

Have alook at ICHEPandHCP 2002conferenceroceedingso learnaboutall
CDFRUN Il accomplishmentsofar!

MugeKaragz UNEL,
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In summary.
Addition of new subsystemandfasterdataacquisition
Increasinghe capabilitiesof existing components
malke it possibleto starta very exciting physicsprogramme!
Many parameters thanthe designpredictiond
140Level3triggerpaths Diversephysicspossibilitieswith outstanding
onlinedecisioncapabilitied

Alreadyrecorded with improving ef ciency!

Proceedindowardsmorephysics!
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An examplefor exotic searcheat CDF: SUSY gravitinos
Putlimits on SUSY breakingscale,F, throughm

Currentlimit (CDF)is 221 GeV.

Thesignaturdor this processs:
high In Electromagneti€al. anda balancinghigh
novisible high P tracksthatmaybeattributedto the

MigeKaragyz UNEL, NorthwesterriJniversity
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SuchAn Eventis Obsenrnedin RUNII.

Event : 1640801 Run : 144456 EventType : DATA | Unpresc: 4,5,10,48,28,28,30 Presc: 4,10,48,18,25,27,30 Myron mode: O

h:-ln(tan(q/Z))\
distribution of trans\erseenegy () depositionn CDF CentralCalorimeters.
Theeventin lego plot has:

GeV (80%EM) and 36 GeV

no visible tracks in trackingvolume.
A perfect signhalcandidatd

MigeKaragyz UNEL, NorthwesterriJniversity 14
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Is thisreally the signalwe areafter?

Thiseventtopologywith  at Is foundto beexcessve for the
samerun!

Met >35 f | metphicut35
Nent = 544

§ Mean = 3.185
TSR RMS = 1.64
Nent = 42670 = 2

50

T

T

[T T[T
TTTTTTTTIT
<
o
2
-

Tw

# Events

40

30

20

10

0] 1 2 3 4 5 6
f [rad]

distribution for In run 1444560btainedonline. Redhistogramcontains
eventssatisfying GeV cut, bluehasall events.
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Excessre EventsExplained!  acceleratorelatedbackground!

BeamHalo TaskForceof Fermilabshavedthattheseavents,when
extrapolategdcomefrom high enegy muonsoriginatingfrom nearthe CDF
RomanPots(scintillating ber detectors]5]. 'saredoinghard
bremsstrahlunganddepositingenegy in calorimeters!
WhenRomanPotsaremovedout of thebeamline peakat In previous
pagediminishes! Thenominalpositonsof the potshave been
readjusted!!

MINIPLUG I

QUADS [I
|
I
I

CDF

ELECTROSTATIC
SEPARATOR

ROMAN A-48

POTS
I DIPOLES ’-I
1 1
T T
I I
I I
I I

Zz -— 56.40 m 31.63 m 23.23 m 6.59 m (o]

!
e

BSC-4 BSC-3 BSC-2 BSC-1
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BeamHalo Monitoring @ CDF:

Tevatron,like every acceleratgrhasnominallybeamhaloandlosses
accompayingthe and beamswhich maycreatebackgroundeffecting
physicsresultsby faking s, s,etc..

Al3to A24

100

"losHV6.8s" ——
S 10 F

0.1
0.01

T
i

[}
=4 0.001
IS

0.0001

e =l | ‘ I || I| |
1e-06 1 I 1 1 1 1
0

1000 2000 3000 4000 5000 6000
Path length, m

BO DO FO BO

beamlosses:For a certaincombination

Beamspacing: 36 & bunchesfor ¢ . limator settingsalongthe beamline,

396 ns con guration (currentmode). |<coganpe estimated Maximumvalues

When thereare no o nectedat CDF (B0) and 0 for this spe-

beambunchess calledAbort Gap|[3]. cic study[4] arepointed

MigeKaragyz UNEL, NorthwesterriJniversity 17
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Monitoring the beamquality in realtimeis animportantpartof data
takingroutine radiationsafetyof thedetectorss alsoanissue.
() CDFstartedRUN II with theBeamShaver Counter§BSC-I), closeto
thebeampipeandCDF InteractionPoint(IP) (7 m), which aimto monitor
smallanglebeamlossesaffectingthe subdetectorm thetrackingvolumel[2].
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Sincethebeginningof Runll, CDF hasobsered unexpectedlyhigh
lossesandoperationaproblemsrelateawith lossesn Tevatronbeams.
Someof thesassuesconcernpartsof CDF away from the beampipe
power supplyfailuresandhigh currentan muonchambersfor ex.
We Provide Additional BeamQuantitiesto FermilabBeamsDivision from
within the CDF Collision Hall
We installedtwo counterarraysin the CDF Collision hallasBeamHalo

Monitors (BHM) to improve beamqguality monitoringat CDFE

The BHMSs detectthe haloparticlesin full azimuthandat maximum
availableradialandlongitudinaldistancerom the CDF IP.

Largeradii positioningof the BHMs allow beamhalomonitoringfor the
outerregionsof thedetector complementaryo theBSC-Is.

MigeKaragyz UNEL, NorthwesterriJniversity 19
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Installation& Setupof theBHMs

1 | 2 3 4 5 6 |

—S> | - — e
protons 5 N

o

c

Elevationview of CDF Detectorshavs the positionof the BHM in thewestalcove.

BHM is @ m (east).Calorimeterand chambersrewithin theline
of sightof BHMs'!

MigeKaragyz UNEL, NorthwesterriJniversity 20
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Low b Quadrupole

Q3
I 284 cm
NN \\W

(@)

9 Ekim 2002
066 :|
k y
48.6 cm X
014 054  North
45.7 cm QS @ © | 59.1cm

L 457cm o

¢23.1 cm
040 :|

CDF West Alcove floor

Con gurationof protoncountersaroundthelow quadrupold nal

focug in the(a) (b)
direction(

MigeKaragyz UNEL, NorthwesterriJniversity

views in thewestalcove. The
outwardg is shavn atthe beamcenter
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Scintillator CounterSpeci cs

Scintillator light guide

PMT/base

|< o L
| 150 cm ->| 29 cm

Countersarefrom a sparepool originally manutcturedfor KTeV [6].

aa
15cm
T

Active areaof thecountergs (Bicron).

PMT (EMI) biasvoltagesareset100V above thekneeof production-time

plateaucurves.
Ungatedsinglesrates(dark current)for eachcounterweremeasured
(discriminatorthresholdat 30 mV) andlight leakswere x ed.
Measuredinglesratesare 0.1kHz.

MilgeKaragz UNEL, NorthwesterriJniversity 22
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Readout.ogic of the BMHSs

Measurebeamhaloby forming a coincidencebetweerthe countersignalsand
beambunchsignalasthe bunchpasseshroughthe planeof the monitorgoingto the
CDF IP.

UseBunchCrossing({CDF_BC) signal:time-align with countersignalsusinga
delayline.

Sendthecoincidenceaatesto FermilabAcceleratorControlNetwork (ACNET) to
be storedandusedonline!

. Th=-30mV
; antipr counter _
: (x4) § W=20ns
5 D ]
Al3 10 A24 — : proton counter !S $ 2x4 chs
O : g
P13to P24 - F‘
i 5 I — e
B i proton Delay line S
d Y : d—— o
P25 to P36 D Tracer W :;O ns antipr Delay line ACNET
i Bunches o . R
Azoto A% Y/ 5 ( Accelerator Control

Network )

PO1 to P12 :
AOL to>\/ _V :
‘ - thalo™= 55 (P) u_

FO thalo= -60 (p) tgc=0ns
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Time-Alignmentof the Monitors:

Measurecoincidenceatesasa functionof thedelaysappliedto CDF_BC, keeping
the countersignalline x ed.

ChoosePlateaunid-pointsasthe nal delayvalues peakFWHMsare 35-40
ns(asexpected).

w3 16 [ P CoTTTT R N R
L : : : : : : : : : :
= B

s

@ : : : : : : :

e — T e e
g - ! e pr@*ﬁom | :

© : : R : :

- b T ontiproton =/

10

P A \1\\\\\[\ TN e \\\\\\\[\\\1\\\\\\\1
160 180 200 220 240 260 280 300 320 340

BC delay (ns)

10 nsin therisetimeof collision peakfor and is aresultof therelatve

differencesn the positionsof the monitors.
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RateCalculationfor the VariablesAssignedo BHMs
Ratedor theindividual countersarecalculatedusing:

Rate (Rateof ChanneD). (1)

and arethetwo consecutie readingof channel which corresponds$o

onecounterof themonitorarrays.
ChanneD of bothCAMAC scalerscountsthe50kHz (20.7 s)signal(one

Tevatronrevolution).

Thetotal rateof eachcounterarray ProtonHalo SuM (C:BOPHSM)andAntiproton
Halo SuM (C:BOAHSM), arecalculateds:

Rate 2 (Rateof ChannelD) (2)

MigeKaragyz UNEL, NorthwesterriJniversity 25
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Device Designatiorwithin ACNET

BHMSs arealsousedto measurghe haloin theabortgapsof one
Tevatroncycle takingduplicatesof countersignals& gate'ingthem
with CDF_ABORT signal(2.4 swide).

ACNET Device Datalogging Saturation
Device Description Rate( ) Rate(MHz)
BOPH(N,TS,B) haloindividual 1 min 1.7
BOAH(N,T,S,B) haloindividual 1 min 1.7
BOPHSM halototal 1Hz 6.8
BOAHSM halototal 1Hz 6.8
BOPB(N,T,S,B) abortgapindividual 1 min 4.6
BOAB(N,T,S,B) abortgapindividual 1 min 4.6
BOPBSM abortgaptotal 1Hz 18.4
BOABSM abortgaptotal 1Hz 18.4
BORAGC 2/4 majority coincidence 1Hz 4.6
BOAAGC 2/4 majority coincidence 1Hz 4.6

BO*AGC areformedby takinganinternal2/4 majority coincidenceof counters
gatedby the Abort Gapfor additionalmonitoring(revisitedonsiide31).

MigeKaragyz UNEL, NorthwesterriJniversity 26
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Performanc®f the Monitors

As a rst checkfor the performancef thecounterasACNET monitors,we
comparedhebeam-of coincidenceatesmeasureavithin ACNET andcalculated
from singlesrates.

Counter Halo Rate(Hz) Abort GapRate(Hz)
Device Measured Calculated Measured Calculated
BOA*N 4 2 3 2 22 5 17 4
BOA*T 5 2 5 2 36 6 32 6
BOA*S 2 1 2 1 14 4 11 3
BOA*B 11 3 11 3 78 9 64 8
BOP*N 6 2 7 3 45 7 40 6
BOP*T 5 2 5 2 43 7 30 5
BOP*S 1 1 11 8 3 8 3
BOP*B 3 2 4 2 21 5 21 5

Beam-of coincidenceccidentalsvith statisticalerrorsquoted.
= Thevaluesarein goodagreement!

MigeKaragyz UNEL, NorthwesterriJniversity 27
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Comparisorwith CDFBSC-| - |
Checkif BHM measurementsorrelatewith
lossesasmeasuredvith CDF BSC-I.
| BHMs areindeedsensitveto lossed

~ 230 kHz

p HALO TOTAL RATE

~ 14 kHz

p LOSSES

DARK RATE STORE 1243

N

~ 8 hrs

halosumrates(C:BOPHSMN) andlossrates(C:LOSTH
asafunctionof time.
Plot obtainedwithin ACNET. Notethaty-axisscalesare

differentfor the superimposedata.

Iquels;  ‘nll

aAnIN L

c00c Wpl4 6
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AJSISDNAIUIIDISSDMMUYIION
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Comparisorwith CDF (BSC-I)- I

BHMs aresensitveto lossesaswell!

Also moresensitve to obsenre featuresn halo
ratesthatarejustvisiblein lossrates previously
unnoticed

halosumrates(C:BOAHSM) andlossrates(C:LOSTPB

for Tevatronstorel243.

Iquels;  ‘nll

aAnIN L

c00c Wpl4 6



- Correlationwith Vacuumlimperfections

‘“TINN Zzdbeae>abnin

halomonitorshave a correlation

with the INn the Tevatronvacuum!
Z PROTON HALO
0
~
J

STORE 1207

S
0
0
c
g. \PRESSURE
0) TEUPLA
(3. C:BOPHSM
<

ProtonBHM ratesincreasdollowing the beamvacuum
Imperfectiongdueto temperaturehangesn a sectorof
Tevatron. This imperfectionhasbeenfoundto be
contritutingto 30-40% of halobackgroundat CDF
This defecthasbeen x edby BeamsDivision!
Thedirecteffectis ontheincreasen the
luminosity!

og

Iquels;  ‘nll
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Correlationwith DO RomanPotslInsertion

BHMS have beenobseredto besensitve to losses
createdbn eastsideof CDFwhenDO RomanPotsare
Insertedcloserto thebeamline!

“TINMN zdbeae>a26n v

Figurebelowv shavs theabruptincreasan halo
monitorratesasaresponséo the DO RomanPot
Insertionduringa store.Positve displacemenimeans
RomanPotmovesin.

STORE 1229

AJSISDNAIUIIDISSDMMUYIION

p HALO TOTAL RATE

DO ROMAN POTS MOVE IN

This effectwasnot obserablein theBSC-I
w |ossrates!

Iquels;  ‘nll
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RateLifetimesduringa TevatronStore
Thelifetimesof theratesfor a Tevatronstorecanbe
measuredby a t to anexponentialdecayfunction:

) (3)

where istheaveragdifetime. We ignoretheinitial short

“TINMN zdbeae>a26n v

periodof the storeswhich actuallyhasa fasterlifetime
componentThepreliminaryresultsindicatea correlationof
abortgaphalodecayrateswith thatof instantaneous
luminosity ( ).

AJSISDNAIUIIDISSDMMUYIION

t 1/2 = 11.46 hrs

t 12 = 8.63 hrs

t = 10.75 hrs

1/2 /t 12 = 7.32 hrs

. Varioushalomonitorratest to exponentialdor a Tevatron
N store(only asmallportionis shavn). valuesaregiven

for themostrelevantvariables.

Iquels;  ‘nll

aAnIN L

c00c Wpl4 6



DecayRateof Abort GapHalo Monitors

Abort gapBHMs appeatto be sensitve to “r adiation”
which hasalongtime componenthetotal ratedecays
have tails afterthe beamabort.

ratesshutoff almostinstantly

“TINMN zdbeae>a26n v

2002/05/16 15.29

106 BOPBSM Rate vs Time after quence

t = 9.6 sec.

Rate (Hz)

L — t = 2.4 min.

— t =10.8 min.
nter dark rate

105 — ——— Combined Fit

AJSISDNAIUIIDISSDMMUYIION

L L
20 30 40 50 60
Time (minutes )

The ts agreewith thedecaysf K isotopes!
K (6.8sec)through

=1.66min K (1.7 min) through

=7.48min K (7.6.min)through

Isotopedecayradiationsdataarefrom http://wwwnndc.bnl.ge/nndc/.

We believe thattheseradiationscomefrom
concretesurroundings!

ee

Iquels;  ‘nll
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More on Abort GapBHMs

We cancorrelatethe abortgap halorateswith
sudderiosseswvithin the RF structurein Tevatron!
Therearemoreparticlesescapingut of thebunchegan

“TINMN zdbeae>a26n v

suchacase.Typically, theratesrise neartheendof a
storedueto time dependentletoriationof thebeam
guality.

STORE 1750

AJSISDNAIUIIDISSDMMUYIION

ABORT GAP TOTAL

2/4 MAJORITY ABORT GAP

A casewhenanRF cavity poweris lostaroundl10:20AM

on Septembel 3th,2002.A continuougisein the

¥ C:BORAGC ratesis alsoclearlyvisible.

Iquels;  ‘nll
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Conclusions

Succesfullyinstalledtwo counterarraysat CDF to improve thebeam
guality monitoring& thedeviceshave beenavailablefor online monitoring
sinceApril, 2002.

Somebeanrelatedeffectsarevisible with anenhancedensitvity with
BHMs & Observingnew featuresaswell.

BHM devicesarein CDF's regularbeammonitoringlist Impacton
Silicon packupsicey aNAMuon opearations.

Providing feedbacko BeamsDivision aboutthe Tevatronbeamhaloas
measuredn the CDF collisionhall ~ impactson luminosity!! bothCDF
andDO experimentdene ting!

We arelearningthatcolleguesfrom LHC arefollowing our experiences
to gaininsightfor their futurehadroncollider at CERN.

MigeKaragyz UNEL, NorthwesterriJniversity 35
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CDF is showingremarkablgorogressin RUN Il with promisingresults.
All thisis possiblewith theenormousvork of manypeople making
contributionson their partsto make theexperimentun better!!!
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OperatingParametergor Counters

Counter PMTbias DarkCount
ID Voltage(V) Rate(Hz)
E083 1875 50
E059 1637 o1
E042 1888 32
E003 1785 184
W054 1668 114
WO066 1495 84
W014 1843 22
W040 1786 60

Notethattheratesareof theorderof 0.1 kHz.
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Sensitvity to OperationalConditionChanges
Theabortgap BHMs have aclearresponséo the TevatronElectronL ens
(TEL ) operationathanges!

TTTTT

protonabortgap monitor (C:BOPBSM) ratesbecomenigherfollowing the TEL
(T:L1COLI) beingturnedoff andasit is turnedbackon, ratesincreaseabruptly
followedwith asubsequerndecrease! monitorsthe protonbeamcurrent
In Tevatron.
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A snapshofrom the CDF Shift E-Log:
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