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Abstract

We presentatapertainirg to TevatronEffecive BeamEmittanceandLuminosity for storesin 30322
to 3147range.

1 Introduction

We study Tevatron TranserseBeamEmittan@ measurmentsdoneusingFlying Wires (FW) (Seeref [2]) andSampledBunch
Display (SBD). We compae thosemeasurerantsto Luminosity obsened by CDF(B0) andDO (andrecodedin C:BOILUM
andC:DOILUM ACNET varialdes) usingformuas describecelown. This notecomplengentsa previous note[4] andcovers a
new storerange.

2 Data Selection

The storesfor this analysiswereselectedrom postNovenmber2003startupruming periad namelystores3052—3132 with the
excepion of thestore3053 Theresultingl5 storeswere: 3052 3057, 308Q 3083, 3101, 3103,3108 3118,312Q 312, 3123
3125 3127, 3130 31. Thestorescorrespndto the periad whenhorizantal E11 flying wire wasopegationalandoccured
before Januay 19thwhentherewasa chang in DO luminositydeterminéon procedire.

The Tevatran Casechoserfor analysisvas“Remove Halo” (with the beamenepgy of 980GeV) andthefirst Setof “HEP”
Caseasthisis a setof casesvhereTranswerse EmittanceFlying Wire measurerantandB0 andDO luminasity measurerants
aredoneonly within a few minutesapat. The SBD bunchintensitymeasuremas wererescaledaccordng to the “Flattop”
CaseT:IBEAM and SBD measuremants. It wasrequired that this rescalingbe no greaterthan 2.5%. Otherrequrements
imposedon the datawere: For Luminosity and Effective Emittanceplots: BO and DO measuredunchemittance(F emitt See
belov) hadto besmallerthan30 1t- mm- mrad andB0 andD0O measued andcalculatecbunch luminosity hadto begreateithan
0.0110%°. cm=2- sec; For Emittanceplots: The Antiproton Bunchintersity hadto begreatetthan15- 10°.

3 Emittance and Luminosity Calculations

We calculateNormalized95% TranserseEmittan@ € (in 1T- mm- mrad)) usingthe following formuas:

op YL YL
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where
op = t(83.293+ dt(—10.562+ 6t0.8023)) (Seeref[1])

ot is the T:SBD[A,P]WS ACNET varialde (longitudinal beambunchspreadn ns), p is the beammomenum in GeV, y_ is
the Lorerntz gamna, o arebunchwidth asmeasued by eachof the detectos (ACNET variades T:FW[H,V][A,P]SG). In the
FW casethe width is the arithmeticaverageof the two measuremes (for both of the wire passedrough the beam). The
dispersion(D) andp latticefundionsat E11location(locationof the Flying Wire Detectorsareshavn in Tablel. Luminasity
L (in 10%°- cm~2- sec™1) andEffective Emittan@ Fenitt in €n (in - mm- nrad)) arecalculatedusingformulasfrom [3]:

— 6‘10_5fNBNpNaBryr .

4T[B*Fem'tt H (Ol /B*)




Detector betaFunction[m] [ dispersior-unction[m]
FWEIHp&p 2.030
FWEIIV p&p 80804

Tablel: Tevatronbetaanddispersim functionsfor correspndingmeasurmentlocations

where

Femitt = 0.5 \/(sp +€a)n(€p+€a)v

f is therevolution frequeng (47.7KHz), Ng is thenumter of bunches(36), Np, Na arethe numtersof protasandantiprotas
per bund (in 10°) measurd with SBD (ACNET variades T:SBD[A,P]IS andrescaledusing“Flattop” CaseT:IBEAM and
SBD measuremdn), 3Y; is therelatwistic factor(1045), B* is is the betafunctionat the interactionpoint ( assumeaqual in
bothhorizantal andverticaldirectiors aswell asat BO andDO andto be 35.6cm). H is thehouiglassfactorcalculatedas

0] % 29.98 0] % 29.98 0 x29.98
B B B
anda; is longitudinal beambunchspreadn ns (T:SBD[A,P]WSACNET variable) In thetext thatfollowswe usethetermEf-
fective or CalculatecEmittanceto mearnthe Fenitt derived from Luminosity (andotherbeamparametes) andthetermMeasure
Emittanceor Emittanceto meanEmittarce measuredisingthe Flying Wire Detectors We usetheterm Calculated_uminasity
to meanLuminasity calculatedrom Emittance(andotherbeamparaméers)whereasve usethetermMeasured_uminosity to

meanthe Luminosity asmeasuredby the correspadingluminaosity detectos.

H(o/B") = 1.0831+ ( )(—0.3916+ ( )(0.06758+ ( ) — 0.003097))

4 Realts

Fig. 1 shows calculatedBunchLuminosity over the measure@neversusthe measureanefor BO andDO locatiors. Onecan
seethatthepredicteduminosity is overestimatedy about35%. Fromthetwo plotsrelatedto BO measureduminosity onecan
seethateitherthe BO luminosity detectos seento overestimatduminasity for higher valuesor thatthe calculateduminosity
is uncerestimateaiueto an unkrown effect or that somethilg was chan@d during the storerange uncer study The above
plots differ significantlyfrom the plots from the previously studiedstorerange [4]. Thefigure alsoshaws total measured0
Luminosity over BO Luminasity versuameasure®0 Luminosity aswell astotal calculatedd0 Luminosity over BO Luminasity
versugalculated30 Luminasity. Thecomparisonof DO andCDF measureduminosity shavs similartrendto theoneobseved
in the pastfor the 26682997 storerangenamelythatthe luminosityratio asrepatedis afundion of luminosity anddecreases
for higher luminositiesalthoudh theratio of thetwo is closerto onethanit wasbefore (anaverageratio of about0.97).

Fig. 2 shovs BO and DO Effective Emittancecomparedto the Emittanceas measuredising Flying Wires. Onecansee
thatthe Effective Emittancedepemls quitelinearly on the measure@nealthowgh theremaybe a signof a discontiruity in the
profile of the BO Effective Emittancedistribution. The Effective Emittarceis abou 35%higherthanthe measuredmittance.

Theremainng figures (3—11) areincludedfor completerss with thetwo alreadyshawvn figures included onceagainin the
differentcortext to allow for easiecomparisonswith theresultspresentedh the previousnote[4].

We would like to poirt out that during the store period luminosity was changng significantly (Fig. 11) from 20 to 50
-10%0. cm~? . sec~! andthat otherbeamrelatedquariities were shaving significantstoreto storefluctuatiors, e.g. ratios of
verticalandhorizantal BunchEmittance(Fig 8), Effective Emittance(Fig 9) Effective Emittanceratios(Fig 10) or measurd
Emittanceespeciallytheonefor antiprotms,possiblysuggestinghattheacceleratocharacteristicgverecharging significantly
over the storerange under study Oneof the significantchangswasthe move of BO interadion pointwhichtook placebefae
store3101

5 Conclusions

More studiesareneededo uncerstandhe obsered effects andespeciallythe chan@s of the quantities which shouldremain
constanfrom storeto storelik e theratiosof the effective andmeasued emittanes.
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Figure1: CalculatedBunchLuminosity (in 10 - cm=2 - sec1) over measuredne versis measued onefor BO and DO lo-

cationstogetherwith total measued DO over BO Luminosity versusmeasured30 Luminaosity andtotal calculatedDO over

BO Luminosity versuscalculatedB0 Luminosity. Luminasity calculatecbasedon trans\erse Emittanceat Remae Halo Case
measureavith Flying WiresandSBD andBunchintensitiesat first HEP CaseSetmeasurd with SBD (rescaledaccordimg to

theT:IBEAM measurerant). Luminosity basen B0 andD0O measuementsat thefirst HEP CaseSet. Stores3052-3132.
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Figure2: BO andDO calculated Effective) versusmeasuredEmittance(in - mm- mrad)) togethe with calculatecover mea-
suredEmittanceversusStoreNumber TrarsverseEmittanceat Remaose Halo Casemeasuredvith Flying Wires and SBD.
Effective Emittancebasen Bunchintensitiesmeasuedwith SBD (rescaledccordimg to the T:IBEAM measurment)andon
B0 andDO Luminasity measurerantsat first HEP CaseSet. Stores3052-312.
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Figure3: CalculatedBunchLuminasity (in 10%°- cm~2- sec—1) versis measued onefor BO andDO locations (shavn with and
without a straigh line fit to the profile of the histograms) Luminosity calculatedbasedon trans\erse Emittanceat Remove
Halo Casemeasuredvith Flying Wires and SBD and BunchIntersities at first HEP CaseSetmeasuredvith SBD (rescaled
accordng to the T:IBEAM measuren). Luminocsity basedon BO andD0 measuremantsat the first HEP CaseSet. Stores
3052-312.
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Figure4: CalculatedBunchLuminosity (in 103°.cm~2.- sec—1) overmeasuredneversusStoreNumberfor BO andDO locations
togethe with total measuredO0 v BO Luminasity andtotal calculatedd0 v BO Luminasity. Luminosity calculatedbasedon
trans\erseEmittanceat Remaoe Halo Casemeasurd with Flying WiresandSBD andBunchintersitiesat first HEP CaseSet
measuredvith SBD (rescaledaccordng to the T:IBEAM measuement).Lumincsity basedbn BO andD0O measurerantsatthe

first HEP CaseSet. Stores3052—-3132.
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Figure5: CalculatedBunchLuminosity (in 10 - cm=2 - sec1) over measuredne versis measued onefor BO and DO lo-

cationstogetherwith total measued DO over BO Luminosity versusmeasured30 Luminaosity andtotal calculatedDO over

BO Luminosity versuscalculatedB0 Luminosity. Luminasity calculatecbasedon trans\erse Emittanceat Remae Halo Case
measureavith Flying WiresandSBD andBunchintensitiesat first HEP CaseSetmeasurd with SBD (rescaledaccordimg to

theT:IBEAM measurerant). Luminosity basen B0 andD0O measuementsat thefirst HEP CaseSet. Stores3052-3132.
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Figure6: Bunchintensity(in 10°) and(Geometical) Average Trans\erseEmittance(in 1t-mm- mrad)) for ProtonandAntipro-

tonBunches. TrarsverseEmittancemeasurd with Flying WiresandSBD at Remaove Halo Case Bunchintersitiesatfirst HEP

CaseSetmeasureavith SBD (rescaledaccordng to the T:IBEAM measuremedh Stores3052-3132.
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Figure7: Horizortal Antiproton andProtonEmittane (in 1t- mm- mrad)) togethemwith Vertical Antiproton and ProtonEmit-
tanceversis StoreNumber Trans\erseEmittancemeasurd with Flying WiresandSBD at Remave Halo Case.Bunchinten
sitiesat first HEP CaseSetmeasuedwith SBD (rescaledaccoding to the T:IBEAM measurerant). Stores3052-312.
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Figure8: Horizortal AntiprotonEmittance(in 1-mm-mrad)) versusVertical Antiproton Emittarce (samefor Protonsyogetter
with Horizortal Antiproton Emittanceover Vertical Antiproton Emittan@ versusStore(samefor Protons). Transerse Emit-
tancemeasuredvith Flying WiresandSBD at Remae Halo Case.Bunchintersitiesat first HEP CaseSetmeasuredvith SBD
(rescaledhccordimy to the T:IBEAM measurerant). Stores3052-312.
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Figure9: BO andD0 measure@ndEffective (calculatedl Emittan@ (in 1t- mm- mrad)) versusStoreNumber. Trans\erseEmit-

tanceat Remaove Halo Casemeasuredvith Flying Wiresand SBD. Effective Emittancebasedon Bunchintersitiesmeasurd

with SBD (rescaledaccordng to the T:IBEAM measurenm) andon BO andDO Luminosity measuremntsat first HEP Case
Set. Stores3052—-3132.
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Figure 10: BO and DO calculated(Effective) versusmeasurecEmittance(in - mm- mrad)) togethe with calculatedover
measuredEmittanceversusStoreNumbe. Trans\erseEmittanceat Remaove Halo Casemeasuredvith Flying WiresandSBD.
Effective Emittancebasen Bunchintensitiesmeasuedwith SBD (rescaledccordimg to the T:IBEAM measurment)andon
B0 andDO0 Luminasity measurerantsat first HEP CaseSet. Stores3052-312.
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[Calc BO Luminosity v _Store C1314 ]
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Figure11: BO and DO measued and calculated_uminosities(in 103°- cm=2- sec™1) versusStoreNumber Luminosity cal-
culatedbasedon trans\erse Emittanceat Remaove Halo Casemeasuredvith Flying Wires and SBD andBunchIntensitiesat
first HEP CaseSetmeasurd with SBD (rescaledaccording to the T:IBEAM measuement).Luminasity basedon BO andDO
measuremntsat the first HEP CaseSet. Stores3052-312.
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