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Abstract

We presehdatapertainirg to Tevatran Effective BeamEmittanceandLuminosity measurermntsfor
storesbetweerB17/ and3293

1 Intr oduction

We study Tevatron TranserseBeamEmittan@ measurmentsdoneusingFlying Wires (FW) (Seeref [2]) andSampledBunch
Display (SBD). We compae thosemeasurerantsto Luminosity obserned by CDF(B0)andDO (andrecodedin C:BOILUM
andC:DOILUM ACNET variables) usingformuas describedelown. This notecomplengentsprevious notes[5, 6] andcovers
anew storerange. Themaindifferencescompredto the previous notesarethe useof the new DO luminacsity deternination
procealure [4] and usageof horizontal E17 flying wire for the horizontal emittan@ calculations(due to the failure of the
horizantal E11 wire) aswell asa correction to the 33 pbarbunchlengthaswe hadfound it wasoverestimatedetweerstores
3030and324Q

2 Data Selection

The storesfor this analysiswere selectedrom postJanuaryl9thrunning periodwhentherewasa changein DO luminasity

determimtionprocedire[4]. The TevatronCaseshoserwere“Remove Halo” (with the beamenegy of 980GeV)andthefirst

Setof “HEP” Caseasthis is a setof casesvhereTrarsverseEmittanceFlying Wire measuremntandB0 andDO luminosity

measuremntsare dore only within a few minutesapart. The SBD bund intensity measuremntswere re-scaledaccoding

to the “Flattop” CaseT:IBEAM andSBD measuements.It wasrequirel that this re-scalingbe no greaterthan2.5%. Other
requiementamposedon the datawere: For Luminosity andEffective Emittane plots: BO andD0 measuredunchemittance
(Femitt seebelav) hadto be smallerthan30 1t- mm- mrad andB0 andDO measure@ndcalculatecounchluminosityhadto be

greaterthan0.0110%°- cm~2 - sec™1; For Emittanceplots: The BunchIntensityhadto be greaterthan15-10°. We hadalso
corretedthelengthof the33rdpbarbunchwhenusedn theholizontalemittancecalculatiors andsetit to betheaveragdength

of theall pbarbunchesin agivenset(asit hasheenmis-meastedprior to store3240).

3 Emittance and Luminosity Calculations

We calculateNormalized95% TranserseEmittan@ €, (in 11- mm- mrad)) usingthe following formuas:

op YL YL
en=6[0%—(— 2D2>— &, = 60° =
" ( )P B v=60g

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 Lorentz gamma, o arebunchwidth asmeasurd by eachof the detectos (ACNET variades T:FW[E,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) and 3 lattice functionsat E17 and E11 locatiors (locationof the usedFlying Wire Detectors)are shavn in

Table 1. Luminasity L (in 10%0- cm~2- sec™?) and Effective EmittanceFenitt in €ny (in TT-mm-mrad)) are calculatedusing



Detector betaFunction[m] [ dispersior-unction[m]
FWEIHpPp& P 5.278
FWEIIV p&p 80804

Tablel: Tevatronbetaanddispersim functionsfor correspndingmeasurmentlocations

formulasfrom [3]:
_ 6 . 10_5 f NBNpNaBryr
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where

Femitt = 0.5- \/(Ep +€a)n(€p+ €a)v

f is therevolution frequeng (47.7KHz), Ng is thenumler of bunches(36), Ny, N, arethe numlersof protansandantiprotas
perbunch(in 10°) measuredvith SBD (ACNET variabes T:SBD[A,P]IS re-scaledising“Flattop” CaseT:IBEAM andSBD
measurerants),By; is therelatvistic factor(1045, 3* is is the betafundion at theinteractio point ( assumeakqué in both
horizantal andverticaldiredionsaswell asat BO andDO0 andto be 35.6cm). H is theHourglassFactorcalculatedas

01 %29.98 01 %29.98 01 *29.98
* * *

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

anda; is longitudinal beambunchspreadn ns (T:SBD[A,P]WSACNET variable) In thetext thatfollowswe usethetermEf-
fective or CalculatedEmittanceto meanthe Fenjt; derived from Luminasity (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.

4 Results

Fig. 2 shaws calculatedBunchLuminosity over the measureaneversusthe measuredunchLuminosity for BO andDO lo-
cations. One canseethat the predictedluminosity is overestimatedy about10-22% (the fact that the horizantal emittance
is calculatedbadedon the el7wire measurena andnot el1onedecreasetheratio by about11%if oneextrapolatesfrom
the storerange 30523147 whereboth wires were operatimal, mainly dueto the protan horizantal emittancemeasureme
discrepany betweertheellandel7wires). Fromthetwo plotsrelatedto BO andD0O measureduminosity onecanseethat
eitherthe BO andDO luminosity detectos seemto undeestimatduminosity for highervaluesor thatthe calculateduminasity
is overestimatedThetrends in above plotsdiffer significantlyfrom the trends from the previously studiedstorerange (3062-
3147 [6], but aremoreconsistentvith trendsfrom the olderstorerangef6682997) [5]. Thefigurealsoshaws total measurd
DO Luminosity over BO Luminosity versusmeasued BO Luminosity aswell astotal calculated0 Luminosity over BO Lumi-
nosity versts calculatedB0 Luminosity. The comparisonof DO andCDF measureduminasity shawvs similar trendto the one
obseredin the pastfor the 26682997 storerangenamdy thatthe luminasity ratio asreporteds a function of luminasity and
decreasefor higher luminosities(andanaverag ratio of about0.90,for a highe thanpreviously studiedrange of lumincsities
thoudh).

Fig. 1 shavs BO andDO Effective Emittancecompaedto the EmittanceasmeasuredisingFlying Wires. Onecanseethat
the Effective Emittarce depeis quitelinearly onthe measure@ne,whichis thereflectionof thetrends seenin the luminacsity
plots.

Theremairing figures (3—11) areincludedfor completerss with thetwo alreadyshavn figures included onceagainin the
differentcortext to allow for easiercomparisonswith theresultspresentedh the previousnoteg[5, 6].

A new Fig.12 shaws calculatedBunch Luminosity over the measuredne versuspraton bunchlength for BO and DO
locatiors. Onecanseethattheratiosdecreasasthe bunchlengthincreasesTo undestandtheimpactof variousobserables
onto the ratio plots shovn on Fig.16 were made. The plots shav the deperlenceof the Houmglass Factor Emittane, and
HourglassFactordivided by the Emittanceandbetastarasa function of bunchlength They alsoshav therelative chang in
HourglassFactordividedby the Emittanceandbetastarversuselative chang of betastarandhorizantal dispersionTheplots
aremadeassumingaverag valuesof all otherobsenablesexceptfor the onesvarying explicitly. Basedon them,within the
validity rangeof theformuasusedthemostlik ely causeof the discrepany betweerthe predctedandmeasureduminosity is



theuncertaity onthelattice betafunctionsincludingthebetastar(+80%to -20%uncetainty causes-12% to -32% uncertaity
on the luminosity) . The sourceof the the protonbunchlengthdepewlenceof the ratio is mostlikely the uncetainty on the
measurerantof lattice dispersiorfunctions (+10% uncetainty causes-25% to -15% uncertaitly onthe luminosity).

5 Summary and Conclusions

A compaison of lumincsity measuementsdore by CDF, DO and acceleratodetectos was dore. Thereis a discrepacy
betweertheacceleratbanddetectormeasurerents. Theratiosof predctedandmeasureduminosity shav deperlenceonthe
luminosity. The ratio of CDF and DO luminosity depads on the luminosity aswell. The ratiosof predictedand measurd
luminasity alsodependon the bunchlengths. Someof the discrepanies canbe explained by the uncertaintiesin the lattice
function measuementshut thereis still theratio of CDF andDO luminosity dependenceontheluminositywhichis mostlikely
somesortof a saturatioreffect. More studiesareneededo understandheeffects.
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Figurel: BO andDO calculated Effective) versusmeasuredEmittance(in - mm- mrad)) togethe with calculatedover mea-
suredEmittanceversusStoreNumber TrarsverseEmittanceat Remaose Halo Casemeasuredvith Flying Wires and SBD.
Effective Emittancebasen Bunchintensitiesmeasuedwith SBD (rescaledccordimg to the T:IBEAM measurment)andon
B0 andDO0 Luminasity measurermantsat first Setof HEP Case.Stores3179-32SB.
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Figure2: CalculatedBunchLuminosity over measuredneversusmeasureanefor BO andDO locationstogetter with total

measuredO0 overBO Luminosity versusmeasure®0 Luminosity andtotal calculated>0 over BO Luminosity versts calculated
BO Luminasity. Luminosity calculatedbasedon trans\erseEmittanceat Remae Halo Casemeasuredvith Flying Wiresand
SBD and BunchIntensitiesat first HEP CaseSet measurd with SBD (rescaledaccordng to the T:IBEAM measurerant).
Luminosity basedon BO andDO measuementsat thefirst Setof HEP Case.Stores31™-323.
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Figure3: CalculatedBunchLuminasity (in 10%°- cm~2- sec—1) versis measued onefor BO andDO locations (shavn with and
without a straight 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 measurerant). Luminosity basecon BO andD0 measurmentsat thefirst Setof HEP Case.Stores
3179-323B.
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Figure4: CalculatedBunchLuminosity over measureaneversusStoreNumkber for BO andDO locatiors togetter with total
measured0 v BO Luminosity andtotal calculated>0 v BO Luminasity. Luminosity calculatedbasecn transerseEmittance
at Remore Halo Casemeasureavith Flying Wiresand SBD andBunchlintersitiesat first HEP CaseSetmeasureavith SBD
(rescaledaccordng to the T:IBEAM measurema). Luminosity basedon BO andDO measuremntsat the first Setof HEP
Case.Stores3179-32%B.
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Figure5: CalculatedBunchLuminosity over measuredneversusmeasureanefor BO andDO locationstogetter with total

measuredO0 overBO Luminosity versusmeasure®0 Luminosity andtotal calculated>0 over BO Luminosity versts calculated
BO Luminasity. Luminosity calculatedbasedon trans\erseEmittanceat Remae Halo Casemeasuredvith Flying Wiresand
SBD and BunchIntensitiesat first HEP CaseSet measurd with SBD (rescaledaccordng to the T:IBEAM measurerant).
Luminosity basedon BO andDO measuementsat thefirst Setof HEP Case.Stores31™-323.
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Figure6: Bunchintensity(in 10% and(Geometical) Average Trans\erseEmittance(in Ti-mm- mrad)) for ProtonandAntipro-
tonBunches. TrarsverseEmittancemeasurd with Flying WiresandSBD at Remaove Halo Case Bunchintersitiesatfirst HEP
CaseSetmeasureavith SBD (rescaledaccordng to the T:IBEAM measuremedh Stores3170-323.
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Figure7: Horizortal Antiproton andProtonEmittane (in 1t- mm- mrad)) togethemwith Vertical Antiproton and ProtonEmit-
tanceversusStoreNumber. TrarsverseEmittane at Remae Halo Casemeasued with Flying WiresandSBD. Stores3179-
3293
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Figure8: Horizortal AntiprotonEmittanceg(in T-mm- mrad)) versusVertical Antiproton Emittarce (samefor Protons)ogetter
with Horizontal Antiproton Emittanceover Vertical Antiproton Emittan@ versusStoreNumber(samefor Protans). Trans\erse
Emittanceat Remore Halo Casemeasureavith Flying WiresandSBD. Stores3179-323.
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Figure9: BO andD0 measure@ndEffective (calculatedl Emittan@ (in 1t- mm- mrad)) versusStoreNumber. Trans\erseEmit-
tanceat Remaove Halo Casemeasuredvith Flying WiresandSBD. Effective Emittancebasedon Bunchintersitiesmeasurd
with SBD (rescaledaccordimg to the T:IBEAM measurermant)andon BO andDO Luminosity measuremantsat first Setof HEP
Case.Stores3179-32SB.
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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 andDO Luminasity measurermantsat first Setof HEP Case.Stores3179-32SB.
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[Calc BO Luminosity v _Store C1314 ]
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Figure11: BO and DO measued and calculated_uminosities(in 103C. cm=2-
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[Calc_ DO Luminosity v Store C1314 ]
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sec™1) versusStoreNumber Luminosity cal-

culatedbasedon trans\erse Emittanceat Remave Halo Casemeasuredvith Flying Wires and SBD and BunchIntensitiesat
first HEP CaseSetmeasurd with SBD (rescaledaccording to the T:IBEAM measuement).Luminasity basedon BO andDO
measuremntsat thefirst Setof HEP Case.Stores3179-32%B.
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Figure 12: CalculatedBunchLuminosity over measureaneversis ProtonBunchLengh for BO and DO locationstogetter
with Calculatedlotal Luminosity over measure@neversusTotal Sumof All BunchLenghs. Luminosity calculatechasedn
trans\erseEmittanceat Remaoe Halo Casemeasurd with Flying WiresandSBD andBunchintersitiesat first HEP CaseSet
measuredvith SBD (rescalediccordng to the T:IBEAM measuement).Lumincsity basedbn BO andD0O measurerantsatthe
first Setof HEP Case.Stores3179-3293

15



[ DO 0o BO Luminosity v tdt C1314 [tuminosiyvisicisis|  [BO HourGLassFactor v Store C1314]assFactorv store c13)
Entries 30 Entries 1224
3_ Mean 119.6 2_ . . . . - | Mean 3237 i
C RMS 2602 |o 180 .. A - A RMS 34.33
- : : : Underflow 0 r : : : : : | Underflow 0p
] i oo Olo  LBf e i | Overtiow 0
- : : : Xx? I ndf 130.3/14 o S| X2 /ndt 176.2/33
i : : . Prob o (4 1.4 b b P feeeeennni| Prob op
2 o g g prn po 1.201+ 0.09354 E : : : : | po 0.6618 + 0.0004996
- : : : pl -0.002501:+ 0.0007816 |2 1.2_— ------ Freeneees Foreeeees reeeeees [ S SRR SER 8

15 it FRTTT FERPR R ........... 1 1

C 08 08

=

o ptwesrayt_aptel o 0.6 0.6F

: : : : : 0.4 0.4F
0.5_ ......... :, ........... :, ........... :, ........... ?...........i ........... ~

0.2 0.2

| I | i 11 1 1 i 111 1 i | I - i Ll 1 1 i Ll 1 1
P30 s 130 i3 140 ° 30503100 3150 3200 3250 3300 3350 3400 3450

IDO_o_BO_Luminosity_v_Store_C1314 Jumnosiy.v soe 131} |D0_HourGLassFactor_v_Store_C1314}essactor v store c1314
Entries 30 Entries 1224

3_ Mean 3240 2_ . . . . - | Mean 3237 i
- : : : : i | rRvs 33.37 C : : : : i | RMs 34.33

r : : : : : 9 1.8 preenee e preeee

- : : : : : | Underflow 0 r : : : : | Underflow 0p
28 o 018 LB | Overflow °
r : : : : o[ %/ naf 225/29 o : : : : | X%/ ndf 176.2/33

L : : : : : | Prob ol7 LA b e breennni| Prob op
2__ """ potnee g g g 2 po 0.9033 + 0.001107 E : : : : | po 0.6618 + 0.0004996
r : : : : : : : 0.6 1.2 e Freeeeee Froees R S 8

15 SR ST Foeeeenn RN ........ 05 1

b i qoa osf

"‘E -v‘—“;- -.;; 0.3 0.6

C i i i i i i 0.2 0.4
05_ ...... , ........ , ........ , ........ , ........ ,.. ........ -

0.1 02 ...... ......... ........ ........ ........

50 3100 3150 3200 3250 3300 3350 3400 3450 0

|IIIiIIIIiIIIIiIIIIiIIIIiIIIIiIIIIiIIII O
3050 3100 3150 3200 3250 3300 3350 3400 3450 3

Figure13: Total DO over BO Luminosity Luminosity versusTotal Sumof All BunchLengths;B0 andDO Hour GlassFactor
versusStoreNumklertogetherwith Total DO over BO Luminosity Luminosity versusStoreNumber. Luminosity calculatedased
on trans\erseEmittanceat Remaose Halo Casemeasuredvith Flying Wiresand SBD andBunchintensitiesat first HEP Case
Setmeasuedwith SBD (rescalediccordig to the T:IBEAM measurerant). Lumincsity basedn BO andDO measuementsat

thefirst Setof HEP Case.Stores3179-323.
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Figure14: Horizontal ProtonandAntiproton Emittance(in - mm- mrad)) togeherwith Vertical ProtonandAntiproton Emit-
tanceversusBunchNumkber. Trans\erseEmittanceat Remwe Halo Casemeasuredvith Flying WiresandSBD. Stores3179-

3293
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Figure15: ProtonandAntiproton BunchLengh (in ns) versusBunchNumber Trans\erse Emittane at Remove Halo Case
measuredvith Flying WiresandSBD. Stores3179-3293
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Figure 16: PredictedHoumglassFactorversusBunchLength(in ns) ; PredictedEmittance(in - mm- mrad)) versusBunch
Length and HourglassFactor divided by the Emittanceand betastar (in 10- t—%- mrad—1) asa function of bunchlength;
Relative chargein HourglassFactordivided by the Emittanceandbetastarversusrelative chang of betastarandhorizantal
dispersiorStores3179-3238.
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