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Abstract

We present datapertaining to Tevatron Effective BeamEmittanceandLuminosity measurementsfor
storesbetween3179 and3293.

1 Intr oduction

WestudyTevatronTransverseBeamEmittancemeasurementsdoneusingFlying Wires(FW) (Seeref [2]) andSampledBunch
Display (SBD). We compare thosemeasurementsto Luminosity observedby CDF(B0)andD0 (andrecordedin C:B0ILUM
andC:D0ILUM ACNET variables) usingformulasdescribedbelow. This notecomplementspreviousnotes[5, 6] andcovers
a new storerange. Themaindifferencescomparedto thepreviousnotesaretheuseof thenew D0 luminosity determination
procedure [4] and usageof horizontal E17 flying wire for the horizontal emittance calculations(due to the failure of the
horizontal E11wire) aswell asa correction to the33 pbarbunchlengthaswe hadfound it wasoverestimatedbetweenstores
3030and3240.

2 Data Selection

Thestoresfor this analysiswereselectedfrom postJanuary19th running periodwhentherewasa changein D0 luminosity
determinationprocedure[4]. TheTevatronCaseschosenwere“RemoveHalo” (with thebeamenergy of 980GeV)andthefirst
Setof “HEP” Caseasthis is a setof caseswhereTransverseEmittanceFlying Wire measurementandB0 andD0 luminosity
measurementsaredone only within a few minutesapart. The SBD bunch intensitymeasurementswerere-scaledaccording
to the“Flattop” CaseT:IBEAM andSBD measurements.It wasrequired that this re-scalingbeno greaterthan2.5%. Other
requirementsimposedon thedatawere:For Luminosity andEffective Emittance plots: B0 andD0 measuredbunchemittance
(Femitt seebelow) hadto besmallerthan30 π � mm � mrad andB0 andD0 measuredandcalculatedbunchluminosityhadto be
greaterthan0.011030 � cm

� 2 � sec
� 1; For Emittanceplots: TheBunchIntensityhadto begreaterthan15 � 109. We hadalso

correctedthelengthof the33rdpbarbunchwhenusedin thehorizontalemittancecalculationsandsetit to betheaveragelength
of theall pbarbunchesin agivenset(asit hasbeenmis-measuredprior to store3240).

3 Emittance and Luminosity Calculations

We calculateNormalized95%TransverseEmittance εh � v (in π � mm � mrad
�
) usingthefollowing formulas:

εh � 6

�
σ2 ��� δp

p

� 2D2 	 γL

β
εv � 6σ2 γL

β

where
δp � δt � 83
 293 � δt ��� 10
 562 � δt0 
 8023

�
� � Seeref � 1� �
δt is the T:SBD[A,P]WS ACNET variable (longitudinal beambunchspreadin ns), p is the beammomentum in GeV, γ L is
theLorentz gamma, σ arebunchwidth asmeasured by eachof thedetectors (ACNET variablesT:FW[E,V][A,P]SG). In the
FW casethe width is the arithmeticaverageof the two measurements (for both of the wire passestrough the beam). The
dispersion(D) andβ lattice functionsat E17 andE11 locations (locationof the usedFlying Wire Detectors)areshown in
Table1. Luminosity L (in 1030 � cm

� 2 � sec
� 1) andEffective EmittanceFemitt in εh � v (in π � mm � mrad

�
) arecalculatedusing
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Detector betaFunction[m] dispersionFunction[m]
FW E17H p & p 68.157 5.278
FW E11V p & p 80.804

Table1: Tevatronbetaanddispersion functionsfor correspondingmeasurementlocations

formulasfrom [3]:

L � 6 � 10
� 5 f NBNpNaβrγr

4πβ � Femitt

� H � σl � β � �
where

Femitt � 0 
 5 ��� � εp � εa
�
h
� εp � εa

�
v

f is therevolution frequency (47.7KHz), NB is thenumberof bunches(36),N p, Na arethenumbersof protonsandantiprotons
perbunch(in 109) measuredwith SBD (ACNET variablesT:SBD[A,P]ISre-scaledusing“Flattop” CaseT:IBEAM andSBD
measurements),βrγr is therelativistic factor(1045), β � is is thebetafunction at the interaction point ( assumedequal in both
horizontalandverticaldirectionsaswell asat B0 andD0 andto be35
 6cm). H is theHourglassFactorcalculatedas

H � σl � β � � � 1 
 0831� � σl � 29 
 98
β � � ��� 0 
 3916 � � σl � 29 
 98

β � � � 0 
 06758 � � σl � 29
 98
β � � � 0
 0030907

���
andσl is longitudinalbeambunchspreadin ns (T:SBD[A,P]WSACNETvariable). In thetext thatfollowsweusethetermEf-
fectiveor CalculatedEmittanceto meantheFemitt derived fromLuminosity (andotherbeamparameters)andthetermMeasured
Emittanceor Emittanceto meanEmittancemeasuredusingtheFlying Wire Detectors.We usethetermCalculatedLuminosity
to meanLuminosity calculatedfrom Emittance(andotherbeamparameters)whereasweusethetermMeasuredLuminosity to
meantheLuminosityasmeasuredby thecorrespondingluminosity detectors.

4 Results

Fig. 2 shows calculatedBunchLuminosity over themeasuredoneversusthemeasuredBunchLuminosity for B0 andD0 lo-
cations. Onecanseethat the predictedluminosity is overestimatedby about10-22% (the fact that the horizontal emittance
is calculatedbadedon thee17wire measurement andnot e11onedecreasedtheratio by about11%if oneextrapolatesfrom
the storerange 3052-3147whereboth wires wereoperational, mainly dueto the proton horizontal emittancemeasurement
discrepancy betweenthee11ande17wires). Fromthetwo plots relatedto B0 andD0 measuredluminosity onecanseethat
eithertheB0 andD0 luminosity detectors seemto underestimateluminosity for highervaluesor thatthecalculatedluminosity
is overestimated.Thetrends in above plotsdiffer significantlyfrom thetrends from thepreviously studiedstorerange (3052-
3147) [6], but aremoreconsistentwith trendsfrom theolderstorerange(2668-2997) [5]. Thefigurealsoshows totalmeasured
D0 Luminosity over B0 Luminosity versusmeasuredB0 Luminosity aswell astotal calculatedD0 Luminosity over B0 Lumi-
nosityversus calculatedB0 Luminosity. Thecomparisonof D0 andCDF measuredluminosity shows similar trendto theone
observedin thepastfor the2668-2997 storerangenamely thattheluminosity ratio asreportedis a function of luminosity and
decreasesfor higher luminosities(andanaverageratioof about0.90,for ahigher thanpreviouslystudiedrangeof luminosities
though).

Fig. 1 shows B0 andD0 EffectiveEmittancecomparedto theEmittanceasmeasuredusingFlying Wires.Onecanseethat
theEffective Emittancedependsquitelinearlyon themeasuredone,which is thereflectionof thetrends seenin theluminosity
plots.

Theremaining figures (3–11) areincludedfor completeness,with thetwo alreadyshown figures includedonceagainin the
differentcontext to allow for easiercomparisonswith theresultspresentedin thepreviousnotes[5, 6].

A new Fig.12 shows calculatedBunch Luminosity over the measuredone versusproton bunch length for B0 and D0
locations. Onecanseethattheratiosdecreaseasthebunchlengthincreases.To understandtheimpactof variousobservables
onto the ratio plots shown on Fig.16 weremade. The plots show the dependenceof the HourglassFactor, Emittance, and
HourglassFactordivided by theEmittanceandbetastarasa functionof bunchlength. They alsoshow therelative change in
HourglassFactordividedby theEmittanceandbetastarversusrelativechangeof betastarandhorizontaldispersion.Theplots
aremadeassumingaverage valuesof all otherobservablesexceptfor theonesvarying explicitly. Basedon them,within the
validity rangeof theformulasused,themostlikely causeof thediscrepancy betweenthepredictedandmeasuredluminosity is
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theuncertainty onthelatticebetafunctionsincludingthebetastar(+80%to -20%uncertaintycauses+12% to -32% uncertainty
on the� luminosity) . Thesourceof the theprotonbunchlengthdependenceof the ratio is mostlikely the uncertainty on the
measurementof latticedispersionfunctions( � 10% uncertaintycauses+25% to -15% uncertainty ontheluminosity).

5 Summary and Conclusions

A comparison of luminosity measurementsdone by CDF, D0 andacceleratordetectors was done. Thereis a discrepancy
betweentheaccelerator anddetectormeasurements.Theratiosof predictedandmeasuredluminosityshow dependenceon the
luminosity. The ratio of CDF andD0 luminosity dependson the luminosity aswell. The ratiosof predictedandmeasured
luminosity alsodependon the bunchlengths. Someof the discrepanciescanbe explained by the uncertaintiesin the lattice
function measurements,but thereis still theratioof CDFandD0 luminositydependenceontheluminositywhichis mostlikely
somesortof a saturationeffect. Morestudiesareneededto understandtheeffects.
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Figure1: B0 andD0 calculated(Effective) versusmeasuredEmittance(in π � mm � mrad
�
) together with calculatedover mea-

suredEmittanceversusStoreNumber. TransverseEmittanceat Remove Halo Casemeasuredwith Flying Wires andSBD.
EffectiveEmittancebasedonBunchIntensitiesmeasuredwith SBD(rescaledaccording to theT:IBEAM measurement)andon
B0 andD0 Luminosity measurementsat first Setof HEPCase.Stores3179–3293.

4



0 0.5 1 1.5 2 2.5 3 3.5 4
0

0.5

1

1.5

2

2.5

3

h2_Calc_o_B0_v_B0_Luminosity_C1314

Entries  1205
Mean x   1.459
Mean y   1.105
RMS x   0.4335

RMS y   0.1157
       0      0       0
       0   1205      0
       0      0       0

0

1

2

3

4

5

6

7

8

h2_Calc_o_B0_v_B0_Luminosity_C1314

Entries  1205
Mean x   1.459
Mean y   1.105
RMS x   0.4335

RMS y   0.1157
       0      0       0
       0   1205      0
       0      0       0

Calc_o_B0_v_B0_Luminosity_C1314

Entries  1205

Mean    1.498

RMS    0.7498

Underflow 
�

      0

Overflow  
�

      0

 / ndf 2χ�  23.79 / 19

Prob  
�

 0.2045

p0       �  0.02317±� 1.047 

p1       �  0.01555±
�

 0.04502 

Calc_o_B0_v_B0_Luminosity_C1314

Entries  1205

Mean    1.498

RMS    0.7498

Underflow 
�

      0

Overflow  
�

      0

 / ndf 2χ�  23.79 / 19

Prob  
�

 0.2045

p0       �  0.02317±� 1.047 

p1       �  0.01555±
�

 0.04502 

Calc_o_B0_v_B0_Luminosity_C1314
�

0 0.5 1 1.5 2 2.5 3 3.5 4
0

0.5

1

1.5

2

2.5

3

h2_Calc_o_D0_v_D0_Luminosity_C1314

Entries  1205
Mean x   1.319
Mean y   1.218
RMS x   0.3812

RMS y   0.1231
       0      0       0
       0   1205      0
       0      0       0

0

1

2

3

4

5

6

7

8

9

10

h2_Calc_o_D0_v_D0_Luminosity_C1314

Entries  1205
Mean x   1.319
Mean y   1.218
RMS x   0.3812

RMS y   0.1231
       0      0       0
       0   1205      0
       0      0       0

Calc_o_D0_v_D0_Luminosity_C1314

Entries  1205

Mean    1.287

RMS    0.6474

Underflow 
�

      0

Overflow  
�

      0

 / ndf 2χ�  17.39 / 19

Prob  
�

 0.5634

p0       �  0.02119±� 1.153 

p1       �  0.01456±
�

 0.05809 

Calc_o_D0_v_D0_Luminosity_C1314

Entries  1205

Mean    1.287

RMS    0.6474

Underflow 
�

      0

Overflow  
�

      0

 / ndf 2χ�  17.39 / 19

Prob  
�

 0.5634

p0       �  0.02119±� 1.153 

p1       �  0.01456±
�

 0.05809 

Calc_o_D0_v_D0_Luminosity_C1314
�

0 20 40 60 80 100 120 140
0

0.5

1

1.5

2

2.5

3

h2_D0_o_B0_v_B0_Luminosity_C1314

Entries  30

Mean x 
�

  55.25

Mean y 
�

 0.9043

RMS x    7.407

RMS y   0.01591

       0       0       0

       0      30       0

       0       0       0

0

1

2

3

4

5

6

7

h2_D0_o_B0_v_B0_Luminosity_C1314

Entries  30

Mean x 
�

  55.25

Mean y 
�

 0.9043

RMS x    7.407

RMS y   0.01591

       0       0       0

       0      30       0

       0       0       0

D0_o_B0_v_B0_Luminosity_C1314

Entries  30

Mean     55.5

RMS      9.41

Underflow       0

Overflow        0

 / ndf 2χ  10.53 / 7

Prob   0.1603

p0        0.01456±
!

 0.987 

p1        0.0002687±
!

 -0.001456 

D0_o_B0_v_B0_Luminosity_C1314

Entries  30

Mean     55.5

RMS      9.41

Underflow       0

Overflow        0

 / ndf 2χ  10.53 / 7

Prob   0.1603

p0        0.01456±
!

 0.987 

p1        0.0002687±
!

 -0.001456 

D0_o_B0_v_B0_Luminosity_C1314

0 20 40 60
"

80 100 120 140
0

0.5

1

1.5

2

2.5

3

h2_CalcD0_o_CalcB0_v_CalcB0_Luminosity_C1314

Entries  30

Mean x 
�

  61.32

Mean y 
�

  0.999

RMS x    8.716

RMS y   0.003637

       0       0       0

       0      30       0

       0       0       0

0

0.5

1

1.5

2

2.5

3

3.5

4

h2_CalcD0_o_CalcB0_v_CalcB0_Luminosity_C1314

Entries  30

Mean x 
�

  61.32

Mean y 
�

  0.999

RMS x    8.716

RMS y   0.003637

       0       0       0

       0      30       0

       0       0       0

CalcD0_o_CalcB0_v_CalcB0_Luminosity_C1314

Entries  30

Mean    62.45

RMS     9.954

Underflow       0

Overflow        0

 / ndf 2χ  6.642 / 3

Prob   0.08421

p0        0.02099±
!

 1.014 

p1        0.0003457±
!

 -0.0003056 

CalcD0_o_CalcB0_v_CalcB0_Luminosity_C1314

Entries  30

Mean    62.45

RMS     9.954

Underflow       0

Overflow        0

 / ndf 2χ  6.642 / 3

Prob   0.08421

p0        0.02099±
!

 1.014 

p1        0.0003457±
!

 -0.0003056 

CalcD0_o_CalcB0_v_CalcB0_Luminosity_C1314
#

Figure2: CalculatedBunchLuminosity over measuredoneversusmeasuredonefor B0 andD0 locationstogether with total
measuredD0overB0LuminosityversusmeasuredB0LuminosityandtotalcalculatedD0overB0Luminosityversuscalculated
B0 Luminosity. Luminosity calculatedbasedon transverseEmittanceat Remove Halo Casemeasuredwith Flying Wiresand
SBD andBunchIntensitiesat first HEP CaseSetmeasured with SBD (rescaledaccording to the T:IBEAM measurement).
Luminosity basedonB0 andD0 measurementsat thefirst Setof HEPCase.Stores3179–3293.
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Figure3: CalculatedBunchLuminosity (in 1030 � cm
� 2 � sec

� 1) versus measuredonefor B0 andD0 locations(shown with and
without a straight line fit to the profile of the histograms). Luminosity calculatedbasedon transverseEmittanceat Remove
Halo Casemeasuredwith Flying Wires andSBD andBunchIntensitiesat first HEP CaseSetmeasuredwith SBD (rescaled
according to theT:IBEAM measurement).Luminosity basedonB0 andD0 measurementsat thefirst Setof HEPCase.Stores
3179–3293.
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Figure4: CalculatedBunchLuminosity over measuredoneversusStoreNumber for B0 andD0 locations together with total
measuredD0 v B0 Luminosityandtotal calculatedD0 v B0 Luminosity. Luminositycalculatedbasedon transverseEmittance
at Remove Halo Casemeasuredwith Flying WiresandSBD andBunchIntensitiesat first HEPCaseSetmeasuredwith SBD
(rescaledaccording to the T:IBEAM measurement). Luminosity basedon B0 andD0 measurementsat the first Setof HEP
Case.Stores3179–3293.
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Figure5: CalculatedBunchLuminosity over measuredoneversusmeasuredonefor B0 andD0 locationstogether with total
measuredD0overB0LuminosityversusmeasuredB0LuminosityandtotalcalculatedD0overB0Luminosityversuscalculated
B0 Luminosity. Luminosity calculatedbasedon transverseEmittanceat Remove Halo Casemeasuredwith Flying Wiresand
SBD andBunchIntensitiesat first HEP CaseSetmeasured with SBD (rescaledaccording to the T:IBEAM measurement).
Luminosity basedonB0 andD0 measurementsat thefirst Setof HEPCase.Stores3179–3293.
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Figure6: BunchIntensity(in 109) and(Geometrical) AverageTransverseEmittance(in π � mm � mrad
�
) for ProtonandAntipro-

tonBunches. TransverseEmittancemeasured with Flying WiresandSBDatRemoveHaloCase.BunchIntensitiesatfirst HEP
CaseSetmeasuredwith SBD (rescaledaccording to theT:IBEAM measurement). Stores3179–3293.
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Figure7: Horizontal Antiproton andProtonEmittance (in π � mm � mrad
�
) togetherwith VerticalAntiprotonandProtonEmit-

tanceversusStoreNumber. TransverseEmittance at Remove Halo Casemeasuredwith Flying WiresandSBD. Stores3179–
3293.
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Figure8: Horizontal AntiprotonEmittance(in π � mm � mrad
�
) versusVerticalAntiprotonEmittance(samefor Protons)together

with HorizontalAntiproton Emittanceover VerticalAntiprotonEmittanceversusStoreNumber(samefor Protons).Transverse
Emittanceat RemoveHaloCasemeasuredwith Flying WiresandSBD.Stores3179–3293.
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Figure9: B0 andD0 measuredandEffective(calculated) Emittance(in π � mm � mrad
�
) versusStoreNumber. TransverseEmit-

tanceat Remove Halo Casemeasuredwith Flying WiresandSBD. Effective Emittancebasedon BunchIntensitiesmeasured
with SBD (rescaledaccording to theT:IBEAM measurement)andonB0 andD0 Luminositymeasurementsatfirst Setof HEP
Case.Stores3179–3293.
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Figure 10: B0 andD0 calculated(Effective) versusmeasuredEmittance(in π � mm � mrad
�
) together with calculatedover

measuredEmittanceversusStoreNumber. TransverseEmittanceat RemoveHaloCasemeasuredwith Flying WiresandSBD.
EffectiveEmittancebasedonBunchIntensitiesmeasuredwith SBD(rescaledaccording to theT:IBEAM measurement)andon
B0 andD0 Luminosity measurementsat first Setof HEPCase.Stores3179–3293.
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Figure11: B0 andD0 measured andcalculatedLuminosities(in 1030 � cm
� 2 � sec

� 1) versusStoreNumber. Luminosity cal-
culatedbasedon transverseEmittanceat Remove Halo Casemeasuredwith Flying WiresandSBD andBunchIntensitiesat
first HEPCaseSetmeasured with SBD (rescaledaccording to theT:IBEAM measurement).Luminosity basedon B0 andD0
measurementsat thefirst Setof HEPCase.Stores3179–3293.
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Figure12: CalculatedBunchLuminosity over measuredoneversus ProtonBunchLength for B0 andD0 locationstogether
with CalculatedTotal Luminosity overmeasuredoneversusTotalSumof All BunchLengths.Luminosity calculatedbasedon
transverseEmittanceat Remove Halo Casemeasured with Flying WiresandSBD andBunchIntensitiesat first HEPCaseSet
measuredwith SBD (rescaledaccording to theT:IBEAM measurement).Luminosity basedonB0 andD0 measurementsat the
first Setof HEPCase.Stores3179–3293.
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Figure13: Total D0 over B0 Luminosity Luminosity versusTotal Sumof All BunchLengths;B0 andD0 Hour GlassFactor
versusStoreNumbertogetherwith TotalD0overB0LuminosityLuminosityversusStoreNumber. Luminositycalculatedbased
on transverseEmittanceat Remove Halo Casemeasuredwith Flying WiresandSBD andBunchIntensitiesat first HEPCase
Setmeasuredwith SBD(rescaledaccording to theT:IBEAM measurement).Luminosity basedonB0 andD0 measurementsat
thefirst Setof HEPCase.Stores3179–3293.
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Figure14: HorizontalProtonandAntiproton Emittance(in π � mm � mrad
�
) togetherwith VerticalProtonandAntiprotonEmit-

tanceversusBunchNumber. TransverseEmittanceat RemoveHalo Casemeasuredwith Flying WiresandSBD.Stores3179–
3293.
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Figure15: ProtonandAntiprotonBunchLength (in ns) versusBunchNumber. TransverseEmittance at Remove Halo Case
measuredwith Flying WiresandSBD.Stores3179–3293.

18



1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 21.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

0.6

0.62

0.64

0.66

0.68

0.7

0.72

0.74

0.76

0.78

HourGlass_v_dt
.

1.1 1.2 1.3 1.4 1.5
&

1.6 1.7 1.8
&

1.9 21.1 1.2 1.3 1.4 1.5
&

1.6 1.7 1.8
&

1.9 2
10

12

14

16

18

20

22

24

26

Emittance_v_dt

1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 21.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

0.0009

0.001

0.0011

0.0012

0.0013

0.0014

0.0015

0.0016

HourGlass_o_Emittance_o_betaStar_v_dt

0.80.9 1 1.11.21.31.41.51.61.71.8

0.90.92
0.94

0.96
0.981

1.02
1.04

1.06
1.08
1.1
0.6

0.7
0.8

0.9

1
1.1

1.2
1.3

1.4

HourGlass_o_Emittance_o_betaStar_v_betaStarVar_v_dispVar

Figure16: PredictedHourglassFactorversusBunchLength(in ns) ; PredictedEmittance(in π � mm � mrad
�
) versusBunch

Length, andHourglassFactordivided by the Emittanceandbetastar (in 10 � π � 1 � mrad
� 1) asa function of bunchlength;

Relative change in HourglassFactordivided by theEmittanceandbetastarversusrelative change of betastarandhorizontal
dispersionStores3179–3293.
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