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Abstract

This notecomparesTevatron TransverseEmittancemeasurementsdone usingFlying Wire andSyn-
chrotronLight detectors. It alsodescribes performanceandself consistency of theabove detectors.

1 Introduction

We studyTevatron TransverseEmittancemeasurements doneusingFlying Wires (FW) (Seeref [2]) andSynchrotron Light
(SL)(Seeref [3]) detectors. Theabovedetectorswereusedto measurethetransversebeamspread. TheSampledBunchDisplay
(SBD)systemwasusedto measurelongitudinalbeamspread.In thecaseof theVerticalEmittancecomparisonbetweenFW at
theE11locationandSL detectorsis done.In thecaseof theHorizontalEmittancethecomparisonalsoincludesFW detectorat
E17.

2 Data Selection

The storesfor this analysiswereselectedfrom May 2003running periodwhenthe detector parameters werebelieved to be
constant.This resultedin stores:2502, 2503, 2505, 2507, 2509,2511, 2521, 2523, 2529, 2536, 2538, 2540, 2542, 2546, 2549,
2551, 2555, 2557. TheTevatron Casechosenfor analysiswas“RemoveHalo” (with thebeamenergy of 980GeV) asthis is one
of thecaseswherebothFW andSL systemsareactivated.Therequirementsimposedonthedatawere:

1. The FW freshnessnumber (ACceleratorNETwork (ACNET) variableT:FWFRSH)in case“Remove Halo” hadto be
incrementedby at leastonewith respectto thecase“Initiate Collisions”.

2. TheTransverseEmittanceasmeasuredby theFW E11(combinedwith SBD in theHorizontal cases)hadto bebetween
0 and40(π � mm � mrad

�
in theverticalcasesandbetween0 and25(π � mm � mrad

�
in thehorizontalcases(to avoid both

nonphysicalor difficult to measurecases).

3. Theantiprotonsintensityhadto begreater than15E9 (to avoid difficult to measurecases)

3 Emittance calculations

Thefollowing formulaswereusedto calculatetheHorizontalandVertical(Normalized)Emittances:

εh � 6

�
σ2 ��� δp

p

� 2D2 � γL

β
εv � 6σ2 γL

β

where

δp � δt � � 83	 293 
 δt � ��� 10 	 562 
 δt � 0 	 8023
��� � Seeref 
 1� �

δt is theT:SBD[A,P]SSACNET variable (longitudinal beambunch spreadin ns), p is thebeammomentum in GeV, γ L is the
Lorentzgamma,σ arebunchwidthasmeasuredbyeachof thedetectors(ACNETvariablesT:SL[A,P]S[H,V], T:FW[H,V,E][A,P]SG).
In theFW casethewidth is thearithmeticaverage of thetwo measurements (for bothof thewire passestrough thebeam).The
dispersion(D) andβ latticefunctionsat E11,E17,C11(location of theSL detector)areshown in Table1.
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Detector betaFunction[m] dispersionFunction[m]
FW E11H p & p 80.161 2.030
FW E11V p & p 80.804
FW E17H p & p 68.157 5.278

SL C11H p 50.005 1.517
SL C11H p 34.040 1.182
SL C11V p 107.862
SL C11V p 101.648

Table1: Tevatronbetaanddispersion functionsfor correspondingmeasurementlocations

4 Performance of Individual Detectors

4.1 Flying Wire Detectors at E11 and E17 locations

Resultsrelatedto theperformanceof theHorizontal Flying Wire Detectorat theE11locationareshown on figures1 to 4 for
antiprotonsandon figures20 to 23 for protons. Figures39 to 42 show thesamequantities relatedto theVerticalFlying Wire
Detectorat E11for antiprotons,andfigures49 to 52correspondto theprotons.Similarly, resultsrelatedto theperformanceof
theHorizontal Flying Wire Detectorat theE17locationareshown on figures11 to 14 for antiprotons,andon figures30 to 33
for protons.
Thequantities plottedon thefirst figurefrom eachsetare(1 – top left, 2 – top right, 3 – bottomleft, 4 – bottom right):

1. amplitude(in arbitrary units) timessigma(squareroot of variance)of thebunchwidth distribution (in mm) of thefront
endFW detectordataversus bunch intensity (ACNET variables T:FBI[A,P]NG) (in E9) with an overlaid horizontal
profile of thepreviousdistributionwith a straightline fit;

2. amplitude timessigmaof the bunchwidth distribution of the front endFW detectordataover bunch intensityversus
bunchcentroid (in mm) (basedontheT:FW[E,H,V][A,P]CEACNETvariable) with anoverlaid horizontalprofile of that
distribution with a straightline fit;

3. bunch intensity;

4. amplitudetimessigmaof thebunchwidth distribution (in mm) of theraw FW detectordistribution overbunchintensity
versusstorenumber.

In thesecondfigureof eachsetquantities plottedareasfollows:

1. sigmaof thebunchwidth distribution(in mm) asmeasuredby theFW detectorversusfront endmeasureof thegoodness
of fit;

2. sigmaitself;

3. goodnessof fit itself;

4. goodnessof fit versusbunchintensity.

Thethird figureof eachsetshows:

1. amplitude(in arbitraryunits)timessigmaof thebunchwidthdistribution(in mm) of thepass1 overpass2of thefrontend
FW detectordataversusbunchintensity(ACNETvariablesT:FBI[A,P]NG) (in E9)with anoverlaid horizontalprofileof
thatdistributionwith a straightline fit;

2. sigmaof thebunchwidth distributionversusbunch centroid (in mm) (basedon theT:FW[E,H,V][A,P]CEACNET vari-
able)with anoverlaid horizontalprofileof thatdistributionwith astraightline fit;

3. amplitude timessigmaof thebunchwidth distribution (in mm) of thepass1 over pass2 of the front endFW detector
data;

4. bunch emittance (in π � mm � mrad
�

versus storenumber.

Thefourth figure of eachsetshows:
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1. sigmaof thebunchwidth distribution (in mm) of thepass1 versuspass2 of theFW detector;

2. sigmaof thebunchwidthdistribution(in mm) of thepass1overpass2of theFW detectorversusbunchintensity(ACNET
variablesT:FBI[A,P]NG) (in E9);

3. sigmaof thebeamwidth distribution(in mm) of thebunchwidth distributionof thepass1 over pass2 of theFW detector
itself;

4. sigmaof thebunchwidth distribution (in mm) of thepass1 over pass2 of theFW detectorversusfront endmeasureof
thegoodnessof fit.

4.2 Flying Wire Detectors at E11

Fromtheplotsrelatedto theFlying Wire Detectorsat theE11locationonecanseethat for horizontal antiprotondetector the
ratio of amplitude timessigmato bunchintensity is quite stablewith no significantdependenceon bunch centroidposition
for the storesconsidered,with an overall rms of 7.4% (Fig 1-4). Thereis an indicationof the detector saturation for higher
bunchintensities(Fig 3-1) andsomesigmaon centroid positiondependence.Therealsoseemsto be a correlationbetween
sigmaandχ2 (Fig 2-1) anda strongcorrelationbetweenχ2 andbunchintensity(Fig 2-4). There seemsto besomegrouping
in theamplitudetimessigmaof pass1 over pass2 versus bunch intensity(Fig 3-1). Thedifferencebetweensigmasfrom two
passesandtheasymmetricshapeof thedistributionsis leadingto thebunchwidth measurementaccuracy of about 1.7%/2with
assymetrictails up to 5%/2,giving sigma“rms of rms” of 1.3%/2(Fig 4-3).

Thedistributions relatedto thehorizontal proton detectorshow thatthereis somestoreto storeinstability of theamplitude
timessigmato bunchintensityratiodueto significantdependenceonbunchcentroidpositiondespitesmalloverall fluctuations
of theratio (rms3.3%)(Fig 20-4). As opposedto thehorizontal antiproton detector, thereis no obviouscorrelation between
sigmaandχ2 andbetweenχ2 andbunchintensity, although theremaybesomefor intensitiessmallerthan210E9 (Fig 21-1,4).
Again, asin thehorizontalantiprotoncasethereseemsto besomegrouping in theamplitudetimessigmaof pass1 overpass2
versusbunchintensityplot (Fig 22-1). Giventhatgroupingit is hardto conclude if thisdetectorsaturatesor nothoweversigma
dependenceon centroidpositionis even stronger thanin thehorizontalantiproton case.Thedifferencebetweensigmasfrom
two passesandtheasymmetric shapeof thedistribution leadsto thebunch width measurement accuracy of about 1.7%/2with
rmsof 0.63%/2 (Fig 23-3).

Fromplotspresenting verticalantiprotondetectordataonecanseethattheratioof amplitudetimessigmato bunch intensity
is quitestablewith anoverall rmsof 7.1%andthereis nosignificantdependenceonbunchcentroidposition(Fig 39-2,4). The
detectordoesshow signsof saturationascanbeseenin Fig 39-1 and41-1 andasignificanttrendin sigmaoncentroid position
dependence.Similarly to thehorizontalantiproton casethereis a correlationbetweensigmaandχ 2 andbetweenχ2 andbunch
intensity(Fig 40-1,4). Thedifferencebetweensigmasfrom two passesresultsin abunchwidth measurement accuracy of about
2.3%/2with rmsof 0.89%/2 (Fig 42-3).

Thedistributionsrelatedto theverticalprotondetectorshow thatthereis significantvariationof theratioof amplitudetimes
sigmato bunch intensitywith bunch centroidpositionfor therange of storesinvolvedwith theoverall rmsof 3.5%(Fig 49-4).
Thereis no visible correlationbetweensigmaandχ2 andbetweenχ2 andintensity(Fig 50-1,4). There is a possiblesaturation
of thedetector(Fig 51-1) anda significantsigmaon centroid positiondependence.Thereis distinct two peakstructure in the
distribution of thesigmasfrom two passes,but becausethepeaksarealmostsymmetricwith respectto onethereis still quite
goodmeasurementaccuracy for eachpeakof about 1-1.5%/2(Fig 52-3).

4.3 Flying Wire Detector at E17

Thedistributionsrelatedto thehorizontal antiprotondetectorshow thatanrmsof theratio of amplitudetimessigmato bunch
intensityis about 2.1% andthereis nosignificantdependenceon thebunchcentroid poistion(Fig 11). Thereis a strongsigma
dependenceon χ2, andstrongχ2 dependenceon intensity(Fig 12-1,4). Thereareno indications thatthedetectoris saturating
(Fig 13) andtheremaybesomesigmadependenceon bunchcentroid position.Becauseof thestructure of thedistribution of
thesigmasfrom two passesthewidth measurementaccuracy is about1%/2with rmsof about 1%/2(Fig 14).

Fromplotspresentingdataof thehorizontalproton detector onecanseethat theratio of amplitude timessigmato bunch
intensityis quitestablewith thermsof 2.0%andthereis no significantdependenceon thebunchcentroidpoistion(Fig 30).
Thereis somepossiblesmallcorrelation betweensigmaandχ2 anda correlation betweenχ2 andintensity(Fig 31-1,4). As in
otherFW detectorcasesthereis somegroupingin theamplitudetimessigmaof pass1 over pass2 versusbunchintensityplots.
Theremaybesomesigmadependenceon bunch centroidposition(Fig 32). Fig 33-2seemsto indicatethatsigmaratio seems
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to dependon thebunch intensity. Giventhestructureof thepass1 versuspass2 sigmasdistribution thesigmameasurement
accuracy is about 1.0%/2with anrmsof 0.8%/2(Fig 33-3).

4.4 Synchrotron Light Detectors at C11

Resultsrelatedto theperformanceof theSynchrotronLight Detectorat theC11locationareshown onfigures5 to 7 and43 to
45 for antiprotonsandonfigures24 to 26and53 to 55for protons.

Thequantitiesplottedon thefirst figurefrom eachsetare(top left, topright, bottom left, bottomright):

1. amplitude (in arbitrary units) timessigmaof the bunchwidth distribution (in mm) of the raw SL detectordistribution
versusbunch intensity(ACNET variablesT:FBI[A,P]NG) (in E9) with anoverlaidhorizontal profile of thatdistribution
with a straightline fit;

2. amplitudetimessigmaof thebunch width distribution (in mm) of theraw SL detectordistribution over bunchintensity
versusbunchE11centroid(in mm) (basedon the T:FW[E,H,V][A,P]CE ACNET variable) with anoverlaid horizontal
profile of thatdistributionwith astraightline fit;

3. bunch intensity;

4. amplitudetimessigmaof thebunch width distribution (in mm) of theraw SL detectordistribution over bunchintensity
versusstorenumber.

In thesecondfigureof eachsetquantities areasfollows:

1. Sigmaof thebunchwidth distribution(in mm) asmeasuredby theSL detectorversusfront endmeasure of thegoodness
of fit;

2. sigmaof thebunchwidth distribution (in mm) itself;

3. goodnessof fit itself;

4. thegoodnessof fit versusbunchintensity.

Thethird figureof eachsetshows:

1. Bunchemittance(in π � mm � mrad
�

asmeasured by the front endSL detectorversusbunchemittanceasrecalculated
usingfront endsigmaof thebunch width distribution(in mm) (combinedwith SBD timing informationin thehorizontal
cases)with anoverlaidhorizontalprofileof thatdistributionwith a straightline fit;

2. sigmaof thebunchwidth distribution versus bunchE11centroid (in mm) (basedon theT:FW[E,H,V][A,P]CE ACNET
variable)with anoverlaid horizontal profile of thatdistributionwith astraightline fit;

3. bunch emittance;

4. bunch emittance versusstorenumber.

Thedistributionsrelatedto thehorizontalantiprotoncaseshow thattheratioof amplitudetimessigmato bunch intensityhas
anrmsof about 4.0%with somedependenceon bunchcentroid position(Fig 5-4,2). There areno signsof strongcorrelations
betweensigmas,χ2 andbunchintensity(Fig 6). Thereis a good agreementbetweenfront endandoffline calculations and
almostno indicationof sigmadependenceonbunchcentroidposition(Fig 7).

Fromplotspresentingdataof thehorizontalprotoncaseonecanseethattheratioof amplitudetimessigmatobunchintensity
hasanquitelarge rmsof 7.2%with strongdependenceon bunch centroidpositionwich mayberesposible for largeportionof
thestoreto storevariations (Fig 24-1,2,4). Thereareno signsof strongcorrelations betweensigmas,χ 2 andbunch intensity
(Fig 25). Thereis a good agreement betweenfront endandoffline calculationsbut thereis a significantsigmadependenceon
bunchcentroid position(Fig 26).

The distributions relatedto the vertical antiproton caseshow that the ratio of amplitude timessigmato bunch intensity
is quitestablewith overall rmsof about4.1%with somedependenceon bunch centroidposition(Fig 43-1,2,4). As in other
SynchrotronLight detectorcasesthereareno correlationbetweensigmaandχ 2 andbetweenχ2 andintensity(Fig 44). There
is a good agreementbetweenfront endandoffline calculationsbut thereis a significantsigmadependenceon bunchcentroid
position(Fig 45).
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Plotsshowing datafor the vertical proton casearesimilar to the onesin horizontal proton casein that the instability of
theratio of amplitude timessigmato bunchintensityis large(rmsof 7.4%)andthereis strongdependenceon bunchcentroid
position.(Fig 53-1,2,4). Thereis no correlation betweensigmaandχ 2 andbetweenχ2 andintensity(Fig 54). Theagreement
betweenfront endand offline calculations is good but thereis a significantsigmadependenceon bunchcentroid position
(Fig 55).

5 Comparisons of Emittance measurements as done using Synchrotron Light De-
tectors and Flying Wire Detectors at E17 to the Measurements done using Fly-
ing Wire Detectors at E11

5.1 Comparison between Synchrotron Light Detectors at C11 and Flying Wire Detectors at E11

DatarelatingEmittancesmeasurementsasdoneusingSynchrotron Light Detectorsat C11andFlying Wire Detectorsat E11
arepresentedon figures8 to 10 for antiprotonsandon figures27 to 29 for protons. Whereasfigures 46 to 48 show thesame
quantities relatedto theVerticalFlying Wire Detectorfor antiprotonsandfigures56to 58correspondto theprotons.

Thequantitiesplottedon thefirst figurefrom eachsetare:

1. Bunchemittance(in π � mm � mrad
�

asmeasuredby SynchrotronLight Detectorversusbunchemittanceasmeasuredby
theFlying Wire Detectorat E11;

2. horizontalprofileof thepreviousdistributionwith astraightline fit;

3. Bunchemittanceasmeasuredby Synchrotron Light Detectorover bunchemittanceasmeasuredby the Flying Wire
Detectorat E11versusbunchintensity(ACNETvariablesT:FBI[A,P]NG) (in E9);

4. Bunchemittanceasmeasuredby Synchrotron Light Detectorover bunchemittanceasmeasuredby the Flying Wire
Detectorat E11versusstorenumber.

In thesecondfigureof eachsetquantities plottedareasfollows:

1. Bunchemittanceasmeasuredby Synchrotron Light Detectorover bunchemittanceasmeasuredby the Flying Wire
Detectorat E11versusrecalculatedδp � p ( basedonδt theT:SBD[A,P]SSACNETvariable);

2. horizontalprofileof thepreviousdistributionwith astraightline fit;

3. δp � p itself;

4. δp � p versusstorenumber.

Thethird figureof eachsetshows:

1. Bunchemittanceasmeasuredby Synchrotron Light Detectorover bunchemittanceasmeasuredby the Flying Wire
Detectorat E11versusbunchE11centroid(in mm) ( basedon theT:FW[E,H,V][A,P]CE ACNET variable);

2. horizontalprofileof thepreviousdistributionwith astraightline fit;

3. bunch E11centroiditself;

4. bunch E11centroidversus storenumber;

Thehorizontalantiproton emittancecaseshows thatthereis large nonzerooffsetof 38	 6 (SeeTable3) andslopedifferent
from oneof 0 	 43 in theSL v FW dependence,theoverall ratio is 2 	 6 andstrongly depends on bunchintensity(Fig 8-1,2,3).
Thereis noobviousdependenceof theratioonδp � p (Fig 9-1,2). But thereis somedependenceon thebunchcentroid position
(Fig 10-1,2,3). In thecaseof horizontal proton emittanceSL v FW dependencetheoffset is 6.4andslope1.3. Theemittance
ratio is 1 	 6 with a weakdependenceon the bunchintensity(Fig 27-1,2,3). Thereseemsto be a weakdependenceon δp � p
(Fig 28-1,2). There is a dependenceon thebunch centroid position(Fig 29-1,2,3). TheSL v FW dependencefor thevertical
antiproton emittancehasoffset of 12.7, slopeof 0.73the ratio is 1.17 with strongratio intensitydependence(Fig 46-1,2,3).
Theredonotseemto beany dependenceonδp � p (Fig 46-2). Thereis nosignificantdependenceonthebunchcentroid position
(Fig 48-1,2,3). In thevertical protonemittanceSL v FW dependencethereis nosignificantoffset(0.3), theslopeis 1.25andthe
ratio1 	 26. Thereis little if any ratiodependenceontheintensityandnosignsof δp � p dependence(Fig 56-1,2,3andFig 56-2).
Thereis nosignificantdependenceonthebunch centroid position(Fig 58-1,2,3).
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5.2 Comparison between Flying Wire Detectors at E17 and E11

DatarelatingEmittancesmeasurementsasdoneby Synchrotron Light Detectors at C11andFlying Wire Detectorsat E11are
presentedonfigures15 to 17for antiprotonsandonfigures34 to 36 for protons.

Thequantitiesplottedon thefirst figurefrom eachsetare:

1. Bunchemittance(in π � mm � mrad
�

asmeasuredby Flying Wire DetectoratE17versusbunchemittanceasmeasuredby
theFlying Wire Detectorat E11;

2. horizontalprofileof thepreviousdistributionwith astraightline fit;

3. Bunchemittanceasmeasuredby Flying Wire Detectorat E17over bunch emittanceasmeasuredby the Flying Wire
Detectorat E11versusbunchintensity(ACNETvariablesT:FBI[A,P]NG) (in E9);

4. Bunchemittanceasmeasuredby Flying Wire Detectorat E17 over bunchemittanceasmeasuredby the Flying Wire
Detectorat E11versusstorenumber.

In thesecondfigureof eachsetquantities plottedareasfollows:

1. Bunchemittanceasmeasuredby Flying Wire Detectorat E17Detectorover bunch emittanceasmeasuredby theFlying
Wire DetectoratE11versus recalculatedδp � p ( basedonδt theT:SBD[A,P]SSACNETvariable);

2. horizontalprofileof thepreviousdistributionwith astraightline fit;

3. δp � p itself;

4. δt versusstorenumber.

Thethird figureof eachsetshows:

1. Bunchemittanceasmeasuredby Flying Wire Detectorat E17 over bunchemittanceasmeasuredby the Flying Wire
Detectorat E11versusbunchE11centroid(in mm) ( basedon theT:FW[E,H,V][A,P]CE ACNET variable);

2. horizontalprofileof thepreviousdistributionwith astraightline fit;

3. bunch E17centroiditself;

4. bunch E17centroidversus storenumber;

TheFW E17v E11horizontalantiproton emittancedependencehasa nonzero offsetof 4 	 1, slopevery different from one
0.4,ratioof 0 	 63with somebunch intensitydependenceandsignificantstoreto storevariationswith possibleweakdependence
onδp � p (Fig 15and16). Thereis a weakdependenceonbunchcentroid position(Fig 17). Thedependenceof FW E17v E11
in thehorizontal protonemittancecasehasoffsetof 9.1andslopeof 0.7. Theratio is 1.20with somedependenceon intensity
andlargestoreto storevariations. Thereis somepossibleweakdependenceon δp � p (Fig 34 and35). Thereis a quitestrong
dependenceonbunchcentroidposition(Fig 36).

6 Summary and Conclusions

We have studiedperformanceof Tevatrontransverseemittancedetectorsandmadeemittancemeasurement comparisons.The
resultsaresummarizedin Tables2 and3.

It canbeseenthat theFlying Wire (FW) detectorssaturatefor largeantiprotonbunch intensitiesandthatmostof theFW
detectors show signsof χ2 dependenceon bunch intensities.Thestatisticalaccuracy of FW detectorsasestimatedfrom two
passesis about 1%. Thereis alsosomeamplitudetimessigmaover bunchintensitydependenceonthebeampositionfor theE11
detectorwhenmeasuring protonbeam.Theperformanceof SynchrotronLight (SL) detectorsdoesnotshow χ 2 dependenceon
bunchintensitiesalthough theamplitudetimessigmaoverbunchintensitydependssignificantlyonthebeampositionespecially
for protondetector. We notea nonnegligible trendin thebunchwidth sigmadistribution dependenceon thecentroid position
especiallyin verticalantiprotonandhorizontal protonFW E11andSL detectorcases.

Whencomparing emittancemeasurementsdoneby SL detectorsv FW E11detectors(Table3) we notestatisticallysig-
nificant disagreements. The largestonebeingdiscrepancy in the horizontal antiproton case. It shows itself in all measured
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Detector Ampl timesSigma AS/I Centroid SigmaCentroid Accuracy Saturation Sigma
overbunchintensity Dependence Dependence [%] Dependence

[AS/I] RMS [%] [%/RMS] [%/RMS] onχ2

FWE11horizontal p 7.4 � 0 	 397 � 0	 093 1 	 455� 0	 085 0 	 85 � 0	 65 yes yes
FWE11horizontal p 3.3 � 2 	 442 � 0	 066 2 	 175� 0	 046 0 	 85 � 0	 31 perhaps some
FWE11vertical p 7.1 � 0 	 08 � 0 	 14 � 3 	 31 � 0 	 19 1 	 15 � 0	 45 yes yes
FWE11vertical p 3.5 3 	 029 � 0 	 077 � 1 	 679 � 0 	 089 0 	 6 � 0 	 30 yes no
FWE17horizontal p 2.1 � 0 	 570 � 0	 034 1 	 25 � 0 	 16 0 	 5 � 0 	 5 no yes
FWE17horizontal p 2.0 0 	 412 � 0 	 056 � 0 	 382 � 0 	 065 0 	 5 � 0 	 4 no no
SL horizontal p 4.0 � 3 	 26 � 0 	 11 0 	 286� 0	 056 n/a n/a no
SL horizontal p 7.2 � 5 	 43 � 0 	 16 2 	 257� 0	 071 n/a n/a no
SL vertical p 4.1 2 	 52 � 0 	 10 � 2 	 53 � 0 	 13 n/a n/a no
SL vertical p 7.4 5 	 50 � 0 	 21 � 1 	 72 � 0 	 12 n/a n/a no

Table2: Somecharacteristicsof theFlying Wire andSynchrotron Light Detectorsandtheir measurements.Theerrors quoted
arestatisticalonly.

Detectors Intercept Slope Ratio Correlation Intensity Centroid
Factor Dependence Dependence

[%/RMS] [%/RMS]
SL v FWE11horizontal p 36	 85� 0 � 16� 2 � 1 0 	 551� 0 � 079� 0 � 009 2 	 62 � 0 � 28� 0 � 27 0 	 49 � 4 	 20 � 0	 36 � 1 	 75 � 0 	 20
SL v FWE11horizontal p 6 	 39� 2 � 1� 0 � 27 1 	 288� 0 � 015� 0 � 11 1 	 642� 0 � 085� 0 � 085 0 	 78 � 1 	 34 � 0	 13 � 1 	 79 � 0 	 15
SL v FWE11vertical p 12	 69� 0 � 17� 3 � 9 0 	 715� 0 � 096� 0 � 006 1 	 16 � 0 � 13� 0 � 12 0 	 88 � 5 	 13 � 0	 34 0 	 86 � 0 	 26
SL v FWE11vertical p 0 	 34� 2 � 6� 0 � 97 1 	 252� 0 � 042� 0 � 077 1 	 264� 0 � 057� 0 � 057 0 	 82 0 	 53 � 0 	 10 � 0 	 44 � 0 	 17
FWE17v FWE11horizontal p 4 	 1 � 4 � 1� 1 � 6 0 	 397� 0 � 103� 0 � 24 0 	 626� 0 � 085� 0 � 085 0 	 53 � 2 	 23 � 0	 59 � 0 	 35 � 0 	 25
FWE17v FWE11horizontal p 9 	 1 � 1 � 8� 1 � 7 0 	 696� 0 � 081� 0 � 114 1 	 204� 0 � 087� 0 � 087 0 	 54 � 3 	 05 � 0	 15 � 3 	 83 � 0 	 12

Table3: Statisticaldatarelatedto correlation of emittancemeasurements by different detectorpairs. The errors for slope,
intercept andratio arestatisticalandsystematiccombinedin quadrature.Thesystematicerrors wereestimatedby dividing the
datasampleinto highandlow intensitybinsandtakingthedifferencebetweenthecentralandhighor low value. Theerrors on
theintensityandcentroid positiondependencearestatisticalonly.

parameterstogetherwith a smallcorrelationfactor. Theratio of theremaining measurementsvariesfrom 1.16 to 1.64. Com-
parisonof horizontalemittancemeasurementsasdone with FW E17andE11detectors show low correlationfactorsandlarge
ratio discrepancy of 0.63and1.20. To bring theseratiosto oneit would require varying the E17dispersionfunction in two
oppositedirections by about 5 to 7%.

Table3 alsoquantifies emittanceratio dependenceon thebunchintensityandbunchcentroidpositionquoting % perone
rmsof thebunch intensityandbunchcentroid positiondistributionscorrespondingly. It shouldbenotedthatfor someemittance
ratiosthedependenceonbunchcentroid positionis nonnegligible andsometimeslargerthanthedependenceonbunchintensity.

Acknowledgments

Wewould like to thankHarryCheung, AndreasJansson,PaulLebrun, AlbertoMarchionni, StephenPordesandJeanSlaughter
for theirsuggestionsandcomments.

References

[1] M. Church, A Study of the Emittances of P1 during Proton Injections for Store 2070, talk on01/16/2003,
http://www-bd.fnal.gov/sdahomepage/osda/devices/p12070studypdf.pdf

[2] S.Pordeset al, Measurements of Proton and Antiproton beam intensities in the Tevatron, ParticleAcceleratorConference,
Portland,Oregon, USA, May 12-16, 2003

[3] H. W. K. Cheunget al, Performance of a Beam Monitor in the Fermilab Tevatron using Synchrotron Light, ParticleAccel-
eratorConference,Portland, Oregon,USA, May 12-16, 2003

7



0

5

10

15

20

25

10 15 20 25 30 35 40 45 50
�

55
�

60
�0.1

�0.15

0.2
�0.25

0.3
�0.35

0.4
�0.45

0.5
�0.55

0.6
�FWE11_AS_v_NGInt_ha_C13 h2_FWE11_AS_v_NGInt_C13

Entries 
�

 490

Mean x   25.71

Mean y 
�

 0.3091

RMS x    4.934

RMS y   0.04213

       0       0       0


       0     490       0


       0       0       0


p1_FWE11_AS_v_NGInt_C13�
Entries 
�

 490

Mean  
�

  25.72

RMS   
�

  4.903

Underflow 
�

      0

Overflow  
�

      0

 / ndf 2χ�  81.84 / 15

Prob  
�

 3.211e-11

p0       �  0.0018±
�

 0.09203 

p1       �  7.003e-05±
�

 0.008427 

FWE11_AS_v_NGInt_ha_C13

0
�2
 4!
6
�8
"10
#12
#14

16
#18
#20

6.5 7 7.5 8
"

8.5 9
$0

�0.005
� 0.01

0.015
� 0.02

0.025
� 0.03

0.035
� 0.04

0.045
� 0.05

FWE11_AS_o_NGInt_v_Centroid_ha_C13 h2_FWE11_AS_o_NGInt_v_Centroid_C13

Entries 
�

 490

Mean x   7.376

Mean y 
�

 0.01218

RMS x   0.2316

RMS y   0.0008658

       0       0       0


       0     490       0


       0       0       0


h1_FWE11_AS_o_NGInt_v_Centroid_C13

Entries  490

Mean    7.378

RMS    0.2559

Underflow       0

Overflow        0

 / ndf 
2χ%   1670 / 42

Prob       0

p0        0.0003618±
&

 0.01376 

p1        4.896e-05±
&

 -0.0002091 

FWE11_AS_o_NGInt_v_Centroid_ha_C13

10 15 20 25 30 35 40 45 50
�

55
�

60
�0

�
10

20

30

40

50

FWE11_AS_v_NGInt_ha_C13
h2_FWE11_AS_v_NGInt_C13_px

Entries 
�

 490

Mean  
�

  25.72

RMS   
�

  4.903

Underflow 
�

      0

Overflow  
�

      0

FWE11_AS_v_NGInt_ha_C13

0
�2
 4
!6
�8
"10

12

14

16

18

20
 

2500 2510 2520 2530 2540 2550 2560 25700
�0.005

� 0.01

0.015
� 0.02

0.025
� 0.03

0.035
� 0.04

0.045
� 0.05

FWE11_AS_o_NGInt_v_Store_ha_C13 h2_FWE11_AS_o_NGInt_v_Store_C13

Entries 
�

 490

Mean x    2526

Mean y  0.01218

RMS x    19.05

RMS y   0.0008658

       0       0       0


       0     490       0


       0       0       0


FWE11_AS_o_NGInt_v_Store_ha_C13

Figure1: Antiprotonbeam,horizontaldetectors:Performanceof theFlying Wire Detectorat theE11locationduring Tevatron
Remove Halo case:Amplitude (in arbitrary units) timessigmaof the bunchwidth distribution (in mm) of the front endFW
detectordataversusbunchintensity(ACNET variablesT:FBI[A,P]NG) (in E9) with anoverlaid horizontalprofile of thatdis-
tributionwith a straightline fit; Amplitudetimessigmaof thebunchwidth distribution of thefront endFW detectordataover
bunchintensityversusbunchE11centroid (in mm) (basedontheT:FW[E,H,V][A,P]CEACNETvariable) with anoverlaid hor-
izontalprofileof thatdistributionwith astraightline fit; bunchintensity;amplitudetimessigmaof thebunch width distribution
(in mm) of theraw FW detector distributionover bunch intensityversusstorenumber.
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Figure2: Antiprotonbeam,horizontaldetectors:Performanceof theFlying Wire Detectorat theE11locationduring Tevatron
RemoveHalocase:Sigmaof thebunch width distribution(in mm) asmeasuredby theFW detectorversusfront endmeasureof
thegoodnessof fit togetherwith anoverlaidhorizontalprofile andastraightline fit; sigmaitself, goodnessof fit itself; goodness
of fit versus bunch intensitytogetherwith anoverlaidhorizontalprofileandastraightline fit;
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Figure3: Antiprotonbeam,horizontaldetectors:Performanceof theFlying Wire Detectorat theE11locationduring Tevatron
RemoveHalo case:Amplitude(in arbitraryunits) timessigmaof thebunchwidth distribution (in mm) of thepass1 over pass
2 of thefront endFW detectordataversusbunchintensity(ACNETvariablesT:FBI[A,P]NG) (in E9) togetherwith anoverlaid
horizontalprofileof thatdistributionwith astraightline fit; sigmaof thebunchwidth distributionversusbunchcentroid (in mm)
(basedon the T:FW[E,H,V][A,P]CE ACNET variable)with an overlaid horizontal profile of that distribution with a straight
line fit; amplitude (in arbitrary units)timessigmaof thebunchwidth distribution(in mm) of thepass1 over pass2 of thefront
endFW detectordataitself, bunch emittance(in π � mm � mrad

�
versusstorenumber.
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Figure4: Antiprotonbeam,horizontaldetectors:Performanceof theFlying Wire Detectorat theE11locationduring Tevatron
Remove Halo case:Sigmaof thebunch width distribution (in mm) of thepass1 versuspass2 of theFW detector;sigmaof
thebunchwidth distribution (in mm) of thepass1 over pass2 of theFW detectorversus bunchintensity(ACNET variables
T:FBI[A,P]NG) (in E9) togetherwith anoverlaid horizontalprofile andastraightline fit; sigmaof thebunchwidth distribution
(in mm) of thepass1 over pass2 of theFW detectoritself, sigmaof thebunchwidth distribution (in mm) of thepass1 over
pass2 of theFW detectorversusfront endmeasureof thegoodnessof fit.
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Figure5: Antiproton beam,horizontal detectors: Performanceof theSynchrotronLight Detectorat theC11 locationduring
Tevatron RemoveHalo case:Amplitude (in arbitraryunits)timessigmaof thebunchwidth distribution (in mm) of theraw SL
detectordistribution versusbunch intensity(ACNET variables T:FBI[A,P]NG) (in E9) with an overlaid horizontal profile of
thatdistribution with a straightline fit; amplitude timessigmaof thebunch width distribution (in mm) of theraw SL detector
distribution over bunchintensityversusbunch E11 centroid(in mm) (basedon the T:FW[E,H,V][A,P]CE ACNET variable)
with an overlaid horizontal profile of that distribution with a straightline fit; bunch intensity; amplitude timessigmaof the
bunchwidth distribution(in mm) of theraw SL detectordistributionover bunchintensityversusstorenumber.
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Figure6: Antiproton beam,horizontal detectors: Performanceof theSynchrotronLight Detectorat theC11 locationduring
Tevatron Remove Halo case:Sigmaof thebunch width distribution (in mm) asmeasuredby theSL detector versusfront end
measureof the goodnessof fit together with an overlaid horizontal profile anda straightline fit; sigmaof the bunchwidth
distribution (in mm) itself; goodnessof fit itself; goodnessof fit versusbunchintensitytogetherwith an overlaid horizontal
profileanda straightline fit.
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Figure7: Antiproton beam,horizontal detectors: Performanceof theSynchrotronLight Detectorat theC11 locationduring
Tevatron Remove Halo case: Bunchemittance(in π � mm � mrad

�
as measuredby the front end SL detectorversus bunch

emittanceasrecalculatedusingfront endsigmaof thebunchwidthdistribution(in mm) (combinedwith SBDtiming information
in thehorizontalcases)togetherwith anoverlaid horizontalprofileof thatdistribution with astraightline fit; sigmaof thebunch
width distribution versusbunch E11centroid(in mm) (basedon theT:FW[E,H,V][A,P]CEACNET variable) with anoverlaid
horizontalprofileof thatdistributionwith a straightline fit; bunchemittance;bunchemittanceversusstorenumber.
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Figure8: Antiproton beam,horizontal detectors:Comparisonsof Emittancemeasurementsas doneby Synchrotron Light
Detectorat C11andFlying Wire Detectorat E11during Tevatron Remove Halo case:Bunchemittance(in π � mm � mrad

�
as

measuredby SynchrotronLight Detectorversus bunchemittance asmeasuredby theFlying Wire Detectorat E11;horizontal
profile of the previous distribution with a straightline fit; bunch emittance asmeasured by SynchrotronLight Detectorover
bunchemittanceasmeasuredby theFlying Wire Detectorat E11versusbunch intensity(ACNET variablesT:FBI[A,P]NG)
(in E9) togetherwith anoverlaidhorizontal profile anda straightline fit; bunch emittanceasmeasuredby Synchrotron Light
Detectorover bunch emittanceasmeasured by the Flying Wire Detectorat E11versusstorenumber with overlaid averaged
ratiosfor eachstoreanda horizontal line fit.
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Figure9: Antiproton beam,horizontal detectors:Comparisonsof Emittancemeasurementsas doneby Synchrotron Light
Detectorat C11andFlying Wire Detectorat E11during Tevatron Remove Halo case:Bunchemittanceasmeasuredby Syn-
chrotronLight Detectorover bunchemittanceasmeasuredby theFlying Wire DetectoratE11versusrecalculatedδp � p (based
on δt theT:SBD[A,P]SSACNET variable); horizontalprofile of thepreviousdistribution with a straightline fit; δp � p itself;
δp � p versus storenumber.
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Figure10: Antiproton beam,horizontal detectors: Comparisons of Emittancemeasurementsasdoneby Synchrotron Light
Detectorat C11andFlying Wire Detectorat E11during Tevatron Remove Halo case:Bunchemittanceasmeasuredby Syn-
chrotron Light Detectorover bunchemittanceasmeasuredby theFlying Wire Detectorat E11versusbunchE11centroid(in
mm) (basedon theT:FW[E,H,V][A,P]CE ACNET variable); horizontal profile of thepreviousdistribution with a straightline
fit; bunchE11centroid itself; bunchE11centroid versusstorenumber.
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Figure11: Antiproton beam,horizontal detectors: Performanceof theFlying Wire Detectorat theE17locationduringTeva-
tron Remove Halo case:Amplitude (in arbitrary units) timessigmaof the bunch width distribution (in mm) of the front end
FW detectordataversusbunchintensity(ACNET variablesT:FBI[A,P]NG) (in E9) with anoverlaidhorizontal profile of that
distribution with a straightline fit; Amplitude timessigmaof thebunch width distribution of the front endFW detectordata
over bunchintensityversusbunchE17centroid (in mm) (basedon theT:FW[E,H,V][A,P]CEACNET variable)with anover-
laid horizontal profile of that distribution with a straightline fit; bunchintensity;amplitude timessigmaof the bunchwidth
distribution(in mm) of theraw FW detector distributionover bunch intensityversusstorenumber.
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Figure12: Antiprotonbeam,horizontaldetectors: Performanceof theFlying Wire Detectorat theE17locationduring Tevatron
RemoveHalocase:Sigmaof thebunch width distribution(in mm) asmeasuredby theFW detectorversusfront endmeasureof
thegoodnessof fit togetherwith anoverlaidhorizontalprofile andastraightline fit; sigmaitself, goodnessof fit itself; goodness
of fit versus bunch intensitytogetherwith anoverlaidhorizontalprofileandastraightline fit.
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Figure13: Antiprotonbeam,horizontaldetectors: Performanceof theFlying Wire Detectorat theE17locationduring Tevatron
RemoveHalo case:Amplitude(in arbitraryunits) timessigmaof thebunchwidth distribution (in mm) of thepass1 over pass
2 of thefront endFW detectordataversusbunchintensity(ACNETvariablesT:FBI[A,P]NG) (in E9) togetherwith anoverlaid
horizontalprofileof thatdistributionwith astraightline fit; sigmaof thebunchwidth distributionversusbunchcentroid (in mm)
(basedon the T:FW[E,H,V][A,P]CE ACNET variable)with an overlaid horizontal profile of that distribution with a straight
line fit; amplitude (in arbitrary units)timessigmaof thebunchwidth distribution(in mm) of thepass1 over pass2 of thefront
endFW detectordataitself, bunch emittance(in π � mm � mrad

�
versusstorenumber.
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Figure14: Antiprotonbeam,horizontaldetectors: Performanceof theFlying Wire Detectorat theE17locationduring Tevatron
Remove Halo case:Sigmaof thebunch width distribution (in mm) of thepass1 versuspass2 of theFW detector;sigmaof
thebunchwidth distribution (in mm) of thepass1 over pass2 of theFW detectorversus bunchintensity(ACNET variables
T:FBI[A,P]NG) (in E9) togetherwith anoverlaid horizontalprofile andastraightline fit; sigmaof thebunchwidth distribution
(in mm) of thepass1 over pass2 of theFW detectoritself, sigmaof thebunchwidth distribution (in mm) of thepass1 over
pass2 of theFW detectorversusfront endmeasureof thegoodnessof fit.
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Figure15: Antiproton beam,horizontal detectors:Comparisonsof Emittancemeasurementsasdoneby Flying Wire Detector
at E17andFlying Wire Detectorat E11during Tevatron Remove Halo case:Bunchemittance(in π � mm � mrad

�
asmeasured

by Flying Wire Detectorat E17 versusbunchemittanceasmeasuredby the Flying Wire Detectorat E11; horizontal profile
of the previous distribution with a straightline fit; bunchemittanceasmeasuredby Flying Wire Detectorat E17over bunch
emittanceasmeasuredby theFlying Wire Detectorat E11versusbunchintensity(ACNET variablesT:FBI[A,P]NG) (in E9)
together with anoverlaid horizontalprofileandastraightline fit; bunchemittanceasmeasuredby Flying Wire DetectoratE17
over bunchemittanceasmeasuredby theFlying Wire Detectorat E11versusstorenumber with overlaid averagedratiosfor
eachstoreandahorizontal line fit.
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Figure16: Antiproton beam,horizontal detectors:Comparisonsof Emittancemeasurementsasdoneby Flying Wire Detector
at E17 andFlying Wire Detectorat E11 during Tevatron Remove Halo case:Bunchemittanceasmeasuredby Flying Wire
Detectorat E17 over bunchemittance asmeasuredby the Flying Wire Detectorat E11 versusrecalculatedδp � p (basedon
δt theT:SBD[A,P]SSACNET variable); horizontalprofile of thepreviousdistribution with a straightline fit; δp � p itself; δt
versusstorenumber.
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Figure17: Antiproton beam,horizontal detectors:Comparisonsof Emittancemeasurementsasdoneby Flying Wire Detector
at E17 andFlying Wire Detectorat E11 during Tevatron Remove Halo case:Bunchemittanceasmeasuredby Flying Wire
Detectorat E17 over bunchemittance asmeasured by the Flying Wire Detectorat E11 versusbunch E11 centroid (in mm)
(basedon theT:FW[E,H,V][A,P]CE ACNET variable); horizontalprofile of the previous distribution with a straightline fit;
bunchE17centroid; bunchE17centroid versusstorenumber.
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Figure18: Antiproton beam,horizontal detectors: Comparisons of Emittancemeasurementsasdoneby Synchrotron Light
Detectorat C11andFlying Wire Detectorat E17during Tevatron Remove Halo case:Bunchemittance(in π � mm � mrad

�
as

measuredby SynchrotronLight Detectorversus bunchemittance asmeasuredby theFlying Wire Detectorat E17;horizontal
profile of the previous distribution with a straightline fit; bunch emittance asmeasured by SynchrotronLight Detectorover
bunchemittanceasmeasuredby theFlying Wire Detectorat E17versusbunch intensity(ACNET variablesT:FBI[A,P]NG)
(in E9) togetherwith anoverlaidhorizontal profile anda straightline fit; bunch emittanceasmeasuredby Synchrotron Light
Detectoroverbunchemittanceasmeasured by theFlying Wire Detectorat E17versusstorenumber.
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Figure19: Antiproton beam,horizontal detectors: Comparisons of Emittancemeasurementsasdoneby Synchrotron Light
Detectorat C11andFlying Wire Detectorat E17during Tevatron Remove Halo case:Bunchemittanceasmeasuredby Syn-
chrotron Light Detectorover bunchemittanceasmeasuredby theFlying Wire Detectorat E17versusbunchE17centroid(in
mm) (basedon theT:FW[E,H,V][A,P]CE ACNET variable); horizontal profile of thepreviousdistribution with a straightline
fit; bunchE17centroid itself; bunchE17centroid versusstorenumber.
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Figure20: Protonbeam,horizontaldetectors: Performanceof theFlying Wire Detectorat theE11locationduringTevatron Re-
moveHalocase:Amplitude(in arbitrary units)timessigmaof thebunchwidthdistribution(in mm) of thefront endFW detector
dataversusbunchintensity(ACNET variablesT:FBI[A,P]NG) (in E9) with anoverlaid horizontalprofile of thatdistribution
with a straightline fit; Amplitude timessigmaof the bunch width distribution of the front endFW detectordataover bunch
intensityversusbunchE11centroid (in mm) (basedontheT:FW[E,H,V][A,P]CE ACNETvariable) with anoverlaidhorizontal
profile of that distribution with a straightline fit; bunchintensity;amplitude timessigmaof the bunch width distribution (in
mm) of theraw FW detector distributionover bunch intensityversusstorenumber.
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Figure21: Proton beam,horizontal detectors: Performanceof theFlying Wire Detectorat the E11 locationduringTevatron
RemoveHalocase:Sigmaof thebunch width distribution(in mm) asmeasuredby theFW detectorversusfront endmeasureof
thegoodnessof fit togetherwith anoverlaidhorizontalprofile andastraightline fit; sigmaitself, goodnessof fit itself; goodness
of fit versus bunch intensitytogetherwith anoverlaidhorizontalprofileandastraightline fit;
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Figure22: Proton beam,horizontal detectors: Performanceof theFlying Wire Detectorat the E11 locationduringTevatron
RemoveHalo case:Amplitude(in arbitraryunits) timessigmaof thebunchwidth distribution (in mm) of thepass1 over pass
2 of thefront endFW detectordataversusbunchintensity(ACNETvariablesT:FBI[A,P]NG) (in E9) togetherwith anoverlaid
horizontalprofileof thatdistributionwith astraightline fit; sigmaof thebunchwidth distributionversusbunchcentroid (in mm)
(basedon the T:FW[E,H,V][A,P]CE ACNET variable)with an overlaid horizontal profile of that distribution with a straight
line fit; amplitude (in arbitrary units)timessigmaof thebunchwidth distribution(in mm) of thepass1 over pass2 of thefront
endFW detectordataitself, bunch emittance(in π � mm � mrad

�
versusstorenumber.
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Figure23: Proton beam,horizontal detectors: Performanceof theFlying Wire Detectorat the E11 locationduringTevatron
Remove Halo case:Sigmaof thebunch width distribution (in mm) of thepass1 versuspass2 of theFW detector;sigmaof
thebunchwidth distribution (in mm) of thepass1 over pass2 of theFW detectorversus bunchintensity(ACNET variables
T:FBI[A,P]NG) (in E9) togetherwith anoverlaid horizontalprofile andastraightline fit; sigmaof thebunchwidth distribution
(in mm) of thepass1 over pass2 of theFW detectoritself, sigmaof thebunchwidth distribution (in mm) of thepass1 over
pass2 of theFW detectorversusfront endmeasureof thegoodnessof fit.
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Figure24: Protonbeam,horizontal detectors:Performanceof the Synchrotron Light Detectorat the C11 locationduring
Tevatron RemoveHalo case:Amplitude (in arbitraryunits)timessigmaof thebunchwidth distribution (in mm) of theraw SL
detectordistribution versusbunch intensity(ACNET variables T:FBI[A,P]NG) (in E9) with an overlaid horizontal profile of
thatdistribution with a straightline fit; amplitude timessigmaof thebunch width distribution (in mm) of theraw SL detector
distribution over bunchintensityversusbunch E11 centroid(in mm) (basedon the T:FW[E,H,V][A,P]CE ACNET variable)
with an overlaid horizontal profile of that distribution with a straightline fit; bunch intensity; amplitude timessigmaof the
bunchwidth distribution(in mm) of theraw SL detectordistributionover bunchintensityversusstorenumber.
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Figure25: Protonbeam,horizontal detectors:Performanceof the Synchrotron Light Detectorat the C11 locationduring
Tevatron Remove Halo case:Sigmaof thebunch width distribution (in mm) asmeasuredby theSL detector versusfront end
measureof the goodnessof fit together with an overlaid horizontal profile anda straightline fit; sigmaof the bunchwidth
distribution (in mm) itself; goodnessof fit itself; goodnessof fit versusbunchintensitytogetherwith an overlaid horizontal
profileanda straightline fit.
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Figure26: Protonbeam,horizontal detectors:Performanceof the Synchrotron Light Detectorat the C11 locationduring
Tevatron Remove Halo case: Bunchemittance(in π � mm � mrad

�
as measuredby the front end SL detectorversus bunch

emittanceasrecalculatedusingfront endsigmaof thebunchwidthdistribution(in mm) (combinedwith SBDtiming information
in thehorizontalcases)togetherwith anoverlaid horizontalprofileof thatdistribution with astraightline fit; sigmaof thebunch
width distribution versusbunch E11centroid(in mm) (basedon theT:FW[E,H,V][A,P]CEACNET variable) with anoverlaid
horizontalprofileof thatdistributionwith a straightline fit; bunchemittance;bunchemittanceversusstorenumber.
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Figure27: Protonbeam,horizontaldetectors: Comparisonsof Emittancemeasurementsasdoneby SynchrotronLight Detector
atC11andFlying Wire DetectoratE11during Tevatron RemoveHalocase:Bunchemittance(in π � mm � mrad

�
asmeasuredby

SynchrotronLight Detectorversusbunchemittanceasmeasuredby theFlying Wire Detectorat E11;horizontalprofile of the
previousdistributionwith astraightline fit; bunchemittanceasmeasuredby SynchrotronLight Detectoroverbunch emittance
asmeasuredby the Flying Wire Detectorat E11 versusbunchintensity(ACNET variablesT:FBI[A,P]NG) (in E9) together
with an overlaid horizontal profile anda straightline fit; bunchemittanceasmeasuredby Synchrotron Light Detectorover
bunchemittanceasmeasuredby theFlying Wire Detectorat E11versusstorenumber with overlaid averagedratiosfor each
storeandahorizontal line fit.
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Figure28: Protonbeam,horizontaldetectors: Comparisonsof Emittancemeasurementsasdoneby SynchrotronLight Detector
at C11 andFlying Wire Detectorat E11 during Tevatron Remove Halo case:Bunchemittanceasmeasured by Synchrotron
Light Detectorover bunchemittanceasmeasuredby theFlying Wire Detectorat E11versusrecalculatedδp � p (basedon δt
theT:SBD[A,P]SSACNET variable); horizontalprofile of thepreviousdistribution with a straightline fit; δp � p itself; δp � p
versusstorenumber.
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Figure29: Protonbeam,horizontaldetectors: Comparisonsof Emittancemeasurementsasdoneby SynchrotronLight Detector
at C11 andFlying Wire Detectorat E11 during Tevatron Remove Halo case:Bunchemittanceasmeasured by Synchrotron
Light Detectorover bunchemittanceasmeasuredby theFlyingWire DetectoratE11versusbunchE11centroid(in mm) (based
on the T:FW[E,H,V][A,P]CE ACNET variable); horizontal profile of the previous distribution with a straightline fit; bunch
E11centroid itself; bunchE11centroid versusstorenumber.
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Figure30: Protonbeam,horizontaldetectors: Performanceof theFlying Wire Detectorat theE17locationduringTevatron Re-
moveHalocase:Amplitude(in arbitrary units)timessigmaof thebunchwidthdistribution(in mm) of thefront endFW detector
dataversusbunchintensity(ACNET variablesT:FBI[A,P]NG) (in E9) with anoverlaid horizontalprofile of thatdistribution
with a straightline fit; Amplitude timessigmaof the bunch width distribution of the front endFW detectordataover bunch
intensityversusbunchE17centroid (in mm) (basedontheT:FW[E,H,V][A,P]CE ACNETvariable) with anoverlaidhorizontal
profile of that distribution with a straightline fit; bunchintensity;amplitude timessigmaof the bunch width distribution (in
mm) of theraw FW detector distributionover bunch intensityversusstorenumber.
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Figure31: Proton beam,horizontal detectors: Performanceof theFlying Wire Detectorat the E17 locationduringTevatron
RemoveHalocase:Sigmaof thebunch width distribution(in mm) asmeasuredby theFW detectorversusfront endmeasureof
thegoodnessof fit togetherwith anoverlaidhorizontalprofile andastraightline fit; sigmaitself, goodnessof fit itself; goodness
of fit versus bunch intensitytogetherwith anoverlaidhorizontalprofileandastraightline fit.
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Figure32: Proton beam,horizontal detectors: Performanceof theFlying Wire Detectorat the E17 locationduringTevatron
RemoveHalo case:Amplitude(in arbitraryunits) timessigmaof thebunchwidth distribution (in mm) of thepass1 over pass
2 of thefront endFW detectordataversusbunchintensity(ACNETvariablesT:FBI[A,P]NG) (in E9) togetherwith anoverlaid
horizontalprofileof thatdistributionwith astraightline fit; sigmaof thebunchwidth distributionversusbunchcentroid (in mm)
(basedon the T:FW[E,H,V][A,P]CE ACNET variable)with an overlaid horizontal profile of that distribution with a straight
line fit; amplitude (in arbitrary units)timessigmaof thebunchwidth distribution(in mm) of thepass1 over pass2 of thefront
endFW detectordataitself, bunch emittance(in π � mm � mrad

�
versusstorenumber.
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Figure33: Proton beam,horizontal detectors: Performanceof theFlying Wire Detectorat the E17 locationduringTevatron
Remove Halo case:Sigmaof thebunch width distribution (in mm) of thepass1 versuspass2 of theFW detector;sigmaof
thebunchwidth distribution (in mm) of thepass1 over pass2 of theFW detectorversus bunchintensity(ACNET variables
T:FBI[A,P]NG) (in E9) togetherwith anoverlaid horizontalprofile andastraightline fit; sigmaof thebunchwidth distribution
(in mm) of thepass1 over pass2 of theFW detectoritself, sigmaof thebunchwidth distribution (in mm) of thepass1 over
pass2 of theFW detectorversusfront endmeasureof thegoodnessof fit.
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Figure34: Protonbeam, horizontal detectors:Comparisons of Emittancemeasurementsasdoneby Flying Wire Detectorat
E17andFlying Wire Detectorat E11during Tevatron Remove Halo case:Bunchemittance(in π � mm � mrad

�
asmeasuredby

Flying Wire Detectorat E17versusbunchemittanceasmeasuredby theFlying Wire Detectorat E11;horizontalprofileof the
previousdistributionwith astraightline fit; bunchemittanceasmeasuredby Flying Wire DetectoratE17overbunchemittance
asmeasuredby the Flying Wire Detectorat E11 versusbunchintensity(ACNET variablesT:FBI[A,P]NG) (in E9) together
with an overlaid horizontal profile anda straightline fit; bunchemittanceasmeasuredby Flying Wire Detectorat E17over
bunchemittanceasmeasuredby theFlying Wire Detectorat E11versusstorenumber with overlaid averagedratiosfor each
storeandahorizontal line fit.
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Figure35: Protonbeam,horizontal detectors:Comparisons of Emittance measurementsas doneby Flying Wire Detector
at E17 andFlying Wire Detectorat E11 during Tevatron Remove Halo case:Bunchemittanceasmeasuredby Flying Wire
Detectorat E17 over bunchemittance asmeasuredby the Flying Wire Detectorat E11 versusrecalculatedδp � p (basedon
δt theT:SBD[A,P]SSACNET variable); horizontalprofile of thepreviousdistribution with a straightline fit; δp � p itself; δt
versusstorenumber.
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Figure36: Protonbeam,horizontaldetectors:Comparisonsof EmittancemeasurementsasdonebyFlyingWireDetectoratE17
andFlying Wire Detectorat E11during Tevatron Remove Halo case:Bunchemittanceasmeasuredby Flying Wire Detector
at E17over bunchemittance asmeasured by the Flying Wire Detectorat E11versusbunch E11centroid (in mm) (basedon
theT:FW[E,H,V][A,P]CEACNET variable); horizontalprofile of thepreviousdistribution with a straightline fit; bunchE17
centroid; bunchE17centroidversusstorenumber.
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Figure37: Protonbeam,horizontaldetectors: Comparisonsof Emittancemeasurementsasdoneby SynchrotronLight Detector
atC11andFlying Wire DetectoratE17during Tevatron RemoveHalocase:Bunchemittance(in π � mm � mrad

�
asmeasuredby

SynchrotronLight Detectorversusbunchemittanceasmeasuredby theFlying Wire Detectorat E17;horizontalprofile of the
previousdistributionwith astraightline fit; bunchemittanceasmeasuredby SynchrotronLight Detectoroverbunch emittance
asmeasuredby the Flying Wire Detectorat E17 versusbunchintensity(ACNET variablesT:FBI[A,P]NG) (in E9) together
with an overlaid horizontal profile anda straightline fit; bunchemittanceasmeasuredby Synchrotron Light Detectorover
bunchemittanceasmeasuredby theFlying Wire Detectorat E17versusstorenumber.
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Figure38: Protonbeam,horizontaldetectors: Comparisonsof Emittancemeasurementsasdoneby SynchrotronLight Detector
at C11 andFlying Wire Detectorat E17 during Tevatron Remove Halo case:Bunchemittanceasmeasured by Synchrotron
Light Detectorover bunchemittanceasmeasuredby theFlyingWire DetectoratE17versusbunchE17centroid(in mm) (based
on the T:FW[E,H,V][A,P]CE ACNET variable); horizontal profile of the previous distribution with a straightline fit; bunch
E17centroid itself; bunchE17centroid versusstorenumber.
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Figure39: Antiproton beam,verticaldetectors:Performanceof theFlying Wire Detectorat theE11locationduring Tevatron
Remove Halo case:Amplitude (in arbitrary units) timessigmaof the bunchwidth distribution (in mm) of the front endFW
detectordataversusbunchintensity(ACNET variablesT:FBI[A,P]NG) (in E9) with anoverlaid horizontalprofile of thatdis-
tributionwith a straightline fit; Amplitudetimessigmaof thebunchwidth distribution of thefront endFW detectordataover
bunchintensityversusbunchE11centroid (in mm) (basedontheT:FW[E,H,V][A,P]CEACNETvariable) with anoverlaid hor-
izontalprofileof thatdistributionwith astraightline fit; bunchintensity;amplitudetimessigmaof thebunch width distribution
(in mm) of theraw FW detector distributionover bunch intensityversusstorenumber.
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Figure40: Antiproton beam,verticaldetectors:Performanceof theFlying Wire Detectorat theE11locationduring Tevatron
RemoveHalocase:Sigmaof thebunch width distribution(in mm) asmeasuredby theFW detectorversusfront endmeasureof
thegoodnessof fit togetherwith anoverlaidhorizontalprofile andastraightline fit; sigmaitself, goodnessof fit itself; goodness
of fit versus bunch intensitytogetherwith anoverlaidhorizontalprofileandastraightline fit;
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Figure41: Antiproton beam,verticaldetectors:Performanceof theFlying Wire Detectorat theE11locationduring Tevatron
RemoveHalo case:Amplitude(in arbitraryunits) timessigmaof thebunchwidth distribution (in mm) of thepass1 over pass
2 of thefront endFW detectordataversusbunchintensity(ACNETvariablesT:FBI[A,P]NG) (in E9) togetherwith anoverlaid
horizontalprofileof thatdistributionwith astraightline fit; sigmaof thebunchwidth distributionversusbunchcentroid (in mm)
(basedon the T:FW[E,H,V][A,P]CE ACNET variable)with an overlaid horizontal profile of that distribution with a straight
line fit; amplitude (in arbitrary units)timessigmaof thebunchwidth distribution(in mm) of thepass1 over pass2 of thefront
endFW detectordataitself, bunch emittance(in π � mm � mrad

�
versusstorenumber.
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Figure42: Antiproton beam,verticaldetectors:Performanceof theFlying Wire Detectorat theE11locationduring Tevatron
Remove Halo case:Sigmaof thebunch width distribution (in mm) of thepass1 versuspass2 of theFW detector;sigmaof
thebunchwidth distribution (in mm) of thepass1 over pass2 of theFW detectorversus bunchintensity(ACNET variables
T:FBI[A,P]NG) (in E9) togetherwith anoverlaid horizontalprofile andastraightline fit; sigmaof thebunchwidth distribution
(in mm) of thepass1 over pass2 of theFW detectoritself, sigmaof thebunchwidth distribution (in mm) of thepass1 over
pass2 of theFW detectorversusfront endmeasureof thegoodnessof fit.
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Figure43: Antiproton beam,vertical detectors: Performanceof the Synchrotron Light Detectorat the C11 locationduring
Tevatron RemoveHalo case:Amplitude (in arbitraryunits)timessigmaof thebunchwidth distribution (in mm) of theraw SL
detectordistribution versusbunch intensity(ACNET variables T:FBI[A,P]NG) (in E9) with an overlaid horizontal profile of
thatdistribution with a straightline fit; amplitude timessigmaof thebunch width distribution (in mm) of theraw SL detector
distribution over bunchintensityversusbunch E11 centroid(in mm) (basedon the T:FW[E,H,V][A,P]CE ACNET variable)
with an overlaid horizontal profile of that distribution with a straightline fit; bunch intensity; amplitude timessigmaof the
bunchwidth distribution(in mm) of theraw SL detectordistributionover bunchintensityversusstorenumber.
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Figure44: Antiproton beam,vertical detectors: Performanceof the Synchrotron Light Detectorat the C11 locationduring
Tevatron Remove Halo case:Sigmaof thebunch width distribution (in mm) asmeasuredby theSL detector versusfront end
measureof the goodnessof fit together with an overlaid horizontal profile anda straightline fit; sigmaof the bunchwidth
distribution (in mm) itself; goodnessof fit itself; goodnessof fit versusbunchintensitytogetherwith an overlaid horizontal
profileanda straightline fit.
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Figure45: Antiproton beam,vertical detectors: Performanceof the Synchrotron Light Detectorat the C11 locationduring
Tevatron Remove Halo case: Bunchemittance(in π � mm � mrad

�
as measuredby the front end SL detectorversus bunch

emittanceasrecalculatedusingfront endsigmaof thebunchwidthdistribution(in mm) (combinedwith SBDtiming information
in thehorizontalcases)togetherwith anoverlaid horizontalprofileof thatdistribution with astraightline fit; sigmaof thebunch
width distribution versusbunch E11centroid(in mm) (basedon theT:FW[E,H,V][A,P]CEACNET variable) with anoverlaid
horizontalprofileof thatdistributionwith a straightline fit; bunchemittance;bunchemittanceversusstorenumber.
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Figure46: Antiproton beam,verticaldetectors: Comparisonsof Emittancemeasurementsasdone by SynchrotronLight De-
tectorat C11 andFlying Wire Detectorat E11 during Tevatron Remove Halo case:Bunchemittance(in π � mm � mrad

�
as

measuredby SynchrotronLight Detectorversus bunchemittance asmeasuredby theFlying Wire Detectorat E11;horizontal
profile of the previous distribution with a straightline fit; bunch emittance asmeasured by SynchrotronLight Detectorover
bunchemittanceasmeasuredby theFlying Wire Detectorat E11versusbunch intensity(ACNET variablesT:FBI[A,P]NG)
(in E9) togetherwith anoverlaidhorizontal profile anda straightline fit; bunch emittanceasmeasuredby Synchrotron Light
Detectorover bunch emittanceasmeasured by the Flying Wire Detectorat E11versusstorenumber with overlaid averaged
ratiosfor eachstoreanda horizontal line fit.
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Figure47: Antiprotonbeam,verticaldetectors: Comparisonsof Emittancemeasurementsasdoneby SynchrotronLight Detec-
tor at C11andFlying Wire Detectorat E11during Tevatron Remove Halocase:Bunchemittanceasmeasuredby Synchrotron
Light Detectorover bunchemittanceasmeasuredby theFlying Wire Detectorat E11versusrecalculatedδp � p (basedon δt
theT:SBD[A,P]SSACNET variable); horizontalprofile of thepreviousdistribution with a straightline fit; δp � p itself; δp � p
versusstorenumber.
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Figure48: Antiprotonbeam,verticaldetectors: Comparisonsof Emittancemeasurementsasdoneby SynchrotronLight Detec-
tor at C11andFlying Wire Detectorat E11during Tevatron Remove Halocase:Bunchemittanceasmeasuredby Synchrotron
Light Detectorover bunchemittanceasmeasuredby theFlyingWire DetectoratE11versusbunchE11centroid(in mm) (based
on the T:FW[E,H,V][A,P]CE ACNET variable); horizontal profile of the previous distribution with a straightline fit; bunch
E11centroid itself; bunchE11centroid versusstorenumber.
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Figure49: Protonbeam,verticaldetectors:Performanceof theFlying Wire Detectorat theE11locationduring Tevatron Re-
moveHalocase:Amplitude(in arbitrary units)timessigmaof thebunchwidthdistribution(in mm) of thefront endFW detector
dataversusbunchintensity(ACNET variablesT:FBI[A,P]NG) (in E9) with anoverlaid horizontalprofile of thatdistribution
with a straightline fit; Amplitude timessigmaof the bunch width distribution of the front endFW detectordataover bunch
intensityversusbunchE11centroid (in mm) (basedontheT:FW[E,H,V][A,P]CE ACNETvariable) with anoverlaidhorizontal
profile of that distribution with a straightline fit; bunchintensity;amplitude timessigmaof the bunch width distribution (in
mm) of theraw FW detector distributionover bunch intensityversusstorenumber.
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Figure50: Protonbeam, vertical detectors: Performanceof the Flying Wire Detectorat the E11 locationduring Tevatron
RemoveHalocase:Sigmaof thebunch width distribution(in mm) asmeasuredby theFW detectorversusfront endmeasureof
thegoodnessof fit togetherwith anoverlaidhorizontalprofile andastraightline fit; sigmaitself, goodnessof fit itself; goodness
of fit versus bunch intensitytogetherwith anoverlaidhorizontalprofileandastraightline fit;
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Figure51: Protonbeam, vertical detectors: Performanceof the Flying Wire Detectorat the E11 locationduring Tevatron
RemoveHalo case:Amplitude(in arbitraryunits) timessigmaof thebunchwidth distribution (in mm) of thepass1 over pass
2 of thefront endFW detectordataversusbunchintensity(ACNETvariablesT:FBI[A,P]NG) (in E9) togetherwith anoverlaid
horizontalprofileof thatdistributionwith astraightline fit; sigmaof thebunchwidth distributionversusbunchcentroid (in mm)
(basedon the T:FW[E,H,V][A,P]CE ACNET variable)with an overlaid horizontal profile of that distribution with a straight
line fit; amplitude (in arbitrary units)timessigmaof thebunchwidth distribution(in mm) of thepass1 over pass2 of thefront
endFW detectordataitself, bunch emittance(in π � mm � mrad

�
versusstorenumber.
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Figure52: Protonbeam, vertical detectors: Performanceof the Flying Wire Detectorat the E11 locationduring Tevatron
Remove Halo case:Sigmaof thebunch width distribution (in mm) of thepass1 versuspass2 of theFW detector;sigmaof
thebunchwidth distribution (in mm) of thepass1 over pass2 of theFW detectorversus bunchintensity(ACNET variables
T:FBI[A,P]NG) (in E9) togetherwith anoverlaid horizontalprofile andastraightline fit; sigmaof thebunchwidth distribution
(in mm) of thepass1 over pass2 of theFW detectoritself, sigmaof thebunchwidth distribution (in mm) of thepass1 over
pass2 of theFW detectorversusfront endmeasureof thegoodnessof fit.
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Figure53: Protonbeam,vertical detectors:Performanceof theSynchrotron Light Detectorat theC11 locationduring Teva-
tron Remove Halo case:Amplitude (in arbitraryunits) timessigmaof the bunch width distribution (in mm) of the raw SL
detectordistribution versusbunch intensity(ACNET variables T:FBI[A,P]NG) (in E9) with an overlaid horizontal profile of
thatdistribution with a straightline fit; amplitude timessigmaof thebunch width distribution (in mm) of theraw SL detector
distribution over bunchintensityversusbunch E11 centroid(in mm) (basedon the T:FW[E,H,V][A,P]CE ACNET variable)
with an overlaid horizontal profile of that distribution with a straightline fit; bunch intensity; amplitude timessigmaof the
bunchwidth distribution(in mm) of theraw SL detectordistributionover bunchintensityversusstorenumber.
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Figure54: Protonbeam,verticaldetectors:Performanceof theSynchrotronLight Detectorat theC11locationduring Tevatron
Remove Halo case:Sigmaof thebunchwidth distribution (in mm) asmeasuredby theSL detector versusfront endmeasure
of thegoodnessof fit togetherwith anoverlaid horizontal profile anda straightline fit; sigmaof thebunchwidth distribution
(in mm) itself; goodnessof fit itself; goodnessof fit versus bunchintensitytogether with anoverlaid horizontalprofile anda
straightline fit.
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Figure55: Protonbeam,verticaldetectors:Performanceof theSynchrotronLight Detectorat theC11locationduring Tevatron
Remove Halo case:Bunchemittance(in π � mm � mrad

�
asmeasuredby the front endSL detector versusbunchemittanceas

recalculatedusingfront endsigmaof the bunchwidth distribution (in mm) (combined with SBD timing information in the
horizontal cases)togetherwith an overlaid horizontal profile of that distribution with a straightline fit; sigmaof the bunch
width distribution versusbunch E11centroid(in mm) (basedon theT:FW[E,H,V][A,P]CEACNET variable) with anoverlaid
horizontalprofileof thatdistributionwith a straightline fit; bunchemittance;bunchemittanceversusstorenumber.
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Figure56: Protonbeam,verticaldetectors: Comparisonsof Emittancemeasurementsasdoneby SynchrotronLight Detectorat
C11andFlying Wire Detectorat E11during TevatronRemoveHalo case:Bunchemittance(in π � mm � mrad

�
asmeasuredby

SynchrotronLight Detectorversusbunchemittanceasmeasuredby theFlying Wire Detectorat E11;horizontalprofile of the
previousdistributionwith astraightline fit; bunchemittanceasmeasuredby SynchrotronLight Detectoroverbunch emittance
asmeasuredby the Flying Wire Detectorat E11 versusbunchintensity(ACNET variablesT:FBI[A,P]NG) (in E9) together
with an overlaid horizontal profile anda straightline fit; bunchemittanceasmeasuredby Synchrotron Light Detectorover
bunchemittanceasmeasuredby theFlying Wire Detectorat E11versusstorenumber with overlaid averagedratiosfor each
storeandahorizontal line fit.
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Figure57: Protonbeam,verticaldetectors:Comparisonsof Emittancemeasurementsasdone by SynchrotronLight Detector
at C11 andFlying Wire Detectorat E11 during Tevatron Remove Halo case:Bunchemittanceasmeasured by Synchrotron
Light Detectorover bunchemittanceasmeasuredby theFlying Wire Detectorat E11versusrecalculatedδp � p (basedon δt
theT:SBD[A,P]SSACNET variable); horizontalprofile of thepreviousdistribution with a straightline fit; δp � p itself; δp � p
versusstorenumber.
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Figure58: Protonbeam,verticaldetectors: Comparisonsof Emittancemeasurementsasdoneby SynchrotronLight Detectorat
C11andFlying Wire Detectorat E11during Tevatron RemoveHalocase:Bunchemittanceasmeasuredby SynchrotronLight
Detectorover bunch emittanceasmeasuredby theFlying Wire Detectorat E11versusbunchE11centroid(in mm) (basedon
theT:FW[E,H,V][A,P]CEACNET variable); horizontalprofile of thepreviousdistribution with a straightline fit; bunchE11
centroid itself; bunch E11centroidversusstorenumber.
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