On Tevatron Beam Transver se Emittance and Luminosity at CDF and DO

Version 1.0

KrzysztofGenser
Septembefl0th2003

ComputingDivision, Fermilab

Abstract

We presentdatapertainirg to TevatronEffedive BeamEmittanceandLuminosity for storesin 2500
to 3000range.

1 Introduction

We study Tevatran Trarsverse Effective Beam Emittan@ measurermants dore using Flying Wires (FW) (Seeref [2]) and
SampledBunch Display (SBD). We compare thosemeasuementsto Luminosity obsened by CDF and DO (and recaded
in C:BOILUM andC:DOILUM ACNET variables) usingformulasdescrited below.

2 Data Selection

Thestoredfor this analysisnvereselectedrom May-Septerber20 runnirg periodnamelystores2500-3000with the excep
tion of stores:2560-264%, 2746,2805 2973, 2988sincethey wereconsideed atypical.

TheTevatronCasechoserfor analysisvas“Remove Halo” (with thebeamenengy of 980GeV) andfirst Setof HEP Caseas
thisis a setof caseswhereTrans\erseEmittanceFlying Wire measuremerandB0 andDO lumincsity measuremasaredore
only within afew minutesapart.Otherrequrementamposedon the datawere: For Luminasity andEffective Emittanceplots:
B0 andDO0 measuree@ffective bunchemittancenadto besmallerthan25 1t- mm- mrad andB0O andDO measuedandcalculated
bunchluminosity hadto be greaterthan0.0110%°. cm=2 - sec™1; For Emittarce plots: The Antiproton Bunchintensityhadto
begreatetthan15- 10°.

3 Emittance and Luminosity Calculations

We calculateNormalized95% Trans\erseEmittan@ € (in 11- mm- mrad)) usingformuasdescribedn [4]:
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where

3p = 3t(83.293+ 3t (—10.562+ 3t0.8023)) (Seeref[1))

ot is the T:SBD[A,P]SSACNET varialde (longtudinal beambunch spreadn ns), p is the beammomenumin GeV, y| is the
Lorertz gamma, o arebunch width asmeasuredby eachof the detector ACNET variades T:FW[H,V][A, P]SG).In the FW
casethewidth is the arithmeticaverageof thetwo measurermants(for bothof thewire passesroughthebeam).
Luminosity L (in 10%°- cm~2- sec™1) andEffective EmittanceFemitt in ny (in TT-mm- mrad)) arecalculatecusingformulas
from[3]:
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where

Femitt = 0.5- \/(Ep + 8a)h(£p+ €a)v

f is therevolution frequeng (47.7KHz), Ng is thenumter of bunches(36), Np, Na arethe numtersof protasandantiprotas
perbunch(in 10°%), B;y; is therelativistic factor(1045), B* is is thebetafunction attheinteractionpoint ( assumeequalin both

horizantal andverticaldiredionsaswell asat BO andDO0 andto be 35.6cm). H is thehouglassfactorcaclulatedas
H(o/B*) = 1.0831+ (%*9'98)(_0,3916+ (m w

)(0.06758+ ( ) — 0.003097))



ando; is longitudinal beambunch spreadn ns (T:SBD[A,P]WSACNET variable)

4 Reaults

Fig. 1 shavs BO and DO Effective Emittancecalculatecbasedon measued Luminosity compaed to the Effective Emittance
asmeasuredisingFlying Wires. Onecanseethatthe calculatedpredicted Effective Emittancedepers quite linearly onthe
measuredneandthatthe calculatecEmittancepredictechasedn the Luminosity measurerantsis about25-4% higherthan
the measuredtffective Emittance

Fig. 2 shavs calculatedBunchLuminosity over measuredneversis measuedonefor BO andDO locations.It alsoshavs
total measured0 Luminosity over BO Luminasity versis measured0 Luminaosity aswell astotal calculatedd0 Luminosity
over BO Luminosity versts calculatedB0 Luminosity. Fromthetwo plotsrelatedto DO measuedluminosity onecanconclud
thatthe DO luminosity detectos seemto saturateat higher luminosities.

Theremaingfigures(3—-18) areincluded for completeress(with the two alreadyshawn figuresincludedonceagan in the
different context to make comparisonseasier)andto shav the effect of insertinglight attenuatecs in the antipioton Flying
WiresdetectorsystemsFirst setof figures3—10shows datafor the entire2500 to 3000 storerangebefae andafterattenugors
insertion,whereadigures11-18 shav storesafterlight attenuatcs insertiononly (Stores2663-30M).

From plots on Figure4 and9 (comparedto Fig. 12 and17) onecanseethatthe insertionof attenuatos hada significant
effect on the TrarsverseEmittancemeasurments(esp.giventhefactthatthe bunchintensitiesremaired basicallyunchaiged
over theentireperiod(Figures6 and14). Figures6 and14 alsoshav thatBunchEmittances smallerfor higherbunch numters
for pratonsandthatbunchEmittanceandIntersity is smallerfor antipiotons. BunchEmittancefor antiprotas haddecresed
afterattenuatcs hadbeeninserted(Fig 7).

The morecorrect emittancemeasurmentsleadto differentdepexdencief theratio of calculatedandmeasured0 and
DO LuminasitiesversusLuminosity (Figures5 and13).

Compaisonsof verticalandholizontal BunchEmittanceshav thatthe horizantal emittances abou 0.7 of theverticd one
(Figurels).

5 Conclusions

1. Insertirg attenuatas in the Antiproton Flying Wire scintillator systemhada very significanteffect on the Transwerse
Emittarce measuremntsandtherefae onthe predctedluminosityvalues.

2. Effective Emittancds abou 20-30%lowerthanthecalculatecemittanceredctedbasedntheluminacsity measuremnts
(Fig. 1).

3. DO Luminosity Detectorsseemto saturateat higher luminosities(Fig. 2).

It is worthto notethatthe calculatedotal luminaosity for CDF is equalto thatonefor DO andtheir ratio remainsconstaih over
theobsenred luminosityrange.
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Figurel: BO andDO calculatedrersusneasuredffedive Emittance(in 1i-mm- mrad)) togethemwith calculatedbver measurd
Effective EmittanceversusStoreNumbae. Trans\erse Emittanceat Remaove Halo Casemeasuredvith Flying WiresandSBD.
CalculatecEffective Emittan@ basedon Bunchlintensitiesmeasuredavith SBD andon BO andDO Luminosity measurerants
atfirst HEP CaseSet. Storesafter Flying Wireslight attenuatas insertiononly (2663-30).
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Figure2: CalculatedBunchLuminosity (in 10%°-cm~2-sec~1) over measuredneversusmeasurednefor BO andDO locations
togethe with total measured0 over BO Luminosity versusmeasurd BO Luminosity andtotal calculatedD0 over BO Lumi-
nosity versuscalculatedB0 Luminasity. Luminosity calculatedasedn transwerseEmittan@ at Remaove Halo Casemeasurd
with Flying WiresandSBD andBunchintersitiesat first HEP CaseSetmeasued with SBD. Measurd Luminosity basedon
B0 andD0O measuremen atthefirst HEP CaseSet. Storesafter Flying Wireslight attenuatos insertiononly (2668-3000).
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Figure3: CalculatedBunchLuminosity (in 10%°- cm~2- sec™1) versis measued onefor BO andDO locatians (shavn with and
without a straightline fit). Luminosity calculatedbasedon trans\erse Emittanceat Remave Halo Casemeasurd with Flying
Wiresand SBD andBunchlntensitiesat first HEP CaseSetmeasurd with SBD. Measured_uminosity basedon BO and DO
measurerntsat the first HEP CaseSet. Storeshefoie andafterFlying Wireslight attenuatos insertion(2500-30).
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Figure4: CalculatedBunchLuminosity (in 103°-cm~2-sec—1) overmeasuredneversusStoreNumberfor BO andDO locations
togethe with total measuredO0 v BO Luminacsity andtotal calculated0 v BO Luminasity. Luminosity calculatedbasedon

trans\erseEmittanceat Remaoe Halo Casemeasurd with Flying WiresandSBD andBunchintersitiesat first HEP CaseSet
measuredvith SBD. Measured_uminosity basedon BO and DO measuementsat the first HEP CaseSet. Storesbeforeand
afterFlying Wireslight attenuatas insertion(2500-3000).
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Figure5: CalculatedBunchLuminosity (in 10 - cm~2 - sec™1) over measuredne versis measued onefor BO and DO lo-

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

BO Luminosity versuscalculatedB0 Luminosity. Luminasity calculatecbasedon transerse Emittanceat Remae Halo Case
measuredavith Flying WiresandSBD andBunchlntersitiesat first HEP CaseSetmeasurd with SBD. Measured_.uminosity
basedon BO andDO measuementsat the first HEP CaseSet. Storesbefole andafter Flying Wireslight attenuatas insertion
(2500-3m0).
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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. Storeshefae andafter Flying Wireslight attenuatas insertion(2500-300).
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Figure7: Horizortal Antiproton andProtonEmittane (in 1t- mm- mrad)) togethemwith Vertical Antiproton and ProtonEmit-
tanceversis StoreNumber Trans\erseEmittancemeasurd with Flying WiresandSBD at Remave Halo Case.Bunchinten
sitiesat first HEP CaseSetmeasuedwith SBD. Storesbefore andafter Flying Wireslight attenuates insertion(2500-30@®).
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Figure8: Horizortal AntiprotonEmittance(in 1-mm-mrad)) versusVertical Antiproton Emittarce (samefor Protonsyogetter
with Horizortal Antiproton Emittanceover Vertical Antiproton Emittan@ versusStore(samefor Protons). Transerse Emit-
tancemeasuredvith Flying WiresandSBD at Remore Halo Case Bunchintensitiesatfirst HEP CaseSetmeasurd with SBD.
Storeshefore andafter Flying Wireslight attenuates insertion(2500-300).
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Figure9: BO andDO measued andcalculatecEffective Emittance(in - mm- mrad)) versusStoreNumber Trans\erse Emit-
tanceat Remore Halo Casemeasuredvith Flying WiresandSBD. Calculatedeffective Emittancebasedon Bunchlintersities
measuredvith SBD andon BO andDO Luminosity measurmentsat first HEP CaseSet. Storesbefae andafter Flying Wires
light attenuates insertion(2506:3000).
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Figure10: BO andDO calculated/ersis measurd Effective Emittance(in - mm-mrad)) togethe with calculatedvermeasurd
Effective EmittanceversusStoreNumbae. Trans\erse Emittanceat Remove Halo Casemeasuredvith Flying WiresandSBD.
CalculatecEffective Emittan@ basedon Bunchlintensitiesmeasuredvith SBD andon BO andDO Luminosity measurerants
atfirst HEP CaseSet. Storeshefore andafter Flying Wireslight attenuates insertion(2500-30).
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Figure11: CalculatedBunchLuminasity (in 10%°- cm~2- sec™1) versusmeasure@nefor BO andDO locatiors (shovn with and
without a straightline fit). Luminosity calculatedbasedon trans\erse Emittanceat Remave Halo Casemeasurd with Flying
Wiresand SBD andBunchlntensitiesat first HEP CaseSetmeasurd with SBD. Measured_uminosity basedon BO and DO
measurerantsat the first HEP CaseSet. Storesafter Flying Wireslight attenuata insertiononly (266-3000).
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Figure 12: CalculatedBunch Luminosity (in 10%°-cm=2 - sec—1) over measurene versusStore Number for BO and DO
locatiors togethemwith total measured0 v BO Luminosity andtotal calculatedD0 v BO Luminosity. Luminosity calculated
basedn transerseEmittanceat Remave Halo Casemeasuredvith Flying WiresandSBD andBunchintensitiesat first HEP
CaseSetmeasuredvith SBD. Measurd Luminosity basedn BO andDO measurerantsat thefirst HEP CaseSet. Storesafter
Flying Wireslight attenuataginsertiononly (2663-3000).
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Figure 13: CalculatedBunch Luminasity (in 1030. cm2 - sec™!) over measuredne versusmeasurecne for BO and DO
locatiors togethe with total measured0 over BO Luminosity versusmeasurd BO Luminosity andtotal calculatedD0 over

BO Luminosity versuscalculatedB0 Luminosity. Luminasity calculatecbasedon trans\erse Emittanceat Remae Halo Case
measuredavith Flying WiresandSBD andBunchlntersitiesat first HEP CaseSetmeasurd with SBD. Measured_.uminosity
basedon BO andD0O measuremntsat thefirst HEP CaseSet. Storesafter Flying Wireslight attenu#orsinsertiononly (2668-

3000.
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Figure14: Bunchintersity (in 10°) and (Geametrical) Average Trans\erse Emittane (in 1t- mm- mrad)) for Protonand An-
tiproton Bunches. TranswerseEmittancemeasuedwith Flying WiresandSBD at Remwe Halo Case.Bunchintersitiesat first
HEP CaseSetmeasuedwith SBD. StoresafterFlying Wireslight attenuatas insertiononly (2668-3000).
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Figure15: Horizontal Antiproton andProtonEmittance(in - mm- mrad)) togeherwith Vertical Antiproton andProtonEmit-
tanceversis StoreNumber TranserseEmittancemeasurd with Flying WiresandSBD at Remave Halo Case.Bunchinten
sitiesat first HEP CaseSetmeasuedwith SBD. Storesafter Flying Wireslight attenuatag insertiononly (2663-3000).
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Figure 16: Horizortal Antiproton Emittan (in 1t- mm-mrad)) versts Vertical Antiproton Emittance(samefor Protors) to-
getherwith Horizortal Antiproton Emittanceover Vertical Antiproton Emittane versis Store(samefor Protas). Trans\erse
Emittancemeasurd with Flying WiresandSBD at Remaose Halo Case.Bunchintensitiesat first HEP CaseSetmeasuredvith
SBD. Storesafter Flying Wireslight attenuatas insertiononly (2663-30).
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Figure17: BO and DO measuredand calculatedEffective Emittane (in 1t- mm- mrad)) versusStore Numker. Trans\erse
Emittanceat Remove Halo Casemeasuredavith Flying WiresandSBD. CalculatedEffedive Emittancebasedn Bunchinten
sitiesmeasuredvith SBD andon BO andDO Luminacsity measuremntsat first HEP CaseSet. Storesafter Flying Wireslight
attenuates insertiononly (2668-300).
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| DO_CaI C_V_EffEmittan Ce_C13C14| h1_D0_Calc_v_EffEmittance_C13C14_| | DO_CaIC_O_EffEmittance_V_Store_ClSC]-'i‘ h1_DO_Calc_o_EffEmittance_v_Store_C13C14_p:
Entries 2509 Entries 2509
60 T T T Mean 18.06 3 C T T T T T "1 vean .
RMS 2471 [ L RMS 99.63
50 Underflow 0 25__ ____ Underflow 0
Overflow 0 o Overflow 0
X2/ ndf 39.38/ 34 B X2/ ndf 3103/69
40 Prob 0.2417 2 __ _____________________________________________ Prob 0
p0 -3.981+0.2845 o po 1.39 + 0.0008518
: pl 1.619 £ 0.01599 B : : :
: .z : : : o B 5
30 ; 5 e . P R ET ERREERRRPR ] RS SOPRR R
: il : : : 4
20 b gl TR SRS TIPS 4 1__ ....... e B B s B B 3
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[ : : [ : : : : : : : : : 1
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Figure18: BO andDO calculated/ersis measurd Effective Emittance(in - mm-mrad)) togethe with calculatedvermeasurd
Effective EmittanceversusStoreNumbae. Trans\erse Emittanceat Remove Halo Casemeasuredvith Flying WiresandSBD.
CalculatecEffective Emittan@ basedon Bunchlintensitiesmeasuredvith SBD andon BO andDO Luminosity measurerants
atfirst HEP CaseSet. Storesafter Flying Wireslight attenuatas insertiononly (2663-300).
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