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At a collider the luminosity£ is needed to extract tl1e cross section from 
the measured reaction rate. The luminosity can be determined in an exper
iment by measuring the rate of a reaction with a known cross section. This 
note describes an alternative calculation of the luminosity based on mea
surements made on the stored beam in the TEVATRON. The measurements 
n<'cessar)· for the calculation, and which must be made on each of the p and 
p bunches. are the intensity and the transverse and longitudinal extent of 
each of the bunchs. 

Data on the properties of each of the 12 (6 p and 6 p) bunches in the 
TEVATRON were collected during the last collider run and stored (along 
with the associated time and date) in a relational data base (the SHOTDB 
data base). Th,. information stored in the data base was the only source of 
the machine data used in the follo"·ing calculations. 

C nfortunately all the stored data are not the actual measured quantities. 
The stored data are the transYerse and longitudinal emittances calculated by 
the console program T106 from the measurements rather than the measured 
bunch lengths and the transverse widths of the bunches. 

The transverse emit1ances were calcula1ed using the bunch width, a, as 
measured by the flying wires. and the computed ,·alue of the lattice functions 
B and the dispersion T/ at the location of the flying wires. The particular 
lattice. 1·iz. mini-B, fixed target etc. is determined from a knowledge of the 
current in BOQJ and the beam energy. 

In order to calculate the longitudinal emittance the measurements of the 
bunch length measured with the SBD; the r.f. voltages (called T:RFSUM 
and T:RFSUMA): the beam energy and the calculated Yalue of the transition 
1(11 l were used. 

To calculate the luminosity we have to extract, for each bunch, the fol
lowing information from the data base: 

1 \\-ork supported by the l' .S. Department of Energ~• under contract ::Sc .. DE-AC02-
7GCH03000. 
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• The calculated normalized (95o/r) transverse beam emitt.ances f>,. '•" 

• The longitudinal emittance 'I· 

• The measured beam intensity. 

• The beam energy. 

• The r.f. ,·alt.ages T:RFSUM and T:RFSUMA. 

As noted above the emittances are the product of calculations performed 
b>· T106 and are dependant on the lattice parameters. The ralues of the 
lattice parameters used in T106 changed during the run. (Th£ /attic£ param
d£rs did not change' What changed iras u·hat we thought ih£ir ,,afu£s were) 

In order to calculate the luminosity we must reco\·er, from the stored \'alues 
of the ernittances. the measured beam properties. To do this requires that 
\fe know the lattice functions and the other parameters, (viz the energy and 
the r.f. \'oltages). which were used in the original calculation. Fortunately 
th<- lattice parameters have been preseTYed in the coding for the T106 console 
program. The other needed parameters can be retrieved from the SHOTDB 
data base. It was tberefore possible to reconstruct the values of the er for the 
flying "·ires measurements and the SBD measurements of bunch length. 

Having reconstructed the original measurements of the beam er it is 
straight forward to recalculate the emittances using our best estimaie for 
the \·alues for the lattice parameters. 2 

The followir:g disrussio11 is limited to measurements made with the TEVA
TRON energ,- at l .S TeV and with the mini-B lattice. The data are from store 
1728 (11 '6.'88) to the end of the collider run. store 2284 on 5,'31/89. 

It must be recognized that there is very little redundancy in the mea
surements used in these calculations . .l\ or is there a good way of monitoring 
closely the performance of the de\·ices used in the measurements or their cali
brations. Thus care must be used when approaching the data and further we 
must look at thf results of the calculations to identify bad or suspect data. 

The one place where we do have redundancy is in the measurement of 
the longitudinal emittance , 1• It can be calculated from the measurement of 

2 The lattice funct.ions and ; 1 have been calculated using TEVLAT and the MTF mea
surements of tht higl1 order multipole5 for the dipoles and quadrupoles and the measured 
strengths of the quadrupoies. 
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the bunch length made by the SBD (E1(SBD) and from the measurement of 

dp'p calculated frnm the flying wire data (q(\YIRE)). ln figure la and figure 
1 b are plotted c1( \\"IRE) \"S E/ (SB D) for protons and an ti-protons. There are 
ob,·iousl)· anomalous data which are almost certrunly due to bad data from 
the flying 'vires. 3 

There are no any other redundancies in the data but we can still look for 
consistencies in an attempt to identify other anomalous measurements. 

It is generally accepted that because of the coupling between the horizon
tal and \"ertical planes. the TEVATRON beam is round i.e. ,,.=<h· In figures 
le and ld are plotted <,. vs 'h for protons and anti-protons. 

The results from the calculation of the luminosity include only those mea

surements that suniYed after a cut was imposed on the ratio 'i(\\'IRE)/E1( 
SBD ). This was done to insure that the \\'IRE data are consistent with the 

SBD measurements. A cut was also imposed on the ratio of ,,.,!Eh in an at
tempt to remoYe other bad measurements.The \"alues of all cuts is shown in 
Table l. 

The effect of these cuts can be seen by comparing the plots in figure 1 

and figure 2. 
Even after the ruts are applied to the data there are still problems. The 

longitudinal emittance as computed from the SBD data is, on the average, 
more than 20'il larger than that computed from the wire measurements for 

the proton bunr hes and 109( larger for the anti-protons. While an error in 
the lattice functions at Ali and C~8 could account for the difference between 
the SBD rnr2surements and those based on the flying wires. the difference 
between protons and anti-protons suggests that part of the discrepancy could 
be due to an to an intensity dependent error (the protons and anti-protons 
ha Ye significant])· different intensities) of the SBD determination of the bunch 

length !J"/. 

Similarly c,. is ::::: 107r larger than ch. Here there is no significant difference 
between the protons and the anti-protons. If there is no systematic error in 
the !J" (which could arise due to problems with the detectors recording the 

particles scattered from the wires) from the flying wires then the difference 
could be due to an error in either or both of the .B functions at C48. 

Our inability to understand these inconsistancies in the data limit our 

3 Thr anomalous ratio is particular},· apparent near storr 2000 v.·here th~ reconstructed 
er show unusual Yalues for the u of the HAl 7 v.·ire. 
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ability to confident]>· measure the luminosity. 
We will present the calculations for the TEVATRON operating at an en

ergy of l.8TeV with the mini-B lattice and where there were 6 p and 6 p 
bunches in the TEVATRON. In order to calculate the luminosity L we re-
quire. in addition to the emittances, • 

• The bunch intensities measured with the SBD. 

• The values of the lattice functions.Band a at the interaction point. 

• The values of the dispersion functions T/ and T/' at the interaction point. 

The calculation of L makes use of the the transverse emittances calculated 
from the flying wires, the dpip derived from the SBD data and incorporates 
an integration owr the longitudinal extent of the beam. 

The calculated values for the luminosity can be compared with the ya]ue 
for the luminosity measured at CDF. viz. C:BOLUMP. The comparison is 
shown in figure 3. It must be noted that no correction has been made to any 
of the measured quantities for possible miscalibrations. These data can be 
fit with a quadratic form viz. 

(,cal = ao -+- a 1 x lmea.! -+- a 2 x .c;,.ea.! ( 1) 

Table II contains the fitted values of the coefficients for the entire data sample 
and for t\\·o subsets of the data in order to see if there where any major 
changes over the 7 month period from :'loY. 1988 to May 1989. The fit is 
good. the rms deYiation of the fitted value from the calculated luminosity 
being :::: =0.02 x 103

"-, cm 2
• sec. There is no strong dependence of the 

coefficients on the store number. The intercept of the fitted curve is :::: 0 in 
all cases. The coefficient of the linear term is significantly different from 1 
and there is also a significant negatiYe quadratic coefficient in the fit. This 
means that the valuP of L calculated from the measurements made on the 
TEVATRON are lower that those measured at CDF for values of the measured 
luminosity greater than :::: 1.25 x 1030 cmz· sec. 

Since ao in the fits is:::: 0 we can also plot (figure 4) the ratio £=,0 ,/!,0 1 

with Lm•a•· in order to see more clearly the quadratic term in the fit. The 
obYious slope seen in figure 4 is just a reflection of the quadratic term seen 
in the fit to the data in figure 3. 
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Any scientific calculation of the luminosity must include an estimate of 
the error. Table]\' contains a list of the quantities (Q) that go into the 
calculation of the luminosity. an estimate of their systematic and random 
uncertainties and their contribution to the uncertainty in the luminosity. The 
resulting uncertainty from the measurement uncertainties is ::::: 1.3% while 
the uncertaint,· due to systematic uncertainties is::::: 11.4%. The uncertainty 
due to the ascribed errors in measurement is quite comparable to the ::::: 2% 
spread seem in the comparison of the calculated luminosity and the measured 
luminosity (the error in the measured luminosity is::::: 0.59\). 

The factor that contributes most to the uncertainty in [, is the calibra
tion of the SB D measurements of the bunch intensities. Also contributing 
significantly to the error in the calculated luminosity are the uncertainty in 
the measured \\'ire u ( particularly the vertical wire u at C48 because of the 
relatiYely small Yalue of Sy) and the uncertainties in the lattice functions at 
the "·ires and at BU. \Ye also find that there is a significant contribution to 
the error on [, from the measurements of the SBD of the bunch length and 
the calculated rnlue of dp!p using the measured bunch length and the r.f. 
Yoltage (due to the systematic uncertainty in the Yoltage). 

It is clear that if we wish to improYe the uncertainty with which we 
measure the luminosity it will be important to improve the calibration of 
the SBD in measuring the length and intensities of the bunches. A better 
determination of the lattice functions would also improve the accuracy of the 
calculation. This can be done by with more, and better, measurements of /3, 
not only at the wire locations and the interaction points, but at enough other 
points to constrain the model used to calculate the lattice functions. The 
error could also be reduced if .3 at the vertical wire were larger. This might 
require haYing the vertical wire at a different location from the locations of 
the horizontal wires. 

It is also important to check the calibration of the various deYices over 
the range of normal working conditions, including energy. 
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Quantity 

Table I 
Cut Intervals 

p 
m1n. max. min. max. 

E;./E,. 0.808 0.979 , 0.758 0.960 
<i(l\"IRE)/<1(SBD) . 0.647 0.912 : 0.592 1.129 

Table II 
Fit of C:BOLUMP vs the Calculated Luminosity 

Leal = ao -+- a1 x LrnEa8 ........ Uz x ~~-"''"'-'"''--~ 
Range of Stores a0 a1 a2 

1728-2279 i -,-0.013 1.087 -0.077 
I 

1728-2005 ' +0.022 1.091 -0.081 
2011-2279 ! -0.013 1.120 -0.090 

Table 111 
Fit of C:BOLUMP vs C:BOLUMP ·Calculated Luminosity 

Lmea& ,/,Cea! = bo - b1 X Lmea8 

Range of Stores b0 b1 

1728-2279 0.887 0.089 
1728-2005 0.864 0.104 
2011-2279 0.921 0.064 
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Table IV 
Contributions of Measured and Calculated Quantities to the Error in the 

Luminosity 

\·alues used: 
Energy 900 Ge\' 
Bunch Intensities 

;\ p = 52 x 109 

;\p = 20 x 109 

:\ormalized emittances 

Eh(P) = 'h(P) =20 mm-mr 
c,,(p) = c,,(p) =25 mm-mr 
c,.(p) = c,.(p) =3.5 eV-sec 

Luminosit)· (1 bunch on 1 bunch) 
1.22 x 1029 

\'ariable Q \'alue · EQ Systematic 
--~----

Bunch Length 54..6 cm 57' 

r .f. Volt age : 1.2'.ll\. /turn ' 5% 

HC4S \\°ire Sigma 0.759 mm 
\-C4S \\.ire Sigma 0.551 mm 
HA 17 \\.ire Sigma 1.32 mm 

,3h(C48) 164 m 5o/c 

3h(Ali) 196 m 5% 

3,( C48) 69.9 m 5 o/c 

3,.( BO) 0.55 m •"1 
.')IC 

3,(BO) 0.53 m 5o/c 

oh(BO) -0.124 5o/c 

o,.(BO) -0.049 5% 

'I( C48) 0.595 m 5'/c 
T/(/\17) 6.95 m 5 o/c 

T/(BO) 0.197 m 5o/c 

17'(BO) -0.145 1 Oo/c 

Bunch Intensity 5o/c 

i 

bl l E:Q Random 
-2.97c lcm 
-0.6% 

20µ 
20µ 
20µ 

-1.83 

-0.0o/c 

-2.5o/c 

-1.1 o/c 

-l.5o/c 
.;.O.Oo/c 

-0.0o/c 

-0.17c 

-0.0% 

-1.3% 

-0.07c 

; -10.2o/c 1 x 109 

f[,1£ 
' 

-0.5·~-~ 

-l.07c 
-1.8 )( 

-0.lo/c 

-0.5/C 
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