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ü Motivation/goals  for the Luminosity measurements  

ü Techniques used by the Tevatron Accelerator  

ü Techniques used by the CDF and D0 experiments 

ü Uncertainties, crosschecks and calibrations 

ü Challenges and lessons learned 

ü Conclusion 
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Motivation for Luminosity Measurements  

s

N
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ü Cross sections for Standard Model and beyond the 

Standard Model processes and for New Physics.  

ü Monitor the performance of the accelerator and 

implement adjustments as needed. 

ü Provide with bunch by bunch luminosity 

measurements useful diagnostics for the accelerator as 

well as for the modeling of underlying event 

backgrounds.  
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The Tevatron  Accelerator Complex  

 

 

ü Absolute luminosity measurements by the machine based on 

the measurements of beam parameters  (15-20% uncertainty). 

ü Real-time relative luminosity measurements performed by 

CDF and D0 which are then normalized to the inclusive, 

inelastic proton-antiproton cross section 

(~ 6% uncertainty). 



Celebrating 

the 25th Anniversary of the First Tevatron Collisions 
December 17, 2010 
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Tevatron Performance  

ü First Collisions in October, 1985 ; Run -1, 1987 ; Run 0, 1988-89 

ü Tevatron  (Run I 1992 -96, ÚL dt  = 110 pb-1 ): 

6 p ­ « pbar at Õs = 1.8 TeV,  3.5 ms between collisions, 6 x 6 bunches 

ü Tevatron  (Run II 2002 -Present, ÚL dt  = ~ 10 fb -1 ): 

6 p ­ « pbar at Õs = 1.96 TeV, 396 ns between collisions, 36 x 36 bunches  

Best 4.02 x 1032 cm-2s-1 

April 16, 2010 

12.2 pb-1 delivered per experiment 

in one store, April 17, 2010  
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FY04 

FY04 

FY03 
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Yearly integrated luminosity as a function of fiscal year  
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ü 2005: Completion of the Tevatron BPM electronics 

upgrade. Helped lattice measurements, helped identifying 

rolled quads, allowed  in-store orbit stabilization and 

better store-to-store monitoring of orbits resulting in 

better store-to-store reproducibility and reliability.  

ü September 2005: Implementing a 28 cm b*  lattice and 

making the electron cooling in the Recycler operational.   

ü 2005/2006: Added 4 new and replaced 3 electrostatic 

separators. That allowed  ~20%  improvement in the 

luminosity lifetime due to improved separation especially 

at the first parasitic crossings around the IPs. 

Changes that improved peak/integrated luminosity  



Changes that improved peak/integrated luminosity  
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ü 2003-2006: Dipole reshimming over 3 long shutdowns to 

address the coherent skew quadrupole component that was slowly 

growing. This reduced the global coupling around the machine. 

ü 2005-2009: Gradual improvement of the pbar stacking rate.  

ü2005: 1.7 GHz Schottky + tune feedback. Keep p and pbar tunes 

in desired range. Increase luminosity  lifetime. 

ü 2007: 2nd order chromaticity compensation circuits allowing 

higher proton intensity and improved lifetime. 

ü  2003-2010: Alignment in every shutdown. 

ü 2009-2010: Faster shot setups (both for Accumulator to 

Recycler and for HEP. 
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Collider Beam Luminosity Measurement  
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15-20% uncertainty on  

L on the basis of beam  

parameters  

11.1 to 12.1 fb -1  through 

FY11 
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Collider Beam Luminosity  
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ü Intensities  

ü Emittancies  

ü Lattice  

sz ~ 0.5 m 

b* ~ 0.3 m 



Instrumentation used for luminosity 
measurements  

Schottky  

BPMs associated  

with each quad  

5 mm carbon fibers  



Proton and Antiproton Intensities  
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Store number  
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1-2% uncertainty on beam intensity  

FBI:  Fast bunch integrator of a Wall Current Monitor  

Syst : pedestal measurement , integration window  

coupled with freq. response of WCM , integrator and  

cable, integrator stability  

SBD: Also uses Wall Current Monitor but digitizes  

Signal and then sums it.  

Syst :  

Baseline meas. coupled with freq. response of 

WCM, Oscilloscope and integrator and cable,  

stability of oscilloscope calib . 

Ultimately scaled to DC current transformer  





Emittances  ð Beam profiles  
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ü Flying wires: systematics include wire rotation speed, 

scintillator acceptance vs beam position, influence from 

previously scattered particles, é  

ü Synch. Light: systematics include optical 

magnification, intensifier non-uniformity/degradation 

increasing with time, optical acceptance, é 

ü Ionization Profile Monitors: systematics include 

resolution effects, baseline subtraction, microchannel 

plate non-uniformities and degradation,é 

Longitudinal beam profiles measured with the SBD  

Transverse beam profiles  



Flying Wire sigmas (from 
beam profiles) for  

emittance  measurements  

Diffusion rate for 10 stores  

Beam width growth rate for a bunch in a store  



Emittances  



 2007 DOE Tevatron 
Operations Review ð 

A.Valishev 

19 

Linear Optics from Closed Orbit (LOCO*)  

ü Model Orbit Response Matrix is 
a function of  
6 Quadrupole gradient errors 

6 Steering magnet calibrations 

6 BPM gains 

6 Quadrupole tilts 

6 Steering magnet tilts 

6 BPM tilts 

6 Energy shift associated with steering 
magnet changes 
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Ǿ* Summary Table 
August 27, 2010  

Uncertainties vary between 5% (ideal) to 15%  

Depends on the goal of the measurement and coordination  

with other machine studies  

Lattice measurements by the machine done mainly with protons  



Continue maximizing the 
luminosity at both IPs  
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D0 luminosity increased by 1%  

After the alpha -bump and adjustment  

of the horizontal separation.  

Change implemented in January 2011  

Routinely perform  

 ñelectrostatic separator scansò to 

determine if the beams are well  

centered.  



Luminosity Task Force (established in 2003)  
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ü A joint effort between Accelerator, CDF and D0 colleagues to 

address luminosity detector issues, beam position and beam width 

issues, and Tevatron issues. 

ü Monitor continuously (store by store basis) luminosity related 

quantities for CDF/D0 and their correlations with machine 

parameters and external factors. (eg. Luminosity ratio).  

ü Exchange information on a daily/weekly basis in smaller groups 

and meet once a month (or as needed) as a big group (~25 people). 

ü As a result, several machine studies have been performed and 

we have now a much better understanding of the Tevatron optics, 

crossing angles and vacuum at the IPs,  emittance of the proton 

and pbar beams as well as of the luminosity detectors of both 

experiments.  
 



Last 100 stores  

FY10 stores  D0 electonics  issues  

CDF and D0 aging/radiation damage  

Lattice changes  

é. 
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03/18/05-02/05/06  
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CDF/D0 measured initial lum vs CDF initial lum
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CDF/D0 measured

CDF/D0 initial luminosity ratio vs store number 
and initial luminosity  

Store number 

28 cm lattice 

09/20/2005 
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CDF/D0 Luminosity Ratio vs. D* 

*

22*

1
eb

sdD
R +=

February 7, 2008:  

Correct for the high  

dispersion at D0 (D* x) 

b* 
cm 

D* 
cm 

b* 
cm 

D* 
cm 

CDF 33.3  1.3  29.0  1.2  

D0 31.3  6.3  29.1  2.1  

after  before  

1.14 

1.00 



CDF Beam parameter measurements  
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D0 Beam parameter measurements  
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Checking the Luminosity with Forward Muon Yields at D0  

Stability within ~1% within Run IIb  
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Techniques for Luminosity  
measurements by the experiments  

ü Use a relatively well known, 
copious, process:  
6 Inclusive inelastic p-pbar  

cross-section 

É large acceptance at small angles 

 
 

 

LÖ=Ö inf sm

Åµ = avg. # of interactions/b.c. 

Åf = frequency of bunch 
crossings 

Å     = tot inelastic cross-section 

ÅL = inst. luminosity 

 

ins

 
ü Use a good estimator for m 

6 Measure the  fraction of bunch crossings 
with no p-pbar interactions  

ÅUse:                                 prob. of no int. 

6 Direct counting # of p-pbar interactions 

É Counting particles 

É  Hits 

É  Counting time clusters  

ü Cross- calibrate with rarer, clean,  
     better understood processes:  
 

 

6 Need full understanding of tracking,  

particle-id, missing-Et, trigger, NLO,  

backgrounds, etc. 

6 Useful for integrated lum abs. normalization 

 

n,leptonW­

LÖÖ=Ö det~
aa esm inBCf

üUse dedicated detector:  

() mm -=eP0
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The total p - pbar cross - section  

 
Elastic Scattering  

Single Diffraction 

M 

 
Double Diffraction 

M1 

M2 

 
Hard Core 

 

Proton AntiProton  

PT(hard) 

Outgoing Parton 

Outgoing Parton 

Underlying Event Underlying Event 

Initial -State 

Radiation 

Final-State 

Radiation 

ñHardò Hard Core (hard scattering) 
 

Proton AntiProton 

 

 

  

 
 

ñSoftò Hard Core (no hard scattering) 

+ + 

+ 

+ 



Process 
(mb) 

CDF meas.  

@ 1.8 TeV  

E811  

Exp.  

80.03 
(2.24)  

71.71  

(2.02)  

19.70 
(0.85)  

15.79  

(0.87)  

60.33 
(1.40)  2% 

55.92  

(1.19) 2% 

[45]  

9.46 
(0.44)  

8.1  

(1.7) E710 

6.32 
(1.70)  

P- pbar cross - sections  

tots

ins

hcs

sds

dds

els

8% 

Average  the inelastic cross 

sections measured by the CDF 

and E811 experiments and  

extrapolate  at 1.96 TeV: 

60.7 ± 2.4 mb 

Fermilab -FN-0741 
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ĈMeasuring ñzerosò eliminates 
most of the dependence on the 
material model. 

ĈAt very high luminosities one 
may not be able to measure 
though rate (or ñzerosò) 
accurately enough. 

ĈFraction is 0.25% for 6 
interactions on average. 

ĈSystematics on acceptance 
only can make a precise 
measurement very difficult. 

 

×Try to measure the # 
of p-pbar interactions 
directly ! 

CDF Luminosity measurment  for Run II: 
try to measure m directly  

(Used scintillating counters in Run I ) 
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Cherenkov Luminosity Counters (CLC): Design  

Á 48 counters/side 

 

Á 3 layers with 16 

counters each 

 

Á coverage: 3.7  ||̢ 4.7 

 

Á Isobutane pressure: 

up to 2atm   

 h = 1.000143 

 qC = 3.1o 

 

Á PMT: Hamamatsu 

R5800Q CC with quartz 

window, gain 105 



Gas Cherenkov Counters ð basic ideas  
o Measure the number of  p-pbar 

interactions directly by counting 

<number> of primary particles 

o Separate primaries from secondaries 

o Good amplitude resolution (~18% 

from photo stat, light collection, PMT 

collection) 

o Good timing resolution (separate 

collisions from losses) 

o Radiation hard, low mass 

Amp a L 

üExpected signal (simulation ) 


