
1

Selected topics on the precision

of luminometry at the LHC 

(as seen through the theorist’s eyes)

V.A. Khoze (IPPP, Durham)

Special thanks to Misha Ryskin for discussions.
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PLAN 

Introduction (10 years on).

Optical theorem: forward elastic +total inelastic rates.

Other methods & Related subjects

Main aims - to identify the issues which may require further theoretical efforts

-to estimate the size of theoretical  uncertainties in different approaches



3

10 years on

KMOR- hep-ph/0010163…..

2000

2000

1. Introduction

(Michelangelo, this workshop)



4

1. Measure the absolute luminosity with a theoretically reliable accurate     
method at the most optimal conditions.

2. Calibrate luminosity monitor(s)  with this measurement, which  then can be 
used at different conditions.

Use dedicated luminosity monitors either provided by the experiment or 
by the machine

Absolute  and relative luminosity measurements

Luminosity monitoring- relative measurements

Target: to illustrate how well calculable could be ‘traditional’
processes  proposed for luminosity calibration 
(in the real world environment).

(Excluding W/Z   ‘standard candles’)
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„Well, it is a possible supposition.’

‘You think so, too ?’

‘I did not say a probable one’

A  large variety of theoretical models for soft hadron interactions..

Difference in the predictions for LHC x-sections up to a factor of 2.

(Most) probable models should 

 Be theoretically self-consistent

Allow good description of the available data in the ISR-Tevatron range ( +LHC).
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2. Exclusive QED Lepton Pair Production

First proposed for luminometry  by. V. Budnev et al,                                    

First studies of feasibility for the dimuons at the LHC: A.Shamov and V.Telnov-1998 (ATLAS TDR-99).

Strong-interaction effects- KMOR,                                                   

First observation of exclusive           by CDF:                                                            

Ongoing studies of exclusive dimuons: CMS and LHCb      (this Workshop S. Scnetzer, J. Anderson  )











Eur.Phys.J.C19:313-322,2001

Phys.Rev.Lett.98:112001,2007 

Myth:

Reality

 Pure QED process –thus, theoretically well understood
(higher-order QED effects- reliably calculable).

 Strong interaction effects (we collide protons after all).

 Backgrounds:
mis-ID, various contributions due to the incomplete 
exclusivity (lack of full detector coverage), pileup…
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Strong interaction between colliding protons
(rescattering or absorptive corrections).

Even in the fully exclusive case: 





Notorious survival factor.

Usually, for photon-photon central production                            .

However, in the case of                                                 absorption effects could be very small.

In particular, for  low                                     absorpt. correction  2 < 0.3%.    

Will be additionally suppressed by the muon acoplanarity cuts.

(large impact parameters )

schematically

with C~0.1, KMOR, Eur.Phys.J.C19:313 (2001).

(                                       : K. Pietrzkowsi et al., A. Shamov and V. Telnov, M. Krasny et al…)  
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+

(dielectrons@Alice with FSC –looks promising )

+

+
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Old recipe: cut, cut and fit.

Tight cuts on                 ,  muon acoplanarity              and fitting of the distributions..                           
. 

A. Shamov and V. Telnov,   Nucl.Instrum.Meth.A494:51-56,2002

Efficient suppression of proton dissociation
and DPE background.
Reduction of the absorptive correction.

 With good vertex fit

Suppression of hadron decays and pileup.

 However a price to pay- event rate ! 

 An addition of Forward Shower Counters

will allow to reduce inelastic backgrounds. 
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(Alice+ FSC – potential for ee) 
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(Mario Deile)
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t-dependence of elastic cross section is under control, including pion loop effects,   safe extrapolation to the low - t region 

(KMOR-2000). Recent MP studies + compilation by Totem.

(str. interaction)
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Regge poles,cuts

DD, DPE

Welcome to the world of difficult physics!

Current  theoretical models for soft hadron
interactions are still  incomplete, and their 
parameters are not fixed, in particular, due to 
lack of HE data on Low-Mass diffraction.  

 For illustration purposes only three recent   
(ideologically close) MP- models
are used, which allow good description of the 
data in the  ISR-Tevatron range:
KMR-09-10,GLMM-09 and Ostapchenko-10.

 The differences between the results of other
existing models wildly fluctuate.

P P P
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„ „
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To illustrate the size of uncertainties we compare two  models.

KMR-2009

KMR-2009

: arXiv:1010.1869 [hep-ph] SO-2010

KMR-2009
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Achilles’ Heel  of   ‘inelastic’  measurements : low mass SD

Low mass Single Diffraction region: MX < 2.5 -3.5  GeV  un-instrumented  (4-5  GeV conserv.) 

Can we extrapolate  from HM  SD ?

Pythia Generator

(UA4-experience  factor of 2 for M<4 GeV)

Theoretically unjustified
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stotal  =

High mass diffractive dissociation

=

PPP-diagram 

Low  mass diffractive dissociation

PPR-diagram

R

P

P

P P

P P

S2

S2 ~1/M3

~1/M2

Screening is very important.

(semi) enhanced absorption …

dual to

(t-dependence !? )
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GLMM-08

KMR-08

(A,B,C) S. Ostapchenko,    Phys.Rev.D81:114028,2010. 

KMR-08:  KMR,  EPJ C54,199(2008); ibid C60,249 (2009).

GLMM-08: GLMM,EPJ C57,689 (2008).

KMR-2010,  preliminary results

ILLUSTRATION II:

SCALE OF UNCERTAINTIES

Large variation of               in the range 5- 10.5mb
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ZDCZDC

BUT  

CMS  is currently ‘blind’ between =6.4(CASTOR)

and beam rapidity  yp except ZDC (neutrals).

T1+T2 detectors do not cover low-mass 

diffraction.

Even with common DAQ, we miss a few mb in 

inelastic cross section (without RPs).

IS THERE A WAY OUT ?

Yes, an addition of Forward Shower Counters around beam pipes at CMS!

(Mike)
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M. Albrow et al,  JINST 4:P10001,2009.
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If without FSC….

A possibility to probe low-mass SD :  proton one side + T/1+T2- silent  (+  ZDC)

Without ZDC : missed channels: 

With ZDC –at least 40-50% (or more) of low-mass SD could be covered

missed

Still – Low-Mass Double Diffraction is not covered (however, expected < 1-2 mb) 

Backgrounds (double counting..) ??

More studies needed.



,

(resonance decays..)
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But there may be  also unknown unknowns. 

There are known unknowns. 

When  the common CMS/ATLAS data taking will happen?

When the dedicated runs with special optics (90m, 1500 m..)  will take place ?

When/if  the FSC will be installed\ fully operational ?
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slides from Per Grafstrom
IV .Other methods & Related subjects

(K. Hiller)

ALFA can also measure  the absolute luminosity using optical 
theorem method if/when                is known
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Soft photon radiation accompanying elastic pp- scattering.

R.Orava et al,  arXiv:1007.3721 ;
H.Gronquist et al, arXiv:1007.3721

Detect 50 – 500 GeV

photons at  0 degrees



small t  theor.  uncertainties minimal  

 direct relation between the photon spectra and

bremsstrahlung cross section is large:   0.18 x 10-3 of 

theor. uncertaint.  in                     are large: 0.05-0.09 or more

(in principle, a Lumi inependent way  to measure eff. elastic slope B)..

Bremsstrahlung photons close to 0 degrees – can be used
for alignment (RP’s, ZDC), luminosity monitoring.









Detection advantages, but rate low.



(0.45- TT-03).

Experience at ee colliders (VEP-I,VEPP-II, ACO, ADONE)  and at HERA

~

BFK-1966
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Slide from R. Orava- Diffraction 2010
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Slide from H. Gronquist- ISMD-2010

Luminosity, if                 and B are known
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Why  measure total and diffractive cross sections?

2 slides from A. Martin (Diffraction 2000)

(currently  available data not decisive)



32Recall that the two Tevatron results for                   differ by 12%.        
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V. Overall conclusions

We briefly discussed some most popular methods for „indirect‟ luminosity determination, 

focussing  on potential theoretical  uncertainties  and the ways how to reduce these.  

On the theory side there seems to be no showstoppers for the dimuon  QED production..

Can be performed during the normal collision data taking. 

However the cross section is small , thus problems with keeping small stat. error on Lumi.

Optical theorem approach is a potentially very powerful method for Luminosity Calibration.

However, for a precise measurement of elastic rate we need special optics, while a very

accurate determination  of                 would  require a combination of TOTEM with CMS 

(in particular, ZDC ) +FSC. More studies needed.

Further development of theoretical models for HE soft hadron interaction is an important goal 
as well as creation of  “all purpose” Monte Carlo models, tuned to describe
various features of elastic and diffractive processes and multi-particle production. 

are very important physics quantities. 

(TOTEM +CMS, ALFA)

Should be measured  at LHC!
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(S.Ostapchenko- 2010)

KMR-09

GLMM-09

Low-Mass
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For illustration : KMR-2007
(Work currently in progress)
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f1*f1

f3*f3

LHC (x0.1)

elastic differential ds/dt

KMR-2009
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S. Ostapchenko,    Phys.Rev.D81:114028,2010. 
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