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  The energy and the precision
frontier at the LHC

Present constraints on new (BSM) contact interactions

The BSM discovery programme at the 10 (14?) TeV  collider
must be a precision measurements programme…

present
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2.  Precision measurements of the Standard Model parameters

1. Understanding of the production,propagation, interactions,  and
decays of polarized electroweak bosons (not discussed in this talk) .

…. as much as the Standard Model “unitarity-cure” programme:

Challenges:

SM
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Electroweak Standard Model

                           α, M Z, GF

          MW, sin2(θW), ΓW,…

higgs?, supersymmetry?,…any field theory
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  Precision goals

precision target ~ 10 MeV precision target ~ 0.0001
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    …can we improve the
measurement precision of
the Standard Model
parameters at the LHC?

Official reply of CMS and ATLAS:

              YES
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    MW and ΓW and are  determined from pt,l
distribution…

• factor 4000 between 40 GeV and Δ(MW) =10 MeV
• utmost care needed to anything that affects pt,l

                     (…those which affect W+, W- and Z boson in a different way…)



EXAMPLE:
The MW measurement at the

LHC - perspectives
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contribution to the Philadelphia ICHEP 2008 and EPS 2009 conference  



sin2(θW) is determined from forward-backward 

asymmetry of positive and negative leptons…



The sin2(θW) measurement at
the LHC - perspectives
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CERN-OPEN-2008-020  December 2008
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              BUT…
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     …at the LHC we collide pp

   not pp like at the Tevatron
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   Symmetry relations not at work!

   (need to  understand the charge and
polarization asymmetries in W and Z
production)

   …also:
   Collisions at much higher energy!
   (need to understand heavy flavours with
    much better precision)



 Charge asymmetries

   relative shifts of peak position estimated
using  a parabola fit in the range:

               37 GeV < pT,l < 40 GeV

(MW+ - M W- biases at the level of ~(200 - 4000) MeV   …at the Tevatron       0 MeV)
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 W+      l+ ν

• θ =  lepton emission angle
         w.r.t. spin vector

• W(θ) = 1 + cos(θ)

• reflects V-A coupling
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 W-      l- ν

• W(θ) = 1 - cos(θ)
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 Z      l+l-

• W(θ) = α + β cos(θ)

• reflects mixture of V-A
and V+A coupling

At the Tevatron symmetry relations at work: N W+= NW- and lepton angular
distribution for Z almost  the same as for  W+ + W-
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W production and decay
pp collisions

Note:  N W+ >  NW-
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W production and decay
pp collisions

Note:  opposite migration direction for l+ and l-

L+

L-
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The asymmetry between W+ and W- in pp
collisions is driven by the asymmetry
between quarks and antiquarks in the
proton, generated by the valence quarks.
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estimated shifts of the peak position due to polarisation effects

Example: Valence quark effects in W
mass measurement

(MW biases at the level of ~400 MeV      …at the Tevatron 0 MeV)
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Flavour asymmetries
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Heavy flavour  effects are driven by the
asymmetries in the momentum distribution
of heavy and light quarks -  reflecting
asymmetries in quark masses

(at the LHC the heavy quark effects are no longer small and
must  be experimentally controlled)
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estimated shifts of the peak position due to the  presence of heavy quarks in the Wide Band Partonic Beam  (WBPB)

(MW biases at the level of ~150 MeV      …at the Tevatron <30 MeV)

Example: Heavy flavour  effects in W
mass measurement
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• W+ from ud + us + ub + cd + cs + …
• W-  from  du + dc +su +sc + …
•  Z   from uu + dd +ss +cc + bb + …

               different pdf’s
               different couplings
               different kT’s
               different masses
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As a consequence, at the LHC:

• different p T,W+, p T,W-, and p T,Z,
spectra

• different polarizations
• different p T,l spectra
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Common root of the problems at the LHC:

Interplay of the charge, polarization
and flavour effects

• In all LHC studies ignored so far
• Improving the precision of the SM

parameters at the LHC is not
realistic unless…
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     … dedicated LHC-specific
measurement methods are
developed…

   the rest of my talk will be devoted to the
    presentation of  a  global, LHC-dedicated strategy
    to measure the standard model parameters…



The measurement and the tools
for its simulation

• Apparatus: The ATLAS detector
• Luminosity:  10 fb -1
• Trigger and Acceptance cuts:  p T,l > 20 GeV/c, |ηl| <2.5
• Dedicated event generators: WINHAC/ZINHAC (spin

amplitudes)
• Simulation: parameterized response of the ATLAS

detector
• Challenge: study based on O(1010) simulated events
• The team: F. Fayette (PhD- 2009) now in Univ. Goetingen, W.

Placzek, K. Rejzner (master-2009) now in Univ. Hamburg, A.
Siodmok (PhD-2009) now in Univ. Karlsruhe, M.W. Krasny
- IN2P3-COPIN cooperation program 05-116
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Observables

l+ events l- events l+l- events
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…and their interpretation

l+ events l- events l+l- events

ε -calibration scale of lepton momentum, kt -unintegrated partonic
distributions:  q(x,kt,Mscale), parameters of the Standard Model
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Precision observables

sensitive to MW+- MW-
and Γ W+ - Γ W-

sensitive to sin2(θW)

sensitive to αs, MW++ MW-,
and Γ W+ + Γ W-

 only Z-peak masses

coplanar pairs - dedicated method of
absolute normalization developed in
parallel M.W. Krasny et al. NIM papers

1.

2.

3.

4.
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Making Z-boson (QCD)-identical to W-boson

The remaining scale dependence of this observable is eliminated by
modifying further the above observable :

 * C QCD



Making Z boson “QCD-identical” to W boson

The scale dependence in the partonic distributions is eliminated - up to all
orders of perturbative expansion !!! QCD- “eliminated” from the unfolding !!!



Making Z boson “QCD-identical” to W boson

The scale dependence in the partonic distributions is eliminated - up to all
orders of perturbative expansion !!! QCD- “eliminated” from the unfolding !!!



Making Z boson “QCD-identical” to W boson

QCD world of
quark and gluons

Observed with 
1/MZ resolution

Observed with 
1/MW resolution



• The relationship between the transverse momentum distributions of the Z-bosons  and the W-
bosons cannot be predicted and must be modelled. It involves a choice of:  (1) the  evolution
scheme (DGLAP, BFKL, CCFM,…), (2) the parameters of the  nonperturabative Sudakov form
factors, (3) primordial kT modelling

• The discussed above trick  allows to get rid of all the flavour singlet aspects  of modelling these
distributions

S. Berge, et al., hep-ph/0410375.

Making Z boson “QCD-identical” to W boson
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The QCD scale degrees of freedom circumvented …

                   qi(x,kt,Mscale)         qi(x,kt)

… unfolding confined  to the polarization and flavour
sectors: 10 unknown partonic distributions

… counting unknown partonic distributions
                             qi(x,kt,Mscale)

5 flavours x 2 (q and q) x 2 (scale) = 20
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Unfolding kt-depndence of qi(x,kt)
Anzatz:

1. kt
quark(x) = kt

antiquark(x)
(transverse momentum generated by gluon radiation (high energy limit))

2. kt
u(x) = kt

d(x) = kt
s(x)

(mu, md, ms  >> ΛQCD)

Remaining unknowns:

                               kt
u,d,s(x),  kt

c(x),  kt
b(x)

They can be unfolded using observables 1(or 2), 3 and 4 provided that the x
dependence of the quark distributions is known (the PDFs: qi(x, M_W)= qi(x))
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Unconstrained PDF degrees of
freedom at the LHC

Assume for a while: s(x)=s(x), c(x)=c(x), b(x)=b(x) then:

• 5 sea-quark flavours (u,d,s,c,b) +  2 valence quark
flavours (u(v), d(v))      7 unknown PDFs:

• 4 constraints coming from the (pT,l, ηl) spectra for W+, W-,
“Z+” and “Z-” decays

• 7-4=3 degrees of freedom in the flavour-dependent pdf’s
remain unconstrained at the LHC

Important note:
At the Tevatron only the first quark family is relevant. In addition p collides with p.
This leaves only  2 (out of 7) flavour dependent pdf’s. They are over-constrained
by the  the  ηl dependence of observables  (1-4)
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A choice of 3 unconstrained degrees of freedom:

1. u(v) - d(v) - a missing constraint for the 1st family
2. s - c - a missing constraint for the 2nd family
3. b - a missing constraint for the 3rd family

Note:

• u(v) can move up and d(v) move down such that the rapidity distribution of Z-boson
           remain unchanged, the same for s and c
• The non-singlet partonic distributions have only small  scale dependence (they are
           robust with respect to the choice: (1) of QCD evolution scheme and (2) of order of
           perturbative expansion
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Can we constrain the PDFs using
W and Z boson data collected at
the LHC?

…No, we cannot. External constraints are
needed. Is the precision of existing constraints
sufficient?
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Present precision of: “u(v) - d(v)” PDF and
its impact on the MW measurement error

Note: Only mutually
compensating shifts
leave the Z-boson rapidity
distributions invariant
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Note: Only mutually
compensating shifts
leave the Z-boson
rapidity distributions
invariant

Present precision of: “s - c”  PDF and its
impact on the MW measurement error
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Note: b-quarks influence
the biases while relating
the spectra for W-bosons
to the corresponding
ones for Z-bosons

Present precision of “b” PDF and its
impact on the MW measurement error
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     …The precision of MW
  cannot be improved at the
LHC…

        (…similar conclusion for  sin2 (θW) and ΓW)

  …neither now nor at the
completion phase of the
standard LHC programme…
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The way forward

• A dedicated “precision-support” programme
auxiliary to the  standard LHC

• Note that neither the TJNAF programme (too low
energy) nor the HERA programme (lack of
deuteron data, too low statistics for CC
processes, small statistics and large acceptance
corrections for heavy quark sector) will improve
the present experimental information
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Programme 1: Isoscalar beams
at the LHC

• Isoscalar beams  u(v) = d(v)  cancel the majority of W+, W-

and Z production differences
• The measurement of the W-boson charge asymmetry

constrain directly the s-c distribution
• Analysis restricted to forward lepton pseudorapidities

reduces errors due to b distribution uncertainty
• In addition, no need to assume s(x)=s(x), c(x)=c(x),

b(x)=b(x)

                  elegant .. but unrealistic in the initial phase of the LHC operation
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Programme 2:  An “LHC-precision-
support” DIS experiment with:

COMPASS
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The Letter of Intent for such an experiment has been
submitted a month ago to the SPSC and LHCC…
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Reminder: Unconstrained PDF
degrees of freedom

• 5 sea-quark flavours (u,d,s,c,b) and 2 valence quark
flavours (u(v), d(v))

• 4 constraints coming from the (pT,l, ηl) spectra for W+, W-,
“Z+” and “Z-” decays

• 3 degrees of freedom in the flavour-dependent pdf’s
remain unconstrained at the LHC (external input needed)
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    1. b-quark distribution uncertainties can be assesses at the LHC by
        splitting the measurement domain 0 < |ηl| <2.5 and 2.0 < |ηl| <2.5

     2. an assumption: s = s (u(s), d(s) | κs ) and s = s (u(s), d(s) | κs )
         Note: ms ~ mu,md < Λ QCD << mc, mb

 Result: 7 unknown distributions constrained by 4 observables, 1 “large
              luminosity” observable  and 1 “natural” assumption

                   only 1  high precision experimental constraint needed

                          …preferentially  in  the light quark sector, and of flavour non-singlet type

How to obtain the missing input?
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   AsymDIS (p,n)(Q2,x) = (dσp /dQ2dx - dσn /dQ2dx )/(dσp /dQ2dx + dσn /dQ2dx)

                                                   …where dσn /dQ2dx = dσd /dQ2dx - dσp /dQ2dx

An optimal (in terms of its complementarities to the
LHC measurements) constraint can be provided
by a COMPASS high precision measurement of:

 Complementarities:
                                   AsymDIS (p,n)  ~ 1/3 (u(v)- d(v)) + 2/3 (u(s)- d(s))
                                   AsymW (+,-)    ~ u(v)d(s) -  u(s)d(v)

      … asymmetry AsymDIS (p,n) provides a precious constraint for  the valence/sea decomposition
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Experimental precision

Achieved:
statistical precision: 1-3 %
systematic precision: 0.1- 0.3 %

Required:
Increase of statistical precision by a
factor of 5-10

… and, what is of extreme importance, reduced uncertainty, O(1%), of the
extrapolation of the measured asymmetry  to the Q2 domain of the LHC
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Steps from the measured asymmetries to
their use at the LHC

1. Radiative corrections (small, better knowledge of quasi-elastic tails)

2. Corrections for nuclear effects: (1)Fermi motion in the deuterium
    nucleus, (2) off-shellness effect, (3) shadowing   (better
    understanding of (1) and (2) (TJNAF), (3) HERA, …in addition try to

measure the proton spectator as a cross check)

3. p/n asymmetries of higher twists(significant progress in understanding
both from theory side, S. Alekhin et al., and from exp. side (TJNAF),
use two or three beam energies for a cross check)

4. p/n asymmetries of R= σ L/ σT (new NNLO QCD calculations)

5. QCD evolution of the asymmetry from the measured Q2  to MW
2 (better

knowledge of αs, new dedicated NLO QCD tools linking time-like  and
space-like parton showers being prepared (S. Jadach et al.))
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Requirements
1) Highest possible flux: ~ 2x108 µ /spill

2)  Three months of data taking with 70% efficiency - 8 x 1013 µ+/target

3) The target length - 12 m, 5 cm radius  segmented 4m H2, 2 m D2, 4m
H2, 2 m D2 (compression of the most downstream part of the beam-
line? … or compromise with the running time? )

4) Recoil proton detector?



Programme 1: Isoscalar beams
example: expected precision of MW+ -  MW-

Expected biases in the measured values of MW+ -  MW- [MeV]

• Isoscalar beams  u(v) = d(v)  up to a small ~0.2 % QED
corrections

      In addition the measurement of the W-bosons charge asymmetry constrain directly
the s-c distribution…



Expected biases* in the measured values of MW

      * …at this level of precision other systematic effects, not discussed in this presentation, may
become dominant…

     ** …biases reflecting the uncertainties in the b-quark distributions reduced in  a dedicated
measurement in the restricted  2.0 < |ηl| <2.5  region

**

0.2

Programme 1: Isoscalar beams
example: expected precision of MW = (MW+ +  MW-)/2



Expected biases* in the measured values of MW+ -  MW-

      ** change of polarisation of the solenoid current … or use of unfolded u(v)/d(v)  in the  ε+ − ε−    

            calibration

     *** …biases reduced in  a dedicated measurement in the restricted  0.3< |ηl| <0.3  region

**

      * …at this level of precision other systematic effects, not discussed in this presentation, may
become dominant…

“uv/dv”

“uv/dv”

“s - c”

0.01  ~10

2

1

1

~25

~10

MW+ -  MW- [MeV]

Programme 2: DIS experiment
example: expected precision of MW+ -  MW-

***

**



Expected biases* in the measured values of MW

      ** the precision of unfolding the valence quark asymmetry is driven mainly by the precision of the
measurement of AsymDIS (p,n) ( Q2, x) and by the uncertainty of its extrapolation to the M2

W scale

     *** …biases reflecting the uncertainties in the b-quark distributions reduced in  a dedicated
measurement in the restricted  2.0 < |ηl| <2.5  region

***

**

      * …at this level of precision other systematic effects, not discussed in this presentation, may
become dominant…

Programme 2: DIS experiment
example: expected precision of MW = (MW+ +  MW-)/2
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Conclusions

The electroweak  precision measurements at the LHC require a
dedicated measurement programme in order to improve  the LEP and the
Tevatron ones.

 Measurement of the proton/neutron  µ−DIS cross section asymmetry
appears to be the simplest way of complementing  the LHC electroweak
precision measurement program (a complementary program involves
running light isoscalar ions in the LHC machine)

The proposed  experiment could do this measurement with minor
hardware modification of the COMPASS detector

This experiment,  to be performed, requires a recognition within the LHC
community that the auxiliary, LHC-support programme is  indispensable
for a competitive EW-precision programme at the LHC


