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2The structure of matter at small-x

● Gluons dominate PDFs at small-x (<0.1)

– Rapid rise in gluons naturally described by linear pQCD evolution

– The rise can not be forever due to limits on cross section (unitarity)

– Non-linear pQCD evolution equations tame this growth, leading to 
saturation of gluons, characterized by  the saturation scale, Q2

s(x)



3Main physics motivation for FoCal

(also unique coverage for hadrons, see backup)

● Measure direct photons forward

– At LO direct sensitivity to gluons

– No final state effects or hadronization

– Uniquely low coverage 

● Access gluon saturation region to

1) Prove or refute gluon saturation

2) Explore non-linear QCD evolution at small-x 

3) Constrain nuclear PDFs at very small x 

Direct-γ (LO)



4Competition from LHCb run-1 open charm



5LHCb EMCAL
https://cds.cern.ch/record/2255089/files/LHCb-TALK-2017-032.pdf

z~12.5m

→ Powerful detector, but not good for forward pi0/photon discrimination: 
     At η≈4, pi0 shower merge at pT = 3.5 GeV.



6PHASE-I upgrade LHCb



7LHCb run-3/4 projections
LHCb-CONF-2018-005

● DY forward (and backward)

– Sensitive to gluons only at NLO

● In addition to D0 production,
measure D0D0 correlations

● Precision measurements of B+

– Advantage higher scale for 
calculation (but also higher x)

B+



8Gamma-hadron correlations
https://cds.cern.ch/record/2319876?ln=en

Early Career Award (DOE)
→ Analysis (isolated conversions)
→ Develop dedicated high level trigger 
→ R&D for small tracking stations
     inside the LHCb magnet to improve  
     low-momentum tracking 



9Gamma-hadron correlations
https://cds.cern.ch/record/2319876?ln=en

Early Career Award (NSF/DOE)
→ Analysis (isolated conversions)
→ Develop dedicated high level trigger 
→ R&D for small tracking stations
     inside the LHCb magnet

● The measurement can (probably?) be done with the existing LHCb measurement (modulo 
statistics)

– Tracking stations would only be needed to improve tracking at low pT to access particles 
produced by soft gluons

● One should also be able to provide the absolute efficiency corrected compton yield,
which would make this measurement a direct competitor to Focal.

● We could try the LHCb exercise ourselves to see if one can actually really subtract the 
pion contribution in the isolation cone



10RHIC Cold QCD plan
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https://drupal.star.bnl.gov/STAR/files/ForwardUpgrade.v20.pdf



12Direct photons and DY projections



13Correlations
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https://www.sphenix.bnl.gov/web/system/files/sPH-cQCD-2017-001_draft_2017_06_02.pdf
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Of course also direct photons (with MPC-EX) ongoing, allowing to access up to x~5·10-4 



16Conclusion: Expected landscape

We should try to understand 
betterthe photon capabilities
of LHCb, and to access
whether the gamma-hadron 
measurement is really doable,
and will be actually done.

Pushing further the limits of FOCAL 
to lower Q and smaller-x feasible?

Kinematic for EM-probes



17Whitepaper
● DOE has suggested the ALICE-US collaboration to provide a short “white 

paper” assessing the physics potential of Focal, and comparing it with 
that of similar experiments

● The paper could also be very useful for the whole Focal community, in 
view of the LOI/TDR and discussion with FAs

● In order to be useful for the reviewing process, the time line is very tight

– The paper would have to be written essentially in the coming weeks  

– However, it could be written independent of the ALICE collaboration



18Backup



19Prompt photons in pPb at 8.8 TeV

No to very little nuclear modification as expected. 

https://arxiv.org/abs/1903.02209



20Magnet stations for low momentum tracking
http://cds.cern.ch/record/2645499/files/Cesar%20DNP2018-gamma_hadron-LHCb.pdf



21STAR Forward Calorimeter System



22STAR Forward Tracking System



23LHC potential for low-x
https://arxiv.org/abs/1206.2913



24LHeC potential for large x
https://arxiv.org/abs/1206.2913

Factor ~10 improvement at x=0.7


