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à H1 2006 Fit B Diffractive PDFs 



- NC Q2 dependence in  
perturbative region 
driven by … 

-  needs 
 lever-arm  
in Q2 …  
reasonable 
precision  
only to  
x~10-3/10-4. 

- e.g. Prytz 
approx: 

… knowledge comes mainly from inclusive NC HERA data 
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Final HERA-2 Combined PDF Paper:  
“some tension in fit between low & medium Q2  
data… not attributable to particular x region”  
          (though there is a kinematic correlation)  

à  Saturation (density effects)? 
à  Linear resummation (energy effects)? 
                [Ball et al, also describing FL] 

… effects are subtle and live in a small  
& difficult corner of kinematic plane  



-  Extending  Q2 range vital to fully unravel complex low x region 
- Comparing eA and ep allows energy and density effects to 

      be disentangled 

5 … LHeC reaches saturated region in both ep & eA 
at perturbative Q2 according to models 

ep eA 



    x à 10-7 at Q2 > 3 GeV2 

- Very large predicted effects 
(eg resummation – Ball et al) 
- Ultra-precise PDFs … (Claire’s 

talk) 



Also need 1o acceptance in proton  
direction to contain hadrons for  
low x / high y kinematic 
reconstruction 

eg from LHeC … 
Access to Q2=1 GeV2 in ep mode for 
all x > 5 x 10-7 requires scattered  
electron acceptance to 179o  



High W 

Low W 

•  At fixed √s, decay muon direction 
is determined by W = √sγp 

•  To access highest W, acceptance  
in outgoing electron beam  
direction crucial  

e p 



1)  [Low-Nussinov] interpretation as 2 
gluon exchange enhances sensitivity 
to low x gluon (at least for exclusives) 

2)  Additional variable t gives access to 
impact parameter (b) dependent 
amplitudes 

à Large t (small b) probes densest  
packed part of proton? 



LHC experiments (TOTEM, ALFA@ATLAS) have shown that 
it’s possible to make precision measurements and cover wide 
kinematic range with Roman pots.  
e.g. TOTEM currently operates 14 pots, with several at full LHC  
lumi (~50ps timing and  
precision tracking  
detectors) à Sensitivity  
to subtle new effects eg  
non-exponential term in 
elastic t dependence …    



-  LHeC Proton spectrometer  
uses outcomes of FP420  
project (proposal for low ξ 
Roman pots at ATLAS / CMS –  
not yet adopted)  
-  Tags elastically scattered  
protons with high acceptance  
over a wide xIP, t range 

Roman pot forward detector 
systems with low ξ (= xIP) 
acceptance integrated into 
design from outset 



•  `Cleanly’ interpreted as hard 2g  
exchange coupling to qqbar dipole 

•  c and c-bar share energy equally,  
simplifying VM wavefunction relative to ρ  

•  Clean experimental signature (just 2 leptons) 

•  Scale Q2 ~ (Q2 + MV
2) / 4  >~ 3 GeV2  ideally suited to reaching  

lowest possible x whilst remaining in perturbative regime 

… eg LHeC reach extends to:   xg ~ (Q2 + MV
2) / (Q2 + W2) ~ 5.10-6  

•  Simulations (DIFFVM) of elastic J/Ψ à µµ photoproduction  
à scattered electron untagged, 1o acceptance for muons 

     (similar method to H1 and ZEUS)  



e.g. “b-Sat” Dipole model 
- “eikonalised”: with impact-parameter 

   dependent saturation  
- “1 Pomeron”: non-saturating 

•  Significant non-linear  
effects expected in LHeC  
kinematic range 

… ‘smoking gun’?... 

[LHeC 
2 fb-1] 



•  Lack of satn signal at 
LHC to date suggests 
increasing energy alone 
is not the answer 

•  Need detailed mapping  
in ep and eA and  
scanning of t (& maybe 
also of Q2).   

[LHeC 
2 fb-1] 

Current LHeC design  

Current LHCb limit 

Current EIC 
       design 

“beware unrealistic non-saturation  
straw men” [T. Lappi] 



•  Precise t measurement 
from decay µ tracks over 
wide W range extends to  
|t| ~ 2 GeV2 and enhances 
sensitivity to saturation  
effects 

•  Measurements also 
possible in multiple Q2 bins 

… see also eA (Nestor) 



1 fb-1, Ee = 50 GeV,  
1o acc’nce, pT

γ > 2 GeV 

100 fb-1, Ee = 50 GeV,  
10o acc’nce, pT

γ > 5 GeV 

Precise data with  
W à 1 TeV, Q2 à 700 GeV2,  
x à 5.10-5 

Still to do: 
-  Beam charge asymmetries 
-  Sensitivity to GPDs  



First simulation  
for LHeC 

… precision  
theory deserves precision 
data! 

LHeC 



First simulation  
for LHeC 

… precision  
theory deserves precision 
data! 

FCC-eh 
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•  Low xIP  à cleanly separate diffraction 
•  Low β    à Novel low x effects 
•  High Q2  à Lever-arm for gluon,flavour decomposition 
•  Large Mx à Jets, heavy flavours, W/Z …  
•  Large ET à Precision QCD with jets … 

à  Diffractive structure 
in wider (β,Q2) range than 
proton (x,Q2) range at HERA   



Investigate LHeC and FCC-eh potential  
for diffractive parton densities 

-  So far using same framework as  
at HERA (ZEUS version) with  
factorising xIP dependence (IP) and 
(β,Q2) dependence from NLO 
DGLAP fit  

k=g,d and Ak, Bk, Ck free 

d = u = s = dbar= ubar = sbar 

- Small sub-leading (IR) exchange required at largest xIP   
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-  Start with HERA data 

- Add LHeC and FCC-eh 
bins according to 
extrapolated  
ZEUS-SJ fits 
(4 bins per decade 
in each of ξ, β, Q2) 
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Data uncertainties: 
 - 5% uncorrelated systematic 
 - 2% statistical uncertainty 

Fit range: 
Q2

min = 5 GeV2  ξmax = 0.1 



Quarks Gluons à  2-4% precision 
on gluon density 
at low momentum 
fraction  

Still ongoing: 
-  Parameterisation  
bias / extrapolation 
uncertainties 
-  Sensitivity to  
flavour  
decomposition 
-  Sensitivity to  
deviations from 
pure DGLAP 

- ePb 



ξmax dependence with 2% norm’n uncertainty 

2fb-1 v infinite lumi Free IP and IR intercepts 



-  Low x QCD is a frontier of the future à emergent phenomena 
at high parton densities and strong coupling (resummation,  
saturation, confinement, mass) 

-  LHeC / FCC-eh expands phase space to explore in detail 

- Recent progress in sensitivity to diffractive PDFs 

-  Plenty more to do … wish list 
 à DVCS and GPD / TMD sensitivity 
 à Diffractive jets / HF at NNLO 
 à Lots of FCC-eh simulations 
 à Interface detector simulations à realistic systematics 
 à More detailed forward instrumentation design  

[Thanks: Nestor Armesto, Anna Stasto, Wojtek Slominski …]      


