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Deep inelastic electron-proton collider

HERA Hamburg 1992-2007

e (27.5 GeV) 

P (920 GeV) 

Equivalent to a 50 TeV beam on 

a fixed target proton 

~2500 times more than SLAC! 

Around 500 pb-1 per experiment 

HERA (1992-2007) 

… the only ever 

collider of electron 

beams with proton 

beams 

ZEUS 

e (27.5 GeV) 

P (920 GeV) 

HERA Luminosity 2002 - 2007
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Results from HERA
HERA established detailed proton 
structure: parton density functions.

Increasing role of gluons at small x.
Proton structure is highly complex 

due to the QCD radiation (evolution).

Other results: measurement of coupling constant, jets, photon structure, diffractive 
processes (in about 10% events), charm and bottom structure functions, PDFs essential 

for interpreting Tevatron and LHC results, limits for new physics (leptoquarks).

Proton constituents …  
 2 up and 1 down valence quarks 
 … and some gluons 
 … and some sea quarks 
 … and lots more gluons and sea quarks … 

!  strong interactions induce rich and complex  
`structure’ of high energy proton interactions! 

           Scattering electrons from  
           protons at !s > 300GeV at 
         HERA has established detailed 
   proton structure & provided  
   a testing ground for QCD 
   over a huge kinematic range  

   … parton density functions 
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Lepton-hadron facilities: luminosity vs energy
 The Landscape : Luminosity vs !s 
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China 
CEIC1 = Chinese version 
    of Electron-Ion Collider 
      (“A dilution-free mini-COMPASS”) 

 
U.S. 
MEIC1 = EIC@Jlab 
 
eRHIC = EIC@BNL 
 
Europe 
LHeC = ep/eA collider  

        @ CERN 
 
CEIC2 
MEIC2 
HL-eRHIC 
FCC-he 

} future 
extensions 
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New domain for ep colliders
The ep Physics at the Energy Frontier 
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  Bjorken 

High Density Matter 
- New form of 
gluonic matter? 

RPV SUSY, LQ 
Substructure ? 

High  
Precision 
QCD & 
EW (top) 
Physics 

HERA 
established 

the validity of  
pQCD 

(DGLAP)  
due to a very 
high lever arm 

in Q2. 
 

Extensions of 
both x and Q2 

ranges are 
crucial for new 
experiments 

and HEP 
theory 

developments!  

74"2",$
CA/,$

UHE Neutrinos 

H" HH 



Leptoquarks
Contact Interactions

Excited Fermions
Higgs in MSSM
Heavy Leptons

4th generation quarks
Z’

SUSY
???

Structure functions
Quark distributions from direct measurements

Strong coupling constant to high accuracy
Higgs in SM

Gluon distribution in extended x range to 
unprecedented accuracy

Single top and anti-top production
Electroweak couplings

Heavy quark fragmentation functions
Heavy flavor production with high accuracy

Jets and QCD in photoproduction
Partonic structure of the photon

New regime at low x 
Saturation
Diffraction

Vector Mesons
Deeply Virtual Compoton 

Scattering
Forward jets and parton 

dynamics
DIS on nuclei

Generalized/unintegrated 
parton distribution functions

Beyond Standard Model

QCD and EW precision physics

Small x and high parton 
densities

Physics possibilities at LHeC and FCC-he
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[R. Ball et al.,  
JHEP 1304  
(2013) 125] 
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Flavor decomposition at the LHeC
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Figure 3.13: Simulated measurement of the anti-strange quark density in CC e�p scattering
with charm tagging at the LHeC, for a luminosity of 10 fb�1. Closed (open) points: tagging
acceptance down to 10 (1⇥). The charm quark tagging e�ciency is assumed to be �c = 10%
and the e�ciency to keep light quark background bgdq = 1%.

56

• High lumi
• High Q
• Charm tagging efficiency 10%
• Closed points acceptance to 10 degrees
• Open points acceptance to 1 degree

Flavour Decomposition 

Precision c, b measurements  
(modern Si trackers, beam  
spot 15 * 35 µm2 , increased  
HF rates at higher scales).  
Systematics at 10% level 
   !beauty as a low x observable 
   !s, sbar from charged current 

(Assumes 1 fb-1 and 
-  50% beauty, 10%  
charm efficiency 
-  1% uds ! c  
mistag probability. 
-  10% c ! b mistag)  

sbar 

b 

Flavour Decomposition 

Precision c, b measurements  
(modern Si trackers, beam  
spot 15 * 35 µm2 , increased  
HF rates at higher scales).  
Systematics at 10% level 
   !beauty as a low x observable 
   !s, sbar from charged current 

(Assumes 1 fb-1 and 
-  50% beauty, 10%  
charm efficiency 
-  1% uds ! c  
mistag probability. 
-  10% c ! b mistag)  

sbar 

b 

• Beauty as a small x 
observable

• Precision strange 
measurement through 
charm tagging in CC 
interactions



Precision PDFs for Higgs in pp

further decay modes such as into fermions H ! ⌧⌧, cc, both challenging at the LHC, c involving a
second generation coupling, and also the H decay into bosons, WW, ZZ, ��, from a clean WW
initial state, the former delivering a potentially clean measurement of the H to WW coupling; iii)
with the specific ep configuration unique measurements of the CP properties are in reach with access
to CP odd admixtures and/or precision measurements of the CP even (SM) eigenvalues [18].
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Figure 3: NNLO calculation of the Higgs production cross section in pp scattering at the design LHC energy using
the iHixs program. The cross section is calculated at a scale of MH/2. The bands on the left side represent the
uncertainties of the various PDF sets available to NNLO as marked. The PDF4LHC convention excludes ABM11,
JR09VF, HERA and extreme values of ↵s arriving in this calculation to roughly 5% uncertainty from PDF variations
to which one would add an about 10% from scale uncertainty, as this picture looks di↵erent when MH is used, see
text, and about 5% due to ↵s. The full experimental uncertainty estimated with the LHeC PDFs, as detailed in the
CDR and plotted at the right column, is about 0.3%, with a similar uncertainty to be added from ↵s discussed above.
From these two sources therefore, the LHeC would provide the means to derive Higgs mass values from LHC cross
section measurements.

At the LHeC one probes new physics at the cleanly separated WWH and ZZH vertices with
a simpler final state, no pile-up and knowing the directions of the struck quark. Measurements of
couplings have to be precise as, for example, the H to WW and ZZ couplings, when measured with
better than 8% accuracy, could allow accessing a composite Higgs structure [19]. The prospects for
Higgs physics with the LHeC are remarkable and deserve to be studied deeper.

A salient further aspect of ep assisting to make the LHC a precision Higgs physics facility is the
superb measurement of the PDFs and ↵s in ep with the LHeC. The dominant production mode for
the Higgs in pp is gg fusion and therefore the cross section is proportional to the product of ↵s and
xg squared. The LHeC leads to a much improved determination of the gluon density over 5 orders of
magnitude in Bjorken x, extending to large x as is illustrated in Fig. 2. This is at the origin of a huge
improvement of the knowledge, based on pseudo LHeC data, of the Higgs production cross section
at the LHC, shown in Fig. 3 and calculated with iHixs [20], in comparison with the available NNLO

7

Precision pdfs from LHeC

Uncertainty can be reduced 
to 0.25%.

Leads to Higgs mass 
sensitivity

Similar conclusions can be 
reached for FCC-hh and 

FCC-he

Will need NNNLO 
calculations

Precision Partons for Higgs in pp 

Uta$Klein,$Future$ep/eA$Colliders$

"$Using%LHeC%input:$experimental$uncertainty$of$predicted$LHC%Higgs%
cross%sec9on$is$strongly$reduced%to%0.4%%%due%to%PDFs%and%αS%%
"$clear$Higgs$mass$sensi?vity$in$cross$sec?on$predic?ons$$
"$Similar%conclusion%and%rela9ons%expected%for%FCC^hh%and%FCC^he%

25 

"%precision%from%LHeC%can%add%a%
very%significant%constraint%on%the%
Higgs%mass%but-also:-
%

αS$=$underlying$parameter$relevant$
for$uncertainty$$(0.005$"$10%)$
@$LHeC:$measure$to$permille$
accuracy$(0.0002)$
$$

Study$
unifica?on$of$

couplings$

44

46

48

50

52

54

56

58

60

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

  
partons%
from%LHeC%



Gluino pair production at the LHC

-  Both signal & background uncertainties driven  

by error on gluon density … essentially unknown  

     for masses much beyond 2 TeV 

- Signature is excess @ large invariant mass  

-  Expected SM background (e.g. gg ! gg)  

  poorly known for s-hat > 1 TeV.  

23 

PDF 

Uncerty 

band 

• Signal is the excess at large invariant mass.
• But large gluon  pdf uncertainties dominate the total 

uncertainty for both signal and background.
• Unknown for masses beyond 2TeV.GluonQGluon$Luminosity$with$LHeC$

Full$detector$simula*on$(CDR$of$LHeC)$reveals$high$precision$on$gluon$from$LHeC$alone.$
With#the#LHC#moving#to#high#luminosity#we#conquer#the#few#TeV#mass#region#and#need#
to#know#the#partons#at#high#x#in#order#to#take#advantage#of#the#luminosity#upgrade.#
$

LHeC$Note$2012Q005$
arXiv:1211.5102$
$
LHeC$PDFset$on$LHAPDF$
V.Radescu,$MK$$

High precision for this 
process from pdfs 

constrained by LHeC

Precision PDFs can only be 
obtained by the measurements 
in ep machine like LHeC and 

FCC-he



SM Higgs in epSM Higgs in ep 

Uta$Klein,$Future$ep/eA$Colliders$ 26 
LHeC%/%FCC^he:%Sizeable%charged%current%DIS%unpolarised%ep%cross%sec9ons%%

Ee=60%GeV%

Ee=120%GeV%

FCC^he%

LHeC%

HERA%

eRHIC%



SM Higgs in ep
SM Higgs in ep 

Uta$Klein,$Future$ep/eA$Colliders$ 29 

$
This$reconstructs$60%$of$H$in$ep$with$comfortable$S/B$~1$,$in$CC$and$NC$
" Enables$BSM$Higgs$(tensor$structure$of$HVV,$CP,$dark$H?)$,$QCD(H)$
" O(1)%%precision%on%H^bb%couplings%with%small%thy%uncertainty.$H9cc$imminent$$

ep"%νH(bb)X%
charged$currents$
σBR~120$Ö$

μ=0.1$
S/B$~192$$
Cut$based$only$
$
[LHC:$VH$9$BDT’s$
σ(VH)$~$130Ö$8$TeV$
arXiv:1409.6212]$

MH=125$GeV$:$Post9CDR$simula?on$of$H"$bb$measurement$at$the$LHeC,$100$Ö91$

LH
eC

$H
ig
gs
$G
ro
up

$U
.K
le
in
$e
t$a

l.$

[Pe=90.8,$BR=0.577]$

Study of H ! bb̄ at LHeC

L = 100 fb�1

signal to background ratio is 
about 1.2

With 10 times more data
1% precision on the  Hbb̄

H ! cc̄Ongoing studies on the simulation

coupling



Higgs production at the LHeC and FCC-he

Cross$sec*on$
at$FCCQhe$
1pb$ep!$vHX$
$
Luminosity$
O(1034)$$is$
crucial$for$
H$!$HH$[0.5$Ñ]$
and$rare$H$decays$

Higgs$Physics$in$DIS$at$the$LHeC$and$FCCQhe$

Event$rates$for$1abQ1.$Note$the$LHeC$WWQH$cross$sec*on$is$as$large$as$the$Z*!$ZH$
cross$sec*on$at$the$ILC$or$FCCQ$or$CEPC,$but$it$is$much$larger$at$the$FCCQhe$

Higgs"physics""in"ep"possible"at"high"energy"and"Luminosity"



Precision measurement of strong 
coupling constant

Strong coupling is least known of all couplings

Grand unification predictions suffer from uncertainty

DIS tends to be lower than the world average

Expected)precision)on)alphas(Mz))from)DIS)
  A)dedicated)study)to)determine)the)accuracy)of)alphas)from)the))LHeC)was)performed)using)for)the)

central)values)the)SM)predic=on)smeared)within)its)uncertain=es)assuming)Gauss)distribu=on)and)
taking)into)account)correla=ons)(accuracy)reflects)the)total)experimental)uncertainty))

LHeC)promises)per)mille)accuracy)on)alphas!)
)
!

  Previously)(HERA,)fixed)target))limited)by))uncertainty)of)low)x,)which)LHeC)can)cure;))
  full)exploita=on)of)this)requires)pQCD)at)NNNLO;))
  LHeC)can)provide)a)new)level)of)predic=ng)grand)unifica=on)

Voica Radescu| DESY         |DIS – Warsaw |  LHeC   24 



Small x regime
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• At small x the linear evolution gives strongly rising gluon 
density.

• Parton evolution needs to be modified to include potentially 
very large logs, resummation of log(1/x)

• Further increase in the energy could lead to the importance 
of the recombination effects. 

• Modification of parton evolution by including non-linear or 
saturation effects in the parton density.

The boundary between the two regimes 
needs to be determined experimentally.

Unique feature of the  LHeC & 
FCC-he: can access the dense 

regime at fixed, semihard scales Q, 
while decreasing x.

•  Somewhere & somehow, the low x growth of cross sections 
must be tamed to satisfy unitarity … non-linear effects  
… new high density, small coupling parton regime of non-linear 
parton evolution dynamics (e.g. Colour Glass Condensate)? … 
… gluon dynamics ! confinement and hadronic mass generation 

[HERAPDF 
1.6 NNLO] 



Small x and vector mesons
Precision  measurement of the elastic diffraction of vector mesons: sensitive to 

saturation effects. FCC-he extends the kinematic reach up to 4TeV.Vector$Mesons$$ 

Precision$Measurements$of$vector$mesons$and$diffrac*on$to$very$high$MX$~$xg2$

Higher$energy$(1/x),$higher$A$

5$TeV$

W$=$√$(ys)$extends$to$~$4$TeV$at$FCCQhe$
$
Black#body#limit,$interference$pa/ern$of$σ$

HERA#

LHeC#

FCC=he#

More differential measurements can help to map the 
gluon density in the proton.

Shifts in the dips of t-distribution, as a signal for 
parton saturation



LHeC and FCC-he as an
 electron-ion colliderLHeCQFCCQhe$as$Electron$Ion$Collider(s)$

Precision$QCD$study$of$parton$dynamics$in$nuclei$

Inves*ga*on$of$high$density$ma/er$and$QGP$

Gluon$satura*on$at$low$x,$in$DIS$region.$

Extension#of#kinema`c#range#in#lA#
by#4=5#orders#of#magnitude#will#
change#QCD#view#on#nuclear##
structure#and#parton#dynamics##
$

May$lead$to$genuine$surprises…$

$

Q  No$satura*on$of$xg$(x,Q2)$?$

Q  Small$frac*on$of$diffrac*on$?$

Q  Broken$isospin$invariance$?$

Q  Flavour$dependent$shadowing$?$

Expect$satura*on$of$rise$at$$

$$$$$Q2
s##≈#xg#αs#≈#c#x=λA1/3#

LHeC$is$part$of$NuPECCs$

long$range$plan$since$2010$

L
eN
$~$1032$cmQ2$sQ1$$

FCCQhe$

EIC$

LHeC$

Nuclear structure below x=0.01  is 
completely unknown.

LHeC and FCC-he will extend the kinematic 
range by 4-5 orders of magnitude. 

Electron-ion collisions are the best precision 
tools to study partonic structure of  cold 
nuclear matter. Important for initial state for 
heavy ion collisions.

Pin-down the nuclear effects on the 
propagation of partons through the nuclear 
matter.

High parton density enhanced by low x and 
nuclear effects.

Saturation scale Q

2
sA ⇠ A

1/3
Q

2
sp ⇠ x

��
A

1/3



Constraints on nuclear PDFs
eA inclusive: constraining PDFs

19

Paukkunen

● New realm in nPDFs, to put them at the same level as those in p:
➜ Reduction of uncertainties at small and large x.
➜ Getting rid of assumptions in fits.
➜ Addition of CC to perform flavour separation.

• Huge reduction of the uncertainties after including LHeC pseudodata, particularly for 
sea and gluon.

• Adding charged current interaction may help to perform the flavor separation.

the transverse impact parameter dependence of the dipole scattering amplitude S(r, b;x) is
very poorly constrained. Indeed, one has been able to describe F2 and correctly predict FD

2

with two kinds of impact parameter dependences, neither of which is fully satisfactory. In
a first class of dipole models, the impact parameter profile of the proton is independent of
energy, yielding a dipole cross section bounded from above. In the other class of models, the
black-disk regime of maximal scattering strength spreads too quickly in the transverse plane
with increasing dipole size r, leading to a dipole cross section which diverges for large r. It is
therefore of vital importance to measure accurately the t dependencies of the di�ractive cross
sections in an extended kinematics to pin down the impact parameter distribution of the proton
as probed at high energies.

Low-x physics at the LHC

Nuclear targets

Comparing nuclear parton density functions The nuclear modification of structure func-
tions has been extensively studied since the early 70’s [166, 167]. Such modification is usually
characterized through the so-called nuclear modification factor which, for a given structure
function or parton density, f , reads

RA
f (x, Q2) =

fA(x, Q2)
A� fN (x, Q2)

. (2.24)

In this Equation, the superscript A refers to a nucleus of mass number A, while N denotes the
nucleon (either a proton or a neutron, or deuterium as their average). The absence of nuclear
e�ects would result in R = 1.

Apart from possible isospin e�ects, the nuclear modification factor for F2 shows a rich
structure: an enhancement (R > 1) at large x > 0.8, a suppression (R < 1) for 0.3 < x < 0.8,
an enhancement for 0.1 < x < 0.3, and a suppression for x < 0.1 where isospin e�ects can
be neglected. The last-mentioned one, called shadowing [168], is the dominant phenomenon at
high energies (the kinematical region x < 0.1 will determine particle production at the LHC,
see Subsection 2.3.1 and [169]).

The modifications in each region are believed to be of di�erent dynamical origin. In the
case of shadowing, the explanation is usually given in terms of a coherent interaction involving
several nucleons which reduces the nuclear cross section from the totally incoherent situation,
R = 1, towards a region of total coherence. In the region of very small x, small-to-moderate
Q2 and for large nuclei, the unitarity limit of the nuclear scattering amplitudes is expected to
be approached and some mechanism of unitarization like multiple scattering should come into
work. Therefore, in this region nuclear shadowing is closely related to the onset of the unitarity
limit in QCD and the transition from coherent scattering of the probe o� a single parton to
coherent scattering o� many partons. The di�erent dynamical mechanisms proposed to deal
with this problem should o�er a quantitative explanation for shadowing, with the nuclear size
playing the role of a density parameter in the way discussed in Subsection 2.3.1.

At large enough Q2 the generic expectation is that the parton system becomes dilute and the
usual leading-twist linear DGLAP evolution equations should be applicable. In this framework,
global analyses of nuclear parton densities - in exact analogy to those of proton and neutron
parton densities - have been developed up to NLO accuracy [170–172]. In these global analyses,
the initial conditions for DGLAP evolution are parametrized by flexible functional forms but
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Nuclear ratio:



Q/&4FA%>&6+8&4A%,"/)6%TM%()**U%

>"/FV>"/F%+(<+/%)*%G);;%W)6DX%%1$+#+/V($+#+/%6+;;"0&4%Y%Z%()**R%(:;*&0R%[K%B&\%TH9O1-]>QIU%



backup$
Civil$Engineering$
Footprint$

7$years$for$9km$$
Civil$Engineering$

MK$6/14$

Max$Klein$ICFA$Beijing$10/2014$



Superconduc/ng$RF$and$ERL$Test$Facility$Design$at$CERN$

A.$Bogazc,$A.Valloni,$A.Milanese$et$al.$$

R.Calaga,$A.Hu4on,$B.$Rimmer,$E.Jensen$et$al.$

Frequency$802$MHz$
Design$and$built$of$2$Modules$(CERN+Jlab+)$
Conceptual#Design#of#the#LTFC#–#end#of#2015:#
SCRF$under$beam$condi/ons,$applica/ons,$
high$quality,$high$current,$mul/pass,$ERL$
$
Interest$for$par/cipa/on$expressed$by$
BINP,$BNL,$CORNELL,$IHEPBj,$JLAB$..$

Max$Klein$ICFA$Beijing$10/2014$

Arc$op/cs,$Mul/pass$linac$op/cs,$LaÉce,$Magnet$specifica/on,$…$first$passes$done$$



Figure 13.52: Acceptance for J/⇥ with Ee = 50GeV as a function of W , the center of mass energy of the �p
system. A detector with larger coverage both in the forward and in the rear region allows for measurements
on a much wider W range.
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Figure 13.53: A full view of the baseline detector in the r-z plane with all components shown. The detector
dimensions are � 14 m in z with a diameter of � 9 m.
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LHeC detector design

e p

forward backward

%)#1$D#0#/0+'$I?#'?2#H$

Forward/backward asymmetry in energy deposited and thus in geometry and technology 
Present dimensions: LxD =14x9m2  [CMS 21 x 15m2 , ATLAS 45 x 25 m2] 

Taggers at -62m (e),100m (!,LR), -22.4m (!,RR), +100m (n), +420m (p) 

!2.#$1&.+'2G#0#'$

%5'$#.#/0'+G&(,#8/$/&.+'2G#0#'$$
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First study of detector for FCC-heFCCQhe$Detector$(B)$–$0.1$

P.Kostka$et$al.$

Crab$cavi*es$for$p$instead$of$dipole$magnet$for$e$bend$to$ensure$head$on$collisions$

1000$H$!$μμ$may$call$for$be/er$muon$momentum$measurement$

H!$HH$!$4b$(and$large/low$x)$call$for$large$acceptance$and$op*mum$hadr.$E$resolu*on$

Detector$for$FCC$scales$by$about$ln(50/7)$~2$in$fwd,$and$~1.3$in$bwd$direc*on$

Full$simula*on$of$LHeC$and$FCCQhe$detectors$vital$for$H$and$HQHH$analysis$

FCCQhe$Detector$(B)$–$0.1$

P.Kostka$et$al.$

Crab$cavi*es$for$p$instead$of$dipole$magnet$for$e$bend$to$ensure$head$on$collisions$

1000$H$!$μμ$may$call$for$be/er$muon$momentum$measurement$

H!$HH$!$4b$(and$large/low$x)$call$for$large$acceptance$and$op*mum$hadr.$E$resolu*on$

Detector$for$FCC$scales$by$about$ln(50/7)$~2$in$fwd,$and$~1.3$in$bwd$direc*on$

Full$simula*on$of$LHeC$and$FCCQhe$detectors$vital$for$H$and$HQHH$analysis$

FCCQhe$Detector$(B)$–$0.1$

P.Kostka$et$al.$

Crab$cavi*es$for$p$instead$of$dipole$magnet$for$e$bend$to$ensure$head$on$collisions$

1000$H$!$μμ$may$call$for$be/er$muon$momentum$measurement$

H!$HH$!$4b$(and$large/low$x)$call$for$large$acceptance$and$op*mum$hadr.$E$resolu*on$

Detector$for$FCC$scales$by$about$ln(50/7)$~2$in$fwd,$and$~1.3$in$bwd$direc*on$

Full$simula*on$of$LHeC$and$FCCQhe$detectors$vital$for$H$and$HQHH$analysis$



FCC-he parameters
$$

collider#parameters# FCC#ERL# FCC=ee#ring# protons#
species$ e"#(e+?)# e±# e±# p$

beam$energy$$[GeV]$ 60$ 60$ 120$ 50000$

bunches$/$beam$ Q$ 10600$ 1360$ 10600$

bunch$intensity$[10
11
]$ 0.05$ 0.94$ 0.46$ 1.0$

beam$current$[mA]$ 25.6$$ 480$ 30$ 500$

rms$bunch$length$[cm]$ 0.02$ 0.15$ 0.12$ 8$

rms$emi/ance$[nm]$ 0.17$$ 1.9$(x)$ 0.94$(x)$ 0.04$[0.02$y]$
β
x,y
*[mm]$ 94$ 8,$4$ 17,$8.5$ 400$[200$y]$

σ
x,y
*$[µm]$ 4.0$ 4.0,$2.0$ equal$

beamQb.$parameter$ξ
$

(D=2)$ 0.13# 0.13# 0.022$(0.0002)
$

hourglass$reduc*on$ 0.92$

(HD=1.35)$

~0.21# ~0.39$

CM$energy$[TeV]$ 3.5$ 3.5$ 4.9$

luminosity[10
34
cm

Q2
s
Q1
]$ 1.0# 6.2# 0.7#

F.Zimmermann$

ICHEP14,$June$

$

PRELIMINARY$

L$is$1000*HERA$



Summary and outlook I
• Thorough understanding of the particle physics can only proceed through 

variety of HEP experiments with different energies and probes. Therefore it 
is essential to perform and study complementary                    collisions.

• LHeC and FCC-he projects have an unprecedented potential as a high 
luminosity, high energy DIS machines.  Precision DIS measurements: 
constraining and unfolding PDFs, heavy flavor physics, precision strong 
coupling , precision electroweak measurements. Higgs properties. Offering a 
unique window for small x physics and high parton density regime.

• FCC-he project with new energy frontier can address big questions: 
structure of visible matter, lepton-quark symmetries and BSM physics.

• eA at high energy essential to untangle the complex nuclear structure at low 
x and constrain the initial conditions for AA at the LHC.  Complementary to 
pp/pA/AA.

• CDR for the LHeC project is complete:    arXiv:1206.2913
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Summary and outlook II
• New International Advisory Committee and Coordination Group set up 

by CERN with mandate to further develop LHeC and study prospects at 
FCC.

• Prospect of higher luminosity at LHeC/FCC-eh                           calls for 
reevaluation of the physics possibilities.

• In particular, following Higgs discovery,  there is an ongoing effort to 
study the potential for Higgs precision physics in high luminosity ep 
machines.

• Physics studies for FCC-he machine, especially the BSM possibilities.

• CDR for the ERL test facility, end of 2015.

	
  	
  	
  

O(1034) cm�2 s�1

More information on both 
projects can be found: http://lhec.web.cern.ch/

LHeC CDR, J Phys G39 (2012) 075001
Klein & Schopper, CERN Courier,  June 2014
Newman & Stasto, Nature Physics 9 (2013) 448
Bruening & Klein, Mod Phys Lett A28 (2013) 1130011 

http://lhec.web.cern.ch
http://lhec.web.cern.ch

