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Current LHC schedule:

Future of CERN: LHeC, FCC. N. Armesto, 06.12.2014

Here 
we are
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This is NOT a review of the full menu 
of future opportunities at CERN!!!

I will focus on those aspects of 
interest for this conference.
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The Future Circular Collider:
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120-350 GeV



The accelerator:
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The accelerator:
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M. Schaumann

5.5 TeV/n 39.4 TeV/n 62.8 TeV/nConservative filling scheme!!!

Note: the ALICE goal for Run 3/4 is 10 nb-1 
in PbPb; the 2013 pPb run got ~30 nb-1.

Schaumann
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pPb: 63 TeV/n
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Physics: global properties

Future of CERN: LHeC, FCC 6N. Armesto, 

A. Dainese at QM2014

● Using data-driven extrapolations from lower energies to the LHC:

T from 
SB and Bj 
estimate The medium:

● Is larger;
● Lives longer;
● Reaches higher T’s;
● Equilibrates faster.
⇒ larger opportunities 

to see collective effects.

pPb: 63 TeV/n



Physics: global properties (II)

Future of CERN: LHeC, FCC 7N. Armesto, 

Denicol

● Charm becomes 
an active flavour 
and can be 
abundantly 
produced
secondary 
interactions:

● Higher 
multiplicity 
may profit 
collective flow 
studies e.g. T 
dependence of 
η/s.

Ko

35 %

20 %

50 %

1204.0995
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Physics: hard probes
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● Hard probes are much abundantly produced: tops, Z+jets,…

Salgado d’Enterria

● This could make possible the study of boosted tops, boosted 
colour singlets, mapping the medium evolution via hard probes,…

● New temperature and density range may affect hard probes: Υ 
melting, bbar regeneration,…
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Physics: UPCs, high multi pp

Future of CERN: LHeC, FCC 10N. Armesto, 

d’Enterria

● Much larger multiplicity in pp 
would help to understand the 
eventual onset of collectivity in 
pp and pA: flow-like features, 
ridge, <pT>,…

● Exclusive VM production in 
UPCs will explore new regions 
of the kinematic plane.

● HE collider data essential to 
construct models for VHE 
hadronic interactions of use for 
UHECR.
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LHeC/FCC-he:
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● LHeC, FCC-he → ep/eA experiment using p/A from the LHC/
FCC: Ep=7/50 TeV, EA=(Z/A)Ep=2.76/19.7 TeV/nucleon for Pb.
● New e+/e- accelerator: Ecm∼several TeV/nucleon (Ee=50-175 GeV). 
● Compatible with synchronous LHC/HL-LHC/FCC operation. 
● Large physics case beyond our interests: precision QCD and EW, 
small x, eA, Higgs, BSM.
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Relevance for the HI program:

13

● Nuclear 
wave 
function at 
small x: 
nuclear 
structure 
functions.

● Particle production at 
the very beginning: which 
factorisation in eA?

● How does the system 
behave as ∼ isotropised 
so fast?: initial conditions 
for plasma formation to 
be studied in eA.

● Probing the 
medium through 
energetic particles 
(jet quenching 
etc.): modification 
of QCD radiation 
and hadronization 
in the nuclear 
medium.
N. Armesto, Future of CERN: LHeC, FCC: 2. LHeC, FCC-he
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LHeC: Linac-Ring option
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Post CDR CDR
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LHeC: Linac-Ring option

14N. Armesto, 

Post CDR CDR

Future of CERN: LHeC, FCC: 2. LHeC, FCC-he

Luminosity per nucleon (CDR)
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● Other detector options: solenoid 
outside, also considered.
● Plus luminosity detector, electron 
tagging, polarimeter, ZDC and leading 
proton detector.
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e p/A

LHeC

● Other detector options: solenoid 
outside, also considered.
● Plus luminosity detector, electron 
tagging, polarimeter, ZDC and leading 
proton detector.

FCC-he
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● The LHeC/FCC-he 
will explore a region 
overlapping with the 
LHC/FCC-hh:
➜ in a cleaner 
experimental setup;
➜ on firmer theoretical 
grounds.
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e

● Diffraction is linked to 
nuclear shadowing through 
basic QFT (Gribov): eD to 
test and set the 
‘benchmark’ for new 
effects.
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eA inclusive: constraining PDFs

19

Paukkunen

N. Armesto, Future of CERN: LHeC, FCC: 2. LHeC, FCC-he

● 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.



Elastic VM production in eA:

20

● For the coherent case, 
predictions available. 

● Challenging experimental 
problem (neutron tagging in ZDC?).
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Dihadron azimuthal decorrelation:

21

● Dihadron azimuthal decorrelation:
currently discussed at RHIC as
suggestive of saturation.
● At HE eA it could be studied far from the kinematical limits.

Albacete-Marquet ’10 pTlead>3 GeV
pTass>2 GeV
zlead=zass=0.3

y=0.7
Q2=4 GeV2 

xA<<xp

ΔΦ=Φ12
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Summary:
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● FCC-AA: extension of the pA/AA program to higher energies 
leading to

➜ Hotter, longer-lived medium with larger opportunities to observe 
collectivity from small to large systems.
➜ New degrees of freedom may become active.
➜ Access to a large perturbative domain at small x: saturation.
➜ Larger rates of harder probes, with new possibilities.
➜ Tests of interaction models of wider interest.

● LHeC, FCC-he: eA colliders in the TeV cms regime providing
➜ Clean access to a large perturbative domain at small x: saturation?
➜ Determination of nPDFs for nuclear colliders, with the possibility of 
releasing many of the current assumptions.
➜ Studies of QCD radiation and hadronisation inside the nuclear medium.
➜ Transverse scan of hadrons and nuclei: nGPDs.
➜ Diffraction.
➜ … with implications on our understanding of pA and AA collisions.



Outlook:
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● FCC-AA (espace2013.cern.ch/fcc/):
➜ CDR for the next European Strategy for Particle Physics in 2017/2018.
➜ Organisation: collaboration established, with FCC-hh, FCC-ee and FCC-he 
groups.
➜ Initial physics document to be produced for next summer.
➜ FCC-AA coordinators: A. Dainese, S. Maschiocci, C. A. Salgado, U. A. Wiedemann.
➜ Regular workshops: 12/13, 09/14.

● LHeC, FCC-he (cern.ch/lhec):
➜ TDR for the next European Strategy for Particle Physics in 2017/2018.
➜ Organisation: new IAC, new Coordination Group, several working groups, in 
the Study Group.
➜ Updated physics summary to be produced for next June.
➜ ERL Test Facility in CERN mid term plan since last June: LoI for end 2015.
➜ Small-x/eA coordinators: NA, Paul Newman, Anna Stasto.
➜ Regular workshops: 01/14, 24-26/06/15 Chavannes-de-Bogis.

● FCC week 2015: Washington D.C., 23-27/03/2015, hh, ee, he.
Visit the web pages: everybody is more than welcome to join!!! 

http://espace2013.cern.ch/fcc/
http://cern.ch/lhec
https://indico.cern.ch/event/340703/
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➜ Organisation: new IAC, new Coordination Group, several working groups, in 
the Study Group.
➜ Updated physics summary to be produced for next June.
➜ ERL Test Facility in CERN mid term plan since last June: LoI for end 2015.
➜ Small-x/eA coordinators: NA, Paul Newman, Anna Stasto.
➜ Regular workshops: 01/14, 24-26/06/15 Chavannes-de-Bogis.

● FCC week 2015: Washington D.C., 23-27/03/2015, hh, ee, he.
Visit the web pages: everybody is more than welcome to join!!! 

Thanks a lot to the organisers for 

the invitation, to Andrea, Max 

Klein and Paul for comments, and 

to you for your attention!!!

http://espace2013.cern.ch/fcc/
http://cern.ch/lhec
https://indico.cern.ch/event/340703/
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LHC vs. LHeC:

25

ePb@LHeC
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Diffraction in ep and shadowing:

26

e

● Diffraction is linked to nuclear shadowing through basic QFT 
(Gribov): eD to test and set the ‘benchmark’ for new effects.

        

1106.2019
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Transverse scan: elastic VM

27

● t-differential 
measurements 
give a gluon 
tranverse 
mapping of the 
hadron/nucleus.
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Transverse scan: elastic VM

27

● t-differential 
measurements 
give a gluon 
tranverse 
mapping of the 
hadron/nucleus.

● Large extent in 
t with good 
precision.
● Sizable  
saturation effects 
expected (also in 
ep, 1402.4831).
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28

● Low energy: hadronization 
inside → formation time, 
(pre-)hadronic absorption,...

● LHeC: dynamics of QCD radiation and hadronization.
● Most relevant for particle production off nuclei and for QGP 
analysis in HIC.

Radiation and hadronization:

● High energy: partonic evolution 
altered in the nuclear medium.

∼ratio of FFs A/p
z=phadr/pparton

ν=Estruck parton
hadron rest frame
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inside → formation time, 
(pre-)hadronic absorption,...

● LHeC: dynamics of QCD radiation and hadronization.
● Most relevant for particle production off nuclei and for QGP 
analysis in HIC.

Radiation and hadronization:

● High energy: partonic evolution 
altered in the nuclear medium.

Fixed-target LHeC

∼ratio of FFs A/p
z=phadr/pparton

ν=Estruck parton
hadron rest frame
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