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LHeC Context

lepton—proton scattering facilities
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LHeC: 60 GeV
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- 1034 cm2 s
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Baseline* Design (Electron “Linac”)
LHeC CDR, July 2012 [arXiv:1206.2913]

Design constraint: power consumption < 100 MW - E_ = 60 GeV

10-GeV linac Injector

1.0 km

* Two 10 GeV linacs,
* 3 returns, 20 MV/m

* Energy recovery in
same structures
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e ep lumi > 1034 cm2 s
- ~100 fb! per year =>~1 ab! total

- eD and eA collisions have always been integral to programme
 e-nucleon Lumi estimates ~ 1031 (3.1032) cm2s! for eD (ePb)

# Alternative designs based on electron ring and on higher energy, lower 3
luminosity, linac also exist



LHeC Timeline
Long Term LHC Schedule

- LHC Injector Upgrade
ALICE, LHCb major upgrade - Heavy lonLuminosity
ATLAS, CMS ,minor' upgrade from 10?7 to 7 x 10%7
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HL-LHC, pp luminosity
ATLAS, CMS major upgrade from 2 x 1034 (peak) to 5 x 1034 (levelled)

Not defined ... but makes best sense in parallel with HL-LHC,...
schedule extends to ~2026-2040, with multiple shutdowns




Where could the LHeC be built?

- Default design is 1/3 at Point 2 (currently ALICE)
- Point 8 (currently LHCb) has also been considered
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Complementary Physics Programme to EIC
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Transformational PDF precision & flavour

decomposition: enabling LHC discovery

.. much of LHC physics will become limited by PDFs - high x
uncertainties limit searches, medium x limit Higgs precision etc

Current data + LHeC

Current data + LHC ul }mate
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PDFs > eg New High Mass LHC Particles

- Gluino signature is excess @ _—
large invariant mass P
)

: 0 Gluino Pair Production PDF Uncertai
Both §1grial & packground 5
uncertainties driven by error P_ 251 weor
on gluon density ... essentially 201 e
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LHeC Standalone Higgs Sensitivity

Higgs i e p CC - LHeC | NC - LHeC || CC - FHeC
. Polarisation 0.8 0.8 0.8
o / Ve ESt] mated Luminosity [alE;b‘]] 1 1 5
. Cross Section 196 25 850
~ )\ H integrated Decay__BrFraction N Nic NZ
Smmmm— . H—bb 0577 113 100 13900 || 2 450 000
u W yields ... Hoc@ 002 5 700 700 || 123 000
H 777 0.063 12 350 1600 370 000
H-pp 000022 50 5 1 000
d H-—4 000013 30 3 550
H 2% 00106 2 080 250 45 000
Known production mode each |7y, (i | i ih| iom
. H—ZZ 00264 200 600 110 000
- Detailed studies of bbar, rody N 0 2 =
ccbar, extrapolations of LHC performance for other modes
- Compare HL-LHC, ILC250, LHeC  swpa
18
preliminary
Most abundant SM Higgs decays 16 TMwc
4 14 7 mHec
BK/% preliminary 12 7 ¢ eptpp
3 W LHeC 10 ' m ep+pp, no thy unc
2 W ILC 2
1 M [LC+LHeC 4
0 H eetep+pp °

bb WW ZZ gg 1t «cC




Wide-ranging BSM Interest
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Low X: 2 oders of magnitude extension for
ep, 4 for eA ... Saturation at perturbative Q2

Q? (GeV?) Q? (GeV?)
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- Low X, Q2 corner of phase space accesses expected saturated

region in both ep & eA at perturbative Q? according to models
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» Detailed understanding of saturation will be based on tensions
between different observables e.g. F, , F, , diffraciton in ep, eA



Detector Design: Philosophy

- Detector technologies evolve fast; current designs can only
be indicative / based on current knowledge ... will change

Fluences
- Conditions are relatively ‘easy’ ...
... fluences <~ 10° 1 MeV n cm-2
equiv (tiny fractions of HL-LHC)
... pile-up ~ 0.1 (cf 200 at HL-LHC)

1 MeV Neutron Equivalent Fluence [cm?]

07

=
=

s 8 8 & 8 8

- Most of current baseline’
remains the 2012 CDR
- Leans heavily on LHC (esp. ATLAS) technologies
- Was costed at CHF106M core cost
- Feasibility and optimisation studies ongoing

- Most challenging technology aspects are interaction region
(synchrotron) and ER linac



‘Exit hole for

e.:lf;mm.m Interaction Region
& Magnets

solenoid central tracker dipoles
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Radiation 1
0.15 \ Q) |

0.1}
0.05
0 L
0.05 |
01F
0.15 £
02 g

dipoles

X [m]

Electron
beam

* Eliptical beampipe (6m x 3mm Be)
accommodates synchrotron fan

* 3.5 T Superconducting NbTi/Cu
Solenoid in 4.6K liquid helium cryo.
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LHeC Detector Acceptance Requirements

>

[ F i :
3 0 6 LHeC Experiment:
o F X 11

(4 [ HERA Experiments:

105;_ [ H1 and ZEUS

Access to Q2=1 GeVZ 'in ep mode for FDixedNTMaigetExperiments:

104L BCDMS

all x > 5 x 107 requires scattered g
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electron acceptance to 179° 1 =
NE 1°§ LHeC, Ep = 7 TeV, Ee = 70 G Ny S
2 . - (i
Vo) o &HERA 58 7L
o E Similarly, need 1° acceptance
in outgoing proton direction
oy X Soinsg p .
' ‘ \ to contain hadrons at high x
§ R (essential for good kinematic
R4 _y=pot reconstruction)



Acceptance Requirements, Flnal States

) Run 63285 Event 19987 Clas
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Date 3/05/1994
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Detector Design from the CDR (2012)

N

Muon Detector

Solenoid

* Size 13m x 9m (c.f. CMS 21m x 15m, ATLAS 45m x 25m)
* 1° tracking acceptance in both forward & backward directions
* Forward & backward beam-line instrumentation integrated



Detector for ep at a C
Future Circular Collider ot

1927 All Numbers [cm]
-Detector : Muon Detector

Scales in =

size by up to

ln(50/7)“ 2 Solenoid

Central

Fwd Tracker Tracker Bwd-Tracker

- Double solenoid + Dipole

- Even longer tracking
region



CDR Version Tracking Region

Central Pixel Tracker

] CST - AR 3.5cm each
4 layer CPT: Y . R=212
min-inner-R = 3.1 cm -1ayer:inner -£cm Central Forward/Backward Tracker
. _ 2.layer: =25.6 cm
max-inner-R = 10.9 cm 3. laver- =312
- ayer: -scem 4 CFT/CBT
AR =15.cm 4 Jayar: ~ 367 cm min-inner-R = 3.1 em, max-inner-R= 10.9 ¢
’ 5. layer: =427 cm ) ’

Forward Si Tracker

Backward Si Tracker

FST - AZ=8.cm

BST - AZ=8.cm
min-inner-R = 3.l em; max-inner-R= 10.9 cm

min-inner-R = 3.1 ecm; max-inner-R= 10.9 cm
outer R = 46.2 cm outer R = 46.2 cm
Planes |-5: Planes |-3:

zs.1 = 370./330./265./190./ 130.cm 213 = -130./ -170./ -200. cm

e Long tracking region - 1°electron hits 2 tracker planes
e Forward direction most demanding (dense, high energy jets)
e Pixels + Strips; possible technologies include MAPS / HV-CMOS



Tracking Simulation

Performance evaluated from basic layout (LicToy 2.0 program)

10’ v yr—y gy ye— T 10’ ’ T ~ —
 transverse momentum resolution “wew | £ [ Impact parameter resolution loGati
2 _3 1 ] 100 GaV. e H -:--ooE:::/:
L Ape/p; = 107" GeV. o — 10pum ey
D' b — R R R R R R R R O O R R R o O O R O R R R R R R
3 :

Momentum Resolution Ap'/pf [e/GeV]

Impact Parameter Resolution Aip [p
B 3, 3,

10‘ 10" 10‘ ID'
Polar angle @ [deg] Polar Angle # [deg]

- Central tracks:
Excellent track resolution: Ap,/p? > 6 104 GeV-'
Excellent impact parameter resolution: - 10um

- Forward / Backward tracks:
Degrades somewhat for 6 <~ 5°
At 1°, bending field component = 0.36 T (similar to dipole)



CDR Barrel EM Calorimeter
--2.3<n<2.8
- Accordion geometry baseline design

- 2.2mm lead + 3.8mm LAr layers
- Total depth ~ 20 X,

- GEANT4 simulation of response to
electrons at normal incidence
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Other Calorimeters in the CDR

Current design based on
=l (experience with) ATLAS

= with Al
* without Al
i

4 I
B | - =%£%®(6.8t031)%,1dﬂwut Yy
0.14 -

- Barrel HAD calorimeter, outside coil Fon W
= 4mm Steel + 3mm Scintilating Tile \\-\\LT
> 7-9 A, oz/E ~ 30%/JE + 9% [~ ATLAS] - s

Pion Energy (GeV)

- Forward end-cap silicon + tungsten, to cope with highest
energies & multiplicities, radiation tolerant EM - 30X,, Had>9A

- Backward end-cap
Pb+Si for EM (25X,
Cu+Si for HAD (71)




CDR Muon System

Baseline: Provides tagging, but not momentum measurement
(under review in view of Higgs physics programme)
: Angular coverage - 1° vital eg for elastic J/W
: Technologies used in LHC GPDs and their upgrades

(more than) adequate
[2 or 3 Superlayers]

Muon Detector

[Drift tubes / Cathode strip chambers - precision
Resistive plate / Thin Gap chambers = trigger + 2" coord]



Beamline Instrumentation

Electron
Z (m) 420 1 00 Tagger '1 20
<
Proton Zero Degree 62 Photon
Spectrometer Calorimeter Tagger




Beamline Instrumentation

Electron

Z (m) 420 100 Tagger -120 € UaVAVARR |
¢
Proton Zero Degree 62 Photon ¢
Spectrometer Calorimeter Tagger ——e
0
e Y2
P ‘ P

Luminosity / Photon Tagging

- Use Bethe-Heitler (as HERA), measurement based on photon

I I I [

I |
A

- Photons might be detected
at z = -120 m after D1

proton bending dipole

- With sufficient apperture - N

through Q1-Q3 magnets,

95% geometrical acceptance 200 700 0 D00 =200
Z [m]

- Signal via Cerenkov from synchrotron
absorber coolant -2 1% lumi measurement?



Low Angle Electron Tagging

- Reinforce luminosity measurement
- Tag yp for measurements and as background to DIS

ET-14m ET-22m ET-62m

- 003 [=F] 003 — 0'3
E z =
- - L -
- 0.2 z 02 = 0.2
<< < <

L I 1N
oy i | skt

rl
0
0 20 40 60 0 20 40 60 0 20 40 60
E/GeV E/GeV E/GeV
. 05 [
-E 048 E_ ¥ LHeCE, = 100 GeV --=--  FF model GRS
O ;_/ E ® LHeC E, = 50 GeY [ Godbole et al.
- Acceptances ~ 20-25% at 3 S e I
o35 I 9 spen mode

:_ ¥ Vereshkov 03

different locations studied

- 62m is most promising due
to available space and synchrotron

radiation conditions 008 Fotd

W (GeV)




What we Dream
of Measuring in

Diffraction ...
=X;p) =1.8 x 10”7

Oreq for Ep=50TeV, Ee =60 GeV

Simulated LHeC F,P
data assumes full
efficiency & acceptance
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Methods for Diffraction and Elastics

... old slide from diffraction at HERA
Signatures and Selection Methods

Scattered proton in Leading ‘Large Rapidity Gap’ (LRG)
Proton Spectrometers (LPS) adjacent to outgoing

(untagged) proton

Forward Proton
Neutron Dissociation

Calorimeter Taggers H
:Z (m) l l ,IIII:II

220 106 80 6] 24-28 H'w
I P

Very Forward Forward
Proton Proton
Spectrometer Spectrometer

Limited by statistics and
p-tagging systematics Limited by p-diss systematics

Partially still true for LHeC (but proton tagging technology .
got better and kinematics make rapidity gap methods harder)



Rapidity Gap Selection with LHeC Kinematics

(lab)
(lab)

® LHeC,E, =50 GeV ® LHeC,E, =20GeV

6

Tlmax

s HERA

Tlmax

® LHeC,E, =150 GeV-" = ¢ &

-1.5 -1 -5 -4.5 4 -35 -3 2.5 -2 -1.5 -

log,, (x¢p) log,, (x;p)

~MNmax ¥ & (= Xjp) correlation determined
entirely by proton beam energy ...
[LHeC proton kinematics same as LHC]

- LHeC cut around v, ~ 3 selects events
with xp <~ 103 (cf xp <~ 102 at HERA), but
misses lots of diffractive physics at largest
dissociation masses, My

Events

X (M,)

re 5 5
10 85 Diffractive event yield (x;; <0.05, Q"> 1 Ge V")
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Proton Spectrometers Come of Age at LHC

2% - e.g. TOTEM has 14 Roman

: % pot stations (Hor & Vert),
i3] either for special runs

(elastlc pp—2>pp etc) or

. high luminosity physics

- Most advanced (PPS at CMS, AFP at ATLAS) now

P p

° ° ° ° ° ° £+
Routinely operating in standard LHC running conditions
\ ° ° 9 ° —
—>Transforms diffractive’ physics programme ... ! ¢
P p
A-side ATLAS C-side
sector 8-1 Interaction Point 1 sector 1-2 N .
- Q6 AEII3 Q5 Q4 TCL4 Q3 Q1 L Q1 Q3 TCL4Q4 Q5 Aé'P Q6 - 2 [ ATLAS Preliminary 5= 13 TeV
[y ‘ - T8~ & so B LHC Delivered
= N b i g [ [_]ATLAS Recorded
ALFATCL6E “I"CLS D2 D1 ;)2 QZ D1 D2 TCLS TCL6ALFA g 50 — [ ATLAS and AFP Recorded
- C ) 1
FAR station NEAR station NEAR station FAR stallon E a0 - "T':::: kmmﬁgﬁég b’ =
-217.908 m -205.824 m 205.217 m 217.302m g © Total ATLAS and AFP Recorded: 32.0 b
Time-of-Flight Silicon Tracker SiT 5|T Silicon Tracker Time-of- Fllqht E 30 _—
3 zba& 0 P3 Ignl;-:lPO PSPPZP:LPO P1P2 P3 POPT?’EZPS 0 1 g 20— AFP @ ATLAS
= [
2 llll g, oF
pt . 3
o ---- - - ot
} 150 distance § 1 gﬁf?f T 150 dlstance ] 17/05 10/06 02007 2507 18/08 11/08 0310 %a;ﬁn 201

S
be“‘”' 2 dlﬁracnve protons bearn 1



AFP Detectors inside Pots

Tracking: four slim-edge 3D pixel

sensor planes per station (ATLAS IBL)

- Pixel sizes 50x250 um

- 14° tilt improves x resolution (hence &)
= 0X = 6 um, oy = 30 um

- Trigger capability

Timing: 4x4 quartz bars at Cerenkov
angle to beam. Light detected in PMTs
- expected resolution 25ps

But we can’t just put them everywhere!
- Locations of pots restricted by beam elements
- Scattered proton trajectories blocked by collimators etc
- Sensitive detectors can’t approach arbitrarily close to beam




What Determines AFP Acceptance?

ges of Roman Pot Technology

M. Trzebinski 4/21
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[a nice illustration, from AFP, with thanks to Maciej Trzebinski]
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What Determines AFP Acceptance?

ges of Roman Pot Technology

LHC beam

thin window and floor (300 xm)

M. Trzebinski AFP Detectors
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What Determines AFP Acceptance?

ges of Roman Pot Technology
shadow of TCL4 and TCL5 LHC beam

collimators

thin window and floor (300 xm)
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What Determines AFP Acceptance?

of Roman Pot Technology

shadow of TCL4 and TCL5 LHC beam Geometric acceptance:

collimators AFP 205217 m

"L ¥s=13TeV, p* =04 m, beam 1
[ 6 =-170 prad, d = 15.7 mm

| TCL4 @ 150, TCL5 @ 350

=
- (=]
w0 o

proton relative energy loss £
e
I

0.05F

0_....I....I....
0 1 2 3

proton transverse momentum P [GeV]

diffractive protons

thin window and floor (300 xm)

M. Trzebinski AFP Detectors
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What Determines AFP Acceptance?

s of Roman Pot Technology

shadow of TCL4 and TCL5 LHC beam Geometric acceptance:

I AFP 205.217 m
collimators o oz : 100
9 L , p* =0.4 m, beam 1
o [ 6 =-170 prad, d = 15.7 mm <y
& [ TCL4@ 156, TCL5 @ 35¢ 800
80.15- e
a : _g-
s [ 2
g - 8
¢ 01 L
5 L 5
s [ 5
T &
0.05—
of

PSR R SR I SR S SR S N S T S
0 1 2 3
proton transverse momentum P [GeV]

Described here in
terms of kinematics
of "Single Diffractive
Dissociation’ (SD)

g = fractional proton energy loss
t = -p;2 of outgoing proton a2



What Determines AFP Acceptance?

s of Roman Pot Technology
shadow of TCL4 and TCL5

Geometric acceptance:
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What Determines AFP Acceptance?
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Geometric acceptance'
: LHC beam '
collimators 02 AFP 205.217m 100
9 =L , B* =04 m, beam 1
g [ 6 =-170 prad, d = 12.4 mm <y
& [ TOL4@ 150, TCL5 @ 350 800
80.15- e
a r =
g | g
2 01 ©
= W -
= r £
a [ @
0.05_—
i

PSR R SR I SR S SR S N S T S
0 1 2 3
proton transverse momentum P [GeV]

Described here in
terms of kinematics
of "Single Diffractive
Dissociation’ (SD)

g = fractional proton energy loss
t = -p;2 of outgoing proton 45



What Determines AFP Acceptance?

es of Roman Pot Technology
shadow of TCL4 and TCL5

collimators

Geometric acceptance:
LHC beam AFP 205217 m
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What Determines AFP Acceptance?

es of Roman Pot Technology
shadow of TCL4 and TCL5

collimators

Geometric acceptance:
LHC beam AFP 205217 m

. 100
’5‘ 0.2y , p* =0.4 m, beam 1
o [ 6 =-170 prad, d = 10.1 mm <y
5 | TCL4 @ 150, TCL5 @ 35¢ 800
80.15- e
il =
g I &
g L @
2 01 - L
5 . B
S M« 5
(=9 L - I pi e G .r" @)

0.05—
0

PSR R SR I SR S SR S N S T S
0 1 2 3
proton transverse momentum P [GeV]

Described here in
terms of kinematics
of "Single Diffractive
Dissociation’ (SD)

g = fractional proton energy loss
t = -p;2 of outgoing proton 47



What Determines AFP Acceptance?

es of Roman Pot Technology
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What Determines AFP Acceptance?

s of Roman Pot Technology

shadow of TCL4 and TCL5 LHC beam Geometric acceptance:
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What Determines AFP Acceptance?
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Acceptance Depends on Location and

Orientation of Pot and on beam optics
AFP

ke
LN
T T 1

“t”
A

—
=)
T[T 11

wn
T[T 11

AFP 212 track position in y [mm]

=)
T[T 11

“"g”

tn
IIII

[ {5=14TeV B =055m

I T T S TR T N T SR ST T B T S 1

-115 -110 -105 -100 95
AFP 212 track position in x [mm]

- In ATLAS case, complementarity between ATLAS ALFA (vertical
approach) and AFP (horizontal approach)

- AFP acceptance for inelastic diffraction with € >~ 0.02

- Current situation is result of prolonged study, also with machine
group, and optimisation / compromise on beam optics.



ldeas for LHeC Fwd Beamline Instrumentation

... exploiting dependence of

z(m) 420 100 . . :
A o — exclusive process kinematics
Spectrometer Calorimeter

only on proton beam ...

Proton Spectrometer based on FP420 ...

The FP420 R&D Project: Higgs and New Physics with
forward protons at the LHC

arX1v:0806.0302v2 [hep-ex] 2 Jan 2009

Fig. 50: Top view of one detector section: bellows (1), moving pipe (2), Si-detector pocket (3), timing
detector (4), moving BPM (5), fixed BPM (6), LVDT position measurement system (7), emergency spring
system (8).



An LHeC Forward

r? Proton spectrometer in CDR is a
________ * copy of FP420 project (proposal
R 4 for low & Roman pots at ATLAS /

1_ AAAAAAA CMS - not yet adopted)

- Approaching beam to 120 (~250
um) tags elastically scattered

_15_ .............. ;";iﬁﬁf:ﬂiliﬁﬁ ......... protons with high acceptance
: [ %= 0.003, It < 1 GV | ] .
%= —@s  OVer a wide X, t range

Detector acceptance [per mil]

- Requires access to beam ¢ *
though cold part of LHC § |

- Could also access higher g
from AFP / CT-PPS like pots.
- Lower & requires pots very
far from |.P. (but may be
covered by gaps method)

% 02 04 06 08 1 12 14 16 18

Good acceptance for 0.002<€<0.013 £x 100




... but that was for (old) Standard LHC optics
... First Studies with nominal HL-LHC Optics ...

Acceptances for 2x2cm detector @ 150+0.5mm, no collimators

= = = = - =
[™] . L5 ] o -4 @ W

= | & n M O~ @ W

10 Ll T T
1 4 5 & T 8B 10 ‘
0 2 3 F,[g Wc]c

[
E 6 7 GP, [(gew

233m: Reduced € acceptance relative:

=]
TTITTT!

to that now in AFP region E:E
324,420m: Attractive € acceptance :E
extending into SM Higgs region and ..
very wide t range at possible E_
deployment points in cold sections i34



Leading Neutrons (@) v
- Crucial in eA, to determine whether (W) . A
nucleus remains intact e.g. to distinguish | >
coherent from incoherent diffraction (t)
7(Q) VM
- Crucial in ed, to distinguish scattering W)
from proton or neutron A_Qé |
- Possible “straight on”
space at z ~ 100m » oo
“r vertical lepton __: i
- No detailed Tl e -
instrumentation L Ll B | e A T A R
studies yet > learn | o
from LHC == ol
"I b mea lepton lo:fbbs:t'ab ” e
B S Moo S S P Y |

distance fromIP /m



Leading Neutrons: Solutions from LHC
... heeds to be compact and radiation-hard

...........
il

Y7777 A
i, |

- ALICE, ATLAS, CMS all use

tungsten absorber + quartz fibres (Cerenkov).

- LHCf uses tungsten + plastic scintillator in special runs

- Improve hadronic response with dual quartz / scintillator?
- Longitudinal segmentation essential to distinguish
neutrons from photons.



Critical Path Towards Realisation: PERLE

... Prototype high current energy recovery linac with

superconducting RF ... Powerful ERL for Experiments at Orsay

First 802 MHz cavity successfully built (Jlab)
» 2 Linacs (Four 5-Cell 801.58 MHz SC cavities)

= 3 turns (160 MeV/turn)
» Max. beam energy 500 MeV at 20mA - 10 MW

,%owe\l N 5.5 x 24m?

N

... with excellent o Ty Y

performance ... = -
[ 2:a: e : : ﬁe,w‘*“‘

- Test centre for o — - et oz du:w/7 MeV

LHeC accelerator
development with
cf Walid Kaabi at Amsterdam FCC

S]gn]flcant New SCRF, High Intensity (100 x ELI) ERL Development Facility with unique low E Physics

standalone physics potential (EW parameters, proton radius,
photonuclear physics, dark photons




PERLE status and plans

10° 3=
g I.ICE‘TK':"E‘J"»Z': Colliders "‘u“ Q
Na =>» Currently Only 1 operating SRF
10' 3 Py B = ERLHII
1 ™ ERGCERAF - “~..  OW muli-XFEL . s Bk .
. ™ T . . "!““K| e r.,..,'m___llsw
1 " enaren SO =» Current only demonstrated 1MW
e ke . g ELV FELS 1 . ) .
3 1™ A beam power in single ERL turn
[ ) . . 'E:_::h b m ' emn
g - SDALINAC i = ¢ .
g e .. - 65& e ﬂ =2 Only 3 ERLs had demonstration
C - CEBAF-FET P, ‘w-“ ® “-\ r . -
] ™2 e . o0 of operation with P > Pl
o g - . oo Om ® i m\m\ P beam RF
o 4 o, Peurg . o MKE 2 4
10" = ® legacy . u.au nm“ A
4 ®operating _< . . .
1 ® under construction .
1@ proposed . . - ...
- 1kW 10kW - 100kW - 1MW
10 T T TT T T rrrreT r—r—rTrrre — T
0.01 0.1 1 10 100

Average Current (mA)

- Orsay experimentatal hall allocated
with support for infrastructure

- MoU’s being written, funding model
being investigated, CDR exists, TDR and ™
detailed costing planned for mid 2019. |




LHeC Summary

- CDR 2012

- Changes since then ...
1) Possibility of 1034 cm2 s luminosity
2) Higgs discovery, searches and new
measurements at LHC
- PDFs & QCD limit HL-LHC.
3) Technical interest (high gradient cavities, ER linacs ...)
4) Longer term perspective of FCC

- Next goals ...

1) Update CDR (physics, technical) for 2020 Euro Strategy
2) TDR for PERLE

3) Further development of FCC concept and physics



